TOKAPOLE MONITOR SYSTEM

J.C. Sprott

PLP 889

January 1983

Plasma Studies

University of Wisconsin

These PLP Reports are informal and preliminary and as
such may contain errors not yet eliminated. They are
for private circulation only and are not to be further
transmitted without consent of the authors and major
professor.






TOKAPOLE MONITOR SYSTEM

J.C. Sprott

Introduction

For many years a Radio Shack Model I, Level 1II, 16 K TRS-80 with a
Connecticut Microcomputer Model AIM16, 8 bit, 16 channel, 100 usec A-to-D
converter has been used to monitor standard machine and discharge parameters
on Tokapole II. The system has slowly evolved over the years, but has
remained relatively unchanged for the past year. It 1is appropriate,
therefore, to document the system in its present form for those who need to
understand how it works. The documentation here applies to the 26 Jan 83
version of the software and is subject to change if improvements are made.
A compiled version of the program is also available, dated 28 Jan 83, and
differs only in minor details such as timing loops. It runs at about five

times the speed of the BASIC version.

Loading Instructions (BASIC version)

1)Make sure the computer and video display are ON. The computer is
turned on by a push-button on the rear of the keyboard next to the three
plugs that attach to the cassette and video display. The computer is ON
when the red LED on the keyboard is illuminated. The computer powers up
with the question MEM SIZE? . You can cause the computer to initialize
itself and ask the MEM SIZE question from BASIC by typing:
SYSTEM <ENTER>
/4 <ENTER>
(<ENTER> means press the white ENTER key.) The MEM SIZE question allows you
to reserve memory for use of machine language programs. Although the

TOKAPOLE MONITOR program requires 767 bytes of reserved memory
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(MEM SIZE = 32000), this is done automatically by the program, and therefore
one need only press <ENTER> in response to this question. The computer
should respond with

READY

>.__
to indicate that it will now accept BASIC commands.

2)Place the cassette tape labeled TOKAPOLE MONITOR in the recorder and

rewind. Press the PLAY button on the recorder and type CLOAD <ENTER>.
Within about 5 seconds a pair of flashing astericks will appear in the upper
right corner of the screen indicating that the program is loading. If the
astericks fail to appear or do not blink, the volume is probably set wrong
on the recorder, or the plugs are not inserted, or the tape is defective. A
backup version of the program is located a 1little further along (counter
setting 050) on the same tape. When loading is complete (after about 1-1/2
minutes), the recorder will stop. Rewind the tape and put it away. It 1is
no longer needed. Type RUN <ENTER> to cause the program to run. It will
identify itself and request a baseline shot (a machine shot without plasma).
Before it runs, it performs a memory check to see if the correct number of
bytes was loaded and gives an error message, MEMORY CHECK ERROR ON LOAD, if
it detects a problem. If this happens, start over. A BASIC listing of the

program is included in Appendix A.

Loading Instructions (Compiled version)

1)Make sure the computer and video display are ON and enter BASIC as
described in 1) above.
2)Place the cassette tape labeled TOKMON in the recorder and rewind.

Press the PLAY button on the recorder and type
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SYSTEM <ENTER>
TOKMON <ENTER>
The astericks in the upper right corner will flash, but more slowly than
with the BASIC version. When the tape stops (after about 3-1/3 minutes),
rewind and put it away. Then type
/  <ENTER>
RUN <ENTER>
The program will identify itself and run as before, except at five times the
speed.
3)If you interrupt the program by pressing the <BREAK> key, you
normally cannot continue by typing CONT <ENTER> as with a BASIC program.
You will have to type RUN <ENTER>, and all previous data will be lost. You
can LIST the program, but you won“t see anything very interesting. You
cannot EDIT or add anything to the program. Attempting to do so will likely

necessitate reloading the program from scratch.

Running the Program

The program is intended to run unattended. The default option 1is for
the program to display plasma current (IP), ion saturation current density
(JSAT)’ toroidal field (BT), poloidal gap voltage (VPG), hoop current (IH)’
and the time derivative of the plasma current (dIP/dt) for the first 10 msec
after the poloidal field is fired. It does this immediately after the shot
and then rearms itself and waits for the next shot as indicated by a single
illuminated pixel in the upper right corner of the video display. When it
receives a trigger, a second adjacent pixel will illuminate. Other command
sequences can be programmed by pressing the P key. Most of these are

obvious or can be 1learned by trial and error. A command sequence is a

series of letters and numbers indicating the sequence in which the various
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commands are performed. A single digit between 1 and 9 will cause a delay
of the corresponding number of seconds. For example, the command sequence
5I5J5L5A <ENTER> will cause the default data table, the plasma current
graph, the ion saturation current graph, the amp-seconds for the previous
shots, and the table of additional derived data to be displayed in sequence
with a five second delay between each. For longer delays one can use, for
example, 999 which will cause a 27 second delay.

Otherwise, the only attention the program requires is to take a new
baseline when requested. The program determines this by comparing the
measured plasma current at 20 msec (which it assumes should be zero) with
the baseline signal. If the difference exceeds 9 kA, all successive shots
will request a baseline, and the data should be interpreted with caution
until a new baseline is taken. When the measured plasma current at 20 msec
is not zero, the computer assumes that the error is due to a change in hoop
temperature and adjusts the displayed currents accordingly, so that the
current 1indicated by the computer will always read within 1 kA of zero at
20 msec. The computer recognizes a baseline if the sum of the 1ion
saturation current density at 2.5, 5.0, and 7.5 msec is less than 50 mA/cmz.
During a run, the plasma current baseline will slowly drift downward as the
hoops heat up, changing their resistance, but the computer will correct for
this up to a point. The seriousness of this effect will depend on the
poloidal field strength and the recycle time. It 1is also generally
impossible to get a good baseline at normal poloidal field strengths without
using the core cocking circuit because the iron core saturates before
20 msec at a slightly different time with and without the plasma. When

making careful measurements, it is advisable to retake a baseline whenever
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any of the capacitor bank voltages is altered even though the computer”s

criterion for needing a baseline may not be met.

What the Program Does

When the program is ready to receive data (pixel in the upper right
corner illuminated), the VPG channel is being interrogated every 100 usec by
a machine language software 1loop (see Appendix B). Whenever the highest
order bit becomes a one (>127), the five channels (IP, Jsats B> Vpgs and
IH) are read 1in sequence at a rate of 100 usec each for a total time of
20 msec, thereby generating 200 values which are stored in a two-dimensional
array with dimensions X(5,40). The baseline is similarly stored in an array
XB(5,40). The value of a quantity I is determined at time step J from

S(I,J) = SC(I)*(X(1,J) - XB(1,J))
where SC(I) is a scale factor for that particular channel to make the units

come out as follows:

quantity scale factor units
I, sSC(1)=1 kA
Jgar SC(2)=10 mA/cm?
By SC(3)=200 gauss
VPG SC(4)=0.5 volts
Iy SC(5)=2 kA

The scale factor can also be thought of as the smallest measurable increment
of the corresponding quantity. Actually, in order to determine the
quantities at a given time (such as 4 msec), the values are interpolated
from the one just below and just above the desired time. The first
measurement of I, occurs at t=0.1 msec, the first measurement of JSAT occurs
at t=0.2 msec, etc. The second measurement of IP occurs at t=0.6 msec, etc.

Note that the trigger scheme introduces a 100 usec jitter into the timing,
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and that there is a threshold trigger level, but neither of these has ever
been a serious problem. A sixth channel, neutral pressure, is read from the
fast ion gauge just after the 20 msec point and compared with a baseline
pressure just before the A-to-D is rearmed. This reading has not
proved very reliable or useful because the I, channel is often saturated at
that time, resulting in erroneous pressure readings.

Whenever the absolute value of the measured plasma current at 20 msec
exceeds 1 kA, the computer assumes the plasma current baseline has drifted
due to a change in hoop resistance and adjusts the measured current by

subtracting from it a quantity,

t 20
ATp(t) = Ip(20) fo Lydt / [ Iydt (1)

where t is in milliseconds. The justification for this correction is given
by Eq. (12). Although the computer will continue to track a drift in
resistance indefinitely, whenever the unadjusted current at 20 msec,
|IP(20)| exceeds 9 kA, a baseline is requested.

The program calculates the amp-seconds (a figure of merit for the

discharge) by numerically integrating the plasma current:

20
As = jo Ipdt (2)
where Ip is in kA and t 1is in milliseconds. If the plasma current is
negative, it is set to zero in the above integral to reduce the effect of an

erroneous baseline. Whenever a baseline is needed, the amp-seconds is not

calculated but rather set to zero to avoid meaningless readings.
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From the measured quantities, several additional derived data can be
displayed (using the A command). An effective minor radius of the plasma

(in cm) is calculated from

a=17.4 |1p/14!1/" (3)

This radius is meant to be the radius of a circle of the same
cross—-sectional area as that enclosed by the square-shaped plasma inside the
separatrix. This quantity is only approximate because of a number of
assumptions, the most serious of which is that the entire measured current
flows in a circularly symmetric fashion within a circle of radius a centered
on the geometric axis of the machine. It also assumes a degenerate octupole
field in the absence of plasma, such that in the vicinity of the field nulls
the octupole field varies like r3.

The average safety factor <q> is determined by assuming that the plasma
current density is uniform over the cross-section of a circle of radius a
centered on the axis. The current density is then independent of radius,
and <q> 1is constant out to a radius at which the octupole field starts to

compare with the plasma field (near the separatrix). Near the axis the <q>

is given by

<q> = 107% %8, /1, (4

Calculation of the loop voltage Vo is considerably more difficult. To
begin with, we mean by loop voltage only the resistive part of the voltage
applied to the plasma, i.e.: the voltage that would be measured by a single
turn loop of wire that goes once around the machine toroidally at the

magnetic axis. Other tokamaks measure loop voltage by a toroidal 1loop at
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the plasma edge, and hence there is a contribution to the measured signal
from the time derivative of the poloidal magnetic flux in the plasma. The
loop voltage can be expressed in terms of the measured quantities (IP, VPG’

and IH) using the circuit model of PLP 777:

dI
Vg = Vpy + (l-@Rgly - a(l-o)ig o= = £(IpTp) (5)

where a=private flux/common flux in the absence of a plasma (typically 0.5),
RH is the hoop resistance, LH is the hoop inductance, and LP is the plasma
inductance. This equation differs from Eq. (7) of PLP 756 in that the sign
of the LHdIP/dt term is opposite. The reason is that the plasma inductance
is here defined so as to include the image currents of the plasma in the
hoops, 1i.e.: the hoops represent a conducting boundary which alters the
plasma inductance. In PLP 756, the plasma inductance is calculated as 1if
the hoops were absent. This difference is of little consequence, however,
since the plasma inductance Lp cannot be measured directly, but rather the
quantity LP+a(l-oc)LH (as defined above) is measured as described in PLP 756
to have a value of ~0.7 pyH. The term IPdLPdt cannot be easily measured and
undoubtedly gives rise to some high frequency structure on the loop voltage,
but is is thought to be unimportant for the low frequency components of Vz.
Actually, the method of determining the plasma inductance by experimentally
measuring deldiP takes into account that portion of the IPdLP/dt that
results from a simple expansion or contraction of the plasma radius a in
response to a change in TIj. Current profile changes are not modelled
properly, however. The quantities a and Ry can be estimated theoretically,
but since they change in time due to soak-in, a better representation was

obtained by Sprott and Shepard by measuring the loop voltage directly as
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described in PLP 756 in the absence of plasma and then fitting the results

to a function of the form

_ 1
Vg = _2_(1+At)VPG + B(1+Ct)1H (6)

where A, B, and C are constants. Such a method gives a first-order
correction to the time dependence of o and RH as well as the 1initial value
of Ryg- The data (45 points) were taken at 2 msec intervals up to 20 msec
for a crowbarred, damped poloidal field waveform for a variety of poloidal
bank and power crowbar settings. Similarly, the effect of iP on the loop
voltage was determined by measuring the loop voltage difference AVz with and
without a plasma using a probe on axis as described above. The data
(20 points) were taken at 0.5 msec intervals for several 4 msec discharges
with peak current of ~ 25 kA at 1.5 msec and fitted to a curve of the form
AV£=—AaBiP over the range 7<a<ll cm. The fit was not excellent but gave
A=2.3 and B=-0.5. This method undoubtedly hides a multitude of sins, and it

should be redone more carefully. Nevertheless, the values obtained give

1 .
Vg = S(1+t/75)Vpg + 0.0045(1-t/37)1y = 2.31,//a (7)

where t is the time in msec after the start of the poloidal voltage pulse,
and the currents are measured in kiloamps. Calculation of the time
derivative of the plasma current £P poses some special problems. The plasma
current trace 1is not perfectly smooth, and the differentiated value of the
wiggles can overwhelm the low frequency signal that is thought to be of

primary interest. After much experimentation a method was settled upon in

which a parobola is fit to the four IP points nearest the time of interest
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(spanning a 1.5 msec interval), and the derivative at the desired point is
determined analytically from the parabola. The round-off error in the
A-to-D converter gives an rms error in the loop voltage measurement of 0.5
volts which is considerable since our standard discharges have VZ in the
range of 2-3 volts. The errors in V£ are probably the weakest link in the
calculation of all subsequent quantities.

The ohmic input power is simply calculated from

In addition to the errors in V, previously discussed, the ohmic input power
is subject to assumptions about the plasma current profile, namely that the
underestimate of Pyg for current flowing near the hoops where V, is small is
just compensated by the overestimate of POH for current flowing near the
wall where V2 is large.

The electron temperature (in eV) is calculated from IP and Vz assuming
Spitzer resistivity with zeff=1 and assuming the current is distributed

uniformly over a circular cross-section of radius a:

T, = 376(11,/v,1/a%)%/3 (9

The actual peak electron temperature is probably larger by a factor of ~2-3
because Zeff is greater than 1 and the current is presumably somewhat peaked
near the axis.

The average electron density is determined from the ion saturation
current density JSAT and the conductivity electron temperature using the
usual Langmuir probe relation JSAT « n/E;. for Te>Ti' However, the

coefficient was adjusted so that the density determined in this fashion
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agrees with the 1line-averaged density (averaged along the entire path
between the interferometer horns) using a 72 GHz microwave interferometer

for a standard discharge:

0.05J
<n> = SAT (10)
— -45/T
YT (l-e €y
2 12 -3 ~45/Te
JSAT is in mA/cm® and <n> is in 10 cm . The factor l-e is included

to account for the fact that only 45 V bias is used on the probe, and thus
not all electrons are repelled when the temperature is high. This voltage
is provided by a power supply but should be checked occasionally. The
actual peak density depends on the profile and is probably ~2-3 times the
value 1indicated here. The Langmuir probe is 1located on the octupole
separatrix in the lower outer bridge and uses as a reference a 1large
electrode which extends across the plasma nearly to the hoop in the upper
outer bridge at the same (330 degree) toroidal azimuth.

Finally, the electron energy confinement time is calculated from

0.144<n>Te
T = (11)
Pon

_3, eV, and

where 1T is in msec and the other units are as before (1012 cm
kW) . This confinement time assumes a quasi-steady state, i.e.: T is much
less than the time scale for change in either plasma energy or ohmic input

power. In the above formula, the total machine volume inside wc is used

rit

(5><105 cm3), and thus it represents an overall machine confinement time

rather than a confinement time for the central current channel. As such, it
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is probably an overestimate since the volume-averaged To is probably less
than that calculated from the conductivity which assumes the current flows
only within a radius a, unless Zosg 1s high enough to compensate for this
effect. To get an estimate of the confinement of the central current
channel, one should use a smaller volume (~1><105 cm_3). However, since
<n>Te is low by a factor of ~4-9, the errors offset, and the calculated T is
probably a reasonable estimate for the confinement of the central current
channel to within about a factor of two. It is interesting to note as
pointed out by Prager that the method wused to calculate Tt involves
multiplying the measured density by Ié/31;2/3v;5/3, and thus the confinement

time is most sensitive to the loop voltage and very little else. This is

unfortunate since the error in Vz exceeds that of any other quantity.

A-to-D Converter

The A-to-D converter 1is a Model AIM16, available for about $300 from
Connecticut Microcomputer, Inc., 150 Pocono Road, Brookfield, CT 06804.
Excerpts from the Data Sheet are included in Appendix C. It has the virtue
of being the first such unit made for the TRS-80 with specifications
adequate for the present purpose. Better units are now available but at
higher cost. The unit has 16 multiplexed inputs with a maximum conversion
time of 100 psec per channel. Each channel has 8-bit accuracy (0-255) and
responds to positive voltages in the range 0-5.12 volts (20 mvolt
resolution). The absolute maximum error is 10 mvolts + 0.7%. 1In order to
achieve reasonable time resolution (500 usec), only channels 1-5 are used
for the high speed recording of data. The remaining channels are available
for monitoring other slowly varying quantities, but only channel 6 is being
used at present (to monitor neutral pressure). The unit has two significant

limitations: 1)It does not have a sample—and-hold circuit and thus will
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produce erroneous results if the input voltage varies significantly over the
100 usec conversion interval. 2)Saturation of any channel in either
direction (Vin <0 or >5.12 volts) will produce erroneous readings in all the
other channels during the time the channel is saturated.

The A-to-D converter was repackaged in a shielded rack panel with a
filtered internal power supply (+5.12 volts), BNC input connectors, and 1 MQ
potentiometer gain adjustments on each channel. In addition, input
filtering was provided to protect the AIM16 from noise, damage due to
overvoltage, and rapidly changing input signals. The filtering typically
limits the input response time to >24 usec (<6.6 kHz) on most channels. The
input resistance of each channel is 1 MR, and a 10 kQ input resistor
protects the A-to-D from damage by overvoltage for any reasonable input
signal. Some channels are provided with a dc offset to allow a negative
voltage swing at the input. Although channel 4 is designated as a trigger
channel, the software actually uses channel 4 (VPG). The trigger channel
can be changed by POKEing an integer corresponding to the desired channel
number (0-15) into memory location 32011 after the program is running (BASIC
version only). A schematic of the input circuitry for the A-to-D converter

is included in Appendix D.

Current Monitor Circuit

The A-to-D circuit requires inputs proportional to plasma current and
hoop current to operate properly. Unfortunately, there is no simple,
non-perturbing method for generating such signals. Rather, one has to take
the available signals (poloidal gap voltage Voe and primary current Ipr in
the iron core) and deduce the plasma and hoop currents based upon some
reasonable model of the plasma current profile. Several PLP“s have been

written on this subject (712, 756, 777), and the emphasis here will
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therefore be on the circuitry used to generate the signals rather than the
justification of the model. Simply stated, the model assumes that the
plasma current profile is such that in some appropriate flux space average,
the current can be treated as if it were all concentrated at the geometric
axis (or octupole null). Then the circuit model of PLP 777 gives

N 1 1
Ip = — Ipg ~ T | Vpgdt + i [ TaRgdt (12)

and

Iy = Nipp - Ip (13)
where N is the poloidal field turns ratio (typically 40). An analog
computer circuit was constructed to calculate IP and IH' The circuit as
shown in Appendix E uses 10 type 741 operational amplifiers and generates a

number of other useful quantities:

o=/ Vpgdt (poloidal flux: 0.1 webers/volt)
AS = fIPdt (amp-seconds: 1000/volt)
Ip = dIp/dt (time derivative of Ip: 10 kA/msec/volt)

Actually, for calculating plasma current, the circuit solves the equation:

Ip = AVpg + BIpp - 9.1 [ Vpadt + C [ Inde

D [ [[ Tppdt]at (14)

in which A, B, C, and D are constants adjustable from the front panel and
labeled "EARLY", "MID", "LATE", and "VERY LATE" respectively. The first

term (A) is typically small and corrects for stray capacitance not included
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in the circuit model. The 1last term (D) compensates for magnetic field
soak-in (ﬁH, &, and iH) as well as the magnetizing inductance of the iron
core and other effects which become important only after a long time. Note
that one of the coefficients (9.1) is fixed by the circuit (corresponding to
an initial hoop inductance of LH=O.22 vH and a=0.5), such that the
calibration of the plasma current is ensured once the other coefficients are
adjusted to give I,=0 at all times in the absence of a plasma. In practice,
one adjusts the circuit so as to give as nearly a flat baseline as possible
when the fields are pulsed in the absence of a plasma. The plasma current
is filtered by an active RC low pass filter with a cutoff frequency of
1.6 kHz (100 psec response time) to reduce high frequency noise. The
circuit has only two inputs, VPG and IPR' These inputs enter the circuit
through LC low-pass filters with a cutoff frequency of 160 kHz. The
poloidal gap voltage is measured by a single loop of wire around the iron
core. The primary current is determined by measuring the voltage across a
10_3 Q resistor (1 kA/volt) in series with the primary through a special,
low-frequency, 1:2 turns ratio isolation transformer (Jensen Model JE-11S-L)
to eliminate ground loops. The transformer is terminated in 150 @ through a
1 MH inductor to compensate for the inductance of the current shunt, to
produce a 2:1 voltage reduction, and to increase the volt-second 1limit of
the transformer. All grounds are referenced to the panel of the current
monitor circuit, and the computer gets its ground through the signal cables
that connect to the A-to-D converter. The computer rack should float if
these cables are disconnected.

In order to account for the time-varying hoop resistance, a
modification was made to the circuit in Appendix E using the results of a

calculation by Kerst of the voltage at the surface of a Tokapole hoop versus
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time in the presence of a current step. The actual current waveform can be
decomposed into an infinite sum of such current steps. The calculation
treats the hoop as a uniform cylinder with a constant poloidal field at its

surface. The result is a time varying resistance given by

Ry(t) = R(o)[1 + e ] (15)
where in cgs units
2
. 4ro

T (16)

A
n(1+0.24)210%)

In Eq. (16), r, is the radius (2.5 cm) and p is the resistivity (2.2 uQ-cm)
of the hoops. The first 20 values of T; are tabulated in Appendix F along
with a schematic of an RC network whose reciprocal (I/V) approximates this
function and replaces the 100 kQ resistor between the output of op amp 7 and
the input of op amp 5 in Appendix E. Actually, the ratio of voltage to
current is not purely resistive in either the hoops or in the circuit model
since part of the voltage at the hoop surface is due to the time varying
magnetic flux inside the hoops. In other words, the product of voltage and
current does not give the instantaneous ohmic power dissipated by the hoops
as was the case in Spencer”s calculation (PLP 771). Thus the time dependent
hoop resistance automatically accounts for that portion of the variation of
the hoop inductance, LH(t), that is due to flux soaking into the hoops.
When the current monitor circuit was modified in this way, the result was a
considerably flatter baseline and a plasma current trace whose initial peak

is suppressed and moved considerably later in time.
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APPENDIX A

BASIC Listing of Tokapole Monitor Program

10 POFEL6%561 254 F0EELOG62, 124 CLEARIRESTORE (CLS tFRINTTARCLLITO

EAFOLE MONITOR FROGRAM /7 JC& /7 26 JAN 83" I1CLEARGOOEIDEFINTA-R, T~Z
IDIMXACS, 403, XE(S, 400, GRO40),ABC1L27),85013,10) §M=MEM

20 TFM==67469FPRINT"MEMORY CHECK ERROR ON LOADY (FRINT"MEM ="3iM§"(8

HOULD EBE &6769)"IFRINT"TRY RELOADING CASSETTE" (ENDELSEFOKEL16526,1
SPOKELSS27 125 FORT=32001LTO32145READX SFOKET , X INEXT

30 DATASLZ,1,50,44,126,62,192,211,223,62,4,211,223,58,1,%56,33,2,5

61'919'7 ‘;':3 "‘}4}\!(};19.4 93? 1({)9,1(‘) 18: 9";‘? ({)49 i(‘)phlgc.g"o 9(()?9?5:.!9.{]'9??39.{
1";?;’"?,?[]’3 1'7,;—4[]9'7?'79149&0(.{)9?”\' 4 Jg1'7()gs.< g1 g]a...;: 9{1194: A.'?p?[]

40 DATALZZ,254,6,32,2,22,:1,:6:6,16,254,62,255,211,223,219,223,119
2 122,211 ,223,35,13,32,230,62,0,50,44,126,42,42,126,1,45, 1?693094
1,22,5,54,0, "3»:,\;4 0,3%:10, 11‘?,”3\;,4‘} 0, ?,”’1;"3; 3246 35,29,32

50 ﬁﬁTﬁ?ﬁJ,;JJ 42,42 1?6,”” 94 2 A0, 126, 14,246,6,2,175,221,126,0,
253,158,0,221,11%, 09@3] 35,253, 7:,1&,241,13;32,2369 01LIPF=223:0U
TFF 9]"’8 FORT=1TOS:0UTRF, Tt ULJ”IFF s 19ZIXE(Y, 0)=INF(FF)Y {FORJ=1TO40 X
BT, Jde=XBECL, 0 INEXTJ, TFS=1 0 FRINT

40 GCCLY=13G02)=108C(3=200:8C(4)=0,.52G0C(H)=

70 TFEM=0FRINT" aoxxxx TAKE A BASELINE SHOT'$

80 SET1Z5, 0 :0UTFF12820UTFF ;6 10UTFF, 192 1 FE=INF (FF) FOKE32299, 1
NTIVARFTRAX (0,033 /256 tPOKERZZ298, VARFTR(X (0,03 ) ~2546%TINT (VARFTR (X
(0,033/256) tFOKERZZ97 , IMT(VARFTROXEC(O, 022 /7256 IPORERZZR6 , VARFTRC
XECO, 02 3-256INT CVARPTROXECO, 00 3725460 1 X=UGRO0)

G0 OUTFP 128:0UTPF 43 0UTFF, 192 PR=INF(FF)ISET(1L27, 0)°IFFLRh(7”?U
Hﬁ}Hfo?ﬂhL‘. L mX 2, S eX (2, 104X (2, 15 2 IFRLEGTHENEL=1GOTOLL 0ELS
EEL=0EM=1FORT=1TOZIFORJ=0TOR0 X LT, J)=XE Iﬁd)+X(I¢d)¥NEXT§NEKT
PFORT=2TOSI0UTRFF, TEOUTRP, 192 IXE L, 0 3=XNF (PP

o0 FO =lTi]411°YF (L) YI (0 0y INEYTENEXT
Li0 GXl=03XFE THEM ' :
120 CLSTIFEL=0THEN m..IZi’*JI "r ﬁ‘;F LINEVELSEFRINTYSHOT NUMBER'"INGIIFAER

GOXCL 402y VTHINIW

130 llﬁU%(¥(1¢4ﬂ)}ﬂ1THENIHmﬂiFHRdmOTOQOIIHMIH+X(ﬁ¢d)SNEXTﬁlFIHTH

EMIT=0FORI=0TOA0 LT =XTHX (0, Jd $X 0L, =X, )X (1,402 %TT/THENEXT

140 TMs= ¥(1¢U¥*ﬁq NEFORJ=0TO40 $AG=AG+X (1, D) TTFX (L, ) H=TMTHENIM=X(

Ly §udMem)

150 TFX L, J0THENAS=AG-X (1 ,.)

160 MEXT

170 AS“AQ*EM*HL:TM”J*JM*1°]F'M F0ANDJIME40THENS =X (1, JM-12 $652=X (1,

ML PTFZ2RIM G0+ G2THENTM=TM -2, GX (52-50) /(52-2%TM+50) $ TM=IM~0.10

0% (G2~ oﬂ)*(ﬁ? “Uil(qj -ZXIM+G0)

180 TFIMPRINT"MAX IF ="iSCCLxIMI"KA AT TM/710 3 "MSECTELSEFRINT'M

AX TP o= 0"

190 FPRINT"AMF SECONDS ="1GC(1IXAS/2PRINT"FRES =" 4% (FR~FE) $"E~5

TORR" $FRINT " TIME IF JEAT BT VFG IHOOF DIF

ZDTUIFORJ=1TOL0 2 J1l=FSX /53600, D=FEXJ/10IFRINTS (0, 3 sFORT=1TO53

P LY== (G- (L, J1Y TR, L1223 /5

”Uﬂ Xl=RLEX (T, JI)+XE (T, J1) 2 X2=RLXX (T, J1-10+XE (T, J1-1) $TFX1<=00RX
=OFRINTTAR(8XIT) $V"GAT-" 1 GOTOZL 0ELSETFX 1L b=2550RX2x=255FRINTTAE ¢

8*1)‘"%0T+"°°FUTU?1HEI SEGCL, D=GC(TIRXP (I FHlNTTﬁE BxIN ST, J038
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210 NEXT:J2=J1+13TFJ2=41THENJZ=40

220 JO=J1-2TFJO<0THENJO:=0

2230 SA13, D=6C010x(BXX (1, J2)+2%X (1, J1)-8%X (1, J1-1)-2%X(1,J03>/10
FPRINTTARCA8YS (13, D) INEXTITIFEL=0THENZSOOELSENT=127 t TFNS<128THENNT
=N

240 IFNSH1Z27FORI=1TO127 :AS(T~1)=A8CT) INEXT

250 ASINTI=AG

260 TFCS$<=""THENGOSUESI0 I TFQA$=""THENZE0

270 QQ$=INKEY$:TFQQA$=""THENZ(

280 IFQEE="0"THENFRINT" xxxxx COMFUTER ON STANDEY---FRESS 1 TO C
ONTINUE TAEING DATA"™?

290 IFQQA$="0"THENIFINKEY$->"1"THENZY 0ELSECLS:GOTOY OELSETFQQ$="1"
THENZ OELSECLSIFRINTAS/2:"AS" 1 1TFQQ$="T"THENFRINT, "FLASMA CURRENT
VS TIME"} 1IGC=1:COTO3S0ELSETFAQA$="J"THENFRINT,"TON SATURATION CU
FRENT VS TIME";:1IG=2:GOTO350

300 YFQQA$="E"THENFRINT,"TOROIDAL FIELD V8 TIME";:IG=3:GOTO3S0ELS

ETFQQ&="U"THENFRINT,; "FOLOIDAL GAF VOLTAGE VS TIME"::IG=4:G0TO350

ELSETFQQ$="H"THENFRINT, "HOOF CURRENT V& TIME"3::IG=3:GOTO3S0ELSET

FAA$="CTHENCLS tGOSUE400:GOTOLZ20ELSETFQQ$="R" THEN120

310 IFQA$="G"THENCLSIFRINT"CURRENT SHOT NUMEER ="iNSIINFUT"NEW &
HOT NUMEBER" (NSIGOTOZ70ELSETFQQA$="L"THENGOSUE410:GAOTOZ60ELSETFQQ%$:=
"EMTHENGOSUE430:GOTOZB0ELSETFQQ$="A"THENGOSUE4S50:GOTOZ40ELSETFQQ
$="M"THENGOSUESS0 :GOTOZROELSECLS IFRINT"COMMANDS $ "}

320 PRINT,"0: STANDEY"(FRINT,"1: CONTINUE":!FRINT,"I: GRAFH FLASM

A CURRENT" tFRINT,"J? GRAFH TON SATURATION CURRENT"(FRINT,"E! GRA

FH TOROIDAL FIELD":FRINT,"V: GRAFH FOLOIDAL GAF VOLTAGE"IFRINT,"
Ht GRAFH HOOF CURRENT"IFRINT,"C?! CHANGE TIME SCALE"

330 FRINT,"L? GRAFH A-S FOR LAST"INTi"SHOTS" (FRINT,"R: RETURN TO
INITIAL TABLE"IFRINT,"S: CHANGE SHOT NUMEBER COUNTER" :FRINT,"E?
EXAMINE ANALOG INFUTSYIFRINT,"A? DISFLAY DERIVED DATA" tFPRINT,"M?

FRINT MESSAGE ON SCREEN"
340 FRINT,"F: FROGRAM COMMAND SEQUENCE":IFQQAQ$="F"THENCS$=""1INFU
T"WHAT COMMAND SEQUENCE"(CS$:GOTO70ELSEZ60
250 IFBEL=1FPRINTTAR(SZ2) $V"SHOT" iNSIELSEFRINTTAR(S52) § "EASELTINE" §
360 Yi=0Y2=0FORJ=0TO40:GROD =X(IG, D ITFGROD FYZTHENYZ2=GR (J)
370 TFGRCDSYITHENY1=GR(J)
380 NEXTITIFYZ=YLFRINT:FRINTIFRINT" xxxxx NO DATA TO GRAFH":GOTOZ
GOELSESY=34/(YZ-Y1)IFORJ=0TO40 :SET (3%J+5,44,5-8YXx (GR(J)-Y1) ) INEX
TiY=44 . 54+8YXYLIFORT=3TOLZ253SGET (X, Y INEXTIFORY=15553TOL6257STEF 64
FFOKEY ; 170 3NEXT
390 FRINTE961,"0 2 4 b & MSEC 12 14 1
) 18 20" IPRINTE80, "MAXIMUM VALUE:";SCI(IGIXY2: :GOTOZ2460
400 FS=103INFUT"HOW MANY MSEC FULL SCALE (DEFAULTS TO 10)"iFSIIF
FarZOFRINT"MAXIMUM I8 20 MSEC":GOTO400ELSETFFSCSPRINT"MINIMUM IS
9 MSEC"IGOTO400ELSECLS tRETURN
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410 FRINT,"AMF SECONDS FOR LASTYINTI"GHOTS":1YZ2=0¢FORY=0TONT:IFAS
(IYFYZ2THENYZ2=A8(T)

420 NEXTIIFY2=0FPRINTIFRINT® xxxxx NO DATA TO GRAFH"${RETURNELSEFR
INT@E®LH0,STRINGH (A3, CHR$ (17603 2 ¢FOKEL6363, 176 FORT=1TONTISET(I,47
~4LAGCIIAYZY INEXTIFORY=6TO46SET (0, YI INEXTIFRINTER0, "MAXIMUM VA
LUE" 3 Y2ZXGC (1) /728 tRETURN

430 CLSIFRINT; "ANALOG INFUT FOR EACH CHANNEL"(FRINT:OUTFF,1282F0
EX=0TO1SPRINTUSING " ###F" 3T INEXTIFRINT@3946, "FRESS ANY KEY TO RE
SUME TOKAFOLE DATA"

440 FRINTEL92," " tFORI=0TOLS:0UTFF, L20UTFF, 192 FRINTUSING" #¥#%" §
INFOFF)Y § INEXT 1Q0%=TNKEY$ : TFQA$=""THEN440ELSERETURN

450 FRINT,"ADDITIONAL DERIVED DATA"; I IFBEL=1FRINTTAE(S2):"GHOT" N
SELSEFRINTTAE(S2) $ "BASELINE"

4460 FRINTIFRINT"TIME A <R VI.OOF FOH TE

<N TAUM IFORJ=1TOL0 2 XFS (S, DTHENS (6, ) =17 . 4X (ABRS (S (1, J) /55,
JYDIDL2HELSES (6, ) =0

470 TIFSC1L, HDTHENS(7 ; DI =1E~4XG (S, HDIXRG(SH, HDIRG(I, D /GCL, DELSES (7,4
y=0

480 S8, D=, C1+G(0, N/7EIXGE(4, D+ 0045%(1~-5C0,J)/37I%E(5, D TF
SC6, DITHENS (B, =68, )2, 3%G5(13, J)/SOR(G(H, 002

490 S(92, =58, NDXG(1, DITFS(8, NDXG(H, HDTHENS (L0, =376 (ARG (S (]
s J2/8(8B, /80, N /GCH, NI HHLLHL7ELSES (10, U)=0

500 XFSC1L0, DH0THENS (11, D)=, 050%5(2, ) /SQR(S(10, )3/ (1-EXF(~45/8
(10, JYELSES (L1, J)=0

G510 TFS(P, JITHENS(L12,0)=,144%8(11, DXE(10, N/S(?, DNELSES(12,J)=0
G520 PRINTTAECOIS(0, ) $3FORT=ATOLZ{FRINTTAE(SXT~41)INT(100XG (T, )
+:5) /1003 INEXTIFRINTINEXT:FRINT"MSEC CM VOL.TS

KW EY E12/CC MBEC" iRETURN

530 LS=LEN(CS$) :QT=0T+1 i TFRI-=LSTHENQQA$=MID$ (CS%, 01, IYELSERQHE=""
540 FORI=0TOA00XVAL (QA%) INEXT I IFVAL (QQ$) THENS30ELSERETURN

S50 CLEIINFUT"MESSAGE" (M$ICLEITFLEN(M$) <192THENMMS$=8TRING$ (31 ,"
"YEMEELSEMME=M$

w60 FORI=1TOLEN(MMS$) :FRINT@448, CHR$(23) i MIDS (MM$, L, 31) 1 STRINGS (3
1" "IFORJ=1TOSG0 INEXTJ, T1QQ$=TNKEY$ t TFQQA%=""THENS40ELSECLSIRETU
B
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T EFNRFLARAT , PR CPNAFF1A%A7 1 1R LFAR S RESTORECLSFRINTTAR (LI T
FapoLF MONTTOR FROGEAM / JCS /7 28 JaN BI"ICLEARAOOIDEFINTA-R, T2
NTMY OS5 400 YRS 40, GRO40) ASCI27),8013,100

20 PFRETNTTARC24) "COMPTLED VERSTOMY IFOMELOSZ24, 1IFPOFELSS27 , 125 FORT
=RFAATTORZIAS L RPEANY CPOVEY , X IMEXT

WOPATALT 1,50, 44, 126,62,192,811,222,62,4,211,223,58,1,56,33,2,59
A 1RZ.R7.4, 56,182 ,33,16,56,182,83,64,56,182,192,62,255,211,223,2
19,233,807, 127 .40, ”””;14;’06;M3 4% 9]”6,?° 1,]??,?1],?23,20

40 DATATZ2,2%4, 6,32, 2,22, 1,6,6,16,254,62,255,211,223,219,223,119
J122.211,823,; W“ ]W Q” ”?ﬂ &ﬁ 0,%0,; 44 1”6,4;,4”;]?&,1, 5.126,30,4
1.;:";”? '";':“i 0 rv:.: 14 ﬂ ;';]G ]]U '?r:’;) '49"9 ;9?19’%4 9-: 693‘39?993?

':.:'n I“'hT(\""?" ,7’“’1 l‘l’ 94'7 ]-“}6?‘?1‘;':3 4& 5\‘*0 ]r)(‘)p]“!;z‘q'() 69; 9]/‘35\.{;7]9] }6) U;»
2EHR,1%8, 0, ””1 119,0,221,3%,2%53,359,16,241,13,32,235,201PFP=22380U
TPP 128 FORT= ]TGU'NHTPP T2OUTFF ; 1”2?XE(I 0)=INF(FF){FORJ=1T0O40¢X
Bl Dd=¥REOL, 0)IMEXTI, TIFS=10¢FRINT

460 GCO1Y=11602y=10380(3)=20028C(4)=0,.5:8C(5)=2

70 IFEM=0FRINT" d»xoexxx TAKE A BASELINE SHOT"

20 SET125, 00 0UTFF 12830UTFF, 4 10UTFF, 192 FE=INF (FF) {FOKE32299, X
NTIYUARFTRE (X (0,02 /7256) tFOKER32298, VARFTR(X (0, 0) ) ~256XINT (VARFTR (X
fﬂ;ﬂﬁ\/”“6"FOVF?””Q?,TNT(UﬁFFTRfVE(O90))/Zﬁé)eFOhEBQZQé,VARPTR(
XEOO0, 03256 INT (VARFTR(XE (0,002 /2546) $ X=USRC0)

20 QUTFF 1281 0UTFF, 62 UUTFP,]Q”"P”INPfFF) SETC127 , 0 TFFEEK (3230
0YTHENZZ7 0ELSEBL=X(2,5)+X (2, 10)+X(2,15) {TFEL ':THFN’L¢]§GOT0110KL
EEL=0tEM=1 FORT=1TOZ2FORJ= 0TO4OZXB(I¢J) XE (T, JY+X (L, J) SNEXT ENEXT
FORT=3TOSL0UTFF; T2OUTFF, 1928 XE (T, 0)=TINF (FF)

100 FORJ=1TO/0IXE(T, Jd)=XE(L, 0> §NEXTINEXT

110 0X=0:TFRL>0THENNS=NS+]1

120 CLSITIFEL=0THEMFRINT"BASELTINE"ELSEFRINT"SHOT NUMEBER"INGITIFAE
SXCL 40 YOTHENEM=0

130 TFABS(X (1,40 22 1THENTIH=0FORJ=0TO40 ¢ TH=TH+X (%, J) INEXTIIFIHTH

ENTT=0FORJ= 01040 TT=TTHX (S, I EX L, D) =X, D)X (1,402 %XT/THENEXT
140 IM=X{1,0):A8=0FORJ=0TO40:AS=AG+X (1L, ) ITFX (L, ) a=TMTHENIM=X(
1 ;\.j:' T

150 XFX 1L, )L 0THENAS=AS-X(1,J)

1460 NEXT
170 AS=AS¥EMYEL  TM=5XJM+1 ¢ TFJIM>0ANDIMCA0 THENS 0=X (1 , JM~1) $52=X (1,
JMAL YL IF RTINSO G2 THENTH= T2, SX (B82-80) /(G2-2XIM+50) $ IM=IM-0,10

0¥ (BZ-G0I¥(G2~80)/(G2-2XTM+50)

180 IFIMFRINT"MAX TIF ="3GC(1L)xIMI"HA AT"TM/10 2 "HEECHELSEFRINT "M
AX TF = 0"

190 FRINT"AMF SECONDS ="i8C(1)¥AS/2FRINT"FRES =" 4% (FR-FE) $"E~5
TORR" :FRINTYTIME IF JEAT BT VFG IHOOF DIF
ADT"IFORJ=1TOL0 :J1=FS8XJ/518 (0, D =FEXJ/L0FRINTS (0, J) $ ¢FORI=1TOS?
¥POD) =0 C0-T0 X (L, JLY+IRX (T, J1-1023 /5

200 X1=BLXX (T, J12+XE(T,J1) ¢ XZ=ELYX (X, J1-1)+XE (T, J1-1) $TFX1<=00RX
2L=0FRINTTABCBXI) § "SAT-" GOTOZ10ELSETFX1 =258 0RX2>=255FRINTTAE
8xTIi"GAT+H" 1 LGOTOZI0ELSES (L, H=8C(IIXXF (I IFRINTTAB(BXI) §5(T, 403
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290 NE¥TtJ2=01+1 3 TFJ2=4 1 THENJZ=40

220 J0=J1-2tTFJ0<0THENJO=0

230 G013, =501 RCBRY (1, JZIF2RX {1, J13-BRX (L, J1-1)~2Z%X(1,J0)) /10
CERINTTAE (483613, tNEXT$ IFEL=0THENZSOELSENT =127 $ TFNS <128 THENNT
=NG

240 TFNS=127F0RI=1T0OL27 $AS(T~1) =A% (I) tNEXT

250 ASINT)I=AS

260 TFCS$=""THENGOSUES30 tIFQQS<""THENZB0

270 QO$=TNKEY$:IFQQE=""THEN70

280 TFOE$F="0"THENFRINT" Xxxxx COMFUTER ON STANDEY-—-FRESS 1 TO C
OMTINUE TAKING DATA"™:

290 IFOO$="0"THENIFINKEY4<:"1"THENZ90ELSECLS GOTO7 0ELSETF Q%= 1"

THENZ 0ELSECLS FRINTAS/2 3" AS" 3 tIFQR$="T" THENFRINT ; "FLASMA CURRENT
PG TIME" ! tIG=1tGOTO3S0ELSETFRO®="J"THENFRINT ; "TON SATURATION CU
FRENT VS TIME"$$IG=2:G0T0350

300 IFQO$E="E"THENFRINT, "TOROIDAL FIELD VS TIME"::IG=3:GOTO350ELS

ETFQO4="U" THENFRINT ; "FOLOIDAL GAF VOLTAGE VS TIME":3IG=43GOTO350

ELSETFROE="H"THENFRINT , "HOOF CURRENT V& TIME"$$IG=53GOTO350ELSET
FOA$="C"THENCLS GOSUE400$ GOTOL20ELSETFQRe="R" THEN120

310 IFQO$="G§"THENCLS tFRINT"CURRENT SHOT NUMEBER ="${NStINFUT"NEW §

HOT NUMEER"tNS:GOTOZ 0ELSETFQA$="L"THENGOSUE410:GOTOZ40ELSETFQQ$:=
NENTHENGOSUE430 ¢ GOTOZS0ELSETFOR$="A"THENGOSUE45 0 GOTOZ4 0ELSETF QG
$="MUTHENGOSUESS 0 tGOTOZS0ELSECLS S FRINT " COMMANDS £ ¢

320 FRINT,"0% STANDEY"S(FRINT,"1: CONTINUE"SFRINT,"I: GRAFH PLASM
A CURRENT"$FRINT,"J?! GRAFH TON SATURATION CURRENT"FRINT,"E: GRA

FH TOROIDAL FIELD" ¢FRINT,"V: GRAFH FOLOIDAL GAF VOLTAGE" tFRINT,"

H$ GRAFH HOOF CURRENT"(FRINT,"C: CHANGE TIME SCALE"

330 FRINT,"L! GRAFH A-8 FOR LAST"INTI"SHOTS" tFRINT, "Rt RETURN TO
INITIAL TAELE"SFEINT,"S§: CHANGE SHOT NUMEER COUNTER"S$FRINT,"ES
EXAMINE ANALOG INFUTS"tFRINT,"A? DISFLAY DERIVED DATA"IFRINT, "M}

FRINT MESSAGE ON SCREEN
340 FRINT,"Ft PROGRAM COMMAND SEQUENCE"$IFQQ$="F"THENCS$=""$INFU
TUWHAT COMMAND SEQUENCE" tCS$:GeTO70ELSEZAD
350 IFEL=1PRINTTAR(S2) $"GHOT INSIELSEFRINTTAR (52) t "EASELINE"
360 Y1=08Y2=03F0RJ=0TO402GR D =X(I6G,J) tIFGR (D Y2 THENY2=GR(J)
370 TELRGDCYLITHENY1=GR(J)
980 NEXTIIFYZ=Y1FRINT (FRINTSFRINT xxxxx NO DATA TO GRAFH":GOTOZ
SOELSESY=34/(Y2-Y1) $FORJ=0TO40 3 SET (3% J+5, 44, 5-GYX (GR(J) =Y 1)) INEX
TEY=44,5+GYXY 1 tFORT=3T0125SET(T, YY) tNEXTSFORY=15553TOL6257STEF 64
SFOKEY , 170 $NEXT
390 FRINTE961,"0 2 4 & 8 MSEC 12 14 1
b 18 20" SFRINTRE0, "MAXIMUM VALUES" $1SCIIG)XY2S 1E0TO2460
400 FS=10tINFUT"HOW MANY MSEC FULL SCALE (DEFAULTS TO 10)"iFSIIF
FG=20FRINT"MAXIMUM IS 20 MSEC":GOTO400ELSETIFFS<SFRINT"MINIMUM IS
5 MSEC"$GOTO400ELSECLS S RETURN
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410 FRIMT,"AMF SECONDRS FOR LASTVINTIVSHOTS"1YZ2=0:FORI=0TONT :IFAS
(LY Y2THENYZ2=AS{ 1)

420 NEXTITFYZ=0FRINTIFRINT" xxxxx NO DATA TO GRAFH" iRETURNELSEFR
INTEPLH0, STRINGRCHI, CHRE$ (176333 tFOKELO363, 176 FORT=1TONT :SET (X, 47
~QLIHAGCTI/YZI INEXTEFORY=4TO46ISET(0, Y INEXTIFRINTEB0 , "MAXTMUM VA
LUE"Y2%8CC1) /2 SRETURN

430 CLSIFRINT, "ANALQOG INFUT FOR EACH CHANMEL"(FRINTIOUTFF,128:F0
EI=0TOLSIPRINTUSTING " #44%" ;T INEXTIFRINT@396, "FRESS ANY KEY TO RE
SUME TOKAFOLE DATA"

440 PRINTRLOZ,"" 3 iFORT=0TOLSI0UTFF, LiOQUTFP, 122 FRINTUSTNG " #4844 §
INFAPFY P INEXT:QA$=TNKEY$ : TFOAQS=""THEN440EL SERETURN

450 PRINT,"ADDITIONAL DERIVED DATA" (1 IFEL=L1PRINTTAE(SZ) i "GHOT" IN
SELSEFRINTTAR(SGZ)  "EBASELTINE"

4460 PRINTSIPRINT"TIME A Q= VIL.OOF FOH TE

<IN TAUEFORJ=1LTOLOIIFS (S, DTHENS (4, =17 . 4X (ARG (S (1, J) /8505,
JIMLLZHELSES (6, ) =0

470 TFSCL, NDTHENS(7 , D) =1E~-4X5 (46, JIXG(SH, IXE(R, J)/8C1, DELSES(7 ;4
Yuu()

480 S8, D =,E8X(L+G8C(0, D/75)%E(4, N+, 0045 (1~GC0,0)/37)XE8(5H, ) 1TIF
QA JITHENS (8, ND=8(8, N2, 3%5013, D /SQAR(S (6,00

490 S(2, =588, DXG(L, D ITFSB, NDIXG(SH, HDTHENS (L0, ) =376X (ARG (S (1
s /G5B, V/B AN /GE, DIV 666L6L7ELSES (LD, =0

500 XFSC10, DF0THENS (L1, D=, 050%5(2, HD/GOR(SC1L0, 2/ (1-EXF(~-45/G
CLO, D) NELSES (11 ,J)=0

510 TFSCQ, JOTHENS (12,00 =,144%G (11, DIXGCL0, ) /8(2, DELSES(12,J)=0
520 PRINTTARCOISC0, ) 2FORT=ATOLZFRINTTAE(SXT~41)INT(100%xG5 (1,
+.E5Y/1008 ENEXTIFRINTINEXT FRINT"MSEC M VOL.TS

KW EV E12/CC MSEC"iRETURN

530 LS=LENCCS$) :QT=QT+1 t TFQT<=L STHENQQA$=MID$ (CS5%, QX D ELSEQQ$=""
540 FORI=0TO4Z200xVAL(QQA$I INEXT I IFVAL (QQ%) THENS30ELSERETURN

S350 CLEIINFUT"MESSAGE" iM$ tCLS T IFLEN(ME Y 192 THENMMS=8TRINGS (31 , "
") +MEELSEMME =M%

G560 FORYI=1TOLEN(MM$) tFRINT@448, CHR$ (23) MIDS (MM$, 1, 31) 1 STRINGSH (3
1. "MFORJ=1TOBS0INEXTI, T1004=TINKEY$ { TFQQ$=""THENS40ELSECLStRET
URN :
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APPENDIX B
7001 00100 ORC 32001 AIM16 Machine Language Routine
7D01 3E0L 00110 LD Ayl _ SN i} :
7D03 322C7E 00120 LD (32300),A;STORE 1 IN 32300
Y046 3ECO 00130 LD f,192
/D08 D3DF 00140 . our (223),A 3INITIALIZE SYSTEM
7D0A 3E00 00150 NOSIG LD A, 0
7D0C D3DF 00160 ouT (223),A $SELECT TRIGGER CHANNNEL
~ 7DOE 3A0138 00170 LD A, (3801H) $ STROBE KEYEOARD - _
7D11 210238 00180 LD HL., 3802H
7D14 Eé6 00190 OR (HL)
7D1% 210438 00280 LD HL , 3804H e A 1 5
7D18 E6 00210 OR (HL)
7D19 211038 00220 LD HL,3810H
7D1C B& 00230 (] (HLY
7D1D 214038 00240 LD HL , 3840H
7D20 Eé 00250 OR (HL) $SET FLAG IF KEY FRESSED
7Dz1 CO 00260 RET NZ {RETURN IF KEY FRESSED
7D22 3EFF 00270 LD A,255 )
7D24 D3DF 00280 ouT (223),A JENABLE TRIGGER
7D26 DEDF 00290 IN A, (223) $READ TRIGGER SIGNAL
7DZ8 CE7F 00300 BIT 7:8 $TEST HIGH ORDER BIT NP s
7D2A 28DE 00310 JR Z,NOSIG $RETURN IF TRIGGER < 128
___7D2C OECE 00320 LD C,206 sNUMEER OF FOINTS
7D2E 212D7E 00330 LD HL, 32301 BEGINNING MEMORY ADDRESS
7D31 1601 00340 LD D,1
7D33 7A 00350 LD ~AD
7D34 D3DF 00360 ouT (223),A ;SELECT CHANNEL 1
7D36 14 00370 CONT ING D $INCREMENT CHANNEL NUMEER
SN Sa7e7h . SN0380 LD A,D
J38 FE06 00390 CF 6 $tHIGHEST CHANNEL # EXCEDED?
7D3A 2002 00400 JR NZ,MORE $GOTO MORE IF D<xé
7D3C 1601 00410 LD  D,1  $RESET TO FIRST CHANNEL
7D3E 0606 00420 MORE L.D B,é $DELAY EETWEEN FOINTS
7D40 10FE 00430 LOOF DJNZ LOOF $LOOF UNTIL E=0
7D42 3EFF 00440  Lb A, 255
7D44 D3DF 00450 ouT (223),A (ENAELE DATA
7D46 DEDF 00460 IN A, (223) IREAD DATA
7D48 77 00470 LD (HL),A $STORE DATA
7D49 7A 00480 LD A,D
7D44A D3DF 00490 ouT (223),A $SELECT CHANNEL
~ 7D4C 23 00500 _INC HL $INCREMENT MEMORY LOCATION
7D4D 0D 00510 DEC C {DECREASE C EY 1
7D4E 20E6 00520 JR NZ,CONT $CONTINUE IF MORE DATA
7D%50 3E00 00530 LD A, 0
T 7D52 322C7E 00540 L.D (32300),A3STORE 0 IN 32300 A
7D55 2AZA7E 00550 L.D ML, (32298) X ELOCK ADDRESS
7D58 012D7E 00560 LD  BC,323013DATA ELOCK ADDRESS
7DSE 1E29 00570 LD E,41 i1# OF TIMES
7DED 1605 00580 JLOOF LD D,5 t# OF CHANNELS
~7DGF 3600 00590 LD (HL),O0
7D61 23 00600 INC HL.
7D62 2600 00610 LD (HL)Y, 0
7D64 23 00620 ILOOF  INC HL.
T 7Dé5 0A 00630 LD A, (BECY {MOVE DATA
Vo6& 77 00640 LD (HL) , A
D67 23 00650 INC HL
T 7Dé8B 3600 006460 LD (HL)Y, 0 —
7D6A 03 00670 INC EC INEXT DATA POINT
7D6E 15 00680 ~ DEC D I
 7D&C 20F6 00690 JR NZ,IL.OOF;GOTO ILOOF IF D0
7D&E 23 00700 INC HL.
7D6F 1D 00710 DEC E

-21-
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7D70 20EE 00720 JR NZ, JLOOF3GOTO JLOOF IF Ex0
7D72 DD2AZAZE 00730 LD IX, (32298) }START X ADDRESS
7D76 FD2AZB7E 00740 L.D IY, (32296) $START XE ADDRESS
7D7A OEF6 00750 LD C,246 3% OF X VALUES
7D7C 0602 00760 ELINE LD B2 t# OF EYTES/VALUE
~ 7D7E AF 00770 XOR A tRESET CARRRY
7D7F DD7E00 00780 ELODOF LD A, (IX) $GET X
)82 FDYEOD 00790 SEC A, (IY) $SUETRACT XE
/D85 DD7700 00800 LD (IX),A $STORE RESULT
7D88 DD23 00810 INC IX $PNT TO NEXT HIGHER X
7D8A FD23 00820 INC IY $PNT TO NEXT HIGHER XE
7DSC 10F1 00830 DJNZ ELOOF  $GOTO ELOOF IF MORE
7D8E 0D 00840 DEC c SNEXT VALUE
7D8F 20EE 00850 JR NZ,ELINE;GOTO ELINE IF MORE
7D91 C9 00880 5L RET e . R T b iy WP
7D01 00870 END 32001
00000 TOTAL ERRORS
~ BLOOF  7D7F B
ELINE  7D7C
ILOOF  7D64
JLOOF  7DSD
© LOOF 7D40 ) o -
MORE 7D3E
CONT 7D36
NOSIG  7D0OA ] T T
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APPENDIX C

AIM16 Data Sheet Excerpts

AIMI6. ~ DATA SHEET

ANALOG PORT - 16 Channels - Specifications for each channel -
Vina - analog input voltage conversion range: 0 to 5.12 volts & N Y FERE
Vin (max) - absolute maximum input voltage: .3 to plus 5.4 volts ADD§ 4 o] ACORESS Y S 5 ef
lina (max) - maximum analog input current: 2 microamps ADD3 Laren [ - \ E g x [ IN|
Vref - - reference voltage: 5.120 volts plus or minus .01 volts l =221
o EC L
E ] o<
Conversion data - START s e 21°
Tc - conversion time, per channel: 100 microsec max, 80 typ sTROBE ] Losic conTROL [+= I8
counts per channel: 256 =
output range (each channel): 00-FF (hex) - é
B i CLOCK .
0:255 (decimal) ENABLE l - SUCCESSIVE-
000-377 (octal) _ APPROXIMATION
0000 0000-1111 1111 (binary) g:- 7 7 ?E ANALOG
Absolute maximum error: 7% ™ . % oz] Convenrem
: : 3 o &
Rt B =
Typical maximum error: .5 % pw
I = EOC
=&
. . . -4
Physical Dimensions - 51/4 x61/4 x 21/4, EOC e | OF 2
OR SELECTOR
o7
AIM16 BLOCK DIAGRAM
START
sTroaE L | —
:$2=Lt .—E AIM 16 Timing Diagram
1 il L SYMBOL | CHARACTERISTIC MIN | MAX | uNIT
T2 T1 ADDX must become stable 1 microsec
T2 ADDX must remain stable 3 microsec
oND? Ties r[ T3 EOC becomes stable on D7 60 | nanosec
€0C ON T l T4 EOQC is reset 100 | nanosec
- -l TS l— T5 EQC goes high indicating conversion complete ¥ 100 | microsec
T6 DO-D7 becomes stable after SS goes high 290 | nanosec
DO-D7
STABLE r—E 7 E&s[);é'r‘ EOC becomes stable after 3S enable . 290 | nanosec
T8 DO-D7 or EOC enter tri-state after 3S enable. 290 | nanosec
EH::L! _.l j— goes low
00-D7,20C . ; - 5 . - = —
STABLE
'r'r—l -l I—u
APPLICATIONS
—— ——— S.12v REFERENCE
JOYSTICK
+~ ™4 ADD$-ADD3 (4 LINES) \ - g
S POWER PORT POTENTIOMETER
ok *2 $Se (i LINE) L
w a -
- > 3 > )
S| ae 38 ENABLE (1 LINE) ° H
al 5~ a 4
3
3l 3 - 5 AIM16 3
= s »
- [ ]
i & - ]
2| o o - \_
Q| ak D§-D7 (8 LINES) o
o = 4 TO ANALOG GROUND
2: 5.12 YOLTS
2
il e
SIGNAL TRANSDUCER
———— CONDITIONER

APPENDIX A. AIM16 DATA SHEET



—24—

PORT PIN FUNCTIONS

3 s e 20 1 ] "

TOP VIEW

AIMIE "

Computer Port (Connector L)

Top Bottom
Pin No. Function Pin No. Function
1 GND 2 GND
3 D0 (LSB) 4 D4
5 D1 6 D5
7 D2 8 D6
9 D3 10 D7 (MSB), EOC
11 plus 12v 12 plus 12v
13 14
15 3s enable 16 Start Strobe (SS*)
17 Add O 18 Add 2
19 Add 1 20 Add 3
Analog Port ( Connector R )
Top Bottom
Pin No. Function Pin No. Function
1 GND 2 5.120 VREF
3 INO 4 IN8
5 IN1 6 IN9
7 IN2 8 IN10
] IN3 10 IN11
11 IN4 12 IN12
13 IN5 14 IN13
15 IN6 16 IN14
17 IN7 18 IN15
19 5.120 VREF 20 GND

DIRECTION

COMPUTER PORT PIN FUNCTIONS

WITH RESPECT
PIN NAME TO THE AIM16 FUNCTION

GND
GND
DP(LSB) out
01 out
D2 out

Cooswvunwn—
o
@

out
04 out
D5 out
06 out
D7 (MSB) out

11 plus 12 volts in or out
12 olus 12 volts in or out

13 not used
14 not used
15 35 ENABLE in

16 s8* in
17 ADDO in
19 ADD1 in
18 ADD2 in
20 ADD3 in

Signal ground - tied to analog ground

Digital output for analog inputs.
DO is the least significant bit. D7 is the most significant
bit. A lo voltage is a logical 0. A hi voltage is a logical

L

D7 (when SS* pin 16, is lo) is the end of conversion

signal, EOC, When EOC is lo, the AIM16 is busy. When EOC is
hi, the AIM16 has finished a conversion and the converted
valve may be read.

12 volts DC power from a DAM SYSTEMS power pack or other
source. |f a DAM SYSTEMS power pack is used at the POWER
PORT then this voltage is available to supply other DAM
SYSTEMS modules. If a DAM SYSTEMS power pack is not used at
the POWER PORT then a positive 12 volts (well-filtered DC)
must be supplied at these pins.

IICAUTION!!
DO NOT USE A DAM SYSTEMS POWER PACK AT THE POWER
PORT WHILE POWER IS APPLIED-TO THESE PINS.

Three state enable, A lo voltage disables the outputs
D0-D7. a hi voltage enables D0-D7.

Start Strobe not. A hi to lo transition resets the AIM 16

and starts the comversion of the analog input selected by

the digital inputs on pins 17 to 20. While S$* remains lo,

and the 35 ENABLE is hi, the EOC (End of Conversion) signal
appearson pin 10. When is SS* is hi, and the 35 ENABLE is
hi, D7 is on pin 10 and DO to D6 are on pins 3 to 9.
respectively.

Address lines - select the analog input to be converted
according to the following table:

Analoginput  ADD3  AND2 ADD1 ADDO

INO lo lo lo lo
INL lo lo lo hi
IN2 lo lo hi lo
IN3 lo lo hi hi
IN4 lo hi lo lo
INS lo hi lo hi
IN6 lo hi hi lo
IN7 lo hi hi hi
IN8 hi lo lo lo
IN9 hi lo lo hi
INLO hi lo hi lo
IN11 hi lo hi hi
IN12 hi hi lo lo
IN13 hi hi lo hi
IN14 hi hi hi lo
IN15 hi hi hi hi

Loading or Drive

1 TTL Load

60 ma in

LLSTTL Load

1 LSTTL Load

Vin(hi)-3.5
volts. min
Vin(l0)-1.5
volts max
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Send START
STROBE high

SS*=1.

ADDO (least significant

Send channel bit) to ADD3 (most sig-
address nificant bit)
I
SS*=0
AR
g?ESBETloL This starts the conversion
and puts EOC on D7.
|
DO-D7 are enabled.
ﬁ‘t‘"ﬂ ENABLE Only D7 (now EOC) is
9 meaningful.
|
bl |
Read D7 (EOC) EOC (End Of
and wait until Conversion) takes
it goes high 70 to 100 microseconds.
Send START Puts converted data
STROBE high on all eight bits.

DO (least significant
Read data bit) to D7 (most sig-
nificant bit)

Flowchart for reading one channel of data from the AIM16.
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APPENDIX D
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APPENDIX E

Schematic of Tokapole Current Monitor Circuit
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APPENDIX F

Schematic of Circuit to Model Hoop Resistance

o  —t/T,
Z.~[l+ T e 1
pol i=1

Ti(msec)

2.43
.73
.35
.2
.132
.0979
.0690
.0533
.0424
.0345
.0287
.0242
.0207
.0189
.0156
.0137
.0122
.0109
.0098
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' APPENDIX C

AIM16 Daﬁa Sheet Excerpts

ANALOG PORT - 16 Channels - Specifications for each channel - “
Vina - analog input voltage conversion range: 0 to 5.12 volts re— . N
Vin (max) - absolute maximum input voltage: =.3 to plus 5.4 volts 20092 ‘l ADDRESS ; '?' TR 3 K1 SR
lina (max) - maximum analog input current: 2 microamps ADD3 LATCH § ™ S Egx !
Vief - - reference voltage: 5.120 volts plus or minus .01 volts 7 =J21°
o
L | o -
Conversion data - ] E
Tc - conversion time, per channel: 100 microsec max, 80 typ Ao o comrmo e
counts per channel: 256 =
output range (each channel): 00-FF (hex) - Eocl_tl
0:255 (decimal) ENABLE , wol . .succrssive-d -
0371 (ctal ] syl
0000 0000-1111 1111 (binary) 0§~ 7 7 ANALOG S d
Absolute maximum error: .7% ol s 73 Mo g 70 wanaL
Typical maximum error: .5 % E‘;‘.’ i 1J
IE 3
Physical Dimensions - 51/4x61/4x21/4, goc =8 '
o7 |
AIM16 BLOCK DIAGRAM ‘
:Trﬂ‘ﬂn;l omsmm— ek 1
:ﬂ:u AIM 16 Timing Diagram 3
- SYMBOL | CHARACTERISTIC ‘WIN | MAX | uNIT
- Tl ADDX must become stable 11 microsec
X T2 ADDX must remain stable 3 microsec
T3 EOC becomes stable on D7 60 nanosec
€oc oN o7 ;3- T4 EOC is reset 100 | nanosec
e ‘rll-— T5 EOC poes high indicating conversion complet 100 | mi
N TS T6 DO-D7 becomes stable affef S roes high © | 290 .| nanosec
:?;::: '—& n 3&2;";‘11 EOC becomes st?ble after 35 enable {200 | nanosec
s T :t?e.smlo? EQC enter tri-state after S_S:Gnable_l i i 290 - rianosec
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