PHYSICAL WORLD AND UNITS & DIMENSIONS

ro oJ
INTRODUCTION

The quantities which can be measured by an instrument and by means of which we can describe the law of physics
are called physical quantities

CLASSIFICATION

Physical quantities can be classified on the following bases.
Physical Quantities

Classifiaction
Based on their Based on their
directional Properties dependency
l I 1 |
Fundamental Derived Supplementry
Scalar Vector Quantities Quantities Quantities
1. Based on their directional properties

(i) Scalars Quantities : Which have only magnitude but not direction.
e.g. Density, time, Electric current, mass, volume etc.
(ii) Vector Quantities: Which have both magnitude and direction and follow the law of vector algebra

e.g. Force, velocity, Displacement etc.
2. Based on their dependency :
€)) Fundamental quantities :
The quantities which do not depends upon other quantities for their complete definition are known as

fundamental or base quantities.
(i) These are the elementary quantities which covers the entire space of physics .
(ii) Any other quantities can be derived from these.

(iii) All the basic quantities are chosen such that they should be different, that means independent of each other
i.e., distance (d), time (t), and velocity (v) cannot be chosen basic quantities (because they are related as V = d/t).
An international organisation named CGMP (General conference on weight and Measure chosen seven physical
quantities as basic or fundamental

I
v Voo ! Voo

Length  Time Mass Temperature Electric Luminous Amount of
L) (T) (M) (K) Current Intensity substance
A) () (Mol)

These are the elementary quantities (in our planet) that's why chosen as basic quantities.
In fact any set of independent quantities can be chosen as basic quantities by which all other physical quantities

S L Ry A

Mole Area Density Velocity Resistance Specific Luminous
Heat Intensity

Capacity

can be derived.
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Sol.

UNITS

Can be chosen as basic quantities (on some other planet, these might also be used as basic quantities).

|
! ' :

Length Area Velocity

Cannot be used as basic quantities as

Area = (Lenght)’ so they are not independent.

Derived Quantities :

The quantities which can be expressed in term of the fundamental quantities (M, L, T......) are known as derived

quantities.

ie., Speed = w
time

Volume, acceleration, force, pressure etc.

Supplementary Quantities :

Besides seven fundamental quantities two supplementary quantities are also defined.

(a) Plane angle (radian)
The radian is the angle subtended at the centre of a circle ‘@ Arc length =R
by an arc on its circumference equal in the length to
the radius of the circle.

Asthe circumference of thecirdeisequa to 2r times the radius there will be 27 radian in a complete circle

360 o
lrad = —=573
2n

() Solid angle (steradian)
The steradian is the angle subtended at the centre of a sphere
by a spherical area on the surface of the sphere, where the spherical
area has a circular boundary and an area equal to the square of the
radius of the sphere.
As the surface area of sphere is equal to 47 times the radius squared, the total solid angle at the centre of the sphere
is equal to 4r steradian
Classify the quantities displacement, mass, force, time, speed, velocity, acceleration, moment of inertia, pressure

and work under the following categories :
(a) base and scalar (b) base and vector (c) derived and scalar (d) derived and vector

(a) mass, time (b) displacement (c) speed, pressure, work (d) force, velocity, acceleration

All physical quantities are measured w.r.t. standard magnitude of the same physical quantity and these standards
are called units e.g. meter, kilogram, second etc.
The requisites for fundamental quantities and their properties of unit :-

(i) They are well defined and suitable size.
(ii) They should be easily available and reproducible at all places.
(iii) They are independent of other fundamental quantities
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(i) Radian : Radian is the angle substended at the centre of a circle by an arc equal in length to the radius of

the circle.

(ii) Steradian : Steradian is the solid angle subtended at the centre of a sphere, by that surface of the sphere

which is equal in area to the square of the radius of the sphere.

Practical units :

Due to the fixed sizes of SI units, some practical units are also defined for both fundamental and derived quantities.
e.g. light year (ly) is a practical unit of astronomical distance (a fundamental quantity) and horse power (hp) is a
practical unit of power (a derived quantity). Practical units may or may not belong to a particular system of units
but can be expressed in any system of units. e.g. I mile=1.6km 1.6 x 10°m=1.6 x 10°cm.

Improper units :

These are the units which are not of the same nature as that of the physcal quantities for which they are used.

e.g. kg-wt is an improper unit of weight. Here kg is a unit of mass but it is used to measure the weight (force).

DIMENSIONS & DIMENSIONAL FORMULA

1.

Dimensions

Dimension of a physical quantity are the power ( or exponents) to which the base quantities are raised to represent
that quantity.

Its is written by enclosing the symbols for base quantities with appropriate power in square brackets i.e. [ ] to make
it clear, consider the physical quantity “force”

Force =mass x acceleration

. x lenth/time
time

=mass X length x (time)?
So the dimensions of force are 1 in mass, 1 in length and -2 in time. Thus

[Force] =MLT>
Similarly energy has dimensional formula given by

[Energy]=ML?T?
i.e., energy has dimensions, 1 in mass, 2 in length, and -2 in time.
Such an expression for a physical quantity in terms of base quantities is called dimensional formula.

Dimensional equation
The equation obtained by equating a physical quantity with its dimensional formula is called a dimensional
equation.
e.g. [v]=[M°L'T]
For example [F]= [MLT?] is a dimensional equation, [MLT"] is the dimensional formula of the force and the

dimensions of force are 1 in mass, 1 in length and -2 in time

Principle of Homogeneity

According to this principle, we can multiply physical quantities with same or different dimensional formulae at our
convenience, however no such rule applies to additional and substraction, where only like physical quantities can
only be added or substracted.

e.g. IfP+Q = P & Q both represent same physical quantity.
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1
Ex. Calculate the dimensional formula of energy from the equation E = 5 my* |

Sol. Dimensionally, E =mass x (velocity)>

Since 5 is a number and has no dimension.
L 2
El=M| = | =| ML’T? |.
or 1M | <[]

Ex. Kinetic energy of a particle moving along elliptical trajectory is given by K= ¢s* where s is the distance travelled
by the particle. Determine dimensions of o
Sol. K = as’
(M7 ]
[«] _W = [o]=[M'LT7] = [@]=[M'T™]

V ai .
Ex. The position of a particle at time t, is given by the equation, X (f ) = —0(1 —4 ) , where v, is a constant and o> 0.
a

The dimensions of v, & a respectively.
(A)ML'T' & T! (B)YMLI'T'& T (OOML'T' & T (D)M'L'T!' & LT
Sol.  [V]=[x]le] & [a][t]=M"L'T° = Vl=pmorr. [a]=M°LT"

Ex. The distance covered by a particle in time tis going by y = g + bt + ct* + dt° ; find the dimensions ofa, b, c and d.
Sol. The equation contains five terms. All of them should have the same dimensions. Since [x] = length, each of the
remaining four must have the dimension of length.
Thus, [a]=length=L
[bt]=L or [b]=LT"
[c’]=L, or [c]=LT">
and [df]=L,or[d]=LT?

4. Application of Dimensional Analysis :
] To convert units of a physical quantity from one system of units to another.
It is based on the fact that,
Numerical value x unit = constant
So on changing unit, numerical value will also gets changed. If 7, and 7, are the numerical values of a given
physical quantity and %, and #, be the units respectively in two different systems of units , then

nu, = nu,
a b c
M, L T
e | ol | RN | —
M, L, T,
Here
n, = numerical value in I system n, = numerical value in II system
M, = unit of mass in I system M, = unit of mass in II system
L, = unit of length in I system L, = unit of length in II system
T, = unit of time in I system T, = unit of time in II system

This is based on a fact that magnitude of a physical quantity remains same whatever system is used for measurement

i.c. magnitude =numeric value (n) x unit (u) = constant or #,u, = n,uU,
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Sol.

Ex.
Sol.

Sol.

(i)

Sol.

(iii)

So if a quantity is represented by [M ‘0T CJ

a b c
Then n, =n [ﬁj =n (%] [ﬂ] [ﬁj
u2 MZ LZ 712

The dimensional formula for viscosity of fluids is,

77 — MlLflel
Find how many poise (CGS unit of viscosity) is equal to 1 poiseuille (SI unit of viscosity).
77 — MIL—IT—I

1 CGSunits=g ¢ '~
1 STunits=kg 7 1¢7!
=1000g (100cm) ' s =10g cpm's™!
Thus, 1 poiseuilli =10 poise
Convert 1 newton (ST unit of force) into dyne (CGS unit of force)
The dimensional equation of force is [F] = [M ''r }

Therefore if n,, u, and n,, u, corresponds to SI & CGS units respectively, then

1 1 -2 Y
my=n| M| B Ly ke [ﬁ}{f} =1x1000x100x1=10’
M, ||L ||T, g |Lem]Ls
1 newton= 1()° dyne.

The acceleration due to gravity is 9.8 m/ s7% . Giveits value in ft / s
AsIm=3.2ft

9.8x3.28 ft /s* =32.14 ft /s> ~32 ft/s>
To check the dimensional correctness of a given physical relation :

Ifin a given relation, the term on both the sides have the same dimensions, then the relation is dimensionally correct.
This is known as the principle of homogeneity of dimensions.

Check the accuracy of the relation T = 27 \/Z for a simple pendulum using dimensional analysis.
g

The dimensions of LHS = the dimension of T = [M°LT"]

dimension of length

The dimension of RHS = [ ] (Q 2mis a dimensionless constant)

dimension of acceleration

:[L;_z T/z _ [TZT/Z =[7]=[M'L'T']

Since the dimensions are same on both the sides, the relation is correct.

To derive relationship between different physical quantities :
Using the same principle of homogeneity of dimensions new relations among physical quantities can be derived if

the dependent quantities are known.
It is known that the time of revolution T of a satellite around the earth depends on the universal gravitational
constant G, the mass of the earth M, and the radius of the circular orbit R. Obtain an expression for T using

dimensional analysis.
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e Etoos Tips & Formulas e

1. Fundamental or base quantities :

The quantities which do not depend upon other quantities for their complete definition are known as fundamental
or base quantities. e.g. : length, mass, time, etc.

2. Derived quantities :
The quantities which can be expressed in terms of the fundamental quantities are known as derived quantities.
e.g. Speed (=distance/time), volume, acceleration, force, pressure, etc.

3. Units of physical quantities

The chosen reference standard of measurement in multiples of which, a physical quantity is expressed is called the
unit of that quantity.

Physical Quantity = Numerical Value X Unit
4, Supplementary Units

(a) Radian (rad) — for measurement of plane angle  (b) Steradian (sr) — for measurement of solid angle
5. Dimensional formula

Physical quantity which express physical quantities in terms of appropriate powers of fundamental units.

6. Use of dimensional analysis

(a) To check the dimensional correctness of a given physical relation

(b) To derive relationship between different physical quantities

(¢) To convert units of a physical quantity from one system to the other

B Ml a Ll b 7; c \
Nu =nu = =74 M, L I, where u=M?L° T°

7. Limitations of this method

(a) InMechanics the formula for a physical quantity depending on more than three physical quantities cannot be
derived. It can only be checked.

(b)  This method can be used only if the dependency is of multiplication type. The formulae containing exponential,
trigonometrical and logarithmic functions can't be derived using this method. Formulae containing more than one

1
term which are added or subtracted like s = uf + Eat2 also can't be derived.

(iii) The relation derived from this method gives no information about the dimensionless constants.

(iv) If dimensions are given, physical quantity may not be unique as many physical quantities have the same
dimensions.

(v) It gives no information whether a physical quantity is a scalar or a vector.

8. SI PREFIXES

The magnitudes of physical quantities vary over a wide range. The CGPM recommended standard prefixes for magnitude
too large or too small to be expressed more compactly for certain powers of 10.

9. Trigonometric functions sin® , cosO , tan0 etc. and their arrangements 6 are dimensionless.

d"y Yy
10. Dimensions of differential coefficients [ " } = |:_n:l

X
11. Dimensions of integrals U ydx] = [yx ]

12. We can’t add or subtract two physical quantities of different dimensions.

13. Independent quantities may be taken as fundamental quantities in a new system of units.
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