GIRLS' HIGH SCHOOL AND COLLEGE
2020 - 2021
CLASS- 11 A&B
PHYSICS
WORKSHEET- 02
Chapter- DIMENSIONAL ANALYSIS
Topic — DIMENSIONAL ANALYSIS

INSTRUCTIONS: Parents kindly instruct you ward to visit the
relevant websites or refer Nootan ISC 11 Physics- 11 by Kumar & Mittal
(Nageen Prakashan) or Physics - 11 by DK Tyagi( Balaji Publications) to
answer the following questions on the given topic.

NOTE: The child should go through the subject matter thoroughly
before answering the questions that follow.

The topic to be discussed in this worksheet is a very basic and an
important topic in Physics so one needs to pay a lot of attention to it.

When we study about any quantity in Physics we analyze it by its
measured value which includes a magnitude and its unit.

We also know that units are fundamental and derived. To measure any
quantity it is ultimately the Fundamental Quantity/ Quantities that have
to be measured. The aspect of measurement of these quantities is
called a DIMENSION.

When we analyze that, to measure a given physical quantity- how many
such dimensions have to be measured and that too how many times
then such a process is called DIMENSIONAL ANALYSIS. Writing a
quantity in terms of its dimensions and the number of times they are
measured is called a DIMENSIONAL FORMULA.( [M°L°T9])

Eg. Speed is a quantity that measures distance (i.e. length) and time
both once each. Hence its dimensional formula will be LT ' (L for length
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and T for time).

Similarly for acceleration the corresponding formula will be LT * (ms™?).
Now study the following subject matter carefully.

Dimensional Analysis

Syllabus

pimensional formulae of physical quantities and constants, dimensional analysis and its upplications.

Dimensions of Physical Quantities
The unit of a physical quantity can be written in different ways. For example, velocity can be ex P"—"f-'*"”
in metre/second, km/hour or km/minute, but in every case we divide the unit of length by the unit of
time, that is,
unit of length

: : = (unit of length)! ~ (unit of time) .
unit of time

unit of velocity =
Thus, in order to get the unit of velocity, we raise the unit of length to the power I and the unit of time
to the power —1. These powers are called the ‘dimensions of velocity . In other words, the dimensions of
velocity are 1 in length and -1 in time. Thus, the dimensions of a physical quantity are the powers to
which the fundamental units are raised in order to obtain the derived unit of that quantity.
To express the dimensions of physical quantities in mechanics, the length, mass and time are denoted by
[L], [M] and (T]. If the dimensions of a physical quantity are a in length, b in mass and ¢ in time, then
the dimensions of that physical quantity shall be written in the following manner :

LM77,

This is called the ‘dimensional formula’ of the quantity.

B2 pimensional Formulae of Some Physical Quantities

In order to get dimensional formula of a physical quantity, the quantity is described in terms of other
simple quantities of known dimensions. Dimensional formulae of certain physical quantities and their 51

units are given below :

L) = iM% 1) m

1 | I | le » breadth L zL] e

3 Volume length » breadth » height (Loolxl) =12 = m2L%17) w?

3. Density v::::e E*jl] “MLY <M1 1Y) kg

4. Velocity displacement (or distance) (1 = (LT =MLy ] med
(or Speed) time [T]

s, Acceleration Me_[i_:{l_()d_l}: ll-'i"zﬁl‘] = (LT? e MLT?) ms?

6. Force mass » acceleration M) (LT MLT
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12 Potsadal Energy mass » acceleration due to gravity »

80
- Work
3 Acceleradon doe
o Gravity £
G Power
10 Linear Momentom
11.  Kipetic Energy
13 Pressure
1< Impalse
15. Moment of Force
156. Force Constant of
Spring
17. Stress
18 Strain
19. Coefficient of
Lessici
20. Surface Tension
21.  Surface Energy
Velodity Gradient
23.  Coeffident of
Viscosi
24 Gravitational
Constant G
<
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force « displacement

weight (foree)
mass

work
ame

mass » velodoy

% * [MAsS x (\'elociry]z

height

force
area

force x dme

force x force arm

applied force
exrension in length

force
area

exrencion in length
original length

STress

strain

force

length

ENeTgy

area

change in velocity
perp. distance

force
area x velocity gradient

F=cTAM
rl

2
LG = -—F.E_
m my

- force x (distance)*

mass = mass

(MLT (L)

MLT?)
[M]

MIZT?
m

MLT =

MILT)? =

MILT 2 (L)
MLT?]

1h]
MLT?[T]

MLT) =

[MLT %]
[L]

MLT2)
n

L

[L]

ML T
19

MLT?
L]
MLt
15|
LT
L]

MLT?)
0] )

(MLT?) 1)
(M) T™]
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= (MY
= [MLAT 3

')

IMLET

- ML2T?)
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MLt

MLTH
ML2T?

= ML0T 3
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L% = M 10 19

mMLTY
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f
45,  Gravitational work 2,2 : 3
Potential mass w—%qﬂ]r—l = (ML2TY Jkg
Gravitational Field force =2 E
% Strength mad MLTT) _ LT Nkg™
[M]
1 -1
Frequen - _L = 0.0 1 £ Or
e meney time - period T BEET Hz (herz)
28. Radius of Gyration distance L] = (ML T m
29, Moment of Inertia mass x (distance)? (M) (12] = M L2 77 kg o’
% Kiighs arc length % - MOLOTY .
’ radius L] ) . or radian
no dimensions
. 1 00,0
31. Angular Velocity ot . IMLTT) | 01017 rads™
tme [T
32 Angular change in angular velociry (1.0 by _ a0y 02 -2
Acceleration ime —m MLTT] rad s
8. M::,u ge.nrum moment of inertia x angular velocity M L2] [T'll = M e [} kg i
S 2 52
34, Torque moment of inertia x angular MIZ) T2 = M12T2) kg m? s o
acceleration Nm
35 Specific H _ heatemergy MEET?) M2 T2 g Tkt K
P pecific Heat mass x temp-rise M] 18] ] kg K
3. Thermal Capacity mass x specific heat M P T%67) = MIPT 26} |
heat energy MLE2T?) 22 :
3. JIEAECOETEY L Y e Jke !
Latent Heat e ) kg
38.  Coefficient of increase in Jength mw _ M°1%67) i
Linear Expansion original length x temp-rise {L) [0)
39. Coefficient
of Thermal 0, - 851
Conductivity K Q= EL(J&—A :
. Qd
T A8 - 0t
= heat energy s’dismpce ) M2 T2 W P ¥g ?1 a‘j r:
area » temp-diff. » time _{-LZ] 0] l_'I'] or :;_1 <
“.  GasConstantR For 1 mole of gas we have PR
R=E=M' WL T = M13T %097 Jmol !
T temperature (6]
41
: Planck’s energy mM2T? 2t kg o s
holood 10 _— M »
Constant h frequency ™" LT orls

_P"u fatios and pure numbers do not have any dimensions. Such quantities are called
onless’, Angle, strain, relative density, 7, sin 0, tan 0, etc., are dimensionless quantities.
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il}r, we can write its units. For example,
3

Knowing the dimensional formula of a p'hysical quant
'L T72]. From this we can write the ypj, v

dimensional formula for G (gravitational constant) is [M
Gaskg'm3s2

137 classification of Quantities
On the basis of dimensional analysis, quantities can be put in four groups as follows :
(i) Dimensional Varlables : These qQuantities possess dimensions and are liable to variation eg., forgy
velocity, work, momentum, heat etc,
(if) Non-dimensional Variables : These quantities do not have dimensions but are liable

strain, angle, Poisson’s ratio, relative density etc.
(i) Dimensional Constants : These qQuantities possess dimensions but are not liable to variations eg

Planck’s constant, Boltzmann constant, gravitational constant ete.
(Iv) Non-dimenslonal Constants : These quantities do not possess any dimensions and do not
Joule’s constant, pure numbers (1, 2, 3, ...) etc.

Note : A dimensionless quantity may have unit (e.g., J, angle etc.) but a unitless quantity cannot posses;

dimensions.

Principle of Homogeneity
It states, “every equation relating physical quantities must be dimensionally homogeneous”, ie,

the dimensions of each term of a physical equation must be the same.
The principle in other words, implies that only those quantities can be added, subtrac
which have the same dimensions. For example, if we have the equation

Q=W+X
where Q is the heat energy, W is the work and X is some unknown quantity, then dimensions of Qw
and X must be the same. We know that dimensional formula of Q and W is [MLZT‘?'], hence dimensiona|

formula of unknown quantity X must also be [ML2T2].

.| Uses of Dimensional Equations
1. To Convert Units of One System into the Units of Other System : The product of the numerical value of
a physical quantity and its corresponding unit is a constant, For example, if the numerical values of 2

physical quantity p are ny and n, in two different systems and the corresponding units are u; and u,,
|

p = ny (uy) =ny (uy) -(0)
Now, if the dimensions of the physical quantity are a in mass, b in length and c in time, then its dimensional
formula will be [M® i v ]. If the fundamental units in one system are M;, L; and T}, then
p=mn (M]ﬂ L1b T]c )

Similarly, if the fundamental units in the second system ﬂl’f My, L, and Ty, then
p = ,"I2 (Mza L2 T2C ).

to variations eg
1

change eg,

ted or equated

then

According to eq. (i), we have .
ny (Mlﬂ I"l ! Tl )

n2 (Mza Lzb T_‘ZC)-

M Y (L Y (5 i )
m ﬁz_ L) \T, (i)

Using this formula, we can convert the numerical value of a physical quantity from one system of units
L

Il

)

into the other system. . L
Example : We consider the physical quantity ‘force’. Its unit in MKS (or SI) system is ‘newtop and in CGS

system is ‘dyne’. Let us convert 1 newton into dynes.
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Dimensional Analysis
metre (m),

. . : -2 t kilogram (kg),
T M,, Ly, T, represen :
he dimensional formula of force is [M L T ~“]. Suppose, My, Ly, 13 ) respectively. Then, the units of
cal values

second (s) and Mj, L,, T, represent gram (g), centimetre (cm), second (s) re ’
force in MKS and CGS systems will be (M1L1T1'2] and (M3 Ly T£2 ) respectively. If the numen

of force are n; and n, respectively, then -
n (MILITI_Z) =g (MZ LZ TZ_ )

2
M; | L) T
r o R\ U e N )
: e ()23

Heren; = 1.
L& 6l
g =1 2|l ==
g Jlem /s
3 2 -2
_1/10°8 M‘_[EJ — 1x10%x10%x 1= 10°.
g cm s
Thus, 1 newton = 10° dynes.

2. To Check the Correctness of an Equation : The principle of homogeneity enables us to check the
correctness of a physical equation. For this, we examine the dimensions of the left-hand side and the
right-hand side of the equation. If the dimensions of both the sides are same, then the equation

is correct, otherwise not.

Example : Suppose, we have to check the correctness of the equation % mu? = imgh, where m is the mass

L

of a bedy, v its velocity, g is acceleration due to gravity and h is the height. The: dimensional formulae of
the various quantities in the equation are :
mass, m = [M]
velocity, v = [LT'l]
acceleration due to gravity, g = LT 2]
height, h = [L].

— is a pure ratio, having no dimensions. Substituting these dimensional formulae in the equation

1mu2 = mgh, we have

2
M] LT 2= M LT A L)

or MLAT %) = (ML*T72).

The dimensions on both the sides are same. Hence, the given equation is correct.

3. To Establish the Relation Among Varlous Physical Quantities : If we know the factors on which a given
physical quantity may possibly depend, then, using dimensions, we can find a formula relating the

quantity with those factors. Let us take a few examples :
(i) Expression for the Time-period of a Simple Pendulum : The time-period T of a simple pendulum

may depend on the following :
mass (m) of the bob,
length (1) of the thread
and acceleration due to gravity (g).
To establish the relation among these, let us suppose that the time-period T depends on mass raised to
the power a, on length raised to the power b and on acceleration due to gravity raised to the power c.

That is, 5
T < (m)* (° (9)

or T =k(m* O @ (@)
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where k is a dimensionless constant. Writing the dimensions of both the sides, we have
(1) = M1° [L1® [LT 2y
or [MO LCI T 1] _ [M“ Lb tc T -2c l.
By the principle of homogeneity of dimensions, the dimensions on the two sides of this equation Mg
be the same. That is s
a=
b+c¢ =
and -2¢c
Solving these three equations, we get

- oo

1
020,C=—-andb=l-
2 2

Putting these values in eq. (i), we get
T =k (m)° 2 (g)"2

or T-—.k‘/I-
g

This is the formula for the period of a simple pendulum. It is clear that time-period does not depend |
upon the mass of the bob. From the dimensional equation, the value of k cannot be known. However, on |

the basis of experinients the value of k = 2n.

T=2n\/1-
g

(ii) Frequency of a Stretched String : The frequency (n) of a stretched string depends upon the tension
F applied, length [ of the string and the mass per unit length m of the string. To establish the relation
among them, suppose that the frequency n depends on the tension raised to the power a, length raised
to the power b and mass per unit length raised to the power c. That is, ,

n o« (B)° U (m)°

or n =k E® 0 m)° i) |

where k is a dimensionless constant. Writing the dimensions of both the sides :
[T =MLTP 1P ML e

or [MO LDT_1]= [Mﬂ+cLa+b=cT-2a]_
For dimensional balance, the dimensions on both sides should be same. Thus
a+c =0
a+b-c =0
and -2a =-1.

Solving these three equations, we get

and .:;t:—l-,r:=—-l and b =-1.
2 2

Substituting these values in eq. (i), we get

n=k®Y2 0™ m™?
5 Lo K[E
I \m

Experimentally, the valye of k = =
2

21\m
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pimensional Analysis gs HEE

Limitations of Dimensional Analysis
The method of dimensions has the following lmitations
(i) By this method, the value of nny dimensionless constant invelved in the forimula cannot be calculated.
(1) 1f a physical quantity depends upon more than three factors, then relation among them cannot be

established because we can have only three equations by equalising the powers of M, L and T and only
the values of three unknowns can be caleulated,

(iif) By this method, the equation containing trigonometrical (sin 0, cos 0, ...) exponential and logarithmic
terms cannot be analysed,

(iv) Dimensional formula may not represent a unique physical quantity, hence physical quantities of
different nature may provide dimensionally homogeneous equation e.g., work = torque.

Solved

I. Based on Checking the Correctness of an Equation and Principle of Homogeneity

@nmple 1. Check the correctness of the refation v” ~ u? = 2as, where u is the initial velocity of a

particle and v is its final velocity after travelling a distance s under uniform acceleration a.
Solution. v ot =2as (D
The dimensional formulae of the various quantities in this equation are :

velocity, voru = [I.T'l ]

acceleration, a = [LT_ZJ

distance, s = [L].
The number 2 is dimensionless. Substituting these formula in the given equation (i), we have
(% E (% o L (W s 1B

or 1 iy I o iy NS e i
The dimensions of each term on the left-hand side are the same as those orni the right-hand side. Hence,
the given relation is dimensionally correct.

catampie 2. Check the correctness of the relation s = ut + %alz. wherz u is the initial velocity of a
particle, a is the constant acceleration and s is the distance travelled in time t.

1 X
Solution. s=ut + Eatz. wxskd)

The dimensional formulae of the quantities occurring in the given relation are :
distance, s = [L]
velocity, u = LT
time, t = [T]
acceleration, a = [LT ],

| .
Using these in eq. (i), we have (constant 5 I dimensionless)

(L] = (LT Im+ LT3 [r?)
a (L] + [L).
The dimensions of each term on the right-hand side are the same as those of the term on the left-hand
side. Hence, eq. (i) is dimensionally correct.

Now answer the following questions.
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Q1) Name all the basic dimensions.
Q2) How will you express the dimensional formula for pressure?

Q3) Name the physical quantity that has the same dimensional formula
as frequency.

Q4) Name two dimensionless quantities.

Q5) Distinguish between dimensional and non- dimensional constants
with example.

Q6) If Electric Field is expressed as E= g where ‘F’is electric force and

‘q’is electric charge, then what is the dimensional formula for E?

Q7) If electric force F = k % where q,, q, are charges and r is distance
between them then find the Dimensional Formula for ‘k’.

Q8) What is principle of homogeneity in equations?

Q9) State the uses of Dimensional Analysis.

Q10) Find the dimensional formula for Bulk Modulus ‘B’using the

expressionv = j%; vis velocity and p is density.

Q11) The refractive index p = A+ (%\z) where A and B are constants.
Find their dimensional formula and Sl units.

Q12) Find the dimension of a/b in the relation F=a/X + bt*, where ‘F’is
force,

X" is distance and ‘t’ is time.

Q13) Prove with the help of Dimensional Analysis that the equation h =

% gt for distance travelled by a freely falling body under gravity in time
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‘t" is incorrect. Find the correct equation with the help of dimensions.

Q14) Check the authenticity of the equationt = k E using Dimensional

Analysis. Here t = time period; h = height of liquid column; g =
acceleration due to gravity; k is a dimensionless constant.

Q15) Given p = 4;33 X where p is density, R_is the radius of the earth

an G gravitational constant. Check the correctness of this equation.

Q16) Use Dimensional Analysis to check the correctness of the
equation

S = ut + gt*. Is the relation actually correct? What limitation of
Dimensional Analysis does it reveal?

Q17) A particle of mass ‘m’ is tied to a string and swung around in a
circular path of radius ‘r’ with a constant speed ‘v’. Derive a formula for
the centripetal force ‘F’ exerted by the particle on our hand, using the
method of dimensions.

Q18) The frequency ‘n’ of a tuning fork depends upon length ‘I’ of the
prong, the density ‘p’ and Young’'s modulus ‘Y’ of its material. From
dimensional considerations, find a possible formula for the frequency
of the tuning fork.

Q 19) It is observed that a liquid rises in a capillary to a certain height
due to Surface Tension. This height ‘ h’ to which a liquid rises in a
capillary depends upon the radius f the capillary ‘r’, Surface Tension of
liquid ‘'S’, density of liquid ‘p’ and acceleration due to gravity ‘g’ of that
place. Can you establish a relation between these quantities ‘h’, ‘S’, 'r/,

P, ‘g’ using Dimensional Analysis? If not why? What limitation do you
see here?

Q20) State the limitations of Dimensional Analysis.

**k%* EN D***
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