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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 basis.

    

Physical Quantities 
Classifiaction

Based on their 
directional Properties

Based on their 
dependency

Scalar Vector
Fundamental

Quantities
Derived

Quantities
Supplementry

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 :
(1) Fundamental quantities :

The quantities which independent on other quantities 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

    Length
  (L)

Time
  (T)

Mass
 (M)

Temperature
      (K)

Electric 
Current 
   (A)

Luminous
Intensity
   (cd)

Amount of 
substance 
    (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

can be derived.

    
Mole Area Density Velocity Resistance Specific

Heat
Capacity

Luminous 
Intensity

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

But
Area VelocityLength

Cannot be used as basic quantities as

Area = (Lenght)2 so they are not independent.

(2) Derived Quantities :

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

quantities. Derived quantities are quantities that are calculated from two or more measurements. Derived quantities

cannot be measured directly. They can only be computed. Many derived quantities are calculated in physical

science.  Example: distance
Speed =

time
, Distance and time are fundemental quantities where as speed is derived from

distance and time. Therefore, speed is a derived quantity. Other examples includes: Volume, acceleration, force,
pressure etc.

(3) 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 = RR

O
1 rad

by an arc on its circumference equal in the length to

the radius of the circle.

As the circumference of the circle is equal to 2 times the radius there will be 2 radian in a complete circle

 1 rad   =   
o360

57.3
2




(b) 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 4 times the radius squared, the total solid angle at the centre of the sphere

is equal to 4 steradian

Ex. 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

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

UNITS
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.
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(ii) They should be easily available and reproducible at all places.

(iii) They are independent of other fundamental quantities

(iv) They are not subject to changes with time

(v) They should not vary with physical conditions like temperature, pressure etc. 

(vi) It should be possible to express any other physical quantity in term of fundamental quantities.

(vii) They should be accepted to all.

Classification of units :
1. Fundamental or base units :

The unit of fundamental quantities are called base units. In SI there are seven base unit.

2. Derived unit :

The unit of derived quantities or the units that can be expressed in term of the base units are called derived

units.

Some derived units are named in honour of great scientist.

Unit of force - newton (N)

Unit of frequency - hertz (Hz)

Set of Fundamental Quantities

A set of physical quantities which are completely independent of each other and all other physical quantities can

be expressed in terms of fundamental quantities.

System of Units

(a) FPS or British Engineering system :

In this system length, mass and time are taken as fundamental quantities and their base units are foot (ft.),

pound (lb) and second (s).

(b) CGS or Gaussian system :

In this system the fundamental quantities are length, mass and time but their respective units are centimeter

(cm), gram (g) and second (s).

(c) MKS system :

In this system also the fundamental quantities are length, mass and time but their fundamental units are

metre (m), kilogram (kg) and second (s).

Units of some physical quantities in Different systems

      

Type of Physical
 Quantity

Physical 
Quantity

CGS 
(Originated in France)

MKS 
(Originated in France)

FPS 
(Originated in 

France)

Length cm m ft

Mass g kg Lb

Time s s S

Force dy ne newton (N) Poundal

Work or Energy erg joule (J) ft- poundal

Power erg/s watt (W) ft- poundal/s

Fundamental

Derived

INTERNATIONAL SYSTEM OF UNITS (SI)
At it various meeting the international body CGPM selected a set of seven quantities as base units which is now

known as International system of unit. It is abbreviated as SI from the french name Le syste’me International d’
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unites. This system is widely used throughout the world.

“This system is modification over the MKS system and so it is also known as Rationalised MKS system”

Ex.  Find the SI unit of speed and acceleration.

Sol. Speed =  
distance

time
 = 

meter (m)

seconds (s)  = m/s (called as meter per second)

acceleration  = 
velocity

time
 =  

displacement/time

time
 =   

 2

displacement

time
 = 2

meter

second
 = m/s2 (meter per second square)

Ex. Find the SI unit of (i) area (ii) density (iii) momentum

Sol. (i) m2 (ii) kg/m3 (iii) kgm/s.

SI Base Quantities and Units

Name Symbol Definition

Length meter m
The meter is  the length of the path traveled  by ligh t in  
vaccum during a time interval of 1/299, 792, 458 of a 
s econd (1983)

M ass kilogram kg

The kilogram is  equal to the mass  of the international 

prototype of the kilogram (a platinum-iridium alloy 

cylinder) kept at International Bureau of W eight and 

M easures , at Sevres , near Paris , France. (1889)

Time second s

The second in  the duration of 9, 192, 631, 770 periods  of 
the radiation corresponding  to  the trans ition between 

the two hyperfine levels  of the ground s tate of the 

ces ium-133 atom (1967)

Electric Current ampere A

The ampere is  that cons tant current which, if maintained 

in  two s traight parallel conductor of infinite length, of 
negligible circular cros s -section,  placed 1 meter apart in 

vaccum, would produce between these conductors  a 

force equal to  2 x 10
-7   

Newton per metre of length. (1948)

Thermodynamic
 Temperature

kelvin K
The kelvin, is  the fraction 1/273.16 of the
thermodynamic temperature of the triple point of water. 
(1967)

A mount of 
Subs tance

mole mol
The mole is  the amount of subs tance of a sys tem, which  
contains  as  many elementry entities  as  there are atoms  

in  0.012 kilogram of carbon- 12. (1971) 

Luminous  
Intens ity

candela Cd

The candela is  the luminous  intens ity , in a given 
direction, of a source that emits  monochromatics  

radiation of frequency 540 x 10
12 

 hertz and that has  a 
radiant intens ity in  that direction of 1/683 watt

per s teradian (1979).

Base Quantity
SI Units

Supplementary units

In SI, two supplementary units are also defined viz.

(i) radian (rad) for plane angle and

(ii) steradian (sr) for solid angle.

Name Symbol

Plane angle radian rad

Solid angle s teradian s r

Quantity 
SI Unit
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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. 1 mile = 1.6 km 1.6   103 m = 1.6  105 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 × acceleration

= 
length/time

mass ×
time

= mass × length  (time)2

So the dimensions of force are 1 in mass, 1 in length and -2 in time. Thus

[Force] = MLT-2

Similarly energy has dimensional formula given by

[Energy] = ML2T-2

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.

2. Dimensional equation
The equation obtained by equating  a physical quantity with its dimensional formula is called a dimensional

equation.

e.g.  [v] = [M0L1T-1]

For example  [F] = [MLT-2] is a dimensional  equation, [MLT-2] is the dimensional formula of the force and the

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

3. 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. If P + Q  P & Q both represent same physical quantity.
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Ex.  Calculate the dimensional formula of energy from the equation E = 
21

2
mv .

Sol.  Dimensionally, E = mass   (velocity)2.

      Since  
1

2
 is a number  and has no dimension.

      or  
2

2 -2L
[E]=M = ML T

T
       

.

Ex. Kinetic energy of a particle moving along elliptical trajectory is given by K = 2s  where s is the distance travelled

by the particle. Determine dimensions of  
Sol.  K = s2

 
2 2

2

ML T

L


  
  

   1 0 2M LT        1 2M T    

Ex. The position of a particle at time t, is given by the equation,    0 1 tv
x t e


  , where 0v  is a constant and > 0.

The dimensions of 0v  &    respectively..

(A) M0L1T0 & T–1 (B) M0L1T–1 & T (C) M0L1T–1 & T–1 (D) M1L1T–1 & LT–2

Sol.     0V x  &     0 0 0t M L T   [V
0
] = 0 1 1M LT  ,   0 0 1M L T 

Ex.  The distance covered by a particle in time t is going by 2 3x a bt ct dt    ; find the dimensions of a, 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–1

[ct2] = L, or [c] = LT-2

and [dt3] = L, or [d] = LT-3

4. Application of  Dimensional Analysis :
(i) To convert units of a physical quantity from one system of units to another.

It is based on the fact that,

Numerical value   unit = constant

So on changing unit, numerical value will also gets changed. If 1n  and 2n  are the numerical values of a given

physical quantity and 1u  and 2u  be the units respectively in two different systems of units , then

1 1 2 2n u n u

1 1 1
2 1

2 2 2

a b c
M L T

n n
M L T

     
      

     
Here,

n
1

= numerical value in I system n
2

= numerical value in II system

M
1

= unit of mass in I system M
2

= unit of mass in II system

L
1

= unit of length in I system L
2

= unit of length in II system

T
1

= unit of time in I system T
2

= 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.e. magnitude  = numeric value (n)   unit (u) = constant or 1 1 2 2n u n u
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So if a quantity is represented by a b cM L T  

Then 1 1 1 1
2 1 1

2 2 2 2

a b c
u M L T

n n n
u M L T

       
        

       

Ex. The dimensional formula for viscosity of fluids is,
1 1 1M L T  

Find how many poise (CGS unit of viscosity) is equal to 1 poiseuille (SI unit of viscosity).

Sol. 1 1 1M L T  

1 CGS units = g 1 1cm s 

1 SI units = kg 1 1m s 

  = 1000 g   1 1100cm s
  =  10 g 1 1cm s 

Thus, 1 poiseuilli  = 10 poise

Ex. Convert 1 newton (SI unit of force) into dyne (CGS unit of force)

Sol. The dimensional equation of force is [F] = 1 1 2M LT   
Therefore if 1n , 1u  and 2n , 2u  corresponds to SI & CGS units respectively, then

1 1 2 2
51 1 1

2 1
2 2 2

1 1 1000 100 1 10
M L T kg m s

n n
M L T g cm s

                                      
 1 newton = 510  dyne.

Ex. The acceleration due to gravity is 9.8 m / 2s . Give its value in ft / 2s

Sol. As 1 m = 3.2 ft

 9.8 × 3.28 2/ft s  = 32.14 2/ft s    32 2/ft s

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

If in 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.

Ex.  Check the accuracy of the relation T = 2
L

g
  for a simple pendulum using dimensional analysis.

Sol. The dimensions of LHS = the dimension of T = [M0L0T1]

The dimension of RHS = 

1 2
dimension of length

dimension of acceleration

 
 
 

 ( 2 is a dimensionless constant)

 
1 2

1 22 0 0 1
2

L
T T M L T

LT 

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

(iii) 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.

Ex.  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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Sol. We have         a b c
T G M R                         0 0 1 3 2 3 2a a a b c b a c a a

T M L T M L T M L M L T
        

comparing the exponents

For [T] : 1 2    a a
1

2
    a a , For [M] : 0 = b – a  b = a 

1

2
 , For [L] : 0 = c + 3a c = – 3a 

3

2

Putting the values we get   
3

1 2 1 2 3 2 R
T G M R

GM
   , The actual expression is T =  

3

2
R

GM


Unit and Dimensions of  Some Physical Quantities

Quantity S I Unit Dimens ional 
FormulaDens ity kg/m

3
M /L

3

force Newton (N) M L/T
2

W ork Joule (J) (= N -m) M L
2
/T

2

Energy Joule (J) M L
2
/T

2

Power watt (W ) (= J/s ) M L
2
/T

3

M omentum kg-m/s M L/T

Gravitational cons tant N-m
2
/kg

2
L

3
/M T

2

A ngular velocity radian/s T
-1

A ngular acceleration radian/s
2

T
-2

A ngular momentum kg-m
2
/s M L

2
/T

M oment of inertia kg-m
2

M L
2

Torque N-m M L
2
/T

2

A ngular frequency radian/s T
-1

Frequency Hertz (Hz) T
-1

Period s T

Surface Tens ion N/m M /L
2

Coefficient of viscos ity N-s /m
2

M /LT

W avelength m L

Intens ity  of wave W /m
2

M /T
3

Dimensions of some Mathematical Function :
Dimensions of different coefficient and integrals

In General  
n

n n

d y y

dx x

        
 and  ydx yx   

Ex.  Find dimensional formula :

(i) 
dx

dt
(ii) 

2

2

d x

dt
(iii) vdt (iv) adt

where x displacement, t time, v  velocity and a  acceleration

Sol. (i)   0 1 1dx x L
M LT

dt t T
                     

(ii)  
2

1 1 2
2 2 2

d x x ML
m m M LT

dt t T
                    

(iii)    1 0 1 0vdt vt LT T M LT             (iv)   2 0 1 1adt at LT T M LT             
Dimensions of trigonometric, exponential and logarithmic functions and their arguments are dimensionless.
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Note : Trigonometric function sin  are dimensionless.

Ex. If 
2

sin
F

t
v

  , find dimensions of  and . Here v = velocity, F = force and t = time.

Sol.  Here sint and t must be dimensionless

So,         
2

1 1
2 2 2 2

1
1 ; sin

F F MLT
t T t ML

t v v L T
   


                                  

Limitations of Dimensional Analysis :-

(i) Correctness of the constant appearing in an equation connot be verified.

(ii) While deriving an equation, the value of constant of proportionality cannot be obtained.

(iii) Equation involving trigonometric and exponential function cannot be verified or derived.

(iv) An equation can be derived only if it is of product type.

(v) We equate the power of M, L and T hence we get only three equations, so we can have only three variable

                        (only three dependent quantities)

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 power of 10.

Prefixes used for different power of 10

Power of 10 Prefix Symbol Power of 10 Prefix Symbol

1018 exa E 10-1 deci d

1015 peta P 10-2 centi c

1012 tera T 10-3 milli m

109 giga G 10-6 micro µ

106 mega M 10-9 nano n

103 kilo k 10-12 pico p

102 hecto h 10-15 femto f

101 deca da 10-18 atto a
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Some Physical Quantities with their symbols, units and dimensions

No. Physical Quantity Symbol Definition/Expression Unit in SI Dimension

1 Volume V length x breath x height m
3

L
3

2 Density ρ mass/volume kg m
-3

ML
-3

3 Velocity v,u displacement per unit time m s
-1

LT
-1

4 Acceleration a change in velocity per unit time m s
-2

LT
-2

5 Force F mass x acceleration newton (N) MLT
-2

6 Work W force x displacement joule (J) ML
2
T

-2

7 Energy E, U, K capacity to do work joule (J) ML
2
T

-2

8 Power P work done per unit time watt (W) ML
2
T

-3

9 Momentum p mass x velocity kg m s
-1

MLT
-1

10
Gravitational constant G N m

2
 kg

-2
M

-1
L

3
T

-2

11 Angle   ,ф arc length/radius radian dimensionless

12 Angular velocity ω angle described per unit time rad s
-1

T
-1

13 Angular acceleration α change in angular velocity per unit time rad s
-2

T
-2

14 Angular momentum L linear momentum x perpendicular distance kg m
2
 s

-1
ML

2
T

-1

15 Moment of inertia I mass x (radius of gyration)
2

kg m
2

ML
2

16 Torque τ  force x perpendicular distance N m ML
2
T

-2

17 Stress force/area N m
-2

ML
-1

T
-2

18 Strain change in length/ original length No unit dimensionless

19 Young`s modulus Y stress/strain N m
-2

ML
-1

T
-2

20 Surface tension T, σ force/length N m
-1

MT
-2

21 Pressure P force/area N m
-2  

Pa ML
-1

T
-2

22 Intensity of a wave I energy/(area x time) W m
-2

MT
-3

23 Specific heat capacity c heat/ (mass x change in temperature) J K
-1

 kg
-1

L
2 

T
-2

 K
-1

24 Heat Q a form of energy J ML
2
T

-2

25 Charge Q, q current x time coulomb ( C ) AT

26 Current density J current/area A m
-2

AL
-2

27 Electrical dipole moment p charge x distance C m LAT

28 Electrical Potential (voltage)V electric energy/charge volt (V) ML
2
A

-1
T

-3

29 Electric field E electric potential/distance V m
-1

MLA
-1

 T
-3

1 2
2

m m
F G

r
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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 × 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

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

n
1
u

1
 = n

2
u

2
   

1 1 1
2 1

2 2 2

a b c
M L T

n n
M L T

     
      

     
 where u = Ma Lb TTc

7. Limitations of this method
(a) In Mechanics 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

term which are added or subtracted like 
21

2
s ut at   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, cos, tanetc. and their arrangements  are dimensionless.

10. Dimensions of differential coefficients 

n

n n

d y y

dx x

        

11. Dimensions of integrals  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.

Quick Revision on concepts & Formulae


