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Science : The word science often describes any systematic field of study or the knowledge gained from
it.

Physics : Physics is the study of the interactions between physical systems.
Scope  and  Excitement  of  Physics : It covers a tremendous range of magnitude of physical quantities like

length, mass, time, energy, etc.
Physics is exciting in many ways. Application and exploitation of physical laws to make useful devices is

the most interesting and exciting part and requires great ingenuity and persistence of effort.
Scope  and  Excitement  of  Physics : The scope of physics is truly vast. It covers a tremendous range of

magnitude of physical quantities like length, mass, time, energy, etc. Basically, there are two domains of interest
: macroscopic and microscopic. The macroscopic domain includes phenomena at the laboratory, terrestrial and
astronomical scales. The microscopic domain includes atomic, molecular and nuclear phenomena.

Classical physics deals mainly with macroscopic phenomena consisting of the study of heat, light,
electricity, magnetism, optics, acoustics, and mechanics. Since the turn of the 20th century the study of quantum
mechanics and relativity has become more important. Today, physics is often divided into branches such as
nuclear physics, particle physics, quantum physics, theoretical physics, and solid-state physics. The study of
the planets, stars, and their interactions is known as astrophysics, the physics of the Earth is called geophysics,
and the study of the physical laws relating to living organisms is called biophysics.

Physics is exciting in many ways. Application and exploitation of physical laws to make useful devices is
the most interesting and exciting part and requires great ingenuity and persistence of effort.

Physics  Technology  and  Society :

Scientists
Investigate the
natural world

Technology
the products and
processes created

by engineers

Scientific
Knowledge

what scientists
have learned about
the natural world

Engineers
Create the

designed world

   
Values
Needs
Environment
Economy

Society
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Technology:
• The body of knowledge, processes, and artifacts that result from engineering
• Almost everything made by humans to solve a need is a technology
• Examples of technology include pencils, shoes, cell phones, and processes to treat water
In the real world, these disciplines are closely connected. Scientists often use technologies created by

engineers to conduct their research. In turn, engineers often use knowledge developed by scientists to inform
the design of the technologies they create.

Fundamental forces in nature:

Force
Relative 

strength within 
nucleus*

Relative 
strength 
beyond 
nucleus

Exchange 
particles

Major role

Strong nuclear force (between 
quarks) 100 0 Gluons Holding nuclei together

Electromagnetic (between 
particles with 

charge/magnetism) 
1 1 Photons Chemistry and biology

Weak nuclear force (that 
changes quark types) 10–5 0 Weak bosons Nuclear reactions

Gravitation (between particles 
with mass) 10–43 10–43 Gravitons Large-scale structure

Nature of Physical Laws : A physical law, scientific law, or a law of nature is a scientific generalization
based on empirical observations of physical behavior. Empirical laws are typically conclusions based on repeated
scientific experiments and simple observations, over many years, and which have become accepted universally
within the scientific community. The production of a summary description of nature in the form of such laws is
a fundamental aim of science.

Physical laws are distinguished from scientific theories by their simplicity. Scientific theories are generally
more complex than laws; they have many component parts, and are more likely to be changed as the body of
available experimental data and analysis develops. This is because a physical law is a summary observation of
strictly empirical matters, whereas a theory is a model that accounts for the observation, explains it, relates it to
other observations, and makes testable predictions based upon it. Simply stated, while a law notes that something
happens, a theory explains why and how something happens.



1. Unit
2. Physical quantities are of two types:

(a) Fundamental quantity

Name of the 
fundamental quantity

SI Unit Symbol

1 Mass kilogram     kg
2 Length metre     m
3 Time second     s
4 Temperature Kelvin     K
5 Electric current Ampere     A
6 Luminous intensity candela    cd
7 Quantity of matter mole    mol

(b) Derived physical quantities are those
quantities which are obtained from
fundamental quantities and their units are
called derived units. e.g. speed = distance/
time.

3. Supplementary physical quantities:
Astronomical Unit (AU)  is  defined  as  the
average distance between the centre of the sun
and that of the earth.

1AU = 1.496 × 1011 m
Light year (ly) is the distance travelled by light
in vacuum in one year.
1 light year = (3 × 108 × 365 × 24 × 60 × 60) m
1 ly = 9.46 × 1015 m
Parallactic second (parsec) is defined as the
distance, through which an arc of length 1 AU
subtends an angle of 1 second.

1 parsec = 3.084 × 1016 m

4. Uses of dimensional equations :
(a) Conversion of one system of units to

another:    n1u1 = n2u2
where n1, n2 =  numerical  value  of  the
physical quantity in system 1 and 2
respectively.
u1, u2 = units of measurement of the
physical quantity in system 1 and 2
respectively.

1 1 1
2 1

2 2 2

M L T
M L T

a b c

n n
æ ö æ ö æ ö

= ´ç ÷ ç ÷ ç ÷
è ø è ø è ø

where u1 = [M1
a L1

b T1
c],

u2 = [M2
a L2

b T2
c]

(b) To check the correctness of formula:
(c) To find the dimensions of unknown

quantities in a physical equation knowing
the equation is dimensionally correct.

5. Rules for significant figures in a number:
(i) All non zero digits are significant.
(ii) All zeroes between two non zero digits are

significant.
(iii) All zeroes to the right of decimal point and

to the left of a non zero digit are not
significant in a number less than one.

(iv) All zeroes to the right of the last non zero
digit in the decimal part of a number are
significant.

(v) All zeroes to the right of a non zero digit are
not significant. However, it becomes
significant when they are result of some
measurement.
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6. Errors in measurement: There are mainly three
types of errors :
(a) Systematic errors are errors with known

causes and therefore can be minimised.
Different types of systematic errors are as
follows:
(i) Instrumental error
(ii) Personal error
(iii) Errror due to wrong setting of

apparatus in an experiment
(iv) Error due to change in external factors

like figure, temperature etc. during an
experiment.

(b) Random errors are errors for which the
causes are not known precisely and can be
minimised by taking multiple
measurements. The mean value of all the
measured values is close to the accurate
value.

(c) Gross error arises due to the carelessness
of the observer and hence can be minimised
by taking average of all readings.

7. Absolute error, relative error and percentage
error:

n m na a aD = -

\Mean absolute error = meanaD  
1
| |

n

i
i

a

n
=

D

=
å

\  Range of measured values of a will be

meanma a+ D  and mean meana a- D

Relative or fraction error is the ratio of the mean
absolute error to the mean value of the physical
quantity.

mean

mean

a
a

a
D

d = ;

Percentage error = mean

mean
100% 100%

a
a

a
D

d ´ = ´

(i) Error in sum of quantities: If x = a + b then
error in x will be

( )x a bD = ± D + D where Da and Db are

errors in a and b respectively.
(ii) Error in the difference of 2 quantities: If x

= a – b then error in x will be, Dx = ± (Da m
Db)

(iii) Error is product of quantities: If x = a × b
then the fractional error in x will be

x a b
x a b

D D D
= ± ±

(iv) Error in the division of 2 quantities: If

ax
b

=  then the fractional error in x will be

x a b
x a b

D D Dæ ö= ± ±ç ÷
è ø

(v) Error in the power of a quantity: If
m n

r
a bx

c
=  then the fractional error in x

will be

x a b cm n r
x a b c

D D D Dæ ö= ± + +ç ÷
è ø
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2.1 Fill in the blanks :
(a) The volume of a cube of side 1cm is equal

to _____ m3.
(b) The surface area of a solid cylinder of

radius 2.0 cm and height 10.0 cm is equal
to _____ (mm)2.

(c) A vehicle moving with a speed of 18 km
h–1 cover _____ m in 1s.

(d) The relative density of lead is 11.3. Its
density is ____ g cm–3 or _____ kg m3.

Sol. (a) Length, L = 1cm = 10–2 m,
\ Volume, L3 = (10–2)3 = 10–6 m3

(b) Given, r = 2 cm = 20 mm, h = 10 cm
     = 100 mm

Surface area of solid cylinder = (2pr)h

= 2 × 
22
7

 × 20 × 100 = 1.26 × 104 mm2

(c) Speed, v = 18 kmh–1 = 
18 1000

60 60
´

´
  = 5ms–1

\ Distance covered in 1s = 5m
(d) Relative density = 11.3,

density = 11.3 g/cm3 = 
3

2 3
11.3 10 kg

(10 m)

-

-
´

 = 11.3 × 103 kgm–3.
2.2 Fill in the blank by suitable conversion of

units:
(a) 1 kgm2s–2 = _____ g cm2s–2

(b) 1 m = _____ light year
(c) 3 ms–2 = _____ kmh–2

(d) G = 6.67 × 10–11 Nm2 kg–2 = _____
cm3s–2g–1

Sol. (a) 1 kgm2s–2 = 1 × 103g (102 cm)2 s–2

= 107 g cm2s–2

(b) 1 light year = 9.46 × 1015 m

\ 1 m = 15
1

9.46 10´
 = 1.053 × 10–16 light year

(c) 3 ms–2 = 3 × 10–3 km 
21 h

60 60

-
æ ö
ç ÷´è ø

= 3 × 10–3 × 3600 × 3600 kmh–2

= 3.888 × 10–4 kmh–2.

(d) G = 6.67 × 10–11 Nm2 kg–2

= 6.67 × 10–11 (kg m s–2) m2 kg–2

= 6.67 × 10–11 m3 s–2 kg–1

= 6.67 × 10–11 × 106 cm3 s–210–3 g–1

= 6.67 × 10–8 cm3 s–2 g–1

2.3 A calorie is a unit of heat or energy and it
equals about 4.2J, where 1J = 1 kgm2s–2.
Suppose, we employ a system of units in which
the unit of mass equals a kg, the unit of length
equals  bm and the unit of time is gs. Show that
a calorie has a magnitude of 4.2 a–1

b–2g2 in terms of new units.
Sol. 1 calorie = 4.2J = 4.2 kg m2 s–2

If a kg = new unit of mass

Then, 1kg = 1
a

 new unit of mass

= a-1 new unit of mass
Similarly, 1m = b-1 new unit of length

       1s  =  g-1 new unit of time
Now,  1  calorie  =  4.2  (a-1 new unit  of  mass)

         (b-1 new unit of length)2

         (g-1 new unit of time)–2

= 4.2 a–1 b–2g2 unit  of  energy.
2.4 Explain this statement clearly :

“To call a dimensional quantity ‘large’ or
‘small’ is meaningless without specifying a
standard for comparison.” In view of this,
reframe the following statements wherever
necessary:
(a) atoms are very small objects
(b) a jet plane moves with great speed
(c) the mass of Jupiter is very large
(d) the air inside this room contains a large

number of molecules
(e) a proton is much more massive than an

electron
(f) the speed of sound is much smaller than

the speed of light.
Sol. Physical quantities are called large or small

depending on the unit (standard) of
measurement. For example, parsec is equal to
3.08 ´ 1016 m or 3.08 ´ 1012 km is certainly
larger than metre or kilometre.
(a) The size of an atom is much smaller than

even  the  sharp  tip  of  a  pin.
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