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~: A calibration prace d\lre of a g r azi ng - incidence spec­

trograph 11 described to a llow for measurement of the radiation 

10.5se6 from a theta pinch plasma . The losses turn out t o be 

small compared to b oth t he e lectron energy content and t o heat 

c onduction lo&se • . 

1. Introduction There is lots of exper imental evidenc e for the 

limitation of the electron temperature in linear theta pinche& 

by energy losses /1/ . One o f the possible loss mechanisms are 

radiation losse. by impurities within t h e plasma . According to 

the plasma temperature moat of the radiation is emitted in the 

grazing-incidence r egion from about 10 to 200 R. Decau. " of the 

little k nowl edge of ionization and ",,,,citation crOS6 sections, 

e.pecially for more complicat",d ions, predictions on radiation 

losses from such a plas~ are only possible within one order of 

magnitude accuracy . In order to get more accurate in formation 

the radiation from the plasma has to b e me asured . 

Measurements therefore were performed on a linear theta pinch 

device (I s a r Il) having a stor ed energy of 200 kJ, a ma:ximum 

magnetic fie ld of 52 kG, IIlld a 2 , 75 IIsec quarter period, Coil 

length and diemeter meas ured 100 cm and 10 cm . Typical plasma 

p ar ameters were : ne - 1_4'1016cm-J , Te= 200- 300 eV, Ti - 0 .5- 3keV. 

2. Calibration procedure of the Spectrograph The s pectrsl reso­

lution was obt ained by use of a grazing- incidence spectrograph 

wi t h either photographic plates or scintillatOJiaultiplier com­

bination. a. detector • . For r e lative calibration of the instru­

ment advantage was taken from ratios of lines from hydrogen-l ike 

i ons .uch a. CVI, NVII, OVI II being emitt e d from t he plasma. 

Wi thin either the Balmer ser ie. {76-182 RI and the Lyman ser i es 

(15-34 ~ ) line ratios were ca lculated by a ssuming corona equi ­

librium . ?he relative sen. i t ivity of the apparatus waG gained 

in the.e two wavelength in t e rvals fr om the measured photogra-

phic den.ities . The i ntervals were then connected by branching 

ratio • . For that the fi r st Balmer line and the second Lyman 

line were suited since b oth star t from the Same level n - 3 .... 

difficul ty was the fact that the suhleve 1s of level n • 3 showed 

deviations f r om statistical population which the branching ra­

tio. had to be corrected for . The correction was enabled b y 

mea.!Jurement of the intensity r a tios of the fine structure com­

ponent. o f the Balmer line . The relative cal ibration o f the in­

strument. thu s gained, could be well con fi r med (within 20 % ac­

curacy) by cheCking with known intensity ratios of lithi um- like 

ion lines e mitted by the p lasma . The branching ratios 2S-3P/3S-

3P of these i ons fina lly al lowed to hang the grazing- i ncidence 

spectrograph absolutely on a monochromator absolutely calibra-

ted for the 3S-3P OVI line at 3811 i . usually the lines used 

were optically thin, with few exceptions. which could be cor ­

r~c~ ~~ hy ~xt.rapolatinQ their opt i c al thickness by seedinQ im­

purities of k nown amount. 

3 . The Results of Radiation Loss Measurements. Using the cal ibra­

ted ins trument the ti",e integrat ed total energy losses were 

measured for different added impurities at filling pressures of 

40 Rltorr de uterium. Normalized to 1 % seeded impurity concen­

tration the following radiated energies were obtained : carbon 

27 . 7 J CcvI : 24 . 9 CV:2.8) , nitrogen 14 . 1 Joule (NV:0 . 95 NVI: 5 . 1 

NVII: 8 .0). oxygen 21 .1 J (OVI:4.4 OVIl; 14 . 1 OVIII:2.6 ) . No dis­

tinct dependence on the kind of the seeded impurity became evi­

dent . Th e distribution of the radiated energy on the different 

ionization s tages of the atoms however showed characteristic. 

feature • . The lighter the a t om, the higher is the ion i zation 

stsge by wh ich most o f the energy is radiated . Comparing these 

t otal energy l osses , for example at 40 rntorr filling pressure. 

with the energy content of the electrons (ne_4 ' lo16cm-3 , Te -200eV) 
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they turn out to amount to 6 % on l y . Thus r adi a tion cooling 

doe. not affect the electron temperature a s long as the im­

purity concentration does not 

exceed 5 %. 

values for radi ation losses 

f rom di,scharges wi thout . 

seeded impurities for dif­

ferent filling pre ssures 

and cases with bias fie l d 

inclUded ar'" summarized 

in table 1. For 40 mtorr 

filling pressure and zero 

bias field the natural con­

tamination is 0 . 085 ~ 

oxygen, 0 . 0505 % carbon, 

and 0 . 0025 % nitrogen . For 

other pressures it is of 

t h e same order of magni­

t u d", and in any case smal­

ler than 0 . 5 %. Only for 

low filling pressures 

and with bias fie l d the 

more intense wall con-

tact at the beginning 

of the discharge l e ads to 

unreproducibl e contamina­

tion an d there fore often 

to larger ene rgy losses . 

Th e contr i bution o f free -

free and free-bound con-

tinuum radiation to the 

• 

Pigure 1 Radiation losses L and 
thermal conduction l osses Q 
(po· 40 mtor r. 8 0• OG . no impuri t y 

a dded) 

105$eS is way below tha t of t h e line rad iation . 

I n fig . 1 the tim'" dependence of the radiated power is disp l ayed 

as deter mined photoel ectrically. Absol ute cal ibration .terns from 

compari.on of the time integrated power o f a line with its photo­

graphic density on the p l ate . Los.es by the thermsl conduction' 

e.timated according to a model propo sed b y Green et al . / 1/ 

are included in fig . 1. They exceed the radiation "1o •• es by a 

factor of 100 throughout the discharge . B",cept for impurity 

concentr ations larger than 5 " the power radiated can exceed 

thermal conduction , predominantly by the ion OVI . These re-

sults agree e ssentially with measurement. of Bodin et al. /2/. 

Re fer e nces : 

/1/ T.S . Green e t a1.. Culham-Iteport CLM-P 124 (1966) 

/2/ H . ... . B . Bodin e t a1., Cul ham-Report CLM-P 19B (1969) 

Po , 
0 

OXyge~ J_nitroge~,1.carbon 
mtor G Energy in Joul e 

H 0 1 . 3 - 0 . 14 

500 19.0 0 . 0 17 0 .035 

17 0 5 . 0 0 .012 1.3 

500 55 0.0 25 0 .15 

40 0 1 . ' 0 . 0 46 2.' 

500 1< 0 . 025 0 . 73 

'" 0 1.0 0.056 2 . 3 

500 " 0 .097 0 . 64 

Table 1 Radiation 108ses under different initial condition • • 
--- No impurity added. 
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