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I N T R O D U C T I O N 

With the completion ot the construction of the turbulent 

heating experiment, TORTURE, the Institute now has three toroidal 

experiments in operation. SPICA, a small aspect ratio toroidal screw 

pinch, was built to investigate the effect of force-free currents 

in the outer regions of the pinch on the equilibrium and the stabil

ity of the plasma. In RINGBOOG a study is made of the influence of 

a cold neutral gas envelope on a Tokamak-like discharge, TORTLRE was 

designed to expand on the heating results obtained in a linear ex

periment. 

The first results from £PICA are encouraging, mainly because 

the induced toroidal current persists much longer than in smaller 

screw pinches. SJ far, the plasma pressure is too high for stability, 

as predicted theoretically. The operating range of the experiment 

will be extended through better control of the bias field and the 

base pressure. Design studies for a small beltpinch have been com

pleted and the construction has started. 

In the turbulent heating experiments, spectroscopic lin-2-

broac?-*ning measurements yielded important information on fluctuation 

spectra. The toroidal experiment produced plasmas of high tempera

tures and energy densities as soon as it was put into operation. 

This experiment should provide an answer to the question whether a 

plasma can be heated in a short turbulent phase without suffering 

unacceptable plasma losses. A power crowbar system will be installed 

for this purpose. 

Experiments in RINGBOOG have been carried out at densities 

appreciably higher than those in most current Tokamaks, but at corre

spondingly lower temperatures. The equilibrium and the energy balance 

have been studied in low-power discharges, and are fairly well under

stood. Operation in a high-power mode has yielded evidence of slightly 

turbulent heating and was accompanied by a favourable effect on the 

current profile, i.e.,the current profile broadened. This experiment 

will provide further insight in how density, temperature, and current 

profiles are affected by a gas blanket. 

After a long period of technical difficulties, the. Alcator 

experiment produced important results, notably on the effects of 

non-thermal electron distribution functions and on the possibility 
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to operate Tokamaks in unusual regimes, both with respect to plasma 

purity and high density. 

The Institute provided three men fo*- the design phase of 

the Joint European Torus, JET. 

The theoretical gro>jp, which had known a rapid change in 

personnel in the preceding years, saw M.H.P. Weenink leaving for 

Eindhoven this year. He had been with the group since 1958 and be

came head of it in 1969. He will be succeeded by F. Engelmann. 

The study of the spectrum of ideal MHD was continued and 

extended to a toroidal geometry. An investigation was initiated on 

the equilibrium and stability of high-0 Tokaraaks. MHD-waves in an 

inhomogeneous plasma are damped. A physical interpretation for this 

damping, analogous to that: for Landau damping, is being sought. 

The role of impurities in a discharge is studied in two 

different approaches. Impurity driven modes will lead to a limitation 

of the density of the impurities in the centre of the discharge. A 

numerical study of a reactor model shows that the concentration of 

impurities in the centre is affected by the thermal force arising 

from collisions between different types of ions. 

C M . Braams 

J. Rem 
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A . E X P E R I M E N T A L D I V I S I O N 

(CM. Braams) 

A 1. PINCHES (P.C.T. van der Laanai) 

C. Bobeldijk, R.J.J, van Heijningen , J.A. Hoekzema, G.G. 

Lister, A.L. Nijsen-Vis, D. Oepts, A.A.M. Oomensa , W. 

Schuurman, J.F. van der Veen, J.W.A. Zwart, P.J. Busch, 

G. van Dijk, A.C. Griffioen, W. Kooijman, D.J. Maris, W.J. 

Mas top, B.J.H. Meddens , P.H.M. Snteets, A. Verheul; students 

and trainees: A.A. van Ballegooijen, J. Bolhuis, H.H. 

Eggenhuisen, J. van der Gugten, A. Harrewijn, M.M.E. Kraaykarap, 

J.M. Ruijmschoot, W. Scherpenisse, R.J. Tiirmermans, J.M. 

Verhoeven, A.J. van der Wal, A.P.M, van 't Westende, P.C. Zalm. 

The SPICA device has been in operation dur:.ng part of the year; 

its electrotechnical and data-handling systems worked quite well. Pro

blems with the vacuum system, however, limited the number of plasma 

shots to 198 (compared to 29 in the first year 1973). 

Stable confinement of screw pinches has been observed during 

40 us and moreover, the decay of the longitudinal plasma current (max 

measured value 4QG kA) is much slower than in the previous devices; ex

trapolated 1/e tiroes of 200 us have been measured. Since not all para

meters have been optimized these results are preliminary. 

The small screw-pinch device SP II was dismantled after a last 

series of measurements. 

The manufacturing of plasma-sprayed alumina "bolknak" toroids 

has encountered considerable difficulties. Two of these toroids failed 

this year, the first one during tests with plasma, the second during 

insulation tests. Late in 1974 we decided to end this project; although 

the manufacturing problems do not seem insurmountable, too large an ef

fort is required to develop a reliable fabrication method. 

In the 1973 Annual Report plans were described to build a 

beltpinch as a successor to SP II. Mow it has been decided to build 

such a beltpinch on the SP IV device, but 1.5 times enlarged in linear 

dimensions. As before the metal shield will surround the discharge ves

sel closely, so that no separatrix can be formed and force-free currents 

can improve the equilibrium and the stability. 

a) at MIT, U.S.A., during part of this period. 
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The first steps were taken to start a stud̂  group, in which 

both the Reactor Centrum Nederland (RCN) and the Institute are to take 

part. This group plaits to analyse existing concepts for high-8 fusion 

reactors and to evaluate the possibilities of a screw-pinch reactor. 

A 1.1 SP II 

J.A. Hoekzema, P.J. Busch. 

The last measurements in the small screw-pinch experiment SP II 

were made to determine the time-dependent electron density profile. Both 

an electrostatic double probe and a He-Ne Michelson interferometer were 

used. The last method was based on a measurement of the line density for 

different lengths through the plasma, where the difference in length was 

created by the introduction of a hollow quartz tube (external 0 4.5 ami) 
along the plasma path. The electrostatic prohe measurements failed in 

the low-density region outside the main plasma column,presumably because 

the theory for these plasma parameters in the presence of strong magnet

ic fields is not adequate. ' 

The results of the interferometer measurements were satisfac

tory and showed a fast diffusion of the plasma column and a loss of 

plasma to the wall in agreement with streak photographs and magnetic 

probe measurements. The loss process takes place in about 10 us which 

is also the time scale for diffusion of the magnetic field' configura

tion for plasma temperatures of about 5 eV in the outside region end 

15 eV in the main plasma column. 

A report on these measurements is in preparation. 

A 1.2.1 "Bolknak" torus and 160-kJ bank 

J.W.A. Zwart, J.F. van der Veen, A. Verheul, P. Sheets, 

G. van Dijk. 

Considerable difficulties have been encountered in the fabri

cation of fat R » 18, r « 8 cm alumina toroids . A first torus of this 

kind became available early this year but failed after a number of 

plasma shots because cracks had developed in the epoxy insulation be

tween the copper shield and the ceramic. A second torus was made on a 

new improved setup for the plasma-torch spraying process. During a test 

of the hold-off voltage of the epoxy and the ceramic layer a breakdown 

occurred between one of the copper shields and the internal aluminium 
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torus which, for this test, simulated the plasma. Since repair seemed 

impractical and the manufacturing of a series of new toroids was judged 

to be too time-consuming, it was decided to end the project. That r.o 

fundamental but rather trivial problems forced us to abandon this ef

fort, was disconcerting. 

Earlier this year a number of nressurized field distortion 

spark-gaps (Mark IV) were ordered from the Culham Laboratory in England. 

These spark-gaps will replace the vacuum start switches in the 160-kJ 

capacitor bank. Tests had shown that the vacuum spark-gaps did not per

form with sufficient reliability in the completed bank; a possible ex

planation for this unexpected behaviour are the fast ringing currents 

between the collector capacity (0.22 uF) and the individual units. 

A 1.2.2 Seltpinch plans 

J.P. van der Veen, J.A. Hoekzema, A. Verheul. 

As was mentioned in the previous Annual Report it was planned 

to study configurations with an elongated cross section (beltpinches) 

with the facilities and the capacitor bank (30 kJ at 18 kV max) of the 

SP II device. Later this year when it became clear that the facilities 

of the SP IV experiment with its l6Q-kj capacitor bank would be avail

able in 1975 it was decided to adapt the original design to the higher 

energies and voltages of the SP IV bank. This has led to an enlargement 

by a factor of 1.5 of the originally planned vessel. The major radius of 

the quartz vessel will be 0.24 m and the minor cross section will have 

the shape of a race-track, 0.12 m wide and 0.48 m high with two half 

circles at the top and bottom. The vessel will be surrounded by a mag

netically closed shield, so that no external poloidal fields can come 

in. This should mean that no separatrix can be formed, that wail contact 

should be limited and that force-free currents can be excited which 

could have favourable effects on equilibrium and stability. 

The primary windings will be wound helically on the outer sur

face of the metal shield. To reduce the radial magnetic fields in the 

gap region, the gaps will be covered by overlapping metal strips and 

the position of the primary windings is to be suitably chosen, in view 

of this the distribution of the magnetizing currents on the surface was 

inferred from computer calculations and from measurements in an elec

trolytic tank. 
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A 1.3 SPICA 

R.J.J, van Heijningen, A.A.M. Ooraens, J.A. Hoekzema, C. Bobeldijk, 

D.J. Maris, w. Kooijman, D. Oepts. 

SPZCA has been in continuous operation during the first half 

of this year. Then leaks in the vacuum system and outgassing problems of 

the silicone rubber seals between the torus quadrants made a shutdown 

necessary. Cracks in the quartz torus .?nd other vacuum problems pro

longed this shutdown until the end of the year. 

Pig. A.l 
The currents and the inverse pitch 
for a clamped screw pincH ,in 
11 oTorr D2 at bank voltages 
Ve - 29 kV «nd Vz - 27 kV. 

<«) (b) 

Fig. A.2 Stereoscopic streak photograph» of cleaned (a) and ringing (b) 
discharges. The damped discharge Is that of Fig. A.l , the 
ringing discharge/ i s a screw pinch in 10 «Torr D2 at Vg-31 kV 
and V 2 - 28 kV. One period of the m- 1, k » 0 osc i l la t ion around 
the equilibrium i s v i s i b l e . The plasma pinches again in the 
second half period. 

Although the experiments have not yet been done under ideal 
conditions, some plasma properties could be studied. About 200 screw-
pinch discharges were produced in deuterium at pressures between 10"3 

and, 10"' Torr, at 9-bank voltages of 30 to 50 kV and x-bank voltages 
of 30 to 40 kV. The equilibrium behaviour of the main plasma column was 
quite good; i t s s tab i l i ty was s t i l l rather poor (l ifetimes £ 40 us) as 
expected, but improved with Increasing bias f i e ld» . Better s t a b i l i t y 
should be observed i f 3 i s kept below 201 which should be feasible when 
the bias bank i s enlarged and when an improvement of the vacuum condi-
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tions permits operation at lower filling pressures, Also adjustments 

should be made in the transmission lines, feeding in the z-current at 

the flange, to minimize the stray fields in the gap region. 

Most of the planned diagnostics were put into operation. The 

Thomson scattering and the He-Ne laser interferometer started to pro

duce data in the.last weeks before shutdown. Together with the standard 

diagnostics a fairly complete picture has been obtained. The general 

conclusion is that SPICA behaves as previous screw pinches, except that 

the time constant for the decay of the longitudinal plasma current has 

increased (extrapolated 1/e decay times up to 200 us). 

A 1.4 Data handling and control 

W. Kooijman. 

Besides the measurements with the help of oscilloscopes an 

optically coupled computer (PDP 15) is used. A teletype and a display 

with hardcopy unit is available in the screen room. The programs 

which make it possible to use the computer in this way are written 

by T.C. van der Heiden. 

The system has been adapted to CAMAC standard crates 

(Fig. A.3). For the reading in of slow signals a 14-channel unit 

has been developed. These channels provide the CAMAC crate one second 

before the shot with the bank voltages, initial pressure, type of gas 

etc. For the programming a fast digital timer provides pulses with time 

delays ranging from 0.1 ys to 10 ms, readable into the crate. Connected 

to the timer is an "interrupt unit", which checks the programming by 

comparing the times that currents start in relevant parts of the expe-

riment with those of the timer . In case of an incorrect functioning 

this unit stops the outgoing trigger pulses. Another unit which normal

ly provides the trigger pulses for the meifel-to-metal clamp switches 

collects the information from various sensors to minimize the use of 

the "sandwiches'1 for the clamp switches in case of mal fir ing. 

The fast signals (1 kHz tc 5 MHz) from the diagnostics are 

digitised by 12 fast ADC's (to be extended to 32 in 1975). 

The software facilities are: 

1. a program which stores the data in the computer and also gives a 

data sheet, 

2. a program which provides the facilities to work interactively with 

the data (INTRA). 

With this end other programs it will be possible to store the data from 

the laser diagnostics and the 12-channel magnetic probe directly in the 

computer. 
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Fig . A.3 SPICA data ar«*ngement. 
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A 1.5 Theory 

C. Bobeldijk, W. Schuurman, J.A. Hoekzema, A.J. van der Wal. 

Calculations of the heating of a low-g p*nch were extended 
with the use of the free-particle and snow-plow implosion model. Es

timates of the attainable temperature were also derived for a strongly 

elongated pinch. The calculations will be developed further for use in 

reactor extrapolations. 

A start has been made with the numerical calculation of the 

resistive decay of the magnetic field configuration in a screw pinch. 

The first results show a tendency towards current loss especially in 

the vicinity of the wall. This current loss does hardly affect the e-

quilibrium position of the main plasma column even if the current dis

appears completely in a broad region (several cm) adjacent to the 

wall . The effect of such a vacuum field region on the stability has 

not yet been investigated. 

The ideal MHD-equilibrium of a toroidal force-free plasma 

enclosed between two non-coaxial circular tort was studied numerically. 

The model serves as an approximation to the equilibrium of a dense 

toroidal plasma column surrounded by a tenuous plasma in a Trkal mag

netic field. 

The damping of MHD-waves in a cylindrical plasma column sur

rounded by a tenuous plasma in a Trkal magnetic field was studied ana

lytically and numerically. The publication of a report on this subject 

was postponed since the results of the calculations are so far insuf

ficiently interpreted. This work was done in cooperation with the 

theoretical group (Mrs. A.E.P.H. van Maanen-Abels). 

A 1.6 Reactor studies 

W. Schuurman, P.C.T. van der Laan. 

Plans were made to start a study group on system analysis of 

high-fi reactors, with emphasis on a screw-pinch reactor. This work is 

to become a joint effort of FOM and RCN. To obtain basic and up-to-

date information on the subject the course on pulsed reactors held in 

the International School on Fusion Reactor Technology (Erice, 8-20 

September 1974) was attended. 

In a discussion between participants from RCN and FOM it was 

agreed to start a literature study on the subject of reactor design and 

to perform a parameter study on a screw-pinch fusion reactor. 
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One of the first questions in this respect is whether the field 

configuration in a screw-pinch reactor should be built up quickly or 

slowly. Quickly would mean that implosion heating can be used but that 

an insulatinq wall is necessary. Slowly would make a metal wall feasi

ble but eliminates implosion heating. It also implies resistive diffu

sion of fields and plasma during the early stages when the plasma is 

still coid. This diffusion is probably serious enough to upset the pitch 

conservation which is essential for the formation of a constant-pitch 

field configuration. The conclusion seems therefore justified that screw 

pinches should be built up quickly. Computer studies will be made to 

corroborate this conclusion. 

A 1.7 Computational physics 

C.G. Lister, J.A. Hoekzema. 

The major effort in the field of pinch oriented computational 

physics during 1974 was the development of a new 1'dimensional MHD-

computer code in collaboration with Or. K.V. Roberts of the Culham 

laboratory. The code (ATHENE 2) was written to describe the implosion 

phase of pinch experiments. The major new feature of the code is the 

treatment of the momentum equation. The method of solution of this 

equation ensures that the convergence rate during a given timestep is 

maximized and that the tiniesteps used are of an order appropriate to 

the timescale of the experiments being considered. The code currently 

treats a fully ionized plasma and includes the effects of thermal and 

resistive diffusion (Spitzer), joule heating and the coupling of the 

external electric circuit to the plasma. The most important features 

of the code to be added in 1975 will be an interpolation routine (to 

correct for the large distortion of the (Lagrangian) mesh which occurs 

during the simulation of a real experiment), and the effect of neutral 

particles. 

ATHENE 2 is a member of the "OLYMPUS" family of codes and 

hence it has been necessary to adapt the OLYMPUS system for use on the 

CDC 6500 at SARA in Amsterdam. This work is virtually complete and will 

be submitted for publication in Computer Physics Communications early 

in 1975. 

In addition to ATHENE 2, two other large computer codes are 

being used to simulate screw-pinch experiments in the laboratory. The 

first is a l-dimensional code developed in Lausanne, Switzerland, which 

includes the effects of neutral particles but. has no external circuits 

included. The second code, ATHENE 1, was developed at the Culhftm Labo-
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ratory to study diffusion processes in plasmas and is a1so 1-dimension

al. All three codes are being tested ir. parameter ranqes appropriate to 

pinch experiments at Jutphaas and it is hoped to compare these results 

with experimental results during 1975. 

A two-dimensional toroidal equilibrium code for plasmas o£ 

circular cross section has also been developed (G.G. Lister,w. schuurman). 

This code will font a basis for further studies of toroidal plasmas. 

As a result of the IAEA meeting on Fusion Program Exchange» 

held at Culhaw in October 1974, Jutphaas can expect to collaborate 

even more closely with other international laboratories in future 

and it is planned to establish some form of guidelines to facilitate 

program exchange during 1975. Culham and Jutphaas already have a strong 

interaction in development of computer codes and in 1974 this was fa

cilitated by use of the Honeywell Mark III time-sharing system, by 

means of which programs can Le jointly developed and tested. As a 

further step in international collaboration, ATHENE 1 and ATHENE 2 

have beet, run and tested in laboratories in Australia. 

References 
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A 2. TURBULENT HEATING {H. de Kluiver) 

H.W. Kalfsbeek* , H.W. Piekaar , W.R. Rutgers, H. Schrijver, 

R.A.A, Ambags, B. de Groot, Th.G.A, Winkel; students and 

trainees during 1974: J.A. van Elst, R.J. Haarsma, A.P.C 

Holten, M.C. van Houwelmgen, A.G. Kuiper, H.A. Post, A.A. 

Taminiau, D.C. van Vugt. 

Plasma turbulence may arise whenever microinstabilities «»re 

excited in a plasma by means of particle beasts or high current densi

ties. The increased collision frequency corresponding to the growth rate 

of microinstabilities can have a marked influence on plasma resisti

vity, diffusion, and heating. Often "anomalous* effects in plasma de

vices may be attributed to plasma turbulence. 

Apart from the necessity to understand the mechanism of micro-

instabilities plasma turbulence can be used as an efficient way to heat 

the plasma even at temperatures when joule heating fails because of the 

decrease of the classical collision frequency with increasing particle 

temperatures. 

A 2.1 The linear experiment 

W.R. Rutgers, H. de Kluiver, H.W. Piekaar, J.A. var. Elat, 

H.W. Kalfsbeek, H.A. Post. 

Measurements of the energy distribution of hydrogen ions and 

measurements of the fraction of the plasma ions which is turbulently 

heated have been carried on. The magnetic field of the mirror configu

ration was varied, as well as the electric field strength which indu

ces turbulence. Registration of the current produced by charge-exchange 

neutrals has been carried out with a (Ortec) silicium detector and a 

secondary emission (Mb) detector. Usiag the energy distributions as 

known from earlier electrostatic analyzer measurements, it could be 

stated that at the end of the turbulent phase the total ion density 

corresponds to this energy distribution. This correspondence can be 

a) from 1-10-1974 

b) from 15-11-1974, leave of absence at Univ. of Saskatchewan, Saskatoon, Canada, 
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outlined as follows: the enerqy distribution of the ions consists of a 

lover temperature part and a higher temperature part as stated in pre

vious reports. Best fits for all magnetic and electric fields can he 

achieved when a higher temperature of 3.2 keV (+ 0.2 keV) and a lower 

temperature of 0.8 keV (+0.2 keV) is taken. The fraction of the ions 

with the higher temperature increases strongly with increasing magnetic 

field strength. For fields of 0.1 tesla and higher a fraction of 80% 

and more is found (Fig. A.4}. Good agreement is found with the expect

ed neutron rlux when deuterium is used. A reasonable explanation for 

the occurrence of these energetic ions 

is the picture of growing and col

lapsing strong Ion-accustic waves 

with wavelengths of several Debye 

lengths and electrical microfields 

up to 107 V m~l. This picture is 

strongly supported by the results 

of optical and microwave measure

ments at the plasma as presented 

later in this text. 

Turbulent electric fields 

are excited in the plasma by the 

large current. The strength, direc

tion and frequency spectrum were 

determined from spectral line profi

les in hydrogen (Balmer lines) and 

in helium ("forbidden" lines). 

T2.3200ev 

rig. h.4 The energy distribution of 
hydrogen ions for various 
•agnatic fUld strengths. 

In hydrogen discharges, we 

measured the line profiles of the 

first three Balmer lines Ha, Hg, and 

H at polarizations parallel or per

pendicular to the discharge axis. It 

Is observed that: 

(a) the line splits into a series of 

quasi-static Stark components, 

(b) the measured spectrum is not sen

sitive to the direction of the 

polarizer, 

(c) the components, apart from the 

lo in Ha and 2% in H&, have about 

equal intensity and not the sta

tistical intensities of the sta

tic Stark effect. 
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The theoretical profile of H Is calculated for atoms siwul-

taneously exposed to axisymmetric static fields I and oscillating 
•+ S 

fields E D sinwL. The static field, £« parallel to the symmetry axis 

and £i perpendicular to this axis of symmetry, splits the line into 

Stark components. The position of the Stark components depends on the 

value of the total electric field strength j£_| * (Ei+E'+E*)* only. 

The intensity of the different components depends on the ratio 
s s ± 

Ejj /E^ . An o s c i l l a t i n g f i e l d EJJ sinwt adds to each Stark component a 
s e r i e s of s a t e l l i t e s at pos i t i ons + not (integer n ) . Resonance e f f e c t s 
occur when the frequency w equals the separation L * 3 / 2 e a | f} (cm"1) 
of ttie s t a t i c components. The in tens i ty of the Stark components for 
di f ferent polarizat ions depends on E»/EA t | * s i / | £ n l ,and ^/u» 

Calculated pro f i l e s can be compared with measured p r o f i l e s 
of turbulent plasmas i f A / « l f >> l ( q u a s i - s t a t i c f luctuat ions with 
s u f f i c i e n t f i e ld strength) and A/"kf < 1 (dynamic f l u c t u a t i o n s ) . These 
conditions are f u l f i l l e d in our experiment for ion-acoust ic (If) and 
Langmuir (hf) o s c i l l a t i o n s . 

Figure A.5 represents calculated p r o f i l e s for a Cerenkov cone 

c 
3 
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O 
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£3= 47kV/m 

t - È . 4 7 M V / m 

I 
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fig. A.5 (a) Measured H,, profile for applied f ie ld E * 47 kV/m and eLectron 
density n » 1020 m"3. 

(b) Calculated profile for 8 c e r * 65°, |o[ - %|sf and t/t - 1; fair 
agreement with measured profile. 

(c) static fields only, large difference in TT and c spectra. 
<d) 8cf tr * 0° . 0 and 1 components dominate in 0 spectrum; 

2, 3 and 4 In it spectrum. 
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isotropically filled with k-vectors of the quasi-static fields. The 

high-frequency fields have their k-vectors homogeneously distributed 

on a sphere. The best natch with the experimental profile is obtained 

for !ig|/|êD| « 2 combined with a Cerenkov cone angle of 65 degrees. 

In Fig. A.6 the field strength E of qutsi-static oscillations, 

as calculated from the separation A of Stark components of H , Hfi, and 

H profiles, is given as a function of the applied voltage E . 

In helium discharges the frequency spectrum of microfluctüa-

tions was deduced from the line profile of "forbidden" (&Ï. * 0.2) 

helium lines. An electric field E coswt gives rise to a pair of satel

lites, separated by + «t from a forbidden dipole transition. In Fig. A.7 

we show the experimental profile of the transition 2'P - 4'D, 4'F in 

neutral helium. Intensity maxima at f from the forbidden transition 

F were found. They are caused by electron Langmuir oscillations, while 
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Fig. ft.6 Field strength E of 1CM-
fr*qu«ncv microfields, 
deduced from the separa
tion of Stark components 
versus applied electric 
field B . 
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Fig. A.7 Measured l i n e p r o f i l e 
at low magnetic f i e l d , 
n * 8 * 1 0 ^ m~3. 

the forbidden line itself becomes visible due to the simultaneous 

presence of low-frequency ion-acoustic oscillations. The orientation 

of the microfields can be determined from the Zeeman pattern of the 

forbidden line and the setellites. 

Figure A.C shows the line profile for a magnetic field of 1.3 

teala. Vertical lines represent the Zeeman patterns for random direc

tion of hf-fields and dominant polarization perpendicular to the (die-

charge) axis of svMMtry for the If-fields. The field strength of hf-

fields, calculated from the ratio of integrated intensity of satellites 
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and the nearby "allowed" line (Al - L) 

was found to be between 2 kv cm"1 and 

6 kv cm"1. The value of lf-fields is be

tween 3 kv cm"1 and 10 kV cm"1. More 

work on the Stark-Zeeman patterns Is In 

progress. 

Ak(A) 

Fig. A.9 
Zeeman splitting of forbidden line 
and satellites. 

A 2.2 Detection of sub-nw and mm radiation 

W.R. Rutgers, R.A.A. Ambags. 

Radiation, emitted by the turbulent plasma in the f.requency 

range between 60 GHz and 160 GHz, was measured with a far-infrared spec

trometer. The radiation was detected with a liquid helium-cooled InSb de

tector, placed in a magnetic field of 1 tesla (a short description of the 

spectrometer can be found in the Annual Status Report 1973). A schematic 

diagram of the setup for measurements on the linear turbulent heating 

machine is shown in Fig. A.9. The radiated power was smaller than ex

pected. The spectrum of radiation could be measured only just before 

the quenching of the ion-acoustic instability, when u/c approximates 
s 

the value l and Te/T. * 3. Under these condi t ions , the growth rate of 

screened 
room 

light pipe 

detector 
filter* ehrometor 

cathode 

vacuum window» 

•node 

Fig. A.9 Setup for the measur«ment of far-infrared radiation on the linear 
turbulent heating machine. 
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the i n s t a b i l i t y i s small. The mea
sured radia t ion a t f , /2f and 

pe pe 
2f _ (Pig. A.10) seems to be corre-
pG 

lated to local depressions in the 

ion density and spatial concentra

tions of electron oscillations. The 

coupling between high- and low-fre

quency oscillations and the produc

tion of e.».-radiation will be fur

ther investigated. 

Fig. A.10 
Spectrum of supra-thermal radiation. 

A 2.3 Toroidal turbulent heating experinent "TORTURE I' 

B.W. Piekaar, H.W. Kalfsbeek, H. de Kluiver, B. de Groot, 

Th.G.A. Winkel, A.G. Kuiper. 

Since November 1974 the experiment is operational. The vacuum 

in the vessel is 2 x 10"6 Torr. By using a combination of two rf-pre-

ionization methods (7 MC pulsed and 2.7 MC continuous) it is possible 

to make reproducible discharges down to filling pressures of 0.5 rnTorr 

H2. However, the lower the filling pressure, the larger the toroidal 

magnetic field required to accomplish this. For instance at 0.5 mTorr 

a field of 1.5- 1.8 T is necessary and at 1.5 mTorr and higher pres

sures the toroidal field is arbitrary (0.1-2 T), 

Several clamped discharges have been made for various values 

of filling pressure, heating bank voltage v,, and toroidal magnetic 

field Bt. 
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Fig. A,ll The experiment TDKTUKE I. 

in Fig. A? 12a and Fig. A.12b soroe results are shown for a 

constant toroidal magnetic field. 

Energy decay times are of the order of 40 us and are rather 

independent of the plasma current, toroidal magnetic field,and loop 

voltage. Due to the large plasma currents (80 - 150 kA) and the relative

ly low toroidal magnetic field the q-factors (q » BD/
Bt * a/R' a r e to° 

low to expect good contairunent. A typical q-value is 1,3 after 10 ys. 

The fact that the inductive decay time of the plasma current after 

clamping Is shorter than one would expect from circuit calculations 

can be accounted for by introducing a positive <JL /dt term in the e-
P 

quation governing the current decay. Experimental proof of this time 
dependence of the plasma selfinductance has been obtained by prelimina

ry measurements of the current density profile with a magnetic multi-

probe . 
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Fig. A.12a The energy density and tempe
rature (at t = 4 \!s) versus 
the bank voltage at constant 
electron density. 

Fig. A.12b The energy density and 
the temperature (at 
t = 4 us) and Qpol (at 
t s 8 lis) versus the 
electron density at a 
constant bank voltage. 

A 2.4 Analysis of a linear thermonuclear reactor 

H- Schrijver. 

A number of simple scaling laws can be derived for a linear 

thermonuclear reactor, which satisfies the Lawson criterion1*. These 

laws can be applied irrespective of the heating mechanism, provided 

that the heating pulse is short compared to the lifetime of the plasma 

column. 

If a plasma column with a cross section A and a length I in 

a magnetic field B is heated by a pulse energy J, the minimum energy 

to satisfy the Lawson criterion is given by 

J/A * 1.1 * i012 Jm"2 , 

at a plasma temperature of 10 keV. The plasma loss is assumed to be 

caused by free streaming at the acoustic velocity to the ends of the 

system. With the magnetic pressure equal to the kinetic pressure it 

follows that: 
B2t * 2 x 106 T2m . o 
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The loss of time of the plasma can be increased by the appli

cation of a succession of magnetic mirrors at a distance comparable to 

the mean free path of the particles. A minimum energy requirement of 

J/A * 3 * 1010 JuT2 

is found at a temperature of 4 keV and; correspondingly, 

B2t * 5 x 10U T2m . o 

Figure A. 13 gives a survey of the parameter relations involved,. 

;• if the magnetic fields are restricted to fields in the order 

of 20 T (200 kG) a minimum reactor length of 5 kia is found for the free 

streaming system and 130 n for the multiple mirror system. The minimum 

cross section, A, is determined by radial losses, With classical dif

fusion a radius of a few cm will be needed. The corresponding pulse 

energy, J, will be: 

r • 1 a r • 5 on 

free streaming 350 MJ 9 GJ 

multiple mirror 10 MJ 240 MJ 

10° i d 0 10" 10W 1013 

-—P- J/A(Jm*2) 

Fig. A. 13 parameters as a function of the temperature T and the puis* energy per 
unit cross section, J/A, of the straight plasma column in a multiple 
mirror magnetic field. The mirror lengths are equal to the ion mean 
free path. 

Reference 

,. 1. H. Schrijver, Proc. 8th Symposium on fusion Technology, Noordwijkerhout, The 
* Netherlands, June 1974, p. 663. 
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A 3. GAS-BLANKET RESEARCH (L.Th.M. Ornstein a ! , C M . B r a a m s b i , 

B. Brandt c > > H 

W.J. Goedheer, R.S. de H--s, L.C.J.M. de K o c k a ) , J. Lok, 
e ) 

J.A. Karkvoort, R.W. Polman, W.J. Schrader, H. Schrijver , 

F.C. Schüller, W. van den Boom, G.J. Boxman , O.G. Kruyt, 

K.A. van der Laan, B.J.H. Meddens ; students and trainees 

during 1974j A.A. van Ballegooijen, C.G.M. Bakker, Miss 

H.ri.E. Borgen, M. Borrias, H.J. Goedkoop, A.J.G.G. van Heck, 

R.J. Makkink, A.N. Mostert, J- van Os, H.G-. Polderman. 

The aim of the gas-blanket research is to shield a hot plasma 

core from interactions with surrounding material walls. Provided that • 

a sufficient flow of energy can be maintained, a hot plasma can exist 

in contact with a cold wall through a transition layer in which the 

variables of state are continuous functions of the radius, ranging from 

those of a tenuous hot plasma, to a relatively dense, cold gas. Such a 

relatively cold envelope, a "gas blanket" around a high-temperature 

plasma can have several advantaias, notwithstanding the higher energy 

losses. If the temperature and density profiles are such that the mean 

free paths of all particle species are small compared to the scale 

length of the profiles, the temperatures of neutrals and ions are more 

or less equal and therefore, no cold neutrals from the wall can reach 

the hot core. This means that energy losses by charge exchange are 

only large in the boundary region and can be described as a contribu

tion to the heat conductivity. Similarly, energetic particles from the 

inner hot core have a strong interaction in the outside layers such 

that only thermalized flux can hit the surrounding material walls. The 

interaction of low-energy particles at the walls only gives rise to 

low-energy influx of the working gas, and sputtering of higher-mass 

contaminations into the plasma is avoided. The influx of cold gas from 

the wall region is intercepted in the outer low-temperature plasma 

layers. Thus, a complete shielding of the wall from plasma is provided 

according to the "impermeability criterion" as introduced by Lehnert . 

At present, the device Ringboog (3.1) is operated to study 

these concepts experimentally, whereas additional heating systems are 

considered to increase the temperature of the inner core. The design 

a) sine» 1-7-1974 
b) fro» 1-3-1974 until 1-7-1974 
c) till 1-3-1974 
A) since 15-12-1974 
•> »inc« 1-12-1974 
f) at MIT, USA, during part of thl« period. 
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of a larger system is considered in which the temperatures may approach 

the thermonuclear range while a protective cold plasma and gas envelope 

reduces plasma-wall interactions. Work on smaller, supporting experi

ments is carried out on an 8 kHz inductive toroidal discharge (3.2) and 

a DC partly toroidal arc stabilized by a poloidal gas vortex {3.3). 

Numerical work (3.4) is done to compute the profiles in a 

plasma gas-blanket system. Furthermore, a model of a toroidal fusion 

reactor is studied in which a stationary equilibrium of the inward dif

fusion of gas from the blanket into the core solves the fuelling pro

blem, whereas the reaction product helium is removed by outward diffu

sion. 

A 3.1 Ringboog 

R.S. de Haas, L.Th.H. Ornstein, W.J. Schrader, F.C. Schuller. 

Experimental arrangement 

Ringboog is a toroidal gas-blanket experiment, in build-up 

comparable to a medium-sized Tokamak. Various parameters of the expe

riment are given in Fig. A.14. The toroidal magnetic field, up to 

Fig. A.14 
A diagraa of the Ringboog 
device. 

R 

a 

Bvert 
*horz 
I 
Pb 
Po 

- 0.52 a 
- 0.34 A 
• 0.085 B 
• ltaiter radius 
* 0,080 B 
- 0-3.2 T 
0- 1.5*10"2 T 
0- 1.S*10~2 T 
0-40 kA/3.0 IDS 
5X10" 
5*10" 

Torr 
3 _ 1 Torr 

, i . s11icon-iron transformer core; 
2. primary windings with trans

former ratio 1, 2 or 4; 
3. pre-magnetization turn; 
4. 24 Bitter-type coils for toroi

dal field with eccentric bore; 
5. return winding for Bitter coils; 
6. vertical-field coils; 

7. coils for horizontal stray field 
correction; 

8. 4 diagnostic T-port»» 
9. vacw» vessel wall (quartz); 
10. copper limiter; 
11. in - out, top - bottom wires 

monitoring vertical and horizontal 
field fluxes. 
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List of diagnostics 

type objective first results at low-
power node *) 

1 potential 
probes 

2-dim. pot. 
distribution 

double-vortex flow 
U « 7x102 m/sec (Fig.A.16) 

2 magnetic 
probes 

pol. nagn. field B p 

* tor. curr. dens. j T 
see Fig. A.18 T =3.2 ev 

2 magnetic 
probes 

tor. nagn. field A&j. 
* diamagn. current distr. j too small 

2 magnetic 
probes 

MHD instabilities resonant surfaces 
3 diaatagnetlc 

loop *d 
*, = 2*10-6 Vsec 
Q 

4 Stark 
broadening ne(r) n~ = 6.5X1020 m-3 

5 line spectr. neutral density n (r) o nearly operational 

6 UV spectr. impurities operational (cf. sect.A. 5 2) 
7 infrared inter

fere* etry (HCN) 
/ n dl * e 

operational (cf. sect-A.53) 

8 laser scatter. T , n (r) e e 
under construction 

*) I - 7.5 kA; B T « 1.65 T: p o « 2.&xlO~
2
 T o r r H ^ 

3.2 T, is made by means of a Bitter coil system, fed by a 9 MVA recti

fier unit. To Induce the plasma current a shell type transformer is 

used. The primary windings, coils providing a vertical field to main

tain equilibrium and coils to correct stray fields are fed by capaci

tors and are mounted outside the toroidal field coils. The discharge 
3 

vessel is made of quartz ). 

4) 
Experimental results 

The available physical parameter space has been under explora

tion since the device was put into operation in early 1974. The highest 

current level reached is 40 kA. Scaling of the central current densities 

measured at low power indicates that the largest current will be 60 kA 

with q(a) • 3.2 at q(0) • 1. To get an insight into the discharge mech

anism, the distribution of the floating potential, V-, and the poloidal 

magnetic field, B , is measured with potential probes and magnetic 

probes at a low-power mode of operation, which is characterized by a 

discharge current I * 7.5 kA, a toroidal magnetic field B =1.65T, and 

a filling pressure p Q • 2,5 « 10"
2 Torr hydrogen. In this type of dis

charge the central temperature is 3.2 eV (Fig. A.18) with an electron 

density of 6.5 x 1020 a"3. 

The equilibrium is complicated by the force of attraction 

exerted on the plasma by the central limb of the iron transformer core. 

The poloidal field between the plasma column and the core is greatly 
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weakened, while the field outside, above and below, is slightly en

hanced. A sketch of the poloidal field lines is given in Fig. A.15. 

Fig. A.15 
SVetch of the poloidal »agr>etic f i e l d 
l i n e s in the Ringkoog device» The 
shadowed area i s the plasma in which 
the cross sec t ion of the f lux surfaces 
can be kept approximately c ircu lar by 
means of a s p a t i a l l y inhonogeneous 
ver t i ca l f i e l d . 

If B i s lower than 3, t h i s force of a t tract ion i s larger than the ou t 
driving force and a v e r t i c a l f i e l d that enhances the l a t t e r i s necessa
ry t o get equilibrium. With a gas blanket, 6 must be defined a s : 
S * 2M (p - P-J/tB* (r. ) , in which p i s the plasma pressure averaged 
p O W p D 

over the column cross section, p is the gas-blanket pressure outside 

the column and r. is the radius of the column boundary taken to coin

cide with the isothermal surface T * 1 eV. As a criterion for the pro

per value of the vertical field B , we demand that the total flux mea

sured by the loops mounted in the equatorial plane on the torus surface 

(see Pig. A.14), is zero during the discharge. This means that the 

outer magnetic surfaces of the plasma are concentric with the vessel 

wall. In this case, however, the floating potential distribution indi

cates a double-vortex flow as shown in Fig. A.16, streaming to the out

side with a central velocity of 7 * lO2 msec - 1. A mass flow U, is 

O 

c 

T I • I—i— r 1 • r t • t—r—r 

Pig. A.16 
Map of the tines of equal 
floating potential in Ring-
botnf at the T-port 180° away 
from the limiter. The poten
tials are Measured again*t 
the potential of the T-port 
at ground level. 
I * 7.5 JcA; 
fcj, - 1.65 Tj 
p0 « 2.SX10"

2 Torr* 
t * 1.5 ms. 
The magnetic surfaces are 
circular and concentric. 

0*5 0.30 0.55 0.60 

major radius H(m) 
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driven by the outward force F„. If the vertical field is adjusted to 

stop this convection, the magnetic surfaces are found to intersect 

with the torus wall. It is possible to balance the column without a 

vertical field. In that case the stagnation pressure at the outside 

wall partly counteracts the original driving force. Of much more impor

tance, however, is the development of the potential difference <* U * B_ 

between top and bottom which causes a vertical current I to flow, if 
v 

an external conductor, for instance a metal l imi te r , closes the current 

c i r c u i t . I f 1 * L + ?_ = 0, a s tat ionary s i tua t ion i s reached. This 

mechanism was demonstrated in Ringboog by using a divided l i ra i ter . The 

current in the external short c i r c u i t was measured as a function of 

the applied Bv (Fig. A.17). 
0.75 

< 
* Ü50 
> 

0 2 5 -

1 r ~ " • > ' 

- 0 5 • 0 5 .TO 

• B v (K)2T) 

F i g . A.17 
The current through an e x t e r n a l s h o r t 
c i r c u i t c o n n e c t e d t o t h e two h a l v e s of 
a d i v i d e d u m i t e r (wi th a r a d i u s of 
70 am) p l o t t e d a s a f u n c t i o n o f the 
a p p l i e d B y i n t h e Ringboog d e v i c e . 
1 * 8 kA; 
&T = 2 T; 
p = 5*10" 
t = 1.5 ms. 

Torr Ho 

The low-power node of operation of the Ringboog device explored 

until now, gave a diecharge with well-centered, circular cross sections 

of the magnetic surfaces. This makes it useful to calculate the toroidal 

current density <JT<r)> from <B (r)>. A conductivity temperature Ta(r) 

has been calculated with Spitzer's formula. The curves <j„(r)> and 

T0(r) are shown in Fig. A.18. An effective heat conductivity *_,- can 

be found from; 

f ^(rT'r'dr' 
*eff<r> * " ET ~ "^7 

in which E°, is the toroidal field strength on the magnetic axis. If we 

compare this temperature profile with the profile T' calculated with a 

computer code for linear magnetized arcs with the same power, 4.5 * L05 W 

per meter column length, we notice that the code gives the same radius 

for the T - 1 eV isothermal surface. The heat conductivity outside this 

surface Is determined by the well-known heat conductivity of neutrals 

and dissociating hydrogen, K. , independent of toroidal geometry. The 
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linear code fails in the inner zones since no toroidal effects are in

cluded. The classical ion heat conductivity for collision-dominated 

plasmas in toroidal geometry K , is given by: 

tor 
= <l {1 + 1.6 q2 (r)1 

in which K, is the ion heat conductivity for linear systems perpendicu

lar to the magnetic field. 

It can be noticed (Fig. A.l8) that <tor^
r) differs only by a 

factor of 2 from cf(r),which maybe caused by errors not only in *_** 

but also in the values of n. used for the calculation of K^ * n|, 

•'reliminary results were ob

tained for a high-power mode of opera

tion: with discharge currents up to 

30 kA equilibrium could be maintained. 

The current-density profiles as derived 

from magnetic probe measurements show 

the predicted behaviour only in the out

er layers near the wall, whereas in the 

central region a flat current profile is 

20 40 60 SO 
-• - r(mm) 

Fig. A.18 
The toroidal current d e n s i t y , j T , and the con
d u c t i v i t y temperature T0 under the assumption 
of a c y l i n d r i c a l i y symmetric d i s t r i b u t i o n de 
rived from the po lo idal magnetic f i e l d d i s t r i 
bution measured in the Ringboog device at 
I * 7.5 kA; H,. > 1.65 Tj pQ * 2.5*1CT2 Torr; 
t = 1.5 B S . 

T' i s the temperature d i s t r i b u t i o n ca lcu la ted 
with a computer code for a s t r a i g h t arc with 
the same power d i s s i p a t i o n (P « 4 .5x10 s W/m). 

found. This may be caused by the occurrence of minor turbulence s ince 
t>e e lectron d r i f t v e l o c i t y v d e « JT /en jus t exceeds the thermal speed 
of the i o r s . The evidence for turbulence i s the emission of microwave 
radiat ion: the spectrum of which peaks around 6 GHz which i s equal t o 
u p i ' T h e n c l e a r l v ' t h c temperature cannot be ca lcu lated from the con
duct iv i ty and a l s o the toro idal correct ion factor ( i + 1.6 q 2 ( r ) } i s 
no longer app l i cab le . 
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Data acquisition 

J.J. Busser, R-S. de Haas, H.A. van der Laan. 

The data acquisition system is based on fast digital, record

ers (Biomation, types 802 and 610). A small local computer is used to 

read out the information {Ik for each Biomation). Recently we have 

changed from paper tape to magnetic tape. The language is FOCAL 8k as 

modified for DEC-tape use. An extra 8k memory will shortly be installed: 

this will enable us to treat more data faster, using binary storage 

which requires less tape but more memory than the original FOCAL ASCI. 

The time to record one shot will be reduced from 3 minutes to an average 

of 30 seconds. 

With an adjusted DEC-tape routine, the PDP-8E tapes can be 

handled on the laboratory's PDP 15 where elaborate data processing is 

possible. 

memory 

first treot ment 
end checking final treatment 

processor 

PDP 15 

WO 1-24 
input and output module» for; 
t»ornotions, miniverter, 
shot counter, display light-pen, 
2 k memory, binary input/output, etc. 

3. I/O 
23 

I/O 
24 

diognostics 
TT 

Fig. A,19 Data-treatment system tor Ringboog, 
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A 3.2 Toroidal inductive a*rc 

J. Lok. 

In this experiment the behaviour of a toroidal gas discharge 

is investigated; the discharge is inductively coupled through a 

0.03 Vsec iron-core transformer with a motor generator set of 180 kW CW 

at a frequency of 8 kHz. The discharge is struck in a toroidal quartz 

vessel with R = 19 cm, r « 4 cm. 

The work has been continued by measuring the dynamical current-

voltage characteristics as a function of the filling pressure for dif

ferent gases: hydrogen, deuterium, nitrogen, helium,and argon. All these 

characteristics show hysteresis, which is dependent on the kind of 

working gas and its pressure. The power delivered to the plasma depends 

strongly upon the plasma impedance, which is a function of power ab

sorption and losses. The matching between the transformer coupled dis

charge and the generator is obtained by an autotransformer and a set 

of capacitors. By varying the matching system the dynamical character

istics of discharges in hydrogen have also been obtained at a constant 

pressure at discharge currents roughly between 500 A and 2500 A# The 

loop voltage (taken at current maximum) as a function of the almost 

sinusoidal discharge current shows a decreasing character. This is very 

clear at the highest pressure at which measurements could be done, i.e. 

20 Torr. 

In experiments with a slender torus with R * 19 cm, r » 2.5 cm 

it has been found that the lower-pressure limit at which quiescent and 

reproducible discharges could be sustained is somewhat higher. Further

more, it appears that the loop voltage increases by 15 - 30% depending 

on pressure, while the discharge current decreases by 10 - 20t. 

A 3.3 Stabilization of a semi-toroidal arc by a vortex 

R.W. Polman. 

In the relatively cool rotating gas layer which surrounds a 

semi-toroidal gas discharge and which is enclosed in a metal toroidal 

vessel, temperatures were measured with ff26Re/W5Re thermocouples. To 

obtain the real gas temperatures from the measured junction temperature 

a correction had to be made which, for example, at a junction tempera

ture of 1800 K appeared to be as high as 2000 K. Then the assumptions for 

the calculation are not valid. Since the large temperature jump between 

gas and junction was mainly due to heat conduction in the 0.25 mm dia

meter thermocouple wires, thermocouples with thinner wires will be con

structed. 
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A 3.4 Numerical calculations 

W.J. Goedheer, J.A. Harkvoort, H. Schrijver; in collaboration 

with J. Re», theoretical division. 

A 3.4.1 A model of a stationary D-T reactor 

J.A. Markvoort. 

A set of differential equations for a fusion reactor was de

rived, using the model of an infinitely stretched belt. In this confi

guration externally applied magnetic and electric fields in the toroidal 

direction are assumed. Although the equations describing the three-fluid 

system {D-T, He, e) are i*ore complicated than those derived earlier for 
2) 

a cylindrical model without axial current ' , it appeared to be possible 

to reduce these equations to a similar set. 

In this collision-dominated plasma column the fuel supply fa 

deuterium-tritium mixture) and the ash removal are effectuated by dif

fusion. The nuclear energy of the a-particles is balanced by heat con

duction and breftsstrahlung. The neutrons leave the plasma without 

interaction. The externally applied magnetic field, perpendicular to 

the radial temperature gradient, causes the kinetic pressure to be much 

larger in the centre than at the boundary. This is due to the Nernst 

effect. 

In order to obtain the best correspondence with an axisymrae-

tric toroidal plasma in which the magnetic field lines lie in magnetic 

surfaces we look for those solutions for which the magnetic surfaces 

are closed at infinity (z * «). This implies that at r ; R the poloidal 

magnetic field, the poloidal current density,and the radial pressure 

gradient are equal to zero: j, • B_ • dp/dr = 0. in this way two mag-

netic surfaces at different radial positions correspond to each other 

in the same way as the two intersects of a magnetic surface with the 

equatorial plane in the toroidal case. 

This set of independent differential equations was arranged 

in such a way that they can also be used for a cylindrical plasma 

reactor with an axial magnetic field. For this case the equations were 

solved numerically with a Runge Kutta method. The I-V characteristics 

and the current-density profiles were determined and the Influence of 

the axial electric field on the temperature and density profiles was 

analyzed. 

Then, with the same equations we can also study a fully ionized, 

infinitely long cylindrical deuterium-helium arc. In this particular 
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case the only energy source is the ohmic heating by the axial current. 

It was investigated how the density, the temperature, and the current-

density profiles change if the heat conductivity is increased by a 

tentative factor (l + *.6 q2) to take toroidicity into account. 

Finally, for the cylindrical case the three-particle model 

was extended to a four-particle model to study impurity profiles. 

Carbon is taken as an example of an impurity in a possible reactor. It 

follows that the impurity density as well as the helium density increase 

in the direction of the cylindrical axis. Quantatively it is found that 

near the axis the level of impurities will be increased by orders of 

magnitude over the He-density (n£) (Pig. A.20). The numerical results 

were verified analytically. 

It is found that in the tem

perature range from 105 to 

107 K, the quantities n n|, 

n^rn2, and n*(3Zc~4,n-i are a e * c 
constant. The subscripts e, 

d, 4, and c refer to elec

trons, deuterium, helium and 

carbon, respectively; Z is 

the nuclear charge of the 

impurity. 

Pig. A.20 
The density profiles n , n. , n . as 
well as the temperature profile T 
as a function of R for a typical 
set of boundary conditions. 

A 3 .4 .2 The energy balance of a c y l i n d r i c a l plasma column with a 
gas blanket 

w.J. Goedheer. 

The aim of this work is to study the partially ionized and 

neutral regions of a plasma gas-blanket system. 

The first idea was to study mainly the effect of radiative 

energy transfer, but since it turned out that deviations from local 

thermodynamic equilibrium were much more important than radiation 

effects, an effort was made to include these deviations in the arc 

code of Verboom . 
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A method was developed in which the neutral dens i ty i s c a l 
culated from a reduced s e t of rate equations. This method was tes ted 
on plasmas of a giv^n temperature and pressure and af ter that included 
in the Verboom code. 

Since s teep temperature and densi ty p r o f i l e s occur in the 
Verboom arcs , the method was further adapted to include e f f e c t s of d i f 
fus ion . 

Moreover, we considered the problem how to ca lcu late the 
radiation dens i ty as a function of the frequency at a given place 
in a c y l i n d r i c a l arc , when absorption i s present . 
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A 4. ALCATOR 

Cooperation FOM-Instituut voor Plasmafysica and Massachusetts Institute 
of Technology, Cambrickje, Mass., U.S.A.*? 

L.Th.M. Ornsteind , coordinator; G.J. Boxman , R.J.J. van 

Heijningenc', L.CJ.H. de Kockd) , P.C.T. van der Laan* , 

B.J.H. Meddensd', A.A.M. Oomensb); J. Remf>, T.J. Schep9*, 

theoretical advisors; G. Gerolamo . 

The purpose of the Alcator Tokaotak experiment is to produce 

toroidal plasmas carrying relatively strong currents (several 100 kA) 

and high-current densities (of the order of 1 kA cm"2) - The argument 

for this is that high values of the former parameter make it possible 

to confine plasma with thermal energy densities of thermonuclear in

terest while high-currert densities can produce efficient ohmic heating 

even for electron temperatures in the keV-range. With the ability to 

combine these values of electron temperatures with plasma densities as 

high as 10lH cm-3, the possibility exists to obtain also relatively 

higt ion temperatures and to investigate plasmas for which both tht 

electron and the ion populations are in the collision-free regimes. 

The Alcator experiment is carried out at the Massachusetts 

Institute of Technology, mainly by the MIT Alcator group, by the FOM 

guest team, and by a guest team from the Euratom CNEN Association, 

Frascati, Italy. 

A 4.1 Description of the experimental facility (see Fig. A,21) 

During early 1974 the Alcator setup was rebuilt to meet the 

necessary specifications. In order to achieve the high-current density 

goal, the development of suitable high-magnetic field technology has 

been necessary. This has in particular involved the construction and 

operation of a cryogenic toroidal Bitter coil which has been tested up 

to values of 100 XG magnetic field on the axis. This toroidal magnet 

is made of 250 pie-shaped, square plates of copper which are inter

leaved with insulating sheets and reinforcing sheets made of stainless 

*> sponsored by the U.S. Atomic Energy Commission 
• a) from 1-3-1974 until 28-4-1974 and from 17-9-1974 until 16-10-1974 

b> from 1-8-1974 
c) from 22-5-1974 until 28-Ö-1574 
&\ until 1S-12-1974 
e) until 20-6-1974 
f) from I-i-1974 until 24-3-1974 
q) until 18-11-1974 
h) on MIT budget. 
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Fig, A.21 Layout of Alcator Experiment: 1, neutral particle spectroscopy.-
2. pumping station; 3, liquid nitrogen manifold; 4. HCN intertero-
•eter port; S, liquid nitrogen cryostat; 6. limiter port; 7. pump
ing station; 8. Thomson-scattering port; 9. vertical field coils; 
10. transformer assembly; 11. Bitter magnet; 12, RF heating port; 
13. microwave interferometer; 14. bellows vacuum chamber; 15. mag
netic diagnostics (in each of the four quadrants). 

steel. The central element of the ohmic heating (OH) system is an air-

core solenoid which has been tested up to magnetic fields of about 

100 kG, corresponding to a magnetic flux variation of about 1.0 Vs. 

In series with it are three pairs of coils, the function of which is 

to Minimize the stray transverse magnetic field in the plasma volume. 

In operation, the OR system is charged to its maximum value by means 

of a v MW f-over supply. The currant is then switched to zero through 
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a programmable sequence of resistors by means of a 40 kA, 30 kV vacuum 

breaker switch assembly. By variation of resistance values and timing, 

it is possible to vary the release of flux, and hence the tine profiles 

of loop voltage and plasma current. Three additional pairs of coils are 

used for static horizontal and dynamic vertical field control. The en

tire magnetic system i3 cooled to 77 K by circulating liquid nitrogen. 

This allows operation of the Bitter magnet to fields of 100 kG with the 

30 MW generator power of the Francis Bitter National Magnet Laboratory 

(MIT). 

The vacuum system is constructed by connecting 4 lar̂ -r flanges 

(with access ports) by bellows quadrants. Each bellows is .formed from 

0.5 nun thick stainless steel and is" nested in a copper shell of 1.25 cm 

thickness. The shell quadrants are electrically insulated and rigid

ly supported by the flanges in order to withstand the large vertical 

forces caused by interaction of equilibrium currents and the toroidal 

field. Conditioning of the chamber is done by a combination of baking 

and discharge cleaning, which is performed by applying low-energy pulses 

to the ohmic system. 

The limiter is constructed of two crescents of molybdenum, 

forming the top, bottom, and inside surfaces, and a straight bar of 

tungsten-rhenium alloy forming the outer surface. Only relatively minor 

surface melting of the outer portion was found. The major radius of the 

device is 54 cm, the inside bore cf the vacuum charaber is 25 em. The 

straight segment of the limiter is movable, and for the experiment des

cribed below, the maximum circular bore was chosen to be 19 cm. 

Diagnostic systems 

Various diagnostic systems have been installed (cf. Fig. A.2lj. 

Magnettc^gick^ug 

Apart from Rogowski belts to measure the discharge current, a 

number of B. pick-up coils are mounted around the mirror circumference, 

all located in depressed grooves in the middle of the four bellows 

sections. Two types of coils exist: belts with 8 or 12 discrete identi

cal coils evenly distributed along the minor circumference and addition

al pick-up belts of which the azimuthal winding density varies to a 

high approximation as cos m e or sin m 6 (where m • 0, 1, ... 6). With 

these coils instantaneous Fourier analysis of poloidal magnetic field 

variations is possible. The simultaneous occurrence of signals of the 

same frequency at other m-coils with other m-nuirbers than the exciting 
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mode can be explained in terms of the eccentricity and toroidicity 

of the plasma column. 

In order to measure the electron density integrated along the 

optical path through the plasma a 4-mm microwave interferometer is 

used. It employs a system for the direct read-out of the phase shift 

caused by the plasma, i.e., a not necessarily integer number of 
2) 

fringes 

An HCN interferometer has been developed and has verified so 

far the data of the 4-nm interferometer? eventually it will be used 

to measure electron densities above the 4-mm cutoff. 

The diamagnetism of the plasma is measured by single loops at 

the same locations as the magnetic belts. Changes in the main toroidal 

magnetic field, deficiencies in the enclosure of the .magnetic flux 

within the magnet, as well as variations of the magnetic current due to 

coupling with the plasma current are all compensated by subtracting a 

complex (but mainly real) fraction cZ the magnetic current, as measured 
by a Rogowski coil in the bus bar system. Errors due to polcldal mis

alignment, i.e., pick-up of horizontal and vertical fields, have still 

to be compensated. 

X-ray^measurements 

The soft X-ray measurement is based on a foil-absorptior tech

nique using a krypton-filled proportiynal counter as a detector. The 

detector views the plasma through a thin Be window and mainly responds 

to the hottest region of the discharge. Hard X-rays were monitored by 

means of an Nal scintillator. 

T̂ omjon;; scatter ing_n»asur£ntent 

A 90° Thomson-scattering system for the measurement of electron 

temperature employs a pulsed (20 ns) high-energy (10 J) ruby laser fired 

vertically through the plasma and focussed on the median plane, scat

tered radiation is collected radially and is analyzed by a grating 

spectrograph. The radiation is detected by an array of 10 photomulti-

pliers. The vertical laser beam can be scanned horizontally at four dif-
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ferent positions and hence approximate radial temperature profiles can 

be obtained. 

Information about high electron densities can be inferred 

from the intensity o£ the scattered radiation. An absolute calibration 

has been made in the lower range of densities using the results of the 

4-mm interferometer. 

Neutrons are detected by a BF, counter surrounded by 10 en 

paraffin and 1 cm lead. The counter is 30 cm long and 2.5 cm in dia

meter. 

Neutral_atom_spectrometrY 

To obtain a measure for the ion temperature the energy dis

tribution of energetic neutrals originating from charge exchange in 

the plasma is determined by means of a neutral atom spectrometer. This 

device consists of a gas cell (length IS cm, nitrogen filling pressure 

- 10~2 Torr) behind a narrow entrance slit, directly facing the plasma; 

a set of 4 5° electrostatic deflection plates is employed to analyze 

the secondary ions produced through charge exchange in the gas cell; 

to detect the ion flux a channeltron is used. 

A 4,2 Experimental results 

During the later part of the year 1974 the machine was cooled 

to cryogenic temperatures and operation in the range of toroidal fields 

between 35 kG and 55 kG was explored. Plasma currents of up to 200 kA 

have been achieved. The value of q at the limiter was generally between 

2.5 and 4.0, with the most stable and longest diacharges of duration up 

to 300 msec occurring for q * 4. Filling pressures of 2-5 * 10"* Torr 

H2 or D2 were used. The electron density ranged fro» 0.5 to 3 * 1013 cm"3. 

The plasma equilibrium is obtained by the combination of ex

ternally applied transverse fields (1 kG at 200 kA plasma current) and 

the action of the copper shell. In the absence of the external fields 

the outward shift in plasma position i> 2 cm) and the corresponding 

loss of current results in operation with q > 6. Normally the external 

field is applied on the time scale of the plasma-current rise. A 

fraction of the field starts to act on the plasma at the time when it 

is applied (through gaps in the copper shell), the rest of the field 

diffuses through the shell as the image currents dissipate. In this 
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combination, the copper shell can be considered as a high-frequency 

feedback system with a low-frequency component of the field progratnmed 

externally. The diffusion of the applied vertical field through the 

copper shel). in the region away from the gaps is shown in Fig. A.. 22. 
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Fig. A.22 Vertical fields as measured outside and under the shell 
far away from the port sections. 

Dramatic improvements in position and in attainable current -

for increasing value» of the transverse field B - can be seen from 

Figs. A.23a and A.24a. In the case of insufficient B during the late 

phase of a given discharge, the current disruption is often preceded by 

a violent m - 2 oscillation in the poloidal magnetic field. The fre

quency of this oscillation exhibits large changes in the sense that it 

slowly decreases, or fluctuates and decreases, as the time of disrup

tion is approached, in all the cases where a well-centered discharge 

is produced and relatively high current levels are produced, corres

ponding to q * 2.5, poloidal field oscillations with m * 4 and 3 are 

observed during the current rise and a steady m * 2 oscillation during 

the plateau of the current pulse (see Figs. A.23b and A.24b). The onset 

of w « 4 and m » 3 oscillations occurs at the moment when q at the 

limiter reaches values of 4 and 3. The occurrence of ID « 2 oscillations 

during the plateau may be associated with a constriction of the column. 

Peak electron temperatures measured by Thomson scattering in 

deuterium discharges in the range of currents of 50- 120 JcA are 500 eV 

to 1.5 keV, With the density and (peak) electron temperature Increasing 

approximately linearly with the current, this implies 3_ol* constant. In 

hydrogen discharges investigated thus far, peak electron temperatures 

are lower (< 1 keV), while the density remains approximately constant. 
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Hence for these discharges ii , is a decreasing function of current and 

is lower than in the deuterium discharges. 

In deuterium discharges the electron temperatures deduced from 

the soft X-ray measurements are in fair agreement with the values de

termined by Thomson scattering. This is not the case for hydrogen dis

charges where the outcome of the soft X-ray method is about twice the 

value of the scattering measurement. This is probably due to the occur

rence of a supra-thermal high energy tail (several to 10 keV) of the 

electron energy distribution super-imposed on the quasi-Maxwellian bulk 

of about 1 keV. 

The decreasing density, as measured both by the interferometer 

and the Thomson-scattering experiment, and the decrease of the total 

bremsstrahlung emission (proportional to nM suggest the absence of 

strong interaction with the vacuum chamber. The hard X-ray flux is re

latively weak for these discharges. 

The neutron emission from Alcator can be detected for I > 80 kA 

and B. > 27 k<J. The flux varies from 100 neutrons per sec up to 10,000 
<J> — 

neutrons per sec at I = 140 kA, B. = 55 kG. The emission continues 
P 9 

during more than 100 msec- The ion temperature T^ derived from neutron 

data varies from 400 eV to 800 eV. 

If after subjecting the plasma chamber to discharge cleaning 

and producing a considerable number (250) of discharges in D~, the gas 

fill is changed from D- to H,/ the neutron emission vanishes in 1 or 2 

discharges. This apparent lack of gas reflux fro» the vacuum wall is 

also indicated by optical measurement of H and D lines: in experiments 

where D2(H2) is used after prolonged operation with H,{D2) the H (Da) 

emission ceases after a few shots. A further indication of the relative

ly low Influx of high Z-tmpurities is the constancy of the average elec

tron density during the discharge. 

Recently, measurements were taken of the behaviour of the 

plasma during pulsed gas feed. Under normal discharge conditions 

(q > 3, well-centered) the average electron density could be increased 

from 1013 cm-3 to 2 x ïo1"* cm~J. During this Increase the plasma cur

rent and the ring voltage remain nearly constant (approx. 100 kA and 

2 V, respectively). It was found that 6 increased linearly with the 

increasing electron density, up to a value slightly above B « 1. Si

multaneously (or consequently), the energy-exchange time increased 

from T_ * 1 msec to T £ * 10 msec. 

Preliminary measurements of the conductivity as measured 

directly and as inferred from the measured T indicate at low v^/ v
tK e 

values (< 0.1) a value of Ze;* close to 1 for hydrogen (or deuterium) 

discharges and Z ,, «1.7 for helium. For high values of v-/v.h 
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(> 0.2) effects of the electron banana regime become not iceable: a 
weakly supra-»thermal electron population causes an increased conductiv
i ty (electron "slide-away"J. 
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A 5. DIAGNOSTICS 

A 5.1 X-ray diagnostics 

H.W. van der Ven, H.A. Post 

Some improvements have been made in the analog part of the 

fast cooled Si(Li) six-bits - one usee resolution - X-ray spectro

meter. With this instrument we measured the electron temperature 

directly in the afterglow phase of the linear turbulent heating ex

periment (Fig. A.25). 

We also determined the electron 

temperature in the afterglow of the 

turbulent heating experiment with 

the foil-attenuation method. This 

was done for several values of the 

magnetic field strength and of the 

capacitor voltage. Measurements 

were carried out with a carbon 

target put into the plasma to en

large the amount of bremsstrahlung 

in order to obtain a measurable 

signal. This yielded an electron 

temperature of about 7 to 8 keV, 

which is in good agreement with the 

temperature found with the Si(Li) 

detector. 

For higher electron tem

peratures Si(Li) detectors are less 

suitable because Compton-scattering 

effects will disturb the spectrum. 

We now intend to use a cooled Ge (Li) 

detector. Due to the better acces

sibility of this diode, current 

pulses, rather than charged pulses, 

can be used to get better time re-

fig, A.25 Electron teaoer^u™ t« solutions in the main amplifier. 

i < 

impurity 
line j 
radiation 

Electron temperature in 
the afterglow of the tur
bulent heating experiment. 

To de tec t energe t i c X-rays caused 
by the t a i l of the Maxwellian-
e lectron d i s t r i b u t i o n or by supra-
thermal e l e c t r o n s , instead of a 
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plastic scintillator a Nal(Tl) scintillator was used because of its 

higher photo-to-Compton ratio. 

A 5.2 Vacuum ultraviolet-spectroscopy 

A. Ravestein, H.W. van der Ven, W.J. Schrader. A.A. van 

Ballegooijen. 

A calibrated carbon X-ray line-source (45 R) was used to de

termine the quantum efficiency of a channel electron multiplier 

(Bendix type C.E.M. 4503), which was mounted on the photoelectric 

scanning attachment in the vacuum U.V.-spectrograph (Hilger and Watts 

E 580). The quantum efficiency at 45 8 of the channel electron multi

plier is about 5%. 

The vacuum in the spectrograph's tank was not sufficient for 

photoelectric detection with channeltrons, which need voltages up to 

4 kV; flash-over and spurious pulses occurred. Outgassing from the wall 

coating proved to be the cause; this was replaced by a bakeable Glasofix 

2-component coating yielding a base pressure of 6 x 10~7 Torr. 

In Ringboog (section A 3.1) at the relatively high working 

pressures (f 0.1 Torr) and low temperatures (estimated at 3 eV) it 

proved to be crucial to reduce the distance between the discharge and 

the spectrograph as much as possible. In the present arrangement 

that distance is 35 cm which was obtained by changing the turbomolec-

ular pumping system. In tl.is manner the absorption is - except for the 

highest pressures - reduced to an insignificant effect and the lumino

sity is sufficiently increased xo record photographically (Ilford Q 2 
plates, 10 shots/plate) some impurity lines between 1050 and 350 8. 

These were tentatively identified as coming from CII, CIII, Nil, NIII, 

Oil, and OIII. 

A 5.3 Microwave diagnostics 

C.A.J. Hugenholtz. 

To measure V.ie density of the outside plasma at the SPICA 

experiment, a 4-mm interferometer is prepared. Special lenses are de

signed to give access through the copper shell without disturbing the 

shielding effect. The lens consists of a number of small holes drilled 

in a solid plane metal disk. With increasing radius, the holes in the 

lene become smaller in diameter, so the phase velocity will increase 
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towards the edge which produces a focussing effect for microwaves. 

The HCN interferometer is installed at the Ringboog experiment. 

A fixed mirror in the machine was impractical, so we replaced *he 

Michelson interferometer by a Mach-Zehner setup. The first firings cov

ered by interference noise from the experiment were measured. We hope 

to improve the signal by proper shielding of the GaAs detector and by 

increasing the laser output power. 

Parts for a CO^-laser interferometer are ordered. The laser 

is a 3 Watt watercooled one, built at the Technical University Twente; 

a power supply for this laser is under construction in our laboratory. 

A 5.4 Neutral-particle spectroscopy 

H.W. van der Ven, Th.G.A. Winkel. 

For measurements of ion temperatures from charge-exchanged 

neutrals in an energy range from C.5 keV to 15 keV, a ten-channel elec

trostatic analyzer using a charge-exchange cell was designed. The as

sembly is nearly finished. 

Picture C.7 (page 66) shows the instrument with cover removed 

and also the construction of the plates which form the analyzing and 

accelerating part of the analyzer. To obtain a homogeneous electrostat

ic field a number of equipotential plates and metal grids with high 

transmission are used. 

An investigation of the linearity and current properties of 

the EMI 9524 type PM-tube, which would be applied as a scintillation 

detector for the secondary electrons, shows that remarkable results 

are obtained with dynodes 5 and 6 short-circuited and the last four 

dynodes at potentials of Dg_g at 125 V,
 n

9_ l 0 at 30 V, D.-,. at 250 V, 

a n d Dll-Anode a t l 5 0 V' r e sP e c t i v e ly• 

A 5.5 Thomson scattering 

D. Oepts, C.J. Barth. 

The setup for Thomson-scattering measurements on SFICA has 

been adjusted and checked with the aid of Rayleigh scattering by neu

tral nitrogen gas. The strength of the scattered signal conformed to 

the expectations and the parasitic stray-light level in the central 

channel was satisfactorily low, equivalent to a total Thomson signal 

of roughly 1020 electrons per ra3. Serious troubles were experienced 

due to the sensitivity of the laser Q-switch electronics for distur

bances caused by the SPICA discharge. After elimination of these pro-
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blems, attempts were made to perform electron-temperature measurements. 

These attempts had limited success due to several minor technical pro

blems, combined with unsatisfactory calibration. A calibration system 

using a light emitting diode in the polychromator has been installed 

subsequently. The CAMAC-multichannel AD-converter system has been made 

operational. Measurements with the improved setup have, however, not 

yet been made. 

The new Holobeam-laser system has arrived and was set up to 

make Rayleigh scattering and stray-light measurements with the optical 

systems to be used for Thomson scattering in the Torture and Ringboog 

experiments. The stray-light equivalent was satisfactory with the 

Torture system (2 * 1020 el nf3), while in the Ringboog case the re

quirement that the plasma column can be scanned in two directions, to

gether with the construction of the diagnostic port posed some problems. 

An acceptable stray-light level equivalent to about 2 * I02i electrons 

per in3 was obtained after some modifications. 4, 

The optical multichannel-analyzer system was received and ex

tensively tested. Its performance did not come up to the expectations 

and it has been returned to the factory for improvement. 

A 5.6 Optical diagnostics 

W.J. Mas top. 

Some measurements of the electron density of the SPICA plasma 

have been made with a stabilized Michelson interferometer . The device 

operated satisfactorily but at about 10 ys after the start of the dis

charge a mechanical disturbance arose, probably due to magnetic forces 

on the partially metal beam splitter section. A non-metal beam splitter 

section was made but could not yet be tested in SPICA. 

The interpretation of the interferometer signal has given pro

blems since in some cases the maximum phase shift amounts to about n/2 

while the sensitivity is minimal. To avoid these problems and to make 

the system Insensitive to amplitude fluctuations oi the optical signal, 

the construction of a new interferometer that uses a frequency-shifted 

laser beam and a heterodyne detection scheme is initiated. By processing 

the signal electronically we shall have a direct reading of phase shift 

4 instead of sin<|>. 
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B. T F? E: O R h: T r c A L. n i v i s i o N 

(M.P.H. W*>e:;i:ik' - J . Rer,; / 

R.W.B. B e s t , J . P . Goedbloed , J . J . L o d d e r , A .E .P .M. var. 

M a a n e n - A b e l s , J .W. Muqqc-, T . J . Scht-p " , R.C. ü t o r e r 

B 1. WAVE PROPAGATION 

' N o n l i n e a r e f f e c t s 

R.W.B. B e s t . 

Van Kampen's t h e o r y of Landau damping , in 1973 d e v e l o p e d up 

t o s e c o n d - o r d e r i n t h e f i e l d a m p l i t u d e , was e x t e n d e d t o i n c l u d e i o n 

m o t i o n i n 1974 . T h i s e x t e n s i o n made i t p o s s i b l e t o s t u d y t h e c o u p l i n g 

b e t w e e n t h e f i r s t - o r d e r Landau w a v e s . Wel l -known r e s u l t s were r e c o v e r e d 

f o r t h e c o u p l i n g be tween e l e c t r o n i c and i o n i c waves and f o r e c h o e s of 

e l e c t r o n i c w a v e s . R e s o n a n t c o u p l i n g be tween i o n i c waves i s , s t r i c t l y 

s p e a k i n g , i m p o s s i b l e s i n c e t h e r e s o n a n c e c o n d i t i o n c a n n o t be s a t i s f i e d 

e x a c t l y , However, a l l o w i n g f o r a mismatch o f t h e o r d e r of t h e damping 

i o n i c waves c a n c o u p l e r e s o n a n t l y f o r w a v e l e n g t h s l a r g e r t h a n 

AD (M./m ) . T h i s r e s o n a n c e l e a d s t o s t r o n g l y g rowing s e c o n d - o r d e r 

t e r m s a s s o c i a t e d w i t h two p o l e s and a d o u b l e p o l e i n t h e w - p l a n e . The 

d o u b l e p o l e c o r r e s p o n d s t o a s e c o n d - o r d e r wave which h a s t h e same p h a s e 

v e l o c i t y a s o n e of t h e p r i m a r y Landau w a v e s , and t h e d i f f e r e n c e of 

t h e i r wave n u m b e r s ; t h i s s e c o n d - o r d e r wave h a s been found in 1 9 7 3 . I t 

i s n o t y e t c l e a r how t h e s t r o n g l y g rowing t e r m s m e n t i o n e d ~bove , s h o u l d 

Le c r e a t e d m a t h e m a t i c a l l y . 

a) u n t i l 1-2-1974, now at Technische Hogeschool Eindhoven 
b) from 1-2-1974 deputy head 
c) from 1-1-1974 t i l l 1-5-1974 a t Courant I n s t i t u t e of Mathematical Sciences, 

New Xorlt. Prom 1-5-1974 at Los Alamos Scient i f ic Laboratory, Los Alamos 
d) a t «IT, USA, during par t of t h i s period 
e) guest col laborator from Flind^rg Universi ty, Bedford Park, Aus t ra l ia , u n t i l 

1-2-1974. 
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B 2. MAGNETOHÏDROOYNAMICS 

B 2 .1 Spin, parity, and the spectrum of ideal magnetohydrodynamicft 

J.P. Goedbloed" . 

A far-reaching analogy between the spectral problem of ideal 

MHD and that of quantum mechanics is established. In ideal MHD the 

spectral problem associated with waves and instabilities arises from 

the study of the sixth-order system FU) = ~ pw2 ~, for the displace

ment vector t,, whereas in quantum mechanics the analogous problem arises 

from the study of the Schrödinger equation H\J> = E^ for the wave function it». 

The mathematical equivalence of the two problems is based on the spec

tral theory of linear operators in Hilbert space which provides the 

proper way of studying the structure of the discrete, continuous, and 

cluster spectra in both cases. 

Homogeneous MHD systems exhibit three types of waves (slow, 

Alfvén, fast) so that the spectrum obviously is not exhaustively labelled 

by giving the wave numbers alone. This situation is reminiscent of that 

in atomic physics before the advent of spin and it is resolved in the 

same manner. In quantum electrodynamics of spin-one particles the wave 

equation becomes a sixth-order system for the vector i> , where the spin 

operators act on the spin index u, Likewise, we can introduce in ideal 

MHD S * 1 spin opt rators acting on the components of C. In this manner 

the force operator F can be composed of momentum operators P producing 

the wave numbers, and spin operators S producing the missing labels of 

the waves. The three discrete subspectra cluster at frequencies w2 (slow) 

w^ (Alfvén), and » (fast). 

In inhomogeneous systems, like the diffuse linear pinch, the 

cluster frequencies cu* and w^ spread out to form two continua. In 

addition, the reflection symmetry of homogeneous systems is broken,so 

that the discrete slow and Alfvén spectra split up into right-handed 

and left-handed waves,whereas the fast waves remain degenerate. The 

thus obtained five discrete spectra can be adequately labelled by means 

of the spin and the parity operator which no longer commutes with P in 

inhomogeneous systems. 

Thus guided by quantum-mechanical analogies a global repre

sentation of waves and instabilities in ideal MHD is found which will 

be useful for the study of the spectrum in more complicated geometries. 
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B 2.2 The continuous spectrum of ideal- magnetohydrodynani.es n̂ 

toroidal geometry 

J.P. Goedbloed. 

The continuous spectrum of ideal MKD a r i s e s as a re su l t of 
s p a t i a l inhomogeneit ies , in much the same way as the continuous spec
trum in the Vlasov descr ipt ion r e s u l t s from inhomogeneities in v e l o c i t y 
space. Thus, in ideal MHD two continua* of ^- funct ions are found ana
logous to the Van Kampen modes in the Vlasov p i c t u r e . These continua 
are r e l a t i v e l y independent of geometry e f f e c t s l i k e curvature (which 
a f f e c t s the d i s c r e t e spectrum) and, therefore , play a centra l ro le in 
the understanding of the s tructure of the spectrum. In the d i f fuse 
l inear pinch the slow and Alfvén continua are sandwiched between 
Sturmian and anti-Sturmian d i s c r e t e spectra c lus ter ing at the ccntinua. 
Both cotitinua c o n s i s t of modes l o c a l i z e d in a part i cu lar magnetic sur
face , but polar ized p a r a l l e l to the magnetic f i e l d for the slow modes 
and perpendicular for the Alfvên modes. 

In a x i a l l y symmetric toro ida l systems i t i s much harder to 
d i s t i n g u i s h the d i s c r e t e subepectra, but one can find the continua and 
c l u s t e r po in t s a n a l y t i c a l l y . The s ingular continuum modes are again 
l o c a l i z e d on par t i cu lar magnetic surfaces but the po lar i za t ion i s no 
longer purely p a r a l l e l or perpendicular. The reason i s that the magnet
i c f i e l d i s not constant on a magnetic surface so that the waves prop
agate ne i ther along f i e ld l i n e s nor along geodes i e s . As a r e s u l t , the 
Alfvén and slow ccntinua are coupled giving r i s e to oblique propagation 
for both continuum modes. This complicates the spectral problem cons i 
derably, e s p e c i a l l y with regard t o s t a b i l i t y because the coupling i s 
strong near the o r i g i n u2 = 0. 

Curvature e f f e c t s determine whether the t i p of a continuum 
i s a c l u s t e r point of l o c a l i z e d modes. Therefore, the Mercier c r i t e r i o n 
turns out to be jus t a spec ia l case for modes that are l o c a l i z e d around 
ra t iona l s u r f a c e s . 

A controversy about the number of continua in ideal MHD was resolved after a pro
longed discussion between K. Appert et a l . , J.P. Goedbloed, H. Grad, and J.M, 
Greene. Because of the presence of four singularities in the homogeneous equation 
i t was originally assumed that there are four continua in ideal MHD (H. Grad, Proc. 
Mat. Acad. Sci, 7J> (1973) 3277). Subsequent work by J.M. Greene and K. Appert et al. 
showed that two of the four singularities are apparent, thus shedding doubt on the 
original assunption. The final proof was given by J.P. Goedbloed who showed that 
the resolvent operator corresponding to the inhooogeneous equation is only un
bounded for the Alfvén and slow continuum frequencies, whereas i t i s bounded for 
the two other singular frequency ranges which, therefore, do not belong to the 
continuous spectrin. 
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B 2.3 Equilibrium and stability of high-beta diffuse Tokamaks* 

J.P. Goedbloed. 

The limitations on 8 with regard to equilibrium and stability 

of Tokamaks are investigated. The regime of interest is obtained for 

p ^ c and B ,/B. ^ c, where e is the inverse aspect ratio. The shift pol tor r 

5 of the magnetic axis away from the centre of the tube is then of 

order unity so that the equilibrium is essentially two-dimensional. {In 

the usual low-8 Tokamak ordering where S ^ z7
 r the shift 6 ̂  c so that 

one-dimensional approximations are possible.) After Fourier decomposi

tion of the modes in the ignorable angle $ the stability analysis also 

becomes two-dimensional, so that the basic problem consists of calculat

ing equilibria accurately enough that it makes sense to do a spectral 

analysis of the stability. This problem is solved in the following 

manner. 

The nonlinear equilibrium equation for the flux function ty is 

solved for exponential pressure profiles, exploiting a conformal mapping 

to a polar coordinate system r', 6' in which the magnetic axis is at 

the centre r' * 0 and the plasma boundary at the circle r' • 1. Both 

equilibrium and stability are then solved in this coordinate system so 

that no accuracy is lost in converting from one coordinate system to 

another. This transformation makes the low-6 equilibrium trivially con

centric circles to leading order, whereas high-B equilibria can be accu

rately represented by an extremely rapidly converging Fourier series in 

the angle 8'. This Fourier representation of the equilibrium is also a 

very convenient one for the stability analysis as part of it can now be 

done analytically. 

Limits on the equilibrium typically arise from the appearance 

of a second magnetic axis and bifurcated solutions when 6 becomes too 

large (this occurs at about <S * 0.4). This limit fixes a critical value 

of 6 depending on the safety factor q. Prom the stability analysis simi

lar limitations on g arise, so that one can then optimize parameters so 

as to obtain the maximum possible 0 as far as ideal MHD equilibria and 

stability are concerned. 

* Work in collaboration with J.p. Freidberg, Lo» Alamos Scientific Laboratory, 
Los Alamos, U.S.A. 
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B 2.4 Wave damping by phase mixing 

A.E.P.M. van Maanen-Abels. 

The damping of waves is studied in a plasma surrounded by a 

force-free field. Por the geometry of this plasma the reader is refer

red to the Annual Status Report 1973. The plasma is described by the 

ideal MHD equations. The influence of the parameters of this system on 

the damping has been studied and an attempt is made to find the physi

cal mechanism that causes the wave to be damped. 

SedlScek has found the same type of damping in his analysis 

of the damping of electrostatic MHD waves in a simpler plasma model. 

Since it is liRely that the same physical mechanism is responsible for 

the damping, we directed our attention to this basically more tracta

ble case. The model that SedlScek dealt with consists of two infinite 

regions of constant density p., p- (o2
 > ^i) coiuiê ted by a region in 

which the density varied linearly. In this plasmar model we now remove 

all particles in a narrow region, where the plasma frequency is 

equal to the real part of the frequency found in the dispersion rela

tion. As the number of removed particles is very small compared to the 

total number of particles in the plasma, the electric field caused by 

a disturbance in the plasma will not differ very much from the field 

occurring in the unmodified model. The dispersion relation for electro

static waves without this narrow region shows that damping does not 

occur. This indicates that apparently the particles that were in this 

region are responsible for the damping. At present we investigate 

whether the interaction of the electric field from undamped waves on 

the particles in the narrow region will lead to damping. 

It is hoped that the same method will explain the mechanism 

of damping in the model in which the calculations were done. 

B 3. TRANSPORT PHENOMENA 

B 3.1 A model of a reactor 

J.A. Markvoort in collaboration with J. Rem. 

A description of this investigation can be found in the expe

rimental section of this report. 
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B 3.2 Time-dependent diffusion of a plasma slab in a plane and in 

a cylindrical geometry 

J.W. Mugge. 

The time-dependent diffusion of a bounded plasma in a magnetic 

field is investigated. The plasma is described by the *iHt> equations 

neglecting inertia effects; the temperature is assumed to be a constant 

in space and time. 

In the plane as well as in the cylindrical geometry the time-

dependent diffusion is a one-dimensional initial value problem. We 

distinguish two different problems depending on the boundary conditions; 

in the first problem we take the magnetic field outside the plasma con

stant in space and time, while in the second problem we consider a 

plasma surrounded by a vacuum and a perfectly conducting vail. 

The plane-slab problem was solved numerically by the finite 

element method for some special initial profiles of pressure and the 

magnetic field. To understand the diffusion process in detail it is 

essential that an analytic treatment is carried out. For example, we 

want to understand which magnetic field diffuses faster, the applied 

field or the field from the current in the plasma. We also wish to know 

what determines their time-scales. This was possible for special ini

tial conditions. For a parabolic pressure profile, a lov-0 approxima

tion in combination with a multiple time-scale method yields results 

that are in aggrement with the numerical work. 

B 3.3 Time-dependent diffusion in a beltplnch geometry 

J. Rem, T.J. Schep, R.C. Storer. 

Diffusion of a toroidal plasma in a magnetic field is essen

tially a time-dependent phenomenon. It has been argued that the quasi-

stationary analysis of Pfirsch and Schlüter (PS) describes this process 

well after an initial phase in which only the poloidal flux varies, 

unfortunately, a complete time-dependent analysis is difficult because 

of the two-dimensional character of the process. However, there is one 

. geometry where this difficulty does not occur: the ideal beltpinch. In 

this geometry the magnetic surfaces are concentric cylinders and the 

moticr. of the plasma is one-dimensional. 

In the analysis that we carried out, the following assumptions 

were made; the plasma is described by the MHD-equations, the inverse 
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aspect ratio is of the same order as the ratio of the poloidal magnetic 

field to the toroidal magnetic field and is of the order of »-T. To have 

a correspondence with an axisymmetric toroidal plasma in whicii the mag

netic surfaces are closed,we impose conditions to assure that the mag

netic surfaces in this case are closed at infinity. This leads to a 

set of equations from which it is possible to obtain an expression for 

the velocity that contains the time only implicitly. The remaining equa

tions should yield the time-dependence of the pressure and the poloidal 

magnetic field. The possibility that these equations have no solution 

cannot yet be disregarded. If a solution does exist, it must lead to 

the results Of the diffusion of a plasma in a slab geometry, in the 

limit of an infinite major radius. 

B 4. INSTABILITIES IN A TOROIDAL GEOMETRY 

Collisions! impurity modes 

T.J. Schep. 

Recent high-temperature toroidal experiments have indicated 

that a small amount of impurity ions can have a considerable influence, 

in terms of raising collision frequencies, on the transport parameters 

of a plasma. On the other hand, theoretical discussions about the direct 

effects of impurities on the magnetic confinement of a high-temperature 

plasma have shown that drift modes with phase velocities between the 

impurity ion and main ion thermal velocities can be excited. Thus, a 

new interval for the phase velocities of modes driven by the radial gra

dient of the parallel (parallel to the magnetic field) pressure is In

troduced by the impurity species. When the collisional mean free path 

of the main ion population is shorter than the periodicity length and 

shorter than the parallel wavelengths, these modes are fluid-like. They 

are associated with the thermal conductivity, along the magnetic field, 

of the main ion population, and with the thermal electric force and 

momentum transfer due to collisions between the two ion species. 

Two collisional modes are shown to exist. When the density 

and the charge number of the impurity ions are small enough, such that 

collisions between the two ion species may be neglected, impurity sound 

waves and drift waves can exist. On the other hand, when the coupling 

by collisional momentum transfer between two ion species is rather 

strong, sound waves cannot exist and only the drift waves can occur. 

When the main ion temperature is sufficiently large, these modes can go 

unstable, depending on the radial density and temperature gradients. 
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B 5. QUANTUM-MECHANICAL METHODS 

Quasi-linear theory with quantum-mechanical methods 

J.J. Lodde r. 

The investigation of quantum-mechanical dissipative motion 

for systems of coupled harmonic oscillators has been continued. Exact 

dissipative equations of motion are derived, which can be used to de

monstrate the errors introduced by perturbation theory, random phasing 

or by the rotating wave approximation. Moreover, these equations permit 

us to investigate what can be done without extra averaging over the 

period of the oscillator, we have found that tt is impossible to obtain 

a master equation without averaging. 

Proceeding along similar lines it is possible to treat the 

problem of a more general system, for instance an atom or a spin. The 

H-atom was investigated with the hope of calculating the radiation from 

H-atoms in a turbulent pla..na. Some general results could be obtained 

but it was difficult to obtain experimentally useful results. 

In future we intend to apply the same methods to quasi-linear 

theory. 

B 6. FUSION REACTORS 

Radioactivity 

R.W.B. Best. 

Recent literature about the radioactivity of the core of pro

jected fusion reactors was studied and a comparison was made between 

the radioactivity occurring in such devices and in fission reactors. 

After shut-down the initial activity is of the order of 1 curie/watt, 

about 1 per cent of which is due to volatile isotopes. These figures 

are roughly valid for both fission and D-T fusion reactors. 

By a careful choice of the structural materials in a D-T 

fusion reactor, and assuming that this choice is consistent with the 

solution of the radiation damage problems, the fraction of the initial 

activity due to long-living isotopes (> 100 years) could be made negli

gible, contrary to a fission reactor in which very long-living plutonium 

isotopes are inevitable. 

A rigorous solution of the radioactivity problems would be to 

abandon D-T and burr, a pBl' mixture, which could be done in mirror 
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reactors with beam injection and direct energy conversion of the out-

coming particles. However» mirror reactors do not get much attention 

in present fusion research programmes because their physical problems 

are expected to be more difficult than the safety problems of the 

Tokamak reactors which appear manageable with the aid of fission-re

actor experience. 

Reference 

1. Z. Sedlacëk , J. Plasma Phys. 5 (1971! 2 39. 
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C. T E C H N O L O G Y A N' D E N G J N I. h V \ \ G 

C 1. ELECTROTECHNICAL DEPARTMENT (A.M. -.Mr, : r...;.T.., 

A. Agterberq, C.A.J, van der Gee r, A.F. var. acr Grit , B.J.J. 

Grobben, T.C. van der Heiden, M. van der Kaay, J.J. K̂ mp'~' , 

F.Th.M. Koenen, S.W.Th, de Kroon, P. Man 1 r,f veld , R.H. Pippel, 

J. Pouwelse, A.J. Putter, H.J.F, van Ramele, H.Th.G- Spitholt, 

A.B. Sterk, C.G.M, van Vliet/ ' , J.A. Verdoes'1', H.J.W. de Vor, 

A.C.A. van Wees' , N.J.M. Woudenberg, H.W. Wulffraat' ' , 

trainees during 1^74: D.P. Elzinga, J.Ch. Fluke, K.H. van de 

Graaf, A.G.M. Kats, H. Lunenborg, J.N.Th.M. Schouten. 

C 1.1 Special design studies 

P. Manintveld. 

The existing program for the calculation of forces in toroidal 

coll sets was further extended and parts of it have been used tc develop 

a program for the computation of the variations in the magnetic field 

of such a toroidal coil set. 

Negotiations with the electricity board and a power supply 

designer have been started, in ordei to get available 20 MW pulse power. 

At a request of the JET design team a study about the applica

tion of low-impurity steel for the transformer core has been started. 

C 1.2 JET 

Cooperation FOM-Instituut voor Plasmaf ys ica and JET design team at rulharr,, 
England 

A.C.A. van Wees, P. Hellingmane\ H. Oosterom1 . 

The various national laboratories studying controlled nuclear 

fusion within the European Community, ail now operate under Contracts 

of Association with Euratom and carry out a coordinated program of re

search in this field. 

a) from 1-9-1̂ 74 
b) until 1-9-1974 
c) at Culham Laboratory, England 
d) until 23-3-1974 
e) at present at Culham Laboratory, England; until 27-4-1974 at Mechanical Department 
f) at present at Culham Laboratory, England; until 1-4-1974 at Mechanical Department. 
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They have recently initiated, as a joint effort, the study of 

a major new plasma physics experiment. Subject to a successful outcome 

of the design study and to appropriate financial approval, it is hoped 

that the experiment will be built within the Community during the next 

few years. The experiment is Known as the Joint European Torus (JET), 

a fusion experiment based on the Tokamak concept. 

The main objectives of research with JET may be divided into 

three categories: 

a. the scaling laws up to plasma parameters which approach the reactor 

regime, 

b. the plasma wall interactions in these conditions, 

c. the study of a-particle production, confinement and subsequent 

plasma heating* 

A desiqn study team of physicists and engineers from the var

ious Associated Laboratories has been set up and is accommodated at 

the Culham Laboratory. 

An artist's impression of the apparatus is shown in Fig. C.l. 

The vacuum chamber is composed of a series of thick sections and bel

lows. This structure is able to resist the forces which arise from 

atmospheric pressure and from the current induced during the rise of 

the toroidal field. At the same time it has a sufficiently large re

sistance to restrict the flow of toroidal current» 

The limiter is made from a series of sections forming an axi-

symmetric limiter at the outside. There are also a series of poloidal 

protective shields preventing the plasma touching the bellow» and thin 

sections of the chajnber. 

The toroidal field magnet is formed by 32 D-shaped coils. A 

mechanical shell withstands the torque which arises when the poloidal 

field crosses the toroidal coils. 

The poloidal field coils are connected in parallel in order 

to simulate a copper shell acting against displacements or axisymmetric 

deformations of the plasma. The poloidal field coils around a central 

magnetic core create the primary flux. To obtain the maximum flux the 

central section of the core is driven far into saturation. The external 

magnetic circuit is formed of 8 limbs. 

The FOM detachment to the JET design team was mainly coopera

ting on the following itemss 

a.' The poloidal power supply system (A.C.A. van Wees); the work that 

was started in 1973 was continued during 1974. 

The main subjects were; 

i. circuit design 

ii. investigation of the most important elements (generator, 

rectifiers, main circuit breaker) 
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Fig. C.I An artist's impression of the JET machine. 

ill. computing pover and energy requirement for different modes of 

operation. 

b. The poloidal coil system (P. Hellingman). 

An investigation was set up in the technological possibilities of 

the proposed coil design. Computer programs for cooling and mechan

ical stresses are under development. During the study it became clear 

that thermal and mechanical stresses appeared to be a major problem 

for the inner coil. This was one of the reasons that the total de

sign changed at the end of 1974. 

c. The divertor coil (H. Oosterom). 

The possibility was investigated to place an axisymroetric divettor 

coil inside the JET vacuum chamber. Although the available space is 

Suva 11 and the access is bad and moreover, high forces will act on the 

divertor coil, a modular design seems feasible. 
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C i . J Electronics and electrochemistry 

A. Aqterberg, C.A.J, van der Geer, B.J.J. Grobben, J.J. Kamp, 

F.Th. Koenen, J. Pouwelse, H.Th.G. Spitholt, H.J.W. de Vor, 

N.J.M. Woudenberg, H.W. Wulffraat. 

Electronics 

la addition to regularly ordered new production of formerly 

developed circuitry, some new designs are to be mentioned. Wideband 

preamplifiers {DC - 2.5 MHz) and special integrators are some of these, 

But the most impressive proceedings were scored in the electro-optical 

field. 

The frequency range of OLAS (Optical Links for Analog Signals) 

using a pulse-code modulation system for high stability/ was extended 

to 1 MHz, For higher frequencies we still depend on direct analog 

transmission. 

50n»/div. 50n*/dlv 

Fig. C.2a One of the 6 input pulses and Fig. C,2b The same case as shown in 
6 output pulses in sequence. Fig. c.2a but now using 500 MHz 

as an input signal. 

Remote control of the transmission power with the aid of a 

second light guide to increase battery lifetime has solved the problem 

of frequent replacement of the batteries at hard accessible places. 

Since for the Optical Trigger Link (OTL) the laser diodes of 

10 W and higher output are readily available now, it becomes possible 
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to o b t a i n high i n t e r f e r e n c e r e j e c t i o n even with 20 meter? of g l a s s 

f i b r e . 

An u l t r a - f a s t p a r a l l e i - s e r i e s conve r t e r c o n s i s t i n g of a m u l t i 

channel ga ted delay cab le system has beer. b u i l f . The system has been 

used to d i s p l a y s imul taneous nanosecond s i g n a l s from a l a s e r - s c a t t e r i n g 

experiment on a s i n g l e o s c i l l o s c o p e (F ig . C.2 and F i g . C . 3 ) . 

Fig. C.3 Fast gating unit of the 6 cable delay line system. 
Picture of the inside of a six-channel 
analog gate. 

Signal input 

1. gate input 
2. gate pulse input 
3. c&ted output 
4. output for ADC 

input, voltage max 1 V 
input resistance SO ÏI 
minimum gate time 20 nsec 
input-output attenuator 3* 
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Electro-Chemical Department 

In close cooperation with our mechanical design department we 

made some tests with a new construction material consisting of polyester-

resin, filled with "Saran-Microspheres". This setted resin seems like 

wood in properties as density and possibilities of mechanical tooling. 

Experiments on reinforcing this material with glass fibre are raing on. 

This construction material «eems to be a good alternative for wood and 

aluminium in several constructions» 

C l .4 Digital instrumentation 

A.J. Putter, H.J.F. van Ramele, H.A. van der Laan , 

H. Lunenborg, D.P Elzinga. 

The modifications of the type 610-B Transient Recorders, com

prising digital read out of the offset, sweeptime, sensitivity and 

improvement of start recording and start plot has been completed now 

for all 20 instruments. 

The CAMAC interface for the Tally reader of the Nuclear 

Enterprises' CAMAC processor has been made suitable for the Facit 

tape-puncher as well. The development of an optical coupling system 

for transmission of digital signals has started. In this system the 

number of data channels for transmission in serial mode can be chosen 

and a parallel switching of the units is possible (combined serial/ 

parallel transmission). An error detection unit is inserted too. 

The TV system (AD conversion by means of an oscilloscope 

and TV camera) has been extended with an interface for transferring 

data to the CAMAC system. 

The digital programming unit described in the Annual Status 

Report 1973, has been provided with an interrupt unit so that one-out-

of-sixteen inputs can stop the programming procedure. It is possible 

then to check which input caused the interruption and at which program 

step. 

A start unit has been produced for the Optical Multichannel 

Analyzer (OMA). 

CAMAC interfaces have been constructed for Transient Recorders, 

type 610-B and 802. For the type 805 interface the development has just 

been started. 

A light-pen CAMAC interface for a PDP-8 display has been de

veloped by two trainees as subject of their engineer's thesis. 

*"> In the Gas-Blanket Department. 
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C i.5 Computer facilities 

T.C. van der Heiden, C.G.M, van Vliet, J,A, Verdoes, J.Ch. 

Fluke. 

During the first half of the year the Rijnhuizen on-line data 

acquisition system, connecting SP1CA via the optically coupled branch-

highway with the PDP 15, was used extensively and successfully. Data 

gathered from the AD convertors are stored on dectape. A highly inter

active program, called INTRA and developed by W. Kooijman gives the ex

perimentalist an unrestricted access to data from recent *nd previous 

experimental shots. The data are locally represented on a storage dis

play. 

In close cooperation with the Electronics division of the 

UKAEA Culham Laboratory a special CAMAC module was developed, which, 

connected with five Culham ADC's, samples an analog signal 25 times 

per microsecond with a resolution of 7 bits during a maximum of 205 

microseconds. Improvements on linearity of the AD conversions at the 

highest sample rate are a subject of study. Two FORTRAN callable rou

tines have been written to set up and read out the ADC's. 

A new peripheral, installed at the PDP 15 is the Unichannel-15 

option, consisting of a PDP 11/10 with 8 k of core memory, a cartridge 

disk with 1.2 M words, a line printer interface and a plotter inter

face. This system enlarges the throughput of the system by buffering 

all the outputs to the plotter and printer on the cartridge disk. 

Plotting, printing and interactive work can be done at the same time. 

The system is in full operation since October. 

The Calcol-15 assembler, written by J.Ch. Fluke is a very use

ful tool in programming the CAMAC-processor system, temporarily connect

ed to the AD convertors of the TORTURE experiment. 

An additional teletype terminal, mainly in use connected to 

the Honeywell-Bull Time-sharing system wis also used for interactive 

work with SARA: The advantages to use one of our Olivetti TE 300 

machines for this purpose are being investigated. 

C 1.6 High-voltage and power section 

A,0. Sterk, A.F. van der Grift, M. van der Kaay, S.W.Th, de 

Kroon, K.H. Pippel, A.G.M. Kats. 

The installation of the TORTURE experiment was completed this 

year with the construction and installation of the main capacitor bank 
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100 ..F 50 kV> , prediseharge ba;\k (7S0 ..F 5 kV) , pneumatic programming, 

hart?me; and dump systems* 

A second bias bank was built for the SPICA experiment (3000 aF 

kvi. 

—*|̂ M' 

•?'&:'1tw*.'-'i?-

Fig. C.4 Cable collectors and transient suppression network. 
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C 2. MECHANICAL ENGINEERING iM.x . van DonsciJ.jr 

O.R. Blogg, J.W. Bode, E.C. de Bruin, J.J.L. Caarls, P.F.VI. 

Delmee, J.A.M. Delpeut, G.E. Godschalk, A. van Haaste^en, 

P. Hellingman3 , L. de Jonq, G.J.J. Kalfs, W. Kersbcrgeh, 

A.H. Kragten, C.Th. Kuppens, P.A. van Kuyk, J.Q.M, van Leasden, 

F. La Malre, F.A. Meeuwissen, J. Nienhuis, W.J.F. Nxeuwhoff, 

W.J.H. Nobbenhuis, H. Oosterom , J. PLuygers, P.R. Prtns, 

P. de Rijcke, B. de Stigter, W. Tukker, D.L. Wardenaar, H. 

Harsen, G.A. Wildschut, W.J.J. Wolfis, W. van Zanten; trainee 

during 1974: J.M. Tukker. 

The experimental device for TORTURE (Toroidal Turbulent Heatinq 

Experiment) is completed. Figure C.5 shows t-h» toroidal primary vinding, 

the 30 kv cable flanges and two of the 24 coils for the 2 tesla toroi

dal field. 

The vacuum system of this device consists of a 450 1/sec turbo-

molecular pump and an injection system for the filling gas on the high-

pressure side of the pump. Due to the large difference between the com

pression ratios for hydrogen and the heavy gases (3 * 10~2 and ~- lO9) 

a very high degree of purity for the hydrogen filling gas can be ob

tained (Fig. C.6}. 

A 10-channel electrostatic analyzer for ions from 500 eV up to 

15 keV is also completed (Fig. C.7). The pictures show tnQ vacuum vessel, 

the electrode system and the 10 variable slits. Not shov.i are the scin

tillators, the light guides and the photomultipliers. 

a) until 27-4 1974, at present at Culham Laboratory, England 
b) until 1-4-1974, at present at Culham Laboratory, England. 
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F i g . C.S TORTURE. 
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F i g . C,6 The TORTURE-va cu tan system 
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Fig. C.7 The 10-channel ior. analyser. 
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