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A scii s!on n~’ The Orbit  of’ ‘in—nade S~ t .ai1j te

—— Tht ’ n~~’”’c’nt of’ a ~a ’ e I~~~t e  In the orbit, — —

Wu L1~v’—”ao

There Is a de ” : n i te on~ it .  ‘~or inan—niade satellite to fly in space .

~h ~s ar t . i .cio at,tenpt s to make a ,r i t o’ .io~tro lu cL~on of’ the n,ac’n i tude , shipo

in clinat ion and cIi’y ’ic~ eri st . tcs  of’ t h e  o rb i t . . Pe cmise t h i s  ar 4 i c ] e  is rather

1on’~, it will be pu ;’i i nhed  in two c ~~ec~, I v e  ins ues ~‘ ‘~ ~° i  s j ournal . In

s : .nie , i~. - VO~~ an a ‘count of he ~y; ‘\ ‘PYflCn t of a n u t  eU ~e in th e  orbi t ,

and in the next issue, it will descr be the mo ’.’ew’n t o ’~ lie sa t.~C i i  te orhi t .

Since man—m ade sat ,elJit .e appeared in  sp ace , t h . ~ conc n ~ o” ‘
~ nsf.

nn ’~ce speed ha s ~r-i.!ua ly ber ’nee I:nown . This means t hat an ob ie c t t at. has

a sneed of’ 9Ion . ner secend can ao~-o around ~he earth cycle a f t er cvc t e  w i t h —

~ U t ~ st.oppin~. So , by such a speed a s a t e l l it e  can c i r c le  t. e earth once in

ano ut . ‘4 ninu es and be ,~ournev is about 4~ , lhn . I n ’~ ~iit , in ~‘act , the

o r b i t ing per~od ,~~~~
‘ a man.—mado sa~ e .1 te is o ’~ en nero t t i a : ;  /4, “~if lu t ,pS .

Taking Ch ina t s ‘ I ‘st and second man—m ade sate Ii  ~~~ 
‘ ~r exn”nle , t i i e v  too :

114 and Ihu minutes renn ec~ velv . T h i n  i n  br~ -nu -~ t)~u t h e  sa t e 1 1, 1~p I s

not . f r i  n - 
~‘ lonely a on~ th e  , ‘ur t’ace ;Y’ k he e”~’t h • but t ~l es at several

h un dred I r .t J om~res or even b i - ~ above t h e  ear th . The ,ionrne~ of ‘i rc  i n ’

th ear t once is more t. ‘an 41, )OOk m . , so be orbi ~
, ns~ ‘en i od ~ lon ’ er .

T ; e  r ean ‘ a b  i.e explanation of’ t h i s  fact w ’  Id be tha t  the t’i ~h o ” q n a t e l . i  t o

nec ‘mes slower a:; i t s  ‘ii I . nle i .~ci ’ennes . The sn ’ed required f c - ~ c irc i l in-

the e a r t h  we call ortC ~ n e  speed , ant i  i t  consti utes a’ n i ” r r n e d  rat. o wi th t . ”e

on rlre root . of’ ~ st n ice from th e  ~~t,e I i te to’ be c~’nt “ of’ ne nerth . The

1
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so—called “°‘rnt . Snace speed” means the speed of’ an object which moves

closely a1on~ the surface of th e  earth (altitude is zero). The hieher t.he

object r’oes, the smaller orbiting speed it requires. ~‘or Instance, th e

orbit. e speed at .  a l t i tude  01’ 5:) Ok~. is ~.6l~n nor second , and at 5, t )OIqn if,

will b0 5. ’~ ’.m. ter second (see F9i’aire 1). On the orbit , when t h ~ orhi~~ine

n eriod is sa’-e as the rota ’Jon period o° the

.~~~~ e’tr ’t ,h , the orhit.~ng st ee l is only ‘31r’~. per

~~ C.-’ n~~•

F 
ETE~

’
~1 ~~~~~~~~~~~~~~~~~~

F io” u’e ~ ~~T hi t 6 rb i t , in ~
~P’i t.ude pp9ed’(

~~
) ~~~~~~~~~~~~~~~~~ . V

0 7.912 1 24 ‘ .~~

200 7.79 1 1 28 2j

300 7 .732 1 30 27

A1I0 I 7.675 1 32 29

:~oo 7.619 1 ~4 32

1000 7.356 1 4~
2000 6.903 2 7 ~‘

6.203 2 55 I~
600’I 5.679 3 48 IS

3&8 1() 3.076 23 56

Since t. ’~ ;i~ h~,r a l t . n t u c i e ‘f a 5n~ eII 1it.e. the smaller L’)l ’b ’ t ine npeed

J t  reciuirc’s , isn ’t it that to launch a high orbit s a t e l li t e  is easier ~h.an

to laisich a low o r b i t .  one? The answer ~o t h i ~ question Is ‘~‘~o~~ In order

to send a satellite high above in space , v-u i mu8t try t.o o’.’o”e ”e flip

2
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— r i’’ i ‘‘. ‘ or t ‘ i n n i  ‘a r ‘ ‘ ‘‘ ‘  c ’. So ‘io I er n’e ec t e . 11 e - ins , ~~e

- ‘ ‘,, en’~ ’’ i s  c ~nnu”no ’i .  The ,‘t: o”’ ’: un ,” 1 ‘t l’ ’tita c ’ ’ I tv’ I ‘i u t ’s much r . ’re

t h i n that saved ‘.~~‘ en t o . ‘ i’i. :i , ‘o ’i ‘PC ‘ en

Cal’- i..’ cnn t h e  , ‘e~ a n ’rtri—n : ’it~e sat  p 1 ‘ e I ox-i c t sa” t ’ as I

,‘rb t.1 n t c ~ sn’ ’ ’oJ in s ave , i t is  ~~ sil’L ’~ “or i t .  ¶ .o ~~~~~~~ ‘~r und the ea’~ ;,

o ‘ ‘r’.~ se , the  ,“rb  
‘ t of ’ ‘ be e I l - i  ‘ e v i  I H ‘c ’ ’ .e p 1 1 c i  1

Th e ‘r~u cs 0’ ‘he  ‘1e’’ ‘nne ’C of a ~ei~ e l  i t  p

When a ‘ ‘n tn— ”t’ide s t  0 ito a ‘“ ‘st t p o~, .t a  ‘ ‘t v  ‘ ‘‘ no ’’ os ‘ in’  t i n .  t he

eart ’: , it i s ‘b e sa ”:e as t. ’t ~ e ar t h  ,q l n i ; S t  ‘h ~ Suti ‘ r ’i” ’ ’V n’ ; ’ ’.”n a ’ ” .nnt l  ‘ r -
-

s it ’ . ~to be o ‘ n i t  I ’  to

!

a ‘ I t  tide fii’ ‘°‘~ kPi ;r o

“ron ea’ t .li

Ft ni ire 2
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‘Fla p Dpve [o ltien ’ t i ” A i r — t o — A l  r ~ t o ’i i~ ~~“Ine

C t  I ott  Chin

Air—to— a l v  i nn i n n  I lo is tin a I r w’t ’ ,’l’ ’ , i t l  t t t . i  t. w ’ t ; n  c v o .a t~~’i  ‘‘ t h e  I e 104, ’ s.

The I ‘p  , vh oh I an —a ‘‘ ‘‘te’• n ’ ‘~ l 1 •i~~ eta ci ” ‘in n ‘‘l n— ’ ~~~~~ “ ‘tn 1 “ , Is I ‘a

c~~’ n t’ .q. t I m n ’r ‘a’en ’:pnn t ,  ‘‘ ‘~~ l ea ’ ’ ‘n ’’’e’~’ T h i n  “‘‘ t oh ’  ‘ ‘ ‘ ‘ ‘ s  t o  ‘“‘1 ’ p ‘an’

a — c ’ ’ a ’ n t  ‘f ‘v t h e  t ’,’’a ’ t ’ ’ ’ t o tS ‘“n ’r ’’ ’ t ’’’’ ’ ’ n n t  ‘a n lp ’’ , ’li “n”ae ’’,t 1’’’ve been ‘~‘I ’a ’

on ‘
~~. ‘n :j  i.~’nr I I , n a on ‘ a ’  ‘ l ’ .’i t a  lie l ’ot ’al ’ & ’n— s which t n , ’

C~’I~I I a nod w ‘ t.h t ’  went ’  ii no - “— I ,’ft’aact’ wOnl : ’en lS  and earn’’ a ‘n’e ‘a ’ c” 1 c I ’on ’ai ’s

an we I I ‘as ‘ 0 en:a n ’ h’ I ‘‘‘cot’ ’ ors o ion ’  no ’’ i to l ’ennal ’o . a

n a  ‘ ~~~ ~~~ ;n, ’ . “~~~, to  t’, ’na ’~’ W e t :  ‘on ’ , t n , nn o\’o n a  I c, ‘ i ’.i~ . , ‘s ‘a ‘‘ o ;~‘.:c ‘cn n  f ’ ;  Jr

ma ’ . it ” tc ‘ a tr od ‘ ‘o “ i n ’ s  ~o:ie n a  ‘na ‘a I r— ‘— n , In  m l  l i o n .

Over ‘;~‘ n ’ .’i: ’. i~ ‘. t ’ ’t n . s , ‘a i n ’ — ’ ‘ — t i  a’ n n i  cc i on  h ave i i ’ a , ip ’ ’  ‘ a t ’ a ;‘,‘n ~

,‘.
‘ doa’ ’ :~‘n ’t’ ’ n n t  n ’rom anhor t  ,q t  t ‘t ek n-an  ‘o , low vo . lo c i  tv  rid small ra ’aoni ’. ’er.a—

h i  I I  ‘ t o  ‘i Ion -er a ’ ‘ ‘ tc~ r”.n ’o  , ii  — h e r  Vt” , ‘C I a and “oa t en n ” ’ inno i\’ e r i l ’  1 11

i n n  i from ‘i ow ‘ I * tao tn t o ‘ i n it i  stan] 1 newer t o a n i  -h i i i  ‘ a’- r i  o ’i nnd sir en ” on ~

powor~ At he sa” e I ‘no • t b ’  n ’v ‘or’ eon i p ion t ‘“ ‘an a i r — ’ (‘—0 i n  n’a 11 e h a n

a ’ ’ cnn co vn ’ t ’ :n on i ii 1v nn~ —n 1 “ : i~ I ~a~ u 1 no • n’i :id ‘a l  so cor p t n ‘ ‘ ‘ I  “ cant.

ec’ ’. ; i i  cal ci i’ —PS h’tv ~ n t k p n  nfl ‘ t O t ” , su ch as I l i n t  I I e t a — m ac q ~~~ l a c e d  hr

n d  ~‘ aa 10,

‘ l i n e  power p ea t  I t ’ n an pn a  t of’ a ni a i r — ’ ‘—n i I r nut ¶~~ns  l i p  is a rock , ’ on. ’ I ‘to .

on ‘lit’ pli~~~ i cal cend i t i . ’n of’ u~ i a ” n’poa ’e I I a n t t  , it ~ nec ’ ot o H  no cai n be

c la t in  I t’ I ’ d  I u t  ~i t -hroe .1 “ t’on ’ t’nt. i , I n m  : ~~ I I .  l ina  I .1 an d ~~ ,i— : I , ’u ¶ d c, ”’”b I ma

Compared w i t h  1 au d ;. H’ efl~ tt( ~ I 50111 ~~~~ o t o n u ” i r i p  has t a’

I l o w i ng  auiv ’m t a -es : 1. $t . ’iic t are I n  ~;in ’; ’io . t t O C l tj S t, ‘ e nr , ’-n o I ’I ,a’ ’t p i n t  hi’

L. ,~~~~ _ _ _ _ _ _ _ _
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set- in t no 0O’ ’ !’t t tn t ‘n , I t  n’ nt ’’’ I  not  “ ci a’ ‘t ’  V e n ’ !  ~ a i ’~”,I de l i ’ ’ t ’r ’- ’ c a n t  on’ : and

. ‘n n i . ’p e t i a l i t ’t ’ a e : n t  , t a t ’!’ ‘ely cp . ’ I n n ’  o t t , . ’, I t. ¶ tn cant ’’  t o  t n t t t : l a I °-lc ’ n i n a

‘ an  I lii ’ OOS is ‘low . I , n - , ’:n i t  i on ‘tn . i ~~~ n n t , n n n i n a e t ” ‘a~~~ 0 ~i ’  
• 4. ~~~~ I ‘a —

l i t ’ ’  I s  h ~,t t and I ’  i s  a h’no~ t . : n a n a . l n ’ o l ‘ ‘nc t ’ :at  • ~~ . in  a very’ short

t ’ti tfl~~~I ‘ f ’  O’tO , I t  Cat i  hi’ in  ~~~ a,’. ’ri’: i n ’  ‘ ‘a d ‘ a ’’n ’un re t a i l  red . !‘ln n a  ‘s

\‘on’a ~n - ’ n ’” r ’ ‘ant , “‘r an a i r — t o — a i r  n’fl :n s i  i t t  t o  a ’ ’! ~ck 1 ‘ n t a n ’  -et • ~~~, Tb , sr ’eci ~‘l~

‘—r avi ty  o ’ s ’I L ,l n ’ n ’ .’ ci’ : i n i n a t .  ¶ ‘ t o u t .  - in  d Its v I nine ~5 s t a n  I l  • T in e ~~t ‘.e of’

‘t i ’ on-fl np in  ‘ oaa ’ ”~’n ’  sn -- fl -and I t s  na p ’ n a t l v e  wo n _ t n ’ !  I s ninanal i I , too .

ipc nt use a n -c Id  n ’c ’ , ‘t oat ’ I nat ’ tan  aun i p ’ ada - n t u n  -i p it , on ]”  a “ow ~ “ f 0

a ’’ ro * ‘c ova I ”  a n’ — ’ 0—a I a’ n ’n I n n  ;n I en , n ato ” as ~ (— 14’~’, X—4 • ~ ‘Ir e  . rd~~ T I

“Matra ”~ )4, ia ’ainufna c t u n e d  I n n  t he  La tO 1’ ‘4d T a a i t t i t~~it’  Iv 1’ ‘~~~) I s , USOS I ¶ ~ n t 1

rocket c n i c i a ; o ~ Rut. such missiles as
npzz ’Io combu&’ ‘r

“Spar row ” I , I i , A!’Silco n fl ATM_4 , 4A , 4h ,

4C , “Sidea tudi a “ATh L a ~~~ ( 1 1  i t o d  r
I’v r ii-u’e l~ , “FIr e 0,1 a sh”  • “1 :~~‘ S ne-ak ,

F~t~ure 1
nini , 1 “~~t.rn” R, ~~ n t t n ,I !~ . 511 , ti ne ‘t ao — s a ‘p

a’rot ’o i Ii ni s ‘l I d  r ‘ckt ’t t ’fl ’ i n ip . *

The a’p t O o l  t ’ of’ I - ose ml SSI leS l~ I • ‘— ‘. ~ Imes of’ n. ’ntntd sa”eed ,

at tack r i ’ :  e, Is ‘thou t . ‘~km, ‘tru d nra ’’ I e’a ’l t i I t.ude ‘ an about 1~~, ‘ a , ’m . • ‘. a

order o I nnnn ’r. ’vo vi’ oc~ r a’ ’ .I ,n I ‘ ‘ick nat ’ ‘~‘ , ‘ho miss  l i t ’  eia ,’i ’a ’pn’t C 1150

l i t — h ‘‘ ‘~~‘ — ‘‘ on — I no and : ‘r ~’r ’e ‘ a t ’ , ’ w ’ ‘ I c’i can b u r n  ‘ ‘ ‘u ’  P i ’ ’ pn i t ’n  low

“r ace  e ” ~~‘c !t . c n , ’nar . p  ‘ ‘ ! ‘. “l’a :s ’ 1 oua ‘ ‘c - a ’ o 0 ‘he n” ot ’e

• ‘ no  p “ f ec  ‘ Vt ’ ox ’ n a ’  in  h a -  sn ’ei ’ ,I I ‘:C”p ’aSp n’t , ‘ “ n  he ~ax m ain ye lee I ‘. o ” t ‘ae

‘ nt Ic  1~ ‘ nacve ’inc . I , “t t ” ’t I  or., as the propellant has l’ec” a b’urn ’ip, l co”n ’le

a u n t ,  in ’r lo w prp ,n rare , a ’r oc t u ’ are  ~n ‘ 1’~’ ‘O”l t i lir  * ‘r ‘‘cc ~~~~ ~\ :  • n ~ p an  ‘!~
‘ t’ wa]

1;
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l ao  oon ’uia tn t  - r  c - a n n  he not so thick , ‘ m l  ~he ‘n o ‘a a I ye m,’c I ’ ’ ’ !  I :  ‘ e n ’ ’

n~’c:~ ’’ano ,i . At n a n’ ‘ n t - n  ‘I ’  , t ,i:~’ ‘0 ‘C t,’’ a n a l  -a ’ ‘ ‘to . n’ ’ a n a ’e o ” }ni ~ “a i ‘Ic

is n a n ’ : ’ - ‘‘e l , n ‘a .11 t I -na , t h e  • ‘ra fl ate  must. b0 n u d e  0 0 ‘ 0 t ’! —~~’~~5 i : n t n a n n t  “ n a ’ ~‘n i a1

‘ nt h i  ‘It ic ‘roe Li t ’ ni t t ’ e’’ ’’ t and s t aa a l , L  n t t i’ c ’ f ’ e  -n ’ ta ’’ ’i t a’ , “ v i  ‘ lie

s t r a n c a  nL~t’ 00 :‘‘v lt ’n ’ ~ b ’ an’  en s - u t  I d  also i’p ir’pa’ove,l.

I I ”  - t o  ‘ ‘ a ’  n ’~’q’ I rements t a c t  it  I otiod above , most chan’res of’ t ’ o  rs

n- ‘“a’ - eta a ’ n ’ — o —n a a n .  n a  I ‘tn ~‘ en ‘I  no use d, ’utb1 p — l ’”~~e1 powder made ct ”

a i t  t’v tO~ ’ I hi ‘I os w I  a i t  r’ ’c - Lan • The qu.auit . tv  ~ “ ho-t n of l I t  a o ‘t ;)i ’ I n i t ’

in ‘dL t ....l , ‘ a a k — e a i i  /k ‘. , ,‘tn d •~ ie c’ “lain t i  ‘n ’, to’ ~‘ra a ‘ a  ‘c is ni l ’ ‘ta t i , “ ‘
— • 

‘ “ C , ,

and the a n t i c ’ !  ical  Ot’i’iCI t’ a’ i ra n ’ t ,il sta is 1f’d— , ’ ‘ a n t ”C~ • The s” ’’’, a’o c’ ’ ‘‘to olin ’ ’ ‘o ¶~
tubular free pourint~ powder . i n , ,, sh ell ~ 0 ‘~~

‘
~~ e t a  ‘ I ’ a~ i n  a a’ ‘a :’id ‘!aa! ’t ’  ‘ri le

of ’ low a I lc” ‘ I a ‘‘ , it’or rc,lar ,’ ‘ a ’ ’ ‘he he at cat ho n-be 1 ‘1 4 in a - - i  ‘ n t

w i  f l a  a layer of he~at—Insuila 1 ra~’~ m a t ’n ’ i  ‘nj , i” nc no n - i”  ‘~~ “‘a le ot ’ 1ev e ’ar l i ’a a—

~ t op i  land t ’-r ’ I ‘ n a l t i o n  •le’il. ’e i n a t ’cax_r. ’a ’-eaI I - ‘ ‘Yen  a: ~c ’ ’ ¶ n ” l e  a ”

olect. Irc f”nse  “ta d l’loiek i’owdoa’ .

In order to m i n i m ’ ze ‘ ‘ ‘c n p - at  I V i ’ we ’ ‘ -h t  ‘ m l  ‘ o an ‘r’e ’ o a -  t ick r a n t -e

,‘a a a d  Veiocit” of ‘ I n c  u n i r s i  It ’ , t h e  eunH ni p ha it i  c t a , n n n , _pd t o  rIse con ’ on ’ s - un— I i , e

I’
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ho I i  ‘wt’ i c “i-~in ’~i ra•~ - aj~ier i n  alace ‘ “ nt i’ul’r’ a~ ”W ~~~ W a , I  c1 u c - an  barn on

hot -h Inner ‘a- n d outer sides. ~~“ uri ‘a” - ‘ ri I tad of ’ ~ ‘ -waler , th e  nal n iti t an

walls cart be a ’ro ’ cc ’ ed by ‘dne ;t ,” wdea ’ t n  a~ has no~ “ct -~ee’a lc~r ’a i n o, and

corihaW 101’ cover propellant

0 ~~~~~~~~~ combus f .or

~“I t un ’e 3 ~ave1opec1 
4 uibu l ar

01 :70’ -e Fi~’ure 5 Center star—like h ollowed
ntourin’ a ’!on” the wall

cc’mbustor supportincn char”e
- ~

‘: ~qUipment

© L ~~nozzle
Fi-’-ur e L~ Tuabula r  free t” n ”,l t’ lf l”

-e

I. ”e ‘are t ‘c ’ef e r o  isol-a cci ~~om he h1t~h tenn icr a I tar e c ~rai ’aast I n~’~ ‘a I r. T a ni n-

‘~l , ’ ’~or ’ a i n :  t .p”a ’’ a”, ’tau’e of’ t a- ’ c aml ” ran t~ ‘n u — h r m a l n u t - - i n s  a ’” I- ’~ ‘vnl’ low,

‘a” j 
~~

‘ o walls c-a:: ‘a-a”e “‘I ‘i-’ a’nt ~ “-‘p n’~tdt , Oft en 1’ ‘t n st r ”n”tta ‘al’ n,n ’Inium ‘a i ’I o v

I : ~ used t ”  i-c ‘ “ -p rna ’In  na~~n-nc ’’nr’ of’ a ~~~~~~~~~~~~~~~~~~~~~~~ iv’- i~: -‘,L”o ,
‘
~~,

Some nfl r— t,o_ ’air m ’ n s i  en , such ‘-u s II a’q ’I c , -,aa IIAfl ~i J ~, 4A , h~P , LC , use

colid rocket en~~’ ne. of v”ich ~he f o e d l ’ ’  of c ’nJ ’Inap ’I a ’m:~,~ r i n  nad p a~ oia

~i:e v-’ ’ lr-.

D~ie to e ‘.ec”ai c’i ’t chan ”os mentioned ab ’a’e , t a p  quality—quantity ra ’ ~~

or th e e’ -in c can reach ‘i•5 anid above, and it- s wei~ht specific irarulse is

about laisec..

From i(t 55 ‘ hroniob l’?66, there are mediu!n ran -e supersonic hon”nbers ,

such as R_5~h, ~hart—22, “Phanto m ” I I I , “i”d the t ’r naet ’ ona l ciIn ’ni ” Iaa” c e i i n~

‘a all above L’, t t t i tt~, ,  and ¶ ‘:en’p is also 9~-’~~ , n:” l c ’ n ca”a ’len ~-a’r.- p 1cc ’ ron ’ C’

-p 1

_ _ _ _ _  - j
’~~~
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c o  in ’ ’—r e’, ’ a i ’aa ”, -”n: t , Since t ’  ta t , a” a l l ’  i -anal boundary of an ‘i ’nt ,erce’ ~or and

a bonI er inn s  chana ”ed , ~~st of tactical planes can be used as 
‘~oth an

h a t o r C e ’  Lar ‘and a bomber , and th ey  can ‘cisc c,~r:’ar oat n a t u c l e a r  boni’ ’in” nn ’ ssiona s,

~ n—La — n i n  a a : t n n s i  en -ire the a ’ i-at ’ ‘re in need of new ‘‘i ct ’ I cs , ~~ 
- ;~py beoin

t o har e ct’i ’mn ’ac ” c a’ ’ n- ’ CS Of ’ ~ -‘e sec ’nd “e’t ea ’at ’i -‘a a r — t o — -i~ r missiles . Th e ”

can a~ ‘ ac-I : at ever’-’ I I  n rc~ ‘ on ana l una Inn  0 , rp”a ,- l: t t~ ‘I a ” , :e.~~n , rn , Tn-a n - c - c - -I

~‘-‘ ‘r-a ~ a o,~ -a t n_ ’ c-_ ’~,.i - ’  “a~ nna ’t i len i ’a ca ’i’:ci e Hgpar~o~~i I I I A I ’t— ’C , “D,’T, ~1’nlcon ’~

ATt~—~ E , “3’ia en i”a ic~ ‘n ’bVY ’-..4~ , !,J” , “l’ic],en”,,r ‘i’n,I1co fl t t & T~’_ ’~ , \ , n h 1 1  iew~ n a ’lea’ ” ~~~ C ,

~D , t?n 0.; ‘“ ‘~~~~
‘
~~, 

IV P ’ . t rain ” il , “‘0 “i , k— i 3, ‘I”- a p ve lo c~ “‘n c- ” ‘ or” ‘-~~ h p ~~ i n

C — l  t ’rac -n -a’!’ noun-i rn -el , at’~~cIz r an  ‘e i s  ‘— “?kt an . a’-d n c-ac ’  ‘I~~~il  ‘al ~~‘ud ’~

15. - ‘— 25 , ) C r a , .  ‘‘ st ’ e ” ‘h e  n ”wer equipment of ’ ~be second “ ' ‘a -” , ’ r a i n —

‘ o— - m ta ’ missiles - an - c  c- t ie s - a ~ e prcan ell ’, ’a” snl id rocket. ear” ’ae and n”n ’a e , n-aC t

,in - “!Ianr-a ” 1 .530 , un-es d’uble—st ,a ”e prope .iin”a s a ” l i r i  rocket ear- hue.

1~or n n ’ i r i l r a i z ha” the st ,rucl. -ur al  weio ’ -~ and n ’nr o ’- .o - i ” ' r ~ -at * ock ran~ e and

voloci  t~~ , a .~ c a aaa ~ ‘e in the rn ahss ile uses bin -h ‘c’ae r ’~ ’ co- -al l nod n ” 'w ai er , wh ich

i,n - made of cr ’r sta o x i .j - ’ar t (such as oo~~’assium pe r c h,in r a t e , n~ ane ” iu a ’a r - ’:-r on~ e ,

a d -‘a l nonu iw:  n i t r - a ~,e) ‘ann ’i s ”-n’a I’: ’t nd c-f r’c’i’-”i-’r as “' ,Tho-” cn ’ ’,’p n’i, -r’nt  ( n - a c -a ‘as

rol’ n-’~l fi dc rubber , pln n-~,oaaor , polyv i o,’-I l , c”a i c -r ’de “and ca ct i ha ’ “d ie ’  c t . Ta t e

quantity of eat of t,h15 kind of combined powder is l,l’0—l ,/~” ’k—c ’a l / ’: • ,

‘h o CeI aa n- n Is f ton t crnterat ,ure is 2 , ~~~~~~~~~~~~~ 
‘a a ’aco C or ,aI’o ’,’e and the sneci “Sc

Lc -n ui ,Ln - e  is 210—243 sec. or ‘a~ ove , Thei r  shapes have enveloped iui”ul ’ar

c ’a —n ” e  (as i llustr ated hr Fioure 3) ,  tubular free caour t na~ char -c (as illu—

stro, t’ eci in,’- “ rare 4’u ‘and ce ’a ’ or star—like hollowed t-o~~r~~~~
- a on” the wall

c ’n’ t a’ e (as il lun - t ,ra ’ed hr i’i ’ . ’ Jr C ’  5) .

“ a c — a l s o  of ‘ ac use of’ c e n te r  s ’ ar — l i k e  hollowed cr~1l~t ned n ’owcler retired

Ii
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‘ c h o n ~’ the ‘
~~~‘ ‘ in - , t Ine an  ‘ta e ’i 1”tnt t ,  can ~ nrd ” u : t ’ norm-ally under b~,wnn ’ pressure.

The co:’:I’u ’ a’r Is a cnn’ . ’ ‘ i ’ - t , p  s t : ’ni c ’  ‘ire us ~~i ’  icu -inh o ai~ eel pressed I nato  Its

s’aa pe . The struc a a r ’ u S  W” I ‘ . of ~!ae eortnl ’us ~ on ’ is s na i l , c- -na t- i an ’ - n et’ I

becomes shot- ’ na nd n e ca:’ ’ is low , i-ut t h e  c - u a ’ q h i  11 tv o ’ ‘he n~a i ,n ’n i  In ’ in -

I rn c : easocj • Si atop th e  en”:’ ,nt -’ c ‘ ‘‘ ‘‘ ‘e I I r ’an’ a ’ - “‘I , t h e  crtrnnl ’us t ,  I ‘an t ,eta :: ’~’r atnur e

cvi  ie,ntl ’r ‘o’ s ata . roa~ h I s  n’ - - m n - ” ' r n , the nozzle made of or,hi ‘n - !i’a’ ~ ,a ’ “n ’ l  ‘t in  c a n

no ion p” n - n t t , I n- f”  t a e  rp cu b rer~~a 1 t so a rao :’zle n , a n i c i a  is rn - ta l e  ef’ h i ”h  stren ’th

front co -,’er,~Zi ’nit,’r r .~~~~~ , : , r . . t’~~~~~~”~: - -“ “
, ‘a

~~ ~i

front I ~~~~~~~~~~~~~~~~~~ - 
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T-’~~r are  6 T ’ m lt i c t rn system Figur e I — n j ’ car ,qnJ h i  ‘h enl ’n’r-y
tubular i ’ -n~~t i n -  ch”a ’- ’ e

whole carbo n and ‘a e -mao-md nozz I . e which is made of’ h i~~h t .enrn-cr , ’a Lin r e

r e s i a i t a n n t .  and w o r n— o f ”  careof cornbin e i material hr ’-e been ma n az ”’a c~ ’areci . The

I -ca l tion device is made of caoay ,ier s of ran t c - n u n  ~~~~~~~ ‘anI the  sh”' ”a” c- ” t he

I ~ a ’~~~~~~~ n in -  ‘also m u h ’ i ” -rnr -an- i b 7 i i n -~ r’a t.e ri in ~ l -ann e (~ ‘an a l

As the en ’ : in n ’ of’ the second ‘c a erat ion a i r — t o — u n  int l ssi i . e uses h i” l a

ennr y c,’ : a t a ’ i t t e d  powder , t, ne qua il *v q u a i a t i t y  n -a ’ I - o ” ‘he  enn-,ine “-os nb - a n t

0 .”, and tn ae wei” di t ,  n - a - e d  f I c  i’rt’idn-e c-an r~”tctn 140 sec. ctr so. Co ttiec ,u ,’aa ’ i~

the c ’tn’a h ’i i i t y  of the  r a in - s i l o  Is ‘-rc,”n Lu i tnpr”vcd .  Fl n ir e  0 and ~i ’alre ~

are iL l u s tr a t i o n s  of’ ~~ne so lid  rocket enn - ine  of t t i e second fenc-ration air- .

t o — a i r  missiles.

9
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Figure .~~ Firure 9

Since the middle and late 1960’s, the tendency of ttae development ~~f’

a i r—to—air  missiles has been doublo—headed. For dealing w’~th the bombers

which can mak e attack at long ran”e and low altitude, several cr- inntr ies have

successfully manufact;nrod air—to—air missiles which can make attack long range

attack at ta,r,”et coñting from any altitude. This is the so called third

—eneration ~dr—to—aIr missile, such as “Falcon ”A B’—4°~t , “Imnnotal Rir  “A I i-~-54A ,

an-id ~~~~~~~~~ super L530 , kA—6 , The velocity of these missiles is 3— & ~irn es

of sound speed, a~tack ranr-e is 35—l ~5km., and the pract ’i cal altitude is
‘2” .

15 , 000—29 , DOOm .

From the exneri e ce of using medium range missiles in Vietnam, ~‘~iddle

Fast and India—Pakistan wars , it has proved that today available missiles

cannot meet the requirement for planes which can en gr— c in d2~~~~ght. So

many countries have begun to manufac~.i nre ta rn so—ca lled han l—~o—hand fir-ht

missiles , such ‘as 8’~n’~ile
tt
~ 

flMatra~t R.550, SRA,4N and ~~~~~~ The ‘rioeito,’- o~
’

these missiles is 2—3 times of sound speed , a t tack ran -c ‘is 2”)D—C,°°flrn. ‘a d

the c-rnt~ct i c-il al t itude I s  l5,000n.. The power eou i t ancnn t ,  of’ the third -e’arr”,tI .on

‘a r—t o— ’a 5 r missiles uses d,-uuhle—sta ”e prope i l i n”  solid rocket er-”ine .

The e:ugine that is con--inonly used now is of a sin— ~le cornb ust ’ or and double —

s~,av e nropellinr~ “orce. Its main structural parts include a combus tor , b-oost’nr~

10



clu ’tn ’ -o , fli “lit—n-unit-’: I in 1 no cIinr ~~o , non - a l e  and I n ” : i tor as i l lus tr ated by

F’i .-~iiro 10.

boost trig powder flight—sus t a I ru i n -  - powder

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ •~ ‘~:•)

combnist-er nozzle

Fl - ‘ar e 10 Si mole combusto r n’s,,nd lou ib  I~ — an t-’a e
t h r u s t  etno I . np

The n - i n n  -ic comhiin ’ or n-nd I . iul I c — s t a i n-i n’usL etn ~~ine has two di ~f’er e’ t~

¶nt ,na’nn ’u ,i hol lows, In which t i n e  c’ i ’ t r ’en -  ann ’ made o ” a - -w iemn - of s-ann -c burninc’

speed a n d  n-n ’ l i d  cu d  of ’ di  “ t’ ’rn ” ’, t, burning ant ee l  ( r a n t _ h r - u i ~~~r’ and ~1ow—

burning). Thus they “orm a two— san  ‘e pr opelitna- “ -‘-cc .

I ’in n ’ I an i. tor ignites the” h , oc-n -t in ’ ’ chair -e and t h e  “1:1 ‘ “ nt . — n n t u s t , ”n in  inc

-n h a ’ ’  c at rn s - n i ne t, I t ie , so t ~‘e missile soon h-a s i t - n -  n ’en a n  i n ’p l y e t o o l  t-y~ As

t i n . ’ bu: ’ n i  ‘a~ speed of the  i” ’ , ”st. I ing  ,a n n n . ,_e is Cast- (or it, is very t :’ni ’a ‘
~ , the

p -wder c ’a~ he bur- aed up very fast , hut the f l igh t_ su st a I n  an ’  ch’ar ’~e can

cont inue to produce prctpeilinc ni nwer t-o overco’-’e the a i r  res i st-a ce ata ri t.o

‘ a — i t - t i n  ‘ ‘rn acquired ve loc n ty  (or n-n small accelerat i on). Thus t h ~’ mi ssile

c-tnt ‘ I ’Y a o l ’ w - a n’ n i I t-s t in ’  et,.

Tine adva’~~ni’’o of ‘hi s kind of tw o— s t n-ice thrust  eng ine is that t he min sile

c - n a ,  iiT ’C a n’p’at-er final  veloc~ t,i,r , “ood manouu ’erab i I I  ty. And in th e ’ whole

f i  I -h t,, t h e  veloc H , ’’ change is ~t ’rh i e , and t. ’ I S  i s  coo l ~~ oh -p u -e t h e

pr’n ’P( ’ L i l a ’  d i  “rn c t i or i  and t, - control  ~~~~ mi~ sI]e.

compared w i t h  f i t -  n -re v  i ous two ‘cii- ‘ a —n c a n s , t . ’ e a ‘r oi-e I a n -  ‘ -roe dcv i

11
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o ” p h . ’ t h i’- l - ‘~‘n e n ’ n t ~ on nn ~ t’ o— - ’ I t ’  raa i :n n - l l e , in ‘ i d l i f  i o n  to hi t -h eiier ’ powder

an I I t ”h t s~~n ’iic~ n p ” ’~ in - tn t  -‘a co’ s t-a’ n ic ~ 
a onn - - i f ’  arust vec~ o1’ quantity control in

t ’ne s or t  rn ’ n ’e , n , i_ n -_ ::l n l  fi— ’ht missile. ~~~~~~~~~ 1’or exampl e , excen + fo r

a small nat -a: le’ ~aut1w nc, Is wiang lesna , - i n t l t h e  d a rec f ‘ on control is performed

iv ’ t, ,~~’ 1’t~ V c- lV~~t 1n ’ of ‘ l i e  nozzle. Simply because it ban s a vector quan tit y

con trol , it -s  maiueaivet’ t h i l i tor  is bct~ et’ than o

I’ e sho r t  r a n ’ ’ f’~ ‘itt  - i i  n’— o — ’uir missile SR~~Y— ’’~, based on t,he m ’inciple

or ‘h : ’ u n t  v - c ’ or qu a n t i ty  control , on Ha i ,n i l of’ Its  “ n ’ i h n e  set °‘Ur modula—

an ’ H ‘a Ic ’n- to rn - j u l - a t e  the o n - n a l o u s t l o n  a ’ r f’ ow , bus It can cli - an”e the

I n n  ‘ 1’ ‘er ’ ‘ on In order t,o cont-rol ‘ t :e missile d i  an ’ct~ ion .

‘r ” no ~ - O  n ’pp’a n ’anco of t aese newly made n- n-1’t , r ”n ’ e  ml n -n a i les , in

- i -  t a ’ ’ ‘an , ‘ ‘~e~,r have tr,anf’cruned a ant 0 ’ he av in ih i e  m odels. That i s

a -- ‘a ’ I ~~ “ ta ’an -  t innal ” short- ran”e missile, such as I~5’ lcon~ &fl~L4D , 4 1 ,

“Span mn ’cw ” ATh1~ ”F,” , “p
, ‘G, end “Sidewinder ” Afli—9L.

T in e \ r p I o c i 4 v o ” t,hpse rnn r af l . i  -a n al  missiles is I~~’l t im e s of sound speed ,

a ‘ ‘io n ’ nia ’e is ‘t —2~ km~~, ‘ m d  the practical ‘tUi tude is l5, 1OO~ 1’t ,O00m . .

The power equipment of these

powder poured oiai~~-thc ~~~~ 
missiles is ‘a one—st-age prope11in~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

rocket en”ine. The ch ’v”e is

nohe ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘~~~~~ made ‘f’ center s tar—l ike hollowed

- ~~~~ll combined powder poured aloe” t h e

Figure 11 wall as illustrated 1’- Fl “tir e 11.

The cover of’ the engine is made of -alloy steel ro iled  in to  it s  ~qh -ir ’c .

The noz~ ie and the i ’nit ion equ i pment are f~ ne same t in - t~oso of t h e  second

~~~~~~~~~~~~~~~~~~~ _____________
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e’rat,l on a’ I t i t i  I ip s.

The t , ’ I i’d ‘eneration -ì r— ’ o - a n  I r missiles not , only h - c  lonn ’er a a t ack

rain -c - t a d cre aten- velocI ty ‘ m d  t i n , ’  i n  mai ne an v er ai b i i i  tv i s  exce l l ~’ t ‘is we]]

This  Is hrnc ’ - inn e t h a t  hew use h i  ‘it cneil ’gv pow -Icr  r t n ’ ’ ’ ’ - *l , in~ aa ” i p ccembust,or

-ta d  douhle—at’n ’c ’ propell Imp “orcac eii ,” l ’m’, ‘tai l they ar e ‘ci so oqu I l ’i ’ i wi t I:

r ca’olv l i i - ’ no: ‘I e , modulat I - ta ’ i i  C irn S and ‘id J hIn i t’’ui 1 ,” fl oat an I i ’ . ~‘cer -o\ ’flr , the

now tcn - i an I anon o ” d rec I ion control a- i t ine new man ‘ cn I an a a n ’ - I  new t -oct

an ii have t i n e ’  I a’ on- ‘a t  r i ’nt  t , t ’ in~ t o  t’h~~se n- a I c r  l~~i’ i t  ieø o “ I he new a - t i t a n  I I on-

In na ’on ’t , o ’ ,’t ’ ‘ t a e ’  ; - t s t  1 r e i n - r i , t h e  a ’ i n ch  r an- p 01’ , a u r ’— t ’— ’e l r  “ n i n n i e s

has i acreased from prom !~ kna , to I :  ‘~ kin - . , I t  i n a a~ been n ‘on-no ed 1, ’- ‘1 meg an-or - . —

The ve,ioc ‘ tv  li n t — boon I n r :’e ’ ’ t a a. ad • ~ t imes -‘re-i t en- liv improving ‘it from 1. - ‘

to 6 t i m e s  of n-e -e nmd n - i ced . The nr act ical  alt  I tude has  h~~n cha n”cd from

l~~, ~n Rtm , ~ ~C , t b ~) i) i t . , I t  is an l t ’nost . d anl ’  1 c i . The WO t - ‘ u t ~ c- e t h e  an - i “ s l ip  h’~o-

b- ’’n ci”n ~i from ~i~ln - -
. t o  /,c ’)~i k ’ . , I t ,  Is  ‘-nero t h a n  t I ‘- a ’s i n c - - a’ lr1’ All I he ’r a e

- e l v ’ l a n c f w n e n n  a ~~~~~~~ c e n t - n i  I civ cc inmrn ct -c ’d w i t -h  h ” ’  cont inuous development of ’ ‘h,’

cr1- i :ie•

a p a n e  i t  of t he  a dvna a cc ’m ” nn of cv m i t  I ’ m  t p c ~ -a ‘ic  ‘y, ~ ‘ e ’n’ e 0 0 0  oil

new i n-In: ‘ ‘ ‘ ‘ ‘ a  ‘ m a d  - a , ’ij I a n ’ p n ’ ce — t ‘ on ’s , For a n n u l  I n ’ ” ’  i n ’ - t ‘ ‘ , ‘ re n a u l t ’ - r n  i t  an ‘ or

t ’ ’~ i i u ’ — ’ et— ’ a l r m i g ~ i,l p of new n’ener at iou : a n u ’ c’ I ” lncn - r t b l i  t a - , many ‘o u n i t r l . ’n ’a

‘ire now be I ‘ -~ en ’ ~- t - ’ed In deve lop ing  aol i d — t i  q i l  I I  r oche ’ en im p la” mont- ‘ i i  i ’

solid a n t I  I i q i e l d  m ’re ~ e I I - n a t n- . ‘I~ T n- eP”cr w i l l  ee-n ’t - a in i r  i c -nd  t h e  n - —w on’ c- ’

rocket e n iH n e  to reach a new leve l  ‘i ’d  I t s  ‘‘ - ‘‘r et ‘ cal imr ’, tla ’ , i i  
~~n

‘V. 1 nnec ’ nt lii .

One part . of ’  ~t n ~ a r c’ c—’ I l ’ i n n t ,  of a n-cl i l — l i  i a i 1 ~~ e n u ’ i ’ i . ’  ~ $ t - ’ I a ra , I
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~ i n n  I e ’ : l . ‘t” ’r ’ cxl i - ’ t, ‘ t i q ’ a i c l  i ‘~I t~ ’ - °iie l ‘~ n no I i  I . ‘1hen t e

a I - ,1 11( 1 oX i t t .  i n -  ann r ai ac ’d on ‘ t ne Sol Id powder c 1 a ’ n t ’  ‘o~ I t  t o ’ ’ i - it to burn.

The “u at i ’t rn io : i t ; ’ l  ni t  “ a i r t  ann’e  0 ” ‘ t i ’  en ‘ l a n e  i s that I t ,  consists -f a combustor

w h i o n  m o ’  ‘ ‘a l a i n  I i t  a ”  ‘wa n :’ , a can-ct of ii q’ - 1)  oX I t in -a n t  and a cetn -bu~ h In c  -air

- i - a t  ‘r a no Inc I n -  c~ “ n ’i’ ,‘:tsed ‘ i n , lv’ w l i i o ’ n  the oxidant is sent- into t h e

o ‘ ‘ m i ’ j n- f - r , ‘l’Iee 13 t rue  t i L a ’ e  I s I ,lluatai’ted h~ F’i 1-lre 12.

combust.ing
a ir  prod er oxidant sr u l c ”

oxidant flow comhust~r no rzle
cnn+ rol irq lv,

i ’ i r ~ure i~ Diacram or a solid—liquid
rocket en”ine

Solid—li quid n--ocko t en -i rap absorbs the -~-od point s of the solid and the

liquid en~tines ari d eliminates their short-comings. It is  n-n good combination

of the t~~ . A solid—liquid rocket- ean - ’ine na s t h e  followin-’ strong p o in t s a

1. It has h i ch  sp e c l f i c Impulse and broadens t u e  ra n - ‘c’ of’ a r m

select- ion .

a 
~ speak i n - ’, t i e  t.~~~n- i’ ’ t i c - a t  i tn -n a i l  a - on of a ~o]i d— l iquid combined

propellant is hit ’ or than solid r op e i i ’n t n t  and li qu id propellant which c’s’

be st o r e d . Rut it l~ ~l i r ~m nt ly lower t a n  low t o n - a n -  na ’ n n re  l i q u id  a-rope i n - n t - ,

of which the sped f m  impulse r -an -’e is be t ween 25n) and ,y0 see, - a u l a a . Co’a’ai”ar -d

wi th ‘ l i c t  s pr ’c i f i c  impulse ran ’~e o~’ 2-°-~ to 310 ~ec-, - t i , i n , I t  15 ,a ‘ i ’~~ a i t  l~~ 0!’1fl i - on

~ J
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c- It has t h e ’ t ,  n r u n - t  w a  i c ” can i’~e chan ed and th e u-ower wh c i  O ’ i ’ n

restar t :
~~~~ enn ’ifle.

Like a liquid engine , ‘ no solid—li quid enc”ine ann t i e ‘ l m r n e a ~ w

can be ct :atnoed , ‘i-a d I r e  n-u ~ I ~ - ‘In t , i’ can stop burni no hut 1 c ant  t - p  ‘‘ I ted

sri-tin. lt  is har dly po i nan ib lo  for a solid enoine to do so.

3. The s t r u ct ur e  is simple .

Obviously ’ ‘ m c ’  structu”e of a a-lid— liquid engine I a a :  “r ,- mo a n - n  1 c ’- ’ I p I

t han  a solid C :n ” ] ’ie , but. It  is much slmplor than a IHqn I I  Oil l ’ e  h O O ’ l l l S O  Id

leaves o ff  a number of’ sunporting systems . Compared with t a p  itoild e n n t ’ i a a , ’ ,

t h e  liquid e x i t - r a n t  of a solid— li quid engine can he cooled of t’, so it~ excludes

t In — weight ctf the cooling part . Thus it ,  ‘renit l ~’ increases t I r e  po nan ,a i l i i  l i v

of nav in ,” more working hours.
V

4. It is easy to m a a au f ’a c tun r e  rued to t r ’ -m n : n n n o a ’ t . It, Is aaf ~ to r - n n d l e  ~t

and it v~_ good durability .

inlike the solid propellant-, the ox t I-tnn t nand t h e ’ fuel o° a sn - lid — l i q ui d

c -nb nod ‘n-r ot -c I l ’ u t n f  are anp”r a ’ e. So it -  is  not l ikp  the solid propellan t

~~~~~~ tn iura t, be under a i r t on es  l i m I l ’ i t I ons.

5. The cos~ Is low.

In a t I i t ’on to hi- ” ab i lito ’, the main chnarnuct - ea’Ira t - ics of’ a s - i l l — h a id

en- ’ine ‘ire h i  ‘h n n n t n e n n v o r a b L l i t v , safe to operate a -n i s ’im,’le t-o use, Above

all , i t ,  can achieve 1 ul~ h prope hl irif ‘ -ccc’ at low cost • 
‘l’he r,’f an -’ , t t m ne ‘a - . l i , l —

liquid engine represents an import-ant development of rli~ - ‘Ical rec p t . I ’

i a ’ s  crmu -h t attentI on in many ea ’r a m n t r i , ’ s .  Solid—li quid eng ine is now ‘at I

f li~ h t  testing stage,

(Drnwin~ s by CI n ’ i a nc ’  Chen—ve’u ) ‘
a
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I’Jew Term s

~~au i t v — q u n - u a ’ it v  rat io  The qu a l i” — q a l ’ i t a t 4 t v  rn - Ic  n-s’ a soMci rockot

ca ‘Inc is t a , ~ r-u 4 e of’ ~he powder ch-’,”e weight ~~ t h e  eng ine ‘ta n-I t , ~ te t ]

wp i  ‘l i t  ‘~f ~
1rc ’ et a ‘ice ( t he t ---nider cln aa - ~e we~ “hI p lan s  ~~~ n - t rn i c  uj ’al wel “t nt

0 c’ ~~~~ e a a ’ i n n e ~ , Th~ 1-’ ” or t h e  ~“-inp I n , the  ‘re’a en- ‘a l-p vc’~~no~~’t ’ of’ Lao

- “ i s ~~llo a .

T ot a l  i ’np r i se ,  That ~ ne thrust of t , lre ’ eng ’ ne t imes work in ~’ hmnrs Is

t I n e  t ot  a d i n ’ : t r a t l ,-~P ot ’ ‘i roc, et en- ’in e .  I ’ n- uni t  is “ k - _ see ” .

Sp ecific imnulse. Tt I s  th. ’ t h rus t  an’ -d iced by t h e  en-’ine by using

1k’ pr opellant per second, l t n -  unit is  i~”.s/kr ’, at arI it can be n- t tn-, t ~ i f ” ed as

sec. When t a -  we i ght ot’ ‘ i t o  powder char-’e is fixed , t h e  hr ’er ~- kne  specific

m t - n - i n - .’ is , t - - c -  “ne - u a r  t ire t-o~ ‘ii i ra:”nnl c a of’ the engine is , a’ d when the

load i s  f i x e d , I -h . ’ Nr t  im p t i a e , t  Lack r u t  -e o ” t h e  missile I~ ,

Weight - ~~ecif c in n - r u in -a .  Tt refers t,o f tc  r a t i o  of’ ~hc tot-al i ”ant,thse

n an - I  t-he tot , ’il we ~~~ t, o r la ne e n n - ’ tie , ua n t ’ - - e iv  t ae impulse produced hr lkr o~’

l ie ~‘n ’~ ‘ t i e ,

Volume npoc I f’ c impulse. It rc- ”e’- s to ‘ac ’ i r n a i n i n e  pr ’:iucc’ca 1--’ one an-

n- f’ ‘ ac ’  volume n - n -’ Ha ’ engine. I t  ind  c”. ‘- e n-a t r’ .Ie ‘rn-u of ’ a i m i r a ’ ’ :nn ~cc’p hr t i r e 
a

N,e ’itd v~~,~~~~~a . Ire a rocket ,  eui ’ ’i an , 1 1a m a n t , r n r c - ’  t a r ’ ’ ! we ‘ , a t -  cxc’ a n i  in - ’

the i ’no l-c I ln -ta ’nt - en led ne- ’at t1vo we i ”h t , . ‘Inder a fixed load , th e  n - - a  • ier

t i n e  ne -‘i t I ye we 1 g ir t - in -, the f u r t l i e u -  ‘ct missile f li e s .
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