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1998 A/L
2) Write down Newton's law of gravitation in the form of an expression, identitying the
symbols used. Obtain an expression for the acceleration due to gravity (g) at the
surface of the carth-in terms of mass (M) and radius (R) of the earth.
A satellite of 1090 kg is placed in a circular orbit so that it goes round the earth 10
“times a day. Radius of the earth is 6.4 x 10°m,
(i) Find the height of'its orbit from the surface of the earth.
(ii)  Calculate the total energy of the satellite in its orbit
(iii)  Find the minimum energy required to take the satellite from the surface of the
earth to its orbit.
t (iv)  Explain why the values obtained for (iii) and (ii) are different.
B (v} At what height above the earth surface, the satellite must orbit to be a -
] geostationary  satellite ?
/4 (vi)  II"a satellite in orbit loses energy due 10 friction what happens to the speed of
the satellite and the radius of the orbit.
2003 A/L
3) A space lab is in a circular orbit of 1700 km above the earth surface,
(i) Whalt is: the speed of the space lab? Radius of the earth is 6400 Km and
gravitational acceleration (g) on the earth surface = 10 m 2 -
(i) Cﬂ‘lcuia:clthn:' minir?wm energy l!ml has to be supplied to a space vehicle of
mass 10 kg mc.!udm.g, Cargo 1o just reach the arbit of the space lab from the
earth. Neglect air resistance.
(iii) Whnlladditional energy is required for the space vehicie to link with the space
lab without changing its orbit?
(iv) A}f.ler the linkage, the cargo in the space vehicle is transferred to the space lab.
will l'he speed of the orbiting space lab change due to loading this cargo?
Explain your answer,
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1991 A/L . B
1) State Newton's law of universal gravitation, N B
0.1lm

Two identical blocks A and B of mass 100 kg each are placed on a light roqgh

horizontal surface in a region where there are no other objects ex?epl _lhf-‘ f?“'th which

exerts an attractive force on A and B in the vertically downward direction. IES femm

of gravity of the blocks are 0.1 m apart as shown in the figure and the cocificient of

static friction of the horizontal surface is 0.1

) Taking the universal gravitational constant (G) to be equal
find the magnitude of the gravitational lorce acting on B due to A.
direction of this foree on B. _ o

ii) does the block B move towards A due to the gravitational force mentioned in (i)’
Explain your answer. _

iii) Is there a frictional force acting on B? If so. what is its magnitude?

iv) Calculate the minimum mass that the block A should have in order to set the block B.

t0 6.67 1 107" Nm? kg2,
Indicate the
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2006 AL
4) Considet o hypothetical situation in which a point ohject af mase carrving a charge +q

is fixed nt & point in space where there are no other ohjects and charges present except at
infinity

(i) Show that if m = ___3_,___ A second object having identical mass and charge can be
2,/nGe,
brought from infinity towards the first object without doing any work, (Neglect the
energy required to initiate the motion of the second object at infinity.) G is the
universal gravitational constant g is the permittivity of free space. Show also that
when bringing the second object from infinity,

(8) ' M> cepdemee, work it done by the object and
Z.Jﬂf}rzn

(B) Il M < e . work has to be done on the object.
2/nGg,

#) What is the total work that has to be done when bringing the second object from
infinity to a point at a distance r from the first object under the condition stated in
(i) (9) above?

b) State under which condition given in (i) above, the second object has a capability
of existing in a circular orbit around the first object,

<) If the second object moves in a circular orbit of radius r as stated in (11i) above
with o speed v write down an expression relating » and other quantities mentioned
above.

(V) An asteroid of mass m located far away from a certain planet of mass M starts to move
towards the planet due to the gravitational influence between them. Assume that the
planet is stationary and there is no gravitational influence on the planet and the
asteroid from other celestial objects. If the speed of the asteroid when it is at a
distance A away from the planet is v, deriy ¢ and expression for the magnitude of the
charge that has 10 be placed on each of the objects at that instant (i.e. at the instant

when the separation is R) in order to stop the asteroid at a distance R/2 from the planet
and reverse its motion.

2008 A/l

5 @) It the muss and the radius of the carth are M and R respectively, write down an
expression for the gravivational potential utu point 2. which is at a distance 4 (A>R)
from the centre of the earth. in tesms of M, h and the universal gravitational constant

G. Assume that the gravitational potential is zero at an infinite distance from the
centre of the earth.

(0) Suppose a small object of mass m is projected vertically upward from the point 2 with

speed v).

() Write down an expression for the total mechanical energy of the object at its
starting point?

(1) Oblain an expression for the maximum height H the object travels from the
center of the ewth, in tenms of b, G, A and Uy

(h1) Find un expression for the escape velocity ) of the object in this situation, in
termis of G, M and A,

(€)1 ue is the speed required 1o heep the object in a cireulus orbit at a distance A
froim the centre of the ewth, show that ¢ = J2u, .
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(d) 1t M=6 x 10 kg and R = 6400 km. calculate the escape velocity v, at the
surfuce of the earth, Take G=6x 107" m* kg 's™ and ¥2 = 1.4,
(¢)  The mean temperature of the surface of the earth is 230 K. Calculate the root
mean square speed (v, ) for Hy and O, molecules at this temperature.
Use following, data for your calculations:
Boltzmann constant =k =14 » 10°¥ J k'
Mass of a Hy molecule =m ;=2 x !O'I?kg
Mass of a Oy molecule =m0, =16 x m
(f) Fora given temperature gas molecules have a range of speeds from very fast to
very slow. To remain a given gas in atmosphere the condition. 6u,,, < v, . must

be satisfied for that particular gas. Using the results obtained in (¢) above,
- explain why oxygen gas exists in the earth's atmosphere but not hydrogen gas.

2011 A/L

6) Use of satellite is expanding due to many application in areas such as communication,
meterology. defence and scientific exploration atiout the earth as well as the cuter space.
Satellite are placed on certain orbits depending on their applications. The gravitational
force provides the required centripetal force to maintain a satellite in an orbit.
Geosynchronous satellites orbit the earth with a peried of 24 hours, thus matching the
period of the earth's rotational motion. A Geostationary satellite (GSS) is a
Geosynchronous satellite in an appreximately circular orbit on the plane passing through

the earth's equater (0° latitude) that appears motionless in the sky, to a ground observer.
The idea of a GSS was first proposed by the science friction writer Arthur C. Clarke.
Communication satellite and weather satellites are oltern given Geostationary orbits as
they can continuously observe the same areas on the earth. GSS used directional antennas
for communication with ground stations. There are also several disadvantages of a
satellite being operated as a GSS. The number of satellites that can be maintained in
Geostationary orbits without inserfering one another is limited. An electromagnetic (EM)
signal emitted from a ground staticn, travels at the speed of light (3 x {0® ms™). Duc to
the great distance in the satellite a significant time delay is introduced between the
original signal emitted from an earth station and the signal received by another station
after travelling via a satellite. Furthermore, due to the greater height, the clarity of
pictures of the carth taken by GSS are poor, especially at locations away from the equator,
Another problem would be the damage caused by the EM radiation from the sun when a
GSS comes lower to the sun especially when the sun passes through the equatorial piane
at late March and late September., .

Low Earth Orbit Satellites (LEOS), typically operating at the heights of 160 - 2000km
from the surface of the earth with shorter periods, have become popular in recent years.
Their orbits could be on any plane passing through the center of the earth. However, for
continuous data acquisition pertaining (o a specific location (eg : observation of weather
over a given country) a system ol a group of LEOS is needed. Some advantages of a
LEOS are the use of simple non — directional antenna, reduced time delay for EM signals,
higher clarity pictures of the earth and less EM radiation from the sun. Also, it needs less
encrgy and resources to place a satellite into a Low Earth Orbit and need less powerful
amplifiers for successful communication. A polar satellite which passes over the poles of
the earth is a special case of LEOS. Hubble space telescope is another example of: LEOS.

Physics Essay 44 Question Book 2
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For scientific exp?lﬁration of outer space, experiments are conducted in observatories
placed on the orbits which are far away from the earth, There are four specific locations
called language pullnls or L - points where satellites could be placed to perform such
experiments. Satellites placed at 1, - poing uppear stationary relative to the Sun ~ Earth
systen. 1.-h1: following figure shows two of the L, ~ points called L, and L. When the
eﬂl‘t‘i "rb"‘f the sun with a period of 1 year, sutellite placed at L, and L, also move with
the 5{"" - Barth S)'fltfin but the relative locations of them remain the same. There are four
satellites at the vicinity of Ly and three satellites including the latest Planck Space

Observatory have been placed at the vicinily of Ly, Ly is especially useful for observation

of cuter space because, the earth partially blocks solar radiation falling towards the

satellite at L throughout the motion. (Radius of the carth is 6.4 x 10°m )

() What is the value of the period of a GSS 2

(b) Draw a 3 ~ dimensional diagram of the orbit of a GSS around the
earth. Clearly indicate the geometrical North, South and the | 4
equatorial plane of the earth. iy

(c) Give an for a LEOS S

() Obtain an expression for the radius r of a GSS in terms of universal gravitaiidﬁal
constant G. mass of the earth Mg and the period T of GSS. Substitute the correct
numerical values in the expression GM;; = 40 x 10" m® s No need simplify the
answer.

(¢) Calculate the time delay in receiving an e¢lectromagnetic test signal emitted from a
ground station to a GSS located 36000 km vertically above it, if the signal is received
again by the same station. :

(f International space station orbiting around the earth is in an orbit with a radius of
6700 km inclined to the equatorial plane. Calculate its period. s this a GSS or LEOS?

i "
Give the reason for your answer. (V67" 7 672 = 548.4;; Take n° as 10)

(g) Give three advantages of LECS.

(h) Why is the location L, better for placing an outer space observatory ?

(i) Calculaie the angular speed (w) of the Plunk Space Observatory in units of rad year™'

(i) Write down an eguation for the orbital motion of the Plank Observatory in terms of
mass of the sun (Ms) mass of the earth (Mg) distance from the earth to the sun (R) and
to the satellite (r), o and G .Neglect the eftect of other planets and the moon.

(k) Periods of satellite around any objects, is general should increase with the distance
form the center of the object. Satellite at Ly and Lz are at different distances from the
sun but have equal periods. Explain the reason for this,

2013 A/L Jolls~,
7) Read the passage and answer the | o T
questions given below. Perihglion _.~#- e

: e i3 Gl \Jw‘»\phclion
typically moving in highly elliptical L

orbits around the Sun. [see figure (1).]

Some orbits extend roughly one light - . Figure (1) s
year beyond (he planetary system, The main force acting on the comet is the gravitationa

attraction to the Sun.
Physics Essay 45 Question Book 2
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somel are the pucleus, coma and tails. :\fluie the solid b
e lly less than 50 km in extent, the coma may be |,
. Iyl ded over 150 million kilometres. Re

extenc . "
¢ ex carbon dioxide, methane, water (ice) “}}h fiss
1 planets and moving clog,,

. t{)

aches the inner |
the radiation pressure from the Syq

ded atmosphere of the comet aroypq h
essure and the solar wind actin Qs
straight and directed away frop, "

The main components of
the comet. the nucleus, is gene
than the Sun. and the tails can b
Comets mainly, compose of [roze! £
various types of minerals. When the comet 1€
the Sun, its outer layer gets evaporated due t(:n
dust and gases released from it form the extent :
pucleus and is called the coma. The solar rudiation p

1 of jons which is
the coma produce a bluish colour tail of ions \\;h:b::}hr e s relemsed
Sun as the gas is more strongly altected by the SOK the

_ : . ail behind the comel.

comel forms another white coloured and s.hghlly t.ur\;ed Tl:hl:: S thea il Bantis i
The speed of the comet varics from it5 ik £ e, ;e Sun (perihelion). For e,
(aphelion) to the maximum value at the closest point tolt . h'chpié o dis'tavl example,
the Halley's comet of mass 2.0 X 10" kg at ;h"‘f?ﬁhgll'{?: s‘f' ‘ ce of 5.0 x
10" m from the Sun, acquires its lowest spect S e ; )

Debris those enter the atmosphere from the outer space the known as metecroids, Mog

meteoroids burn out emitting light in the atmosphere due_to heat generaFed tﬁf_Oﬂgh the
e kinetic energies, both lincar and rotatioriai. They ar

friction with the expense of thel dabris loft al !
called meteors. When the Earth's atmosphere Ccrosses thc_; cbfls elt along the rpalh of 4
comet. meteor showers could be observed. Some meteoroids fall onto the Earth's surface
and they are called meteorites. e :

ing point, it becomes incandescent, Whep

When a meteoroid is rapidly reaching its melt : J
the surrounding atomsbecome ionized and rapidly recombined with the electrons causing
the emission of light, the meteoroid produces 2 huge spherical air mass, appearing asa

fire ball. Some meteoroids seen as fire balls could explode into several pieces of meteors,
Seconds afler seeing the explosion, the shock waves produced by the fragments of the
meteoroid could reach the ground making ground - breaking sonic booms as heard in the

recent event in Russia.
a) What are the main components of a comet?
b) Write down three main differences between the two types of tails of a comet.
Calculate the gravitational force acting on the Halley's comet when it is at aphelion.
_ (Mass of the Sun=2x 10"°kg. G=6.7x 107" N m* kg™?)
d) Fl'nd the gpeed of the Halley's comet when it is located at the periheiicn where its
distance from the Sun is 8.0 x 10'%m.
. "I‘h H s . . . . . . &
Ncge ! 'I“: velocity of the comet is pcrpu_ldwular to radial direction at both perihelion
and aphelion. Assume that the mass remains unchanged
e) Why meteor showers are 3 s it of
a co};nci‘? produced when the Earth's atmosphere crosses an orbit of
f) What is the_dii"[‘erence between meteors and meteorites?
g) What energies are converted to heal energy in burnin ,‘ ' ‘yor
h) What is the mechanism that generates the light fi b 3
ball? : ght for a meteoroid to appear as a fire
i) ;A mc!afurmd tallmgl vertically downward w
wo p!t.ccs..lfonc piece having u mass 3/
' direction with the speed of 600 m 5™ |
) What should be the condition that
1 meteoroid to create a shock waye?
) Explain the formation of a shock w

v ith a speed of 200 m s~ explodes into

s find ﬁffh'“’ meteoroid travels in the horizon*

. b“* Speed of the other piece. ;
> be satisfied by the speed of @ piece @

ave using a diagram,

Physics Essay —_—
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§) The main objective of NASA's Kepler exploration s
to find habitable planets in other planetary systems i;1
our galaxy, the Milky Way, A large numhcr.nt'
planets which orbit around stars
observation was a planetary
orbital periods Tp =

have been detected by the exploration. One such
System consisting of two planets, planet A and planet 8 of
300 earth days and Tg = 50 earth days, respectively,
.‘\§511n1c that the planets are uniform spheres and moving in circular orbits around a star §
of mass AT as shown in the figure. Neglect the interaction between the planets,
a) 1) Derive an expression for the orbital speed (vy) of the planet B in terms of M, the
. orbital radius Ry of the planet B and universal gravitational constant G.
'i.l) Write down an expression for the period Ty of the planet B in terms of Ry and vg.
i) Derive an expression for the mass M of the star at the centre in terms of Th Ra
and G.
iv)  IfRy=0.3 AU (1IAU = 1.5 % 10" m). Calculate the mass M of the star. Take G =
6.7x 10" m’ kg™ s and 2 = 10.

b) ) Using the expression obtained in (a) (iii) above, derive, an expression relating
orbital radii Ry, Ry and periods 7 und Ty of planes A and B.
i) Calculate the orbital radius R4 of planet /A using given values,

¢) The mass and the radius of the outer planet 4 arc found to be 23 my; and 4.6 ry

respectively, where my; and ry; are the mass and the radius of the earth respectively.

i) Derive an expression for the gravitational acceleration, g4, at a point on the
surface of planet 4, in terms of my;, 1. and G, .

i)  Obtain an expression for the g4 in terms of the gravitation acceleration g at a
point on the surface of the earth. :

iii) It a space landing module of mass 100 Ag is landed on planet A, calculate the
weight of the landing module alter ladding.

iv)  The outer planet 4 is located within the habitable zone when compared with our
solar system. Obtain an expression for the average for the average density dy of
the planet 4 in terms of the average density d); of earth.

2020 _(9)(A)
9) a) i) Write down an expression for the energy YA
dissipation in a resistor of resistance R, when a 1 o | BB
direct current (d.c.) | flows through it in time t, A bl |
ii) The variation of sinusoidal alternating voltage V ok >
with time tis shown in figure (1). Write down an \

expression for rool mean square volluge Vs in
tzrms ol peak voltage V. o
ii) Out of the four lines A, B, C, D drawn in figure (1) which lines represent V, and
Vs respectively? ‘ §
iv) Stute the main advantage of using high tention a.c. voltage in long distance power

transmission.
' [ issipati F ac.
v) Rewrite the expression obtained for energy dissipation in () (i) above fo

currents.

Question Book 2
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b) A part of an electrical circuit conneeted to the a.c. main - B
supply is shown in figure (2).
Following electiical appliances are connected to the main " L] L
230 V supply using a copper wire AB of cross sectional 210 wfi) |
arca 1 mm* and length 10 m. Assume that the voltage drop |

across A3 is negligible.

Ly - Rice cooker of 1200 W

La - Refrigerator of 300 W.
L = Electric kettle of 800 W,

1) Caleulate the maximum current flow in the wire, :

i) Caleulate the temperature rise when the maximum current. flows through the
wire for 10 s. Assume that the wire is completely insulated and no loss of heat to
the outside. Mass of the wire is 100 g. Resistivity and the specific heat capacity
of copper are 1.8 x 10* m and 360 | kg™ °C"! respectively.

iii) Instead of a single copper wire a composite wire made of few such wires

- connected in parallel is used in high current flowing applications. Explain how
* this arrangement reduces hear dissipation.

Figure (2)

¢) An electricity meter measures the amount of clectrical energy consumption in kWh. It
uses eddy currents to rotate a thin circular aluminum disc. The number of revolutions
of the aluminum disc is directly proportional to the electrical energy consumption.

i) A solenoid is placed other the horizontal
aluminum  disc, The - number of Permanens Nl
revolutions  of  the aluminum disc, et LS T
perpendicular to its plane as illustrated in T E
figure (3). Suppose -that the current 2 ek th Figure (4)
through the solenoid is increasing in the
direction as indicated in the figure.
Copy the figure (3) in to your answer sheet and draw the magnetic flux lines due
to current in the solenoid and eddy current loops on the disc, indicating their
directions,

i) To decelerate the free revolutions of the disc when the power consumption is
stopped, a permanent magnet is fixed as shown in the figure (4). Explain how the
deceleration of the disc happen,

rp.m.

d) During the period from 6,00 p.m. to 10,00
p.m for a particular day at a house, the

al-
L
: ) ‘
the disc is measured. The graph in figure (5) | f—— '

number of revolutions per minute (r.p.m) of
shows its variation, The electricity meter is l

ws ity oA ¥R T "y " ra v
calibrated in such a way that 500 rotations is '

Time (pm )

Figun (5) _
equivalent to | kWh,
i) Caleulate the electrical power consumption at 8.30 p.m.
i) I the electricity unit price between 7.00 p.m. to 9.00 p.m. is Rs. 40.00 per

kWh and rest of the time is Rs, 10,00 per kWh, cale

e ulate the total cost for the
period from 6.00 p.m. to 10,00 p.m,
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