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ABSTRACT.   
 
 Fr om a per spect i ve of  50 year s of  i nvol vement  wi t h nuc l ear  weapons and bal l i s t i c  mi ssi l e 
of f ense and def ense,  Ri char d Gar wi n wi l l  di scuss t he need f or  mi ss i l e def ense,  t he pr oper t i es of  
syst ems t hat  can wor k,  and t he Achi l l es heel  of  t he nat i onal  mi ssi l e def ense now bei ng depl oyed.  
That  pr obl em f or  a US def ense f ac i ng a pot ent i al  Nor t h Kor ean or  I r ani an I CBM i s count er measur es 
t hat  woul d make i t  i mpossi bl e t o def end agai nst  even a f ew mi ssi l es.  For  del i ver y of  ger ms by 
I CBM,  t he ef f i c i ent  count er measur e i s t ens or  hundr eds of  bombl et s ,  r eent er i ng i ndi vi dual l y.  For  
nuc l ear  weapons,  t he count er measur e of  choi ce i s ant i si mul at i on bal l oons ar ound t he war head,  
wi t h many accompanyi ng decoy bal l oons.  Al t hough t he mi dcour se- i nt er cept  syst em bei ng depl oyed 
wi l l  not  be ef f ect i ve,  t he t hr eat  i n any case i s f r om shor t - r ange mi ss i l es l aunched f r om shi ps 
of f  US shor es,  agai nst  whi ch no def ense i s  bei ng depl oyed.   
 
  
 
I NTRODUCTI ON  
 
 I  am del i ght ed t o be abl e t o be wi t h an engi neer i ng gr oup t o t al k  about  nat i onal  mi ssi l e 
def ense.   My degr ee i n physi cs i s  f r om an engi neer i ng school ,  now Case West er n Reser ve 
Uni ver s i t y.   Much of  my exper i ence and many of  my cont r i but i ons have been i n engi neer i ng and 
t echnol ogy,  r at her  t han i n sc i ent i f i c r esear ch,  and I  bel i eve I  am best  at  sol vi ng or  avoi di ng 
engi neer i ng pr obl ems.   
 
I t  was 55 year s ago t hat  I  went  f or  t he f i r s t  of  many summer s at  t he Los Al amos Nat i onal  
Labor at or y,  wher e I  wor ked on nucl ear  and t her monucl ear  weapons and,  soon,  wi t h ot her  gr oups on 
cl ass i f i ed s t udi es of  mi ss i l es,  mi ssi l e def ense,  di scr i mi nat i on of  war heads f r om decoys,  and t he 
l i ke.   I n f act ,  t hat  was hal f  of  my l i f e f or  t he l ast  50 year s.   
 
I  speak wi t h r el i ef  t o an engi neer i ng gr oup i n vi ew of  t he l ack of  numer acy of  The New Yor k 
Ti mes and of  many of  t he deci si on maker s i n our  gover nment .   For  i nst ance,  on Januar y 31,  2005,  
The New Yor k Ti mes edi t or i al  comment  on t he new j umbo A280 ai r bus had i t  " 30, 000 t ons heavi er "  
t han t he Boei ng 747.   I n i t s cor r ect i on of  Febr uar y 2,  The New Yor k Ti mes not ed t hat  t he A280 
was " hundr eds of  t housands of  pounds heavi er "  i n some conf i gur at i ons,  and " I t ' s an ai r cr af t ,  not  
an ai r cr af t  car r i er . "   
 
Then,  t oo,  engi neer s ar e bet t er  abl e t o di st i ngui sh a goal  f r om a f act ,  despi t e t he aphor i sm,  
" Wher e t her e’ s  a wi l l  t her e’ s  a way. "   
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Havi ng i nt r oduced and used nucl ear  weapons i n war f ar e i n 1945,  t he Uni t ed St at es at  t hat  t i me 
under st ood t hei r  ef f ect i veness i n dest r oyi ng ci t i es and peopl e.   I t  wor ked har d t o st r engt hen 
i t s  nuc l ear  of f ens i ve f or ce and was chast ened when t he Sovi et  Uni on t est ed i t s  f i r s t  nucl ear  
expl osi ve i n 1949.   The Uni t ed St at es was depl oyi ng ai r  def enses of  t he cont i nent  at  a 
t r emendous pace,  wi t h f i ght er  ai r cr af t  and i nt er cept or  mi ss i l es ar med wi t h nuc l ear  war heads t o 
count er  Sovi et  bomber s.   I  wor ked f or  about  a year  i n 1953- 54 on Pr oj ect  LAMP LI GHT,  wi t h t he 
goal  of  ext endi ng t he comput er i zed gr ound envi r onment  and def ensi ve capabi l i t i es t o t he sea 
l anes of  appr oach of  Sovi et  bomber s,  not  wi t hout  comment i ng t o t he pr oj ect  l eader s i n 1953 t hat  
by t he t i me we woul d have anyt hi ng depl oyed f r om our  ef f or t s,  t he t hr eat  woul d be Sovi et  
mi ssi l es r at her  t han bomber s.   And I  have wor ked ever  s i nce t o t r y  t o r eal i ze an ef f ect i ve 
def ense agai nst  nucl ear - ar med mi ssi l es.   
 
I n f act ,  wher e t her e i s  a wi l l  t her e ar e mul t i pl e ways,  mor e or  l ess cost l y  or  ef f ect i ve.   The 
damage f r om nucl ear - ar med i nt er cont i nent al  bal l i s t i c  mi ss i l es ( I CBMs)  coul d be pr event ed at  
var i ous s t ages:   
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o   By per suadi ng st at es not  t o devel op nucl ear  weapons.   
 
o   By per suadi ng t hem not  t o devel op mi ss i l e- del i ver y capabi l i t y.   
 
o   By dest r oy i ng t he i ndust r i al  pl ant s bef or e t hey can pr oduce nucl ear  weapons or  mi ss i l es.   
 
o   Dest r oyi ng t he mi ss i l es at  t hei r  l aunch si t es bef or e t hey can be l aunched.   
 
o   Dest r oyi ng mi ssi l es i n boost - phase,  af t er  t hey ar e l aunched,  but  bef or e t hey r each a speed 
t hat  wi l l  car r y t hem t o t hei r  t ar get .   
 
o   Dest r oyi ng t he mi ss i l es and t he war heads i n mi d- cour se as t hey f al l  t hr ough space or  f l y  
t hr ough t he at mospher e.   
 
o   Dest r oyi ng war heads i n t er mi nal  phase,  as t hey s t r eak t hr ough t he at mospher e t owar d t hei r  
t ar get s .   
 
o   I nt er f er i ng wi t h or  pr event i ng t he det onat i on of  t he nucl ear  war head i t sel f ,  when i t  i s 
wi t hi n ef f ect i ve r ange of  i t s  t ar get ,  whi ch mi ght  be as l i t t l e as 200 met er s,  f or  some har d 
t ar get s .   
 
For  each of  t hese phases t her e ar e di f f er ent  appr oaches t o i t s accompl i shment .   For  i nst ance,  
boost - phase i nt er cept  mi ght  be based on t he gr ound,  on t he sea sur f ace,  i n t he ai r ,  or  i n space.   
Fr om space,  one coul d use hi t - t o- ki l l  i nt er cept or s ( as f r om t he ot her  opt i ons f or  s t at i oni ng)  
power f ul  l aser s,  or  even a nucl ear  war head.   
 
I t  i s  i mpor t ant  t o not e t hat  t hese st ages i n t he l i f e of  a mi ssi l e- del i ver ed nucl ear  war head ar e 
sequent i al ,  and t hat  ef f ect i ve i nt er f er ence at  any one st age el i mi nat es t he necessi t y  of  
i nt er f er i ng i n anot her ,  al t hough i t  i s  of t en sai d t hat  " l ayer ed def ense"  i s  mor e ef f ect i ve and 
cheaper  t han a hi gh- conf i dence def ense at  a si ngl e s t age.   That  st at ement  i s pr obl emat i cal .   
 
But  t he of f ense has ot her  opt i ons,  as wel l ,  and al l  cr edi bl e opt i ons must  be bl ocked i f  U. S.  
ci t i es and popul at i on ar e t o be def ended agai nst  t he nucl ear  ( or  bi ol ogi cal )  t hr eat .   For  
i nst ance,  t he 1998 ( Rumsf el d)  Commi ssi on t o Assess t he Bal l i s t i c  Mi ssi l e Thr eat  t o t he Uni t ed 
St at es emphasi zed t hat  any of  t he s t at es t hat  mi ght  devel op I CBMs t o car r y nuc l ear  war heads or  
ger ms agai nst  t he Uni t ed St at es coul d sooner  del i ver  t hose same or  l ar ger  pay l oads mor e 
accur at el y,  mor e economi cal l y ,  and pr obabl y mor e r el i abl y  by t he use of  shor t - r ange mi ssi l es 
l aunched f r om ai r cr af t  near  U. S.  shor es or  f r om shi ps.   
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I  begi n wi t h a descr i pt i on of  t he f undament al s of  a mi d- cour se i nt er cept  pr ogr am.   Thi s  i s  t he 
most  mat ur e appr oach,  i f  not  t he most  pr omi s i ng.   Ef f ect i ve def ense i n t hi s  case begi ns wi t h t he 
means f or  knowi ng t hat  a mi ss i l e has been l aunched,  and i t s  gener al  di r ect i on.   
 
I t  cont i nues wi t h t he det ect i on of  t he war head or  war heads,  and t he al l ocat i on of  i nt er cept i ng 
r esour ces.   The i nt er cept or  must  t hen be gui ded ( or  sel f - gui ded)  t o col l i s i on or  at  l east  t o t he 
nei ghbor hood of  i t s pr ey.   
 
The cur r ent  syst em r el i es on t he DSP ( Def ense Suppor t  Pr ogr am)  sat el l i t es t hat  have been 
oper at ed by t he Uni t ed St at es s i nce t he ear l y 1970s and t hat  see t he l aunch of  any bal l i st i c  
mi ssi l e of  r easonabl e s i ze al most  anywher e on Ear t h.   The exi st i ng DSP syst em scans t he ent i r e 
vi s i bl e f ace of  t he Ear t h f r om geost at i onar y or bi t  each t en seconds and l ocat es i nt ense i nf r ar ed 
sour ces wi t h a pi xel  appr oxi mat el y 1 km i n s i ze.   Of  cour se,  geost at i onar y sat el l i t es cannot  see 
t he pol ar  r egi ons,  and ot her  sat el l i t e or bi t s ar e used t o cover  t hat  hol e.   
 
For  mor e t han 100 year s i t  has been known and f or  mor e t han 50 year s demonst r at ed t hat  an 
ef f i c i ent  way t o r each t he speeds r equi r ed t o t hr ow a pay l oad t hr ough space t o l and hal f - an-
Ear t h away i s by s t aged r ocket  pr opul s i on.   The r ocket  equat i on t el l s us t hat  t he mass of  t he 
r ocket  when i t  has exhaust ed i t s pr opel l ant  i s exponent i al l y smal l  i n t he r at i o of  vel oci t y gai n 
t o exhaust  vel oc i t y.  
 

                     dP/ dt  = 0 = +Ve ∆M + M∆V        ( 1)  
 
st at es t hat  t he over al l  moment um P of  t he uni ver se r emai ns const ant ,  i n t hat  t he sum of  t he 
moment um of  t he ej ect ed mass and t he i ncr eased moment um of  t he spaceshi p of  mass M ( due t o i t s  
i ncr eased vel oci t y  as a r esul t  of  t he  expul si on of  t he gas)  r emai ns zer o i n t he r ef er ence f r ame 
movi ng wi t h t he spacecr af t  bef or e t he mass was ej ect ed.   Eq.  2 
 

     dV/ dM = - Ve/ M,  dV/ Ve =  - dM/ M,           ( 2)  
 

          ∆V/ Ve = - ∆l n M;  Mo/ Mf  = e∆V/ Ve
 

r el at e t he i ncr ease of  spacecr af t  speed wi t h t he mass ej ect ed,  and t he i ni t i al  mass of  t he 
r ocket  Mo t o t he f i nal  mass Mf ,  wi t h t he vel oci t y  gai n ∆V and t he exhaust  vel oci t y Ve.  
 
Mor e gener al l y ,  an exhaust  speed of  t he or der  of  3 km/ s coul d pr opel  t he empt y r ocket ,  mot or s,  
and any payl oad t o or bi t al  speed of  about  8 km/ s,  and wi t h a bur nout  mass t hat  i s  7% of  t he 
l aunch mass- - l ess a cor r ect i on f or  at mospher i c r esi s t ance and f or  " gr avi t y l oss"  because of  t he 
ef f ect  of  Ear t h' s gr avi t y  dur i ng t he r ocket  bur n.   Unf or t unat el y ,  r ocket  st r uct ur e and mot or s 
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ar e mor e near l y i n t he r ange of  10% of  t he i ni t i al  mass,  so even a zer o- payl oad s i ngl e- st age 
r ocket  coul d not  r each or bi t  or  even i nt er cont i nent al  di s t ance.   
 
Tsi ol kovsky and Rober t  Goddar d i ndependent l y  hi t  on t he i dea of  st agi ng,  so t hat  each st age 
coul d car r y 1/ e of  i t s l aunch mass t o a speed equal  t o t he exhaust  speed of ,  say,  3 km/ s.  That  
37% bur nout  mass pl us pay l oad coul d be composed of  10- 15% st r uct ur e and 27- 22% payl oad,  whi ch 
woul d be anot her  s i ngl e- s t age or  mul t i - s t age r ocket .   The t ool  of  st agi ng means t hat  t her e i s no 
l i mi t  t o t he speed t hat  can be obt ai ned wi t h pr act i cal  r ocket  pr opul si on and st r uct ur e f r act i on,  
al t hough t he payl oad i s  ul t i mat el y ver y smal l .   
 
Never t hel ess,  t he ef f i c i ency of  t he pr ocess i s qui t e good- -  a daunt i ng chal l enge f or  t hose who 
wi sh t o r epl ace r ocket  pr opul si on by some ot her  means of  achi evi ng hi gh vel oc i t y f or  payl oads 
t r avel i ng t hr ough space.   Si nce t he ki net i c ener gy of  t he pay l oad i s  pr opor t i onal  t o t he squar e 
of  i t s speed,  t he exponent i al  decr ease i n mass wi t h added vel oci t y  i s compensat ed t o a 
consi der abl e ext ent  as shown i n t he f ol l owi ng equat i on and t abl e.   
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From “Space Technology: Myth and Promise”  
(1988)  See www.fas.org/RLG 

TABLE 1:  For final velocity Vf  achieved by rocket  
propulsion with exhaust velocity Ve = 3 km/s, the payload 
fraction is µµµµ and the fraction of fuel total energy present 
in the payload kinetic energy is                                           
.                   = (½Vf

2Mf) / ( ½Ve
2(Mo-Mf)) 

 

 
Vf      3      6      9      12     15     18 km/s         
      1      2      3      4      5      6               

µµµµ     37%    13.5%  5.0%   1.83%  0.67%  0.248%     

      59%    62%    47%    30%    17%    9.1% 
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Of  cour se,  t he of f ense needs not  onl y t o det er mi ne t he necessar y speed but  t o bui l d t he r ocket s,  
obt ai n t he f uel ,  and pr oduce and t est  t he gui dance syst ems t hat  wi l l  br i ng t he payl oad t o t he 
desi r ed speed and or i ent at i on wi t h t he accur acy r equi r ed t o mi ss a t ar get  by l ess t han 10 km,  1 
km,  or  even 100 m,  i n cur r ent  advanced gener at i ons of  I CBMs.   
 
The t ask of  t he def ense i s  mor e compl i cat ed,  i n t hat  i t  must  r eact  t o a l aunch at  t he t i me 
chosen by t he of f ense.   
 
I f  t her e ar e no count er measur es,  whi ch we wi l l  di scuss i n a moment ,  t he def ense must  t est ,  
pr ocur e,  and base a suf f i c i ent  number  of  i nt er cept or s so as t o car r y  out  t he i nt er cept s i n good 
t i me.   The i nt er cept or  speed must  be adequat e t o car r y i t  i n t he avai l abl e t i me t o t he r egi on of  
t he I CBM t r aj ect or y,  and at  a pr eci se t i me t o i nt er cept .  That  I CBM t r aj ect or y  needs t o be 
det er mi ned accur at el y  i n or der  t o pl an t he i nt er cept ,  and t he i nt er cept or  must  be gui ded not  
onl y t o i nt er cept  t he t r aj ect or y,  but  t o do so at  a t i me when t he t ar get  mi ss i l e i s  t her e.   The 
cl osi ng vel oci t y  can wel l  be 10 km/ s or  mor e,  and t he vel oc i t y al ong t he t r aj ect or y  mor e t han 7 
km/ s.   Thus 0. 01s er r or  i n a hi t - t o- ki l l  i nt er cept  coul d cor r espond wi t h a mi ss di s t ance of  70 
m- -  hence t he choi ce of  a sel f - homi ng i nt er cept or  t hat  coul d obt ai n a mi ss di s t ance of  10 cm 
agai nst  a symmet r i cal  t ar get .  But  i f  t he v i s i bl e ( or  i nf r ar ed)  t ar get  i s a l ar ge shapel ess 
bal l oon,  wher e shoul d t he KV ai m t o col l i de wi t h t he RV i t sel f ? 
 
Ear l y  U. S.  I CBM def ensi ve syst ems such as SAFEGUARD r el i ed on i nt er cept or s capped wi t h nuc l ear  
expl osi ves.   I n f act ,  SAFEGUARD,  depl oyed and oper at i onal  f or  a br i ef  per i od i n 1975,  based i n 
Nor t h Dakot a 20 l ong- r ange i nt er cept or s ar med wi t h 5- megat on t her monucl ear  war heads.   These 
coul d be used t o dest r oy an i ncomi ng war head or  c l ust er  of  war heads and " decoys"  i n space at  a 
di s t ance of  t housands of  km.   A second l ayer  of  i nt er cept  was pr ov i ded by 80 SPRI NT 
i nt er cept or s,  ar med wi t h so- cal l ed " neut r on bomb"  war heads,  wi t h t he pur pose of  i nt er cept i ng 
i ndi v i dual  of f ensi ve war heads wi t hi n t he at mospher e as t hey appr oached t hei r  t ar get s.   
 
I n t hi s  case,  t he pur pose of  t he syst em was t o def end a wi ng of  150 Mi nut eman of f ensi ve 
mi ssi l es,  i n or der  t o pr eser ve t he det er r ent  agai nst  a f anc i ed Sovi et  di sar mi ng t hr eat .   
 
SAFEGUARD made no sense even f r om t he begi nni ng,  because i t  was t ot al l y r el i ant  on t he 
per f or mance of  bot h of  i t s  r adar s- -  a l ong r ange det ect i on r adar  and a shor t er  r ange r adar  f or  
pr eci si on engagement  and i nt er cept or  t r ack i ng and command.   These r adar s wer e hi ghl y vi si bl e and 
har dened t o a f ar  l esser  ext ent  t han t he Mi nut eman s i l os t hey wer e pr ot ect i ng.  To pr ot ect  t he 
si l os,  i t  was cr uc i al  t hat  bot h r adar s sur vi ve;  wher eas i t  woul d have made l i t t l e di f f er ence i f  
60% of  t he s i l os had been dest r oyed ( i mpl y i ng t he successf ul  gui dance and expl osi on of  some 90 
Sovi et  I CBM war heads) .   Ev i dent l y ,  t he Sovi et  Uni on coul d have concent r at ed a r el at i vel y f ew 
war heads agai nst  t he r adar s,  and t hen had a f r ee r i de t o dest r oy t he wi ng of  Mi nut eman mi ssi l es.   
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I f  Sovi et  f or ces had had t he capabi l i t y t o do t hat  i n t he f i r st  pl ace,  i t  woul d not  have been 
si gni f i cant l y di mi ni shed by t he SAFEGUARD def ensi ve syst em.   
 
My pr oposal  was t o depl oy a ver y speci al  pur pose mi ssi l e def ense syst em t hat  woul d be adapt ed t o 
t he uni que t ar get  char act er i s t i cs .   I t  woul d dest r oy t he nucl ear  war heads wi t hi n a km of  t he 
si l o.   I  had sever al  candi dat e pr oposal s ,  but  t her e was no i nt er est  i n a t echnol ogi cal l y 
unchal l engi ng appr oach.   
 
The s i t uat i on agai nst  whi ch t he Nat i onal  Mi ssi l e Def ense Syst em i s  bei ng depl oyed i s ver y 
di f f er ent .   I t  i s bui l t  t o oper at e agai nst  a r el at i vel y  f ew ( per haps up t o f i ve)  f i r s t -
gener at i on I CBMs t hat  mi ght  be l aunched f r om Nor t h Kor ea or  ul t i mat el y  f r om I r an.   And,  of  
cour se,  1990s t echnol ogy i s a l ot  mor e capabl e t han 1960s t echnol ogy as r egar ds sensor s and 
comput er s.   Thus i t  i s ent i r el y  f easi bl e t o st r i ke a wel l - def i ned obj ect  on a bal l i st i c  
t r aj ect or y i n space by col l i di ng wi t h i t ,  r at her  t han havi ng a war head on t he i nt er cept or  t hat  
expl odes and pr opel s f r agment s or  pel l et s t o dest r oy t he t ar get .   Si nce we al r eady know t hat  a 
1- kg mass at  3 km/ s has as much ener gy as 1- kg of  hi gh expl os i ves,  i t  i s cl ear  t hat  each kg of  
i nt er cept or  st r uct ur e or  sensor  woul d car r y t he expl osi ve c l out  of  mor e t han 10- kg of  HE wi t h a 
col l i s i on at  r el at i ve speed 10 km/ s agai nst  a heavy war head.   
 
I n or der  t o achi eve t hi s act ual  col l i s i on wi t h an accur acy of  bet t er  t han 1 m at  a r ange of  
t housands of  km,  i t  i s cl ear  t hat  any i ni t i al  ai m coul d not  be suf f i c i ent l y  accur at e.   The 
i nt er cept or  i t sel f  must  have sensor s and a gui dance package t hat  can c l ose t he l oop and cor r ect  
f or  i ni t i al  er r or s  of  di r ect i on or  t i mi ng so as act ual l y t o ent er  i nt o col l i s i on wi t h t he 
war head.   Thi s  mar vel ous t echnol ogy has been demonst r at ed sever al  t i mes i n t he vacuum of  space 
at  i nt er cept or - l i ke speeds.   For  a successf ul  i nt er cept ,  however ,  t her e must  al so be " t hr eat  
assessment "  and di scr i mi nat i on agai nst  t he ot her  obj ect s t hat  mi ght  have been l aunched- -  
i nt ent i onal l y or  uni nt ent i onal l y- -  f r om t he I CBM.   
 
Much of  t he st agi ng " har dwar e"  i s  l ef t  behi nd and does not  achi eve t hr eat  speed.   Thi s i nc l udes 
t he shr oud t hat  i s  used t o pr ot ect  t he war head as i t  i s  accel er at ed t o hi gh speed wi t hi n t he 
at mospher e.   Absent  a shr oud,  t he dynami c pr essur e of  t he at mospher e coul d i nj ur e or  dest r oy t he 
war head,  as coul d t he aer odynami c heat i ng on ascent ,  as evi denced on descent  i n t he Col umbi a 
space shut t l e l oss of  Febr uar y 1,  2003.   The shr oud i s j et t i soned ear l y on,  however ,  i n or der  t o 
mi ni mi ze t he bur den on t he l aunchi ng r ocket  by r educi ng t he mass t hat  must  be accel er at ed t o t he 
i nt er cont i nent al  speed.   
 
I n i t s r eent r y  vehi cl e f or  pr ot ect i on agai nst  t he f i er ce heat  of  penet r at i ng t he at mospher e at  
ver y hi gh speed,  t he war head i s  t ypi cal l y sever ed f r om t he r emai ni ng s t r uct ur e and t hi r d- s t age 
engi ne.   I t  i s  up t o t he of f ense as t o whet her  t hese pi eces ar e t hemsel ves f r agment ed by 
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expl osi ves,  pushed out  of  t he way by a t i ny r ocket ,  or  modi f i ed t o ser ve as pr i mi t i ve decoys t o 
pr esent  a cr edi bl e t hr eat  t hat  must  be at t acked wi t h t he l i mi t ed s t ock of  i nt er cept or s.   
 
I n our  Mar ch,  1968 ar t i c l e i n Sci ent i f i c  Amer i can,  Hans Bet he and I  showed what  woul d be 
r equi r ed t o def end agai nst  I CBMs car r y i ng nucl ear  war heads.   We emphasi zed t hat  t her e ar e some 
si mpl e count er measur es t hat  coul d be used by t he of f ense,  and t hat  t he desi gn of  a def ense must  
t ake t hat  i nt o account  f r om t he wor d go.   Thi s i s  an i nconveni ent  f act ,  and whenever  a def ensi ve 
pr ogr am i s mount ed,  a good deal  of  t he ef f or t  i s devot ed not  so much t o sol vi ng t he 
count er measur es pr obl em by desi gn or  by count er - count er measur es ( CCM) ,  but  t o an ef f or t  t o deny 
t hat  t he pr obl em exi s t s .   
 
Agai nst  i t s bet t er  j udgment ,  t he Admi ni s t r at i on of  Pr es i dent  Bi l l  Cl i nt on was f or ced t o commi t  
t o t he devel opment  and l i kel y  depl oyment  of  a Nat i onal  Mi ss i l e Def ense.   Fai l i ng t o get  t he 
Def ense Depar t ment  and t he Bal l i s t i c Mi ssi l e Def ense Or gani zat i on ( BMDO)  t o t ake ser i ousl y  t he 
t hr eat  of  si mpl e count er measur es,  i n Apr i l  2000 el even of  us publ i shed a subst ant i al  r epor t ,  
sponsor ed by MI T and t he Uni on of  Concer ned Sci ent i s t s. ( 1)   
 
The count er measur es t hat  I  di scuss her e ar e t hose t hat  I  have emphasi zed i n my congr ess i onal  
t est i mony on mi ssi l e def ense,  and f i r s t  i s  t he sur e- f i r e count er measur e i n t he case of  
bact er i ol ogi cal  war f ar e payl oads,  of  f r agment i ng t he payl oad i nt o i ndi vi dual  smal l  r eent r y  
vehi c l es ( " bombl et s" ) .  For  del i ver y of  a nuc l ear  war head ( t o my mi nd,  a l ess l i kel y  t hr eat  f r om 
Nor t h Kor ea) ,  t he count er measur e of  choi ce i s t he ant i s i mul at i on bal l oon,  sur r oundi ng t he 
war head t o make i t  l ook j ust  l i ke t he cheapest  poss i bl e decoy i n space- -  t he i nf l at ed al umi num-
coat ed Myl ar  bal l oon.   
 
Unf or t unat el y,  t he deci si on maker s i n t he Pent agon and t he Whi t e House ar e l ar gel y non- t echni cal  
peopl e,  as i s t he case i n Congr ess,  and i t  was t her ef or e necessar y t o spel l  out  what  i s  known t o 
ever y f l edgl i ng aer ospace engi neer - -  i nc l udi ng t hose i n Nor t h Kor ea,  I r aq,  and I r an.   So we used 
publ i shed i nf or mat i on f r om NASA and f r om t he U. S.  pr ogr am i n or der  t o scope t he pr obl em of  a 
r eent r y  vehi cl e t hat  woul d pr ot ect  a BW payl oad agai nst  any r i se of  t emper at ur e dur i ng t he 
f i er ce heat  of  r eent r y.   Her e ar e some of  t he Fi gur es.   
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For  a BW payl oad,  t he count er measur e does not  depend upon decei v i ng t he def ense;  i t  s i mpl y  
pr ovi des f ar  mor e equi val ent  t hr eat  ai m poi nt s t han t her e ar e i nt er cept or s.   
 
For  a decade or  mor e I  was on t he Whi t e House St r at egi c  Mi l i t ar y  Panel  of  t he Pr esi dent ' s 
Sci ence Advi sor y Commi t t ee ( PSAC) .  I n t he mi d- 1960s we met  f or  t wo days ever y mont h and 
cont i nual l y r evi ewed t he exper i ment al  dat a and pr ogr ams f or  di scr i mi nat i on of  decoys f r om r eal  
war heads.   Li ncol n Labor at or y  and ot her  cont r act or s  di d a mar vel ous j ob on desi gni ng,  depl oy i ng,  
and oper at i ng r adar s t o det ect  smal l  di f f er ences bet ween decoys and war heads- -  di f f er ences not  
onl y i n t he body i t sel f ,  but  i n t he wake pr oduced.   Those who wer e desi gni ng t he count er measur es 
i n or der  t o have cr edi bl e decoys made advances of  t hei r  own.   
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Our  j udgment ,  r ef l ect ed i n t he SAFEGUARD syst em,  was t hat  di scr i mi nat i on was f eas i bl e i n t he l ow 
at mospher e,  but  was not  f easi bl e i n t he vacuum of  space.   At  t hat  t i me we di scussed t he power f ul  
i mpact  of  ant i s i mul at i on,  r at her  t han t he " s i mul at i on"  t hat  was i n vogue at  t he t i me.   I n t he 
decoy f i el d,  " si mul at i on"  r ef er s t o t he cr af t i ng of  a decoy so t hat  i n ever y obser vabl e r espect  
i t  r esembl es an RV.   The s i mul at i on decoy f or  t he Mi nut eman war head has appear ed on t he 
cont r act or ' s  websi t e,  t oget her  wi t h a r eal - t i me v i deo of  i t s depl oyment  and i nf l at i on i n space.   
But  such ver i s i mi l i t ude r equi r es ei t her  advanced t heor y or  compl i cat ed exper i ment al  ver i f i cat i on 
on t he l ar ge scal e,  and even i n space;  i t  i s  t hus not  sui t abl e f or  a smal l  f l edgl i ng nucl ear  
power .   
 
These pr obl ems can be avoi ded by ant i s i mul at i on decoys t hat  can be t est ed i n a smal l  vacuum 
chamber . ( 2)  Accor di ngl y ,  our  11- member  gr oup sel ect ed ant i s i mul at i on i n t he f or m of  spher i cal  
bal l oons f or  a non- spi nni ng RV,  such as t he ear l y  U. S.  Pol ar i s war heads.   Her e ar e some of  t he 
f i gur es and a di scuss i on f r om our  2000 r epor t :   
 

 
 
 
Illustrator: Al Kamajian. 
 
 
“Holes in the Missile Shield,”  by R.L. Garwin, 
Scientific American, November 2004. 
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Many of  you wi l l  r ecal l  t he St r at egi c Def ense I ni t i at i ve ( SDI )  l aunched by Pr esi dent  Ronal d 
Reagan i n hi s t el evi sed addr ess of  Mar ch 13,  1983.   Thi s ai med t o depl oy a def ensi ve syst em 
agai nst  Russi an I CBMs t hat  woul d conf i dent l y  pr ot ect  agai nst  ever y one of  6000 nucl ear - ar med RVs 
ai med at  t he Uni t ed St at es.   That  l of t y goal  had many pr obl ems,  among whi ch wer e t he 
vul ner abi l i t y of  t he syst em and t he unr eal i sm of  t he goal .   I  r ecal l  debat i ng many pr oponent s,  
i nc l udi ng Pr es i dent  Reagan' s Sc i ence Advi sor ,  Jay Keywor t h,  and ar gui ng t hat  whi l e SDI  was not  
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goi ng t o wor k,  t her e wer e many ot her  pr ospect s f or  pr ot ect i on,  i nc l udi ng det er r ence and pr e-
boost - phase i nt er cept ,  known as " pr eempt i on. "   
 
Those ar e st i l l  t he most  i mpor t ant  appr oaches t o pr ot ect i ng t he Uni t ed St at es and i t s  al l i es 
agai nst  I CBMs,  BW,  and nucl ear  weapons i n t he hands of  ot her  st at es.   
 
Gi ven t he pr opensi t y of  U. S.  Congr ess f or  hi gh- t ech muscul ar  sol ut i ons,  i t  seemed t o me t hat  
somet hi ng was needed t hat  coul d wor k agai nst  t he pr ospect i ve Nor t h Kor ean I CBMs,  i n cont r ast  t o 
t he mi d- cour se syst em t hat  was bound t o f ai l  i n t he f ace of  count er measur es.   So si nce 1999 I  
have publ i c l y advocat ed boost - phase def ense i n t hese par t i cul ar  cases,  as det ai l ed i n many of  my 
ar t i c l es.   
 
Nat ur al l y ,  I  have si mi l ar l y advocat ed such syst ems t o BMDO and i t s  successor ,  t he Mi ssi l e 
Def ense Agency ( MDA) ,  and wi t h some success i n t hat  t hey now have an act i ve pr ogr am.  However ,  i t  
was c l ear  t o me t hat  l i t t l e pr ogr ess woul d be made on boost - phase i nt er cept  ( BPI )  wi t hout  
nat i onal  pr i or i t y,  and t hi s woul d not  be f or t hcomi ng whi l e mi d- cour se i nt er cept  was pr esent ed as 
a v i abl e pr ogr am.   
 
Her e ar e a f ew gr aphi cs det ai l i ng t he BPI  syst em t hat  I  advocat e.   
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APS St udy Gr oup 
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( APS St udy Gr oup)          )        

 
I n 2003 t he Amer i can Physi cal  Soci et y St udy Gr oup on Boost - Phase I nt er cept  publ i shed i t s hi ghl y 
subst ant i ve st udy. ( 4)  Thi s  conf i r med t hat  no l and or  sea- based BPI  was f eas i bl e agai nst  Chi na 
and Russi a,  gi ven t hei r  vast  l and ar eas avai l abl e f or  depl oyment ,  but ,  t o my mi nd i t  r ei nf or ced 
i t s  f easi bi l i t y agai nst  Nor t h Kor ea and even agai nst  I r an.   I t  di d spel l  out  t he anal ys i s t hat  
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showed t hat  wi t h cur r ent  i nt er cept or  k i l l - vehi c l e t echnol ogy,  t he i nt er cept or  i t sel f  woul d have 
t o be i n t he r ange of  t he 14- t on r ocket  t hat  I  advocat ed i n my 1999 pr esent at i on,  and not  i n t he 
1. 4- t on r ange t hat  i s  adapt ed t o t he ver t i cal  l aunch syst em on exi st i ng Navy shi ps.  The APS 
Gr oup det ai l ed t he count er measur es t hat  mi ght  be used agai nst  BPI —pr i mar i l y  maneuver i ng of  t he 
I CBM boost er —and scoped t he • V r equi r ed of  t he ki l l  vehi c l e,  l eadi ng t o t he l ar ge mass r at i o 
t hat  demands t he 14- t on i nt er cept or  l aunch mass.  Anot her  cr i t i cal  par amet er  i s  t he t i me r equi r ed 
f or  a dec i si on t o l aunch t he i nt er cept or ( s)  af t er  DSP det ect s  t he boost er  i n f l i ght —t ypi cal l y 
some 30 seconds af t er  l aunch.  
 
I  s t i l l  bel i eve t hat  t he U. S.  mi d- cour se i nt er cept  pr ogr am shoul d be t er mi nat ed,  and t he ef f or t  
pl aced on r api d acqui si t i on of  a BPI  syst em t hat  woul d not  onl y have some pr ospect  of  wor k i ng 
agai nst  Nor t h Kor ean I CBMs bef or e t hey had a chance t o br i ng a pay l oad of  BW bombl et s  up t o 
speed t hat  woul d car r y t hem t o t he Uni t ed St at es,  but  by i t s nat ur e woul d al so det er  t he 
acqui si t i on of  such capabi l i t i es by Nor t h Kor ea and I r an.   
 
St i l l ,  t he pr obl ems r emai n- -  of  per f or mance of  t he def ense agai nst  I CBMs and,  wor se,  t he gr eat er  
t hr eat  of  del i ver y agai nst  U. S.  coast al  ci t i es by shor t - r ange mi ss i l es.   I t  i s  not  wor t hwhi l e t o 
def end agai nst  t he I CBM t hr eat  ( bar r i cade t he back door )  when t he si mpl er  and mor e ef f ect i ve 
opt i on i s  avai l abl e t o an adver sar y st at e,  of  shor t - r ange mi ssi l e at t ack ( an open f r ont  door ) .   
 
I n any case,  we wi l l  need t o depend on det er r ence and pr eempt i on f or  our  secur i t y  agai nst  ar med 
st at es.   A gr eat er  t hr eat ,  out s i de t he scope of  t hi s  t al k ,  i s  t er r or i s t  del i ver y of  nuc l ear  or  
bi ol ogi cal  weapon,  about  whi ch I  have wr i t t en f or  a l ong t i me.   Her e det er r ence does not  wor k,  
and def ense agai nst  smuggl i ng i s di f f i cul t .  The f i r s t  l i ne of  def ense agai nst  t er r or i st  nucl ear  
expl osi ons i n t he Uni t ed St at es l i es i n secur i ng t he wor l d' s nuc l ear  weapons and weapon- usabl e 
mat er i al s- -  pl ut oni um and hi ghl y enr i ched ur ani um- -  and i n mount i ng a publ i c heal t h def ense 
agai nst  t er r or i s t  i nduced di sease- -  especi al l y smal l pox.   But  t hat  i s anot her  t al k.   
 
I  woul d be del i ght ed t o ent er t ai n quest i ons or  comment s on t hi s pr esent at i on.   
 
RLG: j ah: 5045NMDP: 021405NMDP  
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