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A Brief Talk on Man-made Earth Satellite Orbit
- The Movement of Satellite Orbit Plane -

W Ling=yao

Following the article which deseribes the movement of a satellite

inside the orbit plane, published in last iasue of this jJournal, thi

£ , this

article is to describe the movement of the satel.ite orbit plane,

A plane where a man=made earth satellite orbit is loecated is called
}
orbit plane, This plane throurh *he center nf the earth forms various

angles with the terrestrisl equatorial plane, These nnrrles are called orbit

inclination. UWhen the nrbit plane eoincides with the equatorial plane, the

inclination is zero. And when the orbit plane is perpendicular to the
equatorial plane, the inclination is 907, At t is time the satellite will

fly over the arctic pole and the antarctic pole, so the orbit of which the

incl nation is 90 ,1is also called polar orbit (Firure 1).

. polar orbit
- orbit plane When the

- dinelination .
- inelination ineclination is
equatorial plane e
) equator smaller than 90°,

Firure 1 the satellite moves

from southwest to
northeast or from northwest to southeast, Following the direction of the
earth rotation, it is ealled prorressive orbit (Firure 2 left). When the
inclination becomes larger than 90°, the movement of the satellite is

opposite to the direetion of the earth rotation, it is called retrorrade




' ‘ ' ‘ Most of the man-made satelli

take prorressive orbit becanse the

launching can get some help from

<SS J \ the earth rotation, Thus the

prorressive orblt  retrorrade orbit 40 6f  earryine the satellite
can be lessened. Fxcept for the
™ rire 2
arctic and the antarctic two poles,
evervthing on the earth, becanse of the earth rotation, has eastward sveed,
This spned ah tl'e equator is A7Om per secord, that is abrut A% of the
firat cosmic sneed, and at the place of latitude AGO, it is 33m per second,
[f the lanne ing takes a retrorrade nrbit, this eastward sneed wi be
yyposite to the direction of the satellite movement, Consequently, it will
e worse than useless, And in order tn of'fset such counteraction, it must
1536 1ch more ener:v to move e satellite,

Inelination is a very important characteristic of satellite orbit,

When the inclination is small, the rate of using eastward speed will be

ir', 80 the launching will be easier and consume less enerry, but the

areas from where the satellite ean be seen on the earth will be limited,

If the inclination is large, the areas on the earth from where the satellite
can be seen will be larce, but the launching of the satellite w’'ll consume

1

more enerey, In order to have a larrce area on the earth from where the
satellite ean be seen or in order to let the satellite see a lareger part

of the surface of *he earth, the inelination must be made larrer, TFor




such activities as reconnalssance, navigation, ground survev and natural

regources exploration, the satellite always takes an orbit of larre

nclination or a polar orbit, he inclination of China's Tirst two satellites

o e 3 y . 7 O 1 . " - 1
is larre, One is ()f’.‘:r‘ and the other is 69,9 A S0 they are visinle at both
polar areas, in other words, China's red star satellites could be seen by

evervone from evervwhere on the earth,

The Directionality of Orbit Plane

2 } " " i e s X v W4 -
Due to the earth rotation, everything on earth as well as in sky is

led o rotate., Only man-made earth satellite can move alonr its orbit and
is free from such effect., The orbit plane of a satelllte like a revolving

round plate has its own directionality and constantly holds its regular

5 S Ny V29

direction, The enrth turns 15° every hour, and it will turn 207 anatyarnd
in the time when 2 gatellite flies around the earth one time provided that

the ocyecle period of the satellite is 120 minutes, If the asurface of the

3
earth the satellite sees vhen it 1s being launched is Shanghai, after -having

4%

made a cycle and returned to its launching point, it is already in the
sy over Lhasa of Tibet(®irure 311lustrates the path of the satellite on

the satellite makes 12 cyeles and the earth turns 360

earth), In a day,
then the satellite teturns back to the sky over Shanghai =2gain, So by
making use of the fact that the orbit plane does not move and the earth turns,
the satellite can fly from east to west and from south to north around the

earth, Opposite to the"moving around” orbit, there is a'stationary"orbit

that ia the well known earth~synchronous orbit,
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These are the initial -ositions of the orbit plane. ollowine the
' ! ¢ - v s o Ll OV T s (.“ ”
revolution of the earth and the forward movement of *the orbit plane A 1

- die : ’ n i b = e
aupnoged to be 2 polar orbit, so its forward movement is zers), the orbi

- . . r o
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plane is rradually rettine away from its initial position. 1L, because of
plane is erradually :
$ 3 - TR 3 ) b PO Aav) in meveral Adazs or
a glow motion of the orblt plane (about 1° a day) in geve lavs o2
1 3 " el
from 1 to 2 weeks, it can be considered no change has happened,
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apeed directional anrle
SD . LOL = lonvitude line
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i ure 1

It will affect the work of a satellite when the orbit plane is

=]

onposing the position of the sun, S0 in design as well as the launchins of

2 satellite, such a fact must be riven serisus consideration. As the first
oruit mentioned above, ‘he orbit is entirely exprsed to the sun when

1t is perpendicular to the position of the sun, and the satellite in a

whole round of the orbit will be illuminated by the sun, This is useful for
the solar battery to renerate electircity, but it is harmful in temperature
control of the satellite as it is continuously heated bv the sune for a lonr~

period of times The second kind of orbit is that the altitude of the sun

is constantly 45°. It ia a good 1lirh% econdition for the satellite to




OP = orbit plane
D = day time
n

s phnvs of oun

Not

2 4

DR = direction of eartt

. " \
Meure 11 AAY (A above), CC' (C is above)
Slho nernendicular. inelininez
) ) dic y N
“rie) the earth
survey and to take pilecture of Onjqf:tr; ri+th shadow on the earth The third
orbit is that e time underneath the satellite 1s noontime and the 1lizht

is very bright, so the satellite can have clearer pictures of the

f the earth, But the time for the satellite to pass throurh the

arne of the earth titutes 30-40% of a cycle (intermedinte and

orbit), B0 it must e equipned enoush batteries so as to surply electricity

. o 5 - ;
to the equipme n the gatellite when

2

, is in the shadyv area.

surface
shady
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Effect Altitude on

Satellite

of Temperazture and
he Rocket Engine Thrust of a

Chang Kwang

gine of a solid rocket, e higer is the environmental
e working altitude, the zreater is the engine thrust, Why
is atte ing to find an answer,
e rockets snd missiles used by a satellite in space
oroduced by solid rocket encsine as power source, The
rust required by the flying craftas are d4ifferent. The large

ones may rc re gsevera hundred or thousand +tong; while the amall ones
v ~ > i 4 e -~
roo e 2 fe i lorrams,

S0lid

rocret,

The Production of Thrust

f'rl'vrvr-
Arus

, 1s a forward-pushing power produced wher

the rocket engine., Because the engine is able

o produce such power, rockets and missiles and other flying crafts can in
the 2ir overcome the impact of air resistance as well ss its own weirht,
1 r'.l-r 'v: a e "7"‘? onoord to ‘}“!Q’;f‘ T’Qf]'l'?"f‘;"f“ ']q"l‘ !nﬂ' ”)f".
low let'3 talk about the process of how an eng'ne produces thrust,
In order to make the enrine start to work, it must, first of all, use an

rnitor to

e

en berinsg to

15

hat the chemi

ipnite the o
combutg in

cal energzy contained in the

y11d powder-charre, and the aolid novder-charre

the combusgtion chamber, The combuation mesans

s0lid powvder-charge berins to

change into thermal enersy and creates combustion 2'r of hirh temnerature,




en the combucstion air is accelerated throurt flation in a ’:07.'/,‘!",, and
e thermal enersy thereby becomes kinetic erersy. Mina a sunersonic
nbustion air stream jets out from the nozzle of a8n engine, Why can the
combustion air continuously and very rapidly increase its flow velocity?
This is becnigse the combuston air in the engine receives several different
kinds of applied forces., According to the second law of dynamics, the
speed of combustion air flow is de by the amount of applied forces
it has recelved, And according to the thrid law of of dynamics, where
there 18 an applied force, there is a counter force, Uhen the c-mbustion
‘r receives applied force in the engine, it must at the same react against
the irner walls of the engine. This counter force is equal to
forece received by the combustion air in the erngine but in an opposgite
rextion, The axial compogite force of the counter forces is the mai
component of the engine thrus
The Effect of Environ lemperature on Engine Thr
In a territory like China has, the engine used in an aircraft
can encounter different environmental temperature in different climat

such as the hotness in the south during summer and the coldness in the north
urine winter, This environmental temperature ranres from 707 above zero
to 50° below zero., Under a condition of no terperature control, the

)

initial temperature (environmental temmerature) broucht alones with the enrine

powder-charre is different,

llow let'a examine what kind of effect of the environrental temperature

can have on encine thrust, As has been mentinned above, the chemical

B
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