1. Fill in the blanks
and explain the
statements with

reasoning:



a. If the height of the orbit of a satellite from the earth's
surface is increased, the tangential velocity of the
satellite will decrease.

Explanation:

The gravitational force (F) exerted by the earth on the
satellite will decrease if the height of the orbit of the

satellite from the earth's surface is increased. Hence,
the tangential velocity of the satellite will decrease.



If the height of the orbit of a satellite from the earth's
surface is increased, the tangential velocity of the
satellite will decrease.

The formulae :
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show that

v, decreases with increasing h.



b. The initial velocity (during launching) of the
Managalyaan, must be greater than
escape velocity of the earth

Explanation

If a satellite is to travel beyond the gravitational
pull of the earth, its velocity must be more than
the escape velocity from the earth.



2. State with
reasons whether
the following
sentences are
true or false.



a. If a spacecraft has to be sent away from the
influence of earth’s gravitational field, its velocity
must be less than the escape velocity.




Explanation :

The escape velocity of a body is the minimum
velocity with which it should be projected from
the earth's surface, so that it can escape the
influence of the earth's gravitational field. This
clearly shows that the given statement is false.



b. The escape velocity on the moon
is less than that on the earth.




Explanation :

Escape velocity of an object from the earth,

Vesc(1) = JZGNH
R1

Escape velocity of an object from the moon,

Vesc (2) = \g 2GM,
R2







esc(2) \] 3.7 < 1
Vesc(1) 81

So, Vesc(2) s VESC(U



c. A satellite needs a specific velocity
to revolve in a specific orbit

True
Explanation :
MVe2
C
Centripetal force on the satellite ST h =

gravitational force exerted GMm
by the Earth on the satellite (R + h)2




where
m = mass of the satellite,
v.= critical velocity of the satellite,
h = height of the satellite from the surface of the earth,
M = mass of the earth,
R =radius of earth,
G = gravitational constant
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Thus, if the value of h changes, the value of v,
also changes. It means a satellite needs to
be given a specific velocity (in the tangential
direction) to keep it revolving in a specific orbit.



d. If the height of the orbit of a satellite
increases, its velocity must also increase.



Explanation

See explanation of the question
d. If the height of the orbit of a satellite
increases, its velocity must also increase.

v, =J GM
R+h




Explanation

If the value of h increases, the value of v,
decreases. Hence, if the height of the satellite
from the surface of the earth increases, its
velocity decreases.



3. Answer
the following
questions::



a. What is meant by an artificial satellite ? How are
the satellites classified based on their functions ?

A manmade object orbiting the earth or any
other planet is called an artificial satellite.

Satellites work on solar energy and hence
photovoltaic panels are attached on both
sides of the satellite, which look like wings.

Satellites are also installed with various transmitters and
other equipment to receive and transmit singals between
the earth and the satellites.



(1) Weather satellites :

Weather satellites collect the information
regarding weather conditions of the region. It
records temperature, air, pressure, wind direction,
humidity, cloud cover, etc. This information is
sent to the space research station on the earth,
and then with this information weather
forecast is made.



(2) Communication satellites :

In order to establish communication between different
places on the earth through mobile phones or computer
assisted internet, communication satellites are used.
Many artificial satellites placed at various locations in the
earth's orbit are well interconnected and help us to have
communication with any place, from anywhere, at any
time and in any form including voicemail, email,
photographs, audio mail etc.




(3) Broadcasting satellites :

Broadcasting satellites are used to transmit
various radio and television programmes and
even live programmes from any place to the
earth to any other place. As a result, one can
have access to information about current
incidents, events, programmes, sports and
other events right from his drawing room
with these satellites.



(4) Navigational satellites :

Navigational satellites assist the surface, water
and air transportation and coordinate their busy
schedule. These satellites also assist the user
with current live maps as well as real time traffic
conditions.



(5) Military satellites :

Every sovereign nation needs to keep the real
time information about the borders. Satellites
help to monitor all movements of neighbouring
countries or enemy countries. Military satellites
also help to guide the missiles effectively.



(6) Earth observation satellites :

These satellites observe and provide the real
time information about the earth. These satellites
also help us to collect the information about the
resources, their management, continuous
observation about a natural phenomenon
and the changes within it.



(7) Other satellites :

Apart from these various satellites, certain
satellites for specific works or purposes are also
sent in the space. E.g. India has sent EDUSAT for
educational purpose ; CARTOSAT for surveys and
map making. Similarly, satellites with telescopes,

like Hubble telescope or a satellite like
International Space Station help
to explore the universe.



b. What is meant by the orbit of a satellite ? On
what basis and how are the orbits of artificial
satellites classified ?

Orbit of a satellite is its path around the earth.

Orbits of artificial satellites can
be classified on various basis.



(1) On the basis of the angle of the orbital plane :

Orbital plane of a satellite can be the equatorial
plane of the earth or it can be at an angle to it.

(2) On the basis of the nature of the orbit :
Orbital plane can be circular or elliptical in shape.

(3) On the basis of the height of the satellite :
Orbit of a satellite can be HEO, MEO Or LEO.



(i) High Earth Orbit (HEO) satellite :

A satellite orbiting at a height equal to or
greater than 35780 km above the earth's
surface is called a high Earth Orbit satellite.

The critical velocity of a satellite revolving in an orbit at
35780 km above the earth surface is 3.08 km/s. Such a
satellite will take about 23 hours 54 minutes to complete
one revolution around the earth. The earth comletes one
rotation about its axis in the same time.



The orbital plane of such a satellite is the
equatorial plane of the earth. The satellite's
relative position appears stationary with
respect to a place on the earth. This satellite
is, therefore, called a geostationary
satellite or geosynchronous satellite.



(ii) Medium Earth Orbit (MEO) satellite :

A satellite orbiting at a height between 2000 km
and 35780 km above the earth's surface is called
a Medium Earth Orbit satellite.

The orbital path of such a satellite is normally
elliptical and passes through the North and the
South polar regions. These satellites take about

12 hours to complete one revolution around the earth.



(iii) Low Earth Orbit (LEO) satellite :

A satellite orbiting at a height between A 180 km
and 2000 km above the earth's surface is called a
Low Earth Orbit satellite.

Normally, these satellites take 90 minutes to complete
one revolution around the earth. Weather satellites, space
telescopes and International Space Station are Low Earth

Orbit satellites.




c. Why are geostationary satellites not
useful for studies of polar regions ?

Geostationary satellites have
two distinct characteristics :

(1) Geostationary satellites are HEO satellites and
are placed at 35780 km above the earth's surface.



(2) A geostationary satellite revolves in the
equatorial plane of the earth, and thus, it can
never fly above the polar regions.

Hence, geostationary satellites are
not useful for studies of Polar regions.
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d. What is meant by satellite launch vehicles ? Explain a
satellite launch vehicle developed by ISRO with the help
of a schematic diagram.

A rocket used to carry an artificial satellite to
a desired height above the earth's surface and
then preject it with a proper velocity so that the
satellite orbits the earth in the desired orbit is
called a launch vehicle.



A satellite launch vehicle needs a specific
velocity as well as a thrust to reach the desired
height above the earth's surface. The velocity and
the thrust of a satellite launch vehicle depend on
the weight and orbital height of the satellite.
Accordingly, the structure of the launch
vehicle is decided and designed.



The weight of the fuel also contributes a major

portion in the total weight of the launch vehicle.

This also influences the structure of the launch
vehicle. In order to use the fuel optimally, multiple
stage launch vehicles are now designed and used.



The Polar Satellite Launch Vehicle (PSLV)
developed by ISRO is shown below in a
schematic diagram.
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e. Why it is beneficial to use satellite launch
vehicles made of more than one stage ?

Earlier Satellite Launch Vehicles (SLV) used to be
of a single stage vehicles. Such SLVs used to be
very heavy as well as extensive in terms of its fuel
consumption. As a result, SLVs with multiple
stages were developed.



In multistage SLVs, as the journey of the launch vehicle
progresses and vehicle achieves a specific velocity and a
certain height, the fuel of the first stage is exhausted and
the empty fuel tank gets detached from the main body of

the launch vehicle and falls back into a sea or on
unpopulated land.



As the fuel in the first stage is exhausted, the engine in
the second stage is ignited. However, the weight of the
launch vehicle is now less than what it was earlier and
hence it can move with higher velocity. Thus, it saves fuel
consumption. Hence, it is beneficial to use a multistage
satellite launch vehicle.



4. Complete the
following table.



IRNSS

Navigational
Satellite

To fix the location in

terms of precise lat

INSAT

itude and longitude

Weather study
and predict

Weather

IRS

Earth
observation
satellite

Satellite

Earth's
observation




5. Solve
the following
problems.



5. lf mass of a planet is eight times the mass of the earth and its radius is
twice the radius of the earth, what will be the escape velocity for
that planet?

Vesc, = 11.2 km/s




P
R,=2R,
TOFIND: Vesc, =7
FORMULA: v, = ,‘/zcm
R

= . [2GM, (mmmmememeen :
e ‘\/ RM'f- 1.2 km/s|....

Vesc, = A[2CMe | ..(i)

,\/ 2G 8M,
3R,

\/8 2GM,
2 R

V4X2GM.
R

2 X 2GM,
R, from (i)

5 .

=|22.4 km/s

. The escape velocity for |
the planet will be 22.4 km/s. |




- 3. How much time a satellite in an orbit at height 35780 km above earth’s
surface would take, if the mass of the earth would have been four times
its original mass? -




GIVEN: h=35780 km
M, =4M
V=3.08 km/s
R = 6400 km
TO FIND: T,=?
Zn(R+h) GM
T= V=N —
FORMULA: v . R+h

V,=2V i)



Also,

2x(R+h) 7 o 42180
= - 3600
Vv,
=11.7Thrs~ 12 hrs
2n(R+h)
i 2V -. Time taken will be ~ 12 hrs.
3.14

=314 (35780 + 640
T =308 ! 9)

3.1

x 42180
3.1

T =

n

T,=42180 S



4. Ifthe height of a satellite completing one revolution around the earth

in T seconds is h1 meter, then what would be the height of a satellite
taking 2/ 2 T seconds for one revolution?

2V2T1 L =k

h,=?




GIVEN: Height of 1* satellite = h,
Time of 1** satellite =T

Time of 2™ satellite = 22T
TOFIND: Height of 2" satellite (h,) = ?
2

FOMLA:—BI(
3

SOLUTION: Case (i) Time =T, r = R+h,

T _ ,
(R'f'_hl}:’ =K e ses ves (i)
Case (i) Time = 2V2T, r = R+h,
8¢ - h .. (ii)

(R + h,)*

From (i) and (ii)
871?

R+h)\5-<R+h2)-"

(R+h)’ = 8 (R +h,)’
Taking cube root on both sides

(R + hy)® =338 (R +h,)?
R+h,=2(R+h,)
R +h, = 2R + 2h,

h, = 2R + 2h, =R
h, =R+ 2h,

Height 2™ satellite
will be R + 2h,




