Dimension of physical quantity

The dimensions of a physical quanrtity are the powers (or
exponcnts) o which the unics of base quanrirties arce raised
to represent a derived unirc of thar gquanrticty. There are seven
basc quanrirties and are represented with square brackerss [ ]
such as lengrh [L], mass [M], vimme [T7], clecrric currenc [A],
thermodynamic temperarure [K], luminous intensicy [ad]
and amounrt of substances [mol].

c.g. The volume occupiced by an objecr is expressed as the
producrt of lengrth. So, its dimension is given by

Vo =[L]>[L]><[L]=[1"]
As there is no mass and time in volume, so the dimension of
volume is expressed as
vV =[M®°13T°?)
Similarly, for force, it is the producr of mass and

accceleration. It can be expressed as

lengch

F = mass X accelerarion = mass X< - =
(timmec) —

- The dimension of force is given by

] mMLT—2)
B

F =[M] x









3. Acceleration
Average acceleration
Instantaneous acceleration
Acceleration due to gravity

Intensity of gravitational field
Centripetal acceleration

Centrifugal acceleration










V
Tension

Centrifugal acceleration
Normal reaction
Weight
Viscous force
Restoring force
Electrostatic force
Conservative force

- Lorentz force
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=

EXAMPLE |1| Dimension of Gravitational Constant
Find out the dimensions of universal gravitational constant
used in Newton's law of gravitation.

Sol According to Newton’'s law of gravitation, the force F,

between two masses m, and m, separated by distance r can
e Bt |

o
Where, G = universal gravitational constant

Fr* _ Newton x (metre)”
m, m; (]‘g)2

(mass xacceleration) x (metre)”

be givenas F =G

G =

G =

(mass)z
__1 Change in velocity ) 2
( — > (Length)
i (Lc.-usth)2 - Distance

Mass < Time Time

cm—BIr K. (M~ L* T
(M] =< [T] [T]




EXAMPLE |2| Pull Over Buddy
Derive the dimensions formula of physical quantities.

(i) Tension

(ii) Velocity gradient
(iii) Linear mass density

(iv) Impulse
Sol. (i) Tension = force = mass * acceleration

[M]x [LT™] = [MLT™]

Velocity [LT™)
Distance ~ [L]
Length - L) -]
(iv) Impulse = force = time = [MLT ] x[T] = [MLT™]

(ii) Velocity gradient = (T™)

(ii1) Linear mass density =



DIMENSIONAL ANALYSIS
AND ITS APPLICATIONS

. Checking the dimensional consistency of equations
2. Conversion of one system of units into another
3. Deducing relation among the physical quantities



Checking consistency
of equation

The principle of homogeneity of dimension states thar a
physical quantity equation will be dimensionally correct, if
the dimensions of all the terms occurring on both sides of
the equation are same.
c.g. Let us check the dimensional consistency of the
equartion of motion as

_—
S = ur+ ;lzt

-—

[}M]:[LT*]/['r2]=(u

-—

As all the terms on both sides of the equations have the same
dimensions, so the given equation is dimensionally correct.



EXAMPLE |3| Test of Consistency

Check whether the given equation is dimensionally
L

correct Emv = mgh.

INCERT]
Sol. The dimensions of LHS
= [M] [LT™) = [ML*T™)
The dimensions of RHS = [M] [LT"][L]S [ML’T”]

The dimensions of LHS and RHS are same and hence the
consistency is verified.
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EXAMPLE |4 Analysis of an Equation
Check the dimensional consistency of the following
egquations.

(i) de-Broglie wavelength, A = %
(ii) Escape velocity, v = %

Sol. (i) Given, A = 5

mv

LHS as wavelength is a distance A = [L]
Also RHS. h__ Planck’s constant

mv Mass x Velocity
(ML*T™)
(M]x<[LT™]

= [L]

~. LHS = RHS
Hence, the given equation is dimensionally correct.

(11) Here, v = -:xi‘-

R

=z
LHS v =[LT™"] R}!Sa-[ZGM]‘

R
GCG=[MT1>T2)], R=[L]. M = [M]

[M"L’T"M o

= — [Lz-r—z]uz - [L-r—l]

s Dimensions of LHS = Dimensions of RHS
Hence, the equation is dimensionally correct.



) - . g
m 'he equation ( P + %) (V - b) constant. The units of a are (2008)

Dyne x cm?® B Dyne x cm*

Dyne/cm? n Dyne/cm?




o . : . : — b
he velocity v of a particle at time t is given by v = at + o where a, b and ¢

are constants. The units of a, b and c are (2006)

: Hivt =
m, ms and ms~4 B ms=2, m and s
ocuws own +,-,=)
m<, s and ms™ n ms~4, ms and m




If A B, C are three different physical Quantities, Which of the following are
meaningful and meaningless '




Conversation of. Units

Illu| "
1.C. Ny =Ny, =D Ny = L.o(1)
2
Where, #, and %, arc two units of mecasurement of the
quantity and », and »n, are their respective numerical values.

IfM,, L, and T, are the fundamental units of mass, length
and time in one system and while for other system, M ,, L,
and T, are the fundamental units of mass, length and time

then #, =[M{L5 T )and », =[M51L%Ts ]

o @ rs c
M?L2T" M L T
From Eq. (i)nl="'l lb Tt ]=nl l : - :

M, 1°IT, 1T, I
ny = my




EXAMPLE |5 Emergy Estimation

A calorie is a unit of heat or energy and it eguals about 4.2
J, where 1 J = 1kg-m?/s®. Suppose we employ a system of
units in which the unit of mass eguals ¢ kg, the unit of
length is '3 m, the unit of tlme is ¥y s. Show that a calorie
has a magnitude 4.2 o B ?¥? in terms of new units.

INCERT)
Sol. The dimensional formula of energy = [ML*T %)

Let M, L, . T, and M_ L, T, are the units of mass,_
length and time in given two systems.

= M, =1kg M A =oakg

IL,=1m L_ =Bm

T,=1s, T, A =77s
For any physical gquantity, the product of its magnitude
and unit is always constant.

Ny, W= Ngsy

- as 4 2 >
or n, n.—’— —_—
[MzL’sz”]
2
-42[M T_.

e P B [H'“] [“ -2

n, =42 "B y® new unit

i 1 cal =4 2 'BF¥® new unit



CONVERSION OF UNITS



EXAMPLE |6| Power Estimation
Find the value of 60J per min on a system that has 100 g,
100 cm and 1 min as the base units.

Sol. Given, P = ——— = ——— =1 watt
which is the SI unit of power

Dimensional formula of power is [ML*T™*)
v a=lLb=2andc=-3

SI New System
n =1 n, =7
M, =1kg=1000g M,=100g
Li=1m= 100 cm L, =100 cm

T‘sls T2=lmin=60$



2

-~k

O g.

3. Deducing Relation among

the Physical Quantities

Supposc, the rime period 7 of oscillation of the simplc
pendulum depends on irs lengrth (), mass of the bob (#22)
and accclerarion duc ro gravicy (2).
ILee r —=Krm=l% e~ ()
Where a, &, ¢ arc thhe ditmensions and £ is dimmensionless
constant of proporrionalicy.
Considering dimoensions on borh sides in rterms of ML, T,
we got
b S o abd EE T O g 1 S e b
e | me S i
Applying the principle of homogencity of dimensions, we gor
—_—1

a =0, —2 =1 = o = 2
2

Bl mle i =b=2l

Subsrituring the valucs of @, & and ¢ in Eq. (i). we gor

z =km°l"2g-"2 — & L
JS
Jx



Limitations of Dimensional Analysis

(i) It does not give any information whether a physical
quantity is a scalar or a vecror.

(ii) It gives no information about the dimensionless
constant in the formulac.g. 1, 2, 3 ... T ctc.

(iii) We cannot drive the formula containing the

trigonometrical funcron logarithmic function,
exponential funcrion which have no dimensions.

(iv) If a quantity depends on more than three factors,
having dimensions, the formula cannort be derived.

This is because, equating the powers of M, Land T
on cither side of the dimensional equation, then we
can obrain three equations from which we can
compute three unknown dimensions.



EXAMPLE |8| A Stretched Spring

A body of mass m hung at one end of the spring executes
SHM. Prove that the relation T =2mm/k is incorrect,
where k is the force constant of the spring. Also, derive the
correct relation.

Sol. Itis given that T = ?
LHS, T =[T]
RHS, ___J ' E—E L
k [MT*)
-2
ko= Force _ [MLT ™) = [MT )
Length [L]

3 LHS = RHS
Hence, the relation is incorrect.
To find the correct relation, suppose T = km“k” then
(T) = MFMT ) =m0

a+b=0—2b=1
1

|
On solving, we get b = ?,a = =

T = kmllzk—‘lz

Hence, " ‘kwl%



The End
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