Chapter 1
UNITS AND DIMENSIONS

Learning objective: After going through this chapter, students will be able to;
- understandphysicalquantities, fundamental and derived;
- describe dferent systems of unjts
- define dimensions and formulatenensional formulae;
- write dimensionakquations an@pply these to verify various formulations.

1.1 DEFINITION OF PHYSICS AND PHYSICAL QUANTITIES

Physics Physics is the branch of scieneghich deals with the study of nature and properties
of matter and energy. The subject matter of physics includes heat, light, sound, electricity,
magnetism and the structure of atoms.

For designing a law of physicsa scientific method is followed whichncludes the
verifications with experiments. The physics, attempts are made to measurartigeguwith
the best accuracyhus Physics can also be definagiscience of measurement

Applied Physics is the apphtion of the Physics to helpuman beingand solving their
problem, it is usually considered as a bridga aonnection between Physics &dineering.

Physical Quantities All quantities in terms of which laws of physics can be expressed and
which can be measured are called Physical Quantities.

For exampleDistance, Speed, &%s, Force etc.

1.2 UNITS: FUNDAMENT AL AND DERIVED UNITS

Measurement: In our daily life, we need to express and compare the magnitude of different
guantities; this can be done only by measuring them.

Measurement is theomparison of an unknown physical quantity with a known fixed
physical quantity.

Unit: The known fixed physical quantity is called unit.
OR
The quantity used as standard for measurement is called unit.

For example, when we say that length of the classris 8 metre. We compare the length of
class roonwith standard quantity of length called metre.

Length of class room = 8 metre



Phystal Quantity = Numerical value unit
Q = Physical Quantity
n = Numerical value
u = Standard unit
e.g. Mass of stool = 15 kg
Mass = Physical quantity
15 = Numerical value
Kg = Standard unit
Means mass of stool is 15 times of known quantitykige

Characteristics of Standard Unit: A unit selected for measuring a physical quantity should
have the following properties

(1) It should be well defined i.e. its concept should be clear.
(i) It should notchange with change irphysical conditios like temperature,
pressurestressetc.

(i) It should e suitable in sizeneither too large nor too small.
(iv) It should not change with place time.

(v) It should be reproducible.

(vi) It should be internationally accepted.

Classification of Units: Units can be classified into two categories.

1 Fundamental
91 Derived

Fundamental Quantity:The quantiy which is independenbf other physical quantitiesin
mechanics, mass, length and tinaee called fundamental quantitietnits of these
fundamental physical quantities are callethdamental units.

e.g. Fundamental Physical Quantity Fundamental unit
Mass Kg, Gram, Pound
Length Metre, Centimetre Foot
Time Second

Derived Quantity: The quantity which is derived from the fundamental quantities &epn
is a derived quantity

Area = Length3 Breadth
= Length3 Length
= (Length¥
Speed=Distance / Time
=Length / Time
The units for deriveduantitiesare callederived Units.



1.3 SYSTEMS OF UNITS: CGS, FPS, MKS, Sl
For measurement of physical quantities, the following systemcommonly used:

(i) C.G.S system In this system, the unit of length centimetre, the unit of mass is
gram and the unit of time is second.

(i) F.P.S systemlIn this system, the unit of lengih foot, the unit of mass {gound and
the unit of time is second.

(i) M.K.S: In this system, the unit of length is metre, unit of mass iaridythe unit of
time is second.

(iv) S.lI System This systemis an improved and extended version of M.K.S system of
units. It is called international system of unit.

With the development of science & technology, the three fundamental quantities like
mass, length & time were naifficient as many other quantitiéke electric current, heat
etc. were introduced.

Therefore, more fundamental units in addition to the units of mass, length and time
are required.

Thus, MKS system was modified with additiohfour other fundamental quantities
and two supplementary quantities.

Table of Fundamental Units

Sr. No. | Name of Physical Quantity | Unit Symbol
1 Length Metre m

2 Mass Kilogram | Kg

3 Time Second |s

4 Temperature Kelvin K

5 Electric Current Ampere | A

6 Luminous Intensity Candela | Cd

7 Quantity of Matter Mole mol

Table of Supplementary unit

Sr. No | Name of Physical Quantity | Unit Symbol
1 Plane angle Radian rad
2 Solid angle Steradian | sr

Advantage of S.1. system:
() It is coherent system afmit i.e. the dexied units of a physical quantitiese easily
obtained by multiplication or division of fundamental units.
(i) Itis arational system of units i.e. it uses only oni¢ ian one physical quantitye g.
It usesJoule (Jas unit for all typesf energiestieat, light, mechanical).
(i) It is metric system of units i.e.Gt multiples & submultiples can be expressed in
power of 10.



Definition of Basicand Supplementary Unitof S.1.

1. Metre (m): The metre is the length of the path travellediblt in vacuum during a time
interval of 1/299 792 458 of a second.

2. Kilogram (Kg) : The kilogram is the mass of the platirimdium prototype which was
approved by the ConférenceGénérale des Poids et Mesures, held in Pa@89jrand kept
by the Bureau International des Poids et Mesures.

3. Second (s): The second is the duration of 9192631770 periods of the radiation
corresponding to the transition between two hyperfine levels of the ground sGesiwf
133 atom.

4. Ampere (A) : The ampere is #hintensity of a constant current which, if maintained in two
straight parallel conductors of infinite length, of negligible circular crssstion, andplaced

1 metre apart in vacuum, would produce between these conductorseaequal to 2 10
Newton per metre of length.

5. Kelvin (K): Kelvin is the fraction 1/27.26 of the thermodynamic temperature of the triple
point of water.

6. Candela(Cd): The candela is the luminous intensity, in a given direction, of a source that
emits monochromatic raation of frequency 540 x 1®hertz and that has a radiant intensity
in that direction of 1/683 watt per steradian.

7. Mole (mol): The mole is the amount of substance of a system which contains as many
elementary entities as there are atoms in 0.012 kitogf Carborl2.

Supplementary units:

1. Radian (rad):It is supplementary unit of plane angle. It is the plane angle subtended
at the centre of a circle by an arc of the circle equal to the radius of the circle. It is
denoted by—

—=1/r; aislength of the arandi is radius of the circle

2. Steradan (Sr): It is supplementary unit of solid angle. It is the angle subtended at the
centre of a sphere by a surface area of the sphere having magnitude equal to the
square of the radius of the sphere. |t

Y = %s [ r

SOME IMPORTANTABBREVIATIONS

Symbol | Prefix Multiplier | Symbol | Prefix Multiplier
D Deci 107 da deca 10t
c centi 102 h hecto 10°
m milli 103 k kilo 10°
H micro 10° M mega 1°
n nano 10° G giga 10°

i s



P Pico 1012 T tera 1012
f femto 101 P Pecta 10t
a atto 1018 E exa 108

Some Important Units of Length:

(i) 1 micron=16°m=10%cm

(i) 1angstrom=1A=16"m=108%cm
(i) 1fermi=1fm=10"m

(iv) 1 Lightyear=11ly=9.46 x £fm
(v) 1 Parsec = 1pc = 3.26 light year

Some conversiorfactor of mass:

1 Kilogram =2.2046 pound

1 Pound = 453.6 gram

1 kilogram = 1000 gram

1 milligram = 1/1000 gram = 10gram
1 centigram = 1/100 gram = Z@ram
1 decigram = 1/10 gram

1 quintal = 100 kg

1 metric ton = 1000 kilogram

1.4 DEFINITION OF DIMENSIONS

Dimensions: The powers, to which the fundamental units of mass, length and time
written as M, L and T are raised, which include their nature and not their magnitude.
For example Area = Length x Breadth
= [L x[LT] = [L7 = [M°L*T]

Power (0,2,0) ofundamental units are called damsions of area in madength and time
respectively.

e.g. Density = mass/volume
= [MJL 7]
- [ MlL—3TO]

1.5 DIMENSIONAL FORMULAE AND SI UNITS OF PHYSICAL QUANTITIES



Dimensional FormulaAn expressiomalong with power of mass, length & time which
indicates how physical quantity depends upon fundamental physical quantity.

e.g.

Speed = Distance/Time
= [LY[T] =[MOLAT
It tells us that speed depends upon L & T. It does not depends upon M.

Dimensional Equation: An equation obtained by equating the physical quantity with its
dimensional formula is called dimensional equation.

The dimensional equation of area, density & velocity are given as-under

Area = [MPL2TC]
Density = [ML3TC]

Velocity =[MOLT

Dimensional formula St CGS unit of Physical Quantities

Sr. | Physical Quantity | Formula Dimensions | Name of S.I unit

No.

1 | Force Massx acceleration | [ML1T2] Newton (N)

2 | Work Forcex distance [MIL2T2] | Joule (J)

3 | Power Work / time [MIL2T3] | Watt (W)

4 | Energy (all form) | Stored work [MIL2T2] | Joule (J)

5 | Pressure, Stress | Force/area [MIL2T?] | Nm?

6 | Momentum Massx velocity [MILITY Kgms?

7 | Moment of force Forcex distance [MIL2T? Nm

8 | Impulse Forcex time [MILITY Ns

9 | Strain Change in dimensio| [M°L°T?] No unit
/ Original dimension

10 | Modulus of Stress / Strain [MILIT2] | Nm?

elasticity

11 | Surface energy Energy / Area [MIL'T] | Joule/nt

12 | Surface Tension Force / Length [MILOT? N/m

13 | Co-efficient of Forcex Distance/ | [MILITY | N/m?

viscosity Areax Velocity

14 | Moment of inertia | Mass x (radius of| [M1L?T9] Kg-m?
gyrationy

15 | Angular Velocity Angle / time [MOLOT-Y] Rad.per sec

16 | Frequency 1/Time period [MOLOT-Y] Hertz

17 | Area Lengthx Breadth [MOL2TY] Metre?

18 | Volume Length x breadth x | [M°L3T?] Metre?
height




19 | Density Mass/ volume [MIL3TO | Kg/m?
20 | Speed or velocity | Distance/ time [MOLYTY) | m/s
21 | Acceleration Velocity/time [MOLYT?] | m/&
22 | Pressure Force/area [MIL2T2] | N/m?

Classification of Physical Quantity: Physical gantity has been classified into following

four categories on the basis of dimensional analysis.

1. Dimensional Constant These are the physical quantities which possess dimerenohs

have constant (fixed) value.
e.g. Planckdos const a
2. Dimensional Variable: These are the physical quantities which possess dimemsiads
not have fixed value.
e.g. velocity, acceleration, force etc.

3.DimensionlessConstant These are the physical quantities which do not possess

dimensions but have constant (fixed) value.
eg. € 6046 0Qi pliofi.

4. Dimensionles Variable: These are the physical quantities which do not possess

dimensionsaandhave variable value.
e.g. angle, strain, specific gravity etc.

Example.1 Derive the dimensional formula of following Quantity & write down their

dimensions.
(i) Density

(iif) Co-efficient of viscosity

(i) Power

(iv) Angle

Sol. (i) Density = massolume
=[MJ/IL ] = [M*L°T

(ii)

(iif)

(iv)

Power = Workl'ime

=Force x Distance/Time
=[MILITZ x [L)/[T]
=[ML2T

Co-efficient of viscosity =

nt, gas constant

Force x Distanc

Area x Velocity

Mass x Acceleration x Distance X tir

length x length x Displacement

=[M] x [LTZ] x [L] [TYIL 2] x [L]

:[M 1L—1T—1]

Angle = arc (lengthjadius (length)

= [LVIL]

=[M°L°T?] = no dimension

7

u

n



Example.2 Explain which of the following pair of physical quantities have the same
dimension:

(i) Work &Power (ii) Stress & Pressuré¢iii) Momentum &mpulse

Sol. (i) Dimension of work = force x distance = fMPT
Dimension of power = work / time = [M?T7]

Work and Power have not the same dimensions.

(i) Dimension of stress = force / area =MT?/[L?] = [M!L1T7
Dimension of presge = force / area = [M.'T?)/[L?] = [MILT?
Stress and pressure have the same dimension.

(iii) Dimension of momentum = mass x velocity={MTY]
Dimension of impulse = force x time =f'T]

Momentum and impulse have the same dimension.

1.6 PRINCIPL E OF HOMOGENEITY OF DIMENSIONS

It states thathe dimensions of all the terms on both sides of an equation must be the
same According to the principle of homogeneity, the comparison, addition & subtraction of
all physical quantities is possiblelgnf they are of the same nature i.e., they have the same
dimensions.

If the power of M, L and T on two sides of the given equation are same, then the
physical equation is correct otherwise not. Therefore, this principle is very helpful to check
the corectness of a physical equation

Example: A physical relation must be dimensionally homogeneous, i.e., all the terms on both
sides of the equation must have the same dimensions.

In the equation, S=ut+%a

The length (S) has been equatedétocity (u) & time (t) which at first seems to be
meaningless, But if this equation is dimensionally homogeneousthieedimensions of all
the terms on both sides are the same, then it has physical meaning.

Now, dimensions of variouguantities in the equation are:

Distance, S=[Y
Velocity, u=[LTY
Time, t=[TY



Acceleration, a=[LT7
Y is a constant and has no dimensions.
Thus, the dimensions of the term on L.HsSSS=[L!] and
Dimensionsof terms on R.H.S.
ut+ %z at=[LT] [T+ [L*T?] [T?] = [L7] + L]

Here, the dimensions of all the terms on both sides of the equation are the same.
Therefore, the equation is dimensionally homogeneous.

1.7 DIMENSIONAL EQUATIONS, APPLICATIONS OF DIMENSIONAL
EQUATIONS;

Dimensional Analysis:A careful examination of the dimensions of various quantities
involved in a physical relation is called dimensional analysis. The analysis of the dimensions
of a physical quantity is of great help to us in a number of ways as discussed under the uses
of dimensional equations

Uses of dimensional equationThe principle of homogeneity & dimensional analysis has put
to the following uses:

() Checking the correctness of physical equation.
(i)  To convert a physical quantity from one system of units into another.
(i) To derive elation among various physicalantities.

1. To check the correctness of Physicaklations: According to principle of Homogeneity
of dimensions a physical relation or equatiocasrect,if the dimensions of all the terms
on both sides of the agtion are the same.If the dimensions of even ame d&fers from
those of otherghe equation is not correct.

Example 3. Check the correctness of the following formulae by dimensional analysis.

(0 ad710 (iN0  ¢“MarQ
Where all the letters havbeir usual meanings.

Sol. 3 o7l
Dimensions of the term onH.S
Force, F = [MLT?
Dimensions of the term on R.H.S
O’ 7= [MY[LTY2/ L]
=[ML2T?/ [L]
:[M 1L1T—2]

The dimensions of the term on the L.H.S agpial to the dimensions of the term on
R.H.S. Therefore, the relation is correct.



(i) < Zvwr
Here, Dimensions of L.H,& = [T}] = [MOL°TY]

Dimensions of the terms on R.H.S
Dimensions of (length) = il
Dimensions of g (acc due to gravity) =I-7]

2 being constant have no dimensions.

Hence, the dimensions of ter@sdf Qon R.H.S

= (Ll/ LlT-Z] )1/2 - [Tl] - [M OLOTl]
Thus, the dimensions of the terms on both sides of the relation are the same i.e.,
[MOLTY]. Therefore, the relation is correct.

Example 4. Check the correctness of the following equation on the basis of dimensional
analysis 0 V- HereV is the velocity of soundk is the elasticity and is the density

of the medium.

Sol. Here, Dimensions of the term on L.H.S
V =[MOLTY

Dimensions of elasticity, E = [M."1T]

& Dimensions of densityd = [ML3TY]

Therefore, Dimensions of thertes on R.H.S

miﬁ - [M lL-lT-Z/ MlL-lT-Z] 172 — [MOLlT-l]

Thus, dimensions on both sides are the same, therefore the equation is correct.

Example 5. Using Principle of Homogeneity of dimensions, check the correctness of
equation, h = 2Td /@Qos—

Sol. The given formula is, h = 2Td @ps—
Dimensions of term on L.H.S

Height (h) = [MLT?]

Dimensions of terms on R.H.S
T= surface tension pML°T?]
D= density M LT
r =radius SMOL1T|
g=acc.due to gravity fM°L1T?]
Cos—= [M°L°T"= no dimensions

So,

Dimensions o2Td/rgQs—= [MIL°T2] x [MIL3T9/ [MOLITO x [MOL1T?]
- [M 2L—5T0]
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Dimensions of terms on L.H.S are not equal to dimensions on R.H.S. Hence, formula is
notcorrect.

Example 6.Check the accuracy of the following relations:
0) E = mgh + % m¥ (i) v3-u?= 2as.

Sol. (i) E = mgh + % rv

Heredimensions of the term on L.H.S

Energy, E IML2T?|
Dimensions of the terms on R.H.S,
Dimensions of the term, mgh = [M[LT 2] x [L] = [M LT
Dimensions of the term, ¥av?= [M] x [LT %= [ML?T

Thus, dimensions of all the terms on both sides of the relation are the same, therefore, the
relation is correct.

(i) The given relation is,
v3-u= 2ag

Dimensions of the terms on L.H.S

V3 =[MO] x [LT 3= [MOL3T

W2 =[M9] x [LT %= [M°L2T ]
Dimensions of the terms on R.H.S

2ag = [MY] x [LT 7 x[L]2 = [MOL3T 2]
Substituting the dimensions in the relations, v3-u?= 2ag
We get,  [MOL3T3] - [MOL2T 3 = [MOL3T |

The dimensions of all the terms on both sides are not same; therefore, the relation is not
correct.

Example 7.The velocity of a particle is given in terms of titniey the equation
v = At + bt+c
What are the dimensions of a, b and c?
Sol. Dimensional formula for L.H.S
V=LY
In the R.H.S dimensional formula of At
[T]= LT

11



A=[LTY/[TY=[LT?
t +c = time, ¢ has dimensions of time and hence is added in t.
Dimensions of t + cis [T]
Now, b/t+c=v
b=v(t+c)=[LT][T]=[L]
There dimensions of a= flL?], Dimensions of b = [L] and that of ¢ = [T]

Example 8.In the gas egation (P + af) (vi b) = RT, where T is the absolute
temperature, P is pressure and volume of gas. What are dimensions of a and b?

Sol. Like quantities are added or subtracted from each other i.e.,
(P + a¥®) has dimensions of pressure = [ML-]
Hence, af will be dimensions of pressure = [MI 2]
a = [MLT?] [volumeP= [ML1T?] [L3]?
a = [MLT2] [LE= [ML5T ]
Dimensions of a = [MET?]
(vi b) have dimensions of volume i.e.,
b will have dimensions of volume i.e.,jL
or [MOL3T9]

2. To convert a physical quantity from one system of units into another.

Physical quantity can be expressed as

Q=nu
Let niu; represent the numerical value and unit of a physical quantity in one system and
noUz in the other system.
If for a physical quantity Q;M.1T1be the fundamental unit in one system and. NI, be
fundamental unit of the other system and dimensionsass, length and time in each
system can be respectively a,b,c.

ur = [ M13L:PT19

and Uz = [ M2
as we know
NiU1 = puz
no :nlulluZ
gl\/l1 LoTC
2 SM ; LbT C
5 LA ’ Tc_”g Cé

nleffl'\/l_z_l_@ i

While applying the aboveelations the system of unit as first system in which numerical
value of physical quantity is given and the other as second system

12



Thus knowing [ML1T1], [M2L2T2] a, b, ¢ andy, we can calculate;.
Example 9.Convert a force of 1 Newton to dyne.

Sol. To convert the force from MKS system to CGS system, we need the equation
Q=mu1=nzU

Thusn, = UL
u,

Here n=1, u=1N, w=dyne
_ ML
=0 —"77>"
SMszTz

T )
=Mag ™ G 10
©eM, slg T

O QO D&

0= 8kg &m §s§°
*~%m Eom OF

_&100ym §10CEmM & -
n=n g

EB gm g cm 9_£e
n, =1(1000)(100
n, =10°

Thus1N=10’dynes

Example 10Convert work of 1 erg intdoule

Sol: Here we need to convert work from CGS system to MKS system
Thus in the equation
_my
n, = U_2
n=1
ui=erg (CGS unit of work)
uz= joule (SI unit of work)

_ Yy
n, = —=
2 U2
_nlMlLile
=
M2L22T22
. i g 2 2
= aM,; oL a
2~ O e a
oM, Sy B¢
0 _nl"gm @cmz(_j 8’
2~ o’?] & 0 e
CKI ¢m =+ s¢

o 2., o2
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n, =1(10°)(10% ¥ n, =10’
Thus 1 erg=10" Joule.

Limitations of Dimensional Equation: The method ofdimensionshas the following
limitations:

1. It does not help us to find the value of dimensionless constants involved in various
physical relations. The values, of such constdrdve to be determined by some
experiments or mathematical investigations.

2. This method fails to derive formula of a physical quantity which depends upon more than

three factors. Because only three equations are obtained by comparing the powers of M, L

andT.

It fails to derive relations of quantities involving exponential and trigonometric functions.

4. The method cannot be directly applied to derive relations which contain more than one
terms on one side or both sides of the equation, such as v= u + atutr+s at etc.
However, such relations can be derived indirectly.

5. A dimensionally correct relation may not be true physical relation because the
dimensional equality is not sufficient for the correctness of a given physical relation.

w

* k k k x %

EXERCISES

Multiple Choice Questions

1. [MLT] is thedimensional formula of
(A) Force
(B) Coefficient of friction
(C) Modulus of elasticity
(D) Energy.

2. 1C°Fermiis equalto
(A) 1 meter
(B) 100 micron
(C) 1 Angstrom
(D) 1mm

3. rad/ secis theunit of
(A) Angulardisplacement
(B) Angular velocity
(C) Angularacceleration
(D) Angularmomentum

4. Whatis theunit for measuringhe amplitudeof a sound?
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(A) Decibel
(B) Coulomb
(C) Hum

(D) Cycles

5. The displacementdf particlemoving along xaxis with respect to time is x=at-att>,
The dimension of c is
(A) LT
(B) T°
(C) LT3
D) T°

Short Answer Questions

Define Physics.

What do you mean by physical quantity?

Differentiate between fundamentaidderived unit.

Write full form of thefollowing system of unit

0] CGS (i) FPS (i) MKS

Write definition of Dimensions.

What is the suitable unit for measuring distance betweearsiearth?

7. Write the dimensional formula of the following physical quantity
(i) Momentum (ii) Power (iii) Surface Tension (iv) Strain

8. What is the principle of Homogeneity of Dimensions?

9. Write the S.I & C.G.S un#tof the following physical quantities
€) Force (b) Work

10.What are the uses of dimensions?

HwnNPE

o o

Long Answer Questions

1. Check the correctness of the relation= h /mv; where.is wavelengthhh- Pl anc k 6 s
constant, ms mass of the particlandv - velocity of the particle.
2. Explain different typse of system of units.
3. Check the correctness of the fallimg relation by using method of dimensions
) v=u+at
(i) F=mv/F
(i) v2i u?=2as
4. What are the limitations of Dimensional analysis?
5. Convert an acceleration of 100 Rifsto km/hF.

Answersto multiple choice questions
1(C) 2(C) 3(B) 4 (A) 5(C)
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Chapter 2
FORCE AND MOTION

Learning objective: After going through this chapter, students will be able to;
- understandcalar and vector cantities,addition of vectors, scalar and vector
producs etc.
- Stateand applyNewt ond6s | aws of moti on.
- describe linear momentum, circular motion, application of centripetal force

2.1 SCALAR AND VECTOR QUANTITIES

Scalar Quantities:
Scalar quantities are those quantities which are having only magnitude biirection.

Examples Mass, length, density, volume, energy, temperature, electric charge,
current, electric potential etc.

Vector Quantities:
Vector quantities are those quantities which are having both magnitude as well as
direction.

Examples Displacement, velocity, acceleration, force, electric intensity, magnetic
intensity etc.

Representationof Vector: A vector is represented by a straight line with an arrow head.
Here, the length of the line represents the magnitude and heaavgives the direction of
vector.

P Directions
« Magnitude »>
7 cm
Figure:2.1

TypesofVectors

Negative Vectors: The negative of a vector defined as another vector having same
magnitude but opposite in direction.
i.e.,any vecto® and its negative vector# are as shown.

 J

—»
(A)

Figure:2.2
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Equal Vector: Two or more vectors are said to be equal, if they have same magnitudeand
direction. If®@and®are two equal vectors then
A =8B

. g

»B

Figure:2.3

Unit Vector: A vector divided by its magnitude is called a unit vector. It has a magnitudeone
unit anddirection same as the direction of given vector. It is denotéd by
. @
0 =
o]
Collinear Vectors: Two or more vectors having equal or unequal magnitudes, but having
same direction are called collinear vectors

‘}'

Figure:2.4

Zero Vector: A vector having zero magnitude and arbitrary direction (be not fixed) iscalled
zero vector. It is denoted by O.

2.2 ADDIT ION OF VECTORS, TRIANGLE & PARALLELOGRAM LAW

Addition of Vectors

(i) Triangle law of vector addition.

If two vectors can be represented in magn
and direction by the two side$ a triangle taken in tl
same order, then the resultant is representt
magnitude and direction, by third side of the tria
taken in the opposite ord@fig. 2.5)

Pt e 0

Magnitude of the resultant is given by Figure:2.5

Y 6 6 O éwé+
And direction of the resultant is given by

s 0i Qe

YT
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(i) Parallelogram (J|gm) law of vectors

It states that if two vectors, acting simultaneously at a point, can have represented both in
magnitude and direction by the two adjacent sides of a parallelogram, the resultant is represented
by the diagonal of the parallelogram passing through that gogt2.6)

Magnitude of the resultant is given by
Y 0 U ¢ Owé+
And direction of the resultant is given by
0i Q&
U VWE+

Figure:2.6

2.3 SCALAR AND VECTOR PRODUCT

Multiplicationof Vectors
(i) Scalar (or dot) Product: It is defined as the product ofagnitudeof two vectorsand the
cosine of the smaller angle between them. The resultant is scalar. The dot product of vectors
®and®is defined as

iR =ABcost

v

0 -
B

Figure:2.7

(i) Vector (or Cross) Product: It is defined as a vectdraving a magnitude equal to the
product of the magnitudes of the two vectors and the sine of the angle between them and is in
the direction perpendicular to the plane containing thevégtors.

Thus, the vector product of two vectors A and B is equal to

® & 66 Q& —

2.4 DEFINITION OF DISTANCE, DISPLACEMENT, SPEED, VELOCITY,

ACCELERATION

Distance How much ground an object has covered during it motdistance is acalar
guantity. Sl unit is meter

Displacement The shortest distance between the two points is called displacdtmsiat
vector quantity.

Sl unit is meter.

Dimension formula: [L]
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Speed The rate of change of distance is called speed. Speestaa quantity.
Unit: ms®.

Linear Velocity: The time rate of change of displacement
QR RAOOQEaQE O
y 5 Q8 Q

Units of Velocity: ms?

Dimension formula = [ML1T]

Acceleration The change in velocity per unit time. i.e. the time rathahge of velocity.
6@E AMO'QA € QO W

0 N
0 Qa Q
If the velocity increasewi t h t i me, tahiseposiive.clfethe ealoaity decrense®
wi t h ti me, t & @s negativee Negatieet dcaeleratioa aso known as

retardatia.

Units of Acceleration:
C.G.S.unit is cm/$ (cms?) and the Sl unit isn/s* (ms?).
Dimension formula = [ML1T?]

2.5FORCE AND ITS UNITS, CONCEPT OF RESOLUTION OF FORCE

Force Force is an agent that produces acceleration in the body on waath. it

Oritis a push or pulwhich change or tends to @hge the position of the body at rest or in
uniform motion.

Force is avector quantityas it has both direction anthgnitude-or example,

() To move a football, we have to exert a push i.e., kick on the football
(i) To stop football or a body moving with same velocity, we have to apply push in a
direction opposite to the direction of the body.

Sl unit isNewton
Dimension formula:MLT?]

Resolutionof aForce

The phenomenon of breaking a given force into two or more forces in different
directions isknown asresolution of forceThe forces obtained on splitting the given force are
called components of tlggven force.

If these are atright angles to each other, then these comemds are called
rectangular components.

Let a force F be represented by a line OP. @Bt(or k) is component of F along-axis
and OC (or F) is componenélongy-axis (Fig. 2.8).
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4
[0 IS P
Fy=Fsino 4 .
F
5]
0 > »X
Fx=Fcos® B
Figure:2.8

Let force F makas an angle d with x

Il n o OPB

sin—=—

PB = OP sin-
Fy = F sin—
coS—= —

OB = OP cos-
Fx = F cos—

Vector® ©® ©

Resultant: O O O

2.6NEWTON'S LAWS OF MOTION

Sir Isaac Newton gave three fundamental laws. These laws are Neldn's laws of
motion.

Newtond $irst Law:It states thateverybody continues in its state of rest or of uniform
motion in a straight lineuntil some external force is applied on it
For example,he book lying on a table will not move at its own. It does not change
its position from the state of rest until naemal force is applied on it.

Newtonb Second law:The rate of change of momentum of a body is directly proportional to
the appliedforce and the change takes place in the directidorog applied
Or
Acceleration produced in a body is diregisoportional to force applied
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Let a body of mass m moving with a velocity Let a forceF be applied so that its
velocity changes fronu to vin t second.

Initial momentum =mu
Final momentum after time t seconamy
Total change in momentummvmu

Thus, the rate of change of momentum will be
av ao
o
From Newton's second law

“O e Orno Ve

but = = Acceleration(a)

Hence, we have

F “ma
or F=kma
Where k is constant of proportionalitigr convenience lek = 1.
Then F=ma

Units of force:
Onedyne is that much force which produces an acceleration of cim/a mass of 1

gm.
1 dyne = m x 1 cm/$

= lgm.cm &
One Newton is that much force which produces an acceleration of £ im/a mass of
1kg.

using F =ma

1N = 1kg x 1m/$
or = 1kgm/g
IN =1000gmx100 cm/¢ = 10 dyne

Newtond Fhird law: To every action there is an equal and opposite reacti@ctmm and
reaction areequal and opposite

When a body exerts a force on another body, the other bodgxadsis an equal force on the
first, in opposite direction.

From Newton's third law thederces always occur in pairs.

Fag (force on A by B) =Fga (force on B by A)
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2.7 LINEAR MOM ENTUM, CONSERVATION OF MOMENTUM, IMPULSE

Linear Momentum (p):

The quantity of motion contained in the bodylireear momentum It is given by
product of mass and the velocity of the bodys a vectorand its direction is the same as
the direction of the velocity.
Let mis mass andis the velocity of a body at some instant, then momentum is
given by p=mv

Example,a fastmoving cricket ball has more momentum in it than a slow moving one. But a
slow-moving heavy roller has more momentum than a fast cricket ball.

Units of momentum:
The Sl unit is kg m/ge. kg.ms'.
Dimension formula = [ML'T).

Conservation ofMomentum

If external force acting on a system of bodies is zero then the total linear momentum
of a system always remains constant.

i.e. If F=0
ThusO — 1T

Hence p (momentum) is constant.

Recoil of the Gun: When a bullet is fired with a gun the bullet moves in forward
direction and gun is recoilediphed backwards. Let

m = mass of bullet

u = velocity of bullet

M = mass of gun

v = velocity of gun
The gun and hllet form an isolated system So the total momentum of gun and bullet
before firing =0

Total momentum of gun and bullet after firfign.u+M.v

Using law of conservation of momentum

0 = m.u+M.v
Mv =-mu
. ao
V] T
0

This is theexpression for recoil velocity of gun.

Here negative sign shows that motion of the gun is in opposite direction to that of the
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bullet. Also, velocity of gun is inversely proportional to its mass. Lesser the mass,
larger will be the recoil velocity ahe gun.

Impulse
Impulse is defined as the total change in momentum produced by the impulsive force.
OR
Impulse may be defed as the product of foresd time and is equal to the total
change in momentum of the body.
F.t=p2i p1= total change in momentum

Example. A kick given to afootball or blow made with lramer.

2.8CIRCULAR MOTION

The motion of a body in a circle of fixed radius is called circular motion.
For examplethe motion of a stone tied to a string when whirled in the air is a circular
motion.

Angular Displacement: The angle described by a body moving in a cirslealledangular
displacement.
Consider a body moves indircle, starting from A tB so

A B
that” BOA is called angular displacement /, ?\\
{# A A
SI unit of angular displacement is radian (rad.) \ 0 /
Figure:2.9
Angular Velocity: Angular velocity of a body moving in a circleis tih@te of change of
angular displacement withtime 1t i s denoted by ¥ (omega)
Il f d is the angular displacement in ti
'3

S| unit of angular velocity is rad/s.

Time Period: Time taken by a by moving in a circle to complete one cycle iscalled time
period. It is denoted by T

Frequency (): The number of cycles completed by a body is called frequency
It is reciprocal of time period

¢ P
o
Angular Acceleration: The time rate of change of angular velocity of a body.

|t is denoted by U. Let angular vedocity
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t o2imtimet, then

Sl unit of e bis rad/g

Relationship between linear and angulawvelocity

Consider a body moving in a circle of radiulset it start from A andeaches td@ after
timet, sothat BOA (Fig.@.9)

Now -
WE QU oL o
i 0QQo i
006 Y
00 |
Yoi —
Divide both side by time (t)
v
~ | =
0 0
Here -  Uislinear velocity
And — 7] isangular velocity
Hencel 1 ]

2.9CENTRIPETAL AND CENTRIFUGAL FORCES

Centripetal Force
The force acting along the radius towards the centre of circle to keep a body moving with
uniform speed in a circular path is called centripetal force. It is denotEd. by
av
0 i

For example, atone tied at one end of a string whose other end is held in hand, when
round in the air, the centripetal force is supplgdhe tension in the string.

Centrifugal Force: A body moving in circle with uniform speed experience a force in a
direction away from the centre of the circle. This force is called centrifugal force.

For examplecream is separated from milk by using centrifugal fond#en milk is
rotated in cream separator, cream pariaethe milk being lighterand experience
less centrifugal force.

2.10 APPLICATION OF CENTRIPETAL FORCE IN BANKING OF RO ADS

Banking of Roads: While travelling on a road, you must have noticed thatputer edge of
circular road is slightly raised above as compared to the inner edge of fidaslis called
banking of roadgFig. 2.10)
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Angle of Banking: The angle through which the outer edge
circular road is raised above the inner edge of circular r@ad . R Rcosb
called angle of banking Rsm6

Application of centripetal force in banking of roads
Let s
m = mass of vehicle
r=radius of circular road
v=uniform speed (velocity) of vehicle
d angle of banking

///

mg
At the body two forces act.

(i) Weight (mg) of vehicle vertically downwards.
(i) Normal reactionR).

Figure:2.10

R mak es a ndivaesghk ferced intatwalcomponents
) RRind towards the centre
(i) Recodd vertically wupwards and balance by we|

Rsindprovides the necessary centripetal foree-\

R Silk—  ----- )
and R Cosfl=zmg = ----- (2)

Divide equation 1 by 2
YUYQE =
Y6 E i &Q
L
0 W& -
s ., U
— 0wE =g

* k k k k%
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EXERCISES

Multiple Choice Questions

1.

~

What is the maximum possible number of components of a vector can have
(A) 2

(B) 3

(C) 4

(D) Any number

Which of thefollowing operations with two vectors can result in a scalar
(A) Addition

(B) Subtraction

(C) Multiplication

(D) None of these

The acceleration of the particle performing uniform circular motion is
(A) Wr

(B) zero

(C) vr

(D) Vv3r

Centripetal force always acts at 90 degredbaovelocity, and away from the centre
of the circle.

(A) True

(B) False

(COcandt predict

(D)none of these

Railway tracks are banked at the curves so that the necessary centripetal force may be
obtained from the horizontal component of the reaction otraine

(A) True

(B) False

(CQcandt predict

(D)none of these

Which of the following is called a fictitious force?
(A) Gravitational force

(B) Frictional force

(C) Centrifugal force

(D) Centripetal force

At which place of the earth, the centripetal force is maximum
(A) At the earth surface
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(B) At the equator
(C) At the north pole
(D) At the south pole

8. The angle through which the outer edge is raised above the inner edge is called

(A)angle of inclination
(B) angle of repose
(C)angle of banking
(D)angle of declination

9. A model aeroplantastenedo a post by a finéhreadis flying in a horizontal circle.
Suddenlythethreadbreaks. What direction withe aeroplane ¥
(A) In a circular path, as before
(B) Directly to the centre of the circle
(C)In a straight line at a tangent
(D) Directly to the centre of the circle.

10. A force which acts for a small time and also varies with time is called:
(A) Electrostatic force
(B) Electromagnetic force
(C) Impulsive force
(D) Centripetal force
Short Answer Type Questions
1. State anaxplain laws of vector addition.
What do you understand by resolution ofegtor?
How is impulse related to lineamomentum?
What do you mean by circular motion? Give examples?
What do you mean by banking of roads?
What are scalar and vector quantities? Give examples?
Define resolution and composition of forces.
What is impulse?
Why does a gun recoil when a bullefired?

Differentiate between centripetal and centrifugal forces?

© N o g s w 00~ DN

An artificial satellite takes 90 mutes to complete its revolution around the earth.
Calculate the angular speed of satellite. [Ans. 2700 rad/sec]
9. At what maximum speed a racing car can transverse an unbanked curve of 30 m
radius? The cefficient of friction between types and road is.(Ans. 47.8]
10Justify the statement that Newtonds secon

11.Define Force. Give its units.
12.Define Triangle law of vector addition

13. State @rallelogram law of vector addition.
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Long Answer Type Questions

1. Expl ain NewMobonnds Law of
Explain Banking of Roads.
What is conservation of momentum?

Derive relationship between linear and angular velocity.

a > w0

Derive a relation between linear acceleration and angular acceleration.

Answersto multiple choice questions

1.(D) 2 (C) 3.(D) 4. (B) 5. (A)
6.(C) 7.(B) 8.(C) 9.(C) 10.(C)
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Chapter 3
WORK, POWER AND ENERGY

Learning objective: After going through this chapter, students will be able to;
- understand work, energy and powtreir units and dimensions.
- describedifferent ypesof energieand energy conservation
- solverelevantnumerical problems

3.1 WORK (DEFINITION, SYMBOL, FORMULA AND SI UNITS)
Work
Work is said to be done when tfoece applied on a body displaces it through certain

distance in direction of applied force

Work= Force x Displacement
A\
In vector form, it is written a§ x S =FS Cog

It is measured as the product of thagnitude of force and the distance covered by the
body in the direction of the forcH.is a scalar quantity.

Unit: Sl unit of work is joule(J). In CGS systemnit of work is erg.
1 J = 10 ergs

Dimension of work = [ML?T'?]

Example 1.What work isdone indragging a block 10 m horizontally when a 50 N force is
appliedby a rope making an angle of 30° with the ground?

Sol. Here, F=50N S=10m ¢= 30
W= FS Cos d

W =50 x 10 x Cos 30°

W= 50x10y\/%

= 6124

Example 2.A man weigling 50 kg supports a body of 25 kg on head. What is the work done
whenhe moves a distance of 20 m.

Solution. Total mass = 50 + 25 =75 kg
d = 90A
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Distance = 20m
W = FSx0 (Cos 90=0)
W=20
Thus,work done is zero.

Example 3.A man weiglng 50 kg carries a load of 10 kg on his head. Find the work done
whenhe goes (i) 15 m vertically up)(L5 m on a levelled path on the ground.

Solution. Mass of the mamu= 50 kg
Mass carried by a mam, = 10 kg
Total massM =m +my =50 + 10 = 60 kg

When the man goes vertically,up
Height through whiclinerises,h =15 m
W =Mgh =60 x 9.8 x 15 = 8820 J

When the man goes on a levelled path on the ground.
W=FS Cos d
As d° thre@fore,Cos 90=0
Hence W= KkSx0 =0

3.2 ENERGY (DEFINITION AND ITS SI UNITS), EXAMPLES OF
TRANSFORMATION OF ENERGY

Energy
Energy of a body is defined #se capacity of the body to do the watke work, energy
is also a scalar quantity.

Unit:SI system Joule, CGS systemerg
Dimensional FormulgML 2 T'?].

Transformation of Energy

The energy changérom one form to another is called transformation of energy.
Forexanple.

In a heat engine, heat energy changes into mechanical energy

In anelectric bulb, the electric energy changes into light energy.

In an electric heater, the electric energy changes into heat energy.

In a fan, the electric energy changes into mechanical energy which rotates the fan.
In the sun, mass changes into radiantgne

In an electric motor, the electric energy is converted into mechanical energy.

In burning of coal, oil etc., chemical energy changes into heat and light energy.

In a dam, potential energy of water changes into kinetic energy, then K.E rotates
the turbne which produces the electric energy.

= =4 4 8 8 8 9 2
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1 Inan electric bell, electric energy changes into sound energy.
1 In a generator, mechanical energy is converted into the electric energy.

3.3KINETIC ENERGY (FORMULA, EXAMPLESAND ITS DERIVATION)

Kinetic Energy(K.E.): Energy possessed by the body by virtue of its masaradled kinetic

energy.

For example;(i) running wateri() Wind energywork on the K.E. of airiij) Moving bullet.

Expressionfor Kinetic Energy

Consider F is the force acting on thedy at resti(e., u= 0), then it mwes in the

direction of force talistance (s).

=10 v

.

|l S |
™ ~

Figure:3.1

Let v be the final velocity.
V2 - U? =2aS
V- u?

2S

Using relation

Now, work done W= F.S

or W=ma$S (usingF#ma e
By equation (1) and (2)
V2
W=m—.S
2S
or W =1my

This work done is stored in the body as kinetic energy.So kiestigypossessed by the

body is(K.E.) =2 mv

3.4 POTENTIAL ENERGY (FORMULA, EXAMPLESAND ITS DERIV ATION)

Potential Energy (P.E.): Energy possessed by the body by virtue of its position iscalled
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potential energyExample
(i) Water stored in a dam
(i) Mangohanging on the branch of a tree

Expression for Potential Energy (P.E)
It is defined as the energy possessed by the bodyting of its positionabove the surface of

earth.
W=FXS @

Workdone = Force x height

= mgx h=mgh
A h
This work done is stored in the form of gravitational potential energy.
Hence Potential energymgh @
Figure:3.2

Law of Conservation ofEnergy

Energy can neither be created nor be desttbjput canbe converted from one form to
another

3.5 CONSERVATION OF MECHANICAL ENERGY OF A FREE FALLING BODY

Let us consider K.E., P.E. and total energy of a body of mass m falling freely under
gravity from aheighth from the surface of ground.

A
According to Fg. 3.3 O
At position A: FAL/%
Initial velocity (u)=0 - 8
K.E = imV &
P. E. =mgh ¥ ( ) :
Total Energy=K.E + P.E h-x | C
=0 +mgh v g) v
:mgh “““““““ (1) Erirrrrrr FIPTFTTF TP TTTT
At position B Figure:3.3

Potentialenergyangh i X)
Velocity atpoint B=u
From equation of motion K.E. #mu?

As VZ-U? 2as
Hence u’- 0> =2gx
or u® =2gx

Putting this value we geKE= 1m(29x)
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or K.E. = mgXx

Total Energy =K.E + P.E
=mgx + mghi Xx)
=mgh e (2)
At position C

Potential energy = 0(ds= 0)
Velocity at Point B=v
From equation of motion K.E. £mv

As V2-U? =2aS
Hence v>- 0> 2gh
or v’ =2gh

Putting this value we get KE¥m(2gh)
or K.E. = mgh

Total Energy =K.E + P.E
=mgh + 0
=mgh e (3)

From equatioa (1), (2) and (3), it is clear that total mechanical energy of freely falling body
at all the positions is same and hermmain conserved.

Example 3 A spring extended by 20 mm possesses a P.E. of 10 J. What will be P.E., if
theextension of spring becomesrath?

Solution: h = 20 mm =20 x 16m
g=98m& m=2?
P.E =mgh=10QJ
i.e., m x 9.8 x 20 x 168 =10J
m:l—o
9.8x20x10°
m =51.02 Kg
When extension is 30 mire., 30 x 103 m, then
P.E =mgh

=51.02 x 9.83x 103=150J

3.6 POWER (DEFINIT ION, FORMULA AND UNITS)

Power is defined as thate at which work is donby a force The work done per unit
timeis also called power.
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If a body do work W in time thenpower is
W

t
Units of Power: S| unit ofpower is watt (W)

Power is saidtobe 1 W, if 1 J work is done in 1 s.

W = E
1s
Bigger units of power are:
Kilowatt (KW) =10°'wW
Megawatt (MW) =10° W
Horse power (h) =746 W

Dimension of power = [ML?T]

Example 4.A manweighing 65 kg lifts a mass of 45 kg to the top of a building 10 meters
high in 12second. Find

(i) Total work done by him.

(i) The power developed by him.

Solution. Mass of the man, m= 65 kg

Mass lifted mp= 45 kg
Height through which raiseld= 10 m
Time takent = 12 seconds.

(i) Total work done by the mawy = mgh
= 110 x9.81 x 10 =10791.0J

il W 107
(il) Power developed p="V = 0791)
t 12s

899.2W

* %k k k k%
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EXERCISES

Multiple Choice Questions

1.

Which ofthe following is not correct for the condition for work not to be done:
(A) Force and displacement are perpendicular to each other

(B) Force and displacement are at 180 degrees with each other

(C) Displacement is zero, though force is rr@10

(D) Force is zero

There are two bodies X and Y with equal kinetic energy but different masses m and
4m respectively. The ratio of their linear momentum is

(A) 1:2

(B) 4:1

C 1: a2

(D) 14

Which of the following statements is false:
(A) Kinetic energy is positive

(B) Potential energy is positive

(C) Kinetic energy is negative

(D) Potential energy is negative

How should the force applied on a body be varied with velocity to keep the power

of force constant?

(A) Force should be inversely proportional to the squaoe of the vebcity of the
body

(B) Force should be inversely proportional to the velocity of the body

(C) Force should be directly proportional to the velocity of the body

(D) Force should not be varied. It should remain constant with the velocity

When does thpotential energy of a spring increase?
(A) Only when spring is stretched

(B) Only when spring is compressed

(C) When spring is neither stretched nor compressed
(D) When spring is compressed or stretched

Which of the following force ison-conservative?
(A) Restoring force of spring

(B) Force between two stationary masses

(C) Force between two stationary charges

(D) Human push or pull

You are in a lift moving from the'3floor to the 13 floor, through a height H. If
the elevator moves at aonstant speed without stopping, what is the work
performed on you by the elevator? Take your body mass as M.

(A) MgH

(B) Mg

(C) -MgH

(D) -Mg
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8. Which of the following is not a kind of potential energy?
(A) Gravitational potential energy
(B) Magnetic potential energy
(C) Electrostatic potential energy
(D) Nuclear potential energy

Short Answer Type Questions

Define the terms energy, potential energy and kinetic energy.

Define potential energy, Derive expression for gravitational potential energy.

Define work and write its unit.

Define the term power and write its unit.

State and prove principle of conservation of energy.

Define power. Give it S.|I unit.

What is tranformation of energy?

A person walking on a horizontal road with a load os head does not work.

Explain.

9. State kinetic energy\rite expression for kinetic energy of a boofymass m moving
at a speed u.

10. Define potential energy of bodysive expressiorior it.

11.Give some examples of transformation of energy.

12.Define power Giveits units and dimensions.

©NO O WNE

Long Answer Type Questions

1. Explain the law of conservation of energy for free falling body, shownteathanical
energy remains same.

2. What is meant by positive work, negative work and zero wilkStrate your answer
with two examples of each type.

3. What are conservative and noonservative forces, explain with examples. Mention
some of their properties.

4. What is meant by power and energy? Give their units.

5. Explain meaning of kinetic energy with exampledt@n an expression for kinetic
energy of body moving uniformly?

Answer to multiple choice questions

1. (©) 2. (A 3. (C) 4. (B)
5() 6. (D) 7. (C) 8. (D)
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Chapter 4
ROTATIONAL MOTION

Learning objective: After going through thishapter, students will be able to;
- definerotational motion and parameters likegrque, angular momentum and
momentuntonservation.
- describeMoment of inertia and radius of gyration.
- solverelevantnumericalproblems

4.1 ROTATIONAL MOTION WITH EXAMPLES

Therotation of a body about fixed axss called Rotational motionF-or example,
(i) motion of a wheel about its axis (i) rotation of earth about its axis.

4.2 DEFINITION OF TORQUE AND ANGULAR MOMENTUM

Torque (t)

It is measured by the product of magnitude of force and perpendicular distance of the line
of action of force from the axis of rotation

't is denoted by (
t =Fxr

wherd- is force andr is perpendicular

distance.

0 y

Unit: Newtors (N)
Dimension Formula: [ML2T]

=

o T

Figure:4.1
Angular Momentum (L)

Angular momentum of a rotating body about its axis of rotation isthe algebraic sum of
the linear momentum of its particles about the axis. It is denoted by L.

L = Momentum xperpendicular distance
L=pxr
or L= mvr
Unit: Kg n?/sec

Dimensional FormulaIL?T'1]
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4.3 CONSERVATION OF ANGULAR MOMENTUM

Law of Conservation of Angular Momentum

When no external torque acts on a system of particles, then theatwalar
momentum of the system remains always a constant

Let I be moment of il nertia and ¥ the angu
given as
L=1~
Also the torque is given by
p=dt
dt
If no external torque is presentonthebody e . , U=0

dL
Hencel =—=0
dt

which meand. is constant (as derivative of constant quantity is zero)

Hence, if no external torque acts on system, the total angular momentum remains
conserved.

Examples:

() An ice skater who brings in her arms while spinning spins faster. Her moment of
inertia is dropping (reducing the momaaitarm) so her angular velocity increases to
keep the angular momentum constant

(i) Springboard diver stretches his body in between hisgu

5.4 MOME NT OF INERTIA AND ITS PHYSICAL SIGNIFICANCE, RADIUS OF
GYRATION

Moment of Inertia
Moment of Inertia of a rotating body about an axis is defindti@sum of the product
of the mass of various particles constituting thedy and square of respective
perpendicular distance of different particles of the body from the axis of ratation

Expression for the Moment of hertia: LA

Let us consider a rigid body of mass M havimgmber of r

particles revolving about any axis. Let, nmp, ng ..., M, be S i m

the masses of particles at distamgery, rs... rn from the mz ——ccoo-d

axis of rotation respectivelfFig. 4.2). rs .
""""" 3

Moment of Inertia of whole body
| = mura? + mpr2? + ... mare? Figure:4.2
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o 1=3mp

i=1

Physical Significance of Moment of Inertia

It is totally analogous to the concept of inertial mass. Moment of inertia plays the
same role in rotational motion as that of masganslatonal motion. Inrotational motion, a
body, which is free to rotate about a given axis, opposes any change in state of rotation.
Moment of Inertia of a body depends on the distribution of mass in a body with respect to the
axis of rotation

Radius of Gyration

It may be defined abe distance of apoint from the axis of ratatat which whole mass
of the body is supposed to be concentrated, so that moment of inertia about the axis remains
the samelt is denoted bK

If the mass of the body i8], the moment of inertial) of the body in terms of
radius of gyration is given as,

| =MK? s 1)

Expression for Radius of Gyration

Let my, mp, ms ..., My be the masses of particles at distance, rs... rn from the axis of

rotationrespectively(Fig. 4.3).

Then Moment of Inertia of whole body
| = mura? + mpra? + ... 4?2

l=m(r®+r2+.......... *r2)
Multiply and divide the equation hy(number of particle)
YI:mxr(gz+r22+ ........... #)
n
2 2 2
or | = M(r +ry t....... 0 R ) Axis of rotation
n

(M=mxn, is total mass of body) Figure:4.3

Comparingequation (1) and (2) , we get

2 2 2
M2 = M+ e )
n
2 2 2
Or. KZ - (rl +r2 'l' ........... I’-rl; )
n
2 2 2
K:\/(rl +r) t r£)
n
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Thus, radius of gyration may also beidefl as the root mean square (r.jndsstance of
particles from the axis of rotation.

Unit: Sl unit of radius of gyration is meter.

Example 1. What torque will produce an acceleration of 2 r4d/sa bodyif moment
ofinertiais 500 kg n3?

Solution. Here, I=500 kg M
U= 22rad/ s

Now, torqueU Ix=U
= 500 kg M x 2 rad/$ = 1000 kg ns 2
=1000 Nm or J

Example 2. An engine is raiting at the rate of 1500 revempminute. Find its angular
velocity.

Solution. Here, Revolution per minutef enging N= 1500
Angular velocityw=2 N
or wea 22 1500
7 60

w=157.Irad/s

Example 3.How large a torque is needed to accelerate a wheel, for which | = Z,kg m
from rest to30 r.[s in 20 seconds?

Solution. Here, Moment of inertiés 2 kg nf
R.P.S after 20 sec, n=30

Initial velocity, ¥1=0

Final velocity¥.= 2 x ~ x 30 = 188.4 rad/ s.
w 188.4- 0
20

=9.43rad/3.

W, -
Angular acceleration=-=2 n

Now, torque U IxU
= 2kg n?x 9.43rad/€= 18.86 Nm or J

Example 4.Ifapoint on the rim of wheel 4 m in diameter has a linear velocity oh/A$find
theangular velocity of wheel in rad/sec.

Solution. Radius of wheelR) :wr: g =2m

From the relation V=rw
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=— =8 rad/s.
2

w=

=<

Angular velocity of wheel is 8 rad/s.

* k k k%

EXERCISES

Multiple Choice Questions

1.

The radius of gyration of a ring of radius R about an axis through its centre and
perpendicular to its plane is

A R /[ a2

B) R

C) RI/2

) 5 R [/ &z

Two rings have their moment of inertia in the ratio 2:1 and their diameters are in the
ratio 2:1. The ratio of their masses will be:

(A) 12
(B) 21
(C) 14
(D) 11

The moment of inertia of a bodyirsdependent of
(A)  Choice of axis of rotation

(B) Its mass

(C) Its shape and size

(D) Its angular velocity

A ring has greater moment of inertia than a circular disc of same mass and radius,
about an axis passing through its centre of mpagsendicular to its plane, because
(A)  All mass is at maximum distance from axis

(B) Because the centre of the ring does not lie on it

(C) Because the ring needs greater inertia to bend it

(D) Because the moment produced in the ring is more

A person standing on a rotating platform with his hands lowered outstretches his arms.
The angular momentum of the person

(A) Become zero

(B) Decreases

(C©) Remains constant

(D) Increases

Relation between torque and angular momentum is similar to the rdbatiaren
(A)  Force and linear momentum
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(B) Energy and displacement
(C)  Acceleration and velocity
(D) Mass and moment of inertia

7. An earth satellite is moving around the earth in a circular orbit. In such case, what is

conserved?
(A) Force
(B)  Velocity

(C)  Angular momentum
(D)  Linear momentum

8. When no external Torque acts on a system, what is conserved
(A)  Energy
(B) Force
(C)  Angular momentum
(D)  Linear momentum

Short Answer Type Question

Define torque.

What is moment of inertia?

What is Radis of gyration?

What isrotational inertia or moment of inertia? Give its Sl unit.

What is radius of gyration and mention its Sl units?

What do you understand by kinetic energy of rotation with expression?

o gk wnN R

~

Derive an expression for torque in terms of moment of inertia.
Derive tte relation between torque and angular momentum.

©

Long Answer Type Question

Derive an expression for angular momentum in terms of moment of inertia.

State and prove law of conservation of angular momentum.

What is radius of gyration and derive its expi@ss

What is moment of inertia? Derive its expression and what is its physical
significance?

pwbnPE

Answersto multiple choice questions
1. (B) 2. (A 3. (D) 4. (A) 5. (C)
6. (A) 7.(C) 8. (C)
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Chapter 5
PROPERTIES OF MATTER

Learning objective: After going through this chapter, students will be able to;
- understandelasticitydeformingforce, restoringforce etc
- definestressstrain, Hookd Ew, modulusof elasticity,pressureetc.
- describesurfacetension viscosityand effectof temperatureon these
- understandluid motionandnatureof flow.

5.1 DEFINITION OF ELASTICITY, DEFORMING FORCE, RESTORING FORCE,
EXAMPLE OF ELASTIC AND PLASTIC BODY

Elasticity:It is the property of solid materials to returntk@ir original shape and size after
the forces deforming them have been removed.

Deforming Forces The forces which limg the change in configuration of the bodse
called deforming forces.

Restoring Force:lt is a force exerted on a body osystem that tends to move it towards an
equilibrium state.

Elastic Body: It is the body that returns to its original shape after a deformation.Examples
areGolf ball, Soccetall, Rubberband etc.

Plastic Body. It is the body that do notreturn to its orignal shape after a
deformation.Examplesre Polyethylene (PE), Polypropylene (PP), Polystyrene (PS) and
Polyvinyl Chloride (PVC).

5.2 DEFINITION OF STRESS AND STRAIN WITH THEIR TYPES

Stresslt is definedas the restoring force per unit area ohaterialStress is of two types:

1. Normal Stress If deforming force acts normal to the surface of the body then the
stress isrormal stress.

2. Tangential Stress: If deforming force acts tangentially to the surface of the body
then the stress tangential stress.

Strain : It is defined as the ratio of change in configuration to the original configuration, when a
deforming force is applied to a body. The strain is of three types:

() Longitudinal strain:

If the deforming force produces a change in length only, the smaiduced is called
longitudinal strain or tensile strain. It is definedtasratio of change in length to the original length
#EATEGAAT GIOE

, 1 QEmCEAEQrIIOE(jEATM@OE
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(i) Volumetric strain: It is defined ashe ratio of the change in volume to the original volume

o oxc oe o~ £EATEQA T OMOA
|
61 I Ol @OOEET. SECETAD A

(iii) Shearing strain:
It is defined aghe ratio of lateral displacement of a surface under the tangefutieé to the
perpendicular distance between surfaces
2 & AA GBIOG 1 A0BELIT AAAT AT O
O EEGOARGRABDAAAAO
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Figure: 5.1

The shearing strain is also defined as the angle in radian through which a plane perpendicular to the fixed
surface of a rectangular block gets turned under the effect to tangential force.

Units of strain:
Strain is a ratio of two similar physical quaias, it has no units and dimensions.

5.3 HOOK®G S LAW, MODULUS OF ELASTICITY
Hookd&s law: Within elastic limits, the stress and strain are proportional to each other
Thus, Stresd Strain
Stress = E x Strain
Where E is the proportionalitgonstant and is known as modulus of elasticity.
Modulus of Elasticity: The ratio of stress and strain is called modulus of elasticity

Young6s MoThe fatio of( ngrinal stress to the longitudinal strain is defined as
Youngo6s andddandtad by the symbol Y.

Since strain is a dimensionless quantity,

stress i.e., N3 or Pascal (Pa)
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Bulk Modulus (B): The ratio ofnormal (hydraulic) stress to theolumetric strain is called
bulk moduluslt is denoted by symbol B.

7
B=—r ——

x
Sl unit of bulk modulus is the same as that of pressure i.€2dNPa

Shear Modulus or Modulus of rigidity (): The ratio of shearing stress to the cquoesling
shearing strain is called the shear modulus of the material and is representddib\also
called the modulus of rigidity.

— = Tangential stress /Shear strain

Sl unit of shear modulus is Nfor Pa.

5.4 PRESSUREAND PASCALS LAW

Pressure It is definedas the force per unit area over the surface of a body

p="
A

Sl unit is NmZ2or Pa

Pascal Law A change in the pressure applied to an enclosed incompressible fluid is
transmitted undiminished to every portion of the flamito the walls of its container

5.5 SURFACE TENSION AND EFFECT OF TEMPERATURE ON SURFACE
TENSION

Surface Tension
The poperty of a liquid due to which its free surface lmetes like stretched

membrane andcquires minimunsurfacearea It is given by force per unit length.

w O
Y — i :::"::‘

a
Surface tensioallows insects (e.g. water striders), usually densg

than water, tdloat and stride on a watsurface

Sl unitis N/m
Applications of surface tension

It plays an important role in many applications in our daily life.

Washing clothes Figure: 5.2
Cleaning

Cosmetics

Lubricants in machines

=A =4 =4 =
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Spreading of ink¢olours

Wetting of a surface

Action of surfactants

Paints, insecticides

Creating fuelspray in automobile engines
Passing of liquid in porous media

= =4 =4 -4 A -

Effect of Temperature on Surface Tension

In generalsurface tensiodecreaseswhentemperatureancreasesand vice versa.
This is because cohesive forces decrease with an increase of molecular thermal activity. The
influence of the surrounding environment is due to the adhesive action liquid molecules have
at the interface.

5.6 VISCOSITY AND EFFECT OF TEMPERATURE ON VISCOSITY

Viscosity. The property of liquid due to which it oppose the relative motion between the
layers of fluid It is also known as liquid friction.

Sl unit of viscosityis Pascakecond (Pa.9ndCGS unit is Poise.
Effect of Temperature on Viscosity

In liquids the source for Viscosity is considered to be atomic bonding. As we
understand that, with the increase of temperature the bonds break and make the molecule free
to move. So, wean conclude that thescosity dereases as the temperature increases and
vice versa

In gases, due to the lack of cohesion, the source of viscosity is the collision of
moleculesHere,As the temperature increases the viscosity increases and vice.VEngais
because the gasolecules utilize the given thermal energy in increasing its kinetic energy
that makes them random and therefore resulting in more the number of callisions

5.7 FLUID MOTION, STREAM LINE AND TURBULENT FLOW

Fluid Motion: A liquid in motion iscalled fluid. There are two types of fluid motions;
streamline and turbulent.

A
Streamline Flow Flow of a fluid in which its /7 N A,
velocity at any point of given cross section _| 'I l—"i_: '_"_:-_——:__' lr—[t—\
samelt is also calledaminarflow. _' o | . |E&H
| - o |
Turbulent flow: It is type of fluid (gas or — | ——— | |'-,' ——>
liquid) flow in which the speed of the fluid a / f - —

given cross section is continuously undergoil
changes in both magnitude and direction.
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EXERCISES
Multiple Choice Questions

1) Elasticbodyis the body that returns to its original shapé t e r
(A) Restoration
(B) Deformation
(C) Elongation
(D) Acceleration
2) Stresdsdefinedas t he ééééeéé.
(A) Force
(B) Velocity
(C) Distance
(D) Displacement
3y éeéeéeéeéeéis the
(A) Strain
(B) Surface Tension
(C) energy
(D) elasticity

per

rati o of

.a

uni t

éee

ar ea

of a me

change nsiams. di mensi o

4) For small deformations the stress and strain are proportionathootiaer Thisis called

,,,,,,,

eéeéeée
(A) Hookds Law

(B) Pascal 6s Law
(C) Snel l 6s | aw
(D) Newtonds | aw

5) Pressuras definedas the force perunét € € € é é .
(A) Area
(B) Volume
(C) Line
(D) Energy

over

t mbodys ur f ace o

6) A change in the pressure applied to an enclosed incompressible fluid is transmitted
undiminished to every portion of the fluid to the walls of its containéris

,,,,,,

(A) Hooks Law

B) Pascal 6s Law
(C) Snel l 6s | aw
(D) Newtonds | aw

7) Elasticityis the property of solid materials to return to their original shape and size after

theremoval ofdeformingforces.
(A) True
(B) False

8) Restoring force is thiorce exerted on a body or a system that tends to move it towards an

equilibrium state.
(A) True
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(B) False
Short Answer Type Questions

Define Elasticity.

What is Viscosity?

What is Turbulent Flow?

Define Surface Tension.

What i s YounBl@stcityModul us of
State and explain Hooks Law.

State and explain Pascal 6s Law.
What is the effect of temperature on surface tension?
What is the effect of temperature on viscosity?

10 Give any five applications of Surface Tension.

11.What is difference between elastiod plastic bodies?

©oNoGOA~®DNE

Long Answer Type Questions

1. Explain different kind of modulus of elasticity.

. What is Surface Tension? Give formula, Units and Applications of Surface Tension.

2

3. Explain streamline flow, laminar flow and turbulent flow.
4. Explain differentypes of stress.

5. ExplanYoungds modulus and its wunits.

Answers to multiple choice questions:

1. (B) 2. (A) 3. (A) 4. (A) 5. (A)
6. (B) 7. True 8. True
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Chapter 6
HEAT AND TEMPERATURE

Learning Objectives:After going throughthis chapterthe studets will beable ta

- define heat and temperature, understand the difference between heat and temperature
- describe principles of measuring temperature differenttemperature scales,
- enlist properties of heat radiations amdriousmodes of transfer of heat.

6.1 HEAT AND TEMPERATURE

All objects are made of atoms or molecules. These molecules are always in some
form of motion (linear, vibrational or rotational) and possess kinetic energy by virtheiof
motion. The hotter an object is, fastetll be the motionof themolecules inside i&and hence
more will be its kinetic energyHeatof an object is the total energy of all tivividual
molecuks of which the given object is made. It is a form of thermal energy. When the object
is heated, its thermal energy increaseseans its molecules begin to move more
violently. Temperatur@n theother hand, is a measofe the average heat or
thermalenergyof themoleculesn asubstance.

Heat is the form of energy which produces the sensation of warmth or coldness.

Conventionally, heat energy supplied to a body is taken as positive and the heat energy
given out by a body is taken to be negative. The CGS unit of heat is the caloriedéfadgd
as the amount of heat required to raise the temperatutg of waterthrough C. The S.I.
unit of heat energy is the Joule (Jjlefined as the amount of work done when a force of one
Newton acts through one meter parallel to itself. The relationship between two units is:

1cal=4.18J.

Heat on the basis of kinetic theoy: According to tle kinetic theory, gat of a body is total
kinetic energy of all its molecules.If a body hamé number of molecule having magsand
velocities \, vz, V3, -------- , Vn respectively, then

Total heatenergy in thebody (H) =Sum ofkinetic energy of all molecules

H= Kazz—mvf -%m\j E my ..+.. — A ; where K isthermalconstant.
¢

When thebody is heatedhekinetic energy of each moleculgside itincreases due to
increase in theivelocity. This results in the increase ofal kinetic energy of the body ai
turn representwtal heat of the body.

Temperature
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Temperature is the degree of hotness of the.dodythe average kinetic energy aif
the moleculesof which the given body is made and is given by the expression;

Units of temperature are; Fahrenh8i)( Celsius(°C) andKelvin (K). Kelvin is the S.I. unitof
temperature.

6.2 DIFFERENCE BETWEEN HEAT AND TEMPERATURE:

Heat Temperature
Heat is energy that is transferred fr¢ Temperature is a measure of hotn
one body to another as the result o or coldness
difference in temperature
It is total kinetic energy of allthe| It is average kinetic energy of dlhe

molecules molecules

It depends on quantity of matter It does not depend on quantity
matter

It is form of energy(Thermal) It is measure of energy

S.I. witis Joule S.I. unt is Kelvin

6.3 PRINCIPLES OF MEASUREMENT OF TEMPERATURE:

Measurement of temperature depends dine principle that properties
(physical/electrical/chemical) of material changes with change in temperAtdesice that
utilizes a property of matter to measure temperature is known as thermaoreetperature is
a principle parameter that needs to be monitored and controlled in most engineering
applications such as heating, cooling, drying and storage. Tatapecan be measured via a
diverse array of sensors. All of them infer temperature by sensing some change in a physical
characteristicbe it a thermal expansion, thermoelectricity, electrical resistance or thermal
radiation. There are four basic typeglidrmometerseach working on a different principle:

1. Mechanical (liquien-glass bimetallic strips, bulb & capillary, pressure type etc.)
2. Thermeelectric (Thermocouples)

3. Thermeresistive (RTDs and thermistors)

4. Radiative I[(hfrared and optical pyrometers)

Each produces a different scale of temperature which can be related to one another.
Commonly used thermometers are mercury thermometer, platiesistance thermometer,
thermoelectric and pyrometers. Liquid thermometers can measure temperature Ujiio 300
Resistance thermometers can go upto 94208hile thermeelectrics are used for measuring
temperature as high as 30CG0For still higher tempetares pyrometers (very hot furnaces) are
used.
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6.4 DIFFERENT SCALES OF TEMPERATURE AND THEIR RELATIONSHIP

In general, there are three scales of temperature measur@inerscale areusually
defined by two fixed pointstemperature at whiclvater freezes and the boiling point of
wateas defined at sea level and standard atmospheric pressure.

a) Fahrenheit Scale:lt was given byphysicist DanielGabriel Fahrenheiin 1724 It uses
thedegree Fahrenhgisymbol: °F) as the uniOn this scale freezing point of watisr
taken as the lower fixedoint (32°F) and boiling point of water is taken as upper fixed

point 212°F). The interval between two points is divided into 180 equal parts. Each

division is P F. This scale is used fatinical andmeteorological purpose

b). Celsius Scale This scalewas given by AdersCelsius in1742. The scalewas called

centigrade scaleHowever in 1948 it was given the name Celsius to honour Anders

CelsiusOn this scale freezing point of watey taken as the lower fixegoint (marked
0°C) and boiling point of water is taken as upper fixed point (marketC)0The interval
between two points is divided into 100 equal parts. Each divisiotCig His scales used
for common scientific, clinical, meteorological and technologicak.

). Kelvin Scale In1954 the Celsius scalevas relefinedin terms of the absolute zero and
the triple point ofa specially purified water. This definition algwecisely relates the
Celsius scale to thi€elvin, which defines th&l base unit of temperaturetivisymbol K
On this scale freezing point of watisrtaken as the lower fixqabint (273K) and boiling
point of water is taken as upper fixed point (BY.3The interval between two points is
divided into 100 equal parts. Each division is 1K.

1°C=1K
This is the natural scale of temperatu
also called thabsolute temperature scale
Absolute zero is the basis of the Kelv
scale. The scale ibased on ideal gaj
thermometer.

212 Water Boils

Figure 6.1 shows three temperature scal
with  maximum and minimum temperaturs
points.

Absolute Zero:Absolutezerthe temperature
at which all molecular moti@comes to stand a4 C;‘;"J;‘S RepEpet
still i.e. net kinetic energy becomesro. It is

taken as zero KelvinZ73 C). At absolute zeréeemperaturgthe pressure (or volume) of the
gas goes to zero. Thimay implies thaif the temperature iseduced below273.15°C, the
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volume becomes negative which is obviously not possible. H&Y&15°C is the lowest
temperaturethat can be achievel and hereforealled theabsolute zeraf temperatureThe
interval on the scale is the same as on the Celsius scale (2® artl two scales can be related as.

K=°C +273.15
Thus on absolute scale of temperature, water freezes at 273.15K and boils at 373.15K.

Triple Point of water:The triple point is that point on a pressure versus temperature graph
which corresponds to the equilibrium among three phatsesubstanciee. gas, liquid and solid.

Triple point of pure wateis a 273.5K. It is unique and occurs at single temperature
and single pressure.

Relation amongthe Scale®f Temperature
Temperature of a body can be converted from one scale to the other.
Let, L =lower reference point (freezing point)
H = upper reference poinbgiling point)
T = temperature read on the given scale.

Now H = Relative temperature w.rtioth reference point.

This relative temperature should not change if we are measuring the temperature of a
bodyby using different thermometers.

Let us take a body whose temperature is determined by three different thermometers
giving readings ifC, °F and K respectively.

Let T1 = C = Temperature ifC, L;=0°C Hi =100°C
T>=F = Temperature 7#, Lo =32°F Ho = 212°F
Tz = K = Temperature Kelvin, L3 =273 K H3z=373K

We canwrite,

(T,—Lij = (Tz"Lz)z(Tf‘Laj
H, -L, H,-L, H,-L,
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( C—O) _( F-32 )_( K-273)
LIOO—O " \NI2-%2 373—273}
. G E=3) K=273
100 ~ 180 100
5 = (F—E}Z)_(K—Z?S\
§ \ 9 5 )

6.5 MODES OF TRANSFER OF HEAT

When two bodies having differetemperatures are brought close together, #a h
flows from body at higher temperature to body at lower temperatlgat may also flow
from one portion of body to another portion because of temperature differEnee.
process is called transfer of he@here are threemodesby which heat is transferred from
one place to another. These aeened asonduction, convention and radiations.

(i) Conduction: It is defined as that mode of transfer of heat in which the heat triweis
particle to particle in contact, along the direction of fall of temperatwthout any net
displacemenbf the particles

For exampleif one end ofalong metalrod (iron or bras$ is heated, ater some time
other end of rod also become hbhis is due to théransfer ofheatenergyfrom hot atoms
to the nearby atomsWhen two bodies have different temperatures and are brought into
contact, they exchange heat energy and tend to equalize the temperature. The bodies are
said to be irthermal equilibrium This is the mode of heat transfer in solids.

if) Convection:The proess of transmission of heat in which heat is transferred from one point to
another by the pfsical movement of the heated dest is called convection.

For example, if a liquid in a vessel is heated by placing a burner below the vessel, after
some time he top surface of liquid also become wairhis is becausthe peed ofatoms or
molecules increass when liquid or gases are heated. The molecule having more kinetic energy
rise upward and carry heat with théimquids and gases transfer hégtconvection. kKamples
areleating of water, cooling of transfornseheating of rooms by heater etc.

(i) Radiation:The process of heat transfer in whieat is transmitted from one place to
another without heating the intervening medisroalled radiation.

Thermal radiatiosare the energy emittdry a bodyin the form of radiatioson account
of its temperaturand travelwith the velocity of lightWe receive heat from sun by radiation
process.All the bodies around us do emitete radiations These radiations are the
electromagnetic waves. The energy contained in radiation i K, wherev is frequency of
waves emitted
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6.6 PROPERTIES OF HEAT RADIATION S

They do not require a medium for their propagation.

Heat radiations travel in straight line.

Heat radiations do not heat the intervening medium.

Heat radiations arglectromagnetic waves.

They travel with a velocity 3 x fon/s in vacuum.

They undergo reflection, refraction, interference, diffraction and polarization.
They obey inverse square law.

No MDD

*kkk*k*

EXERCISES

Multiple Choice Questions

""""

1. Heatofanobj ect i s the éééeéeeeeée. e n e r ginsideo f
that object.
A) Average
B) Total
C) Minimum
D) Zero
A) Binding
B) Potential
C) Thermal
D) Gravitational

contact.

A) Conduction
B) Radiation
C) Convection
D) Absorption
4. Transfer of heat from a fluid to a solid surface or within a flaidalled ............ .

A) Conduction
B) Radiation
C) Convection
D) Absorption
5. Matter that is at finite temperature emits energy in space in the form of

electromagnetic waveShe processs known as ..éééeee.
A) Conduction
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B) Radiation
C) Convection
D) Absorption
Heat radiation travels at the same speed as s¢Ungk/ False).

The Kelvin scale is an absolute scdleue/ False)

Heat radiations cannot travel through a vacu(inmue / False)

Celsius temperature is defined todeactly 273.15 less than the Kelvin temperature.
(True / False)

10. Air conditioner is an example of radiatiqfirue / False)

Short Answer Questions

1.

© © N o o &~ w DN

What is heat? Give Sl unit tieat.

What is temperature@ive Sl unit oftemperature.

What areheatradiatiors? Whether thegeavel in straight line or not?
What is principle of measurement of temperature?
Defineabsolute zero of temperature?

Whatis triple point?

Give two exampla of convection.

Define the process aonductionn metals

Giverelationship between Celsius and Fahrenheit scales of temperature.

10. Temperature of a patient is4D What will be the corresponding temperature on

Fahrenheit scale?

Long Answer Questions

1)
2)
3)
4)
5)
6)

Explain heat and temperature on basis of kinetic theory.

Describe principle of temperature measurements and name two such devices.
Describewith exampledifferent modes of transfer bieat.

Explain different scales of temperataed establish relationship between them
Explain, what do you understand by abselzero and triple point?

Give any five properties of heat radiatson

Answersto multiple choice questions

1. B 2. C 3. A 4. C 5. B

6. False 7. True 8. False 9. True 10. False
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Chapter 7
WAVE MOTION AND ITS APPLICATIONS

Learning Objective: After going through this chaptestudents willbe able tq
- understand concept of waves and wave motion, define parameters representing a
wave motion and their relationship, define simple harmonic motion with examples,
understandvibrations and types of vibrations.
- describe concept of acoustics,associated parameters and methods to control acoustics
of buildings
- ldentify ultrasonic waves and enlist their engineering applications.

7.1 WAVE MOTION

Motion of an object is the chge in its position with time. In different types of
motions, some form of energy is transported from one place to another. There are two ways
of transportation of energy from its place of origin to the place where it is to be utilized. One
is the actualransport of matter. For example when a bullet is fired from a gun it carries
kinetic energy which can be utilized at another place. The second method by which energy
can be transported is the wave processwave is the disturbance in which energy is
tranderred from one point to other due to repeated periodic motion of particles of the
medium.The waves carry energy but there is no transport of matter.

There are two types of waves

1. Mechanical oElastic wave
2. Electromagnetic waves

Mechanical waves

Those waves which are produced due to repeated periodic motion of medium particles
are called mechanical or elastic waves. They need a material medium for their generation and
propagation. For example sound waves, water waves are medchamature.

Electromagnetic wave (Light)

The wave which travels in form of varying electric and magnetic fields mutually
perpendicular to each other and also perpendicular to direction of propagation of wave. They
do not need material medium fdheir propagation. For exampldight waves heat
radiations,radio waves,-Kaysare electromagnetic waves.

The propagation of disturbance through a medium due to repeated periodic motion of
medium patrticleis called wave motian

The characteristics ofave motion are:

1. The wave travels forward but the particles vibrate only about their mean position.

2. The velocity of propagation is the rate at which the disturbance travels through the
medium.

56



3. The velocity of the wave depends on the type of wave (lighthcdgoand type of
medium (air, water, or metal).

4. The velocity of waves is different from the velocity of particles.

5. There is regular phase difference between particles of wave.

Types d Wave Motion: There are two types of wave motion;

a) Transverse wave motion
b) Longitudinal wave motion

a) Transverse wave motion

When the particles of the medium vibrate perpendicular to the direction of propagation of
wave the wave motion is called transverse wave motion. A transverse wave motion is shown
in Fig. 7.1 A transverse wae consists of one crest and one trough that makes one cycle. The
distance between two consecutive crests or two consecutive troughs is called wave length.
The farthest point in positive direction is called crest and that in negative direction is called
trough.

Crest

Diirection of '
Araglituds A travel
___ 1. Equilibrium
: nosition
Trough

Direction of
Wael g, 3 disturbance

-~

Fig. 7.1

Examples are wave produced by a stretched string, light waeees produced on surface of
water etc.

b) Longitudinal Waves

When the particles of medium vibrate parallel to the direction of propagation of wave
the wave motion igalled longitudinal wave motion. A longitudinal wave travels in the form
of compressions and efactions as shown in the Fig. 7.2Zhe part of medium where
distance between medium particles is less than their normal distance is called compression
and theportion where distance is more than their normal distance is called rarefaction. One
cycle consist of one complete compression and one complete rarefaction. The distance
between two consecutive compressions and rarefaction is called wave length.

Direction of Wave Propagation

L

Direction of
Particle Motion

<>
Fig. 7.2
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Most familiar example of longitudinal waves is sound waves. Sound waves can travel in
medium such as solids, liquids and gases.

The main points of difference between transverse and longitudinal waves are listed below:

S. No. | TransverseWaves Longitudinal Waves

1. The particles of the medium vibra The particles of medium vibrate paral
perpendicular to the direction to the direction of propagation of wave
propagation of wave

2. The wave travels in form of crests and The wave fiavels in form of
troughs compressions and rarefactions.

3. There is no change in density of the These waves produce change in densi
medium. of the medium.

4. These waves can be polarised. These waves cannot be polarised.

5. Electromagnetic waves, watmvelling on | Sound waves, pressure wayvesisical
stretched strindight waves arghe wavesare its examples.
examples.

Terms Characterizing Wave M otion:
Various parameters used to characterize a wave motion are defined below.

Displacement The distance of a particle from its mean position, at arsgant is called
displacement.

Amplitude It is the maximum displacement of the particle from its mean position of
rest.

Wavelength It is the distance travelled by the wave in the time in which the particle of the
medium completes one vibration.

It i s denoted by &healistahcekBeonBEuir figuwre 7.3ns equalttor e s .
one wave length.

TN ‘
A q B
) . "

Fig. 7.3

Time period It is defined as the time taken by a wave to complete one vibrationeor
cycle.lt is denoted by (T) and S.Iniiis sscond.

Frequency The number of vibrations made by a wave in one secondlled frequency.
It can also be written as reciprocal of time period= 1/T).
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It is represented by n ar(nu) and wits areHertz (Hz) KiloHertz (KHz), MegaHertz
(MHz) ... etc.

Wave Velocity.The distance travelled by the wave per unit timedefined as wave
velocity. It is denoted as (V) and measured in m/s.

PhasePhase of a vibrating particle tells the position of a particle at that instant. It is
measured by the fraction of angle or time elapsed by wave at any instant since thehaarticle
crossed its mean position Bndunipi®radian.i ve direct

Phase difference The difference in angle or time elapsed between two particles at any
instant. It is calculated by the formula

Phase differenceg—a— x path difference

Relation betweenWave velocity, Wavelength andFrequency

Wave velocity ighedistance travelled bgwave in one time period.

V= Distance_ /.
Time T
and frequency is reciprocal of time period i.e.
1
3==
.
Thus V =nl

The relation holds for both transverse and longitudinal waves.

Numerical 1: A radio station broadcasts at a frequency of 15 MHz. The velocity of
transmitted waves is 3x3/s. What is the wavelength of transmitted waves?

Solution: Given, frequencyr() = 15 MHz = 15x10Hz,
Velocity of wavegV) = 3x10° m/s
Using relation;\/ = n|
t ength § v 310
we get wavelength § =" = 7575
Numerical 2. A tuning fork of frequency 512 Hz makes 24 vibrations in air. If velocity of
sound in air is 340 m/s, how far does sound travel in air?

=20m

Solution: Here, frequencyn) = 512 Hz and velocity = 340 m/s
Using the relation; = n| | we get
vV 340
Wavelength() = n =512~ 0.664 m

Therefore, distance in 24brations=24 ¥ =24 x0.664 m = 15.94 m
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7.2 FREE, FORCED AND RESONANT VIBRATIONS

Vibrations

A motion in which the object moves to anddbmut a fixed mean position is called
oscillatory motion (vibration)All oscillatory motion needs to be periodic.The motion in
which the object repeats its path aftera fixed regular interval of time is called periodic motion.
For example motion of hands of clock, motion of spring mass system, simple pendulum,
cantilever, rim of cycle wheel etc.

Whenever there are vibrations, there is transfer of energy which makes a wave. An
understanding of vibrations and waves is required to understaptiysical world. We see
around us because of light waves and we hear the world around us because of sound waves.

Types of Vibrations: There are three types of vibratiofiee, forced and resonant.

1) Free Vibrations: A force can set a resting object imuotion. But when the force is a
shortlived or momentary, it only begins the motion. The object moves back and forth,
repeating the motion over aadain

When a body is set into vibrations and is allowed to vibrate freely under the influence
of its own éastic forces such vibrations are called free vibrations.

The frequency of vibration is called natural frequengyamples arevibrations of
simple pendulum, cantilever, loaded beam etc.

Free vibrations can also be divided in two clasdamped andindamped vibrations.

a) Damped Vibrations: In case of free vibrations, the extent of displacement from the
equilibrium position reduces with time. This is because the force that started the
motion is a momentary force and thbrations ultimately cease. The object is said to
experience damping. Thus when the amplitude of vibrations goes on decreasing with
time and finally the vibrations stop after some time then such vibrations are called
damped vibrations as shown king.7.4 For example vibrations of cantilever, loaded
beam, spring mass system etc. Damping is
the tendency of a vibrating object to lose orT
to dissipate its energy over time. The,
mechanical energy of the object is lost t(i_i
other objects. Without a sustained forced
vibration, the back and forth motion of the °
object eventually ceases as energy is
dissipated to other objects.

—_—

Time

Fig. 7.4 Damped vibrations
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2)

3)

b) UndampedVibrations: If the amplitude displacement

A period

of vibratiors remains constant and th -—
vibrations continudor infinite time then amplitude I; \ /\ /\
such vibrations are called undampe

vibrations as shown irFig. 7.5 For v \/ time

example vibrations of simple pendulur
in a closed glass box.

Fig. 7.5 Undamped vibrations

Forced Vibrations: A vibrating object naturally les energy with time. It must
continuously be put back into the vibrations through a force in order to sustain the
vibration. A sustained input of energy would be required to keep the back and forth
motion going. Thusvhen a periodic force is used meaintain the vibrations of an object
then such vibrations are called forced vibratioRsr example swing of a child.

Resonant Vibrations It is a special type of forced vibration in which the frequency of
applied force matches with natural frequency of @bject.In this situation resonance
occurs and the amplitude of vibrations increases largely. For example tuning of radio set,
swing of a child

(a) Tuning of a radio setThere are many stations sending radio waves of various
frequencies causing forced diions in the circuit of receiver. When the frequency
of tuner equals that of waves from particular broadcasting station, the resonance takes
place and hence we can hear only that station, whose ampétindecased.

(b) Another example is swing of a chjlevhich acts as a pendulum. The force with a
frequency that matches with the natural frequency of the swing (its resonant
frequency) makes the swing go higher and higher (maximum amplitude), while
attempts to push the swing at a faster or slower rate pecsimaller amplitude. This
is due to the fact that swing absorbs maximum energy when the force matches
withnatural frequency of swing.

Resonance occurs widely in nature. Some sounds we hear, like when hard objects of
metal, glass, or wood are struck, aaused by brief resonant vibrations in the object.
Electromagnetic waves are produced by resonance on an atomicGitee examples

are the balance wheel in a mechanical watictal resonance, acoustic resonances of
musical instruments, production ofte@rent light by optical resonance in a laser etc.

7.3 SIMPLE HARMONIC MOTION (SHM)

It is a special type ofotion in which the restoring force is directly proportional to

displacement from the mean position and opposes its inchepse.l yi ng Newt on o6 s
of motion (force = mass x acceleration), it can be stated @eyiodic motion in which the
acceleration is directly proportional to displacement and is always directed towards mean

position
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In other words, if Fistherestr i ng f orce and Oy
then

O
(2]

the displ
F=-Ky or az-ﬁy
m

The negative sign indicates that F opposes increase in y and K is constant of proportionality,
called force constantn such motion displacement varies harmonically with timecamdbe
represented in terms of harmonic functionsii.ey @ sstich as

y(t) = A sinwt or A coswt (g=wt)

Here A is the amplitude of SHM and is ttrmximum value of diplacement from the mean
positionandw is angular frequency

Characteristics of SHM :

A The motion should be periodic
A Force causing the motion is directed toward the equilibrium point (minus sign).
A Acceleration produced w@irectly proportional to the displacement from equilibrium.

Under the influence of a restoring force (F), a body acquires a ve&%%/tg and hence an
g -

lerati ad?y @
accelera 'O%FQ. This can be written as

Acceleration =- 5>< y
m
d’y K
or dz =-Wy ; W=\'m

Term wis called angularfrequency which is R times the frequencynj. Frequency rf) is

measured in cycles per second (cps) or Hertz (Hzwaind-adians/sec.
2p

w=2p e —

P T

T is the time period of the motigsmallest time interval after which a motion repeats itself)

and is given by
T= @:Zp\/ﬁ
w K

Examples of SHM are; motion of simple pendulum, cantileressspring system, swing
etc.

7.4 CANTILEVER

A metallic beam fixed at one end and free to vibrate at other end is called cantilever.
The normal configuration of a cantilever is showtig. 7.6
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Fig. 76 A Cantilever

When it is loaded at free end it vibrates and its edge perfornpdeshlarmonic motion. The
time taken to complete one vibration is called time period.

The time period is given by

T=2p |2
g
Where p is the depression of beam (displacement of beam from its unloaded position) and g
is acceleration due to gravity.

7.5 SOUND WAVES

These are mechanical waves and need medium for their propagation. Sound alages
called pressure waves can be transmitted through, dajigid or gas.There are three
frequency ranges in which sound isegirised:

a) Audible: The sound waves between frequencies 20 Hz to 20 kHz is audible to human
ears and is called audible range.

b) Infrasonic: Sound waves below frequency 20Hz are called infrasonic and are
inaudible to human ears. A number of animals produat @se sounds in the
infrasonic range. For example elephant, whales, rhinos etc.

c) Ultrasonic: The sound waves with frequency above 20 kHz are called ultrasonic.
Bats communicate through ultrasonic waves. They are also inaudible to human ears.

Properties of sound waves are:

1. Sound waves are longitudinal mechanical waves.

2. They need material medium for their generation and propagation.

3. They cannot traverse through vacuum so their velocity in vacuum is zero.
4. Their velocity in air at NTP is 332 m/s andntreasesvith rise in temperature.
5. Sound waves travel faster in solids than in liquids than in gasses.

6. They show the phenomena of reflection, transmission, diffraction etc.
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7.6 ACOUSTICS OF BUILDINGS

The branch ofphysics that deals with study daudible sound including their
generation, propagation and properties is called acoustics.

Acoustics of buildings It deals with construction gdublic halls, auditoriums, cinema halls
etc for best sound effects

Generation of Audible Sound Any objectthat can produce longitudinal mechanical waves
of frequency between 20 Hz to 20 KHz generates audible sound. For exanusieal
instruments, vibrating fork, human throat (vocal chord) etc.

Propagation of Audible Sound: Audible sound propagates in magrmedium only. Its
velocity is lowest in air and increases with increase in density of the medium. It travels fastest
in metals. While travelling in one medium if it meets another medtugets divided into

three partsgflected part, absorbed part anahismitted part.

Coefficient of Absorption of Sound
The ratio of sound energy absorbed by a surfacthédotal sound incident om
surface is called coefficierdaf absorptionor simply absorption coefficient of sount is
denoted by nitesOWWE@pen wirtdew u§t). Itswalue is maximygri) for an
open window.
o= absorbedoundenergyby asurface
Total soundenergyincidenton thesurface

Types of Audible Sound: Two types of audible sound are musical sound and noise.

Musical Sound The sound that produces pleasant effect on our ears is called musical sound.
It is a single sound or multiple sounds having same frequency, wavekmgitheeting in
same phase.

Noise The soundthat produce unpleasant effect on our ears are called. ribfsas irregular
amplitude with time. It is generally a combination of multiple sounds of different frequency,
wavelengthandmeeting in different phases.

Reverberation:
It is the persistence of sound after the source has stopped emitting soutwl due
reflection from multiple surfaces.

Reverberation Time

The time up to which a sound persists in a hall or room after the source has stopped
emitting it is called reverberation time.
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Standard rever ber at i o:rReverbemnagon {im® & bhe e daken byo r mu |
the sound intensity to drop by 60 dB or reduce to its one millionth partsArAerican

scientist W. C. Sabine developed an equation for calculating the reverberation time as:

_ 016V

T Ja3s

where V & the volume of the hall in ¥na is the average absorption coefficient of room
surfaces and S is total surface area of room?n m

T

Here § aS=a;s, +a,s, +a,s; *.....

where a, &, aetc. are absorption coefficients of different objects in hall ang,ssetc. are
their surface areas.

Echo:

The repetition of original sound by reflection from a surface is called echo. The echo
is producd if the reflected sound reaches our ears after 1/10 of a second. It is different from
reverberation as echo is identifiad repeated sound due to a time gap of at least 1/10 of a
second.

The diddstahceéfl ector/ obstacle causing echo i
g= Vit
2

whervé 6s velocity of sound andotd is time ta
The minimum distance of obstacle to produce echo thus is given as
s ={332x (1/10}/2 = 16.6 m/s

Thus, he obstacle must be placed aminimum distance of16.6m from tle source to
produce echo.

Methods to Control Reverberation time:

To control reverberation time the simplest way is to increase absorption in the hall.
The methods to control reverberation are:

1. Provide few open windows in h&lpen windows are good absordef sound and
the reverberation time can be controlled by adjusting the number of open windows in
the hall.

2. Cover the floor with carpetshe carpets are also good absorbers of sound which help
in reducing the reverberation time in the hall.

3. Curtains The use of heavy folded curtains on doors and windaiksvs to control
the reverberation time.

4. Cover the wallsCovering the walls with absorbing materidilse fibre or asbestos
sheetsetc. help in reducing reverberation time.
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5. Provide false ceiling False ceiling is made of sound absorbing matenaiich
reduces the reverberation in a hall.
6. Using upholstered cushioned seats in hdlhe seats in the emptyalh would also

absorb the sound if they are made of good absorbing cushioned material and turn up

when no one is sitting on them.
7. A good number of audienagcreases the absorption of hall.

7.7 ULTRASONIC S

The sound waves having frequency more tB@rkHz are called ultrasorsc Their

characteristics are:

Production of Ultrasonic: The natural producer of ultrasosics
met hod to produce | ow frequency ultrasoni

I. They are high frequency and high energy waves.
ii. If they are passed through a liquid it is shaken violently.
iii. They work as catalyst for chemical reactions.

iv. They can be sent imeform of narrow beanutlong distances without loss of energy.
v. Travelling in one medium if they meet another, they return back in same medium at

180 degree.

vi. Just like ordinary sound waves, ultrasonic waves get reflected, refracted and absorbed.
vii. They produce intense heatinfjeet when passed through a substance.

are used to produagtrasonic sounds:Magnetostriction oscillaterezo electric oscillator.

Applications of Ultrasonic: Ultrasonic waves are used in various fields ;likeedical for
ultrasound, navigation for various purposes, enginedangrilling, cleaning, flaw detgion
etc. Some important applications of ultrasonic are described below:

1)

2)

Drilling: Ultrasonic is high frequency and high energv
wave, so they can be used in applications involving hi
amount of energy. They can be used tomake a drill evel
hardest material of world i.e. Diamond. For this a tool bit
attached at lower end of magnetoiction oscillator. The
sheet to be drilled is kept below the tool bit. It is driven b
a magnetestrictionoscillator that creates the vibrations.
When oscillator is switched on the tool bit moves up an A

down that produces enough strain to make a dfrithe 8 W

sheet. The setup of drilling is shownRig. 7.7. Fig. 7.7 Ultrasonic drilling

Ultrasonic welding (cold welding)The setup is shown inidg: 7.8 Cold welding means
welding without involvement of heat which is possible only with ultrasmichammer

ab O BAnot her

S i
CcCS

is attached at lower end of magnetostriction oscillator. The sheets to be welded are kept

below hammer. When oscillator is switched on hammer strikes the sheets frequently. In

case of resonance the molecules of both sheets enter in each ethemhdsh amplitude
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and welding is performed without involvement of heat. T
interface of the two parts is specially designed to concent
the energy for maximum weld strength.

3) SONAR: SONAR is a technique which stands for Saut Sturry
Navigation and Ranging. It uses ultrasonic for the detect % -— Bit
and identification of underwater objects. A powerful bea
of ultrasonic is sent in the suspected direction in water. E HARD MATERIAL

noting the time interval between the emission and receig Fig. 7.8Cold welding

beam after eflection, the distance of the object can be

easily calculated.Measuring the time interval (t) between the transmitted pulses and the
received pulse, the distance between the transmitter and the remote object is determined
using the formula

d= VX% Water M "f\‘ﬂ_% =
\

whereV/ is the velocity of sound in sea water. Tk------" ="
same principle is used to find the depth of the sec- - - - ~Transducer

shown inFig. 7.9 R ey T ) ) SR B e T

pulse (Ed\or - -

~ Bottomof séa” ~ ~

Fig. 7.%50und navigation and ranging

Numerical 3. An ultrasonic scanner travelling with a speed of 1.5km/s in a tissue operating
under a frequency of 4.1 MHz. What is the wavelength of sound in the tissue?

Solution:
Given,Velocity (V) =1.5km/s= 1.81000=1500m/s
Frequencyf) =4.1MHz=4.X10°Hz
Using the relation; Vsl we can get

= 3.65x10m = 36.5 mm

V 1500
Wavelength,| = — —
g n 41310°

Numerical 4. A man hears his sound again after reftatfrom a cliff after 1 secondf the
velocity of sound is 330m/s, find the distance of cliff from the man.
Solution: Given

Velocity of soundV=330m/s

Time after which sound is heard, t85
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Let d be the distance of cliff from man.
Total distance travelled bsoundin going and coming badkom cliff=2d

Thus 2d=V x t=330%x1=330m

d :3—20 =165m

*k k*k*k *

EXERCISES
Multiple ChoiceQuestions:

1. In waves, matter in the medium moves forward and backward in the
same direction the wave travels.
A) Transverse
B) Longitudinal
C) Radio
D) Ocean
2.  When the vibrations of a body are maintained by its own elastic forces then such
vibrations are called
A) Free vibratios
B) Forced vibration
C) Resonant vibratias
D) None of them

3. Sound wave canngiet
A) Reflected
B) Refracted
C) Diffracted
D) Polarised

4. Echois caused due to of sound.
A) Interference
B) Diffraction
C) Reflection
D) Refraction

5. Perfect absorber has absorption coefficient of
A) 0
B) 1
C) Maximum
D) Infinity
6. Standard reverberation time is given by .
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10.

11.

12.
13.
14.

15.
16.

o

A)Sabineds formul a

B) Newt ondés formul a
C)Keplerdos formul a

D) None of these.

Which type of waves does not require matter to carry energy?

A) Mechanicawaves

o

B) Sound waves
C) Light waves
D) Ultrasonic waves.

In waves, matter in the medium moves back and forth at right angles to

the direction the wave travels.
A) Transverse

B) Longitudinal

C) Mechanical

D) Sound

is the distance from the top of omst of a transverse wave to the top of

the next crest in that wave.

A) Wavelength

B) Amplitude

C) Frequency

D) Wave velocity

The velocity of sound waves in vacuum is

A) 220m/s

B) 332 m/s

C) o0

D) 360 m/s

Which of the following is not thapplication of ultrasonic?
A) Dirilling

B) Welding

C) Sonar

D) Radar

Wave is a&orm of disturbance. (True / False)

In SHM, acceleration is directly proportional éisplacement. (True / False)

The vibrations in which amplitude of vibrations remains consteextalleddamped
vibration. (True / False)

The minimum distance of an obstacle for echo to be hedlésm. (True / False).

Sound waves cannot travel in outer space bedhese are mechanical wavéBrue /
False)
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Short answer type questions:

© N Or®DNPRE

[ S S S SIS
AR R A i

Define Wave motion

What are types of wave moti@n

Differentiate betweetransversandlongitudinal wavs.
Define amplitudeand wavelength of a wave.

Give relation between time period and frequeotg wave.
Define Smple HarmonicMotion.

What is acantileveP

Define acoustics of buildings

What i s Sabineédés formula?

. Define Ultrasonic waves

Establishthe relation between velocity, frequency and wavelength?
Give full form of SONAR

Name different types of vibrations.

What are resonanibrations?

What are damped and undamped vibrations?

Long answer questions:

1)
2)

3)
4)
5)
6)
7)
8)
9)

What is wave motion? Explain transverse and longitudinal wave motion with examples.

Define the terms; wave velocity, frequency and wave lenBtive the relationship
between them
Describe Simple Harmonic Motion. Give its characteristics.

What is a cantilever? Write the formula for its time period.

What are acoustics and acoustics of buildings?

Explain the terms: reverberation, reverberation time and echo.

What is coefficient of lasorption of souriGive its units.

List variousmethods to control reverberation time.

Explain free, forced and resonant vibrations with examples

10)What is ultrasonic? Explain their engineering applications.

Answer to multiple choice questions

1.B 5.B 9. A 13.True
2.A 6.A 10.C 14. False
3.D 7.C 11.D 15.True
4.C 8. A 12.True 16.True

70



Chapter 8
OPTICS

Learning Objectives: After studying this chapter the student should be able to;
- understand light properties, reflection and refraction of liglelns parametersiens
formula and power of a lens.
- Explain total internal reflectionconditionsfor TIR andits applications
- describe microscope, telescope and their uses.

Introduction

Optics is the branch of physics which deals with the study of behavior and properties
of light. Light is an electromagnetic wavaving transverse natur@lthough light has dual
nature particle as well as wave, classical approach considdysveave natureThe wave
nature idurthersimplified in geometric optics, where light is treated as a ray which travels in
straight line. Ray optics model includes wave effects like diffraction, interference etc.
Quantum optics deals with applicationlight consideredas particles (called photons) to the
optical systems. The phenomena of photoelectric eflecaysand lasersare explained in
the quantum optics (particle nature of light).

Ray Optics (Geometric optics)
Geometrical opticslescribeshe propagation of light in terms of rays. The assumptions
of geometrical optics are:

Light travels in straightine paths.

It bends, or split ito part at theinterface between two different media.
It follows curved paths in a medium whereragetive indexchanges.

It may be reflectedabsorbedr transmitted

= =4 =4 =

8.1 REFLECTION AND REFRACTION OF LIGHT
Reflection of Light
Reflection is the bouncing back of light at an interface between two different media.

Glassy surfaces such as mirroeghibit specular reflection. This mirror
allows for production of reflected images that can be associated with
real or virtual location in spac€igure 8.1 depicts the phenomenon

of reflection from a glasair interface. PO is the light ray incident on

a glass rirror at an angley (angle of incident) and OQ is the lighttemel
ray reflected from the surface at an angléangle of reflection).

Err sy

- | T
e]

Laws of reflection Q

Err

1) The incident and reflected ray and the normal, all lie in sar‘ylag. 8.1 Reflection of light
plane, and
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2) The angle between thecident ray and the normal is the same as that between the
reflectedray and the normal i.e. g =

Refraction of light

When a light ray passes from one transparent medium to another, it gets deviated from its
original path while crossing the interface of two mediae phenomena of bending of light
rays from their original path while passing from one medium to anothedlesdarefraction.

1 When light travels from a rarer medium to denser mediinbends towards the
normal.
1 When light travels from a denser medium to rarer medium, it bends away from the
normal.
It happensvhen light travels througmediumthat has
a changig index of refractionRefractionoccurs due
to change in speed of light as it enters a different
media.Figure 8.2 describe the occurrence of refraction
at an interface.

incident ray narmal

medium 1

interface

Laws of refraction

medium 2
1) The incident ray, the refracted ray and the normal
all lie inthe same plane.
2) The ratio of sine of incidence andié) to thesine
of refracted angléd?) is a constant for that pair of mediarig. 82 Refraction of light
and is equal to theefractive index of that media. This is
alsoknownasnel | 6s | aw

refracted ray

1, _Sing _sini
sing, sinr

Where iis@he angle of incidence and is the angle of refraction ahd is the refractive
index of medium 2 w.r.t. medium 1.If medium 1 is vacuum then,

sing,
When light travels from aifvacuun) to a medium then refractive index of the medium can
be written as

m=S

Y
where c is therelocity of light in air (vacuum and v is the velocity of light in the medium.
For example, the refractive index of water is 1.333, meaning thatttalls 1.333 times
slower in the water than in vacuum. Thus, the refractive index of a material is a
dimensionless number that describes how light propagates through that medium.
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The Snell 6s |l aw is used to fipasbthiodgle def |

different media. It is used to produce dispersion spectra through a prism since light ray
having different frequencies have slightly different refractive index in most materials.

The refractive index of some material varies with positiontand. In such medium
light travels in curved pathrather than straight lines. This is responsible for mirage effect
observed on hot day due to different refractive index of air that causes light to bend, creating
specular reflections in distance(as ifteraon the surface of a pool). The material having
varying refractive index is useful in modern photocopy and scanning technologies.

Lens and Lens Formula

Lens is an optical device based gimenomenon offefraction. A lens is a transparent
medium boundedy two refracting surfaces. It can produce two types of-regsverging
and diverging rays. Convex lens is converging while concave lens is diverging.

Terms relatedin study of lenses:

1. Centre of curvature: The center of curvature of a lens is ttentre of sphere which
forms a part of the spherical surface of the lens.

2. Radius of curvature: The radius of the sphere of the spherical surface of lens is called
radius of curvature. It is the distance of the vertex of the lens from the center of
curvature.

3. Principal axis: The principal axis of a lens is an imaginary line that is perpendicular to
the vertical axis of the lens. Principal focus of the lens lies on this axis. All rays parallel
to the principal axis that are incident on the lens, waitber converge (if lens is
converging) to, or diverge (if the lens is diverging) from, the principal focus.

4. Optical centre: Optical centre is the centre of the lens lying on the principal axis. If a
light ray passes through optical centre, it goes umadiedi

5. Principal focus: When the parallel rays are incident on a lens, they either converge at a
point or appear to diverge from a point on the principal axis, that point is called principal
focus.

6. Focal length (f): The distance of principal focus from thetical centre is called focal
length. In other words, focal length is equal to the image distance when the object is at
infinity.

7. lImage: If two or more rays passing from a point gets refracted through a lens and
converges or appears to diverge to a ptien that point is called the image of first
point. The image can be real or virtual. In real image, rays actually meet at the second
point, while in virtual image; the rays appear to diverge from the second point.

Lens formula

The focal lengtf{f) of aconvexlens is related to object distan@gg and image distanq®) as
%:;1 —3 Y This is called lens formula.

73



The linear magnificatiorof a lensis given by m = % and holds for both convex and

concave lenses and for real as well as virtual images.

Power of lens

Power of a lens is defined as the reciprocal of the focal length measured in metres.
The unit of power of lens isr! which is calleddioptrei ndi cat ed blyothery mb o |
words, ame diopteis the power of a lens of one metre focal length.
1 . .
P= n (f is taken in meters)

The power of a convex lens is positive and that of concave lens is negative. If two lenses are
combned (placed in contact), the focal length of the combination is given by

1 1 1

= =

F f f,
Thus the power of combination becomes sum of power of individual lenses.i.e.

P=R+P,

8.2 TOTAL INTERNAL REFLECTION (TIR)

When light is reflected into a denser medium from an interface of the denser and a
rarer medium,and there is no refracted lightthe phenomemn is known as total internal
reflection.

There are two essential conditions for TIR:

1. The light shouldravel from a denser medium to a rarer medium.
2. The angle of incidence in the denser medium should be greater than the critical angle.

The largest possible angle of inciderate
the interfacewhich results in a refractec

ray is called thecritical angle At the l

critical angle of incidence, the refracte Rarer medium B
ray travels along the boundary betwet oy
the two media i.e. the angle of refractic
becomes 90 For angle of incidence
greater than critical angle light is totall
reflected as shown in Fig. 8.3.

The critical angle for a material depenc
upon the refractive index. Higher the

refractive index, the lower the critical
angle. It can be calculated using the Fig. 83 Total internal reflection
following formula:
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. 1
Singe= —
Qc m
whergc is the critical angle angd is the refractive index.

Applications of TIR

1. TIR is the basic principle of optical fibers which are ussdiransmission media in
sendingtelecommunication signals amdages inrendoscopes.

2. Automotive rain sensors work on the principle of TIR, which control automatic

windscreen wipers.

Prisms in binoculars also form erect images based on total internal reflection.

Some multitouch screens s use TIR to pick up multiple targets.

5. Optical fingerprinting devices used to record fingergrinithout the use of ink are
also based on TIR.

6. The bright shining of diamonds is also a result of total internal reflection.

H w

8.3 OPTICAL INSTRUMENTS

An optical instrument is a device which is usedview the objects. The eye is basic
and essential optical system. In addition to it, other instruments are devised to increase the
range a humandés viewing ability. ThHephensistpt i c al
of an arrangement of lenses, prisms or mirrors which enables to see better than what we can
see with the naked eye.Td&eanbe of two types:
1. When the real image is formed on screen as in case of photographic camera, overhead
projector etc.
2. Whena virtual image is formed and can be seen directly with eye as in telescopes,
microscopes, binoculsetc.

In the present scope, ewwill study abouttwo optical instrumentsmicroscopesand
telescopes.

a) Microscope: Amicroscope is an opticahstrument which enables us to see magnified
image of objects that are too small to be seen by the naked\eygcroscopic object is
invisible to the eye unless aided by a microscdfig.8.4

shows the view of a microscope. /

There are two types of microscope: —
1. Simple microscope It is also known as magnifyinc '7 b
glass. It is made of only one convex lens and the ob — ‘
is so adjusted before the focal point that the image ‘ .

formed at least distance of distinct vision.

2. Compound microscope The magnification producec
by a simple microscope is small and is only governed rig g 4a microscope
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by the focal length of lens. To produce large magnification, a compound microscope is
used in which magnification is obtained in two stagethlbyuse of two convex lenses.

b) Telescope A telescopes an optical instrument which is used to see distant objects clearly.
There are three types of telescopes:

1.

Astronomical (to see astronomical objects$) is used to
see heavenly objects like stars and planets. The inr
formed in an astronomical telescope is inverted.

. Terrestrial (To see objects on eartAstronomical g x’

telescope forms an inverted image which is not suitable
see the terrestrial objects like buildings, trees etc.
seeing the distant objects lying on earth, the final im¢
should be erect. A terrestrial telescqpey. 8.5)forms an

. Fig. 8.5A Telescope
erectimage and makes use of three convex lenses

Galilean (modification of terrestrial telescopd} is a modified version of terrestrial
telescope which also forms erect image but with the use of only two lenses.

8.4 USES OF MICROSCOPE ANDTELESCOPE

a) Uses ofMicroscope

No oM PRE

Biological scientists use microscope to sgeroorganismand their behavior.

Doctors use microscope to see and examine ldeldsland bacteria

Forensic science experts use microscope to analyze the evidéooeses

Jewelers and watch makers use it to see the details of parts they are working with.
Environmentalist uses it to test the soil and water samples for presence of pollutants.
Geologist uses it to test the composition of different types of rocks.

Theseare usedn various experiments in schools and colleges.

b) Uses of Telescope

w

Astronomical objects are seen by using telescope by astronomers.

They found use in terrestrial applications also. They are used in laboratories to
perform differenexperiments and finding values of different quantities.
Spectrometry uses telescgpe find wavelength of light angpectral line®tc.

It is used in spy glasses and long focus camera lenses.
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Solved Numericals

Numerical 1. A lens is havingoower of +4D What is its focal length?
Solution: Given, Power P) = +4D
We know thatP:fl
Therefore, 4:1 or f:% m=0.25m=25cm
Thus focal length of lens is 25cm

Numerical 2. An object is kept aflistance of 30 crfrom a convex lens of focal length 0.2 m.
Find the position otheimageformed

Solution: Given distance of objectj=- 30 cm =- 0.3m,andf=0.2m
The lendormula is 1.1t 1
f v u
or
1111, 1 _s333-167
v f u 02 (-03
v =i: 0.598 = 0.6 m =60 cm
1.67

Numerical 3. A light wave has wavelengibf 600 nm in vacuum. What is the wavelength of
the light agt travels through water (index of refraction = 1.33)?

Solution:
Given wavelengthl() = 600 nm = 600 x1®m (1 nm=106m).
The wavelength of light that travels through a medium of refractive index n changes by
expression
-9
| n -/ 800107 _ 451x 1@m = 451 nm
n 1.33
* k kk k%
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EXERCISES
Multiple ChoiceQuestions:

1. The speed of light in vacuum is
A) 3 10°m/s
B) 3210%m/s
C) 3#1Ccm/s
D) 32 10*mm/s
2. Spectrum is formed due to of light.
A) Reflection
B) Refraction
C) Diffraction
D) Dispersion
3. A lens is thick at centre and thin at ends
A) Concave
B) Convex
C) Planeconcave
D) Planeconvex

4. A transparent medium bound by two curved surfaces is called :

A) Mirror
B) Prism
C) Lens
D) Binocular
5. Light travels in
A) Straight line
B) Circular path
C) Harmonic path
D) Curved path
6. A lens is an optical device based on
A) Reflection
B) Total internal reflection
C) Diffraction
D) Refraction
7. Changing path of light while enterirsggcond medium is called
A) Diffraction
B) Reflection
C) Refraction
D) polarization
8. Power of a lens is measured_in
A) Metre
B) Watt
C) Dioptre
D) Volt
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9. Power of a lens is always
A) Inverse of focal length
B) Equal to focal length
C) Double the focal lengt
D) Not related to focal legth
10. Simple microscope uses
A) One concave lens
B) One convex lens
C) Two concave lens
D) Two convex lens
11. Simple microscope is also knownMagnifying glass (True/ False).

12.Telescope that uses three lenses is cdlexdestrial telescope. (True / False)
13. An instrument that forms image on screen is callathera. (True / False)
14.Refractive index of a medium tonstant. (True / False)

15.Two lenses are used ansimple microscope. (True / False)

Short answer questions:

=

What are laws of reflection?

Statelaws of refraction

What is Total InternalReflection (TIR)?

What is critical angle?

Define principal focusof a lens.

What is lens formula?

What is power of a lens?

Give the relation between focal length and power leha.
. What is a microscope?

10. What is a telescope?

©O® N A ®DN

Long answer guestions:

1. Explainphenomenon ofeflectionof light and laws governing it.

Explainwith diagram theefractionof light.

What is refractiveindexdow it i s related to Snell 6s | ¢
Describe total internal reflection. Give two applications of TIR.

What is critical angle? Explain conditions necessary for TIR.

What is a microscope3ive its types andses.

What is a telescope®ive varioususes of telescope.

No ahMwd

Answers to multiple choice questions
1. A 2. D 3. B 4. C 5 A 6. D 7. C 8. C
9.A 10. B 11. True 12. True 13. False 14. True 15. False
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Chapter 9
ELECTROSTATICS

Learning Objectives: After studying this chapter, the student should be able to;

- Understandundamental of charges at regtyoperties of point charges

- Explainconservation and quantizatiaf charges

- Relate theproperties leathg charge storage capacity of the electronic devices using
static charges.

The branch of physics which deals with the study of charges at rest is called electrostatics.
9.1. ELECTRIC CHARGE

Electric Charge: it is the physical property of matter that causes it to experience force when
placed in an electromagnetic field. Thare two types of charges.

(1) Positivecharge e.g. Proton, Alpha particle
(2) Negativecharge e.g.Electron etc.

Charge on electron is smallest unit of charge. | Charge on Electron =1.6x 10%°C

S| unit of charge is coulomb (C). Charae on Proton = + 1:6101°C

Like charges repel each other and untkarges attract each other. i.e.

+ve +ve Repel
-ve  -ve Repel
+ve -ve Attract
-ve  +tve Attract

Conservation of Chage

Charge conservatiois the principle that total electric charge in an isolated system
never changes. It always remains constant. This also means that no net charge can be created
or destroyed. When an atom is ionized, equal amounts of positive and negative charges are
produed. Hence the algedic sum of charges before and after remains the same.

Quantization of Charges

Charge quantizatioms the principle that the charge of any object is
anintegermultiple of the elementary charge). Thus, an object's charge can be exacty 0
or exactly 1e, &, e, etc.,

9.2. COULOMB LAW OF ELECTROSTATICS

It states that force afteraction between two point charges is
0] Directly proportional to magnitude of charges and
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(i) Inversely proportional to the square of the distance between them.

Let F is force betweetwo charges gand @. Then O , O
Fadg,d, i Ge
1
Fa Tz
- q Lo
Y Fa q;ZZ ééé(1)
— g Lo
F=K % céé(2)
where Kis constant of proportionality antsivalue is given as
K=_ 1 =9x1¢f Nm?/C?(in Sl units system)
ap1
Now from equation (2)
- 4% -
F=_ 1% éeéeée. . (3
api ,r? (3)
Herel ,is electrical permittivity of @cuum Its value is 8.854 x 1# Nm2C?,
Let 0. =¢ =¢

r=1m
then from equation (3) F =»010°N

Thusone oulomb is that much charge which produces a force»f19° N at a unit charge
placed at a distance of 1 m.

Smaller units of charge  milli Coulomb (mC) = 16 C.
micro Coul o%b (eC) = 10

9.3. ELECTRIC FIELD
It is the area around the charge in which force attraction or repulsion can be
experienced by another charge

Electric field intensity at point idefined as the force acting on a unit positive charge at that
point.

— 9 A unit positive charge is also callg
as test charge

The value ofg, should be very small. Its Sl unitis N /C (Newton per Coulomb)

Electric Lines of Force:

An electric line of force is an imaginary continuous line or curve drawn in an electric
field such that tangent to it at any point gives the directioglaaftric force at that poinFig.
9.1).
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«— \
Figure 9.1

Properties of electric lines of force

1 Lines of force originate from a positive charge and terminate to a negative charge.

1 The tangent to the line of force indicates the direction of the electric field and electric
force.

Electric lines of force are always normal to the surfacehafrged body.

Electric lines of force contract longitudinally and expand laterally.

Two electric lines of force cannot intersect each other.

Two electric lines of force proceeding in the same direction repel each other.

Two electric lines of force proceiad in the opposite direction attract each other.
There are no lines of force inside the conductor

= =4 4 -4 4

9.4. ELECTRIC FLUX

It is the measure of distribution of electric field through a given surface. Electric flux
is defined asotal number of kectric lines of foce passing paunit area normal to theurface
It is denoted by (psi).
Consider small elementary aredson a closed surface S. Electric fiell exit in the
space. I f d iEand&r&aven:torEdsmenbetween
y = «ﬁe:déis called electric flux.

GAUSS6S LAW
It states that net electric flux of an electric fiettier a closed surface is equal to the net
charge enclosed by the surface divided byi.e.

y = fﬁdg
y = ‘ﬁEdSCOS] = ﬂ
s €

Proof: Consider a closed surfac&
having a chargegplaced at a poinO
inside a closed surfaces shown in Fig.
9.2 Take a pointP on the surface an
consider a small aredS aroundP.

Figure 9.2
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Then Electric field aPis

_ q L oz oz oz
E=—or éééé(1
4pi ,r? (1)

Now electric flux

y = fEdScox
S
Putting value oft we get
~ (
Y =f——dScoxy
s4p g’
_q .dScoy
TN
oA 950087 _ g,
4p g '
:LAp ~~Total Solid angle=4p
4p g
y=2

Hencey = ffFdScosq = ei
s 0

Applications of Gaussob6s Law:

Electric field due to a point charge:

Consider a point charge We want to find

electric field at pointP at a distance of from it.

Construct a spherical surface of radiusThis is
called as Gaussian surface. Consider small
dSon the surface. Eand

Area vectoras shown in Fig. 9.3.

Now flux Figure 9.3
y :ﬁEdS.cosq:i
s €o (A r n

~._ 0
EffiS= —

L
Y E.4pr? :I,ﬂ (- Area of Sphere 4pr?)

0
viE=—3
ol ,r
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Thus the electric intensityecreases with increase in distance.

9.5. CAPACITOR

It is an electronic component that stores electric charge.
Capacitance
Theability of asystem to store an electebarge
As potential igoroportional to barge
V'q
or q Vv
q=CV
c=4
\
Unit of capacitanceFarad (F), microfarad

Grouping of Capacitors

Series Grouping:

A number of capacitors are said be connected in seHes fflate of one capacitor is
connected to the +ve plate ather capacitor and so on.
In this grouping, currens same on each capacitor.
Consider 3 capacitors oapacitances £ G, Csin series. Let V is total applied voltage.
Vi,V VaY voltage d,iCo@asshawnindig 84 C

Figure 9.4
Then V = +Vo+V3z-mmmmmmmmeeeeee (1)
Now c=3 yv=24
Vv C
Sso,v,=3 v,.=9 v =9
1 3 2 C2 3 C3
Putting in Equation (1)
9-9,9.,49
C C C, C
g:qal +i+i§
C ¢t C, C,=
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1 1 1 1
=+ —+

CGC C C
So the total capacitance decreases in series grouping.

The reciprocal of the equivalent capacitance of two capacitors connected in series is the sum
of the reciprocals bthe individual capacitances

Parallel Grouping:

A number of capacitors are said to be connected in parallel if +ve plate of each
capacitor is connected to the +ve terminal of battery iared plate of each capacitor is
connected to théve terminal of battery.

In this grouping voltage across each capacitor in same.
Consider 3 capacitors of capacitance$t; Cs connected in parallel let V is applied voltage.
Ji, ¢, 8" charges on capacitorg,&,, Cs as shown in fig. 9.5
G, €1

[
a | e b

+

Qs Cs
i
-+

So

e R R 1)
Now C:% or q=CV
\ Qn=CV, g =CV, 0z = GV
Put in equation (1)
CV=CGV+GCV+CV

CV=(G+CG+C)V
C=G+C+CG

So thetotal capacitance increases in parallel grouping.

The equivalent capacitance of capacitors connected in parallel is sum of the individual
capacitance.
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SolvedNumericals

Example 1. Calculate theoulomb force between two protossparated by a distance of 1.6
x 105 m,
Solution: Given, 2 protons Charge on Proton= 1.6 %0 1°C
u=0=16x101C
Distance,r = 1.6 x10®m

Also . 9x10° Nm?/C?

40 ¢
Now F=—— %%
dpg r

9310°31.6°10°31.62 10"

" (L6210%)

F=90N

Example 2. Calculate the force betwean alpha particland a proton separated thgtance
of 5.12x10 >m.
Solution:  Givengu = Charge on alpha particle2 x 1.6 x10°C
gz = Charge on protorll.6 x101°C
distance,r = 5.12 x10%®m

i =93 10° Nm?/C?
4o g
Now
M P
4p e r?
£ _9710°°32310%316310"
(122 10%)
F=1758 N

Example 3. Three Capacitors of capacitanced-3 2n and 4+ are connected with each
calculate totatapacitance (a) In Series grouping (b) Parallel grouping.
Solution: Given,

Ci1 = 3nF, Co=2nF and Cz=0nF
In Series grouping

1 1 1 1
=—+ — + =
Ctot Cl C2 C3

1 1 1 1

==+ +=

C 3 2 9



\ Ctot: 1— =1.067F

In Parallel grouping
Cot=C+C+C
Cot=3+2+9
Ctot =14nF

Example 4.Three capacitors 1F, 2F, and 3F are joined in series first and then in parallel
Calculatethe ratio ofequivalent capacitance in two cases.
Solution: Given,

Ci=1F, Co = 2F, C3=3F

In series grouping

1 1 1 1
- =4+ — 4+ —
CS C:1 CZ C3
1 1 1 1
=4 — 4+ -
Ce 1 2 3
1_u

C, 6

In Parallel grouping

Co=1+2+3

\ Ratio Cp

or CP_11
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EXERCISES

Multiple Choice questions

1) Coulomb's law is only true for point charges whose sizes are
A. Medium
B. very large
C. very small
D. none of the above
2) As per Coulomb's law, force of attraction or repulsion between two point charges is
directly proportional to
A. sum of the magnitude of charges
B. square of the distance between them
C. product of the magnitude of charges
D. cube of the distance
3) If Fis force actingon test chargeogelectric field intensity E would be given by

A. E=F-0qo
B. E=Flg
C.E=F+g
D. E=q/F
4) In combination of capacitors in series, capacitors are connected
A. Parallel
B. side by side

C. up and down
D. none of the above
5) Coulomb's force betweengdint charges 10uC and 5uC placed at a distance of
150cm is
A. 0.2N
B. 0.5N
C. 2N
D. 10N
6) A device which stores charge is called
A. Resistor
B. Inductor
C. Capacitor
D. transistor
7) If medium between two charges is air, then value of constant k in Sl units will be
A. 5x 10 Nm?C?2
B. 7 x 10 Nm?C?2
C. 8 x 1INm?C?
D. 9 x 10 Nm?C?2
8) 1 micro farad (1uF) is equal to
A. 1x10°F
B. 1x10%2F
C. 1x10°F
D. 1x10%°F
9) In equation Q=CV, C is constant of proportionality called capacitor's
A. Power
B. Capacitance
C. Heat
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D. Electric intensity
10) The force between two charges is 120 N. If the distances between the charges is
doubled, the force will be
A. 60N
B. 30N
C. 40N
D. 15N
11)SI unit of charge is
A. Coulomb
B. Volt
C. Newton
D. Joule
12)The law governing force between electric charges is
A. Gauss Law
B.Coul ombés | aw
C. Biot- Savrot Law
D.Ampereds Law
13)Farad is the unit of
A. Capacitance
B. Electric Potential
C. Force
D. Torque
14)Three capacitors ofni are joined in parallel;their resultant capacitance is
A. énf
B. 10nF
C. 6nF
D. 1.5nF
15)Unit of Electric intensity is
A. N/Coulomb
B. Joule
C. Newton
D. Coulomb
16)Two capacitors of 2 farad are joined in series their resultant is
A 1F
B. 4F
C. 3F
D. 05F

Short Answer Questions

DefineElectric Field

What areElectric Lines of force?

Define the terr@apacitance

What isElectric flux?

Define Capacitor

What do you mean bilectric Potentigt

Define Electric Intensity.

State Coulombdés Law

Derive expression for electric intensity at a point due to point charge.

©o N A~ ®ODNE
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10.
11.
12.
13.
14.

Explain properties of electric lines of force.
Calculate total capacitance in series combination
Calculate total capacitance in parallel combination
Explain Gauss's law

DefineElectric Charge ands types.

Long Answer Type Question

1.

o gk wN

Calculate total capacitance when capacitors are connected in series and parallel
grouping.

State and prove Gaussw.a

Using Gauss Theorem find electric field due to a point charge.

Derive Coul ombés Law.

Derive Coul ombdés Iaw from Gausso | aw.
Use Gauss theorem to derive an expression for the electric field at a point due to a
thin infinitely long straight lineof chargeof uniform charge density ?

Derive an expression for the electric field at a point due to uniformly charged
spherical shel | using Gausso6o | aw

Answers to Multiple Choice Questions

1) C 2) C 3) B 4) B
5) A 6) C 7) D 8) C
9) B 10) C 11) A 12) B
13) A 14) A 15) A 16) A
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Chapter 10
CURRENT AND ELECTRICITY

Learning Objectives: After studying this chapter, the learner should be able to;

- describeelectric current and types of curreAC and DC.
- defineresistancecombination ofesistancesseries and parallel.
- sateOh mo s Ki =& evh lavwoandth@iisapplications

10.1 ELECTRIC CURRENT A ND ITS UNITS

In a conductor,ltere are many free electronhese electrons are randommotion
but there is no net motion along thenductor. But if the two ends of a conductor are at
different potentials, the charge will start flowing from one end of conductor to the other end
Therefore, the free electrons (charge) which were moving randomly will now move towards
positive terminal b the battery and constitute a current. Hence a potential difference is
always needed to make charge move from one end of the conductor to the other end of the
conductor.

In a conductor the motion of the free electrongegiise to tle electric current ashown in

Fig. 10.1.
+ <> Conductor .-a' Q )

Figure 10.1

Electric current passing through a conductdhésrate of flow of charge passing through
If a charge of g units passes through any cross section of the conducteeconts. The
current flowing through the wire(l) is given by the formula

| = Charge _q
time t
where | = the electric current
g = charge

t = time taken
Unit: Ampere (A)
In the relation
| :g
t
If the charge is measurad coulombs and time is measured in seconds then the unit of
current will be ampere

Where 1 ampere (A) =
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The direction of current is the direction of flow of positive charge i.e. opposite to the
direction of flow ofelectron.

One Ampere
The current flowing through the conductor is said to be of one ampere if one coulomb of
charge flows through the conductor in one second.

Potential Difference (V)

It is the difference in electric potential betwe®mo points in arelectric circuif the
work that has to be done in transferring unit positive charge from onetpaittter.

Unit: Volts (V)

One Volt:
Itis defined as energy consumptioroagjoule per electric charge ainecoulomb.
, pu € 0 0 Q
PO =, . =
POEOOE AW
One voltis equal to current of 1 amp times resistance of 1 ohm.

Direct Current

Direct current in an electric wire is that which flow in only one directitins the
unidirectional flow of current. The electratirrent flowing through a sersbnductor diode is
an example of direct current. Direct current (DC) is produced by sources such as batteries,
fuel cells and solar cells and cannot travel over long distances since it has more loss of
energy.

The frequencyf DC is zero and it has a single polarity. In direct current the electron
flow from negative end of the battery to the positive end of the battery.

Symbol of DC voltage source
_+| I‘_

It can be shown I#ig. 10.2.

Time

Figure 10.2

92



DC form is used in low voltage apparatus like charging batteries, cell phones,
automotive apparatus, aircraft apparatus and other low voltage low current apparatus.

AC (Alternating current)
As shown inFig. 10.3AC is current that reverses the direction periodically and also
has amagnitude that varies continuously with time.

AC is used in our homes. Power stations geeeaat because it is easy to l@and
raise the voltage with the help aahsformers.In North America the frequency of AC is 60
Hz and in India it is 50 Hz. The AC in our home is sinusoidal in nature.

_|_

VOLTAGE 0

AN
\VARV/

- SINE WAVE
Figure 10.3

The radio frequency current in antennas and transmission lines are the examples of AC.

_®_

It is produced by an alternator and has more power and can be easily transferred from one
place to another.

Symbol of AC

10.2 OH MOLAW

According toOh mé s Theacwrer flowing through a conductor is always directly
proportional to the potential difference between the two ends ifpthysical condition
(temperature, pressumetc) of the conductor remains the saime

If 1is the current passing through a coniwmcand and V is the potential difference
between the ends of the conductor then

v U |
V=RI
\L:R

I

V Potential Differnce
Therefore, R=—= _

| Electric Current
where R is a constant and is caliddctric resistance.

The value of R depends upon nature, dimension and temperature of the conductor.
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Therefore | =— /

If a graph is drawn between currer v R ¢ Resistance in ohms)
() and the potential difference (V) it [ffomential = is)
will be a straight line for a

conductor (Figl10.4).

Y

I ¢ Current in amperes )

Figure 10.4
103 RESISTANCE (R)

The opposition to t flow of electric current in an electric circistcalled resistance.
Therefore, iis the measure of the difficulty to pass an electric current througlirtioé.c

If Vis measured in volts and | is measured in amperes then the resistance R is measured in
ohms.

Symbol:

—\M\—

Unit:Ohms ( q )
One Ohm:

1ohm =

Therefore, one ohm is the resistance of conductor in which a current of one ampere
flows through it when the potential difference of one volt is maintained between its two ends.

Spedfic Resistance (Definition ad Units)
The resistance of a conductor depends on following fgctors

() The resistance of a given conductor is directly proportional to its length i.e.
R I (1)

il) The resistance of a given conductor is inversely proportional to its area ofsectssn.
R L
A
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By combining equation (1) and (2), we get
R —
I
R=r—
or A
wherg (rho) is a constanand known as specific resistana® resistivity of the

material. The resistiwt of a materialdoes not depend on its length or thickness. It depends
on the nature of theaterial.

If r=1mandA =1 mMthen from above equation

1=R
Thus resistivity of the material is the resistance of a conductor having unit length and unit
area of crosssection.

Units: Ohmm ( q m)
Conductivity

It is the degree to which an objecbnductselectricity. This is the reciprocal of the
resistvity,

Where 0 is theconductivityand is theresistivity of the conductor.
Unit: Siemens per meter mhoper meter

Conductance (G)
It is the reciprocal of theesistance and it is a measure of ease with which the current
flows through a substance.

c=1
R
where G =Conductance

R =Resistance
Unit: mho

104 COMBINATION O F RESISTANCES
1. Series combination

The resistance are said tod@mnnected in series if the same current passes through all
the resistances and the potential difference is different across each resistance.

Let three resistances R, Rs be connected in ses as shown in thieig. 105
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R, Ry R;

N Wy— WA

V1 V2 V3

+l i/
Figure 105

Let
V = Voltage applied across the series combination
| = Current passing through the circuit
Clearly current I is same throughout the circuit

Let V1, V2, V3 be the potential difference acrosg R>, Rs respectively Then, according to
Ohmds law
V = IR

where R is the total resistance in series

Now

V=Vi+Vz2+Vs = e (1)
Then byOhmds law

Vi=IR:

Vo=1R

V3z=1R3

Putting the values of ¥ V2 and \ in equation (1) we get

IR =1 R+l Ro+l R3

IR =1 (R1+R2+ Ra)

R =(RitRx+ Ra)
Thus the combined resistances when they are connected in series is the sum total of the
individual resistances.

2. Parallel Combination
The resistances are said to be connected in parallel if the potéifieeénce across
each resistance is the same but the current passing through each resistance is different.

Let there be three resistances R>, Rs connected in arallel as shown ifrig. 106. Oneend
of each resistance is connected to point A and ther @nd of each resistance is connected to
the point B.
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Figure 106
Let

V = Potential Difference applied across A and B
Clearly, potential difference V is same across each resistance.
Let | = total current flowing in tharcuit.
R =total resistance of the circuit

Let I3, I2, 13 be the current passing through the resistangeRIRRs respectively
FromOhmas law applied to the whole circuit

=

N

A< JI< A<

w

Now we have,

| =1+ o+ |z . (2)
Putting the values df I, I2, I3 in the equation2)
VvV _V V V

—=— +—
R R B R
1 air 1 1
V—-—=V +— =
R"'¢R R R
1 1 1 1
Or —== += 4+
R R B R

Thus we can say that if the resistances are connected in parallel, then the reciprocal of the
equivalentresistance is equal to the sum of reciprocals of individual resistances in the circuit.

10.5 HEATING EFFECT O F ELECTRIC CURRENT

When an electric cuent is passed through a conductor, the conductor becomes hot
after some time and produces heat. This happens due to the conversion of some electric
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energy passing through the conductor into heat energy. This effect of electric current is called
heating eféct of current.

The heating effect of current was studied experimentally by Joule in 1941. After
doingthis experimentsJoule came to the conclusion that the heat produced in a conductor is
directly proportional to th@roduct of square of current’), resistance of the conductdR)(
and the timetj for which current is passed@hus,

H = IRt
Derivation of Formula
To calculate the heat produced in a conductor, consider curefloWwing through a
conductorof resistance R for time t. Also consitthat the potential diffence applied across
its two ends is V.
Now, total amount of work done in moving a charge q from point A to point B is given by:
W = gqxV e (2)
Now, we know that charge = current x time
or q=1Ix1
and V=1 xR (Ohmoés | aw)
Putting the values of g and V in equation (1), we get
W=( x1f x (I xR
or W = I?Rt
Now, assuming that all the work done is converted into heat energy we can replace symbol of
owork donedéhwat hptbducetild6. So,
H = PRt

Applications of Heating Effect of Current

The heating effect of current is used in various electrical heating appliances such as
electric bulb, electric iron, room heaters, geysers, electric fuse etc.

106ELECTRIC POWER

Electric power is the ratg@er unit time at which electric energy is transferred by an
electric circuit.
Let P = Electric power
P=WI/t
P=VI
Where V is the applied gltageand| is the airrentflowing through the circuitSI unit of
power is Volt (V).

Now P = VI
If,V = 1Volt (1V)andl = 1 Ampere(lA), then,
P = 1Watt

Thus, poweris said to bel watt if a potential difference of 1 volt causes 1 ampere of
current to flow through theircuit.
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Bigger units of elecic power are Kilo Watt (KWand Mega Watt (MW)

107Kl R CHHORAVSS
These two rles are commonly knownas Ki rchhof fdés circuit

Ki r ¢ h tawd dealisg with the current flowing around a closed circkii, r c hhof f 6 s
Current law (KCL) while the other law deals with the voltage sources present in a closed

circuit, Ki r ¢ h Wattegd ldws (KVL).

(i) Kirchhoffs FirstLaw ( Kirchhoffds Current Law) KCL

The | aw st algebraic sumhoadll théiclrrkemeeting at any junction point in an
electric circuit is zero
E 10 = I

Let us suppose the currents Il, Iz entering
the junction are all positives in value and the tv

\ ! R
currents 4, Is are leaving the junction are negative
values(Fig. 10.7) then according to KCL I I5
la

i1+ b+ Izg-1s4-1s5=0
i+ L+ I3 = L + Is
Sum of incoming currents = sum of outgoing currents Figure 10.7

(i) Ki r ¢ htsecoéntl baw Ki r ¢ h Waltage lGaw) KVL

The | aw dnaaytclesed laop @ & cirduit, the algebraic sum of products of
the resistances and currents plus gigebraic sum of all the..f. in that circuit is zero.

In any closed circuit E + B E>

Here we use two sign conventiosg. 10.8)

1. If we go from negative terminal of thi
battery to the positive terminal the
there is risein potential and it is T % Ry
considered positive. And if we go fror
positive terminal to negative termina
there is fall of potential and it i
considered as negative. D

r 3
y ¥
.

Figure 10.8

2. If we go with the currentvoltage drop is negative and if we go against the cyrtieat
voltage drop is positive.

In the closed loop ABCD using KVL we get

- B2 -1IR1 - IR + B =0
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SolvedNumericals

Example 1. An emf source of 6V is connected toesistive lamp and a current of 2 amperes
flows. What is the resistance of lamp?

Solution.Given, V=6V and | = 2A

From Ohmoés | ¥wlR we ork n & w/I
R =6/2 =3q

Example 2. An electric fan has a resistance of 100ohmhsis plugged into potential
difference of 220 V. How much current passes througtfieth@
Solution.Given, R =100 ohms and V=220V
We know, | =V/R =220/100
Therefore |2.2A

Example 3. Calculde the total resistance if three resistances of 1 ohm, 2 ohm and 3 ohm are
connected in series.

Solution. Given resistancesR: = 1lohm
R, =2 ohm
Rs =3 ohm

We know thatm seriecombinationR =R, + R+ R3
Therefore R=1+#+3 =6ohm

Example 4 Calculate the total resistance if three resistances of 4 ohm, 1 ohm and 6 ohm are
connected in parallel.

Solution. Given, R: =4ohm

R> =1 ohm
Rs =6 ohm
Form formula we know in parallel combination
1 1 1 1
B i
R R B R
1 1 11 3+12 +2 17
Hence —-—=—+* + = =—
R 4 16 12 12

) 12
Therefore Total resistance, R :1—7 ohm

* %k k k%
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EXERCISE

Multiple Choice Questions

1) The resistance of the wire varies inversely as:

a) Area of cross section
b) Resistivity
c) Length
d) Temperature
2) The curve representing Ohmés Law is a

A. Linear
B. Cosine Function
C. Hyperbola
D. Parabola
3)y Resi stance is a measure of a material ds op

A. Voltage
B. Current
C. Electric Force
D. Movement of protons
4) Give the name ahaterials which contain lots of free electrons

A. Insulators
B. Conductors
C. Semiconductors
D. None of the above
5) Wire wound variable resistance is known as

A. Capacitor
B. Resistor
C. Diode
D. Rheostat
6) Specific resistance of a wire can be measured by formula

A. R/IL
B. RA/L
C. RL/A
D. A/IRL
7) Sum of all potential changes in a closed circuit is zero, stated law is called

A. Kirchhoff's first rule
B. Kirchhoff's second rule
C. Kirchhoff's third rule
D. Kirchhoff's fourth rule
8) Ohmic devices are devices that consequently
A. Obey Ohm's law
B. ObeyKi rchhoffds | aw
C. Violate Ohm's law
D. Obey law of resistances.
9) Product of voltage and current is known as

A. Work done
B. Power

C. Drift velocity
D. E.M.F.
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10)Current of 0.75 A, when a battery of 1.5 V is connected to wire of 5 m having cross
sectional area 2.5 x I(n2, will have resistivity
A. 1 x 10’
B. 1.1 x 10
C. 2 x 10/
D. 2.1 x 10
11)SI unit of electric potential is
A. Ampere
B. Volt
C. Joule
D. Coulomb
12)SI unit of resistance is
A. Ohm
B. Henry
C. Farad
D. Newton
13)Conductance is reciprocal of
A. Resistance
B. Current
C. Voltage
D. Length
14)SI unit of specific resistance is
A. Ohm
B. Ohm metre
C. Square of Ohm metre
D. Farad

Short answer question

What is Electric current?

Define Resistance.

Define Specific resistance.

What is Conductance?

Explain Alternating current and Direct current.

Calculate the total resistance when resistances are connected in series.
Calculate the total resistance when resistances are connected in parallel.
Explain ohmdéds | aw.

Write short note on electric power.

Explain Kirchhoff laws.

If a wire is stretched to de of its length. What will be the new resistivity?

©oNoOA~®ODNE

N
= o

Long Answer type questions

1. Calculate the total resistance when resistances are connected in series and parallel.
2. Explain heating effect of current. Derive the formula for it and what are its
applicatiors?
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a) Three resistors f , 2 q and 3 q are combined

resistance of the combination?

b) If the combination is connected to a battery of emf 12 V and negligible internal
resistance, obtain the potential drop across ezsiktor.

Differentiate between AC and DC.

ExplainKirchhof f 6 s | aw o&nduKr elamohvolthge KYL).

If the resistance of aircuit is 121 and the current of 4 A passes through it calculate

the potential difference. [Ans 48 V]

Electric fan takes a current of 0.5 amp when operated on a 200 V supply. Find the

resistance. [Ans 440 ohms]

Calculate the total resistance when three resistances of 4 ohm, 8 ohm and 12 ohm are

connected in series. [ Ans 24 ohm ]

Calculate the totalesistance when resistances of 2 ohm and 2 ohm are connected in

parallel. [ Ans 1 ohm ]

10. Calculate the power generated in a current of 2 A passes through a conductor having a

potential difference of 220 V. [ Ans 440 W ]

Answers to multiple choice questias

1) A 2) A 3) B 4) B
5) D 6) B 7) B 8) A
9) B 10) A
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Chapter 11
ELECTROMAGNETISM

Learning Objectives:After studying this chapter, students will be able to;

- understandhe magnetic fieldssociated wittilow of currentand related parameters
- classify materials on basis of magnetic properties
- describe magnetic flux and magnetic lines of force

11.1 ELECTROMAGNETISM

Electromagnetisnor magnetism in genera thestudy ofproduction of magnetic field
when current is passed through a conductarious terms associated with magnetism are;

Magnetization (1)

It represents the extent to whéichhaterialis magnetizewhen placedn a magnetic
field. It is given bymagnetic moment per unit volume mfaterial.
M

\Y,

where M is magnetic moment and V is volume of the material.

Unit: Ampere/meter
Magnetic Intensity (H):

It is the @pability of magnetic field to magnetiaeanagnetic material
Magnetic Permeability ( € )

It is property of material and defined as the degree to which magnetic lines of force
can penetrate the medium.

Magnetic susceptibility (6):

It is a popertywhich determines how easily a specimen can be magndtisediven
by ratio ofmagnetization andhagnetic Intensity.
_

H
Typesof Magnetic Materials:

On the basis of behaviour of magnetic materiamagnetic field, the materiglare
divided in to three categories:

1. Diamagnetic materials:
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The materials when placed in magnetic field, acquire magnetism opposite to the
direction of magnetic field. Themagnetic dipoles in these substances tend to align oppmsit
the applied fieldandtends to repel the external field around it.

1 Diamagnetic substances have tendency to move from stronger to the weaker magnetic
field.

1 When rod of diamagnetic materia placed in magnetic field, it aligns perpendicular
to the magnetic field.

1 Permeability of diamagnetic material is < 1.

Examplesgold, water, mercurygraphite leadetc
2. Paramagnetic materials:

Paramagnetic substances are those which get weakly magnetized when placed in an
external magnetic fieldThese materials show weak attraction in magnetic field. The
magnetic dipoles in the magnetic materials tend to align along the applied magnetic field.
Such materials show weak feeble magnetization and the magnetization disappears as soon as
the externaliéld is removed.

1 Permeability of parmagnetic material is > 1.
1 The magnetizationl] of such materials dependent on the extemegnetic field B)
and temperatur€r) as:

| = CE
T
Where Cis theCurie constant
Examples sodium, platinumliquid oxygensalts of iron and nickel.
Ferromagnetic materials:

Ferromagneticubstances are those which gebngly magnetized when placed in an
external magnetic fieldThey exhibit the strongest attraction in magnetic field. Magnetic
dipoles in these materials are arranged into domains.

CORRN
El

(b)
Figure 11.1

These domains are usually randonudgientedas showrnn Fig. 11.1 (a) and net
magnetism is zero in the absence of magnetic field. When an external field is applied, the
domains reorient themselves to reinforce the external field as showig.iil.1 (b)and
produce a strong internal magnetic field that is akbregexternal field.
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These materialshowmagnetism on removal of magnetic field.

Examples ardron, cobalt, nickel, neodymium and their alloyiheseare usually highly
ferromagnetic and are used to make permanent magnets.

11.2MAGNETIC FIELD

The space around a magnetic material or a moving electric charge within which the
force of magnetism can be experienced.

Unit: Tesla (Wb/nf)

Magnetic field lines of a bar magnet Magnetic field lines Magnetic field lines
between unlike poles between like poles
(@) (b) (©
Figure 11.2

Magnetic lines of force:

Curvedlinesused to represent magnetidield, drawn such that the number of
linesrelates to thenagnetidield's strength at a given po{fig. 11.2).

Properties of magnetic lines of force

() The magnetic field lines of a magnetrh continuous closed loops.

(i) The tangent to the field line at given point represents the direction of the net
magnetic field B at that point.

(iif) Larger the number of field lines crossing per unit area, the stronger is the magnitude
of the magnetic field B.

(iv) Their density decreases with increasing distance from the. poles

(v) The magnetic field lines do not intersect with each other.

(vi) They flow from the South Pole to the North Pole within a material and North Pole to
South Pole in air.

Magnetic flux:

The total number of magnetic field lines crossing through given surface Satesld
perpendicular to direction of magnetic fiddd
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f =B S Cog
Unit: TheSI unit of magnetic flux is theveber(Wb)
Magnetic | ntensity:

Itis
theamountof magnetidlux in a unit areaperpendiculato thedirection of magnetidlow.

11.3 ELECTROMAGNETIC INDUCTION

Theinductionof an electromotive force by the motion of a conductor across a
magnetic field or by a change in magic flux in amagnetic fields calledelectromagnetic
induction.

It is used in electrical motor, generator étcgenerate electricity.

*k k%% *
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EXERCISES
Multiple choice questions

1) The direction of a magnetic field within a magnet is
A. Front toback
B. north to south
C. south to north
D. west to south

2) When the speed at which a conductor is moved through a magnetic field is increased,
the induced voltage
A. Increases
B. decreases
C. reaches zero
D. remains constant

3) An electromagnetic field exists only when thege i
A. Current
B. voltage
C. increasing current
D. decreasing current

4) When the north poles of two bar magnets are brought close together, there will be
A. No force
B. Downward force
C. Force of attraction
D. Force of repulsion
5) E.M.F can be induced in a circuit by
A. changing magnetic flux density
B. changing area of circuit
C. changing the angle
D. all of above
6) Total number of magnetic field lines passing through an area is called
A. magnetic flux density
B. magnetic flux
C. em.f
D. voltage
7) Basic source of magnetism
A. Charged particles alone
B. Movement of charged patrticles
C. Magnetic dipoles
D. Magnetic domains
8) Example for paranagnetic materials
A. super conductors
B. alkali metals
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C. transition metals
D. Ferrites

9) Example for ferremagnetic materials

A. super conductors
B. alkalimetals

C. transition metals
D. Ferrites

Short Answer type question

© N g~ wNE

Define magnetic flux and write its unit.

Define electromagnetic induction with example

Define magnetic field.

What is unit of magnetic field?

What is magnetisusceptibility?

Write applications of EMI.

Define magnetic field intensity.

What is the relation between Magnetization and Magnetic field?

Long Answer Questions

1.

o gk wN

What are magnetic lines of force? Write their properties.

Explain type of magnetic materials.

Explain ferromagnetic materials with their magnetic domains theory.

Explain difference between electric field and magnetic field.

Differentiate between paramagnetic and ferromagnetic materials with examples.
What is electromagnetic induction? Give its aggtion along with its working.

Answers to multiple choice questions

1) C 2) D 3) C 4) D
5) D 6) B 7) B 8) A
9) C
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Chapter 12
SEMICONDUCTOR PHYSICS

Learning Objectives. After studying this chapter, students should be able to;

- Understand concept @nergy levels and energy banid solids
- describesemiconductor materialsheir types andoping
- explain semiconductor junctions, junctidiodes, andtransistors,

12.1 ENERGY LEVEL AND ENERGY BANDS

Energy Levels:
In an atomglectrons cannot revolve in any directitwit are confined to well defined

energy sties These states are calledergy levels
There are three tyg®f energy leved:

1. Ground level: This refers to the lowest energy state in the systemh (Ehus the
completely deexcited atoms would occupy this level.

= Excited State

Metastable State

Grond State

E

2. Excited level: any level above the ground state is excited stafe {lBe atom can stay in
excited state only for 1s. After this time the atom will lose its energy in the form of
radiationand come back to ground state.

3. Metastable level: This level lies in between the excited and ground levelys (B
lifetime is 100 times more than excited state.

Energy Bands:

When two atoms are brought closer to form a solid, the energy levetsoogdted due to
mutual interactioa Each energy level split into two leggbne having energy higher than the
original levelandanother having lower energy.
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Empty conduction band

Band energy /

Conduction band

Forbidden gap

Electron \

Full valence

Figure 12.1

Now when a large numbef atoms (n)comecloser to each other, each energy leve
splits into a large numbeaf levels. As a result a large number of discrete but closely spaced
energy levels are formed. These are called Energy Bands. The inner shells however remain
unaffected by neighbouring atoms. Because they are shielded by the outer electrons of their
own goms.

The highest energy band occupied by the valence electrons is ttedledlence
band. Above this band thelees an empty band called tleenduction bandThese bands are
separated by an energy gap knowrabidden Gap (Eg)as shown in fg. 12.1.

122 TYPES OF MATERIALS

On the basis of the forbidden gapgXEthe material can be divided into following
categoriegFig.12.2)

Insulators: These are poor conductors of electricRprbidden gap for thesematerisds€g =

5- 6 eV.The energy gap between valence band and conduction band is very large. Hence
valence electrons will not be freed and no current will fl@xamples are aper, wood,

plastics.

Conductors:Metals or good conductors are thosubstances which can condbetat and
electricity through them easily as there are many free electrons.In case of conByetors
Oi.e. valence band and the conduction band overlap each &hemples are @Qpper,
aluminium, goldetc

Semiconductors: The conductivity of a semiconductor lies between that of conductors and
insulators.in case of semiconductorSgis of the order ofl -2 eV.

At absolute zero temperature, the conduction band is totally empty and there is no
flow of current. So these materials act as insulators at room temperature. But at the higher
temperature, some valence electrons acquire sufficient energy to go in thectmondu
band.So ahighertemperatures these materials start working as conduiees a small
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electric field can cause a flow of curremt such materials. Examples a&licon (Si),
Germenium (Gegtc

Empty Conduction
band Almost full
Almost Empty conduction band
Conduction band
e © o o

OeV

valence band

Insulator Semiconductor Conductor

Figure 12.2
12.3 INTRINSIC AND EXTRINSIC SEMI CONDUCTORS

Intrinsic Semiconductors. A semiconductor, which is quite pure and completely free from
any impurity, is calleén intrinsic semiconductor. E.§ilicon (Si) andsermanium(Ge).

They have four valece electrons. Each of the fou
electrons formovalent bondwith neighboring four
atoms. By forming such covalent bonds, there is
free electron at absolute zero temperature. At rc
temperature some electrons break away from
covalent bond ancknter into the conduction bani
Each electron leagdehind a vacancy known as hole

Hence in pure semiconductors both electr
and holes constitute current and the numbers of tl
Figure 12.3 two types of charge carriers are equalness nn

Extrinsic Semiconductors

A doped semiconductor is called an extrinsic semiconductor.The addition of a
desirable impurity to @emiconductor is called doping and the impurityatoms added are
called dopants.

n-Type Semiconductor:

When a small amount ofeptavalent impurity (e.gPhosphorous, Arsenic etc.) is
added to an intrinsic semiconductor (Si or Ge), it provides a large numbers of free electrons.
The semiconductor ihien, called ftype semionductor.

Because impurity atom has five valence electrdoar of these will form covalent
bonds, but one excess electron will be left free.Hence the current carriers are electrons.
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