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CHAPTER -1

UNITS & DIMENSIONS

Physical quantities:

The quantities which can be measured and in terms of which the laws of Physics are
expressed are called Physical quantities.

Fundamental Units:

The physical quantities like mass, length and time which can be defined independently are
known as fundamental or base quantities.
There are seven fundamental quantities

1) Mass — M

i) Length—L

i) Time-T

iv)  Temperature — K or 6

v)  Electric current—Aor |

vi)  Luminous Intensity — Cd (candela)
vii)  Amount of substance - Mole

Derived Quantities:

The physical quantities which can be derived by using the fundamental quantities are
known as derived quantities.

Ex: velocity, Force, Momentum, work etc.

System of Units:

1. C.G.S System (Centimetre-Gram-Second) / French System: It is a system of units
in which length, mass and time are taken as 1 centimetre, 1 gram and 1 second
respectively.

2. M.K.S System (Metre-Kilogram-Second) / Metric System: It is a system of units in
which length, mass and time are taken as 1 metre, 1 kilogram and 1 second
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respectively.

3. F.P.S System (Foot-Pound-Second) / British System: It is a system of units in
which length, mass and time are taken as 1 foot, 1 pound and 1 second respectively.

4. S.1. System: It is a system of international standard in which there are seven
fundamental and two supplementary units.

Fundamental Units:

» Mass — Kilogram

* Length- metre

* Time- second

* Electric current- Ampere
 Temperature- Kelvin

* Luminous Intensity—Candela
» Amount of substance- Mole

Supplementary Units:

* Angle — radian * Solid angle - steradian

Dimensions:

The dimensions of a physical quantity are the powers of the fundamental quantities to
express that physical quantity.

Dimensional Formula:

The dimensional formula of a physical quantity is the formula or expression in terms of
the fundamental quantities to express that physical quantity.

Sl Quantities Dimensional formula S.1. Units
No

1 Velocity Displacement _ L _ [LT 71]
Time T
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The dimensional formula of velocity is[LT*] | m/sec
The dimensions of velocity are (1, -1) of length
and time respectively.
2 Acceleration | Velocity LT 7]
Time T m/sec?
3 Force Mass x Acceleration =M x LT?=[ MLT?] Newton
4 Momentum | Mass x velocity =M x LTt =[ MLT?] kg m/sec
5 Impulse Force x Time =MLT2xT=[MLT?] Newton.Sec
6 Pressure Force MLT? 2
MIL'T
Area  L? [ ] N/m?
7 Density Mass M B
ML
Volume | ° =] Kg/m?3
8 Work Force x Displacement = MLT?x L =[ ML?T2] | Joule
9 | Kineticenergy | 1 >_ \x LT =[M!L2T?] Joule
2
10 Potential mgh=MxLT?xL=[M!L2T?] Joule
energy
2 -2
11 Power Work M*LPT [M L2 Watt
Time T
12 Frequency 1 [M LoT 71]
Time Time (Sec)=
Hertz
13 | Gravitational | Fr? MLT 2L’ M17 ]
Constant (G) | MM,  M? N.m?/ Kg?
14 Angle Arc L [M L°T°] (Dimensionless quantity) i
Radius radian
15 Angular AngularDlspIacement _MOLT? [M oot _1]
Velocity Time B B radian/sec
16 Angular Angular Velocity M°LT™ [M oL o7 _2]
acceleration Time B B radian/sec?
17 | Coefficient of

friction

No Unit
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Force of friction _ MLT 2 _ [M o 070 ]
Normal reaction MLT
(dimensionless)
18 Relati_ve Density of the Body _ ML _ [M °L°T°] _
Density Density of water ~ ML No Unit
19 Specific heat Amount of heat ~ M'L’T? [M 0 27 2 4
Mass x Change intemp M x K Kcal/Kg °C
— -
20 Electric field Force _MLT* _ [MLT ’SA’l]
Charge AT N / Coulomb

Principle of Homogeneity:

The principal of homogeneity states that the dimensional formula of every term in
both sides of a correct relation must be same.

Uses of Dimensions:

1. To convert the values of a physical quantity from one system to another.
2. To check the correctness of a given relation.
3. To derive a relation between various physical quantities.

Q. Check the correctness of the following equation by using dimensional method.

1) V=u+at
i) S=ut+%at’
i) v?-u®=2aS
Ans. i) V=u+at
Dimensional formulaof V= LT?]
Dimensional formulaof u=[LT*]
Dimensional formulaofat=[LT?][T] =[LT?]

Since, the dimensional formula of all the three terms are same, the equation is
dimensionally correct.
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i) S=ut+%at?
Dimensional formulaof S=[ L]
Dimensional formulaof ut=[LT1][T] =[L]
Dimensional formulaof %2 at?=[LT2][T?] =[L]

Since, the dimensional formula of all the terms in the above equation are same, the
equation is dimensionally correct.

iii) vZ2—u?=2aS

Dimensional formulaof v2=[LT1]? =[L2T?]
Dimensional formulaof u?=[LT?]2=[L?2T?]
Dimensional formulaof 2aS=[LT2][L]= [L?T?]

Since, the dimensional formula of all the terms in the above equation are same, the
equation is dimensionally correct.

The time period (T) of a simple pendulum depend upon the lenth (L) and
acceleration due to gravity (g) dimensional method derive the expression for
the time period (T)

A: Let, TalLX
a g¥

combining these two equation, T a L*gY
= T=KL*g¥ (K isa Dimensionless constant)
Now, writing the dimensional formula of both the side

MLPTH] = [L¥[L2T2P
— [MOLOT]=[L XY T¥]

Now using the principle of homogeneity
Xx+y=0 and 2y=1 = y=% = X=%

Thus the equation, T = KL*g¥ becomes

Engineering Physics 5 Sradhanjali Das



KIT POLYTECHNIC

T=KL*g*

T-k
g

The centripetal force (F) depends upon mass of the particle (m), velocity (v)
and radius(r) of the circular path. Using dimensional method derive the
expression for the this force.

Lett Fa m?

combining, F o m? rove
F=K m?rbye
Writing the dimension formula,
MILET? ] = [MP[P[LTH T
[MILIT2]= M2 rbre T

Using the principle of homogeneity

a=1, b+c=1 ,-C=-2, b=-1 =c=2

The equation becomes, F =K m?rbve

So, F=Kmrtyv?

2
Fog MV
r

Q. Using dimensional method check the correctness of the following equations.

2
) g="M i) Tzzﬁ\ﬁ i) F =T
R g r
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UNIT-2
(SCALAR & VECTOR)

Scalar quantities:

The physical quantities having only magnitudes are known as scalar quantities.
Ex. Mass, Length, Volume, Temperature, Electrical Charge etc.

Vector quantities:

The physical quantities having both magnitudes and directions are known as vector
guantities.

Ex. Displacement, Velocity, Acceleration, Force, Momentum etc.

A vector quantity is always represented by a line segment with an arrow head (A)

Types of Vectors:

o Equal Vector:
The vectors are said to be equal if they have the same magnitude and direction.
¢ Negative vector:

A vector is said to be negative of other vector if they are equal in magnitude and
opposite in direction.

e Unit Vector:

A unit vector of a vector is that whose magnitude is 1 unit and its direction is along
the original vector.

| >

A=

>

A‘ =
e Co-llinearear Vector:

) Parallel vector: Two vectors acting along same direction are called parallel
vectors angle between two vectors is 0°.

i) Anti parallel vector: Two vectors which are directed in opposite directions
are called anti parallel vectors. Angle between two vectors is 180°.
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e Co-planar Vector:

Vectors situated in one plane irrespective of their directions are known as co-planar
vector.

e Orthogonal Vector:

Two vectors are said to be orthogonal if they are perpendicular to each other. Angle
between two vectors is 90°.

e Orthogonal unit vector:

The vectors whose magnitudes are one unit each and orthogonal to each other are
called orthogonal unit vectors.

i, ] and kare the unit vectors along X — axis, Y-axis and Z-axis respectively.

Y

ST

Triangle law of vector addition:

Bsing

Resultant vector and its direction by triangle law of addition
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If two vectors are represented by the two sides of a triangle, taken in the same order then
the resultant vector is represented by the third side of the triangle in opposite order.

Magnitude of the Resultant VVector

R =+vA2 + B2 + 2ABC0S0O

The direction of the Resultant VVector

Bsin @
A+Bcos @

B =tan’

Parallelogram law of vector addition:

e . — [ » 3
R= Rl A+B|=vVA" + B~ +2ABcos0

|*— Bcosd —

The parallelogram law of vector addition states that if two vectors are represented by the
adjacent sides of the parallelogram taken in the same order then the resultant vector is
represented by the diagonal passing through the common point taken in opposite order.

Magnitude of the Resultant VVector

R =+/A2 + B2 + 2ABC0SH

The direction of the Resultant VVector
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Bsin @
A+Bcos 6@

B =tan

Special Cases:

I ) When the vectors acting along the same direction
e 8 =0°,cos60 =1,sinf =0
So,R= A+ B (Maximum) & S =0°
I1) When the vectors are perpendicular
I.e 8 =90°,cos6 =0,sind =1
So,R=VAZ+B? & B=tan? (3)
I11 )When the vectors are acting in opposite direction
i.e 8 = 180°,cosf = —1,sin =0
So,R=A-B (Minimum) & B=0°

Q .If the magnitude of resultant of two forces is equal to the magnitude of either of
them. Find the angle between them .

Ans. Giventhat R=A=B

So R=+VA2 + B2 + 2ABC0OSO
A? = A2+ A%+ 2 A’cosO

A? = 2A? +2 A’cos6

A? = 2A? (1+cosh)
=(1+cosf)=1/2

= CosO = —%

=0 = 120°
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Q .The magnitude of resultant of two forces (A + B ) and (A -B) is+/(34% + B?).
Find the angle between them .

Ans : GiventhatP=(A+B) ,Q=(A-B) ,R={/(34%? + B?)
Since R =/P2 + Q% + 2PQCOSH

JBAZ+B2)=/(A+B)2+A—B)2+2(A+ B)(A — B)cosf
3A% +B? = 2A%+ 2 B2 + 2 (A2 — B%)cos6

A?-B?= 2 (A2 - B?)cosf

= C0sf =%

= 0 = 60°

Resolution of a vector :

It means splitting of a vector into its components which when added gives the
original vector.

A=AT+A ]
here,
cos¢9:A sin@ ="~
A
A, =Acosé A, =Asing
A= Ai+A§

A=Axf+AyJ°+Ak

A=A+ A+ A
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Q. One component of a force making an angle 60° with horizontal is 20 N. Find
the other component.

Ans. One component

Fx = Fcoso = 20=Fcos0O
:>2o=§ - F= 40N

So another component

Fy = F sin 0 = 40 sin 60° = 40x§

Fy =203 N

Q. One component of a force 65 N is 25 N ,then find the other component.

Ans Since, F=|F.+F., = (65)*=(25) + F/?
—  FP=4225-625=3600 =  F,=60N

Dot product of the vectors (scalar product) :

e The dot product of two vectors is defined as the product of their magnitude and the

cosine of the angle between them. i.e Ae B = ABCOSH

e The dot product of two vectors is always a scalar quantity.
e Example: W =F S = FSCOS#

o If9=0° AeB=AB

o If 9=90° AeB=0

o If =180° AeB=-AB

e The dot product is commutative in nature i.e AeB=BeA

e The dot product is distributive in nature i.e Ae(B+C)=AeB+AeC
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® Unit vectors of dot product

A

of:joj:kolZ

-

1

Py

f.j: -.k\zk\.i\

a »n

0 ,j.i\zk\.-zi\.k\:o

® Dot product in terms of rectangular components
A=AT+AT+AKk & B=B,i+B, i+B,k
AsB=(AT+A i+ AKN(B,iI+B,i+B.K)
A.ézla\xBx+A\(BY+lA\sz

e AeB=ABCOSH cosg_P*B
! AB

Cross product of the vectors (vector product) :

KIT POLYTECHNIC

e The cross product of two vectors is defined as the product of their magnitude,

the sine of the angle between them and the direction is perpendicular to the

plane containing the vectors. i.e AxB = ABsin &

»
»

e The dot product of two vectors is always a vector quantity.

e Example: L=rFxp
(] IfH:OO'AX§:O
o If9=90° AxB=1

o If 9=180° AxB=0

e The cross product is not commutative in nature i.e AxB=BxA &

e The cross product is distributive in nature i.e Ax(B+C)=AxB+AxC

Engineering Physics 1
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Unit vectors of cross product :

Cross product in terms of rectangular components :

If A=Ai+AJ+AKk & B=B,i+B,i+B,k

=i (AyB; — A:BY) — j (AB— ABX) + k (ABy — AyBX)

If A=3i—-2j+k,andB=5i+2]j—3k then find Ae B?

If A=5{-2]+3k,B=i+2]j—k and C=3i+2k then find Ae(BxC)

If AeB=1/3 |AxE] find the angle between two vectors.

If AeB= ‘Ax I§‘ find the angle between two vectors.

A=2i —j+3k and B=i +5j—-2k find AeB and AxB

Find theanglebetween twovectors (i —2j —5k) and (27 + j —4k).

F=5i +3j—2k and S=4i+7j+k find the work done

If A=6i—nj+3k, B=5i+2j—nk , are orthogonal to each other then find the value

of n.

A=i—j+3k and B=5i +5j Find AxB
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UNIT -3
KINEMATICS

Equations of motion

1)
2)
3)
4)

AnS:

Let, u- Initial velocity

v — Final velocity

a - acceleration

S- displacement

t - Time period
Velocity after t- second, v =u + at
Displacement after t second, S= ut+1/2 at?
Velocity after a displacement S, v? —u? = 2aS
Displacement during nth second, Sy = u+a/2(2n-1)
When a body starts from rest, u=0
When a body comes to rest v=0
In vertically downward direction, a=g, u=0

In vertically upward direction, a=-g, at the highest point v =0

The velocity of a body increases, at a constant rate, from 10 ms? to 25ms™ in 6
minute. Find the acceleration and the distance travelled.

Given,u=10ms? , v=25ms?, t=6 minute =360 Sec
Using the equation of motion, v =u + at

qo vy _ 25-10 15 1
t 360 360 24

Using, vZ—u? = 2aS
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vZ—u? 625-100

S— _
2a 2x1/24

=6300M=63Km

Q. A car moving with a velocity of 30 ms is stopped by the application of brakes
which impart a retardation of 6 ms to the car. how long does it take for the
car to come to a stop ? How far does the car travel during the time brakes are
applied?

Ans: Given, u=30ms!, v=0, a= -6ms?
Using the equation of motion, v =u+ at
0=30-6t
6t=30, so t=5 Sec.
Using, Using, vZ—u?® = 2aS

vZ—u? 0-900

S: = =
2a 2x(-6)

75m

Projectile motion:

A projectile is a body which is thrown with some initial velocity and as it moves no
other energy is given to it. It moves under the action of gravity. The motion of the body is
known as projectile motion.
* The path followed by the projectiles is known as trajectory.
Ex. 1) A bomb dropped from an aeroplane.

2)  Abullet fired from a gun

3) A ball thrown into space.

Projectile fired making an angle 6 with horizontal:

usinGA

A
X
v
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Consider a projectile fired making an angle 6 with horizontal, with a velocity u.
Resolving the velocity into 2 components.
) ucos, along horizontal direction
1) usin®, along vertical direction
it is non-uniform as the body moves. It gradually decreases and becomes zero at the

height point P.

Equation of trajectory (path of the projectile) :

It is a relation between the horizontal and vertical equation of motion of the
projectile.
Horizontal equation of motion:

X = (ucosO) t

X
ucosd

= =

Vertical equation of motion

y = (usin@)t — ¥ gt?

= y—(usioné?)( X j—lg( X jg
ucos@d ) 2 \ucosé

2

N y_usion&_lg X
ucosd® 2 u?cos’é

= yﬂanéX—(L)x2
2u’cos’ 6

This equation represents a parabola. Thus, the path followed by a projected is parabolic in

nature.

Maximum Height:

It is the maximum distance covered by the projectile in vertical direction.

Consider the motion in vertically upward direction.
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(usin®)?=2(-g) H

= - U%in%0 = -2gH

= _u’sin?@

29

H

Time of ascent:

It is the time taken by the projectile to reach at the highest point from the point of
projection.
Consider the motion in vertically upward direction.
Applying, v=u+at

= 0=usind - gt

= _using

g

t

Time of Flight:

It is the total time taken by the projectile during motion.

Since the time of ascent is equal to the time of descent so that total time taken
T=2t

_2using
g

T

Horizontal Range:

It is the distance travelled by the projectile in horizontal direction.
R =(ucosd)T
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2usin 9)

= R:(ucose)[ 5

_ u?2sin 6.cosd
9

= R

2 -
- R:u Sin 26
g

The range will be maximum if,

Sin20=1
= 20=90°
= 0=45°

2
So, maximum horizontal Range , R, =
g

Q. Find the angel of projection for which the horizontal range is equal to the

maximum height.

A: R=H
u?sin26 u®sin?é
— =
g 29

sin® o

= 2sin 8.cos@ =

= 2c030:M
2
= 4c0s@ =sin@

— 4 Sino@
cosd

= 4=tand
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= 0=tan'(4) or cot!(1/4).

For what angle the horizontal range should be maximum?

_u’sin, @
g
Ifsin26=1=26=90 —=0=45°

R

Angular Displacement (6) :

When a particle moves in a circular path. The angular displacement is the angle
subtended by the radius vector at the centre. Here 0 is the angular displacement.

Dimension = [ M°L°T? ]

=  When a body completes a circular path, its angular displacement is 2x

Angular velocity (o)

It is the rate of change of angular displacement of the body.

W=

- |

Unit: radian / sec

Dimension: [ MOL°T ]

Change inangular displacement
Changeintime

= Average angular velocity =

!

:92_ 1

av tz _ tl

10)
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= Instantaneous angular velocity

P=—"
dt

= If Vs the linear velocity

Vzﬁzi(re) d9
dt dt dt

U
<

=rm
= If abody completes a circular path in a time period T, the angular velocity.

_2z
T

[

=  Ifnor fis the frequency of revolution,
1

T

So, a)=2—”=27zf
T

Angular Acceleration («) :

S

It is defined as the rate of change of angular velocity, a=—

Unit : radian /sec?
Dimension : [ M° L° T2]

G Avg = changeinangular velocity o, — @,
changeintime t,—t

= Instantaneous angular acceleration

do

a=-—=
dt

= If ‘a’ 1s the linear acceleration

a_dV_d(a ) do

=—=—(aw)=r—-=ra
dt dt dt

Engineering Physics 2 Sradhanjali Das
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Find the angular velocity of the second hand of a watch.
a)=2—ﬂ=2—ﬂ=£rad /sec.
T 60 30
* For minute hand o =—2%— = " _rad /sec.
60x60 1800
* For hour hand o= — 2% % vad/sec.

12x3600 21600

The length of the second hand of a clock is sem find it, linear velocity
r=>5cm

Angular velocity of second hand

a)zz—”zirad/sec.
60 30
V=TIrw
= v=5><£=£=3'ﬁcm/sec:0.520m/5ec.
30 6 6
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UNIT -4
WORK AND FRICTION

WORK

e Work is said to be done when the force acting on a body and the body displaces through certain

displacement and force has a component along the displacement.
W =F S = FSCOS ¥

Case |

(If 6=0°,cos8 =1 = W = FS (Positive work)

I.e The work done is positive if the force and displacement are in same direction.
Case 11
(If 8 =180°,cos80 = —1 = W = —FS (Negative work)

I.e the work done is negative if the force and displacement are in opposite
direction.
Case 111
(If 6 =90°,cos60 = 0 =W =0 (Zerowork)

I.e No work is done when the force and displacement are perpendicular to each
other .

e Dimensional formula of work =[ M*L?T2]
e Sl unit of work Joule
1Joule=1Nx1m
e CGS unit of work erg
lerg=1dynex1lcm
e 1Joule= 107erg
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Friction :

e When a body moves over a rough surface the force which opposes the motion of
the body is called force of friction .

e The force of friction is always opposite to the direction of motion .

e |t acts parallel to the surface .

e The force of friction depends upon
1) Nature of two surfaces in contact.

2) The normal reaction with which the body and the surface being pressed together

=~

=h

f, — force of limiting friction
f, — force of kinetic friction

Force of friction

Applied force

Static friction :

The force of friction between the body and the surface so long as there is no relative
motion is called static friction .

Limiting friction:

The maximum value of the static friction is known as limiting friction.

Dynamic friction:

Engineering Physics 2 Sradhanjali Das
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The force of friction between the body and the surface so long as there is a
relative motion between them is Called dynamic friction .

Laws of limiting friction:

1. The force of friction depends upon the nature of two surfaces and it is
opposite to direction of motion of the body.

2. The force of friction acts parallel to the surface .

3. The force of friction directly proportional to normal reaction .

i.,e FoR = F=puR (pisthe coefficient of friction)

4. The force of limiting friction is independent of the area of contact till the
normal reaction remains constant

Coefficient of friction:

The coefficient of friction between two surfaces is defined as the ratio
between the force of friction and the normal reaction .
F=uR
= U=F/R
K has no unit and dimension .

Methods of reducing frictional force :

By rubbing and polishing the surfaces .

By using the lubricants.

By decreasing the area of contact between the body and surface .
By streamlining .

HwnhE
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UNIT-5
Gravitation

Newton’s law of Gravitation:

The gravitational force of attraction between two bodies is directly proportional

to the product of their masses and inversely proportional to the square of the
distance

between them.

Consider two bodies of masses M and M, separated by a distance r.

FaMM,

Fallr? Q r

. : M
Combining these two equations M.
= F=cMM

r2

Where G is known as universal gravitational constant.

Fr2

G=
MM,

If My =M, =1unit, r=1 unit.
then, G=F
so, the gravitational constant is defined as the gravitational force of attraction between
two bodies each of mass 1 unit separated by a distance of 1 unit.
e The value of G is same everywhere in the universe.
G =6.67 x 10 Nm? / Kg? (in M.K.S system)
G =6.67x10®%dynecm?/g®> (inC.G.S. system)

e Dimension : [ M1L3T?]
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Relation between g and G :

The force with which a body is attracted towards the center of earth is called
gravity. M
Consider a body of mass ‘m’ placed on the surface of ea

The weight of the body = mg
Earth
The force of attraction between the earth and the body "

Mm
R2

F=G

Where, M — Mass of earth

R — Radius of earth
Mm

R2

So, mg=G

= g= G% ( This is the relation between g and G )

e The value of ‘g’ on the surface of earth.
g = 9.8 m/sec? = 980 cm / sec? = 32 ft / sec?
e The value of ‘g’ is independent of the mass of the body.
e It depends upon mass and the radius of the planet
e Since the value of g is different for different places, the weight of a body is

different at different places.

Difference between Mass and Weight :

Mass Weight
e The mass of a body is the amount e The weight of a body is the force
of substance contained in the with which the body is attracted
body. towards the center of earth
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e Mass of body is same at all e Weight of a body is different at
points. different places due to variation
of g.
e Mass is a fundamental quantity. e Weight is a derived quantity.
e Mass is a scalar quantity. e Weight is a vector quantity.
e Unit: Kilogram e Unit: Newton, Kgf
gram Dyne, gmf

Variation of g with Altitude / Height:

The acceleration due to gravity at any point on the surface of earth.

_ M
g=6; -
where, M = Mass of earth.

R = Radius of earth.

The acceleration due to gravity at a height ‘h’ from the surface of earth

y !
glzem '(2) h
., g_,

g R
2h
= togl1-=—
g g( Rj
2gh
Or log-22
g =g R

= g-g'ah
I.e with increase in height from the surfaces of earth the acceleration due to
gravity decreases.

e Loss in weight of a body.

Engineering Physics 2 Sradhanjali Das
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Variation of g with Depth :

The acceleration due to gravity at any point on the surface of earth.

M
9=G?

Where, M — mass of earth, R — Radius of earth

At a depth‘d’ from the surface of earth

gt =g (1-d/R)
1_gq_9d

= 0=9¢ R
gt 9d

= g Q—R

= (g - gl) a d
With the increase in depth from the surface of earth the acceleration due to gravity
decreases.

At the centre of earth.

d=R
So0,0=9 (1-R/R)
= ¢g(1-1) =0

= 0 centre = 0
I.eThe acceleration due to gravity at the centre of earth is zero. So the weight of a

body at the centre of earth is zero.

Q. The mass of moon is %0 times and its radius is % that of earth.

Find the acceleration due to gravity on the surface of moon.
If a body weights 50 kg on the earth . What will be its weight on the surface of
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moon.
Al ) MmziM : RmziR
80 4
M
On earth, g=G?
On moon, g, =G M“;
Rm
2
Dividing, 9" = Mu , R
g M R;
= Gl gp_10_1
g 80 80 5
= g,=9-2%_196m/s?
5
i) wt.of abody onmoon 9,1
wt.of thebody onearth g 5

= wt. of the body on moon = %xwt. of the body on earth.

%xSOlekgf

Q. A body weights 36 kg wt on the surface of earth. How much will it weight on

the surface of a planet. Whose mass is % and radius % that of earth.

A Mp:Me, sz&
9 2
g M R ?

LTI B ) R ST

ge e p 9

= W :gxwe:gx36:16kgwt
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Find the acceleration due to gravity at a depth equals to half of the radius of

earth.
d=R/2

At a depth, g —g(l——j

oo

= g =E=97_49m/sec

Kepler’s laws of planetary motion:

1t law (law of orbit)

All the planets revolve around the sun in elliptical orbits and the sun is situated at

one of its foci.

e P
e T
L ]’lunul
L
o i
) Y
.r/ 5 \\"t
¥
f i
i \
.| A
1 * |
| | f
W ¥
'l.\ _."
. Sun /..-"
. -~
‘I“-\-‘-‘- lI-.I__.lll'li-
[ S Elliptical orbit

2"d law (law of area) :
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When a planet revolves around the sun it sweeps out equal area in equal
interval of time

I.e. during planetary motion the areal velocity remains constant.

dA_ Constant.
dt

3" law (Law of time period or Harmonic law) :

Plamet

foti af the elipse

SUN

When a planet revolves around the sun the square of the time period is proportional to the
cube of the semi major axis.

T?a R?

TZ
— .= constant.
R
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For two planets, L =1
=

UNIT-6
Oscillations and Waves

Simple Harmonic Motion (SHM):
The motion of a particle is said to be simple harmonic if
1) Its acceleration is directly proportional to displacement .

i) The acceleration is directed towards the mean position.

I.e Acceleration and displacement are in opposite direction.

aay
a=-m?, -vesign is due to the acceleration and the displacement are opposite

to each other.

Displacement:
The displacement of a particle executing SHM at any time is the distance from the

mean position.
In A OMP

sin ot =~ =Y
OP r

y =rsin ot
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At mean position,y =0
At extreme position, y=r (Maximum)
The maximum displacement of a particle executing SHM is known

as the amplitude.

Velocity:
The rate of change of displacement of the particle is called velocity.
v
dt

d .
V =— (r sin wt
Olt( wt)

V =rwcoswt
22
Coswt = PM = r-y
OP r

S0, V =wr*-y?

At mean position, y=0, V=re (Maximum) |,

At extreme position, y=r, V=0 (Minimum)

Acceleration:
It is the rate of change of velocity of the particle.

_dv

a=— azg(ra}cosa}t)
dt dt
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At mean position, a=0 (minimum)

At extreme position, y=r, a= w?r (Maximum)

KIT POLYTECHNIC

Q. A particle exciting S.H.M has maximum velocity of 1.00 ms?* and a maximum

acceleration of 1.57 ms2 calculate its time period.

2
A. Dividing “f-1%7
or  1.00
o = 1.57 rad 5*
Time period T = 2% _ 2% psec
w

Q. A particle vibrating S.H.M along the line of length 20 cm. If its period is 3.14 sec.

Find its velocity at mean position.

A Here, 2r=20
= r=10cm
Since, Velocity at mean position V = aor
- 27 ,,-2x314

T

., x10 =20 cms?

Transverse Wave

Longitudinal Wave

e It is that type of wave motion in

which the particles of the

e It is that type of wave motion in

which the particles of the

Engineering Physics 3
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medium vibrate in a direction medium vibrate in a direction
perpendicular to the direction same as the direction of motion
of motion of the wave. of the wave.

e It forms crests and troughs. e It forms compression and

rarefaction.

e Ex- Lightwave e EXx- Sound wave
Electromagnetic wave,

L : Vibration in air column (organ pipe
Vibration in a stretched string. (organ pipe)

Stationary Wave (Standing Wave) :

A stationary wave is formed due to superposition of two waves of same amplitude, same

wavelength and same frequency, travel in a medium in opposite direction.
v The points in the stationary wave at which the amplitude becomes zero are called
Nodes and the points at which the amplitude becomes maximum are called

antinodes.

T N N T N y TN
ANA N A NCA SN A N A N A NS

e The distance between two consecutive Nodes is A/2.
e The distance between two consecutive anti nodes is A/2.
e The distance between a node and next anti nodes is A/4.

v" Since, the position of the nodes and the anti nodes do not change with time. These

waves are called stationary waves

Progressive wave Stationary wave
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1) Disturbance is communicated from | i) Disturbance is not communicated

one particle to the next particle from one particle to the next particle.

1) Amplitude of earth particle is same. | ii) Amplitude of different particles is
different. It is zero at nodes and

maximum at anti nodes.

Iii) There is a gradual change of phase | iii) Phase of all particles are same.

from one particle to another.

Iv) No particle is permanently at rest. | iv) The particles at nodes are at rest.

V) There is a flow of energy from one | v) There is no flow of energy from one

particle to the next particle. particle to other.

Wave Length (A):
It is the distance covered by the wave in a complete time period.

Or
It is the distance between two consecutive crests or between two consecutive

troughs.
TS T
Sl

Relation Between Velocity, Wagelength & Frequeny of a wave :

Distance

Velocity = Time

Since, A is the distance covered by the wave in a time period T,
p)
V=—
=

= v=Af,
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Where f :%, Is the frequency

velocity = wavelength x frequency|

Ultrasonic

Sound of frequency greater than the upper limit of audible range (20 Hz to
20 KHz ) is known as ultrasonic .

Properties:

e Ultrasonic waves are longitudinal in nature.

e Ultrasonic waves are of high frequency Range of (2 x 10* to 10°Hz)
e They travel with the speed of sound.

e They constitute narrow beams.

Applications:

e Echo sounding,

e Thickness gauging
e Drilling holes.

e Ultrasonic welding
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UNIT -7

Heat and Thermodynamics

Heat :
It is a form of energy which is transferred one body to another when there is a
temperature difference between them.
Unit : calorie (in C.G.S)
1 calorie is the amount of heat required to raise the temperature of 1 gram of water
through 1°C.
1 calories = 4.2 joule.
KCal (inS.l1.)
1 Kcal. is amount of heat required to raise the temperature of 1 Kg.of water through 1°C.
1 Kcal = 10° cal = 4200 joule.

Temperature :

Temperature is the measure of degree of hotness and coldness of a body .

Unit ; kelvin ,Celsius

Specific Heat :

The specific heat of a body is defined as the amount of heat required to raise the
temperature of unit mass of the body through 1°C.

The amount of heat required.
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Q=mSA@O
_Q
mA@
If m =1 unit, Ao = 1°C.

ThenS=Q

e Unit:cal/gm°C (in CGS)
K cal/ kg °C (inS.l.)

Q _ M1L2T72

— :[MOLZT—ZK—l
mA6 MK

e Dimensions: S =

—  For water, S=1cal/gm°C.=1K cal /Kg°C.
—  Forice S=0.5cal / gm°C.= 0.5 Kcal / kg°C.

Latent Heat :

It is defined as the amount of heat required to convert the unit mass of a substance
from one state to another without change in its temperature.

Q=mL = =2
m

e Unit:cal/gm, Krcallkg
MlLZT—Z

e Dimension : = [I\/I 0LZT‘Z]

Forice Q=mlLs
( From ice 0°C to water at 0°C) L¢=80 cal/ gm =80 K cal/ kg
Forwater Q=mLy.

( from water at 100°C to steam at 100°C ) , Lv = 540 cal/ gm = 540Kcal/Kg.
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Q.  What is the amount of heat required to melt 5 gm of ice at 0°C to water at 0°C
A 5 x 80 =400 cal

Q Calculate the amount of heat required to raise the temp. of 50 gm of water from
10°C to 25°C.
A Q = msAb

Here m =50gm. S=1, A6=25-10=15

Q=50x1x15=750 cal.

Q.  What is the amount of heat required to convert 10 gm of ice at -5°Cto water at
20°C.

A Fromice at -5°C to ice at 0°C
Q1 = msAO
=10x0.5x5=25cal.
From , ice at 0°C to water at 0°C.
Q2=mL
=10x 80 =800 cal.6
From , water at 0°C to water at 20°C.
Q3 = msA©Q
=10x 1 x20 =200 cal.
So, total heat required
Q=Q1+Q2+Qs
=25+ 800 + 200
= 1025 cal.
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Coefficient of thermal expansion of solids :

e C(oefficient of linear expansion ( @)

It is defined as the change in length per original length per degree rise in
temperature.

— Lt — Lo
Lt

Unit - °C?

o

e Coefficient of superficial /Areal expansion (j3)

It is defined as the change in area per original area per degree rise in temperature.

_A-A
B= AL
Unit - °C™?

e Coefficient of cubical /volume expansion ()

It is defined as the change in volume per original volume per degree rise in
temperature.

y = Vt _VO
Vt
Unit-°C*

Relation between o and 3 :

Consider a square sheet having each side of length L, at °C and L at t°C.
So, it,areaat 0°C, Ag = Lo2
areaat t°C, Ay= L¢

We have , g=bbo
Lt
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= L -L,=alt
= L=L +algt

= L=Ld+a)

Again, B = AA
At
Lt - L5
= =t 0
g L2t
2 2 g2
— ﬁ: L0(1+0{2t) LO
L2t
N ﬂ:1+2at+a2t2—1
t
N B= 2at + a’t?

t

N = !2a+a2t)t

t

= B=2a+a’t

Since, a is very small the higher powers of a can be neglected.

So, B =2a

Relation Between o and y

KIT POLYTECHNIC

Consider a cubical body having each side of lenth L, at °C and L. at t°C

So, it’s volume  at0°C, Vo=L¢
at tOC, Vi = L’[3
we have,

L-L
Lt

= Lt—Lo=0LLot
=  Ly=Lo(1+af)

Engineering Physics
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Now = Vo
ol
L®-L,°
:> 7/= t 0
L, t
-, Lt3(1+a§)3 -L°
Lyt
N _ Lt3(1+a§)3 -L°
Lyt
@+at) -1
= y=""7t =
t
1+3ct +3a’t? + &t -1
:> =
t
3at +3a’t? + o3
:> =
t
t(3a+3a2t+a3t2)
= y=

t

= y =3a +3a’t+a’t?

Since. a is very small the higher powers of a can be neglected.
y -=3a
So

e Since, B=2a

y -=3aq.
a:B:y=1:2:3

Q  The length of a red at 0° is 50cm and 52cm at 100°C. Find the co-efficient of linear

expansion.
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Here, Lo =50cm, L; =52 cm, t=100°C

52 -50 2
a = =
50x100 5x10°

= a=4x10*°Ct

So o= 0.0004 °C*

=0.4x10"°

First law of Thermodynamics :

Statement : If some amount of heat given to a system is capable of doing some work,

then amount of heat is equal to the sum of the change in internal energy and the amount of

work done.

Consider some gas is taken in a barrel having insulating walls and conducting
bottom. It is also provided with an insulating piston.

Let Q amount of heat given to the system. U; is the initial internal
energy.
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Now the total energy in the beginning = U; + Q

When heat is given to the system , the internal energy changes and the gas is expanded (i.e
some work is done .)

If U is the final internal energy , W is the work done
Then the total energy at theend = U, + W

According to conservation of energy, U;+Q=U,+W, So, Q=(Ux-Uy)+
W

Amount of heat = (change in internal energy ) +( work done )

Thermal conductivity :

The amount of heat flows from one face to another of a body.

Qa A, A — Area of each face.
Qa (01—0y), temp. difference between two face
at, time of flow of heat
al/d, d-Distance between two faces.
Combining, QQM g
d = ZQ/-—»@()C
2
Q:KA(gl_HZ)t 910C 4_4; ;7
d — =
== =
= = L «— d —
AB, - 6,)t

K is known as coefficient of thermal conductivity.
— If  A=1lunit, d=1unit, t=1sec, (0;—0,)=1°C
Then, K=Q
i.e the coefficient of thermal conductivity of the material of a body is defined as the

amount of heat flows per sec. between the two faces of a body having each face of area 1
unit when the temperature different between them is 1°C.

Engineering Physics 4 Sradhanjali Das



KIT POLYTECHNIC

* Unit of K
<
e Cgsunit: #él.sec (in CGS)
e Slunit: :]V‘;“é (in SI)

e Dimensions of K: [ MILIT3K?]

Mechanical Equivalent of Heat (J) :

WoH
= W=JH
= gV

H

If H=1unit, thenJ =W
I.e Mechanical equivalent of heat is defined as the amount of work done to produce unit

amount of heat.

. J=4.2 joule / cal = 4.2 x 107 erg/ cal.
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UNIT-8
OPTICS
Laws of reflection :

Anglef I Angle of
Incidence NO[;“B' Reflection

Incident Ray Reflected Ray

X

\ Point of Incidence

1) The incident ray, the reflected ray and the normal at the point of incidence all
lie in the same place.
i)  The angle of incidence and the angle of reflection are same.
l.e Zi=sr

Laws of Refraction :

i)  The incident ray, the refracted ray and the normal all lie in the same plane.
i)  The radio between the sin of angle of incidence nad the sin of angle of

refraction is always constant.
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Sini
—— =14, =constant
Sinr 12
Which is known as Snell’s law.

'u, — Refractive index of medium 2 w.r.t. medium 1

Refractive Index :

Refractive index of a medium is defined as the ratio between the velocity of light in

air medium and the velocity of light in that medium.

Ll = —
A\V4

— It has no unit and dimension.

— For air medium . /J:E:1
C

For any other mediumC>V = pu>1

— Refractive index of 2" medium w.r.t 15 medium
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Total Internal Refraction and Critical Angle :

When a ray of light moves from dense medium to rarer medium the angle of incidence for

which the angle of refraction is 90° is known as critical angle.

Raret Medium

When the ray of light moves from denser to rarer medium, if the angle of incidence is
greater than the critical angle , the ray reflected back to the same medium .This

phenomenon is known as total internal reflection.

From Snell’s law.
Sini_,

Sinr 2 TH

If i=c then r=90°

Sinc b

Singo® R

Engineering Physics 5 Sradhanjali Das



KIT POLYTECHNIC

If light moves from any denser medium to rarer medium, Refractive index of that dense

medium
3 1
# Sinc

— In total internal reflection 100 % of the energy is reflected back to the same medium.
So the image formed due to total internal reflection is more brighter.
Eg. —  Dazzling of Diamonds

—  Mirage formation

—  Optical fiber

Refraction through a prism:
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ABC is the prism

A- is the angle of prism

I- is the angle of incidence

r- is the angle of refraction

e- is the angle of emergence

D- is the angle of deviation

dm - is the angle of minimum deviation

AB and AC are two refracting faces of prism

Then refractive index of the material of prism is given by,

A+

Sin(~—°")

‘Ll =
Sin(’;)

Engineering Physics 5
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UNIT-9
ELECTROSTATICS & MAGNETOSTATIC

Coulomb’s Law in Electrostatics :

The electrostatic force of attraction or repulsion between two point changes is
directly proportional to the product of their magnitudes and inversely proportional to the
square of the distance between them.

F o qi02

a 1/r?

combining, F « ql_c212
.

= F=IB ql?Z
r

o InC.G.Ssystem, =1
= F=4%
.
o InS. 1. system, B=1/4neg
= Fo_t &%
Are, r

Where € is called electric permittivity of free space.

€0 = 8.85 x 1072 (coul)? / N.m?

1
Ar e,

=9 x 10° Nm?/ (coul)?

Unit Charge :

If gu=qg2=q(say), r=1m and F=9x10°N

Engineering Physics 5 Sradhanjali Das



KIT POLYTECHNIC

2
9x10° =9x10° &

@y
= =1
= q=1unit

I.e. aunit charge is that which when placed near a similar change as a distance of 1 m in
air, repel by a force of 9 x 10° N.

Relative permittivity:

Permittivity is defined as the ability of a substance to store electrical energy in an electric
field or the ability of a material to store electrical potential energy under the influence of
an electric field.

The relative permittivity of a medium is defined as the ratio of the absolute permittivity of
the medium and the permittivity of free space.

It has no unit and dimensional formula.

Electric Potential & Potential difference:

The electric potential at any point is defined as the amount of work done in moving
a unit +ve charge from infinity to that point.
The potential difference between two points is defined as the amount of work done

In moving a unit +ve charge from one point to another.

v=>
%

* Unit- Volt
Electric Field Intensity :

The electric field intensity at any point is defined as the force per unit +ve charge
placed at that point.

F

E=—
do
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e Unit: N/ coulomb or Volt/m
e The electric field at any point due to a charge g.

-t 4

2
4r e,

-

Capacity or Capacitance:

The capacity of a conductor is the ability to store the charge.

It is defined as the ratio between the charge and the potential difference.

e C-= Q
Vv
or Q=CV
. Unit : Farad
1 Farad = 1 coul
1volt

I. e the capacity is said to be 1 Farad if 1 coulomb charge is required to raise a potential
of 1 volt.

Grouping of Capacitors :

(a) Capacitors in Series :

The capacitors are said to be connected in series if the charge of each capacitor is
same.

Consider a group of capacitors of capacitance C; , C, , C; connected in series.
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Let Q be the charge of each capacitor, If Vi, V2, V3 are the potential difference
across the  capacitors respectively

V=2 v, =2 v, = 9

C, c,” ° C,
If Cs is the equivalent or net capacitance of this series grouping.

The total potential difference
voo

C

S

Here, V=V +V; + V3

- f_Q.Q.Q

G G G G

N 9=Q(1+1+1j

G G G

(@]

S

1 1 1 1
= — =4+
CS Cl CZ CS

I.e when the capacitors are connected in series the reciprocal of the net capacitance is
equal to the sum  of the reciprocals of their individual capacitance.

So, the net capacity decreases.

(b) Capacitors in parallel:

The capacitors are said to the connected in parallel if the potential difference
between the two plates of each capacitor is same.

Consider a group of capacitors of capacitance C;, C,, C3 connected in parallel.
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Let V be the potential difference between two plates of each capacitor.
If Q;, Q2, Qs are their charges
Then, Q= C1V, Q2=C,V, Q3 =C3V
If C, is the equivalent capacitance of this parallel grouping
The total charge, Q=0Q:+Q; +Qs
CoV =CiV + CV + C3V
CoV=(Ci+C+C3) V
Co=Ci1+C2+Cs

I.e when the capacitors are connected in parallel the net capacity is equals to the

sum of their individual capacitance.

Q

Thus the net capacitance increases.

Three capacitors of capacitance 1 uF, 2 uF and 3 pF are connected in series. Find

the equivalent capacitance

A ClzluF,szzuF,C3:3pF
1 1 1 1
_— =4 — R
c ¢ C G
1111
= —=-+—+=
c 1 2 3
1 6+3+2 11
f— — = E—
c 6 6
6
= =—uF
Tl
Q  When two capacitors are connected in parallel the net capacity is q uF and when
they are connected in series the net capacity is 2 pF. Find their individual
capacitance.
Cp =9 uF
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Cs=2uF
Ch=C+C=9
1 1 1
—_—= 4 —
Cs Cl CZ
N 12c1+c2:i
2 cC, CC,

(c1—C2 )?> = (Ccy + C2 )2 — 4caCo

= (c1—2)*=(9)*-4x18
= (c1—C)?=81-72

= (c1—€2)*=9

= (c1—C2)=3

Now, Solving we get
c1—C =3
cit+cCc =9
2¢c; =12

= C1=6uF
C,=3uF

Q.  Two capacitors 6 uF and 12 uF are connected in series. If the potential difference
between the two ends is 18v. Find the potential difference across the individual
capacitor.

A c1=6uF, c;=12uF, v= 18volt.

NP
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= ¢ 4u

So charge, Q=cv
Q=4x18
Q=72uC

Now, v, = Q_ 7—62 =12volt

G

Q 72

V2:—:E:6V0|t

Parallel Plate Capacitor :

It consists of two equal and oppositely charged plate held parallel to each other at a
separation between them.

Consider a parallel plate capacitor consists of two equal and oppositely charged
plates P and Q.

Let, A — Areaof each plate & d — Distance between two plates
if o is the surface charge density of each plate.

_ charge g P Q
Area A + B

The electric field at any point between the two plates

+ —
€ +

- + -
Ae,

Now, the potential difference between the two plates ! -
V = Ed ‘

- v=-94
Ae,

So, the capacitance of the capacitor
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c-4
V
- c=_1
qd/Ae,
— C:AEO

This is the capacitance of a parallel plate capacitor

So, CaA and C al/d

Magnetism
Magnetic Moment (M) :

The magnetic moment of a magnet is defined as the product of pole strength and
the magnetic length.

s———— — — — N

M=mxL

L

v

* Unit: (Amp.m)xm= Amp.‘M
* Itsdirection is from south pole to North pole of the magnet.

Magnetic Lines of Force :

*

These are the lines or the curves drawn around a magnet such that the tangent at
any point gives the direction of the resultant magnetic field at that point.

*

The direction of the magnetic lines of force is from magnetic N — pole towards
S —pole.

But inside a magnet it is from S — pole to N — pole

Two magnetic lines of force never intersect each other.

If they intersect at the point of intersection two tangents can be drawn to the two

curves. So the direction of magnetic field at that point is along two directions,
which is impossible.

Coulomb’s L.aw In Magnetism :
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Statement : The magnetic force of attraction or repulsion between two poles is
directly proportional to the product of their pole strength and inversely proportional
to the square of the distance between them.

F o mim;
a 1/12

m,m,

combining, F a3
"

= F=K % ( where K is a proportionality constant )

. In C.G.S. system K =1,s0
F= %
o In S.I.system,K:ﬂ
A

so  F-ftmm,
A r?
Where, o is called magnetic permeability of free space

Ho = 4m x 107 weber /Amp m

= %:10‘7 weber / Amp.m
T

Unit pole :
If mi=my=m, r=1m and F =10'N

Since F= Mo MM,
’ 4z r?

2
= 107 =107
@)
= m?=1
=m =1 unit

unit pole is that which when placed near a similar pole at a distance of 1m, repel by a
force of 107 N.
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Magnetic Flux :

The magnetic flux linked with a surface in a magnetic field is defined as the
product of the magnetic field and the area of the surface.

¢ = BA

* Unit : (S. . unit)- Weber
(C.G.S unit) - Maxwell

1 Weber = 108 Maxwell

Magnetic Flux Density / Magnetic Field / Magnetic Induction :

The magnetic flux density is defined as the magnetic flux per unit area of the surface.

A
A

Weber

m2

* Unit: (S.1.)-Tesla=

(C.G.S)- Gauss = Maxwell
cm

1 Tesla = 10* Gauss
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UNIT-10
CURRENT ELECTRICITY

Electric Current :

When there is a potential difference between the two ends of a conductor, the
charge will flow from one end to other.

The electric current flowing through the conductor is defined as the amount of
charge flowing per sec across any section of the conductor.

ie =9
¢

- If ‘n’ no of electrons flowin

then, q=ne 50, |:%:—

—  Unit : Ampere

Ohm’s Law :

At constant temperature, the current flowing through a conductor is directly
proportional to the potential difference between the two ends of the conductor.

Vol 4

= V =Rl

4

v
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= | :% [ R = Resistance of the conductor]

Limitations:  Ohm’s law is valid at constant temperature.

Grouping of Resistance:

(a) Resistance in series:
The resistances are said to the connected in series if the current

flowing through each resistance is same.

= Hs He
Y "y — Y j—
an
£ HRRL
| |
Vv

Consider a group of resistances Ri. R, . Rz are connected in series.
Let I be the current flowing through each resistance

So, the potential difference

Vi=IR V,;=1R;, V3=1IR;

If Rs is the equivalent resistance of this series grouping.

The Net potential difference. ,V = IR,
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We have

V=Vi+V;+V;

— IRs=IR;1+ IR+ IR3
= IRs=1(R1+ R+ Rj)

= |Ry=R;+R;+ R4

(b)Resistance in parallel:

The resistances are said to be connected in parallel if the potential difference across
each resistance is same.

Consider a group of resistances.
Ri. Ry . Rs are connected in parallel.
Let V be the potential difference across each resistance.

If 11 . I . I3 are the current through the resistances.
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If R, is the equivalent resistance of this parallel grouping the total current.
v

R

p
We have, | =11+ L+ 13

vV V V V
= —=—+—+
Rp Rl Rz Rs

\ 1 1 1
= —=V| —+—+—
R R:L R2 R3

1 1 1 1
= —=—+—+—

Rp R1 Rz 3
Kirchoff’s laws :

(@) 1% Law (Kirchoff’s Current law of Junction Law) :
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The algebraic sum of all the currents meeting at any junction point is zero.
e Y I=0
li+1l-13—14—15=0

= i+l =l 4ls+ 15

I.e at any P junction point the current entering is equal to the current leaving.

Kirchhoff’s current law is based upon conservation of charge.
(b) 2" Law (Kirchoff’s Voltage law or loop Rule) :

In any closed circuit the total potential is equal to zero.
>V=0
= DYIR+YE=0

Kirchhoff’s voltage law is based upon the conservation of energy.

Wheatstone Bridge:
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It is an electric arrangement of four resistances connected in the form of a bridge.
Consider flour resistances P, Q, R and S connected in the form of a bridge.

Between A and C a battery is connected by means of a key. A Galvanometer of
resistance G is connected between B and D.

When the key is closed, the distribution of current is as shown in the figure.
Applying Kirchhoff’s voltage law
for the loop ABDA
LWP+1,G-(1-1)R=0 (i)
For the loop BCDB
(li-1) Q-(—-11+1))S—13G=0 (ii)
When the bridge is balanced there is no current through the galvanometer. ie 13=0

So equation (i) becomes

IP—(1—-1)R=0
= IP=(-1)R (iif)
Equation (2) becomes

1LQ-(1-11)S=0
= LO-(-1)S (iv)
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Dividing equation (3) & (4)

LP (I-1,)R
IlQ - (I - |1)S
P R

= - =
Q S

This is the balanced condition of the Wheatstone bridge.

Biot — Savart’s Law :

This law gives the magnetic field / magnetic induction / magnetic flux density at
any point due to a current carrying conductor.

The magnetic induction at point P due to the small element of length dL.

dBa I
a dL
o sin@
o 1/r?
Combining,  dB o 1457
.
Or, dB = K Idl szin 7
r
INC.G.S System K=1, dB= Idl szin 0
r
In S.1. System K= &’ 4B = Ho Idl szmg
A 4z r
Where o — Magnetic permeability of free space

o = 4m x 107 weber / Amp. m.

In vector form:
Idl siné@ .
¢

I,.2

dB = K

( where f =— ,aunitvector )

= |-

Idl sin @ F_K I (dl x1)

r3 r3

dB = K
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| (dl xF)
r3

I (dI xF)
r3

INnC.G.S.systemK=1 So, dB =

InS.1 systemK:& So, dB _H
Ar Az

Force on a moving charge in a uniform magnetic field

When a particle of charge g moving with a velocity v in a uniform magnetic field
B making an angle with the field, the force on the charge particle

A
F = qvB Sinf

In vector form, F=q(VxB)

*If0=0°,Sin0=0, So, F=0

v

I.e. No force when the charge moves parallel to the magnetic field.
*If 0=90°,Sin0 =1, So, F=qvB ( Maximum )

I.e the force will be maximum when the charge moves perpendicular to the
magnetic field.
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Force acting on a conductor placed in a uniform magnetic field

Consider a conductor XY carrying current | placed in uniform magnetic field B.
Let dq be the small amount of charge moving from X to Y with a velocity v .

The force dF by this charge is given by,
dF =dq(VxB )

If the charge travels a small distance dI in a small time dt, then V= %

- dl - -
So, dF=dq(—xB
Q(mx )
_ dq -
dF =—'(dI xB
at (4 <B)
= dF=I(dl xB)

So, the net force acting on the conductor,

F=I1(xB)
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\ﬁ\: 1B Sing
*
If6=0°,Sin0=0, So, F=0

I.e. No force when the conductor is placed parallel to the magnetic field.
*

If 6=90°,Sin6=1, So, F=I1LB ( Maximum )

i.e the force will be maximum when the conductor is placed perpendicular to the
magnetic field.

Q. A proton is moving with a velocity of 2 x 10" m/sec in a uniform magnetic field of 340 Wb/m? in
a direction perpendicular to the field. Find the force.

Q. A charge of 2 coulomb moving with a velocity of ( 2i + 3j ) m/sec in a uniform magnetic field
(1-2j +k) Tesla. Find the magnitude of the force on the charge.

Unit-11
Electromagnetic Induction

Faraday’s laws of electromagnetic induction:
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a) Whenever there is a change in magnetic flux linked with a circuit or a coil, an e.m.f.
Is induced.

b) The induced emf exists so long as the change in magnetic flux continues.
¢) The induced emf is directly proportional to the rate of change of magnetic flux.

eq 99 = e=K % [ K = proportionality constant ]

dt

Here K=-1 SO, dt  (-ve sign is due to the direction of induced emf.)

le| :?T? If the coil is of N number of turns, then  |e|= N%

e When the coil is placed perpendicular to the magnetic field
NBA
o=

Lenz’s law:

The direction of induced emf is such that it opposes the cause which produces it.
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Q. What is the emf induced in a coil when the magnetic flux changes from 1.5
weber to 2 weber in 102 second?

Q. Acoil of 1000 turns is placed perpendicular to a magnetic field of 0.0125 Tesla.
If the area of the coil is 5 x 10 m?, find the emf induced in 10 milliseconds.

Fleming’s Right hand Rule:

When first finger ,central finger and the thumb of right hand are placed mutually perpendicular
directions , if the first finger gives the direction of the magnetic field, thumb gives the direction of
motion of conductor then the central finger gives the direction of the induced current

molion ot force £
'Wa
: |" T\
i\ \

MAGNELC ok B te—— 3

induced curent /

Fleming’s Left hand rule:

When first finger ,central finger and the thumb of left hand are placed mutually perpendicular
directions, if the first finger gives the direction of the magnetic field,central finger gives the
direction of the electric current then the thumb gives the direction of force .
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UNIT-12
MODERN PHYSICS
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LASER :
LASER stands for Light Amplification by Stimulated Emission of Radiation

Principle of laser :

Stimulated absorption:

We know that electrons exist at specific “energy levels” or “states”which is the
characteristic of a particular atom or molecule. These energy levels can be imagined as
orbits around the nucleus of an atom

Usually, the atom exists in the lower energy state E1 (i,e ground state) and E2 be

the higher allowed energy state. If a photon of light having energy E2-E1 is incident on
this atom, the atom will absorb photon and jump to higher energy state E2. This process is
called as stimulated absorption.The incident photon has stimulated the atom to absorb
energy

Spontaneous emission:

Suppose the atom is in the higher excited state E2,if we just leave the atom there it will
eventually come down to the lower energy state by emitting a photon having energy (E2-
E1). This process is called spontaneous emission

Stimulated emission:

Atom stays about 10 nanoseconds in an excited state which is called as average life time
of the atom to stay in that excited state. Hence, the atoms in an excited state is more likely
to emit spontaneously. There are atoms which have certain excited state having life time
of the order of millisecond such states are called as meta stable states. If the atom is in
such a meta stable state with energy E2 and photon of energy, E2-E1 is incident on it, the
incident photon interacts with the atoms in the higher energy state (meta stable state) and
brings the atoms to come down to the lower energy state.

A fresh proton is emitted in this process. In this case, the incident photon has stimulated
the atom in the excited state to come down to the lower energy state. The process in which
the atom emits a photon due to its interaction with a photon incident on it is called as
stimulated emission.

Population inversion:

E2 = Energy of the meta stable state
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E1 = Energy of the lower energy state

Suppose a photon of energy (E2-E1) is incident on one of the atom in the meta stable
state, this atom comes down to the lower energy state ,,E1* by emitting a photon in the
same phase(i.e., Coherent), Energy (i.e., same frequency or wave length) and direction as
in the case of incident photon.

These two photons interact with two more atoms in the meta stable state E2 and so on, as
a result the number of photons keeps on increasing. All the photons have same phase,
same energy and same direction, thus amplification of light will be achieved.
However,higher energy meta stable state ,,E2* must have larger numbers of atoms than
the number in the lower energy state ,,E1* for all the time to achieve the amplification and
to obtain a stable lasing action. When the higher energy state has more number atoms than
the lower energy state, this condition is called as population inversion.

Optical pumping:

To sustain the laser action, the number atoms in the higher energy state ,,E2* must be
more than the atoms in the lower energy state ,,E1*. The meta stable state E2 should
continue to get atoms and the atoms should be continuously removed from the lower state
,,E1° with the help of photons emitted by an external optical source. This process is called
as optical pumping. If the luminous energy (light) is supplied to a system for causing
population inversion, then the pumping is known as optical pumping.

Properties of LASER

— Monochromatic
Light emitted from a laser is vastly more monochromatic than that emitted from
a conventional mono-chromatic sources of light.

— Coherent
The laser light is highly coherent in space and time. This property enables us to
realize a tremendous spatial concentration of light power.

— Directionality
Light emitted from conventional sources spread in all directions. Laser beam is
highly parallel and directional. A narrow beam of light can be obtained from it.
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— High intensity
As the laser beam has the ability of focusing over an area as small as 10-6 cm2 ,
therefore, it is highly intense beam. Also, the constructive interference between
the coherent photons lead to a high amplitude and hence a high intensity.

Uses :

1) Insurgery :
Laser light can be used for retina surgery in the eye for tumor operation etc.
2) In Industry :

Laser light can be used for drilling, cutting in various industries.
3) In communication :

By using laser source the signal can be sent over long distance through optical
fibre.
4) In war fare :

During war it can be used as a powerful weapon.
5) For weather forecasting :

It can be used as a signal for weather forecasting.

Photoelectric effect.

The process of emission of electrons from a metal surface when light of shorter
wavelength is incident upon the metal surface.

L_aws of photoelectric effect :

1) The photoelectric emission is a sudden process.

2) The photoelectric current is directly proportional to the intensity of light
and independent of frequency of light.

3) The maximum velocity of emitted electrons is independent of intensity of
light and depends upon frequency of light.

4) The emission of electrons stops below a certain minimum frequency
known as threshold frequency.

Einstein’s photoelectric equation :

According to Einstein’s theory the energy of incident light , E = hf
( h =Planck’s constant , f = frequency of light )
When light is incident upon the surface of metal, the electrons possess certain
minimum energy known as work function ( i.e. the minimum energy required to pull an
electron out from the surface of metal ) and comes out with the remaining energy as
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Kinetic energy.
hf =%mvjm+¢ ( ¢ is the work function )
MV, =hf -
%mvzmafhf -hf_ (f, isthreshold frequency )

%m\/i1ax =h(f-f ) (This is Einstein’s Photoelectric equation)

Wireless transmission

Ground Waves:
Due to curvature of earth the radio waves from the transmitting station is
unable to reach at the distance places from earth. The stations which are nearer to
the transmitting stations can receive the signal directly. These waves are called the

ground waves.

Sky Waves :

Due to curvature of earth the radio waves from the transmitting stations cannot reach the
distant places of earth. But these waves can be received after reflections from the
ionosphere. These waves which are received after reflection from the ionosphere are

known as sky waves.
Space Waves :

If the frequency of the radio wave is very large ( > 30 MHZ), ionosphere does not
reflect such waves. Thus an antenna is placed on the surface of earth. Such waves
propagated through the antenna are known as space waves.
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In order to reach the waves at the distant places. The height of the antenna should
be very large.
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