JSUNIL

TUTORIAL

P

s

JSUNIL TUTORIAL

Chase Excellence

Exameis  Calculae the gravitanonal force between
wo bodies A and B having mass 50 kg each and
sitting at a distance of 1 m from each other
SOLUTION

Here,
Mass of A (my) = Mass of B (my) = 50 kg (Given)
Distance (d) = 1 m (Given)

According to Newton's Universal Law  of
Gravitation, the force of gravitation is calculated by
using the formula

P e
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Here, G = 6,67 x 10" N m*/kg’
Now, putting these values in the above formula,

we get

F=

6.67x10™" Nm?® / kg® x 50kg x 50kg
F=
(1m)*
F =167 x 107 N
Now, let us suppose you are A and B is your

friend. You can see that the mutual force of attraction
between you and your friend is so small that any one
of you will not experlence this force at all, thereby
illustrating that the gravitational force (between two
small objects having small masses) is very weak in
nature.

Exampie  Caleulate gravitational force berween the
carth and the moon. The mass of eanh is 6 x 10%" kg
and that of moon is 7.4 x 10* kg and the distance
between them is 3.84 x 10° km.
SOLUTION
Here,
Mass of the earth (my) =6 x 10** kg
Mass of the moon (m,) = 74 x 10% kg
Distance berween the earth and the moon (d)
= 384 % 10" km
« 384 X 10° X 1000 m
“ 384 x10"m

Gravitation Class og Term-1

G = 67 % 10" N m¥/kg?
According 10 Newton's Universal Law  of
Gravitation,

Now, putting these values in the above formula,
we get

6.7 %107 Nm?/kg? x 6 x10* kg x 7.4 x10% kg
(3.84x10* m)*

F

F= 201x%10°N

You can see that the mutual force of attraction
between the earth and the moon is very large (2.01
x 10* N). It is due to this large force that it binds
them, such that it makes the moon 1o move around
the earth with uniform speed. The above example
proves that the gravitational force between big
objects having very large masses is very strong in
nature,

Exampre How does the force of gravitation
between two objects change, when the distance
between them is reduced to half ?

SOLUTION Let the masses of rtwo objects be m; and
my and the distance between them be d. The force of
gravitation is calculated by using formula for
Newton's Universal Law of Gravitation, i.e.

i m
s

When the distance between the two objects is
reduced to half ie., from dto @2, then

Fag M _ - My _ AGmm,

2 1 2
1 Ry d
G
1G
So F. & iGmm, d* s
F Gﬁ%'l d* G mym,
d
F'= 4F

Therefore, when the distance between the two
objects is reduced to half, the force of gravitation
becomes 4 times the initial value,
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Exampie A ball is thrown vertically upwards with
a velocity of 49 m/s. Caleulate
a. the maximum height to which it rises,
b. the tomwal time it takes 1o return to the surface
of the earth.
SOLUTION
a. Initial velocity of the ball, « = 49 m/s
Final velocity of the ball, ¢ = 0 m/s (it stops)
Acceleration due to gravity, g = -9.8 m/s*
(ball is thrown vertically upwards))
Maximum height reached by the ball, b =?
(1o be calculated)
We know, for a freely falling body

¥ = 1+ 2gh
Now, putting all the known values in the above
formula, we get
(0)* = (49 mV/s)* + 2 (-9.8 m/s*Kh)

or 0 = (49 m/s)* = - 2 x 9.8 m/s* ()
49m/s x49m/s
2x98 m/s’

h=1225m
So, the maximum height reached by the ball is
1225 m.

b. Time taken to reach the highest point (1) = ?
(to be calculated)

v u v-u
We know, 8"-7'- or "T

Now, putting the known values in the above
formula, we get

e 0nvs - 49m/s _ - 49m/s
-98mst - 98m/st
We know, time taken by a body to reach to the
highest point = time taken by the body to fall from
the same height.
Therefore,
Total time taken by the ball to retumn to the surface of
theeath=5s+5s=10s.

EXAMPLE _ A stone is released from the top of a
tower of height 19.6 m, Calculate its final velocity just
before touching the ground.
SOLUTION Initial velocity of the stone, v = 0 m/s
[since it is dropped from a
height]

=58

Height of the tower, b = 19.6 m
Final velocity of the stone, v =7 (to be calculated)
Acceleration due 1o gravity, g = 9.8 m/s*

Now, for a freely falling body
Putting the known values in the above equation,
we get
= (0 m/s) = 2 x 9.8 m/s* x 19.6 m
¢ = 19.6 m/s* x 19.6 m
¢ = (19.6 m/s)?
v=196 m/s
So, the final velocity of the stone is 19.6 m/s.

Exampie A stone is allowed to fall from the top
of a tower 100 m high and at the same time another
stone is projected vertically upwards from the
ground with a velocity of 25 m/s, Calculate when
and where the two stones meet. (Take g = 10 m/s?)
SOLUTION Let us assume that the two stones meet
after t seconds and at the distance x metres from the
ground.

1. For the falling stone

Vertical distance travelled by the stone, b

= (100 - x) m
Initial velocity of the stone, u = 0 m/s
Acceleration due to gravity, g = 10 n/s*

1
We know, b-uHEgl’

Putting the known values in the above equation,
we get

1 ',
(100 = ) = (0 m/s) x ¢+ 3 X 10 m/s® x £

(100 = ) = 0 + 5¢
(100 - x) = 5# (D
2. For the stone thrown vertically upwards

Vertical distance travelled by the stone, b= xm
Initial velocity of the stone, u = 25 m/s
Acceleration due to gravity, g = -10 m/s?

Stone A
faling dowrwards u=0ms
4

(100 = x)
v
Siona B \  u=2sma
hirown up

100m

1
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(stone is thrown vertically upwards)

We know, h = ut+ %gr’

Putting the known values in the above equation,
we get

1
x= (25 m/sXn + 2 (=10 mv/sHP

x=251-5F o (iD
Adding equations (i) and (i), we get
100 -x+x = 5F +25¢-5F

or 100 = 25¢

100
or ! %
or 1= 4s

Thus, the two stones meet 4 seconds after the
start. Substituting the value of t in equation (ii), we
get

x = 25(4) - 5(4)?
x = 100 - 5(16)
X = 100 - 80
x=20m

Thus, the two stones meet after 4 seconds from
the start and at a height of 20 m above the ground.

Exampte A ball thrown up vertically retumns 10
the thrower after 6 s. Find

a. the velocity with which it was thrown up,

b. the maximum height it reaches, and

¢ its position after 4 s,
SOLUTION Total time taken by the ball 10 reach the
thrower = 6 s

We know, time taken by the ball to reach the
highest point when thrown in the upward direction =
Time taken by the ball to fall from the highest point
to the ground.

< time taken by the ball to reach the highest point,

| = ';135

a.  Final velocity of the ball, v =0
(it stops at the highest point)

Acceleration due to gravity, g = -9.8 m/s?
(ball is thrown upwards)
We know, the equation of motion for a freely

falling body
Putting the known values in the above equation,
we get

0= u+(-98m/s)(3s)
or —u = 294 m/s
u = 294 m/s
So, the initial velocity with which the ball is
thrown up is 29.4 mv/s.

b. Height, the ball can reach, b =?
(to be calculated)
We know, the equation of motion for a freely

falling body

b= uH%gl’

Putting the known values in the above equation,
we get

]
b= @4 m/s)X3s)+ 5(-98 m/s?) (3

b=882m=-441m

b=441m
Thus, the maximum height the ball can reach is
4.1 m,

¢. Position of the ball after 4 s, h =7
(to be calculated)
We know, the equation of motion for a freely

falling body

L
b-m+Egr

Putting the known values in the above equation,
we get
1
h= (294 m/sX4 ) + 5 (98 m/s*N4 s)*
h=1176 m-784 m
h=1392m

After 4 s the ball will reach a height of 39.2 m
from the bottom,

Thus, the position of the ball after 4 s from the top,
= 441m=-392m=49m
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ExamPie . A body thrown vertically upwards, rises
to a height of 10 m. Calculate a. the velocity with
which the body was thrown upwards and b. the time
taken by the body to reach the highest point
SOLUTION a. Initial velocity of the body, u = ?
Maximum height reached by the body, » = 10 m
Final velocity, v = 0 m/s
(it stops after reaching the maximum height)
Acceleration due 10 gravity, g = -9.8 m/s?
(body is thrown upwards)
We know, the equation of the motion for a freely
falling body
tf = 1F + 2pbh

Putting the known values in the above equation,
we get

(0 m/s) = f + 2(—9.8 m/s*X10 m)
-1 = 196 m?/s?
w = 196 (m/s)?

u = J196 (m/sy

u = 14 m/s
Thus, the initial velocity with which the body
was thrown upwards is 14 m/s,
b. Time taken by the body to reach the highest

point, =7
We know, the equation of the motion for a freely

falling body
U= u+ gt

Putting the known values in the above given
equation, we get

0 = 14 m/s + (=9 m/s°X0
-14 m/s = -9 m/s%(#)
14 m/s
9 m/s’
t = 143 s
Thus, the time taken by the body to reach the
highest point is 1,43 s,

f =



