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TOKAPOLE MONITOR SYSTEM 

J. e. Sprott 

Introduction 

For many years a Radio Shack Model I, Level II, 16 K TRS-80 with a 

Connecticut Microcomputer Model AIM16 , 8 bit, 16 channel, 100 �sec 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 is 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) 

l)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> 

/� <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 little 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 is 

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) 

l)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 is for 

the program to display plasma current (Ip), ion saturation current density 

(J
SAT), toroidal field (BT), poloidal gap voltage (VpG), hoop current (IR) , 

and the time derivative of the plasma current (dlp
/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 learned 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 

5 ISJSL5A <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 indicated by the computer will always read within 1 kA of zero at 

20 msec. The computer recognizes a baseline if the sum of the ion 

saturation current density at 2.5, 5.0, and 7.5 msec is less than 50 mA/cm2. 

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 is 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 V
PG channel is being interrogated every 100 �sec by 

a machine language software loop (see Appendix B). Whenever the highest 

order bit becomes a one (>127), the five channels (Ip' JSAT> BT, VpG, and 

IH) are read in sequence at a rate of 100 �sec 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(I,J) - XB (I,J» ) 

where SC(I) is a scale factor for that particular channel to make the units 

come out as follows: 

quantity scale factor units 

Ip SC (l) =l kA 

J
SAT SC( 2)=10 mA/cm2 

BT SC(3)=200 gauss 

V
PG SC (4)=0.5 volts 

IH 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 Ip occurs at t=O.l msec, the first measurement of JSAT occurs 

at t=0.2 msec, etc. The second measurement of Ip occurs at t=O.6 msec, etc. 

Note that the trigger scheme introduces a 100 �sec 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 Ip 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 ad justs the measured current by 

subtracting from it a quantity, 

(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 unad justed current at 20 msec, 

IIp(20)1 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: 

AS (2) 

where Ip is in kA and t is 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 

(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> is 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 

Calculation of the loop voltage Vt 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 loop at 
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the plasma edget 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 (Ipt VPGt 

and IH) using the circuit model of PLP 7 7 7: 

(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 LHdlp
/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, i . e . :  the hoops represent a conducting boundary which alters the 

plasma inductance . In PLP 756, the plasma inductance is calculated as if 

the hoops were absent . This difference is of little consequence, however, 

since the plasma inductance Lp cannot be measured directlYt but rather the 

quantity Lp+a (l-a)LH (as defined above) is measured as described in PLP 7 56 

to have a value of �0 . 7  �H" 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 Vt" 

Actually, the method of determining the plasma inductance by experimentally 
• 

measuring dVt
/dIp 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 Ip" Current profile changes are not modelled 

properly, however . The quantities a and RH can be estimated theoreticallYt 

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 

I 
2

(1+At)VpG + B(I+Ct)IH 
(6) 

where A, B, and C are constants. Such a method gives a first-order 

correction to the time dependence of a and � as well as the initial value 

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 �V� 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 

�V�=-AaBip over the range 7<a<11 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 • 

= 
Z

(1+t/75)VpG + 0.0045(1-t/37 )IH - 2.3Ip/la (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 Ip poses some special problems. The plasma 

current trace is 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 ±O.5 

volts which is considerable since our standard discharges have Vt in the 

range of 2-3 volts. The errors in Vt 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 Vt previously discussed, the ohmic input power 

is subject to assumptions about the plasma current profile, namely that the 

underestimate of POH for current flowing near the hoops where Vt is small is 

just compensated by the overestimate of POH for current flowing near the 

wall where Vt is large. 

The electron temperature (in eV) is calculated from Ip and Vt assuming 

Spitzer resistivity with Zeff=l and assuming the current is distributed 

uniformly over a circular cross-section of radius a: 

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 J
SAT and the conductivity electron temperature using the 

usual Langmuir probe relation JSAT « n/Te for Te>Ti' However, the 

coefficient was adjusted so that the density determined in this fashion 
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agrees with the line-averaged density (averaged along the entire path 

between the interferometer horns) using a 7 2  GHz microwave interferometer 

for a standard discharge: 

<n> = 

0. 05J
SAT 

JSAT is in mA/cm2 
and <n> is in 10

1 2  cm-3
. 

(10) 

-45 /T 
The factor 1-e e is included 

to account for the fact that only 45 V bias is used on the probet 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 indicated here. The Langmuir probe is located on the octupole 

separatrix in the lower outer bridge and uses as a reference a large 

electrode which extends across the plasma nearly to the hoop in the upper 

outer bridge at the same (330 degree) toroidal azimuth. 

FinallYt the electron energy confinement time is calculated from 

(11) 

where L is in msec and the other units are as before (10
12 cm-3

t eVt and 

kW). This confinement time assumes a quasi-steady statet i.e. : L is much 

less than the time scale for change in either plasma energy or ohmic input 

power. In the above formulat the total machine volume inside �crit is used 

(5x105 cm3), and thus it represents an overall machine confinement time 

rather than a confinement time for the central current channel. As sucht it 
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is probably an overestimate since the volume-averaged Te is probably less 

than that calculated from the conductivity which assumes the current flows 

only within a radius a, unless Zeff is 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 (�lxlOS cm-3) .  However, since 

<n>Te is low by a factor of h4-9 , the errors offset, and the calculated L 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 used to calculate L involves 

multiplying the measured density by I�/3Ip2/3VtS/3, and thus the confinement 

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

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

A-to-D Converter 

The A-to-D converter is a Model AIM16,  available for about $300 from 

Connecticut Microcomputer, Inc . ,  lSO 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-SO 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 �sec per channel . Each channel has 8-bit accuracy (0-2SS) and 

responds to positive voltages in the range 0-S.12 volts (20 mvolt 

resolution) . The absolute maximum error is 10 mvolts + 0.7%. In order to 

achieve reasonable time resolution (SOO �sec), only channels l-S 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: l)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 �sec conversion interval. 2)Saturation of any channel in either 

direction (V
in 

<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 . 1 2  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 

overvo1tage, and rapidly changing input signals. The filtering typically 

limits the input response time to >24 �sec «6 . 6 kHz) on most channels. The 

input resistance of each channel is 1 MQ, 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 � 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 3 2011 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 VPG 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 

(12) 

and 

(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: 

� = J VpGdt 

AS = JIpdt 

• 

(poloidal flux: 0.1 webers/volt) 

(amp-seconds: 1000/volt) 

(time derivative of Ip: 10 kA/msec/volt) 

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

(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 last term (D) compensates for magnetic field 

• • 

soak-in (RH, a, and LH) 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=0.22 �H and a=0.5), such that the 

calibration of the plasma current is ensured once the other coefficients are 

adjusted to give Ip= O  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 �sec 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 
n 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 n 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 limit 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 po1oida1 field at its 

surface. The result is a time varying resistance given by 

where in cgs units 

� e-t/Li] = R(o) [ l + � 
i=l 

(15) 

(16) 

In Eq. (16), ro is the radius (2 . 5 cm) and p is the resistivity (2 . 2 �Q-cm) 

of the hoops. The first 20 values of Li are tabulated in Appendix F along 

with a schematic of an RC network whose reciprocal (l/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 7 7 1) .  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 Tokapo1e Monitor Program 

10 PO�E16561,254IPO�E16562,124:CLEAR:RESTORE:CLS:PRINTTAB(11)"TO 

KAPOLE MONITOR PROGRAM / JCS / 26 JAN 88":CLEAR600:DEFINTA-R,T-Z 

tDIMX(5,40),XB(5,40),GR(40),AS(127),S(18,10)SM=MEM 

20 IFM<>6769PFG:NT"MEMOF�Y CHEC�( EF<�FWR ON LOAD": PF�INT"MEM ="; M;" (S 

HOUL.D E:E: 6769)": PFU:NT "TRY RELOADING CASSETTE II : ENDELSE:PCH(E16526, 1 

:POKE16527,125IFORI=82001T082145:READXIPOKEI,X:NEXT 

30 DATA62,1,50,44,126,62,192,211,228,62,4,211,228,58,1,56,38,2,5 

6,182,88,4,56,182,88,16,56,182,33,64,56,182,192,62,255,211,223,2 

19,223,203,127,10,222,14,206,33,45,126,22,1,122,211,223,20 

40 DATA122,254,6,32,2,22,1,6,6,16,254,62,255,211,228,219,223,119 

,122,211,228,85,13,32,230,62,0,50,44,126,42,42,126,1,45,126,30,4 

1,22,5,54,0,35,54,0,35,10,119,35,54,0,8,21,32,246,35,29,32 

50 DATA235,221,42,42,126,253,42,40,126,14,246,6,2,175,221,126,0, 

253,158,0,221,119,0,221,85,253,35,16,241,13,32,235,201IPP=223:0U 

TPP,128:FORI=1T05:0UTPP,I:OUTPP,192:XB(I,0)=INP(PP):FORJ=1T040:X 

B(I,J)=XB(I,0):NEXTJ,IIFS=10:PRINT 

60 SC(1)=1ISC(2)=10:SC(8)=200:SC(4)=0.5:SC(5)=2 

70 IFBM ::: 0 PfaNT" )lOIOIOIOK TA�(E A BASELINE SHOT II ; 

80 SET(125,0):OUTPP,128:0UTPP,6:0UTPP,192:PB=INP(PP):POKE82299,I 
NT(VARPTR(X(O,O»/256):POKE32298,VARPTR(X(O,0»-256*INT(VARPTR(X 

(0,0»/256):POKE32297,INT(VARPTR(XB(0,0»/256)IPOKE32296,VARPTR( 

XB(0,O»-256*1NT(VARPTR(XB(0,0»/256):X=USR(0) 

90 OUTPP,128:0UTPP,6:0UTPP,192:PR=INP(PP):SET(127,0):1FPEEK(3230 

O)THEN270ELSEBL.=X(2,5)+X(2,10)+X(2,15):IFBL)5THENBL=1:GOT0110ELS 

EBL=0:BM=1:FORI=lT02'FORJ=OT040:XB(I,J)=XB(1,J)+X(1,J)INEXTINEXT 

tFOR1=3T05tOUTPP,ItOUTPP,192:XB(I,O)=INP(PP) 

100 FORJ=1T040:XBC1,J)=XB(1,O):NEYT:NEXT 

1:1. 0 01::::[) 1: IFBL.>OTHENNF:,::NS+l 

:I.?O CI ... £; t IFE:!...::: OTHFNPF�:r:NT"BABEI...INE"[I...GEPRINT "SHOT NUMBEF�:"; NS: IFAE: 

SCX(:I.,40»>9THENBM=O 

:1.30 IFABS(X(:I.,40»>1THENIH=OIFORJ=OT040IIH=IH+X(5,J):NEXT:IFIHTH 

ENIT=OtFORJ=OT040:IT=IT+X(5,J):X(1,J)=X(1,J)-X(1,40)*IT/IH:NEXT 

140 IM=X(1,0)IAS=0IFORJ=OT040:AS=AS+X(l,J):IFX(1,J» =IMTH[NIM=X( 

1 , ... 1) : ,.lM :::,.l 

150 IFX(1,J)<OTHENAS=AS-X(1,J) 

160 NEXT 

170 AS=AS*BM*BL.:TM=5*JM+1:IFJM>OANDJM<40THENSO=X(1,JM-1>:S2=X(1, 

JM+1):IF2*IM<>SO+S2THENTM=TM-2.5*(S2-S0)/(S2-2*IM+SO)1IM=IM-0.10 

0�(S2-S0)�(S2-S0)/(S2-2*IM+SO) 

1BO IFIMPF<�INT"Mr.IX :X:P :::11; se ( :1. ) lKIM; "�(A AT"; TM/1 0; "MSEC"EL .. SEPRINT"M 

AX IF' ::: 0" 

190 F'f�INT"AMP SECONDS ::::II ;SC(1)lKAS/��:PRINT"PF�ES =1;4)1( PF�-·PE:);"E·-·5 

TORR" t PF�INT"T1ME IP ,.lSAT EH VPG IHOOP DIP 

/DT"IFORJ=1T010:J1=FSlKJ/5:S(O,J)=FSlKJ/10:PRINTS(0,J);:FORI=1T05: 

XP(I)=«5-I)*X(I,J1)+I*XCI,Jl-1»/5 

200 X1=BLlKX(I,J1)+XB(I,J1):X2=BLlKX(I,J1-1)+XB(I,J1-1):IFX1<=OORX 

2<::::OPFUNTTAB (8*1) ; "SAT·-"; : GOT(n:L OELSEIFX 1>=2550RX2>=��55PRINTTAB ( 

8lK1) ; "SAT+"; : GOT02j. OEL.SES (I, J) :::SC (I) lKXP (I) : PRINTTAB (8*1) ; S (I, .. J) ; 
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210 NEXT:J2=J1+1tIFJ2=11THENJ2=10 
220 JO=J1-2fIFJO(OTHENJO=O 

-19-

230 S(13,J)=SC(1)lI« SlI<X(1,J2)+2l1<X(1tJ1)-SlI<X(1,Jl-1)-2*X(1,J0»/10 
IPRINTTAB(1S)S(13,J)INEXT:IFBL=OTHEN260ELSENT=127:IFNS(128THENNT 
"::NS 
210 IFNS)127FORI=lT0127IAS(I-l)=AS(I)INEXT 
250 fiB ( i\!T) "::AS 
260 IFCS$<>""THENGOSUB!;.'j30 t IFQ(�$<>""THEN280 
2? 0 F!Q$::::INI{EY$ t IFQQ$=:: 11 11 THEN? 0 
2S0 IF (W<.I',:::II 0 ITHENPf.�INT" *lI<:*lKlK COMPUTER ON STANDE:Y-·--PRESS 1 TO C 
ONTINUE TAI<ING DATA" t 
290 IF(·)Q$=" 0 "THENIFIN�{EY$<>":/. "THEN290ELSECL.S t GOTO?OEL..SE:IFQ(�$=":/." 
THEN:? 0 E:I. .. SECl..B: PRIj\.!TAS/��: "AS" ; : IFQCH;=" I "THENPRINT , "PLASMA CURF�ENT 

VS TIME" t : IG=1 n:;OT0350El.SEIFCW1;:::"J"THENPRINT t "ION SATURATION CU 
F:PENT V�) TIME" t : 1G:::2 t GOT03�.iO 
300 IFQQ$::="E:"THENPFUNT t "Tor<OIDAl. FIEl.D VS TIME";: IG=��: GOT0350ELS 
EIF(H�l$"::IiV"THENPf.:INT t "POLOIDAL. GAP VOLTAGE VS TIME"; tIG==1:GOTC)350 
EU;EIFQQ$=" H" THENPF�INT t .. HOOP CUf..:F:E:NT VS TIME";: IG=5 : GOT035 0 ELSEI 
FGl(�$:::: II C" THENCLS: GOSUE:10 0: GOlO:!. 2 OE1 .. SEIFQQ$:=:lI f� "THEN:!. 20 
310 IFCW1;=" S" THENCL..S : PFUNl" CUf.:RENT SHOT NUMBER =: "; NS: INPUT" NEW S 
HOT NUMBEF:"; NS: GOT070ELSEIFQQ�;::,""L"THENGOSUE:'tl 0: GDT0260ELSEIFCW$ :=: liE II TI-IENGOSUE:1:30 t GOT028 OEI .. SEIFQQ$:::: "A II THENGOSUE:1�;O : GOT02l)OEl..SEIF(�Q 
<�:::: "M II THENGOSUE::;�j 0: GOT02B 0 ELSECI...S: praNT "COMM�.!\ms: " ; 
:32 () Pf..:INT:," 0: ST (iNDF.W" : PRINT, II 1: CONTINUE": PRINT t "I: GRAPH PLASM 
A CLJf::r�ErH II t PRINT, II ,J: GfMPH ION SATURATION CUF<RENT II : Pf�INT , II B: GF�A 
PH TOROIDAL FIELD"tPRINTt"V: GRAPH POLOIDAL GAP VOLTAGE":PFUNT," 
H t GF:APH HOOP CURF:ENT" t Pf::JNT t II C t CHANGE TIME SCALE" 
3:30 PFUNTt"Lt GF:APH A-·f:) FOR LAST";NT;"SHOnJ":PRINTt"F�: t,ETURN TO 

INITIAl... TAF.::L .. E": PFUNT � liS: CHANGE SHOT NUMBEF: COUNTER": PFUNT tilE: 
EXAMINE ANALOG INPUTS!! t PRINT t "A: DISPLAY DERIVED DATA": PfUNT t "M: 

PI�:INT MESSAGE ON SCREEN" 
:�1 0 PRINT t "P: PfWG�i:AM COMMAND SEQUENCE ": IFQQ$=" P II THENCS$== II ": INPU 
T"WHAT COMMAND SEQUENCE"; CS$: GOT070EL..SE�?'60 
350 IFBI...:::::I. PI1:INTTAB (�i2) ; II SHOT "; NS; ELSEPFUNTTAE: (52) ; "BASELINE" ; 
360 Y:I.=0:Y2=0IFORJ=OT010IGP(J)=X(IG,J)IIFGR(J»Y2THENY2=GR(J) 
370 IFGR(J>(Y1THENY1=GRCJ) 
3S0 NEXT t IFY2=Y1PRINT tF'raNT! PRINT" **lK*lK NO DATA TO GRAPH II : GOT02 
60EI...SESY=31/(Y2-Yl):FORJ=OT010:SET(3�J+5t11+5-SYlK(GR(J)-Y1»'NEX 
TIY=11.5+SY*Y1:FORI=3T0125:SET(I,Y):NEXTIFORY=15553T016257STEP61 
H'OI{EY t 170 tNEXT 

390 F'RINT@961,"O 2 1 6 B MSEC 12 11 1. 
6 :1. 8 20";tPFUNT@SOt"MAXT.t1UM VALUEI"tSC(IG)*Y2;:GOT0260 
100 FS::::i 0 IINPUT"HOW MANY MSEC FUL.L. SCAL.E (DEFAUL.TS TO :I. 0)"; FS: IF 
Ff:l>20PRINT"MAXIMUM IG 20 MSEC": GOTD10 OELSEIFFS<�5F'fU:NT"MINIMUM IS 

5 MSEC"IGOT0100ELSECLStRETURN 
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4:10 PF:INT t "AMP SECONDS FOr.: LAST" H-IT; "SHOTS II : Y2==O ! FORI=:: OTONT � :eFAS 

(I»Y2THENY2=AS(I) 

420 NEXT: :eFY2=OPFUNT: PF:INTII )1010101(:« NO DATA TO GRAPH": RETURNELSEPF: 

INT@960,STRING$(63,CHR$(176»;IPOKE16363,176:FORI=lTONT:SET(I,47 

-·41 lKAS (I) IY2) t NEXT: FOF�Y"":6 T046: SET ( 0 , Y) : NEXT: PRINT@.BO t "MAXIMUM VA 

LUEII; Y2lKSC (1) I?; : RETUf�N 

430 CU;: PF:INT , "ANALOG INPUT FOR EACH CHANNEL.. II : PFUNT : OUTPP t 12El : FO 

FU::::OT01�i: PRINTUSING"++:U::l:II ; I; : NEXT: F'RINT@.396, "PRESS ANY .(EY TO RE 

SUME Tm(APOL.E DATA" 

440 PPINHH 9��, 11 11 ; : FClFU=OTO:I.!5 t OUTPP, I: OUTPP t 19;�: F'RINTL .ISING" +:11::\1::11:" ; 

INF' (PP) ; � NEXT t G!CH;::::Im(EY$: IFClca== ""THEN440ELSERETUF,:N 

450 PRINT, "ADDITIONAL.. DERIVED DATA";: IFBL..::::lpraNTTAB (52) ; "SHOT"; N 

SELSEPRINTTAE:: (52) ; "E:ASEL..INEII 

460 Pr.:INT: PRINT II TIME A <0> VLOOP POH TE 

<N) TAU"tFORJ=lT010IIFS(5,J)THENS(6,J)::::17.4lK(A8S(S(1,J)/S(5, 

J»)C.25ELSES(6,J)::::0 

470 IFS(1,J)THENS(7,J)=lE-4lKS(6,J)lKS(6,J)lKS(3,J)/S(l,J)ELSES(7,J 

) =::0 

480 S(8,J)=.5lK(1+S(O,J)/75)lKS(4,J)+.0045lK(1-S(0,J)/37)lKS(5,J)IIF 

S(6,J)THENS(8,J)=S(El,J)-2.3lKS(13,J)/SQR(S(6tJ» 

490 S(9,J)=S(El,J)lKS(1,J)IIFS(8,J)lKS(6,J)THENS(10,J)=376lK(A8S(S(1 

,J)/S(8,J)/S(6,J)/S(6,J»)[.6666667EL..SES(10,J)=O 

500 IFS(10,J»OTHENS(11,J)::::.050lKS(?,J)/SQRCS(10,J»/(1-EXP(-45/S 

(10,J»)EL..SES(11,J)=O 

510 IFS(9,J)THENS(12,J)=.144lKS(11,J)lKS(10,J)/S(9,J)EL..SES(12,J)=0 

520 PRINTTAB(O)S(OtJ);:FORI=6T012:PRINTTAB(8�I-4l)INT(lOO�S(I,J) 

+.�.5) II 0 0; : NEXTt PRINT � NEXT � PF,:INT"MBEC CM VOLTS 

I-(IA.! [�) El2/ce MSEC" n�ETURN 

530 I...S:::LEN (CS$) : (H=::(U+:I.: IFlU<··I...STHENQl�$::-�MI[)$ (CS$ t QI t 1.) EL..SECW$ ::= 1I 11 
540 FORI=OT0600lKVAL..(QQ$)INEXTIIFUAL(QQ$)THEN530ELSERETURN 

:.i:.i 0 CU:l t INPUT" MESSAGE "; M$ : [I .. S : IFLEN ( M$ ) <::1. 9ZTHENMM$== BTFUNG$ ( �l :1. t II 

") +M$EL.5EMM$::::M$ 

560 FORI=lTOL..ENCMM$)IPRINT@.448tCHR$(23);MID$(MM$tIt31);STRING$(3 

1. t
" ") t FOI;: . ...! :=: 1 T05 0: NEXT.J t I: QQ$=::INI·{EY$: IFQQ$= 11 11 THEN!.:'ic) 0 EL..SECL.S: RETU 

f:�N 
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'I il P fW F '1 A C: ld ; ':'C:? + P f W F :1 .., C; ,', '? ) 1 j 8 t f' I ... F A P  t P E S T D F� F.: ! C I .. S t P F U t-.!T T A F H :L:I ) " T n  

V A p n l F M n �r r T n p  p p n q ;' (" M  / . .1(' 9  / �,:> 8  ,J A t>-l  8 '3 " t C f .. E: I� P 6  ° 0 � D E F I N T A -- P  t T .. - Z 
! r T M Y ( 5 : 1 0 ' ! X B ' 5 ; 1 0 ' , G P ' 4 0 ) , A S ( 1 2 7 ) , S ( 1 3 , 1 0 )  

'U' P F' T i'I T T M :: ( 2 4 )  " C n M P I L. f:J )  l ,' E F;' <:n: m ·! "  t p m( E  1 6 �5 2 6 , 1 : P O I'( E  1 6 5 2 7  t 1, 2 5 : F O F U  

= � ? n n 1 T n � 2 1 1 C; ! P F A [) X ! P O Y E I ) X : M E X T  
� n  � A T A 6 ? ; 1 , 5 0 , 1 1 , j 26 , 6 2 , j 9 2 , 2 1 1 , 2 2 8 , 6 2 , 1 , 2 j l , 2 2 3 t 5 B , 1 t 5 6 , 3 3 , 2 , 5  

6 ; 1 8 ? ; � 1 ; 4 , C; A J 1 8 2 ; 3 3 ; 1 6 p 5 6 , 1 8 2 , 3 3 f 6 1 t 5 6 , 1 8 2 , 1 9 2 , 6 2 , 2 5 5 , 2 1 1 , 2 2 3 , 2  

1 ° ; 2 2 1 , 2 0 3 ; 1 2 7 , 1 0 , 2 2 2 , 1 1 , 2 0 6 , 8 3 , 1 5 , 1 2 6 , 2 2 , 1 , 1 2 2 , 2 1, 1 , 2 2 3 , 2 0 

1 0  D A T A 1 2 ? , 2 5 1 ; 6 , 3 ? , 2 , 2 ? , 1 , 6 , 6 , 1 6 , 2 5 4 , 6 2 , 2 5 5 , 2 1 1 , 2 2 3 , 2 1 9 , 2 2 3 , 1 1 9 

; 1 2 2 ; 2 1 1 , 2 2 3 , 3 5 , 1 3 , 3 2 , 2 3 0 , 6 2 . 0 , 5 0 , 1 1 , 1, 2 6 , 1 2 , 1 2 , 1 2 6 , 1 , 1 5 , 1, 2 6 , 3 0 , 1  

1 ; 2 2 ; 5 , 5 4 . 0 , 3 5 , 5 1 , 0 , 3 5 , 1 0 , 1 1 9 , 3 5 , 5 4 , 0 , 3 , 2 1, , 3 2 , 2 4 6 , 3 5 , 2 9 , 3 2 

5 0  D A T A ? 3 C; ; ? 2 1 , 1 2 , 1 2 , 1 2 6 , ? 5 3 , 1 2 , 1 0 , 1 2 6 , 1 1 , 2 1 6 , 6 , 2 , 1 7 5 , 2 2 1 , 1 2 6 , 0 ,  

2 5 3 , 1 5 8 ; 0 1 2 2 1 , 1 1 9 , 0 , 2 2 1 , 3 5 , 2 5 3 , 3 5 , 1, 6 , 2 4 1 , 1, 3 , 3 2 , 2 3 5 , 2 0 1 I PP = 2 2 3 : 0 U 

T P P ; 1, ? 8 ! F O P I = 1 T 0 5 t O U T P P 1 I : O U T P P , 1, 9 2 ! X B ( I , 0 ) = I N P ( P P ) I F O R J = 1 T 0 1 0 : X  

B { I , J ) = X B ( I , O ) : � E X T J , I : F 9 = 1 0 : P P I N T  

6 0  9 C ( 1, ) = 1 1 9 [ ( 2 ) = 1 0 1 9 C ( 3 ) = 2 0 0 : S [ ( 1 ) = 0 . 5 : S [ ( 5 ) = 2 

7 0  I F E: M :::: O P F: I N T " )1( »' )10101(  T M{ E  A B A S E L I N E  S H O T " ; 

8 0  S E T ( 1 2 5 , O ) : O U T P P , 1 2 S : 0 U T P P , 6 : 0 U T P P , 1 9 2 I P B = I N P ( P P ) : P O K E 3 2 2 9 9 t I  

M T ( V A R P T R ( X ( O , O » / 2 5 6 ) t P O K E 3 2 2 9 8 , V A R P T R ( X ( O , O » - 2 5 6 )1( I N T ( V A R P T R ( X  

I O , O » / 2 5 6 ) t P O K E 3 2 2 9 7 , I N T ( V A P P T R ( X B ( 0 , 0 » / 2 5 6 ) : P O K E 3 2 2 9 6 , V A R P T R ( 

XB l O , O ' ) - 2 5 6 * I N T ( V A R P T R ( X B ( 0 , 0 » / 2 5 6 ) : X = U S R C O )  

9 0  O U T P P , 1 2 B : OU T P P , 6 1 0 U T P P , 1 9 2 : PR = I N P ( PP ) S 8 E T ( 1 2 7 , O ) I I F P E E K ( 3 2 3 0  
0 ) T H E N ? 7 0 E L. 9 E B L = X ( 2 , 5 ) + X ( 2 , 1 0 ) + X ( 2 , 1 5 ) : I F B L. ) 5 T H E N B L = 1 : G O T 0 1 1 0 E L S  

E B L = 0 : B M = 1 : F O RI = l T 0 2 I F O R J = O T 0 1 0 : X B ( I , J ) = X B ( I , J ) + X ( I , J ) I NE X T : N E X T  

t F O R I = 3 T 0 5 1 0 U T P P , I : O U T P P , 1 9 2 : X B ( I , O ) = I N P ( P P )  

1 0 0  F O R J = 1 T 0 1 0 : X B ( 1 , J ) = X B ( 1 , 0 ) : NE X T : N E X T  
1 1 0  Q I = O t 1 F B L > O T H E N N S = N S + l 

l ::? O  C L. S : I F E: L. :::: O T I-I E N P FU N T " B A S E L I N E " EI .. 8 E P RI N T " S H O T  N U M B E R  I " ;  N S : I F I� B  
S ( X ( 1 , 1 0 » ) 9 T H E N B M = O 

1 3 0  1 F A B S ( X ( 1 , 1 0 » ) l T H E N 1 I-I = 0 : F O R J = O T 0 1 0 : I H = 1 H + X ( 5 , J ) : N E X T : I F 1 H T H  

E N I T = 0 : F O R J = O T 0 1 0 : I T = 1 T + X ( 5 , J ) : X ( 1 , J ) = X ( 1 , J ) - X ( 1 , 1 0 ) JI( I T / I H I N E X T  

1 4 0  1 M = X ( 1 , 0 ) : A S = O t F O R J = O T 0 1 0 I A S = A 9 + X ( 1 , J ) : I F X ( 1" J » = I M T H E N I M = X ( 

1. , ,.I ) � ,..1 M :::: • ..! 
1 5 0  I F X ( 1 , J ) ( O T H E N A S = A S - X ( 1 , J )  

1 6 0  t-! E X T  

1 7 0  A S = A 8 J1( B M JI( B L I T M = 5 J1( J M + 1 : 1 F J M ) O A N D J M ( 1 0 T H E N S O = X ( I , J M - l ) I S 2 = X ( 1 ,  

J M + 1 ) : 1 F 2 J1( I M ( ) S O + S 2 T H E N T M = T M - 2 . 5 )1( S 2 - S 0 ) / ( 8 2 - 2 )1( 1 M + S O ) : 1 M =1 M - O . 1 0 

0 * ( 8 2 - S 0 » )I( S 2 - 8 0 ) / ( S 2 - 2 )1( 1 M + S O )  

1 8 0  1 F I M P R 1 N T " i'i A X  I P  :::: l I t S C ( l » )I( 1 M ; " �( A  A T " ; T M / 1 0 ; I M S E C " E L S E P F U N T " M  

A X  I F' :::: 0 "  

1 9 0  P P I N T " A M P  S E C O N D S  :::: " ;  S C  ( 1 )  )f( A S / 2 : P R I N T " P f'.: E S  :::: 1 1 : 4 *  ( P R -' P E: ) ; " E - 5  
T O R R " ! F' R I N T I I T I M E I F' . ..J S A T  El T  V P G  I I-I O O P  D I P  

I D T " t F O R J = 1 T 0 1 0 : J l = F S � J / 5 : 8 ( O , J ) = F S � J / l 0 : P R I N T S ( O t J ) ; I F O R I = l T 0 5 t 

X P ( 1 ) = « 5 - I ) � X ( I , J 1, ) + I � X ( I , J l - 1 » / 5 

2 0 0 X 1 = B L � X ( I , J l ' + X B ( I , J l ) : X 2 = B L JI( X ( I , J 1, - 1 ) + X B ( I t J l - l ) : I F X l ( = O O R X  

2 < :::: 0 F' R I N T T A B  � 8 )1( 1  ) ; I I  S I=1  T __ " ; � G D T O :.? l O E L 8 E I F X  1. :::· = Z �j 5 0 R X �? > ::-" 2 5 5 F' RI N T T A E:  ( 

8 � : O ; " S A T + " � t G O T 0 2 t O E L S E: S ( I pJ ) :::: 8 C ( I ) � X P ( I )  : F' F U N T T A E: ( B )I( I ) ; 8 ( I " J )  � 
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7 1 0 N E V T t J 2 = J l + l t I F J 2 = 4 1 T H E N J 2 = 4 0 
2 2 0 J O = J l - 2 t I F J O ( O T H E N J O = 0  

- 20b -

2 3 0  S ( 1 3 , J ) = S C ( 1 ) � ( 8 * X ( 1 t J 2 ) + 2 .X ( l t J l ) - 8 * X ( 1 t J l - 1 ) - 2 . X ( I , J 0 » / 1 0  
t P R I N T T A B ( 4 8 ) S ( 1 3 , J ) : N E X T : I F B L = O T H E N 2 6 0 E L S E N T = 1 2 7 : I F N S ( 1 2 8 T H E N N T  
:::: N S  
2 4 0 I F N S ) 1 2 7 F OR I = l T 0 1 2 7 : A S ( I - l ) = A S ( I ) I N E X T  
2 �5  0 A S  ( N T  ) = A S  

2 1.)  0 I F C S 1' < >  1 1 1 1  T H E N G O S U B 5 3 0 : I F Q Q $ < >  " " T H E N 2 8 0 
2 7  0 Q C H; = I N �( E Y $  � I F C W $ =  " "  T H E N 7  0 
�� 8 0 I F C W 1, = "  0 " T H E N P R I N T " lK • • • •  C O M P U T E R  O N  S T A N D B Y ·- - -· P R E S S  1 T O  C 
m.l'T' I N U E  T A I-( I N G  D A T i�I " ; 
2 9 0  I F C W <j; :::: " 0 I I T H E N I F I N �( E Y <� < > " l " T H E N 2 9  O E L S E C L S  t G O T 0 7 0 E l.. S E I F Q Q $ :::: " 1 " 
T H E N 7 0 E L. S E C L. S : P FU:t·H A S / 2 ; " A S " ; I r F !� Q $ :::: I I I " T H E NP F<r N T , " P L A S M A  C U R R E N T  

l) S T I M E " � : I G :::: l : G O T 0 3 �; O E L.. S E I FC W $ :::: I I J " T H E N P fU N T , " I O N  S A T U R A T I O N  C U  
F' f;: E N T  V S  T I M E " ; : I G :::: 2 t G O T 0 3 �i O  
3 0  [I I F C� C a = " B " TH E N P F: I N T  t " T O F: O I D f:� L.. F I E L. D  V S  T I M E " ; D � G ::," 3 : G O T 0 3 5 0 E I... S 
E I F CW $ :::: " V " T H E N P F: :UH , " P O L O I D A L. G A P  V CH .. T A G E  V S  T I M E " ; � I G :::: Jt :  G O T 0 3 5 0 
E L.. S E I F G! Ca :::: " H " T H E N P FU N T  t " H O O P  C U F� R E N T  V �)  T I M E " ; : I C ::: !::; :  G O T 0 3 5 0 E U) E I  
F CW $ :::: " C " T H E N C L. S : G O S U E: 4 0 0 :  G O T 0 1 2 0 E L S E I F C H a == " F� " T H E N 1 �? () 
3 1 0  I F (� C H; :::: " S " T H E N C I... S I P R I N T " C U F'< R E N T  S H O T  N U M B E R  :::: " ; N S I I N P U T " N E W  S 
H O T  N U M I:: E f:: " ; N S  t G D T D 7 0 E I... S E I F C� Q �; :::: " L. " T I-I E N G O S t.H :: 4 l 0 :  G O T 0 2 6 0 E L. S E I F t� (� $ :::: 
" E " T H E N G O S U E: 4 3 0 : G O T 0 2 B O EI .. S E I F Q Q $ :::: " A " T H E N G O S U B 4 �; O  I G O T 0 2 6 0 E L S E I F Q (� $ :::: I I M I I T H E N G () �) U E: �5 �:;  0 � G D T D 2 B  0 [1... 8 E C 1...8 t P F� :X: N T  I I  C O M M A N D !:) : I I ; 
3 :;:':  0 P FU N T  t " () :  S T A N D EW I I  : P FU N T  t " I !  C O N T I N U E " : P R I N T  t " I : G R A P H  P L A S M  
A C t.JF: R E N T " : P F: I N T  t " d ! G R A P H  I O N  S A T U F� A T I D N  C U F'� R E N T " # P F U N T  t " B : G r� A  
P H  T O F� O I D f.1 1... F I E L D I I  t P R I N T  t I l t} : G F< A F' H  P O L.. Cl I D A L. G A P  V O L T A G E  I I  : P F� I N T  t I I  
H t G F: A P H  H O O P  C U F� f�E N T " : P F< I N T  t " c  t C H A N G E  T I M E  S C A L E " 
3 3  (I P Frr N T  t / I L. : G F� A P H  A �" f:) F O F: L. {� !3 T " P ,lT ;  I I  S H O n ;  I I  : P FU N T  t " R  t R E T U R N  T O  

I N I T ::C t�I L  T A E: L.. E " : P FU N T  t l i S t C H A N G E  S H O T  N U M E: E F� C O U N T E R " : PF'� I N T  t " E : 
E X A M I N E:.  ('� N A L. O G  I N P U T S "  : P F;� I N T  t " A I D I S P L. A Y  D E F U V E D  D A T A " : P R I N T  t " M : 

P P I N T  M E m; A G E  O N  �; C R E E N " 
3 4 0 P F'<I N T  t I I p t P R O G R A M  C O M M A N D  S ECW E N C E " : : I:F Q Q $ :::: " F' ' ' T H E NC S $ == " "  : I N P U  
T " H H A T  C O M M A N D  S E (W E N C [ " ;  C S $ : G Cl T 0 7 0 E I...S E 2 6 0  
3 �:;  0 I F E: L =:: 1 P f U N T T A B  ( �; 2 ) ; " �) H O T " ; N � H E L 8 E P R I N T T  f� E::< �5 2 ) ; " B A S E L I N E " ; 
3 6 0 Y l == O t Y 2 = 0 : F O R J = O T 0 4 0 : G R ( J ) = X ( I G , J ) I I F G R ( J » Y 2 T H E N Y 2 = G R ( J )  
3 7 0 I F G R ( J ) ( Y 1 T H E N Y 1 == G R C J )  
�� B O  N E X T f I F Y 2 == Y l P R I N T : P R I N T n :' R I N T " • • • • •  N O  D A T A  T O  G R A F' H " H� O T 0 2.  
6 0 E L S E S Y = 3 4 / ( Y 2 - Y l ) I F O R J = O T 0 4 0 : S E T ( 3 . J + 5 , 4 4 . 5 - S Y . ( G R ( J ) - Y l » : N E X  
T : Y = 4 4 . 5 + S Y � Y 1 I F O R I = 3T 0 1 2 5 : B E T ( I , Y ) : N E X T : F O R Y = l 5 5 5 3 T O l 6 2 5 7 S T E P 6 4  
! F' m{ E Y  , j.7 0 t N E X T  
3 9 0 P VI N T (!1 <? 1.>  1. t " 0  2. 4 I.) 8 M S E C  l 2  1 4  1-
6 1 8  2 0 1 \ ;  n :' I=<: I N T @ 8 0 t " M A X I M U M  V A L U E:. : " ;  B C  ( I G )  � Y 2 ; : G O H) 2 6 0  
4 0 0 F S :::: 1 0  : I N P U T  I I  H O !-!  M A N Y  M !:) E C  F U L. L.. S C A L E  ( D E F A U L  1' 8  T O  1. 0 )  " ; F S  : I F  
F S > 2 0 P R I N T " M A X I M U M  I S  2 0  M S E C " : G O T 0 4 0 0 E L S E I F F S < 5 P FU N T " M I N I M U M  I S  

5 M S E C " : G O T 0 4 0 O E I... S E C L S : F< E T UR N  
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-20 c-

't:!. 0 PF:II'-!T t II Ai'iP SECONDS FOP L AST " ; NT ; " SHOTSII t YZ::::O: FORJ>:OTONT: I F AS 

( I » YZTHENYZ=AS ( I )  

.If?O NEXT t IFY2=O P RINT : PFUNT " llOIOIOIOI( NO DATA TO Gf�APH " : RETUf�NEL S EPR 

INT@960 , STRING$ ( 63 , CHR $(176» ; : POKE16363,176: FORI=1TONT: SET(I,1 7 

-41�AS(I ) /Y2 ) : NEXT : FORY=6T046 I SET(OtY ) : NEXT: PRINT@80, ' ' MAXIMUM VA 

l..UE II ; Y �2 )1( !:) C  ( 1 ) F;� ;  t F.:ETURN 

.lf30 C L.S t PFU NT t "ANAL.OG INPUT FOR EACH CHANNEL II t PFUNT: OLJTPP, :l. Z8: F D  

F.: I:::: 0 TO 1. 5 : F' f.:INTlJSING":I: :I: # :II: " ; I ;  : NEXT: PRINT@396, II Pf�ESS ANY .(EY TO RE 

SUME TOI<APOL.E DATA" 

4't 0 PF:INT@'192 �. "" ; : FDI�:I= 0 TO:I. �.�.i : OUTPP , I: OUTPP , 1. 9Z: PFUNTUSING" # :1: #:11:" ; 

INP ( PP )  ; � NEXT : Q(�$=IN�O:: : Y "' : In� l�$::::""THEN.lf 10EL SERETURN 

.If �i O  PRINT, "ADDITIONAL DER I VED DATA" ; I IFBL :::: :I.PRINTTAE:: (52 ) ; "SHOT " ;  N 

SELSEPF.:INTTAB (!.7;2 ) ; "BASELINE " 

't60 PRH n : PFrINT " TIME A <Q> VLOOP POH TE 

<N> T AU " f FORJ= 1. T010 I IFS(5,J ) THENS(6,J ) =17 . 4*(ABS(S(1,J ) /S(5t 

J » ) [ . 25ELSES(6 , J ) =0 

.lf 70 IF S ( 1. ,J ) THENS ( 7tJ ) =1E-.lf �S(6,J ) �S(6,J ) �S(3,J ) /S(1,J ) ELSES(7,J 

) :::: 0 

480 S(8 , J ) :::: . 5)1( 1. +S(0,J ) /75 ) .S(1tJ ) + . 0045.(1-S(0,J ) /37 ) �S(5,J ) S I F 
S ( 6 t J ) THENS(8t J ) =S(8,J ) -Z . 3�S(13, J ) /SQR(S(6,J» 

.lf 90 S(9 , J ) ::::S ( 8t J ) .S(ltJ ) : IFS(8,J ) �S(6, J ) THENS( 1. 0 t J ) =376*(ABS(S(1 

, J ) /S ( 8 , J ) /S(6 , J ) /S(6,J» ) [ . 6666667EL.SES(10,J ) =O 

500 IFS ( 10,J»OTHENS ( 11,J ) = . 050.S(Z,J ) /SQR(S(10,J »/(1-EXP(-45/S 

( 10,J» ) EL SES(11,J ) ::::0 

5 1. 0  I F S ( 9,J ) THENS(lZ,J ) = . 1 .1f 1 *S(1 1. ,J ) . S(10,J ) /S(9,J ) ELSES(1Z,J ) ::::O 

520 PRINTTAB(O ) S(OtJ ) ; : FORI::::6T012: PRINTTA B(8�I-41 ) INT(100�S(I,J ) 
+ .:  5 )  I t  0 0 t : NEXT � PRINT : Nr:: :XT � F'1:n:NT " MSEC e M  VOL.H' 
1-(1-1 [IJ E t 2/CC MSEC II : F.:E:TURN 

530 I...S::::L. .EN ( CS$ ) : QI::::QI+ 1. !  IFQI·:::::::I ... f.) 1"HENO[� l� ::::M I [)$ (CS$ t QI, 1 )  ELSE(�(�$:::: 1I 1 1  

510 FORI=OT01200�VAL(QQ$ ) I NEXT : IFVAL.(QQ$ ) THEN530EL SERETURN 
�:i�:'; 0 C LB : INPUT II MESSAGE " ;  M$ : C L f.>  : IFI ... EN ( M�� ) <: 1. <t2THENMM$::::STRING$ ( :31 , " 

" )  +M$EU,EMM1'·=:: M$ 

560 F ORI::::1TOLEN(MM$ ) t PRINT@1 .1f8,CHR$(Z3 ) ;MID$(MM$,I,31 ) ;STRING$(3 
1, II " )  t FOf': .. j ::: 1. T03�:;0 t NEXT.J, I: QQ$::::IN.(EY$: IFQQ$::::" "THEN56 OEL SEC L S: RET 
UPN 
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7 0 0 1  
7 0 0 1  
7 0 0 3  

-21-
-1f"' O U-:::: A F" O g..:::: e: iI' .... II..'JI N I T· O R  

0 0 1 0 0  O R G  3 2 0 0 1  

A :I: M :1. o6 Fi: O IU "r I N IE: 

APP ENDIX B 
AIM1 6 Machine Language Rout ine 

3 E O :l. O O Ll O  
3 2 2C7 E  0 0 1 2 0  

L D  A , l ==�---'��;-------;::L:';;;D'----':"';-( 3 2 3 0 0 ) t A ;  S T O.Rfi 1 IN 3 2 3 0 0 
10 6 3 E C O  0 0 1 3 0  

/ 0 0 8  0 3 0F 0 0 1 4 0  
7 0 0 A  3 E O O  0 0 1 5 0 

LO A , 1 9 2 

_-=::-,.:-':--:::-=-::-,::--_�_---;:-;;;-:-:;;;-:;--:-;-;;;==-_-:-O=U_T __ --,,-,--;-( -,--2,::-2",-3-,--) -,---' A'-.-··.=...-; I'-CN_I_T:X;A L 12:E S Y S T E M 
N O S I G  L O  A , O 

7 0 0 C  0 3 0 F  0 0 1 6 0  
7 0 0 E  3 A O L=l 8 0 0 1 7 0  
7 0 1 1  2 1 0 2 3 8  0 0 1 8 0  
7 0 1 4  E/ 6  0 0 1  (J O 
7 0 1 5  2 1 0 4 3 8  0 0 2 0 0 
7 0 1 8  E/ 6  0 0 2 1 0 
7 0 1 9  2 1 1 0 3 8 0 0 2 2 0 
7 0 1 C  B 6  0 0 2 3 0 
7 0 1 0 2 1 4 0 38 0 0 2 4 0  
7 0 2 0 E=6 0 0 25 0 
7 02 1  C O  0 0 2 6 0  
7 0 2 2  3 E F F  0 027 0 
7 0 2 4  D 3 D F  0 0 2 8 0 
7 0 2 6  OE: O F  0 0 2 9 0 
7 0 2 8  C E: 7 F  0 0 3 0 0 
7 02A 2 8 0 E  0 0 3 1 0 
7 02C O E C E  0 0 32 0  
7 D 2E 2 1 2 [) 7 E  0 0 :3 �� 0  
7 D 3 :L 1 6 0 1 0 0 3 4 0 
7 0 3 3  7 A  0 0 3 5 0  
7 0 3 4 0 3 0 F  0 0 36 0  
7 0 3 6  1 4  0 0 37 0  CONT 
- 1') 3 7 7 A  0 0 38 0  

.J 3 8  F E 0 6  0 0 3 9 0  
7 0 3A 2 0 0 2  0 0 4 0 0  
7 D 3 C  1 6 0 1 0 0 4 1 0 
7 0 3E 0 6 0 6  0 0 4 2 0  MORE: 
7 0 4 0 1 0 F E  0 0 4 3 0  L O O F'  
7 0 4 2 3 E F F  0 0 4 .if 0 
7 D .if 4  D 3 0 F  0 0 .if 5 0 
7 0 4 6  D E: D F  0 0 4 6 0  
7 0 4 8  7 7  0 0 .if 7 0 
7 0 4 9  7 A  0 0 48 0  
7 D .ifA D30F 0 0 49 0  
7 D 4 C  23 0 0 5 0 0  
7 0 4 0  0 0  0 0 5 1 0 
7 0 4 E  2 0 E 6  0 0 5 2 0  
7 D S O  3 E O O 0 0 5 3 0 
7 D 5 2  3 2 2 C?E 0 0 5 .if O  
70 5 5  2 A 2 A 7 E  0 0 55 0 

70 58 o 1 �! [) 7E 0 0 5 6 0  
7 0 5 E: 1 E 2 9  0 0 5 7 0 
7 0 !7i D  1 6 0 5  0 0 5 8 0  J L O O F' 
7 [) 5 F  3 6 0 0  0 0 5 9 0  
7 [) 6 1  2 3  0 0 6 0 0  
7 0 6 2  36 0 0  0 0 6 :1. 0  

7D 6 4  2 3  0 0 6 2 0 ILOOF' 
7065 OA 0 0630 

) 6 6  7 7  0 0 6 4 0 
/ 0 6 7  2 3  0 0 6 5 0  

--7[) 6 8  3 6 0 0  0 0 66 0  

7[) 6 A  0 3  0 0 6 7 0 

7D6E: 1 5  0 0 68 0 
7 0 6 C  2 0 F 6 0 0 6 9 0  
7 D 6 E  2 3  0 0 7 0 0  
7 0 6 F  1 0  0 0 7 1 0 

O U T  ( 2 2 3 ) , A  ; S E L E C T  T R I G G E R  C H A N N N E L  
L O  A , ( 3 8 0 1 H ) ; S T R O B E  K E Y B O A R [)  
L D  HL , 3 8 0 2 H 
O R  ( H L )  
L D  H L , 3 8 0 4 H 
O R  ( HL )  
L D  H L , 3 8 1 0 H  
O R  ( H L )  
L D  HL , 3 8 4 0 H  
OR ( HL )  ; SE T  F L A G  I F  K E Y  P R E S S E D  
R E T  N Z  ; R E T U R N  I F  �( E Y  P R E S S E D  
L D  
O U T  
I N  
B I T  
,JR 
LD 
LD 
L D  
L D  
OUT 
INC 
LO 
C P  
J R  
L D  
L D 
DJNZ 
LD 
O U T  
I N  
L D  
LD 
OUT 
I NC 
D E C  
J R  
L D  
L D  
L D  
L D  
L D  
L D  
L D  
INC 
L D 
I NC 
LO 
L D  
I N C  
L D  
I NC 
D E C  
J R  
I N C  
D E C  

A , 2 5 5  
( 2 2 3 ) , A  ; E N A B L E  T R I G G E R  
A , ( 22 3 ) ; RE A D  T R I G G E R  S I G N A L  
7 t A  ; T E S T  H I G H  O R D E R  B I T  
Z , ND S I G  ; R E T U R N  I F  T R I G G E R  < 1 2 8 
C , 2 0 6  ; N U M B E R  O F  P O I N T S  
H L , 3 2 3 0 1 ; E/E G I N N I N G  M E M O R Y  A D D R E S S  
D t l  
A , D  
( 2 2 3 ) , A  ; S E L E C T  C H A N N E L  1 
o } INC R E M E N T  C H A N N E L  N U M B E R  
A , D  
6 
N Z , M O R E  
0 , 1 

; HI GH E S T  C H A N N E L  • E X C E D E D ?  
; G O T O  M O R E  I F  0 < > 6  
; R E S E T  T O  F I R S T  C H A N N E L  

B , 6  
LOOP 

; D E L A Y  B E T W E E N  P O I N T S  
; L O O P  U N T I L  8 ::: 0 

A , 255 
( 2 2 3 ) , A  
A ,  ( 22 � D 
( HL )  t A 
A , D  
( 2 2 3 ) , A  
H L  
C 
N Z , C O N T  
A , O 

; E N A B L E  D A T A  
; R E A O  D A T A  
; S T O R E  D A T A  

; S E L E C T  C H A N N E L  
; I N C R E M E N T  M E M O R Y  
; D E C R E A S E  C E: Y 1 
; C O N T I N U E  I F  M O R E  

L O C A T I O N  

D A TA 

( 32 3 0 0 ) , A ; S T O R E  0 IN 3 2 3 0 0  
HL , ( 32 2 9 8 ) ; X  B L O C K  A D D R E S S  
B C , 323 0 1  ; D A T A  BLOC �( A D D R E S S  
E , 4 1 ; +  O F  T I M E S  
D , 5  ; t  O F  C H A N N E L S  
( H L ) , O  
HL 
( HL )  t o  
HL 
A ,  < Be )  t ROVE DATA 
( H L )  t A  
H L  
( HL ) ,. O  
E: C  
o 

; NEXT DATA POINT 

N Z , I L O O P ; GO T O  I L O O P  I F  D > O  
H L  
E 
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7 0 7 0  Z O E B 0 0 7 Z 0 

7 0 7 2  0 0 2 A 2 A 7 E  0 0 7 3 0  

7 0 7 6  F 0 2 A 2 8 7 E  0 0 7 4 0  

7 0 7 A  O E F 6  0 0 7 5 0 

7 0 7 C  0 6 0 2 0 0 7 6 0  

7 0 7 E  A F  0 0 7 7 0  

7 0 7 F  0 0 7 E O O  0 0 7 8 0  
) 8 2  F 0 9E O O  0 0 7 9 0  

/ 0 8 5  D 0 7 7 0 0  0 0 8 0 0  

7 0 8 8  0 0 2 3  0 0 8 1 0 

7 D 8 A  F D 2 3  0 0 8 2 0 

7 0 8 C  1 0 F l  0 0 8 3 0  

7 0 8 E  0 0 0 0 8 4 0  

7 0 8 F  2 0 EB 0 0 8 5 0 

7 0 9 1 C 9  0 0 8 6 0 

70 0 1  0 0 8 7 0  

0 0 0 0 0  T O T A L  E R R O R S  

B L. O O F' 7 0 7 F  

B L I N E  7 0 7C 
I L O O F'  706.lJ 
J L O O F'  7 DSD 
L O O F' 7 D .lJ 0 

M O I� E  7 D 3 E  

C O N T  7 0 3 6  

N O S I G  7 D O A  

JR 

LO 

L O  

L O  
B L I N E  L O  

X OR 

EILOOF' L O  
SEIC 
LO 
I N C  

I N C  

DJNZ 

D E C  

J R  
RET 
E N D  
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N Z , J L O O F' ; G O T O  J L O OF' I F  E ) O 
I X , ( 3 2 2 9 8 > ; S T A R T  X A D D R E S S  

I Y , ( 3 2 2 9 6 ) ; S T A R T  X B  A D D R E S S  

C , 2 4 6 ; t  O F X V A L U E S  
B , 2  ; t  O F  B Y T E S / V A L U E  

A ; R E S E T  C A R R R Y  

A , ( I X )  ; GE T  X 
A , ( I Y )  ; SU B T R A C T X B  
( I X ) , A  ; S T ORE R E S U L T  

I X  ; P N T  T O  N E X T  H I G H E R  X 
I Y  ; P N T  T O  N E X T  H I G H E R  X B  

B L O O P  ; G O T O  B L O O P  I F  M O R E  
C ; NE X T  VALUE 
NZ , B L I N E ; G O T O  B L I N E  IF M O R E  

32 0 0 1  
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APP END IX C 

AIM1 6 Dat a  Sheet Exc erp t s  

. .. .  : . .  

A N A LO G  P O R T  - 1 6  C h an n e l s  - S p ec i f i ca t i o n s  fo r e a c h  c h an n e l  -
V i n a  - an a l o g  i n p u t  vo l tage conve r s i o n range:  0 to 5 . 1 2  vo l ts 
V i n  ( m ax)  - a b so l u te m a x i m u m  i n p u t  vo l tage :  - .3 to p l u s  50 4 vo l ts 
l i n a ( m a x )  - m a x i m u m  an a l o g  i n p u t  c u rrent :  2 m i c ro a m p s  
V ref  - - refe rence  v o l ta ge : 5 ) 2 0  vo l ts p l u s  o r  m i n u s  . 0 1  vo l t s  

Conve r s i o n  data -
T c  - c o n v e rs i on t i m e ,  p e r  c h a n n el : 1 00 m i c ro s e c  m a x ,  80 typ 
c o u n t s  per c h a n n e l : 2 5 6  
o u tp u t  ran ge (each  ch an n e l ) :  OO- F F  ( hex )  

0'2 5 5  (dec i m a l )  
000-377 (o c ta l )  
0000 0 000- 1 1 1 1 1 1 1 l( b i n a ry )  

A b so l ute  m a x i m u m  error :  .7 '10 
Ty p i c a l  m ax i m u m  e r ro r :  .5 % 

Ph ys i ca l  D im ens ions - 5 1 / 4  x 6 1 / 4  x 2 1 / 4 .  

AIM 16 BLOCK DlAGRAM 

AI M 1 &  T I M I N G  

a:: w .. :> Go 
lE 0 U 

It: :> 0 >-

10C ON 07 

0 0 - 07 
STABLE 

T I  

J JS INA.'L[ 
DO.D7;loe :':" ___ 

"'irl�::?!S:::"5<1--:�3� ITA.L E - -I -
T7 -I I- TI 

A P P L I C AT I O N S  

>-'" 0 _  CL .. P OW E R  PORT 

0-

� .  CL ",  
>-c 0 .. - .. '" 0 c AIM1 6 '" >-'" 

to 
"' -0 .. CL >-

... :I( 0 c.> 
.. ii 
"' . "' -! 

• z • ,. 0 .. 
" 0 :II .. 

SYMBO L 

T l  

T2 

T3 

T4 
T 5  

T 6  

T7 

T8 

AIM 1 6  T i m i ng D i a gram 

CH ARACTE R I S T I C  ' M'rN MAX 

A D D X  m u s l  become stab l e  I 
A D D X  m u sl rem a i n  s ta b l e  , 3  

E D C  beco m e s  sta b l e  on  07 60 

E O C  is resel 1 00 

EGC goes h i gh i nd icat i ng  convers ion  comp lete 1 00 

00,07  becomes sta b l e  affei, SS goes h i gh 190 

D O - D7 or EOC becom e s  stable afte r 3S e na b l e  
2 9 0  goe s  h i gh 

00-07 or EOC enter t r i -stale after 3S ,en ab le. 
290  

go es l o w  

5.12V R E F E R E N C E  

A N A L O G  G ROU N D  

SI'NAL T R ANSDUC E R  

C O N  D I T I O N E R  

U N I T  

m i cro sec 

m i c rosec 

nanosec 

n anosec 

m icrosec 

nanosec 

n anosec 

n anosec 

"". 

JOYSTICK 

A P P E ND I X  A .  A I M  1 6  DATA S H E E T  A - 1  
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P O RT PI N F U N CTI O N S  
T O P  V I EW 

L 

Co mpu ter Po rt (C onnecto r  l) 

Top Bo tto m 
Pin N o. Function P i n  N o .  F u n ct ion  

1 G N O  2 GN O 
3 DO ( LSB) 4 0 4 
5 0 1  6 0 5 
7 0 2  8 D6 
9 03  U}  0 7  (MS B). E O C 

1 1  p lus  12v 12 p lus  1 2 v  
13  1 4 
15 3s e n a b l e  1 6  
17  Add 0 18 

19 Add 1 20 

Start S i r  obe ISS * )  
Add 2 
Add 3 

Ana l !l 2  P QJt ( Conn ecto r R ) 

Top Bottom 
Pin N o. Fun ction P i n  N o .  Fun cti on 

1 GN O 2 5 . 1 2 0  V R E F  
3 I N O  4 I N 8 
5 I N 1 6 I N 9  
7 I N2 8 I N I 0 
9 I N 3  10  I N l l  

1 1  I N 4  1 2  I N  1 2  
13 I N 5  1 4  I N 1 3 

IS I N 6  16 I N  1 4  
1 7  I N 7  18  I N  1 5  
19 5. 1 20 V R E F 70  G N O  

R 

D I R ECTION 
WITH RESPECT 

PIN NAME TO THE A IM16 

COIIP UTER PORT PIN FUNCTIONS 

FUNCTION 

I G N D  
2 G N D  
3 D P  ( L S B )  o u t  
S 0 1  oul 
7 02 oul 
9 03 oul 
4 04 out 
6 OS out 
B 06 out 

10 01 (IIS8) oul 

S iRnal Rround . tied to analoR around 

Diaita1 output for analoa i nputs. 
DO is the least s ianificant bit. D1 is the raost silnificanl 
bit. A 10 voltaae is a loaical O. A h i  voltaae is a loaical 
1. 
01 (when SS' p in  16, i s  10) is the end of conversion 
sianal, EOC, When EOC is 10 ,  the AIMI6 is busy, When EOC is  
h i ,  t he  AIM16 has fin i shed a conversion and  the  con  Veiled 
valve may be read. 

11 plus 12 volts i. or oul 12 volls DC power from a DAM SYSTEMS power pack or Oilier 
12 olus 1 2  volls i n  o r  .ut source. If a DAII SYSTEMS power pack is u sed at the POWER 

PORT then th is  vollaae i s  available to supply o ther DAM 
SYSTEMS modules. If a OAM SYSTEMS power pack is not u sed at 
the pallER PORT Ihe. a posilive 1 2 volts (wen·fi ltered DC) 
must be supplied at tnese pins. 

13 not u sed 
14 not u sed 
15 3S ENA 8LE in  

16 SS' 

11 ADDO 
19 ADOI 
18 A002 
20 AD03 

i n  

! ! C A U T  I O N !  ! 
DO NOT U S E  A DAM SYSTEMS POWER PACK AT THE POW E R  
PORT WHILE POW E R  I S  APfL l E D · TO TH ESE P I N S .  

Three state enable, A 10 vo ltaRe di sables t h e  outpuls 
00·01. a h i  voltaRe enables 00·07. 

Start Sirobe nOI. A h i  to 10 transilion resels the AIM 16 
and starts ttle comversion of the analoR input sel ected by 
Ille d il i lal inputs on pins 11 10 20. Wh i le  SS' remains 10 ,  
and lI1e 3S ENABLE is h i ,  the EOC (End of Conversion) si lllal 
appears on p in  10. When i s  SS' i s  h i ,  and the 3S ENABLE is 
h i ,  01 i s  on  pi. 10 and DO 10 06 are o n  pins 3 to 9. 
respectively. 

Addres. l ines ' select the analoR inpul lo be converled 
accord ing  to the fol lowing table: 

AnaloR i nput ADD3 A n D2 ADD I ADD 0 
INO 10 10 10 10 
INI 10 1 0  10  h i  
IN2 10  10 h i  1 0  
IN3  10 10 hi h i  
I N 4  10 hi 10 1 0  
I N S  1 0  h i  I. hi 
IN6 10 hi h i  10 
INI 10 hi h i  h i  
I N B  hi  10 10 10 
IN9 h i  10 10 hi 
I N IO h i  10  hi  10 
I N ll hi 10 hi hi 
INI2 h i  h i  1 0  1 0  
INI3  h i  h i  10 h i  
I N I 4  h i  h i  h i  10 
I N I S  h i  h i  h i  h i  

LoadinJ! o r  D rive 

I TTL Load 

60 ma in 

I LSTTL lO"j 

I LSTT L load 

Vi.(hi)-3.5 
volts. min 

Vi"(loH.5 
volts IIliX 

A - 2  



Sen d START 
STROBE  h i gh 

Sen d c h a n n e l  
a d d re s s  

Sen d  START 
STRO B E  l ow 

Send E NABL E 
h i g h 

Read 0 7  ( EOC ) 
a n d  wa i t  u n t i l 
i t  goe s h i g h 

Sen d START 
STROBE  h i g h 

Read da ta 

-25-

S S*= 1 .  

AOOO ( l ea s t s i gn i fi can t 
b i t ) to A00 3  ( mo s t  s i g 
n i f i can t b i t ) 

SS*=O 
Th i s  s ta rt s  the con vers i on 
a n d  p u t s  E OC on O �  

00-07  a re e n a b l ed . 
On l y  07  ( n ow EOC ) i s  
mea n i n g fu l . 

EOC ( En d  O f  
Convers i on )  ta k e s  
70  to 1 0 0  m i c ro sec ond s .  

P u t s  con verted da ta 
on a l l e i gh t  b i ts .  

DO ( l ea s t  s i gn i f i c a n t  
b i t ) t o  07 ( mo s t  s i g 
n i f i ca n t  b i t ) 

Fl owc h a r t  fo r read i n g  o n e  c h a n n e l  o f  d a ta from the A IM 1 6 . 
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APPENDIX D 

Schemat ic o f  A-to-D Input C ircuit 

- I  

- - - - - I 
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APPENDIX E 

Schematic o f  Tokapole Current Monito r C ircuit 
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APPENDIX F 

Schematic of Circuit to Model Hoop Resis tance 

co 
e -

t !-r i ] Z = ZDd 1 + L: Ri 1 00 kQ 
i=l 

1 00  IC. 
i Li (msec ) Ci ( pF )  

I �� I<  , () iUl 
1 2 . 43 24300 

l o() k 
2 . 7 3 7 300 

3 . 3 5 3500 
lDO K 

l OO K  • 00 a 
4 . 2  2000 

I DO l( . 0 0 1 :1  
5 . 1 3 2 1 3 20 

6 . 09 7 9  9 29 
' 6� I( 

. 0690 I fJD " ,'0 
7 6 9 0  

8 . 053 3  5 33  

9 . 04 24 4 24 .2 1 0 0  

10  . 0345 345  

1 1  . 0 287  287 

1 2  . 0 24 2 24 2 

13 . 0 207  207 

14 . 0 189 1 8 9  

1 5  . 0 1 5 6  1 5 6  

16 . 0 13 7 1 3 7 

1 7  . 0 1 22 1 2 2 

1 8  . 0 109 109  

19  . 009 8 9 8  

1 0  . 0088 8 8  

co 
L: L '  = 4 . 27 4 27 00 

i=l � 
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AIMl6 Data Sheet Excerpts 

A I�,M16  i, • 

AN ALO G P O R T · 16 Channe l s · Spec i f i ca t i o n s  fo r each chan n e l · 
V i n a · an a l o ll  i nput vo l taRe convers ion  ranlle: 0 to 5 . 1 2  vo lts 
Vin (max) · abso lu te  m a x i m u m  i nput  vo ltaRe: -.3 to p lu s 5-.4 volts 
l i n a  (max) · m a x i m u m  an a l o g  i nput cu rren t: 2 m i c roamps  
V ref · ·  refe ren ce vo l taRe : 5 . � 2 0  vo l ts p l u s  o r  m i n u s  . 0 1  vo l ts 

Conve rs ion  data -
Tc - conversi on t i me , per channel : 1 00 m i c rosec m a x ,  80 typ 

counts  p e r  c h an n e l :  256 
o u tput  ran �e (each  ch an n e l ) :  OO· F F  (hex)  

0-255 (dec i m a l ) 
000-377 (o cta l)  
0000 0000- 1 1 1 1  1 1 1 1  ( b i n a ry )  

Abso l u te max i m um  error :  .7 % 
T y p i c a l  m a x i m u m  e r ror :  . 5  % 

phys i �a l  D im ens ions - 5 1 / 4  x 6 1/ 4  x 2 1/ 4 .  

AIM 16  BLOCK DIAGRAM 

IOC ON 01 

\ 00-07 
STAIL.IE 

.. II: o _  IL .. 
a: .. 
w .. -.. � . 
;) IL _  
A. .. -
:I ::t 
0 0 
Cot 

co: .. 
� c -
o o .  IL .. >- .. iii 

� .  
! -

T I  

AI M 1 8  T I M I N G  

SYMBOL 

T\ 

T2 

T3 

14 
T5 

T6 

T7 

T8 

A P P L I CAT I O N S  

POW IE "  I'O"T 

AIM1 6 

AIM 16 T im lnR  Ol lRram 

CHARACTERISTIC 

AOOX must b"ome stable 

AOOX musl remain stlble 

EOC becomes stable on 07 
EOC is reset 

EGC ROes hiRh IndlcatlnR conversion complete 

00·07 becomes stable altel SS ROes h i Rh 

00·07 � EOC becomes stable after 3S enable 
ROes hi , 

00·07 or EOC enter tri·stat • • fter �S ,enable, 
ROes low 

IoIIV "1:f1"UCI 

' M'IN MAX 
" I 

,3 

60 
100 
100 
190 

290 

290 ' 

A NAL.OG GROUND 

'111IAl TIIANIOUCIER 
CONDITIONE" 

APPEND I X  A .  A I M 1 6  DATA S H E E T  

" 
�; 

UNIT 

m icro"c 

microsec 
nanosec 
nlnosec 

"icrosec 

nanosec 

-Danosec 

n anosec 

JOYITICIC 

A - I  
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