HEASUREMENT OF FAST RISETIME MECAMPEAE CURRENTS BY QUARTZ CAICE#

WASTER

R. E. Villllll, D. M. McDanisl and R. ¥. Stimmett

New 'hll:. 87183

Sandte L1
Abetract

Quartz gruges hava been woed oa the Sandis
Mational Labortories Proto IT accelsrator to measurs
cursent in che asgnstically fmsulat foa line
at the 11 TW pov“ level. The ac 'vars

o3 MA ot 2 x 1077 Ale 1n u 4D 0127 m
diamater alusisus limer to produ high daneity
plasas. At this radius swnd dI/de levaels, tha B-dat
moaitors ro longer functiom for the measuresent of

load curreat becsuss the momitor suffers electrical
breakdows. Quarts 'ruun seuges mounted st a radiue
of 0,0086 w hava tha
pressure due to the load :.lrun: with nanosecond
tesporal resolution.

Tha quartz gauge s mounted S x 107% » under the
alectroda sxrface and hance the current csrrying sur~
face s mot perturbed by tha geuge itself. The
surface material is cho:en so thet its yleld strangth
is graster than the presevre exarced by tha magnatic
field. Rance, the pry re prlse not affected by
tha material propertias of the wall ms it propagates
to the quartz gsuge. For this case, only the plero-
electric &ad matsrisl propertiss of the quarts sre
saaded tao {nfer prassure from tha gauge output. The
current output in amperes from the quartz gauge 1is
given s nrll o! th- -r.
tims throwg]

arss-A iu w

1= (201 21072 4 1.1 x 10722 @) oA/t

Heasuresants cen be extendsd to curreat and prassure
levels vhere the yield of the wal

18 exce . bu: the .uly-n n! the gauge sigual is
|oTa cowp! uge requiressnts and
.xper!.nnul n-ulu will b dhculnd-

Introdverion

Tha Proto II sccelarator, st Sandia National
Laboratories, delivers a powar of ™ curreat
rate of change of dI/dt of 4 x 1018 Afs. The power
Ilows down 14 1ly fnsulated
1ine to & 1.2 x 107% u diemetor aluminum liner oo
tha axis of tha accslerator. This limer producas a
high dessity plasma. The rats of change in the
wagmatic hﬁ:;io- at tha surface of the linsr fe
d8/de = 6 x 107 T/s. At this laval of dB/dt

Iry ‘the qn:lo- .

E.ﬂlm
ar=0.2cm
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A typical groovad B-dot currant measuring com
figuration.
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rig. 1.

vhere Ar 1s tha vidth and L. fa the fnductsace of the
groove. Tha fnductance of “the groova is giwwm by

L =2x107 4 fa (1 + A

(2)

vhere d 1s the dapth of tha groova and r is 1ts ra
position. By sxpanding the log terw to first order-
with Ar << © ve hava

Lg=2x 1077 & Ar/e 6]
Substitutiog this iato (1), we find
-7
=252y @

Hence, vith the criterion that B < 2 x 106 ¥/m we have

1013

fajEw (L))

To massur t\- mmt at £ = 1072 o, vhich 1s close
to the load of the 1y
11ne, “c depth of the groova for a 4I/dt of -_‘

2 x 107" A/s would havs to ba lses than 3 x 10°

Bancs, the ll.!!l.nl:y of this typa of curreat -uun- H
ment 1s hizhar 41/dt hn (

messuressdts of current in the 1y
tranpafesien line caa sot he mede using unvnt!on-l

greoves causs b -nu- tha
e hava also hnnﬂd

3-dot techaiquas. Figure 1 shovs & wmathod

=3
11y thet !.! = 10 » dismater holas ia
Bdod

of maing m “groovad I~dot”™ feor weasuring te A
50 £ coaxial cabla measures the voltege actoss the
groove induced by tha changisg magoatic flux withia
tha gresva, Ve bave fowad that at 2 MY/m the curreat
we longer flows along tha surfaca of the groove but
bridges the gsp sed causse 5at ealy lass of the alac-
nlul eigaal 1- the 50 1l cabla but the braskdows of
1ice. The
lruum lml was dataruinad by varyiug the gresve
diseseion snd radisl pesitien asd oheerviug vhen tha
‘sigeal was lest. The eleetric fisld acroes the grecws
is given by

a1

“Thie werk wss supperted by the n.s. Dept. of Rmargy,
wadar Centrrct DE-ACOA=76-BP0078
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lmllud to

Nagmatic ure Hessursmest

A measurseent technique is sesded whick momitors
the currast im tha tra slom lime mnd which dess
mot perturd the conducter's frowr surface. The curreat .

flewving it & Tadial 1ime hes an
machanical pressura
? = 3l/2y, = p13/ane (]

A quarci praamre giuge, 1€ plised bekind tho slsctreds
surface of m tnnnluln 1ime, can directly weaiter
this ahowmn in Tix. 2,
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Fig. 2. The conmfi

ot t
pressura duc to th curract flow.

4llows the froat surfsce of the transaission lins coo—
ductor to be frae of

the gai o & fov tines per thar the alsctricsl
-u. depth.
Shack lnl is
1y hnology.“ 4 typical pressura

sasauresent sssembly, showa tm Fig. 3, cosaists of &
circular plezoslactric yuarts disk bomded te ¢ section
of macal. The eingle crystal quarts is gold pletad oo
oppasiag un surfaces. Tha top surfaca has two

The inser e collects

velecity of 5,7 x 10° a/s. Benca the meaful recerdisg
time of the paspe ir the gauze thickness divided by
this valocity. Durfag this treseit tima of tha prae—
surs wave the pewge the setput curres® of tha
savge follows the ingst pressers with

Tespende Ctime. AL the seme time that the pressers wive
propagates threugh the quarts, & relief weve prepagates
fnvard at & 43° angle frem the sdgs of the paspe. Tha
parcios of the gauga affected by the rellef vave fa
coversd by the guard riag, ssd heuce the rTeliaf wuwe fa
B0t so8R by the faetTwmeatad alectrede.

Tha sensitivity of t.h y-n cas he ceatrellad by
of the 1o freat of
the gasugs. Tha pressare P ‘.l tha quarts goupe behind
the metal surface is :‘-h:&l to the presssra Py ia
the matal, asd ¢tha shack {wpadincas of the quarta asd
watal IQ asd Zn, Tespactivaly, by

o = (22 /(2 + 7)) (L)

By saing matals -1:\ a higber yiald straagth :m the
-null n he

¢ to M..,h la a
wore complicated anslysie :hu !hn |lv- by
esquation 1.

Ceuge Mowsting Cowetdarations
Siace the quurts gavge vaquicres a waiform prassurs

phn to he incident oc ite fromt emrface, the machant-
l! lh surface finish asd thkickmesp ate

chaxge from anm sres to fea & oma
strass wave asd connacts to a 30 oh ceax cable for

Tha outer el forms & guard
ting and 18 electrically loaded to pass the ssme cur—
reat par-vait ares as the center slectrode (Pig. 3).
Thin slsctrods §» sesdad to mininice a
to tha finite gauge size.
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y of & x 10° w/e
a u!hrnn of —:gml thickness i froat of the

gauge of 2,34 x 107 gupn.h to a diffarescs

in arrival time of bl 1077 peconds. Vhan ows is

trying te Tesslve currawt rlulhu u tha lnoneod
time scales,
fmportant: Nesce the guarzs .u.u un nosnted e lhl
surfaces that are parallel to the curremt carrylag sor—
facea, Tha geematry im which the gauge 18
allow spatislly eaffers {3 parcest) pra L]
Gougs bounding to the surisce 1s ssuslly

gavga froat.
done with pressurs guted epoxy. Surface finishes are
typically 2.5 x ) maters. The mounting procedute

ahould mot parturh the lhluu of the nthu.

nk llnrul 1u froat of the
1y thick to step elactrems

' 4
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Thy quaris gauge prassure -u’nr-nt
a3pombly.

ALY
Thassuasee
rig. 3.

Wher 5 plane pressure nn s .”uu e zh fromt,
n-he- of the pleseclectric quarts alement, s currsut

fumgdiately !I.m in to the load restaters sccevding

t! Che equation’

=@ x102 s L1102y own, (D

Waare ¢t fo the tramit time of the pressece wave
:Nthg—phm,lumlmhw—u
-un,'h:u'mllhndlul! 10 the
Sowpe currest iu smperes. Tha curreal ssaliswes te
n—-‘tuth.mmméﬂlhhﬁ-dlu
of the 1 valid for p
te 3,0 x I The proseurs wave travels at @

Tis
hmll-
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Fige 4. Quarez gauge :reu for a radius o
(a) 2,84 2 10" ..ums.u:m’
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Fig. 3% A cenparisen bmn- the quarts gawge sigasl
and tha ¥-det &
s B-dat lecated l: v = 0,72 a
b Quarts geuge huud at r = 5.08 x 1072

H.—n.m:mrn-—-m ke msisare

rn-ihvn'l-uuhllu.nnud
&!S:lo, This querts govge had 8 I.I.-n:.l
2085 1070 m wad & thisknees 063 2 1S e

—031m

Fig. 6. Positisa of the 2.8 diamaicr geuge
located at 8.6 x 1 Hus.
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¥ Teesurs se ueasursd by the

Qe i e
2.8 x 1¥™ -41-:-5 pn-npu-ntn
redine of $.35 x 10T . )
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Quarts .-.-hn nuy-u-m--uu

mrlmnﬂu—l--n.ﬁ-‘um- 7.
preasars of 1.3 2 10 Pasesls, vhish

A'ﬂ
dus to lhlﬂl.-l-znuuln-uuuu-
mol!.snumlﬂm-—-ﬂ I’h.—m “""": be attashed te & owsTest sarryisg
th the
- tieats Coes in dusign of tim alestremschazies?

1limer ,u—

is
sad the

4w_u--_q...h: walag quariz geuges is s .



morz diZficwlt thas the sors ceaveatfossl current
weasuring techaigus. The gauge has sanedecend

Tais fa 7]
higher currant by weing hydrodynanic cedds te snalyse
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