PROBLEM BASED ON NEWTON’S LAW OF GRAVITATION

1. Calculate the force of attraction between twoo

4. The mean orbital radius of the earth around the

balls each of mass 1 kg each, when their centres are 10 em  sun is 1.5x 10° km_Calculate the mass of the sun if

apart. Gien G=667 = 107" Na'kg™%.
Solution. Here m, =m, =1kg, r=10cm =0.10 m
Gmym, 667x10" M x1x1
F= = 3
7 (0.10
2. The mass of planet Jupiter is 1.9 x 107 kg and
that of the sun is 1.99 x 10% kg. The mean distanice of the

Jupiter from the Sun is 7.8 x 10" m Calculate the gravita-
tiomal force which the sun exerts on Jupiter. Assuming that
Jupiter moves in a circular orbit around the sun, calculate

the speed of the Jupiter.

Solution. Here M =1.99 = 10% kg,
m=19%10" kg, r=78x10" m,
G=667 10" " Nm® kg™

GMm

-
66710 % 1,99x10%¥ x 19x 107
- (78x 10"y

=4145x 10° N.

The gravitational force of attraction due to the sur
provides the necessary centripetal force to the Jupites
to move in the circular orbit. If v is the orbital speed of
Jupiter, then

mu*

——-=_F
F

F

or =

F _ (7.8x10" x 4145x 107
19x 107
= 1.304 = Iﬂ" lm_l.

3. Two particles, each of mass m, go round a
circle of radius R under the action of their mutual
gravitational atraction. Find the speed of each particle.

Solution. The force on each particle is directed
along the radius of the circle. The two particles will
always lie at the ends of a diameter so that distance
between them is 2R.

Fagmem G
@R} 4Rr?
As this force provides the centripetal force; so
Gr'  mo*
4R* R
Gm

m

[Dethi 19971 G =667« 10" Nufkg™?,

Solution. Here r=15x 108 km =15= 10" m

T =365 days =365 x 24 x 3600 s
*+ Centripetal force required = Force of gravitation

between the earth and the sun
E=GMM " E[Z_ET,GM’"
r A ri T -
dn’r
or M=
Gii

__ 4x987x(15x10")
6.67 x 10”1 x (365 x 24 x 3600)°

=2.01 = 10* kg.

5. A mass M is broken into two parts of masses
my and m,. How are my and m, related so that force of gravi-
tational atfraction between the two parts is maximum 7

Solution. Let m, =m, then m, = M-m

Force of gravitation between the two parts when
they are placed distance r apart is
mM-m) G
N e
Differentiating w.r.t m, we get

s -y
A

F=G {Mm —n)

dF
e s =u
dm

or gtm -2m)j=0

For F to be maximum,

of M=2m or m=M/2
omy=my=MI2
6. Three equal masses of m kg each are fixed at the
vertices of an equilateral triangle ABC, as shown in Fig. 8.6,
{a) What is the force acting on a mass 2m placed at the
centroid G of the triangle ?
(V) What is the force if the mass at the vertex A is
doubled ?
Take AG= BG=CG=1m

Ans -0, 2Gn?




PROBLEM BASED ON MASS AND DENSITY OF THE EARTH

2 ) You are given the
following data : g=981ms 2 Ry =637x 10 m, the
distance to the moon r =384  10° m and the time period of
the moon’s revolution is 27.3 days. Obtain the mass of the
Earth My in two different ways,

3 &
Solution. (i) M, =E_Eﬁ _9.315 :;;&3:'; ::} P2
g k.

=5.97 x 10™ kg,
(if) From Kepler's law of periods,

_ ey __ 4x%314x314x (384) x 107
© GT?  667%107 1 x (27.3 x 24 x 60 x 60)
= 6.02 % 10* kg,
Both the methods give almost the same mass, the
difference being less than 1%.
density 11.3, what then would be the value of acceleration
due to gravity on the surface of the earth ? Radius of the
earth =6.4 % 10° mand G =6.67 x 107 1 Nnf kg2,
Solution. Density of the earth,
p = Relative density = density of water
=113% 10" kgm™*

Acceleration due to gravity on the earth’s surface,

GM G 4 _, 4
g=“ﬂl -—RI.E:R :wp=§nGRp

4 22 =11 5
=§sz&ﬁhm x6.4x10%x11.3x 10°

=271 ms 2,

9. The acceleration due to gravity at the moon's
surface is 167 ms % If the radius of the moon is
1.74 % 10° m, calculate the mass of the moon, Use the known
value of G.

Solution. Here G=6.67x10” "' Nm? kg~ ?,

§=167ms %, R=174x10°m

o8 R 167 (174 x 105
G 6.67 x 10~ 11

ExAMPLE 10. Two lead spheres of 20 cmand 2 em diameter

respectively are placed with centres 100 omapart. Caleulate

the attraction between them, given the radius of the earth as

6.37 < 10° cm and its mean density as 5.53 x 10° kg m >,

Specific gravity of lead = 11.5. If the lead spheres are replaced

:tybrmw.ﬁaﬁ of same radii, would the force of attraction
same 7

Solution. Here 1, =" cn =0.10 m,

=756 x 102 kg.

5=;m=ﬂ.ﬂlm

r=10m,p'=115%10° kgm™?
R=6.37x10° cm =6.37 x 10° m,
p=553%10% kgm™?
Masses of the two lead spheres will be
m =4 pf

=4x314x (0107 x 115 10° =48.15 kg

my =4 g pf
The force of attracton between the two lead
spheres is

1'1?,".‘1 L W
=G =
2 4xRp BT
B 3% 9.8 x 48,15 % 004815
" 4x3.14 % (637 x 10%)x 5,53 x 10% x (1)

=154x 107U N

As the density of brass is less than that of lead, the
masses of brass spheres will be smaller than those of lead
spheres, so the force of attraction (F = mm,) will
decrease when lead spheres are replaced by brass spheres.

11, Compare the gravitational acceleration of the
earth due to attraction of the sun with that due fo attraction
of the moon. Given that mass of sun, M, =1.99 x 10% kg,
mass of moon, M_ =7.35x 10 kg, distance of sun from
earth, v, =1.49x 10" mand distance of moon from earth
P =384 % 10% m

Solution. Here M, =1.99x 10" kg

M, =7.35x10™ kg
r,=149x10" m
and . =384x10° m

Let M, be mass of earth. If g_ is acceleration of the
earth due to the attraction of the sun, then

MM GM 3
M £ =G € 3 ny g =i 1__{1}
£ e ?i [ ] ’i
If g_, is acceleration of earth due to the attraction of
the moon, then
Mg, =G or g = i 1)
e ¥

Dividing equation (i) by (ii), we get
S M T M %
gﬂ'ﬂl -] (-]

_199x10%  (384x10°)

E 1798
735% 102 (149x10")




12, A body weighs 90 kg f on the surface of the
earth. How much will it weigh on the surface of Mars whose
mass is 1/9 and the radius is 1/2 of that of the earth ?

Solution. The acceleration due to gravity on the
surface of the earth is given by
GM
Ty = ?t .(l}
The acceleration due to gravity on the surface of

Mars is given by

By = % _{”]

RI
Dividing equation (i1) by (i), we get

s_f_vsn[ﬂ] :Hz]:

g M

[
3
S 93.-
Weight on the surface of Mars,
W,_=mg,_ =§ mg, n;xi}ﬂkgf=4ﬂkg £.

L

13. If the radius of the earth shrinks by 2.0%,
mass remaining constant, then how would the value of
accelerntion due to gravily change 7 |Central Schoals 03]

Solution. Acceleration due to gravity on the surface
of the earth is given by

Taking logarithm of both sides, we get

logg=logG+log M-2log R
As G and M are constant, so differentiation of the
above equation gives

E=11|+IEI—2'. &
2 R
As radius of the earth decreases by 2%, so
aR__2
R 100
d—gxlm= -2 d%x 100

X
=-1H[—-—2-—‘leﬂﬂa-ﬁh
100

Thus the value of g increases by 4%.

14. A man can fump 1.5 m high on the earth.
Calculate the approximate height he might be able to jump
on a planet whose density is one-quarter that of the earth and
whose radius is one-third of the earth’s radius,
Solution. Acceleration due to gravity on the earth’s
surface is given by

But R=2, =P
3 4

4 E . p 1 4 1

= — G — — = = - GR = —

g e e T A T

Assuming that the man puts in the same energy in
jumping high on the earth and the planet, then

mg' i = mgh
1
ar MR — W= 1]
12 g= mg T
or =12 h=12%15=18m.



PROBLEM BASED ON VARIATION OF ‘g’ WITH ALTITUDE

15. Af what height from the surface of the earth,
will the value of g be reduced by 36% from the value af the
surface ? Radius of the earth = 6400 km.

Solution. Suppose at height h, the value of g reduces
by 36% i.e., it becomes 64% of that at the surface. Thus

d
=% of p=—
Sh 8 lmE

Rl
But =% m

64 R? 8 R

—g=5 OF e

100 (R+h 10 R+h
or k:%-T-1mm

16, At what height above the earth's surface, the
value of g is half of its value on earth’s surface 7 Given its
radius is 6400 km

Solution. Here g, =g/2

2
R
o g"-g[ﬁ-ﬁh]

or h=(y2 —=1) R =0.414 R =0.414 x 6400
= 2649.6 km.
17. Find the percentage decrease in the weight of a
body when taken to a height of 32 kmabove the surface of the
earth, Radius of the earth is 6400 km

Solution. Here h =32 km, R =6400 km

As h<<RE so
2h 2gh
= 11— |mp——
& S[ RJ 2 R
2gh
or —g, =——
E— 8y R

Percent decrease in weight
=8~ "8y . 100=58"81 . 100
¥

mg
=—gﬂttm-.2uix]m
gx R R
2x32
= % 100 = 1%.
6400

18. A mass of 0.5 kg is weighed on a balance at
the top of @ tower 20 m high. The mass is then suspended
from the pan of the balance by a fine wire 20 mlong and is
reweighed. Find the change in weight. Assume that the
radius of the earth is 6400 km

Solution. At a height ki (< < R), we have

2k 2gh
= 1-_- [ R - A
5 S( RJ 3 R

2
g8 =‘iﬁ

Change in weight = Wt. at the foot of tower
- Wt. at the top of the tower

1
=Jn:|n:‘|';|l-r1't‘gh=m|:g_-gII -_—_._._m'gﬁ

R
But mg=05kgf h=20m,
R = 6400 km =6.4 % 10° m
- Change in weight
2x05%20
=2 3125 x10 kg £
6.4x10° 107" ke

19, A body hanging from a spring stretches it by
1omat the earth’s surface. How much will the same body
stretch the spring at a place 1600 km above the earth's
surface 7 Radius of the earth =6400 km

Solution. In equilibrium, weight of the suspended
body = Stretching force
. At the earth’s surface, mg=Fk = x

At a height h, mg'=kxx
¢ o R __ (s400)
g x (R+hy (6400 +1600)°
=[@)’=3§
8000, 25
or f:%xr-%ﬂm=ﬂ.ﬁlm.



PROBLEM BASED ON VARIATION OF ‘g’ WITH DEPTH

20, Find the percentage decrease in weight of a
body, when taken 16 km below the surface of the earth, Take ]:i
radius of the earth as 6400 km 1
R—d

Solution. Here R=6400km, d =16 km

gig1=O)ugfr- 1) }
« =817 R)78 "sa00) a00°

99 1
8% "8 0¥ a0 ® o

The percentage decrease in weight of the body
where y=R -d= Distance
of the body from the centre

EMI LDD:E_-KE.,;[[]Q
g of the earth.

mg

_(1/400) g =
_T.xlm-ﬂ-lﬁ'y-- Thus g, =y

21. How much below the surface of the earth does As the acceleration is proportional to displace-
the acceleration due to gravity beconte 1% of its value af the ment and is directed towards the mean position, so the

earth’s surface 7 Radius of the earth =6400 km mation u;}‘tl'nebnd}ris simple harmonic. Its time period
2 si lﬂ-gl'i"ﬂ'l e )
Solution. Here ¢, =1%of g 100 . Displacement _, _ l:an
But 2 ‘3[1 d'] Acceleration 24 g
L =gl1-=
E GM G 4 .3 4
£ _5(1-4) But =g =g"3 ™ P73 oW
100 8 R R 3 ll‘a?
n T-'Z':'[ |{ El]‘:l = E;-—
or LA, V4=GRp  Y4nGp \ Gp
. e 3x3.142
=3 % : = : =5059.77 s.
o =100 * F=1pg * 6400 = 6336 km. > \'ﬁ.ﬁ?nlﬂ'”#ﬁ.ﬁ!{}

22, Al what height above the earth's surface, the
value of g is same as in a mine 80 km deep ?
Solution. Let h be the height at which ‘g’ is same as
that at depth d. Now

2h d
oo o i3s3

2h d
or —=—

E R

hséngzlﬂm
2 2

23. Imagine a tunnel dug along a diameter of the
earth. Show that a particle dropped from one end of the
tunnel executes simple harmonic motion. What is the lime
period of this motion ? Assume the earth to be a sphere of
uniform mass density (equal to its knoum average density
=5520 kg m>.) G=667 % 10" "' N kg~ 2. Neglect all
damping forces,

Solution. The acceleration due to gravity at a depth
d below the earth’s surface is given by

ﬂ] R-d
=g|l-—— = —— =~S-
54 R[ R o 84 E[ R ] RI‘r



PROBLEM BASED ON INTENSITY OF GRAVITATIONAL FIELD

1. Find the intensity of gravitational field when
a force of 100 N acts on a body of mass 10 kg in the
gravitational field,
Solution. Here F =100 N, m=10 kg

Intensity of gravitational field,

E_£=1l]]h1

m 10 kg

2. Two bodies of masses 10 kg and 1000 kg are
at a distance 1 mapart. At which point on the line joining
them will the gravitational field intensity be zero ?

Solution. Let the resultant gravitational intensity
be zero at distance x from the mass of 10 kg on the line
joining the centres of the two bodies. At this point, the
gravitational intensities due to the two bodies must be
equal and opposite,

Gx10  G=1000

=10 Nkg™'.

x* (1-x)
or 100x*=(1-x or 10x=1-x
ar 11x=1 or r=1/11m.

; 3. Two masses, 800 kg and 600 kg, are at a
distunce 0.25 mapart, Compute the magnitude of the intensity
of the gravitational field at a point distant 0.20 m from the
800 kg mass and 0.15 m from the 600 kg mass.

Solution. Let A and B be the positions of the two
masses and P the point at which the intensity of the
gravitational field is to be computed.

D25 m

Gravitational intensity at P due to mass at A,
_GM_ 800
4 g (020§

Gravitational intensity at P due to mass at B,
600 _ 80,000
Ey=G——s=——(, along PB
8™ o1sg 3 "

E

In A APB,
PA*+ PB = AR
Z APB=90"

=G ——— =20,000 G, along PA

Hence the magnitude of resultant gravitational
intensity at P is

2

E=,E2 + E} =GJ{2ﬂmﬂf +[¥)

10,000
3

=666x10"" « =222x107% N,



PROBLEM BASED ON GRAVITATIONAL POTENTIAL

1.At a point above the surface of the earth, the
gravitational potential is -512x107 Jkg™! and the
acceleration due to gravity is 6.4 ms™ 2, Assuming the mean
radius of the earth to be 6400 km, calculate the height of this
point above the earth’s surface.

Solution, Let r be the distance of the given point
from the centre of the earth. Then

Gravitational potential,
V=—G—rﬁ=-5,12:lu"]ig'1 (i)
Acceleration due to gravity,

3=%=54 ms™* i)

Dividing (i) by (if),

512 %107
f=—6:—-ﬂx 10 m =8000 km

Height of the point from the earth’s surface
= 8000 — 6400 = 1600 km.

2.The radius of the earth is 6.37 x 10° m, its
mean density is 55x10° kgm ? and G=6.66x 10" 1!
Nn? kg™ 2. Determine the gravitational potential on the
surface of the earth.

Solution. Here R =6.37 x 10° m,
p=55x10"kgm 3, G=6.66x10""" Nm® kg™ *

Mass of the earth,
M-‘u’oh:mexdm.ﬁtjr=§ﬂﬂ“"p

Gravitational potential on the earth’s surface

a-nﬂsp =-§uﬂﬂ2p

=-§sa.1namﬂu‘“z[&ﬂxlu‘fa 55 10°

Veee—=-—x%

=-622x10" Jkg ™"

3 Three mass points each of mass m are placed
at the vertices of an equilateral triangle of side 1. What is the
gravitational field and potential due to three masses at the
centroid of the triangle 7

Solution. In Fig. 8.19, three mass points, each of
mm,mphmdntmmwrﬁmnfquﬂateml
A ABC of side [. If O is the centroid of the triangle, then
0A=0B=0C

From right AODB,

BD /2

OB OB

op=_M2__ 12 _ |

" oos 30° :'51'_2 :'5.
Gravitational fields at O due to mass points at A, B

and C are as follows :

= Gm = Gm =EGm'
5 (OAY (1/BF R’

cos 30°=

along OA

Angle between E, and E, is120°. Their resultant is
E=E2 + B} +2E, E, cos 120°

3Gm _l}=.3;ﬂ£ along OF
-—,!— 1+l+2x[ 3 . g

B

Clearly, E is equal and opposite to E,, hence the
resultant gravitational field at O is zero.

As gravitational potential is a scalar quantity, so the
total gravitational potential at Ois —

Gm Gm Gm

V=ti+hatVs="58 "o oc
.~ P [ OA=0B=0C= ‘]
0A /43 ;]

or V--!JEEF-

4Hnﬂhepnuuﬁnlmrrgyujl‘u§um ofju-:;_
particles, each of mass m, placed at the vertices of & square
side | Also obtain the potential at the centre of the square.

Solution. i
AB= BC=CD=DA=]

AC=BD=\P+P =421

OA=0OB=0C=0D=+2 1/2=1/42




By the principle of superposition, total potential
energy of the system of particles is
UmUg, +(Lgg+ Ugy ) +(Up, + Upg + Upe)
=4 Uy, +2Upy

[ Ugy =Upy =Upc = Uy, Uey =Upgl

(o))

._ﬂ.[ ?ﬂ;r?s_'"l[z +0.707)

5.41 Gn®
I
Total gravitational potential at the centre O,
Gm
V:VA +'Ir"H+ VC"'VD:‘I'VA:"'[‘EJ

*4[_ Gm ]__l-fiGm
1132 P

5Two bodies of masses m, and m, are placed at
a distance r apart. Show that at the position where the gravita-
tioral field due to them is zero, the potential is given by

v--%x«wwwﬁl
Solution. Let the gravitational field be zero at a
point P at distance x from m, and (r - x) from m,. Then
Gm _ Gmy Jm _ m

2 (r-x) x (r-z)

or {r-:j\fn?:x,fn_:l or x{ﬁ+ﬁ}=rﬁ

S TAm 1 Jmsgm,
morm o x o rym

rym rym
and r—x)=r- =
{ "k ;"‘r"‘i“‘:
= A+ m

— rim
Gravitational potential at point P due to masses m,

=G"afm1+ m), v&w'_+ m)
rym rym,

=—-;IM.+%+2JN."&-



Problem based on escape velocity

I Find the velocity of escape at the earth given
that its radius is 6.4 x 10° mand the value of g at ifs surface
is9.8 ms™ .

Solution, Here R =64 x10°m, g =9.8 ms™?

v,=,2gR =2 x98x64x10°

=112x10° ms™ ! =112 kms™ L.

2 Determing the escape velocity of a body from
the moon, Take the moon to be a uniform sphere of radius
1.76 % 10° m, and mass 7.36 x 107 kg.

Given G=6.67» 10~ Nné kg™~

Solution. Here R =1.76 x 10° m, M =7.36 x 102 kg

i |IZGM_ 2 x 6,67 %107 1 x 736 x 102
=Y R 1.76 x 10°
=2375ms™ ' =2.375 km s~ ",
5. A black hole is a body from whose surface
nothirg may even escape. What is the condition for a uniform
spherical body of mass M to be a black hole ? What should be

the radius of such a black hole if its mass is nine Hmes the
muzss of the earth ? [Delhi 03C]

Solution. From Einstein's special theory of relativity,
we know that speed of any object cannot exceed the
speed of light, ¢ =3 » 10* ms™ !, Thus cis the upper limit
to the projectile’s escape velocity. Hence for a body to
be a black hole,

”:'1||ZGM e
R

If M=9 M; =9x6x10* kg, then

_2GM _2x667x10" " x9x 6x 107
& (3% 10%

=8% 10" m or nearly 8 cm.

s [upiter has a mass 318 times that of the earth,
and its radius is 11.2 times the earth’s radius. Estimate the

escape velocity of a body from Jupiter's surface, given Hhat
the escape velocily from the earth’s surface is 11.2 kms™ 3

Solution. Escape velocity from the earth's surface is

u.-“Jilih{-lLZ kms~

Escape velocity from Jupiter's surface will be

FGM‘
v;: T

But M=318 M, R' =112 R

D,af.G{BlEM]_ 2GM_318
’ 112 R 112

w0 38 L1123 _moing-,
12 112

R

5 Show that the moon would depart for ever if

its speed were increased by 42% .
Solution. The centripetal force required by the
moon to revolve around the earth is provided by gravi-

tational attraction.

mog _ GMom

e 3
RZ
.

Velocity required to escape, ©, = f2gR
% increase in the velocity of moon

:FI:_?E,.;‘]m: ER_ gﬂxim
Ty £R
N2 -1 &
= 1 # 100 =({1.414 - 1) = 100 = 41.4% = 42%.

& Calculate the escape velocity for an abmos-
pheric particle 1600 km above the earth’s surface, given thaf
the radins of the earth is 6400 km and acceleration due to
gravity on the surface of earth is 9.8 ms™ 2.

Solution. At a height h above the earth’s surface,
we have

R:
v, =28, (R+h), g "“_i—h}:

2% gR* 2¢R*
- e M= =2
e \({n+m’“m+} ‘1{R+ﬁ
g=9B8ms % R=64x10%m,

h = 1600 km =1.6 % 10° m,

R+h=(64+16)x10°=8x10°m

[2 % 9.8 x (6.4 % 10°)?
G TS

=10.02 % 10° ms™ ! =10.02 kms ™1,

7 The radius of a planet is double that of the
earth but their average densities are the same. If the escape
velocities at the planet and at the earth are v, and vy
respectively, then prove that v, =2 v,

Solution. If p is the average density of the earth,
then mass of the earth,

But

S
==nR
My =3 n &7
Escape velocity on the earth,
B L T
\ R R



Similarly, escape velocity on the planet,

B
v,=Ry . -CGx
P P1||3 P

L
Vg B Rg
But RP =3 RE Fo nF =2 'ﬂ:.

& Two uniform solid spheres of equal radii R,
but mass M and 4 M have a centre to centre separation 6 R,
as shown in Fig. 8.24, The two spheres are held fived. A
projectile of mass mis projected from the surface of the sphere
of mass M directly towards the centre of the second sphere.
Obtain an expression for the minimum speed v of the
projectile so that it reaches the surface of the second sphere.

o,
r-_r_.i 6

R {

Solution. The two spheres exert gravitational
forces on the projectile in mutually opposite directions.
At the neutral point N, these two forces cancel each
other. If ON =r, then

GMm _ G{4M)m

2 (6R-1)
or (6R-r?=47 or 6R-r=%2r
or r=2R or -6R
The neutral point r=-6R is inadmissible.
ON=r=2R

It will be sufficient to project the particle m with a
minimim speed v which enables it to reach the point N.
Thereafter, the particle m gets attracted by the gravi-
tational pull of 4M.

The total mechanical energy of m at surface of left
sphere is

E = K.E. of m+ P.E. due to left sphere
+ P.E. due to right sphere
_1 3 GMm_4GMm
2 R SR

At the neutral point, speed of the particle becomes

zero. The energy is purely potential.
E,; = P.E. due to left sphere

+ P.E. due to right sphere
_ GMm _4GMm

2R 4R

or L mo
2

By conservation of mechanical energy,
E = Ey
2 GMm 4GMm _ _GMm _4GMm
R 5R 2R 4R
I?,GM[-l IJ_EGM

R L5 2) SR

PEM
D E | [e—
5R




