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PHYSICS

Chapter - 1

Units and Measurement

Part-3

Dimensional Analysis and It's
Applications

Alok Gaur
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2. Dimensions of Physical Quantities
! nal Analysis and it's Applications

4. Significant Figures
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USE OF DIMENSIONS
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Example : o mie2

a=1,b=2¢c=-2
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Checking the dimensional
. . ___-_-H‘h
consistency of equations

——

We can add or subtract similar

T —

o —

physical quantities. This simple

priaciple called the principle of
homogeneity of dimension-in an
equation is extremely useful in
checking the correctness of an

equation.
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Example - 1

Let us consider an equation

T s
“mv?=mah
(2 ) gj

Where m is the mass of the body, V

it'stvelocity, g is the acceleration due
to gravity and h is the height. Check
whether this equation is

dimensionally correct.
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Answer :

The dimension of LHS
[M] = [LT-"]2

(M) [L2772)
= [ML2T-2]
The dimension of RHS
[M] [LT-2] [L]
= [M] [L2T2]
= [ML2T-2]

g@missiongyan
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The dimension of LHS and RHS are
the same and hence the equation

Is dimensionally correct.
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Example - 2
Let us consider an equation

S=ut+1aﬁ
= 2

Where u is the initial velocity at time
t =0, Vis the final velocity at time t, a
is the acceleration and s is the
displacement. Check whether this

equation is dimensionally correct.
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Answer :
The dimension of S
= [L]
The dimension of ut
LT [T]
=ji]
The dimension of %at2
= [LT3] [12]
= [L]

g@missiongyan
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As each term of this equation has
the same dimension. Hence this
equation is a dimensionally

gorrect equation.



©ZIpca | Foundation

3.

wmissimqumf

Deducing relation among the physical

quantities

The method of dimensions can some times
beused [to deduce relation among the
physical gaantities.

For this we should know the dependance of
the physical quantity on other quantities
(upto three physical quantities or linearly

independent variables) and consider it.
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Example :

T g Consider a simple pendulam having a bob
attached to a string, that oscilates under the
actionof the force of gravity. Suppose that
the period©f oscillation of the simple

pendulam depends on it's length (1), mass

-_‘_--"‘-‘_—_n‘

of the bob (m) and acceleration due to

e

gravity (g) derive the expression for it's

--._._______ﬁ

time period using method of dimensions.
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Answer :
The dependance of time period T on the
guantities I, g and m as a product may be
Wititten as

TA KI2gP me

Where K is dimensionless constant and a,
b and c are the exponents.
By considering dimensions on both

sides, we have
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[LOMOT] = [L]a [L1T-2]b [m1]c
— La+b T-2b mc
On equating the dimensions on both
5iges, e have
a+b=0
-2b =1
c=0
1 1

Sothat b=— a=— c=0
P p
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Then T = K [1]%[g] [m]°

o))
g

Actdally K = 21

_-._________h
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LIMITATIONS OF DIMENSIONAL
EQUATIONS

w They do not give knowledge that tells

about the quantity being scalar or vector.
By thisgnethod those formulae cannot
be derived in which logarithm,
exponents and trigonometric functions
are used also their correctness can not
be tested.
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w In dimensional equations, the
information about pure number and

dimensionless constants in the formulae
_-‘--_—‘-—-_.

of physical quantity can not be obtained

_—‘—\——.____

and by the dimensional analysis method

the value of constants can not be

determined.
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w If a physical quantity depends upon
more than three quantities then
relationship cannot be established
between them because by three
fundamental quantities M,L,T only three

equations can be established.

hrdg
2C0s0

Example \T =
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LEARNING OUTCOMES
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| LET'S LEARN TOGETHER §

L

Convert unit systems

b

Checking formula or
equation

\id

Deducing relation




ASSESSMENT o

The vander wall's equation for a gas is -

e
[)Te,ﬁ.':ou‘ ——
2 1 2 [P+ )(v-b)=RT
- e [ PR —
<— Determine the dimensions of a and b,
9 b= viuwasl hence write the S.I. units ofaand b
- (v :U"b > respectively -
o\
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