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C a u t t s , F . E . C o t f i e l d , D. D. Lang, and R. S. Hnrnad 
Lawrence Liveringre N a t i o n a l L a b o r a t o r y 

U n i v e r s i t y of C a l i f o r n i a 
L i v e r m o r e , CA 945^0 

Summary 
To e v a l u a t e performance o a second g e n e r a t i o n 

Tandsm Mi r ro r Machine, an e x t e n s i v e i n s t r u m e n t a t i o n 
sys t em i s be in^ d e s i g n e d and i n s t a l l . ' J as p o r t of t h e 
major d e v i c e f a b r i c a t i o n . Of t h e s e ^va t ems , the d i 
a g n o s t i c s y s t e m l i s t e d in Tab le I a c q u i r e da t a r e 
l a t e d t ' i plasma p a r a n e t p r a . The gvsteras l i s t e d w i l l 
he i p e r a t i o n a l . l u r ing t n e s t a r t - u p priase of t h e TMX 
Upgrade n j . - l i n r jnd pi-ovid-' bencn marks for f u t u r e 
p e r t t n n c e d a t a . In ad- l ic ion *.o plasma d i a g n o s t i c 
i n s t r u m e n t a t i o n , -nachine pa rame te r m o n i t o r i n g s y s t e m 
wi 1 i be HIS t 31 led p r u r M machine- o p e r a t i o n . S i -
nu l t aneo i i s r ec i r d m j ; of m.iciune pfirTir^ters w i l ' \>'-T-
sii t « v i l i i a t i in of o laana p a t a m e t e r i s e n n i t i-jo t o 
laac 'une c o n d i t i o n ! . . 

To s u p p o r t t h e above i n s t r u m e n t a t i o n a t i m i n g 
ay stem and a d i a g n o s t i c - i - a h l e p l a n t svstRin w i l l be 
i n s t a l l e d p r i o r tn nach i ' i > p '* r P t t o n s . C a r e t u l usn 
of the abnve systems t , . i : -tint a c c u r a l v* c r o s s Cor~ 
r e l a t i o n of d a t t r e c o r d s l t h e numerous d a t a r e 
c o r d e r s . The fo l lowing tt-- a i t l i n e a the implemen
t a t i o n d e t a i l s fjr ea.-ii s y i ^ i r i mcr t t i^ ied ihove . 

I • F n c i ! ' les 
The plasma It i i ' unn t i c s -nac'i J';»_' nvirniKiPii ta-

t i o n components a:? I u:.irc>l . • ne r n r f c main a r e a s 
nhown in F igure ! . Vi.--.itrd w. "ur> t V machine .indoor 
machine v a u l t AT<- . i l l ' h e p!.irj-ii J i . i^nost i c hen-inrs 
and b iae f r o n t - e , i i i r n s s .in.i .,-irr.»l I ' L - t r ^ n c - . 
Housed l ' ' .m upj.fi \-;o\ .! i l»»n i-J ; 
n o s t i c racks ronf m . ' i r m ;-i,- r e n . 
and c o n t r o l e l . v t r . i i n . <• <m1 <\,v • 
en t r e c o r d e r s . An.ic 'i»-r «i,;".: r i 
a c q u i s i t i o n on I pi\u».'!)•; in.', .n:i;ur 
an. i r t r acks in t <w ceiic- 1; i: :<,•• 
leade.r d i a g n o s t i c i-v! ••inrMnr -rvi 
Con ta ined iu t ' u s oin-; .-i ' ' ;ir<- -; • 
c n . w m n i c u :•»[-. *;-, st.»n rri.ir n . ' m i t 
l e a d e r t » .'Vdi'i.i; • •,-.•--1 in \ -,t it .-

^ rrt<»m arv y\ d i . i s 
• K i ^ r t - ' f l i ' t ' ' p r ; I C L ' S S 

[ | . i l s l t I'If. E-'an*: 1 -

IMIIH.- in, . .I.U 1 

i: r".>nn t -u' ^ii.it 
• . inso le , 
- l i sp ! iv-i, -ind 
<P"r i'TitMita i 

',..r-'r"<ic<* | , i w n n r o 
-t !!n. W-T/4 , lS-Ent-i3. 

rJ iaRii . ' t t i •I;.:,! i n T . j v r . ) ' , . " i ^ - . ' s i i f : TAA\-
p n r t e d bf t-'i. : ••.•• -vi -", i-i- , ,i ; 1 : wS : *\c : in r t v ! r-
f*tr'i^i?ntflt ! i>n : i,-r. s •• .- .v .• -:; - i • l u- 1 . it;:i.>'U n .. . n i.' 
Syste-a, TwL'ltf" •! • r,4n "•: i. l »,c^s : s» I '>•• n.ir 'nn.- v iu i t 
a r e ronnecred "n- ^-,Ki\ c >:.•:;! t s •.. ,i '. ir^.> -ii^n.il 
d i s t n h - i t ; nn i>ic !>•>•> ir ,i.i i.i. •• .; r • i *".- Ii ai;uo&i ic •< 
rOi-)S. Inflidf1 t*!.*•-e -. -I;! ' ,!-; ;, T . I<! I I - ' J I t n a x .ind 
in.ii-. ldii.ll *, v *hi . ' l iU - , !w'i>:^.i . . .HI jrt'')l.* r r i n s p i r e 
p i t s^ns \r si ^n.i i< '. . •• hi - si,- i... *: st r i ^ u t i >n . - i -
c I n s u r e . 

S i g n a l , .ir-' i v r . " : :r,»ni r'n- i: s i t n u t i.vi b>;x r> 
Hie a o p r j p r i i i e :: ii;r. ••.* i ra ks us i . i^ Londm: en 
c l o s e d • isi ." bund ' . ' ' ' i ' 1 ' s - l . i t f t -jit ". ri-iif 1 s - ' - i r 
L$ '.akt'u :< m s u r . ' f , i : . " . . I M - - or i . ' .n- t t ;ni; :n I ».-
D l ! a r t ' : i>! e ! . ' • • r l . - ' i : V . 'l-l.•. t t ' d r . > n l L ] l t > t o r -

n i n a t i n j ' " ' "•* n n;\\-^i\^ rj.• '• '•;. C rounnn , ! p r u l j - o -
piite-i .*?.•'• t e r l : n : | ii-s •.•;•>£ Mr i : u , I : I S M I l . u : vn ar." 
s i n i l . i r to those . r.n I ".•,- ! . • : i.-.̂ l f-jt"i t i n^. i ''w : i . i r i 11 
' l i a / n n s : i . s r s t c i E . l 

S o j ^ LnHiOcr contr.j, I-JOIT" 

Itij Geutn:.;~tfu.ii,niidupliiyi 
sCl ECHH ,(;nirali jn'JT.on !; 
3' ^ino*f,»w ciaqiMiia 

I. Layout of the THX Upgrade Expcrinencal Facility. 
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III. Diagnostic Timing System 
The diagnostic timing system is housed in two 

racks in the upstairs diagnostic room. All trigger 
and clock signals Ear the diagnotic and machine par
ameter instrumentation are generated with the high 
resolution diagnostic timing system," The diagnos
tic timing system is coupled to the machine timing 
system ny a -S00 millisecond trigger generated by the 
macnine timing system. The machine trigger is regen
erated and distributed to five digital delavs which, 
in turn, generate five high-resolution diagnostic 
triggers. Details of the timing system .ire outlined 
in an accompanyinL; paper. Since all cue timing hard
ware is either CAMAC or Nim modules, expansion or 
modification ran he easily achieved. 

* v' Secondary j-;mi s_ston_ DeIec_t_or 
The se.comldrv emission detector system measures 

the neutral-particle flux generated by charge e\-
ctianne and escaping from various region*-; of chi-
plasma. 1 

Two l r n v - )| leterMrs will be installed Lo 
measure ne. angular distribution of charRe-exchangf-
Zlw<. !)ata fr.Tji the arravs will be used to inves
tigate r!ie "siishing" inn distribution in each plug 
region. All detectors i'.-d in tins diagnostic have a 
cvl i ndruat geometry with en! 1 imat ing apertures Chat 
limit r'n' detectors field of view to 12°. Fifteen 
dete.rors -—rill be 'nounte.] on an arc-shaped *iupparl 
and 'i^- 1 in.' "..st :>liii: carrier (j-kG plasma' region 
trom i 90-cm radris. SiH identical derectors will b«* 
locate! in the w i t pint',, r m r similar discrete units 
•Jill î' local. -d ar Mild the central-cdl mi Ip lane, 
r-i's*' |.'t,-t-;i:s .jill I ;J.-.K iirerMv at t h\> '.entral-te 11 
j) I i sua i i'i [)-O,'I:F' informal u m conci'rnin,; ridtal loss 

Si?,n.i[i tt in .ill I't.-ctnrs are transported over 
shielded [wist*1* pair .-jMe-s that terminate in .i dis
t r i c t i n ">o'. -Here individ ill hatter it*s in •.«rii--̂  
wit'pi 10-rf.i THsist^ri. uill ;>rovi lo detector bias, 
"hi* si^nil .i'.r •:,••, •';-> re^st or is rccordyil hv i tran
sient r-corier. ' he -able cioac it a n c and termination 
resistor set r -.e •. i^mi •->andi- idtii at anout ID kHz. 
rhu«. ti) .ili.'isi-;,' |!robl."T. should occur when record-
i 'if, ddt.i at S'I * <;•. 

.'. deam 4tt'ii»uation DP tec tors 
T';-- 'J.'-III. iT.'mi.iLi.^i d.> tec M r Clu'llT svstem uses 

•;.--• i ..i;ir/ •••n;--:.<n detectors to measure the neutral 
•jean . urrciic passing ' hrough the plasma. Using 
lat.r t.i-i-'i 'rfit", -in! vufimt rie presence of a machine 
plasna, rip.it puwi*r to tin- plasma and plasma line 
density . i'i b>> .••itir-i.itf-d. Sm*e. the neutral beam 
haim-ter :s about the sum- M - P as the plasma, an 
arrav nt lete.-t irs in a neutral Deam provides infor
mation on r vu< plasna geometrv. 

The HA!) '..'st-'Fih to ;v used on tlie TMX upgrade 
wi 11 consist nf seven individual derectors and two 
arrays composed it ?:* detector*. The two arrays will 
be mounted in the plug regions and provide data con
cerning the T-ko plasna region. The seven single-
channel detectors provide central-cell plasma data. 

The current signals from Chr* secondary-emission 
detectors ire amplified by high-gain transresistance 
amplifiers located close to the sensors. The output 
from thp amplifiers is sent through shielded-wisted 
pair cabin to transient recorders in the diagnostic 
area. The very h U h amplifier gains limit the over
all system bandwidth to 8 kHz. Digitizing rates will 
be set to •)() kliz using a standard clock frequency. 

V 1 , Thomson Scattering 
Two Thomson scattering systems are used to de

termine the electron temperature and density of the 
plasma in the machine central cell and east plug bar
rier region. The electron energy distribution is de
termined by measuring the scattered spectrum of ruby-
lasftr light as it passes through the plasma* From 

the absolute level of the Doppler light returned to 
the detectors the electron denaity is also estimated. 

The Thomson scattering systems consist of numer
ous subsystems. A single-pulse ruby laser pro
vides the light source for a single temporal measure
ment during the plasma cycle. The laser bean trans
port and laser input arm contain the optics necessary 
to transport the laser into the plasma. A laser beam 
dump absorbs the laser energy after it passes through 
the plasma and provides the mechanism neces- sary to 
minimize back-scattered las^r light. A view tube 
collects the Hoppler-broadened light scattered In* 
plasma electrons and delivers it to a distribution 
box. The distribution box diiTiitites the scattered 
light associated with a unique plasma volume t-i th'1 

input of a pnlychromator. Tvn s,j<vtral outputs of 
the polychromator ar^ coupled into a bank of the 
photomultiplier tubes bv fiber optics bundles. The 
tube output signal i .ir>* Transported to a remote data 
monitor and recording system. Als.i, located in the 
diagnostic nam is the lisei ilming svstera and into-
calibration control electroinc-i. The calibration 
sources are located in the di it r:hut n m box and en
able periodic cal inrai *on nt the letectim s^tem. 

The central-cell and east-pUg viewing angles 
are 44 and '.c>f) from beam nrrn"i;onnl. Xl-r dis
tribution box design1* permit e.ich svtein L-O m->"11 >r 
three radial positions perpendic ilar to rue nuchim* 
center line. 

VI1 .Diamagiii-t IC [..>jps 
This system measures the pln^raa -iiaraag-n't: sm 

from uluth estimate*, of ion temper irtire and density 
Lari be madr. K̂ i:r t>*en , farad r- -'iielie.i, smstle-t urn 
loops will n r c l e the plas:n.t at -'it-ious points it in
terest. Kach plus; -nntams throe teils: one posi
tioned :u-ar the plu,- mdplane point and one eacd ,ir 
the inner and nucer lo-kt: points, rh.• remaining 
eight c m l i ire pos.tiviel al. 1^ : he central cell 
with si;< .-oils east m l two -uls west i: the machine 
midplane. 

The signal induced n ,^:\\ I >op L*, transpi>rted 
to the diagnostic recorlin^ .srei !iy "hie Men-twist ••.) 
pnir cables. Tne plasma signals .ire enhanced lnp t\ri-
traction of [lie na.*n.-[ ic current ripple components 
using multichannel ripple rediction amplifiers. 
Using Hogowski loops n irio-uror the individual magnet 
currents, a signa! n'rv ^li^e to the ripple compon
ents in various loops i« generated. Putting both 
signals through a diiference amplitie:- produce* the 
enhanced plasma signals, llata recording is achieved 
using 50-kllE transmit recorders. 

VI [ I. K^d^-^r^^e_ncv_ Probes. 
The rf prohe system is used to measure electro

magnetic field emissions from the confined plasma. 
Using frequency and amplitude -neasnremetus obtained 
from numerous probes, the plasma confinement insta
bilities can be evaluated. 

Initial systems implementation consists at lour 
probes, each containing numerous elements. In the 
central-cell region a probe containing six smalt 
electrostatic antennas and two magnetic loops will be 
used. In the east plug two probe positions are 
available to study emissions in the S-kfi plasma 
regiotit One probe with five antennas ana one probe 
with three orthogonal magnetic loops will he used in 
this region. The east plug (10-kG plasma region) 
will be studied using two access positions and a 
five-tip antenna probe. The west-plug 5-1-.G point 
will be studied by a probe that can be inserted 
through either of two access ports. 

Signals from the probes are taken to the diag
nostic area over LOO meters of coa* cable. The long 
cable runs limit system bandwidth to about 10 MHz. 
The signal processing electronics employs various rf 
amplifiers, filters, envelope detectors, and hetero
dyne detectors. The 20-channel electronic acquisi-
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tion hardware is a combination oE high-speed and lo 
speed digitizers. Data acquisition rates will vary 
from 50 MHz to S kHz depending on e ^ r i mental re
quirements. The diagnostic timing system assures the 
phase stability of the recorded data. 

IX, Fast [on Gjjjes 
This diagnostic monitors pressure changes durina 

plasma cycles, in various regions of the varuuT. ./ess 
on time scales short compared to plasma duration. 
Three nude ftavard-Alpert gauges, housed in magnet
ically shielded enclosures, are mounted on the vacuum 
vessel. One unit is mounted on each of the machine 
end fans. \ third unit is mounted on the machine 
central cell, Cauge controls and s'gnal pro- cessing 
electronics are located in die martune vault near each 
unit. The pli'ctmnu's supports all the funcrions 
normally prtvideri by standard zau^e control elec-
: roiii.-s, \o<i' a-'issirtft, over pressure shutdown, and 
emission regulation). r.ne cull error current, which 
is sroport :onal to pros'!.ire, is anpli- fied using a 
•-'•. Jr1 dynamic r a i v operational amplifier. In order 
to eov.-r th.> t h f e dec.id.-« -if dviumic range, a 
hi^hanl lou-i'.ing,. analogue ,iutput is provided. By 
i.i:iual:v changing rhe emission current, the range of 
t ie instrument .an he made to cover any three decades 
Witiiin a iO""1 to \'\~ torr. pressure window. 

X. Microwave Interferometer 
fii'' tiiIT.wive interferometer system ui 1 ] he used 

" ' miMs'jn1 pi ism H U M densities in various regions 
<i: m e TMX-1'pRra li' machine. Line density i.s calcu
lated from the phase shift induced in a liO-GHz 
mi rowive ru-am lh.it ins- passed through the plasma. 

r.mr .lou;>].>- !,iu:i .inversion .ncrowave receiver 
svsri-is u> 1 ! '»p installed prior t.i i he first plasma 
t-it^erliirnts, \ digital-logic phase comparator 
goner it i*s t'our anal^K phase signals that are. sampled 
••••' n J'AMAI" irai:siH-:t .i,u;i recorder. TiiiEn from this 
recorler is f ran-;' ern-d ro the data-base computer 
.wet vit'illv nil.-.ted lipi-ii cables. 

<!. P.tvi-I.uss Analyzer 
; i. juur end-loss analyzers used on the Tandem 

'tir:.>* Expertm-nt ,TMX> 'Jill he used on TMX Upgrade, 
•t.'af sensors prwi'-iY intonnation on the end-loss 
tfrrt'fit ipeLtnnn, the inn temperature, plug potential, 

,r:d 'ft.* centnii-cel I r.mt"mement product. The 
letertM !••' n r>Jt ardin^-gr id electrostatic energy 
.m.ily/.er. Toe entrance aperture is a low-transmission 
irwul Titsh tint Kter.jates ihe e,u<;-lo.ss flux to use
able levels, ilehin.; th«- mesh is a positive, hlgl -
D l t j ^ 1 swept-ion r'ipell'.-r arid and negative-biased 
tecwid.irv-electron suppression grid. At the rear oi 
thp detector is a current collecting plate. 

Signals from the current collectors and control 
electronics arc passed to the diagnostic recording 
ar-1.! using snieIded-twisted pair cable. Because the 
collector current measurements must be referenced to 
machine ^rojnd, differential amplifiers are required 
for each detector. The output of the amplifiers ere 
recorded with 50-lcHz data digitizers. 

The high voltage for the swept grid is generated 
by a high-voltage amplifier driven by a gateahle 
function generator. Cable capacitance and amplifier 
output limits voltage slew rates to k x N T V/se: 
or less- Also the maximum peak voltage presently 
obtainable ts Leas than 2 kV. Each sveep voltage is 
monitored using a tush-voltage divider, line driver 
and transient recorders. 

On the TMX Upgrade two detectors will be located 
in each of the end-tan tanks. A rigidly-mounted unit 

in etch fan tank is centrally located to provide in
formation about the central plasma. Also in each end-
fan tank is a moveable unit. Radial scans across the 
narrow width of the end-fan plasmas will provide data 
concerning plasma properties an a [unction of radius. 

XII, Extreme Ultraviolet System 
The extreme ultraviolet dingnost ic system util

izes an absolutely calibrated, O.i-in, normal-inci
dence, grating monochrninfUor to px.imine the intensity 
of impurity radiation in the w.ivi>length rangi' lfiil A 
to 1200 A. The instrument spatially resolv.'s 
twenty-two radial positions with a LI™> resolution of 
1 to 2 m s e c ' ^rom line radiation itn'.isuivn.'iit •;, 
quanti- ties related to power halaiuv and impurity 
density can he deduced. In particular, nitrogen 
density changes can he monitored and possihlv reve.it 
dynamic vacuum leaks. Als.i lap'ction of impurities 
can pro- vide useful ''ata lonccrnng diffusion and 
transport rates within the TM'\ miasma. 

During the initial phase ot machine ,>perati 1 
single ?2-channel .i:-.it will in- msi .T t l-'d. I'Wii ii^mt-
ing fixtures have !>ee:i pr ̂ v L -li-.l !I,T viewing the 
plasma. Viewports have •ii'cn assi^in-.: so these M i n t 
ing fixtures can be ised at both ri-k': points, hot 'i 
10-kG points, and one central-oel! position. 

During a machine /v.-le, :mlse.«. fron ^tiip-
current collector 1;, l.i.-ate.i !n>hind a rhovroti n u r o -
channel plate, are iinp111 ied , shapeii, and t raiisim 11 e-l 
to scalers Iccated n tne rimote dia^nnst ; r romi. 
Signal Transport is over twentvtwo Hi.-f* shielded 
cables. In the diagnostic ire.i e;ji;i scaler count is 
passed directly into a r,\^\r .ln.il-purt im-morv. A 
desk-top computer is li'erfaced tnr • t i,e s-, item to 
provide local djta r.-.iuc t i »n. 'iis.i o also aet|;iire,i 
by the larger d.ir.i 'ta-.e computet -•-•item. 

X[ [ | • L^angmLiir I'robe-i-r.i; qday Oi|^ 
Thi"s di.ijjnnst \. iirovide^ int.irmat ion c.m. ernnii; 

the nature of the e\1-fan -.iljsmj .it t'ie e^d-jali m -
rerfire region, '.rt.l loss .iirrrnt disLnivit i ins ire 
determined wan?, an arr.iv of net .;jrrent cul ]<\ ; ors 
and Faraday cips. I n format i >n ;•!>!.»i m-.i using t v s e 
detectors rfill supplement data oi-r.nn.-.l with the end-
loss an^lyiers. 

"his system tequires ir-st -il Lit i.m ci II ru: i-iay 
cupa jnd I] current CM! !e,-;.i > wi -.v-\: .;nd-ta:i "ae.k 
of tli.- TMX machine. Kath Fara-lav r-ip is enrK.se>! in 
a grounded rl-.-imber wild i ;nnlmle I'lilrim-e .ipert'.r-. 
Located between Lhe entrance aperture and cup ii ,m 
electron suppressor plate with a larger pinhole. The 
electron suppressor plates tor ali detectors are con
nected together ind then biased negativelv with a 
hij;h-vultage supply. To culleci ions the detector 
CUp is also biased negatively with n -nagnitmlp less 
than that of the suppression plate. Bias for each 
cup is achieved using miiltilple high-vnltane bias 
capacitors and a single high-vnliagu s:ipply. Detec
tor cup signals are coupled out through a hi^h-
voltage blocning capacitor and passed through anti
aliasing filters prior to amplification and digital 
recording. Digital sampling rates for these detectors 
will be set at "iO khV. for initial measurements. 

The net current collectors are small disk elec
trodes that are flush with, but isolated from, tht; 
machine wall. The detectors are connected to the 
machine vail by a lou-value resistor in order co keep 
the electrode close to machine ground potential. 
Monitoring the potent'al developed across the resis
tor determines the net plasma current incident on the 
electrode. Because of the low signal levels and 
machine ground reference these signals are amplified 
by differential amplifiers and then passed through 
2.5 kHz low-pass filters prior to recording. Digital 
recording rates for this system are set at 5 kHz. 

XIV. X-Ray Diagnostics 
The x-ray detection system will measure the 

electron Bremastrahlung spectrum emitted from the 
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plasma. From these spectral measurements estimates 
of the electron temperature in TMX-upgrade can be 
generated. Bremsstrahlung measurements will be made 
using solid-state detectors and pulse-height analysis 
electronics. 

Mechanical shielding, collimatLng and filter 
hardware is being built to monitor five areas ni the 
machine. Only three systems will be instrumented and 
operational during the fall of 1981. One plug region 
-•'..11 contain a spectrometer capable of measuring 
Bremsstrah lung from electrons with energies in the 
range of 300 to 1500 eV. The east and west plug 
thermal barrier will each contain spectrometers cap
able of measuring SO-fceV Bremsstrahlang. 

The lower energy spectrometer utilizes a liquid 
aitrogen-cooled lithium-drifted silicon detector and 
associated low-noise preamplifier. The output of the 
di_'t*:tr,r is amplified ami sent to the renote diagnos
tic are.i us inn triax cable, in the diagnostic room 
the signal is digitized bv .t A / 0 converter located in 
a CAMAC crate. The digital signal out of the A/0 con-
verier is stored jn a histogramining memory using a 
CAtfAC data router. Oat.i from each soot may be ac
cessed and stored by either a local desk-top computer 
or the main data acquisition computer. The system 
sirr.moment is identical for the two thermal barrier 
sp.':rmmpiers uxcepc germanium detectors are used to 
<Lt'i ommodai'- the hiv;rn.*r energv spectrum, 

L"si:i,j the abov.' rqn ipment, pnergy spectra should 
b'? jbtainable with sampU t imps as short as two 
;;ti 11 isi'cond?. Thus, ip to 4f) time resolved spectra 
C'»uM b.- available .luring one plasma cycle, Using 
Lan.i'-ra A-'D converters t\\u data rati- could be incre-
Tscd and VtLer l in.- resolution achieved. 

XV. Machine Parameters 
A iiiarlitne monitor nysten gill be installed. 

Nim.'roim multichannel CAMAC transient digitizers will 
•>•> ised m monitor signals from: \) seventeen magnet
ic -urrcnt sensors; 21 two each, slream-g>in voltage 
z<\\ ;urr":it »ensnrs; 11 twenty-four neutral-beam acel 
voltagp and current sources; h) fight slow vacuum 

gauges; and 5) four input gas-manifold pressure 
transducers. The magnet currents, and neutral-beam 
data recorders will be triggered at zero time and ac
quire data at a 5-kHa rate. The recorder allocated 
for the gas injection monitoring will be triggered 
just prior to ?ero time and the sample rate will be 
set to cover the full pressure cycle that could 
approach one second. The recorder monitoring the 
stream guns will be triggered just prior to zero time 
•nd sample at a 100-kHz rate. The eight-gauge vac
uum-condition monitoring system will continually mon
itor the machine gas pressure using ftayard-Alpert 
gauges located within the machine vessel. A BCD out
put is provided by the electronics unit associated 
with each sauge. The eight BCD outputs are 
periodically stored in a CAHAt! dual-port memory using 
a specially designed digital data multiplexer. Data 
acquisition rates are controlled by a dedicated 
programmable clock. Periodically, the data stored i.n 
the 12-K dugl-port memory is archived by the TMX 
computer system. 

A desk-top computer, whu'n presents a status 
menu, monitors the getter status. After the menu is 
manually updated, the data is transferred t>« .1 
dual-port memory where it is available to the TMX 
data acquisition computer. In a like manner other 
machine status information is entered into the 
facility data base. 
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