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wsin 
Quarts gauges have been weed on the Saudi* 

National Labortotles Froto IX accelerator to measure 
current In the magnetically Insulated transmission l ine 
et the 11 TV sower level* The accelerator deliver* 
3.5 HA at 2 x I 0 U A/a Is • 40 a* pule* to a 0.0127 * 
diameter aluminum liner to produce * high density 
plasma. At thla radius i U dl /dt leve l* , the 1-dot 
aoaltora eg longer function for tbe measurement of 
load current because the monitor suffers e lectrical 
breakdown. Qoarta pressure gauge* mounted at a radlua 
of 0,0066 a have aueesafully measured the Magnetic 
prcaeure due to the load current with nanoaeeond 
temporal resolution. ^ __ 

The quarts gauge l a mounted 5 x 10 n under the 
electrode atrface and hence the current carrying ear— 
face la aot perturbed by the gauge i tse l f* The 
•urfaee aaterlal la chosen ao that It* yield atxength 
la greater than the treasure exerted by the magnetic 
f ield, ••nee, the pressure pulse la not affected fey 
the aeterlal properties of the wall as It propagates 
to the quarti gauge. For tnle case, only the piezo
electric and eater1st properties of the quartt axe 
needed to Infer pressure fro* the gauge output* The 
current output in aaperea from the quarts gauge la 
given la tern* of the s t res s -^ In Pascals, tranalt 
time through t>- gauge-t,, In seconds and the gauge 
area-A In «r by the equation 1 

I - (2.011 x 10~ 1 2 + 1.1 x 1 0 - 2 2 a) crA/t 0. 

Hcaaureneate can be extended to current and pressure 
levele where the yield strength of the wall materiel 
la exceeded, but the analyste of the gauge algnal la 
•ore complicated. Gauge design requlxtmtnta and 
experimental reeulta wi l l fee discussed. 

Introdnctloa 

The Proto II accelerator, ec Sandla National 
Laboratories, delivers a power * £ . l l Ttf and a current 
rat* of change of dl/dt of * x 10 1 * A/a. The power 
flowa dawn a a elf-magnetically Insulated transmission 
lime to a 1.2 x 10~ z m diameter aluminum l iner on 
the axis of the accelerator. Thla l iner produce* a 
high density plasma. The rate of change I s the 
magnetic Induction at the surface of the l iner 1* 
dl/dt - e x 10* T/a. At thla level of dl/dt 
measurement* of emmet Is tew magnetically insulated: 
tramsulsslen l ine can not ha men* tie lag conventional 
1-dot techniques. Figure 1 ebov* a conventional method 
of melng a "grooved 1-dot" fmr measuring cmrremt* A 
SO SI coaxial cable measures the voltage aeroea tbe 
groove Induced by tka chamglmg magnetic flux within 
the groove. V* have found that at 2 HT/m the cmrreat 
mo lemger flow* along the surface of the groove hut 
hrldgea the gap and causae sot only loss of the e lec 
trical signal la the SO fl cable but the breakdown of 
the magnetically insulated transmission l ine . The 
fcreaUewe level wee determined by varying the groove 
dlmemales and radial petit ion and observing when the 
signal wee lent. The e l ec tr i c f ie ld aero** the groove 
1* gives by 

d=0.4 cm 

A typical grooved I-dot current meesurlng con
figuration* 

where Ax la the width and L l e the laductancn of the 
groove. The Inductance of the groove i s glvuu by 

L g - 2 x 1 0 - 7 d i s (1 + Ar/r) »] 

where d in the depth of the groove and r la ita rntVal 
poaltion* By expanding tbe log term to flret order-' 
with Ar « r we have 

L f - 2 x 10"' d Ar/r (3) 

Substituting thl* into ( 1 ) . we f isd 

Hence, with the criterion that I < 2 x 10 6 T/m we hare 

, 1 0 " 
£di75T (3) 

To meaeuie the current at r - 10 ma which ia c low 
to the load of the magnetically lnaulatad transmission 
l ine , the depth of the groove for a 4I/dt of , 
2 x 10 1 * A/a would have to ho lain than 3 x 10~* x. 
Banc*, the difficulty of thla typo of current measure- • 
mast 1* apparent. At s l ight ly kl£har d l /d t ' s these . 
groovea eaua* breakdown within the magnetically 
Insulated tranemieaion linen, we have also deternlned , 
experimentally that 3.2 x 10* 3 m diameter hole* I s 

' the transmission Una containing iadlvidtial l -do: 
loops lead to magnetic inauletiom breakdown* 

Mainetic Pressure Keoourmmaat 

A maaauremeat technique l e needed which monitors 
the currant In the traaemission l i s * nsd which does 
se t perturb the comdnctar'e front surface. Tbe current • 
flowing in a radial trauemleaien l ine ha* an associated 
mechanical pressure 

* - l 2 / ? ^ - ^ I 2 / " * 2 * 2 

*XU* work usa supported by the O.S. Dept. *f Inergy, 
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A quart* ptuastm gong*. If planed behind the •lectxmne 
aurface *f the tmnamlsalM Urns, cam directly monitor 
thla pneemre. Thl* cemflguratlem, ahewm I s Fig. J, 



"mrnvz. 
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Fig. 2. Tba crafigurstloa for msaurlag ttM aagnstlc 
prusaura iuc to tba currant flow. 

a l lows thn f r o a t aarfaca of tha t ranauiaaloa U n a eon-
i a e t o r t o ba coaplata ly f r a a o f pareuraatioaa p r o v l i o i 
tha gauga l a a f a v t l aaa iaapar tha t tha a l a c t r l c a l 
a k l * i a p t h . 

Shock praaaara aaaauraaaat l a a a t a r l a l a t a an 
cx taaa lva ly iocwaaatai tachaology. A t y p i c a l praaaura 
a u i i r u t i i t aaaaably, ahe^a l a F i g . 3 , coaalata of a 
c i r c u l a r p laxoo lac t r l e t u a r t * d isk b o a i a i t o a a a c t i o * 
of M t a l . Tba a ing lo e r y a t a l quarts l a gold p l a t a i on 
oypoalag f l a t aurfacaa. Tba cop aurfaea baa two 
saparata a l a c c r o i a a . Tba l a a a r a lact raaa c o l l a c t a 
cbsrga f r o » aa araa i a a l g a a i t o aaa a aaa i l a a a a l o a a l 
• t r a a a vara a ad conaaeta to • 50 aba caax caala f a r 
l a a t n a a a a t a t l o a . Tha outar a l a c t r o i a foraa a g u a r i 
r l a g a a i f a a l a c t r l c a l l y loaaaa t o paaa taa aasa e u r -
raa t pa r -wa i t araa a * tba cantor alaetroda ( r i g . 3 ) . 
Thla a l a c t r o i a l a a a u i a i to a l n l a l x a aaga af fac ta * * o 
to tha f l u l t a t a u f * a l x a . 
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F i g . 3 . Tha quarts gauga praaaura aaaauraaaat 

aascwaly. 

Whan • p laaa praaaara vava l a a p a l l a i t a t a a f raa t . 
sacfac* a f tba a l a s s a l a c t r l e quarts a laaao t , a currant 
X A l a a a i i a t a l y f lows l a t o tba load r a a l a t a r a according 
t t tba s q u a t l * * . 1 

I f - <2.01 x 10" 1 2 + l . l x I 0 " 2 2 a ) 0A/ t . <7) 

Hbara c # l a tba t r a a a l t t l a a a * tba praaaara wava 
tbTsaah tba gauga l a saaaada, A, l a tba araa l a aauara 
a a t a r a , a? l a tba praaaara l a Faaaala a a i I . l a tha 

~ H l t l l 
f l aw N t U tba praaaaxa vara raacbaa tba back aarfaca 
a t tba guauja. Th is aquatlsa l a v a l i d f a r praasuraa ap 
t a 3 . 0 x 10 * Faacala* Tba praaaara wava t r a v a l a a t a 

v a l a c l t y a f 3 ,7 x a / a . laaca tba a a a f a l r a c a r i l a g 
t l a a af tba sauna l a t a a gsaaa tblckaaaa i l v l i a i by 
t k l a v a l a c l t y . Durlag t b l a t r a a a l t t l a a af tba praa
aara a m through tha gaaga taa output currenT a f tha 
gaoga fa l l awa t a a input pro* aura w i th a naaata eaal 
raapaaaa t l a a . At tha aaaa t i n * tha t taa praaaara wnva 
arapagataa through tha q u a r t s , a r a l l a f vava praaagatas 
l a x a r i a t a 4 3 * aagla f r a a tha adga o f tha gauga. Tba 
p a r t l M a f tba gauga a f f a c t a i V j tha r a l l a f v a n l a 
covara i »T tba guar i r i n g * a a i baaca tba r a l l a f wava l a 
a a t aaaa by tha laa t ruanstsJ a lact raaa* 

Tba s a a a l t l v l t y a t taa gaaga caa ha e a a t r a l l a i by 
chaaglag « f tha a a t a r l a l stack laaadanca l a f r a a t sf 
tha gauga. Tha praaaara F» l a tha quarts .gaaga hahla4 
tha n a t a l aar faca l a r a l a t M t a tba prasaura F H l a 
tha n a t a l , aa4 tha aback lapadaacaa o f tba quarts a a i 
p a t a l 2,, a a i Z, , , xaapact lva ly , by 

r Q - t t t ( ) F H ) / < Z Q + Z H ) (•> 
By using a a t a l a w i t h a h lgbar y l a l d atraagtb thaa tha 
appl ied praaaara* t b l a aaaaaraaaat tachalaaa eaa ba 
a x t a a i a i t a h lghar arasaaraa without raaort lag to a 
awra c o a p l l e a t a i a a a l y a l a thaa tha t glvaa hy 
a^oat loa 1 . 

Cawaa t ioaatlaa Coaalaaratloaa 

I l a c a tha q a ^ R * gaaga raqalraa a oa l fo ra praaavra 
palaa t o ba l a c l a a a t oa l t o f r o a t aar faca , tba aaehaal -
e a l to laraacaa a f taa aar faca f l a l a h a a i talckaaaa ara 
vary l a a o r t a a t * At a a a t a r l a l v a l a c l t y of t> x 1 0 3 a / a 
a i l f f a r a a c a a f a a t a r l a l tb lexaaa i l a f roa t of tba 
gaaga of 2 . 3 * x l » - > a corzaaaowla t o a i l f f a r a a c a 
l a a r r i v a l t l a a a f 4 x 10"** aacaaaa* Vbaa oaa l a 
t r j r lag t a r t a a l v a cur raa t r l r a t l a w a aa taa aiaoaacoai 
t l a a a c a l a a t • a c h a a l c a l ta laraacaa ara obrloaaly vary 
I x a o r t a a t i laaca tba aaar ts t * » < M • ' • aoaatai am f l a t 
aurfacaa t h a t a r a p a r a x i a l t o tha currant car ry lag a a r 
faca* Tha gaaaatry l a which ths gauga l a aaai auat 
a l low a a a t l a l l y w a i f a r a {1 parcaat ) praaaara avar tha 
gaaga f r o s t . Caaga a o a i l i g t o tba aarfaca l a aaua l ly 
ioaa w i t h p r a a a a r a e a r a i apoxy. Sarfaca f la lahaa ara 
t y p i c a l l y 2 . 5 x I f f * 1 a a t a r a . Tba aouatlag prota ia ta 
a h a u l i aat p a r t a r b tha f l a t a a a a sf tba aarfaca* 
Aaothar eoacarx a f • a g a a t l c a l l y l a a a l a t a i t r a a a a l a i l o a 
l ima gaugaa l a t h a t tha aaa ia a a t a r l a l l a f r a a t of tha 
gauga has t a ha a a f f l c l a a t l y t h i c k to atap a lactraaa 
c raaa lag tba vacaoa gap. I f thaaa a lact raaa pcaatrota 
l a t e tha gang* • « l g » * l r a t a a a l t a g tha t a f a Faraiay 
cup w i l l ha a b t a l a a i . 

t o a t l a a a t a l l a a a l t a 

Z a l t l a l axpar laaata a a a i f a a r a .35 x 1 0 * ' • i l a -
a a t a r quarts ^aag* * * ^ t h two l a c a t a i a t 0.0234 a r a i l u a 
a a i cwa . laaa ta i a t O.OSOg • r a i l a a . Tkaaa gaagaa ara 
5 x 10"* • t h i c k v U a h aUawa a r a a a r i l a g t l a a of 
100 a a . Flgwra 4 ahawa tha gaug* aatpat a lgaala a * • 
f a a c t l a a a f Claa f a r a F r a t a I X t a a t . Tha algaala 
r l a a t s aaak p c * w « — « f ! • * x 10* Faaeala f a r thg 
gaagaa a t 0*0254 • . rai laa. a a i a araaaura at 3 x W 
Faacala f a r the gaaga i a t 0 .0501 • r a i l a a l a 20 aa> 
Tha abraat • I g a a l f a l l aocara a t tha a a i af tha gaaga 
r a c a r i l a g t l a a . Tha ptaaaara batwaaa tbaaa twa a a a l -
t l a a a i i i a a t vary aa r~ 2 a a i l a i l c a t a a tha t carcase 
laaaaa a a a a r r a i batwaaa thasa twa paa l t l aaa . Tha 
laaaaa vara v a r l f l a i by Fara iay cap • m a r a i a t i . A 
a a a p i r l i a a batwaaa tba s a r r a a t aaaiaTai a t t . 7 2 • 
t iclag 1 - i a t laapa t a t h a auxraat a a a M r a i a t tha 
0 .0301 • r a i l a a l a ahawa l a F i g . 3 . Tba riaa t l a a a ~ 
agraa w i t h aa l a i l e a t a i aurraat laaa a t paak carraac 
batvaaa thaaa w a p a a l t l a a a . 
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Fi$. 4. Qutrct tauga t n c u for a raalua of 
(a) 2.5* * 10*2 m m U ( b ) S a U z 1 0 - 2 ^ 

Fi t . t . Fealtlaa i l iW 2.1 1 10~3 a U I M K T sauta 
lacata* i t «. I x 10"3 a raalua. 

tit. 1. k caaaarlaaa hatvaaa taa «*arti aa*f« alCMl 
u i taa M a t algaal-
• • W a t lacataa at r - 0.72 a. 
fe* QvaUc xaaxa lacatai at Z Z's.ot K 10~Z • . ' * • • 7 * Cwttat u l araaaan u aaaat 

naiaa af 1.33 x 10"3 m. 

fef t fct" 
It i t i 

rifaca * aaava a ajurtx ataaa aaatita A f 
taa c i r m t tlawlaa. la tlia laaJ at a raitaa «< 
•,35 x 10"-* a. TkU aaarts aaaga ha* a.41aaatar a< 
2.t x 1<T* I M M I talahaaaa af 5 x 10"* a* Taa _ 
«s»«rlB«Mit*l laaalta.ata aaaa* la Fig. 7* A aaak Qaaita aaaaaa ha** •••atafally 
praaaara af * .3 x 10» Faaaala, aalaa aanaaaaata ta a • € • • • " • * * • * • * iMfta * • • * mmmt at • 
o r m t af 3»3 Ma to tba laaa « u • • • • • r U . Taa aaart- * » • • • •*•#•• • * * * • »«»aaal " • • « " • • * - _ - . 
•aaaa wrr-at M N I N I la M i l i t i M with tha anaar i l • • • • • « • ; altaaafc |«a*aalaa;^ I INUMI aacfaaa aattad 
llaar ayaaalaa aaa taa itataalal alaaaa araaartla*. t laat. Cava la aaat*a af tha alaatn—uaaill l l 

. . . . M f a N f U aaaaaaacy, tat aalag aaast* aaaaaa la a* 

aaaU raalaa. 
aanylat 
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