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UNITS AND MEASUREMENTS

Z=A*B
MEASUREMENT ERROR F AZ=AA +AB
defined by the \1 PN 7 - A2
. o . for \ =
Internationally ) Uncertainty in the Combination /(. ]_> AZ 2£
SLunits €<= 4ccepted <— Units of mleasurement Magnitude oflmeasurement measured values of errors '\ operations ./ V4 A
. . that can be related in accurately known digits 7 - A-Bor A/B
which consist of terms of fundamental plus first uncertain digit K5 ol AD
\ seven Base base quantities in a measurement arising from 7 = i | F
SI units l l,
. o »
o erived units Dimension Significant figures Systematic error Random error Least count error
27 Practical ™, Sumnl | . e K | \ I
/ CPp \ u ementar emperature
' units in ' PP Y P esults in caused b caused b
\ different scales ./ units which can be ! u\l' ' eey aeay
O deduced by - electric current A causes
mass M > RS scatter of repeated
/" using five base )_j‘ measurement
Small scale . . \_  quantities
Dimensional o Pt . .
analysis ~~~~~ noise (fluctuation error in
Length Mass | length L time T in values) resolution of the
v characterized by instrument

mass of atoms
in a.m.u.

1A (angstrom) = 10710 m
1 fermi = 107> m

v
Large scale

Intersteller
distance

Mass

|

1 metric ton = 103 kg
1 solar mass =~ 103 kg

which is useful to \‘

Show the relationship
between different
system of units

1AU=1.49x 1011 m

lly=
1 parsec = 3.08 x 101° m

9.46 x 101> m

Implicitly
tell how to derive
a relation

Method to measure
such intersteller

distances from earth

Provide a check
on relation
between quantities

—> Parallex Method

range of observed
values

determined by

N

Precision of
measurement

4
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/" which can be > |
'\ _calculated by

-

RN

deviation of mean
from "true value"

determined by Relative error
l Rel Aa = Ad,,
a}“l
Accuracy of
measurement  Apsolute error Percentage error
Aan =y~ Ynean 8“ = i

m




— MOTION IN A
-STRAIGHT LINE

"
\J~
&
T S
-y . o v 0 ot =i S

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, :
i a o _AY g= ¥ _db N
The actual path length covered The change in position av = A ; N At—s0 At dt i
by moving particle. vector. l/ |
|
[
differentiating with 1
respect o time The time rate of change of g
o o AV
velocity, d = A I :
. s I
The rate of distance covered The rate of change of position — [
with time is called speed, perunit time, differenfﬁﬁntg with Uniform ]
_distance d displacement A% Sl Acceleration [ |
—_— Vo — T e—
S Setalitome. Pr— At Magnitude of velocity |l
changes by equal amounts /i
| in equal intervals 1
of time. 1
Instantaneous' : N T Instantaneous i |
Average Speed S Average Velocity Velocity : ¥
total distance P 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
- = . o |
For Uniformly = —— Acceleration changes with time A theriatical teafinentits U
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 . :
. = 1 2 t * = — 2
Bt o s=ut+ [(fO)dDydt vz—zﬁg h=ut— 12gr 1
‘n_u+5( n—1) & o = s U= \/@ 1
L
>’
. 4

Graphical Representation of Uniformly Accelerated Motion

$ v

Slope = v

Slope =

o

Slope =0

Area =displacement |

Area = velocity

f— = —

(b)

()

The velocity with which an object

moves with respect to

another

objectis called relative velocity

Vag= (VA - VB) & ‘—»'

Eom—

Vap={Vy-(-Vp)} e - S

Veleckr (V)

= O )
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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 © 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 ¢ 4 | 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 e u® sin’ 0 T - 2usin® B u? sin 20 -
C o G ~
points on same height I » For complimentary angles 6 and
attimet, and l ‘ \ (90 - 6) range remains unchanged
- gt1t2 IR io 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 © 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 _|& R=nH;0=tan"'[4/n] » IfR=4Hthen0=tan"(1)
e u sin 0 g
or6=45

www.smartachievers.online
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CLASS XI

Time period T =27 fcos6
4
Linear velocity v = \/grtan0
Angular velocity o = 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 :
esandO=s=r0
evand ) = V=0 X7

-

Banking of a road :
Optimum speed of a

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
is not zero.

O<u<,2gL

VB:\/g_L

www.smartachievers.online
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SIR ISSAC NEWTON
{1643-1727)

Crass XI

Inertia of Motion Non-uniform circular motion

Inertia of Direction : o e A
Acceleration, d =dp +de =GXF + O XV

The tendency of a body to
The property due to which a

remain in a state of uniform

i,

body cannot change its
direction of motion by itself.

Inertia of Rest

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

" Newton’s 2™ Law ™
” The 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.

Y

Introduces the
Concept of Force

v

Force =mass x acceleration
F=ma,SIunit=N

of rest or motion until unless an

/"To every action there is always \

motionin astraightline.

- 1

Newtons 1St Law
A body continues its state

r
#

external force is acted on it.

Centripetal force F, =

a= \fa% +a(73

““Circular Motion

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

Motion of a Car on
Banked Road

* Maximum velocity on
banked road to avoid

skidding
rg(u, +tan0)

llmax =S J (1_“5 (ane)

2
my

r

. | LAWS OF MOTION AND
' ' THEIR CONSEQUENCES

CIRCULAR MOTION
N HORIZONTAL PLANE

* Optimum speed on a

J

Bending

y " Newtor’s 39 Law

: : Angle of bending 2
an equal and opposite reaction iy P |
Fpp=~Fpa I G M

Friction =

Resistance offered to the

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

v

Types of

(a) Static friction : acts when

force, f,.=F,

ext

Impulse
A large force acts for a very
short duration of tim
producing a finite change in
momentum.
J=Fxt=Ap

4

Conservation of Linear
Momentum
Total momentum of an isolated
system of interacting particles is
conserved if there is no external force
actingonit. Pipitia) =Prina

€

Acceleration of a body sliding
down arough inclined plane,

a=g(sin0 - ucos )
Angle of friction, 8= tan "L ( 1k
Angleof repose, ou=tan ' ().
Numerically, =0

Friction

abody is at rest on application of a

(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

www.smartachievers.online

on a circular turn

Vertical

Ncos©
l

smooth banked road

vy =+/r¢tan0
! Road

i surface

of a Cyclist

v

/Horizontal

/ surface )

Motion of a Car on Level Road

NcosO N

N sinf . )
Maximum velocity on a curved

road to avoid skidding
g

Ymax =

Problem Solving Techniques
in Mechanics

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

Analyse the magnitude and direction of
pseudo forcesif thereisany.

For equilibrium of concurrent forces use
R+FK+FE+..+F,=0
F_B _5B

sinot, smﬁ siny
For horse cart type system

F.t_f
MH +M

(Lami’s theorem)

F,= horizontal

component of reaction

@rt £= frictional force
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CLASS XI

|
Identify the unknown forces and accelerations.
. Draw FBD of bodies in the system.

= Resolve forces into their components. '

- Apply SE=Main the direction ofvin'ott.on.
= Apply SE=0inthe directiorf of equilibrium.
Write constraint relation if exists.

&

Solve equations SF=Ma and 2F=0.
Newton’s 2"d 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.
dp

——=ma
dt

F=

Angle of Friction (6) and

Angle of Repose ()
S=\R>+ f7 R
tan® = ﬁ =U, =tana
.. Numerically, "

mg sin o,

« When there is no friction

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

NEWTON’S LAWS
OF MOTION

Inertia of rest

Rocket
Propulsion

Instantaneous
. 3 ¥ veloci
Inertia of motion velocity

a
Acceleration
Inertia of direction
Newton’s 15t Law

- - Pseudo Force
A body continues its state

of rest or motion until
unless an external force is
acted on it.

ext T FP:eudu =Ma

1

o seudoimiNG s s o

/

For non-inertial r
frame of reference Walking
&
D
\ / Newton’s 3'd Law ; A A
R sin0 === hmund pushes
1. B € person
LAWS OF MOTION To every action there is Rf(reaction)
i always an equal and > —-R A
i AND THEIR opposite reaction. - cos .
‘\. - - €rson presses the
e Fap=-Fpa ground (action)
Horse Cart Type System

For horse cart type system
I F,. = horizontal
_ s component of

My + My reacti_on_ force
f= frictional force

Maximum Length of Hanging Chain

- 5 Length of a chain je—(L-1)—>
hanging in air T
r _ ¥y
14w

« Whenthereisno friction
= a,=F/m;ag=0 @ ag=F/Manday =0
= A will fall from B after time i rg&;" N = A will fall from B (backward) after time ¢
2L [2mL oy e ’ZL ’ZML
t=,—=.— 9 rest BN e =
a F E P i a F
9 j;,,: Foxt f —u N
. 2 e fi=mN « Friction presentbetween A and B (F<f)
o Friction present between S When a body . i !
= M = Both the bodies will move together
AandB(F<f) 2 is just a; the When a body =
! % verge of is actually = =
= Combined system will move K movement sliding © S and f, = ,mg
together with a=F/(M + m) o Applied force = Pseudo force on the body A,
'
. F'=ma=—2
« Friction presentbetween l m+M

AandB(F>f)
= Relative acceleration

Motion of Two Bodies One « Friction presentbetween Aand B (F>fl)

Resting on the Other = Relative acceleration
a:,;A_aB:w Force F applied Force F applied a:uA_aB:_[F_“kg(m‘*M)}
mM to upper body to lower body M
= A will fall from B after time m| A F A |m < A will fall from B (backward) after time
,ZL 2mML |
t=.—= E—TVS M B B M L B[—>F = E: 721\/”‘
a \MF - mg(m+M) - F— i g(m+ M)

www.smartachievers.online



BRAIN

\V/V:\23» WORK, ENERGY AND
POWER

CLASS XI

WORK ENERGY
Work is said to be done whenever a force acts on a body and the It is defined as the ability of a body to do work. It is measured by
body moves through some distance. the amount of work that a body can do. The unit of energy used
W=F.§= FScosd (where O is the angle between force applied F atthe atomic level is electron volt (eV) and ST unit is J.

and displacement vector 3)
The ST unit of work isjoule (J).
Kinetic Energy
It is the energy possessed by a body by virtue of its motion. The K.E.

Nature of Work Done of abody of mass m moving with speed vis
If0=0°, W=FSi.e,workdoneis maximum. K= —mvz __p_z
I[f0=90°, W=0i.e.,,workdoneis zero. 2 2m
Potential Energy

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

Work Done by a Variable Force

The work done by a variable force in changing the displacement ohedimension, the putential erergptuaction Jbd egbe dofined

S as X
s U 1
from §,t0S,isW= [ F-dS = Areaunder the force-displacement F(x)=- : b(CX) orAU = Uf =U;=- J F(x)dx
u C
graph S %
Power v Potential Energy of a Spring
The rate of doing work is called Work Energy Theorem According to Hookes law, when a

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

power. ; :
— acting on a body is equal to the x, the restoring force Fis such that
> Ttis defined as the ratio of the small changein kinetic energy of thebody. Penilahiere Ris heapting eonam, g
amount of work done W to the W =Change inkineticenergy i anditssatisbine)
—— il " 1..& X3 2 The work done is stored as potential
time taken ¢ to perform the work. = Emv —Emu = W =AK_.E. energy ofithe spring
pP= w The work energy theorem may be . '
t regarded as the scalar form of W= Ikxdx: lkxz — U=£kx2
The STunit of power is watt (W). Newton’s second law of motion. 0 E 2
Head-on Collision or COLLISION Oblique Collision

One-Dimensional Collision

It is a collision in which the colliding bodies & collis'ion 'between W boc'lies is said_ =
move along the same straight line path occur if either they physically collide
e vme il s ibeesl Nstan. against each other or the path of the motion

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

1 m o 1 f bodyis infl d bythe other.
O—buld—buz O—»vl Cj—>v2 o oneoodyls ITencec By e omer be oblique collision.

Before collision After collision
Velocity of approach = Velocity of separation Types of Collision
Oy Sty =t = Elastic collision : Both the momentum and
Also, v, = m =ny up + 2m, 1ty and @— kinetic ?nergy.o'fthe system remain conserved.
m +m, my +my Inelastic collision : Only the momentum of the
om 2m e system is conserved but kinetic energy is not

mtmy, L omm, wwwismartachievers.online
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Pendulum Suspended in an Accelerating Trolley
e For a pendulum
suspended from the
ceiling of a trolley
moving with
acceleration a, 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 hy 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

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 — pnsin®) — g(sin 6 + 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

ofall types of forces.
Work Wiowl = AK Energy
Work done L
by a force (F) is e.energy
equal to the scalar of a body is defined

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.

/
N

Relation hetween Conservative

Negative gradient of the
potential energy gives force.

F=-2=
dr

www.smartachievers.online

WORK AND ENERGY

Work Done in Pulling the Chain

Mgl »
m? 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

2(m, — pm,)gl
ml + m,

V=

An Application of
Conservation
of Energy

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

» The maximum
compression in the
spring will be

%{1@} %ﬁ ]
|

Force and Potential Energy » Ifblockis released slowly (h=0),

. . 2mg
maximum compression, x = N

» Work done in bringing the block

m2g?
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°.

COLLISION

| CLASSIFICATION OF COLLISON |

along the same  line of along different

line beforeand  impact  lines before and Neither momentum nor velocity

] 8 Common normal:

g HEAD-ON ' OBLIQUE s Force is exerted in common normal
"E COLLISION COLLISION direction only. Momentum changes in
‘i The velocities of On the The velocities of g commiprnoena] ditertion,

£ theparticlesare  basis of the particles are & Common tangent:

= S F=0

3 3

2 =

after the after the changes in common tangent direction.
collision, collision. '.
Line of
impact Line of
INELASTIC PERFECTLY Line of motion
COLLISION INELASTIC maotion of ball A
If the kinetic energy COLLISION of ball B
after and before collision _
are not equal, the H"dOC}tY Cff Chiimid
collision is separation just o s normal
Sa_id o be Ol'l t.h.e basis aﬂer CUHiSiOH ique collision
inelastic. ofkinctic RS Perfectly Inelastic Collision
energy then the s -
colkision is * When the colliding bodies are
- - perfectly moving in the same direction:
:L'!LSTI - ¥ miul s mzuz
COLLISION inelastic. C o
ik
If the kinetic energy after and U, U, Vo
before collision is same, the @@
e T collision is said to be Before collision After collision
By substituting perfectly elastic. Loss in kinetic energy
e=1, we get Y el mlsz(H i
4=0) 3 C almem,) 4
e When the colliding bodies are moving
Elastic or Perfectly Elastic Head on Collison in the opposite direction :
Velocity after collision : @_l;z mu, — myu,
= 2 BT
= ::l_‘_z s mln‘?l::z Before collision Fonsin kjner:ilc+e;l§3rg}r
1 v ¥,
7= n, —m ). 2mu, AK = _1{ mimz] (“1 o “2)2
m1+m'2 ml""ﬂz After collision 2 iy + 1,

1

If projectile and target are of same mass N /Ifm2=,,m1 andu, =0

I_:OI Bl =y = ul‘and L s | The fractional kinetic energy transferred
\J.e., their velocities get interchanged. J by projectile
/If massive projectile collides with a light target AK 4n

For m,>>m,=>v,=u,and v,=2u, - u, § K Tt

Sub case : For Uy= 0, i.e., target is at rest = :;,— g+8 /)

NG ' and v, =2u, J § Fractional kinetic energy retained b'y\

If light projectile collides with a heavy targgi:\ & | theprojectile

Form, <<m,=v;=-u; +2u,and v, = u, AK

Sub case: For u, =0, i.e., target is at rest (—) = 1~ fractional kinetic

v, =-u, and v, = 0, the ball rebounds with same K 7 petained energy transferred

speed. by projectile
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BRAIN
MAP SYSTEM OF PARTICLES

AND ROTATIONAL MOTION
CLASS XI

Centre of Mass and Centre of Gravity

e The centre of gravity of a body coincides with e Perpendicular distance of each particle
its centre of mass only if the gravitational field remains constant from a fixed line or
does not vary from one point of the body to point and particle do not move parallel
other. totheline.

S
e Mathematically, e Angulardisplacement, 0 = ,

= 2 5 g . do
Repg =%epi+You i +zomk Angular velocity, 0 =
dt J
. 0]
¢ Fordiscretebody, x5, = % mx;, Angular acceleration, 0. = "
. ¢
L L e Equations of rotational motion
Youm ZHZM,-}'[, Zom = azm,.zf * m=(1)0+olct
: ¢ 0=+ 5 ot?
. i Rr=—I|F7
For continuousbody, R, 7 Ir din . o= 0)3 +200
o Centre of mass of symmetric body e Torque : Turning effect of the force
SR about the axis of rotation.
¢ Semi-circularring, yep = T=r x5 t=rlsin®k;1=1u
e Angularmomentum, L =7 X p; L = [w
4R -
¢ Sombcraikrdss, Yoy = o e Workdone by torque, W=1d0

e Power, P=1®

Motion of Centre of Mass Moment of Inertia

n

e Forasystem of particles o Forarigidbody, I'= Y, ma?
g : i=1
_ mn gty 4 EN
¢ Position, 7y =—+—22"= e Perpendicularaxes theorem: ,«‘y 2. 5 2. 3
my iyt l=3MR : l=;MR
I 2= I xt I 'y —69 x : 3
. vy iy jectisin x- -
. Velocity, Foag = 11 h V) (Objectisinx-yplane)

‘ my A

+  Acceleration, dy, = d) il F e e Parallel axes theorem: N

iy 1y Iup=Icy +Md? X

E,. =0, then Vgas = constant.

Conservation of Angular Momentum Equilibrium of a Rigid Body

o Ifthe netexternal torque acting on asystem | | ® A rigid body is said to be in mechanical | o  For a body rolling without slipping,
equilibrium, if both of its linear momentum velocity of centre of mass

is zero, the angular momentum L of the et
and angular momentum are not changing with

system remains constant, no matter what time, i.e., total force and total torque are zero. Yom = RO
changes take place within the system. e Linear momentum does not change implies Kinetic energy,
L= constant; Ilml = 12(1)2 the condition for the translational equilibrium K= Ktranslational + Krotational
. of the body and angular momentum does g 2%
(forisolated system) not change implies the condition for the :imV(l:w {l+;J
rotational equilibrium of the body. 2 ! L 2
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CLASS XI

Snapshot of Rolling Motion
For rigid bodies : solid cylinder, hollow cylinder,
solid sphere and hollow sphere,
® Order of acceleration

Aolid > %solid > hollow > %hollow
sphere cylinder  sphere cylinder

® Order of required friction force for pure rolling

Thottow > Frotlow > Foolia > Jiglia
cylinder sphere cylinder  sphere

® Order of required minimum friction coefficient
for pure rolling

Whotiow > Mhollow > Msolid > Msolid
cylinder sphere cylinder sphere

~ Al
o A force Fisapplied at a distance x above

Y/:\=2) MOTION OF A RIGID BODY

-
o For a system of particles

it mr +mor, +.....
- Position, 7oy B

mvy +myvy +......

- Velocity, ¥y, =

. J

‘e During such motion, all the particles\
have same displacement (s), velocity
(v) and acceleration (a) during any
interval and at any instant.

{}

J

- Acceleration, d¢y; =

= = N
_ ma; T mya, TPereen

-
.

s
Angular displacement, 6 = =
. do
Angular velocity, ® = —
dt

. (0]

Angular acceleration, o0 = T
Equations of rotational motion

- =0+ ot

1
- 0=yt + —ou?
2

the centre of a rigid body of _>g¢ PURE
radius R, mass M and moment of inertia F ~ 02=w2 + 200
CMR? about an axis passing through = TRANSLATIONAL - g g
the centre of mass p MOTION A
_ _F(R+x) e F(x—RC) | f mustbe Kinematics of
A MR(C+1)"  R(C+1) | <ugmg Rotational Motion
%
s N Al
‘When a force acts on a body o By p.omt (.)f 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. |
Kinetic energy, MOTION v N
% Rotational Analogue Dynamics of
K = Kirans. + Kiot. [l . .
of Mass Rotational Motion
1 5 On an
=—mvey (1+C) )
2 ) Inclined f Moment of Inertia Angular Momentum 1
s Plane COMBINED Z o Ofaparticleaboutapoint
o Arigid body of radius R,} Y TRANSLATIONAL e Forarigidbody, I = Zmir,-z i y = T 4p9
mass M and moment of AND ROTATIONAL i=1 STRA S 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
ing[CEKYR)isa & . %5 o i
< sme{ coﬁlstam v;rliseg for“‘t (Objectisinx-yplane) - : U g
tlaF different bodies {} - N

e Parallel axes theorem: .

fAnguIar momentum ‘o Ifall points in the body\ Lyg=Icy+ Md? 1] b
of arigid body in rotates about an axis of -
combined motion %, <= rotation and the axis of ¢
B = T SO rotation moves with A \
o R— ) respect to theground. D
N A

“e The speed of a point on the circumference at’
any instant tis 2rw sin (wt/2)
o xand y coordinates of the bottommost point
atanytimef, (x, y) = (vt - rsinwt, r - rcos ot) )

o From Newton's 2nd law @

_dL
net d[

o Torque about the axis of rotation
T=rXF; T=rFsin0=1Io

o Work done by torque, W = td0

® Power, P = t0

U

o Velocity of any point of the rigid body
in combined motion is the vector sum

of ¥ and 7 x ®.
C

Conservation of Angular Momentum

If Thet

L = Io = constant

=0, then %:0, so that
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MAP GRAVITATION

CLASS XI

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.
e Relationship between gand G Itisa conservative and central force. . .
GM, 4 holds good over a wide range of il WO
8= T3 nGRp It § 8 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 7 ™
. 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 of eartl; S P 1 d i satelliteintoa given orbit. Kineticenergy K = m

B N e Same angular speed in 2R +h)
8, =8~ R w7cos same direction with y =R |2 —E}Mm
Atequator, A =0° carth. R +h e Potential energy [J = ¢
G =8~ RO’ e Height:36000km. For satellite orbiting close e 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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M A P GRAVITATIONAL FIELD AND POTENTIAL

CLASS XI

Gravitational Field , i po_—GM
The space surrounding the 2T L tan2 Ly AL’ +d?
A — %
body within which its / 2y “ -2GM . ;
) ) 0 E = pl_dE sin®
gravitation force of EL / <K
attraction is experienced —GMrM -GM/r d ch;(zg 5 O
by other boldze;d is called Ty : Due to a - N R
ravitational field. _ : PE—]
& fi . Insider<a B=— G]\;I r3/2 p 11ne'ar mass of < >dx X
(a”+71°) finite length
E—_ GMr towards the center of ring on its axis Here 0y=m/2
a’ linear mass density A
5 « Outsider=a . Field intensity, E = 260
- /N Due to a uniform .7 d
_/ . GM ring at a distance Due to infinite
0 — E= T r on the axis uniform linear i N
El /Vrz— from centre mass distribution At a distance x on the
~GM/ | axis from centre
« Forr>a Due to uniform solid Du‘e toa unlform_ o _26Mx[1_ 1
GM sphere at point P disc of mass M TR | x LR
E=—— o .
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 — 2= Slunit: ON kg2 .
Due to uniform (B " Relation between > [E]=[M°LT~4]
spherical shell : gravitational field
| andpotential | b ” "
Relation between EandR  The amount of work done by’ v ue to uniform thin \
=== spherical shell

For two planets Aand Bof 0 external agent in bringing a ‘\. dr /.Gravitation al

d radi body of unit mass from infinity to "*~._,___. - ial o Inside r<a
asses ma, Mp ANCTAGMS 1ot point in the gravitational field. Potentia
Ry and Ry having , GM  Slunitis] kg™ Y 7
o equal mass Ey_Rp V== r [V]=[MOL2T-2] Due to a uniform ring a
5 R: atadistanceronthe | Ousidersa
axis from centre
. equal densityE—A _Ry , —GM
5 Rp Due to infinite Due to uniform solid oM V=
i - r
uniform linear mass sphere at point P = m
distribution (1) | :
Potential difference between . 7 T
o Insider<a, =
two points at distance d, and d, GM, , /
d, Duetoa V=-"—70Ga"-r) 0 r—
V12 =2GA In—= linear mass of ) 2 . vi
1 finite length . Out51d(e; ]:/I_ a : —GM/u' -GM/r
" on its axis V=-— |
pl _dE sin® r
é&% . Uniform Thick Spherical Shell
Yoy V0™,
dLdFcos0i 6 YdF ™. L l
R g,
\ - T,
e——ldx X 4

= 2 2
V=-— g In d AMPa B Ry +RR, +R; J

. ~ ' y
x R = ’A‘ e Outside v = _GT .
GM {L+\/L2 +d2} v /<-G—]\/I/r ¢ ) )P inside v=-§GM(7R2 R

2 GM(3d% - 2)/24° 7

www.smartachievers.online



LN \ECHANICAL PROPERTIES
WA\  oF SoOLIDS AND FLUIDS

CLASS X1

Young’s modulus
Normal stress

N 4 RELATION BETWEEN Y, B, GAND o APPLICATION OF ELASTICITY

Bulk modulus, e Y=3B(1-20) e Y=2G(l1 +0) Designing beams for bridges

_ Normal stress _3B-2G 9 1 N 3 The depression in rectangular
Volumetric strain * 9T e ' Y B G owP
\ /| beam, §=

Compressibility, k = 1/B 4Y bd?
g ELASTIC POTENTIAL ENERGY

1 1
U= EF x AL = 0 x slress x slrain x volume

" Longitudinal strain

HOOKE’S LAW
Stress o< Strain

Modulus of rigidity\
_ Shearing stress P.E. stored per unit volume of stretched wire,

or Stress = E X Strain, = Shearing strain
J

1 1 2
u=—xstress x strain = —x Y x (strain)”
(E =modulus of elasticity) 2 2 ( )

Poisson’s ratio
Lateral strain

c= ERT :
Longitudinal strain

[
ELASTICITY AND PLASTICITY

STRESS AND STRAIN

Restoring force F
Area A
Change in configuration
Original configuration

Elasticity : Ability of a body to regain

PROPERTIES
OF
SOLIDS

. its original shape, on removing
® Stress = .
deforming force.

Plasticity : The inability ofa body to
regain its original size and shape on

e Strain=

\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
\

PROPERTIES OF

VISCOSITY

Coefficient of viscosity:
F

lv . .
where — " is the velocity
dx

1 dv 1
A[— ]gradient between two
layers of liquid.

BERNOULLI'S THEOREM

Bernoulli’s theorem : For the streamline CAPILLARITY
flow of an ideal liquid, the total energy per PRESSURE 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

unit volume remains constant Pascal’slaw
The pressure is same at all points
inside theliquid lying at the same

depthin ahorizontal plane.
Stoke’s law : Backward | \Gaugepressure=P-F,=hpg

J
' In an air bubble
dragging force on a| RN IIN \p_ 28
TR

spherical body, F=6mtnrv.
P Y When a body is immersed fully or

1
P+pgh+ Epvz = constant

O—
Basic

results on

Excess
Pressure

Poiseuille’s I{,Oﬂmula partly in a liquid at rest, it loses Inside a soap bubble
e some of its weight, which is equal to 4§
8 ni the weight of the liquid displaced AP=—
Reynold’s number : Deten‘?ines bYthe immersed part OfEhe b(’)dy Inside a hquld drop
nature of fluid flow R = 22 Apparent weight = ’””3' 1- E} apo2S

n \(For fully immersed body) * P )
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MAP

CLASS XI

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‘

e The rate of volume of fluid coming Formula

out ofanarrow tube is
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
v___?

t |8 . 8nl,
nr14 nr24

Here,P=P, + P,
P, and P, are the pressure difference
across the firstand second tubes.

» Parallel combination of tubes
(P1=P,)
Here,V=V,+V,

4 4
V_pl ', mn'
t 8nl, 8nl,

FLUID IN MOTION

Inertial force per unit area

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.

2000 < Np <3000 — streamline to turbulent flow.
3000< Ny — purelyturbulentflow.

|— Reynold’s
Number

.

Flow of e S
Flutd Continuity

FLUID
IN
MOTION

— Viscosity

o The property of fluid due to which it
opposes the relative motion between its
differentlayers vtdy
inasteady flow _rI_Z”dr

is called viscosity.

» Tangential force between thelayers,

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

» Slunitofnis=Nsm~ or Poiseuille (P1),
Dimensions of [1] =

Viscous force per unit area

Bernoulli’s
Principle |

e Venturi-meter :
speed of flow of incompressible fluid.
» Volume of the fluid flowing out per second

2hp g
Q=ay =aa |-
plaj —a3) !
2
1:

ML T~'] >

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

narrower end ) ,
V)
aivipr = azv2p3 a
N
a|vy = axvy V1
(If liquid is incompressible, p; = p, = p)

or av = constant

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.

=

It is a device to measure the

Area=a,

Area

=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

e Stokes’law: The viscous’ atmosphere then speed of efflux v; = \/2¢h .
drag opposing the motion Sniog » Horizontalrange,R=v; xt
is F,=6mnrv 2(H h)
- =4/2g =24h(H-h

» Terminalvelocity: lC"?TF =6mrv { )

v=(2/9) [rz.(p -o)gml s Rwillbe maximumiif s = E, ie.,
where p = density of sphere, Fnrpg R -H 2 ONz a
o = density of fluid medium, max ' i a
r=radius of sphere. : » Ingeneralasshownin figure, i O] :é_.
e Thevariation of 2 speed of outflow, ( HT_ " I
veloc.ity with time % 2gh+ 2(P-F) J
(or distance) ~ Time or distance & p
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BRAIN THERMAL PROPERTIES

MAP OF MATTER

CLASS XI

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 3 Py Moy 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 " 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. | =9 (" 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 -
[FMPERATES 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 22 100°C — ] 373 15K
with another temperature, is where, C= Celsius, F= Fahrenheit,
bod known as the K = Kelvin, R= Reaumur
g thermometry. . _
npl? ater 32.02°F 0.01°C 273.16 K
NEWTON'S of water 02°F_ 11 0.01° .
i crcooh \‘ Triple Point of Water Ice point 32°F 0°C 273.15K
The rate of loss 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 4
amount of substance to temperature of the body over the surroundings
p Y 8 —
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)
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Relation hetween

Vims s Vay and Vmp

KINETIC THEORY

Maxwell’s Law of
Distribution of Velocities

Mean Free Path

J3RT JSRT 2RT

zﬁ:\/;:ﬁ;(vrms>vuv>vmp)

The distribution of molecules at
different speed is givenas,

m P2 -
dN = 411:N(—) vZe 2KT dy
T

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

At constant pressure (Cp) :

= (4), or CP=(1+£)R

P nAT
At constant volume (Cy) :
A
_ 8y orC -1 SR

V. AT Vo2
Mayer’s relation : Cp-Cy=R
(f= degree of freedom)

Monoatomic Gas (f= 3)

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

> Diatomic Gas (f= 5)

5 5 7 7
U=2RT,Cy =2>R,Cp=—R,y=>
2 v EIRTEY

P Polyatomic Gas

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

Kinetic Theory of
Ideal Gases

Behaviour of

Gases

Vander Waal’s Equation

Pressure Exerted by a Gas

lmN 2 1 2 2,
3 vV Vrms_gpvrms=gE

E’ = 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

\

[b] = [L]

(P+V—J(V nb)=nRT

For n moles of a gas, [[ al=[M L5T‘2]i|

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

proportional to its pressure. ?
1 T 3 A constant

P o< — or PV = constant
V 1/V—>

v

r

Charle’s Laws

\

8a
27Rb

¢ Critical Temperature: T =

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

The volume of the gas is directly
proportional to its absolute temperature.
Ve T'(at constant P) f

Vo
Slope = 73
P = constant

t P
Vi= VO(”ZBJ i —

Graham’s Law of Diffusion

Gay-Lussac’s Law

\

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

t
Pi’ =PO|:1+2—73i|
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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
o 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
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) = —mm*~A” sin” ot
2

— Totalenergy (E) = 1 mm2A2

e Angular SHM:

- Kineticenergy (K) = L Io?
2
~ Potential energy (U) = b ko? = L I0%0?
2 2

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

www.smartachievers.online

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(wt +d)

DAMPED AND FORCED OSCILLATIONS

e Damped oscillations e
- Angular frequency (0") = f— T
m  4m
1 ;bt
- Mechanicalenergy E(t) = —kA%e ™
2

- Amplitude A" = Ae=bt/2m
where bis damping constant.
o Forced oscillations
- When driving frequency w, far
from natural frequency w:
Fy
m(o? - (nﬁ)
— When driving frequency w closed
tonatural frequency :

Amplitude A’ = Ll
(O} db

Amplitude A’ =



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=, |—
p
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
incident wave and reflected wave is

TYPES OF WAVES

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

27X 21t
ivenb =12 a sin— cos —
g y ¥ x T
« Position ofantinodes: x =0, % A, %
o Position of nodes: x = &, 2, 2
4 4 4
« Frequency of vibration of a string fixed
atbothends, v=2Y = L
2 2L \'m
L =length of string, 7 = mode of vibration

_/

+—>
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

a .

o Open organ pipe:
Fundamental mode,
L, =v/2L=v
nth

(13tharmonic)
mode,v, =nv/2L (nh harmonicand
(n-1)th overtone)
o Closed organ pipe:
Fundamental mode,
v, =v/4L=v (13tharmonic)
nt mode, v,=2n-1)v

_1)th i _1\th
Y [(2n-1)" harmonicor (n-1) overtonej

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
v=[—

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,

v = vy, =V

XV
v+v,, =V
If the mediumisatrest, (v,, = 0) then
, V_ VO
V=——X%XV
V= VS )

/—/ Beats Formation /—\

Beat frequency = Number of beats sec™!

= Difference in frequencies of two sources.
Vpeat = (v;-v,)or(v,-v,)
V=V +Vpeat
If prongs of tuning fork s filed v increases.
If prongsisloaded with a wax v decreases.
Uses:
- For tuning musical instruments
— For detection of marsh gas in mines

- Forusingasalow frequency oscillator.

J
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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 8! istribution.
between the electric flux " Select a symmetric gaussian surface as per the charge distribu
throusHERE. - < ~  Calculate total electric charge inside the gaussian surface. e
the to F iform charge density, simply multiply it by length, area an 1;0 Z ;
& or untjor ? . . losed the surjace.
. ity i t over the region enc )
JL ~  For non uniform charge density m.tegrate 1 e as per thi given uniform charge distribution.
v -~ Calculate electric field on the gaussians surfa 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/¢€,) 2 _, ~ Some definite I non uniform electric field 6, .. =—b,.s[oo| < 2E°F
times the charge enclosed by > 5 symmetric = on uniorm €eCtriC Neld ¢, .- = ~Peumed’ [Peurvea| = 27
the closed surface i.e., %) closed surfaces ¢ Gaussian Cube
il > _Q ., Q9 , _Q
b= J; E-dA = = (Qunc) J;, Charge kept at corner ¢, Rl
0 \ V'O Field of a Charge kept at centre of face ¢,,, = %(5 faces) O, =§
= (< line charge E,=E
Q =\ dA Gaussian
v s o = 1 A surface
N S E = — ,_
1\O0 " 2me, 1
APPL‘CA . . . 0 Errririrrrrrrsrirsid
Field of an infinite r ax
! &’/ plane sheet of o
Vv X M——— ———M} EELdA)
Field of a charge
Field due to h ul&ifoi’.lgly i 0 Result in field due to a sheet
charged solid sphere o 3
along uniformly and charged ooy ik E =E depends only 0n. total charge
ducti =  of the sheet and independent
harged solid concucting Ea . sstributi
charg sphere Gaussian of distribution of charge.
Cylinder surface
JL s
: in 290
£ _ =
PR H 3
£ 289 1 4 . Parts of
! E(R angy g2 | h Gaussian surfaces
_pR? - 411150 ril
sl
P E(R)/Op-wx-urdeneeed .
Ey i R 2R 3R °

PR p = Volume charge
¢, kdensity
R r

Uniformly charged sphere

www.smartachievers.online

Charged conducting sphere



Work done per unit positive test
charge by an external force in
bringing a unit positive charge
from infinity to a point in the
presence of another point charge.

V:——:
qo

4meyr

VR |

Surface having same electrostatic
potential at every point.

Electric field
line

Properties

5 E\quxpmenual
Do not intersects each /
other
At every point /
E1 surface j
Work done in moving /

achargeis zero W, =0

(a)

“Closely spaced in the /

region of strong field and
vice-versa.

Ne

\ Outside1 the shell
ve—2.5p
4me, r
\ On the shell
e
4me, R
\ TInside the shell
ey
4me, R

[, outside the sphere

= z;1‘>R
4TE, 1

\ on the sphere i.e.,

inside the sphere

~ 1 qBR* ~1")

& 2R°

= r<R
4mne,

An electrostatic generator
design to produce high

BRAIN

MAP

e If an electric charge is

voltage of the order of 10 ™ «

million volt, used to
accelerate charged particles.

imparted to the inside of a
spherical conductor, it is
distributed entirely on its
outer surface.

Pointed ends cannot retain
charge due to high charge

density on them.

www.smartachievers.online

|
|
Electric field E between plates e Capacitor e el iy, e B
4 el v electrical energy. Capacitanceis B
For a system of two charges mmﬁISpacing defined as the ratio of the :
m 4 9 Charge on the inside of each plate: charge stored to the potential 5
1= 7411:8 . +Q on the top, - Q on the bottom between the plates. 1
0712
= 1
\ 1% I
|
i
|
A . : peosB - > !
tanyarbitrary point: y = —— T |
4me,r
. + \ Series combination :
At axial point P jrr L 1 . 1
V= —— R
4me,r? jrr C. G G i
4 |
At equatorial peint V =0 -+ |
= I
P . \ Parallel combination :
: : : Parallel plate C,=C +C,
S}?g:gﬁlﬁzrlljrgy of a dlp()le 1 \ capacitor with dielectric slab ’ :
of thickness £
U(0) = pE (cos 6, — cosO) o= St — A
— When initially at 6, = 90° i r[ 1= = ‘ -
= U=-p-E |
P To shield an electronic|
N Parallel plate circuit from external )
/ capacitor filled with dielectric 1 [ ]
Air filled parallel Y field by surrounding it §
e d with conductingwalls.
o- %t ;
Parallel plate
capacitor with metallic |
s i / conductor inserted in it |
erical capacitor e,A
k Pab C:(al(]j Lightning conductors :
= —_— 3 .
oS fitted above the highest g
part of a building to 1
Va | protecta tall building from :
= 4 being struck by lightning. i
4ngy R i
4
. 4
1 o 1Q L 1N &
U==CV* :—Q\":—Q—‘ . 142—2—801:;2 &
4 2 245 v 2 V)
= Maximum collecting
>r Veltage ~ 25 MV comb
metal sphe:_e + 4/ +
Principle

haoxiginal Van de Craafl
frenerator at Kownd Hill, Mass




CAPACITOR AND
CAPACITANCE

CLASS XII

€ (Permitivity of medium) Polar dielectric Non-polar dielectric For linear isotropic ® C'=KC
= e T S—— Pe.rm.anent dipole momept E;.lch molecule ha§ zero dielectric ® U=KU,
exist in absence of electric dipole moment in its p_ %, E(x, = electrical
o © Q=KQ
field also. normal state. swesgsE k) o
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 \%
2 conducting. If field exceeds ©Q=Q, o V=10
the dielectric strength, the K
Parallel Plate dielectric begins to conduct. Battery < o e Yoo n ko
Capacitor Connected E=—~
Energy Stored \ -Q K K
1 Q ielectri / s
U=-0V = Dielectric and
"9 Qv= 87T a its Properties Battery
0 . Disonnected
Energy Density  Spherical Conductor Energy Capacitors _
Q> of Radius a Storage with ;
7= - ina CAPACITOR : : —~ K [] © Partially filled
32m7gyr Canacitor Capacitor is a passive Dielectrics DI dlelec“g n
p electronic component that < C=—"—
t
stores energy in the form of L d—t+ %
Parallel Combination an electrostatic field. Q s 40
Q- OQ=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
IQ;SZ @ ® For # identical capacitor of is called capacitance. Between ‘Cll lrl 2,6 ! n+t,
: leflé C,y=nCyand Q = Q/n Capacitors Conductors \Ui Ui or —q[ 7
Qe PN ® Used when high capacity After wlrlmmng 2 LR
+| = is required at low potential . through conducting wire
a7 / Types of Capgcllors JL \ © Common
and their o o o]
Serles Combmatlon OV=V +V,+V; Capacitances ol ”2 Cz potentia
] ] vl 2 V= CV,+GV,
T i-teded “Ge,
+Q - +Q -Q +Q -Q Ceq C1 CZ C3
V1—><—V —<«—V;—>| ® For » identical ® Energy loss
+I K capacitor C,; = C/n and ete: T
Vi=Vin T 2(C+Gy) 2
Parallel Plate Capacitor . . Cylindrical Capacitor
It consists of two large plates placed Spherical Capacitor It consists of two coaxial cylinders of
parallel to each other with a separation It consists of two concentric spherical radii aand b, say b > a and length L. The
d. conducting shells of radii a and b, say outer oneis earthed.
Capacitance: Wire b> a. The outer shell Capacitance:
= isearthed. omenL
gA . c="X%
C= p Capacitance: b
d 4mejab ln(—)
Potential C= Z
b—a

Plate b, Area A

difference = v, Wire
@ For a single isolated

spherical conductor of
radius R, C = 4me R

Gaussian surface
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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
everywhere under all conditions.
Ohm's law is obeyed by metallic
conductors, that too at about

If the physical conditions of the
conductor (length, temperature, mechanical
strain etc.) remain same, then the current flowing
through the conductor is directly proportional

1 =.
where conductivity o =— and J is the
current density. 2

e Graph between V and I for a metallic =~

conductor to the potential difference across it's two normal working temperatures.
dsie,lo< 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
2
5 5 @ Materials : Crystal +I,
> o, £ > ReaEEEE rectifiers, v
Slope of the line  Here tan 6, > tan 0, The property of a substance by v1rtu'e of which it therfnistors, ' >V

—tan@= _‘[/ SR soR>RyieT,>T, opposes the flow of current through it. thyristors, semi- vrel o

R=p f_ @ 1 conductors. thyristor

A pe’t A = Conditions :

V-I curve for non-ohmic (i) At very high temperatures
(ii) Atverylow temperatures

(iii) Atveryhigh potential differences.

|
p is specific resistance of the

substance is not linear material of conductor

e Static resistance

5
= —= Temperature Dependence
I tan® It is numerically equal to the For a cong e
e Dynamic resistance resistance of a substance havin; 2 Ry = resistance at 0°C
AV 1 g then R, = Ry(1 + ot + Bt°) 0

R, — =
DT AT T tan g

For circuit
containing
multiple batteries

Grouping of Batteries =

Series grouping

For nidentical batteries
ne {5 =emf

nr+R

Y I "
r = Internal resistance

If polarity of m batteries is reversed
I=(n-2m)e/(nr+R)

Parallel grouping

o With identical batteries :

ha I:;nel’snet:S’Rnet:%+R
net
e With unidentical batteries :
(el

Enet = ol
R/

‘net

Mixed grouping

e For n rows of identical batteries
with m cells in each row. Then,

mr €
— +R, [=—0et
n net

Enet = ME Rper =

unit area of cross-section and unit R, = Ry(1 + aut)

length.
> . Guidelines
SR (|IRCHHOFF’S 10 applying ——»!
RULE Kirchhoff's rule

Junction Rule

At any junction of circuit, the sum of
currents entering and leaving must be zero.

2I=0.
It is based on conservation of charge.
Loop Rule

The algebraic sum of changes in potential around
any closed loop must be zero.

Ze-2IR=0

It is based on conservation of
energy.

An important application for few circuits

Wheatstone Bridge

e In balanced condition,

also for resistivity, p, = po(1 + ouf)

5 A
Problem Solving Strategies

RRCY
If %R,
thenlg:O‘

R, = resistance at 1°C
o, B = temperature
co-efficients

(B=0)

. Distribute current at various

junctions it the circuit
starting from positive
terminal.

& Pick a point and begin to walk
around a closed loop.

= Write down the voltage
change for that element
according to the sigh
convention.

< By applying KVL,
required number of loops as
many as unknowns are
available and apply KVL
across each 100p.

+ Solve the set of simultaneous
equation t0 find the

unknowns.

select the

www.smartachievers.online



HANS CHRISTIAN OERSTED
(1777-1851)

™\ - Magnetlc Force on a charge ™S

For arbitrary angle 6 (< 90°) '
F = qvB sin0 and charge will attain

,")'A
/

helical path =q(vx B),F= qvB sinf
Pitch (p) = ZRZW cosf | —_—
/" Forv 1 B,0=90° Fpu = qvB

charge will attain circular path

4— partlcle in a uniform magnetic field —’

Magnet

Deflector

BRAIN

MAP

Crass XII

G |B,o=0"(F=0) ™
no force is experienced

Power supply
<

KE, .« of charge
particle

¢*B*R?

Dee

K=
2m

¥ =i <
. Particle beam ' Tourgat
> Cyclotron . N
Magnetic field at the centre of a /A device use to accelerate p051t1vely \ ’ '
circular mi} charged particles o 11 parallel currents F_»ly
= Mot ‘ k ﬂ F p, attract while © i
2a antiparallel 4 ®2
currents repel F
Magnetic field at a point on the * Radiusof circular path
axis of the circular current o T v2mK
carrying coil " Bqg gB The force of attraction or repulsion acting on
N Wy 21NIa? K « Time period of revolution each conductor of length [ clu.e:l tozc!u;rents in
4T (42 4x%)*2 _2nR _2mm two parallel conductoris F = Po 2h7a
v qB iyt
e o Cyclotronfrequenc ——
L Biot Savart’s Law ¥ - qB . \ e - S
" Magnetic field varies directly Wlth N T - Forceona current carrying .
N T 2mm " conductor in a uniform magnetic field
[ current and length element and inversely 7 x B), F = IIB sin 0
with square of the distance. F=1(IxB)
e Ko Idl sin0 3
am 2 MAGNETIC EFFECT S -
OF CURRENT mpere 's Clrcultal Law \

Torque on a current carrying
coil placed in a uniform magnetic fleld
T=NIAB sin 0 = MB sin ©

Galvanometer into Ammeter

AAA
YYyy

1)
i
&)

(I-

Conversion
Galvanometer into Voltmeter

e v R
R=—-G
Moving Coil Galvanometer I, __78,(@_%__
y 4 Current I passing through the
' galvanometer is directly proportional to
its deflection (6). I «< 6 or I=GH. 0 AB
k Current sensitivity: |, = —= ——
where G =—— = galvanometer constant = B e
et 6 NAB
Voltage sensitivity: V, = — =——
IR &k

www.smartachievers.online

he line integral of magnetic field is equal
to ug times the current passing through
area bounded by closed path.

ll(]IT
Magnetic field due T+
to an infinitely long 2ma K
straight wire of e E ' Fma
radius a, carrying 2ma
current Iatapoint I
£ %)— . r>a
nr

Magnetic field due to a current carrying

solenoid and toroid
Bg=ugnl=(uaND/!
’J.[}Nf

2mR

By =pgnl =

m



MAGNETISM AND @)% VA %

MATTER

THE BAR MAGNET

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

Mo2m

: (where m = magnetic moment of solenoid
dnre =n (21) I (ma?))

=

Magnetic Dipole in Magnetic Field
Torque on magnetic dipole,

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

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.
B=By+uM [
N B=p,(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=uo(1+%,,, ) H=uH (v M=y, H) 2 H
K= MOMr:MO(1+Xm) :>Mr:1+x;fn QMa@/elhcmmdmn K :
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, " + W=
negative and % — Small, positive and varies 5, (forT>To) .
temperature inverselywith temperature
! —— T
independent [— 1 L
Ao — (Curie’slaw)
Xm G TO T r TC T

www.smartachievers.online



ELECTROMAGNETIC
INDUCTION

Magnetic Energy

o Energy storedm an inductor,
Uy == LIZ
o Energystoredin the solenoid,
Up= Loy
2wy
o Magnetic energy density,

>

Up _ 8%
Vo2,

Up =

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

Energy Consideration
in Motional emf
e Emfinthewire,e=Bvl

¢ Bv
e Inducedcurrent, = ~ =
R R
e Forceexerted on the wire,
1
B Ay ]
R N Vv >F
¥
R
e Power required to move the
2722
wire, P = i
R

Itis dissipated as Joule’s heat.

Combination of Inductors
e Inductorsinseries, L, =L, +L, +2M
L, —M?
L+1,+2M
o Ifcoilsare far away, then M =0.

e Inductorsin parallel, Lp =

CLASS XIlI

L-R Circuit

e Current growth in L-R
circuit I'=1Iy(1-e ey

S0, Tue In 4 1o and T — LL, o Currentdecayin L-Rcircuit,
o g 1 2 P Ll +L2 I— [u(e t/TL)
Here, 7; = Time constant = E
I==
Inductance 2
e Emfinduced in the coil/conductor, &= 4,%
. . " N £
o Coefficientof selfinduction, L = — ¢, =
I dr/de .
. T2
e Selfinductance ofalong solenoid, £ = 1, #* Al = w
. N,o. —& -
e Mutual inductance, A =272 = P A
I (dlyjdt) (L fdt) Induced Electric

e Mutual inductance of two long coaxial solenoids,

NN, A
M = g, eyl = SO0 R
M
e Coefficient of coupling, k =
L L,

For perfect coupling, k=150, M = ,/L,L,

Field
o It is produced by change in
magnetic field in a region. This
is non-conservative in nature.

& -dl = L B
dt dt

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

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

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

changes, an emfisinduced in the coil.

N d‘bn
di

¢  Inducedemf, &=

(—ddg /dl)

¢  Inducedcurrent, T = E_N
R R

¢ Inducedchargeflow, AQ=T7A7 =N %

Electric Generator
e Mechanical energy is

converted into electrical
energy by virtue of electro-

Motional emf

e Onastraight conducting wire, € = Bl i
0

e Onarotating conducting wire aboutoneend, & = 5

Here, B,v{= wri)and / are perpendicular to each other.

magnetic induction.
Induced emf,

€=NABw sinwt = gpsinwt
e Induced current,

NBAw . .
= = sinwt = I sinwt

www.smartachievers.online



ALTERNATING CURRENT
ELECTROMAGNETIC WAVES

+Eq-

: gy L_AL AC voltage
HE g = E A N
0 /2 n  3n/2 2n
e - £y | _Halfcycle | 3 ), ot
ms \}['2 N . il
_80 —————————————

One full cycle

Applied across
capacitor

Purely capacitive circuit

Current leads the voltage by a
phase angle of /2.
I=Iysin(ot+7/2); 1y = %

where X-=1/0C

= wCe,

Alternating Current

Current which changes continuously in

Transformer

e Transformer ratios

magnitude and periodically in direction.

Alternating voltage
€ =g sin Wt

\

Applied across resistor

Purely resistive circuit

Alternating voltage is in phaseangle of /2.

phase with current.

I=¢/R=Iysinot where X; = oL

Applied across
inductor

Purely inductive circuit

Current lags behind the voltage by a

I=Iysin(owt-1/2); Iy =€/ X =g¢/ 0L

P
e _Ip_Ns_,
"l\' NP

e Efficiency ofatransformer,

€p

output power  g¢lg

input power  €plp

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

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

y

— |

Power in ac circuit

Averagepower (P,,)

44—

P

a

I

v = ETHIS s CUSdJ
_ &l

2

cos(

Power factor

R
Power factor: cosf) =—

In pure resistive circuit,
0=0%cosp=1

In purelyinductive or
capacitive circuit

i
qJ:i—z-:cusq}:O

e Inseries LCR circuit,

Atresonance, X; =X

& Z=R and ¢=0°cosp=1

Energy density of
electromagnetic waves /

AVerage energy density
1
<U>= _EUES = lB—
2

Intensity of electromagnetic

1
wave = —g Eéc
L Z

Combining LCR in series

o e=¢gysinwt, I=I;sin(wt- Q)

Impedance of the circuit: Z = /R* +(X; — Xc)z

Phase difference between current and voltage is ¢

X; - X¢
tan(p=——
0 R

For X; > X, ¢ is +ve. (Predominantly inductive)

For X; <X, ¢ is—ve. (Predominantly capacitive)

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

J

Electromagnetic Waves
Waves having sinusoidal variation of
electric and magnetic field at right
angles to each other and perpendicular
to direction of waves propagation.

Magnetic Electric

field (E)

Propagation
direction (k)
—

‘—\_‘
Wavelength (1)

Production of electromagnetic waves

e Throughaccelerating charge
e Byharmonically oscillating electric charges.
e Through oscillating electric dipoles.

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)
~ dop (Faraday's law of electro-

jr;-d'f'z "

magnetic induction)

d¢!f ]

(Maxwell-Ampere's

jB-d?:uo[Hso -

\

circuital law)

y

www.smartachievers.online



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 ]

www.smartachievers.online



RAY OPTICS AND

OPTICAL INSTRUMENTS

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

* & ¢ o

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

¢ Incidentanglei> critical angle i,

Relation between pandi: p=——
sini,

()
REFRACTION OF LIGHT

Snell’slaw: When light travels from medium a
tomedium b, u“b _Hp _ Sin?
K, sinr

Refractiveindex,
_ velocily of lightin vacuum ¢

L= =
velocity of light in medium v

real depth(x)

Real and apparent depth
1=

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 20. )

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 =£=R—/2
foo

Deviation
of red light(8g)

Deviation of
R violet light (3y) Ni-. .
A A

Angular
spread

\
REFRACTION THROUGH PRISM

Relationbetween pand s,

. A+0, (where,
sin S. = aneleof mini
m =angle of minimum
W= —A deviation
sin— A =angleof prism
2

or 8=(u-1)A (Prism of small angle)
Angular dispersion
=8y -8p=(uy — Hp)A

Dispersive power,
o= 6‘1; - SR _ !.lv _].lR
' ) =1
Mean deviation, § = w
. J/

RAY OPTICS

OPTICAL
INSTRUMENTS

TELESCOPE

Astronomical telescope

For final image formed at D (least

distance) A = %(1 + Q]

D

[N ”
In normal adjustment, image formed
atinfinity ~ M=f,/f, )

www.smartachievers.online

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 +Py+Ps+..

THIN SPHERICAL LENS

Thinlens formula: l L

v ou f

. v ok
Magnification: m=—=—-
u h,

[
REFRACTION BY SPHERICAL SURFACE

Relation between object distance (1), image

distance (v) and refractive index ()

_ (Holds for

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

REFLECTION BY SPHERICAL
MIRRORS

. 1 1 1
Mirror formula, —+—=—
u v f
. . v oI
Magnification, m = ——=—*

u h,

COMPOUND MICROSCOPE

Magnifying power, M=m xm

2
R

e
For final image formed at D (least

distance) M = fi(l + D J

o S
For final image formed at infinity
L D
M= —.=
fO fe

TERRESTRIAL TELESCOPE
Lo

For normal adjustment M =

O=p f,

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




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+1+21,|JI, cos

Resultant amplitude

Intensity e< Width of slit

— L W _a
I2 W2 a§

Interference Term

Depending upon
cos O

A= \/alz +a5 +2a,a, cos
If intensity of both sources is
same then

II=IZ=IO;I=410COSZ¢/2

Monochromatic
light source ‘I'

(N

%
- —e=

AN
v
]
1
1
]
|
%S
|
'
i
s

(A

1. Thetwo sources of light should be coherent.

2. Interferingwaves must be in same state of polarisation.

3. Sources should be monochromatic otherwise fringes of different
colour will overlap.

4. Distance between two
coherent sources must

Constructive Interference

Phase difference ¢ = 0, 2w, 47, 67 ...
Lnax = W +4/1)°

Apax=0a1+a;

Phase difference ¢ = (27t/A) A / Forly =l =loi Imwx=4lo

Path difference A = (A/27) ¢

4o limedifforence

be small.

Destructive Interference
Phase difference ¢ =, 37, 57 ...

m T Resultant amplitude, A ,;, = a; - a,
I =W =)
Young’s Double min \/71 \/72
Slit Experiment For Iy =1, = Iy 5 Inmin = 0

a P/i—“/'
’ <]
/‘:—‘/‘

Path Difference

Angular Fringe Width

o S L = G - Fringe Width
R s The distance bet —n+))™
R
xd/D = nk (Bright fringe) D d S, = dark fringe is kn S L nth )
xd/D = (2n + 1) AJ2 (Dark fringe) le—p—smm ark Iinge 15 known as T
fringe width. - X,
B=x,,,-%, = —
Special Ty —JL’C:O
Cases
INTERFERENGE IN THIN FILM
£ - 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 — 2t cos r = (21 + I)L . Reflected - Extrapathdifference A= (1, - u,)t
2 - Shifting distance of central fringe x = B(1, - 1,)t/A

! light

Minima — 2uf cos r = nA
Mair
¢ For transmitted light

e Ifaglassplate of thickness tand R.I. pis placed in front of
the slit then the central fringe shift towards that side in

Maxima — 2t cos r = na, oil

A

which glass plate is placed, because extra path difference
isintroduced by the glass plate.

Minima — 2ut cosr= (2n + 1)%
Mwater

7 t
= v
Transmitte \
light

- Extrapath difference A= (u-1)t
— Shifting distance of central fringe x = B(u— 1)t/
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INTERFERENCE OF LIGHT

REFLECTION AND .
REFRACTION I (] The superposition of two coherent waves resulting in a
Law of reflection Zi = Zr s ) - pattern of alternating dark and bright fringes of equal width. "
o i .
&law of refr action% =4 d{ s I ) ) e Position of bright fringes x,, = n?:iD o
2 g
can be explained by - . . ,  (@2n-1)AD . : 4
I e Position of dark fringes x;, = ~——5—— Moil ri t
Huygens wave theory. 2 -} B - 2d :
| Fringe width § = =
. o4 oow L af
——D—»f e Ratio of slit width with intensity : T T
2 2 a,

HUYGENS | '~
WAVETHEORY N

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 .
all of these secondary /
wavelets at a later ,* !
time.

e Apparent frequency received
during relative motion of source
and observer

= (1 _ %) (red shift)

v = U(l + %), (blue shift)
Doppler shift : Av =+ % XV
M=tZxh = N-h=+t

.--.-—'

)

e Resultantintensity

Ig=I+L+2./I;\[Lcos ¢

Forward moving for bright fringes,

wavefront

for dark fringes,

Isin = (\/I_l ‘\/1_2)2 at ¢ = m, 37, 57...

for I 212210;1R2410C0827

ADDITION OF
COHERENT WAVE

L = (4T +4/1)* at ¢ = 0°, 2, 4.

o For reflected Light

Maxima — 2ut cos r = (2n + I)A

2
Minima — 2uf cos 7 = nA

e For transmitted light
Maxima — 24t cos r = nA
Minima — 2ut cosr= (2n + 1)
Shift in fringe pattern
_B _D
Ax=5=(u-1t —7(u -1)t

(t = thickness of film, W = R.L. of the film))

A
2

(With zero intensity)

FRESNEL'S DISTANCE

Rayopticsasalimiting case of wave optics

o Diffraction at circular aperture
Linear spread, x=D0 {6 _ ﬂ}
Areal spread, x%=(D0)? d

e Fresnel’s distance : Distance at which
diffraction spread is equal to the size

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

J

POLARISATION OF LIGHT

Malus Law: The intensity
of transmitted light passed
through an analyser is
I=1, cos 0

(6 = angle between

Analyser

Polarized wave
(Intensity Io/2)

Unpolarized wave transmission directions of

(Intensity Iy) polariserandanalyser) )

www.smartachievers.online

. . Light
Secorlldtary Barrier wiFh intensiﬂ DIFFRACTION
wavelets narxow siit - ® Singleslitexperiment o
- > Angular position of nth minima, 0, =%
Single Slit _}B Eh "d
> | . th . ,_(2n+ DA
Diffraction >> }[3 » Angular position of #th maxima, 0),= ~~———
i (Pe 2d
| ) i _n_ 2DA
B » Width of central maximum B,=203= e
ol J
Back bsent -
ackwave (absent) b

RESOLVING POWER (R.P.)

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

"~ Limit of resolution
. 1 2psin®
R.P. of a microscope = Vi
0 = Semi vertical angle subtended at objective.

1 D
R.P. of a telescope = - 1200

D = Diameter of objective lens of telescope. /

POLARISATION BY REFLECTION

o Brewster’s Law: The tangent of
polarising angle of incidence at which
reflected light becomes completely
plane polarised is numerically equal
to refractive index of the medium
W =tan ip ; ip

and i+ r,= 90°

= Brewster’s angle.

.




GEOMETRICAL OPTICS

r Al r
Velocity of the Image of a Moving Object Sign-Convention

Incident

Combination of Prism
o Deviation without dispersion

Object is approaching the focus light g
— NIRE . (py—ppA
of a concave mirror from infinite £ g (0=0) A" = L —R—
g ] My —H
with speedv,; ., 2 ¥
P i obj £ o T T o = (0 -DA+ (W -DA’ e Dispersion without deviation k
X = — = = — " -
Vimage = 7 5 (u— f)? dt .a (8=0) A’ = _%
8 =T Vob ) 8 = 9 - AH ; A
het = (Hy —Hp)A+ by —ppld”
N A N
N 1 r N i 1 = -
Newton’s Formula <& Thrm;il} Spherical > it 12 Angular dispersion, 0 u (;17‘,u Ug)A
irrors 4 7T . . o myislaR
If object distance (x,) . q wv f R RISPEISIVE PoVer 0 0 uy -1
K A H o Magnification, m = -v/u Y
and image distance (x,) AP A . {}
- Longitudinal magnification :
are measured from focus, by - )
2 d i
X fe=xx, ) REFLECTION m, = ,i = [ﬂ =t Relation between piand 5,
OF ITIGHT - Superficial magnification: SinAerm ‘gheie’ (.
The bouncing back of a _ area of image _ o W 73‘ m=angleofminlauy
light ray to other side of 3 °  area of object ) Sin? A=angle of prism

normal in a same medium.
According to the law of
reflection, Zi = Zr

GEOMETRICAL
OPTICS

— )
Deviation produced by
the combination of

two plane mirrors, < @ Deals with light
8=360-2(cu+ ) v Mirrors propagation in the
k%] & form of rays.

" ‘Minimum length (L,) of a

mirror to see complete Image of
e Aperson in the mirror

-
For two plane mirrors
inclined at an angle 0, the
number of images of a point

object formed are L,,=1/2x (height of person) Through Spherical
® 1n=360/0 - 1 [If360/0is even] e A wall behind a person in the Lenses
* n=360/6  [If360/0isodd] mirror L, =1/3 x (height ofwall)} i

General relation for
spherical surfaces

g 1 U H u -1
o Ifhalf portion of lens is covered by black paper densery® ) rarer _ *denserAmEaarcy
then only intensity of image will be reduced. ] Ler‘n’s make:’s formula =
(%]
s P, b 1 11
o Ifalens is made of number of layers 4____'“' 4 —=(u-1 N
of different R.I. foragiven A - u? o J 12 D)
number of images = number of R.I. R Y S Y
C iy 8 Thin Spherical Lens
p . 2 ; i1 1
o Iflens is cut into two equal parts by a vertical e Thin lens formula : L 7
plane, focallength of each part N et > !
_f'=2xfocallength of original lens (f) ) \ demiiication :m o o b

or 3,, = (- 1)A (Prism of small angle)}

{} angular A

dispersion
Through 2 e .
Prism 5 b
{} B C
REFRACTION
OF LIGHT
Snell’s law : When light
travels from medium a to
medium b, “p, = Lo =
u, sinr

c
Refractive index, 1 = ”

\%

Through Different Medium

v

N
Apparent Depth (dap) and Normal Shift (x)
e Object in denser medium is observed

d
fromrarer: d, =" x= dac[l - l]
n p

e Object in rarer medium is observed

d,
fromdenser: ﬁ =
ap

o Lateralshift:d =

Lcmix=tu-1d,
n

t
cost

sin(i —r)
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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 W
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="——
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
. V4 Electrons e Atstoppingpotential V), K, . =eV, s
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

www.smartachievers.online



‘. yym Apeaurpsorrea0p oyy, e

— wm\ i - _ . "> 10p-p-0- A _ 07~ " .

Y S91 = 7l Y OA $G = A Je 2INJeU dABM WIOIJ ‘OS[Y _ P : " 130 uspuadapur
' 28 1 v s194 oy ‘uonjerper Jusprour 9y Jo Aousnbaxy uoald e 10 e
Y S9T =7 & QUuIspg =" (aImjeu spnaed) me| m,wmwﬁm woI] ! ot 7 " 0j2— o708y O) ot RNRH AR R

— — - L A« ' =1 '

05=018,59=9 = (0-.08T) [-0°PH <« -  teca m~: — HTisuod = @y *(°A ) renyuayod Surddoss pajpeo st o1oz

Bursearap syres Ajisuagur 9Ferjon . ' sawo023q Juarmoojoyd ayy YoM je renusjod sanesou
SIY) IV A b5 98eoa Sunerspooe je winwixew st Aysusyur oy <« 0T TTToTToonooTmmmmmmees © wmuiur oy “Aysusiur pue >uco:woc HUEISUDSIE S

“We3q A3 FS 10J 50S = O J& SAIND UI SN0 YU Y <« il oo T T T TTTTT (Aysuaqur) T =0 % (Juarimo-o10yq)
¢ a18ue Surraneds 1940 spuadop SUONIID P2I91IEDS JO ANSUAIU]  « paiEisIEaoy A Tenuajod puea fouanbayyjueisuooly e

- Buoed
: opew a1om suondunsse SUrmor[oy pue suonIIp e MM_HM tmwh mc_ﬁw_mmm some §0943 J1po3|9040yd
UT P219)JedS Ie SUOIIO[ YT, ‘[eISAID [IU ) UO LIS 0} PIMOT[E ST 9ARONASUOD J0f . . Jo uoisn|ouo) pup Apnjs [pjuswiiadxy

uolIpuUod

ung UoI)o9[d WOIJ SUOIIIA JO Weaq UL Y] A [enuajod J[qeyns ey e bbess

‘TOI)D9[9 JO aInjeu 9AeM JO \ﬁuzaw .

z z
0q _ _xew,,, C 0 xew,,, ¢ _
juswiadx3y JIawWwias pubp UuossiAbg Ca -y =g S SO

S e e mmm s s e ===

230 gy wnwrxewr = "y ySi juoppur jo A8us =g |

. ‘wonouny Y10Mm = 0¢ axoym 0 + XBUy — 7
uoypnb3 ouO390}0yd
L eu Ew_tm
"SABM JOJJBW PI[[B 218 SIABM / r_:mw_m_:mm mw_w__w;wm g 12359 2199010y d
asayy puy ‘sanzadord oxi-aaem ssasassod osfe / cmuﬂ_w b0 \ pamous Po[[e> ST 31 uo juapmul st Aouonbaiy sqqesins
uonour ut appIed ay) ‘myeu ur Answwids oy an( e . / 9%euns \  Buiuiys JO 9ABM DTJOUSBUIONIS[ UB UIYM 9DBJINS [ejoUr
sisoyjodAH ayboig sp mmwﬂww wbn ® WOIJ SUOI}DS[d JO UOISSIUIL JO uouswouayd oy ], e
\ & > suonda|3 }2943 oupo990j0yd
Te juswiiadx3 JswIdn-uossineq 173433 d143D3]2030Yd

Aubg M=d ooy —— =
AmbT [ S

ST A Tenuajod 4q
paers[eooe apnaed paSieyo e 10 e

yuig
Yug = maéﬁﬁu Y

AMjenp anem-1a11ew ay}
sas1e AI12WWAS YIM 3A0T s,21n1eN

43L1VIN ONY NOLLYIQVY
40 34NLYN TVNA

13ne jo
ainjeN aAe

uoneipey jo
ainje\N 3pdiyied

www.smartachievers.online

S1(Y) ‘g SulARq UONIP 10 o *sasuo] sse[S £q passnooy STy Jo ureaq se Aem sures ' '

d _ ® UI p[oYy g I0 g Aq Passnooj aq Ued SUOI}d3[e Suraour 'SUOI}OId . _

yo E 158} o) pue aaem ardorg op Jo odpurid uo paseg e Jo woIsSIWD JLPdpoloyd Jo sdpurid AY) UO SYIOM I e :

yibusjaaom a1601g ap "$302(qo synuru ‘T[22 d11393[20301d 10 [[20030Yd Se paj[es st AS1aUD [eo11d3[2
Ui RIBISSIONI e -, K104 Apn3s 0) pauBIsap 231A3p B ST 2d02SOITW UONII[T e  OJUI A310U0 JYSI[ SIISAUOD UDIYM IDTAD [EOLIIJ[Q UY e w%@““:ﬂ.m S8 s H.Faeé
- 2d02s0IdIW U033 19D Jupoa050yd “ lesooud

su9| uondeiyig

X SSVY1D

uawiads
Su3| 9AIRIqO

%HHH m_m._.._.<_>_n__/_<_/_o_._.<_n_<m
40 3dN1YN 1vYNd




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 5 = % =Rl ———

R=Rydberg's constant
=1.097 x 10’ m™!

Rutherford’s Model of Atom

e KE.of o—particles, K = %mv2

e Distance of closest approach,
1 2z8 1 4z
4me, K 4me;, my?

o

e Impact parameter,

Ze* cot9 Ze* cotg
2 2

1

_ 1
4me, K

ne, 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

Z—Ij =—AN(t) or N(t) = Noe ™
o Half-life
. _In2_0693
1/2 A A

¢ Meanlife or Averagelife
1_ Ty
=—=—12 1447
A 0.693 12
e Fraction of nuclei left undecayed
after n halflives is

N 1 n 1 t/T]/Z
N—:(EJ :(5), wheret=1’lT1/2
0

v

Decay Schemes

o o-Decay:
4x—ordeay Aty | 4He + Q
(Energy released)
e [(-Decay:

A Bt A 0
ZX—)Z_1Y+ etV

Ax—B 54 v+ %e+T
e Yy-Decay:
A *
72X
(Excited state)

Y —decay, A 0
S OX 4 gy
(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

Impact

I Alpha particle's
i parameter

trajectory

/. ’le\

i Nucleus

Bohr’s Atomic Model

Electron orbits and their energy
e Radius of permitted nth orbits,
AL =7 ecn’
y = oc
" anPmkze? "

e Velocity of electron in nth orbit,

2mkZe? 1
n = 1% Vn oc —
nh n

e Energy of electron in nth orbit

—2m*mk*Z%e* 1

— 5 b3
n°h n

where the symbols have their usual

E, =

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,

Cooling

Concept of Binding Energy

' Application of Nuclear Reactions ‘

¢ 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, - Mylc?

* Bindingenergypernucleon: .. E, = £

A

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,
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INTRINSIC SEMICONDUCTORS
The pure semiconductors have

thermally gene

rated current

carriers. Here, n,=ny=n;

+14
(mA)

Reverse Break
down Voltage
Vot

A Forward
Current

| Reverse
Bias Zener
Break down
Avalanche
Region
eg75V
Constant
Voltage I

Cut offs
regions

Bias

Reverse

APPLICATION

y Current

S OF DIODE

e Diodeasarectifier

- Half wave rectifier

— Full wave rectifier

e Zener diode
regulator.

as a voltage

o Photo diode for detecting light

signals.

o LED:light emitting diode.
e Solar cells: Generates emf

from solar radiations.

+V§

Forward :

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, n, >>n,

n-type semiconductor

e Doped with pentavalentatom.

e Here, n,>>n,

¥

SEMICONDUCTOR DIODE
p-n junction diode : A p-type
semiconductor is brought into contact

with an n-type semiconductor such
that structure remains continuous at
boundary.

BIASING CHARACTERSTICS

Forward bias characteristic
o Width of depletion layer decreases
o Effective barrier potential decreases
e Low resistance at junction
e High current flow of the order of mA.
Reverse bias characteristic
o Width of depletion layer increases
o Effective barrier potential increases
o High resistance at the junction
o Low current flow of the order of uA.
e Reverse break down occurs at a

high reverse bias voltage.

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
e CB(Common Base) Icollector ~ p-n-p ICollector

E ﬂ-P-n
e CE(CommonEmitter) | .
:I ase
e CC(Common Collector). B““\‘ B
1 E B

Transistor characteristics

AVgg

e Inputresistance (r;)cg) = ( j
Vcg=constant

Output resistance (,)cp) = ( N J
C /I pg=constant

e Currentamplification factor

_[ Al
Pac _(AIB

i ( Al )
ac —
Al
E JVp=constant

JVCE= constant

APPLICATIONS OF TRANSISTOR
Transistor as an Amplifier

- Itsoperating voltage is fix in active region.

- Voltagegain, {7 CE(n-p-n) Amplifier '

u - & _ _B Rout o+Vec .

12 ac . H

‘/i Rzn : Signal :

— Power gain, A :A'V X B Cy o Outputi
gain, Ay, ac: sgna _U& :

e TransistorasaSwitch : I"p" §

Transistor as an Oscillator

DIGITAL ELECTRONICS AND LOGIC GATES

VARIOUS TYPES OF LOGIC GATE

— — ¢ s >

______________________________

A
NOT Gate |

NAND Gate

E ——— > An AND Gate followed

. byaNOT Gate.
A RS

>
&l
_— O
- o = oW
S ===

— Y=

It just inverts the
inputsignal.

B_

AND Gate
Output is high onlywhen 4 B Y |
both inputs are high. 8 (1) g
a0
OR Gate
Output is high if any one 4 B Y |
orboth inputsare high. 8 (1) (1)
T —veaes ) 0

A_

__________________________________

NOR Gate

An OR Gate followed by a
NOT Gate.
A
\ B—

—Y=A+B

—_—_-0 O
— o = oW
c oo
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