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ROCKE T POWDER

by Tso Yang

Any kind of engine has to burn some suitable fuel to work. A

steam engine burns coal, an internal combustion engine burns gasoline,

a jet engine requires airplane gasoline or kerosene, to name a few.

A solid fuel rocket engine burns rocket fuel suitable for the rocket.

Chemical rocket fuels can be divided into the solid type and the

liquid type according to their physical state. Thus, rocket engines

are catsgorized as solid rocket engines, liquid rocket engines and

solid—liquid hybrid engines. Solid rocket fuel is customarily known

as rocket powder since it evolved historically from gunpowder. Because

powder has always been used in launching or propelling some kind of bullet

or flying object, it Is also known as ballistic or the propellant. In

practice, all the different names are synonymous.

Powder, Common Fuel and Explosive$

People unfamiliar with the subject often confuse powder with common

fuel and explosive. It is well known that common fuel (such as coal,

+ gasoline, etc.) can only burn if oxygen is supplied externally . Therefore,

+ engines making use of such common fuel can work only in the atmosphere of

the earth. On the other hand , the burning of powder requires no external

oxygen since the powder itself contains oxygen. For example, the oldest

and most ubiquitous kind of powder , black powder, consists of saltpeter,

charcoal and sulfur, with saltpeter (potassium nitrate) serving as 
the1



oxygen supplier. Upon heating, the nitrate decomposes and releases the

extra oxygen in its molecules which facilitates the burning of charcoal

and sulfur. The oxygen supplier in the powder is called the oxidizer

1+ and the combustible material is known as the incendiary agent. With

both oxidiz ing and combus tible agen ts presen t in the powder , its com-

bustion does not rely on the oxygen in the surrounding air. This is the

basic difference between powder and common fuel , and is the precise reason

that rockets carrying its own oxygen and combustible can fly in a vacuum

and carry out flight missions to outer~pace —— something impossible

to achieve by airplanes using ordinary fuel. (See Fig. 1)
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Fig. 1

If powders are dangerous flammable material , how are they different from

explosives? Although powder and explosives share some similarities, they

also have differences. The basic means of application of the powder is

combustion , i.e., decomposition into combustion produc ts at h igh tempera tures +

and within some duration of time. The propagation speed of combustion is

approximately 2 ~ 250 ran/sec. Dynam ite is normally used in explos ions to



produce a shock wave strong enough to cause massive damage to the surroundings.

The explosion is an instant decomposition into a vast amount of high

temperature gas with a propagation speed of 7OO~~~85OO rn/sec. However,

under certain circumstances , powder can also react explosively and the

explosives may burn quietly depending upon the conditons of stimulation

energy from the external environment. The distinction lies in the fact I- +

that the burning of powder can be stable and con trollable wh ile the
+ 

burning of explosive cannot be. Hence, we can v iew powder as one kind

of explosive usable in explosion operations whereas dynamite cannot

necessarily be used as a propellant.

The Bl ack Powder

Bla ck powder , magnetic needle , printing and paper making are

the four great technological inventions of the working people of ancient

China. We, the Chinese as a nation , are proud of the four inventions

highly significant in the economic and cultural development of the world . +

The Chinese people discovered the calcination property of saltpeter before

the time of Christ. In A.D. 682, Sun Sa~un iso of the T’ang Dynasty des-

cribed black powder or a similar substance in his book “Tan Ch ing ” (a

work on medicine) and early models of military rockets using black powder

appeared in the years of Sung and Chin (11 — 12 century A.D.). Figure 2

shows a rocket weapon which appeared during the Ming D~~~sty (l368
’
~~-l644 A.!).).

The knowledge on sal tpe ter and powder was carr ied from China to Ind ia ,

Arab ia , Greece and eventually to Europe. Until the 19th century , black

powder was the only gunpowder at the time.

The composition of today ’s black powder is 75Z saltpeter , 15% charcoal ,

and 10% sulfur. It also assumes the name of smoking powder due to the +
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Fig. 2

large amount of solid particles in the form of a dense smoke as the com-

bustion product. Since the energy content of black powder is relatively

low and it is also diff icult to form large charges , black powder is no

longer used as the charge of a rocket but as the ignition for the main +

charge instead.

Black powder is easy to manufac ture by crude methods which are

popular among the civilians of our nation. For instance, the anti—

hail rocket currently being popularized In the countryside can use black +

powder as the main charge. It can also be used as an explosive in

home made land mine or in explosion operations. In times of war, especially

during a people ’s antiaggression war which may take place on our land ,

black powder still has Its place.

Dual—Base Powder

The emergence of nitrocellulose powder in the late nineteenth century

marked a significant stride in the history of powder development. Nitro—

cotton (also known as pyroxylin) is the product of nitrated cotton cellulose.

It has a similar appearance to ordinary cotton but slightly stiffer.

Nitro—cotton is not water soluble but can be dissolved in some organic

solvents. It is difficult to form “sticks” of a usable shape and density 
+

with nitro—cotton alone, however , organic solvents can be added to increase

its plasticity and to form sticks. Single—base powdet with a nitro—cotton

— - .. ~~~~~~ 
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content of ~0% or more is produced by dissolving nitro—cotton in a

mixture of alcohol and ether to form sticks , and then bake out the solvent .

Although the single base powder contains more energy than black powder,

its energy content is still considered to be low from the rocket tech-

nology standpoint. Besides, since organic solvents need to he baked out,

granule or ptil.ets are opted instead of the more difficult stick shape.

Single base powders are generally used as gunpowder , rarely as a rocket

tuel.

The solvent used in producing dual—base powder is nitroglycerine ——

nitrated glycerol —— a high explosive with large energy content. When

the nitro—cotton and the nitroglycerine are mixed at an appropriate ratio ,

the nitro—cotton will gradually he dissolved into idtroglycerine under

the action of heat and pressure. It can then be molded into pieces of

specific geometry and uniform density. Since the two main ingredients ,

nitro—cotton and nitroglycerine , account for more than 80% of this kind

of powder (the rest , 2O’~, consists of various additives of special

purposes), it is called the dual—base powder or the ballistic powder.

Dual—base powder has a higher energy content than that of black

powder and single-base powder. Large sticks with good combustion charac-

teristics (almost smokeless) can he made out of dual—base powder . It is

widely used , not only in fire arms and guns of medium to large caliber ,

hut also has a place in rocket weapons.

Dual—base powder is ordinarily used in the free—loading style ,

as seen in Figure 3. Sticks of the required geometry and dimension are +

+fabr icated using dual—base powder. They are then loaded into the corn—

hustion chamber of the rocket engine and fixed in place via the retainer
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Fig. 3 Free loading style powder rocket engine

plate . The maximum diameter of the powder sticks is approximately

500 mm according to the capacity of currently available pressing and 
+

molding facilities. Such fabrication techniques have already matured I 

+

to a large production capacity in turning dual—base powders into pro—

pellants for medium or small size rocket engines. The first generation

air—to—air missile of the U.S. “Side Winder 1—A ” and surface—to—air

missile “Terr ier” both used dual—base powder. The auxiliary booster of

SAM 2, a Russi~ñ antiaircraft missile, also uses the dual—base fuel.

Compound Powder

Compound or complex powder is a mechanical mixture of the corn—

ponents it contains. BLack powder is the earliest compound powder .

The basic ingredients of a modern day compound powder are inorganic salt

oxidants (such as ammonluin nitrate , potassium perchlorate , ammonium per—

chlorate, etc.), plastic and rubber—like high polymer cohesive materials.

In addi tion , metal powders (such as aluminum) are used as high energy
‘
I -

~

combustanta and small amounts of other additives are generally used.
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Among the compound powders commonly used , the oxidant is generally

ammonium perchiorate and the cohesive materials include polychioroethylene ,

polysulfur rubber , polyaminoplast , polybutadiene rubber , and dual—base

cohesive agents. The last type has nitro—cotton and nitroglycerine as

the cohesion agent and is therefore known as the compound modif led—dual-

base powder. - 
-
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Fig. 4 Shell-cohesion type charge for rocket engine

The technique of making compound powder normally follows the

“pouring” method where various ingredients are mixed to form a pour ab le 3 -

batter. The batter is poured directly into the combustion chamber of the

engine, as shown in Fig. 4. After a few days of “solidification ,” the

powder will ~iecome an elastic charge attached to the inner surface of the

engine chamber. This type of charge is known as the shell cohesion charge

and this technique can be used in producing charges of several meters

I diameter and several hundred tons in giant rocket engines, as can be

+ seen in Fig. 5.

The compound powder outperforms the dual—base powder In the

follow ing categor ies: +

a) High energy content. In rocket technology , the physical quantity

used in measuring the energy content of the powder is the specific impulse.
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Fig .  ~ (‘ross sectiona l view of g iant  rocket engine

that is • the’ t h rus t force produced by 1 Kg of powder in I sec. The

unit of specific impulse is Kg - sec / Kg . general lv known as sec.” The’

t a b  i t ’ in Fi g. t~ is a comparison of the spec ific impulse of sever a l  k i n ds

of powders. Not ice that compound powder and mod if ted dua l —b ase powder

are leaders in this category .

h) Hi&h spectfic~~~jivttv . The s p e c i f ic  g rav i ty  of the compound

powder is approx imately between 1.t’7 to 1.8 gm/cm 1, as compared to that

of the dual—base powder ’s 1.57 to l.t~t~ gm/cm
3. Powders of high specific

gravity have the obvious advantage’ of more loaded powder per volume .

thereby reduc ing  the volume of the rocket engine or a longer range for

the same engine volume .

c) Wide temperature ran +~L+2j~erat _io n .  ~ener :3 l i v  speaking,  the

operat ing t emper ature range of a h igh q u a l i t y  compound powder is between

4f ~Ø0 C and _600 C. The range f~~r dua l—base  powder is  narrower , app rox im ate ly



9

+150 C to _400 C, and the action at low temperatures cannot be ensured .

d) Wide range of combustion speed. One of the important characteris-

tic parameters of rocket powder is its combustion speed . The combustion

speed is not directly related to the quality of the powder. Various

kinds of rocket engines have different requirements on the combustion

speed: some demand a high burning speed and others may require a slow

burning speed. A powder wi th  a wide range of burning speeds Is desirable.

The speed ranges of dual—base powders are relatively narrow; in par t icular ,

very few dual—base powders have combustion speed less than 4 mm/sec . +

On the other  hand , the wide rnage of combustion speeds of a compound

powder covers 1 to 50 inn/sec. +

e) Economic considerations. The major components of a compound

powder can all be chemically synthesized , produced on a large scale from

an abundant supply. The ingredients of a dual—base powder , glycerine and +

cotton, must rely on agricultural by—products and therefore are of limited

supply. The current going price of the compound powder in foreign

nations Is only about 1/5 of the dual—base powder price.

f) Technical considerations. The manufacturing process for compound

powders in relatively straightforward and requires few specialized facilities .

Since the pouring method is employed , there is essentially no limit on

the size of the powder rods to be made.

Na tural ly,  the compound powder has its shortcomings ; for example, its

mechanical strength is low and the smoke after combustion can be an

irritating problem in certain situations. Since the plastic and rubber—

like material have their usual aging problems, the storage time of corn—

pound powders is only about five to ten years as compared to the thirty I’

years of the dual—base powder.
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Fig . 6 Specific impulse of various kinds of powders

Among the various kinds of rocket powders, the compound charge is -

meritorious in many aspects. It is also rapidly developing and has a

great potential even though it came into existence only after World War II.

It now plays an important role in rocketry and powers anything from small

or medium rocket weapons to giant intercontinental guided missiles and

rockets used In space flights. For example, the American Imperialists ’

three—stage solid fuel ICBM Minuteman III uses a polybutadiene compound

charge in its f i rs t  and second stages and compound modified—dual—base

powder in its third stage. The submarine launched intermediate range

guided missile Polar is A3 takes polyaminoplas t compound powder in its

first stage and modified—dual—base in the second stage.

Along with the continuous development of rocket technology,

the demands put on rocket fuel are becoming more and more challenging.

The most widely used rocket charges are the dual—base powder and the

amnionium percholorate compound powder Introduced in this article. With

specific impulse values of 200 — 250 sec , the energy con ten ts of these J
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powders can only be considered medium. TlIt spec +~f i c Impulse of the w idel y

used liquid fuel can be as high as 280 — 300 sec. Many nations art’ making

great efforts in developing new high—energy rocket fuels based on power-

ful oxidants such as hydrazine perchlorates and nitrophenoi perchiorate,

and high energy combuatants such as lithium metal , beryllium metal , and

metal hydrides. Such high energy rocket fuel may have a specific impulse +
+

of 300 sec . The development of high energy rocket fuel is still In the +

research stage since much has to be done in solving problems on their

chemical incompatibility, instability, poisonous properties and economic

considerations.

Figures by Shaw Hs ien
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Vu Ling-Yao

The preceding issue of this ~ournnl him introduced t he first

part of the article; presented below as a continuation is the

I’ second par t describing various methods and the underlying iris—

ci plea of the radio telemetry used on artificial satellites.
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I l  ,- ii t : , ’r~’n I  Ii’ ,’ Fe ’ (‘ je - 1 ; 111 I c  : i i X ’ ’ sr ’ C ’  I’ or i s V , ~ : i t t  c ’ h i r c i ’~ i n —

ca~ e
i t ’ , , C ’ Is J t t ’ er:e t ‘ , i t  i i —  I here ’ oi’ ’ : i i )  I I c  :: t I l ’c  I to Ic: c ’ I

: mn-I Iuer:c ~ ii : - c t ’ i  I j I l l -  F :  , or : P I e  t 1” 1 P 0 - ; U , ’b Ic - ’s’ ~ scri :-‘inntion mu) t i c l l ,s + 110

t~’ler:e t er’t m~1t .

(~- ‘i g.~’ t o  f l t ’ l - t ’t I r  next page)

I, ,’-)

l i t  I t ’  (I C h I 1, ’ t i e  u n i t  a we I g l u t
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15 
I t O f c c  ‘ t :e  TIC\’ ( l i : : c - r u’-iln t i o f l  r:miI t icti ~ niie -l I t - ~~t ’ i t , ’ t ,  ‘:~~c h s’y st c m ,

cc’ ‘i c C I t l ii’:: t on ± n t  ervals i . m o i m s  t he auxi 11 I1~~V c: i-ri  or w :  V t ’ S ‘ ‘i lF  I I’~
S t i l t  i C I t ’ , t ] - ~~~~~ i’ e icr  t o  ‘ re - v e n t  - u t u o l  I : I I e - r :’ c - r e i ’ce . The number of

channels it : the  sy s t e m , i.e. the nmu-:t’er of the auxiliary carrier waves,
::uat not Ct’ too large . This it : because of t i e  fact that , the more

a u x i l i a r y  ca r r ie r  waves  there are , the sn:v-ller the  f r e n i m e n c y  st - sa in t i 0 f l~

:ers on ’  t h e m  is’ill he :.nd t h e  more eas i l y :tn: l uab ir:terft-rcn ce

wil l  t ie p roduced.  A t  p resent  the  channel  number  il l a typic : 1 frequency

di sen :‘:inretion mul tichrinnel t e b on : t ’t e n in g  s y st e c  does not exceed 15.
iS order  to  r ea l i ze  the frequency discricination mult ictiarine l teleme— -

‘

a
ter ing, i t  is necessary to incre4”-e the  osci l la tors  for  the  au xi l i ary

carrier waves sad their r ’ o ecubn t  ion processes. t h e  m o d u l a t i o n  a:’ these

auxil i ary waves by t e l e m o t e r i ng  oi 1 ’:n.is moy he any one of the three kinds:

a:-:plitude modulation , frequenc y ‘oduint ion , : n d  r ima se  m O d u I c I t i O n .  t i e
- ‘ trodulation of the carrier wave also cry be any one of the  R h o V e — --’ t - r I t  i ari c ’d

‘
C 

I hr 1’e k i n d s .  L l 0 : i~’- l I F t  i o n s  of h o t  It r , o d i i n tj o n s  const i t u t e  I he tinip lit ode

modulation—amplitud e modulation ( t he forme r refert. Icc tin auxiliary carrier

wav e w h i l e  the  l a t t e r  to  a c a r r i e r  Wave)  , the  ampli  t ode : ‘ :odmi l r t  I o n — I  re~~ts.” : —
cy : o d u l r e t i o n , the  fr e 5 lu c t ’c y  m o d u l a t i o n — f r e q u e n c y  m o d u l t t i o i m , : - ‘ C  f r e l i i e ’ ic -y

odula tion—p !:nrte m o d u l a t i o n , e t c . ,  a l t o- e t h e r  nine type s of “ twice rod s—

3 r t  ion ” . :t i nce t h e  f r e q u e n c y  r ,o du l n t i on  has good  .11 11 1 i t - y  sg:’i : t st  in te r -
f e r ence  F l i t  a broad f re  - u c r e y  t ’snd ri: ’ it:; n d V s I I t I k , 0 5 1 t i o w ’t c d n v s  t he  sort

used : :I o d : :l : c t ion is the frelluency roodulntion— fr- -uenc y ::todulation. -

~~~~- - r ecent  ye:  r s , f ol l o wi n(  t h e -  deveb or - :er t .  of t h e  i ’ t u : s - c — i o c b t  - t echi- j - i’i:e

the ground s t a t i o n s  1-n ve er :pboyed the  s et h o d  o~~ p ha se—lock  r e c e p t i on
to r e c e i v e  rhase s’odu ,n t e d  waves~ wh i ch  ssn a: ’i ’i ’t ’clahly r :~iae t h e  nccurnc :’

of the- tele:’, ct e n i  t ic  si gnslri . [‘henefo re the i’ t :sse ‘odul :‘ t i a :  of c a r r i e r
waves also I:os + r : n i i u : l l  ir’ lIe -come - rorular.

Time discriminu -tion r;u )tichriiinci telemet ’rini—

C o n cer n i n : t ime tj :- c d ia c r i  r - i n : ’ t i  c ’ - : sI tichannel tolen- etering , it,: l ’ i - i

cir’le cf operstion r t o t  I t ’  t r a n s m i t  t -er  trnt ’s-- its by turns the several

tele :’:t- tt’ning a i - ~n : 1 r  at d i f f e r e n t  ti mes. W e s t i l T  liSt ’ t h I s  exs t”r l e  of trnns—

rortin;- the’ fou r  b i n d s  of rice reeds for illustration . iHmr~ ore k i n - k  a

number of trucks r’tove sian - one :it’ter rir,other. et t h e rirot trod - carry

t ’ -.t ’ ‘ o• 1 rice seeds , and the ‘ocend truck the ho. ~
‘ r i c e  n ’eds , etc.....

( I.) 
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Co rning to the fifth truck , it also carries the ho. 1 ri1 ce seeds , and

the si:-:th truck slso carries the 110. 2 r ice  seeds , etc ilhi~ cyclic

pattern re-’erts itself. ‘Th e receivinr- station would identify the dif-

ferent numbers of the rice seeds by the order of arrival of the trucks.

In the process of transrritting telemeterirug parameters, the earlier and
later times correspond to the order of the trucks. Let the transmitter

transmit in the first time—interval the telentetering signal from the ho. 1

sensor , and in the second tim e—interval the signal from the lb . 2 sensor,

etc.,.... In the fifth time—interval , it would again transmit the signal

from the ho. 1 sensor.. and thus ~‘o on transmitting cyclically.
’

- The cyclic transmission of tc’lemetering signals is achieved through

the function of a channel-switch which connects by turns the four sensors

to the transmitter. Thus the modulated t e lemetering signals on the carrier
wave belong , respectively , to the four telemetering signr ls at different S 

-

time -intervals, (Figure 6). At the ground receiving station there is a

corresponding channel—switc h which discriminates the four signals according

to the tine order. The ground channel—switch must be strictly synchronized

with that on the satellite (Figure 9), or else an error would occur on

receiving such as: th e  telemetering signal from the ho. 1 sensor being
taken as that f rom the  :~~• 2 sensor , etc.——— a situation similar to that

aS
described ”W. Lee puts on Cr. Chang ’s hat.”
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Figure 10. Dia~ ratn indicating combined use of f requ enc y
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is

‘lii 
“ -—

~ 

- _ _ _ _



~~~
—- - ---‘-“- -‘.. -v- -’--~ ~~‘:I i i - — - - - ~~ 

,~~~~
“ T L  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-
~~~~~~~~

se-eu fro:-- the ~‘ic . 5 , the time discr imination niult ichonn el to lerc- t er—

ln ; act unily ,iecLr ,ros es t : e  continuou sly Vary i i t - ’ si - n.  1 ‘:10 ma ’:  ~~1s , ; o i i —

ed t i  ‘ : , : , i t ;  f,’r t r  ‘ t I - i ,- : ’  c i i . . 1 100 the C~:1: 1t1t’l — si~i Ichi connects . - e r ’ :

se car e - : t c t ’ , one v : , l u e  i s  e x t rs ct  _ m - oi - :  I - c  t eie:’ eter ln— :‘i—n:. l tr: ss it —

ed L’\’ I h:~t t ’ c S - O X ’ . ~i u I t ~ i- i -ocecs i s  called oc t-lu ’ , ’. ‘he si —u’s 1. re -C ,’ i v cd

i t  ‘ ,e i~ ’,n .i :’ I i i  ion  in  ~ u :’t one c l i : ’ , ’ C i I C c i  c i ’ ! ! . - l . ~ : ii  itch i :  ;o i ’.’ - d

s- i u , .  S t ’ ’ r ’ . e r t  ti.e on ‘ i t - c l  c a n t  i -  itott , lv \ ‘sryis- ’ .-‘ i ’ ’nnl’.’ ~~~.“ o t -~’ I i c r I —

1., ’ , it e - , t :  1 L’ Fl ,~ ‘,-,‘ t  h - k  c. e- e-~~’ ’~ v- i ’i t’ (ii O(_ i!. s j ~ : : i i r  c l i  s e - i - f e - c t  lv
S c -  i’ c~ - ‘ ‘ t - e- or  I — i n.  - 1 , cc ’’ I i - - 

- - ‘ 1 . 1  1 rro ’; i d e  he ‘i : :  - “ ccl so: r I .  i n~~s
er cc r I ,e t ,,‘ L’ t e t e - r i  ~~ ci -ui : :l  is crest  en t :sn t w i c e t i - c  s ax imum Ire—

‘ 0 c ’O~’~~
’ ~‘tl t 1 ’: + t : ~- - : ‘ : I l~ i s .  n i ’ : ’ct ice , t h e  ch :  t : n e l  e xc h , nih-e fro :’t  one a e s to r

t o  i ;m : o t h ~’r a:- I : - e -  1 y an e1~~c t rni c e h 2 i n ne l— F V i t C I l  is  instantaneous , and 
S

‘ c’ , ,n r :  l i o n  of c o t - n o c t i n , ’ m,~~t h  e:’c -, c a n s - d r i- .ilr-o v e r y  s ho r t .  Therefore ,

I i ’ sr - - c o t t i ’ s-er oh  ac “i ’or c , the t i m e  separation interval t ’ e t m ~cen

I ‘ ‘ t ’ 1 -r e c ed ir t o  - ‘i:d - -,it ’ i ’eii:ent :-s:::r l i  n- -s of each telerneterin- signal is

still very s-i I • oreove-i-, t h e  r - : aj o r i t y  of t h e  s -e s - cu r e d  e n — i  se-en 
~~ r

t -ar st e t e r t ~ s t id  i-c. 50k 0. r:ir: se t e rs  v a r y  v er y  ‘ l o w l y  a nd  t h e i r  max i :::uni

1’ t’e - : uc -~:c’ 1er, sre ver :- - low , i t  is  v e ry  f en si h i , - to  make t h e  s i tn ihe r  of snri~’ —
lin 1~~rer ccc - ‘r’-stc-r t ’n : . i ~ t w ic e  t h e  rna~~inum frequency of a si - -t i s i .  Cf

course , fo r  c e r t a i n  r::r’idl v :’rb+ir : - t e l e ::e t er i s  - -  p:~r.-~i :ic ’ter:’ I 5 c ir t r : - i i c —

~1iSsio:: t’e-;::i ret ’ t h e  in-C- of t h e  f r e q u e n c y  d i  scnimi O t I  t ion m u l t i  ch ~r t t n e l  t e l e—
r et e ni  i i - .

It: r r z~Ct ical ‘-- s - I ,  ‘ i t -. , u s ua l l y  there involve h o t  Ii the frequency discri :t i —

nation r:ulticn:cnnei :.od the t li ’:e- d 1 : ’ c r l : t I l : : t  ion I u l t i c l t s n n c -:t , W h i C h  tt SC

used in c o m b in a t i o n  t o  oust- i ‘tent  e a c h :  o t h e r -  I :- ‘i -n :rc ’ ‘ ‘0 ’) • he k ’rec i te ! : cy
,1 I scr oh. ont  ion mit Ic h: roe- is t rrmns ’-- it’ t 5e- on;’ i-h i I vs rv ir , - ‘ r t~r a r e  t e- t’I ’ i~ 1’ lie
the time dit -cr i ::,i;atj O t t  - -n1t~ c haor ,c 1: 1 r ril ’, t ’ :- ’ t I ‘:c ’ t 1  oi~ I v v ’ - r v i  u - g  r I n se—
ters ,

bulse coded : r o d u l : , t j o t

- 1ince the t e i e : . , c t r v  5 1 : t - ~r i s  a devi ce w ”~ c 1 t rerfcm rr’s lon ,~— d i c t n n c e
O t i d  I n :  ‘‘srt ~~ts t i :  ‘ - n c: 1. da t : t , so ore i tr- ’o :-t : i tt  in d e x  i ~i d i c n t —

fe:~ I 1 S t ’
In c  the  — o o d n es s  ~: its - ‘u~ 1 it ’- is “ d i n - t a r t 4  c-.n _ l r c - e ’A of toe

tel ito ter I ~~ ‘- rn:’:’ ” I crc i-. fter re a Ic 1 S c-t I c s - i  ss’. ( ‘ItS so t h : ; .  I t h e  ‘—r ound

dero )ula t ,-d ti n t -- c-ten: wi  t h i  sr ;ri l cr1-or!’  i aml d : , — r ~-e ~‘- i  t h  1° c n c tu : ; i  v : 1 . u e s

as c lose ly  t o  t’os.-ih.e. iie r ’ : - in  somir~ e oh ‘-ta n s In t h t t •  t e l t ’ ”e t  i-y cai es

L 

I I) 

I ’
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f rom t h e  i n t e r f e r e n c e  cs-to ed i’Y t 1’e  randot :’ e l e c t r i c  waves in  t h e  t n : ’nt — —

mission t’rocess.

ir rc ’ : i t iy ,  i t t  t’a’ telt ’:-etry s v st e n  of an artificial satellite a method

of modulation t ’y r u b e c o d i t i ~- , b r i e f l y  c r . l le d  pulse  coded m o d u l a t i o n , is
widely emp loyed . hi~ is ti:  ad v a n c e d  r o du l at  ion  scheme wh i c h  f : :n dn :  e n —

t t i i  l’C a t r e n - t ’~enr  t h e  c ap a b i l i t y  of th e  telc’r ’et ry  oyster: n1 ninst in te r -
fe r en c e , th e ret ’ y i nc r ea s in c  t ’ :e p r e c i s io n  of t e l em e ter i n 1 .

‘~~~~ it;Ctt t lou d ~-efore , the si~-n: l transmitted f ro r  a sensor is an e l e c t r i c
V O l t ; i~ t’ :i 1 O1ril w 1,uch  is prosort l o s t ’  I t o  the - m a g n I t u d e  of c s t i r s - n e - I  en t o

he :‘, e a s i t r e - d . :h i tce  v a r i a t i on s  o t’ t h e  e l e c t r i c  v o l t : -e are  t u n e d  t o  s-i s -u—
late v tit - i at ~ar t c o~. the - Ire-so:: re ~ ‘‘ n os-c’ I or i-co t h1’ si —sa l i s a cc:’ si —

r ”u lti t i n~ c c l  1 tia l • ‘
~~~~‘~~ :“.oduls t  i ~‘n~ as de scni he s r t-v t oun- l ‘e I t n  v t :e un-c

of  su c h  oirt ulot h t t - ~ n-i solo  t o  :- : o d i i l s t e  t h e  au x i l i t rv  cnr : ’ie r  ~ t :ve r or t h e
cart - i er w : ye so ‘at t t he -  in  a:’ i ’l i  t i t  d e n  c. i’re - ’ t :e t :c I ccc o~- t-’ ::cse “ v a ry  c att~

‘,nu ou : ’lv t . c c o t - d i n . -’ t o  t t ie -  :i c t -  or low e le c tr i c  v o l t s — e s  of t~~c’ s - m u l ct  j~~:
n t - o s l o , Ihi:: hind of t r o b u l : , t  i on  i n -  c a l l ed  t ’. ” i t l , - t j a i i  n c ’d t : l : i t  ion, he

s i t  I ~:~- e- ‘ c O h U  I f tt  t O l l  I , Oic C I’ ,’i’~ a 1, k :: c t ’ t ol l -e r  - a d ; :  1st  ‘t on , . t t i : ; l i t  s-—

I l V t ’ 1 )  ‘i l l s  Sc ’ :t t  :‘rot-: I s-c- s - i  ‘ i t l i t t j o l t  ‘Icc m l  ~c - ho: ’  • I t :  c ~~~~~~~~~~~ I C: ’ o t  t c i s

- -  - I c ::,. I t r . ::~~ ::; It c~I f ro:: , ;’ s-c  - icc ’ r ’t ’t : ; ’- t  h h  r ot  ‘e u’r~ e -es -s - ,’d I ‘r ot :  It

c c c ’ cod  I I I  I ” 
• ft er - I S O : : : -  f ’ t ’ :’ 1 :t -’ ’ I I  e :‘t  -- :11 :it , -:o i i n t o  a pulse

signal represented  by ~~~~~~~~~~~~~~~~~~ or s - I- , “ o c e -  of 1 ‘ :e : ‘ l: i : ’C  i s  t : t  i l ~~s- e- .t

cc -: cc h-~l at e -  to - - ox i 1k. .r’- c - r o i c - r m s : -  u, ~‘ or I b e -  o t t  rS t (~ r - s-ye ’ , ~~~~~ I i n c o  t t ’

‘ c c m - r .  I i ~’r ’,” : 1-O e - c t - s  c~~’, s - t .’ I :  e’” - 
i’ c ’e-  t I e - s o :  cc, ’ : ‘i i :h ” , - - : : : : :t i k ’ aca I i o n , :l::d

e- Os - itt ’’ :1~~~tI’ ,’ I ,

f t  i s - ’, t , t e - i~~~ l ,  - r’ : he  i s O ” - ’  - - -  - ~‘: t - e  s-i rulntjn~ n - Ic ’s.211 of  n t ’le—

met er in~- psrnc;eter Ir r-:’,io:itIed f rom a t er n - c m - , t u rn ing  the  c c c n t in i t c u o  •
-n u b  in  t o  a se-r i  en - o f  d t  , c i  n e d  v : 1 i:e~ ;, t d i  h - u ’ c’ s.t I I e- i n  I e n —

v . , l o .  l’hir :- r c ’ e - e - t I t s  “ s identica l ‘n’ i t i t  t h e  c c:”r ’in1’a  made i n  t h e  I i i  e

e-i- t miflation r,,ultichannol teler:e tei-knc , l-’or each sint~ating signal I ”e

n u m b e r  of samplin~~ rer sec should be greater than twice the possible
max i mum f r equency  of t h at  si~-m a i .

, t:e- second step is quantification , which means conversion of the nuseri—

cal va lues  oht a i n e .~ f rom san:- .Lin g i n to  st a n dar d  va lues , also c r i u l e , i  011en-

ti fied values. I.’!:c r’ethod of quant I fic~ ti~~n c~ n s - hn - t: Is cI~ i t c I I t i t~ t h e  
S

s o s - i t ’ i’ 1 v os-tai ~~c’d r i : t . x t : ”  ti : v : I, no th or ’ :: c c ’ : ” ;; 1 : - I  ‘, t i c  c i  rnLl l ‘ it o  .
‘ I c v , ’ ‘1:

i s -y en :— ”  and no t - h e—n: ,tg t o  the n-cnn’. ing v a l u e s  I I : , ’ cct;ndt’ .u’d valu e- : , et c ’

- ~~~~~~ 

.- ‘~~- -- 5-
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c c l ’ ,c~~~’, e - ’ t :  s - i s  en ’ y one c~’ - t  ‘~t e’ ‘ 5 ” -: 1 of  t he i i t t ~~~~~~ :c o s o-

~‘l~ t c i  i i  I I t  t he  ,‘
‘ lu - v ‘ ‘i t 

• OS In :  c O , e -  c~ (i”jr. 1 ‘ i:~~
’
~~, S , :~I’ d l v i  do

I tt’ l ’s- i - - i t ’ i ; x  - ‘ ‘ s - .  Vt ’te - , Il ,i . t o  (‘~ 1, , ~~, 
4 , ‘~~~, C’ , ; ::,~ “

, i . e . ~
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:trt’e;cns- rod the zcr,;’li tude is-’ zero. ‘This ty’-e lit c a l l ed  a s-r I  itude— key—

control. In  t h e  c: me of frequency modulation , when there is a pulse

there results a steady c ” t i f t  in - .  the fre’uency of t-te aux:’lisrv carrier

wave , c-nt in b i t e  ab s en c e  of ‘ u lm e  t ’ te  nu x i l ic ’cr y  c ar r i e r  wave r e t a i n s

its center frc’ tu’rcy. I ’Hn -  t l .’ u e  i s  cs-lied fre-~uency—ohift—I :ey—control.

lIi::: i l r,r i i ’ , ~. c ~r ocess  of u r - in r ’  t h e  presence or abset:co of a pulse is-i

phase : .  o s I t t i r  t - i on in -  c t - l i e d  t : ’t e  i ’ i t c s .e — c h i f t — t c y — c on t r o l .  That  is , in. the

r r 0 5 0 n c t ’ of s-c i - s loe  the ‘han-c of s-n r u x i l i a ry  carr ier  wr .ve is  s h i f t e d

by 180
0 

while in the absence of s-nine the phase is normal (Yig. 12).
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The s-oat advantageous feature in emp loying the pulse_codeAnuodulation

lies in the fact that it enitbies c’. telemeterin— :cisnnl to remai n cc-en—

tially unaffected by the interference of t h e random electric waves ,bnrino

transmission process . In its entire course of transmission beginning

with the em issior. from a satellite and ending ‘- ;itl the receytion by

• ground station , a carrier wave often has a varying an0ii tude due to the
int erfer en ce by the random electric waves , which  produm ce an extra arnpli—

tude modulation, When the simulation modulation is - - used i t t  the amplitude

~2- - 
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modulation., this extra amp litude modulation conatit ’cto :- t~he error.

bt owever , wb :en  the pulse co d c-c I  modu la t ion  is er t r l oyed  to p e r f o r m  the
~hef u n c t i o n  of the amp l i t u d e —k e y -- c o n t r o l  fo~~~carrier  wave f r o m  the tn -a r , :--

m it t e r , the demodu la t i on  at the ground onl y r equ i res  the jud gment ” C f ~~
ca r r i e r  wave i s  rr e s e n t  or t o t , the magsitu c’e of i t s  amp ’. ituft’ ~~~~~~ n~

- i r —

r e l e v nr ,t . “ once  t h e  e x t r a  m o d u l a t e d  ampl i t ude woul~~~~la:t too- i r ~~omt an t

r role .  It  may be no e s .  f r on t  he F ir .  13 that due to th ii ~er f ere nce

of t he r t n d o s-  e~~ ctric w-avc-s whi ch is exper ienced  ‘cy t h e  c a r r i e r  wave

in .  t h e  transmission. s-recess, there results- an extnit vc’~riatiol -’, in t~’,e

carr ier  n a v e  amplitude . The form of the pulse obtained through demodu—

la tion  a f t e r  i t s -  r e c e : ’t i o r ,  at the  ground looks almost entirely different

,“ rom the  o r i g in C i one .
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Ceesaw forts- —,~ I

ui-c form obtained after - 
b e in n  due to
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- interference i I Iro-.nd ~~~~~ . os uL,t  ion

dfter fiitel’inC 
by random

electric waves { , s I
be te c t or out put  — - - - - - - JTL~JL. 1111 ~J11t~L .

T”i~’.. 13

However , in de tec t ion  i t  is only necessary to i d e n t i f y  the presence or

absence of the carrier wave. When its amp litude is not smaller than a
half of i ts normal value  the  whole pulse can be retrieved. Then its

amplitude does not reach a half of i t s  normal value , the r u l se  i s  consi-

dered as absent. Therefore , the error  of m i xin g  up 0 and I would occur

only if ar - ext raordinar lT large i n t e r f e r e n c e  should tak e place so tha t  i t

reduces the carr ier  wave amp l i tude  by more than a h a l f,  or it generat es

an extra amplitude larger than a half of the normal value in a time inter-

val d inin g which there is no pulse. However , the chance for such extra-

‘3)
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ordinarily large interference to happen is very small. Similarly when

modulation by f r e q u e n c y — s h i f t - k e y - c o n t r o l  or by phase-shif t -key-control

is employed , again demodulat ion at the ground only requires the judg—

inent of whether there is or is not a frequency shift or a phase sh i f t ,
i ndependent of the magnitude of the shift. Hence , variations in magnitude
of the  shi f t  caused by the in t e r fe rence  also do not under the usual condi-

tions , le;d to errors. However , in the case of using simulation modula-

tion in amplitude modulation or phase modulation, the magnitude of the
frequency shift or the rhase shift signifies the ma~’nitude of a telemeter—

ing signal. Therefore , the additional frequency shift or phase shift
produced by the i n t e r f e r ence  will  c o n s t i t u t e  an error in the telemeter ing

signal. From this it may be see n that often its tr ansf ormation through
such pulse coding the ability of the telernetering signal against inter—

ference is greatly st renthened.  In comp arison wi th  the simulation modu—

lation, the pulse coded modulation is able to reduce appreciably the errors

in the telemetry and to increase its accuracy. But the pulse coded modu—
• lation itself carrier along the “ quant i f ica t ion errors” , which come about

as a result  of the approximate method used in rounding off  a decimal nu-

meral into an integer.  One method to decrease the quan t i f i ca t ion  errors

is to increase the number of levels so that the separations between two

successive levels are reduced.

~-:ost of the practical pulse coded modulat ion systems are of the twice

modulation type: a code—number—pulsed t e lemeter ing  signal modulates an
auxiliary carrier wave , which in turn modulates a carrier wave.

The t ransformation of a simulating sic’-nal into a code number signal is
accomp lished wi th  the aid of a si’nulation—number coding changer , i.e. an

encoder. In the pulse coded modulat ion system, an encoder must be added

between the sensors and the transmitter (Figure 1k) .  Correspondingly,

the ground receiving station n:ust be eqipped w i t h  a device which trans-
forms the number—coded signal back to the simulating n-ignal ——a device

called a number coding—simulation changer , or decoder. This device f;cili—

tates the retri eval of the simulating (signal ) e le c t r i c  vol tages  f r o m  L ’ ;e

binary number codes obtained after demodulation; these electric voltages

will then be amplified and recorded or displayed.
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