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                      10 Gravitation

The Universal Law Of Gravitation 
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In our everyday lives, we observe that various objects fall. Balls or stones fall from a height, fruits from trees, raindrops from the clouds, etc. It seems that all these objects are bound to fall on the surface of the earth. Why do these objects fall on the earth?
We know that the moon revolves around the earth in a definite orbit. Similarly, all planets revolve around the sun in their definite orbits. What binds the planets to their respective orbits?
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The force that is responsible for all these phenomena is called gravitational force.

Force of gravity
Every object that has some mass tends to attract another object by a force known as gravitational force. Hence, a ball dropped from a height falls towards the surface of the earth because the earth pulls the ball towards itself using the force of gravity.

All the planets are bound to revolve in their fixed orbits by the gravitational attraction of the sun. The same force of gravity acts between the earth and the moon and makes the moon revolve around the earth in a fixed orbit.

The theory of gravitation is the brainchild of one of the greatest physicists to ever walk on the earth, Sir Isaac Newton (1642 – 1727).

There is a popular story about how Newton discovered the law of gravitation. It is said that when Newton was sitting under an apple tree, an apple fell on his head.
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Newton started thinking – Why did the apple fall down? Why did it not go upwards? He thought that it could be the earth that attracted the apple towards itself. He theorized that the earth attracted not only the apple, but also the moon, raindrops, stones, etc. towards its surface. He also thought that the motion of the apple was accelerated as its velocity changed from zero (when hanging on the tree) to a maximum value (just before it hit the ground). According to his second law of motion, there must be some force acting on the apple that caused this acceleration. He called this force as gravitational force and the associated acceleration as acceleration due to gravity.

However, some parts of this story are factually incorrect.

According to Newton’s third law of motion, the apple will also attract the earth with an equal amount of force. Then why does the earth not move?
This is because by Newton’s second law of motion, acceleration produced in an object is inversely proportional to its mass. The mass of the apple is negligible compared to the mass of the earth. Hence, the acceleration of the apple will be much greater than that of the earth. Therefore, the earth does not move.

Gravity in earth - moon system
Tides are the periodic rise and fall of oceans and seawater caused by the influence of the moon’s and the sun’s gravity on the earth.
Universal Law of Gravitation
The law states that every object in the universe tends to attract other objects with a force that is directed along the line of centres. The magnitude of this force is proportional to the product of their masses and inversely proportional to the square of the distance between them.
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Let two objects I and II of masses M1 and M2 respectively be placed at a distance d from each other.

(a) Force of gravity between the two objects is directly proportional to the product of their masses.

i.e., [image: image5.png]Fo M,xM,



(Product rule) 

(b) Force of gravity between the two objects is inversely proportional to the square of the distance between them.

i.e., [image: image6.png]


(Inverse-square rule)

Combining both equations, we obtain
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	Or, 
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Where, G is a constant called Universal Gravitational Constant or Newton’s constant.

SI unit of G
The force of gravity F between two objects of mass M1 and M2 that are at d distance apart is given by,

F = G[image: image9.png]



 G = [image: image10.png]



Substituting the SI units of various quantities in this equation, we obtain

 G =[image: image11.png]



 The SI unit of G is Nm2/kg2.
Value of G
Henry Cavendish (1731 – 1810) found out the value of Universal Gravitational Constant G with the help of a very sensitive balance. Its value is

	G = 6.673 × 10–11 Nm2/kg2


Newton’s constant can be defined as the gravitational force between two objects of mass 1 kg each that are separated by a distance of 1 m.

Kepler’s Law and Inverse-square Rule:
Acceleration Due To Gravity

Take a cricket ball and throw it up in the air. You will find that the ball reaches a maximum height and then falls back on the ground. Do you know why does this happen?
It happens because of the fact that the earth attracts all the bodies on or near its surface and makes them fall. The velocity of the object that is falling increases continuously. This change in velocity causes the body to accelerate.

Does this acceleration increase for a larger object or does it remain constant?
Whenever an object falls towards the earth, it experiences acceleration called acceleration due to gravity denoted by ‘g’. It is a constant for every object falling on the surface of the earth.

Acceleration due to gravity does not depend on the mass of the falling object.
Equation for g
Suppose a stone of mass ‘m’ is dropped from a tower of height ‘h’. The stone will fall towards the surface of the earth of mass M and radius R. This motion of stone is called a freefall under the influence of the earth’s gravity.

Freefall is the motion of an object falling under the influence of the earth’s gravity only.
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From Newton’s second law of motion, the force on the stone is given by the product of its mass and acceleration.

F = ma 
Suppose the stone falls freely with an acceleration g.

F = mg 

Force exerted by the earth on the stone is given by Newton’s law of gravitation,

F = G[image: image13.png]Mm
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These two equations should be equal.

mg = G[image: image14.png]Mm
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Or g =[image: image15.png]



The height h is very small compared to the radius of the earth R. Hence, the term[image: image16.png]e



 will be very small and can be neglected.
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Where,

G → Universal gravitational constant = 6.67 × 10−11 Nm2/kg2
M → mass of the earth 
R → radius of the earth
This equation represents the acceleration due to gravity of an object placed on the surface of the earth. It decreases when we move away from its surface or go inside the earth.

The radius of the earth R increases when we go from the poles to the equator. Hence, the value of ‘g’ decreases.

SI unit of ‘g’
The equation for the acceleration due to gravity is
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Substituting the units of G, M, and R in this equation, we obtain

G =[image: image19.png]


 = m/s2
The SI unit of ‘g’ is m/s2.
Value of ‘g’
We know that
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We will use the following values.

G = 6.67 × 10−11 Nm2/kg2
M = 6 × 1024 kg for the earth

R = 6400 km for the earth

= 6.4 × 106m 

Substituting them in the equation, 
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= 9.8 m/s2
Acceleration due to the gravity of the earth is approximately equal to 9.8 m/s2. However, it varies from place to place.
Take a cricket ball and a leaf. Drop them simultaneously from a height and observe the objects just before they touch the ground. Do they touch the ground simultaneously?
You will observe that the cricket ball will touch the ground first. This is because of the presence of air that offers a greater air resistance against the motion of the leaf than the motion of the ball.

Can you predict what will happen if there is no air present in their paths?
Let us see what happen in case of free-falling bodies when no air is present.

Equations of motion of an object under the influence of the earth’s gravity 

We have three equations of motion that relate the velocities u and v with the acceleration ‘a’ of a moving object along a straight distance s in time t. These equations are given by 

v = u + at
s = ut +[image: image22.png]


at2
v2 = u2 + 2as
If an object moves only under the influence of gravity, then we can take its acceleration a as acceleration due to gravity g. Hence, the three equations of motion for acceleration ‘a’ will be valid for acceleration ‘g’. These equations are given in the following table. 
	S. No.
	Relation
	Object falling downward (a = g)
	Object moving upward (a = −g)

	1.
	Velocity-time
	v = u + gt
	v = u − gt

	2.
	Distance-time
	s = ut + [image: image23.png]


gt2
	s = ut −[image: image24.png]


gt2

	3.
	Velocity-distance
	v2 = u2 + 2gs
	v2 = u2 − 2gs


Mass And Weight
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Suppose an astronomer of mass m and weight W on the earth is on a lunar mission. What will happen when he will land on the moon? Will these quantities remain the same?
Everyday, we frequently interchange the term mass with weight and vice-versa.However, both these physical quantities are quite different from each other. For example, an astronaut on the moon will find that his mass will remain the same but his weight is reduced by a factor of [image: image25.png]


th approximately! Why does this happen? This happens because mass and weight are different physical quantities and acceleration due to gravity on the moon is[image: image26.png]


th of that on the earth.

The given table shows some of the differences between mass and weight.

	S. No.
	Mass
	Weight

	1.
	Mass is the amount of matter contained in the body.
	Weight is the force exerted on a body due to the gravitational pull of another body such as the earth, the sun, etc.

	2.
	Mass is an intrinsic property of the body.
	Weight is an extrinsic property of the body.

	3.
	Mass of a body remains the same everywhere in the universe.
	Weight of a body depends on the local acceleration due to gravity where it is placed.

	4.
	The SI unit of mass is kilogram (kg).
	Since weight is a force, its SI unit is Newton (N).

	5.
	Mass of a body can be measured using beam balance, pan balance, etc.
	Weight of a body can be measured using spring balance, weighing machine, etc.

	6.
	Mass of a body cannot be zero.
	Weight of a body can be zero.

	7.
	It is the measure of inertia equation for weight.
	It is the measure of force.


Weight
Suppose an object of mass m is placed on the surface of the earth. Hence, the force exerted by the earth on the object is the measure of its weight. It is given by 

F = ma
Let us denote weight by W. Since acceleration due to gravity of earth is g, we obtain
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As acceleration due to gravity ‘g’ is different for different places such as the moon, planets, etc., the weight of an object is also different on different places. Weight depends on location.

Weight of an object on the moon
Suppose an object of mass m and weight We on the earth is brought to the surface of the moon. Calculate the factor by which its weight will reduce on the moon.
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Let Wm→ weight of the object on the moon
Mm → mass of the moon
Rm → radius of the moon 
We→ weight of the object on the earth
Me→ mass of the earth
Re → radius of the earth
Since the mass of object, m, remains the same everywhere in this universe, it will be the same on both the earth and the moon.

Newton’s law of gravitation gives the weight of the object on the moon as
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… (i)

Its weight on the earth will be
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… (ii)

The values of mass and radius of the earth and the moon are given in the following table.

	 
	Mass
	Radius

	Earth
	5.98 × 1024 kg
	6.37 × 106 m

	Moon
	7.36 × 1022 kg
	1.74 × 106 m


Hence, equation (ii) gives the weight of the object on the earth as

We = G ×[image: image31.png]5.98x10% xm
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We = 1.4737 × 1011 m G … (iii)

Equation (i) will give the weight on the moon.

Wm =[image: image32.png]Gx7.36x1
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Wm = 2.4309 × 1010 m G … (iv)

Dividing equation (iv) by equation (iii), we obtain
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Hence, we can infer from the above result that the weight on the moon is[image: image36.png]


th of the weight on the earth.

An astronaut in deep space experiences weightlessness because there is no force of gravity acting on him. Remember that weight is a physical quantity that can be experienced only when the body opposes the force of gravity. That is why a freefall under the influence of the earth’s gravity is considered as weightlessness because it does not oppose the force of the earth’s gravity.

Thrust And Pressure

Take three books and pile them on top of one another on a table. Try to push the bottom book using all the fingers of one hand. You can easily move it. Now try again, but in this case, use only your index finger. You will find that it is more difficult to push the books. Why is it so?
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You will require more force to push the same pile of books using only the index finger. This is because the contact area on which the force is applied is lesser compared to the previous case when you used all your fingers.

Hence, force per unit area exerted by the books on the fingers will be lesser in the first case as compared to the second case. That is why we need more force in the second case as compared to the first case.

We define force per unit area as pressure and it is given by the relation:

	Pressure =[image: image38.png]force applied _ _thrust
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For a constant magnitude of thrust, if the contact area is greater, then the pressure will be lesser and vice versa.

Since the SI units of thrust and surface area are N and m2 respectively, the SI unit of pressure is N/m2.

Do you know why tyres of heavy vehicles are made much wider than normal tyres? 
The tyres are made wider to increase its area of contact with the road. When force is exerted on the vehicle, the large contact area reduces the reaction force per unit area on the tyres by the road. In this way, a passenger experiences less reaction force caused by the jump of the vehicle.

Walking on a sand bed
Have you ever wondered why walking on a sand bed is more difficult than walking on a hard road?

You already know that while walking, we push the ground with some force and the ground in return applies the same reaction force on our feet. While walking on a hard road, the contact surface area of the foot is less than that on loose sand. In both cases, the thrust is the same and equal to the weight of the body. However, its effect or pressure is lesser in case of loose sand bed than in the case of road. The effect of thrust depends on the contact area on which it acts. The large contact area reduces the reaction force on the foot by the sand. That is why it is difficult for us to walk on a sand bed.
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Do You Know:
	Blaise Pascal (1623 − 1662)
Pascal was a great mathematician and physicist. He worked in the field of geometry and helped in the construction of calculators. He also studied about fluids and the pressure distribution inside the volume of fluids. In his honour, the SI unit of pressure is called Pascal (Pa) which is equal to the amount of pressure exerted by 1 N force on 1 m2 area.
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Pressure exerted by fluids
L[image: image63.png]


ike solids, liquids and gases also (called fluids) have weight and can exert pressure on the walls of the container in which they are enclosed. When you exert a pressure on the surface of the liquid or gas, the pressure is transmitted undiminished in the volume of the fluid in all directions.

Sharp nail
Why is it more difficult to fix a wide end nail than a sharp nail in a wooden block?

The tip of a nail is made sharp so that the applied force exerted on the wooden block acts on a very small area. This in turn exerts a great pressure on the block. Hence, the nail can be easily inserted inside the wall or the wooden block.

Depression on a sand bed
The depression of the foot of the person on loose sand is greater when he is standing on it as compared to when he is lying flat on it. This is because for the same amount of thrust, the contact area is greater in the second case. Hence, pressure exerted on the sand bed is greater in the first case as compared to the second case.

Relative Densities
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Raju is studying in the light of a kerosene lantern. Suddenly, the light of the lantern goes dim because the short length of the wick was not able to reach the kerosene. He gets anxious about what he should do. His father suggested him to carefully pour some water in the fuel container such that it does not wet the wick. He did the same and was surprised to see that the light of the lantern becomes bright again. What happened in the container? Is the water acting as a fuel?
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The answer is NO. Water is not acting as a fuel for the lantern. The water poured in the lantern settles down and the kerosene goes up and a clear partition arises in between the kerosene and the water. In this way, the end of the wick is immersed in the kerosene and the other end starts burning.

How can the kerosene stay on the surface of water?
Have you ever wondered why a cork floats while a nail sinks in water?
T[image: image66.png]


he answer to this observation is that the density of cork is lesser than that of water whereas the density of nail is greater than that of water.
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An object having density less than that of liquid will float on the surface of that liquid.

Objects having density greater than that of liquid will sink in it. For example, the density of a nail is greater than that of water; hence, it will sink in water whereas the density of cork is less than water; hence, it will float on the surface of water.

Density of a substance is defined as mass per unit volume. It is expressed as
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The SI unit of density is kg/m3.
The following table shows the densities of some common substances.

	Substance
	Density (kg/m3)
	Substance
	Density (kg/m3)

	Water
	1000
	Mercury
	13600

	Kerosene
	810
	Ice (0°C)
	916

	Cork
	240
	Sea water
	1025

	Iron
	7870
	Wood
	800

	Glycerine
	1260
	Alcohol
	790


It is clear from the table above that the density of water (1000 kg/m3) is greater than that of kerosene (810 kg/m3). Hence, kerosene floats and rises on the surface of water in the lantern’s fuel container.

Relative density
The relative density of a substance is defined as its density with respect to that of water.

i.e. Relative density =[image: image42.png]Density of the substance
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It is also called the specific gravity of the substance and it should be remembered that because relative density is a ratio of the same physical quantities, it has no unit. It is a pure number.
	The following table shows the relative densities of the substances in the above table.

Substance
Relative density
Substance
Substance relative density
Water

1

Mercury

13.6

Kerosene

0.81

Ice (0 °C)

0.916

Cork

0.24

Sea water

1.025

Iron

7.87

Wood

0.8

Glycerine

1.26

Alcohol

0.79
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Archimedes Principle

 

You feel lighter while swimming in a pool. Why does this happen? What happens to your weight in the water?
This question can be answered with the help of the concept of buoyancy.

Buoyancy
When an object is immersed partially or fully in a liquid, it experiences an upward force. This upward force is known as buoyant force and this phenomenon is known as buoyancy.

In equilibrium, the buoyant force is balanced by the weight of an object or the force of gravity acting on it.
Why does a metal bucket immersed in water seem to be lighter in comparison to when it is outside the water?

It seems lighter because the weight of bucket acting in downward direction is partially cancelled by the upward buoyant force inside the water. Hence, the bucket seems to be lighter in comparison to when it is outside the water as no such upward force acts in the latter case.

Density of floating objects
Density of an object plays a prominent role in deciding whether it sinks or floats. In the above case, the density of nail/iron is greater than that of water. Therefore, it sinks. The density of cork is less than that of water. Therefore, it floats. Density is related with the volume of the object. Hence, the volume of object also plays a major role in deciding whether it sinks or floats. Such a relation was given by the scientist Archimedes.

	Archimedes (287-212 BC) was a Greek mathematician and physicist.
As he was taking bath one day, he noticed that as he stepped inside his bathtub, water overflowed by an amount equal to his volume. It is said that he was so excited with his discovery that he ran naked in the street shouting Eureka! It ultimately led to the discovery of the famous Archimedes principle. Apart from this principle, he also made very important contributions in the field of mechanics and geometry. He was considered as one of the three greatest mathematicians of all time.
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Archimedes principle
Archimedes principle states that when a body is immersed wholly or partially in a liquid, it experiences an upward buoyant force of magnitude equal to the weight of the liquid displaced by it.

	Buoyant force = Weight of displaced liquid 


Weight of displaced liquid = Mass of the displaced liquid × Acceleration due to gravity

= Density of the liquid × Volume of the displaced liquid × Acceleration due to gravity

Volume of the displaced liquid = Volume of the object that is immersed in the liquid

Weight of the displaced liquid = Volume of the object immersed in the liquid × Density of the liquid × Acceleration due to gravity

Hence, we can write the magnitude of the upthrust on an object that is immersed in a liquid as

	Buoyant force = Volume of the object × Density of the liquid × Acceleration due to gravity


Since buoyant force depends on the density of the liquid in which it is immersed, it is different in different liquids for the same object.

Archimedes Principle is also used in lactometers to determine the purity of milk and hydrometers to determine the density of a liquid.

 

QUESTIONS AND ANSWERS
1.What do you mean by free fall?

Gravity of the Earth attracts every object towards its centre. When an object is released from a height, it falls towards the surface of the Earth under the influence of gravitational force. The motion of the object is said to have free fall.

2.Why is it difficult to hold a school bag having a strap made of a thin and strong string?

It is difficult to hold a school bag having a thin strap because the pressure on the shoulders is quite large. This is because the pressure is inversely proportional to the surface area on which the force acts. The smaller is the surface area; the larger will be the pressure on the surface. In the case of a thin strap, the contact surface area is very small. Hence, the pressure exerted on the shoulder is very large.

3.You find your mass to be 42 kg on a weighing machine. Is your mass more or less than 42 kg?

When you weigh your body, an upward force acts on it. This upward force is the buoyant force. As a result, the body gets pushed slightly upwards, causing the weighing machine to show a reading less than the actual value

4.You have a bag of cotton and an iron bar, each indicating a mass of 100 kg when measured on a weighing machine. In reality, one is heavier than other. Can you say which one is heavier and why?

The iron bar is heavier than the bag of cotton. This is because the surface area of the cotton bag is larger than the iron bar. Hence, more buoyant force acts on the bag than that on an iron bar. This makes the cotton bag lighter than its actual value. For this reason, the iron bar and the bag of cotton show the same mass on the weighing machine, but actually the mass of the iron bar is more that that of the cotton bag.

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

According to the universal law of gravitation, gravitational force (F) acting between two objects is inversely proportional to the square of the distance (r) between them, i.e., 
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If distance r becomes r/2, then the gravitational force will be proportional to [image: image47.png]



Hence, if the distance is reduced to half, then the gravitational force becomes four times larger than the previous value

6.Gravitational force acts on all objects in proportion to their masses. Why then, a heavy object does not fall faster than a light object?

All objects fall on ground with constant acceleration, called acceleration due to gravity (in the absence of air resistances). It is constant and does not depend upon the mass of an object. Hence, heavy objects do not fall faster than light objects

7.The earth and the moon are attracted to each other by gravitational force. Does the earth attract the moon with a force that is greater or smaller or the same as the force with which the moon attracts the earth? Why?

According to the universal law of gravitation, two objects attract each other with equal force, but in opposite directions. The Earth attracts the moon with an equal force with which the moon attracts the earth.

8.If the moon attracts the earth, why does the earth not move towards the moon?

The Earth and the moon experience equal gravitational forces from each other. However, the mass of the Earth is much larger than the mass of the moon. Hence, it accelerates at a rate lesser than the acceleration rate of the moon towards the Earth. For this reason, the Earth does not move towards the moon.

9.What happens to the force between two objects, if

(i) the mass of one object is doubled?

(ii) the distance between the objects is doubled and tripled?

(iii) the masses of both objects are doubled?

	(i)
	Doubled
	(ii)
	One-fourth and one-ninth
	(iii)
	four times


According to the universal law of gravitation, the force of gravitation between two objects is given by:
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(i) F is directly proportional to the masses of the objects. If the mass of one object is doubled, then the gravitational force will also get doubled.

(ii) F is inversely proportional to the square of the distances between the objects. If the distance is doubled, then the gravitational force becomes one-fourth of its original value.

Similarly, if the distance is tripled, then the gravitational force becomes one-ninth of its original value.

(iii) F is directly proportional to the product of masses of the objects. If the masses of both the objects are doubled, then the gravitational force becomes four times the original value.

10.What is the acceleration of free fall?

When objects fall towards the Earth under the effect of gravitational force alone, then they are said to be in free fall. Acceleration of free fall is 9.8 m s−2, which is constant for all objects (irrespective of their masses).

11.What do we call the gravitational force between the Earth and an object?

Gravitational force between the earth and an object is known as the weight of the object.

12.Amit buys few grams of gold at the poles as per the instruction of one of his friends. He hands over the same when he meets him at the equator. Will the friend agree with the weight of gold bought? If not, why? [Hint: The value of g is greater at the poles than at the equator].

Weight of a body on the Earth is given by:

W = mg

Where, 

m = Mass of the body

g = Acceleration due to gravity

The value of g is greater at poles than at the equator. Therefore, gold at the equator weighs less than at the poles. Hence, Amit’s friend will not agree with the weight of the gold bought.

13.Why will a sheet of paper fall slower than one that is crumpled into a ball?

When a sheet of paper is crumbled into a ball, then its density increases. Hence, resistance to its motion through the air decreases and it falls faster than the sheet of paper.

14.Gravitational force on the surface of the moon is only[image: image49.png]


as strong as gravitational force on the Earth. What is the weight in newtons of a 10 kg object on the moon and on the Earth?

Weight of an object on the moon [image: image50.png]


Weight of an object on the Earth 

Also, 

Weight = Mass × Acceleration

Acceleration due to gravity, g = 9.8 m/s2
Therefore, weight of a 10 kg object on the Earth = 10 × 9.8 = 98 N

And, weight of the same object on the moon [image: image51.png]=Log=163n
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15.A ball is thrown vertically upwards with a velocity of 49 m/s. Calculate

(i) the maximum height to which it rises.

(ii)the total time it takes to return to the surface of the earth.

(i) 122.5 m (ii) 10 s

According to the equation of motion under gravity:

v2 − u2 = 2 gs
Where,

u = Initial velocity of the ball

v = Final velocity of the ball

s = Height achieved by the ball

g = Acceleration due to gravity

At maximum height, final velocity of the ball is zero, i.e., v = 0

u = 49 m/s

During upward motion, g = − 9.8 m s−2
Let h be the maximum height attained by the ball. 

Hence,
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Let t be the time taken by the ball to reach the height 122.5 m, then according to the equation of motion:

v = u + gt 

We get,
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But, 

Time of ascent = Time of descent

Therefore, total time taken by the ball to return = 5 + 5 = 10 s

16.A stone is released from the top of a tower of height 19.6 m. Calculate its final velocity just before touching the ground.

According to the equation of motion under gravity:

v2 − u2 = 2 gs
Where,

u = Initial velocity of the stone = 0

v = Final velocity of the stone

s = Height of the stone = 19.6 m

g = Acceleration due to gravity = 9.8 m s−2
 v2 − 02 = 2 × 9.8 × 19.6

v2 = 2 × 9.8 × 19.6 = (19.6)2
v = 19.6 m s− 1
Hence, the velocity of the stone just before touching the ground is 19.6 m s−1.
17.A stone is thrown vertically upward with an initial velocity of 40 m/s. Taking g = 10 m/s2, find the maximum height reached by the stone. What is the net displacement and the total distance covered by the stone?

According to the equation of motion under gravity:

v2 − u2 = 2 gs
Where,

u = Initial velocity of the stone = 40 m/s

v = Final velocity of the stone = 0

s = Height of the stone 

g = Acceleration due to gravity = −10 m s−2
Let h be the maximum height attained by the stone. 

Therefore, 
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Therefore, total distance covered by the stone during its upward and downward journey = 80 + 80 = 160 m

Net displacement of the stone during its upward and downward journey

= 80 + (−80) = 0

18.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 will meet.

Let the two stones meet after a time t.

(i) For the stone dropped from the tower:
Initial velocity, u = 0 

Let the displacement of the stone in time t from the top of the tower be s. 

Acceleration due to gravity, g = 9.8 m s−2
From the equation of motion, 
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(ii) For the stone thrown upwards:
Initial velocity, u = 25 m s−1
Let the displacement of the stone from the ground in time t be s'. 

Acceleration due to gravity, g = −9.8 m s−2
Equation of motion, 
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The combined displacement of both the stones at the meeting point is equal to the height of the tower 100 m.
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In 4 s, the falling stone has covered a distance given by equation (1) as
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Therefore, the stones will meet after 4 s at a height (100 − 80) = 20 m from the ground

19.A ball thrown up vertically returns to the thrower after 6 s. Find

(a) the velocity with which it was thrown up,

(b) the maximum height it reaches, and

(c) its position after 4 s.

	(a)
	29.4 m/s 
	(b)
	44.1 m 
	(c)
	39.2 m above the ground


(a) Time of ascent is equal to the time of descent. The ball takes a total of 6 s for its upward and downward journey.

Hence, it has taken 3 s to attain the maximum height.

Final velocity of the ball at the maximum height, v = 0 

Acceleration due to gravity, g = −9.8 m s−2
Equation of motion, v = u + gt will give,

0 = u + (−9.8 × 3)

u = 9.8 × 3 = 29.4 ms− 1
Hence, the ball was thrown upwards with a velocity of 29.4 m s−1.

(b) Let the maximum height attained by the ball be h.

Initial velocity during the upward journey, u = 29.4 m s−1
Final velocity, v = 0

Acceleration due to gravity, g = −9.8 m s−2
From the equation of motion,[image: image59.png]
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(c) Ball attains the maximum height after 3 s. After attaining this height, it will start falling downwards. 

In this case,

Initial velocity, u = 0

Position of the ball after 4 s of the throw is given by the distance travelled by it during its downward journey in 4 s − 3 s = 1 s.

Equation of motion, [image: image61.png]


will give,
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Total height = 44.1 m

This means that the ball is 39.2 m (44.1 m − 4.9 m) above the ground after 4 seconds

20.Why does a block of plastic released under water come up to the surface of water?

Two forces act on an object immersed in water. One is the gravitational force, which pulls the object downwards, and the other is the buoyant force, which pushes the object upwards. If the upward buoyant force is greater than the downward gravitational force, then the object comes up to the surface of the water as soon as it is released within water. Due to this reason, a block of plastic released under water comes up to the surface of the water.

