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- sol ve the following exan;plés

% o (.G= 6.67 x 10~ N-m?/kg?, g%9.8 m/s?)
(1) The time taken by the earth to compjete

one revolution around the Sun is 8,15 197

- gistance petween the earth ang the Sun is‘

PRI Find the speed of revolution of tpe

gojution - pata: T=3.156 x107 s, r=15x 11! m

5

v:.
2al

e

= T
=29
This 1S

9 x3.142 x 1.5 X 101 m

-

3.156 x 107 s
g7 x 10* m/s =29.87 km/s
the speed of revolution of the earth.

~ (2) Assuming that the earth performs uniform
circular motion around the Sun, find the
centripetal acceleration of the earth. [Speed of
the earth=3x 10* m/s, distance between the

earth and the Sun = 1.5 x 10! m]
' golution : Data : v=3X 10* m/s, r=1.5 x 10'' m

- muv?
' Centripetal force =——= ma

. Centripetal acceleration of the earth,
2 4 2
»* (3x10* m/s) =3x3 e

T k0 m 15 :
~ =6x107*m/s’

It is directed towards the centre of the Sun.

| Use of ICT : (Textbook page 1)
| Collect videos and ppts about the grav itat
force of different planets. |

jonal

they the same? Why?
~7.36 x 10° kg, R (Moon) = 1.7
M(Mars)= 6.4 10° kg, R (Mars) =339

4 x 10°m,
X 106 m,

: M (Jupiter) = 1.9 x 10*" kg. R (Jupiter) = Tl

5 X 107 m,

G=6.67x10 '' N'm’/kg’
Solution :

(1) Data : m, = 60 kg, m, =7.36 x 10** k&,
R=1.74x10°m

_6.67x10"!' N-m*/kg’ x 60 kg x 7.36 x 10** ke

(1.74 » 10° m)?

=9729 N
On the moon’s surface, the gravitatio
on the man due to the moon = 97.29 N.

nal force

(2) Data : m, = 60 kg, m, =6.4 x 10%? kg,

! R=3395x10°m

_6.67x 10" N-m?/kg? x 60 kg x 6.4 x 10>> kg
(3.395 x 10° m)”

=222 20N
On the surface of Mars, the gravitational force

on the man due to Mars = 222.2 N.
(3) Data : m, =60 kg, m,=1.9 x 10?7 kg,

 R=1715x10"m

1~”=_—G”];12m2

_ 6.67x 10-1* N-m?2/kg? x 60 kg x 1.9 x 1625 kg
N (7.15 x 107 m)*

=1487 N
On the surface of Jupiter, the gravitational

force on the man due to Jupiter = 1487 N.

Thus, the forces on the man are not the same
because the ratio (M/ R?) is not the same in the case

of the moon, Mars and Jupiter.

*(4) The masses of the earth and moon are

6 x 10** kg and 7.4 x 1022 kg, respectively. The

distance between them is 3.84x 10° km.

Calculate the gravitational force of attraction
between the two. Use G= 6.7 x 10" Nm?* kg

Solution : Data : m, =6 x 102* kg, m, =174 x 10** kg,

r—3.84 x 10° km = 3.84 X 10® m,
6=6.7 x 10~ N-m? ke % F=1
23
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2
_6.7x10"" N-m? kg *

x 6 x 10 kg x 7.4 x 10°* kg
(3.84 x 10" m)’
_6.7x6x74x10"
3.84 x 3.84 x 10'°
This is (the magnitude of) the gravitational force

N =2.017 x 10 N

between the earth and the moon,

(5) Spheres A and B of uniform density have
masses 1 kg and 100 kg respectively. Their
centres are separated by 100 m. (i) Find the
gravitational force between them. (ii) Find the
gravitational force on A due to the earth.
(iii) Suppose A and B are initially at rest and A
can move freely towards B. What will be the
velocity of A one second after it starts moving
towards B ? How will this velocity change with
time? How much time will A take to move
towards B by 1 cm? (iv) If A begins to fall,
starting from rest, due to the earth’s downward
pull, what will be its velocity after one second?
How much time will it take to fall through1cm?

[ Miearth) = 6 x 10** kg, Reearth) = 6400 km]
Solution : Data : m, =1Kkg, m,= 100 kg, r =100 m,
M=6 x 10** kg, R =6400 km = 6400 x 10° m,
f=1s,s=1cm=1x10"*m,

G —6.67 x 10~ N-m?*/kg>

. -7,v,=21= =7, ="
. Gm,m
(@) F =4~
667x10 1 N-m?/kg? x 1kg x 100 kg
(100 m)?
—6.67 x 107 N.

m, M

2 G.
(i) Fy=—pz—
667 % 10-" N-m?/kg’ x 1kg x 6 x 10** kg
(6400 % 10° m)?

_40.02x10°
=64 x 6.4 x 10*?
This is far greater than T
(iii) Ignoring variation of acceleration with

distance, g
F,  667x10°
”1‘=u1+“t=0“’;n‘l't=""i—k—g—wus

=9.77N

_6.67 x107 2 m/s.

/‘A 6 ”I '
This velocity 18 directed from As fh

1
between A and b _ | h
il hence the velocity of 4 wi

decreases
separation ?
acceleration of A al

increase, ,
oleration With distgg,

[gnoring variation of acce
I 1 Fy 42
§ at? =0 4 [
§, = Ul 4 g 1l am,

g1 28, th

1 7,
£ 2 2/][“{/1()"””1 3 %
(L 8,67 » 10 3 N

l‘)l'/ /’/

Lt =1.732710°8
F

04gt=-"t

(iv) v, = U, + at m,

9.7 N
1 kg

[1v,]>> [v]]

x18=9077m/8 (downward).

1 1 17,
sz=ut+§at2=0+zgt2 =% 77, 1,

as,m; _2x%10° 2mx1 K8 _ 4052
977N

2

t
2 Fz
. t,=0.453 8

(t,>>1,]

N 2 ]

(6) Two spheres of uniform density havz
masses 10 kg and 40 kg. The distance betweer(
the centres of the spheres is 200 m. Find the

gravitational force between them. 7

Solution : Data : m, =10 kg, m, =40 kg, = 200 m

G =6.67 x 10-'* N-m*/kg?, E=1 .
: Gm,m
i
667 «10-1! N-m?/kg?x 10 kg x 40 kg
(200 m)*
667x10'“><4><10N ot
i —667x10"*N
The gravitational force between the v
€

spheres =6.67 x 10~ 13 N§

(7) Find the gravitational force betweena mﬂf(
of mass 50 kg and a car of mass 1500 kg separate‘]

Solution : Data : m, =50 kg, m, =1500 kg, = 107§
1

G=6.67x1071* N-m?/kg?, F="

R i cav Ams /Mawk IANTARQAT » TN X



—
Gm, Mz

F;VW o~ 2 2
0-'* N-m*/Kg® x 50 kg x 15

1
6.67 X 10 m)? 00 \kg

_ 50025 * FURE

The graVitational force between the m

) an
the car = 5.0025 x 10~ N. and

2 . a1 !
[ Use your bran POF (Textbook page g

suming the acceleration in Exam

Q. As ple § |
renlail'ls constant, |

above how long wiy |
' Mahendra take to move 1 cm towardg Virat?

Ans' Hel’e. u= 0

i
\
1

‘ e |
' A.S:uf-%éat =O+§at

| fos 2x1x10*m

1= a7 /534x 107" m/s?
. - /03745 x10 §?=./3.145x 108 s
. _1935 s =32 minutes 15 seconds.

e

. (8) Find the magnitude of the gravitational
force between the sun and the earth. (Mass of the
iSun =2 x 10°° kg, mass of the earth =6 x 10+ kg
' and the distance between the centres of the Sun
and the earth =1.5 x 10 tim;

G- 6.67 x 10 N'm*/ kg?)

iSo1ution : Data : m, =2 x 10%° kg,

m, =6 x 10** kg, r=1.5 x 10! m,

G-667x10"" N-m?/kg? F=?

| 667x10-" N-m?/kg? x 2 x 10°°kg x 6 x 10**kg
1 (1.5 x 10™* m)?

L 667x2x6 2 L
=% = A N
| =1, 17 x 10 N=3557x10

. F=3557x10*2 N
‘ magnitude of the
between the sun

gravitational

force and the

;'Stance between the earth and the Sun IS
L5x10' m. If the gravitational force between
he two is 3.5 « 102 N, what is the mass of the

Use G=6.7 x10-11 N,mzkg—z'

Solution : Data : m, =6 x 10** kg, r = 1.5x1

o' m,

F=35x%x102N,G=6.7x10"1" N-m2kg~2 m; =17

Gmym,
i d

F

Fr? 3.5 x 10?2 N x (1.5 x 10'* m)®

Y My = . iy s cnnin ;
* Gm, 67x10 " N-m?’kg *x6x 10°* kg

_8.5%1.5%1.5x 10

6.7 x 6 x 10"
=1.96 x 10°° kg (mass of the Sun).

(10) Find the magnitude of the acceleration
due to gravity at the surface of the earth.
(M = 6 x 10** kg, R = 6400 km)

Solution : Data : M= 6 x 10** kg,
R = 6400 km = 6.4 x 10° m,
G=667x10""N-m?/kg? g="?

GM
Re

_ 667 x 107" N-m*/kg? x 6 x 10** kg
o (6.4 x 10° m)?

g

66.
- 7><6m/sz=9.77m/s2

B (674)2
The magnitude of the acceleration due to
gravity at the surface of the earth = 9.77 m /s>,

*(11) The radius of planet A is half the radius of
planet B. If the mass of A is M,, what must be the
mass of B so that the value of g on B is half that of
its value on A?

Solution : Data : R, = Rp/2,

1
gB='2‘gA’MB=?

GM GM GM,
=g A W asw
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*(12) An object takes 5 s to reach the ground . Solution:Data: &, 98 m/s’ M % 2&.
from a height of 5 m on a planet. What is the o=

value of g on the planet ? 5 : M

Solution : Data: u=0m/s,s=5m, t=5s, g=? : Acceleration due to SCEii

_—

3

1 :
! . : GM, GM,
3 Los=58t L andg,,=—§g2
; 1 i 2 ]
IR O g8 xSxSs § £=(—)(“¥)=z(§) = |
8 4 e p
B . 2 : e
A g..—.--s- m/s* = 0.4 m/s* (on the planet). Yo et g _98 m/s® _ 49 m/s’
0 TR R o e
| : ; vi Urfag,
The mass of an imaginary planet is | 1heacceleration e et

the mass of the earth. Its diameter is : ~ - T

. *(15) A stone thrown vertically upwards wity
' jnitial velocity u reaches a height 7 befor,

v ""* of the planet. coming down. Show that the time taken to go yy
ey [g(earth) =9.8 m/s?] : issame as the time taken to come dOWI.
Q-MQ (planet) 5 : Solution :
B o = : —5s (50
M? ‘(earth) ! We have, = T B .
800 km : Vel
! v=u+at ORI n |
: 1 | h ‘ ‘
: and s=ut+- at? . (2) i |
: 2 A A |
/ W’”l
|
s=(v—at)t+1at2 Fig. 1.9:A-B
= 12800 km, = the stone moves
A 1 5 upward; |
=vi—at +§at B A, the stone :
" moves downward -
s=vt—%at2 o () ’

: As the stone moves upward from A-B
{ s=AB=h,t=t,
a = — g (retardation), |

u=uand v=0

.. From Eq. (3), h=0 —-;- (—-8)t?

1
h =5 8t,’

(" t, and ¢, are positivﬂ







(21) 11 the welght of a body on (he surface of
the moon is 100 N, what 18 1s mass ?
(g~ 1,683 m/s")

Solution ; Data: We 100 N, g« 1,63 m/a’, m =1

nitude of the weight,
:hx% m/s?

respectively. What will
gon? Assume that the

TIE

K2 .

I/ .

e "

8.167 N (weight ¢ 'me 2

© §olution : Data:m= 10 Kg,

earth’s surface.
potential energy. (ii) Find the kinetic energyic
be provided to the body to make it free from th ’-
gravitational influence of the earth. |

i Solution : Data : m =20 kg, g=9.8 m/s?,

L -20 kg x 9.8 m/s? x 6.4 x 10° m

R EEEEIEEETIrEEhInnEnRETTT

g M=6X 1024 kgl
0" N-m?3/kg?

R =064 x10°m, C=667x1
gy of the body 1

The gravitational potential ener !
R
6,67 x 10" N.m?/ kg’ 2 6 x 10** kg x 10 kg
o 64 % 10° m
-—6'67XGx10’J=—-6.253x10"J- (
6.4
' (26) If the body in Ex. (24) performs unifor,
© circular motion around the earth at a height ¢ -
3600 km from the earth’s surface, what will b,
' its gravitational potential energy? 1
| Solution : Here, h=3600 km =3.6 x 10°m 1
. The gravitational potential energy of the body 1
~ GMm |
"~ R+h 5
6.67 x 10~ N-m?/kg? x 6 X 10%* kg x 10 kg
iy (64x10°+3.6x10°) m ]
6.67 x 6 x 10'*

= ——WJ= —4.002)(108 J.
X

(26) A body of mass 20 kg is at rest on th |
@) Find its gravitationd -

(¢=9.8m/s%, R=6400kn !

re .

R =6400 km = 6.4 x 10° m

: (i) The gravitational potential energy of the bodv

(o%)
A 1

=

= -1.2544 x 10° J. q

‘b

i

4 To make the body free from the grawtaﬁoﬂ

j etic energy equal to 1.2544 x 10° J. )

Jo|

..............................

3
é



¢ the bodV USSR AN
OvVing a¢

@7 ,
n the earth’s surface, wy,
at wiy be its

oo/ ° ¢
@ ginetic energy (1) total energy,

.Data:m=20kg,v=100m/s

) The kinetic energy of the body
1

1
1 ,/,x20kg><(100m/s)2:10,J‘

o=
9 2

(i) The total energy of the body = Kinetic eher
: - 108 g
otential energy =10° J +(~1.2544 1o J) -
L1~ 12544) X 10° J = — 12543 x 103 "

_ _1.2543 % 10° J.

(

@8 A satellite of mass 100 kg performs
qnifor™ circular motion around the earth at 5
peight of 6400 km from the earth’s surface, Find
its gravitational potential energy.

[g=9-8 m/s’, R=6400 km]
golution : Data : m=100 kg, §=9.8 m/s?
R=6400km=6-4 x10° m, h=6.4 x 10° m

The gravitational potential energy of the satellite

cMm__mgR’ (,,g_G_
- R RS

100 kg x 9.8 m/s? x (6.4 x 10° m)?
= —— (64x10°+6.4x10°) m

4 %10
=_%J= _0.8x32x108J

(29) Find the escape velocity of a body from
| the earth. [M(earth) =6 x 10°* ke, E(earth)

—6.4x10°m, G=6.67 X 10" N-m*/kg’]

Solution : Data : M =6 x 1024 kg, R=64Xx 10° m,
G =667 x 10~ N-m?/kg?

The escape velocity of a body from the earth,

. 20U
s R

| =\/2 % 6.67 x 10~ N-m?/kg? x 6 x 10%* kg
6.4 x 10° m

]
;=\/12x6.67x103

61
t- 1.118 x 10° m/s  11.18 km/s.

the earth. [R(earth)=6.4 x 10°
. 5.52x10° kg/m’, G=6.67x10"" N-m*/kg’]

(30) Find the escape velocity of 2 pody from

m, p(eal‘th) —

Solution : Data : R =6.4 x 10° m,

p =552 % 10° kg/m?, G=6.67x 107" N-m?/ kg’

. The escape velocity of a body from the earth.

: 9 '
Vese = 2R \/5 Gnp

=2 x 64 x10° m x

: 9 :
5 \/§ % 6.67 x 10-1" N-m?/kg? x 3.142 x 5.52 10° kg/m’

S 110 [13.34 x 3.;42 % 5.52

=11.24 x 10° m/s
=11.24 km/s.

(31) Calculate the escap velocity of a body

. from the moon. [g (moon) =1.67 m/ s?, R(moon)

—1.74 x 10° m]

: Solution : Data:g= 1.67 m/s?, R=1.T4 % 10° m

. The escape velocity of & body from the moon,

Vese =~/ 2gR

= /2 x1.67 m/s? x 1.74 x 10° m

—2.411x10° m/s=2.411 km/s.

(32) The mass of (an imaginary) planet is four

times that of the earth and its radius is double the
. radius of the earth. The escape velocity of a body
. from the earth is 11.2 x 10° m/s. Find the escap

velocity of a body from the planet.

Solution : Data : M, = aM,, R,=2R,,
=112 x 10° m/s

vleSC

_ [26M
vesc"‘ R
Mlsz X2 \/-

—~1.414x 112 % 10° m/s

. v2esc

e

$ vlesc
vzescz 2 Ulesc

_15.84x10° m/s8= 15.84 km/s
cape velocity of a body from the pla

This is the es
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Ans,

L
P e

il K& |Measure of inertia
Weight N __|DPepends oﬁ ht;lght
Acceler-ation due |m/s? Zero at the C(;lrl;r(;
to gravity | ol if E{le‘ garth
Gravitational N-m*/kg? |Same in the er‘ltiiré»
constant universe

Q @Match the following:
 Column A Tmn};

(1) Escape velocity @)_T

(2) Gravitational acceleration (R\Jrh)

(3) Gravitational potential (b) ﬂw

energy
(4) Gravitational force () _G%

@ X r>ry

— GMm

© 2(R+h)

(3) Gravitational potential energy :

Ans. (1) Escape velocity : _| %VI

(2) Gravitational acceleration : %VI (r=R)

— GMm
(R+h)

(4) Gravitational force : le_mz

r2

Q.v@Answer the following questions in one

~ sentence each

(1) State the SI and CGS units of G.
Ans. The SI unit of G is N-m?/kg? and CGS unit is
the dyne-cm?/g>.

(2) State any

one

gravitational force.

characteristic

of

Ans. Gravitational force between two particles

does not depend on the nature of the medium

between them.

12

atellite ;
" th() S(l‘( ]n
(3) Name the force that keeP®
the orbit around the earth:
Ans. The gravitational for¢

: -hit aro
keeps the satellite in the OT bit ks
whi

(4) Name the force dué to

revolves around the Sun.

nd
Ans. The earth revolves arou. exerted on it by
the gravitational force of attractlon = '

the Sun. <
(5) What is the acceleration due to i ¥ Surfaca
height A ( = radius of the earth) from )

of the earth? ;
i a hei
Ans. The acceleration due t0 8T avity at st

f the ea
(=radius of the earth) from the surface O rth

is 2.45 m/s>.

o dug to the S

and the earth.

h the earty

the Sun due tg

GM GM

—

[Explanation : g’ = m =4R?

| 0q

9.8

1 m/s? = 2.45 m/s? for h=R]

(6) What is the relation between the SI unit of
weight and the CGS unit of weight?

Ans. The relation between the SI unit of weigh
(the newton) and the CGS unit of weight (the dyne

is 1 newton = 10° dynes.

(7) Write the formula for the centripetal forc
acting on a body performing circular motion.
2
Ans. F=™"
r
(8) Write the formula for the escape velocity ¢
a body from the earth’s surface.

[2GM
Ans. v, = T Or Uese = /28R,

(9) What is the value of the acceleration due
gravity at the centre of the earth?
Ans. Zero.

(10) What are the factopg on

maximum height attaineq by a
upwards depends?

Ans. The initial Velocity qf

acceleration due to grayity 44 that pla
force and frictional force gy, Lok C€, the buoya
ke,

Which t}
body throw

SCIENCE AND TECHNOLOGY (Part-1) DIGEST : STD, X









