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INTRODUCTION 

The experiment»! programme of the Institute has, in recent 

years, been oriented increasingly towards participation in large in

ternational projects. In addition to that, the Institute Maintains ex

perimental activities along a high-beta line (SPICA II) and a low-beta 

line (TORTUR). These also serve as a homebase for developing new ex-

periaental techniques and for training students and staff members for 

•issions abroad. 

The construction of SPICA II suffered further delay when 

technical problems turned up during coaponent testing. One of these 

was erosion in aluminium-to-aluminium contacts exposed to fast-rtsinq 

current pulses. Another had to do with stresses in infilled epoxy 

resin serving both as insulator and as bonding Material. The latter 

problea necessitates re-design, so that the experiment will have to 

run initially at a soaewhat reduced field strength. Good progress has 

been achieved towards final commissioning of the experiment. 

tORTUR is a small tokaaah with a variety of condensor banks 

for inducing the plasma current. This makes it possible to study 

plasma heating wit^ fast- or slow-current pulsing, covering a wide 

range of turbulence conditions and current profiles. All the year, the 

main emphasis was on studies of heating by short pulses superimposed 

on a constant-current plateau. Efficient electron and ion heating were 

found, and a start was made of experiments with repeated pulses. 

The construction of an ECE spectrometer for JET and the pre

parations towards carrying out and interpreting measurements on that 

machine proceeded well. Our own instrument was used on TORTUR to help 

clear up discrepancies between different temperature measurements and 

to study the time evolution of profiles after turbulent heating. 

The tiwe-of-fIight neutral-particle spectrometer was taken to 

ASDEX (Carchmq, FRG) to measure slowing-down spectra of injected neu

tral particles. 

Among diagnostic developments, we may further single out the 

successful operation of the 2mm interferometer installed at JET under 

an "article 14 contract" and the probable resolution of a long-stand

ing discrepancy between soft X-ray and other temperature measurements. 

Numerical cold-blanket studies indicate low concentration of 

helium in the blanket, from which it may be concluded that helium can

not be exhausted by simply pumping off the gas blanket. 
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The ECRH project, aiming at experiments on the tokaaak in 

Fontenay-aux-Roses (TFR) during 19B5, took shape. The major components 

were specified and ordered* the tea» was formed, and plans for the 

actual experiments were developed. 

In the Theory Division, work was done on magnetohydrodynam-

ics, wave dynamics and transport effects in toroidal plasmas. The code 

HBT was used to investigate systematically the magnetohydrodynamical 

stability of tokamak plasmas with circular cross-section with respect 

to low-n kink and ballooning modes. Also the impact of the presence of 

a toroidal and a poloidal limiter on the stability of external kink 

modes was studied. Furthermore, the Nercier stability criterion was 

investigated for high-B plasmas and it was shown that this is satis

fied under quite general conditions. The study of the behaviour of 

electrostatic drift waves in toroidal geometry was completed, while an 

investigation of kinetic and dissipative effects on general low-fre

quency modes was started. This is done making use of the ballooning 

representation. For plane geometry, an approximate analytical solution 

of the dispersion relation was found which yields a satisfactory de

scription of the dynamics of the modes under fairly general circum

stances. This was shown by comparison with solutions obtained numeri

cally. The study of the propagation of electron cyclotron waves around 

cyclotron resonances was continued. In relation with this work the 

energy transport of electrostatic waves was re-considered to elucidate 

the role of second-order effects and of resonant particles. Further

more, work on non-thermal effects induced by electron cyclotron ab

sorption and the development of a one-dimensional code for the de

scription of electron cyclotron heating of tokamak plasmas was start

ed. The investigation of transport effects at the edge of tokamak 

plasmas, done in collaboration with JET, Culham Laboratory and IPP 

Garching, was continued. A two-dimensional model developed earlier was 

applied to ASDF.X Upgrade and NF.T/INT0R. The participation in the INTOR 

study was transferred to the NET Team by March 1, 1983. 

C.H. Braams 

F. Cngelmann 
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A EXPERIMENTAL DIVISION (CM. Braama) 

A 1 PINCHES (C. Bobeldijk) 

a) J.W. Edenstrasser , E.O.M, van Heesch, J.A. Hoekzema, 

J. Lok , N.J. Lopes Cardozo, A.F.G. van der Meer, D. Oepts, 

A.A.M. Oomens , N. Schuurman ; P.J. Busch, G. van Dijk, 

C.A.J, van der Geer , A.C. Griffioen , B.O.J. Grobben, 

W. Kooijman, N.J. Mastop, B.J.H. Meddensb, H.R. Nevels9', 

P.H.M. Smeets, J.G.J. van der Valk , C S . Vos; 

students and trainees: T.F. Baars, N. Borsje, J.J. van Gorsel, 

R.F.H. Hofman, G.J. Monster, S. Ober, A.M. Pape, J.V. Renes, 

J.H. van der Sluys. 

SPICA II l ) 

Early in the year the manufacturing of the plane-parallel 

plates for the transmission of the poloidal current of SPICA II [l ] 

was completed. After high-voltage tests of the insulation up to 70 kV 

and assembly of the poloidal circuit, a number of different tests Mere 

performed. 

One of the first concerns was the excitation of parasitic, 

hiyh-frequency oscillations that might arise due to the inductance of 

the main 50 kV capacitor bank and its switches in combination with 

either the capacitance of the current leads in the bank or the capaci

tance of the transmission line. In 5PICA, the latter circuit (which in 

that experiment consisted of the inductance in the bank and the capac

itance of the current-carrying cables) excited an oscillation with a 

frequency of 3 MHz. This oscillation was damped effectively by a tuned 

LCR circuit connecting the hot and the cold plate between the metal-

a) Guest from the Institute for Theoretical Physics, Innsbruck, during part of 
this period. 

b) Since 1-2-1983. 
c) Project management SPICA II. 
d) At the Institute for Theoretical Physics, Innsbruck, during part of this 

period. 
e) Until 1-2-1983. 
f) Project management SPICA II up to 1-9-1983. 
g) From 1-2-1983 until 31-3-1983. 
h) From 1-7-1983 until 31-12-1983. 
i) Major contributions to the design and constr'jction of SPICA II were also given 

by the: 
Electrotechnical Department: A.F. van der Grift, P. Hellingman, S.W.T. de 
Kroon, A.B. Sterk, A.J. Putter; 
Mechanical Engineering Department: L. de Jong, F.A. Meeuwissen, W.O.H. Nobben-
huis, H, Oosterom, P.R. Prins; 
General Service Department: C.J. Tito. 
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to-metal switches and the entrance of the cables. The foraer circuit 

(10 MHz) «tas supposedly damped by connecting a resistance between the 

plates at a position close to the bank. The effectiveness of this re

sistance ts dubious because of the retarding effect of the inductance 

inherent to the resistor. In 5PICA II this connection cannot consist 

of a simple low-value resistor, since this would short-circuit the 

power supply of the power-crowbar units (see Fig. 1). 

_ r v w % iT)vy\ 

I 
I 
I 

—4*1-" 
Fig. 1. A simple resistor (R) to damp high-frequency oscillations 

caused by LD and Clf as used in SPICA, is prohibited in 
SPICA II because of the short-circuit effect on the power 
supply of the power-crowbar bank (p.c). 

In order to measure the high-voltage oscillations accurately, 

a screened high-voltage probe was developed with a bandwidth of 

30 MHz. With this probe the oscillations on the voltage were measured 

at. different locations in and around the bank, the resistor being dis

connected. The results indicate that the maximum 10 MHz voltage over

shoot remains everywhere below 205 of the nominal voltage (43 kV) of 

the main circuit, quite acceptable from the point oF view of insula

tion. In the neighbourhood of the load, these oscillations disappear 

completely. Apparently the 10 MHz oscillation is not fully excited be

cause of the Tinite formation time of a proper current channel in the 

pressurized start switches. It was decided to remove the damping re

sistors altogether. As for the LCR-ci rcui ts, the ones used in SPICA 

turned out to be adequate also for SPICA II. They are positioned in 

between the power-crowbar connection and the load. 

The current for the initial toroidal Tield in the torus, 

which prescribes the value of beta, is supplied by a slow capacitor 

bank, the voltage of which can be varied up to 4.5 kV. Tests of its 

performance were satisfactory. 

The main poloidal bank was tested up to its operational volt

age of 45 kV. No serious problems, like voltage break-down in the 

banks, the plate systems or the load, were encountered* 

I 
T 
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The compact power-crowbar bank, the poloidal part of which 

has a capacitance of 12 F, was operated in combination with the main 

bank up to a voltage of 240 V. The maximum voltage of 360 V was not 

applied because lower values are sufficient to produce a flat poloidal 

current profile during a period in excess of 1 as. An example of the 

total current in the load as a function of the voltage on the power 

crowbar is shown in Fig. 2. The combined current supply system 

3 

Ca.u.) 

I 

• 2 

1 

"Ó.0 0.5 1.0 1-5 

*• t (ms) 

Fig. 2. Total poloidal current in the load for different values of the voltage 
on the power-crowbar bank. The voltage on the implosion bank (CD in 
Fig. 1) is 25 fcV. The metal-to-metal switches are activated at ti-

operates as expected. The load on the metal-to-metal switches is, how

ever, considerably higher than it was in SPICA. This asks for a more 

accurate handling and maintenance of these switches. Earlier described 

pressurized spark gaps (ASR 1981), that are to be installed parallel 

to the metal-to-metal switches, can slightly ease this problem. The 

series resistance of the po.loidal circuit appears somewhat higher than 

calculated. This is probably due to the contribution of contact resis

tances at several positions; it may be reduced when the aluminium con

tacts have undergone an improved surface treatment (see page 5). 

The test shots were used also to evaluate the current distri

bution along the circumference of the torus. This distribution is ac

complished by 24 current equalizers [2], which are metal bridges that 

equalize the inductive and resistive impedance for currents to the 

different circumferential positions at the load. The first measure

ments indicated a few deviations of the measured values from the com

puted ones (see Fig. J). These deviations mainly occur at the small 

(low-inductance) bridges opposite the current supply system. Small 

alterations in the construction have improved the distribution, but 

V =240V p.c. 
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Fig. 3. The current through the current equalizers as a function of angular 
position 0 along the circumference. 8 = 0° is the position at the gap 
opposite the current supply system. The horizontal line represents an 
even distribution. 

the final tuning waits for a new series of shots. 

After the test it was discovered that the aluminium ring con

tacts in the 90° joints in the plate system, the contacts that connect 

upper and lower half of the shell, and some contacts in the current 

e q u a l i z e r s showed clear signs of erosion already after only a few hun

dred s h o t s . This was opposed to the experience in SPICA and it contra

dicted the results of 10,000 full-power test shots we conducted in 

model e x p e r i m e n t s . These tests, however, were performed at a much 

lower frequency than the main frequency of SPICA II; a detailed theo

retical analysis revealed that the maximum temperature increase in the 

contacts is reached at the end of the rise time. It was confirmed that 

this temperature increase for SPICA II parameters was high enough to 

evaporate the microscopic contact regions, where metallic contact is 

made. 

Although surface treatment of the contacts, by applying a 

special contact compound, reduced the d.c. contact resistance by more 

than a factor of two, this did not alleviate the contact problems. 

This can be explained theoretically if it is assumed that in this case 

metallic contact is made by zinc grains (contained in the compound). 

Because zinc has a much lower boiling point than aluminium, the criti

cal current density for high-frequency contact loading remains the 

same when a resistance reduction with a factor of 2.5 is obtained. 
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By an improved procedure for treatment of contact surface, 

where exposure to air is completely avoided during and after abrasion, 

the contact resistance can be further reduced by an additional factor 

of 5 or more. It is expected that this will solve contact problems for 

SPICA II (see Fig. 4). 

1 0 7 

Cftm"1) 

1 0 6 

1 0 - 8 1 0 - 7 I Q - 6 j 0 - 5 

'"*'' -1/2 2 -1/2 
—» R a t ' c a m s ) 

o 
Fig. ft. Theoretical maximum current load on busbar contacts for an aluminium 

alloy (p = 4xt0" Sim) and for pure zinc. The characteristic dimension of 
the microscopic metal-to-metal contacts in the contact surface, a, is 
assumed to be small: a < U t / c v ) * , where X i s the thermal conductivity 
and c v the heat capacity per unit volume of the electrode material. 
I = maximum current, b = length of the contact, d = width of the high-
frequency loaded contact, R0 = d.c. contact resistance (room tempera
ture) , 0 = total contact surface area, t = current rise time. 

The major components of the t r a n s m i s s i o n l i n e of the t o r o i d a l 

( c u r r e n t ) c i r c u i t were f i n i s h e d . Most of the p a r t s have pas sed the 

h i g h - v o l t a g e t e s t s of the i n s u l a t i o n up t o 70 kV. The c o m p l e t i o n of 

t h i s c i r c u i t w i l l , however, be de layed for a few months, because a 

f a i l u r e occurred in one of the o u t t r c o i l s during e l e c t r i c a l and me

c h a n i c a l t e s t s . More r e f i n e d c a l c u l a t i o n s on the f o r c e s in t h e s e c o i l s 

showed that the o r i g i n a l d e s i g n was not r e l i a b l e . The l o c a l s t r e s s e s 

in the gap of the f eed ing flBnge remained h igher than the bonding 

s t r e n g t h of the epoxy r e s i n . The inner c o i l s could be modif ied rather 

e a s i l y and, t h e r e a f t e r , they were t e s t e d s u c c e s s f u l l y up to the f u l l 

mechanica l l o a d . It turned o u t , a f t e r var ious u n s u c c e s s f u l a t t e m p t s , 

that a s imple m o d i f i c a t i o n of the outer r o i l s was not p o s s i b l e . Hence, 

i t was dec ided to opera te p r o v i s i o n a l l y at 70S of the maximum current 

with c o i l s c o n s t r u c t e d accord ing to the o r i g i n a l d e s i g n , and to s t a r t 

the d e s i g n of a new se t of outer c o i l s . A number of o p t i o n s were 

i n v e s t i g a t e d , l i k e i n c r e a s i n g the s u r f a c e of the gap or r e i n f o r c i n g 
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the gap by an inlay. The most premising one, a coil made of rather 

thin copper windings embedded in a rigid, insulating carrier, is being 

worked out in more detail. 

Diagnostics 

The test shots have also been used to evaluate the perfor

mance of a few diagnostic subsystems, for a check on the stability of 

the planned interferometer set-up, a simplified version was installed. 

It was found impossible to mount the reverse mirrors on the shell as 

we had intended to do in view of the limited space available in the 

central hole. Unlike the situation in SPICA, the shell oscillates 

rapidly with an amplitude of several microns due to the fast-rising 

internal field. Mounting the mirrors directly on the vacuum vessel may 

resolve the problem and this will be investigated as soon as the test

ing of the toroidal circuit starts. Meanwhile the possibility to con

struct a main frame with one leg passing through the central hole is 

being investigated- Another result of the test was that unless the 

path difference between the reference and the probing beam is an even 

multiple of the cavity length, the signal of the He-Ne interferometer 

is strongly modulated due to interference of the different axial modes 

and the thermal variation of the cavity length. 

Also the diamagnetic loop system, which will be used to mea

sure the time-resolved 3-value of the plasma, has been put to the 

test. The system consists of a one-turn voltage loop in the poloidal 

direction with a resistive voltage divider and a compensating Rogovski 

loop in the poloidal feed flange. To obtain a 1S accuracy in the dia

magnet ic flux, both signals should be accurate to within one part in 

101*. During the test it turned out that the metal film resistors, 

which were selected because of the very small voltage dependence of 

their resistivity, did not survive the high-voltage (40 kV) tran

sients. Therefore, it is now planned to use less linear carbon com

pound resistors and to assure linear behaviour of the divider by me

chanical division of the carbon material, furthermore, the high-

frequency response will be significantly improved by careful handling 

of stray capacitance and by capacitive high-frequency compensation. 

Good high-frequency response of the Rogovski coil was obtained by 

characteristic termination of the coil at both ends, for the interpre

tation of the diamagnetic signal, which will be complicated by the 

anticipated force-free currents, a theoretical model, based upon the 

2-D equilibrium model described on page 8, is being developed. 
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The output signals of the differentiating Rogovski coils for 

measurement of the primary current, which contain the square of the 

oscillation frequency» still show undesirable high-voltage transients 

due to local oscillations in the transmission line. To protect the de

tection system in the screened cage, these signals have to be filtered 

near the Rogovski coil. 

The pulse-height distribution and recovery titae of the micro-

channelplate detector, that will be used in the soft X-ray camera, 

have been measured under various conditions. The results of these Mea

surements are described in A 6. 

Assembly of the Thomson-scattering system has been delayed 

mainly by problems with the delivery of components, particularly ot 

the CCD detector arrays. Read-out electronics were developed and 

adapted to our requirements at the Space Research Laboratory in 

Groningen. Investigation of the applicability of aberration-corrected 

holographic gratings for the spectrometer of the Thomson-scattering 

system resulted in a design using a Jobin-Yvon UfS 200 flat-field 

grating in combination with a 2:1 image transforming fibre-optic con

nection between the torus of SPICA II and the spectrometer. 

The application for preferential funding of the VUV spectrom

eter to be used for Doppler-broadening measurements was not honoured 

by the FOM selecting committee. As the ion temperature measurements 

are considered to be of great importance, financing it out of the 

regular budget is being considered. 

Theory 

The collaboration with Dr. J.W. Edenstrasser of the Univer

sity of Innsbruck, Austria, on the subject of variational principles 

for finite-beta plasma equilibria, was continued. The following re

sults were obtained: 

1. Analytic solutions were found for two-dimensional plasmas with a 

straight magnetic axis and a non-circular cross-section, 

2. It was shown that the auxiliary condition of all comparison states 

having the same total pressure n = p + B /2uQ on the magnetic 

axis as well as the same poloidal magnetic flux ty, could be relaxed 

to a condition that couples the variation ólt(axis) to 5*. 

3. The variational principle was extended to stationary equilibria 

O/at = 0, v * 0). The basic formulation was presented at the XVIth 

International Conference on Phenomena in Ionized Gases, Du'sseldorf 

[3]. 
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4 . The v a r i a t i o n a l p r i n c i p l e Mas a p p l i e d to the t ime e v o l u t i o n of the 

t u r b u l e n t h e a t i n g experiment TORTUR I I . This work was presented at 

the 11th European Conference on C o n t r o l l e d Fusion and Plasma Phys

i c s , Aachen [ 4 ] . 

The Z-D e q u i l i b r i u m model to descr ibe t o r o i d a l De l t p inches 

o f a r b i t r a r y h a l f - a x i s r a t i o , has been worked out i n more d e t a i l to 

a l low for a comparison w i t h exper iments and o ther t h e o r i e s . T.ie r e 

s u l t i n g expressions f o r parameters such as the t o r o i d a l s h i f t and the 

plasma diamagnetism are found to cover the range between e x i s t i n g 

t h e o r i e s for e i t h e r c i r c u l a r or i n f i n i t e l y h igh plasmas w i t h an almost 

homogeneous a x i a l c u r r e n t . In two examples (exper iments SP IV and 

T P L - t a ) , i t was shown tha t the model can d e s c r i b e the f l u x sur faces 

and magnetic f i e l d p r o f i l e s i n a r e a l e x p e r i m e n t a l s i t u a t i o n . 

References 

[ l | SPICA I I team, Symp. on New Trends in Unconventional Approaches to Magnetic 
Fusion, Stockholm, 1982: published in Nuel. Instrum. & Methods 207 (1983) 47. 
Annual Status Report 1982. 
3.W. Edenstrasser and W. Schuurman, Proc. 16th I n t . Conf. on Phenomena m 
Ionized Gases, Kisseldorf (1983) p. 784. 

[4] J.W. Edenst rasser, H. de Kluiver and W. Schuurman, Proc. 11th Fur. Conf. on 
Contr. Fusion and Plasma Phys., Aachen (1983), Part I , p. 413. 
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A 2 TURBULENT KEATING IN TORTUR AND DIAGNOSTICAL STUDIES 

(H. de Kluiver and H.H. Piekeer) 

H.J.B.H. Broeken" , S. Ikezawa , G.H.J. Notermans, 

H.W. Piekeer, R.M.J. Sillen, B.J.D. Tubbing, N. Yousef; 

C.J. Barth, B. de Groot, F.B. Hendriks, H.J. van der Meiden, 
c) 

T. Oyevaar, R.H. ven Veen , H.N. ven der Ven; 

students and trainees: P.T. den Hertog, E.3.G. van der Hout, 

F. Huussen, H.G.M. Mulders, R.M. Niestadt, H.E. Smulders, 

P. Venema, J.W.J. Verschuur. 

The TORTUR experiment 

In the TORTUR III tokaaak, the heating and confinement of 

plasmas heated by weak current-driven turbulence is studied [l]. Main 

parameters are: R = 0.46 m; a = 0.08 m; By < 3.2 T. It is shown that 

an anomalous resistivity is induced as soon as the ratio of the ap

plied electric field E over the frequency f exceeds a certain thresh

old [2]. The specific type of turbulence excited depends on Te/Tj 

and Vjjf/cg. This feature suggests a possible application for addi

tional plasma heating by one or more current pulses of technically ac

ceptable (low) voltages. The heating effects of slow, low-voltage and 

fast, high-voltage turbulent discharges were studied. After plasma 

formation (Te • 10 eV; np « 5»1019 m~3) the low-voltage heating is 

brought about by the discharge of capacitor bank Ci (1 mF, 3000 V), 

coupled to the primary of an iron core transformer (0.25 Vs). The slow 

pulse edge, as can be seen in Fig. 5, has t\ - 10-3 s (f = 250 s~ l), 

Ilm < 50 kA; Eim < 75 V/m; £im/f < 0.3 Vs/m. This permits 

excitation of ion-acoustic instabilities during current rise because 
Ei_ ^ («„/m. )* x E D A and I. » T.. (E0. denotes the run-away field lm e 1 nn e 1 HA ' 

strength.) After maximum, the current decays to zero in about 10 ms. 

However, a current plateau can be maintained by discharging an elec

trolytic bank C2 (0.4 F, 500 V; l2m < 50 kA). An anomaly in the con

ductivity ocj/(j • 3 remains. 

Figure 5 shows the effect of the superposition of a fast 

high-voltage turbulent pulse of variable magnitude on top of the cur

rent plateau at t-8 ms. Em < 2 kV/m, T-5X10" 6 3; Em/f-4xio~
2 Vs/m. 

The high-voltage capacitor bank (25 MF, 30 kV) is connected to a thick 

a) Until 1-5-19B3, since then employed at IPP, Garching. 
b) Guest from the Chubu Institute of Technology, Kesugai, Japan, from 1-4-1983 to 

30-6-1983. 
c) From 12-9-1983 to 1-11-1983 and since 1-12-1983. 
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copper s h e l l (2 ca ) t i g h t l y surrounding the i n c o n e l l i n e r . The s h e l l 

s i m u l t a n e o u s l y a c t s as a one/one t r a n s f o r m e r and as a pass ive s h i e l d 

fo r s h o r t - t i a e s c a l e p lasaa e q u i l i b r i u m . E x t e r n a l magnetic f i e l d s f o r 

h o r i z o n t a l and v e r t i c a l p lasaa adjustment on longer t i m e s c a l e s a re 

p r e s e n t . The p lasaa l i n e r i s gapiess and very t h i n (< 0 . 1 5 aa ) to p e r -

a i t p r a c t i c a l l y undelayed e l e c t r i c f i e l d p e n e t r a t i o n (< 0 . 2 ws d e l a y ) . 

S ince the h i g h - v o l t a g e bank has four i d e n t i c a l s e c t i o n s , up to four 

pulses can be donated at v a r i a b l e t i a e i n t e r v a l s . Thus f & r , the e f f e c t 

o f two pu lses was s t u d i e d (see A 2 . 1 , F i g . 1 5 ) . 

f i g . 5 . Figures a up to e show the 
current, the current due to the 
heating pulse at B am, the voltage, 
the electron temperature and the 
density, respectively. 

10 20 
~—t (ms) 
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Thoasrn light-scattering is available at r s 0.005 and 0.06 a 

For accurate Te measurements. A six-channel electron-cyclotron emis

sion spectrometer (ECt) follows the time evolution of the radial Te 

profile with • tiae resolution of 2 lis [3]. Density aeasureaents are 

performed with Thoason light-scattering and a 2aa interferoaeter. Ion 

energy distributions are measured at the plasaa centre using stimu

lated charge exchange from an energetic H-probing beaa (r = 0.005 m; 

"active") and without that beam ("passive") [*]. Collective scattering 

measurements using Ama waves are being performed [5 ]. A soft X-ray 

foil spectroaeter is present for temperature and impurity measure

ments. 

Results and discussion of heating measurements in TORTUR 

Up to 8 us, the slow low-voltage bank is responsible for the 

heating as shown in Fig. 5 (a...e) [l]. It is typical that T reaches 

a maximum value at about 3 as, approximately 1.5 ms after current top. 

After t = 6 ms» a stationary profile is reached. This is concluded 

both from Thomson light-scattering and ECE spectra. Ion temperatures 

increase at a much slower rate and become stationary near 6 ms. The 

energy confinement time t_ is close to Alcator's scaling. For our pa

rameters we arrive at tr = 2 as, i.e. I .= 30 kA; n (0) = 6*10
19 a"3 

t. pi e 

and BT = 3.1 T, T and n increase proportionally with I , in the cur-

rent range explored thus far. Electron and ion temperatures signif

icantly exceed the scaling laws derived by the Equipe TFR [6]. For 

I = 30 kA we founds Te(0) s 600 ± 50 eV; T,(0) = 550 ± 150 eV f 

whereas Te(0) = 400 eV is found as an absolute maximum for our 

parameters from TFR scaling laws. 

When the fast high-voltage capacitor bank is fired at 

t = 8 ms, a steeply rising heating pulse is induced on top of the 

existing current plateau (Fig. 5a). From ECE measurements (see Fig. 6) 

and Thomson light-scattering data it is seen that the electron temper

ature rises within 1.5-2 ms to a maximum value, the latter depending 

on the magnitude of the extra current pulse. An example is shown in 

Fig. 5dT where the electron temperature increases from 600 eV to 1 keV 

within 2 ms. The typical electron energy-confinement time is 2 ms. 
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Fiq . 6 . Temperature prof i les 
before, during and af ter the 
turbulent heating pulse. 

f o r the above example a c u r r e n t pu lse of 33 kA was induced i n the p l a s -

aa for 10 us by r a i s i n g the loop v o l t a g e f r o * 5 V t o about *00 V. Th is 

aaounts t o an e x t r a energy input o f 163 J . The t o t a l e l e c t r o n energy i n 

t h e p lasma, F. = 3 /2 NkTB , rose w i t h i n 2 ms by 70 J . S l i g h t l y leas 

i n c r e a s e is found fo r the i o n s , so t h a t the energy balance c loses i n 

f a i r a p p r o x i m a t i o n . 

F ig . 7. Radial dependence of the electron 
energy content before the heating pulse 
(a: 7.8 as) and after the heating pulse 
(b: 10 ms). 0 40 

» r (mm) 

In Fig. 7, NkTB-profi les are shown just before the heating pulse and 

2 ms thereafter, employing ECU temperature profiles and the density 

profile as inferred from the Thomson light-scattering data. When 35 kA 

is added to the stationary plateau current of 30 kA, ANkTB is marked

ly reduced (Fig. 8). When even larger pulses are used, the plasma 

enters into a violent unstable state where no increase in average elec

tron temperature is observed anymore. 
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In fact, the CCE radiation profil* shows sheet-like regions which os

cillate radially very rapidly (~ fO kHz} with excursions of about J em 

(Fig. 9). Tearing mode-s, du* to local overheating 'magnetic-is land for

mation), have typical growth times corresponding • th the periodicity 

observed. However, the absence of (electron) heating for pulses larger 

than 33 kA is not observed for the ions. 

500 1000 1500 2000 

{ * W ) a ({**}*> 

Fi^. 8. Added total electron energy con
tent vs the square of the magnitude of the 
superimposed current pul3 

Fig. 9. Tie* dependence of the hori
zontal displacement of the centre of 
the ECE Tc-profile after a pulse of 
50 kA has been superimposed on the 
plateau current of 30 kA. 

8.8 9 2 
— - Ums> 

Considerable heating of the ions was found from active and passive ion 

energy analysis in the range 1000-3000 eV. In Fig. 10 the increase of 

the ion temperature is shown as a Function of time for a 40 kA pulse at 

8 os. The passive method shows an increase in ion energy 0.8 ms after 

the pulse, whereas the active Method - which contains mainly the con

tribution of the ions near the plasma centre - demonstrates a delay of 

1.5-2 ms. In Fig. 11, the increase of the central ion temperature is 

given vs Ulpulse)2-
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Fig. 10. The increase of the ion tea- rig. 11. The dependence or the increment 
perature due to the turbulent pulse of the ion teaperature on the turbulent 
as decuded From the active and the heating pulse, as measured by the active 
passive Method, 1) respectively II). Method. 
experimental conditions;Br = 3.2 T, 
Ipl», * 30 IcA, 4lpulse = «0 kA, 
ne(0)-5*10

l%-3. 

In Fig. 12, the volume-averaged electron teaperature is shown as a 

function of tiae as deduced froa the energy deposited during current 

r ise: 

<Te> = (P/kne) exp[-t/tE], 

, t 
ere ^ PV = ƒ lpl*{ exp[t/iE ]dt; 1- = Alcator's enr -»y confinement 

L tiae. 

V. s the loop voltage. 

The correspondence between the ECE-measured electron temperature after 

the turbulent pulse and the so deduced average temperature increase is 

satisfactory near about 10 ms, whereas the pulse was given st 8 ms 

(<T > • 0.3 T. ). It is possible that initially the energy resides in 
e top 

either superthermal electrons or superthermal ions or in some sort of 

fluctuation energy. 
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Fiq. 12. Increase of the average electron tem
perature as deduced fro» current and voltage 
traces. This should be compared with Fig. 5d. 

The electron and ion temperature then gradually increase through the 

damping of the o s c i l l a t i o n s . This process can also be seen in F ig . 13, 

where the r a t i o of ^c lassica l 8n<* °anomalous 1 S 9 * v * n »s » function 

of t ime. After the fast turbulent heating pulse (10 us} is given at 

8 ms, an anomaly in the plasma r e s i s t i v i t y of a factor of about 7 per

s is ts for several mi l l iseconds. The energy confinement time is obvious

ly not deter iora ted by the pulse, see F ig . bó. 

15 20 25 
•-t (ms) 

Fl°.- 13- Ratio of o e l 8 S S l c a l (Zeff = 2) 
end the conductivity derived fro» the 
actual current. 

By 4mm collective scattering measurements a Fluctuation spectrum was 

measured between 10 and 600 kHz [*]. The spectrum falls off above 

250 kHz. The lower frequency oscillations (near 10 kHz) can be inter

preted in terms of fundamental MHD-type drift waves. The higher fre

quency edge (near 250 kHz) may be explained as drift instabilities for 

k i P l - 1. 

Strong coupling between TA and T( Follows from the calcu

lations of Ishihara et al. [7], Much more elaborate measurements are 

demandatory For the exsct identification of the fast effective heat inn 

processes at stake. 

During the second half year the liner of TORTUR III was seri

ously damaged due to an accident during the installation of the X-ray 

pinhole camera. The experimental programme was retarded by the re

pairs. 
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A . 2 . 1 Ion d i a g n o s t i c s of TORTUR 

N. Yousef , H . J . van der H e i d e n , F . B . Hendr iks» B. oe C r o o t , 

H . J . B . M . Broeken. 

The a a i n a c t i v i t i e s concerned the improvement o f the a p p a r a 

t u s , t h e da ta process ing and the s i n g l e - p u l s e t u r b u l e n t exper iments . 

B e s i d e s t h a t , a l i m i t e d number of d o u b l e - p u l s e exper iments «ras c a r r i e d 

o u t . 

Ion tempera tures were o b t a i n e d predominant ly from energy 

a n a l y s i s of charge-exchange n e u t r a l s due to i n j e c t i o n of an e n e r g e t i c 

and i n t e n s e n e u t r a l h y d r o g e n probing beam [ 4 ] . This s o - c a l l e d " a c t i v e * 

method has t h e o b v i o u s advantage of good s p a t i a l r e s o l u t i o n i n c o n 

t r a s t w i t h " p a s s i v e " measurements, a n a l y s i n g the spontaneously e m i t t e d 

plasma n e u t r a l s . Resu l ts o f the l a t t e r method were used fo r compar i 

son. 

A t y p i c a l r e s u l t o f the t ime dependence of the c e n t r a l ion 

t e m p e r a t u r e i s shown i n F I Q . 14. I t can be seen t h a t the ion tempera

t u r e i n c r e a s e s i n 4 -6 ms to i t s l e v e l v a l u e , where i t remains almost 

c o n s t a n t d u r i n g t h e r e s t o f t h e r e c o r d i n g t i m e . 

P l a t e a u v a l u e s a r e bbO ± 150 eV f o r I p i = 5 0 - 3 5 kA and 

" p i = ( 4 - 7 ) * 1 ü " m" . f l u c t u a t i o n s i n t h e ion t e m p e r a t u r e are p a r t l y 

diiR t o t he i n j e c t e d heam and low-frequency d r i f t waves. 

( e V ) 1500 

1000 -

500 -

~i r "i r i r 

* • * • J 

• • • • 

_i fcS:^vXw>:-tww:w:->>lv:-:^:: , {_ _L_ 
8 10 12 14 16 18 

• t Cms) 

F i q , 14. Centra! inn temperature as a f>jnrt ion of t ime. 
The condi t ions are: 
l p , = 30 kA, n p l = 6*10 1 9 m-3 , BT = 3.2 T. The 
time of beam in jec t i on in indicated w i th a bar. 



-17-

Two htgh-voltaga turbulent puis*» of the S M * polarity and 

magnitude «tor* superimposed on th» currant plateau naar t * • as. Con

siderable effort was inittally spant on trouble-shooting. The second 

high-voltage bank uas spontaneously discharged when the first bank had 

been triggered. The problea was solved by a proper choice of the 

series resistances and by Modification of the trigger device. Double-

pulse experiments with pulse magnitudes up to 50 km were performed. 

Preliminary results are shown in fig. 15. It can be seen that whan the 

t i c V ) 

• 1 

/AT;<o,eidt 
* * 

! 

200 «00 600 tOO 1000 1200 1*00 1600 

-*• At Cps) 

2.0 i 1 1 r 

(tvs) 

/*TefortJ«*t 1.5 

! 

1.0 

0.5 

0.0 

1 r 

l / 
f I. 

JL JL. JL. 
500 1000 1500 2000 2500 3000 3500 

-*> At r*s) 

Fig. 15. Integrated temperature increase vs high-voltage 
pulse separation for ions (a) and electrons (b). 
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tiae interval between the pulses is selected properly (i.e. a tie* 

separation welt within the energy confineaent tiae), the period during 

which the plasaa is additionally heated is clearly prolonged. 

Arter replacement or soae photoaultiplier tubes and Modifica

tion or the electrical circuit Tor a better linearity and a higher 

output signal, the analyser was calibrated. The bee* line was adjust

ed. 

During a discharge, the photoaultïpliers were subject to hard 

X-rays (Tig. H i ) . In order to avoid damage to the photoault ïpliers, a 

thick shielding of lead was used. Unfortunately, it proved to be in

sufficient. So we decided to 'gate' the photoaultiplïers, that is, to 

switch the supply voltage or the photoaultiplïers froa 1200 volt 

(during the data acquisition) to approximately 900 volt when the hard 

X-rays show up (see Fig. lab). 

(mV) 

P i t 

t 2 0 0 V 1200 V 
900 V 

Cms) 

r i g . 16. The signal at the output of a phot oeu I t ip I ier (PH) as a function or 
t lae, 
a) without 'ga t ing ' ; when the X-rays show up (at approxiaately 20 as) , 

the supply voltage Vp* is 1200 V and saturation of the signal 
results. 

b) with 'gat ing ' ; during the X-rays, Vpu is switched to 900 V and 
saturation is avoided. 

The ' g a t i n g ' o f the p h o t o a u l I i p l ï e r s was ach ieved s i a p l y by a 

s e r i e s r e s i s t a n c e in the power supply o f the p h o t o a u l t i p l ï e r s , as 

shown in F i g . 1 7 . Dur ing the d a t a a c q u i s i t i o n t h i s r e s i s t a n c e is 

s h o r t - c i r c u i t e d by metn* of a reed r e l a y , r e s u l t i n g i n a supply v o l t 

age of the p h o t o m u l t i p l i e r s , V p M , of 1200 V. 



-19-

The relay is controlled by o titer ("one-shot") which, once 

set r generates pulses up to 99 as in steps of 1 as. In this way, the 

duration of the short-circuiting and, hence, the noraal operation or 

the photoault ipliers (VpM = 1200 V) can be chosen at will, up to 

99 as. 

After the data acquisition, when the X-ray efTect is predomi

nant, the short-circuiting is reaoved and the supply voltage of the 

photomult ipliers is reduced (V-M " 900 V) because of the voltage 

drop across the resistance. The result is shown in Fig. 16b. 

trigger 

(optical) 

timer -laoov 

rM*ca 
relay | ^ 5 

power supply 

33 RQ 

Vw. 

bias network 
photomultiplier 

75 0 

-«»- signal 

i 0 * a 

F ig . 17. The 'gating' is real ired by the series resistance of 33 IrQ. In the case 
of 'nonsai operation' of the photomultipliers, Vp^s1200 V, this resis
tance is short-circuited by aeans of the reed relay. 
During the X-rays, this short-circuit is reaoved and Vpp; is switched 
to 900 V. 

Much e f f o r t was spent on m o d i f i c a t i o n and improvement of the 

t ime-consuming s o f t w a r e used for the data analyses of the ion d i a g n o s 

t i c s . 

Some r e s u l t s of the s i n g l e - p u l s e exper iments were communi

ca ted to the 11th European Conference on C o n t r o l l e d Fusion and Plasma 

P h y s i c s , b-9 September 1983 , Aachen [ 8 ] , 
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The deduction of ion temperatures fro» measurements 

The ion temperature of • given (measured) energy distribution 

is obtained as follows. The distribution function 

f(c) a C /« — — exp -e/T f (C is • constant, T and c are 
T /z in energy units eV) 

if presented as: 

q(c) = f(e)//7 = C -\— exp -c/T , 
3 tm. 1 '* 

in g U ) = in C - | in T - e/T . 

By subtracting two values of this function at et and E2, one obtains 

in g(cj) - in g(«2) = («2 - «i)/T , 

T = (c2 - e!)/[in g(C|) - in g(c2)] . 

The temperature is thus deduced fro* the slope of a straight line, 

fitted through the points g(*i) a n d g(t2). 

If there are more values (data points) of g(c), the tempera

ture is found in the same way, from the slope of the line fitted 

through the data points, in the "logarithmic representation" of the 

distribution function. 

Another method is to calculate the temperature by employing 

the average (thermal) energy, i.e. the first moment of f(c): 

b b , 
<c> = lim |J ff(e)de/J f(c)de} s | T , 

a*0 a a 
b*-

T = | <£> . 

But since the measured range of c(a,b) is finite, this simple relation 

cannot be used and is replaced by: 

(e,b) 
b /2-a / 2 exp((b-a)/T) • - TI 

b^a* exp((b-a)/T) - ̂ p exp(b/T)p J 

where p = erf(/F7T) - erf(/i7T). 
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Ihis equation can be solved numerically to obtain the ion temperature. 

Both Methods described above were used for the T0R1UR III data. 

A 2.2 E.C.C. on TORTUft 

R.K. Niestadt, T. Oyevaar. 

Various phenomena were observed during the past months since 

the six-channel spectrometer had been coupled to the TORTUR tokaaak. 

Without filters, a temperature resolution of 35 eV proved to be possi

ble. Routinely, temperature profiles were recorded. A double gaussian 

Tits the profile best, especially directly after the turbulent pulse. 

Superthermal electron populations are observed. An electron population 

between 0.7 and 0.8 NeV is present during current rise (after 600 to 

800 us) while at later times 40 keV particles nest to the thermal pop

ulation are manifest after the turbulent heating pulse. 

Part of the observations «fas presented at the Aachen confer

ence [s]. In addition, we want to stress the possibility of deter

mining the density by means of ECE measurements, as described by 

Eberhagen [10]. In TORTUR, we were able to fix the density within bZ. 

Given a certain density, the toroidal magnetic field is varied until 

the second harmonic extraordinary «mission from the low-field side is 

completely blocked by the upper cutoff layer between this low-field 

side and the antenna, situated at the tokamak's inner circumference 

(see Figs. 18 and 19 a,b). 

(mm) 

-100-80 -60 -«o -2o o 20 «o so 80 loo Fig. 18» Radial profile of the 
wavelengths pertaining to the 

*• r (mm) characteristic frequencies; 

2«_ and m 
uco = f* [?|2 * 4' 
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Fig. 19. The radial Te profiles observed for B =2.15 T (case a), 
and for B = 2.5 T (case b). 
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A 3 DIAGNOSTICS DEVELOPMENT (H.W. Piekaar)* 

E.P. Barbian, A. Kattenberg , G.H.J. Notermans , 

R.M.J. Sillen, B.J.D. Tubbing; T. Oyevaar, H.W. van der Ven, 

A. Verheul; 

students: R.J.H, de Haas, R.M. Niestadt, J. Onvlee, 

H.E. Smulders, G.H. de Zwart. 

A 3.1 Electron Cyclotron Emission diagnostics 

E.P. Barbian, A. Kattenberg, H.W. Piekaar, R.M.J. Sillen, 

B.J.D. Tubbing, T. Oyevaar, R.M. Niestadt, 

R.J.H. de Haas, J. Onvlee. 

The efforts can be subdivided under two headings: 

- the contract work for JET, 

- the elaborations of the data files brought home from Moscow. 

A 3.1.1 Contract work for JET 

Three contracts were drawn up. In one of them the laboratory 

pledged JET to deliver a twelve-channel ECE spectrometer by August 

1984 at 100% cost reimbursement (Mfl. 1.56). In support of this la-

c) 

bour, two Article 14 Contracts were negotiated; one for the op

timization of the transmission of the FIR polychromator and its asso

ciated filters and waveguides, and one to create a numerical computer 

code for the simulation of the non-thermal aspects of the ECE spectra. 

The spectrometer; construction contract 

H.W. Piekaar, B.J.D. Tubbing, T. Oyevaar. 

The ECE spectrometer currently under construction is a 

twelve-channel instrument known as JET's diagnostic system KK2. 

Although the KK2 spectrometer is not essentially different 

from the existing six-channel device, important modifications were 

made to the waveguide system. Moreover, to comply with the computer 

* Adviser: H. de Kluiver. 
a) Since 1-11-1983. 
b) Seconded to IPP, Garching, since 16-9-1983. 
c) Work performed under Article 14 Contracts is supported by Euratom by an 

extra 20% on top of the normal reimbursement of 25%. 
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system of JET, CODAS, the control and data-acquisition subsystens are 

considerably more complicated. 

The feeding waveguide from the JET plasma to the spectrometer 

consists of oversized rectangular waveguide and is designed to operate 

dominantly in the TE01 mode. This «ode is selected by a filter near 

the plasma antenna. Alternatively, by removing this filter, multimode 

operation is possible. 

The waveguide system of the KK2 instrument also consists 

basically of oversized rectangular waveguides. Much emphasis has been 

put on producing high-quality, smooth waveguide tapers and corners, in 

order to keep the mode conversion to the minimum. Because the spec

trometer as well as the detectors employed exhibit mode selectivity, 

conversion from lower to higher order modes will result in a loss of 

efficiency. 

Circular waveguide is used at two places in the system. 

Firstly, the entrance waveguide of the spectrometer contains a circu

lar section to enable rotation of the entrance slit and secondly, the 

entrance apertures of the detectors are circular. It is expected that 

the TE01 tnc de will be excited dominant ly in the exit waveguides and it 

is known that the detectors have maximum sensitivity for the TE°i mode 

in their entrance aperture. Special mode converters which can match 

these two fields were designed and manufactured. These devices are 

described in more detail in the next paragraph. Sixteen of them were 

made, two of which are used to form the rotational section. 

The control and data-acquisition system had to be designed in 

compliance with the requirements of JET. This implies firstly that all 

parameters of the system that are subject to change on a regular basis 

should be computer-controlled. Secondly, all the parameters of the 

system that are relevant to a measurement should be stored in a file 

after each pulse of JET, the so-called JET PULSE FILE. The control and 

data-acquisition hardware was designed in detail. 

For each JET pulse, KK2 will yield about 200 k words 

(400 k byte) of information. The sample rates will be up to 1 MHz. 

Elaborate anti-aliasing filters in front of the analog-to-digital con

verters will be provided. 
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The optimization contftct 

E.P. Barbian, B.J.D. Tubbing, T. Oyevaar, J. Gnvlee. 

An investigation into the characteristics of the diagnostic 

system was initiated. This work is being performed under an Article 14 

Contract with JET, the so-called optimization contract. It concerns 

particularly the microwave aspects of the system: in the past the be

haviour of the system was mainly described in terms of concepts from 

geometrical optics. Part of the work is essential for the proper de

sign of components of the system, while other parts are relevant to 

the interpretation of ECE data in general. 

In the following, some of the subjects studied under the con

tract are elucidated. 

a) To increase the potential of the grating spectrometer, filters with 

a better performance will be needed. At present, cross-ruled 

gratings are used under a bb°-orientation mounted in cascade in the 

corners of the waveguides. Several other profiles for groove pro

files can be suggested, aiming at a high blaze effect. A sufficient 

broadband cutoff region is required to eliminate higher order 

(n > 2) components of the ECE emission. 

A test facility is being prepared to investigate both 

cross-ruled or uni-directïonal profiles using a backward-wave gen

erator source. Theoretical results are available for several kinds 

of free-standing gratings. The experimental tests will include this 

basic situation and also effects due to the finite acceptance 

angle, polarization and interaction with the surrounding waveguide. 

b) The feasibility of constructing a microwave model of the spectrom

eter was investigated. The main features of a computer code were 

established. The difference between this model and optical models 

is that full account is taken of the mode structure of wave propa

gation in the entrance and exit waveguides and their antenna pat

terns. The reflection DF the fields by the grating might be de

scribed properly by making use of an existing code for calculating 

grating efficiencies. 

The program containing the model is being written. It will be 

useful for a better understanding of the instrument and for pos

sible modifications in the future. 

c) A mode converter from the TEJQ ">°de to the TEjj mode was designed 

and constructed, Following the method of Solymar and Eaglesfield 

[l]. In a cross-section of the converter, the electric field is 
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wntten es • linear combination of the TEQI and TE?i fields. The 

boundary of the cross-section has to b» perpendicular to the elec-

tric field, hence its tangent is known fro» the field. The boundary 

is then obtained by solving its differential equation numerically 

with an appropriate initial value. A computer cede for solving the 

differential equation for the cross-sections of theconverters was 

written. A re-usable mandrel of stainless steal to electroform the 

converters was produced on a numerically controlled milling ma

chine. A code was written to calculate the corrections for the mill 

radius and to produce the input file (about BOO k ASCII characters) 

in the appropriate format for the milling machine. 

A procedure for calibration of an CCE system was proposed. The 

ideal way of performing such calibrations would consist of putting 

a large-area blackbody radiator in front of the entrance aperture 

of the system. The limited temperature of the blackbodies avail

able, however» makes this method difficult in practice. 

It was realized that a large-area blackbody can be simulated 

by making a two-dimensional scan with a sweeping microwave source 

in a plane in front of the entrance aperture. This can be accom

plished with the use of a backward-wave oscillator. The sweepwidth 

should exceed the bandwidth of the system and the scan should cover 

the full antenna pattern of the system. An expression for the re

sponse Rv of the system to a blackbody can be derived from the 

measurable quantities: 

v v c*f> G 
9 

Q = ƒƒ <V> dS , 
surface 

where f is the frequency, F the sweepwidth, e the electron charge, 

c the velocity of light, P8 the total power of the microwave 

source, G the antenna gain of its aperture, and <V> the output 

voltage of the ECE system as a function of the position of the 

source averaged over a sweep period. The equations assume that 

there is no dead time between sweeps. 

Some computer codes were written to calculate antenna patterns in 

the near field of waveguide antennas. Possible uses for these codes 

are: 
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1. calculating antenna patterns on an antenna viewing a resonance 

layer in a tokamok plasma: 

2. serving as an aid in optimizing designs of ECC antennas. Compar-

ïson with «assured patterns of JCT's antennas can hopefully be 

aade in the near future; 

3. providing data for interpretation codes of ECE spectra. For 

example, weight factors for rays in ray-tracing codes nay be de

rived rrooj the patterns. 

The first code calculates the power coupled into a node of a 

rectangular waveguide antenna by a snail source (gyrating electron) 

•s • function of the position of this source. In a second version, 

an approximate correction can be node for tapering of the antenna. 

These codes were applied to some antennas of the ECE antenna array 

of JET. 

Two wore codes were written that can calculate radiation pat

terns of rectangular and circular waveguides respectively. 

The non-waxwellian simulation code of ECE spectra 

R.N.3. Sillen and A. Kattenberg. 

For the second level interpretation (integrated interpreta

tion of several diagnostics for the JET plasma) JET is building up a 

code suite which also incorporates an interpretation and a simulation 

code for the ECE spectra. The a m of these codes is to analyse the 

millisecond time-resolved two-dimensional ECE data thoroughly. 

The FOM grating polychronator can even give ECE data on a 

much faster timescale, i.e. " 2 vs. It is capable of collecting data 

between 55 GHz and 500 GHz by means of two gratings and by adjusting 

the angle of the grating of the spectrometer. These features give our 

diagnostic the possibility to study non-thermal phenomena in general. 

In order to interpret data on such a fast timescale properly, our 

laboratory proposed to develop a simulation code capable of analysing 

non-msxwellian phenomena of the JET plasma. This proposal was accepted 

in May and an Article 14 Contract is being drawn up. 

The non-maxwel1 ion simulation code will be structured from 

the Taaor code [2] which computes ECE spectra in the tenuous plasma 

Iimit. 

The TAMOR code will be upgraded in the following way: 

I. Introducing Timte density effects, 

by including refraction, 

by including new formulae for the emission and absorption. 
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II. Introducing Mission and absorption coefficients for non-isotropic 

distribution functions. 

This, along with the reature to calculate the eaission and 

absorption coefficients of shifted maxweltian distributions, will 

allow us to simulate practically any distribution function. 

The TAHOR code was installed on our computer system, 

CDC-17J-7S0, in the second half of 198). To accomplish the first goal, 

inclusion of refraction, we installed the RAYS code [)]. The implemen

tation was finished in the last weeks of December, but some additional 

testing and adapting of the computer-dependent plot facilities remain 

to be done. 

The RAYS code was developed to study e.g. additional heating 

methods, such as ECRH, but also to study phenomena like upper hybrid 

radiation. This is done by computing the ray traces and the absorption 

of the radiation in the geometric optical limit. Because of the modu

lar structure of this code, ray-tracing modules can be used in the 

upgraded TAMOR code. 

The absorption and emission coefficients for various regimes 

(tenuous vs finite density, low or intermediate temperatures) and for 

both propagation modes are developed by Bornatici et al. [4]. This 

applies to the radiation in the relevant cyclotron harmonics of the 

thermal electrons. 

In cooperation with Prof.Dr. M. Bornatici of the Theoretical 

Division, a general approach to deal with non-thermal contributions in 

the electron population was adopted. The total electron distribution 

Function is built up from definitely identifiable contributions, i.e. 

fo = rbulk + C h(p,>g(Pi) , 

where fDU||c is the thermal distribution function, c the ratio of the 

non-thermal and thermal electron densities, h(p|) is the distribu

tion function for the parallel direction, where the temperature is 

characterized by T|. This distribution can also account for a drift 

by a parameter p0, q(pi) is the distribution function for the per

pendicular direction where the temperature is characterized by T A; 

this distribution can also account for a loss cone by a parameter j. 

with these five parameters t, T|, T^f p0, and j we can in gener

al describe a great variety of distribution functions. 
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A 3.1.2 The T-10 files 

R.H.J. Sillen, H.H. Piekaar, R.J.N, de Haas. 

The presentations in Marseille [5] (7th Int. Conf. on Infra

red and Millimeter Waves, February 1983), Groningen [&} (NNV, Spring 

Meeting, April 1983) and Dubna [? ] (3rd All-Un ion Conf. on High-

Temperature Plasma Diagnostics, September 1983) are not intended to be 

the last word on our expedition to the USSR of May, June, July 1982. 

We are still elaborating on the data obtained from T-10. 

Together with our colleagues from the Kurchatov Institute, we 

intend to publish more detailed analyses on these data. To this end, 

we have to examine the data systematically and methodically, prefera

bly with the aid of a computer code on which T-10 parameters can be 

simulated. 

We succeeded this year in cleaning our data numerically from 

the 50 Hz pick-up we were confronted with in Moscow. As can be seen 

from Fig. 20a,b, the sawtooth activity is completely recovered after 

eliminating the 50 Hz pick-up. 

CmV) 

V 

Fig. 20. A distorted signal trace (a) and a "numerically cleaned" trace (b). 
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Profiles of the tiae evolution per discharge can routinely be 

made by computer (Fig. 21) and also, by combining siailar discharges, 

profiles can be fitted to the data points at arbitrary tiaes during 

the discharge (Fig. 22). 
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Fig. 21. Tie* evolution 
oF the teaperature pro
file. 
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Fig. 22, The temperature derived from ten similar discharges. The f i t has been 
made by combining a quadratic parabolic function on the high-f ie ld side 
and a simple parabolic on the low-field side. 
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By following the «volution oF those Fits For several discharges, on* 

con shoM the movement of the plasm* column during o discharge 

(Fig. 23). 

12 

(cmJ ,Q 

t • 
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»• t (5) 

fig. 23. The movement of the maximum temperature of the fitted profile. 

The T-10 files have given a vast amount of data on the time evolution 

or the temperature during a discharge. For instance, the behaviour of 

the sawtooth during intense Microwave heating is clearly visible. We 

hope, by a thorough analysis of the data, to net a clue indicating 

which of the existing sawtooth models describes this activity proper

ly. Figure 24a shows the evolution of the sawtooth period during a 

discharge for which the period remains constant. In Fig. 24b one sees 

the period of the sawtooth increasing gradually from 4 ms at the start 

to 12 ms at the end of the discharge. H. Capes, C. Hercier and J.P. 

Morera and Ha Quang succeeded in simulating the effect on the sawteeth 

of a burst of gyrotron power by introducing the sawtooth model of 

Dubois in the MAKOKOT code or TFR [8]. 

Particularly, they could verify 

- the disappearance of sawteeth when heating the shoulder or the tem

perature profile, 

- the enhancement of the oscillation amplitude and a decrease of the 

sawtooth period with heating on the axis (Fig. 24c). 
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f ig. 24 a,b,c. The evolution of the period of the sawteeth: 

al) for a discharge where the period proved to remain constant, 
bl) for a discharge characterized by a continuous increase of this 

period, 
cl) for a similar discharge as in b) but now with the added effect 

of at) intense gyrotron pulse, heating the centre or the column 
between «95-555 m. 

a2, b2, c2) the corresponding amplitude of the sawteeth. 
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The study of th« amplitude of the sawteeth gives us the tooi 

to determine the inversion surface of the sawtooth activity (see 

Fig. 2>). 

The sawteeth 

data can also give 

clues for the analy

sis of pellet exper

iments. The influ

ence on both, saw

teeth period and am

plitude, is clearly 

visible. 

In Fig. 26, 

the temperature evo

lution during pellet 

injection is shown. 

The overall influ

ence on the tempera

ture profile is very 

distinct. 

1 

-10 -

25 -20 -15 -10 -5 

fig. 2>. Determination of the inversion surface of the 
sawteeth for a series of 3 T shots on T-10. Every dot 
is the mean «,/! over 10 sawteeth in the equilibrium 
period of a shot. 
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T 

fig. 26. The time evolution during pel
let injection Tor the six channels of 
our polychromator. 
1) r s 24.8 cm, 2) r * 18.9 cm, 
3) r s 12.9 cm, 4) r = 6.8 cm, 
5) r s 0 cm, 6) r s -8.3 cm. 
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A 3.2 Neutral particle diagnostics 

G.H.J. Noteraans, H.N. van der Ven, A. Verheul» 

H.J.B.M. Broeken, H.C. Saulders. 

The construction oT the tiae-of-flight analyser, including 

the coincident start detector (sec ASK 1982), was coapleted early 

1983. H+ ions in the energy range of 10 to 100 IceV froa the 100 keV 

calibration source were used to calibrate the energy dependence of the 

analyser. Several spectra recorded at different energies are shown in 

fig. 27. The relation between the flight tiae and the inverse square 

root of the energy is given by a straight line as was expected 

(Fig. 28a). The tiae resolution dt/t is of the order of IS (Fig. 28b}, 

caused by energy straggling inside the foil and by the presence of a 

ssali but unavoidable angle between the foil and the ion bea*. The 

•essureaent of the straggling is described by Notereens [9]. 

During 1983 a bilateral cooperation between our institute and 

the IPP Garching was agreed upon with the purpose to deploy our analy

ser at the AS0F.X tofcaaak. The aia was threefold: 

1. To test the equipment under operational conditions. 

2. To measure the slowing-down spectra froa the ASDEX heating besas. 

3. To perform a scattering experiment. 

5000 
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4000 -

3000 -

2000 

1000 -

40 60 B0 100 120 

-• flight time Cnsï 

Fig. 27. Recorded time-of-flight spectra for different ion energies. 
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Fig. 28b. Resolution of the spectraseter. 
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For these purposes, a new vacuum vessel was designed and 

built in the first half of the year (Fig. 29). This vessel also houses 

an achromatic magnet system, which is necessary in order to provide a 

first discrimination between the high-energy neutrals and the thermal 

neutrals escaping from the ASDEX plasma. The magnet system consist of 

three identical sector magnets. A predetermined range of energies can 

be chosen by placing an appropriate diaphragm in the symmetry plane in 

the middle magnet where a dispersed image of the beams is formed. 

Figures 30a and 30b show one of the sector magnets. The use of rare 

earth permanent magnets (CoSm) to generate the magnetic field, permits 

easy application of the magnet system under vacuum conditions. An ad

justable shunt can be applied to vary the magnetic field. 

The first two aims were accomplished before the end of 1983. 

The analyser was mounted on the ASDEX tokamak (Fig. 31) in September 

in such a way that the line of sight looks tangentially into the 

plasma in the equatorial plane. After some initial technical difficul

ties the analyser worked very satisfactorily. From November on, till 

the end of the ;-ear, slowing-down measurements were performed. A pre

liminary example of such a measurement is shown in Fig. 32. 

Fig. 29. The new spectrometer deployed at ASDEX. 
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Fig. 30a,b. One of the sector magnets. 
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Fiq, 51. The mounting of thp spectrometer at ASDEX. 
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F i g . 32. A pre l iminary example o f a slowing-down measurement 
of the fast ions from the ASDF.X heat ing beams. 

The z - a x i s r e p r e s e n t s t h e measured f l u x per s e c o n d , per s t e r a d i a n 

e l e c t r o n v o l t , and per square c e n t i m e t r e p l a s m a . Most o f t he measured 

f l u x l i e s be low t h e i n j e c t i o n energy o f 40 keV. The magnet sys tem c u t s 

o f f the s p e c t r u m a t t h e lower s i d e at about 20 keV. The n e u t r a l i n j e c 

t i o n l a s t e d f rom 1.1 t i l l 1.3 s . I t i s o b v i o u s f rom f i g . 6 , t h a t a f t e r 

1.3 s the s o u r c e o f the f a s t p a r t i c l e s at 40 keV d i s a p p e a r s and t h a t 

t h e s p e c t r u m decays i n a c h a r a c t e r i s t i c t i m e o f t he o r d e r o f 30 ms. 

More d e t a i l e d a n a l y s i s o f t h e s e measurements w i l l be p e r f o r m e d e a r l y 

nex t y e a r . 
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A 4 NUMERICAL CALCULATIONS ON COLO PLASMA BLANKETS 

(H.J. Goedheer) 

W.3. Goedheer, 3.H.H.M. Potters; 

student: Hiss M. den Haan. 

A 4.1. A mixture of H and He 

The results of the Model with three ion species (H+, He*, 

He**) were published as Rijnhuizen Report 83-147. The main conclusions 

are that 

- the temperature screening effect of collision*] transport causes an 

enhancement of the density of the a-particles near the wall, even in 

case anomalous losses according to the ALCATOR-INTOR scaling are 

present. 

- The density of neutral helium resulting from recombination of 

outward-flowing plasma is so small that pumping of helium cannot be 

achieved by means of a cold-blanket configuration. 

A 4.2 A mixture of 0, T, and He 

The collisional transport coefficients used in the model for 

the H-He mixture are based on the assumption that m-- * "He* T h e 

assumption IDQ j <C m^e dearly is not valid in a mixture of D, T, 

and He. Therefore the full Pftrsch-Schlüter transport matrix, includ

ing the effects of strong temperature equilibration, was incorporated 

in a new model for D, T, and He. 

Whereas in the previous model neutral H was treated as a 

fluid and neutral He with a very simple kinetic model, including only 

ionization by electrons of a mono-energetic flux of neutrals, this new 

model was provided with a fully kinetic description of each neutral 

species. 

Calculation of the density and temperature profiles in a 

cylindrical geometry is a two-point boundary value problem; values are 

specified at the wall, fluxes (derivatives) vanish on the axis. There

fore, the equation of continuity and the transport equation were com

bined to a second-order nonlinear ordinary differential equation for 

each species. In order to solve these equations, a compact finite-

difference scheme on a non-equidist ant mesh was developed. As the 

coefficients in the ODE's contain derivatives, special attention was 

paid to the numerical scheme to be used to obtain them with sufficient 

accuracy. Finally, a fourth-order expression based on the five-point 

Lagrangian interpolant was found to be sufficiently accurate. 
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The cod* was used to study profiles of 0, I, and Ho for the 

swi fixed t «ope rat ure profile as used for the H-He mixture, i.e., a 

squared parabola «nth a wall temperature of > eV and a central temper

ature between 11 and 15 keV. Such a profile is assumed to be relevant 

for JET; also the dimensions and the toroidal magnet ic field of JET 

were used. From these calculations the following conclusions could be 

drawn. 

- A significant demising of D and T occurs, with T accumulating in the 

coolest part of the plasma. This is caused by the smaller penetra

tion depth of neutral T and by collisions between ions with differ

ent mass in the Pfirsch-Schlüter transport regime. 

• The amount of neutral He in the blanket is very low: furthermore, 

all transport models studied showed a helium impoverishment in the 

blanket. 

- The elastic scattering between neutral He and charged 0 and T re

duces the influence of recycling of helium. 

Studies for temperature profiles with a broad cool boundary 

layer, expected to be relevant for the scrape-off region of INTOR, 

showed an increased separation compared with the solutions for the 

squared parabola. A note on these results was prepared for the 8th 

INTOR Phase II Workshop. 

A detailed description of the model and of the results ob

tained was prepared and will be published as Rijnhuizen Report 84-150. 

Also a note was prepared on the compact difference scheme; 

the scheme was analysed and tested by means of a model equation. This 

note will be submitted to the Journal of Computational Physics. 

* *•' Kinetic description of neutral species 

The computer code "STAT80" of Hackmann, Kim, Souw, and 

Uhlenbusch, was rewritten to a routine which could be used in the 

above-mentioned transport code. "STAT80" solves the integral equation 

Tor the neutral density which results from the Boltzmann equation for 

the velocity distribution function. Hodifications of the code include 

the addition of recombination processes, elastic scattering between He 

and H+, D*, and T*, and a weak symmetry condition on the axis of the 

discharge. Also some of the numerical procedures were improved. The 

routine was used to compute the composition of the flux of neutral 

atoms impinging on the first wall of INTOR. It was Found that the pre

scribed scrape-off layers in most cases efficiently shield the wall 

front energetic neutrals. A report of this study was prepared for the 

8th INTOR Phase II Workshop. 
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A 4.4 Spectroscopy of He end He* 

The nuaencat calculations performed to get soae insight in 

the conditions required to deduce the ground state densities of He, 

He*, and He** fro» spectral line intensities were concluded and re

ported on in an internal report (I.R. 82/071, completed in 1983). 
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A 5 ELECTRON CYCLOTRON RESONANCE HEATING ON TFR 
a) c) 

(L.T.H. Ornstein , A.M. van Ingen } 

J.W. l'Aim8*, C.A.O. van der Geer a ), A.F. van der G n f t c ) , 
d) c) c) 

R.S. de Haas , A.H. van Ingen , H. van der Kaay , 

L. Kroonenburg , O.G. Kruijt , P. Manintveld ' , 

G.3. Monster , L.T.M. Ornstein8 , R.W. Polman8' , 
a) c) c) 

M.3. Schrader , A.B. Sterk , H.L.C.J. van Strien , 

A.G.A. Verhoeven C , f ), A.M.E. Winkelman8'9* . 

A 5.1 Introduction and outline 

In recent years, first steps have been made in electron 

cyclotron heating of tokanak and other plasmas. To obtain reactor-

relevant results still a large effort is needed: high r.f. power has 

to be applied on plasmas having a sufficient electron temperature, 

confinement time, and size. 

Work in progress, specifically in the U.S.S.R. and in the 

U.S.A., is oriented towards incr ased power: *" 1 MW on T-10 at the 

Kurchatov Institute in Moscow, where gyrotrons at 83 and 100 GHz are 

available; several hundred kW at 60 GHz on Doublet III in San Diego 

and on PDX in Princeton. 

The present work in the European Community, although quite 

stimulating intellectually, is still on a modest scale experimentally: 

typically, experiments work with 200 kW gyrotrons, in short pulse 

operation at 28 GHz and in a near future at 60 GHz. 

If this situation is really to be improved upon, experiments 

should be done in well-defined circumstances at significant values of 

the basic parameters so that the results can be relevant for reactor 

situations. This entails applying sufficient r.f. power to obtain ap

preciable heating on a plasma with parameters (temperature, size, 

energy confinement time) such that the theoretical picture of wave ab

sorption at the electron cyclotron resonance may be checked. 

The present project concerns an electron cyclotron resonance 

heating (ECRH) experiment at 60 GHz, 600 kW in 100 ms pulses to be 

a) ECRH-tesm. 
b) Seconded to the ECRH-team. 
c) Electrotechnicai Department. 
d) On loan from Holec. Hengelo. 
e) Seconded to Princeton Plasma Physics Laboratory, Princeton, N.O., U.S.A., 

till August 1983. 
f) Since 1 July 1983. 
g) Since 1 August 1983. 



-44-

performed on the tokamak facility TFR at Fontenay-aux-Roses, France, 

by a joint effort of the Association Euratom-FOM and the Association 

Curatom-CEA. The project was started under the aegis of Euratoa's 

Preferential Support. The application For this support was well-

received at a meeting of an ad-hoc group of experts fro» the European 

Community (Fontenay-aux-Roses, January 1983). Preferential support was 

indeed granted to the project by the CCFP (Brussels» February 1983} on 

the recommendation of its Programme Committee. The green light to 

start the project, to build up the teams in Rijnhuizen and in 

Fontenay-aux-Roses, to place orders for the necessary equipment, and 

to conclude a formal agreement between the two associations was given 

in the meetings of the Steering Committees Euratoa-FOM (Rijnhuizen, 

Hay 1983) and Euratom-CEA (Fontenay-aux-Roses, Dune 1983). The limit 

to the budget for the preferential support was set in accordance with 

the application at Hfl. 7.9, to be shared by the two associations 

Euratom-FOM and Euratom-CEA at a ratio of approximately 3 : 1 , respec

tively. The sharing of the responsibilities for various parts of the 

equipment and tasks is indicated under the headings of Chapter A 5.3 

(Technical description). 

The experiments will be carried out on TFR at Fontenay-aux-

Roses during the entire year 1985; the planning calls for preparations 

and installation during the years 1983 and 1984. 

A number of technical and scientific meetings between CEA-

staff and FOM-team, most of them at Fontenay-aux-Roses, were held. 

Conclusions of these working parties are formalized in coordination 

meetings between the EUR-CEA and EUR-FOM teams. Participants to these 

meetings were Drs. 3. Tachon, R. Cano, and P. Tournesac for CEA and 

L.T.M. Ornstein, A.M. van Ingen, and W.J. Schrader for FOM. In future, 

these meetings will be held regularly as stipulated in the contract 

between FOM and CEA; the conclusions of these meetings will be laid 

down in minutes. 

A 5.2 The research programme»' 

The scientific aims of the programme are the following: 

1. Local heating of the bulk electron population, resulting in a suf

ficiently high increase in the electron temperature (AT > 1 keV). 

2. Experimental investigation on a possible scheme for current drive 

*) Substantial contributions to this work were made by R. Cano, H. Capes and M. 
Dubois, (EUR-CEA, Fontenay-eux-Roses, France); F. Engelmann and T.J. Schep 
(EUR-FOM, Rijnhuizen, Theoretical Division, see Chapter B), 
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by EC-waves. Propagation in the 0-mode froa the low magnetic field 

side (outboard) is envisaged in first priority. 

3. Plasaa formation by using waves polarized in the X-Mode. propa

gating fro» the high magnetic field side (inboard). 

4. Simultaneous ECR and ICR heating at the second haraonic of hydro

gen. 

(1) Plasma heating at the fundaaental electron cyclotron reso

nance by electromagnetic waves, propagating perpendicularly to the 

•agnetic field, polarized in the ordinary «ode, being launched froa 

the outboard (5 low Magnetic field) side. Wei I-locallzed heating at 

specified Magnetic surfaces is envisaged, resulting in temperature-

profile control during (quasi-)statïonary operation as well as during 

the plasna build-up phase. Plasaa heating will take place at an elec

tron density of approximately 2/3 of the cutoff value. At this densi

ty, aaxiMuM absorption is predicted. 

for well-localized plasaa heating and also to avoid spurious 

aodes which May cause anomalies in the electron velocity distribution: 

- the polarization of the incident wave should be well-defined, al

ready at the launching structure: linear, parallel to the magnetic 

field, 

- the size of the beam at the resonant surface should be Much smaller 

than the minor diameter of the plasma toroid, 

- the absorption in the first passage should be high, 2 805. 

Especially for extrapolation to larger devices a significant 

experiment should: 

- not only start at a sufficiently high initial electron temperature, 

Teo' 

- but also result in a sufficiently high increase in electron tempera-

lure, ATe: 

ATe - Teo 2 1 keV. 

The necessary power to achieve this in TFR is evaluated at 400 kW 

input into the plasma which may be obtained with 600 kW installed 

r.f. power (3 gyrotrons). 

The possibility to investigate local heating in TFR was shown 

in Hitano by numerical simulation using the MAK0K0T code. The ohmical-

ly heated discharge of TFR was first simulated, then the heating pulse 

was considered*'. 

Numerical simulation of the sawteeth behaviour in the ohmic-

ally heated plasma and with additional FCRH was studied by H. Capes in 

Fontenay-aux-Roses, 

*) Computational studies were made by M. Fontanesi, C. Msroli and V. Petri No 
(Universitè di Milano, Italy). 
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A wide range of influencing the sawtooth behaviour is pos

sible, depending on the localization and the intensity of ECRH. 

A classification of expected effects has been made up by K. Dubois 

(fontenay-aux-Roses). 

On sawteeth (q = 1 activity); 

- localized heating on axis tends to enhance the regeneration rate 

(accelerates the profile peaking); 

- triggering and importance of the internal disruption is affected by 

gradients near the q = t surface. 

On q - 2 phenomena: the stability of tearing modes depending upon cur

rent profiles, ECRH can be used to stabilize dangerous modes (e.g.: 

m=2, nrl responsible for major disruptions) in two different ways: 

- directlyr by driving current at a given radius, 

- mdirectly, by tailoring I(r) through controlling the temperature 

profile, Te(r). This indirect method is more likely to be possible 

on TFR. 

It was also suggested (FOM) to control a disruption by ar

resting its growth with a short, precisely-timed and localized heating 

pulse. 

The general discussion on local heating has clearly shown the 

necessity to add two major improvements to the present project: 

- the possibility of tailoring the power pulse by fast increase or de

crease of the power level {< 15 us); 

- to study a focusing system for reducing the spot size of the three 

converging beams. This spot size should be associated with new re

fraction calculations which will include the three beams. 

Moreover, t̂ .e necessity to include the effect of trapped 

electrons in the heating simulation has also been suggested. 

Diagnostics 

For studying the local heating effects the following specific 

diagnostics will he used: 

- fTF at thr 2nd harmonic; by microwave receivers already installed on 

the outboard and inboard side of TFR. This system is at present in 

operation but a filter for the 2nd harmonic of the gyrotron emission 

should be provided. 

- FTF at the 2nd harmonic by 6-chsnnel Fabry-Pérot cavities. The pres

ent apparatus should he modiTied to accept frequencies in the 

120 GHz range and a filter for the qyrotron emission should also be 
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studied. 

- Direct measurement of the attenuation of the incident bean. A possi

ble scheme*' consists of a directive horn placed behind apertures 

in the reflecting mirror which transmits a very small fraction of 

the incident power. 

- Soft- and medium-X-ray spectroscopy with a Li-doped Si-diode to 

infer the shape of the electron-velocity distribution function. 

These measurements will be compared witi the information obtained 

from ECE spectra. 

For studying local heating and current-drive effects the cur

rent-density profile should be measured. This is a well-known diffi

cult problem and, in practice, no reliable system has been found up 

till now. The method based on Faraday rotation which was successfully 

used on TEXTOR, has provisionally been discarded as impracticable for 

TFR. 

Very recent experiments on TFR have shown that the drift ve

locity of superthermal electrons can be measured in some conditions by 

ECE at oblique propagation. With some improvement this system could be 

used even for lower energy electrons (e.g. by measuring the emission 

from the inboard side). A major effort should be done on this method, 

which is et present the only possibility envisaged on TFR. 

(2) Current drive could possibly be investigated at the end of 

the experimental period. As a first approach, waves in the ordinary 

mode, launched from the outboard side obliquely to the magnetic field, 

will be applied. A more efficient scheme using waves in the extraordi

nary mode launched from the inboard side, resonating with a superther

mal electron population, may also be investigated. The latter scheme 

has as a major drawback the technical difficulties of launching high-

power waves from the inboard side. 

These experiments are considered very important but they 

imply a substantial modification of the last sections of the transmis

sion lines. The conceptual design of the antenna system for an oblique 

launch should start immediately. Hopefully, a first evaluation of 

technical and financial efforts will be available shortly. 

(3) Plasma formation 

Waves i n the e x t r a o r d i n a r y mode can be used e f f i c i e n t l y to 

i n i t i a t e the d ischarge at lower loop v o l t a g e , avo id ing the occurrence 

o f run-away e l e c t r o n s , and w i th a low impur i t y c o n t a m i n a t i o n . The 

* ) The collaboration of 8. Zanf8gna (CEA) is grateful ly acknowledged. 
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possibility of launching an ordinary mode fro» the outboard aide, 

changing the polarization by an appropriate reflecting structure on 

the inner side is now considered. 

(4) Simultaneous ECR and ICR heating 

Taking advantage of the presence of the ICR heating facili

ties at TFR (3 MM at 40 to 90 MHz), simultaneous electron and ion cy

clotron heating (the latter at the second harmonic of hydrogen) «ay be 

investigated. The study on synergetic effects of these two different 

heating methods Mill be of importance for future large devices and 

reactors. 

A 5.3 Technical description») 

1, Gyrotrons (under FOM's responsibility) 

1.1 Gyrotrons 

Three 60 GHz, 200 kW, 100 ns pu lse gyrot rons prov ided w i t h c r y o -

magnet systems and Vacion pumps were ordered wi th V a r i a n , USA, f o r 

a t o t a l of M$ 0 . 8 9 . The c o n t r a c t was concluded in June 1983; the 

f i r s t tube w i l l be d e l i v e r e d in July 1984 and the other two 1 and 

2 months, r e s p e c t i v e l y , a f t e r the f i r s t one. 

These tubes w i l l be p r o v i d e d w i t h the complex X6 c a v i t i e s 

(TE01-TE02) to ensure a microwave output mainly in the TEo2~m°de. 

Regular c o n t a c t s w i t h the manufacturer about many t e c h n i c a l ques

t i o n s and i n f o r m a t i o n on the progress of the f a b r i c a t i o n g i v e us 

s t r o n g conf idence i n the proper d e l i v e r y - on t ime - of the g y r o -

t r o n s . 

Two one - to -one sca le models of gyro t rons were made for s e v e r a l 

purposes: 

- for i n s t a l l i n g in Fontenay -aux -Roses , toge ther w i t h one o i l tank 

( g y r o t r o n mount) , in September 1983 , to prov ide the CEA-team 

w i t h a r e a l i s t i c g e o m e t r i c a l a id for the design of the r . f . 

t ransmiss ion l i n e (see Sec. 3 . 1 ) , 

- for the des ign and c o n s t r u c t i o n of the w a t e r - c o o l i n g system (see 

Sec, 1 . 3 ) , 

» ' The coordination of the work in Fontenay-sux-Roses by P, Tournesac is 
acknowledged with gratitude. 
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- For h i g h - v o l t a g e t e s t i n g of the p a r t s o f the g y r o t r o n mounts 

(see Sec. 2 . 3 ) . 

1 .3 W a t e r ^ c o o l i n g * ^ 

To cool the g y r o t r o n s , power input approx imate ly 700 kM, a Tlow of 

670 l i t r e s / a i n u t e of d e i o m z e d water per tube is p r e s c r i b e d . For 

the modulator (see below) an a d d i t i o n a l amount of 315 l i t r e s / 

a m u t e i s needed, whereas, d u r i n g t e s t s , the water load w i l l t a k e 

up to a maximum oF a lso 200 l i t r e s / m i n u t e . 

D e - i o n i z e d water w i l l be Furn ished by CCA to a t o t a l o f 2500 

l i t r e s / a i n u t e at a pressure not exceeding 10 b a r , at a t empera tu re 

to be kept above the d e w - p o i n t . CCA has a c o o l i n g tower and puaps 

a v a i l a b l e . 

At each gyro t ron tank we w i l l i n s t a l l a manlFold through which the 

v a r i o u s Flows ( a t va r ious p r e s s u r e s ) w i l l be d i s t r i b u t e d to the 

d i f f e r e n t p a r t s oF the g y r o t r o n s . S p e c i f i c a t i o n s were g iven and 

the e n g i n e e r i n g design was accomplished by September 1983 . The 

F i r s t man i fo ld was completed in December 1983; i n s t a l l a t i o n at 

Fontenay-aux-Roses and t u n i n g on a dummy is planned i n the b e g i n 

ning of 1984. Man i fo lds n r s . 2 and 3 w i l l Fol low i n Spr ing 1984 . 

Obs.: Here, expertise within the Netherlands' scientiFic/technical community 
could be used to our advantage: a design contract was given to NIKHEF 
(Amsterdam). 

1.4 Cry_o_cgoling 

The gyrotrons are to be operated with magnetic fields From super

conducting magnets. These will be manufactured by MCA, supplied 

through Vanan. These magnets, place' in cryostats, will he mount

ed on top of the gyrotron tanks. The necessary liquid helium, 

which will be supplied by CEA, is to be transferred to the cryo

stats from three 100-litre storage dewars. The consumption of 

liquid helium may amount to 2000 litres/month. Liquid nttrnqpn, to 

he used as intermediate coolant, will be pumped through an insu

lated pipe to three output valves abovp each cryostat; an automat

ic LN2 filling system will be installed. 

Practical instruction in the preparatory phase, given by the staff 

of ECN (Petten), is acknowledged. 

*> The collaboration of L. Cliquet-Monnet (Cf.A) is gratefully acknowledged. 
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2 High-voltage supplies (under FOH's responsibility)») 

In April this year» a new proposal was made For the sharing 

of the responsibilities between FOM and CEA, implying that FOM would 

furnish the high-voltage power supply as well as the modulator. 

2.1 High-voltage supply 

Comparative design studies of a transformer rectifier system 

and a high-power capacitor bank were used for the negotiations with a 

number of European and American firms, leading to a choice between: 

- a 100 kV, 40 A transformer/rectifier combination, for which the best 

offer came f;om Alsthom, France, for MFF 1.94; 

- a 120 kV, 120 \iF capacitor bank with charging supply, for which 

there was a good offer from Universal Voltronics Corporation, USA, 

for M$ 0.350. 

Finally, F0M placed the order with Alsthom, since the points 

in favour of this solution (easy extension to a longer pulse length, 

less stored energy to dump in case of faults, lower price, European 

firm) outweighed the advantages of a C-bank (less load on the mains 

and less mechanical problems in the rectifier transformers in case of 

repeated crowbarring and, if UVC would have been chosen, possibly 

better integration of the whole high-voltage system). 

Because the number of short-circuits that the power supply 

can withstand is limited, some measures were taken to reduce the 

effects of crowbarring. The series inductance of the transformer/ 

rectifier system was increased to 1.6 H and the resistance to 270 ü in 

order to decrease the current rise and the maximum current in case of 

short-circuit ing. 

Computer simulations were made to calculate the current and 

voltage fluctuations under various pulsed load conditions including 

short-circuits. These calculations were done for different types of 

connections between the high-voltage supply and the modulator-regula

tor unit. Of the possibilities investigated - a single coax cable, two 

parallel coax cables, and two parallel single core cables - the latter 

one turned out to be the best choice for our situation, where the cen

tral ground connection will be at the modulator To reduce transient 

phenomena, a 500 pH inductance will be installed in the output line. 

During the test phase a 5 kJl series resistance will he used between 

*' Good collaboration with C. Viniane and M. Desmonds (CF.A) is gratefully 
acknowledged. 
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rectifier and filter capacitor. An interface module was designed for 

control and protection in the event of a crowbar. This module «till 

deliver a fast interrupt signal to the thyristor switch unit of the 

Alsthom supply. For the final acceptance test at Fontenay-aux-Roses in 

April 1984, a test load, which is capable of handling full power 

pulses at a tfuty cycle up to 45» and a pulse length of 1 s, is under 

construction at Rijnhuizen. 

Many contacts with the manufacturer during the design and 

fabrication phase give us full confidence in a timely delivery of a 

properly functioning installation. 

2.2 Modulator 

A modulator/regulator unit, capable of delivering 1-100 ms 

pulses of 80 kV, 10 A to each of the three gyrotrons, was ordered from 

the Universal Voltronics Corporation, USA, at a contracted prize of 

M$ 0.360. During one jf the progress meetings, small changes were 

agreed upon to increase the possible pulse length to 1 s. The rise and 

fall times of the pulses are about 200 us, the flat top stability will 

be better than 0.5S. Output voltage and pulse length are externally 

controllable. In case of overcurrent or external interrupt, the series 

regulator tube will switch off. To protect the gyrotrons in case of 

overcurrent or breakdown, a crowbar (ignitron) switch is provided to 

short-circuit the high-voltage input within a few microseconds. Paral

lel to ttiis crowbar switch, a soft dump will be installed in order to 

discharge the 100 kV output capacitor of the Alsthom supply through a 

20 kQ resistor. This soft dump will be used in those cases where fast 

short-circuiting is not necessary, to reduce the number of crowbars on 

the Alsthom supply. 

Again, our good contacts with the manufacturer inspire our 

staff to have full confidence in the development of this part of the 

work. 

2*5 §Y.E2* E2G_m9yoi§ 

Much time was spent on the design and on the initial develop

ment tests of the gyrotron electron gun supplies, referred to as gyro-

tron mounts. The supplies, immersed in oil, wtJl come at a potential 

of minus 80 kV during the pulse. They consist mainly of a high-voltage 

divider with zener stabilization, s 50 kV 9witch-tube with control tn 

switch the gun-anode voltage, and a stabilized gun-heater supply. The 

gyrotron mounts are being built by the High-Power Engineering Group 
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of the Electtotechnical Department of FOM, Rijnhuizen. This gives the 

opportunity of introducing some new design ideas like fast- and 

stepped-switching during manufacture. The supplies, to be installed in 

oil-filled tanks, are now under construction. 

Also, the necessary test equipment is being developed and 

built by the same group. 

3 Transmission*' 

3.1 Transmission lines (under CEA's responsibility) 

The circular-mode output of the gyrotrons (TE02) n a s to be 

converted into a linearly polarized wave (TEji) in order to carry out 

experiments in which the excitation (0-mode or X-mode) may be clearly 

deFined. The transmission line is to be built in highly-oversized 

waveguide. Especially for circular modes this type of guide has very 

low dissipative losses in straight sections, but various other compo

nents may give problems due to parasitic mode conversion. 

A system consisting of three separate transmission lines with 

lengths of approximately 10 metres is needed to carry the power from 

the three gyrotrons to one T-port (No. 5) of TFR. 

A contract for three complete transmission lines (except for 

vacuum windows) was awarded by CEA to Thomson-CSF at a price of 

MFF 1.8 in July 1983; delivery of the first line is expected in May 

1984, to be followed by the 2nd and 3rd line in October 1984. Our 

group had enough contacts with the manufacturer to envisage with 

optimism a timely delivery. 

Three vacuum windows were ordered by CEA from Varian to 

arrive June 1984. As the delivery time is 7 to 8 months, a spare win

dow or an option contract for immediate delivery in case of necessity 

appears desirable. Bellows for the transmission system, 2 for each 

line, are being studied at Fontenay-aux-Roses. 

Studies for the line supports were started by CEA. These sup

ports will be ordered from outside suppliers; estimated delivery time 

is 6 months. The alignment procedure is being developed at Fontenay-

aux-Roses. 

The antennas to launch the microwave power into the tokamak 

must have good directivity. Only with not-too-wide beams good locali

zation of power absorption can be obtained. Narrow beams may also be 

The collaboration of J.P. Crenn (CEA) is gratefully acknowledged. 
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needed for current-drive experiments. Systems with horns and with 

lenses are considered. In particular, the possibility of* using (metal

lic, lamellated) lenses is being studied. Even at the high powers con

sidered, they seem to be feasible, but problems of transmission effi

ciency and of breakdown will have to be solved. 

3.2 Arc detectors (under joint responsibility) 

One arc detector at the gyrotron window in each of the three 

lines is mandatory: three more arc detectors at the TFR-side are con

sidered. CEA will provide the transmission lines with arc detector 

sections, complete with electronics and protective circuitry, to be 

compatible with the FOM interrupt systems. FOM has designed and is now 

building additional arc-detector circuitry to protect the gyrotrons. 

3.3 G^rotron acceptance tests (under FOM's responsibility) 

For the final acceptance test of the gyrotrons in Fontenay-

aux-Roses, one arc detector section, one waterload (ordered at 

Varian), and a calorimeter are needed. 

A calorimeter is being developed to monitor the pulsed r.f. 

output (every millisecond) and to measure the water-flow through the 

waterload and the temperature difference across it (every second). The 

accuracy of the AT-measurement has to be 10" C; this is required for 

single-pulse measurements at the high flov rate or 200 litres/minute 

prescribed by Varian for its waterload. The problem of the sensors 

being warmed up by their bias current has beon solved by pulsing the 

sensors. The data for these calorimetric measurements will be handled 

directly by MIDAS or by a separate intelligent front end processor. 

For the simultaneous operation - and test - of the three gy

rotrons, and also to determine the influence of the load on the modu

lator, power dumps for the gyrotrons not under test must be found to 

be used already in autumn 1984. It is at present not clear whether 

testing and running of the (three) gyrotrons, with the TFR-machine 

(without plasma) acting as a load, would be compatible with the normal 

operation of TFR. Moreover, our T-port in TFR may not be available in 

time and neither will all three complete transmission lines be ready 

by then. 

Therefore a study has been made of an alternative r.f. load 

bar,ed on continuous conversion to modes with high losses. Such a load 

could have the form of a circular tube of stainless steel, bent in a 

solenoid of f> turns with r = 14 mm and R = 1 m. falor imet r ic 
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measurements on such a load could be done accurately by measuring AT 

on several places along the load just after the r.f. pulse. The time 

schedule nay not allow to proceed on this type of load, therefore a 

second water load will be ordered so that in any case, even without a 

transmission line, it will be possible to monitor the operation of two 

gyrotrons operating simultaneously. 

4. Data-acquisition and control (under FOM'S responsibility) 

Tor the data acquisition and control of the £CRH set-up, a 

system is being developed that consists of control modules, a time-

sequence generator, a mini-computer and a microprocesor. 

4.1 MIDAS microprocessor system 

Before every shot, the Microprocessor polis status signals of 

various parts of the experiment (cage, mount, safety, etc.). If all 

parts are ready, MIDAS enables the time-sequence generator (TSG), 

otherwise MlPAS disables the TSC and displays the fault(s) on a moni

tor. When a fault appears during a shot, MIDAS generates an interrupt 

and the TSC stops. Another task of MIDAS is to measure slow analog 

signals. MIDAS also communicates with the PDP 11/23* mini-computer 

(DAVID). 

The hardware as well as the system software of the micro

processor were completed during 1983. The special software for the 

data acquisition and control functions is being developed. 

4.2 GAVIO ffl!n£zComgMter system 

The system consists oft 

a) hardware configuration: - PDP 11/23* computer 

- two CAMAC crates 

- analog-to-dtgital converters (ADC's) 

b) software: - operating; system RSC 11/M 

- Measure Operating Definition Software 

(MODS) 

- Data Organization and Management system 

(DOM) 

- data processing software. 

Ar roximately 25 signals will be measured. A software package 

was? developed to define how the 3iqnals are measured by CAMAC (MODS). 
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These signals are transferred via optical transmitter-receiver Mod

ules, and connected to the analog-to-digital converters in CAMAC. The 

analog-to-digital converters are read by the computer after a shot. 

For this data, read-out software procedures are being developed. After 

the data are read, they Mill be stored on a Mass storage device, fol

lowing the DOH-defïnition (developed at FDM). In this way, we can pro

cess the stored data later in time. It is also possible to display the 

Measured signals on oscilloscopes laaediately after a shot. Couunica-

tion with the MIDAS Microprocessor systea will be developed for the 

storage of various paraMeters of the experimental facilities. Further-

More, coMMumcation between our POP 11/23* coMputer and the computer 

systeM at Fontenay-aux-Roses will be developed. 

*-' Ii*Si§59*?5?£5 _9?05£!ï?£ 

A tiMe-sequence generator that supplies the tiMing pulses for 

the power supply, the Modulator and the gyrotrons is under construc

tion. This generator can be used in conjunction with TFR as well as on 

its own for testing and conditioning of the qyrotrons. The time-

setting with a resolution of 1 its is done by aeans of thuabwheel 

switches, that can be read via a CAMAC Module to be handled by the 

DAVID Mini-coMputer. It is possible to interrupt the timing signals in 

case oF a fault during a shot. The start of the time-sequence genera

tor will be enabled by the MIDAS Microprocessor control unit after 

having read the status of the experimental set-up. 

4.4 5£c_dete^tqr^inte^r^gt ^module 

In case of an arc on the output window of a gyrotron, either 

only the RF output has to be switched off or the beam current of the 

gyrotron has to be switched off. This depends on the arcing time and 

on the number of arcs during a pulse. For this purpose, a special unit 

was designed. In the case that serious damage is impending, this unit 

will interrupt the high-voltage power supplies. 

4.5 Signal handling and control 

The units described above will be installed in a screened 

cage. For the coupling of fast analog signals, six jjeventeen-jchannel 

o_ptical J^nk (5C0L) modules were built. In these modules, the analog 

signals are converted into frequency-modulated optical signals and 

vice versa. The analog bandwidth is DC to 1 MHz. Slowly varying 
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signals like heater currents are digitized, converted into optical 

signals, and sent into the screened cage to the Microprocessor. For 

the transmission line signals, eighteen wide-band (i 5 MHz) analog 

optical links are being built. 

In the local, unscreened, control rooa, the control and sta

tus panels or the high-voltage supply, the Modulator, the gyrotron gun 

and aagnet supplies, and the cooling system will be installed. A large 

nuaber of Modules for the interrupt-interlock and emergency links are 

being built. To prevent interference due to earth loop currents, these 

Modules Mill be coupled optically where necessary. 

*> Installation and safety aspects (under joint responsibility) 

S.I Installation 

Installation tasks include a floor layout of the set-up. The 

location of several parts of the experiment was determined: like the 

copper ground plate, the gyrotron Mounts, the 19"-racks, the Modu

lator, the water Manifolds, hoisting tools, the cable trays, etc. The 

high-voltage supply is to be placed in the basement. 

Designs have been made of the layout of the transmission 

tines which are to connect the three gyrotrons to port No. 5 of TFR. 

A screened cage, which was available at Rijnhuizen, was re

vised by Siemens and was sent over to fontenay-aux-Roses to be built 

up in February 1984. 

*> .2 Safety aspects 

When operating high-power microwave tubes, serious hazards 

exist, like high voltage, r.f. radiation, and X-rays. Precautions must 

therefore he taken to protect the personnel. To avoid the possibility 

of contact with equipment under high voltage, interlocking switch cir

cuits will be made. In general, there will not be any r.f. radiation 

leakage, but to be sure. Narda measurinq equipment will be installed 

to monitor the transmission lines. 

During operation the tube produces a potentially riaoqerous 

amount of X-rays. Therefore, the collector and the output of the 

gyrotrons will be shielded with sheets of lead. 
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6 Planning 

In cooperation with the planning department*' a detailed 

planning was made of the work to be done. The bar chart of Fig. 33 

summarizes this planning; at this moment, the crucial high-power te«*t 

of the first transmission line is anticipated to start in October 

1984. 
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Fig. 33. Bar chart for the ECRH project. 

A 5.4 Electron Cyclotron Resonance Heating on the PDX tokamak, 

Princeton, N.3., USA 

P. Manintveld, R.W. Polman. 

Int roduction 

The greater part of this year, both authors were seconded to 

the Princeton Plasma Physics Laboratory of Princeton University to 

join the ECH physics programme on PDX. 

The good collaboration of J,T. van den Hout and A.C. Griffioen is gratefully 
acknowledged. 
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This programme, headed by Or. H. Hsuan, was planned to start 

from the end of 1982 on. PDX, headed by Dr. K. Bol, Mas scheduled to 

be shut down early 1983. 

Technical problems with the gyrotron equipment, particularly 

with the modulator part of the circuit, Mere the cause that experi

ments Mith r.f. power launched into PDX could not be started until Nay 

12, 1983. Shortly afterwards, experiments dedicated to localized heat

ing demonstrated clearly electron cyclotron resonance heating of the 

PDX plasma. As a result, the POX shut-down was postponed till June, 

1983. Throughout the one month of ECH operation, POX was available for 

specific ECM experiments only during the night runs; 13 runs were per

formed. Next to 240 times r.f. power pulses were launched into POX. 

Only a reduced version of the planned programme could be carried out, 

since at the same time also many of the usual technical problems in 

experimenting had to be overcome. The impressive diagnostic power of 

PDX, however, won us a host of data about ECH effects. 

The physics issues comprised: 

a) Pre-ionization studies at the fundamental resonance and »t the 2nd 

harmonic. 

b) Localized heating as a function of time, of location of the reso

nance zone, and of density (usually at the fundamental, for some 

cases at the 2nd harmonic). 

c) Transmission studies (i.e. studies on the non-absorbed fraction of 

the transmitted power). 

d) Current drive. 

e) Velocity-space interaction. 

f) Comparison of ECH effects for r.f. power launched from the high-

field side ("inboard launching") in X-mode, with the situation when 

the r.f. power was launched from the low-field side ("outboard 

launching") in 0-mode. 

g) Simultaneous inboard and outboard launching of r.f. power. 

h) ECRH on a neutral-beam-heated base plasma (observe that PDX was the 

tokamak with the strongest neutral beam injection power in the 

world). 

Furthermore, an understanding of the interaction of the ECR-

waves with the plasma was acquired through computer studies with the 

Princeton ray-tracing code TORAV. 

A choice of the preliminary results of electron cyclotron 

heating experiments on the PDX tokamak was submitted to the 11th Euro

pean Conference on Controlled Fusion and Plasma Physics (Aachen, 
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Septeaber 1983) as • post-deadIine paper. It «as «elected for oral 

presentation. More results, in various papers, were contributed to the 

25th Annual Meeting or the Divtson of Ptasaa Physics of the American 

Physical Society (Los Angeles, 7-11 November 1963). The integral paper 

Mith the full picture and analysed data, will be presented as an in

vited paper by Dr. H. Hsuan during the Conference on Heating in Toroi

dal Plasaas (Roae, March 1984). 

In the next section, aore details about the Princeton F.CH 

systee and experiments are given. The text is identical to the suaaary 

paper presented at the Aachen conference. 
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11th European Conference on Controlled Fusion and 
Plasma Physics, Aachen, F.R.C., 5-9 September 1983 

PRELIMIKARY RESULTS OF ELECTRO* CYCLOTRON 
HEATING EXPEtlMENIS OK THE PDX TOKAMAK 

H. Hsuan, R. Polman*, D. Boyd4', A. Cavallo+, A. Dimlts, 
M. Goldman, B. Crek, C. Boot, D. Johnson, B. LeBlanc**, 
P. Manintveld*, S. Sesalc, B. Takahashl, F. Tenney 

FPPL, Princeton University, Princeton, New JeTsey 08544 USA 

Abstract 

ECH experiments on POX have been carried out with two 60CBx pulsed gyro-
trons at about lOOkV each. The ECH system uses two waveguide runs 25 and 
40 meters long, including 5 and 7 bends respectively, and transmitting at 
predetermined waveguide modes. The electron cyclotron (EC) waves were 
launched in narrow beams from both outside and inside the plasma torus. 
By changing the location of the EC resonance, we ware able to produce 
centrally peaked temperature profiles, as well as broader W D stable 
profiles. In the best heating results obtained, Thomson scattering data 
recorded a central temperature increase from <1.5keV to >2.5keV at about 
I O ^ C B T ^ density with approximately BOkW outside ordinary mode heating. 

ECH System 

The ECH systen is the latest addition to the RF facilities at FPPL. 
Its design and construction has been taking place since late 1980. The 
ECH system includes a high voltage power supply (~100kV, 50A, l/2sec), 
a floating deck modulator, two gyrotron oil tanks with two pairs of gun-
anode modulators, fault sensing and protective circuitry, gyrotrons, and 
the transmission waveguide system. The system can take up to 6 gyrotrons; 
however, currently only two Varian 60GHz pulsed (-100msec.) gyrotrons are 
in operation. The power can be routed either to the PDX or PLT tokamak. 
This brief note reports results obtained in ECH experiments on PDX, 
whose operation was terminated in June 1983. ECH experiments on PLT are 
expected to start toward the end of 1983. Since there was only about a 
month (nights only) of ECH operation of PDX, emphasis was given to reliable 
operation, rather than maximua power operation of the gyrotrons. Typical 
operating conditions were lOOkW,, 40msec. from each gyrotron. There Is 
much more data from the outside ordinary mode launcher than from the inside 
launcher.* 

(2) 
The transmission system has some new features. The gyrotron power is 

produced in the TEQ2 circular mode and is transmitted via single mode 
sections (including bends) and mode converters. The transmitted power is 
in the gausslan-llke HEJI mode when it is close to PDX. This mode couples 
to the free space gaussian mode which produces a beam with a pencil-like 
antenna pattern whose measured lOdb full width is 10 degrees. Further
more, this mode also allows sharp bends with a loss of less than O.ldb per 
bend. The total lengths of the waveguides for the inside and the outside 
runs are about 25 and 40 meters and include 5 and 7 bends respectively. 
The power transmitted into the PDX plasma is about 70-80% of that at the 
gyrotron window. 



-61-

PDX-ECH Operation 

Ia our ECH experiments PDX is typically operated with two inside 
divertors.O) The major radius of the plasma is adjustable betveen 
130cm and 140cm; the corresponding alitor radius ranges from 35c» to 
40cm. The large done section of the upper divertor region provides a 
convenient space to introduce a launcher from the smaller major radius 
side. This is accomplished by a straight 63mm circular guide with a 
window as far inside as possible, plus a curved focal mirror and a flat 
mirror. These two mirrors project the ray in a direction making an angle 
of about 40° with respect to the toroidal magnetic field and about 45° 
with respect to the horizontal plane. 

An EG! launcher from the larger major radius side is placed at the 
midplane, almost perpendicular to the toroidal magnetic field. The 
launcher is aimed at a corrugated reflector on the inside wall. This 
reflector, measuring 15cm x 20cm, converts the polarization of the 
incoming ordinary mode into the extraordinary mode.W The reflector 
is also instrumented with nine channels of waveguide receivers to detect 
the transmitted power. One of these transmission receivers is also 
connected to a heterodyne system to determine any sideband activity with 
respect to the gyrotron frequency. 

Among the array of diagnostics on PDX, those especially valuable for 
ECH experiments were the 56 channel Thomson scattering (TVTS) system, 
the 5 chord x-ray pulse height analysis (PHA) system, and the 10 channel 
electron cyclotron emission (ECE) polychrometer radiometer. TVTS and 
ECE measure the horizontal or radial profile of the electron temperature, 
and PHA measures chordal averages to produce a vertical profile. 

Localized Heating from ECH 

The outside launcher has a measured antenna patten of 10° full lOdb 
width. Therefore, it is possible to deposit the ful? power of 70 to 
lOOkW In a central region of 105CBT*. In the experiments the toroidal 
magnetic field is changed in steps of about 32, which corresponds to a 
shift of about 4cm in the resonance location. The observed TVTS tempera
ture profiles change from centrally peaked ones to ring peaked ones. 
Figure 1 shows TVTS temperature and density profiles for a 80ktf outside 
heating case. The tine evolution of the centrally peaked temperature 
profile Is shown by ECE to have sawteeth oscillations when the central 
temperature reaches a sufficiently high value (~2.5keV from <1.5keV). On 
the other hand, no sawteeth are observed when the EC resonance is placed 
at about 6cm from the center. Figure 2 shows these ECE results. The 
x-ray PHA also detects the temperature Increase, but as temporal and 
chord average value. 

Other Results 
12 —3 

At low density (ne < 5 x 10 cm ) ECH interacts strongly with the 
electrons in the tall of the electron velocity distribution. ECE detects 
a surge of radiation after the ECE pulse is over. PHA detects a slide-
away distribution of electrons up to 25keV with only 20kW of ECH power 
at the second harmonic. The temporal evolution of these slide away dis
tributions has been studied recently^) and may be related to current 
drive. . 
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Transmisslon receivers show a level of absorption which Is «t leest 
as good as linear theory predicts. They also shov fluctuations in 
amplitude possibly correlating vith sawteeth activities. The sideband 
study shows a lack of activity during normal ECH operation, except during 
the preionlzatlon and start-up phase. In the latter case, we often 
observe excitation at frequencies below the gyrotron frequency by about 
400*Hz, which corresponds to the lower hybrid frequency. 
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Figure 1 

An example of the effect of ECH on the temperature and density profiles 
as measured by TVTS. The ECH pover (80kW) is launched from the, outside; 
the resonance zone is located at the center. 



- 6 3 -

2.0 
fl IC (MC) 

-H H-ECH Oft ~ « RH 

gSOHANCE AT 1*1 en 

TME (sic) IT 
Figure 2 

T e as a function of time for three radial positions as measured by ECE. 
Note the sawteeth activity for central heating (upper figure), and Its 
absence (lower figure) when EC resonance is placed at about 6cm froa the 
center (135CJD). 
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A 6 DIAGNOSTICS 

A 6.1 SPECTROSCOPY 

A 6.1.1 Test beam for mierochannelplat es 

N.J. Lopes Cardozo; 

students: R.F.H. Hofman, 3.V. Renes. 

The electron-beam facility was used to carry out a test pro

gramme for microchannelplates. The gain of a chevron MCP assembly was 

measured as a function of the intensity of a continuous electron flux 

and as a function of the duration of short (0.1 to 50 ms) high-inten-

sity pulses. In this way» the saturation and recovery characteristics 

could be measured. It was observed that the maximum current that could 

be extracted from a test area exceeded the local bias current by a 

factor 10, which means lateral charge transport, either capacitive or 

conductive, takes place. Electronic substitution schemes that allow 

lateral currents were examined, both analytically and experimentally. 

The recovery of a channel, after saturation, appeared to have a fast 

(x = 0.5 ms) and a slow (x = 3 ms) phase, reflecting the lateral and 

bias currents. 

Also the pulse-height distribution of the pulses from the MCP 

was analysed. It was found that the general opinion that a quasi-

qaussian distribution is the result of a space-charge saturation in 

the channel is subject to severe objections. 

A 6.1.2 Four-channel soft X-ray spectrometer PLATO 

N.J. Lopes Cardozo; 

student: J.W.J. Verschuur. 

In the Spring of 1983 a series of measurements was done at 

fORTUR III, simultaneously with spectral analysis (see A. 6.1.3) and 

Thomson scattering. Discharges with and without turbulent pulse were 

examined. Whereas the laser measurements indicate a central Te of 

6Ü0 to 800 eV, those of the soft X-ray diagnostics agree on a dominant 

flux from a 300 eV plasma. Moreover, the soft X-rsy flux was found to 

be enhanced by a factor 6 over the value that is calculated on a basis 

of 8 1SS oxygen contamination. A hypothesis explaining the measured 

high flux and low Tp as being the result of a strong oxygen contamina

tion (20 to bQ%) that occurs in the plasma boundary was presented. 
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It is estimated that the oxygen blanket cannot diffuse to the plasma 

core within the lifetime of the plasma (30 ms). Measurements are re

quired in order to check the hypothesis in more detail. For this pur

pose a soft X-ray pinhole camera Mill be installed in the near future 

(see A 6.1.4). 

A 6.1.3 Si(Li) detector 

N.J. Lopes Cardozo. 

A nitrogen-cooled Si(Li) detector was made operational and 

mounted on TORTUR III. Heavy lead shielding against hard X-rays proved 

necessary. Spectra were taken in the energy range 1 to 10 keV by means 

of pulse-height analysis. They indicate a dominating flux from a plas

ma of about 300 eV. Hard X-rays of 30 to SO keV and very hard X-rays 

above 300 keV, were observed. Also the soft X-ray flux was found to 

disappear during 1 to 2 ms following a turbulent pulse. (The same 

phenomenon was observed with PLATO.) 

A 6.1.4 Pinhole camera for TORTUR III - SOPHOCLES 

N.J. Lopes Cardozo; 

student: R.F.H. Hofman. 

A pinhole camera for TORTUR III was designed and built during 

1982 and 1983. The detector used is a chevron channelplate assembly 

read out with 8 parallel anode strips. In order to maximize the field 

of view, detector and pinhole will be placed as close to the plasma as 

possible, which requires heavy magnetic shielding. The ehenneJplates 

are used in the pulse-counting mode. Therefore a s ïxteen-channel fast 

pulse counter was developed and assembled (see C 1.3). 50PH0CLFS was 

designed to yield a spatial resolution of 0.5 cm and a temporal reso

lution of 50 us. An Abe J-inversion computer corf2 was developed in 

order to reconstruct the two-dimensional emissivity profile from the 

measured fluxes. SOPHOCLES is being installed at TORTUR III. 

A 6,1.5 Pinhole camera for SPICA II - SOCRATES 

N.J. Lopes Cardozo. 

SOCRATES was designed to measure the electron temperature of 

the SPICA II plasma in time and space with a resolution of 2 us and 
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1 cm, respectively» The final technical 

University of Utrecht. The construction 

November. SOCRATES is planned to be ready 

A 6.2 INTERFEROMETRY 

A 6.2.1 JET 2mm wave interferometry 

C.A.J. Hugenholtz. 

JET is a tokamak with a major radius of 2.96 m and a non-

circular cross-section with minor radii a = 1.25 m (horizontal) and 

b = 2.13 m (vertical). The 2mm microwave interferometer KG2 (JET code 

name) is used to measure the line-integrated electron density along a 

single vertical, near-axis plasma chord. Access to the JET experiment 

is restricted during an experimental period and all the active compo

nents of the interferometer are positioned outside the biological 

shield. This results in an unusually long total transmission path 

length of some 76 m for the plasma probing beam of the interferometer 

(Fig. 34). This transmission path is in oversized waveguide with a 

total of 24 low-loss quasi-optical bends. A 130 mW, 140 GHz reflex 

klystron is used as the microwave source and a high-sensitive liquid-

he 1 ium-coo led FIR detector is used to cope with the high attenuation. 

The interferometer is of the Marh-Zehnder configuration using 

a swept frequency klystron and unequal length of plasma and reference 

arms. In the absence of plasma, the frequency shift is adjusted to 

produce a phase shift of 360 degrees between the reference and plasma 

arms for each cycle of the sawtooth modulation voltage. The chosen 

intermediate frequency is 1 MHz. The detector is followed by a narrow

band (100 kHz) amplifier centred on 1 MHz to reduce noise and to 

filter out the flyback. The resultant 1 MHz signal is then compared 

with a reference 1 MHz signal in a ph^se-to-digital converter. To make 

the interferometer insensitive to frequency modulation caused by noise 

and hum on the klystron power supply, the reference arm was extended 

to 70 m resulting in stable operation. The detection noise limit of 

the system corresponds to about 0.02 fringes, but vibration produces 

~ 1/10 of a fringe of uncertainty. The maximum density measured so far 

corresponds to ~ 70 fringes. 

Three special CAMAC units were developed for this interferom

eter at Rijnhuizen. 

a) A reference signal module to control the 1 MHz sawtooth generator 

which modulates the klystron frequency. The sawtooth generator is 

design was boarded to the 

in the workshop began in 

for assembly May 1984. 
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Fig. 34. Set-up of the 2mm interferometer at JET. 

powered from the klystron filament supply and is floating on the 

beam voltage. Fibre-optic coupling is used between the units. 

b) A CAMAC module that reads the amplitude of the detected interfe

rence signal and is used to check the interferometer performance 

during a plasma pulse. Results .~ stored in a 16 bit, *»4 K LeCroy 

memoiy, 

c) A phase-to-digital converter module which digitises the phase shift 

between the 1 MHz reference signal and the amplified detector sig

nal. The module measures the change in phase shift between sample 

pulses and writes it as a 16 bit word into a 64 K LeCroy memory. 

The accuracy is 3,6 degrees. The MSB is a warning or error bit 

which is set when the change in phase shift exceeds a pre-settable 

value. The final density trace is formed by the software integra

tion of the phase-shift samples. 

Post detection electronics are developed at Rijnhuizen. The 

klystron power supply, controllable via LSD (line surveyor driver), is 

developed by Culham laboratory. 
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All software is written in FORTRAN 77 using THSS, • terminal-

handUnq system adopted by nearly all JET diagnosticians. There are 

two aam programs written Tor this diagnostic, and they are present on 

the local CODAS computer. 

a) A program to control the interferometer fro» the CODAS control 

room. A mimic of the klystron power supply and klystron cooling is 

displayed on one of the consoles in the control room giving the 

status of the interferometer. The system can be controlled from a 

terminal or by means of a touch panel on the console. 

b) A data-handling program giving the amplitude of the detected signal 

and the density as a function of time (Fig. 35). Special tools like 

correcting density plots when errors occur (due to major plasma 

disruptions) are provided. A program that reads the 2mm interferom

eter data from the OPF (JET pulse file) is also available on the 

IBM 3081 and CRAY-1 at Harwell with terminals in the CODAS control 

room. 

All JET plasma-density measurements in 1983 were made using 

the 2mm system described here. 

6 

(1019m"2) 

2 

0 
40 42 44 46 48 SO 52 

P. t (s) 

Fig. 35. Example of a plasma-density measurement 
with the 2mm interferometer. 

pulse no.:1353 
2 mm interferometer KG2 

- max. l i n e dens i ty : 4.280 E+19 el/m2 

no errors! 
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A 6.3 SCATTERING 

A 6.3.1 Thomson scattering on TORTUR III 

C.J. Barth, R.H. van Veen, J.V.J. Verschuur, P.T. den Hertog, 

E.J.C, van den Hout. 

A ten-channel polychroaator Mas used to measure electron tem

peratures and densities at different plasma conditions (see A 2). 

In ASR 1981 (Section A 4.3) the design of a new twenty-

channel polychroaator was described. The construction was realized in 

1983. The aam difference between the two polychroaators is the light-

coupling between the analysing grating and recording photomultïp1icrs . 

fibre optics were applied in the ten-channel polychroaator. To avoid 

the losses (in the order of a factor 2.5) caused by fibres, a set of 

concave selection Mirrors is used (fig. 36) in the new apparatus. 

The application of these selection mirrors deaands an en

largement of the grating mage, thus avoiding too small Mirror dimen

sions. A aangin Mirror serves this aim with excellent optical proper

ties: spherical aberration is negligibly small and coma is reduced by 

a factor 2 with respect to a spherical mirror at f/no = 1.8. 

Measurements of the spectral distribution of the different 

wavelength channels pointed out that the designed properties are in 

very grood agreement with the observed ones [l]. At first, the trans

mission of the spectrometer has been enhanced by a factor 2.5 up to 

45% (expected value 462). Secondly, the 50% and 10% bandwidth of the 

wavelength channels are equal to the calculated ones within 2.5%. 

Thirdly, the straylight reduction has been improved by a factor 10 to 

100 for the channels adjacent to the laser line (10"**) and at the edge 

of the spectrum (10" ) respectively. Toiether with a doubling of the 

number of detectors, the detection limit has been improved by a factor 

5 to ne > 5*10
18 m-3 at a temperature range of 20 to 2000 eV. 

Figure 37 shows an example of a recent measurement. 

In order to test the linearity of the photnmuItipiiers, a 

test equipment was built. The light of three different I.ED's was pro

jected on the photomultïplter cathode by means of an acrylic light 

guide. In this way, each LTD lightens the same cathode area. LED 1 is 

a red one (X = 670 nm) with a pulse width of 1 to 10 us. LED 2 and LED 

3 have a pulse width of 70 ns and emit at 670 nm and at 810 nm respec

tively. 8y recording the piqnal amplitudes of I.ED 1 and LEO 2, nepa-

rately as well as added together, the linearity of the photomultipIter 

can be measured. 
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4 Fresnel lens 

5 field shaping element 

6 Mangin mirror 

7 plane mirror 

8 image surface with concave deflection mirrors 

9 lenses 

10 photomultiplier tube 

1500 mm. 

vertical cross-section 

horizontal cross-section 

r — l x = 598 .7 

»p4 
nm 

- ^ a ^ X ; = 6 9 4 3 
nm 

I IX = 782 .4 
nm 

Fig. 36. The set-up of the twenty-chBnnel poiychromator. 
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Fig. 37. Results of a measurement with the twenty-channel polychrometor. 
<f> Circles with error bar, indicating the Thomson-scattered l ight . 
• Plasma l igh t . 

P r e p a r a t i o n s were made to i n s t a l l a f i l t e r spect rometer ( e a r 

l i e r const ruc ted for the RINGB00G I I e x p e r i m e n t ) , s u i t a b l e to observe 

e l e c t r o n temperature and d e n s i t y p r o f i l e s using an O p t i c a l M u l t i c h a n 

nel Analyser as a d e t e c t o r . 

References 

[1] C.J. Berth, "Design of a 20-channel spectrometer for Thomson scattering", 
(short summary of the design of the optical system). Internal Report 82/028. 





-73-

THEORETICAL DIVISION (F. Engelaann) 

A.E.P.M. Abels-van Maanen , R.W.B. Best, M. Bornatici , 

B.O. B r a a » s c \ L. DeMeio , J.P. Goedbloed , R. KIeibergenr , 

L. Klieb9*, 3.J. Lodder, C. Maroli h ), F. Pegoraro1*, 

V. Petnllo k ), J. Re«, T.3. Schep1*, M. Venena, E. Westerhof m). 

B 1 MAGNETOHYDRODYNAMICS 

B 1.1 Sigma-stable diffuse pinch configurations in the high-beta 

tokamak ordering 

J. Rem, 3.P. Goedbloed, R. Kleibergen, in collaboration with 

R.M.O. Galvao and P.H. Sakanaka0 . 

The numerical program HBT has been employed to study the 

equilibrium, lower-n global stability, and high-n ballooning stability 

of a large number of high-beta tokamak configurations with a circular 

cross-sect ion. 

A study of the stability of equilibria with the normalized 

profile functions r(*) = (1-iJ»)Vr, U ty) = ( 1 - * ) U n , v
r »

v
n > 1» shows 

the well-known stability of a plasma with respect to external modes, 

i.e., a peaked current is more stable. However, for reasonable values 

of the toroidal current, this leads to values of the safety factor on 

the magnetic axis, q0, smaller than unity. The high-beta ordering, 

on which the code is based, mplies that the stability limit for 

localized modes near the magnetic axis, q0 > 1 is not recovered. 

a) Until 30-6-19B3. 
b) Guest from Universita di Pavia, Italy, during parts of this period. 
c) In the Exhaust Physics Group of UKAEA Culham Laboratory until 30-6-1983, and 

in the Tokamak-physikgruppe, Garching, since 1-7-1983. 
d) Since 1-10-1983, Euratom Fellow. 
e) At Massachusetts Institute of Technology, Cambridge, USA, during part of this 

period. 
f) Since 1-7-1983. 
g) From 16-1-1983 until 51-12-1983; since then employed at the Hebrew University, 

Jerusalem, Israel. 
h) Guest from CNR, Italy, during parts of this period. 
I) Guest from Universitd di Pisa, Italy, during parts of this period. 
k) Guest from UniversitS di Milano, Italy, during parts of this period. 
I) At Scuola Normale Superiore, Pisa, Italy, during part of this period. 
m) Since 1-11-1983. 
n) Centro Técmco Aeroespacial, Sao José dos Campos, Brazil. 
o) Umversidade Estadual de Campinas, Brazil. 
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IT this condition is added as an additional constraint, this class of 

equilibria does not lead to stable plasmas for reasonable values of 

bet a. 

The poor stability of the above equilibrium configurations 

led to the investigation of a much larger class: 

«•<•> = [ l + a ^ + b ^ + c ^ + d ^ " ] " 1 ' : n(+) = [ l + a n * + b n *
2 + c n *

3 + d n + ' * ]
V l 1 t 

with V[- and V[j smaller than unity. The additional freedom was 

employed to broaden the toroidal current and the pressure profile, 

while at the sane time assuring that these quantities are zero on the 

plasma boundary. From the analysis of a cylindrical plasma it is known 

that stability with respect to external modes is improved when the 

radial derivatives of the current at the boundary are small. 

The stability results of a number of equilibria, without sta

bilizing wall, show that they can roughly be divided into two classes, 

one stable at high values of ep p near q* = 3 (with q* the safety 

factor based on the toroidal current) and another class with a stable 

rpgion near q* = 2. The first class is characterized by currents that 

reverse on the inside of the cross-section and high values of q at the 

boundary, i.e. these equilibria are close to the equilibrium limit. 

Out of the second class we selected one and optimized this by varying 

v_ and Vj.. The modes that determine the stability can be understood by 

introducing a stabilizing wall and varying its position. With the wall 

on the plasma surface the unstable region in the cBp versus q* plane 

shrinks to a narrow strip on the low-g* side of the curve g 0 = 1: in 

this region the plasma is unstable to the internal m = 1 mode. When 

the wall is moved to a position 1.25 times the plasma radius (s , , = 
K K wall 

1.25), the external kink modes m = 1, 2 and 3 appear with their corre

sponding unstable regions on the low-q* side at the curves q a = 1 , 

2. and 3, and a mode closely related to the internal m s 2 becomes un

stable near q = 2 (unstable on the low-q* side of q = 2 ) , (Fig. 3 8 ) , 

The unstable regions of the external m = 1 and 2 kinks merge with the 

pnlarqeri unstable region of the m = 1 internal mode. The same holds 

for thp unstable reqions of the external m = 3 kink BnrJ the internal 

m = 2 mode. With the wall mov^d far away (s w aji = 100) all unstable 

regions overlap and only a stable island near q* = 2 remains. 

The effect of varying Vf and vn is understood through its 

effect on the current gradient at the plasms surface. A small current 

gradient is favourable for thp stability of the kink modes, but 

through its effect on the position of the q 0 = 1 8 n d 2 curves with 
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respect to q * , i t leads to a decrease i n the s t a b i l i t y o f the i n t e r n a l 

modes. The i n t e r a c t i o n of the m = 2 k ink mode and the i n t e r n a t tn = 1 

mode leads to an optimum i n b e t a : <8 /e> = 0 .77 w i t h q a = 2 and q 0 

somewhat above u n i t y ( F i g . 3 8 ) . 
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Fig. 38. Stabi l i ty boundaries of high-beta tokamak equilibriums r(i|>) = n(i|») s 
(1-ip+2i|r-5\|( +3* yi for various positions of the wall? drawn lines indi 
cate marginal s tab i l i t y (oz = 0 ,0 ) . Upper graph: s w a n = 1 (wall on the 
plasma), shaded region is unstable to m = 1 internal mode. Middle graph: 
swal l = 1<25, regions I , I I and I I I are unstable. Lower graph: s w a ^ = 
100 (no effect of wal l ) and shaded side of curves indicate unstable 
region; heavy dashed 1mefl represent 0-stabi l i ty boundaries o2 = 0 . 1 . 
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The equilibrium investigated above brought out some interest

ing stability aspects. The stability of the external kinks was seen to 

depend on the benpviour of the toroidal current near the plasma sur

face, and the unstable region of the internal modes was found to be 

located around the q0 = 1 line in the EB p versus q* plane. Is this 

true frr other equilibria as well and is it possible to increase the 

optimum in B/e further? To investigate this we studied the equilibria: 

r(#) = {1 -*)(1 + f •) , 

n(+) = (1 -*}(i + r ^ ) , 

characterized by the parameters fytf* that reflect the radial 

derivatives of the current and the pressure at the plasma surface. 

Fiqure 39 shows the results for three equilibria of this class. They 

can be summarized as follows. The conclusions reached before are also 

applicable to these equilibria, a further increase in B/e IS indeed 

possible and the various maxima in 0/£ are seen to lie on a straight 

Line in the stability diagram. This last conclusion is similar to the 

one found by the Lausanne group in their study of the stability of a 

class of JET equilibria by means of the ERATO code. 

i 

— J 
1 2 3 4 

* q* 

Fig. 39. Stability boundaries for different equilibria (swa]I = 1'I0): 
? f v = 1.0, f „ s 1.0; ! fy = 0 .6 , fff = 1 0 . ; 
: fT = 0 .4 , f „ s 20. 

The l i gh t l ines drawn i n the same way as the s t a b i l i t y boundaries 
ind icate where q = 1 for these e q u i l i b r i a . 
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B 1.2 Stability of the zero-beta tokamak 

R. Kleibergen, J.P. Goedbloed and J» Rem. 

Studies of the HOT results show that the stability regions 

are, to a large extent, determined by the behaviour at c EU = 0. 

Therefore, the tokamak approximation of the diffuse linear pinch has 

been studied, in particular the influence of the current profiles on 

the stability for circular cross-sections. To this order, a zero-beta 

version of HBT was employed, the results of which indicate the need 

for some numerical improvements in HBT. 

fl 1.3 Mercier criterion for high-3 tokaroaks 

J.P. Goedbloed, in collaboration with R.M.O. Galvao. 

It has been shown that in bigh-& tokamaks the Mercier crite

rion on axis is dependent only on the shape of the magnetic surfaces. 

If these are given by 

4> = C(x2 + y 2/X 2 + ox3 + Txy2 + . . . ) , 

the criterion reads 

This criterion is easily satisfied for high-0 tokamaks, even with cir

cular cross-sect ion of the outer plasma surface. Consequently, the 

well-known local criterion q0 > 1 loses its meaning at high 0. 

1 r.ft Stabilization of external kink modes by means of a limiter 

a) 
J.P. Goedbloed, in collaboration with 3.P. freidberg 

and R. Rohatgi 

One of the problems encountered in 0-optïmization of tokamaks 

is the conflicting requirements on the profiles for stability with re

spect to ballooning modes and external kink modes. In order to obtain 

high values of 8, relatively broad current and pressure profiles could 

be allowed if one only had to worry about internal modes. If, somehow, 

one could ignore external modes, much higher values of 0 would be 

possible. It has been demonstrated that at least one type of limiter, 

viz. a poloidal limiter touching the plasma at a particular toroidal 

a) Massachusetts Institute of Technolor,, , Cambridge, USA. 
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location, is extremely effective in eliminating the external ki ik 

instabi1ities. 

The problem was solved by means of a variational principle in 

terms of the eigenfrequencies of the external kink modes of a diffuse 

linear pinch, where a poloidal limiter forces coupling of the differ

ent toroidal modes exp(in+) and a toroidal limiter forces coupling of 

the different poloidal modes exp(in') in order to satisfy the con

straint n*£ at the perfectly conducting limiter edge. The problem of 

the ideal MHD stability of a system with one or more constraints has 

thus been reduced to that of finding the complete spectrum of eigen

values of the unconstrained system, where the constraint condition 

takes the form of a projection operator. 

The analysis was implemented in a numerical program . illed 

LIM). By means of L1M it was demonstrated that external kink modes may 

be completely stabilized in tokamaks with a poloidal limiter when q at 

the plasma edge exceeds some critical value. For the worst case, viz. 

RI = 1,2,3,... modes in a tokamak with a flat current profile or m = 1 

modes in tokamaks with any current distribution, this value is given 

by q. = 1, so that the Kruskal-Shaf ranov limit becomes the only 
1 IB 

(and very mild) restriction for external kink mode stability. 
ror a toroidal limiter the contribution of very high m-modes 

facilitates an easy satisfaction of the limiter constraint, so that 

the net effect on the stability of external kink modes is nil in this 

case. 

B 1.5 Rayleigh-Taylor instability tn the presence of an obstacle 

J.P. Goedbloed. 

In view of the importance of the proper mathematical formula

tion of the problem of limiter stabilization of external instabilities 

(B 1.4), a model was formulated and studied, reflecting the main fea

tures of the analysis, viz. the restriction of the possible motions 

through the interference of an obstacle snd the limiting process where 

this obstacle approaches the plasma surface and simultaneously shrinks 

to zero size. This led to an investigation in its own right, viz. the 

study of the Rsyleigh-Taylor instability in the presence of en obsta

cle, which was facilitated by the use of the techniques of conformal 

mapping developed previously in the study of free-boundary high-P to

kamaks. In this manner, a one-dimensional variational problem was ob

tained, which reveals all the relevant physical mechanisms at work, 

but whicii remains to be solved numerically. 
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It should be noted that the analysis of B 1.4 and P 1.5 is 

also relevant for the study of line-tying stabilization of astrophysi-

cal plasmas. 

B 1.6 Local dispersion equations, WKB analysis, and cluster spectra 

in ideal MHD 

3.P. Goedbloed. 

Because of revived interest in the study of the spectrum of 

the diffuse linear pinch, presently considered by different groups 

conducting Alfvén-wave heating experiments and which led to the (re)-

discovery of global Alfvén waves, certain contradictions in the anal

ysis of mhofflugeneous MHD systems were rt- t k e d . These contradictions 

were due to an improper use of WKB tect*. .iques and local dispersion 

equations for the study of strongly ïnhomogeneous plasmas where field-

line curvature may produce cluster spectra for which a WKB-type anal

ysis breaks down. 

The reconsideration of this problem also resulted in the 

derivation of conditions for the existence of cluster spectra for the 

diffuse linear pinch, which are generalizations of Suydam's criterion 

for the case of stable waves. These conditions may be written in terms 

of the second derivative of the local Alfvén and slow wave frequencies 

and they explicitly involve the poloidal component of the magnetic 

field (the component which introduces curvature). For tok am aks it 

turns out to be quite easy to satisfy the obtained criterion for the 

existence of Bn Alfvén cluster spectrum, so that Alfvén-wave heating 

by resonant excitation of global Alfvén modes below the continuum 

becomes a viable possibility. 

B 2 WAVE DYNAMICS 

B 2,1 Electrostatic drift modes in toroidal geometry 

M. Venema and T.J. 5chep. 

The full ion magnetic drift resonances have been included in 

the dispersion equation for electrostatic drift modes in toroidal 

geometry. This equation is Bn integro-differentïal equation in the ex

tended poloidal variable. The integral part represents the collision-

less damping associated with the Landau resonances of trapped and cir

culating electrons. The dispersion equation has been solved numerical

ly by a shooting code in which the integral part is treated in an 
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iterative May. IF the non-adiabatie response is neglected, the disper

sion equation is a second-order differential equation, which contains 

a branch of curvature-induced eigenmodes. These nodes are quasi-mar

ginal ly stable and do not exist in a plane slab. In the ion response 

the derivatives of the magnetic drift frequency with respect to the 

polotdal variable have been taken into account. The eigenmodes are 

strongly localized around the outside of the torus and vanish before 

the region is reached where magnetic drift resonances occur. The non-

adiabatic response destabilizes the mode and the growth rate has a 

maximum near kj^p1 = 0.3 (k^pt measures the ratio of the thermal ion 

qyroradius to the perpendicular wavelength of the mode) for values of 

the parameters that can be expected in tokamaks. In the calculations, 

an approximate expression for the non-ad 1abat1c response was used. For 

some values of kj.Pj the exact kernels were used and a good agree

ment was found. The work in this field has been completed and the 

results will be published shortly. 

B 2.2 Collisional and kinetic effects on low-frequency modes 

L. Klieb, T.J. Schep, M. Venema, in collaboration with 

F. Pegoraro. 

Resistive instabilities play an important role in the physics 

of magnetically confined plasmas, in particular in magnet ie-ïsland 

formation and disruption phenomena. It is generally also believed that 

they contribute significantly to the anomalous transport in tokamaks. 

The linear theory of resistive modes in a low-B plasma has been recon

sidered, using a representation which can also be applied to a toroi-

rtaI geomet ry. 

A collisional fluid model was adopted for electrons. The ions 

arp considered to be co 111s ion less, and the perturbed ion guantities 

are obtained from the Vlasov equation in the limit where the ion ther

mal velocity is small compared to the phase velocities along the equi

librium magnetic field. 5inee the modRS under consideration have long 

wavelengths parallel and short wavelenqths perpendicular to the mag

netic field, the ballooning representation may be employed. The re

sulting dispersion equation contains kinetic effects due to the 

finitfni'ss of the qyroradius of a thermal ion, and resistive terms 

arising from electron-ion collisions. The coupling to ion sound waves 

is npglected. In the limits where the electron thermal conductivity is 

small (adiabattc electrons) or where it is dominating (isothermal 

electrons), the dispersion equation is a second-order differential 
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equation in the extended poloidal variable. In the geometry of a plane 

slab, this equation has been solved analytically by a double asymptot

ic matching. The eigenfrequencies of a variety of wave motions are 

obt ained. 

For small ion gyroradii it is confirmed that when collisions 

are incorporated in the theory, the continuous MHD spectrum of shear 

Alfvên waves becomes discrete. These modes are degenerate, even and 

odd modes satisfying the same dispersion relation. If the appropriate 

MHO boundary conditions are applied, the tearing modes, the m = 1 re

connecting mode and the m - 1 resistive internal kink mode are re

covered. For larger values of the ion gyroradtus, a common dispersion 

relation for shear Alfvén and semi-col 1ïsional tearing modes is ob-

tained. 

The general dispersion relations have been investigated nu

merically by shooting methods and by the WKB technique. The interac

tive programme of R.B. White (Princeton, 1979) was adapted for the 

present problem and a better integration scheme was incorporated in 

the shooting code of this programme. Another shooting code, based on a 

very precise integration scheme with controllable error, was also em

ployed. The modes found are localized in the extended coordinate & and 

and pushed to higher values of IM for increasing frequencies (more 

nodes). Except for the lowest mode, an interpretation in terms of the 

WKB method proves possible for reasonable values of the parameters. 

For the lowest mode, the solution is not determined by a single turn

ing point. The collisions! Alfvén modes and the micro-tearing mode 

have been identified numerically. The agreement between the numerical 

calculations and the analytically obtained dispersion relations is 

rather good. 

At present, the influence of finite thermal conductivity 

along field lines, and toroidal effects are under investigation. 

B 2.3 Applicability of geometrical optics for wave propagation 

around electron cyclotron resonances 

M. Bornatici and F. Engelmann. 

In the description of wave dynamics around electron cyclotron 

resonances in a weakly relativistic and weakly mhomogeneous magceto-

plasma, two specific complications are encountered. The fïrst is di

rectly related to the presence of the cyclotron resonances, implying a 

fast dependence of the wave characteristics (the real and tne imagi

nary part of the refractive index N = ck/u> as well as, in some -ases, 
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the wave polarization) on the wave frequency « and, consequently, on 

space even if the space dependence of the confininq magnetic field is 

very weak. The second is due to the essentially non-Her»iti»n charac

ter of the dielectric tensor around the fundamental cyclotron reso

nance in virtually all cases of practical interest, i.e. when the 

electron plasma frequency wp is not extremely small compared to the 

electron gyrofrequency « c. 

An analysis of these issues indicates that the usual methods 

of geometrical optics can be expected to apply near electron cyclotron 

resonances as long as the imaginary part of the wave vector is small 

compared to the real part ("weak absorption") and the wavelength is 

sufficiently smaller than the width of the resonance for a MKB ap

proach to be valid. In fact, the direction of propagation of the wave 

energy is not affected by the presence of the resonance, even if ther

mal corrections are taken into account, whereas the resonance modifies 

the modvlus of the velocity of wave energy transport with respect to 

the result obtained for vanishing damping under quite wide condi

tions. This implies that the group velocity, apart from cases of very 

.«eak clamping. :s r...' characteristic 'or wave energy propagation around 

th Ki'DincB. HoKaver, further work is necessary to clarify the 

situation definitely. The existence of a large ant i-Hermit ïan part of 

the dielectric tensor, if not accompanied by strong damping, does not 

lead to additional constraints. 

B 2,4 Simulation of tokamak discharges with electron cyclotron 

heat m g 

A.E.P.M. Abels-van Maanen, W.J. Goedheer and E . Westerhof, 

Preparatory work was done to make a 10 numerical model for 

tokamak discharges with electron cyclotron heatmy available. As a 

starting point, the ICARUS code was transferred from JET and made 

operational. Work to tevelop a suitable model for electron cyclotron 

heating for inclusion in the code was started. 

2.5 Non-thermal effects induced by the absorption of electron 

cyclotron waves 

L. DeMeio, F. Enqelmann and T.J. Schep. 

A study of non-thermal effects induced by the absorption of 

electron cyclotron waves was started. As a first step, an analysis of 
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"run-away" effects generated by the absorption of a broad wave spec

trum in a homogeneous plasma is being made. In fact, in this case, 

electrons above a certain critical velocity, which depends on the wave 

intensity and the col lisionality of the plasma, tend to absorb «ore 

power than can be transferred to the bulk electrons by collisions. 

B 2-6 Toroidal corrections to cyclotron emission and absorption 

J.J. Lodder. 

The toroidal corrections to cyclotron emission at the second 

haraomc frequency, due to the inhomogeneity of the Magnetic field, 

were est lasted to decrease from a few per cent in a small tokaaak tc 

negligible in a tokamak reactor. It seems possible in principle, but 

beyond present experimental capabilities, to measure drift velocities 

from the corrections to cyclotron emission. A calculation of these 

effects is in progress. 

8 2.7 Radiation transport in Vlasov plasaa 

n. if. o. be s w. 

Energy transport by line-c waves in homogeneous relat ïvistic 

magnetized col 1isionless plasma was further investigated. Expressions 

for wave energy in terms of the dielectric tensor, derived in 1982, 

proved to be valid only for waves undamped in space. In general, gra

dients in the wave amplitude give rise to second-order fields which 

affect the energy balance. To investigate this effect, the study was 

restricted to purely electrostatic waves in non-relativistic plasma, 

and the calculation was extended tc second-order in the wave ampli

tude. To define the second-order field in the presence of a given 

linear wave packet, the calculation had to be formulated as an initial 

value problem. The rigorous solut; to this problem, derived in 197? 

[l], was used. A precursor was found which carries part of the energy 

at the phase velocity. Energy conservation was derived. Wave energy 

carried by electrons with velocities much less than the phase velocity 

is pfcperly described by the expression in terms of the dielectric 

function, but this expression does not account for wave energy carried 

by resonant electrons which constitute not only the precursor but also 

part of the energy in the wave packet. The results will be submitted 

for pub.ication. 

References 

[Ij R.K.B. Best, Physica 74 (1974) 185. 
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8 2.8 Non-1 meat waves in a Vlasov plasma 

J.J. Lodder and R.N.B. Best. 

The wan Kampen Method Tor solving the linearized Vlasov-

Poisson system, upon generalization to include non-linear effects as 

worked out by Best, leads to the necessity of Multiplying generalised 

functions. The symmetrical theory of generalised functions developed 

earlier was shown to be adeguate to solve the problem of the partial 

fraction expansion of products of generalised functions. Earlier par

tial results of Lambert et al. are recovered as special cases. 

In second order, ill-defined limits of generalised functions 

arise unavoidably. A theory of limits of generalised functions, in 

which at least some of these can be handled, can be constructed. Work, 

aimed at the problems which arise with the energy balance of wave 

packets to second order, is in progress. 

B 3 TRANSPORT PROBLEMS 

B 3.1 Two-dimensional modelling of the plasma edge in tokamaks 

B.J. Braams. 

While in the interior of a toroidal confinement region the 

main transport process for particles and energy is the diffusion and 

conduction across magnetic surfaces, near the edge the flow and con

duction along those field lines that intersect a material boundary is 

of comparable importance. A numerical mooel for the plasma edge region 

must therefore be two-dimensional. Such a modei was developed, and was 

applied to provide predictions about the edge plasma in ASDEX-Upgrade 

and NET/INTOR. The calculations show clearly the necessity of a high 

separatrix electron density (- 10 m" ) in NET/INTOR, in orde. to be 

able to extract the power produced via fusion a-particles at an ac

ceptable energy of the particles reaching material walls. 

The present model employs a system of equations which govern 

the density, parallel flow velocity, radial diffusion velocity, and 

the electron and ion temperatures of a plasma with only one ionic spe

cies. These equations are discretized on a pseudo-rectangular mesh 

using a finite-volume method, the general approach being that of D,B. 

Spalding's school. The important process of recycling through neutral 

particles is modelled by re-introducing, as a volume source, the par

ticles and a certain fraction of the energy which flow to the 
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boundanes. The energy losses through radiation associated with the 

ionization of neutrals are also considered. 

B 3.2 Multigfid methods for toroidal equilibrium calculations 

B.J. Braams. 

The ideal MHD equilibrium of an axisymmetirc toroidal plasma 

is described by the "almost linear" elliptic particle differential 

equation in the r-z plane: 

ftJ/arJff'ït/ïr) + a2<l>/3z2 = f(r,*) . 

A code has been written which demonstrates that the multignd method 

yields a very efficient algorithm for the solution of the above equa

tion on a rectangular grid. To deal with the unstable nature of the 

non-1 inearity (3f/3i|> < 0 usually) a special procedure on the coarsest 

grid is required, and relaxation on the finer grids must not necessar

ily be convergent by itself. The influence of the grid-switching cri

teria and of the form of the inter-grid transfer operations upon the 

rate of convergence of the algorithm was studied. The speed of the 

resulting code is such that the solution of the equilibrium equation 

for on-line control of an experiment can be envisaged. 

B 3.3 Limiter simulation for JET 

A.E.P.M. Abels-van Maanen, in collaboration with 

M.L. Watkinsa). 

Using the model for the edge plasma that had been incorporat

ed in the radial transport code IKARU5, the impurity behaviour was 

investigated for JET plasmas at full heating power in the presence of 

nickel, graphite and beryllium limiters. Also the effectiveness of 

additional impurity control, using a specific influx of neon to cool 

the edge plasma, was studied. The calculations clearly indicate the 

benefits of the formation of a radiating edge layer of sufficient 

width. In this respect, a controlled influx of low-Z impurities has 

favoi"*able effects, but under certain conditions also a combination of 

a low-Z limiter and a nickel wall is satisfactory. It must, however, 

a) JET Joint Undertaking, Abingdon, U.K. 
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be noted that the effect of different limiter materials strongly de

pends on the details of the model for the plasma edge that is adopted 

and on the assumptions on the cross-field transport that are made. 

B 4 MISCELLANEOUS 

B 4.1 Depolarization of the nuclear spin in fusion plasma 

J.J. Lodder. 

Starting front the fact that the quantum-mechanical aspects of 

the motion of a polarized spin in arbitrary fields can be found from 

the corresponding classical equations, a crude estimate of the depo

larization time can be given. The crucial parameter is the profile of 

the frequency spectrum of the magnetic field seen by the particles 

around a gyro-resonance. For Lorentz profiles» the depolarization 

time, related to the inhomogeneity of the magnetic field, is found to 

be 10" s. On the other hand, the irreversible mixing brought about by 

collisions is shown to occur on a timescale of 100 s. These results 

make the possibility of a fusion reactor working with polarized nuclei 

doubt ful. 

B 4,2 Symmetrical generalised functions 

a) 
J.J. Lcdder, in collaboration with T.H. Koornwinder 

The symmetrical theory of generalised functions developed 

earlier on a heuristic basis for physical applications is put on a 

rigorous basis. It seems possible now to avoid the indeterminacy in 

the product and convolution of generalised functions which was present 

in the heuristic formulation. 

B 4.3 Reactor problems 

F. Enge lmann. 

The p a r t i c i p a t i o n in the a c t i v i t i e s of the INTOR Workshop 

(Phasfi I I - A ) , organized by the I n t e r n a t i o n a l Atomic Energy Agency, was 

c o n t i n u e d . Since 1 March 1983 t h i s work is done in the framework of 

the c o n t r i b u t i o n g iven to the a c t i v i t y of the NET Team at Garch ing . 

a) Centre for Mathematics and Computer Science, formerly: Mathematical Centre, 
Amsterdam. 
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C TECHNOLOGY AND ENGINEERING 

C 1 ELECTROTECHNITAL DEPARTMENT (A.M. van Ingen) 

A. Agterberg, 3. van Elk, A.F. van der Grift, 

T.C. van der Heiden, F.F. Hekkenberg, P. Hellingman, 

P. Hendriks , G.M.D. Higeweij, F.G.P. van den Hoven , 

M. van der Kaay, J.3. Kamp, F.Th.M. Koenen, S.W.T. de Kroon, 
c) 

L. Kroonenburg, H.A. van der Laan, P. Manmtveld , 

J. Pouwelse, A.3. Putter, H.J.F, van Ramele, 

H.T.G. Spitholt, A.B. Sterk, H.L.C.3. van S t n e n d ) , 
e) a) 

3.A. Verdoes , A.G.A. Verhoeven , H.3.W. de Vor: 

trainees: 3.A. Bakuwel, H. Dorsman, E, Kossen, 

D.3. van Leerdam, H.P.3. van Ooyen, A. de Smit, 

J. van 't Verlaat, S.P. Verloop. 

C 1.1 5p->ciaJ design studies 

P. Hellingman, A.M. van Ingen, P. Manmtveld, 

A.G A. "-ïrrioeven. 

A.M. van Ingen, P. Manintveld and A.G.A. Verhoeven spent most 

of their time on /.he design and purchasing procedures of the apparatus 

to be used for th> ECRH experiment (see Chapter A b). 

P. Hellingman was mostly occupied with the design and con

struction of the ou'er coils of SPICA II. He introduced a new computer 

program PATRAN to calculate the magnetic field 9hape and stress dis

tribution. PATRAN is a pre- and post-processor for finite-element pro

grams like NASTRAN, MARC and SAP. 

For the main structural support of the outer coils of 

SPICA II an extremely strong synthetic fibre KEVLAR will be used. This 

KEVLAR is part of a composite impregnated with epoxy resin. Metal foil 

might be added to improve the shear strength. Tests are being done to 

determine the properties. 

The use of optical sensors instead of electrical sensors for 

displacement measurements is considered to eliminate the problems due 

to electric and magnetic fields. Unfortunately, the transport of 

a) Since 1-7-1983. 
b) Since 1-6-1983. 
c) Seconded to PDX at Princeton,. U.S.A., until 1-7-1983. 
d) Since 26-9-1983. 
e) Until 1-2-1983. 
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analog optical signals by glass fibre is highly disturbed by me

chanical deformations. Two developments were started to avoid these 

effects. In the first method* we digitise the displacement at the 

source by using two overlapping gratings creating on/off light pat

terns. In the second method, we split the light at the sensor by means 

of two colour filters. The intensities of both light beams are measur

ed at the detector and translated into a displacement value. 

As measured values of circuit parameters of SPICA II are 

becoming available now, the SPICE program for electronic circuits is 

being used to re-examine the poloidal and toroidal circuit. 

C 1,2 High-power engineering 

A.B. Sterk, A.F. van der Grift, M. van der Kaay, 

5.W.T. de Kroon. 

Fight power-crowbar batteries (4 F, 360 V each) have been 

tested, conditioned and installed at the SPICA II experiment. The 

power supplies for this experiment were revised and adapted to the new 

requirements. A complex pre-iomzat ion circuit for SPICA II was de

signed and partly built. A number of high-voltage insulation tests on 

the SPICA II plate systems have been carried out. Faults, appearing 

during these tests, were repaired. 

For the TORTUR III and SPICA II experiments a number of 

spark-gap trigger units were built. A large fraction of the exertion 

of the high-power engineering team has been devoted to the design of 

power modules for the ECrt-experiment (see also A 5). 

A water-cooled resistive load, suitable for pulses of 100 kV, 

40 A, 1 s, was designed and partly built. 

C 1.3 Design Group Electronics 

A. Agterberg, F.T.M. Koenen, L. Kroonenburg, 

H.A. van der Laan, A.3. Pufter, H.J.F. van Ramele, 

H.T.G. Spitholt. 

A design study for a seventeen-channe I optical data-link sys

tem had been performed and the construction was started. 

To protect arcing on the output window of the gyrotrons of 

the ECRH experiment, a fast arc-detector system was designed. The 

manufacturing of a number of these units will be done at the Universi

ty of Groningen. For the interrupt, control snd data handling of the 
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ECRH experiment, a number of modules was designed. Most of these units 

are under construction now (see A 5). 

For the plasma-fault-protection system of JET, a fringe coun

ter was built. This unit receives the signals from interferometer mod

ules giving fringe and error signals both with 1 us time resolution. 

A microprocessor data-acquisition system (MIDAS) was built 

and installed at the SPICA II experiment; it works satisfactorily. 

After successful testing of a prototype of a fast pulse coun

ter, sixteen of these counters were built for SPICA II and TORTUR III. 

The input sensitivity is 50 mV, the maximum counting rate 100 MHz. The 

counters can be operated from the central control system. 

A time-sequence generator with 44 timing channels based on a 

modular microprocessor had been designed and was built. The external 

computer-controllable time setting is from 10 vs to 167 ms. The output 

is optical as well as electrical. 

An optically-decoupled thumb-wheel switch-control panel for 

the microprocessor system MIDAS was completed. The data-acquisit ion 

and control system of the ECE diagnostic, under contract of JET is in 

progress. The production of a number of fast ADC's was boarded out to 

the University of Utrecht. They operated satisfactorily after some 

modifications and repairs. 

C 1.4 Electronic Service, Maintenance, Chemistry and Assembly Group 

H.J.W. de Vor, J. van Elk, F.F. Hekkenberg, J.J. Kamp, 

J. Pouwelse. 

For the calibration and testing of the fast ADC's, a special 

sawtooth generator was built. A computer test program for the ADC's 

was developed. The mounting of a microprocessor data-acquisition sys

tem was completed. The production of a second system was boarded out. 

An automatic switching system for four terminals and a hard-copy 

printer of the central computer facility was developed and built. 

The main task of our chemist F.F. Hekkenberg during the first 

half of this year was the insulation of special parts of the SPICA 

experiment. After July, in cooperation with the University of Utrecht, 

most time was spent on galvBno technics for the production of micro

wave components and on providing these with a gold plating. Further

more, some research was started to obtain optically-black surface 

coatings. 
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C 1.5 Central computer facilities 

T.C. van der Heiden, P. Hendriks, G.M.O. Hogeweij, 

F.G.P. van den Hoven, J.A. Verdoes; E. Kossen, 3.A. Bakuttel. 

Hardware 

The central computer system POP 11/70 was extended with 128 k 

words of core memory (total memory rise now 1 Mbyte), a new cartridge 

disc drive (RL-02, 10 Mbytes) and the PDP 11/23 front-end CAMAC pro

cessor. The RK-05 cartridge disc system of the PDP 11/24 at SPICA II 

was replaced by a double RL-02 system. This showed a great improvement 

of the reliability of the whole system. 

The first DAVID system, existing of a Digital Standard 

PDP 11/23+ package, extended with a graphical video terminal with hard 

copy facilities and one or more single CAMAC crate controllers, was 

accepted and seems to be very reliable. 

Re-ordering of the hardware of the PDP 11/23, maintaining the 

synchronous connection with SARA together with software improvements, 

made the facility much more user-friendly. Due to the limited possi

bilities of the software-hardware combination of the central computer 

system, extensive computational work on data at the SARA system was 

promoted. Additional asynchronous lines have been added to the SARA 

multiplexer. The bandwidth of the dedicated 4-wire line to SARA was 

split up into 4 parts; 1 synchronous line to the PDP 11/23, 1 identi

cal system to the PDP 11/70, 1 synchronous line dedicated to the new 

administrative FAS system and, last but lot 1 ast, 7 asynchronous ter

minals of a different type. This is still not satisfactory, so it was 

proposed to further increase the number of terminals. 

Software 

The central computer system 

The rapidly orowinq demand on data-acquisition caused serious 

problems in the reliability of the system. After lengthy discussions, 

we decided to replace the IAS operatinq system by R5X-11/M+. This de

cision was taken after a test period of two months, during which we 

were convinced that the PDP 11/70 hardware could be better exploited 

by applying RSX-11/M+. This might be credited to an appropriate use of 

all modes of operation (user, kernel, supervisory) and to the separa

tion of instruction and data-space addressing modes. No poot problems 

(which crashed the IAS system occasionally) seem to be prenent. 
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The dedicated systems 

The decision. Mentioned before, was of important consequence 

for the other PDP-11 systems, as there was no reason at ail to stick 

to IAS for these systems. So, during 1984 all PDP-11 systems (except 

the PDP 11/10 at TORTUR), will get the RSX 11/M operating system, 

which has certainly less overhead than IAS, and is highly compatible 

with RSX 11/M+. 

This radical change creates a vast amount of work, especially 

in the field of the so-called "add-on's" like PASCAL, the DON system, 

graphical and communication systems, front-end software and cross com

pilers. Me expect that the overhead for the small systems will be 

greatly decreased, giving much faster data acquisition and analysis 

and a better and reliable response for the users of the central com

puter system. 

Almost 50 terminals are available and connected to SARA, the 

central system or dedicated systems. The central system has 59 ac

counts and 23 connected terminals. 

Figure 40 gives an impression of the division of central-

system resources. Overflow and resetting of some user accounts inter

fere with the results, but for a general overview this figure is use

ful. 

He hope that the change from IAS to RSX 11/M PLUS will extend 

the life of the central computer system with at least a few years. 

Rijnhuizen User's Software Team 

G.H.D. Hogeweij, J.W. l»Amia\ P.J. Busch , B. de Groot , 

T.C. van der Heiden, M, Kooijman , 3.A. Verdoes. 

This team continued to meet regularly. The meetings were used 

to exchange information between the users and the computer team. 

The major job was the development of the DON (Data Organiza

tion and Management) system in PASCAL. This system will be used at the 

SPICA II and the ECRH experiments. It is ready for use by now, but the 

documentation has not been completed yet. 

a) From ECRH. 
b) From SPICA II. 
c) From TORTUR III. 
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C 2 MECHANICAL ENGINEERING (H.F. van Donselaar) 

O.G. Blogg%), J.M. Bode, P.F.M. Delmee, A. Dijkhorst** , 
c) 

B.S.Q. Elzendoorn, G.E. Godschalk, D.M. I«hoF , L. de Jong, 

W. Kersbergen, A.H. Kragten. H. de Kruyf, P.A. van Kuyk, 

J. Lagerwey , J.Q.M. van Leusden, F.A. Heeuwissen, 

J. Nienhuis, M.J.P. Nieuwhoff, M.J.H. Nobbenhuis, 

H. Oosterom, P.C. van Oosterom , R.W. Peizel, J. Pluygers, 

P.R. Prins, W. Tukker, H. Marsen, G.A. Wildschut, 

W.J.J. Molfis, P.M. Mortman, N. van Zanten, 

J. van Zelderen ; 

trainees: A.N. Baart, J. Hop, D.A. Stellaard. 

Designs were made For several SPICA II diagnostics as He-Ne 

and CO; interferometers, a soft X-ray detection systea and a device 

for laser scattering. A twelve-channel far-infrared spectrometer for 

JET was designed and partly completed (Fig. 41). Microwave tapers for 

this spectrometer were developed and manufactured in cooperation with 

the central workshop of the Utrecht University (Fig. 41b). Other wave

guide components, mirrors and filters were made in our workshop (e.g. 

Fig. 41c). 

A neutral particle detector (NEMESIS) was designed and com

pleted (Fig. 42). 

Much work was done on bakeable AI2O3, quartz and sapphire 

windows. The methods used For these windows are: thermo compression, 

brazing on metallized surfaces and active brazing. Several windows 

were completed and tested successfully (Fig. 43). 

a) Until 31-12-1983. 
b) On loan from "Engineering B.V. Slaghekke", Utrecht. 
c) t 25-1-1983. 
d) Until 1-9-1983 and since 1-11-1983. 
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Fig. 41, 
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Fig. 42. 
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Fig. 43. 

Cu-AI203 AE^Oa-sappNre quartz-quartz TUsappMre 

Cu-Al203 

(400 * ) 
S.St.-Ti-aappt»«| 
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