Upthrust in Fluids, Archimedes' Principle and Floatation

Buoyancy and Upthrust

The weight of the object exerts a force on the liquid. The liquid also exerts a certain amount of force on
the object in the upward direction. This force is called the buoyant force.

The tendency of a liquid to exert an upward force on any object immersed in it is called buoyancy.
The upward force exerted by a liquid is also called upthrust.

Condition for a Body to Sink or Float

A body immersed in water experiences two forces—its weight in the downward direction and the
upthrust due to water in the upward direction.

When Fg > W or Fg = W, the body will float. When Fg > W, the body will float with a part submerged for
which the upthrust is equal to the weight. When Fg = W, the body will float with its body completely
submerged.

When Fg < W, the body will sink. It will go down with acceleration equal to difference in both forces
divided by its mass.
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Characteristic Properties of Upthrust

Larger the volume of the body submerged in fluid, greater is the upthrust.

More the density of fluid, greater is the upthrust.

The upthrust acts on the body in the upward direction at the centre of gravity of the displaced fluid
which is called the centre of buoyancy.

Reason for Upthrust

The liquid kept in a vessel exerts uniform pressure in all directions.
The pressure at a point in a liquid is the same in all directions.
It increases with increase in depth.

pe

\. /

The pressure P, on the lower face is more than the pressure P; on the upper face. This creates a
pressure difference between the two faces of the block.
Thus, there is a net upward force generated on the block.
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Archimedes’ principle

¢ Archimedes’ principle: When an object is immersed wholly or partially in a fluid, it experiences an
upthrust which is equal to the weight of the fluid displaced by it.

Buoyant force acting on an object = Weight of fluid displaced by that object
o (Gases however exert a very negligible buoyant force on the objects placed in them.

Experimental Verification of Archimedes’ Principle
e We can verify Archimedes’ principle with the help of the following two experiments.

Experiment 1
¢ In this experiment, a solid cylinder A and a hollow cylinder B of the same volume are used.
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e The solid cylinder A is immersed in water contained in a beaker D. We observe that the solid cylinder
loses some weight, that is, the left arm rises.

e Water is poured in the hollow cylinder B till it is completely filled. The beam is balanced.

e Thus, we can conclude that buoyant force acting on the solid cylinder A is equal to the weight of water
filled in cylinder B.

e Because A and B have the same volume, the weight of water in cylinder B is equal to the weight of
water displaced by A.

e Thus, the buoyant force acting on cylinder A is equal to the weight of water displaced by it.



Experiment 2

In this experiment, a solid is suspended by a thin thread from the hook of a spring balance. The
balance will show a reading.
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Measuring cylinder

A can called eureka can filled with water up to the spout is taken. A measuring cylinder is kept near
the spout of the can.

The solid is gently immersed in the can. This leads to spilling of water from the spout which gets
collected in the measuring cylinder.

Note the weight of the solid and the volume of water collected in the cylinder.

Water has density 1 g cm™. Thus, the volume of water collected in the cylinder is equal to the mass
(or weight) of water displaced by the solid.

Density

Density of a substance is defined as mass per unit volume.
It is a scalar quantity and is represented by the Greek letter p.
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Its Sl unit is kg m™3, and its CGS unit is g cm™.
Most substances expand on heating and contract on cooling.
Thus, the density of a substance increases with decrease in temperature and decreases with increase
in temperature.



Relative Density

The relative density of a substance is the ratio of its density to that of water at 4°C.

Density of a substance _ py
Density of water Pu,

Relative density =

It is also given as the ratio of the mass of the substance to the mass of equal volume of water at 4°C.
Mass of a certain volume of substance ~ m,
Mass of same volume of water m

Relative density =

w

It has no units because it is a ratio of similar quantities.

In the SI system, the density of water is 1000 kg m™. Thus, we have
_ Density of a substance
- 1000 kg m?
. Density in kg m® =1000R.D
Now, the density of water in the CGS system is 1 g cm ™. Thus, we have
Density of a substance
1gcm?®

R.D

RD=

-.Density in g cm® =RD

Relative Density of a Solid by Archimedes’ Principle

Mass of a certain volume of substance

Mass of same volume of water
According to the Archimedes’ principle, the mass of water of volume equal to that of the body is found
by finding the mass of water displaced by the body when it is completely immersed in water. Thus, we
have

Relative density =

D Weight of body in air
Weight of body in air — Weight of body in water

If W1 is the weight of the body in air and W, is the weight of the body in water, then

RD=—h
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Determination of RD of a Solid Denser than Water and Insoluble in it

RD - Weight of solid in air A
" Loss in weight of solid in water W, — W,

Determination of RD of a Solid Denser than Water and Soluble in it
Weight of solid in air
Loss in weight of solid in liquid

RD=

x R.D of liquid

Relative Density of a Liquid by Archimedes’ Principle

Weight of a given volume of liquid
Weight of the same volume of water

Relative density =

e According to the Archimedes’ principle, a solid immersed in water displaces the liquid or water equal to
its own volume.
RD- Weight of the body in air — weight of the body in liquid
Weight of body in air — Weight of the body in water

o If Wy is the weight of the body in air, W5 is the weight of the body in liquid and W3 is the weight of the
body in water, then

W1 — Wz

Wl - W3

RD=



Floatation

e A body immersed in liquid experiences two forces:
1. Its weight in the downward direction through its centre of gravity G.

2. The upthrust due to the liquid in the upward direction through the centre of gravity of the displaced
liquid. This centre is called the centre of buoyancy B.

e Case |l: When W > Fg, i.e. the weight of the body is greater than the weight of the displaced liquid, the

body will sink.
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e Case Il: When W = Fg, i.e. the weight of the body is equal to the weight of the displaced liquid, the

body will float with its body submerged just below the surface of the liquid.
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e Case Ill: When W < Fg, i.e. the weight of the body is less than the weight of the liquid displaced, the

body will float partially above the surface of the liquid.
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e Principle of floatation: The weight of a floating body is equal to the weight of the liquid displaced by
its submerged part.



Relation between Volume of the submerged part of a floating body, the Densities
of the Liquid and the Body

Volume of immersed part of body Density of body

Volume of body ~ Density of liquid
V_Ps
V. p
Applications

¢ Floatation of Iron Ship
a. Aniron nail sinks in water while a ship floats.
b. A ship begins to submerge more as it sails from sea water to river water.
c. An unloaded ship is filled with sand at its bottom.

¢ Floatation of Man
a. A swimmer fills his lungs with air and keeps his nose and mouth just above the water surface.
Thus, the weight of water displaced by the swimmer is nearly equal to his own weight. Thus, he
can swim with less effort.
b. A man can swim easily in sea water than in fresh water.

e Floatation of Submarines
e Floatation of iceberg
An iceberg floats in water with 1/12™ part of its total volume above the surface of water.
e Floatation of fish
¢ Rising of balloons



