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1. INTRODUCTION

The year's activities have been dominated by the construction of components

lor the new toroidal device LT-4. This device was originally conceived as a successor

to LT-3 which would provide improved geometry, better diagnostic accessibility and a

considerably higher toroidal magnetic field (3. 0 T) powered by the Department's homo-

polar generator. In order to get it operating as soon as possible it was decided to power

it initially (Stage I) with the LT-3 capacitor banks. Connection of the toroidal field wind-

ing will be made to the HPG (Stage II) as soon as practicable. By the end of the year all

components for Stage I of LT-4 were essentially completed and the machine was ready

for final assembly and testing.

In spite of the demands on resources by LT-4 an experimental programme was

maintained with LT-3. As well as carrying out a survey of the modes of operation of

the machine, measurements were made of the poloidal 0 , ion temperatures were

determined from Doppler broadening measurements and from energy measurements of

charge exchange neutrals. Work on the development of the discharge current was con-

tinued. During the latter part of the year attention was concentrated mainly on the dis-

ruptive instability. From ion temperature and 0 measurements the heating of ions

during the disruption was confirmed. Toroidal electric field profiles as well as those

for current density and q-values were obtained over the period of the disruption. An

investigation into the MHD mode structure associated with the instability is in progress.

In the body of this report aspects of the year's work are described in varying

detail. Risking some imbalance detail is reduced in areas where procedures or results

are or will be covered by publication and increased where it is believed that unpublished

work is of technical or general interest. The names appearing at the beginning of each

sub-section indicate those who were involved in the work without necessarily indicating

their responsibility for the reporting of it.

2. EXPERIMENTS WITH LT-3

2.1 Survey of Operating Modes : (J. D. Strachan).

By suitably adjusting the machine parameters, B , , I , and filling pressure
p P

LT-3 can be operated in each of the following four modes : runaway, stable, unstable

and dissipative (or collisional). Although in the so-called runaway mode there is

evidence of Large fluxes of runaway electrons, producing X-rays with energies in excess
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of 1 Mev from internal targets, it is not certain what proportion of the plasma current

is carried bj the runaways.

Stable discharges with electron temperature (T ) greater than 50 eV, may be

produced in LT-3 only at low values of the discharge current, I , ~ 10 kA. peak, at a

hydrogen filling pressure ~ 0.5 mTorr, and for a value of the safely factor at the

plasma boundary q(a) « 4. As the effective collisionalily of the plasma is increased by

raising either the filling pressure or the toroidal magnetic field, the discharge enters

the dissipative regime and the peak electron temperature is reduced.

2.2 Diamagnetism ; (I. H. Hutchinson).

The measurement of the 'diamagnetic effect' on LT-3 is performed by means

of a single diamagnetic loop. It provides information on the total energy content and

containment time of the plasma. A survey of discharge parameters has shown that the

approximate scaling S ~ | applies quite widely in LT-3. At the disruptive instability

/3 normally changes by less than+ 20%. This indicates considerable loss of total

energy. Fig 2.1 shows examples of the information which may be obtained.

An improved method for implementation on LT-4 has been designed. It em-

ploys 8 separate loops spaced round the machine in order to average out variations in

the toroidal magnetic field. This should enable measurements to be made wim greater

ease and accuracy.

2.3 Magnetic Probes : (I. H. Hutchinson).

A new magnetic probe has been designed and implemented, consisting of 18

parallel coils spaced 5 mm apart along the length ©f the probe. The probe construction

is shown in Fig 2.2. When introduced into the discharge this provides a map of the

complete poloidal magnetic field profile in a single shot. Shot to shot variations are

thereby avoided and a comparison with the results obtained with previous single-coil

measurements can be made. This allows the degree of perturbation of the plasma by

the probe to be estimated. The multicoil probe confirms the observation of hollow

current profiles in the early stages of the discharges.

2.4 Diffusion of Runaway Electrons : (I. H. Hutchinson).

The diffusion rate of runaway electrons has been estimated by analysis of
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Fig 2.1. Traces in lower half of figure show #_ and * obtained from

measurements of diamagnetiem : (a) stable discharge, (b) unstable dis-

charge. Associated V/, I , and B , are shown in upper half of figure.
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Fig 2.2. Details of multi-coil magnetic probe.



measurements of thick-target bremsstrahlung X-rays emitted from a molybdenum

target introduced into the plasma. The ratio of the runaway signal observed by tar-

gets of different sizes enables the diffusion rate to be estimated. Typical RMS step

sizes are shown in Fig 2.3.

Early Stages. At time about 600 M sec from me start of the discharge after

the plasma has reached high degrees of ionisation, a rapid relaxation of the hollow

current profile to approximate uniformity occurs. Simultaneously, very rapid

diffusion of runaway electrons is observed with r.m. s. step-sizes round the torus of

up to ~ 1 cm. This is indicative of magnetic surface breakup. During tiiis period

magnetic probes outside the plasma indicate a helical perturbation with structure

m = 4, n = l t o b e present. This is in accord with the pr^inted resistive MHD

tearing mode for the observed profile of the safety factor q . Thus we are led to an

interpretation of the observed relaxation in terras of break-up of magnetic surfaces

caused by tearing modes.
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Fig 2.3. RMS step length of runaway diffusion per transit
of the torus.



2.5 Disruptive Instability : (I. H. Hutchinson).

Use of the multieoil magnetic probe has provided time resolved profiles of

current density (Fig 2.4) and toroidal electric field through the disruptive instabilily.

-Z.QO 0.00 2.00 4.00

ZCCM)
6.00 10.00

Fig 2.4. Evolution of current density.

These clearly show the rapid relaxation of the peaked current profile inducing a very

high electric field near the discharge axis. Anomalous resistivity ~ 10 times

classical is observed. Preliminary observations of plasma fluctuations using an

electrostatic probe clearly show the presence of a high frequency ( ~ 50 MHz) in-

stability which is probably responsible for the resistivity anomaly. Experiments are

proceeding in an attempt to identify the instability more explicitly.

2.6 Ion temperatures from Doppler broadening measurements : (M. G. Bell).

The seven channel polyehromator, which measures the thermal Doppler

broadening of impurity lines from the plasma, has been developed in conjunction with
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a set of data analysis computer programs to provide a standard diagnostic tool for the

plasma ion temperature. An extensive investigation of the ion temperature was made

in both stable and unstable discharges in LT-3, using emission lines from ionised

oxygen impurities. These spectroscopic measurements yielded information about the

low energy region of the ion distribution function which complements Hie information

about the energetic tail of the distribution derived from the measurements of neutral

particle energies.

In stable discharges, the central ion temperature rises from about 10 eV at

time 1.2 ms into the discharge, to a maximum value of 30 eV at 4.0 ms, after which

it collapses rapidly. Combined with previous measurements of the plasma poloidal-

beta, these results have yielded information about the energy exchange processes and

confinement times in the discharge.

In unstable discharges, the ion heating which occurs at the disruptive instability

has been suxdied in detail over a wide range of discharge conditions. Immediately

following a disruptive instability, the measured line profiles become non-Gaussian,

which is attributed to the occurrence of large temperature gradionts within fee plasma.

Typically, this ion temperature is about 30 eV prior to an instability, rising to a peak

value of about 60 eV after the heating period. A typical result in shown in Pig 2.5.

The ion heating increases with the plasma current, while the decay of the temperature

after the heating is inhibited by increasing the toroidal magnetic field.
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Fig 2.5. Impurity ion (OV) temperature at time of disrupt*
instability.

ive



The results of early experiments with the polychromator were presented at the

10th AINSE Plasma Physics Conference in February 1975. More recent results are now

being prepared for publication.

Experiments designed to elucidate the mechanism oi ion heating havs now been

commenced. A magnetic probe is being used to measure the local electric field within

the plasma produced by the expansion of the current channel at the disruptive instability.

Preliminary measurements confirm that the inductive electric field peaks on axis; fields

exceeding 100 V/m at a minor radius of 3 cm have beer observed so far.

2. 7 Electron Source to Improve Gas Ionization : (M. G.Bell, I. H. Hutchinson).

An experiment was performed in LT-3 to investigate the possibility of achieving

initial breakdo-, *» by seeding the gas with electrons thermionically emitted from a fila-

ment, rather than by applying an RF pulse. The present RF generator is not very reliable

and to connect it to LT-4 in the future would be cumbersome. It was found that satisfactory

gas breakdown could be achieved with the filament alone at hydrogen filling pressures in

the range 0.5 - 1.0 mTorr, provided that the initial toroidal electric and magnetic fields

were kept below 50 V/m and above 0.1 T respectively.

2. 8 Mode Structure at Disruptive Instability : (A. H. Morton).

Results are being analysed from experiments carried out to investigate the develop-

ment of plasma current perturbations associated with the disruptive instability in LT-3.

The machine was operated so that the q = 3 surface was just in?lde the magnetic aperture

at 8.5 cm radius. Magnetic probes were used inside the vacuum vessel at a minor radius

of 9 cm. These were distributed toroidally on the median plane and poloidally at two

toroidal positions 90 apart, with their axes parallel to the poloidal co-ordinate. Signals

from the probes were passively integrated with a time constant RC = 100 MS.

From measurements coverirg 50 us periods about the disruptive instability,

fast growing helical modes are indicated. A slower growing mode is indicated from

measurements covering this period of ~ 350 ys between instabilities. The fast growing

modes are indicated in Fig 2,6, where the open circles show experimental signal values

proportional to Bg . The upper three solid curves are of the form sin (fi + fL) + sin 2$ + fl ).

2.9 Proton Temperature Measurements ; (E. L. Bydder).

The proton energy distribution in LT-3 was estimated from measurements of



Fig 2.8. Signal values (open circles)
from probes at e = 0 during disruptive
instability. Fitted curves of form

A sinn (si - rf.).
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the energy spectrum of fast neutral atoms leaving the plasma horizontally along ihe

median plane. These neutrals arise from charge exchange between the cool background

gas and energetic protons in the plasma. The neutrals are stripped in a gas cell

(H2, He or N2) and the resulting ion energy analysed with a 127° cylindrical capacitor

electrostatic deflector system, with FWHM energy window 5% of Hie selected energy.

The energy selector ions are detected by a secondary electron-scintillator photo-

multiplier system, with an overall current gain (including amplifiers) of up to 108.

The measurements suggest an upper limit of less than 50 eV for the proton

temperature during quiescent periods of the discharge. During a disruptive instability,

however, the protons are heated in a few microseconds to several hundred eV. The

precise temperature depends on machine conditions; figure 2.7 she ' s the energy

distribution of the ions after disruptive heating with the machine in aweli conditioned

state. The measured signal amplitudes extend over three orders of magnitude for an

energy range of 100 to 5 keV. When corrected for charge exchange cross-section and

stripping efficiency, as shown in the figures, there is good agreement with the profile

calculated for a Maxwellian distribution at a temperature of 750 eV.

The hot ion energy containment time is also readily deduced from the neutral
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Fig. 2.7. Fast neutral energy spectrum

J Haw data.

3 Data corrected for stripping efficiency and
instrumental width.
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particle results. Fig 2.8 shows the measured ion temperature as a function of time

from the peak heating (about 8 jisecs after the Volts/turn signal crosses the baseline).

The hot ion energy containment time is about 50 psecs, very much greater than the

deration of the disruptive instability, and exhibiting no sign of a catastrophic loss of

energy or particles.

Ion Temp. v. Time after disruption

100 50 60

/u-secs

Fig 2. 8. Cooling of ions after disruptive instability.

The measured signal amplitudes derived from the fast neutral flux are about a

factor of 5 less than the flieoretically calculated signals. This discrepancy may be

due to errors in aligning the detecting apparatus with the LT-3 ports, to an over-

estimation of the background gas pressure, to the turbulent heating mechanism giving

energy to only a fraction of the ions, or perhaps due to a large /^-directed component

of the ion energy. These possibilities are being examined, but the very high consist-

ency of the fast neutral signals must be remarked upon as indicating a readily repeat-

able heating mechanism.
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3. CONSTRUCTION OF LT-4 (I)

3.1 General Remarks -

The main dimensions and anticipated parameters for LT-4 (I) are shown in

Table 1,

Table 1

Dimension Parameter
Major radius
Minor radius (vac vessel)
Core saturation flux
Capacitor banks (up to 10 kV):

for toroidal field
for primary circuit

Toroidal fie d
Toroidal field perturbation (r = . 12 m)
Plasma current

Value
0.50 m
0.14 m
0.17 Vs

4980 HF (249 kJ)
1840 |»F (92 kJ)

0 .8T
2%
40 kA

In order to expedite construction of the device it was decided to use known

systems and techniques as far as possible. For example, the vacuum vessel was

made from 1/16" thick inconel as with LT-3 and the same firm (Wardrope and

Carol, Sydney) employed to make the half quadrant pressings and to seam weld them

together. The quadrant flanges were welded to Hie quadrants and machined in our own

workshop. A major departure from the LT-3 system was taken in the use of metal

gaskets instead of Viton A O-rings for vacuum joints. Whilst "atmospheric" pressure

was sufficient to keep the LT-3 quadrant seals compressed, clamp rings had to be pro-

vided for LT-4 which caused an insulating problem. This was solved by electrically

isolating the clamp rings from their respective quadrants with heat resisting Glass

tape (3M Type 69).

The increase in the minor radius of the vacuum vessel also caused some un-

foreseen difficulties. For reasons of economy, two half quadrants were pressed

simultaneously (back to back) from one sheet, then separated by sawing, trimmed to

si^e, and welded together to form one quadrant. This method worked very well with

LT-3, but spring-back after separation of the LT-4 pressings made it necessary to

use special jigs to hold the halves firmly in position for welding.

An item which is necessarily different, from that of LT-3 is the toroidal field
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coil. It has 128 individual picture-frame type turns which will be connected in series

for LT-4 (I) and as octants in parallel for LT-4 (II). The space between five vacuum

vessel and the corners of the toroidal field turns is used f<" r mounting primary and

plasma equilibrium control windings, the latter being required in the absence of a

conducting shell increasing the vacuum vessel.

3. 2 Vacuum System : (R. Goldberg, R.M.McLeod, A.H.Morton, U.H.Ulmer).

The four inconel quadrants of the vacuum chamber are shown in the photographs

of Fig 3.1. In Fig 3, l(a) can be seen the relatively small flanges used for sealing

against the alumina insulating ringe and the clamp rings which enable the quadrants to

be bolted together, compressing the gold wire gaskets. The four diagnostic apertures,

shown with protective covers over them, half way along each quadrant, are 20 cm x 2 cm.

In Fig 3. l(b) the quadrant carrying the pump port is shown, inverted, with a section of

the pump line attached. The 20 cm diameter pump lire passes through the floor, via a

(a) Three quadrants of LT-4
vacuum vessel.

(b) 4th quadrant with pump
line segment attached
(inverted).
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disc-welded bellows, to a 400 litre/sec turbo-molecular pump (Arthur Pfeiffer :

model T.P. U.400). A valve (V.A..T. Pendulum, N.W. 200) above the floor isolates

the vacuum chamber from the pump. Ion gauges are connected in the pump line both

above and below the valve . Above the valve, a small manifold allows for the connect-

ion of a 20 1/sec 'Vacion' pump to keep the system under vacuum whilst servicing the

main pump and to act as a leak detector. A Perkin-Elmer Mass Analyzer can also be

connected to this manifold.

Pure H from a Palladium Diffusion Unit (Matthey Garrett H28/1) is admitted2

via a Granville-Phillips Leak valve and the pressure monitored by a 'Millitorr1

(Varian ) gauge in the earth quadrant. Following vacuum testing of components,

steam cleaning with detergent and vapour degreasing with Isopropyl Alcohol, the sys-

tem was assembled and being pumped by late December 1975.

3.3 Metal Vacuum Gaskets:(R. Goldberg, R. M. McLeod).

Four types of metal seals are used in the machine :-

(1) 'Varian' type knife edge flanges where possible, such as on pump,

main pump line, bellows, gauge connections.

(2) Gold wire (. 020" to . 030")corner seals of fairly conventional design

for main quadrant seals, and metal aperture covers. In the aperture

covers the seal design incorporates an integral seal forming jig.

(3) Indium wire 1.5 mm for Glass and quartz aperture covers where the

Indium wire is compressed between the Glass (or quartz) without

being retained by a corner or groove.

(4) A surface friction gasket due to Brymner and Sleckelmacker (J. Sc.

Inst. 36, June 1959) on small (3/8" LD.)Ports, which proved to be very

reliable and trouble free.

Flanges for the main quadrant seals should have been heavier to maintain

stability after welding and machining. They were kept light because of limited space.

The flanges on the ends of quadrants had a 0.010" step machined on them for locating

the gold seals to the alumina rings. With a test piece this appeared satisfactory.

The steps on the flanges were not entirely satisfactory due to relaxation of metal

during machining. This necessitated the use of brass "fingers" to hold the gaskets in

position during assembly as shown in Fig 3.2. At three positions around the flanges,
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•OOI SHIM
/ O2.OAuWIRE

Fig 3.2. Method of retaining gold wire gaskets during
assembly.

spacers were placed to keep the fingers unloaded so that they could be easily removed.

For sealing metal cover plates or other metal attachments to the flanges, conventional

corner seals with gold wire gave no problems, but it should be pointed out that the

Alumina spacing rings must have a good (light reflecting) polish in order to make a

satisfactory seal with Au wire. The main seal clamp rings, which held 48, | " dia.

bolts distorted during tightening to the extent that it was impossible to fully tighten the

seals. The problem was overcome by including spacing pieces between me outer

edges of the adjoining clamp rings. These spacers prevented the rings from bending

towards each other, and concentrated the clamping force onto the sealing faces.

3.4 Welding of Inconel

The inconel vacuum vessel was internally argon-arc welded using a strip of

inconel, ~ 1/16" square, as a welding rod. The interquadrant flanges were made of

bar which was rolled into a ring and the ends butt welded.
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No major difficulties arose in the welding process, vacuum items, such as

individual quadrants were vacuum tested as completed using conventional techniques -

vac-ion pump with N and O as search gases. Since most welds were made internally

a penetrating dye (Turko Australia) was used to obtain a precise location of the leak

inside the component under test. Most leaks were of pin-hole nature and rewelding

was generally immediately successful. Only in one case, where the inconel cracked

underneath with an external rib was significant rewelding necessary. In this case the

inconel, at the second attempt to seal the leak, changed in structure, typically, and

Curther welding was pointless. An area of the metal was cut out and a replacement

welded in its place, successfully.

3. 5 RF Baking for Vacuum Vessel; (M. G. Bell).

When operating LT-4 from the HPG, it will be essential to be able to condition

the vacuum system of the device rapidly, without having to run the very large number

of discharges which are required to condition LT-3. A scheme to assist the con-ic
ditioning process has been devised which involves heating the inconel torus with low

frequency RF (30 kHz) current, coupled into it from the toroidal field windings. A

5 kW induction heater unit has been purchased and will be modified to suit this appli-

cation.

3. 6 Toroidal Field Magnet; (U. H. Ulmer, C.F. Vance).

The arrangement of the copper conductors which carry the current for the

toroidal magnetic field is shown in the photographs of Fig 3.3. Fig 3.3(a) shows a

trial assembly of the conductors without insulation. As can be seen the 128 turns are

arranged in joined groups of four. Current is fed to the toroidal field magnet from

the basement through four holes in the floor. "Return bars" not included in the trial

assembly connect the extremities of octants of the magnet to the current feed points.

These are shown, roughly in position on the magnet stand in Fig 3.3(b). A lazy-U

segment of a single turn of the magnet is shown in Fig 3.3(c). The outer vertical

bars are bolted to the U sections as inter turn connections.

Wedges fitted between the joined groups of four conductors make the magnet a

self supporting against inward directed forces when the toroidal field is present.

Fibre glass bands constrain the magnet against outward movement when the field is

relaxed. Wedges, and the upper of two fibre glass bands can be seen in Fig 3.3(a).
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(a)

(b)

(c)

Fig 3.3. LT-4 toroidal field magnet, (a) trial (off machine) assembly,
(b) loturn conductors; shows also epoxy-glass clad limb of
core, (c) lazy-U segment of toroidal field conductor.
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3. 7 Resistance of Soldered Joints : (R. M. McLeod, U.H. Ulmer).

After experimenting with various methods for butt joining the tiiree copper

bars to form the upper-inner-lower segment of the conductor turns, including welding,

the joints were finally made by brazing Silfos (Matthey Garrett) with no flux. The
2

ultimate tensile strength of the butted joints was ~ 29,500 lb/in . Measurements of the

potential across each of the 150 joints when passing a 4100 A current gave resistance

values of 0. 85 + 0.25 /* $2 .

3.8 Primary and Equilibrium Control Windings : (R. J.Kimlin, A.H.Morton,

C. F. Vance).

For use as primary and/or plasma equilibrium control windings, 44 individual

turns are mounted between the vacuum vessel and the picture frame toroidal field turns.

They are arranged in four groups, one in each corner of the toroidal winding. The

groups are symmetrically placed about the median plane, inner groups having ten turns,

outer ones twelve turns. The separation between minor axes of conductors is generally

2 cm. All single turns terminate at boards clear of the machine to facilitate various

connecting arrangements. Six single turns are wound at the top and bottom of each

vertical limb of the core.

To enable various fractions of the primary current to be used for plasma

equilibrium control a series-parallel resistor arrangement is mounted in the basement

with connections to the abovementioned termination boards.

3.9 Core : (J.A.Barber, R,J.Kimlin, R.M.McLeod, C.F.Vance, U.H.Ulmer,
R.E.Whelan).

The core is essentially identical with that of LT-1-3, except that the aperture

has been increased both horizontally and vertically by 20 cm. The effective magnetic
2

cross-section remains at 0.1 m giving about 0.3 volt-sec to saturation using maxi-

mum bias.

The central limb of the core has been sheathed in glass-fibre-reinforced

polyester resin in order that any inward movement of toroidal turns may be arrested,

should any fault develop that makes the axisymmetric arrangement unstable. Since

the core is grounded, this cast-on sheath is supplemented by additional insulation for

the full 10 kV working voltage on the toroidal coil. (Between coil turns, only about

80V insulation is required, thereby providing a much better copper space factor than

in LT-1-3, whose toroidal winding was cable insulated for 10 kV.)
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The MMF required from the bias system is dominated by the horizontal gaps

between the interleaved inverted U removable top and me fixed lower horizontal yoke.

Lacking facilities for fine grinding of these surfaces, the irregularities of the mating

faces have been smoothed with a filled polyester resin. This ensured that the

mechanical load on insulating sheet is spread and the latter ("Melinex" type 226 poly-

ester film) can be reduced to 125 pm without being cut by protruding laminations.

The B-H loop has been measured using a separately-excited plating generator

driven at 0.1 Hz to supply magnetising current, and the chopper-stabilized amplifiers

of an analogue computer to integrate the output. As a result of these tests, provision

is made for increasing the bias winding to 10 turns instead of the 8 used on LT 1-3.

To help decide the distribution of bias turns between the four corners of the

core, low level tests were done with mains supply to excitation windings. A movable

search coil was used to measure leakage field. Although the first order effect is

equivalent to that of demagnetising MMF at the gaps, anomalies and asymmetries

suggest the presence of circulating currents due to damaged insulation between

pockets of core laminations. It is hoped that some of these short-circuits will clear

when the core is pulsed, leaving stable stray fields that can later be compensated.

3. 10 Design Concepts for LT-4 Control System; (G. L. Ostheller).

The basic concept in the design of a control system for LT-4 was to use

modular, general purpose equipment in subsystems that can easily be rearranged to

different configurations with the minimum of time. A further requirement was that

the interface between subsystems be standardized to the international standards such

as MM and CAMAC and to have the minimum of custom engineered modules. This

standard interface gives detailed and sufficient information for the interface of equip-

ment from other agencies and universities for jxperimental work.

The CAMAC interface standards were oriented toward computer acquisition of

data, whereas, the NIM favours modular process control and minimal data transfer.

The control system was divided to have the CAMAC section to data acquisition with

microprocessor control and the process control, such as charging the capacitor banks,

by MM bins. The detailed subsystems as presently identified are:-

(a) NIM subsystems

(1) High voltage rectifier control
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(2) Capacitor bank charging

(3) Bias supply control

(4) Capacitor bank fast discharge cycle control.

(b) CAMAC subsystems

(1) Microprocessor for autonomous control

(2) Plasma position control

(3) Safety monitor of capacitor charging and discharge cycles

(4) Local data storage

(5) Communications interface to other computers (data links)

(6) Data acquisition from diagnostics area.

A block diagram of the systems and units is shown in Fig 3.4.

CAMAG

High Voltage
Hecufier Control.

8ias 5upply
Control.

Capacitor
Charging Control

Capacitor Fast
Cycte Control.

Plasma Fteition
Control.

Serial Data Channel

Fbrallel Data Channel.

LSI-11.
Microprocessor.

DLV-1I.

Ess.

Fig 3.4. Block diagram of control
system for LT-4.

The subsystem designs involved some data exchanged between each, however

each subsystem normally controlled an individual task and could run independently if

necessary. This requirement results from the nature of the experiment since it

operates in a pulsed mode. Too much Sata is generated during the 10 to 100 milli-

second operating cycle for a single subsystem to handle or to send to remote computers.
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For this reason, local buffer storage is used to hold the data for each operating cycle

and to process the data between operating cycles, The duty cycle of the machine is

about two per cent.
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