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— MOTION IN A
-STRAIGHT LINE

"
\J~
&~
S y 8 . ~~
Vo ) ! &
. i w—— e} o1 IS L
If a body changes its position as A system consisting a set of 3 " A *~
time passes W.rt. frame Of wm coordinates and with reference > X 7
reference, it is said to be in to which observer describes any 7 o i
motion. event. The observers are moving in a particular direction x at a I
relative velocity of v and each observer has their own set
of cooramnates b it ind Bt gn ) |
= |
Average ~Instantaneous ]
Acceleration Acceleration, :
T 1] ) AV iz Lt AV dv B
a, =— / = e 5
The actual path length covered The change in position av = A ; N At—s0 At dt i
by moving particle. vector. l/ |
0
]
differentiating with 1
respect o time The time rate of change of g
1
velocity, d = A I :
The rate of distance covered The rate of change of position L — 0
with time is called speed, perunit time, differenfﬁﬁntg with Uniform ]
distance _ d displacement A% e i Acceleration i
—_— Vo — T e—
S Setalitome. Pr— At Magnitude of velocity |l
changes by equal amounts /i
| in equal intervals 1
of time. 1
Average Speed Instantaneous ‘ Average Velocity Insali‘t;?t;ous 1 :
total distance Speed Ad N A% B A% d¥ Non-uniform i
1 Wi [t —— Yoy = 20 =L e Acceleration ]
o 3 At—0 At - : At—o0 At dt Acceleration changes /'l
with time. ]
|
-----------'
Constant Acceleration | i
or Uniforml Acceleration ch ith ti ~ -
For Uniformly = — cceleration changes with tume A mathematical treatment to ]
Accelerated Motion For Motion with <~ describe the motion of a body |
. Variable Acceleration . in 1-dimension. 0
’ For Motion Under ]
Gravity |
l |
o v=utat Ifa = f{t) — a function of time Vertically downward motion Vertically upward motion :
t
s 5=m+_l.mz . v=u+Jj'(t)dt (Freefallcase) u=0,a=g v=0,accelerationa=-g¢ :
2
o V2=1242as % ’ Z—gl; 5 . :
« h=1/2gf -y 2
Bt o s=ut+ [(fO)dDydt ey fui- 12g I
‘n_u+5( n—1) & o = s U= \/@ ‘I
=’
Graphical Representation of Uniformly Accelerated Motion The velocity with which an object
= moves with respect to another
S . . . .
objectis called relative velocity
Slope = v Slope =a / = ;
& T Vap=(Vy - Vp) ﬁ:r =T
\ - AT o 1 Area = velocit i . A
Area =displacement Area = velocity | Vap={V,-(-Vp)l e 5
7 t ;
ol t 0 i 0 F =
(a) (b) © Vap=(V4+Vp) n
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BRAIN

MAP PROJECTILE MOTION

CLASS XI

PROJECTILE / Motion 4

*7 A body which is in flight through the atmosphere
under the effect of gravity alone and is not being

Projectile
Motion on

Horizontal

Prme.ctlle propelled by any fuel is called projectile and its an Inclined
.' Motion motion is called projectile motion.

VA
olt=0 -

r P(x, y)
T N ‘-b"’v . a,=-gsina
h N Oblique ay=-geosa

a,=0 . . AT=0
l g Projectile ']

Motion
‘ . T 2u sin O He u?sin% 0
I gcosa I I 2g cos a I

e Equation of Trajectory e Equation ofTrajectory B
1 g v
_2—
2 u?cos? O o Horizontal Range

I y =) I y=xtan6 -
] ] I This represents the parabolic path. I 3 2_142 sin 6 cos (GENCH

I & cos’a I
,
T:\/Z—TI R=u\/2—7h
I ¢ | 3 |

\I-> Maximum range occurs when
T, o

9 = Z r 7
X
‘ Z 4 \!S> Maximum range along the incline
e Instantaneous Velocity % when projectile is thrown upwards
.3>\ é - uz
V= ’\/M2+2gy :\/M2+g2t2 Rmax_g(l+—sin(1)

\I:> Maximum range along incline when

V. gt
I tan ¢ = v_i = tan‘1<u—>

the projectile thrown downwards
2

» Projectile passing e Maximum Height o Time of Flight I o Horizontal Range Rinax =g(1 - sin o)

u
through two different = u® sin’ 0 T - 2usin® B u? sin 20 -
BT I S W i
points on same height I » For complimentary angles 6 and
attimet, and l ‘ \ (90 - 6) range remains unchanged
- gt1t2 IR tio of i e » Relation between horizontal range
a.. 1(1,(1) 1r:1e = ig < tor and maximum height
projectiles at complimentary R 4H cot 0
_usin@ i ] angles 0 and 90 - 0
R sl Ty — » RangeRisntimes » If R = H then 0 = tan"1(4)
> Too—o — the maximum height H or0=76°
L= usme{ I1- & ] ] R=nH;0=tan"'[4/n] » IfR=4Hthen6=tan"(1)
8 u sin orf=45°
E)
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Time period T =27 fcos6
4
Linear velocity v = \/grtan0
Angular velocity = g
Icos®

Maximum safe
speed on a banked
frictional road

e rg(u+tan0)
1-utan®

Ncoso N Bending of a Cyclist :
The cyclist should bend

Nsind through an angle

mg 2
0 =tan"! (V—J
44

—

Uniform Circular Motion
A particle moves in a
circle at a constant
speed.

o Angular
displacement :
It is denoted by 6.

SI unit : rad or degree

« Angular velocity (o) :
A8 dB \
o= Lt —=—
At—0 At dt
Relations between :
esand®=s=r0
evand ) = V=0 X7

-

Banking of a road :
Optimum speed of a

MASTERJEE CLASSES

CIRCULAR MOTION

Conical Pendulum : mv? L
Tension in the string *AsF= T #0, Particle is
not in equilibrium
2 .
2 * T, = 0 as central force is
T=mg,|1+| —
g

involved. i.e., p # constant but
L = constant

/

Forces
Centripetal force

my
F. =ma =——= mro?®

r
Tangential force, F, = ma,

— Net force, F,,, = myJa; +a;
Dynamics of
/ Circular Motion
Tangential
acceleration :
4, =O0XT
Centripetal
acceleration :
. . a. =XV
Kinematics 2
of . . /
Uniform CI RCU LAR Kmemfa"cs Non-uniform Circular
Circular or Motion
Motion MOTION Non-uniform Speed of the particle
Circular in a horizontal circular
Motion

/

Condition
of
Oscillations

[

The particle will complete
the circle if

u=,/5gL

Condition
of Looping
the Loop

Motion in a
Vertical Circle

motion changes with
respect to time.

Body is under the influence of
gravity of earth and total
mechanical energyis conserved.

[

Condition Tension in the string Tension at any point
of Leaving becomes zero before on vertical loop :
the Circle  reaching the highest point

2
T—mgcose=%

if 2L <u<.[5gL
B
Particle will oscillate if

velocity becomes zero Yy = 38
the tension in the string

VB:\/g_L

1S not zero. M N
O<u<,2gL
vy =38
v, =4/ 58L
A
¢

MasterJEE
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SIR ISSAC NEWTON
{1643-1727)

Inertia of Motion
Inertia of Direction
The property due to which a
body cannot change its
direction of motion by itself.

The tendency of a body to
remain in a state of uniform
motionin astraightline.

- 1

e Newtons 1St Law

A body continues its state
of rest or motion until unless an

Inertia of Rest

The property of a body due to
which it cannot change its state
of restbyitself.

Non-uniform circular motion
Acceleration, d =dp +de =GXF + O XV

i,

a=1fav;~,3v +a(73 v

““Circular Motion

/ A body moving in a circular patH“’{
is called circular motion.

Motion of a Car on

) ; 2 Banked Road
external force is acted on it. . my
Centripetal force F, = r * Maximum velocity on
banked road to avoid
skidding
g — . rg(u, +tan0)
" Newton’s 2" Law ™ Ymax = (1- 1, tan0)
” 'The rate of change of linear ;
, g \ _[LAWS OF MOTION AND | [ CIRCULAR MOTION * Optimum speed on a
momentum of a body is directly | smooth banked road
proportional to the external | THEIR CONSEQUENCES N HORIZONTAL PLANE - m
force applied on the body in 0 8
the direction of force. N.cos O J
" A
Introduces the " — . . % Rosd
Concept of Force A N ewtors 3 Taw Bendm‘g of a Cyclist | g .: oe}
/ i - on a circular turn = - ;. surlace
* To every action ther.e is alwgys \ Angle of bending 2 SN0 L P '
an equal and opposite reaction B=tanH !
Force =mass X acceleration E B = PB y 5 Do (=]

F=ma,SIunit=N

\ Resistance offered to the

relative motion between the surface
of the two bodies in contact.

down arough inclined plane,
a=g(sin0 - ucos )
* Angleoffriction, 6= tan "L ( 1k
* * Angleofrepose, o=tan ' (u).

Numerically, =0

Types of Friction

(a) Static friction : acts when a body is at rest on application of a

force, f,.=F,

ext
(b) Limiting friction : acts when a body is just at the verge of
movement, f;= N

(¢) Kinetic friction : acts when a body isactually sliding, fi= N

v

/Horizontal

I Vertical ’ / surface
v i Ncosh N K
Impulse Conservation of Linear : N <in Motion of a Car on Level Road
sin
A large force acts for a very Total o ¢ tesla Maximum velocity on a curved
short duration of time o mofmentum b1 1§01 e road to avoid skidding
producing a finite change in system o . 1ntera.ct1ng particles is B
et conserved if there is no external force Vmax =\ Hs?€
J=Fxt=Ap actingonit. Pipitia) =Prina
— Triction, | Problem Solving Techniques
® Acceleration of a body sliding in Mechanics

® Make free body diagram of each element
showing all external forces actingon it.

® Analyse the magnitude and direction of
pseudo forcesif thereisany.

® Forequilibrium of concurrent forces use
R+FK+FE+..+F,=0
F_B _5B

sinot, smﬁ siny
® Forhorsecarttype system

F.t_f
MH +M

(Lami’s theorem)

F,= horizontal

component of reaction

@rt f£= frictional force

MasterJEE
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olving Strategies
al the uknown forces and accelerations.
- Draw FBD of bodies in the system.
+~ Resolve forces into their components. ‘
= Apply S F = Ma in the direction ofrln'ottlow
= Apply ZE=0inthe direction of equilibrium.
+ Write constraint relation if exists.

MASTERJEE CLASSES

NEWTON’S LAWS
OF MOTION

Inertia of rest

Rocket
Propulsion

Instantaneous
v ;
Inertia of motion g velocity mo

: . q Acceleration v=ulog, = | gt
Inertia of direction .

L«;‘ Solve equations Y F=Maand YF=0.

Newton’s 29 Law

he rate of change of linear

momentum of a body is directly’
proportional to the external
force applied on the body in
the direction of force.
dap

——=ma
dt

F=

Angle of Friction (6) and
Angle of Repose (o)

S=\R2+ f7

hi
tanE):E:uS =tanol

R

.. Numerically,
0=a

o When there is no friction

LAWS OF MOTION
AND THEIR

CONSEQUENCES

The motion resisted by a bonding between the body and the
surface in contact represented by single force called

Types of Friction v/s Applied Force

/

ICD
m dt
Newton’s 15t Law
. . Pseudo Force Burn out speed
A body continues its state ; e o e (Wlo
q . =Ma B e\ m,
of rest or motion until “ext g . “\m,
unless an external force is pseudo = =M frame Thrust
acted on it. / F e
dt

For non-inertial
frame of reference

Newton’s 3'd Law

To every action there is
always an equal and
opposite reaction.

Ground pushes
the person
R (reaction)

R cosO

Person presses the
ground (action)

Fap=-Fpa
Horse Cart Type System
For horse cart type system
F,. = horizontal
e component of

My + Mgy reacu‘on‘ force
f= frictional force

Maximum Length of Hanging Chain

- 5 Length of a chain =L -1)—>
hanging in air f
r _ L2
1+u

o Whenthereisno friction

& a,=F/m;ag=0 A @ ag=F/Manda, =0
q q he
& A will fall from B after time bwo d;n 2 A\ B fo} & A will fall from B (backward) after time
2L 2mL _§ remains at 2L 2ML
t = | — O rest - i ot= | — =
a F f o i a F
S ext fl =N N Fricti b d
. N S : fo=m o Frictionpresentbetween A and B (F<f)
o Friction present between S Whenabody | — Both the bodies will " !
AsnaB@al 1) is just at the When a body & Bo e bodies will move together
i i verge of is actually a= and f =u.m
= Combined system will move movement ¢ sliding M+m el
together with a=F/(M + m) o) Ayt e & Pseudo force on the body A,
n_ _ _mF
o Friction presentbetween L L= m+M
AandB(F>f) ! Ao
~ o 11 ) Motion of Two Bodies One FnctlonpresentbetweenAandB(F>f1)
& SelAUVEdEeERi Resting on the Other & Relative acceleration
== MF —pmg(m+ M) Force F applied Force F applied a=a,—ag= ,[M}
mM to upper body to lower body M

+ A will fall from B after time

P 2mML
a MF — pymg(m+ M)

m

= A will fall from B (backward) after time

m

A i A
[€—L 1—
M B M B

—>F

t_\/@_ 2ML
“Va \F-wglm+M)
It}

Mas%'JEE
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WORK

Work is said to be done whenever a force acts on a body and the
body moves through some distance.

W=F-S= FScos0 (where 0 is the angle between force applied F
and displacement vector g)

The ST unit of workisjoule ().

Nature of Work Done
If0=0° W=FSie.,workdoneismaximum.
I[f0=90° W=0i.e.,work doneis zero.

Work Done by a Variable Force
The work done by a variable force in changing the displacement

MASTERJEE CLASSES

WORK, ENERGY AND

POWER

ENERGY

[t is defined as the ability of a body to do work. It is measured by
the amount of work that a body can do. The unit of energy used
atthe atomic level is electron volt (eV) and ST unitisJ.

Kinetic Energy
It is the energy possessed by a body by virtue of its motion. The K.E.

of abody of mass #m moving with speed vis
2
2 _.P
Potential Energy

K=—-myv"=_——
2 2m
It is the energy possessed by a body by virtue of its position (in a

field) or configuration (shape or size). For a conservative force in
one dimension, the potential energy function U(x) may be defined

from S, to S,isW = [

graph S

Power
The rate of doing work is called
power.
Average Power:

Itisdefined as the ratio of the small
amount of work done W to the
time taken ¢ to perform the work.

7
pac
t

The ST unit of power is watt (W).

Head-on Collision or
One-Dimensional Collision
It is a collision in which the colliding bodies
move along the same straight line path
before and after the collision.

CrruCruC FoulSrn

Before collision After collision

Velocity of approach = Velocity of separation
Orthy — Uy =V, — ¥,

My — Ny 2m,
- u =

Also, v = ‘1, and
my + 1y

1y -+ 1y
2my

my, —m
+—2—L.y

Vy =

my +my my +my

-dS = Area under the force-displacement

as

dU(x)
dx

F(x)=-

orAU= U,

\.'

-U; ——j F(x)dx

x

V Potential Energy of a Spring

Work Energy Theorem According to Hookes law, when a

The work done by the net force spring is stretched through a distance

acting on a body is equal to the x, the restoring force Fis such that

F o< x (where k is the spring constant
or F=—kx and its unit is N m-1.) <=
The work done is stored as potential
energy Uofthe spring

change in kinetic energy of the body.

=Change in kinetic energy
1 1
- 5#:1'3 —Emu1 = W=AK.E.

The work energy theorem may be

X
regarded as the scalar form of W= J'kxdx — _l.kxl = TT= lkx?'
Newton’s second law of motion. 0 2 2
COLLISION Oblique Collision

If the two bodies do not move
along the same straight line
path before and after the
collision, the collision is said to
be oblique collision.

A collision between two bodies is said to
occur if either they physically collide
against each other or the path of the motion
ofonebodyisinfluenced by the other.

Types of Collision
Elastic collision : Both the momentum and
«— kinetic energy of the system remain conserved.
Inelastic collision : Only the momentum of the
system 1s conserved but kinetic energy is not
conserved.

Mas%‘JEE
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Pendulum Suspended in an Accelerating Trolley
e For a pendulum
suspended from the
ceiling of a trolley
moving with
acceleration g, the
maximum deflection

0 of the pendulum [ J

from the verticalis 0 = 2tan "

Nature of Work Done
o Positive work (0°< 0 < 90°)
Component of force is parallel to displacement
¢ Negative work (90° <6 <180°)
Component of force is opposite to displacement
o Zerowork (6=90°)
Force is perpendicular to displacement

~~

Work Depends on Frame of Reference

With change of the frame of reference
(inertial), force does not change while
displacement may change. So the work
done by a force will vary in different frames.

Work Done by Friction

¢ Work done by static friction is always zero.
e Work done by kinetic friction on the
system is always negative.

Work Done by a Spring Force

¢ Work done fora displacement from x; to x;
D s g
W, = _Ek Xf—X )

i

U Potential Energy Curve C

—=0
dx
Fy=Fs=F-=0

at points

> 4,5and C

product of the force and the
displacement (S) of the

e

MASTERJEE CLASSES

Work Energy Theorem for Non-inertial Frames
For a block of mass m welded e
with light spring (relaxed)
When the wedge fitted
moves with an acceleration
a, block slides through

maximum distance [ relative to wedge,
e 2m

. [a(cosO — nsin®) — g(sin6 + pcosB)]

Different cases explained using work energy theorem

/

\ |
Work Energy

Theorem

Work done by a force acting on a body
is equal to the change in the kinetic energy of
the body. It is valid for a system in presence

as its capacity for doing
work. Energy is a scalar

Poss _. _ (8istheangle quantity.
W=F-§ between F and S)
W =FS cos ©

Unit and dimensions for both energy and
work are same
Dimensions : [ML?T 2]

S.I. Unit : joule (J)

Potential Energy
It is the ability of doing work by a
conservative force. It arises from
the configuration of the system or
position of the particles in the
system.

/

Relation hetween Conservative
Force and Potential Energy

Negative gradient of the
potential energy gives force.

F=-2=
dr

WORK AND ENERGY

Work Done in Pulling the Chain

Mgl »
2m? L/n
{M = Mass of chain
L = Length

n = Fraction of chain hanged}

Motion of Blocks
Connected with Pulley
e Two blocks connected by a
string, as shown. If they are
released from rest. After they
have moved a distance [, their
common speed is

e

5 2(m, —pmy) gl

ofall types of forces. my +m,
Work Wiotal = AK Energy
Work done Th
by a force (F) is € GnEgyy T-
equal to the scalar of a body is defined An Application of

Conservation
of Energy

o A block of mass m, falling
from height h, on a
mass less spring of stiftness
k.

» The maximum
compression in the
spring will be

x:%{lﬂ/%} Iéf
|

k

» Ifblockisreleased slowly (h=0),

. . 2mg
maximum compression, x = N

» Work done in bringing the block
mtg?
2k

to stable equilibrium, W, , = —

(;)
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Velocity after collision :

vlz[wjuﬁ[m]uz
m1+m2 m]+n12

[(1+e)ml] [mz—eml]
Vo= ——— |+ | —=———|u,
ml+m2 nil+m2
Loss in kinetic energy :

1 mym

(AK) =

Head-on col]ﬁsion

¥

® Velocities after inelastic collision :

Before collision After collision
.Y L=e
V. l+e

2
» Coefficient of Restitution (e)

_ Velocity of separation along line of impact

Line of impact
and line of motion

Velocity of approach along line of impact

\ 4

Rebounding of Ball After Collision
e After first rebound
~Speed: v, =ev, =¢ 23?10
~Height: h, =é?h,
e Aftern' rebound:
—Speed:v, =¢"v,
~Height:h, =é"h,
Total distance travelled by the ball
before it stops bouncing :
H=hy[(1+ €2/ (1- )]

Perfectly Elastic Oblique Collison

After perfectly elastic oblique collision
of two bodies of equal masses, the
scattering angle (6 + ¢) would be 90°.

MASTERJEE CLASSES

COLLISION

| CLASSIFICATION OF COLLISON |

HEAD-ON OBLIQUE
COLLISION COLLISION
The velocities of Onthe The velocities of

the particles are ~ basis of the particles are
along the same  line of along different
line before and  impact lines before and

Head on Inelastic Collision

In Gase of Smooth Surfaces

after the after the
collision, collision.
cOLLISIoN  PERFECTLY
2 TN INELASTIC
If the kinetic energy COLLISION
after and before collision
are not equal, the If velocity of
collision is separation just
said to be On the basis  after collision
inelastic, of kinetic becomes zero,
energy then the
collision is
« ELASTIC ~ perfectly
COLLISION inelastic.
If the kinetic energy after and
before collision is same, the
Tl;;abs titatin collision is said to be
e=1,we ge.:tg pertectly elastic.
=) g

Elastic or Perfectly Elastic Head on Collison

Velacity after collision : @_‘;z

- 2
= i it e Before collision
my g dgy el v, v,
7= n, —m ). Zmlul
m + m, my +my After collision 1
If projectile and target are of same mass N

Form,=m,=v,=u;andv,= U
\J.e., their velocities get interchanged. J
/If massive projectile collides with a light target
For m,>>m,=>y,=u,and v, =2u, - u,
Sub case : For Uy= 0, i.e., target is at rest
423\31 =y, and v, =2u, J
(1f light projectile collides with a heavy targgi:\
Form, <<m,=v;=-u; +2u,and v, = u,

Sub case : For Uy= 0, i.e., target is at rest

v, =-u, and v, = 0, the ball rebounds with same

Special Cases

Common normal :

Force is exerted in common normal
direction only. Momentum changes in
common normal direction.

Common tangent:

F=0

Neither momentum nor velocity
changes in common tangent direction.

Line of

impact Line of
Line of motion
motion of ball A
of ball B

Common
normal

Oblique collision

Perfectly Inelastic Collision
* When the colliding bodies are
moving in the same direction:
= Tty Sy
T omm,
z @@ Yeom

After collision

v

Before collision
Loss in kinetic energy
= g

AR=2 "‘1*”‘2}(“1 )
e When the colliding bodies are moving
in the oppositedirection :
B (1
My
Loss in kinetic energy

_1{ mimz] f— uzjz
1

com

/Ifmz =nm;and u, =0
The fractional kinetic energy transferred
by projectile

AK

= =

4n
(1 +n)?

\ Z

/Fractional kinetic energy retained b'y\
the projectile

&

= 1- fractional kinetic

Retained energy transferred

speed.

by projectile

£
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SYSTEIM OF PARTICLES

AND ROTATIONAL MOTION

Rotational Motion

o The centre of gravity of a body coincides with .
its centre of mass only if the gravitational field

BRAIN

MAP

CLASS XI

Centre of Mass and Centre of Gr

\113%

Perpendicular distance of each particle
remains constant from a fixed line or

does not vary from one point of the body to point and particle do not move parallel

Motion of Centre of Mass

Conservation of Angular Momentum

other.
Mathematically,

Repy =%cpmi+ Yo +acuk

1
¢ Fordiscretebody, x5 = m Z mx;,

1 1
Yem = EZ " Yis Zoa = aszzf

= 1
¢ Forcontinuousbody, Rq-y; = i I Fdm

Centre of mass of symmetric body

o . 2R

¢ Semi-circularring, Yep =—
4R

*  Semi-circulardisc, Ycm =§

For a system of particles

TR M+ gt +
¢ Position, 7y =—1—22 "
iy .

. _ mlvl +n121‘2 +o
K0

¢ Velocity,
Yy + "y i

¢ Acceleration, by, =

F,. =0, then Vcas = constant.

PG T Mty + o

totheline.
s
e Angulardisplacement, 6= -
’
d0

Angular velocity, = J
t

. dw
Angular acceleration, o.= n
al

e Equations of rotational motion

¢ o=wy+ot
1

¢ B=0gf+ 3 or?
¢ o?=w}+200

e Torque :
about the axis of rotation.
T=Fx[5T=rlsin® 1=l

e Angularmomentum, I =7 x p; L = Iw

o Workdonebytorque, W=1d0
e Power,P=t0

Moment of Inertia

n
e Forarigidbody, I = 2'":‘"52

=
! zp

e Parallel axes theorem:
Lip=Icpr+ Md?

A 4 ]

Turning effect of the force

y
e Perpendicularaxes theorem: x 2 2.
I=_MR" I=_MR"
L=I+1I, — s 3 5
(Objectisinx-yplane) ‘
A

B 1 T

If the net external torque acting on a system
is zero, the angular momentum L of the
system remains constant, no matter what
changes take place within the system.

I =constant; [;o; = L,w,

(forisolated system)

v

Equilibrium of a Rigid Body

e A rigid body is said to be in mechanical
equilibrium, if both of its linear momentum
and angular momentum are not changing with
time, i.e., total force and total torque are zero.

e Linear momentum does not change implies
the condition for the translational equilibrium
of the body and angular momentum does
not change implies the condition for the
rotational equilibrium of the body.

Rolling Motion
o For a body rolling without slipping,
velocity of centre of mass
Yoy = Ro
Kinetic energy,

K= Kiranslational + Krotational

L oy
=_MVey l+h
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- - ~ Rl ~ - — Al
Snapshot of Rolling Motion o For a system of particles _ Acceleration. g, = MLt Moy ¥
For rigid bodies : solid cylinder, hollow cylinder, n i T + My + ... ceeleration, Gy = )+ 1y + o
; - Position, 7y = N
solzdsphereandhollf)wsphere, M+ + ... = P B, =0 X 0oy @O
® Order ofacceleration = - : - )
— Velocity, 7., = VLT MV F e
Aolid > %solid > hollow > %hollow elocity, vey =
sphere cylinder  sphere cylinder L my+mm, ... 5] p ~
® Order of required friction force for pure rolling N o Angular displacement, § = &l
~ Al
Tnottow > Jnottow > Jfeolia > Joolia o During such motion, all the particles 9

cylinder sphere cylinder  sphere

. dl
e Angular velocity, ® = —
® Order of required minimum friction coefficient

have same displacement (s), velocity
(v) and acceleration (a) during any

for pure rollin, Angul lerati G0
P 8 interval and at any instant. ELIeU aracceleralion lody dt
Whollow > Mhollow > Msotid > Msolid g . . i
cylinder sphere cylinder sphere {} e Equations of rotational motion
. N - w=wy+at
o A force Fisapplied at a distance x above o< T
the centre of a rigid body of _>¢ PURE B _(DUH'EO”
radius R, mass M and moment of inertia F ~ 02=w2 + 200
o
CMR? about an axis passing through = TRANSLATIONAL - g
the centre of mass p MOTION A
S ER¥D) F(x—RC) {f mustbe Kinematics of
A MR(C+1) RC+]) | SKHgmg ) Rotational Motion
// ~ N f R
‘When a force acts on a body o By p.omt 5 b
fﬁ I PURE moves in a circle whose
e For a body rolling centre lies on the axis of
without slipping, RIGIB BonY ROTATIONAL ~> rotation and every point
velocity of centre of PURE MOTION MOTION moves through same
mass, vy, = Ro <= ROLLING angle. |
C
Kinetic energy, MOTION v N
Rotational Analogue Dynamics of
K = Kirans. + Krot
# y [ of Mass Rotational Motion
1 5 On an
=—mvgy(1+C
2 cm( ) Inclined r i AERS D
Moment of Inertia Angular Momentum
s Plane COMBINED z o Ofaparticle abouta point
* ArigidbodyofradiusR,| ) TRANSLATIONAL e Forarigidbody =Y ms A
mass M and moment of O AND ROTATIONAL i=1 ST A
inertia, I = CMR? is, o Perpendicular axes theorem: e Of a rigid body rotating about a
released at rest. iq, MOTION L=1+1, e fixed axis L = Zmi(Fi x¥,); L=1Io
in6[CEKURYisa & o T %5" i
gline{ CO;S(ﬂn‘ V;[‘llse‘: for k& (Ob]eCt fs1n .X-y Plane ) A : {} g
different bodies U o Parallel axes theorem: .l - —
2 d | ! dL
,Angular momentum ‘e If all points in the body\ Iag=1Icm +Md B * From Newton's 2nd law 7, = &
of a rigid body in rotates about an axis of - ) Torque about the axis of rotation
combined motion 7, <=  rotation and the axis of < T=7xF; T=rFsin0=Io
S —_— OO rotation moves with A \ » Work done by torque, W = td6
L=Ley + MG x7) ) respecttotheground. D o Power, P = T®
J
! * Iy
~ Rl Rl ~
o The speed of a point on the circumference at i . - Conservation of Angular Momentum
any instant ¢ is 2rw sin (w#/2) « bt Yeloatonf any point f)fthe rigid body B s, L., o
e xand y coordinates of the bottommost point in combined motion is the vector sum i
atanytimet, (x, y) = (vi-rsint, r - rcos f) ) of Vand 7 x &. L = I = constant

. J
h :’N
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Newton'’s Law of Gravitation

Law of orbits : Every planet revolves

around the sun in an elliptical orbit

Kepler’s Laws of
Planetary Motion

Gravitational force (F) between two bodies is directly o i
) ) and the sun is situated at one of its
proportional to product of masses and inversely

proportional to square of the distance between them. foci,
F=- Gm_;m o7 Law of areas : The areal velocity of
. the planetaround the sun is constant
. dA
Le., —— =a constant
dt
Acceleration due to gravity Law of periods : The square of the time period of
e Forabody falling freely under Characteristics revolution of a planet is directly proportional to
gravity, the acceleration in the of gravitational force the cube of semi major axis of the elliptical orbit.
body is called acceleration Itisalwaysattractive. T? oc g3
due to gravity. Itisindependent of the medium.
¢ Relationship between gand G Itisa conservative and central force. . .
GM, 4 holds good over a wide range of il WO
8= T3 nGRp ft § 5 Work done in bringing the given body from

¢ distance.
where G = gravitational constant

infinity to a point in the gravitational field.

p = density of earth Gravitational potential / =_
M, and R, be the mass and radius ravitasiona  poentia l

Work done in bringing a unit mass from

infinity to a point in the gravitational Escape speed

l field. g The minimum speed of projection of a
V= body from surface of earth so that it just

Variation of acceleration . crosses the gravitational field of earth.
due to gravity (g) 2GM

Vo=

\of earth

R
(- )
Due to altitude (h Earth’s \
o () Types of Satellite |} g satellite
g, =8|1-— Time period of satellite
—p R c ™
. Polar satellilte o [R +h)y
The value of g goes on e Timeperiod: 100 min = ?TL -
’ 8

\decreasingwithheight. e Revolves in polar orbit

For satellite orbiting close to the

€ around the earth.
Due to depth (d ’
P d( ) e Height:500-800 km. carths surfa;e
N g,=g [ 1- R_] o Uses: V\./le.?ther fOfecasting, Orbital speed of = 21:\]% = 84.6 min
€ military spying . <
The value of g decreases N\ satellite

. The minimum speed
with depth. \A( . . N
Y\ p Geostationary satellite required to put the Energy of satellite

e Timeperiod:24hours o : :

(Due to rotation o feartl; S p | i satellite into a given orbit. Kinetic energy K = GM m

B N e Same angular speed in 2R +h)
8, =8~ R,w7cos same direction with y =R |2 —GM m
Atequator, A =0° carth. R +h e Potential energy [J = ¢
G =8~ RO’ e Height:36000km. For satellite orbiting close o Totalenergy L
Atpoles, A=90° e Uses:GPS, satellite to the earth’s surface Ee K40 =— GM m
gkmax =8=8 \_communication (TV) J{ V,=y gR, L 2(R +h)
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Gravitational Field , 1€ po_—GM
The space surrounding the 2T L tan2 Ly AL’ +d?
A — %
body within which its O/ 2y “ -2GM . dF sin ©
. . = R - sin
gravitation force of EL / A5
attraction is experienced —G13\/Ir" -GM/P? d ,.ﬁ}cosg 9 (sz
by other boldie;d is called @y : Due to a r S
ravitational field. _ : a
& fi . Insider<a B=— G]\;I r _ p linear mass of [e——>ldx X
(@® +72)* finite length
E—_ GMr towards the center of ring on its axis Here 0y=m/2
3 . .
a linear mass density A
14 . ider> wyy . 2Gh
q _ /N Outsider=a Due to a uniform . . AT S d
_/ . GM ring at a distance Due to infinite
0 = p==== r on the axis uniform linear .
El /Vrz— r from centre mass distribution At a distance x on the
~GM/ | axis from centre
. Forr>a Due to uniform solid Du‘e toa uniform_ o _26Mx[1__ 1
. GM sphere at point P disc of mass M TR | x feLr
2 The gravitational force experienced
« Forpointinside the shell Gravitational by a unit mass placed ata point.
Field — =
E=0,r<a . . N = F . -1
Intensity - '\E — = SI unit : ON ki .
Due to uniform (B I: Relation between * [E] = [MLT~4]
spherical shell + gravitational field
| andpotential | ” "
Relation betweenEandR  The amount of work done byy ~ ,_ dV  / Due tl(l) unt ;)rllrltl n \
R s =—— spherical she
For two planets Aand Bof 3 externa'l agent in br%ngm'g 2\, r s Gravitational P
masses m«. meand radius body of unit mass from infinity to "*~._,___. - P ial o Inside r<a
L that point in the gravitational field. otentia
R, and Rghaving ) Ve GM  Slunitis] kg™, (V) V= -GM
o equal mass Ey_Rp T [V]=[MOL2T-2] Due to a uniform ring a
B Ri at a distance r on the RO s T
axis from centre
. equal densityE—A _Rs , -GM
5 Rp Due to infinite Due to uniform solid V=
. -GM r
uniform linear mass sphere at point P VA m
distribution (A) | =
Potential difference between . 4 ]
e Insider<a, 7
two points at distance d, and d, GM, , /
d, Duetoa V=-"—70Ga"-r) 0 r—
Vi, =2GA ln—1 linear mass of .ja S vi
finite length o Outsi (e; ]:/I_ a : —GM/u' -GM/r
" on its axis V=-—
Pl dF sin © r |
é& e Uniform Thick Spherical Shell
Yoy V0™,
dLdFcos0i 6 YdF ™. 14 l
R g,
; . . 7 R Outsid M
e——dx X R BN ’A « Outside v = _GT |
GM . | L% +d> v /<—G—M/r ¢ )7 inside ve_dom —RtR )
Vee—h)———— | —4 2 LR§+R1R2+R12
L d -3GM/2a 2 GM(3d% - 2)/24° 7
&
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Young’s modulus
Normal stress

Bulk modulus,
Normal stress

9 1

Y B

" Longitudinal strain

6_3.’3—26
T 2G+6B

Volumetric strain
|\

MASTERJEE CLASSES

MECHANICAL PROPERTIES
OF SOLIDS AND FLUIDS

S 4 RELATION BETWEENY, B, GAND ¢ APPLICATION OF ELASTICITY

e Y=3B(1-20) & Y=2G(l+0)

Designing beams for bridges

Compressibility, k = 1/B )

HOOKE’S LAW
Stress o< Strain

Modulus of rigidity\
. _ Shearing stress

or Stress = E X Strain, = —Shearing strain
J

(E =modulus of elasticity)

ELASTIC POTENTIAL ENERGY

1 1
U= EF x AL = 0 x slress x slrain x volume
P.E. stored per unit volume of stretched wire,

1 1
u=—xstressxstrain =—xY x (1-:trair1)2
2 2

3 The depression in rectangular
- 3
¢ J | beam, &= wi

4Y bd’

Poisson’s ratio
Lateral strain

c= ERT .
Longitudinal strain

STRESS AND STRAIN

Restoring force F

A

Change in configuration
Original configuration

PROPERTIES
OF
SOLIDS

® Stress = 1
area

o Strain=

PROPERTIES OF

VISCOSITY

Coefficient of viscosity:

I2 dv . .
n= arn where I is the velocity
A[— de gradient between two
layers of liquid.

BERNOULLI'S THEOREM

Bernoulli’s theorem : For the streamline

PRESSURE

Pascal’slaw

flow of an ideal liquid, the total energy per

unitvolume remains constant
o oas L2 rant The pressure is same at all points
+pgh+ —pv™ = cons o o
pgrT 5 Py =consiat inside the liquid lying at the same

depthin ahorizontal plane.

O—
Basic

results on

\Gauge pressure=P- P, = hpg.

J
ARCHIMEDE’S PRINCIPLE

When a body is immersed fully or

Backward
dragging force on a

Stoke’s law :

spherical body, F=6tnrv.

Poiseuille’s foamula partly in a liquid at rest, it loses
_n Pr- some of its weight, which is equal to
8 ni the weight of the liquid displaced

Reynold’s number : Determines
R P¥d
n

bytheimmersed partofthe body.

Apparent weight = mgl 1- E}
P

nature of fluid flow

\(For fully immersed body) * )

[
ELASTICITY AND PLASTICITY

Elasticity : Ability of a body to regain
its original shape, on removing
deforming force.

Plasticity : The inability ofa body to
regain its original size and shape on
\the removal of the deforming forces. )

SURFACE TENSION

Surface tension: The property by
which the free surface of liquid at rest
tends to have minimum surface area.
Surface energy: Work done against
the force of surface tension in
forming theliquid surface. o
\

CAPILLARITY
The phenomenon of rise or fall of liquid
ina capillary tube is called capillarity.

Height of the liquid within capillary tube

28 cos0 [ Where, 6 = angle of contact
h= p = density of liquid
apg
a = radius of tube

In an air bubble

AP = é
R

Excess
Pressure

Inside a soap bubble
AP = 4
R
Inside a liquid drop
AP = é
R
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e Streamline flow : The flow in which
path taken by a fluid particle under a
steady flow is a streamline in direction of
the fluid velocity at that point.

e Laminar flow : The liquid is flowing
with a steady flow and moves in the form
of layers of different velocities and do not
mix with each other, is called laminar flow.

e Turbulent flow : The flow in which
velocity is greater than its critical velocity
and the motion of particles becomes
irregular is called turbulent flow.

e Critical velocity : The velocity of
liquid flow upto which the flow is
streamlined and above which it becomes
turbulent is called critical velocity.

e In compressible flow, the density of
fluid varies from point to point, whereas
in incompressible flow, the density of the
fluid remains constant throughout.
Liquids are generally incompressible
while gases are compressible.

e Rotational flow is the flow in which
the fluid particles while flowing along
path-lines also rotate about their own
axis. In irrotational flow, particles do not
rotate about their axis.

— Poiseuille’s
o The rate of volume of fluid coming Formula

out ofanarrow tube s
K _ nPrt
t  8nl

where P = pressure difference,
I = length of tube, r = radius of cross-

section of the tube. l
» Liquid resistance, R = 14
Tr

» Series combination of tubes

(Vi=Vy) i
vV P

t |8 . 8nl,
nr14 nr24

Here,P=P, + P,
P, and P, are the pressure difference

across the first and second tubes.
» Parallel combination of tubes

(P1=Pz)

4
I

8nl,

4
I

8nl,

Here,V=V,+V,
V p—

_p[

t_

FLUID IN

Inertial force per unit area

MASTERJEE CLASSES

MOTION

e According to conservation of mass,

® Reynold’s number =

Where v =velocity of liquid, p = density of liquid,

d=diameter of tube,

7 = coeflicient of viscosity of liquid.

» Onthebasis of Reynold’s number, we have,
0 < Ny <2000 — streamline flow.

Viscous force per unit area

mass of liquid entering per second at wider
end = mass of liquid leaving per second at

narrower end ) ,
V)
aivipr = azv2Pz a
N
a|vy = axvy V1
(If liquid is incompressible, p; = p, = p)

or av = constant

2000 < Np <3000 — streamline to turbulent flow.

3000< Ny — purelyturbulentflow.

|— Reynold’s
Number

.

Flow of e S
Flutd Continuity

FLUID
IN
MOTION

|

— Viscosity

e The property of fluid due to which it
opposes the relative motion between its

differentlayers v+ dv

1 —>V

ina steadY ﬂovxf A lraar

is called viscosity.

» Tangential force between thelayers,

F = -mA(dv/dr), where n = a constant called
coefficient of viscosity.

» Slunitofnis=Nsm~ or Poiseuille (P1),
Dimensionsof [n] = [ML™! T7!]

e Stokes’law: The viscous

drag opposing the motion =3nrog

isF,=6mnrv

» Terminalvelocity: " f, =omnrv
v=(2/9)[r*(p-0c)g/M]

where p = density of sphere, =g

6 = density of fluid medium,

r=radius of sphere. N
e Thevariation of =
velocity with time 2
. £
(or distance) ~ Time or distance &

Bernoulli’s
Principle |

1
P+ Epv2 +pgh = constant

e It states that for a steady flow of an
incompressible and non-viscous liquid
the sum of the pressure (P), kinetic
energy per unit volume (K) and
potential energy per unit volume (U)
remains constant throughout the flow.

=

e Venturi-meter : It is a device to measure the
speed of flow of incompressible fluid.
» Volume of the fluid flowing out per second

2hp,,8 Jalicl
Qeai=aa [~ |7
p(ai —ay)
2
1 =

=a, ,Arca=a,

v Py

Liquid of
th—mg X ﬂ—z density P
af ~a3
o Torricelli'slaw:
» If the container is open at the top to the

atmosphere then speed of efflux v; = \/2¢h .

» Horizontalrange, R=v; xt
= J2gh Z(H ZH=D) _ ) JuE 1)
H .

Rwillbe maximumif h=—, i.e., .
Ry =H 2 N
» Ingeneralasshownin figure, i,@ ;Zl
speed of outflow, 3 =

H=n|

p
&
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Latent Heat of Latent Heat of Latent Heat of Wien's Displacement Law EA T;>T,> T,
Fusion (Lf) Vapourlsatlon(LV) Sublimati(zn (L) A,,T = b = constant — Ry < Dy < D,
Sohd—} Liquid L1qu1d—> Gas Sohd% Gas| |9*T273|b=289%x10°mK T,
< A -
TLfTee Expanswn Relation between 2
L= Lo[l + QAT a, Bandy Stefan's Boltzmann Law T,

Emissive power, Eoc T*=>E=cT*

ISuperfic1al Expansmnl For ordinarybody, E=ecT* P Py A >
CHANGE OF STATE A=Ayl +BAT) PO Y 3 g Mo,y A

During the change of
phase, temperature Volume Expansion Kirchhoff's Law
remains constant but THERMAL V= V(1 +7vAT) | Ratio of emissive power to
heat is being supplied EXPANSION / absorptive power at temperature,
to the body. Increase in Radiation Tis

configuration of a / Heat is transferred without heating Ey _ E, _ [ E ]

solid with increasing the intervening medium. Ay Ay 7 A Jperfectly black body )

temperature.

Convection
HEAT Heat is transferred due to actual (" Applications of Convection
HEAT / A /. motion of heated particles. e Formation of trade winds
i Transfer of heat from o Causes Monsoons
Heat is the form one system to another e Land and sea b .
of energy transferred system arises due to Conduction A e )
between two or more temperature difference — PHeat s transferred without any actual
systems or a system and its / motion of particles of the substance. | =% (" Rate of Heat Flow
surroundings by virtue of Q KA(T{-Ty) T
QR e ture differcily It is based on the law of conservation t d
PRINCIPLE OF ofenergy. (K = Coefficient of thermal
—> —e -
[FMPERATESS CALORIMETRY Heat lost by = Heat gained by conductivity) )

It is defined as the thermal

onebody  other body
state of the body, which

would determine the Temperature Scales
direCtion Of ﬂOW Of heat \ THiRMO}]M?TR}lY ConverSion Of Temperature Scale Fahrenheit Celsius Kelvin
A branch o sics
when this body is whichdealswi};hythe T~ C_F-32_K-273 R
placed in contact measurement of 5 9 5 4 S};‘;m T 22 F ] 100°C — ] 373 15K
with another temperature, is where, C= Celsius, F= Fahrenheit,
bod known as the K = Kelvin, R= Reaumur
g thermometry. . _
npl? Nater 32.02°F 0.01°C 273.16 K
NEWTON'S of water 02F—Lil 001° :
i crcooh \‘ Triple Point of Water Ice point 32°F 0°C 273.15K
The rate ofloss of heatbya Temperature and pressure at which T O°F -18°C 255K
body s directly proportional all the three phases of water exists
AT toot?tiee)i)c(f(sisy c:)fvt::‘nper aturg inequilibrium. T3 =273.16 K Absolute _460°F -273°C—H 0K
Zero
CAPACITY surroundings, U U
The amount of heat  provided excess Newton's Law of Cooling
absorbed by a given is small. Rate of cooling of a body is proportional to the excess +
amount of substance to temperature of the body over the surroundings >
change the temperature ar _ 5
T 5 =~ 1, -1 S
y unity. dt  ms e
[
\ El Slope = b/a
—o Molar Specific Heat g T
Specific Heat Capacity The amount of heat required to raise the temperature é“ b
L
The amount of heat required to raise the of one mole of a substance by unity. C= AAQT = _
n
temperature of 1gof substanceby 1°C. s = AQ 7 >
mAT Time(s)
't
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BRAIN

MAP

Relation hetween

Vims s Vay and Vmp
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KINETIC THEORY

Maxwell’s Law of
Distribution of Velocities

\/3RT \/8RT 2RT

zﬁ:\/;:ﬁ;(vrms>vuv>vmp)

The distribution of molecules at
different speed is givenas,

m P2 -
dN=411:N(—) vZe 2KT gy

Mean Free Path

The

average distance travelled between

successive collisions of molecules of a gas is
called mean free path (A).

1
A=
\/Eml:d2

and dis the diameter of the molecule.

; where 7 is the number density

Kinetic Interpretation of Temperature]

Specific Heat
Capacity

Specific Heat of a Gas

— — —
= —_—

Kinetic Theory of
Ideal Gases

At constant pressure (Cp) :

_(3Q), orC,= (1+£)R

P AT
At constant volume (Cy) :

(AQ)y 1
= orC =—

V. unAT Vo2 R
Mayer’s relation : Cp-Cy=R

(f= degree of freedom)

Behaviour of

Gases

Vander Waal’s Equation

Monoatomic Gas (f= 3)

3 3 5 5
U=2RT,Cy =>R,Cp=2R,y=2
2 vy Rtp ==

Diatomic Gas (f=5)

5 5 7 7
U=2RT,Cy =2>R,Cp=—R,y=>
2 v

@

Polyatomic Gas

For n moles of a gas, [[ al =M L5T—2]i|
[b] = [L]
P+— (V-nb)=nRT
v?
. 8a
¢ Critical Temperature: T =
27Rb

e Critical Pressure : P=—r1rH
27b°
e Critical Volume: V_=3b

U=(3+f)RT
Cy=03B+f)R
Cp=(4+f)R
=@4+f)G+f)
f’ = a certain number of vibrational
mode

Graham’s Law of Diffusion

For given temperature and pressure, the
rate of diffusion of gas is inversely
proportional to the square root of the

density of the gas. r oc L.

b

Pressure Exerted by a Gas

E =

1mN2 _1 2 2

3 vV ~ Vrms = gpvrms=gE’

Average KE per unit volume

For any system in thermal equilibrium, the
total energy is equally distributed among its
various degrees of freedom and each degree

of freedom is associated with energy %kT.

Boyle’s Laws

\

At constant temperature, volume of a
fixed mass of a gas is inversely

proportional to its pressure. f /
T = constant

1
P o< — or PV = constant
V 1/V—>

b

Charle’s Laws

\

The volume of the gas is directly
proportional to its absolute temperature.
Ve T (at constant P) f

t -
V,= V0(1+273) =1

Vo
Slope = 73
P = constant

—>t°C

Gay-Lussac’s Law

\

Pressure of the gas varies directly with the
temperature at constant volume.
PocT (at constant volume)

t
Pi’ =PO|:1+2—73i|

3
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A motion that repeats itself at regular
interval of time is called periodic motion.
The displacement is represented by a
periodic function of time with time period T.

ie, f()=ft+T)=ft+2T)=.....

([ J
System
Excuting
SHM
SHM IN SPRING
e Equation of motion
dz)’ —ky 2
—=—=—0
> m (

e If the spring is not light but has a
definite mass m_then

m
m+—=

T=2m 3
k

e Two bodies of masses m, and m, are
attached through a light spring of
spring constant k, the time period of

oscillation

T = 211:\/E where u = i
k my +m,

SIMPLE PENDULUM
e Time period '

. /;mﬁ
mgl A

o If the length of
simple pendulumis

very large,

where R is the radius of length of
pendulum

Ifthe body s given a small displacement from

the position, a force comes into play which
tries to bring the body back to the
equilibrium point. Such motions are called
oscillatory motion.

Dynamic
of
SHM

FORCE LAW IN SHM
o The force acting on a particle of mass m in
SHMis
F = -mo?% or F = —k&
where, k = mw? = force constant

e Linear SHM: p
- Angular velocity, ® = \/:
m

- Time period, T = 271:\/%

e Angular SHM:
- Torque, t=-kO
- Angular velocity, » =/k/I

- Angularacceleration, o0 = ——

— Time period, T = 271:\/%

where = moment of inertia

ENERGY IN SHM
e Linear SHM: 1
- Kineticenergy (K) = b mm*A? cos® ot

- Potential energy (U) = E mw?A%sin® ot
2

— Totalenergy (E) = 4 mm2A2
e Angular SHM:
- Kineticenergy (K) = 12
2

~ Potential energy (U) = lke2 = lI 06*
2 2

- Total energy (E) = b I 0326(2)
2

The motion arises when the force on the
oscillating body is directly proportional to
its displacement from mean position.
Such motion is called simple harmonic
motion.

Charact-
eristics of
SHM

GENERAL EQUATIONS OF SHM
e Linear SHM: 5
d’y

- Differential equation — ’y=0
dt

- Displacement y = Asin(w? + ¢)

- Velocity, v= (m/A2 -y*

- Acceleration, a =-m?y
e Angular SHM:
- Differential equation
d’0
—F %0=0
dt

- Displacement 0 =8, sin(w? +d)

DAMPED AND FORCED OSCILLATIONS

e Damped oscillations 3
) k b
- Angular frequency (') =4 ———
m  4m
1 ;bt
- Mechanicalenergy E(t) = —kA%e ™
2
- Amplitude A" = Ae=bt/2m
where bis damping constant.
e Forced oscillations

- When driving frequency w, far
from natural frequency w:

Amplitude A’ = | Ll

m(oo2 - (nﬁ)

— When driving frequency w closed

tonatural frequency :
Amplitude A’ = fo

() db

£
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Electromagnetic Waves

Waves propagating in form of oscillating
electric and magnetic fields.

Do not require medium for propagation.

Transverse Waves
The individual particles of the
medium oscillate perpendicular to the
direction of wave propagation.

Velocity of Transverse
Wave in Solids and Strings

n

o Insolids, v=, |—
Y

where 1 is modulus of rigidity and p is
density of solids.

T
o Instretchedstring, v=, /—
m

here, T'is tension in string and m is mass

itlength of string.
\perum ength of string )

/—/ Progressive Waves /—\

+ Displacement, y = A sin (0t —kx+ )

y= Asin2n[%—%) =A sinz% (vt —x)

t X
o Phase, ) =2m| — — — |+
ase, 0 (T }J 0o
where ¢ is the initial phase.
o Phasechange:
(a) with time (b) with position
21 2T
Ad === At Ap=— Ax.
L ) T ) X §

/—/ Stationary Waves /—\

o Wave formed by the superposition of

TYPES OF WAVES

MASTERJEE CLA

Mechanical Waves

Waves which require a material medium

for their propagation are called
mechanical waves.

Direction of Energy

Wt Propagation
- »

Trough < >
Wavelength

Amplitude

Displacement

J

Direction of

Compression !
propogation

Rarefaction

+—>
Movement of
air molecules

Wavelength

WAVE MOTION

of Waves

Identical waves
of same speed
superposes
in opposite
direction

Waves with same
speed and
different frequency
superposes in
same direction

ES

l@ N

Matter Waves

Waves associative with microscopic

particles such as electrons, protons etc. in
motion are called matter waves.

Longitudinal Waves

The individual particles of medium
oscillate along the direction of
wave propagation.

H Velocity of Longitudinal Waves /L\

G

In a solid of bulk modulus k¥, modulus of

rigiditym and density p is

p
In a fluid of bulk modulus k and density p is

K
yv=[—

p
Newton's formula for the velocity of sound
inagasis

Kiso p
v= \/: = \/: (P = pressure of the gas)
P p J

/—/ Doppler's Effect in Sound /—\

(]

-

If v, vy, v,and v, are the velocities of sound,
observer, source and medium respectively,
then the apparent frequency,

F_ VY=Y .
v+v,, =V
If the mediumisatrest, (v,, =0) then
, V_VO
V=——X%XV
V—VS )

/—/ Beats Formation /—\

. . ™) _ -1
incident wave and reflected wave is o Open organ pipe: » Beatfrequency =Number of beats sec
givenby y=1+2asin 2mx cos 2nt Fundamental mode, = Difference in frequencies of two sources.

A A T \ v, =v/2L=v (18tharmonic) Vpeat = (V1 =) 0r (L, - 1))
« Position of antinodes: x =0, =, A, 34 nh mode, v, =nv/2L (n™" harmonicand V=V +Vpey
3 }»2 5 2 (n-1)th overtone) o Ifprongsoftuning forkis filed v increases.
« Position ofnodes: x = D A A + Closed organ pipe: o Ifprongsisloaded with awax v decreases.
« Frequency of vibration of a string fixed Fundamental mode, o Uses:
mw  m T v, =v/4L=v (18tharmonic) — For tuning musical instruments
Aot ends, v= 3L 2i\m nhmode, v, =(2n-1)v - For detection of marsh gas in mines
(_ L=lengthof string, n = mode of vibration | { [(2n -1)t"harmonicor (n-1)t overtone]) | -~ For using as alow frequency oscillator. )
3
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ELECTRIC FLUX AND
GAUSS'S LAW

ELECTRIC FLUX

Electric flux is a measure of
flow of electric field through a >
surface. It is equal to the dot )
product of an area vector

and electric field

Ny

4 Flux of electric field E
through any area A:
¢ =EAcosBor g =E-A

For variable electric
field or curved area

0=]EdA

< For a closed surface outward flux is taken to be
positive while inward flux is taken to be negative.

Positive flux

Zero flux

Negative flux

>

s
To get a direct connection .
Problem Solving g o,
between the electric flux " Select a symmetric gaussian surface as per the charge distributi
: insi ian surface.
throu g s.urface. g ~  Calculate total electric charge inside the igaus'smn fe o rea and volume of surface.
the o . For uniform charge density, simply multiply it by length, are o surface
& r . . S 5
F?)r non uniform charge density integrate it over the region enclo;e | Ceharge e ribution
o g as per the given untjor
JL + Calculate electric field on the gaussians surface as per e & y
GAUSS'S LAW “ Hemispherical body
The total flux linked with a Flux across In uniform electric field G =—9umess [Ouer] = TR°E
closed Gaussian surface is (1/e,) = 2 = ome definite In non uniform electric field ¢ Dusmed? [Pmea| = 27R°E
7 == SO ed| = £TC
times the charge enclosed by 5 symmetric = ciretar =~ Peurvea’ [Pearved
the closed surface i.e., (%) closed surfaces 4 Gaussian Cube
- — 1 y ., -2, _Q
b= J; E-dA — s_(Qe"C) J;, Charge kept at corner ¢, = 0 e Do :
0 \ v'b Field of a Charge kept at centre of face ¢,,, = %(5 faces) . =gg
= (< line charge E,=E
o* §\> dA Gaussian
h 5 1 A surface
N E = -
‘ o“ ) net o v
APPLch“ q a q TE, T e e e o e |
Field of an infinite r ax
JL &’/ plane sheet of S
Field of a charge ' ! "
Field due to unifor}nIy N Result in field due to a sheet
< e e el e -2 g =g E =E depends only on total charge
a long uniformly and charged 25 N )
Rk conducting B =  of the sheet and independent
charged solid sphere Gaussin  of distribution of charge.
Cylinder surface
JL s
i " 28
£ =
PR : ;
ES: 25 ER) L 4 : Parts of
’ : angy g2 | ) Gaussian surfaces
PR IN— g 14
I H H f 2
Ut Dggr E(R)/4}--nenntennea imco
P E(R)/Op-wxmrdeneeed .
E, ! >r
gR ' p= X:hslw charge O| E i 0 K 2R K
ED NSl .
R\r Uniformly charged sphere Charged conducting sphere
5]
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i BRAIN
ELECTROSTATIC POTENTIAL /=t
5 MAP

-
oy, :
Work done per unit positive test ; E—— : Ll s Capacitor is used to store I
charge by an external force in Area A v electrical energy. Capacitanceis B
bringing a unit positive charge For a system of two charges mﬁﬁpmng defined as the ratio of the :
from infinity to a point in the™ 9 I Charge on theinside of each plate: charge stored to the potential i
presence of another point charge. b= e +Q on the top, ~Qon the bottom between the plates. 1
012
V = — — = C - g I
qq  Ameyr Ty ]
7 1 \ 1
Surface having same electrostatic :
potential at every point. T (3 —+, i
ectric 4“6 r'
- @ : 1 \ Series combination :
E At axial point VoL + L:i_ki 1
2 4me,r? + C. G G i
=) &
< & + i
@ Edupotental . At equatorial point V =0 + |
- = 1
Do not intersects each / P 4 \ Parallel combination :
th =
i - Potential energy of a dipole in _ Parallel plate Cp =C + G I
swternal field \ capacnorf\:r“l]t\hkdlelecrtrlc slab -
88
At every point / U(O) = pE ( 0 0) . i lif“?\e
EL surface Rt o ( 1) A
o e W L
: — When initially at 6, = 90 d-t|1 = -
‘ ; / = U=-p-E . . o
g P To shield an electronic.
achargeiszero W, =0 Parallel plat i
: _— N ard sl circuit from external )
== / capacitor filled with dielectric 1 [ ]
ey pacn Air filled parallel Y field by surrounding it 5
region of strong field and piste cag ajltor d with conducting walls. ]
vice-versa. C= 07 [ |
\ Parallel plate
s capacitor with metallic |
€ / conductor inserted in it |
Spherical capacitor g,4 . y I
b C=0 5 Lightning conductors -
= —_— 3 .
N Outside the shell oS fitted above the highest g
e %;1>R part of a building to 1
0
T Va | protecta tall building from :
N tne she.
N e 1 o 1= - being struck by lightning. I
dme, R’ aney R ]
4
\ Inside tlhe shell Q "
- g 1 - 1O U 1 :
“Er Us=CV'==QV o=l u=—=—gF @
\ 2 2 26 v 2 P 4
X - T collecting
> Veleags ~ 26 MV comb
metal sphe:_e + 4/ +
[, outside the sphere Principle
1 g, : :
" ane, L e If an electric charge is
: imparted to the inside of a
", ~“on the sphere i.c., ‘ : : spherical conductor, it is
|4 :ﬁ%; r=R An electrostatic generator distributed entirely on its
. design to produce high outer surface. :
- voltage of the order of 10 ™ « Pointed ends cannot retain ™ &
inside the sphere e .
“, | BR - 1Y) million volt, used to charge due to high charge
V= = i e accelerate charged particles. density on them.
ne, 2R
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CAPACITOR AND
CAPACITANCE

CLASS XII

_ &(Permitivity of medium) Polar dielectric Non-polar dielectric For linear isotropic ® C'=KC
£, (Permitivity of free space) Pe.rm.anent dipole momept E;.lch molecule ha§ zero dielectric ® U=KU,
exist in absence of electric ~ dipole moment in its p_, F(y =electrical
field also. normal state e ©® Q=KQ
¢ ’ ’ succeptibility) 0
Energy Stored : Dielectric * ® E=E,
U=lcv?- Q.1 Qv Constant Types of Dielectric / o V=V,
2 2C 2
Energy Density Dielectric is an insulator which 7
u= lg 0 E2 transmits electric effect without ® C'=KC
i V
2 conducting. If field exceeds ©Q=Q, o V=10
the dielectric strength, the K
Parallel Plate dielectric begins to conduct. B +Q U E
Capacitor C ozgjcrt’:: d oU=-L0e F=20
Energy Stored -Q K K
2
U= 1 QV = Q Dielectric and s
= = . . Battery
2 8meya its Properties Disonnected
Energy Density  Spherical Conductor Energy Capacitors _
2 of Radius a Storage ith
ue_Q _Slorag CAPACITOR L1 DD ® Partially filled
2. 4 ina i i << : :
32m7gyr Canacitor Capacitor is a passive Dielectrics DI dlelectréc n
p electronic component that < C'= O—t
stores energy in the form of L d—t+ %
Parallel Combination an electrostatic field. -Q W 40
Q- PQ=0Q;+Q+Q, The ratio of charge and Charge ——d— © New charge
0 ® Ceq =C, +C,+ G Combination the potential it raised Sharing — Q, Initially Q— Q=0 n
lQ;HZ]?Z ® For # identical capacitor of is called capacitance. Between ‘Cll lrl 2,6 ! n+t,
0.6 C,y=nCyand Q' = Q/n Capacitors Conductors v v ) ,2
< . . Q' =Q
Q Al ® Used when high capacity After connecting f+r,
| = i i i hrough conducting wire
+I IV is required at low potential / T S \ t ting -
. ommon
and their o JL o .
Serles Combmatlon V=V, +V,+V, Capacitances ¢t r & potentia
vl 2 CV+GV,
1 1 y==L1_ —272
ik Lot 6+,
+Q - +Q -Q +Q -Q Ceq C1 CZ C3
V1—><—V —<«—V;—>| ® For » identical @ Energy loss
+I K capacitor C,; = C/n and eTes A
Vi=Vin C2(C+Gy) 2
Cylindrical Capacitor

Parallel Plate Capacitor
It consists of two large plates placed
parallel to each other with a separation

d.

Capacitance: Wire | [Plate a, Area A
C= gpA
d d
Potential

Plate b, Area A

difference = V, Wire

Spherical Capacitor
It consists of two concentric spherical
conducting shells of radii a and b, say
b > a. The outer shell
is earthed.
Capacitance:
_ Amgqab
~ b-a
For a single isolated
spherical conductor of
radius R, C = 4me R

Gaussian surface

It consists of two coaxial cylinders of
radiia and b, say b > aand length L. The
outer one s earthed.

Capacitance:

A

Mas%’JEE

IT-JEE IMedicallFoundations



MASTERJEE CLASSES

b
i Surdnoid paxrir urs[ED ©
Ay
(s1192 ut) = Prrered ursipd o
L+
(s[oo 1) = [ seuesuIs[RO ©

:s[[e2 reonyuapr jo Surdnoin) e

ﬁ \.. m _x Hhﬁmumwowuqﬁw_wu:mﬁuaﬁo
A=
A +3=A padreyd

Sureq ST [0 oY) USUM DUAPIP [enudjod [euruI], e

4[-3=A P>y} woxy
umeIp SuIaq ST JUSLIND JI3YM UM enudjod [euruR], e
b
— =3 qPoejoyuy e
M

s||19) jo buidnoin jo
3sed ul JUALIN) ‘BduUe)SISaY Jeualu] jwg

A

"QUIES ST
a8ej[oA woneUIqUIOD [o[TeTed U] "aures STIOURISISII Yo YInoIt)
JUSLIND ) ‘S3LIdS Ul PIJIAUUOD JIB SIDUBISISIT UIYA @

T+ ly Or 4+ y
= Nmn =
Iy %

oM} 9y} ysSnory) jualmd [o[[eied Ul SIOUBISISAT OM) IO @

=11 9qm saoueisisar

L G L
Td—p—t—=
LA A

o € + T + Ty =Sy “oouegsisarjuspeanbs ‘saas uy @

"

9oue)stsar JudTeAInba qarered uy o

sadUuR)SISAY JO UOIRUIGWIO)

I

o

1_au Vi au
_=d pue ——=y
e jid

1 9WIT) UOTIEXE[II JO SWIN U] @

m 3 73 M ]
— Myau = g'rlyau = —— = Payau =
4 ' qFmy v L I
431079 JJLIP JO SWIY) UTJUILINY) @
,mu =1 ApqoN e
A

w
— =Py d
Hmm_ 1 ‘paads yuiq

abuey) jo Lyjiqow pue A1doJaA P1A

Y
Paou= g0 =—= [ <ysuspjuorm) o
I &
viy d
ﬂ - T = 0 yianonpuo) e
b
T =D %oueonpuo) e
f)AndNpuo) pue

3juepnpuo) ‘Aysuag juarin)
A

AIX=3Z 21
‘dooj pasop
ur pardde £81ous jo uonEAIOSUOD JO MET @

0=J% 2’1 ‘uonoun(
e Je pardde a8r1eyd Jo uoneAIISUOD JO MET @

\_ smeT s, JJoyyd.any _‘

hlm I=IA=d
A E

Ix%
(Lo +1) % =Ly 10— =0 uap O, 1 =1 Pue 0,0 = L1
(=)
et 0 “90UE}SISAT JO JUIIFR00 drnjeroduwa], @

A

|_ ainjesadwia] Ym adue)sisay Jo uonelep _|

1aMod >11339|3

A v %y + tdly
‘(Sures s1y) z———=——~
sTuoryeurquiod [o[rered ur 90ue)sIsaI o1j109ds 9ATIOY Y
9+
‘(QUIBS ST /)
( 7 4gtd+4id
ST UOI}RUIqUIOD SILIIS UT 0UL)SISAI O1J10odS 9A1OJJ

e d “ooue)sisaronads 10 AJIANSISHY @
Vi
LA vaTR
0 dV
[BUOT153S SSOID pUE | Y3SUS] JO JOJONPUOD WLIOJIUN JO IDURISISIY @
JyI=A ®

\_ K)1A13SIS9Y pue due)SISaY ‘MeT s,WwyO _|
A

AT L
— o [ s131q10 9y} jojutod Auejejuariny) e
A
Uz
— =0 uonnjosdryo £ouonbaig e
i
—— = | S1UONN[0Ad1J0 poriad ‘4 paads
e [ staonny jopor p

UM 4 STIPRI JO 921D B Ul SUIAJOAII UOIIOJ[d U. JO ISBD U] @

Fod
au b1

“ JUALIND D143 _|

ALDI41D31d LINJd43ND

MasterJEE

IT-JEE IMedicallFoundations



MASTERJEE

OHM’S LAW AND
KIRCHHOFF’S RULE

Basic Features of Ohm's Law

e Vector form of Ohm'slaw, ] = E

CLASS XII

Itis not a universal law that applies

1 B If the physical conditions of the everywhere under all conditions.
where conductivity 6 = — and J is the conductor (length, temperature, mechanical Ohm's law is obeyed by metallic
current density. P strain etc.) remain same, then the current flowing

, «— - 5 conductors, that too at about
o  Graph between V and I for a metallic through the conductor is directly proportional Loy
conductor to the potential difference across it's two RS CE @ity 1o aralibiiaR,
dsie,l< V=V=IR |
‘/ pe 1= Ohm's law is not followed
V. v T | in the following cases
1 ! Ris a proportionality constant, known as
TZ

o 5 @ Materials : Crystal 41
0 : RESICICS rectifiers,

1 1 . b Y%
Slope of the line  Here tan 8, > tan 0, The property of a substance by virtue of which it thermistors, LV
—tan0=Y_R soR>RieT>T, opposes the flow of current through it. thyristors, semi- vreXd
I RIS 0w conductors. t]f;rr,‘;fo? y,
A pe’t A = Conditions :
. | ] .
V-I curve for non-ohmic o is specific resistance of the (1) At very high temperatures
substance is not linear material of conductor (ii) Atverylowtemperatures
e Static resistance Resistivity (iii) Atvery high potential differences.
5
s == Temperature Dependence
I tan® It is numerically equal to the For 2 condTe
e Dynamic resistance resistance of a substance having then R, = Ry(1 + 0f + Btl) Ry = resistance at 0°C
t T N A 0,
R, = AV unit area of cross-section and unit R, =Ro(1 + Of I s viance ot ©°C
YT AI T tan ¢ 1= Ro(1 +at) ( Ars B = temperature
length. also for resistivity, p, = po(1 + ouf) co-efficients
For circuit S Guidelines
Grouping of Batteries JREEEeET TSRy KIRCHHOFF’S R (™ b - oblem Solving Strategies
multiple batteries RULE ) Kirchhoff's rule ¢ various
: s Distribute current @
Series grouping g ) it
S ; Junction Rule unctions in the circ
For nidentical batteries J itive
I (= ot At any junction of circuit, the sum of starting from post
M I= { ! L currents entering and leaving must be zero. terminal
nr+R |r=Internal resistance _ . . Ik
If polarity of m batteries is reversed ; 'y 3 = Pick a point and begin to 4
It is based on conservation of charge. Josed 100p.
I =(n-2m)e/(nr+R) Loop Rule around a clo ;
) A . ite down the voltage
Parallel grouping The algebraic sum of changes in potential around = Write do Jement
o : any closed loop must be zero. change for that el
o  With identical batteries : Se - SIR=0 according to the sign
€ r
e I= Rnet LERIENR o = P R It is based on conservation of convention. N
net energy. 10 KVL, select the
e  With unidentical batteries: = el loops as
_ 2(cmENET ) ik tion for fow circui required number of
net ~ 5 (/r) L= B An important application for few circuits I many as unknowns are
. available and apply KVL
e e Wheatstone Bridge across each 100p.
e For n rows of identical batteries e Inbalanced condition, . Solve the set of simultaneous
A with m cells in each row. Then, If % = I}:i equation 10 find the
: _ iz _ Enet 2 4
Enet = M8, Rper = it RI= N, then I,=0. L unknowns.

[£)
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HANS CHRISTIAN OERSTED
(1777-1851)

- e

“For arbitrary angle 6 (< 90°) N
F = qvB sin0 and charge will attain
helical path

V' 4

2nmv
= cos
B

~ Magnetlc Force on a charge e

p F\, N .
/ N\

F=g(vx B),F= qvB sinf

Pitch (p) 0

Forv L BB =009 qu o
charge will attain circular path

4— partlcle in a uniform magnetic field —’

Deflector

MASTERJEE CLASSES

BRAIN

MAP

CLASS Xl

Forv||B 6= 0°(F 0)
no force is experienced

e
'<«~
N\

Magnet

Power supply
<

KE, .« of charge
particle

¢*B*R?

Dee

K=
2m

— : 3
z ==
- Particle beam ' R
pe Cyclotron . 4
Magnetic field at the centre of a /A device use to accelerate p051t1vely l
circular coi} sharged parficles, o 1 Parallel currents F_»ly
= ot k ﬂ F 1, attract while ® 7
2a antiparallel 4 ®2

currents repel F

¢ Radius of circular path

V2mK

Magnetic field at a point on the

axis of the circular current my

carrying coil K= Bg = qB
B= Po 2nNIa® k s Time period of revolution
4 (az +xz)3tz T= 2R 27mm
v qB
e —— e Cyclotron frequenc
L Biot Savart’s Law < ¥ . qB :
y Magnetic field varies directly with \\ i
[ current and length element and inversely
with square of the distance.
. Ko IdlsinB
A 42 MAGNETIC EFFECT
OF CURRENT

N

j Torque on a current carrying ‘
coil placed in a uniform magnetic field
T = NIAB sin O = MB sin O

Galvanometer into Ammeter

AAA
YYyy

1)
i
&)

(I-

Conversion

Galvanometer into Voltmeter
V

R ———— R=—-G R
Moving Coil Galvanometer I, __78,(@_%__
V Current I passing through the
' galvanometer is directly proportional to
its deflection (6).I «< 6 or I= GO. 0 AB
k Current sensitivity: |, = —= ——
where G =—— = galvanometer constant = B e
et 6 NAB
Voltage sensitivity: V, = —=—+—
IR &k

The force of attraction or repulsion acting on

each conductor of length [ due to currents in

W 241, I
m

two parallel conductoris F =
r

/ Force on a current carrylng
" conductor in a uniform magnetic field
F=1( xB),F=1Bsin®

N\

mpere 's Circuital Law

‘\/ The line integral of magnetic field is equal

to ug times the current passing through
area bounded by closed path.
l.l(]IT
Magnetic field due T+
to an infinitely long 2ma K
straight wire of e E ' Fma
radius a, carrying 2ma
current Iatapoint
pear Hol y r>a
2mr
Magnetic field due to a current carrying
solenoid and toroid ' f
Mg NI
By =uanl =
Rk 21R,, &)
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THE BAR MAGNET

A

Bar Magnet as an Equivalent Solenoid
For solenoid of length 2/ and radius a consisting #
turns per unit length, the magnetic field is given by

2 ’
o<l (where m = magnetic moment of solenoid
dnre =n (21) I (ma?))

B=

Magnetic Dipole in Magnetic Field
Torque on magnetic dipole, M

T=MBsin® ! \CW
Torque on coil orloop, 2 B (uniform)

5 = = = —
T=Mx B, here M= NIA,

s - 2

T=NI(Ax B),t= BINA sin

0= 90° =t =BINA
6=0°0r180° =7t ; =0

Potential energy of magneticdipole,
U=-MBcosO=-M-B

Plane of coil

MATTER

CLASS Xii

THE EARTH’S MAGNETISM

Cause of Earth’s Magnetism
The magnetic field of earth arises due to electrical current
produced by convective motion of metallic fluids in the outer
core of the earth. This is known as the dynamo effect.

True north

Declination

The Earth’s Magnetism
Magnetic declination (o): The angle between the
geographic meridian and magnetic meridian. (
Magnetic dip (3): The angle made by the earth's magnetic
field with the horizontal in the magnetic meridian.

Magnetisation and Magnetic Intensity p Geogtuptic o e et e
]Eiel;glon be‘gveen B, R0 E 5 fee, o components of earth’'s magnetic field.
N B=u(H + M) (* By=pH) e L «_ By 3 o0
Mo 0=Mo : i tand = ——, B=4/Bf; + By
B -yl s I o i B V'
B=uy(1+%,,, ) H=uHl (v M=y, H) 2 H
K= MOMr:MO(1+Xm) :>Mr:1+x;fn QMa@/elhcmmdmn 8 :
Dlamagnepc ‘ CLASSIFICATION OF Ferrom‘agpetlc‘
Poor magnetisation in opposite Strong magnetisation in same
direction. MAGNETIC MATERIALS direction. Here B,, >>> B,
HereB,, < B, =y —
> >M
— Ty
Mﬂ
\J Paramagnetic ———— 25— +
—_— >
> Poor magnetisation
- di%ection. —> M %m —> Very large, positive and
— temperature dependent
Here B,,> By, —_—
K & (Curie-Weiss law)
Ny — Small, . + T-T¢
negative and % — Small, positive and varies 5, (forT>To) .
temperature o inversely with temperature
independent I 1 (Gl %,
Foe Ts Ko gl T T
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ELECTROMAGNETIC
INDUCTION

Magnetic Energy

o Energystored inlan inductor,
2
Uy =211
o Energystored in the solenoid,
Uy =L B2AI
2y
o Magnetic energy density,
U, #
=i =
B r
Voo 2uy,

Lenz's Law
e The direction of the induced
current is such that it opposes
the change that has produced it.
e If a current is induced by an
increasing(decreasing) flux, it
will weaken (strengthen) the
original flux.
o Itisa consequence of the law of
conservation of energy.

Energy Consideration
in Motional emf
o Emfinthewire,€=Bvl

Bvl
e Inducedcurrent, [ = &
R R
e Forceexerted on the wire,
1
By T g
% e THer
L
R
e Power required to move the
2922
wire, P = Lt
R

Itis dissipated as Joule’s heat.

Combination of Inductors
e Inductorsinseries, Ly =L, +L, +2M
L1, —M?
L+ L, +2M
o Ifcoilsare faraway, then M =0.
Ll
L+L,

o Inductorsin parallel, L.p =

So, ILg=L +T,and I, =

CLASS XII

L-R Circuit

e Current growth in L-R
circuit I =1I,(1—¢ ™)
o Currentdecayin L-R circuit,
I= Tu (e t/T,_)
Here, t; = Time constant = E
&

Inductance
Emfinduced in the coil/conductor, ¢ = —LZ—I

&

dI [ dt

J
Coefficient of selfinduction, [, = N By =
i

Selfinductance of alongsolenoid, £ = i #*Al =
Nyby 8 g
I (di/dt)  (dI,/dt)

Mutual inductance of two long coaxial solenoids,

Mutual inductance, M =

NN, A

M = i, gl = b
Coefficient of coupling, k = M
L

)

VA
For perfect coupling, k=10, M = (L L,

PUHI"LNYZA
I

I==
07 R

Induced Electric
Field
o It is produced by change in
magnetic field in a region. This
isnon-conservative in nature.
A
_dbg 4B
dt dt

cJEE-dT: £0

o This is also known as integral
form of Faraday’s law.

Magnetic Flux and Faraday's Law
Magneticflux ¢, = B-A=BAcos

Faraday’s law : Whenever magnetic flux linked with a coil

changes, an emfisinduced in the coil.

+  Inducedemf, £ = -N dTl”
¢
1 (—dbg /dt)

. Induced current, T = £_ N
R R

¢ Inducedchargeflow, AQ=T1At =N %

Electric Generator
e Mechanical energy is

converted into electrical
energy by virtue of electro-

Motional emf

Onastraight conducting wire, & = Bvl Bol
w
Onarotating conducting wire about oneend, & =

Here, B, (= wri)and [ are perpendicular to each other.

magnetic induction.
Induced emf,

€=NABw sinwt =¢ggsinwt
e Induced current,

= NB;:O) sin(nﬁ Tysinot

MasterJEE
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ALTERNATING CURRENT
ELECTROMAGNETIC WAVES

FEg- Alternating Current

Transformer

e Transformer ratios

e & | AL AC voltage ) ) .
s = 17| TN Current which changes continuously in
of®M2 Am 3W2 2n \ magnitude and periodicallyin direction,
e~ Fo Half cycle | 3 ), wt
rms \}['2 I . il
_80 —————————————
One full cycle
Alternating voltage
E=¢ sin Wt \

Applied across
capacitor

™ . Applied across resistor
Purely capacitive circuit

Current leads the voltage by a

Purely resistive circuit

phase angle of /2.
I=Iysin(wt-n/2); 1=

phaseangle of /2. Alternating voltage is in

I=1Iysin(ot+m/2); Iy = %

where X-=1/0C

=0Ce) | phase with current.

where X; =oL

Applied across
inductor

Purely inductive circuit

Current lags behind the voltage by a

>

e _Ip_Ns_,
"l\' NP

e Efficiency ofatransformer,

(

N
Step-down transformer,
Ss< SP,Is>IPanst<NP.

y

€p

output power  g¢lg

input power  €plp

Step-up transformer,
88> SP,Is<Ipanst>NP.

€0/ Xy =gp/L

I=¢/R=Iysinwt

Combining LCR in series

Power in ac circuit

Series LCR circuit

Resonant series LCR circuit

When X; =X, Z=R, current
becomes maximum.

—

Resonant frequency m, = ——

\ e

It is a measure of sharpness of

0

Averagepower (Py,) | @ |o &=g,sinot, [=1I,sin(ot-0)

Fay = €l s cOS 9 Impedance of the circuit: Z = /R + (X; - X¢ ¥
_ &l e Phasedifference between current and voltage is ¢
=———cos{

2 X=X
tan(p = ———=
R
e T e ForX;>Xc,¢is+ve. (Predominantly inductive)
R e ForX; <X(,¢is—ve. (Predominantly capacitive)
Powerfactor: cosf=— \ J
I istive circuit, .
° ¢n p(;tre res(;s “176 crredt Electromagnetic Waves
=U5Cos0= . . . s .
) ) Waves having sinusoidal variation of
e Inpurelyinductive or . ) )
T electric and magnetic field at right
capacitive circuit N
angles to each other and perpendicular
hp== IE-; cosh=0 to direction of waves propagation.
2
e Inseries LCRcircuit, S
. 1
Atresonance, X; =X Magnetic . \d(E)
& Z=R and ¢=0°cosp=1 Propagation
direction (k)
—
Energy density of
electromagnetic waves / e
Average energy density Wavelength (1)

resonance.
1 |L
e Q = E E
L ’

Displacement current

Displacement current arises wherever the

\ electric fluxis changing with time.

Ingodq)E/dt

Maxwell's equations

[E-d5=1

€o

(Gauss's law for electrostatics)

IH -dS =0 (Gauss's law for magnetism)

oy lE p2_1B Production of electromagnetic waves jr ol = _d0p (Faraday’s law of electro-
S ; dt  magnetic induction)
Intensity of electromagnetic ¢ Through ac'celeratm.g ch.arge . — doy | (Maxwell-Ampere's
1 e Byharmonically oscillating electric charges. J-B dl =pg| T+gg—=|"
wave = —g. F2¢ e S dt | circuital law)
0%0 e Through oscillating electric dipoles.
\ 2 . y
MasterJEE
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AC CIRCUITS

CLASS XlI

Series Resonance Circuit Quality Factor (Q-factar) Parallel Resonance Circuit
e Atresonance: XL _XC = Z =R f Resunant frequency @y e Atresonance: IC= IL;Zmax =R
o Phasedifference: o= 0“:>cos¢ 1 Qfactor Band width 2A0 ¢ Phasedifference: ¢=0"=> cos¢p =1
1
* Resonant frequency: v e Resonant frequency:v,= ——
quency: v, = Py J_ quency: v, IndIC
[ Q-factor of Series Resonant Circuit R L G V] Q-factor of Parallel Resonant Circuit
V, V oL 1 1 1L
E e Tl Ar i o O | - TR M ] Lo Vi eV, T _ E
Q-factor VR or VR R or mnCR z\C 1 I Q-factor=R L
v ~ L 7
ﬁ' — V= V:;m wt ﬁ‘
| r =\
Series ALC-Circuit T Parallel ALC Circuits

o Voltage: V = [VZ +(V, - V,.)?

2
. Impedance:Z:JRz+(mL—L} =
oC

¢ Phase difference :

V, =V,
dp=tan"!—L_—C _tan-!

e Current: = I} + (I, - 1,)

_IU i )

|| o Phasedifference: ¢ = tan

e Impedance: z = /1;

Purely Inductive Circuit g Al:m VOLTAGE Purely Capacitive Circuit
e Voltage: V=V, sinmt 00° Yo 3 _ A\ ACvoltage e Voltage: V=V, sinwt I
e Current:[=],sin(0t-7m/2) v . BS A e Current:]=1Isin(wt +7/2)
* Phasedifference: +(1/2) p}lmri[im 7 e e Phase difference : —(m/2) s Yo
e Impedance:X; =wL (Voltage leads NG Niami? e Impedance:X.=1/0C (Ca:frrent lizr:
e Peakcurrent: I =V, /X, curentbyn/2) e Peakcurrent:ly=Vy/X: voltage by /2)

i \ a |

i1 Combined Combined 4;
RL circuit RC circuit
@ K Purely Resistive Circuit ©
V= Vysin ot Ve V. —>V V=V, sin ot
» Voltage ..V_ Vysin of i @
5 . ® Cunent..I=Insmmt Phasor di ] :
(Series AL-Circuit) . E:m dlffm;mm o (Series RC-Circuit)
» v L] pedance: voltage are in
* Applied voltage: v = V7 + V] ¢ 1 ™o o Peakcurrent:fy=Vy/R Sme s o Applied voltage : V = Jvz +v2
0 4@ .
. Impedance $7 =. R? + 4n? o’ F.’ha.sor '.'.13;' A ° [mpedance :Z2=+R*+ (1/ mC — Yo
e Current: I =] sin(wf - ¢) 7 $ . ¢ Current : [ = I sin(of + ¢) diagram
Y
« Phase difference: ¢ =tan™ 2= g o Phase difference : ¢ =tan™'(1/0CR)
R ) R
e Power factor : cos = ——— V= V,sinat ® Power factor : cos¢ = ———
B
VR + X2 VR + X2
R L Power in AC Circuit ,\\_,_--*—-?"
— V,—se—V, —| Vg =IR, i * Power factor: It may be defined as cosine Vi=IR, ¢ P
P v, =IX, \¢ oftheangle oflag orlead (i.e., cos¢) Vo=IXg Vel Ny
o A —p—m| |6 Averagepower (P,,): 1
V=V, sin ot : J P, = Vimslrms€0s0 = (Vly/2)cosd ]

£
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RAY OPTICS AND

OPTICAL INSTRUMENTS

APPLICATIONS OF TIR
Fiber optics communication
Medical endoscopy
Periscope (Using prism)
Sparkling of diamond

* & o o

L
TOTAL INTERNAL REFLECTION
TIR conditions
¢ Light must travel from denser to rarer.

¢ Incidentanglei> critical angle i,

Relation between pandi: p=——
sm IC

{J
REFRACTION OF LIGHT

Snell’slaw: When light travels from medium a
tomedium b, “Hb _ My sz
p, sinr

Refractiveindex,
_ velocily of lightin vacuum ¢

L= =
velocity of light in medium v

real deptlh(x)

Real and apparent depth
L=

- apparent depth {y)
. J

REFLECTION OF LIGHT

According to thelaws of reflection,
Li=Lr
If a plane mirror is rotated by an

angle 0, the reflected rays rotates by

an angle 26. )

SIMPLE MICROSCOPE

Magnifying power

For final image is formed at D

(leastdistance) M =1+ D

For final image formed at infinity

m=2

f

REFLECTING TELESCOPE
Magnifying power

m=do _R2
fo ke

Deviation
of red light(8g)

Deviation of
R violet light (8y) Ni-.
9 15

Angular
spread

Relation between tandd,,

. A+0, (where,
sin 5. = -
1 =angleof minimum
W= deviation
. A .
sin— A =angleof prism
2

or §=(u-1)A (Prism of small angle)
Angular dispersion

=8y, -8p=(1y — Hp)A

Dispersive power,

Oy — 0 Ly — 1
= L‘ R _Hv ~HR

0 n—1

Mean deviation, § = m

.

\
REFRACTION THROUGH PRISM

RAY OPTICS

at infinity

OPTICAL
INSTRUMENTS

For final image formed at D (least

distance) M = L(l " Je ]
f. D

€

In normal adjustment, image formed

M=f,/f,

TELESCOPE

Astronomical telescope

J

POWER OF LENSES

Poweroflens: P— !
f(inm)

Combination of lenses:

Power: P =P, + P, - dP,P,

(d = small separation between the

lenses)

For d = 0 (lenses in contact)
\Power: P=P;+P,+Ps+..

[
THIN SPHERICAL LENS

Thinlens formula: L = il

[
REFRACTION BY SPHERICAL SURFACE

Relation between object distance (1), image

distance (v) and refractive index (1)

_ (Holds for

Hdenser _ Mrarer _ Mdenser ~ Hrarer any curved
v H R spherical
Lens maker’s formula surface.)

REFLECTION BY SPHERICAL
MIRRORS

) 1 1
Mirror formula, —+—=—
u v f

1
h;

2
R

. . Vv
Magnification, m = ——
i

COMPOUND MICROSCOPE

Magnifying power, M=m xm

e
For final image formed at D (least

distance) M = L(l + £
o] ¢/

For final image formed at infinity

TERRESTRIAL TELESCOPE
J

For normal adjustment M ==2

O=p f,

Distance between objective and
eyepieced =f, +4f+f,

£
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INTERFERENGE OF LIGHT

CLASS Xl

Interference of Light

Conditions for Sustained Interference

When two light waves having same frequency and to nearly equal
amplitude are moving in the same direction, superimpose each
other at some point, then intensity of light is maximum at some
point and it is minimum at some another point.

Addition of Coherent Waves
Intensity o< (Amplitude)2
I=KA?

Resultant intensity

I=1+L+21,\JI, cos

Intensity e< Width of slit
—  |Awm_4
L

2
W, aj
Interference Term

. Distance between two

. Thetwo sources of light should be coherent.
. Interfering waves must be in same state of polarisation.
. Sources should be monochromatic otherwise fringes of different

colour will overlap.
Constructive Interference

Phase difference ¢ = 0, 2, 47, 67 ...
Inae = I + 41 )

Apax=0a1+a,
ForII=12=IO;ImaX=4IO

coherent sources must
be small.

Phase difference ¢ = (27t/A) A /

Path difference A = (A/27) ¢

Destructive Interference

i Depending upon . :
Resultalzqt anzlphtude P cos q% P i - A - M Phase difference ¢ = 7, 37, 57 ...
A= \/ ay +a; +2a,a,cosd A T Resultantamplitude, A ;,=a; -4,
If intensity of both sources is I =1 = 1.
same then Young’s Double min (\/71 \/72)
I =L =Iy; 1= 4l cos?9/2 Slit Experiment For Iy = I =Io; Iinin = 0
|
a P /:_"d
_ — v \i—.g
Monochromatic > /—'_—z
light source 'I' §
eyl I
71N J_ »
N
Path Difference Angular Fringe Width Fringe Width
= — = -
A PS? L=k A S B The distance between B’ (n+1)th
Path difference, A = xd/D o = B - []<1<: Iﬁ two successive bright or
xd/D = n (Bright ringe) D d 52 ) dark fringe is kno%vn as a el
xd/D = (2n + 1) /2 (Dark fringe) le—p—m r— ih T
ringe width. X,
D)L
B =X - = —
Special n d —JL’C:O
Cases
INTERFERENGE IN THIN FILMS
o If two glass plates of R.I. u; and W, of same thickness # is
e For reflected Light placedin frontof S| and S, then
Maxima — 2ut cos r = (21 + 1)% . Reflected - Extrapathdifference A= (1, - u,)t

11ght

Minima — 2uf cos r = nA

¢ For transmitted light

Maxima — 2t cos r = na, oil

Majr i /
| s +

Minima — 2ut cos r= (2n + 1)%
Mwater

t

+
Transmitte \
light

- Shifting distance of central fringe x = B(1, - 1,)t/A

e Ifaglassplate of thickness tand R.I. wis placed in front of
the slit then the central fringe shift towards that side in
which glass plate is placed, because extra path difference
isintroduced by the glass plate.
- Extrapath difference A= (u-1)t
— Shifting distance of central fringe x = B(u— 1)t/

&
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REFLECTION AND
REFRACTION

Law of reflection £i = Zr

. sini _
&law of refractlona =u Szl : )
can be explained by
Huygens wave theory. L
[«—D—

HUYGENS | '~
WAVETHEORY S

Every point on a wave- ",
front may be considered as ‘| '
a source of secondary L
spherical wavelets which |
spread out in the forward ,

direction at the speed of ,

light. The new wavefront is "

the tangential surface to .
e,

all of these secondary

L4

wavelets at a later
time.

e Apparent frequency received
during relative motion of source

and observer
v =v (1 = %), (red shift)

v = U(l + %); (bluesshift)
Doppler shift: Av =+ % X U

Ak:i%xk = NM-r=t2L

c

.--.-—'

INTERFERENCE OF LIGHT

The superposition of two coherent waves resulting in a
pattern of alternating dark and bright fringes of equal width.

M .
e Position of bright fringes x,, = n?:iD o
_ P /4
e Position of dark fringes x;, = W Hoil ri t
o Fringe width 3 = 4D '
d I 112
e Ratio of slit width with intensity : —— = I—l = +
2 2 az

ADDITION OF
COHERENT WAVE

Unpolarized wave
(Intensity I)

)

(With zero intensity)

FRESNEL'S DISTANCE

Rayopticsasalimiting case of wave optics

Linear spread, x=D0

Areal spread, x%=(D0)?
Fresnel’s distance : Distance at which
diffraction spread is equal to the size

o For reflected Light 2
e Resultant intensity Maxima — 2t cos r = 2n+ 1)7
IR:II+IZ+2\/I_1\/T2COS(I) Minima — 2t cos r = nA
2
front - 2 —0° =
wavefron Loy = (ﬁ +4/L)* at & = 0°, 2m, 47... Minima —> 241 cos r = (21 + 1)%
for dark fringes, Shift in fringe pattern
Imin:(ﬁ_@)z at ¢ =T, 37, 57... Ax:E(p.—l)t:R(u—l)t
for Iy =1, =1Iy; Ip = 4lhcos® = . =
1 2770°°R 0 2 (t = thickness of film, W = R.L. of the film))
J
. . Light
Secondary Barrier with ;on o DIFFRACTION
wavelets narrow slit = . . :
- ® Singleslit experiment o
- > Angular position of nth minima, 0, =%
Single Slit _}B Sl "d
> | . th . ,_(@2n+ DA
Diffraction >> }[3 > Angular position of n'" maxima, 6;=-"———
[P 2d
= 2D\
B » Width of central maximum B,=203= e
| J
Backwave (absent) b -

o Diffraction at circular aperture
122 x}

fo

d

ofaperture, Dp= —
o Sizeof Fresnel zone, dp= /AD

J

RESOLVING POWER (R.P.)

The ability to resolve the images of two nearby|
point objects distinctly.

"~ Limit of resolution

1 2usin®
FI)

0 = Semi vertical angle subtended at objective.

1 D
R.P. of a telescope = RGN

R.P. of a microscope =

Analyser

Polarized wave
(Intensity Io/2)

POLARISATION OF LIGHT

POLARISATION BY REFLECTION
Malus Law: The intensity o Brewster’s Law: The tangent of
of transmitted light passed polarising angle of incidence at which
through ) analyseris reflected light becomes completely
I=1ycos”6 —> . . .
plane polarised is numerically equal

(6 = angle between . .

Lo to refractive index of the medium
transmission directions of o ,
polariser and analyser) Y, 2= e lP ; IP = Brewster’s angle.

D = Diameter of objective lens of telescope. /

and ip+ = 90

.
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GEOMETRICAL OPTICS

c N r N T "
Velocity of the Image of aMoving Object Sign-Convention Combination of Prism
lclocat o Deviation without dispersion

Object is approaching the focus light 2
— NIRE . (py—ppA

of a concave mirror from infinite gl 1 (6=0) "= - ﬁ

withspeed v, & - . - - R

» ‘obj 2 -7 i X 8 =m-DA+( -DA e Dispersion without deviation

Vimege =4y =TGR - F (G=0) 4= W-DA
¥ vl

8 :’mz"obj ) 8 B Q.. =(m,. = b e

het = (Hy —Hp)A+ by —ppld”
N A N
) i r ) i i = -

Newton’s Formula <& Througl‘1 Spherical > it 1,11 2 Angular dispersion, 0 ;(u),u Ug)A

If object distance (x,) Microre . q wv f R Dispersive power ol ; - 1R

P G (xl) N o Magnification, m=-v/u Y
s 2 - Longitudinal magnification : t
are measured from focus, by - N
d .
X f2 = XX, ) REFLECTION my, = ,i = [ﬂ =t Relation between piand 5,
OF ITIGHT - Superficial magnification: & Atd, ghe:ngle T —
The bouncing back of a - dreaofimage , me i m= g
light ray to other side of 3 °  area of object ) sin— A=angleofprism
normal in a same medium. 2
According to the law of kor 5m = (1 - 1)A (Prism of small angle)}
reflection, Zi = Zr N anair 4
ispersion
)

A A GEOMETRICAL oo . 750
Deviation produced by iV Prism 5 b
the combination of OPTlcs H
two plane mirrors, < B e Deals with light i ¢

8=360-2(ct+ ) Mirrors ropagation in the
5-360-20 72 i REFRACTION

p p— S OF LIGHT
For two plane mirrors Minimum length (L,) of a Snell’s law : When light
inclined at an angle 6, the mirrortoseecomplete Image of travels from medium a to
number of images of a point @ Aperson in the mirror medium G My _sini
object formed are L,,=1/2 x (height of person) Through Spherical <& AT i
® 1=360/0 -1 [If360/0is even] e A wall behind a person in the Lenses Refractive index, 1= %

* n=360/6  [If360/0isodd] mirror L, =1/3 x (height ofwall)}

U

General relation for k i

spherical surfaces

- N _ Through Different Medium
o Ifhalf portion of lens is covered by black paper Paenser _ Mrarer _ Mdenser ~ Hrarer
then only intensity of image will be reduced. v u 2 4

% )
p i g peaker s formitle Apparent Depth (dap) and Normal Shift (x)
o Ifalens is made of number of layers 4\ =M 4 1w-p| -1 e Object in denser medium is observed
fdifferent R I foragiven DA i f R R d 1
ot different R.I. fora given -1, - S o fromrarer: d, = x=d_ [1 = 7]
number of images = number of R.I. <l S Y Pon (®
. hid V) g Thin Spherical Lens Y e Object in rar;r medium is observed
B -\ o ] 11 1 RTINS
o Iflens is cut into two equal parts by a vertical e Thin lens formula : S 7 fromdenser: d, =& <sx=[p-1d,
plane, focallength of each part Masnificati v h Lateral shift: d t (1)
y S em=2L-"0 . od= ,
X f'=2xfocallength of original lens (f) J L SERS hy L e a7 11 .
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QUANTUM THEORY
OF LIGHT

Radiant energy Evacuated Emitted Radiant Basic Quantum Theory of Light
. " chamber electrons encrgy ® According to Planck, the energy of a photon, E o<V ;
p. h 1240
. E=hv=—=—=""_
- e k(in nm)
. e E_hv_h
® Momentum of photon, p=—=—=—
Metal Metal surface ® A
surface ® Ifsource is 100% efficient, then the number of photons emitted
per second by the source can be given by
Positive Photoelectric Cell Power of source P P _PA
terminal n= ==
® An electrical device which Energy of photon E o e
4 Current * converts light energy into ® The energy crossing per unit area per unit time perpendicular
1mndai
electrical energy, is called as to the direction of propagation is called the intensity of a wave.
S photocell or photoelectric cell. I=E/At=P/A
o It works on the principle of ® Force exerted on perfectly reflecting surface Incident photon
photoelectric emission of Fobp_ 2Nh _ n[%) _2p A=y
electrons. t th A c
2P 2] Reﬂe,ited photon|
Pressure = —=—=— =k
® Force exerted on perfectly absorbing surface Incident photon
q h
Photoelectric Effect p_lp _Nh_ n[ ﬁ] P L Wt
e The phenomenon of t A Ao No reflected
PhotoelectricEIEffect emission of electrons from a Pressure = E _ i _ 1 I;h:t(()m
dected” metal surface when an A A ¢ 2 i
from the .
Shows 5”’?“! _ electromagnetic wave of . ® Whenabeam oflightis incident
particle \ suitable frequency is incident ’ at an angle 8 on perfectly reflector
nature
of light on it is called photoelectric PARTICLE surface then force exerted on the
effect. NATURE OF surface,
2P 2IA cosO
f RADIATION F=""cosf =22
Cc C
. q 2IcosB
Photoelectric Equation Pressure = C
o E=K,, + 0, /\ )
where work function of metal, o : ° i =
- (b= incident lioh Conclusions of Experimental Study of g efficiency =~ )
= energy otincident ight, Photoelectric Effect  umber of clect ¥ ted
K, ax = maximum kinetic (energyo\felectrons e Photo-current is directly proportional to the — gzr—selllétrllld er of electron emitte
1 1 1 " . .. . L
o —mvl, =h(L-v,)= th_ - intensity of incidentlight, i.e., ipoc L. . ph = total number of photon
s (At constant frequency v and potential V') incident per second
where, A, = — = threshold wavelength e At constant frequency and intensity, the
0 minimum negative potential at which the . L>L>1,
| photocurrent becomes zero is called stopping veconstant 4~ b
. [—
Photocathode p otential (VO) b
. 4 Flectrons e Atstoppingpotential V), K, . =€V, —
Light CLL LTy e For a given frequency of the incident
radiation, the stopping potential is independent — !
Evacuated quartz tube ofits intensity. I
—l \ e The stopping potential varies linearly with i
| C the frequency of incident radiation but £
bk saturation current value remains constant for a E
fixed intensity of incident radiation. v
&
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Source

Line Spectra of Hydrogen

e While transition between different
atomic levels, light radiated in
various discrete frequencies are
called spectral series of hydrogen
atom.

e Rydberg formula:

Wave number y = % = R[L - L}

R=Rydberg's constant
=1.097x10’m™!

Rutherford’s Model of Atom

¢ KE.of o—particles, K = %mv2

e Distance of closest approach,

L2z 1 4ze
0 47'580 " K 4TC80 ' mv2
e Impact parameter,
0 0
1 Ze* cot— Ze* cot—
b= 2_ 1 2
4me, K dmey 1 o

¢ Conclusion : An atom consists of a small and
massive central core in which entire positive
charge and whole mass of atom is
concentrated,

e Drawback : The revolving electron
continuouslyloses its energy due to centripetal
acceleration and finally it should collapse into
the nucleus.

Radioactivity

¢ Law of radioactive decay

”;—Ij = —AN(f)or N(t) = Nye ™
o Half-life

In2  0.693
Tp==-==0

A A

¢ Mean life or Averagelife

T
Lo gy,
A 0.693

e Fraction of nuclei left undecayed
after n halflives s

N 1 n 1 t/T1/2
N—:(E) :(E), Wheret=n]—'1/2
0

Decay Schemes

o o-Decay:
Ax—ordey Aty | 4He+ Q
(Energy released)
e [(-Decay:
+
Ax—E 54 yi0e+n
Ax—LB 54 v+ %e+D
e Yy-Decay:
A *
72X
(Excited state)

Y —decay, A 0
SEEOX 4y
(Ground state)

+ Energy

NUCLEI

A .Y

Composition and Size of Nucleus

e Nucleus of an atom consists of protons and
neutrons collectively called nucleons.

o Radius of a nucleus is proportional to its mass
numberas R=RyA1/3) (R =1.2fm)

v

MASTERJ

Impact

|

.y |
Alpha particle's :
parameter |
i

|

|

trajectory

b
—-@
Nucleus ll\ :
Bohr’s Atomic Model

Electron orbits and their energy
e Radius of permitted nth orbits,

_ n’h? 2
"= 4m*mkZe* e
e Velocity of electron in nth orbit,
)= amkze’ 1
" nh " on
e Energy of electron in nth orbit
E, - —anrrzzkiZZe4 B, iz
n°h n

where the symbols have their usual
meanings.

Nuclear Reactions

It is the
phenomenon of splitting a heavy
nucleus into two or more smaller

e Nuclear fission :

nuclei of nearly comparable masses,
e Nuclear fusion : It is the
phenomenon of fusing two or more
lighter nuclei to form a single heavy

nucleus,

Concept of Binding Energy

' Application of Nuclear Reactions ‘

e The binding energy is defined as the surplus
energy which the nucleons give up by virtue of
their attractions when they bound together to
form anucleus.

AE,=[Zm,+(A-Z)m, - Myl
Ey

* Bindingenergypernucleon: .. E, = ”

A. Fission
e Uncontrolled chain reaction:

Principle of atomic bombs,
e Controlled chain reaction:
Principle of nuclear reactors,

B. Fusion
Nuclear fusion is the source of

energyin the Sunand stars,

4
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INTRINSIC SEMICONDUCTORS
The pure semiconductors have

thermally gene

rated current

carriers. Here, n,=ny=n;

SEMICONDUCTOR
ELEGTRONICS

[ EXTRINSIC SEMICONDUCTORS |
The semiconductor whose

conductivity is mainly due to
doping of impurity.

p-type semiconductor

e Doped with trivalent atom.

e Here, ny, >>n,

n-type semiconductor

e Doped with pentavalentatom.

e Here, n,>>n,

MASTERJ

JUNCTION TRANSISTOR
A semiconductor device possessing fundamental action
of transfer resistor.
Junction transistors are of two types
e n-p-ntransistor: A thin layer of p-type semiconductor
is sandwiched between two n-type semiconductors.
e p-n-p transistor: A thin layer of n-type semiconductor
is sandwiched between two p-type semiconductors.
There are three configurations of transistors

I Collector

e CB(Common Base) L pnp ICollector
(n:r,i)‘ [ %)ur:::rr:ti ‘ e CE(CommonEmitter) : .
¢ Ipgse Base
SEMICONDUCTOR DIODE ¢ CC(Common Collector). ; B\ >
. 4 ] E
p-n junction diode : A p-type Transistor characteristics ... . N ... .. ...
Reverse Break . . q AV,
down Voluage . semiconductor is brought into contact 4 Input resistance (1) cp) = ( AIBE )
! Revibes — o o with an n-type senEncondu?tor such B Jy_p=constant
Bias | p ol down |regiont  Bias i that structure remains continuous at . AVcg
Avalanche ' 0 e Outputresistance (1) g =
i boundar 0/(CE)
Region Y- AIC T.=
075V ) ) p=constant
Conztga'nt e Currentamplification factor
Vol Reverse
e ¥Curent BIASING CHARACTERSTICS B - (Mc ) AR (Mc )
"""""""""""""""""""""""""""" Forward bias characteristic Al Vp=constant Al Vp=constant
APPLICATIONS OF DIODE o Width of depletion layer decreases

e Diodeasarectifier

- Half wave rectifier

— Full wave rectifier

e Zener diode

as a voltage

o Effective barrier potential decreases
e Low resistance at junction

e High current flow of the order of mA.
Reverse bias characteristic

APPLICATIONS OF TRANSISTOR
Transistor as an Amplifier

- Itsoperating voltage is fix in active region.

regulator. o Width of depletion layer increases — Voltage gain, ci(n-p-n) Amplifier
o Photo diode for detecting light o Effective barrier potential increases A, = e =B, Rout Ot Vee :
signals. o High resistance at the junction Vi . Ry, c o o
e LED:light emitting diode. e Low current flow of the order of uA. - Power gain, Ap =A% Bgc ! Signal : _U&
e Solar cells: Generates emf e Reverse break down occurs at a e TransistorasaSwitch I"p"

from solar radiations.

high reverse bias voltage.

Transistor as an Oscillator :

DIGITAL ELECTRONICS AND LOGIC GATES

VARIOUS TYPES OF LOGIC GATE

AND Gate NAND Gate

Output is high onlywhen 4 B Y ————— > | — E ——— > An AND Gate followed 4 B Y
. . 000 p— ! 00 1

both inputs are high. 010 4\ ________________ . byaNOT Gate. 01 1

A— ! A— —

—Y=AB i (1) ? NOT Gate |  Y_iB 1 <1> (1)

B ) It just inverts the  , y (B

OR Gate input signal. 01 NOR Gate

p A— —y=4 10 , X

Output is hlgh ifany one A BY | An OR Gate followedbya ‘3 ﬁ }1,

orboth inputsare high. 8 (1) (1) _________________ v o NOT Gate. 01 0

A— 1 01 N E A— _—= 100

P —Y=A+B L1 [ > i L S — E (R > B —Y=A+B 110
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COMMUNICATION
SYSTEMS

POINT TO POINT COMMUNICATION BROADCAST MODE COMMUNICATION
Communication takes place over a link MODES OF COMMUNICATION Large number of receivers corresponding to a

between a single transmitter and a receiver. single transmitter.
BASIC COMMUNICATION TECHNIQUE

Transmitter Communication Channel Receiver

. Converts the message signal suitable — 3 A medium that connects a —>——  Retrieves the message signal into i

i for transmission. transmitter to a receiver. original form. :
Modulation Demodulation

Necessity of Modulation

Process of recovering the audio signal

Process of variation of some
characteristic of a high frequency wave
in accordance with the message signal.

e To reduce the size of antenna, need a high from the modulated wave is called
frequency carrier wave. demodulation or detection.

o Weneed high power transmission as Po< (1/.)?

o To avoid the mixing up of signals a band of

Phase Frequency fre % 1] :
. quency is allotted to each user for different
radio channels.
Amplitude Modulation
Amplitude of the high frequency %& %%

carrier wave changes in accordance
. . . Communication AM input ifi i
with modulating signal. satellite mputwave - Rectified wave ?z‘p“fé‘;%%?éﬁ‘ét
Ionosphere Space wave

Source of S = Tt '
Information x(t) quare
— " law LOS e A
nzg)es:s:’g :im;)ﬂ’?t device %&‘ Sky wave
ge sl y(t) = Bx(t) + Cx(t) Z LOS —Ground wave *\(/
o(f) = A_sino t Ban;;ass M = AM Rectified
(Carri ) 5| Power - Tuneable wave : wave [Envelope
arrier wave Centeﬁlitgratm —> Amplifier T;;lsmitting Receivhng Rectifier P Getector
C antenna antenna
i User  4—{Amplifierje—"
/ Space Wave Propagation /\ SPACE Information Ampthﬁted &E’o‘ﬁt
outpu
A radio wave transmitted from an COMMUNICATION RF component)
antenna, directly reaches the receiving .
antenna by LOS propagation. Sky Wave Propagation
o Maximum LOS distance The radio wave directed towards the
d, =\[2h R +[2hsR /4 Ground Wave Propagation /_\ sky and reflected by the ionosphere
< d > : towards the desired location on the
N ) m s Here EM wave glides over the earth surface
——Ar— . . earth.
along its curvature from transmitter to itical f "
\receiver placed close to the surface of earth. ) » Critical frequencyv, =9(N,,,)
(Range and Application: rRange and Application: )
» VHF:30MHz- 300 MHz + LF:30kHz- 390 kHz o Range and Application:
TV, FM radio, metrology devices Long wave radio communication « HF:3MHz-30 MHz
« UHF:300MHz-3GHz « ME:3 OQ kHz -3 MHz Short wave radio communication,
TV, aircraftlanding systems g AM radio broadcast forlocal areas ) CB radio
&
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