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I, 
Abstract - -- 

Self-magnetically in&lsted transairr lon l inoa a ro  
nbcq)@bry for  the ef f ic ient  trawpo- of the teravntt  
pJlrq8 umed i n  electron a d  ion accelerators. For .arc 
a&lba t io ru  it i m  deeirable t o  divido OM transnission 
l i n e  anto two, o r  t o  c a b i o a  output8 of two o r  more 
l ines '&nto  one, by mama of melf-ragnetic8lly inlrulated 
C O ~ V O ~ ~ ~ ~ S .  

Tertr have bsea u d c  on a coaxial- to-tr iaxid COP 

outer l ines u e  made by pins passing through holar i n  
the intermediate positive conductor. Uusuremonts in  
the 2 W ,  400 U, 40 w p u b 8  U t e  f a c i l i t y  i n d i u t e  
vir tual ly 100 percent current transport through tho  
convolute and the ab i l i t y  t o  vary the  d i v t ~ i o n  rrf 
current between the inner and outer  liner of the t r i a x  
by choice of 1-r l ina  impedance. Theme mea.umaent#, 
and results  obtained with this convolute connected t o  
the ion diode fo r  which It m a  destgned, w i l l  be 
presented. 

Introduction 

Transmission l iner  which uee ealf-magnetic i n s u l r  
t ion can tranrport high voltage, high energy, short  
duration pulras over dirtancer of several  meterr with 
energ propagation eff iciencies greater  than 90 p e r  
cent.' In  these line- electrons field-emitted from . 
the negative aide of the l i n e  a r e  prevented from 
reaching the positive side by the  magnetic f i e ld  of 
the current flow i n  the line. Theme electrons have a 
net velocity paral lel  t o  the energy flow along the  
tranclmismion line, and carry a mignificant part of the 
l i ne  cqrent .  Stabil i ty and containnent of t h i s  e l a c  
tron flow is-one of the oajor  coneiderations i n  
designing a low loss  ragnetical lp ineulated line. 

Sandla Ratio 1 Lsboator ias  Par t ic le  Bean 9 Accelerator PBFA I h e  36 radially-converging, 
magnetically-in8&ted, t r i p l a t e  linee. Each of these 
l iner  incorporates a tapered aection a t  the output 
which changer tho confi u n t i o n  f r w  t r i p l a t r  t o  S coaxial. OM ion diode proposed f o r  PBFA I require8 
a t r i ax i a l  feed, mo that  the power appearing a t  t he  
coaxial orntgitr of tho lines mu86 ba d i r i h d  luLu 
t r i ax i a l  outputs. Testa of a coaxial- to-tr iadal  con- 
volute with an electron beam diode, and preliminary 
t e s t s  with the ion diode iuve been very encouraging. 

Coaxial t o  Triaxial  Convolute 

Physical Deacrivtion 

The con f ip ra t io~ l  t e u a d  i n  ehown i n  crorr  rcc t ian  
i n  ri&. 1. The c d l  feed with a posi t ive centerl ine 
i m  on the left .  The negative outer  housing i a  c w  
nected to'khe canter rod by fout  pin8 (two shown) 
passing through c i rcula t  holes i n  the por i t ive  line. 
A planar ahde-cathode, electron beam load used f o r  
test ing is sbovn on the rwt. The load impedance i m  
varied by adjtutipg the A-X gap. 

*This work ms .upportad by the  U.S. Dept. of ~herlly, 
under Contract DE-rc04-76DP00789. 

Fig. 1. Colrto-trhx convolute. 

The impe&nco of the  couid  l i n e  i r  20 n. Tho 
dlmensiona of the t r i ax l a l  section were chosen 80 tht 
each leg  har a comtant 25 S l  irpodancs. I n  l a t e r  
tea ts ,  the diameter of the center rod war reduced from 
1.84 cm to  1.32 a, raising the laner  l i n e  impedance t o  
45 ZL i n  order t o  t o r t  the ef fec t  on current  divirion. 

Current measurenentr i n  the tri.. section wars 
made with B-dot loops shown echematiul ly i n  Fig. 1. 
Other current monitor8 were located along the tram- 
Pimsion l i ne  so that  current transport efficiency 
could be de tedned.  

Losmes i n  t h i s  design could a r i s e  from two 
eourcam. OM u s  the abnrptnesa of tho t r a ~ i t i o n  
which might c r u u  i m t a b i l i t i a r  i n  the electron f1w. l  
The other war tht consideration of the  r a g w t i c  f i e ld s  
produced by the current f l o w  i n  the  t r tu  rectionm and 
down the  c o o w c t i a  pin8 SLOW tht there i r  a l i n e  of 
zero B f i e l d  5 m t o  8 r toward tho load from mch 
pin i n  the outor half of the t r i u  lime Zero u g w t i c  
f i e l d  i r p l i e r  a lomr of magnetic insulat ion i n  there 
reglow. I n  addition, tho f i e l d  gradients on e i ther  
mide of tho80 r s g i o ~  aro  much tht oloc t fow wuld  
d r i f t  frolr the  negative w a r d  tho posit ive olectrodo. 
Tha loeaaa dub LU Lbma af facr r  vrra Louk~d t6 acl 
negligible* 

6 -- -- - -- -  - . - - -  
Temting of tho coax-to-triu convolute ha boon 

done on the S a w  I r b o n t o r i u  Uito fsci l i ty, '  and a 

p r e l i r i l u 7  ta r t ing  d t h  tho ion dio& b a  been dow on 
Bydruito. Each of t h o  accehrarara  provider 46 nr 
puleom of 2 1R a d  400 kA i n to  a maguet lu l ly  iwula ted  - 
tranr.isrion l iao  tha t  Is u r o n t l a l l y  ident ica l  to 
tho80 of PBFA I. - - 

Test Perultr  
. 

F i p r o  2 shws tho currant t ranrport  efficisncy 
obtained i n  ahotr on Hlto d t h  n r i o u s  A* load gaps* 
Tho measurement accuacy 1 m  app ro r iu t a ly  + 10 poreant. 
Figure 3 mhovr th percentage of t he  t o t a l  current 
car r ied  by the outer lilu of tho triu. lb current 
t rmupor t  off idency is th. t o t a l  car rent  moasurmd by 
tho B-dot monltors m a r  tho load dlridod by the,current  
measured a t  tho IUto 1%- output- 

a$ . I, a - 7; b 
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.... . .  .. 
where Z - 7.5 Slim the  geometric impedance of the 
Mite t r f p l a t a  l ine.  The load impedance. ranged froo a 
f rac t ion  of an ohm t o  2.9 ZL. Since the'matchsd output ' 

, impedance of the  p g n a t i u l l y  i a ru la ted  l i n e  war 
0.63 Zo  o r  4.8 Sl, t h e  U t e  l i n e  was undermatched i n  
these tes t s .  

Using calcu a t e d  load impedances a d  measured \, 1 the values of It ZL were calculated f o r  shote with 
Zt > 0.3 Sl and a r e  p lo t ted  i n  Fig. 4. - . . 

SHOT NO, 

Fig. 2. Currrent t ransport  efficiency. 

Fig. 4. Power t o  load vs. load impedance. 
. . . .  . . 

. . .  Testing on Hydramite 

SHOT NO, 

Pig. 3. Ratio of current  i n  ou te r  half of t r i a x  l i n e  
to  t o t a l  current.  

The low eff iciency of ehote 6, 7 and 8 were caused 
by a combination of poor current  contacts and miaalign- 
ment. These problem8 were corrected over the  next few 
shots with a re tu rn  t o  near 100 percent current  trane- 
port. The loneee i n  the low eff iciency ehote were 
located primarily near the  junctione of the center  rod 
and the c.onnecting pins, a s  evidenced by damage t o  t h e '  
positive l i n e  i n  t h i s  region. . . 

The ccrrent  d iv i s ion  wae approximately 55/45 outer  
to inner (except f o r  the low eff iciency ehote) with 
the 1.84 cm.center rod. Using the  1.32 cm center  rod 
(crosses i n  Figs. 2 anb 3) produced current  divis ions 
centering on 65/35, e t i l l  with approximately 100 p e r  
cent current transport.  

The impedances of t h e  loads tested on Mite were 
calculated by using the tranemieeion l i n e  current  with 
a short c i r c u i t  .lad (rSC), the  current  fnput fo the . 
convolute (IIN), and the load current  ( IL)  i n  .. :. :; ; . ,. e 

. A par t icu la r ly  eevere t a e t  of a self-magnetically 
ineulated t r a n s i t i o n  i r  operat ion i n t o  a high impedance 
load, s ince high impedance impliee l i t t l e  current flow, 
low magne i c  f i e l d ,  and poor magnetic insulation. .The . 

5 ion diode f o r  which t h i s  convolute was deeigned has an 
external ly applied v l g n e t i c  f i e l d  which retarde elec-' 

, 
t ron t ransport  acroes t h e  diode A-K gape, especially 
during the ea r ly  p a r t  of  t h e  poles. ..' . -  _ 1. 

. !  
If a lose  region i e  setabl iohed in' t h e  magneti- 

ca l ly  ineulated l i n e  during t h e  ear ly,  high impedance ! 
phaee of a pulse, t h e  loam region can become a low . ; 
impedance 1 o a d . i ~  p a r a l l e l  v i t h  the  ion  diode. 
Although the zero-B regione near  the connecting pino ! 
did not produce 1088 v i t h  low Impedance loads, they . i s  
might cause loesee v i t h  t h e  i o n  diode becauee of the ' 
' i n i t i a l  high impedance phaee on the  l a t t e r  experiment. . .  

. . . . 

. . While the  reeu l te  a r e  prelicriaary, eince teet ing 
i e  not complete, t o  d a t e  there  hae been negl igible  
lose i n  the  c o a r t r i a x  convolute i n  operation with the 
ion diode. 

Combination of Power Flows 

Separation of a coaxia l  v lgue t ica l ly  insulated 
l i n e  i n t o  a t r i a x i a l  p a i r  ueing a pin-hole convolute 

. - has been successful.  and it i s  rpasonable t o  expect 
t h a t  power combination ueing tba'same technique would 
a l s o  work well. A deeign i e  being developed f o r  . 
t e s t i n g  i n  the  near f u t u r e  on the Protu I1 f a c i l i t y  a t "  



; Shndia Laboratories in which a triple disk feed is con- 
voluted into a double disk line using pins passing 
though holes in the positive center plate.5 The 
magnetic zeroes and adverse gradients will be similar 
in location and magnitude to the teeted coax-triax 
convolute and should have negligible lose in the p r r  
posed configuration. 

Conclusions ' 

A coaxial-to-triaxial pin-hole magnetically 
insulated convolute has been tested and found capable 
of operating with negligible loss with electron beam 
diode loads of zero to 3 fl. . ' 

The convolute has been teeted with an ion diode 
load, and preliminary data indicate negligible loss. 
The pin-hole convolute concept appears applicable to 
power combination as vell as division. 

. Experiments with magnetically insulated transmis- 
sion lines have been essentially one dimeneional con- 
figurations. The tests of the coax-triax convolute, 
which have been successful in spite of potential loss 
mechaniama inherent in the three-dimensional transi- 
tion, indicate that considerable latitude may exist in 
designing magnetically insulated devices.' . . 
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