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AbStraCt 

The p o t e n t i a l  of  t h e  Magne t i ca l ly  
I n s u l a t e d  I n e r t i a l  Confinement Fusion 
(MICF) r e a c t o r  a s  a p r o p u l s i o n  scheme i s  
a s s e s s e d  u s i n g  a q u a s i  one-dimensional ,  
t ime-dependent se t  o f  e q u a t i o n s  t o  
d e s c r i b e  t h e  plasma dynamics i n  t h e  
sys t em.  The t a r g e t  i n  t h i s  s y s t e m  
c o n s i s t s  of a s p h e r i c a l  p e l l e t  whose 
i n n e r  w a l l  i s  c o a t e d  w i t h  
d e u t e r i u m - t r i t i u m  (DT) f u s i o n  f u e l ,  and 
t h e  plasma i s  formed as a r e s u l t  of  w a l l  
a b l a t i o n  by an i n c i d e n t  laser beam t h a t  
e n t e r s  t h e  p e l l e t  t h rough  a h o l e .  I n  
c o n t r a s t  t o  implos ion- type  i n e r t i a l  
f u s i o n ,  t h e  plasma l i f e t i m e  i n  MICF is  
much l o n g e r  due t o  t h e  f a c t  t h a t  it is  
d i c t a t e d  by t h e  shock speed i n  t h e  me ta l  
s h e l l  t h a t  su r rounds  t h e  f u e l  w a l l ,  
r a t h e r  t h a n  by t h e  sound speed i n  t h e  
Dlasma i t s e l f .  Bv a l l o w i n a  t h e  Dlasma a t  
t h e  end of t h e  f u s i o n  b u r n - t o  
a d i a b a t i c a l l y  expand i n t o  an expansion 

~ 

chamber t h e n  e x h a u s t i n g  it through a 
magnet ic  n o z z l e  w e  de t e rmine  t h e  
p r o p u l s i o n  c a p a b i l i t i e s  of such a system. 
For a r e a s o n a b l e  p e l l e t  and chamber 
d e s i g n ,  and an i n p u t  l a s e r  energy o f  3 M J  
w e  f i n d  t h a t  t h e  s y s t e m  produces  an 
ene rgy  g a i n  f a c t o r  o f  302, a s p e c i f i c  
impulse of  1 . 2 5  x l o 4  seconds ,  a j e t  
power of 2 6 4  MW and a t h r u s t  of  336 
k i lonewtons  when a r e p e t i t i o n  r a t e  of  100 
pe r  second is  used .  W e  a p p l y  t h e s e  
r e s u l t s  t o  a v e h i c l e  w i t h  d r y  mass of  738 
MT f o r  a round t r i p  t o  Mars and f i n d  t h a t  
such a journey can be made i n  about  10 
d a y s .  

-. 

L I n t r o d u ! x . k m  

I n  a p r e v i o u s  paper1 w e  i n t r o d u c e d  a 
f u s i o n  concept  c a l l e d  t h e  “Magne t i ca l ly  
I n s u l a t e d  I n e r t i a l  Confinement Fus ion“  
(MICF) r e a c t o r  a s  a p o t e n t i a l l y  
a t t r a c t i v e  p r o p u l s i o n  d e v i c e  f o r  deep  
space m i s s i o n s  and i n t e r p l a n e t a r y  t r a v e l .  
Th i s  system b r i n g s  t o g e t h e r  t h e  f a v o r a b l e  
a s p e c t s  of  b o t h  magnet ic  and i n e r t i a l  
f u s i o n s  i n  t h a t  p h y s i c a l  c o n t a i n m e n t  of 
t h e  bu rn ing  plasma i s  p rov ided  by a 
meta l l ic  s h e l l ,  wh i l e  i n s u l a t i o n  of i t s  
the rma l  ene rgy  from material  w a l l s  i s  
p rov ided  by a s t r o n g ,  s e l f - g e n e r a t e d  
magnet ic  f i e l d  a s  i l l u s t r a t e d  i n  F i g .  1. 
I n  c o n t r a s t  t o  c o n v e n t i o n a l ,  implosion 
t y p e  i n e r t i a l  confinement s y s t e m s ,  MICF 

v 
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u t i l i z e s  a plasma t h a t  i s  formed i n s i d e  
t h e  t a r g e t  pel le t  a s  a r e s u l t  of a b l a t i o n  
of t h e  f u e l - c o a t e d  i n n e r  w a l l  by a l a s e r  
beam t h a t  en t e r s  t h e  t a r g e t  th rough a 
h o l e .  S i n c e  t h e  confinement t i m e  i n  t h i s  
system i s  d i c t a t e d  by t h e  sound speed i n  
t h e  s h e l l  ( a s  opposed t o  t h e  sound speed 
i n  t h e  p1asma)a s i g n i f i c a n t  enhancement 
(-lo2) of t h e  l i f e t i m e  o f  plasma ene rgy  
i n  MICF i s  ach ieved  o v e r  implos ion- type  
systems due i n  p a r t  t o  t h e  l a r g e  atomic 
mass o f  t h e  metal s h e l l  and i n  p a r t  due 
t o  t h e  r e d u c t i o n  of  t h e  s h e l l  t e m p e r a t u r e  
a r i s i n g  from t h e  the rma l  i n s u l a t i o n  
p rov ided  by t h e  magnet ic  f i e l d .  
Moreover, t h e  c o u p l i n g  of  l a s e r  ene rgy  t o  
t h e  plasma i s  more e f f i c i e n t  i n  MICF 
s i n c e  t h e  ene rgy  i s  pu t  d i r e c t l y  i n t o  t h e  
plasma r a t h e r  t h a n  i n  t h e  imploding  
pusher  a s  it i s  i n  imp los ion - type  
i n e r t i a l  f u s i o n .  The s o - c a l l e d  
Rayle igh-Taylor  i n s t a b i l i t y  which h a s  
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hampered c o n v e n t i o n a l  i n e r t i a l  f u s i o n  
approaches  does  n o t  arise i n  MICF due t o  
t h e  f a c t  t h a t  i n  t h e  m a g n e t i c a l l y  
i n s u l a t e d  i n e r t i a l  f u s i o n  scheme t h e  
l i g h t  f l u i d  ( t h e  plasma) i s  suppor t ed  by 
t h e  h e a v i e r  f l u i d  ( t h e  s h e l l )  a g a i n s t  t h e  
g r a v i t a t i o n a l  f o r c e  a s s o c i a t e d  wi th  t h e  
plasma a c c e l e r a t i o n ;  a s i t u a t i o n  known t o  
h e  s t a b l e .  F i n a l l y ,  a major b e n e f i t  of 
t h i s  scheme l i es  i n  t h e  f a c t  t h a t  t h e  
expans ion  speed  o f  t h e  h o t  core is  
f u r t h e r  reduced by t h e  c o n t i n u o u s l y  
a b l a t e d  plasma from t h e  s o l i d  f u e l  toward 
t h e  c e n t r a l  r e g i o n .  S i n c e  t h e  i g n i t i o n  
c o n d i t i o n  i s  d i c t a t e d  by t h e  expansion 
speed of  t h e  h o t  core i t  i s  e v i d e n t  t h a t  
a s i g n i f i c a n t  r e d u c t i o n  i n  t h i s  speed can 
a l l o w  f o r  i g n i t i o n  a t  s m a l l e r  i n p u t  
e n e r g i e s ,  pe rhaps  on t h e  o r d e r  of few 
mega jou le s .  C l e a r l y ,  t h e  most impor t an t  
f i g u r e  of  merit o f  any energy producing 
sys t em i s  t h e  ene rgy  m u l t i p l i c a t i o n  or 
g a i n  f a c t o r  ( Q )  which deno tes  t h e  r a t i o  
of t h e  ene rgy  produced by t h e  f u s i o n  
r e a c t i o n s  t o  t h e  ene rgy  p u t  i n t o  t h e  
plasma t o  h e a t  it t o  the rmonuc lea r  
t e m p e r a t u r e s .  A Q-value of u n i t y  
r e p r e s e n t s  a breakeven c o n d i t i o n ,  and 
l a r g e  Q-values  a re  needed e s p e c i a l l y  i n  
systems where a measurable  amount o f  t h e  
power produced is  r e q u i r e d  t o  o p e r a t e  t h e  
sys t em i t s e l f .  I n  t h e  nex t  s e c t i o n  w e  
p r e s e n t  a br ie f  a n a l y s i s  of  t h e  dynamics 
of  M I C F  and i ts  performance a s  a 
p r o p u l s i o n  d e v i c e .  

21.  P k m a  D w i G  i n  MICF 

I n  o r d e r  t o  f u l l y  assess M I C F ' s  
p r o p u l s i v e  c a p a b i l i t y  w e  u t i l i z e  a q u a s i  
one-dimensional ,  t ime-dependent se t  of 
p a r t i c l e  and ene rgy  b a l a n c e  e q u a t i o n s  f o r  
t h e  v a r i o u s  s p e c i e s  t h a t  c o n s t i t u t e  t h e  
plasma i n  t h i s  d e v i c e .  We u s e  a 
d e u t e r i u m - t r i t i u m  (DT)  f u e l  c y c l e  and 
a l l o w  f o r  t w o  p o p u l a t i o n s  of t h e  a l p h a  
p a r t i c l e  g e n e r a t e d  by t h i s  f u s i o n  
r e a c t i o n ,  a f a s t  a l p h a  p o p u l a t i o n  born a t  
3 . 5  MeV ene rgy ,  and a the rma l  a l p h a  
p o p u l a t i o n  c h a r a c t e r i s e d  by a Maxwellian 
d i s t r i b u t i o n  a t  a n  a p p r o p r i a t e  
t e m p e r a t u r e .  The d e t a i l s  o f  t h e  a n a l y s i s  
can b e  found e l s e w h e r e , 2 r 3  b u t  f o r  t h e  
pu rposes  of  t h i s  paper it i s  s u f f i c i e n t  
t o  n o t e  t h a t  t h e  model w e  employ c o n s i s t s  
of  a l a s e r - a b l a t e d  c e n t r a l  r e g i o n  t h a t  i s  
s e p a r a t e d  b y  a magnet ic  f i e l d  from a 
"ha lo"  r e g i o n  which is  a d j a c e n t  t o  t h e  
s o l i d  f u e l  w a l l .  A more r ea l i s t i c ,  b u t  
s i g n i f i c a n t l y  more complex, model would 
c o n s i d e r  t h e  h a l o  r e g i o n  t o  be surrounded 
by an  i o n i z e d  metal r e g i o n  which i t s e l f  
i s  a d j a c e n t  t o  a non-ionized metal s h e l l .  
We d e f e r  t h e  a d o p t i o n  o f  such a model t o  
a f u t u r e  c a l c u l a t i o n ,  b u t  f o r  t h e  p r e s e n t  
we choose t h e  DT plasma t o  c o n s i s t  o f  
t h r e e  t h e r m a l  s p e c i e s ,  namely t h e  f u e l  
i o n s ,  e l e c t r o n s  and  t h e r m a l  a l p h a s  i n  
addi t ion  t o  an a r b i t r a r y  number of f a s t  
a l p h a  g roups .  We c o n s i d e r  each  s p e c i e s  
t o  be a n  i d e a l  g a s  for which we d r a w  upon 
therm0 dynamics t o  w r i t e  t h e  ene rgy  

b a l a n c e  e q u a t i o n .  The p a r t i c l e  ba l ance  
e q u a t i o n  for  t h e  f u e l  i o n s  (which w e  
s e l e c t  t o  be one w i t h  a mass e q u a l  t o  t h e  
ave rage  masses of  t h e  d e u t e r o n  and 
t r i t i o n )  i s  g i v e n  by v 

where nf d e n o t e s  t h e  i o n  d e n s i t y ,  <av>f 
t h e  v e l o c i t y  ave raged  f u s i o n  r e a c t i o n  
c r o s s  s e c t i o n  which i s  t empera tu re  
dependen t ,  t h e  p a r t i c l e  f l u x  f o r  t h e  
r e f u e l i n g  f u e l  i o n s  which c r o s s  t h e  
magnet ic  f i e l d  from t h e  h a l o  r eg ion  t o  
t h e  c o r e  plasma and I-f r e p r e s e n t s  t h e  
f l u x  i n  t h e  o p p o s i t e  d i r e c t i o n .  I n  t h e  
above e q u a t i o n ,  t h e  f i r s t  t e r m  o n  t h e  
r i g h t  hand side r e f l e c t s  t h e  loss of  i o n s  
due t o  t h e  f u s i o n  r e a c t i o n  wh i l e  t h e  l a s t  
term r e p r e s e n t s  t h e  s o u r c e  t e r m  a r i s i n g  
from t h e  n e t  p a r t i c l e  f l u x  e n t e r i n g  t h e  
c o r e .  The ene rgy  b a l a n c e  e q u a t i o n s  f a r  
t h e  f u e l  ions can b e  e x p r e s s e d  by 

W 
The l e f t  hand s i d e  E q . ( 2 )  r e p r e s e n t s  t h e  
change i n  t h e  plasma the rma l  energy 
i n c l u d i n g  t h e  s p h e r i c a l  expans ion  term. 
The f i r s t  term on t h e  r igh t -hand  s ide  
d e n o t e s  t h e  ene rgy  exchange between t h e  
e l e c t r o n s  and f u e l  i o n s  and i s  
c h a r a c t e r i z e d  b,' t h e  ene rgy  exchange 
c o n s t a n t  (nz),r , t h e  second term 
r e p r e s e n t s  t h e  exchange w i t h  t h e  the rma l  
a l p h a  p a r t i c l e s ,  wh i l e  t h e  t h i r d  term 
r e f l e c t s  t h e  r a t e  a t  which t h e  k ' t h  f a s t  
a l p h a  group loses ene rgy  t o  t h e  f u e l  
i o n s .  The f o u r t h  term d e n o t e s  t h e  energy 
removed from t h e  i o n s  due t o  t h e i r  
p a r t i c i p a t i o n  i n  t h e  f u s i o n  r e a c t i o n ,  
wh i l e  t h e  l a s t  term r e p r e s e n t s  t h e  n e t  
ene rgy  f l u x  between t h e  r e f u e l i n g  i o n s  
and i o n s  e s c a p i n g  from t h e  core. S i m i l a r  
e q u a t i o n s  a re  g i v e n  f o r  t h e  o t h e r  s p e c i e s  
i n  b o t h  r e g i o n s  b u t  w i l l  no t  be 
reproduced h e r e  i n  t h e  i n t e r e s t  o f  s p a c e .  

AS w e  no ted  e a r l i e r ,  t h e  plasma i n  t h e  
c o r e  o f  MICF i s  k e p t  away from t h e  s o l i d  
w a l l  of t h e  p e l l e t  by a s t r o n g  magnet ic  
f i e l d .  P a r t i c l e  and ene rgy  t r a n s p o r t  
t a k e  p l a c e  i n  b o t h  d i r e c t i o n s  a c r o s s  t h i s  
f i e l d  as w e  have obse rved  i n  Eqs .  (1) and 
(2). I n  t h e  absence  o f  t u r b u l e n c e  such 
d i f f u s i o n  takes  Dlace c l a s s i c i a l l v ,  i . e .  
as a r e s u l t  of Cbulomb c o l l i s i o n s - b e t w e e n  
t h e  species.  We i g n o r e  t h i s  e f f e c t  f o r  
t h e  f a s t  a l p h a  p a r t i c l e s  s i n c e  t h e y  t e n d  

v t o  s l o w  down more r a p i d l y  t h a n  t h e y  



diffuse across the field. Moreover, we 
postulate for the purposes of this 
calculation that the bremsstrahlung 
emitted by the hot core electrons get 
absorbed primarily in the solid fuel 

to the formation of the halo region. It 
is likely, however, that measurable 
photoionization can take place in the 
metal wall resulting in significant 
contribution to the back pressure exerted 
on the core plasma but, once again, these 
details will be left to future studies. 
For the problem at hand we contend that 
the radiation emitted by the hot 
electrons is the sole cause of the 
refueling mechanism, and that for each 
photon absorbed a single electron escapes 
from the wall without giving up an 
appreciable portion of its energy. 
Electrostatic effects then cause an equal 
number of positive ions to be emitted by 
the wall and join the halo region. This 
fueling scheme may be viewed as somewhat 
optimistic since in a target with 
reasonably thin DT wall a considerable 
fraction of the bremsstrahlung photons 
may indeed reach the metal shell and 
cause it to vaporize and ionize. But 
since, for the purposes of this paper, we 
are also ignoring other ablation 
mechanisms such as those due to ion heat 
wave we proceed on the assumption that 
the above-described fueling ,nechanism is 
adequate. The number of fast alpha groups 
is chosen to be ten and the results were 
not significantly altered when a larger 
number of groups was utilized. 

w wall, cause it to ablate, and contribute 

- 
The stability of the plasma in the 

various regions of MICF plays an 
important role in the performance of the 
system as a reactor. The most likely 
instabilities are the drift modes 
associated with the density and 
temperature gradients in the system5, hut 
hecuase the pressure is nearly constant 
across the transition remion6 the onlv 

~~~~ ~~ ~ 1 ~~ ~~~~ ~ 

instability of concern is the 
density-driven electrostatic mode. The 
associated turbulence was incorporated in 
the analysis by adding a Bohm-like 
diffusion coefficient to represent the 
enhanced diffusion across the magnetic 
field in both directions. In many 
instances this turbulence results in a 
more efficient fueling of the hot plasma 
which in turn manifests itself in a 
higher gain factor, Q. 

AS an illustration of MICF's 
performance as a reactor we have chosen 
as a target a pellet with an outer radius 
of 0.75 cm and an inner metal shell 
radius of 0.375 cm. The inner radius of 
the solid DT fuel is 0.25 cm and thus has 
a thickness of 0.125 cm. For an incident 
laser energy of 3 MJ a hot lasma core 
with a density of 2.5 x 10zpcm-3, and a 
temperature of about 32 kev is formed. 
Such a plasma was found to ignite - resulting in a Q-value of 302, and was 
allowed at the end of the fusion burn to 
expand in a chamber of radius 10 cm with 

an exhaust hole of 2.50 cm. The escape 
time for both the fuel ions and the metal 
ions is computed and it is shown that a 
maximum firing rate of about 2700 can be 
accommodated. We denote the rep rate by 

and choose it to be 100 for the ? t W "  

examples we present. It has been 
suggested' that the mass of a laser driver 
with 2 MJ of output energy is 262 metric 
tons (mT) . By linear extrapolation we 
suggest that the mass of a 3.0 MJ laser 
system would he 393 mT and for a Q of 302 
the specific power of the system would be 
about 230 watts per gram--a very 
attractive value indeed. 

211. M ICF as a ProouLsiwoe vice 

We proceed to examine the capabilities 
of MICF as a propulsion system. For that 
purpose we consider the case of the 
pellet design given in Table 1. 

Table 1. 
Pellet Design for Propulsion 

Inner radius of solid fuel 0.25 cm 
Outer radius of solid fuel 0.375 cm 
Outer radius of metal shell 0.750 cm 
Hot plasma core density 2.5xlOz1cm-3 
Hot plasma core temperature 32 kev 
Input energy 3 MJ 
Gain factor 302 
Total energy output 906 MJ 
Charged Particle Energy 181 MJ 
Total mass of pellet 23.63 gm 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

If such a pellet is housed in a 
combustion chamber with a radius of 10 cm 
and an opening of 2.50 cm which may be 
viewed as part of a magnetic nozzle with 
near perfect efficiency, then by allowing 
the plasma (i.e. the charged particles) 
to adiabatically expand at the end of the 
fusion burn and then escape through the 
nozzle we can compute, as noted earlier, 
the exhaust time which in turn dictates 
the maximum repetition rate allowed. We 
have seen that Lo= 100 is well within that 
limit. The propulsion capability of MICF 
can be estimated from the usual propul- 
sion parameters that are determined from 
the standard rocket equationsz. These are 
specific impulse, Igpr the thrust, F, 
and/or the jet power which for the case 
at hand are summarized in Table 2. 

Table 2. 
Propulsion Parameters for an MICF System 

Ion exhaust velocity 122 km/sec 
Specific impulse, I , ~  1.25 x 104sec 
Repetition rate, 0 2 2705 sec-l 
Thrust, F 0.34 Lo K.Newtons 
Jet power, Pjet 2.64 WMW 
.............................................. 
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I V .  Mars Missions 

AS a n  i n t e r e s t i n g  a p p l i c a t i o n  t o  MICF 
as a p r o p u l s i o n  d e v i c e  w e  c o n s i d e r  a 
round t r i p  from e a r t h  t o  Mars u s i n g  t h e  
v e h i c l e  a l l u d e d  t o  e a r l i e r .  Without 
payload,  t h e  v e h i c l e  i n c l u d i n g  t h e  d r i v e r  
(lasers, radiators ,  optics,  e t c ) ,  t h e  
t h r u s t  chamber, and  t h e  overhead which 
i n c l u d e s  t h e  pay load  s h i e l d ,  and o t h e r  
components h a s  a mass o f  617 mT7. I f  w e  
c o n s i d e r  a p i l o t e d  m i s s i o n  t h a t  i n c l u d e s  
a s c i e n c e  pay load  and o t h e r  r e l e v a n t  
car90 of 252 mT, t h e n  t h e  t o t a l  v e h i c l e  
mass would be 869 mT. Such a pay load  
m i s s i o n  s t a r t i n g  from LEO and  u s i n g  
chemica l  p r o p u l s i o n  and aerodynamic 
b r a k i n g ,  and  u t i l i z i n g  a s p l i t  o p t i o n  
t r a j e c t o r y  p r o f i l e a  w i l l  t a k e  abou t  a y e a r  
i n c l u d i n g  a one month s t a y  on t h a t  
p l a n e t .  

€or o u r  case w e  w i l l  c o n s i d e r  a round 
t r i p ,  c o n t i n u o u s  bu rn ,  a c c e l e r a t i o n /  
d e c e l e r a t i o n  t r a j e c t o r y  p r o f i l e  which 
assumes c o n s t a n t  ISp, F, and  Pjet 
o p e r a t i o n ,  and t a k e  fo r  t h e  d r y  mass of  
t h e  v e h i c l e  869 mT t h a t  i n c l u d e s  a 
p a y l o a d  of 2 5 2  mT. The e q u a t i o n s  t h a t  
describe t h e  t r a n s i t  t i m e s  fo r  t h e  
outbound and  r e t u r n  l e g s  of  t h e  jou rney ,  
ZRT, from e a r t h  ( E )  t o  Mars ( M ) ,  a l o n g  
w i t h  t h e  d i s t a n c e s  t r a v e l e d ,  DEM and DME 
a r e  g i v e n  by9 

where Wf = 9 M f  i s  t h e  d r y  weight of t h e  
vehicle ,Mi,  t h e  i n i t i a l  mass and Mp i s  t h e  
p r o p e l l a n t  m a s s .  Using t h e  l i n e a r  

Astronomical  Un i t  E 1 . 5  x 10llm) we 
c a l c u l a t e  U and  p from Eqs. ( 4 )  and ( 5 )  
which upon s u b s t i t u t i o n  i n  E q .  ( 3 )  y i e l d s  
t h e  round t r i p  t i m e .  A l t e r n a t i v e l y ,  t h e  
t r i p  t i m e  c a n  b e  computed from 
Mp r e p r e s e n t s  t h e  ra te  o f  f low %'ze 
p r o p e l l a n t  o b t a i n e d  by m u l t i p l y i n g  t h e  
p e l l e t  m a s s  shown i n  Tab le  1 by t h e  r e p  
r a t e ,  0, which w e  t a k e  t o  h e  100. For 
pu rposes  of comparison w e  repeat t h e  
c a l c u l a t i o n  f o r  a round t r i p  t o  J u p i t e r  
u s i n g  t h e  Same v e h i c l e  and p a y l o a d s .  The 
r e s u l t s  are  shown i n  Table 3 .  

d i s t a n c e  from e a r t h  t o  Mars as 0 . 5 2  AU I 1  W 

where 

V .  Conc lus ions  

W e  have demons t r a t ed  i n  t h i s  s t u d y  t h e  
un ique  c a p a b i l i t i e s  o f  t h e  Magne t i ca l ly  
I n s u l a t e d  I n e r t i a l  Confinement Fusion 
reactor as a p r o p u l s i o n  system. A 
d e t a i l e d  i n v e s t i g a t i o n  of  t h e  p h y s i c s  
i s s u e s  h a s  r e v e a l e d  t h a t  f u s i o n  i g n i t i o n  
can o c c u r  i n  MICF a t  moderate  i n p u t  
e n e r g i e s ,  and  v e r y  l a r g e  g a i n  f a c t o r s  Can 
be o b t a i n e d  which t r a n s l a t e  i n t o  l a r g e  
e x h a u s t  v e l o c i t i e s  and v e r y  h i g h  s p e c i f i c  
impu l ses .  I n  a d d i t i o n ,  l a r g e  t h r u s t s  and 
j e t  powers can b e  g e n e r a t e d  due t o  t h e  
p r e s e n c e  of  t h e  m e t a l l i c  s h e l l  t h a t  
s u r r o u n d s  t h e  f u s i o n  f u e l  i n  t h e  t a r g e t  
p e l l e t s ,  and  no s e r i o u s  confinement 
i s s u e s  a r i s e  from such  an  arrangement .  
Although no e f f o r t  w a s  made t o  o p t i m i z e  
t h e  system, it i s  shown t h a t  w i t h  M I C F  
p r o p u l s i o n  round t r i p  jou rneys  t o  Mars 
and J u p i t e r  can h e  made i n  11 and 4 9  d a y s  
r e s p e c t i v e l y  w i t h  s u b s t a n t i a l  pay loads  on 
boa rd .  

v 
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