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Introduction PDX was brought into operation initially with a 
circular cross-section plasma. Extensive glow discharge clean
ing, feedback control of plasma position, current and density, 
and the use of titanium limiters and gettering allowed PDX to 
produce plasmas with reasonably low q, low Z and long confinement 
times in a relatively short time of operation. 

Machine Description For these initial experiments, PDX was 
operated as a circular cross-section undiverted tokamak with the 
following parameters, B T = 20 - 25 kG, a = 37-40 cm, RQ = 132 - 142 
cm, q L - 3, I p = 350 - 500 kA, 5„ = 2 - 5 x 1 0 1 3 c m - 3 , 2 = 2 - 4 , and 
pulse lengths ~ 1 sec. Internal vacuum vessel components that 
were exposed to the plasma (such as limiters, protective plates, 
microwave horns, etc.) were fabricated from 991 pure titanium. 
Titanium gettering was done using one 0.3 gm/hr sublimator in 
the divertor burial chamber that deposited titanium on an area 
Of = 4 m 2 . The vertical field power supply was feedback con
trolled using an internal saddle coil detector"and held the 
radial position of the outer flux surfaces to + 3 mm during the 
plasma current flattop. The vertical position of the outer flux 

• surfaces was also positioned to - ± 3 mm. In addition, the oh-
niic heating power supply was feedback controlled during the 
plasma flattop, which allowed the plasma current to be held con
stant to ± 3% during a pulse and from pulse to pulse. Diagnos
tics included magnetic measurements of I p , Ro»_Pa **" &i/ 2, <5B , 
a three channel 2 mm at y = 0 and ± 15 cm for tig, a four radial 
position soft x-ray system for T e(r) and impurity measurements, < ... 
microwave measurements of T e ( r ) , hard x-ray measurements of en-!*]-
ergetic electrons, visible and vacuum ultraviolet measurements : -J 
of impurities, charge exchange and neutron production measure- \ \\ 
ments of ion temperature, bolometric measurements of radiation -̂.: 
profiles and surface analysis measurements of the "plasma-wall" = '[l 
interaction. ' i\\ 

Discharge Cleaning Conventional low power Taylor-type discharge '"; 
cleaning was applied for only 16 hours due to difficulties with b\\ 
discharge initiation at low fields in the presence of stray | i l i 
fields produced by induced currents in the divertor coil vacuum 
jackets. This problem was solved by reconnecting poloidal coils 
to passively cancel the error fields and allow discharges to be 
started at steady-state 3 JcG toroidal fields; Intensive con
ditioning was undertaken with a d.c. glow discharge (G.D.C.) in 
which H 2 at a pressure of_3 x 1 0 " 2 torr flowed through the vac-
mm chamber at 10 torr-£s . One or two anodes locatejl on the 
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midplane provided a discharge current of 2 to 4 amps at 400-500 
volts. 

Impurity production was monitored with a differentially 
pumped residual gas analyzer and by in-situ surface analysis. 
Impurities produced were mainly CH4, C2H4 and CO with an ini
tial gas phase ^removal ' rate' of 1.5- x 1 0 1 8 molecules s~l. 

' The rate decreased roughly inversely with time over 120 hours 
with a total removal of - 15 gm or ~ 120 monolayers of carbon. 
Surface removal rate of carbon and oxygen at the surface anal
ysis station was -fix 10*0 atoms cm"2s"l. 

Initial G.D.C. was accompanied by frequent arcing, but this 
gradually decreased and the discharge occupied an increasing 
proportion of the vacuum vessel as the impurity level and arcing 
decreased. The relatively low level of oxygen and carbon 
(Z ~ 2.5) if':or a short perj.od o £ operation, is attributed 
largely to the efficacy of G.D.C. 
Circular Plasma Results Typical plasma parameters for a circu-
lar deuterium plasma discharge with titanium gettering are: 
V £ = 1.25V, I p = 360 kA, n e = 2.10 1 3 cm - 3, Te(o) =1.4 keV, Ti(o) = 0.6 keV, Z_ =2.4, T E = 37 ms and q£, = 3.2. The elec
tron density profile was measured at r = 0 and 0.4 a, the re-
mui.r.L̂ r of t:\rJ profile arid the T^ profile were estimated using 
e transport calculation. This confinement time is in the same 
range as those for PLT under similar conditions. <-*•' The soft 
x-ray spectrum indicates the presence of Cl, Ti and Cr im
purities. ' ,- •" 

The effective ion charge was determined from the soft x-ray 
continuum intensity as Zeff = 2.5-3.2, in good agreement with 
the measured plasma resistance,(2) and spectroscopic measure- . ; 
men)s of the impurity concentrations. The latter gave typical 
values as Z ef f ~ 1.0 + 0.25 + 1.0 + 1.0 for the H, C, O and T^ ' 
contributions, with negligible additions from Cl and Cr. The •'•'.,-. 
'impurity concentrations appear to be fairly homogeneous, with no 
observed evidence of spatial accumulations on the time scale of 
about 0.5 sec. Surface physics measurements of oxygen and ti
tanium fluxes to a probe 5 cm behind the limiter in a similar ._ 
hydrogen discharge are typically 0.6 - 5.0 x 1 0 1 5 and 0.2 - 0.4.x 10 
atoms cm""'* discharge"*. 

Several new spectrum lines of magnetic dipole transitions 
in the ground configurations of Ti XIV - XVII ions have been ob
served,?3) and their measured intensities have been used to test 
the adequacy of recent theoretical calculations. (4) These lines 
are expected to be very useful in local plasma diagnostics in 
the 0.8-2.0 keV range of temperatures. 

Runaway electrons have reached energies greater than 8 MeV 
indicating single particle confinement for over 10" transits of ; 

the tor;;s. Mean runaway electron confinement times are in the 
range of 10 to 100 ms as measured by hard x-ray spectra. The '•_ 
energetic runaway'electrons have caused photoneutron production ' 
at the titanium limiters. The neutron flux had maximum steady-; 
state levels of 10 9 n/sec on some discharges. Radioactivity was 



observed on the limiters,coming primarily from Sc^ ' caused by 
runaway electron induced Ti* (y,p) reactions. The outside 
limiter had the highest dose of about 10 nCi. The PDX runaway 
electron photoneutron levels are considerably lower than were 
observed on early PLT discharges. 

The total power radiated from this discharge was measured 
with a scanning bolometer at a position 100° azimuthally away 
from the limiter and found to be 200 - 280 kw out of a total of 
•150 kW. Estimates of the power radiated by the spectroscop-
ically measured impurities are Pn(C) = 5 - 2 0 kW, Pg(O) = 70 kW, 
and Pjj{Ti)'K 150 -t 190 kW giving a total power radiated of . 
225-280 kW. The radial distribution of power radiated from the 
discharge was essentially flat with a = 503 peak at r = a/2 . 

. (Te = 600 eV) and second peak near the plasma surface. 

A sequence of low q experiments was run using a plasma 
current waveform that increased in time from an initial value 
corresponding to qj, - 3.5 to a final value q^ = 2.4 700 ma later. 
In this case the radial position of the plasma was adjusted to 
minimize the fluctuations in the poloidal field (presumably 
m = 2 ) , and this allowed the line average electron density to be 
increased hy ga^ puffing from 0.8 to 5.0 x 10^3 era"3.. Parameters 
of this discharge were I„ = 500 JcA, V^ (resistive) = 1.5 V, H e • = 1 ->• 5 x 10 1- cm" J, Te(0)*= 1.2 + 0.E eV, Z n = 3 - 1.5 and 
T ~ 3 0 ms. There appears to be some degradation of confine
ment relative to the low density discharge if T_ a n, however 
the error bars were large for this early measurement.. 
Poloidal Divertor Experiments The poloidal divertor experiments 
are just -beginning. The .first experiments will concentrate on 
-particle and .energy ̂ transport":in the .divertor scrape-off region 
and the efficiency of the divertor in reducing impurities. In 
addition, the effects of plasma cross-section sha^rng on trans
port and MHD behavior will be studied. . 
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