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RECAPITULATION

In XIth Std. we discussed the behaviour of solids under the action of a force. Let us
see the difference between solid, liquid and gas ...
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INTRODUCTION

« A fluid means a substance that can
flow. Therefore, liquids and gases,
collectively, are called fluids.

* A fluid either has no rigidity or its
rigidity is very low.

* |n our daily life, we often experience
the pressure exerted by a fluid at rest
and in motion. Viscosity and surface
tension play an important role in

nature. We will try to
understand such properties in
this chapter




FLUID

* Any substance that can flow 1s a fluid.

e A fluid 1s a substance that deforms continually under the action of an
external force.

* TFluid 1s a phase of matter that includes hiquids, gases and plasmas.




MECHANICAL PROPERTIES OF FLUID

An ideal fluid has the following properties:

1. It is incompressible: its density is constant.
2. Its flow is irrotational: its flow is smooth,
there are no turbulences in the flow.

3. It is nonviscous: there is no internal friction
in the flow, i.e., the fluid has no viscosity.

4. Its flow is steady: its velocity at each point
Is constant in time.




DIFFERENCE BETWEEN SOLID AND FLUID

It is important to understand the difference between a solid and a fluid.

NYollfo! Fluid
* Solids can be subjected to shear * Ideal fluids, on the other hand, can only
stress (tangential stress) and be subjected to normal, compressive stress
normal stress, as shown in Figure (called pressure) as shown in Figure.

dF

dA

Fig. 2.3: Forces acting on a small surface dA
within a fluid at rest.




e Solids opposes the shear stress either by developing a
restoring force, which means that the deformations
are reversible, or they require a certain initial stress
before they deform and start flowing

Real fluids display viscosity and so are

capable of being subjected to low levels of
shear stress.
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PROPERTIES OF FLUIDS:

1. They do not oppose deformation, they get
permanently deformed.

2. They have ability to flow.

3. They have ability to take the shape of the
container.

A fluid exhibits these properties because

1t cannot oppose a shear stress when 1n

static equilibrium




The term fluid includes both the hiquid and gas
phases. It 1s commonly used, as a synonym

for hlquid only, without any reference to gas.
For example, ‘brake fluid’ 1s hydraulic o1l

and will not perform its required function 1if
there 1s gas 1 1t! This colloquial use of the
term 1s also common 1n the hields of medicine
and nutrition, e.g., “take plenty of fluids”



FLUIDS AT REST

The branch of physics which deals with the properties of fluids at rest 1s
called hydrostatics. In the next few sections we will
consider some of the properties of fluids at rest




Figure 2.4 shows a fluid exerting normal
force on a vertical surface and Fig. 2.5 shows
fluid exerting normal force on a horizontal

e A fluid at rest exerts a force on the
surface.

surface of contact. The surface may
be a wall or the bottom of an open
container of the fluid.

—F
 The normal force (F) exerted by a
fluid at rest per unit surface area (A) A
of contact is called the pressure (p) Fig. 2.4: Fluid exert force on vertical surface.
of the fluid. Y g

p =F/A

F

‘ig. 2.5: Fluid exert force on horizontal surface.

Thus, an object having small weight can exert high pressure 1f its weight acts on a small surface area.



1 N weight 1s about 100 g mass, if g =10 ms™.

The SI unit of pressure 1s N/m”2 Also, 1 N/m”2= 1 Pascal
(Pa).

The dimension of pressure 1s [ TMIT].

Pressure 1s a scalar quantity.

Other common units of measuring pressure of a gas are bar
and torr.

1 bar = 105 Nm™, 1 hectapascal (hPa) = 100 Pa



The concept of pressure 1s useful in dealing
with fluids, 1.e., hiquids and gases. As fluids
do not have dehnite shape and volume, 1t

1S convenient to use the quantities pressure
and density rather than force and mass when
studying hydrostatics and hydrodynamics.



PRESSURE DUE TO A& LIQUID COLUMN

Consider a vessel is filled with a liquid.
Let us calculate the pressure exerted
by an imaginary cylinder of cross
sectional area A inside the container.
Let the density of the fluid be p, and
the height of the imaginary cylinder be
h as shown in the Figure.

The liguid column exerts a force

which is its weight, on the bottom of
the cylinder.

This force acts in the downward
direction. Therefore, the pressure p
exerted by the liquid column on the
bottom of cylinder is,

ig, 2.6: Pressure due to a liquid column.




Thus, the pressure p due to a liquid of
density p at rest, and at a depth h below the
free surface is hpg.
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' e l)
Note that the pressure dose not depend

NOW, m - (VOlume Of Cylinder) X (denSity Of on the area of the imaginary cylinder used to

derive the expression

liquid)
= (A) x p = Alp
4hp)g

e

A
p=Ipg




* As p = hpg, the pressure exerted by a
fluid at rest 1s independent of the shape
and si1ze of the container.

* p = hpgis true for hquids as well as for
gases



CAN YOU TELL??

Why does a knife have a sharp edge,
and a needle has a sharp up?



ANSWER!!!

The cutting edge of tools like blades,knives
etc., are provided with sharp edge to cut the
things easily as the sharp edges have small
areas on which the force 1s applied has more
pressure applied.



USE YOUR BEAIN POWER!!!

A student of mass 50 kg 1s standing on both
feet. Estimate the pressure exerted by the
student on the Earth. Assume reasonable
value to any other quantity you need. Justity
your assumption. You may use g = 10 m s-2
By what factor will it change 1f the student
lies on back?




SOLUTION

The pressure exerted on the earth is 25 Par—



EXPLANATION

Explanation:Mass of student = 50 Kg

n.n

Gravitational acceleration "g" = 10 m/s"2

e Solution:According to newton's third law of motion.
IF = ma
F=(0x10) N=500N
Let the Area be 20 m2.
We know that
Pressure = Force / Area
Pressure = (500 / 20)
Pressuree "P" = 25 Pa

Thuss the pressure exerted on the earth 1s 25 Pa.



REVIEW

Fluid

* Any substance that can flow 1s a
flud. A tluid 1s a substance that
deforms continually under the
action of an external force.

e Itis incompressible

e Its flow 1s rrotational

e [t 1s nonviscous

e Its flow 1s steady

Pressure due to a liquid column

* As p = hpg, the pressure
exerted by a fluid at rest 1s
independent of the shape and
size of the container.

Pressure

Pressure 1s defined as Force per
unit area
The SI unit of pressure 1s N/m2
1 N/m2= 1 Pascal (Pa).
The dimension of pressure 1s

[L-1M1T-2].
Pressure 1s a scalar quantity.
Other common units of
measuring pressure of a gas are
bar and torr.

1 bar = 105 Nm-2
1 hectapascal (hPa) = 100 Pa



" WE NEVER KNOW |

THE WORTH OF

WATER TILL
THE WELL

THANKS IS DRY.

FRENCH PROVERB




