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ABŜ EEACT

A s in g le  one-dim ensional th eo ry  10 p resen ted  which dem onstrates 
th e  p o s s ib i l i t y  o f m easuring th e  e l e c t r i c a l  co n d u c tiv ity  o f  a  moving 
conductor by m easuring th e  decay tim e o f th e  t r a n s ie n t  p a r t  o f  th e  
eddy c u rre n t induced when th e  conductor moves in to  a  s tea d y  m agnetic 
f i e l d .  In  th e  l im i t  o f  la rg e  m agnetic Reynolds numbers th e  conduc
t i v i t y  depends on ly  on th e  v e lo c i ty  o f th e  sample and n o t on th e  
geom etry. Experiments a re  d escrib ed  which a re  in  good agreement w ith  
th eo ry  up to  m agnetic Reynolds num bers o f  about seven. For h ig h e r 
m agnetic Reynolds numbers th e  one -dim ensional th eo ry  breaks down} 
however, th e  co n s is ten cy  o f th e  da ta  i s  such th a t  a c a l ib r a t io n  
may be made.

v i
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Measurements o f th e  e l e c t r i c a l  c o n d u c tiv ity  o f  moving con

d u c to rs  have been perform ed by se v e ra l workers in  th e  p a s t few 

y e a rs , n o tab ly  on stead y  p la s m  f lo w  and on th e  io n ized  boundary 

la y e r  encountered by re e n te r in g  space v e h ic le s .

In  i 960 a  method was suggested  by Sourdine f o r  m easuring sim ul

tan eo u s ly  th e  lo c a l  e l e c t r i c a l  co n d u c tiv ity  and v e lo c ity  in  a
1stead y  plasma flow . The techn ique u t i l i z e s  an e x c i te r  c o i l  p laced  

e q u id is ta n t from two senso r c o i l s .  When a  conductor flows through 

th e  th re e  c o i ls  and th e  e x c i te r  c o i l  i s  energ ized  from an a-c 

so u rce , a  d iffe re n c e  in  am plitude and a  phase s h i f t  may be measured

between th e  o u tpu ts  from th e  two se n so rs . The measurement o f th e se
*

two q u a n t i t ie s  allow s th e  c a lc u la tio n  o f  th e  v e lo c i ty  and conduc

t i v i t y  o f th e  flow .

Another dev ice has been developed by Fuhs and o th e rs  a t  Space 

Technology L ab o ra to rie s  which i s  capable o f m easuring th e  in te g ra l
p

over space o f cruB* B iy s ic a lly  t h i s  device c o n s is ts  o f  a  U-®hape& 

magnet which has i t s  p o les  f lu s h  w ith  th e  sk in  o f th e  re e n try  v e h ic le  

whose boundary la y e r  i s  to  be analyzed . The magnet i s  cneirgized by
1— niMliin  1,11     .M l....... I 111 H» m > m i m u  m   « » n .  t

^Gourdine, M eredith C .,  A Technique f o r  Making Local Measurements 
o f  th e  C onductiv ity  and V e lo c ity  of a P lasm aje t, Plasmadyne C orp ., 
Report Ho. HR-71* June 22, i 960 .

2Fuhs, A llen  B ., Development o f 0 Device f o r  Measuring E le c t r ic a l  
C onductiv ity  o f  Ion ized  A ir During R eentry , Space Technology Labora
to r ie s  TR-60-0000-09256. ASTIA AD 252-220. S ep t. 20, i 960*



a c o i l  powered from an a-c  source and th e re  i s  a  sen so r c o i l  lo c a te d  

between th e  magnet po les  ad jacen t to  th e  a i e s i l e  sk in . She rn f 

induced in  t h i s  c o i l  i s  used to  coiapute /oruB^dr. ©ie assum ption
v i

i s  made in  th e  th eo ry  th a t  th e  induced m agnetic f i e ld  i s  much sm alle r 

than  th e  ap p lied  one. This i s  shown to  be th e  eq u iv a len t to  th e  

requirem ent t h a t  m agnetic Reynold’s number, ouQuL, where L i s  a 

c h a r a c te r is t ic  le n g th , be much sm alle r than  u n ity .

The on ly  a ttem pt ( in s o fa r  as th e  au th o r has been ab le  to  f in d )  

to  d ea l w ith th e  co n d u c tiv ity  o f a t r a n s ie n t  flow  such a© occurs 

in  shock tu b es  o r  plasma guns was made by L in , B e s le r , and 

K antrow itz .^  They were in te re s te d  in  m easuring th e  e l e c t r i c a l  con

d u c t iv i ty  o f th e  plasma produced behind a shock wave in  © c y l in 

d r ic a l  shock tu b e . To do t h i s ,  a d-c c o i l  was p laced  over th e  tube  

w ith  a senso r c o i l  a  few cen tim e te rs  upstream  from i t .  As th e  s lu g  

o f  conductive m a te r ia l passed  in to  th e  f i e ld  induced current©  caused 

a change o f f lu x  in  th e  sensor co il*

The th eo ry  o f  t h i s  dev ice u t i l i z e s  th e  c y l in d r ic a l  symmetry *to 

w rite  in te g ra l  equations d esc rib in g  th e  v o ltag e  V and th e  In te g ra l  

o f th e  v o ltag e  0 as a fu n c tio n  o f th e  a x ia l  p o s it io n  o f th e  f ro n t  

o f  th e  s lu g  and th e  a x ia l  d is t r ib u t io n  o f co n d u c tiv ity . The im pulse 

fu n c tio n

r B
g(x) « / T ( x ,r )  Br  ( x ,r )  d r

^ o

^L in , S. C ., R e s le r , E. L . ,  and Kant row! t* ,  A rth u r, E le c tr ic a l  
C onductiv ity  o f Highly Ion ized  Argon Produced by Shock Waves, 
J .  Appl. Fhys. ,  v o l. 26 , No. 1 , J a n . 1955-



where t  ( x ,r )  i s  th e  f lu x  through th e  sensor c o i l  due to  a u n i t  

c u rre n t r in g  o f  rad iu s  r  and d is ta n c e  from th e  se n so r, x , i s  

eva lua ted  by c a l ib r a t in g  th e  dev ice w ith  a  moving m e ta ll ic  rod o r 

slug* ©xe dependence o f th e  v o ltag e  p u lse  shape on th e  a x ia l  v a r ia 

t io n  o f c o n d u c tiv ity  i s  a lso  c a l ib ra te d .

The p re se n t in v e s tig a tio n  a lso  involves an a n a ly s is  o f th e  

t r a n s ie n t  p a r t  o f  th e  induced f i e ld  as does th e  L in , B es le r , and 

K hntrov itz  tech n iq u e . Unlike any o f  th e  in v e s tig a tio n s  c i te d  above, 

th e  model used shows no s tro n g  dependence on geometry. Since th e  

nasdel i s  e a s i ly  so lved  u sin g  se p a ra tio n  o f v a r ia b le s ,  d i f f e r e n t i a l  

equation  techniques seem more ap p ro p ria te  than  th e  in te g ra l  equation  

approach o f L in , H osie r, and K h n tro v itz .

When ® moving conductor p e n e tra te s  a  m agnetic f i e l d  eddy c u rre n ts  

e re  induced which, by L en s 's  la v ,  ten d  to  exclude th e  f i e ld  from th e  

conducto r. The f i e ld  i s  d i s to r te d ,  begins to  d if fu s e  in to  th e  

conductor, and f in a l ly  approaches a s teady  s t a t e .  The tim e req u ired  

fo r  t h i s  eq u ilib riu m  s ta t e  to  be a t ta in e d  may be expected, to  depend 

on th e  c o n d u c tiv ity  o f  th e  m a te r ia l in to  which th e  f i e ld  i s  d iffu s in g *  

In  th e  p re se n t experim ents re la x a tio n  tim e i s  recorded  by means o f  a 

probe c o i l  p laced  In  th e  m agnetic f i e ld  to  m onitor th e  lo c a l  r a te  o f  

change o f th e  m agnetic f lu x  d e n s ity . The decay tim e o f th e  probe 

s ig n a l as d isp lay ed  on an o sc illo sco p e  can then  be used to  measure 

th e  e l e c t r i c a l  c o n d u c tiv ity  o f th e  sample. B ote, however, t h a t  th e  

le n g th , I , o f  th e  sample must be such th a t  th e  t r a n s i t  tim e ( l / v )  i s  

la rg e  compared to  th e  decay tim e to  be measured} th a t  I s ,  th e  sample 

must appear to  be s e m i- in f in i te .

k



CBAFTEB I  

THEORY OF THE COITOCTIVITY MXBE

She governing equations fo r  th e  problem th re e  o f  Maxwell’s 

equations

V  X  B  »  U q J  +  « o M o  ( 1 )

7 x S . . f  (S)
d t

7  • B » 0 (3)

and Ohm’s law f o r  moving media

J  * 0 ( f  + v X b ) (k)
%

Combining equations (1) and (U) one o b ta in s  f o r  th e  m agnetic induc

t io n  in  a moving conductor

7  x B = op,0 (E + v x B) + eoHo | |  (5)

IfcTaking th e  c u r l  o f  th is -e q u a tio n  and employing th e  v e c to r  id e n t i f i e s

V x V x B » V (V • B) -  V2 B

i
V X (v x S) » v (7 • i )  + ( t  * 7) V •  S  (V • v) * (v • 7) t

one o b ta in s  from equations (2) and (3 ) ,  assuming J  co n s tan t

^  *  -  w o { i + $  ■ v > ® ) + V o  p  <6 >

i{G. E* Bay, V ector and Tensor A n a ly s is , Dover P u b lic a tio n s , I n c , ,
Hew York, 1933, p* 117*
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Since th e  se^& ratlon co n s ta n ts  which appear in  th e  s o lu tio n  o f 

th e  d i f f e r e n t i a l  equation  lead  to  ex p o n e n tia lly  decaying te rn s  f o r
b

th e  tim e-dependence, one p re d ic ts  t h a t ,  a f t e r  a  long enough tim e , 

only  th e  low est mode in  th e  F o u rie r  s e r ie s  w i l l  he o f im portance.

The "decay co n s tan t"  o r l /e -fo ld lio g  tim e o f t h i s  term  i s  e a s i ly  

o b ta in ed , and involves \iQ, a , % , and v . I t  thus p rov ides th e  

d e s ire d  r e la t io n  between a and a m easurable q u a n tity , th e  decay 

c o n s ta n t.

Equation ( 7 ) becomes in  one-dimension

+ ( 9 )
S t Sx wiq Sxr

The v a r ia b le  m y  be sep ara ted  in  equation  ( 9 ) by th e  u su a l su b s ti tu *  

t io n

B ( x , t )  -  T ( t )  X(x)

which g ives
a

T s vX' t  1 X" „ a  
T ~ " X one x

where a  i s  th e  se p a ra tio n  c o n s ta n t, hooking f i r s t  a t  th e  equation  

f o r  th e  tim e-dependent p a r t

T » aT T » ea t

S o lu tio n s  which grow ex p o n en tia lly  w ith  tim e cannot be allow ed s in ce  

a s ta t io n a ry  s o lu tio n  i s  a n t ic ip a te d  as t  -+«>* Thus, a  •  0  o r  «*£, 

where 0 i s  a p o s i t iv e  r e a l  q u a n tity . The so lu tio n s  w ith  a  » 0 

le a d  to  th e  steady-wstate s o lu tio n  which i s  no t o f i n t e r e s t  h e re .

7



3^>te, however, t h a t  th e  r a t io  o f th e  d isplacem ent c u rre n t te r n  to  th e  

terra in  th e  b rack e t i s  e rp /c , where o> i s  th e  re c ip ro c a l o f  th e  

c h a r a c te r is t ic  p u lse  w idth . 33ms f o r  ty p ic a l  m e ta ll ic  c o n d u c tiv itie s  

(cr ^  106 oho/m) th e  displacem ent c u rre n t term  i s  n e g lig ib le  fo r  

a l l  & below th e  s o f t  x -ra y  reg io n , th a t  i s ,  fo r  l / o  > 10*-^ seconds*

Ml = .  (y . 9) £  + - i-  9s B (7)
a t  '  '  ou0

which has th e  fo ra  o f a d if fu s io n  equation .

A tw o- o r th ree-d im en sio n a l trea tm en t o f t h i s  problem i s  com pli

ca ted  by th e  f a c t  th a t  th e re  i s  no such th in g  as  a m agnetic f i e ld  w ith  

sh a rp ly  d efined  boundaries; in  f a c t ,  a f i e ld  w ith  o n ly  one nonzero 

component would be uniform  over e l l  space, and th e  moving conductor 

would never " e n te r” th e  f i e ld .

In s te a d  o f a  r e a l i s t i c  m ultid im ensional model, i t  i s  proposed 

to  so lve  th e  fo llow ing  one-dim ensional id e a liz a tio n *  Before th e  

conductor e n te r s ,  assume a m agnetic f i e ld  in  the« z -d ire e t io n  which 

i s  zero except f o r  a reg ion  o f w idth Lq in  th e  x -d ir e c t io n . In  

t h i s  re g io n , th e  f i e ld  has co n s tan t magnitude Bo b e fo re  th e  e n try  

o f  th e  conductor. The d i f f e r e n t i a l  equation  in  one dimension i s  

so lved  f o r  th e  m agnetic f i e ld  in  t h i s  f i n i t e  reg io n  o f  len g th  Lr, 

under th e  assum ption th a t  th e  so lu tio n  a t  t  ~ 0 y ie ld s  th e  magnetic 

f i e l d  which was p re se n t b e fo re  th e  e n try  o f th e  conductor. This 

somewhat a r t i f i c i a l  assum ption i s  eq u iv a len t to  ig no ring  th e  t r a n s i t  

o f  th e  lead in g  edge o f  th e  conductor through th e  f i e l d ,  bu t allow s 

one to  expand th e  induced f i e ld  in  a F o u rie r  s e r ie s .

6



With a  * *0

X" -  0Wo vX' + O(1O0 X -  0 

She so lu tio n  o f  l a t t e r  equation  can be w r itte n  in  th e  fo ra

X » c< n W ^ Aj0l*  ♦ Age-*"}

vhere

In  o rd e r  th a t  a nonzero so lu tio n  e x is t  o n ly  over a f i n i t e  reg ion  

o f  space (0 < X < I* ,), «8 req u ired  by th e  one -dim ensional model, X 

must be e x p re ss ib le  a s  a  F o u rie r  s e r i e s ,  t h a t  i s ,  6 must be  jbaag~ 

in a ry . This g ives

Thus 0 i s  g iven by

( 2 m ) 2 + B§
0  a  . - . . . a -

8



eyfl 0 « i / t ,  th e  l / e  fo ld in g  tim e f o r  th e  aaajplititde o f  B and

u
k 01^ i* ^

(10)
Bj| ♦ (2sm)2

5where Id  th e  m agnetic Reynolds number, ^  "  ®xo v  h>-

Jtor th e  e sse  where %  <X 2 sn , t i s  dependent on th e  ehsrac*  

t e r i s t i c  f i e l d  dim ension, !*>, b u t independent o f th e  v e lo c i ty

T „  1 ( r L )

T his same r e s u l t  has been reached by G o ld ste in  in  connection  w ith  

th e  problem o f  p e n e tra tio n  o f  m agnetic f ie ld s  in to  inccc^pressib le 

plasm as*^

f o r  th e  o p p o s ite  extrem e, ^  San, drops o u t and t goes 

l ik e  l / v 2

▼ ** — ~  (12)

£n r e la t in g  th e  th e o ry  to  th e  experim ents only  th e  f i r s t  term  

o f  th e  C o u rie r s e r ie s  w i l l  be tak en  (n  * l ) .  This approxim ation 

i s  suggested  by th e  f a c t  th a t  n i s  con tained  in  0 ( ju e d rs tic a lly , 

end hence th e  h ig h e r  modes damp o u t much more ra p id ly  th an  th e  f i r s t*  

T h is  d e c is io n  i s  f u r th e r  supported  by th e  f a c t  th a t  th e  o sc illo sc o p e  

t r a c e s  a re  found ex p erim en ta lly  to  have an exponen tia l decay $ th e  sum 

o f  ex p o n en tia ls  o f  d i f f e r e n t  argument and am plitude would n o t be

^Cowling, t*  G», Magx^tohydrodynamics, In te rs c ie n c e  P u b lish e rs ,
Bow york , 1957, P* 6.
^G o ld ste in , Kfelvin, The P e n e tra tio n  o f  Magnetic F ie ld s  in  
J m m p m ssih l©  PXasmes -  P&rfc I ,  PCTfiSt-919*6l ASTIA AD Bo. 29^ 9^ , 
P o ly techn ic  I n s t i t u t e  o f  Brooklyn Microwave Research I n s t i t u t e ,  
B rooklyn, TSm ltoz&.

9



CHAPTER XX
o t  PTsny t M yyMtnA t  A t*D A i3A farf&  AJfĉ t̂ RiAAJtVc*

ffae f i r s t  m agnetic probes were Bade by p la c in g  a  110 tu rn  

c o i l  o f AW copper magnet w ire d i r e c t ly  in  f ro n t  o f  a  c y l in d r ic a l  

A lnico magnet o f  S5 aaa le n g th  and aaa diam eter* A .second c o i l ,  

id e n t ic a l  t o  th e  f i r s t ,  b u t wound In  th e  o p p o site  sen se , was con

n ec ted  l a  s e r ie s  and lo c a te d  7 .6  cm from th e  f i r s t  co il*  3M s 

c o i l  was in ten d ed  to  can ce l induced e f f e c ts  due to  p o s s ib le  e x te rn a l 

f ie ld s *  She assem bly o f  magnet ana c o l ls  were c a s t  in  epoxy r e s in ,  

and idle r e s u l t in g  c y lin d e r  rece iv ed  a  5 >< IQ*8 nsa c o a tin g  o f chemi

c a l ly  d ep o sited  copper e l e c t r i c a l l y  connected to  th e  b ra id ed  sheaths 

Of th e  two ULcrodot o u tp u t c a b le s . lThie was f in a l ly  encased in  an 

8 SB pyrex  tube  w ith  a  f l a t  end window in  f ro n t  o f  th e  probe co il*

I t  was a n tic ip a te d  th a t  t h i s  probe would be used to  measure plasma 

c o n d u c tiv it ie s  in  a  co a x ia l plasma gun hence th e  e l e c t r o s t a t i c  and 

In d u c tio n  s h ie ld in g  was deemed necessary .

S ince th e  sample conductor must have th e  co n fig u ra tio n  o f  a  

p lan e  sh e e t f o r  comparison w ith  th e  th e o ry , i t  was reasoned th a t  

th e  c o a x ia l plasm a gun, a t  l e a s t  in  i t s  p re se n t c o n f ig u ra tio n , would 

n o t p rov ide  a  s u i ta b le  apparatus to  t e s t  th e  tech n iq u e .

Hence, a  broad  b laded  p ro p e lle r  o f 122 cm d iam eter w ith  in s e r -  

t a b le  t i p s ,  20 cm by 5 cm, was used . A 200 hp v a r ia b le  frequency

10
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motor was used to drive the propeller* The tips, -which passed close 
to the probe and served as test sauries, were of type 3^7 stainless 
steel and aluminum alloy 202&-T3> respectively. The electrical con- 
duetivity as obtained from mamii‘acturer,s data of 3^7 stainless 
Steal is 1*25 x 10^ mbo/mj for aluminum, 2.27 < 10^ mho/a. The motor 
couM be regulated so that the velocity of the tips past the probe 
could be varied from fc? m/sec to 500 m/sec. The speed of the motor 
wm measured with an aircraft-type tachometer -which was calibrated 
against a general Radio Strobetac.

The probe m i l was connected to a type L preamplifier in one 
Channel of a Tektronix model 355 dual beam oscilloscope. The output 
Signal of ,£he plus gate of this channel was then used to trigger a 
Rutherford time-delay pulse generator, model A2, which triggered the 
horizontal sweep of the second channel of the oscilloscope.

The reason for this arrangement was that the signals caused by 
the action of the tips passing the probe varied in amplitude due  ̂
to the difference in the tip conductivities* The first channel of 
the oscilloscope could be triggered by the larger of the two pulses 
(corresponding to the transit of the aluminum tip), and the trigger 
signal from the Rutherford time-delay pulse generator could be 
delayed by m time corresponding to a half-rotation of the propeller 
to delay the pulse corresponding to the stainless steel tip or by a 
time equivalent to a whole rotation to read data for the aluminum*
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CHAPTER XXX

m & sm m m x* results ahd joscossioh

Typical sign al traces are shown in figure 5* In the oscil
logram at the top of the page the loner trace corresponds to the 
stainless ateel sample entering the field. The time scale for this 
trace la 50 microseconds per large division. The top trace shove 
the pulses received in slightly more than a l8o° rotation time for 
the propeller. The large pulse of the aluminum (which triggers the 
upper channel and the time delay pulse generator) is on the left 
and the pulse of the stainless steel is seen about two thirds way 
across the oscillogram* The time scale is two milliseconds per large
division* The velocity of the stainless steel sample at the time

i
that this oscillogram was taken was 155*5 meters per second. A 
similar oscillogram shoving an aluminum pulse on the lover trace is 
seen at the bottom of figure 5* The dip of the trace belov the aero 
line in each case is due to the fact that the sample traverses s 
weak field whose direction is opposite to that of the main field 
just before the main, field is penetrated.

The decay time, r , has been determined from these oscillograms 
by taking a point to the right of the peak which is on the expo- 
nemtlally decaying slope and measuring the horizontal distance which 
corresponds to the l/e amplitude decay. The fact that the decay is 
purely exponential was checked by making semilog plots for a

16
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V e l o c i t y  =  1 J>3 * 5  m / s e c

2 m s / cxiv  
5 v / d i v

A lu m i n u m  

V e l o c i t y  =  1 0 9  m / s e c

F i g u r e  5 . -  T y p i c a l  s i g n a l  o s c i l l o g r a m s .

2 m s / d i v  
9 v / d i v

I Q p s / d i v  
0 . 9 v / d i v
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representative sampling of the oscillograms; a typical example is 
shown la figure 6.

la figures 7 end 3 the decay time, r, from equation (10) has 
been plotted as a function of velocity, v, and magnetic Reynolds 
number, £ ,̂ using the values of conductivity quoted above and 
%  «* &•$ am, the diameter of the magnet pole face. On figures 7 
and 8, respectively, one notes that the data are in considerable 
disagreement with the theoretical curves. Ihls may be explained 
by the divergent nature of the magnetic field esainating from the 
probe magnet, fhe dimension, Lq, which has been taken to be mm, 

the magnet diameter, should actually represent an average dimension 
oft im %  field in the conductor under investigation. In the 
case of a bar magnet, the pole-face diameter is obviously a poor
approximation. Uoting that the data on figure 7 are in the velocity 
independent region it seems reasonable that the value of ho se" 
looted was too small and a larger value would result in good agree* 
month Consequently, equation (10) is solved for to give

rested value for 2^ of 1.57 cm. !£he corrected value of lo may 
be interpreted as the effective dimension of the field at a distance 
of 1*2 cm from the end of the magnet at which distance the moving 
conductor passed, theoretical curves using the corrected value of 
I*0 are compared with the data on figures 9 and 10. Rote that this

(13)

and the point t * x 10" ,̂ v » 102 is inserted to give a cor

18



0  Aluminum 
O  S ta i n l e s s  s t e e l

20

A m p litu d e ,
o r b i t r a r y

u n i t s 10

1110
t im e , o r b i t r a r y  u n i t s

F ig u r e  6 . -  S em ilo g  p lo t  o f  t h e  d eca y  o f  t h e  two t y p ic a l  
t r a c e s  shown i n  f ig u r e  5*
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v, m/sec

F ig u r e  7 » -  D ecay c o n s ta n t  v e r su s  v e l o c i t y  and m a g n etic  R e y n o ld 's  number
f o r  s t a i n l e s s  s t e e l ,  L0 = 4 .5  mm.
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F ig u r e  8 . -  D ecay c o n s ta n t  v e r su s  v e l o c i t y  and. m agn etic  R e y n o ld ’s number
f o r  aluminum, L0 = b,̂ > mm.
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F ig u r e  9 * -  Decay c o n s ta n t  v e r su s  v e l o c i t y  and m agn etic  R e y n o ld 's  number
f o r  s t a i n l e s s  s t e e l ,  L0 = 1 .5 7  cm*
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F ig u r e  1 0 . -  Decay c o n s ta n t  v e r s u s  v e l o c i t y  and m agn etic  R e y n o ld 's  number
fo r  aluminum, L0 = 1.57 cm*
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Correction has put the experimental data for stainless steel into 
good agreement with theory, The progressive deviation of the values 
for aluminum from the theoretical curve will be discussed in the 
next chapter.

The lengths of the error bars were dictated by two consider
ations. In the ease of the stainless steel data the amplitudes of 
the traces from w « by meters per second up to a velocity of 
approximately 100 meters per second were comparable with the noise 
level (** 150 microvolts). The height of the error bars for these 
cases were determined by use of the formula

^noiee „^    x 100 « percent error
^amplitude

It was assumed that a reading error of 3 percent was reasonable for 
the rest of the points.

Several different probe geometries, distances of separation 
from the magnet to the sample* and angle between v and the long 
axis of the probe were tried. The results were quantitatively the 
eame* Hare or lose correction was made to L0 depending on how 
well the configuration approximated the one -dimene i onel model on 
which the theory was based. In figures 11 and 12 data are presented 
which was taken with a probe constructed using a 0*5 Weber/m2 
magnetron magnet with a pole face-diaaeter of 3 caa and a gap of 
2.5 caa* A 100-turn coil was fastened onto one face with epoxy 
cement and the blades were allowed to pass between the poles.
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F ig u r e  1 1 . -  D ecay c o n s ta n t  v e r s u s  v e l o c i t y  and. m agn etic  R e y n o ld 's  number
f o r  s t a i n l e s s  s t e e l ,  L0 = 3  cm*
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F ig u r e  1 2 . -  D ecay c o n s ta n t  v e r su s  v e l o c i t y  and m agn etic  R e y n o ld 's  number
f o r  aluminum, L0 = 3 cm*
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Xn f ig u re s  IX and 12 th e  th e o r e t ic a l  curves u se  1^ « 3 era, 

the p o le - fa e e  d lam eter- from  th e  f i t  ob ta ined  one may conclude 

that th in  co n fig u ra tio n  needs no c o rre c tio n  f o r  frin g in g #  f h ls  

i s  c e r ta in ly  a  b e t t e r  approxiraation to  th e  one-dimens io n a l model# 

th is  probe was a lso  capab le  o f producing h ig h e r m agnetic Beynolda 

numbers* fh e  constancy o f  th e  sample v e lo c i ty  under th e  la rg e  

im pulse fo rce s  a s so c ia te d  w ith  t h i s  probe i s  dem onstrated by th e  

f a c t  t h a t  th e  C ats seem to  be computable w ith  th a t  ob ta ined  from 

th e  sm a lle r  probes#

2?



CHAPTER IV

cacPAHisoN o r  T sm m  A m  m > m m m

Th6 reason  f o r  p lo t t in g  th e  d a ta  as  a  fu n c tio n  o f magnetic 

Rey nold s  number i s  t h a t  ^  1b & measure o f  th e  in te ra c t io n  o f  

th e  f i e l d  w ith  th e  moving conductor* I t  i s  reasonab le  to  expect 

t h a t  f o r  la rg e  m agnetic Reynolds numbers a  marked d e v ia tio n  from 

one d im en sio n a lity  w i l l  occur and th e  one*dim ensionai th eo ry  w il l

booking a t  f ig u re s  10 end 12, one note© th a t  a o t n d ^ i t  l in e  

dream through  th e  d a ta  on th e se  f ig u re s  w i l l  be tan g en t to  th e  

knee o f  th e  cu rve , % * * & ( .  For %  <  2s r a th e r  good agreement 

between th e o ry  and experim ent i s  o b ta in ed .

In  o rd e r  to  determ ine w hether th e  d e v ia tio n  o f th eo ry  from 

ea^p>erlment fo llow ed a c o n s is te n t p a t te r n  f o r  a l l  o f  th e  d a ta  ta k e n , 

th e  fu n c tio n

Tmyffijgnye& ” ^ th e o re tic a lf |  9S& miiif Hi ■gjfti m nmmmi«i TOMMBMimftM

Taeasu red

was computed and i s  shown p lo t te d  in  f ig u re  13 as a fu n c tio n  o f  

m agnetic Reynolds number* Bote th a t  a l l  th e  p o in ts  appear to  f a l l  

cm s  co m m  curve w ith  v ery  l i t t l e  s c a t t e r .  In so fa r  a s  i t s  use  as 

ft m easuring dev ice i s  concerned, th e  probe may th u s  be c a l ib ra te d  

f o r  th e  reg io n  Bgj > 2* where th e  th e o r e t ic a l  model b reaks down*
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O S ta in le s s  s t e e l ,  L0 = 3 cm
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F ig u r e  1J>.- D e v ia t io n  f u n c t io n ,  rj, v e r su s  m a g n etic  R e y n o ld ’s number t o  
s e r v e  a s  a c a l ib r a t io n  f o r  h ig h  m a g n etic  R e y n o ld ’s  hum bers.
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The v a l id i ty  o f  th e  th eo ry  has been e s ta b lish e d  up to  th e  

p o in t  inhere th e  in c re a s in g  dynamic in te ra c t io n  o f th e  f i e ld  w ith  

th e  conductor causes th e  one-dim ensional model to  cease to  apply*

X t was f e l t  to  be o u ts id e  o f th e  scope o f  th e  p re se n t work to  

t r y  to  fo rm ulate  a  m ultid im ensional th eo ry  s in ce  such a problem 

would no lo n g er have s ta t io n a ry  boundaries and would be q u ite  

d i f f i c u l t  to  so lv e . The emphasis has r a th e r  been to  in v e s t ig a te  

w hether th e  d e v ia tio n  o f  th e  one-dim ensional th eo ry  from th e  

e rp e r ia e n ta l  d a ta  i s  o f  a system atic  n a tu re  w ith  re sp e c t to  th e  

s tre n g th  o f  th e  f ie ld -c o n d u c to r  in te r a c t io n .  That t h i s  i s  t ru e  

has been e s ta b lish ed *

She q u es tio n  o f  a p p l ic a b i l i ty  o f t h i s  probe must be answered 

i n  connection  w ith  a p a r t ic u la r  experim ent. The use o f  t h i s  probe 

f o r  d s te m in in g  th e  c o n d u c tiv ity  o f  plasm oids in  f l i g h t  i s  open 

to  q u es tio n  because o f  th e  in h e re n t nonuniform ity  o f th e  plasma 

boundaries and because plasm oids always have a " fro z e n - in ” m agnetic 

f i e l d .  I t  i s  f e l t ,  however, t h a t  th e  p re se n t approach to  t h i s  

techn ique  re v e a ls  more in  th e  way o f in fo rm ation  needed to  a sse ss  

i t s  a p p l ic a b i l i ty  to  s p e c if ic  cases  th an  would an in te g r a l  equation  

approach to  th e  m ultid im ensional problem .
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