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TOPIC-1 ) FORCE AND IVIOTION

C

"OURSE CONTENT

Displacement

Velocity
Displaccnmm-limc graph
Acceleration

Uniform aceeleration
Variable acceleration

Graphical representation of aceeleration with velocity time graph
Newton's laws of motion (1 2™, and 3" law) '

Lincar Momentum

Law of conservation of momentum

Collision
Elastic collision

Flastic collision in one dimension
Flastic collision in one dimension under different cases

Projectile motion

Characteristics of projectile motion

Time of flight
Maximum height
Horizontal range

Rest and Motion )
The concept of state of motion and rest arc described relative to the observer.

If a body does not change its state w.r.t surroundings, it is in the state of rest.
If a body changes its state w.r.t surroundings, then it is in the state of motion.
A moving body can possess both states of rest and motion, depending on the observer.

DISPLACEMENT, VELOCITY.

One dimensional

Two dimensional

Three dimensional

Motion of a body in a straight
line is called one dimensional
motion.

Motion of body in a plane is
called two dimensional motion.

Motion of body in a space is

| called three dimensional motion.

When only one coordinate of the
position of a body changes with
lime then it is said 1o be moving
one dimensionally.

when twoe coordinates of the
position of a body changes ‘lu\'.iﬂl
time then it is said to be moving
two dimensionally.

When all three coordinates of
the position of a body changes
with time then it is said to be

moving three dimensionally.

e

e.g. Motion of car on a straight
road.

Motion of freely falling body.

e.g. Motion of car on a circular
turn.

Motion of billiards ball.

¢.g. Motion of flying kite.

Motion of flying insect.

e

|
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Taple-1 . ¢ and
m‘;

Uniform Motion: f
I hject is moving along the straight line covers eyual distangey |
an ofjc b H

B . i e il =
. then the motion is known as unifonm motion, Jual "“'*'h'nlk
time, the )

Forrya

~Non- Uniform Motion:

If an object covers uncqual distances in equal interval or equal distance i unegual g
interval, then it is known as non-uniform motion.

1l

Pyrnslinag

lam

Distance:

The length of the actual path between initial and tenninal position of a particle i
interval of time is called distance covered by the particle. Distance is also known 3!
path length.

i) Distance is a scalar quantity.

1) It never reduces with time,

i) The distance covered by the object can't be negative,

iv) S1unit of distance is metre {m),

v) The dimension of the distance is [MeLrT%)

{vi) I a pantiele starts from A and reach 10 C through point B as
shown in the figure. Then distance travelled by particle

=AB+ 13C

=7m

HETS - PREP BOOK



Tople-1
pre- L — Force and Motion

Displacement:
The shortest distance between the initial and final points of the body in 5 particular
direction.
i) Displacement is a veetor quantity.
i) Displacement of the object changes with time.
iif) Displacement of the object can be negative, positive or zero,
iv) 31 unit of displacement is metre {m).

. : ¢
¥) The dimension of the distance is [MeL'T+]
(vi) In the figure the displacement of the particle .
AC=AB+BC
|-'|‘(1 =J3'+4 =5 : " ’

. The motion of a body along a circular path of circle point A to point B. In this casc arc

AB is a distance while chord AB is its displacement.

Example:
Compare distance and displacement of a body when its motion is
along circular path from point A to B of a hemi sphere of radius Fd

10 cm. ([.éf 5/—54!1;)

Solution: Distance = length along curved path of hemi sphere.
h Y
Distance = % =(3.14)(10) =31.4cm
Displacement = Diameter of a hemi sphere \J
=2r=2x10=20cm
Speed: g
Speed of an objeet is the ratio of distance travelled by the object to the time taken.

Distance travelled
Time taken

Speed=
i) Speed is a scalar quantity. ) /

ii) S unit of speed is m/s. %
i) The dimension of the speed is [M-LT+] 5 —\p
iv) The speed of an object can’t be negative.

Uniform speed:

An objeet is said to be moving with a uniform speed i it covers the equal distance in
equal intervals of lime.

m-mpnmx



Topic-1 Force and Mﬂtl‘h:

Non-Unifory
) 0 spec: i i

: v evvers Uhe egual distance in the un
An objeet s said to be pon-uniform speed it WH::“:(‘.:*WII I R

. i i H -I 114 adle
time interval or unequal distance in the cqual time
Velocity: i tor guantily and
= H Hi ] |}
Titne egle of change ol displacement 18 enlled velogity. It is @ vector gqu ¥ and may he

positive or negative,
+ < Displacement _ Ad

Time M

= "]: = dl
VS —
t.—t
Uniform Velocity: .
When a body covers equal displacem ;
nterval mﬁy he, then its velocity is said to beum form.

Non-Uniform velocity:
An ahject is said 1o be non-
interval or unequal distance in an equal time interval.

ents in cqual interval of time, however small this time

uniform velocity 19t covers cqual distance in unequal time

Average velocity: o ) 1
The ratio of total path length travelled divided by the total time interval during the motio

is known as the average velocity of the object,
S

R
[+

3

i
il

. When o body performs journey in two parts of equal distance with speed vi and vz the
Iv,v
v Y,
. When a body performs joumey in two parts of equal time with speed vi and vz the
i vity, -
verage spocd | vay= 1 —=
2
. When particle covers one-third distance at speed vi, next one third at speed va and 12

one third at speed vi, then

_ KITRER 1Y
=12
"l 'l‘: 4 ".'1'.\ + 1‘.“‘!
If'a body travels with uniform velocity vi for time ty and with uniform velocity v2 for

time 1z, then il:‘. will be

5,48, _vih+vl,

L+l 1+

KETS - PREP BOOK __,_——-""1




Topic-1

Force and Motion

Example:

A car traveled the first third of distance § at speed of 10 m s ™', the second third ata speed
of20m s ' and last third at a speed of 60 m ™', Determine average speed of car.

83 573 ] Typlcnl Speeds B
| } | B | Motion | Speed ms™!
10 20 . 60 Walking Ant 0.01
A B C M ‘ e .
Human Swimming 2
' Human Running 4
% Total distance traveled _ AB+BC+CD Flying Bee 5
" total time L+, Tortoise 9
_ §/345/3+8/3 _ . 100 Meters Dash 10 B
=S3 3 S5 18ms Running Chectah 29 i
10 + 0 + 60 Falcon in a dive 7 ‘
: Velacity: Automobile 62 B
Instantancous Velocity: ) T Altias 267 J
The instantancous velocity v of a body is defined | Sound in Air 333
as the limit of the ratio of change in position Ad Mm“‘ around the 1023
(dlspla_-l:cmn.m_) o lh:: :.;mall-umc interval At as At e = e Sun 20600
following an instant *t apg:mach #ero: Sun around galaxy 230000
. Ad Light 300000000
v_ = lim— :
= a0 AL (Electromagnetic :
Wave)

Relative Velocity:
The velocity of an object relative to some other o

slowly, moving with same velocity, moving with hi

direction.

Example-1:
A motoreyele travelling on the highway at

travelling at a velocity of 90 km/h. From
what is the velocity of the motoreyele?

Solution:
Let us represent the
Now, the veloaity of the motoreycle r

velocity of the motoreyele as

as
Via= Ve Va Substituting the values in the
Vag= 120 kmvh - 90 knvh = 30 km/h

Hence, the velocity of the motoreycle relative

bjcet which might be stationary, moving
gher velocity or moving in opposite

(i Same oluectio)

a velocity of 120 km/h passes a car

the point of view of a passenger on the car,

1, and the velocity of the car as Vs.

clative o the point of view of a passenger is given
above equation, we get

1o the passenger of the car is 30 kmvh.

KETS - PREP BOOK



Fore
Topic-1 - 270° and Motion

Example-2:
of 450 m/s to the north, while another aero-plang

o . a velocity
An aero |'FII"N fMies with ¥ lnk‘ ““., relative velog “y of "lc ferg.

i ‘alcu
travels at a velocity of $00 m/s to the south. Cale
plane A with respeet to nero-plane B

Solution:
The relative velocity of acroplane A with respeet to the velocity of acroplane B3 is
caleulated as follows:
Pan=14-Vn
Substituting the values in the equation, we gl
I ar = 450 m/s - (500 m/s) = 950 mfs
The velocity of acroplane B is considered negative, as il flies in the opposite direction 1o

that of acroplane A.

CRITICAL THINKING Y

/ -
L What is the displacement of the moving body, shown below?
-

I fesaiai=k)

Acbm B Tm
C.8m D.23m (E5ual dlistonce

2 A body moves from point I to_poeint Q with a speed of 6ms™ along a
straight line then fgom Q to ' with a specd of 4ms~'. What is its &

! !ms

aover the entire trip?

> ! a8 ms! {an , A )"’/
C.5ms! D.55ms ! ¥, Vi
3 In the given diagram, the conch moves from position A to B to C to 1), What is ‘

the coach’s resulting displacement and distance of travel?
D 3 c A 0B + 8¢ +CP @

|l.:n:m ll:ll (..I-:I- u.,:... g5 - a0 +35-85 = ys
35 FL0 4+ 3845 @®
98

3 2 £

L[] o 1] 'm i 1Il1 ?;ll
Poaition (vl
A SSyards left and 90 yards B3, S0yards Telt and 95 yards

C. 55yurds left and 95 yards B, 45yards letl and 935 yards

KETS - PREP BOOK
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Topic-1 Force and Motlon

ENT-TIME GRAPH :
The velocity at any instant is found by the slope of the displacement - time graph.
For a hody at rest, the displacement — time praph is o straight line parallel to the time

axis

For a body moving with constant veloeity, the displacement time graph is a steaight line
inelined to time axis,

If slope inereases, Uhe body speeds up and iF slope decrenses, the body slows down,

Graph Shape Velocity
‘ i Constanl positive Velocity is constant :
| ,-_" positive Velocity is incruusir% | | u
B — Constant (#¢ro) Veloeity is zero
i positive Velocity deereases

For vour Information

* When the motion of a body is non-uniform then there is a eurved line in displacement-
time graph and the chord of this curved is represented the average velocity of the body as
shown in fig a.

= In case of instantancous veloeity, the slope of the tangent at the point P of the curved
line in displacement time graph shows instantancous velocity of the body as shown in fig
b.

D= Q
A 50,
41 %
A & ], 40
_I_ g 59& R
H
§ 2 20|
P
gl el
& =3
2 4 ] F] 10
A At B
— fime
FFig. a Fig. b
The chord in displacement-time graph shows A point I* in Displacement-tine graph shows
average velocity of 3 moving hody instantaneous velocity of a moving body

KETS - PREP BOOK ) 7
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e

for a particle moving in a straight line js shown j
ring the intervals OA, AB, BC and cpy Y

4. The displacement time graph
below, The aceelerations of the particle du

are |

i

Rate of change of velocity is known as acceleration. It is a vector quantity. If Av ist
change in velocity in time At, then acceleration is given as !

a=—
At

Acceleration may be positive or negative. Negative acceleration is termed as re

It indicates that the velocity of the body is decreasing with time,

Uniform Accelcration: 3
If the velocity of a body changes by same amount in same interval of time, then 1
acceleration of the body is known as uniform acceleration. i
If & body travels with uniform acceleration a, for a time interval t, and with unifog
acecleration a, for atime interval t,, then the average acceleration a=dh PG

LTt

Non-Uniform Acceleration: y
A body is said to have non-uniform acceleration if magnitude and direction of 8
acceleration both change duning motion. ;

Instantancous Acceleration:

zer0. Mathematically, instantancous is the limit of the ratio of the change in velocity:
to the time interval At as At following the instant t approaches zero,
e = Jim 2
The change in velocity ¢ d oA
Variable Aceeleration; ¥ can occur due to change in speed or in direction or in both.
The i in gald oo | . . ‘
scceleration of a body s said 10 be variable if its velocity changes with time in ten

of magnitude or direcli . o .
n-:cdeur;lion. irection or both. The variable acceleration is also called non-uniform

e e Wl

KETS - PREF BOOK —



Topic-1 7 Force and Motion

EPRESENTATION OF ACCELERATION WITH VELOCITY TIME ¢
The slope of velocily time graph gives acceleration i.e.
Av _ 1an@= Slope of graph,

3= —

At

The arca under the v-t graph gives the distance covered by object.

In case of instantancous acceleration, the slope of tangent at point P of the curved line in
the velocity time graph shows instantancous aceeleration of the body as shown in figure
a

When there is continues change of velocity body with respect to time in magnitude of
direction then there is curved line in velocity time graph which shows the variable
acceleration of the body as shown in fig b,

JRAPH

m.
a0
E.‘IJ
B A
gm[_ .

2 4 6 8§ 10
lime — f

Fig.a

For Your Information:

Vielooty (Ve

Tire (3}
Scction of graph Gradieni Velocity Acceleration
A positive increasing positive
B 210 constant zero
C negalive decreasing negative
D #ET0 zero (at rest) zer0




“plp. 1

§

| —

Q

~ Various velocity — time g

Ry

=
5

Fmg‘n‘l“h -

aphs and their interpretation =1
line parallel lo time axis represen
t velocity. 15 that the :

0= 0, a = 0, v = constant i.c.,
particle is moving with constan

i'll_v‘ﬂ i‘ll |

a

0 = 90°, a = infinitc, v = increasing i:c.. llinc perpendicular to time axis
represents that the particle is increasing its velocity, but time does not
change. It means the particle possesses infinite acceleration. Practically if

is not possible

b |

Velocity

'N

0 =constant, so0 a= constant and v is increasing uniformly with time il
line with constant slope represenls uniform acceleration of the particle. "‘

O increasing 50 acceleration increasing i.c., line bending towards velocity

-

d

Negalive constant acceleration because
0 is constant and > 90° but initial velocity of =

the particle is zero.

Ml Al

gl axis represent the increasing acccleration in the body. !
[ :‘ . .
o i -
EI ‘ 0 decreasing so acceleration decreasing i.e. line bending towards I:g
'._ axis represents the decreasing acceleration in the body. =3
‘ 1
] b
‘i Posilive constant acceleration because % ]
- I d @ is constant and < 90° but initial velocity of i
a1 ra—a particle is negative. 11
Time 4 11 |
f] ‘ Positive constant acceleration because 4|
=z / 0 is constant and < 90° but initial velocity of | ¥
o — particle is positive y
*ﬁ. ‘ [Negative constant acceleration because =
= ] 0 is constant and > 90" but initial velocity of '
| = % the particle is positive I
e 1
N

¥

— 7> 00" but initial f

Negative constant acceleration because 0 is constant
velocity of the particle is negative. 8

pEeT S



Topic-1 , _____Force and Motion
M‘—%

| G SO o 1 1. 7% 1

! Veloclty =time graph represents aceeleraiion,
c uniform ncceleration and decéleration,

lfﬂ' 4

Example: Which of the following graph represents uniform motion?

|G -

d
A) — B) =

cy) - = D) {—

Solution: A) When distance time graph is a straight line with constant slope than motion is
uniform.

Example: Velocity-time graphs of two cars which start from rest at the same time, are
shown in the figure. Graph shows, that.

A) Initial velocity of A is greater than the initial velocity of B
B) Acceleration in A is increasing ot lesser rate than in B

C) Acceleration in A is greater than in B

D) Acceleration jn B is greater than in A

Solution: C) At a certain instant | slope of A is greater than B (04 > 0g), so acceleration in A is
greater than B

KETS - PREF BOOK e 11
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Tople-1 == Force and m
. il ———————_ otis

In the diagram given below in which case the aceeleration is maximum

5.
- Cape & " Cane 0
I T—— i" s Ficfins }
;‘.”.‘,.:. 1 N R X=X
;':' m ;'f
T (pech

B. In both cascs same

A.Casc B
D. None of these

C.Casc A

6. The given figure represents the speed-time graph of a body moving in 2
straight line. How much distance does it travel during the last 10

seconds?
A
I .
ilﬂ'
[1] E 2. i
B R SR *
Time (x—
A.40m B.80m
C. 100 m D.220 m

NEWTONISILAWS OEMOTION

Foree:
Force is an external effect in the form ol a push or pulls which
{i) Produces or tries lo produce motion in a body at rest.
(1i) Stops or tries 1o stop a moving body.
(iii) Changes or irics 1o change the dircction of motion of the body




Topic-1 : P

orce and Motion

[ Body remains at rest. Here foree is trying
e to change the state of rest,

\,\ Body stans moving. Here force changes
- the state of rest.

. In a small interval of time, force increases
=T vru the magnitude of speed and direction of
maotion remains same.
= PR In a small interval of time, force decreases
L — veu the magnitude of speed and direction of

: ; molion remains same
g l-\; In uniform circular motion only direction |

- of velocity changes, speed remains

e constant. Force is always perpendicular to
velocity
In non-uniform circular motion, elliptical,
/ﬂ parabolic or hyperbolic motion foree acts
Femg

at an angle to the direction of motion. In
all these motions. Both magnitude and
direction of velocity changes.

Units:
Absolute units: (i) Newton (S.1.) (i) Dyne (C.GS)
Gravitational units: (i) Kilogram-force (M.K.5.) (ii) Gram-force (C.G.S)
Newton: One Newton is that force which produces an acceleration of 1m/s® in a body of
mass | Kilogram. .. | newton = lkg m /s*
Dyne: One dyne is that force which produces an acceleration of 1em/s? in a body of mass
I gram. . | Dync = lgm cm /sec’
Relation between absolute units of foree | Newton = 10° Dyne

Newton’s Laws of Motion:
First Law of Motion: (Law of Inertia): It states that cverybody continues to be in state of
rest or of uniform motion along a straight line unless it is compelled to change that state by
an applied force.

. This law qualitatively defines the force.

- The inability of the body to change its state is called inertia. So, it is also known as the
law of inertia of Galilco.

-

Inertia resists change in the staie of motion of the body.

KETS - PREP BOOK e



Topl- l ———

ree and Acceleratlon): ‘
a body is to cause it 1o accelerate in the directigy, ? b
|

dircctly proportional to the force and is jyye.

Second Law of Motion (Fo
. The efficet of an applied foree on
force. The acceleration is i
proportional to the mass of the body.
A force F actiig on a body is cqual to its change in momenium per second
F e Mass of the body x Change in veloeity per second = o
F=kma (where k is a constant)
F=ma b

But k=1
. Weight: The weight of a body is equal to the force with which the body is attracted by g

carth towards ifs centre.

CRITICAL CONCEFT!

When a stone and leafl are dropped from a
building simultancously then why the
stone reaches to the ground carlier?
Example: A man of mass 60 kg is standing on a weighing machine placed on g ound
Calculate the reading of machine (g = 10 m/s?).
A GDON B. 400N C.200N D. 100N
Solution: A. For calculating the reading of “"’ighiﬂﬁﬂﬂ?ﬂﬂ'“cﬁ we draw diagram.

Weighing machine

WiWonhai
w=mg=60x10=0600N

Example: A player caught a ericket ball of mass 150g moving at a rate of 20 m/s. If the
catching process is completed in 0.1s, the foree of the blow exerted by the ball o8

the hand of the player is equal to:

A. 150N B.3N C.30N 5.0k
Solution: F-E_DJSXZU _
. 0.1
F=30N

“Third Law of Motion {Action and Reaction Forces)
It states that to every action, there is an equal and opposite reaction.
. Action-reaction forces always occur in pairs.
. If 2 body A exerts a force (action) on a body B, then B will exert an equal and oppostts
force (reaction) on A, 4
. Wh:n a force uc!s on a body then the reaction acts normally to the surface of the body.
Action and reaction forces never balance cach other.
:wﬂarrl 5 laws are not valid on the microseapic objects such as electrons, proton, ME 2
uf:' bcllf is because these particles have small masses but large veloity. When they ™%
y behave and wave? But Newlon's laws can apply only for linear motion.

KETS - FREP BOOK



Force and Motion

CRIICAL THINKING )

7. Newton's third lnw concerns the forees of interaction between two bodies.
Which of the following statements relating to the third law is not correct?
A. The two forces must be of the same type
B. The two forces must act on different bodies
C. The two forees are always opposite in direction
D, The two forees are equal and opposite so the bodics are in equilibrium

J 8. A wooden block of mass0.60kg is on a rough horizontal surface. A force of

12 N is applied to the block and it accelerates at4.0ms™. What is the
magnitude of the frictional force acting on the block?

4 ms?
wooden block m—

R SEINEARMOMENTUM y S
“The idea of lincar momentum was introduced by Newion who defi ncd it as pmduc:t of
mass and velocity of an object™.

p mv
. Linear momentum is a vector pointing along velocity
. Linear momentum depends upon

pev pem
. p=0if v =10, how massive the body may be,

51 unit of linear momentum are kg ms™ or N s,
Dimension of momentum are [ML‘I"']

. If there are two bodies of different masses and velocities, but having the same
momentum,
=

lﬂl ¥ = v

mo_v
m, v ~/

This result shows that a1 constant momentum, veloeity of body
is inversely proportional to its mass. Graphically, the relation
between mass and velocity is shown in fig,

Vetocity (ms)

Mass iy

KETS - PREP BOOK 15



] Force ang
‘l‘nple-fl 7 _F Mou,‘
Newton's 2% Law and Linear Momentum L
Consider a body of mass m moving with an initial velocily v, .Suppose an externy) g
F acts upon it for time 1 afler which velocity becomes ¥, . The aceeleration a prodyeg
by this force is given by .

'-"l \'I -V
1
By Newton's sccond law, the acceleration is given as

- F
a L —
m
Equating the two expressions of acccleration, we have
i 5t
m
ar
I;xl-m\-': -m;':tlmprulsc ..................... (i)

Where m\:: is the initial momentum and m;, is the final momentum of the body.

The equation (i) shows that change in mementum or Impulse is cqual to the product of
force and the time for which force is applied. This form of the sccond law is more generl
than the form E= m;, because it can easily be extended to account for changes mﬂ

body accelerates when its mass also changes. For example, as a rocket accelerates, &
|

loses mass becausc its fuel is bumt and ¢jected to provide greater thrust. !
From Equation (i) FuliCE%

]

Thus, second law of motion can also be stated in terms of momentum as follows.
Time rate of change of momentum of a body equals the applicd force.

+ The area under Force and time graph gives the Impulse.

=t Force

At

L o—wiime & ;

e If wo forces Fr amd Fr act on a body to produce the same impulse, then theat
respective times of applications ty and 13 should be such that

Ety = Fy,

L 5
noK
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Topie-1 ~ Force and Motion

sor Your Info ion:

: Impulsive force is a foree which acts on a body for a very short time.
For example :

(A bathitting the ball

(i)  The collision between two snooker balls

(i) Airbag in the avolmobiles have saved countless lives in accidents. “The air bag increases
the time interval during which the passenger is brought to rest, thereby decreasing the
force on the passenger.

(iv)  Train bogies are provided with buffers

) Automobiles are provided with spring systems

What is the momentum of a runner of mass 65 kg who covers a displacement

of 100m in 40 see?
A. 162kgms' B. 140 kg ms™'
C. 150 kg ms' D. 155 kg ms™'

10. I a force of 250 N act on body, the momentum acquired is 125 kg-m/s. What
is the period for which force acts on the body?
A. 0.5 sec B. 0.1 scc.

C.0.2scc D. 0.4 sec

LAW.OF CONSERVATION OF LINEAR MOMENTUM

Isolated system:
In the absence of an external and unbalanced force, when two or more than to bodies are

exeried the forces 1o one another during their collision is called isolated system.
In an isolated system (p,)_, =(p),,
m U Az = mpyrmey:
The total lincar momentum of an isolated system remains constant.
. If there is a system of particles free from extemal

resultant force, p,.p..p;.... being the lincar momentum ®—N‘4: @-Hl_—

of its individual panicle then p, +p, +p, +......= constant
Thus, for a system of particles the total lincar momentum UL L L A
cannot change, unless an external resultant foree acts on

the system.
The prineiple of the conservation of lincar momentum states that, if no extemal forces act

on a system of colliding objects, the total momentum of the objects in a given direction
before collision = total momentum in same direction alter collision

Example:
Two railway trucks of mass m and 3m move towards cach in opposite directions
with speeds 2v and v respectively. These trucks collide and stick together.
What is the speed of the trucks after the collision?

v v 5v
A = B. = Cv D —
4 2 4
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Topic-1

momentum after collision

Solution: A. Momentum before cc’alhsmn -
m,v, + m,v, =(m, +m,)¥

m(2v) 4 3m(=v)=(m+3Im)¥ |

1
—mvEdmv = = .

cRITIcAL THINKING Y ]-=E!,\

1. A body, initially at rest, explodes into two masses M, and A, that

move apart with speeds v, and v, respectively. What is the ratio ‘_:_¢
F

p My . Ma
o, M,

! | :
c. | i D, [ELJ_ i
AUA M, E

i

The impact of two bodies due to their interaction with each other is called collision, 1
magnitude and direction of the velocities of the bodies before and after collision may be m

different. |
Elastic Collision Inclastic collision |
Momentum is conserved. Momentum is conserved. |
The total kinetic encrgy is conserved. The total kinetic energy is not conserved. |
The total encrgy is conserved. The total encriy is conserved. |
No conversion of energy takes place. Kinetic energy 1s changed into other mﬂmr}
such as sound or heat energy. i
Examples.1 When a ball at billiard 1able hits | Examples.l OF an inclastic collision can bel
another ball. collision of two cars,
2. When you throw a ball on the ground and its | 2, Collision of a rubber ball with a hard
bounces back 1o your hand. surtiee, i
Elastic Collision in one dimension:
. Elastic collision in one dimension is that one, in which colliding bodies do not dewt
from their line of motion, afler the collision,
. In case of two bodies undergoing elastic collision in one dimension, we have
vit V= v v or vi-va=-(v') - v,
Speed of approach = Speed of recession
Afler collision,
_ (my=m, )y, 2m,v, N i 2my, (my=my) v
= » i vy 3= = SN
(my +m,) (my +m,) (m,+m,) (m,+m,)
—1
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Topic-1

F_lm:e and Motion

_— . T
i Collision In One Dimension Under Different Cases:
asti sy I =111 & vawl)
then Vi= vy & V=
P I =g & va=10
then Vi=0 & Y=
2.,1 m:::“t.i\;:s‘ I:';{“:‘Imt::;; Nlm the same masses of the colliding bodies their velocitics after
Case INI: Ir ni=<my & va=0
then Vis ey & ¥i=()
Case IV: I M=>ms & vz=()
then Vi=y & V=2
Collision Between a Body and the Floor or Wal:
. In this case, the floor or wall is considered as 2 body of infinite mass with zero velocity.
. If the body strikes the surface normally, it is returned also normally either with its initial

speed or with reduced specd. If the speed is not reduced the collision is elastic.
The change in momentum in this case is =2 my

CoefTicient of Restitution (¢):

Cocflicient of restitution (of a collision), is defincd as the ratio between relative velocities
of two bodies after collision to that before collision,
e = relative velocity after collision / relative velocity before collision
e=v:—vifui —u:
On the basis of cocfficient of restitution, collision is divided into threc types.

. Ife= I, collision is called elastic if in this collision mechanical energy of the whale
system is conserved.

* If0<=e <1, collision is ealled inelastic.

. If e =0, collision is called perfectly inclastic.

The ratio of coefficient of restitution of perfectly elastic collision = |
The ratio of cocfficient of restitution of perfectly inelastic collision = 0
Examples:

(1) A particle of mass having velocity *v* makes head on clastic collision with another
particle of the same mass and initially at rest. The velocity of the first particle after
the collision is
A}v C)—v

B) % D)0
Solution: If masses are same their velocitics will alter, so velocity of 1* ball after collision =
velocity of 2" ball before collision = 0

(2) A particle of mass m moving with velocity v strikes a stationary particle of mass 2m and
sticks to it. The speed of the system will be?

A) % B) 2v C) ‘5 D) 3v
Solution: my+0=(m+2m)v'
v _ v
EE
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two bodies of same masses, what wil
he mass which is initially at rest?

In one dimensional clastic collision of
happen if the moving body collides with {

A, Their velocities will be inlr;!thmlgcll

BB. Vielocities of both bodics will be zero

C. Moving body will continue its molion . .
D. 3&1m-ir£ l.'ni*_}r will come at rest and the mass a1 rest will start its molion

Projectile Motion ) . . :
. : Pm-;cdilc motion is a two-dimensional motion. The motion of the particle is constrained
in a plane.

ly near the carth’s surface it moves in a parabolic path

ticle i wn oblique 1 >
. When a particle is thrown obliqu o e surface of carth and ihe ale resingl

provided the particle remains close lo t
negligible. This is an example of projectile motion.
. Assumptions of Projectile Motion.
(1) There is no resistance due to air. o
(2) The effect due to curvature of carth is negligible.
(3) The cifect due to rotation of carth is negligible. ) )
{4) For all points of the trajectory, the acccleration duc to gravily g’ is constant in
magnitude and direction.

Principles of Physical Independence of Motions:
(1)  The motion of a projectile is a two-dimensional motion. So, it can be discussed in two

parts. Horizontal motion and vertical motion. These two motions take place independent
of cach other. This is called the principle of physical independence of motions.

(2} The velocity of the particle can be resolved into two mutually perpendicular components.
Horizontal component and vertical componeni.

(3)  The horizontal component remains unchanged throughout the flight. The force of gravity
continuously affcets the vertical component.

Terms Used in Projectile Motion: ¥
Figure shows a panticle projected from the point “0™ with an
initial velocity v, at an angle 0 with the horizontal,

M The point O is called the point of projection,

. The arliglc *“0" is called the “angle of projection™,

. The dISIhTIﬂE OB is called the, horizomal range (R) or simply
range, the vertical height AC is called i " ] -
Vertical Range: gl el maximum height (Hyor ©,_____ [

* The total 1 Micle § = ;
. al time taken by the particle in describing the path OAB is called the time of flight

Horizontal and vertical coond: e

and ':n.mcul coordinales of projectile al time *t* are given as; x = v, cos0 1 and
1"" \’-S!'n{ll - EHI:

- Trajee iectile &
rajectory of projecile js parabola in the absence of air friction.

Km-mm‘
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Topie-1

Force and Motion

If two wdentical balls arg ‘II“\WI‘I si]‘“““n“'_‘nusly from same hCil;lll. one V¢ﬂi€ﬂlly and

T other horizontally, then both falls to the carth simultancously.
. Velocity of projectile
v= i 427 =20 sin 0,;}
Direction of the resultant velocity
tang = -:—
_v,sin@— gt
h v,cos8
Time of Might:
. Time to reach maximum height is given as; | = v;sin0
. Total time of flight is given as; T= 2v;sind
Maximum Height: &
*  Vertical range (height) is givenas; 1 =1 ’;inzo
£

Horizontal range:

-

L]
L]
L]
.

Range (horizontal) is a distance between point of projection and point at which it comes
back to its level of projection. It is given as:

R= v,’5in20 _ v,” (2sinfcos0)
£ B

2
Maximum horizontal range is at angle @ = 45° and givenas; R_ =20

The relation between range and the height of the projectile is R tan0 = 411

The relation between maximum Tand H is H = gT¥8
With same initial velocity the range of projectile for two angles of projection will be
cqual if sum of the angles is equal to 90° i.c. 0y + 02 = 90°
Energy of projectile: When a projectile moves upward its kinctic energy decreases,
potential energy increascs but the total cnergy always remain constant. If a body is
projected with initial kinetic energy K.E = 12 mvi® with angle of projection 0 with the
horizontal then at the highest 2mim of trajectory.

K.E = 172 mv/’ cos’0

At maximum height the K.E = K. cos™0
T,
¥ sin’ @ 2. %
Potential energy = mghl = mg[T]-‘-lfz mvi~ sin0

Total energy = Kinetic energy + Potential energy = 12 mvi? cos%0 + 172 mvi® sin’0
= 172 mvi = Energy at the point of projection

KETs -
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Tople-1 —

1% 18

jon in the range and height with angle of projection is shown with yp,, r"’"o-.i
. Vanaton in ity
sketch for same speed of projectile.

. When angle of projection is 76° then range and maximum height of projectile are equa]
cach other,

. The path of a projectile is parabolic,

-

At the lowest point, the linear momentum is p=mv
Application to Ballistic Missile

An un-powered and un-guided missile is called ballistjc missile
Friction of air effects the horizontal and v

ertical motion of the missile

. Ballistic missiles are useful only for shon ranges,
Powered and remote control guided missiles are used for lon
Example:

Two equal masses (m) are Projected at the same angle

: (©) from two points sepani
by their range with equal velocities (v), The momentum a¢ ghe Point of their collisi
is

A) Lero

B) 2 mwv cost)
Solution: A) Both masses will collide a1 gy, highest point of
opposile momentum. So pet momentum of the system wil) g 2¢ro

C)-2my cosl) D) Nong

of these
Wir traje

oy with equal =

M OOSE oy




ropic-1 - - Force and Motion

,,.r-"'"-"'"-——'_-'d__—-'-—-_ __—____—__-*_—“———

E“mp:;;urc shows four paths for a kicked foothall, |
flight, rank the paths according to initial horizong

anoring the effects of air on the
I velacity component, highest first

LALEETT T

AYL2, 14 B) 2, 3', 4,1 Ci3 41,2 0)4,3,2,1
Solution: D) Range directly proportional to horizontal component of velocity. Graph 4 shows
maximum range, so football possess maximum horizontal velocily in this case.

N\
A body is projected with kinetic cnergy K at an angle of 60° with the
horizontal. Its Kinetic energy at the highest point of its trajectory will

be

A ZK B.K

. E D. E
2 4

< 14.  Four projectiles are projected with the same speed at angles 207, 357,
} 60° and 75° with the horizontal. The range will be the longest for the
| praojectile whose angle is
A 20 B.35°
C.60° D. 75°
15. A projectile is launched at point O and follows the path OPQRS, as
shown. Air resistance may be neglected.

| L f
f lﬂﬁ

16.  Which statement is true for the projectile when it is at the highest point Q of its
path?

A, The horizontal component of the projeciile’s acceleration is zero
B. The horizontal component of the projectile’s velocity is zero
C. The kinetic enerpy of the projectile is zero

D. The momentum of the projectile is zero

‘-____'____
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TOPIC-2 ) WORK AND ENERGY

R = GOURIECONTENT L

Wik

Encray

Kinetic energy

Potential encry

Gravitational potential encrgy

Power

Work Energy Principle

Explain the work done against friction is dissipated as heat in the environmen
Implications of encrgy losses in practical devices

The work donc by a force in displacing an object is defined as the produg
displacement and the component of the force in the direction of the displacement i,
work.

W = (Component of force in the direction of displacement) (displacement)

W =(F cos@) (s)

W=Fscos0. F is force, s is displacement and © is angle L8
between F and s. i
Maximum work: If0=0"Then W=Fscos 0°or W = Fs. ll is < Femi—
the maximum value of work.

———
§

Zero Work : If 0 = 90° Then W = Fs cos 90° or, W =0, so work is zero

If displacement is zero, then the work done is zero. Also, if applied force =
displacement are perpendicular o cach other, the work done is zero.

For example:

(a) Pushing against a wall does xero work because displacement is zero.

(b) The work done by the centripetal force along the radius of the circular path is 20
d

1% F = omengould bace
o g v
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Toplc-2 Work and Energy

Negative work: 110 = 180" Then W = Fs cos 1807 or, W = <Fs
180°

s‘_m—_}‘ t
So, work 15 negalive. l
. In 8.1 the unit of work is joule (J) and in C.G.S the unit of work is erg.
Do you know?
If nothing is actually moving, no work is done no mattor how groal the force involved.

CRITICAL CONCEPTI

'[111.;: work done is 100% when the applicd force is
acting at angle 0 in the dircction of displacement,
what would be angle of applicd force with
displacement when work done is 50%

Work Done by Constant Force:
Graphically work can be obtained from force displacement graph. The arca under this
graph is work done. Work is a scalar quantity.

o L]
Work done = Arca of rectangle = (OA) (AB) = (F) (d)
Work Done by a Variable Force

A

Total Area = lim ¥ Feos0,Ad, = work done

A=l

Example:

A box of mass 1 kg is pulled on a horizontal planc of length 1 m by a force of 8 N

then it is raised vertically to a height of 2m, the net work done is

A)28) B)8J C) 18] D) None of above
Solution: A) Work done to displace it horizontally = F x 5 = 8§ x | = § J Work done to raise it

vertically F = s = mgh =1 x 10 x 2 =20 J hence, Net work done =8 +20 =28 )

Example:
A 10 kg mass moves along x-axis. lis acceleration as a function of its position is
shown in the figure. What is the total work done on the mass by the foree as the

mass moves from x = 0 to x = §cm?

?e ...........-.‘;:_,:
— 15 ~ i
0 ~ .

-
#

I :
o 2 4 6 8xlem)
B)§x10%) C)16x 107 D)4 x 107

A)8J
KETS - PREP BOOK
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e —

Solution: Wik done on the mass = mass x covered area between the graph ang displacemen
axis on a-x graph

= lnm%(ka )x20x10” =8x107J

Conservative Field: 3 .

. If a fickd satisfics following two conditions, it is said to be conservative.

() Work done along a closed path is zero ic. Waan =0

(i) Work done is independent of path followed by body but depends on final and initial

position of a body.

Example: Electric field, Gravitational field.

Frictional force is non-conservative force. Other non-conservative forces arc propulsion

force on rocket, force of a motor, tension in string ctc.

Spring force F = kx is conservative force.

Conservative field and conscrvative force has the property of storing encigy in the

system. This energy is known as P.E of the system.

Example: :
If Wi, W32 and Wi represent the work done in moving a particle from A to B alon
three different paths 1, 2 and 3 respectively (as shown) in the gravitational field of 3
point mass m, find the correct relation.

a8
1
3
A
A)Wi=W:=W,; C) W < Wa <W,y
B) Wy =W; >W; D) none of these

Solution: A) As gravitational ficld is conservative in nature. So work done in moving a particle
from A to B does not depends upon the path followed by the body. It always remains
same.

For Your Information:

We can caleulate the work done by a foree on an object, but that foree is not
the cause of the displacement. For example, if you lifi a body, work is done on the object
by the gravitational force, although sravity is not the eause of the object moving upward

—1 CRITICA THINKING

A man pulling a bag with force of 15N at angle 60° with horizontal plane. If
bag covers a distance of 10m, then work done by the man is

necessanly

A, 50) 3. 75)
C. 150) D. 1000
2. The adjoining diagram shows the veloeit

¥ versus time plot for a particle. The

work done by the force on the particle is positive lrom

ABwC B.DwE

CAwDl D.CwD




Tople-2 Work and Enag

Ihe wond encrpy s dernived fim the Greek word “Encrgein”™ which means work Energy
ol a baly 15 delined as s ability to do work. Units of cnergy are the same as that of
work. The ST unit of encryey is joule, Other units of encrgy arc erg, foot-pound and
Kilowatt-hour ete. encigy oceurs in many fornns such as mechanical, clectrical, chemical,
nuclear, magnetic, heat and elastie energy cte, energy possessed by a body is basically of
two types: Kinetic cnergy anid otentinl cHeTjy.

Do you kn

One minute of Sunshine supplies enough energy to meet the earth's noods for a whole year.
I t KINETIC ENERGY

rus 1 .
K.E = =my*
]

. Relation between linear momentum (p) and kinetic energy: p* =2m K.E
L For two bodics hﬂ\'ing cqual momentum EE, =y
KE, m,
. For two bodies having equal kinctic enerpics: Py _ f-"l
P m,
Graphs of kinetic Encrpy: '
H E
I p?
Ewn ‘
\ / m = oonstant I = constant
L ¥
= ‘ '
Sli (LT
" m = constant
I* = constant
-
| L]
| CRITICAL THINKING ™Y =
A bullet of mass 20 is fired with velocity of 2000 ms™!, the K.E of the bullet
is
AL 2000 ) 3. 4000 )
C. 20(K0) J 1. 40000 )

The graph of kinetic energy (K.E) of the body versus velocity (v) is represented by
s
- K |

K K
" _;r
A .

T
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POTENTIAL ENERGY

v of a body is defincd as the energy possesses by the bog ¥
energy of 3 y I3

by Virty, of

. The potential
figuration.
its position or coniig ) . ) ‘
ol Encroy of o » of mass m at height b from SUee ¢
('imuu:i‘\l‘ul I‘tﬂl‘ﬂ‘l]‘ i:nl“‘_\ “r a I“Kb of n K flu_ of t-'-iﬂ]-r

PE =mgh

GRAVITATIONAL POTENTIAL ENERGY

Absolute gravitational P.E of a body on surface of carth is given as

.
. GmM
U,=- R
" Negative sign duc to selecting the zero reference level of potential energy g infinige

distance from earth. .

CRITICAL THINKING ]—=

A body of mass 100 g is raised vertically from surface of earth in 2
gravitational ficld. The P.E of the body at height 100 m is

A.098] B.98)

C.98] D. 980 J

" POWER

Power (P)

W w

Power (P) = —-—fﬂ or P=—

Time |

. P=Fvor, P=Fyvens0,0is angle between F oand v,
s AW | .
. Instantancous power is givan as; P= lim e IF<P> = P, then bodly does work ot consta
A (]

. Unit of power is walt defined as; | W= | J/] see
. Dimensionslly power is equivalent to iMIFﬂI"']
. Lip = 746 watt = 550 fool pound/sec
-

Commercial unit of electricity is kW h

since, kW h-3.6x10%)

. Kilowatt hour (kW h) is also known as B.OT.U
(Board of trade unit)

BOTU = 1 kW h = 3.6 x 10° joule

KETS - PREP BOOK




%% _Work and Energy
paample:
From a water fall, water js falling at the rate of 100 kg/s on the blades of turbine. IT
the height of the fall is 100m then he power delivered to the turhine is
approximately equal to
A) 100 kW C) | kW

B3) 10 kW D) 1000 kW
Solution: A)
work done _ mgh

Power s ——0———— : ——' = 10010100 = 10* watt = 100 kW [1\5 %= lﬂ!]k—i—[givcn‘]]
SEC

fga CRITICAL ﬂﬁjﬂfﬂﬁq ]

6. What is the power of an electric motor when it consumes energy of 9x10°1 in 3 57

A.1hp B.2hp
C.3hp D. 4 hp
7. A man does a given amount of work in 10 sec. Another man does the same

amount of work in 20 sec. The ratio of the output power of first man to the
second man is
A.2N B.12 C.1

WORK ENERGY PRINCIPLE

D. 411

» 1 .

7 1’|;urk done = Change in kinctic energy = K.E—K.E or w =%mv.: -~

Stopping of Vehicle by Retarding Force:
If a vehicle moves with some initial velocity and due to some retarding force it stops after

covering some distance afier some time.
CRITICAL CONCEPT!

Initial velocity = v Final velocity =0 If a spring is compressed, then work
done on it equals the increase in its
elastic potential energy.

(1) Stopping distance: .
Let m = Mass of vehicle, v Lt
force, $ = Stopping distance, t = SIOppIng time . .
Then, in this process stopping force does work on the vehicle and destroy the motion. By

the work- energy theorem

= Velocily, P = Momentum, E = Kinetic energy F = Stopping

N
W =AK.E==mv
2

= (Stopping force F) (Distance 8) = Kinelic encrgy (E)

_— = ' 20
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S=7=

2F

time:
{gis.;:lzﬁxsc-mnmmum theorem Fxt=AP = Fxt=P

-:.l‘s.—

] =
ori=—
F

3 Comparison of stopping distance and time for two vehicles: .
Two vehicles of masses mi and m2 are moving with velocitics vi and v2 respectively,

When they are stopped by the same retarding force (F).
S, K.E _ my?

- of their stopping distances —-=——=—-7
THE a0 SRS ES 5, K.E mp':

Ll x . . ) L " my
and the ratio of their stopping time —=-"—=——>
L Py MY,

[ If vehicles possess If vehicle possess same kinetic If vchicle possess same
same velocities momenium kinetic energy
Vi=V2 pr=pm K.Ei=K.E:
S, m 5, KE |2m )\ p: T om, 5, KE
i:i"_ 5-:_'”_'=] i_&_r\,“'?:m,K.E,_J;
G M L P Hhop —:?Imi.&’..f.‘, T Jm

. EPE=%kx

Energy height graph:
When a body projected vertically upward from the ground level with some initial velod

then it possess kinetic energy but its potential energy(U) is zero. As the body
upward its potential emergy increases duc to increase in height but kinetic ©
decreases (due to decrease in velocity). At maximum height its kinectic encrgy
zero and potential energy maximum but throughout the complete motion total eneTB
remains constant as shown in the figure.

=

Height
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Work and Energl

WORK DONE AGAINST FRICTION IS DISSIP
Conscrvation of Enerpy:

Energy cannol be destroyed. 1t
amount ol COCTEY TCMAING const
When a cup is dropped the p

ATED ASALEAT IN THE ENVIRONMENT

can be transformed from one form into another, but total
ant,
B changes to KLE, but on striking the ground, the K.E

changes to heat and . .
changes l }"‘ At and sound but wtal enerpy at each instance is always conserved.
Kinetic enerey + Potential enerpy = constant

Work donc against friction dissipated as heat in the eavironment
. Ifa m“d}; 15 dropped from height '’ to carth’s surface in absence of air, then;
Lass in 'E. = Gain in K.E,

me(h, —h,)= ‘ET"“("":: -v;)

. Ifa N‘H.!}; isi dmmmll from height *h' to canh's surface in presence of air, then;
Loss in P.E = pain in K.E + work done against air.
mgh = %lm‘ +h
. If'a body is thrown vertically upward in gravitational field in the presence of air, then;
Loss in K.E = gain in P.E +work done against air,
1 3
S = mgh+fh
Example:
A I_mog' is sitting on 2 swing at a maximum height of Sm above the ground. When the
swing passes through the mean position which is 2m above the ground its velocity is
approximately
ha=zand” hy = 5m
A) 7.0 m/s C)6.26 m/s
B) 9.8 m/s D) None of these
Solution: :
=]
V=[2g(h,-h,) =42x9.8x3 =7.6ms
 cameas Tikivg Y
8. A trolley runs from P to @ along a track. At , its potential cnergy is 50 kJ less
than at P. —
Trahey

" /..—0
e

At P, the kinctic energy of the trolley is 5 kJ. Between 1" and Q the work that

the trolley does against friction is 10 kJ. What is the kinetic energy of the

trolley at ()7

A35k] I3 55k]

C.4a5 k) D.65k)
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! 7 Work angd 1

= OF ENERGY LOSSES IN PRACTICAL DEVICpg
-ATIONS OF ENE _ -
l work output to work input.

ey is the ratio of W ‘ _ -

Mechanical cm“;ﬁﬁﬂ:;;l:;mhim i 100 percent but an actual machine’s Qmmcmy o
« Theellicieney © o

e e s ot a distance fr then the useful work done by the Mack;... .

. i'f : machine moves a Joad through 3

called milpf“ Load x distance / through which the load moves =F_ xD_,

Oulrﬂ“* acts through a distance D then the work done on the machine is called ingy
il m Eifrt force x Effort distance.

mu&'ﬁﬂ‘}iﬁ&" to the input of a machine is called its cfficicncy.

i out put work
ElfiGee= in put work
_ Load force=Load distance

Effort forcexEffort distance

Mathematically

= V= F-l‘ X Dﬂ
Efficiency F.xD,
The cquation for percentage efficiency is
jJ'

Percentage Efficiency= Mﬂﬂﬂ% = '—“'x 100%

Input work W,

F_xD

=== »100%
F.xD,

* Even a very efficient device will waste some of its input energy in the form of heat dve to the
friction forces between different parts of machine.

* An incline is used as a simple machine. Which is a flate surface tilied at an angle. Whichis
commonly used to load truck, planes and trains.

Table

. Practical devices Efficiency

i Petrol heat engine | (25-30)%
Diesel engine (34-40)%
Steam locomotive (35-40)% _
Incandescent lamp %
Fluorescent lamp 20%
Steam turbine (34-46)%
Air crafl gas turbine 36%
Nuclear power plant (30-35)%
Fossil fuel power plant (30-40)%
Electric generator (70-98)%
Eleetric motor (50-92)%
Dry ccll battery 90%
Battery ) ' 90%
Home coal furnace  55%




Topic-2 —— 7 Work and Energy
FOR YOUR INFORMATION:
Efficiency of some clectrical oquipment's: LED light " .
bulbs have becn introduced 10 replace ordinary ligh "o
bulbs, as they are much more eMicient. Let's take a g ACIDC Fan
look at a standard S0-watt, The encrgy consumption to ~ - '

usc a light bulb like this would cost about 1278 Rs in a ' 7
year. An LED, running over the course of | year i =
would cost only 260Rs to operatc, Using these causes !

less energy to be wasted as heat. Recently developed, AC/DC fans can operate on less
energy “:h"“ producing a high airflow. In fact, they can cut down your power
consumplion by up to 65% and can operate on solar penal. AC/DC fans are designed to
run on 12V and consume around 26-35W. Ordinary Fan consume 75watt while AC/DC
fans consume about 35 to 40watt so AC/DC fans are more efficient.

Example
A machine necded 10000 of energy to raise a 10kg block at a distance of 6.0m. What
is the machine efficicncy?
(A)40% (B) 49%
(C) 59% (D) 50%

Solution: First, find the work done to raise the block: ¥ = mgh
= 10kg x9.8mvs” x6.0m = 588

O
Output work ) 00% = 358 100% = 58.8% = 59%
Input work 1000
Pulleys are machines used to lift heavy loads. Modemn crancs are complicated form of

pulley system.
n=50% Answer

Efficicncy=n =

A small electric motor is used to raise a weight of 2.0 N through a vertical :
height of 80 cm in 4.0 5. The efficiency of the motor is 20%. What is the
electrical power supplied to the mntni

-

The matter in 0.453 kg of anything, when it is completely converted into energy
according to, E = me?, will produce 11400 million kilowatt-hours of energy.
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COURSE CONTENT

*  Angular displacement (Revolution, Degree, Radian)
*  Angular velocity
* Relation between lincar and angular variables
* Relation between linear and angular displacements
*  Relation between lincar and angular velocities
*  Reclation between lincar and angular accelerations
* Centripetal force (centripetal acceleration)
ANGULAR DISPLACEMENT (RI".\'UL["I'ION; DEGEE. RADIAN)
Circular Motion
“Motion of bodies in circular path is called circular motion. ™

. During uniform circular motion, the direction of position vector changes continuously by
the magnitude remains constant which is equal to r (radius of circular path)

. In circular motion, the direction of velocity change at every point but its magnitude
remains constant.

. For one complete revolution, the angular displacement is 2 and time taken is T (time
period). So angular velocity m= -z_?“ .

-

Specd, kinetic encrgy and angular momentum remain constant in circular motion.
Angular Motion

“Circular motion of a body may also be called angular motion. ™
Angular Displacement
“It is the angle swept by the radial line during
Jrom some initial point to some final point. ™
The following are the properties of angular displacement
(i) It depends upon length of arc.
(ii)  For very small angle it is a vector quantity.
(iii)  For anti-clock wisc rotation, angular displacement is positive,
(iv)  For clockwise rotation, angular displacement is negative,
{v)  Angular displacement has direction along axis of rotation and can be determined

circular motion of a particle measured

by right hand rule
Radian . _
. S1 unit of angular displacement is radian
+ One radian is an angle made by an arc at the center, whose length is oqual 1o M
circle. ,
. 2 1 rad =360° = | Revolution :
o 1°= " rad=0.0174 rad, | rad = 57.3° Irad = 0.159 rev
180
. Non 5.1 units are also used which are “degree” and “rev™.
KETS - PREP BOOK =
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ol
: = Rotatlonal & Circular Moty
colution: When a particle completes one tion
Rfjmmcrc\'l‘llulmn. )
™ . When a circle is divided i
s W1 ¢ is divided into 360° equal parts then cach part is known as one d

. One radian is the angle sublended
n ubd :
F’dlrm radius of the circle. cnded al the cenire of a circle by an arc whose length is

NT! our Information: .
7 Angle swept by a minute hand in one complete rotation is 360

. Angleswept by minulc hand in one minule is 6°.
, Angle swept by minute hand in § minutes is § x 6° = 30°
Eﬂmpk;; EOCS arg d aci
Khawar und a circular track that has a diameter of 20m. ([ he
. : . - . runs around the
entire track for a distance of 160m, what is his angular displacement.

round trip along a circular path of a circle, then it is

mliun:5= 160 m
r:;.-_?:”)m
3=-f:=lf—u=lﬁmd

Example.2 )
(a) Convert the following angles from degrees to radians: 30° 45°
(b) Convert the following angles from radian to degree: ;E‘E'l

180° 3
son: (a) lrad = —— or 1°=——rad
solution: (a) = or 180
30°=30°%—— == rad
180 6
45°=45°x——=Z rad
180 4
L PLL A
3 3 "
|=IXE=5?.3°
r
CmcA THINKING

that has a diameter of 20m. If he runs

8l \_

. Ali goes around a circular trac
around the entire track for a distance of 160m, what is his angular
displacement?

A. 16 rad B. 10 rad
C.5rad D. 8 rad

2. 8595 degree in terms of radian is
A, -% rad B. | rad
C. 1.5 rad D. 2 rad

L ——

B
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Topic-3 Rotational & Circular u.,u\

ANGULAR VELOCITY
"Rate of change of angular displacement is ealled angt

AD : = = A0 lways vector quantiy a
W, = s usually not a vector quantity or (= = AH'J: T , alway y.

dar velocity. "

. - T = @r
Tangential and angular velocitics are related as v=@xr =

3.1 unit of angular velocity is rad 5.

* The magnitude of an angular velocity is called the angular speed which is also
represented by w.
E:ﬂll‘llplt!: ThE" Ingu]:r \"ﬂ'lﬂc“}' of seconds hand ufl watch will be
F 3
A) Emd!sac C) 60x rad/scc
B) 30x rad/sec D) H—‘L rad I sec
Solution: We know that second's hand completes its revolution (2x) in 60 sec
0 2 =
=== =—rad/
P

Angular Accecleration:

* The rate of change of angular velocity is defined as angular acceleration. If particle has
angular velocity i at time t; and angular velocity @2 at time t2 then

Angular aceeleration = @ = B8
=1

+ Instantancous angular acceleration = & - lim L
A Aj
e  Unit: rad/sec’
+ Average angular acceleration = & =.—£:F;:i,{
= h
Rigid Body:
. Nobody in the universe is perfectly rigid. However, the bodies in which the distance betwe®
any two particles does not change with respect 1o time are taken as rigid bodics.

- There are iwo types of motion of a rigid body,
] Translatory motion (Lincar motion).
(i) Rotatory Motion.

KETS - PREP BOOK ¥
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Toplc-3 NP Rotatlonal & Circular Motion
_ﬂﬂ_—_—__‘_——_____———*_

Directlon of Angular Acceleratlon

At "’"k._':::" raiaiion Antl-elschwise rotailsn Clackunlse rotation

| <) (m
Wihen the angular velocity is increasing, the . |
scecleration vector poinis in the same Ill“m"n:'n.;‘“l}: xmwm;'ﬁﬂgﬁ;’mh& the mllzl-;
angularvelocity. as shown in Fig. (A )and (13). the angular velocity, as shown in Fig. (C) and (D).

3 A

body moves with constant angular velocity in a circle. Magnitude of
angular acceleration is

Ao’

Clocknive rotatlen
(\)

B. Constant
C.0 D. r
4. If a wheel turns with constant angular speed then:

A. Each po?nl on its rim moves with constant velocity
B. Each point on its rim moves with constant acceleration

C.The angle through which the wheel tums in each second decreases as time goes
on

D. The wheel tums through equal angles in equal times

ki RELATION BETWEEN LINEAR AND ANGULAR VARIABLES-

+ Relation between linear and angular displacements: s = r 0
Vector form is given by 5 =0xr

+ Relation between linear and angular velocities: v = rw

Vector form is given by v=wxr
¢ Reclation between lincar and angular accelerations: a = rat

a=axr

CAMICAL THINKING DY |

The relation between linear and angular acceleration is
A. a=axr B. a=rxa

C. a=mxr D r=axa

KETS - PREP BOOK L



Tople-3 fotationnl & Clroular Moy oy

— . aiory Maotlon
\iaboggy Between Transiatory Muthen At Rotntor .

A

+ Lincar velogity, v = Ml Ampolar velocity, @50

M .

i isplacement, 0

Lnear displacenment, o Angmlar disple |

+ Acccleration or linear aceeleration, seleration, L |
Angular aeeclerd b A !
- Av |
am 2t |
M !
‘ ok Moment of inerting 1 mr’ |
N Lincar momentum, |i = mv Angular momentun, I lw I
- Impulse, [or) Fx Al Angular impulse 2 Al |
: J 3 - + - .r'i.l !
i * I-“n“‘ F= ma = il: .|‘|,Ill]ll¢. == |
| M m |

i + Work, W = |-‘_1.i' Rotational work, \'i;. =10
| | ) L B o |
| + Kinetie cnergy, K.E= ‘.; Kinetic encrgy ol volation, KE = EIm :

|

|- Newton's laws in linear motion Newton’s laws in rofational motion !
-' First law As F = 0 then v = constant or First law As © = 0 then 0= constant or & l
- 0 |
i Second Law F —m.l Beconiillian il I
| ‘ |
.l Third Law F.. L T T = |
L ] .

CENTRIPETAL FORCE (CENTRIPETAL'ACCELERATION)

“The foree reguired to bend a straight-line path of a baedy intor the cireular path is called

centripetal force. ™
. If the centnpetal foree is removed from the rotating objeet it will follow strmight-line

muotion confined on the tangent to that circular path,

- In vector form, centripetal force and acceleration can be wrilten s
- 3= - 4 nwe J. mv* - " m\
Fe=-mrrr=-mn =—-| — [r=~ —r or ]I-I: - = mrw’
I r ' Pl
T LA AT v Al
a, ==’ r == ="{_ bl e ) o l"".-"'"_“' P = et = oy
r I r T

Work done by centripetal Toree 1s zero,
A centripetal force accelerates a body by changing the direction ol the body*s veloeity

without changing the body’s speed,




ggﬁww
. Centripetal and centrifugal forces form true aclion & reaction pair but they can’t balance
cach other because they don't act on same body.

[ Condition Centripetal force
Vehicle taking a tum on a level road Frictional force excrted by the road on the tyres |
A particle tied to a string and whirled in a Tension in the string |
horizontal circle
Revolution of carth around the sun Gravitational force exeried by the sun
| A charged particle describing a circular path | Magnetic force cxerted by the agent that sets up
in a magnetic field the magnetic field
Centripetal Tangential Net acceleration Type of motion
acceleration ‘ acceleration
=0 =0 a=0 | Uniform translatory
: motion
a=0 az0 a=g Accelerated
translatory motion
a=0 3,=0 ama, Uniform circular
‘ motion
220 az0 e W Non-uniform circular
motion
For vour information:

A stone that is stuck in a tyre of an automobile moving at highway speeds experiences a
centripetal aceeleration of about 2500 m/s® or 250 g.

MOTION IN A VERTICAL CIRCLE:

. When a body being tied to a string is whirled in a vertical plane, its speed is different at
different points of the circular path.

.4 In such type of motion, the tension in the string and the centripetal force acting on the
body go on varying continuously.

. At the highest point A, the tension in the string is T, and the speed of the body is v, then

] )
T, +mg= MY where ris the radius of circular path. ‘
r
. Ir T,=0, g .
thl.‘.l'l m“= mv;
r
« v
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TOP1§-$ Rotational & Cirey,, , |

This speed of the body is known as critical speed and s dengyeg
' by

. In case v, <v,., the body will fall down.
. At the lowest point B, let v, be the speed of the body and the tension in the string -
= 1}
1 2
so that Tu.mgzm or TH =mg+ﬂzﬂ
r r

. Velocity at point B, v, =4/5gr
Velocity at point X and Y = vy = v, =4/3gr
In Horizontal Circular motion the tension in the string at every point is remain sam,

and equivalent of centripetal force
2

T= F‘r =
r
Example: An object of mass of 2 kg rotates at constant speed in a horizontal circle of rag;
5 m. The time for one complete revolution is 3 s. What is the magnitude of the

resultant force acting on the object?

4n’ 2

AT N A0n”

= B) =5 N
100n*

0} D) a00e’

Solution: B) F =mro’

(%)
=mr| —
T

Y 2
=2x5x{%] =40H N

9
s{ CRITICAL THINKING Y —

A 500 kg car takes a round turn of radius 50 m with a velocity of 36 km/hr.

The ecniripetal foree is
B. TS0 N

AL 250N
C.1200N D. 1000 N

A stone is whirled ina vertical cirele at the end of a string. When the stone ;
at the highest position the tension in the string is is
B. Zero

A, Maximum )
€. Equal to the weight ofthe stong [, Less than the weight of the stone

e

-‘—-—__-_____-_ =
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TOPIC-4 ) WAVES
L e |

B Progressive wave F{‘ rest, Trough, amplitude, wavelength, time period and frequency)
Types of progressive waves (Transverse waves, Lon gitudinal waves)

-
jodic waves (Tra ; gy o 5t
. Penodic [ ‘ns\mc Periodic waves, Longitudinal periodic waves)
5 Speed of sound in air
- Principle of superposition/ superposition of sound waves
. Stationary waves’ standing wayes

. Stationary wWaves In a stretched string/fundamental frequency and harmonics
. Doppler effect

. Simple harmonic motion (SHM)

& Characteristics of simple harmonic motion

- Instantancous displacement

: Amplitude

= Vibration

. Time period

. Frequency

Introduction

. Wave is due to disturbance created in a medium,

. Waves transport energy without transporting matter.
Classification of Waves

Classilication
of waves

Visible Invisible
waves waves

Water [sound waves
waves |

maller
string S ARCS

Wwaves

radio and

T.V waves

41
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Topic-4 =S

WAVES
(o0 the basis of
nature )
: 1
Mecha "l_l Electronmgnetic n:t'e;x
s s of reciese rredim | |
(requie medivin for {don ;;r:;nmu'on) |
prepsagation) |
] [ I 1

[ | -
[ Rado o ' Lightwave
pund s Hrataanes HERS Waves
:m*n menguaves|  [natrwaves wanes

PROGRESSIVE WAYES

' Progressive wave or Traveling wave is that which propagates or distributes its pulses
space along speeific direction. c.g.

(i) Waves in a string

(i) Waves on a water surface

Types of Progressive Waves:

. On the basis of vibration of the particle, wavces are classified in two types
{a) Transverse Waves (b) Longitudinal Waves

(a)  Transverse Waves:

. The particles of the medium vibrate at right angles to the direction of propagation of the
wave,

. Crests and troughs are produced.

. Transverse wave is not produced or possible in gases.

(b) Longitudinal Waves:

. The particles of the medium vibrate along the direction of propagation of the wave,

. Compressions and rarefactions are produced.

Longitudinal waves are possible in all media i.c., solid, liquid and gas.

. Periodic waves are those, which are repeated in regular interval of time.

. Periodic wave may be transverse or longitudinal,

Transverse Periodic waves:

. For transverse waves the displacement of the medium is perpendicular to the direction of

propagation of the wave. A ripple in a pond and a wave in o string are casily visualized as
[FANSVErse waves.

s
Walsay of
sy ipy mavrn Iy WLl ' Frpigusin

€n & ang. on T SUTAZa o

alasd and Bvoughont B soid
. Transverse waves cannot propagate in a gas or o liguid because there is no mechanism for
driving motion perpendicular to the propagation of the wave.
. In fluids, transverse waves die out very quickly and usually cannot be produced at all.

KETS - PREP BOOK 42



Topic-4 ; : , , Waves

= In a transverse periodic wave time interval oqual to time peri

a distance equal to wavelengih,
s For all waves voia
Characteristics of Wave Motion:

@  Frequency : - _— ' :
The number of waves which pass o Point per unit time is called the frequency of the wa
moedion.

i Wavclength O

o ltis shortest distance between two consceutive points in the same phase,

o, particle in the wate travels

) Do you know
The waves transport both energy and
L momentum in a medium,

2

L L ——
.I'/_
Ly T T | S
§ A\
' e e

—_—r— i
» Distance travelled by the wave in one time period is known as wavelength
» = Distance between the centers of two consecutive crests
* .= Distance between the centers of two consecutive troughs.
+ A = Distance in which one trough and one crest are contained,
* Inlongitudinal wave motion: A = Distance between the centers of two consecutive

compression.
* Inlongitudinal wave motion: A = Distance between the centers of two consecutive
rarefaction
(iii)  Crest:

A crest point on a wave is the maximum value of upward displacement within a cycle. A
crest is a point on a surface wave where the displacement of the medium is at a
maximum.,

(iv)  Trough:
A trough is the opposite of a crest, so the minimum or lowest point in a cycle.

(v} Time Period (T):
The time in which one wave cyele of a wave is passed through a certain point is called
time period. It is represented by T. The unit of time period is second,

i) Amplitude (A): o . _

The maximum displacement of a vibrating particle from mean position is callod its amplitude.

Wave Vielocity (v): ) ) _

The distance traveled by the wave in one second is defined as its velocity,

The velocity of the panticles of the medium is dilferent from the velocity of the wave,

Wave velocity = frequency x wavelength v =

HETS - PREF BOOK ' ] 43
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Topic-4 _ Wavye,
e e e 7 . o . g )
+ Ihe relation v = 1A holds good for any type of wave nntlmn - ".":.-“:i:;: :;rﬂlt:::;;:lf:hmr
+ When a given wave passes from one medium to the other, its frequency -
MoA
v, A,

' ; : g ie inlce iple of 3. ¢
. The particles in the wave separated by a distance which is integral multiple of 3, ¢ 5
are mn phase with cach other. .
" i - i’ I
. The particles separated by a  distance  which s odd multiple  of it

f N -
I+ .i. lh=(2n+ 1) are out phase to each other.
L) =/ 2

Example: A sound wave of frequency 400 Hz is travelling in a gas at a speed of 320 m s, Whatg

the phase difference hetween two points 0.2 m apart in the dim“""fnm‘ﬂ?

A X a X c 2B D. —rad
4 2 5 5
| N e 02 o
Solution: B. As v=fd so A=L=3;=0.8m , Phasc 'ilil—f_'-"“""':‘==_-l =——xIR=—rd
L 400 A O 2
CRITICAL THINENG ™Y | .

A sinusoidal wave is traveling toward the right as shown. Which
letter correctly labels the amplitude of the wave?

e J : 1

ALA B.D
C.B D.C

—

Sy

L 8

LONGITUDINAL PERIODICWAVES = o
- In Imgjlmlina_l waves the _displwcmu.m of the medium is parallel to the propazation of the
wave. A wave in a "slinky” is a good visualization. Sound waves in air ane !uzl;imi—inal W

Velze ity of
[P

r——

i P

SPEEDUF SOUND IN 7

SOUND:
. A vibrating body produces sound waves (), = Im).
* Three things are essential for the datection of soumsd,

+ Vibrating body for production of sound
+ Medium for propagation of sound
+ Listener {car) for the detection of soumd
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Topic-4 Waves

3 Audible or sound waves: Range 20 He to 20 Klle, These are penerated by vibrating
podics such as voeal cords, stretched strings or membrane.
- Infrasonic waves: Frequency lic below 20 Hz Example: waves produced during earth
quake, ooean waves cle.
- ]_ungilm‘silud sound waves consist of compressions and rarelactions.
- Compression is 2 region where crowding of particles of medium is maximum.
2 Rarcfaction is region where crowding of particles of medium is minimum.
. Ultrasonic waves: Frequency greater than 20 KHz. Human car cannot detect these waves.
N Mach number: 1t is the ratio of veloeity of source to the velocity of sound
Mach numhcr:——wwd of source
speed of sound
M Gases (20°C) Liquids (25°C) Solids (20°C)
Hydrogen 1284 | Glveerin 1904 Iron 5060
| Carbon Dioxide | 259 | Sea Water 1535 Pyrex Glass | 5640
Oxygen 316 | Water 1493 Aluminum | 5100 |
Nitrogen 334 | Mereury 1450 Lead 2160 |
Air 344 | Methyl Alcohol 1103 Rubber | 1550 |

Far Your information:
¢ Sound is produced by vibrating objects.
s  Sound waves are longitudinal waves having three dimensional propagations in air.
s Sound waves produce Reflection, Refraction, Diffraction, Interference but not
polarization because sound waves are longitudinal.
Specd of sound in air:
. MNewton's Formula:
Newton proved that when longitudinal waves (sound) move in elastic medium,
the velocity is piven by

yve= JE Where E is the modulus of elasticity of the medium and p is its density.
P

Note: Wave velocity in o medivm is fived, Wave velocity is a material constant. It docs not
depend on wavelength, frequency and inlensiy.
- For Solids:
Modulus of clasticity
[ = Young's modulus of elasticity =Y

b

v= |—
p
L For liguids:
Modulus of clasticity
E = Bulk modulus of elasticity =D

B

v= [—

P
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- For gases: ; .
For a gascous mediom, Newton assumed that the propagation of I""“"“‘"“ﬁl
wave is an izothermal process (lemperaluie remains constant). I this Cang,
modulus of elasticity
E = Pressure of the gas = I

"

Sve o

. P
Note:

)  The experimental results did not confirm to Newton's assumption. Laplace corrected the
formula by arguing that sound waves travel adiabatically. Henee,

ve Ezlﬂzfﬂ
J-p_ | M m

where, T is absolute temperature of the gas, M is its molecular weight and R is universy]
Eas constant.

g =—:; = Boltzmann constant, N = Avogadro number

A
m —‘-‘—\: = Mass of onc molecule
.

(i) Velocity of longitudinal wave in: solid
medium>liquid medium>gascous medium When explosion due to fusion
For vour information: reactions take placc on the
Vibrating vocal cords produce the human surface of sun then why we
voice. The ear can detect very tiny pressurc | cannot hear their sound.
vanahons. -
Effects on the speed of sound in a Gas:
. Effect of pressure:
With the change of pressure, the velocity of sound in a gas remains unchanged, that
is, there is no effect of pressure on the velocity of sound in gas.
. Effect of temperature:
ve VT . Thus, the velocity of sound is dircetly proportional to the square root of
the absolute temperature, i.c.,
nw_ L _ ’21'1“
v, YT, Y om
LY = vo+ 0.6
v_-v,[l-rm) or vi = v+ 0611
Effect of moisture: y
The presence of moisture in the air reduces the resultant density of air, The net result is
that the speed of sound increases with humidity. Hence the veloeity of sound in damp air
is greater than its value in dry air.
Effect of density:

The speed of sound in a gas varies inversely as the square of the density of pas, lm-.]l-
j'l

(At the same temperature and pressure of pases)
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Eifect of Wind:

If the air carrying sound waves, is itsell moving i.c. there is wind. The speed of sound in the
direction of wind relative 1o the ground is fv+v,) while against the wind is (v—w.), where ve is
the speed of wind and v is the speed ot sound.

INTERESTING INFORMATION
Drilagperg s D #

S S
Ll =]

For vour Information:
For your Information:

» The speed of sound is higher in liquids and solids than it is in gases.

« Thespeed of sound in air increases 0.6 ms™ for each 1 °C increases.

s Ifthe speed of a body in air exceeds the speed of sound, then it is called supersonic.
Such a body leaves behind it a conical region of disturbance which spread

cuniil‘lu_ouﬂ_}'. Such a disturbanee is called “shock wave”. These waves may make
cracks in window panels,

—— CRITICAL THINKING D
rA The speed of sound in air is a function of
AL Wavelength B. Frequency
C. Temperature D. Amplitude
3 The velocity of sound in air would become double than its velocity at
0°C at temperature
A 313C B. 586°C
C.819°C - D.nmC

PRINCIPLE OF SUPERPOSITION / SUPERPOSITION OF SOUND WAVES
. If two or more waves propagate simultancously in a medium, then the resultant
displacement is given by the vector sum of displacement due to individual waves.

Ifthe displacement given by the various waves to the particle are y, +¥; +¥, + ey, then
the resultant displacement of the particleis y =y, #¥; +¥; F o Y,
e Different phenomenon duc to principle of superposition are
(a) Interference (b) Beats (c) Stationary waves
Interference of Sound: . ) : :
Superposition (mixing up) of two identical sound waves while passing through same
medium propagating along same dircction is called their interference.
Conditions for interference:
(i) coherent waves
(iv) identical waves
* In constructive interference,
resultant is a louder sound.

(ii) same medium (iii) same direction
(v) Sources of sound should be close to each other
two interfering sound waves reinforce each other, so that the
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Condition for Constructive Inlnrf{t;r:;lit; N
Path difference = nd wheren = 040, &. 0 ach other's effec i
» Ii‘n: d\:ﬂmc‘li:vr interference, two im:rfmng[spl:zli cancel cach effcct, 5o g |
resultant loudness of sound wave is become lainier.
Condition for Destructive Interference:

Path difference !!(n +%}1=[2n+|]‘%wm n=0+42,.....0...

+  Echoing zone is region of constructive imt'fl‘fmﬂ
i i ion of destructive interference ) |
: ﬁ:mmzm differcnce between lengths of paths traveled by two waves in reggg.
the same point.
Bc “: - g " "

a When two sound waves of slightly different frequencies, [ravcllmg in a medium al |
same dircction, superimpose on cach other, the intensity of the resultant sound y
particular position rises and falls regularly with time. This phcnomenon of regyy
variation in intensity of sound with time at a particular position is called beats.

+ Beat frequency:
The number of beats produced per second is called beat frequency.
f=h-n
+ Beat period: ) _
The time interval between two successive beats (i.e. two successive maxima of
sound) is called beat period.

Beat period: T'= l :

beat frequency ~ f,~ f,
STATIONARY -WAVES / STANDING WAVES

Stationary Waves:

. Super position of two identical waves traveling opposite to cach other in the same
medium simultancously, gives rise to stationary or standing waves

. Points of constructive interference 4re called anfinodes while points of destructive
interference are called nodes as M‘n 3

\&‘m-._:hf";f \“-Aﬁ_.__...-—"'/ e

9_,*?—.
T skeadey wno

. Amplitude is maximum at antinodes and minimum {zero) at nodes.
. All the particles in one particular segment vibrate in the same phase. Particles in W9
consecutive segments differ in phase by 180° 1
All the particles except those at nodes, execute simple harmonic motion about their me |
position with the same time period. |
Velocity of panticles while crossing mean position varies from maximum at antinodes 19
2¢10 at nodes,
. Nodes are stationa
amplitude.
ﬂu'rf consecutive nodes or antinodes are separated by distance equal 1o 12 and &
antinode and its consecutive node by 3/4.
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T0]
information:

T
ol The speed of a wave

and lincar density of

Waves

e ——

ﬂ1f\l1g HE
Stretched idep] siyi : :
the string ang ed ideal string depends only on the tension

Progressive waves of frequency a0 “‘f’l st bl

stationary waves in whicl a:lj:u. 112 nre superimposed to produce a system of

the Progressive waves? cent nodes are 1,5 m apart. What is the specd of

A l0Dms! B. 200 !

D. The distance 1.5m cormes;
by A=2(1.5})=3.0m

The speed of the wave, v=f) = (300)(3)

ﬁsﬂiP“':

C.A50 m 57! D, 90 m s

qution: ponls o bl Fp wavelengih,

. The wavelength is thus given

=900 ms™

CRITICAL THINKING )

4. A rope of length 5 m is stretched to a tension of 80 N, If its mass is 1
kg, at what speed would a 10 Hz transverse wave travel down the
string?

A.2mls B. 5 mfs

C. 20 m/s D. 50 m/s

'NTAL FREQUENCY

5% CIs0 stak iﬂﬂﬂﬁ'.
' On both the ends of string there are nodes, and an antinode is there in the middle.

. The speed of transverse wave in a stretched string is given by ve= -}-l-
Where T and j are respectively the tension and mass per unit length of the sinng
(p=m/L). )
Modes of vibration in a stretched string are as under
. If a string of length / vibrates in one loop then =2
v o LT i is called
and frequency f, = = This frequency is calle

the fundamental note or first harmonic. L
L If the string vibrales in two loops, then k=1 o

f, = %= 2f, . This frequency 15 called the first overtone o

second harmonic, . .
* If the string vibrates in three  loops,  then
3., 21
EN = -5 )= 3
f. =¥ = 31 . This frequency is called the seeond overtone or thicd harmonie.
g Ay
2/

harmonics arc emitted from a stretched string. That is
1are 5

Both the odd and even
I,=nf, where n=1,23

| S a9
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For vour information: i
The enerpy eminted from sound produced by a crowd of GO,000 at a Sl

) enough o wanm a cup ol tea.
Example: The frequeney of the fundamental mode of transverse vibration of a stretched wir,
100 mm long is 256 Hz. When the wire is shortened to 400 mm at the same tension,

what is the fundamental frequency?
A. 162 Hz B.312 Hz C.416 Hz D. 640 Hz

= i i ] T
Solution: D. The frequency of the fundamental mode of a stretched wire is = a2 J%

= l:ﬁri;f—!=@:f=ﬁ-‘lﬂ}{z
f, S 256 400

STATIONARY WAVES IN AIR COLUMNS
An organ pipe is a pipe that sets in vibration the air enclosed in it when the air is bloun

into it. As a result, sound is produced in it.
Organ pipes are of two types — closed end organ pipe and open end organ pipe.

. An open end organ pipé has both its ends open.
A closed end organ Pipe has one of its ends closed and the other open.

-
. In a closed end pipe a node is always formed at the closed end and an antinode is formed
at the open end.
. Longitudinal stationary waves are formed in an organ pipe.
. Various stages of resonance in a CLOSED END organ pipe are represented in the
following diagrams,
A A A
T
N
N
i ELY 5k,
F] F] 'y
N N N
, ; ; L T
. If the length of the pipe f==Lthen A, =4/ |, - Frequency, [, = LS
4 AW
This frequency is called fundamental frequency or fundamental note or first harmonic.
33, 4f v 3
If = 2 - # H Ty — = v -1
. [ 1 then J., 3 Frequency, 1, % ~E—3[,
This frequency is called third harmonic or first overione.
55 4f
. [f1="2 then ), =— - F ; v ._>sv
-3 s Frequency, fi=—="x=5f
J 5 N &

This frequency is called fifih harmonic or second overtone,
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Example; 200 overtone of an open organ pipe resonates with

jc-4 ,
Lo ) Waves

Only odd hanmonics can be produced

¢ =(2n=1)f; where n=135 W@ closed end organ pipe. That is

Longitudinal stationary waves are o
OPENEND ORGAN PIPE ag,

The antinodes are formed at both (he ends of Under what principle a sound is
open pipe: an N produced in a ﬂu,t,c?

various stages of resonance jn an o
following diagrams

m'l‘.'.d in an

Pen organ pipe have been represented in the

A g
A, |
{ N3
Al

|H=J—i‘~ then &, =21 , . Frequency,

This frequency is called the fundamental frequency or the fundamental note or the first
harmonic,

v ¥
If{= Az thenf, = —=—=2f,

o I

This frequency is called the second harmonic or first overtone.
3. U v _3v_
Ifi= T’ then 3., = .~ Frequency, f,= T =31,

This frequency is called the third harmonic or second overtone are produced in an open-
end organ pipe. That is f, =nf,, where n=123.....

The sound emitted by an open-end organ pipe is znusicfl]. )
No. of harmonics in open pipe = 2 x No. of harmonics in closed pipc
3 harmonies of a closed

organ pipe. The ratio of their length will be

] b
2 I c. 8 p.2
T i :
1 B3 3 6
L _32_2
L, /e 1




— mmmﬂ . T

5. The ratio of the fundamental frequency of an open ended pipe to a pipe
Whose one end is closed ix
Al B.2:1
C. 12 D. 14

6. Which onc is the correct relation for fundamental frequency of open ang
closed pipe?
A-f.m -Zl;lw B. ﬂM-‘Zﬂm

C. | r— l’glw D. feom= I/ frhﬂ.‘d

TSRS DOPPLER'S EFFECT
Doppler Effect (Frequency Shif)
il Apparent change in pitch (frequency) of sound is due to relative motion of source and observg,
& Doppler’s effect was discovered by Doppler, an Australian physicist, in 1845,
. Apparent frequency of sound heard by stationary listener duc to source movis,
towards him at speed "u’ is given as;

r:[ : Jr F>f or 1'=["_,“‘]l A<,

v-u, v
. Apparent frequency of sound heard by stationary listener duc to source moving awn
from him at speed “u” is given as;
r‘=[ ~ ]r '<f or 1*;["*“-]1 A'>A
v+, v
. Apparent frequency of sound heard by a person moving towards a stationary sourd

with speed “u” is given as;

r':[”—“n}r F>f or :-.{ Y ]1 A<

viu,

|
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. Apparent frequency of sound heard by a listencr moving away from a stationary source

with speed *u' is given as;

1“—_-["_\:'*‘]1[ f'<f or JL':{ L ]fl. A=A

V=,
. When both source and observer move towards cach other.

r'={i*i)r fsf
VU,

Where v = true speed of sound u, = speed of observer u, = speed of source

i B 1

. When both source and observer move away from cach other.
r‘=["‘“-']r r<f
v+,
Applications of Doppler’s effect
i Ships and submarine (sonar devices) N
gi:} Ball:: (for traveling | Can you apply Doppler’s c m:f:l for
(i) Radar (for detection) light wave and source of light?

{iv) Determining velocity of a star w.r.t carth

{v)  To monitor bloed low in major arteries,

{vi)  When a star is moving away from Earth then wavelength of light increases and red shift
of spectrum is observed,

(vii) When a star is moving towards the Earth then wavelength of light decreases and blue
shift of spectrum is observed.

il

Lar iz ai rest: No Change

N

Star is moving way from Earth: Red Skifl

« Slar meving tewards osrih

Earth
: Ttar maving swsy frsm oarth

il
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%
Conditions for no Doppler effeet: ot
() When source (S) and listener (L) both arc at rest.
(ii) When medium alone is moving. ) L .
(i) When S and L move in such a way that distance between S and L. remain
constant, . . .
(i) When source S and listener L, are moving in m;ulually Pcfpcr:t:::t;:n; d:n:cl:iom
Example: A whistle giving out 450 Hz approaches a slaho.nnr} ohsc; rhe 3];;1: of
ms. The frequency heard by the observer in Hz is (speed of sound = 330 myy)
A. 409 B.517
C.429 D. 500
Solution: D,

r'=[—"—]r= 450[ s ]=sm Hz
v

330-33

CRITICAL THINKING Y

A car is traveling at 20 m/s away from a stationary observer. If the car’s
horn emits a frequency of 600 Hz, what frequency will the observer
hear? (Use v = 340 m/s for the speed of sound.)

A. (34/36) (600 Hz) B. (34/32) (600 Hz)

C. (36/34) (600 Hz) D. (32/34) (600 Hz)

8. A source of sound moves towards a stationary observer with a speed one
third that of sound. If the frequency of the sound from the source is 100
Hz, the apparent frequency of the sound heard by the observer is

A. 67 Hz B. 100 Hz

C. 150 Hz D. 75 Hz

, SIMPLE HARMONIC MOTION
Vibratory motion is that in which a body moves to and fro about a fixed position along same path. ¢g
(i) Motion of simple pendulum (ii) Motion of molecules of a solid
~ CHARACTERISTICS OF SIMPLE HARMONIC MOTION®
Instantancous displacement is distance covercd by '

body at any instant from mean position, CRITICAL CONCEPT!

*  Periodic motion is that which repeats itsell afier Can a linear motion of a body be
sl | line: ‘ ‘
equal time intervals, SHM?

*  Vibration is one complete round trip of a body
about its mean position,

*  Time period is defined as time taken by vibrating body to complete its one vibration a
denoted by T.

B
o
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o [Frequency is number of vibrations per second and denated by £ f= l
T

1< unit 15 Hz other units are vibrations/s, cycle’s, revisee.

o Amplitude is maximum distance from mean position.

« Angular frequency is & = 20T = = 251

E\ll'"llll'a
A mass connccted 1o a spring makes 15 vibrations in 45 second. Caleulate its peried and
froguency.

ution:
i sumber of vibration = 15

Time for 15 vibration =45 s

Te?
f"' b
_ miventime _4_5 =t
~ No. of vibs, 15
i1
I § =?- 3'033: Hi:
SIMPLE HARMONIC MOTION AND REFERENCE CIRCLE
. Motion of projection of a body moving in a circle, on the diameter with constant speed is
SHM
. Instantaneous acceleration is givenas: a=-wx
9=
. Time period of projection is given as; T=—=—
©
. Instantaneous Displacement: X = Xo5in o
. Speed of projection is given as; v=myfxl-x’
where r = radius of the circle = amplitude of S.H.M
. Projection speeds up when moving towards the centre of circle.
. Projection slows down when moving away from the centre of circle.
. If speed @ of body in circular motion is not constant then projection doss not have S.H.M

but has vibratory motion. which is non-S.H.M
DISPLACI TF\T -TIME GRAPH

v FI,CH_IT‘I -TIME GRAPH

=% sned 1 Coune cene

N e | RS
[AVARVAAVL

ACCELERATION- TIME GRAPH

Z
£

A= LU 8

Sing curve

f/\/\
[\/_
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. . " Velog
i Velocity-displacement graph (v-x): Graph between velocity and + y

displacement incase of SHM is always cllipse.
V= m\!ﬁ; =& or V=g (\:: - u’]: m’x;',am’x’

-
H H
> L] v L'y X
b -
o)’ X,

ime Position Veloeity Accel
i 1) ot} alt) KE FE

1] By ﬂ‘ T | 0 Pﬂnuw

T | *max @ Oy [ FPEmay

Example: A simple harmonic oscillator has a time period of 10 seconds. Which equation relats
its aceeleration a and displacoment x?

A a=-10x B. a=~-(20r)x
C.a=—(20z) x D. a=-(2r/10) x

¥ 2n
Salution: D. a=-w'x and m.-_T

Where T is the period.
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What is constant in §,11.Mm7
2- Fﬁflun“u foree . Kinetic energy
o= 1. Perimalic time

0. Which one is the
i : = : - "
displacement *x* for ;{lr;:; e s aesmtm e

It consists of a heavy point mass suspended from a rigid support by means of almost weightless
and inexiensible string.

. Galileo invented simple pendulum.
* Motion of simple pendulum is 5.H.M if' there is no damping.
» Damping force reduces the amplitude of simple pendulum continuously and finally its
motion is stopped. )
o In absence of damping force, restoring force on simple pendulum is given as;
F, = -mg sin0, and for small amplilude oscillations F =-mgd.
i . i g
: . . ot 1 | v small amplitude is; a= ==
’ Equation of acceleration of simple pendulum for small amplitude t ; ]"

Thus @= JE for simple pendulum and does not depend on mass like the mass-spring
7 3

system does.

. Time period and frequency ©  simple pendulum are given as;
[y 1
! r [s— [
T=2r|= and n Vi
b
—— 51;
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it has non-S.H.M as a =

. 7 i L b
If amplitude of simple pendulum is not small then, Moy
we know that sind= g only when 0 is small. e
. A second pendulum has following characlenstics;
Time period 2 seconds
Frequency 0.5 Hz
Length 0.99 cm or | meter
Every vibrating body produces a
| sound. Does a simple pendulum also
| produce a sound?
"r“_l.'!ﬂ‘f? graph for simple pendulum: RS
= o enlututeld) ol i e . : |
1 gae . r;T
Pl “\‘ : - l “ B
L I I T
Pendulum suspended in a lift: If the pendulum is suspended in a lift ascending Up With unifome
acceleration *a’ then its time-period is T =2 |——
g+a

Ifthe pendulum is suspended in a lif descending down with acceleration *a” then

T=2n }—"—
g-a

. A second pendulum has following characteristics:
Spring Pendulum:

A point mass suspended from a mass Jess spring or placed on a frictionless horizontal
plane attached with spring constitutes a linear harmonic spring pendulum

. fHertia "
T - = 2.#1!—
SPFIng cons lan ¢ k

Oscillation of a Mass Attached to a Spring:

» Instantancous velocity of mass ‘m’ attached to a spring is given as;
= 1 1
Vi, SOhfx! =x
ki ., k
Vim Zouf—[ % =x s m= -
~ "1“ ' ) m
_ [k | X%
m H
=y 1 xI
LT :KI

I
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Oscillator has maximum speed at the mean position so put x = 0

Ve = 0% OR T =‘JE
-y - - m

R —
. Time period T= JHJ{_— ™ is the mass of (he body attached and k is

22V m
In case of vertical spring F = mg = kx
.m_x . ’
Ly = E (Here x is clongation)

force constant and frequency [ = ok

Then time period T= Z'JE
£
Spring in series: Equivalent foree constant of springs
1 1 1 kk
—=—+— gr k=—12 . :
k kK K +k, and time period

4000009
-
90000009
L

Springs in parallel: Equivalent force constant of springs k=k,+k, and

m
k, +k,
Example: The bob of a simple pendulum is a spherical hollow ball filled with water. A
plugged hole near the bottom of the oscillating bob gets suddenly unplugged.
During observation, till water is coming out, the time period of oscillation would
A. First decrease and then increase to the original value,
E. First increase and then decrease to the original value.
C. Increase towards a saturation value.
D. Remain unchanped.
Solution: B. Centre of mass of combination of liquid and hollow portion (at position ), first soes
down (tof +Af) and when total water is drained out, center of mass regains its

[H

time period T=2x

original position (10 ()

I [
I'=2m |-
L

=T first increases and then decreases o original value,

For your Information:
Ifa pendietum is shifred from Karachi to Quetta, then its time period will be increased.

"“-——__
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A simple pendulum of frequency 1S dmppﬂ: -’r:r'::lrrcf;:j::v'.m?ﬁ'::
along with its support so that it falls :rc;c -*. will E
frequency of oselllations of the falling pendiium = han
A. Remain equal 1o [ I3, Become greater thal

C. Become less than 1. D). Became 2crd

12, ‘ v [ has a metal bob. IT the I_ufh is
A simiple pendulum of [requenc) e win 2. padlitvely

charged negatively and s allowed 1o oscill
charged plate placed under it, the frequency will

A. Remain equal to £ B. Become less than [
. Become #ero

C. Become more than T

Encrgy Conservation in SHM
*  Iis K.E is given as;
T x*
ceae L)

(KE)_ =—kx: It is at mean posilion.

b | =

Or KE= —l_;mufr.f
(KE)ma=0 Itis at extreme position.

KE_= (}L.IE]M‘(I—H:]

L T

Maximum KE of a SHO is proportional 1o the square of the amplitude of the oscillations.
The kinctic energy is zero when x = #x,, that is when the mass is at cither of the
extreme position.

. Its P.E is given as;
1, 2
] A
PE. = Skx
(rE)_ = Tkx, Itis at extreme position.
me'x’ -
Or (PE) =—=
- 1
(0.1 Jaan = O Itis an mean position,
: . I, s
» Total energy ol system = 'E"h*-‘"'-‘rg}' remamn conserve in S1HM.
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. In one vibration K.E. attains its maximum value wwice.

* Frequency of KoE amd PLE is twiee ol frequency of S.11.M but frequency of T.E is #cro.
Total Enery in SUM and Conservation of Energy in $1IM
Atany displacement x, the energy of the simple harmonic oscillator is partly kinetic and

pEAyEaE. Tho energy of the oscillator when the displacement is x is given by

2
IE = KE 4 P = 0 x!-x“)w-mw %
2 vt 2

12
- Iy
TE =‘—1ﬁ = 1/2 kxo?

Example: A mass of 8.0 g oscillates in simple harmonic motion with an amplitude of 5.0
mm at a frequency of 40 11z, What is the total energy of this simple harmonic

oscillator?
A.0.16ml B.63ml
C.13m) D. 640 mJ

1 =%
Solution: B. Total encrgy = = meyx;

1
2
1
2

m(2rf) x?

(8.0x107)(2rx40)’ (5.0x10” J =63 m

| caimeAl THINONG

| 13 A body performs S.HLM. Its kinetic encrgy K varies with time t as
indicated by graph

-
&

| I
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COURSE CONTENT .
region of higher tem

perature 1o the region of

. Thermal Energy is transferred from the

lower temperature
o First law of thermodynamics =
. Specific heat and molar specific heat/ specific heal capacity.
. Relation C,— Cy =R
. Internal Encrgy

. Heat and Work

of hotness or coldness of a body and is 5

Temperature is sometimes called the degree ) !
placed in contact, heat flows from the

quantity which is such that when two bodies are
body at the higher temperature to the one at lower temperature.

HEAT:

. Heat is the energy which is transferred due to difference in lemperature of the bodics,

. It is a form of energy.

. The temperature of a system increases if heat is supplied to or abrorbed by it.

. Temperature of system deereases when heat is taken out of the system.

. Often, if the temperature changes by an exchange of heat, ther Q = me (47
where m = mass, ¢ = specific heat, T2-T; = AT = change in temperature

. The unit of heat in MKS is joule, in CGS, it is erg and in thermal units calorie.

. 4.2 Joule = 1 calorie

Thermal Equilibrium: Objects A and B are in comtact, If heat flows T, =71, T,=T,
from A to B, then A is at a higher temperature than B. When ‘ A l I I I Aln I
the heat flow from A to B is zero, the two objects are in —
thermal L‘thbnum. Heat Fliw

Zeroth Law: When two systems A and B are scparately in thermal equilibrivm with a third
system C, then the first two systems will also be in thermal u.v.p.iilihrium with each other.
It means if, ‘

- .\ T' Tl
Ta=Tc and  Te=Te then, Ta=Tg Ei
I,

Zero heat NMow

Thus, according to this law, temperature is that intrinsic property

of an object on the basis of which, we can say that whether the

object is in thermal equilibrium with another or not.
For Your Information:

. A thermodynamics system which is surrounded by a distinet boundary

S
AT

- e
ot ]

e,
i

‘(‘V An open system which transfer botl encrey and maiter.
(b} A elosed system which transfers only energy,
(e) An isolaated system which transfors neither CHCTEY Nor natter.

KETS - PREP BOOK : = [
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CRITICAL THINKING Y

Normal |¢“1pernlure' of 2 human |
(emperature is R::.ﬁ'l'- What wil] e
cuch atmosphere?
A S4.6°F

c.02.5F

hody

is DB.6°Fwhile its atmosphere
the temperature of the dead body in
B. 9861
D. 185"

FIRST LAW OF THERMODYR AT

T , .RMODYNAMICS

\When heat is n:rm‘\ﬁmm?d into other forms of encrgy total heat remains constant
40 =AU+ _,3\‘. where AQ 15 positive when heat is added and vice versa,

AW is positive when work is done by system and vice versa I

:;i i’-‘i (aferences from 1* Lan'ﬂf'{'hﬂﬂ‘l“}d}’ﬂnn‘li{s; AU = AQ - AW
T . ininterna 3
& changeinin IT ] =(Heat energy 1 ngln}_(llmlcnurgy flowing out |
4 energy . as mechanical work J
_+  Intemal energy is a state function. i.e. depends on initial and final states
dig For a cvclic process, we have: All= 0, U= Uy Then AQ= AW
SOTHERMAL PROCESS, .-lll.-\ IJ*L' IC-PROCESS, ISOBARIC PROCESS & ISOCHORIC PROCESS
Jsothermal process is that in which temperature remains constant.
AQ=AWasAU=0
. Isochoric process is that in which volume remains constant.
me (L Q=AU as AW =0
e Isobaric process is that in which pressure remains constant. AQ= AU + PAV
. Adiabatic process is that in which no heat enters or leaves the system such that
temperature remain constants
. Note: Cooling is produced when adiabatic expansion takes place and heating is produced during
A adiabatic compression.
LB COMPARISON OF DIFFERENT THERMO DYNAMICAL PROCESSES
1 | o - Isometric _——
nez | S | Property Isothermal Adiabatic (Isochoric) 7 sobaric
:jrdb Condition | 1~ cOnstant Q=constant, V=constant, P=constant,
j 05 | Condition ! AV=0, AW= =
o LN Areg,AU=0 | 8Q=0 WOARE
r" L |Fomof |AQ=0+AW=PAV | 0=AU+AW ‘:"Q"‘“_’. - o ““,' £
- — | first Law aw=-ﬁg______, _'}l'.l: n( “'u ol ‘41
j i 3 : P F, - [r
| 1 ii"_'\.‘ .' ‘ ¥ r% Tr N "
| i e Tl r|
i Ulagjam e ) E;%%g ., - . o T ov—
- Y | Vv =
— e, - —t— r
! "l'"‘-%-—__—‘—-ﬂ-—-— —_— .I_ = ¢onstant }— = constant
| 1, | quahion ]pV‘f,_Lﬂﬂ"ﬁ'li"“ T |
—_| O 51y PV=constant I — c=0C,
I 5. -‘;i--h-_-_‘_ . ~— e — '“_'——._'_n:r{] ¢=C g
' pecifie ey b
beay —w . | A,
o [SoporT——5 | -t T v |
i a_ P oV | =
L-'\'-'irzc_ Aav ¥ L A e 63
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Tople-G Themo’d.’m;.m

Different Thermodynamic Process and Relative:
Thermmodynamics Process

N -

"=

P Viomwe r {' e 1"l 1PV i

Four curves A, B, C and D arc drawn in the adjoining figure for a
given amount of gas. The curves which represent adiabatic and

isothermal changes are.

A. C and D respectively B. A and B respechively
C. D and C respectively D. B and A respectively

«  Amount of heat required 1o raisc the temperature of a

SPECIFIC HEAT AND MOLAR SPECIFICHEAT/ SPECIFIC HEAT CAPACITY.

— e e
Alolar Specilic Hesis wl

substance through 1 K is called hear capacity, denoted by C. ‘ Y axinmx Coanes |
Q=-CmAT Molar Specific Heats (lmel K3 _|
Specific lleat: The heat required Lo increase the temperature of | o I oL I T [“ ‘»[ oy
unit mass of substance by 1°C ;;L.:Ilcd the spucuhc heat of the P rerer— Lot
substance. Q = meAT or ¢=——. lsunitisJ kg ' K, [ BT L T s
mAT Ar Nl [ e | e
Molar Specific heat: Ne [ nl o [ser] sl
The amount of heat energy required to risc the temperature |Rr_1 20 ] 12 | x3 ""—l
of one mole of the gas through 1K, ::"""'“‘f"'“ T
= AQ TV T T T
nAT [T N T N
Molar Specilic hcal at Constant Volume :1“ h: 3 | s %:__.'
. 3 |
. Muolar specific heat at constant volume is the amount of Pelyatomic ‘:: .
heat required to I"uh’. the temperature of one nwole ol the [0, T v [ = T 53 EM
gas through 1K keeping volume constant. s, | | M 0] 14
AQ o | | 27 | sa7 |
AT o e T e | AR
e __--ﬁ
KETS - PREF BOOK
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. Thermodynamics
e Heat at Constant I'.-mm.m 7

spec sdolar specilic heat w Const

o WL Procere. :
emperature of one mole of i, Iressure is gy

5 amount of heat reguired o rised the
© 0B ool 1o I equired 1o rais
e a0 Bils througly | keeping pressure constant,
LAY

,q.inn Cp= Cy _g- R:

Qv =nCy AT (Heat supplied at ¢ons

e = T bt stant volyme

AQe=n (:p AT (Heat supplied gy SRt r1tnm}.
Cr-Cv=R. Pressure),

ek

£ o=y
w .
As Cp—Cv = Ris only applicable for p = |
" For n number of moles Cp — Cy = nr :
When different moles of diffe
of Cp and €. may be taken rent gases are mixed, mean of is not taken, but mean

nC +n2C
o T

Iy ",

(Cr‘ )_m =(C. J,,,m“ +R = _;{

Gamma mean is directly found by
mE, N, i,

Vo=l #=1 7.—l

YPES OF GAS |

. ) : 3 5
Monoatomic 3 R E P. 1.67
Diatomic E R —?- R 1.40

2 2
Polvatomic i R = R 1.29

i 2 2

Example: In an experiment to determine the specific heat capacity of a liquid by an
electrical method, a student ohtained the following results,

Mass of liquid heated 1.5 kg
[Initial liquid temperature | 300 K
Final liqued lemperature 357K
Elcetrical power of heater | 1.0 kW
Time of heating - 180 =
‘hat i at capacity of the liquid?
:“lzaf ljsktzc' s;fclcmc Heghoapacsy B. 1800 k! K ||
C.18Jkg'K! D.2100 ke 'K

; ; Q
Solution: D, The specific heat capacity, €= I—“E

4 ﬂ - -
= hiiianEilineg :‘_.___.___.(I.U:-c](l JO80) g0 sk K
massx AT {I.S][ES?—]HU]

[Erer T 685
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e

mnmmmm;

7
X Out of following whose specific heat is SRR

B. Brass
? :::]-:L: 1. Iron
4. IMCy = 56 kd and C, = 28 kJ then n = ?
AL 236 B. 3.36

C.4.56

The energy possessed by a system duc to molecular motion and conf Euration
considered as its intemal energy. . .
Intermnal encrgy of a system = Kinctic encrgy of its constituents molecules + Potentiy
cnerey of its constituents molecules.
Intemal energy is a state function which depends on pressure, temperature, volume ele, of
the system,
. The change in the internal energy of a system depends only on initial and final stares of
the svstem and not on the path followed.
. For an ideal gas the potential encrgy of the molecules is zero. Here internal energy =
Kinetic en of molecules and it depends on lemperature,
} HEATANDWORK = ARy x
“Heat is a form of encrgy which flows from the hotter body 1o the colder body til] the
temperatures of the two bodies become equal™,
. Work ean be defined as the energy that js transferred one body to the other owing toa
force that acts between them. The amount of work done by a system as it expands or
Contracts is given by: W = paAv

. Work is taken to be positive if the system cxpands against some extemnal force, Work is
tzken to be negative if the syslem contracts because of some external force exerted by the
surroundings,

. Work calculation by indicator-diagram method: It js positive if volume increases and

negative if volume decreases,

Iyl princesa )

N -
T v
P 1wk I
P £

¢

AT ID
|
v v E v, v
Vs Vs
. If arca under I'V-diagram is traced in clockwise direction the work done will be positive

(expansion) and will be negative (during compression) i the areq is traced in
anliclockwise direction,

KETS - PREP BOOK [
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Cyelic Process:

A cyclic process is one in which the thermodynamic variables periodically retum
to their original values, |p other words,

the initial and final states of the « tem | Negative
coincide. Thc waork ﬂﬂnc hy a ‘y.:;d": 1‘ Nllﬂ\.
process is equal to the arca enclosed by "l 2
the loop. =

Positive work:
If the cycle is traversed in the clockwise
sCnse,
- Negative work:
If the cycle is traversed in the anticlockwise sense. ;
If a cyclic process is represented by a circle on the P-V T P Q
diagram as shown in the fig, then the work donc is given p Pl 5

. Cyclic Processes

by W= %(P, -P)(V;-V,). The change in internal energy 0 . Lo

of a cycle process is zero AU = 0, Therefore, from First V—
Law, we may conclude Q=w.

2’
A 3x10%) B. 2x10%)
C. 10%)

— : ] 67
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e

COURSE CONTENT

& Coulomb's Law (Coulomb's Law in materinl media)

. Electrie feld and s intensily .

* Application of Gauss's law (Electric field intensity Juc to"an infinite sheet of charge,
Electric fiekd intensity between two oppositely charged parallel platcs)

" Electric potential

L Capacitor (Capacitance of a capacitor and its unit)

. Capacitance of a parallel plate capacitor

. Energy Stored in a Capacitor

.

Charging and Discharging a Capacitor

COULOMB'S LAW (COULOMB'S LAW IN MATERIAL MEDIA)
If two 5lmiun;|- point charges qi and gz are kept at a distance 1, then it is found that fore
of attraction or repulsion between them is

F - “llll:‘ iﬂ. l:'. - ql{!.‘
r! ==t -
veetor form of Coulomb's Law
Vector form of Coulomb’s law is
e e— L LN
II:I& = klh‘:]r l-,“ . 1:“ =k I:?: ?:l - r _—
r r

Where ria s the unit veetor from fiest charge o seconl chargze along the line joining te wo
charges and vice versa?

Note: Constamt k™ depends upon system of wnits anel medinm between two charges.
(i) Effect of Units:

. In C.G.S. system forairk=1, F= 99 gyne.

s i 1 5

. In S.1. for 2ir = —— =9x10"Nm'C*» F=—0o7 =33 Newton [IN - mﬁdmc]
dre, dne, J

{iiy  Coulombs Law in Material Media

-

When a diclectric medivm or specific inductive capacity (SIC) of the mujiu:n.i
completely filled in between charges rearrangement of the charges inside the diclect®
medium takes place and the force between the same two charges decreases by 3 factec?
g, known as dielectric constant is also called relative permittivity &, of the medid®
Henee in the presence of medium | = | qu,

LI
!.'

imee, rf )

"
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topic-6 Electrostatics

CRITICAL
Does an electiostane foree ¢
uncharged hodies?

I an ohyeet 1
be affected?

M2 x 107 elee o -
X 107 electrons are transferred from a glass rod o a piece

ui_ml?k by rubbing, what will be the net charges on both
ohjects? :

wist hetween a charged and an

anslers its charpes 1o another objeet, will its mass

Principle of Superposition:
Acconding W the principle of superposition, total force
acting on a given charge due 1o number of charges is the
vector sum of the individual forees acting on that charge
due to all the charges. Consider number of charges qi. g,

it oy

qs......4s 7€ applying force on a charge q

. Net force on g will be
< - ~ - = 4
sma=F+F4..... +Faa+Fa

For Your information:
For ) our InTOFMATTON.:
. A Charge is transferred from one body to another by

clectrons.
. Like encrey aied momentum, charge is also a conserved and quantized guantiy.
. Both elecirostatic and gravitational forces berween masses obev inverse square law.

-

The number of elecirons or protons which constitutes a charge of one
coulomb is

A. 625 107" B. 6.25 x 10" ‘
C. 1L6= 107" D. l6x 10" )
r If the distance hetween two equal charges is reduced to half and the '

magnitude of charges is also decreased to hall, then the foree between
them will bhe

A. Remam same . Decreased w half
. Increased 1o double D. Becomes four tme

Electric Field: ‘ »
Electric field due 1o a point charge is the space surrounding i, within which electne toree
can be experienced by the another charge.

Electric fihd intensity (E) :

The electrie ficld intensity at any point is defined as the force experienced by a unit
positive charge placed at that pomt.

o )
Fba; ® - > |
] I!I

1. I
Unit:  NC'($1), Vin ' and dyne/stat - C (CGS)

KETS - PREP BOOK 60



Topic-6 Eleﬁtrngh“
- t
“il"ﬂ"t\ll of clectric ficld:
Electrie field (inensity) I i -
; sity) B is o veclor = - -
quantity. Eleetric ficld duc to a positive  *=*” . f"‘-"\

charge is always away from the charge
R and that due to a negative charge is always towards the charge.
Relation between electrie force and electric ficld:

In an electrie field E jonees s ——— % t
clectrie field E a charge (q) experiences ige——>F Fé— 4 t

il

]

force F = gE. If charge is positive then foree is ) - i
directed in the direction of field while if charge is negative force acts on it in the opp,.

direction of field.
. The clectric field of a continuous charge CRITICAL gm;pﬁH
distribution - = some point.
E__l g . Does an electric field exist in empty |
4ne, 1 space? |

Where q is the charge on one element of
the charge distribution r is the distance from the element to the point under consideration ;
is the unit vector directed from the position of climinated charge towards the point whg
clectric field is to be found out?
Electric field lines:
+ The path followed by a tiny positive charge in an electric ficld is called line of foree.
+ Electric lines of foree are imaginary lines starting from positive charge and ending on
negative charge.
Some of important propertics are given below;
(i) Originate from positive charge.
(if) End on negative charge.
(iii) Do not interseet
(iv) Contract longitudinally.
(v) Repel transversely.
(vi) Tangent drawn to clectric lines gives the dircetion of electric intensity
(vii) Electric field is stronger where the electric lines are closely packed
Equipotential Surface

. If every point of a surface is at same potential, then it is said to be an S

. The direction of electric field is pependicular to the cquipotential surfaces or lines of for®

: The equipnieniial surices peoduccd by ot charge oo a spherically charge distrib®
are & fumily of concentric spheres,

. Equipotential surfaces ean never cross each other,

. Work done in moving any charge over these surfaces —

For Your information:

. There is na electric field inside the conductar,

KETS - PREP BOOK ) 7




Topic-6

Electrostatics
M
] e e

3 - ficld E. the
Phere i Placed in uniform clectric ficld E,
© sphere will e

T than i :; !{f::}lll:m L

A metallje
clectrie g
A.E

e

carped g
el insiglg ih

C. Greate
4. The i

Bure belgy shows three-poj

nt charges, all positive. IT the net
electrie foree on the cenger charge §

Yy
s zero, what is the value of ?'-'

Oty ¥ —
d 9 - A ]
A. =Y 2

Q .

ATETHEFIELD STRENG T |

difference angd ¢lectric

ficld intensity by following
7 3 AV
relation: E=-2Y
Ar
Where negative shows that E isalong

)  We can call “‘E’ potential gradiemt beca

: - IN v
i) 5l unit of E (N/C) is equivalent to Vim, ol
Example: A thunder-cloud whose base is 500 m above the ground. The potential difference
between the base of the cloud and the-ground is 200 My, A raindrop wigh p
charge of 402107 C is in the region between the cloud and the groung, What is

R * 5 .

the elcetrical foree on the raindrop?
;\I. L6= 10N B.8.0=107N C.1.6= 107N

D.040N
Solution: A F = qE

L]
(¥ -‘I—{-t oxlo™ [E’Li]:m:m'w
_”‘[d) \ (

71
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Topic-6

| camicas HINKING R

5. An isolated charged point particle produce
with magnitude 13 at a point 2m .:WI-':IIJ.'!1 At
the particle the magnitude of the ficld is:

A 2E B. 4

s an electric ficld
a point Im from

C. 3K © D.E

AND ELECTRIC FORCE

GRAVITATIONAL FORCE :
A NITATIONAL Electrostatic force

Gravitational force

Particulars

| 1
1 |
I qu.
Formula o= T = — %2 |
¢ = G ° dme, 1
_._‘_J
| Range Infinite infinite
| | |
Syml "¢ k= ,
| S mhol of constant G 4ne, i
{ Value of constant Very small Fairly large
| Nature Always altractive Adtractive or repulsive
| Dependence Medium independent Medium dependent
f : : . : = |
l Relative strength | Weak: can be felt with massive object | Strong at close rnge :

APPLICATION OF GAUSS’S'LAW: (ELECTRIC FIELD-INTENSITY DUE TO AN

INFINITE SHEET. OF CHARGE, ELECTRIC. FIELD INTENSITY BETWEEN TWO
[OPPOSITELY CHARGED PARALLEL PLATES) : Tt

*  Elcetric intensity due o infinite sheet of charge is given as; [ = 07

«  Electric intensity between two equals but oppositely charged plates is given as, E=—f

Electrie potential difference between two points is defined as:
“Work done per unil posilive charge in moving it against electric field with uniform

velocity. ie. keeping the charge in electrostatic equilibrium.”

It - - :
Av =Yoo ! il B S B
4.
. It can be given in terms of potential encrgy as
Al ; . A &
AV =— v W, = AU = electrostatic P.E N
4, ' i r
- S0 umit of potential difTerence is voll, e S T B

“IF 1) of work is done on one coulomb charpe between two points keeping the
equilibrium, the potential differenee is [V

1V =1L)1C
. g " R, r— 1 «
. Absolute electric potential at a distance *r* from source is given as; V= _L__l
dme,
g

TS - PREF BOOK ] 72
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Elcctrostatics

* What wiy be

J : yosilive charped
patticle moyee i FAUE of clectric potential when a positive charg
5 the dircetig, of clectric fieldg?

be e W
e by Ween g

What wj ]
displa

" il is
L OONE on (hye charged particle when it i
PO whiey, have same potential?

e eetracling hollow, 4y ok s 0.1 m is given a charge of 10 uC. The

clectric potential op e surface of spher will be
AL Zero -3 % 1oty C.9x gy
Solation: C. V_ - Lgtw

D.9x 10"V
4’:2.“ r 107 E‘JKH}‘\"
e oocential at a poing due 10 colletipn oF point charges is given as:
\’E-——_] ﬂ‘.
dae, T

i ECG records the volta
the heart while EEG

Electron Volt
The amount of CNCrey acquired or lost by an clectron as iy
of one voli,

* eV =16x10M
It is the uniy of ¢

B between POInts on humap skin generated by electrical process in
records thag by brain,

TAVCTSES a potentig) difference
and 1) =ga5x 101 cV
nergy specially used for atom

ic particles
%? —

6. The variation of electrie
represented by

|

Potential due 1o g Point charge wipp distance s
the graph (where V along y-axis and r along x-axis)

= S— ITS UNIT)
G DE T .

APACITOR (CAPACITAN e and clectrical enerpy.
AL "i-l l) sed for storing electric cl'"w:‘ = : :cltancc of capacitor
Capacitor is a device us is wiven as; Q=CV WhereCis t‘l p iy

sapacilor is given as, = tore charge.
Charge stored by capaci ! as Abilily oFa capacitor f“ stl::.l ween plales of capacitor.”
< pacitance is defincc 1 to the potential difference
“The ratio of charge stored

9
Malhr:mmically. o v

73
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w
b S1 unit of capacitance is Farad,
1 Farad It is defined os;
The eapacitance of a copacitor is of
the plates of a parallel plate capacitor,
them 17 =1CNny . IT
. TE CAPACITOR
CAPACITANCE OF PARALLEL PLAI h“ is given as;
Capacitance of parallel plate capacitor with air between 115 P ==

e of one coulomb, given tg

¢ farad il a charge ol ORG “
{ produces 2 potential difference of one vy, h,_.,

The above expression shows that-

i ill increase.
= As we increase the surface arca of plate the capacitance will mf.;
il asc b C.
o Decreasing the distance between plates will increase the capacilanc - .
. Introducing a diclectric betwen the plates will inerease the capaciiance o the capacitor,
* cciric between its plate is given as;

Capacitance of a parallel plate capacitor with diel
Cm - EnEn % = E,C‘* S0 Cmn! > Cvﬂ

Dielectric co-efficient or Dielectric constant ) . ) .
Definition The ratio of the capacitance of a parallel plate capacitor with an msulatmg Substary
as medium between the plates to its capacitance with vacuum (or air) as medium bty

them. g = Con

In the presence of diclectric material, the clectric field between the

plates of the capacitor will be

A. Zero B. Remain same
C. Decrease D. Increase

The graph shows the growth of charge with potential difference
between plates. The area under the graph shows ‘

A. Capacitance B. Separation of plates

C. Energy stored D. Electric intensity

KETS - PREP BOOK —



Electrostatics

3 .ut,u ION 19
1!;|llt..|\' LR [T ]

l,M RE

ASING

Batlery remaning
ﬂm.mll'. l
I L)
M= il= e

—— Devreases beenuse B
[ i 1 Deereases beeanse
Capactty Co= je,C,eC T [
. kb Cos i, €, <G,

— | Tterrn ¢ i
t I’-Ll'l'l:mw constant 1 because abattery | Decrenses heeause battery is present

s ol pres ' i

I(‘h;‘-rgl' i i€, 4, <4, . Remaining charge
| e, g, =1,
| i I::], -1, ) poes back to the battery.
L_-__-_ =
| Inereases beenuse Y = 5l V=V,
| Potential e (since battery maintains the potential

iMerence i [ Meron
!d = A% MF e, V, >V, difference)
|

e

Remains constant because

| o Deerease because E = 9
L= . Oy : = £
Eleetric ficld E=se—= e, I, =B o
£, AL, adq, =g, = E=qic, E, <E
w3 I enca
Increases because U =3 Decreases because U =;CV'

.l
Here Ca= Cypand qp = 2 i,

U, > U,

Here C: < Crbut Va=Vic,
U, <,

* SEPARATION IS DECREAS

:_Uua ity [!-;nl-.:' i% rimm'cd 7 Battery remains connected
Capacity Increases because ¢« :_Il ie. C,>C, Inereases i.e., C; >C,
“Remains constant because battery is not | Increase because battery is present
.. Charge present i.e., q, >, . Remaining charge
! e, gy =9, (4, —q, ) supplicd from the battery.,
= i = T
I Decreases because V= g/C Vi=V,
Ed'u’mn"a] . Vs Lind Ca> Crie, ¥, €V, (since battery maintaing the
iMerence ) C potential difference)
n m"ui,,;-‘,_-m,g:[pﬁ hecause Inerenses beeanse o 4
5 ' s =R A
Eleetrie figld et and V2 Viie, B, =L . s
e e AL Andg =g iel By > E,
s e T |
I]u.rr. ises hecause . It Inerenses becouse U = =N
Eneppy 5 i == i, S T
Cry And in this case g2 = 41 and C2= Gy e Here Cx = Cp but Va = v,
U, <1, e, U, >0,
"-—\_.____ 1 e - =
KETS PREF Boox ' e
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CAPACITOR

- — —
RGY STOREDIN
ENER trical potential cnerpy "t‘ca.,,‘,:

Charge on the plate of capacitor possesses elec
work done to deposit the charge on the plates.

. PE-~- %q\'

"e '

14
1C
= Encrgy is stored in electric ficld between the plates.

. : vm 1 Age, ] 0
E“ﬁm - 5[ —T-—J“‘.d]

. . L
Encrgy in capacitor = SCV'-

Encrgy Density =Encrgy/volume = '2]'C|Coﬁz

Exampie: capacitor of capacitance 4 WF is charged to 80 V and another capacitgy of
€apacitance 6 uF is charged to 30 V. when they are connected together, (e
energy lost by the 4 UF capacitor is

A)7.8m) C)32ml
B)a6ms D)25m)
Solution: A)
Vo =SNG, o
C +C,

For 4 uF capacitor E = ::—C,V", E, = slclw.-f.

1 &
E -E, =.2-c(vf—v;.)=7.sxm'u

Grouping of Cap, acitors:
SERIES GROUPING
Capacitors arc said 1o be connected i
series between two points when we cap |

FARALLEL GROUPING
The capacitors are said to bef

proceed from one point to the other only
through one path, .

OR paths,

|- In series grouping charge op each OR
capacitor remains same and equals 1o the [ = In  palley ENuping  potentid
main charge supplicd by the battery diflereng, WSS ey capacit |
potential difference across them may or remaing sy ol st © e
may not be samc. Pl porenial iffirence ik
duul;u o ey may or may not e

i —swme,

. Charge on cach capacitor remains same | » Poteryig) m_;._rmi

and equals 1o the main charge supplicd by
the battery, V = V) V3 + V)

L

connected in parajje) between any I
tWo points if we proceed from one
POINL 1o the oflyer along different

Sapaciiye "-'"‘l;lllllx e ang “lu;ll o

the applic Polential i flerence
“QitQyy O

KETS - PREP BOOK
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ropie® Electrostatics
u.r:‘u "3.” -f.il 0 0. Q.
\',—m—\‘.—mnl-\'. ”: -
...--'—E'qjir.ﬂml capacitance a

|, 1 1
. -—--I-(_— or C,, =(c' +C;'4¢y)

E:‘c, e G

Ca=GC+C, +C,

T In serics combination potential difference

and cnergy distribution is in the reverse
ratio of capacitance, i.e., V"é and

1
PEec—
C

In parallel combination charge and

energy distributes in the ratio of |

capacitance
ie. QoCand PE«=C

A If two capacitors having capacitance C,
and C: are connected in series then

If two capacitors having
capacitance Ci and Cs

are |

capacitances C arc connected in series
with supplied voltage V then equivalent

capacitance C_=— and Potential

; .V
difference across cach capacitor V -

=—C& connected in senies then
GG Cu=C+C,
. If n identical capacitors each having If n identical capacitors are

connected in parallel Equivalent
capacitance Ceq = nC and

Charge on each capacitor Q _Q
n

CRIMICAL THINKING 3

9. The diagram shows
points a and his:

four G-pF capacitors. The capacitance between

E;-—--—n-—uj-o
—i— 3

B. 3pF
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Topic-6 Electrostagy,,
For Y . B
L%M____ e T Cylindrical Capacitor T

‘ Sok “apacitor e i€ eylinge—s
| I consists q\ﬁ:%g%%?l[:z:?t-ﬁﬁu_&i;_nh It consists of 1Wo CONCENINC Cylinde —
spheres of radii a and b (a < b). lnner
sphere is given charge +0, while outer
sphere is carthed.

radii a and b (a < b), inner cylinder ;|
given charge +Q while outer eylingy o |
carthed, Common length of the lind,
is | then |

e =,

b

Capacitance = C=4xx, Lh'

(¥
In the presence of dielcetric medium Capacitance = C = 2wl
(dielectric constant K) between the spheres log [ g }

4
b
the C = dae k2 o
a—b In the presence of diclectric medium

{diclectric cor. tant K} capacitance
increases by K times and

CHARGING AND DISCHARGINGATCAPACITOR:
*  D.C supply stores charges on the plaie ] )

* A.C supply does not store charge

s Charging and discharging time depends upon product of R & C

* The relation for charging of a capacitor

L)
g=g,(l-c*)
This relation shows the natre of charging of a capacitor is exponentially, where g
represents the maximum charge on the capacitor that steres after an infinite leneth of time b
means, the rate of charging of a capacitor is different at its different stages, sraphically itis
represented by N .

HETS - PREP BOOK - 78
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iftimet=17 (1 RC)
L
g=q.(1-¢")

g=q.0-¢")=q=q,0-1)
¢

1
"="-["‘m}=“'=°-63q.

This gives that afler one time co ‘ itor wi
For vour Information: nstant, the capacitor will be charged 63%.

Iftimet=27 (2RC)

2
g=q,(l-¢7)
Then g =g, (1-¢7)
q=0.86q,
Tlf.r'.s shows that the capacitor is charged about 86% affer 2 time constani.
« The relation for discharging is given by

g=gq,e™
If t=17(IRC)

q=q,¢" =037q,
This shows that discharging of capacitor also decreases exponentially and
graphically represented by

qiL)
wEEREE o

lrﬁhhh

o)
63% or there are 37% charges left on the

It means a capacitor is discharged about
capacitor
For vour Information:
Iftimet =27 (2RC)
=2
=g.e” =0.14q, ‘ )
;’ﬁisq;lmws that a capacitor is discharged about 8676 ot there are 16% charges left on the
capacitor affer fwo-time constants.

After how many fime constants the

Time Constant: capacitor will almost discharged?

T=RC
Is unit is *s” i.¢. second. ' s
* Time constant is defined 5 tlu:_limc required by @ capac
cquilibrium charge on the capacitor: when time constant is smaller.
Charge P Hibrium value mo_lll‘l' when . -
. wm‘?:h!:fj ':fp::;?;' ,:::, work by charging and discharging of capact
— N

KETS - PREF BOOK
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COURSE CONTENT

. Ohm’s Law

- Electrical resistanee

. Specific resistanee or resisivity ' i isti

. Effect of temperature on msi.-:t:'uu‘c (Temperature coefficient of resistance or resistiviy,
. Itemal resistance of o supply |

. Electric power (unit of electric pmwer)

- Kilowatt-hours

Tvpes of current:

= The rate of flow of charge in a circuit is defined as current.
i FI,,,D,,::EEE or 1=2 or Q=
Time t ) |
r\llEﬂtali“s currmi[[ac] Direct current (de) 3 l
] — U (Pulsating de) (Constant de) ‘,
T Magnitude and direction both il | |
/-:\ varies with time |
[ &/ — =
(s svmbol is —G}— (i) It's symbol is - e
Example: The current in a resistor is 8.0 mA. What charge flows through the resistor in
0.020 57
A 016 mC B. .6 mC C.40mC D. 0.40 mC

Solution: B. Q=1
= (8.0maA }(0.020 5)

=0.16mC

Electric current is o scalar quantity,

-
. Unit of current is ampere in MUELS. sysiem and st ampere in C.G.5. system.
and | ampere=3x10" stat ampere
. I ampere = 6.25 x 10" electrons / seeond.
. In metals electric conduction takes place du to Now of free oleetrons onlv. Bul in 455

and electrolytes, electric conduction takes place due 1o flow of both positive and negatiV®
ions. 8 3

4-"55
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rople ' Current Electri
" ational & Electronic Curreng city
o -

CONVENTIONAL CURRENT
Current due to positive charpe is
called t;n-m'-.:nlin_u;'ll current,

It flows 1huni-1i—glm§,r,ﬁ._

s

ELECTRONIC CURRENT
due to electrons or I'Ii:[.illl'ﬂ: charges is
called elecironie current

Curren)

| pntculi:ﬂ. It flows from lower to higher potential. l
It flows in direction along the
direction of ficld.

i

—

M. flows apposite to dircction along the i
_ direction of field, |
Both conventional and electronic currents are |
begiven a5, loal = lie+ Ly

Drift velocity (V

flowing in a circuit, then total current will

- '.|} It is the average velocity attained by free electrons on applying
external electric field. In conductors, v, =10"ms™

o Current density (J) The current flowing per unit normal area of cross section is defined as

current density, i.c. ] :E-[:ampm ] . Current density is a vector quantity. lts

direction is from higher potential to lower potential or its dircetion is that of the flow of
positive charge. J = nevy where vais the drift velocity of clectrons,
' Due to rotatory motion of charge;

If a point charge q is moving in a circle of radius r with speed v (frequency v,
angular speed w and time period T) then corresponding currents
I=qlf=q/T=qf/2nr=qw/2n
For Your Information:

s An electric shock is a violent disturbance of the nervous system cawsed by an electrical

discharge or current through the bocdy.,

CAITICAL THINKING

The diagram shows a model of an atom in which two electrons move
round a nucleus in a cirenlar orbit. The eleetrons complete one full orbit

in LOx10-"% 5,

clecrnon lection
E [

motion of the electrons in orbit?
B, 3.2 % 104
D.32=10%

What is the current caused by the
ALG = 107HA
C.l.6= 10%A

W - - ' 81



Topic-7

w
* If the physical conditions of the conductor .

(temperature ete.) remain constant, then e

applied  potential  difference  is ‘d‘lrcclly

proportional to the current flowing in it i.€.,
leV or  V=IR

R is constant called the resistance of the |
conductor,

. Ohmic substances The substances which obeys
Ohm’s law is called ohmic substances. Metals
are ohmic substances. Graph for ohmic
substances between V and 1 is a straight line.

v

o Ohm’s law is only applicable in metallic conductors. So it won't work in the cxed
non-metallic conductors.

. Non-ohmic substances Those substances which do not obey Ohm’™s law are callsf e,

ohmic substances. Semiconductor diodes and filament bulbs are non-ohmic substee
Graph between V and | for non-ohmic substances is not a straight line but a cunve ki
shown in figure,

Far Filamen: For Didixle
+ Slope of I-V graph is equal to conduetance,
(If V along x-axis and [ along y-axis)
# Slope of [-V graph is equal to resistance.
(If I along x-axis and V along y-axis)
For Your Information:
+ Flow of current is directly proporiional 1o the potential d;

e : fference,
+ Flow of heat is directly proportional to the temperature dj

flerence,

CRITICAL THINKING Y

Which one of the followin
A. Gold
C. Copper

R material jg non-ohmie:
B. Germanium
D. Silver




Current Electricity

: -',I“I‘-‘,("H’M'\l.‘ RESISTANCE
pis the property ol a conductor, by virtue of which i  the flow of aurost in i,
y U0 Potential difference it opposcs the flow of current in it

R=—= between the end of conductor
! . C“mm‘. flowing in the conductor
Unit of R is ohm in ME.S. sysiem  and

lobm = o= stat ohm

stat-ohm in C.GS. system and

Unit ohm The “_‘-“:*“f_'“cc of a wire, through which a current of 1 ampere flows on
applying. a polentia difference of 1 volt across its cnds, is defined as onc ohm.
Resistance depends upon

The arca of cross-section of the conductor [R < l)

’ A

The length of the conductor (R o< L)

The nature of material of the conductor R= pL
A

Where p is known as the specific resistance or resistivity.
.  Thetemperature of the conduciors.
puample: From the graph between current i & voltage V shown, identity the portion
corresponding to negative resistance

A
¥

A.DE B.CD C.BC D. AB
Selution: R=V/i in the graph CD has only negative slope. So in this portion R is negative
SPECIFIC RESISTANCE OR RESISTIVITY
The specific resistance of a material is equal to the resistance of the wire of that material

aa .k : RA
with unit cross-sectional area and unit length. p==
so,ifL=Imand A=1m*>  thenp =R At
. Unit of p is ohm meter

Resistivity depends on

(2) nature of material (b) temperature. _ -
i p does not depend on the size and shape of the material because it is the characteristic
propenty of the conductor material.

Other of specific resistance  Patioy > Promiconducior  Poondacios )

The value of specific resistance (p) is minimum for Ag and maximum for silver, so
Pu>poe > pag HenceAg is best conductor and Cu is second best conductor of clectricity.
Constantan, Nichrome, Maganine, Ureka (alloys) and tungsten have high value of p,
E hence resistance of wires of this material is also high. c

Tample: A wire I = 8m long of uniform cross-sectional area A = ¥ mm® has a conductance
of G = 2,45 ', The resistivity of material of the wire will be

A21x107Om B.31x107Qm  CA1x107Qm  D.5.1x107Qm

—L=1m—

Solution; Cp=RA_A _ 82107 _ 4 1x10760m

I Gl 245%8
N R voor =

Fh.

e ——— e g




s with the incy

- 1 = L
. Resistance of pure metal (e ‘"i'_lull.-‘ | range of tempg,
e iy o]
lemperature. The change in resistance 15 Ii wors (6.8 cit,  rubber ey
. The resistance of clectrolytes, insulators '

ses with the increase in LM gy, =

? , orea
o . " D e silicon ele.) deer .
Semiconductors (e germanivm, I change of temperatug, ..

8 ) we with sma
» Resistance of constantan wire docs not ch“f"l"" n is very small). Henee standarg Pogia,
tEnperature coetficient of resistance of “1“51'“““ -L'l' onstantan iy
used in resistance boxes and post office box = I_“udul Fo
. The reciprocal of resistivity is called conductivity. ]
o 1o
| ) ) 1 n
= mitofais gl
- and Unit Ere—— melre
. Temperature coefficient of resistance (e 11:5: e indrea=e’ i roststance; o i i
R,-R, . 0
reststance al (FC per wnit rise {1°C) in temperature. o = T Its unit is per °C.
(-]
L

For conductors a is positive i.e.. on inereasing temperature, resistance increase,
For semiconductors (5i, Ge) and insulators (diamond quartz) o is negative, i.e, on
IMcreasing temperature resistance decreases.

Variation of resistivity with temperature:

it A
[

7 T —

HETI ’ ||~K P — Il Superouubsao
|

# i il B

,{E@ﬂm THiNKkING Y

3. If the resistivity of the cond uctor is 2 x 10
N S RIT
C. 5= 107 £y

L LT ———
L LT (e P

Qm then its conductivity is
B S 108 gl
D. 5% 10° Q!

INTERNAL RES]S

emf of 2 souree is defined gs Potemial o

¢ between iy Oulput term

is anternel resistance is zero gy pg Lurrent is heing drawn from g

. Whan charge camiers flow througl 3 coniducior, they loose their electrical K.E. ln 698
g resistance, loss of energy js compensated by soyrge ut':m[ -t xuil;t pale.

. Every source of emf has 1S OWn resistance eylleg internal vesitupnce s

. Smaller is the intemel resistance of g battery, betier iy will Iy -u"“.'. el

. Terminal potential difference jy 4 Voltage hegyee Wik e wree &
emf when current Is drawn fron i, S utput terminals of a 5o

. We can relute emi (g) terminal poten i .
. (F] AR - = mﬂs
ey VL) ang emal resistance(r) by the foll?

Vi=g=Ir OR g v

KETS - PREP BOOK \-\*__/ﬁ




ropic7 Current Electricity

A nc\;' .r:zs:':iﬁl:l‘: ':"N: of emf 1.5 volis Rives a eurrent of 15 amps, when connecied
d:.";:-:“l; ‘;hm mmeter of resistance 0,04 ohm, The internal resistance of cell is
A 0.04 ohn B 10 ohym
C. 0.06 uh_m D, 0,10 alim
I: 1.5

N =152t
solution: € R+r 0044y F 0060

prample:

4. lq the Ppresence of internal resistance of the sou rece, which one of the
following relations between potential difference (V) and e.m.I (E) is
correct
A.E=0 B.E=V
C.E>V D.E<V

5. A battery whose emf is 40 V has an internal resistance of 5 (0. If
this battery is connected to a 15 Q resistor R, what will be the
voltage drop across R?

A lov B. 30V

h C. 15V D. 40V

e ELECTRICAL POWER
The electrical energy per second is defined as electrical
power.

cnergy supplied

Electrical power = -
time taken

p=_QVv
1 t
P=]V
P=PR = p="_
R

Where P represents the power dissipation.
Heal produced due to power dissipation is given as;
H=p x1
=BRi=VIt=V2/R
I 1) electrical energy is dissipated per second, then power d
wa = 1) /15
5 IIW;
The amount of heat generate .
*quare of current |, resistance R and the ime dur
W=pp,

Bh— — 88

issipated will be 1 wat

Jhu“kl

J in a resistance due to flow of charges is equal to product of

ation L.




Tople-7

Combination of Bulhs:
Bulbs in Series:

* Total power consumed 1 =
P

—

P

IT*n" bulbs are identical, P, =

=2 | =

Do (Brightness) e Ve R o I"L i.c. in scrics
nied

combination bulb of lesser watlage will give more bright
will be more,

Bulbs in Parallel;

* Total Power consumed

Poct =Py +Py 4 py+_4p,

If*n’ identical bulbs are in parallel Py = nP

e (Brightness) o Py o¢ j ¢ /R j.c. in parallel

comb 4

B. ll'.l paralle] Pw
Pa>Ps (given) R, < Re
um power oulput:

Power delivered will be maximum when R =

Maxim

L I

Kilowatt-hour is a commercial uni
“When a power i
is lkWh,”
1 KWh= 1000 W = 3600 sec
=36« 0%)
J=2.77 = 107 kWh
E(kWh) = I (W) = 1 (h) / 1000 7
Cost of electricity = kWh x Unil Price

KETS - PREF BOOK
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CRITICAL THINKINGD)
6. A battery is yseq to light 5 24

Current Electricity

W eleetric lamp. The battery
in 60 s,

provides a Charge of 129 Cc

23w

What is the

Potential difference across the bulh?
ASY

B.12v
C.2av D.120v
7. An clectric iron is marked 20 volts S00W. The units consumed by
it in using it for 24 hours will be _
A 12 B.24

C.5 . D. 1100
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Topic-8 ) [ELECTROMIAGNETISV]

—

COURSE CONTENT

. Magnetic field
Magnetic Flux and Magnetic Flux Density - ficld
Force acling on a charged particle in a uniform magnetic field.

Path followed by charge particle shot in the magnetic field in the direction perpendiey]y,
10 the field,

MAGNETIC FIELD
Study of magnetic properties is called magnetism.

. Study of magnetic propertics associated with electricity and laws relating to them j
called cleetromagnetism,

. Iron ore magnetite (Fe304) was discovered as early as 600 B.C from Magnesia, 5 regiog
in Asia Minor, situated in modern Turkey.

* Magnetic field arises due to movin charges. _—

Characteristics of a Magnet s DO YO KNOW

. It has two poles.

. North Pole of magnet coincides with the South
Pole of carth’s magnet & vice versa.

. Freely suspended magnet sets itself along N-S
direction.

. An un-magnetized magnetic material can be | Like electrie dipole, a magnetic
magnetized as follows; pole consist of a south and nonh

+ By electric method (passing strong D.C) [ pole

+ By single touch or double touch methods, —— e —

. Magnet can be demagnetized as follows;

+ By passing A.C

+ By heating strongly

*

By striking a magnct again and again with a surface like that of earth, ¢.g by

Magnetic Effect of Current

When an clectric current is passed through a conductor then g magnetic field is produced

around the conductor. It is called the magnetie effect of clrrent,

Magnetic field (B): The region of space around a m
experienced, is defined as magnetic ficld,

. It is a veclor quantity. i

. Unit intensity of magnetic ficld (B) is weber m™ or N““"Olt’umpcm N

M.K.S. system and Maxwellfem2 or Gauss or Oersted jy CGs. i

MAGNETIC FIELD DUE TO CURRENT IN A LONG STRATS .

Hans Ocrsted found that a magnetic fickd is set up in the region

¢ ' wire.

:J"')Ir';:::blincs of foree are cireular and their dircetion depends upon the directipg

hammering.

agnet in whigly itg magnetic cffects an

surrent 15 Nowing FCUJ'\’L“HI!.
e The magnetic field lasts only as long as the current 1s ing lhmug,h the wipg,
KETS - PREP BOOK e
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rand Rules
bt WARC T arasped in fist of ri

he wire is ES] St ol right hand wig, ¢ 5 oz
‘m.mli-.mal current, the fingers of the Imn:l :uln:'lc:::"r S Polatin
:n-'-:ndic ficld bt

Eatlowing figures should be kept in mind aboug gi
L}

rection of magnetic ficld,

I-|Into paper] 1 [0t of prageey
B-Clockwise B-Anti-Clock Jr'rh:

E]tctl‘ummgulm

ling in the direction of the
€ wire in the direction of the

CRITICAL THINKING

1. Magnetic field lines form loops from pole to pole.
A. Open B. Closed
C. Branched D. Either closed or branched

that is given by; F_=I[ LxB }
Where L is length of conductor inside the magnetic field and defined along the direction of
coaventional current.
+ Dnft speed of an clectron in a conductor is given as;
1

V=

nAc

] i - s
Magnetic field con be given as; B Lein
S0, magnetic ficld is defincd as magnetic force acting on a conductor of lm camrying 1A
curent and placed L 1o magnetic field.

* Iffu=IN,I=1A, L=Im & 0= 90°, then B= | tesla

N
1T=—

Am
Gauss is a small unit of B. 1T = 104 G

cameaL THING . |

. The diagram shows a siraight wire earrying a Mlow of electrons in.m
the page. The wire is petween the poles of a permanent magnet, The
; nuenelic foree exerted on the wire is
dircetion of the mag i

M|

g




MAGNETIC FLUX: ALY

Magnetic Muy is 2 measurement of the total magnetic S

fickd lines which passes through a given arca. b PR,

The scalar product of magnetic ficld strength (1B) and the l__]l ” f.

voctor arca (A is i I N7
. M

I the magnetic ficld is not perpendicular to the plane, but wﬁr %),.}::{

makes an angle @ with the nommal to the plane the flux —

linked with the plane will be " "":n‘

Maximum Flux: RS
L!‘r:::n;?: between B and A is 07 the flux will be maximum,
Minimum Flux: |
Li;l—hia:gtc between B and A is %0° then magnetic flux will be zero |
Unit of Magnetic Flux:
“m;'::crlls::;t;{nr::’gmuc flux ¢ is weber,
The magnetic induction B is the Mlux per unit area of a surface perpendicular o B is 2l |

called 2= flux density.
. Formula: B=2 |
Unit: +
- weher metne 2 |
. Newton/amp-meter.
|

. Unit of B is also called tesla. In C.G.S, System unit of magnetic flux densit
1y

1 tesla = 107 pauss is gauss.

| comca: Timeng Y|

The magnetic field in a certain resion fe of ;
1 region is piv ¢ 403 L
flux passes through a 5.0 em? area loop in FI:;:::_-:;:F:-I-ISIC- v mack
sl il loop lics Nat in YZ
A.90 = 107 Wh B2 2
‘ -2 x |0y
C.2~-10°Wb D.'}xll}"'x":::

' FORCE ACTING ON A CHARGED P
Magnetic Force on a Moving Charge
When 2 charged panticle of charge ¢ is moving with veloeiy, vi
angle 0, then force acting on the panticle: ¥V inam
i—': = q[;r.'-i H.} or F = gvI3 sinl

BRCLE IN A UNIFORM RThcs
VAL

Bnetic feld 13 at =

Where 0 is angle beiween vand B,

. Direction of force F is perpendicular to both v amd 13, this dircetion .
“Fleming's lefl hand rule™. ) “an be find ot by
For electron F= - :{{':rllj and for proton F=+ c{w-cuj
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pATH FOLLOWED BY CHARGE PARTICL

Electromagnetism

CRITICAL THiNiNG )

A IMeV proton is mo\ﬂlng perpendicular &

1.5T. The force on the Proton fs: a uniform magnetic ficld of
AL25XI0N - .
C.25x10"N LTHx 10N

D. 7.6 x 1017y

B 2-axis in a magnetic field, The magnetic field is
n will experience a force along

B. y-axis
D. -ve z-axis

A proton is moving alon
along x-axis. The proto
A. x-axis
C. z=axis

E IN MAGNETIC FIELD

Ifv=0,thenF=0 -
If0=0"then F = qvBSin0 =0 ]

So the particle will continue to move in straight : *xzlsax
line with the same speed. S =
If0=180°then F=qvBsin 180 orF=0 g .(.*‘: ) .
Here also the paricle will move in same | o

direction in straight line with same speed. - PR

If0=90° then F = qvB sin 90 or Fouy=qvB
In this casc the charged particle will move in circular path and the plane of the circle is
perpendicular to B.

mv: CRITICAL CONCEFT!
gvB=— -
r ; A force exerts on a moving charged particle in
o r= v a magnetic ficld, but in what direction it
gB moves that the force does not exert on it?

ris called radius of circular path or cyclotron radius.

2%

; v
<. Angular velocity or angular frequency of the particle: w= -

So,0=38 By =2
m
o .2 _498

2n  2mm
: i " oo 1 2mm wl  kinetic energy  of  particle
Also  time period  of particle — ro u B I =

. 3
Kl zlmvz = .I.m(.rq—l]
2 2 m
©  gpareB
: Im )
\-‘ﬁ-__ 21
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Topic-8 : TR
_ - voen 0% and 907, then the path of the particle is helical or helix
e betwoen ]

van il
—r
X
q = voos 0
I
0

Here radius of helix  r= E%S];i- and pitch of helix
2rm 2rm
= o T= " COS N — o =
X VoS B v % qB qB

Foree on Charge Particle in An Electric and Magnetic Field:
As, F, =qE, and I-=:=q{;xﬁ}

+ Electric foree does worl
i Magnetic force does no work

i, il

WAL L 2 T ey == e 2
i —y Ienetic force of
f'ﬂo:m E E ? éF Electric Magneric magninude gvRsid
’ F Field Field B Perperlicular 1o

— both v and B, away
( ISEETn] v riower
Example: A particle of charge —[gsyg-1n C moving with + )

Enters a region where 4 magnetic field of induction 13 5 along the y-axis and an
electric field of Magnitude 1p¢ Vim js

along (he negative zoaxis, If the charged
particle continyes moving along (e x-axi N
2

D. 10 wh 2
Solution: A. F=F, +F., = gj *9(7xB)=0 mpaE gy
L

KETS - PREP BoOK =



roplc-8 : Electromagnetism
= 527 =7A

tween Electric and Magneqje Forces N o
Elcetric Foree

«Magnetic Force

Hectric foree on a charped particle i« | .
1 llln?-nl\"?c'l:ll:lu';\r \\'iklll lI'I:::“Il |‘ll-1;lu.lc 18| Magnetic force on a charge particle is always
" _E!_.f‘-.__,l —_— ,7'."__'_'_ perpendicular to the field.
— Electnic loree llll:_l isidependemoof | e e
> the state of rest of the motion of e | Magnetic force is velocity dependent ie. acts |
charged particle. only when the charged particle is in mation.

— | Electric force does work in displacing : 1

3 | Rodieracipaikils Placing | Magnetic force does no work when the
,__._._--'w arged particle. ch:lrg,ul_ particic is displaced. _

Magnetic force, i
! | F=q[vx0)
i Electrie force, | =qvisin®
| _" 'd: = qE “’hﬂ‘n B = 0 :
i Force=0 |
; When 8=90° |
| | F = qvi3{max) 1
5 | Electnc force may or may not be Magnetic force is always non-central. |
| ~ non-central. |
=t CRITICAL THINKING D
6. An electron moves in the negative x direction, through a uniform magnetic

ficld in the negative ¥ direction. The :nagnctic force on the electron is

A. In the negative z direction B. In the positive z direction
C. In the negative y direction D. In the positive y direction

7. Two charged particles M and N are projected with same velocity in a
uniform magnetic field, Then M and N are:

A. A proton and «-particle respectively
B. A deuteron and an clectron n.‘spc_clwcly
C. An electron and a proton respectively
D. A protium and a proton respectively

|
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Topic-8

¢/m FOR AN ELECTRON
v

e'm of a charged particle can be given as; : ) o sl
Where R it determined by Thomson's apparatus while velocily is ducnmnm by

following two methods:
Y ¢
Potential difference method:  y = ’IV,;

i U
m B
Velocity selector method: v = E
so that, L. E
m B

The value of £ is equal to 1.7588 x 10" C/kg
m

* Among charge particles alpha, proton and electron, the maximum e/m is for clectron,
neutron has no charge.

* o'mof neutron is zero, as
* Conditions for ¢/m in uniform Magnetic field
| Ifspeed v is constant If Momentum is constant If K.E is constant
e _ v e v e_v
m  Br m Br m Br
= v _mv _p mv_ p  2mKE
re— S — i r=—=.t_ =
Be Be Be Be Be Be
ra-"—’ rtz‘l JJ’TJ
c € el S
e}
the same speed in a direction

Example: Four particles independently move ar
perpendicular to the same magnetic field. Which particle is deflected the most?

A. A copper ion B. A helium nucleus
C. An clectron D. A proton
particle by the magnetic ficld is given by Bqv. As this force

Solution: The force excrted on a
provides the necessary centripetal force 1o deflect the particle.

mv” mv
By=——=yr=—u
r
the electron has the lowest

Fora lﬂr‘gc deflection, r is small. Among the four particles,

m P
— ralio.

8. An electron enters a region where the electric ficld E is
rpendicular to the magnetic field B. It will suffer no deflection

pe
ir

ETS - FREP BOOK
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INDUCTION

10PIC-9 »

[lectromagnetic induction

Faraday’s Law

Lenz's Law and conservation of cnergy
Alemating Current Generator
Transformers

COURSE CONTENT

ELECTROMAGNETIC INDUCTION
“When the mlngnrtin: flux linking a conductor changes, an c.m.f is induced in the
conductor, this phenomenon is known as clectromagnetic induction™. Induction is the
change in flux linking the conductor (or coil)

The product of number of tums (N) of the coil and the magnetic flux (¥) linking the coil
is called fux linkages i.c.

Flux linkages = N

The induced current depends upon the speed with which the conductor moves and upon the
resistance of the loop.

The induced current can be increased by

+ Using a stronger magnetic field

+ Moving the loop faster

+ Replacing the loop by a coil of many tums

DO YOU KNOW |
N 111
] : _“f: - -.‘“\ j

Electronic card swapping  system
based on the clectromagnetic

induction theory

Faraday's Laws of Electromagnetic Induction _ o _
Faraday has given the following two laws WH““'“‘%‘ cl“ﬂ“‘.““‘k"“‘:'“" f“d“"““"‘- N
. Whenever there is a change in the magnetic fux Inllkc\l with a circuit, an induced .mll. 15
produced in the circuit. I the circuit 15 closed, an mmlu_cul current {lows through it. The
as the magnetic flux 15 changing.

current flows only so long : . ) . »
¢ negative rate of change of magnetic flux, Thus, il Ad be

d The induced emf is equal to th g . e
the change in flux in time interval AL, then the induced emi in the circuit is
A® NP .
E=~ -A— » N number of tums, €= =57
1
Ey——— 25

'~ PREP BOOK
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Electromagnetje Ing,,
) ot

v the induced em [ opposes the change in magnetje flux,
VS :

The negative sign sh weber/see, the induced em I will be i vo),

* ®
i “maenelic be in
. f rate of change of magnetic flux
e ap AN
. 1f the coil contains N lums £=- ..E = '___-.rf'l.l

I .

hoof area 070 m%, is placeqd with j
X . ireuit coil of 120 turns, cac s = : t o
P P:rs[tll’!.:l ¢tn a uniform magnetic field. The flux density of the field js ‘hina::

- | 0 s, Induced emf will he
, T to 20 mT over a period of 4.
:.:E:'ﬁd“:‘ from 30 mE etk C. 170 mV D. 500 mV

Al
Solution: B. £= N.-\—\l

(80-20)x10"
= 12000708 ——m——
=0126V
=130mV
lll'd uced Cu rrent:
Induced emfin a coil is given by g = —N%?-) If the coil be closed and the total resistancs

G iz . . . t _NAY

of its circuit be R, then the induced current in the circuit is [ = —= ——%,
R R At
Induced Charge:
The charge flowing through the circuit in time interval At is
N Ab N

=]5¢,,1t=_._x_4|=_ .

1 R At R o

= cRmca: kg

Emf (&) is induced in circular coil of 100 turns in which magnetic flux
changes from 20 Wh to 40 Wh in Is. While emr (€2) is induced in
another coil of same number of turns in which magnetic flux changes
from 30 Wh to 150 Wh in Iminute which of following js correct,

A Er=g2 B.gp>g
C.er=<g;r Dgr=g=0

LENZ'S LAW AND CONSERVATION OF ENE RGY
According to Lenz's rule the induced current |mu|u_a'd in 3 closeg T T T~ -

such a dircetion that it opposes the cause due to whicl it has beey |1n1dui*snil:::::ri flows in
In general, the dircction o induced eml ol current is determing by “Leng's I et

: ay

" 3 . . : fan i stie [iee Har s i in case
g conductor in & magnetic Tield, it can be o) ) ™,

of motion of str sight canducte ¢ ke el e
“Fleming's right hand mle. . :

. When the north pole of @ magnet moves luwurds‘ i sl.'lemI.r)- op, i|:111|,:ﬁr . [

flow in the anticlockwise sense as seen from the side on which u][.,-, Magncy i o L;urln'-j]-;

Tl i . ciated, The

anticlockwise sense corresponds to the generation of north pole N Whigy, S i
motion of the approaching N-Pale of the magnet, i

KETS - PREF BOOK —
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Mﬂc.ﬂ ) Electromagnetic Induction
i v

N-pole of the my

When the

Lwi ense which correspond

.l-ml\'l\ 15¢ =0 Ponds 10 the renerati ) ‘ ) ‘

3 . eneralion o . S

couth pole opposes the motion of receding N%polc I south-pole ). ‘The induced
¥

agnet is
1 moved away from the loop, the current I flows in the

Becausc in cach case induced current of .

5 Samical work haz to be done on ik opposcs the motion of magnet hence some
= EA rding to law of on the system to move the magnet against this opposing
force. Accordi * of conservation of energy, this work s AP
foem of heat encrgy. crgy is obtained in the coil in the
|[ind_uccd current was not to oppose the motion of magnet, then we could be getting
clectrical energy continuously without doing any work which is never possible. Hence
Lenz's rule is the necessity of law of conservation of energy. '

| 2 If current in conductor increases, then according to Lenz’s law self -

induced voltage will
A. Aid the increasing current
B. Tend to decrease the amount of current
C. Producc current opposite lo increasing current
D. Aid the applied Volta
3. In the diagram shown if a bar magnet is moved along the common
axis of two single turn coils A and B in the direction of arrow
A. Current is induced only in A & not in B
B. Induced currents in A & B are in the same direction
C. Induced currents in A & B are in opposite directions
D. Current is induced only in B and not in A

RRENT GENERATOR
rgy into electrical energy in the

rs ALTERNATING CU .
e generator is a device, which converts mechanical enc
c¢ of magnetic field. .
Principle of generator is that eml'is induced across a coi
' ‘,:h“""gc of magnetie flux.
. ': Pans of A,C gencrator
+ Ole picees (U-shape magnet) with concave poles.
s o alure (assembly of coil on iron cylinder)
o108 (as connector)

+
s rbon brush (external supply) —
FREp BOOK
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: — agnetic ficld.
el indueed by the side of loop intersecting the mag

al emf for N number of loops is given as;
= N{2vB( Sind) also e=NwAB Sil[‘l] (E :m"
Eman = N i AR when -
hen  gmppSinmt I w = 2nf, then

E= B Sin2alt

In terms of Potential difference, 'V =V, Sin 2nft

M lerms of curpeny, 1 =1, Sin2nft.

Where fis the frequency with which the direction of currcug is clmnmmi,

L

AL a@ﬁ

In Pakistan f= 50Hz, it means 50 times in a second direction is changing,
For your Information:

An Electrie Eenerator is an eleeiric motor with its input and oulpt reversed,

] R TG Y

In ac BENCrator, ac current reverses i
- 10 times per second
C. 50 times per second

s direction
B. 20 times per second
D. 40 times per second

===

Itis a device which 1ises of lowers the v,

miutual industioe
and consists of fwo coils wound on he Same core, The epj] which is connected to e
source (ie, to which mput s applied) is called primary while ghe other which & |
connected 1o the load (ic., from which output jg taken) s called sccondary, T
alternating curren; passing through (he primary creates g continuously changing fla
through the core, This

changing flux induces gn altemating emf iy the secondary. & |
magnetic lines of foree gre closed curves, {he

oltage in A.C, circuits through

flux per uen of fhe primary must be ol
to the flux per um of e secondary, e,
Laninated shects




rElectmmng,nut[c Induction

loss Of power, ¢ g = Voand p -

WPIE,Q -
{asinan idenl transfommer there is g

VI = constan,

CRITICAL cowcger)

{here are 1wo possibilities
he transformer is said 1o be “step
increases voltage and redyepg

. If & pri . '
Now ol & primary coil of transformer is
nnceled o g [0 source, is there aﬁ

emfbinduced in (he secondary coil?

N7 ;
i ‘u[‘" and it
ettt it or s sai
;< Np the transformer is said (o he “step down” and i , | 563
) W and it reduces voltage and increa
qurrent |
psformer W orks on A.C. only and never on D.C

e asc or decrease cither viltape
It can mered tng Or curren i
{“t i nstm“]‘ t but not bath sunu]lanmusly

The sccondary coil of an ideal transformer '
load resistor of resistance 8.0 Q. The r.m.s t?:‘il::::z: !:h:ms e B
What is the r.m.s. potential difference across the ptimary!'cft:;:l"}' A0
A3SV B.50V C.57V D. 80V
Salation: B. r.m.s potential difference across the secondary coil ’

=(2.5)(8)

(i

[_ﬂmpl':' Atoa

=20V

LU | ]

L=V =I—‘xv=£xzu=5_uv
¥v. L L, 10

Losses in Actual Transformer
The losses in transformer oceur in core and winding.

Types of Losses in Transformer:

+  Copper Losses in Winding:
Due to resistance of the windings of primary and sccondary coils, some electrical encrgy
is always lost in the form of heat energy.

*  Flux Losses:

The coupling of the primary and secondary

flux produeed in the primary coil does not link the s

cnergy loss.

Iron Losses in Core:

Iron losses are of two types: Eddy current |

is never perfect and whole of the magnetic
ceondary coil. This results in some

oss and hysteresis loss,

0 Eday C
¥ Current Loss: T
Due to the periodically varying nature of A.C. h‘llE’I"'l""‘*rl .I“' primary, the flux associated
with core changes and, therefore, eddy currents are induccd { _
Eddy currents induced in the core are undesirable as they heat the core and result in
, By [T . . S505, COTe is Tminated.
liiy {l:in: I}w loss. To minimize the cddy current los
Steresis Loss: : -
5 . * am el res e 1| & . ¢ iron
he alternating current flowing through the coils n":‘bm"m;‘mT‘Iu?\u::.?:“:\:f:;iy Mt
: wele apnetization, seme cnere
Corg agai Pt s during euch cycle of magne N e
in and g sfore, during 4 iy . als
neto hysld“d :‘B"lII‘“. | !w‘:;‘]iz-, ;his loss, we choose material of core of smaller hysteri
eresis, To minimize :
u il
% generally soft iron. PR L
“‘fa I [
REpP BOOK
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Efficiency of Transformer:
ldeal transformer, efficiency is 100 % or 1, but in actual transformer output POy :
always less than input power, so efficiency also always less than 100%, In E‘-‘m:r:
efficiency of transformer is very high (and is of the order of 90%).

Efficiency is given by 1= ROWC, 19 Jy terms of sccondary and Primig,
Input power
vollages and  currents, n-ﬂ'-. Also since, Input = Output + Losses "
Pe
Qutput power
Inputpower + Losses
Center tapped transformer:
*  When an additional wire is connected across the exact middle of the sccondary winding
of a transformer, it is known as a center tapped transformer.

A center-tapped transformer also known as two phase three wire transformer js
normally used for rectifier circuits.

Centre tap

/ "“h-.‘_s':;n':-w

Fﬁﬂul}'

winding A

Cenve Wapped
tansiormer

* The wire is adjusted in such a way that it falls in the exact middle point of the seeondare |
winding. So, the wire is exactly at zero volts of the AC signal. This wire : l: Sclt.ondaq '
center tap, TC s known as the |

*  The center tapped transformer works almost similar (o o normal transformer. | it
normal transformer, the center tapped transformer also increases pie f-r. Like a
vollage. ces the AC

= However, a cenler tapped transformer has another importang feature That ;
secondary winding of the center tapped transformer divides 4 g

= the
e iny .
signal (V) into two parts, PULAC current or AC

Ay Vﬁ

HETS - PREF BOOK B
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part of the ‘
11 of the sccondary winding prody .
two voltages at outpul load, we Bet ac:;:'l[":rgm.m "oage Va. When i

Electrnmmntlc Induction

70 ====’—'—_=%=-_ﬁ__a_=
~ The upper sceondary wing

g produces o positive vollage V) and the

ele AC signal,

i.c. View =V + V,

and

where

LN
V,” N,
Loh
v, N,

Vi = Voltage across the first half of Secondary coil

V2= Voltage across the second half of Secondary coil

Vp= Voltage across the Primary coil

Ni = Number of tumn in the first half of Secondary coil

Nz2= Number of tum in the second half of Secondary coil

Np=Number of tum in the Primary coil

The coils of a stepdown transformer have 500 and 5000
turns. In the primary coil an AC of 4 A at 2200 volt is sent.
The value of the current and potential difference in the
secondary will be.

A.20A,22V B. 0.4 A, 22000 A

C. 40 A, 220V D. 40 A, 22000V

The turns ratio of a transformer is % . Ifa dry cell of emf 1.5 volt

is connected with primary coil then emf establish in secondary

coil is?
A.0T5V
C.15V

B3V
D. Zero

¢ these
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Rectification

P-N JUNCTION AND ITS CH;\‘RAC’I‘ERISTICS o _ N
. P-N junction is developed from a sin yle crystal by introducing donor impurilics og ¢, |
side and acceptor into the other side. ' o ) ‘
. The donor ion is represented by 2 plus (+) sign, because this impurity atom donate .
clectron, henee it becomes a positive ion. _
. The acceptor ion is indicated by 2 minus (=) sign; because it accepls an clectron hence; |
becomes a negative ion. R
——
CEls) @)=
[+)
Hole Electron
elooi 00
o0’ | 900
o'9’e; 990 L P
Acceplor Donor
won ion

¥ : =

. {no bias)

Due to density difference across the junction the holes initially diffuse towards N-side, whz |
|

L]
fmf nun_ul:mr of holes is lesser. Similarly, clectron diffuse to P-side of junction. 1
. Migration of electrons and holes across junction due to concentration difference is termed !
diffusion.
. At the junction on both sides a region is formed which is depleted of charge camers. This

region is called depletion region whose thickness is about 10°° m
. An electric field is developed across the junction which is i T
A ‘ ch 1 o .
further diffusion of electrons from N-side. is in a direction to oppose ¥
. The potential developed across the barrier layer i .
i - yer is called b . .
for silicon diode and 0.3 volis for germanium diode. aerier potential. k is 0.7 voks
When no extemal source is connected to diode, it is called :
It has two electrodes hence it is called diode. lled unbiased.
FORWARD BIASED P-N JUNCTION
When the voltage is applied to the P-N junction diode i
—_ . ion diode in such a way that the positi
terminal of llm‘ljallcry is -:i‘mncclca.l to the p-type scl|1i-.1:|ulun.:‘l:|::1:1r.|'rd‘l\!‘:3 I::Hlllht ﬁ::::w
of the batlery 15 conneeted 1o the n-lype semiconductor, the diode is sni 1"-"" "b"‘_ = ‘_
biased. iode is said to be fon
REVERSE BIASED I-N JUNCTION
When the voltage is applicd to the P-N junction diode in
: i such a way . nosilive
terminal of the battery is connected 1o the n-type "L""i"u‘mnll'm;sr‘; ‘-:ﬂ \I:uft the positive =
of the battery is connected 1o the p-type semiconductor, the diode is = "“Bau\vj;lmmn
biased. is said to be reversc

KETS - PREP DOOK
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“ﬂﬁ“l'lﬂ'ﬂn:

Conversion ol altemating current into direet current
iz called rectification, .

Al
. = = m |
+ The I'~|':¢ Junction diode acts like o rectifier by g ot
converting the AC current into DC current —Q -

Alternating Current (Acy Diract Current (DC)
Posilive half cycle
AT AN
VRV
P junction diode

Negative half cyels ! .

N There are lwo very common types of rectification.
Half-wave rectification (HWR)

A half wave rcc_li fier i% a type of rectifier which converts the positive half eycle (positive
current) of the input signal into pulsating DC (Direct Current) output signal.

Or
A half wave rectifier is a type of rectifier which allows only half cycle (cither positive
half cycle or negative half cycle) of the input AC signal while the another half cycle is
blocked.
. One diode is used to construct the half wave rectifier.

The DC current produced by a basic rectifier (half wave rectifier) is not a pure DC
current. It is a pulsating DC curmrent.

Alternating Current [AC) Pulsating Direct Current (DC)

AN AN AW A
\

1
PN junction diode

(basic rectifier)
Megative hall cycle

The pulsating DC current starts from zero and grows to the maximum forward current
(peak level), and deereases 1o zero, However, the pulsating DC current does not change
its direction periodically like AC current. _

The half wave rectificr is made up of an AC source, transformer (s&cp-dt?wn). diode,
and resistor (load), The diode is placed between the transfonner and resistor (load).
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§=Cmiresl

i Dot

&, L rraisls

T = Tiaaslamer

« = Pl hall EyTle
o= Hegamen hall e

Half veave rectifier

In half wave rectifier, we generally usc a5 :::ﬁ-duwn transformer because

the voltage needed for the diode is very S ;

A;[;:dn: z large AC voltage without using transformer will permanently destroy g,
diode.

. A resistor restricts the current flow to a certain level

Positive half wave rectifier

. The low AC voliage produced by the step-down transformer is directly applicd o g,
diode.

1= Ctreea

D s Buoda

Ro® Load dvivior

T = Tunariformar
'-Mllm
- = Hegative ha¥ eyese

Pitive half wave rectifier
When low AC voltage is applied to the diode (D), during the positive half cyc{g of e
signal, the diode is forward biased and allows clectric current whereas, during &
negative half cycle, the diode is reverse biased and bloeks electric current.
Negative half wave rectifier

. The construction and working of negative half wave rectifier is almost similar to the
positive half wave rectifier, The only thing we change here s the direction of a diods
Unlike the positive half wave rectifier, the negative half wave rectifier allows clectic
current during the negative hal Feyele of input A signal and blocks cleetric cumen!
during the positive half-cycle of fe input AC signal,
]

DC outpst
ipsizatmg]
Hegative half wave rectifee
| I
KETS - PREP BODK :
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> l)u:::u.: ‘lhel_m.'lm_uw half cycle, the dinde is forward biased and during the positive half
¢_“7In. the 1oce 18 reverse biased, so the negative half wave rectifier allows electric
current only during the negative half eyele
Jalf wave rectifier with capacitor fijyep: e )
¢ A ﬁll(-r ﬁ““.‘ms the pulsating direet current into pure dircct current. In half wave
roctiliers, a capacitor is used as a filer to convert the pulsating DC to pure DC.

[ aetpet
AT bapen B whand

1
' aer DR
tl g

- % . "_-l "!ﬁ

ik

Oapete
C= Copgotior (Fimen
B, = L sad fepevior
= Cuerest
Half viave rectifier with filter capacitor

Ripple factor:
. In the output pulsating DC signal, we find ripples. These ripples in the output DC si
can be reduced by using filters such I:ap-m:iu::pr's;ldms ? =

. In order to measure how much ripples are there in the output DC signal we use a factor
known as ripple factor. The ripple factor is denoted by ¥.

. The ripple factor tells us the amount of ripples present in the output DC signal.
. A large ripple factor indicates a high pulsating DC signal while a low ripple factor
indicates a low pulsating DC signal.
" _rms mhrg of AC component of the output voltage
) Rippics Juceor = DC component of the output voltage
. The ripple factor is given as

y:\n\%y—l =121

. The high ripples in the hall wave rectificr can be reduced by using filters
y For upper half or lower hall is rectificd.
_ ouiput power of DC %100

inpat powerof AC _
¥ The rectifier efficiency of a half wave rectifier is 40.6%
*  Canbe used for charging battery.
: Output frequency is equal 10 input frequency.

"

. ‘y'=y _=l_g
X -

®

. —

Dy Backs |
i i : form.
More ripples in the output wave it
Average value of the outpul pC signal drops.
—
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Full wave Rectification {I-;'a\'ﬂll: o which converts the full AC i
*  Thefull wave rectificris @ m-cmi:::;:l'_':';‘f; isating DC output signl, inpug o
e is not wasted in full wave rectifie,

(positive half eycle and negative ho signal
Unlike the half wave rectifier, the input SIEn pared (0 the half wave rectific;

-
» The efficicncy of full wave rectifier is high as com

Can be carricd out in (wo Ways

Full Wave
Rectification

' Ordinary trans former
Cenire tap transformer with bridge rectifier
with two diodes circuit employing four

diodes

Center Tapped Full Wave Rectifier:
. A center tapped full wave rectifier is a type of rectifier which uses a center t2pped
) }i:nsformer and two diedes to convert the complete AC signal into DC signal.
1e center tapped full wave rectifier is made up of an AC sou tapped |
transformer, two diodes, and a load resistor, o ey

. The AC source is connecl . g L
cenler tap {gillii‘-ml méﬁdmlﬂm winding '{'f the center tapped transformer. A
divides the input voltage into two parts, ¢ exact middle of the the secondary wind®o8

- The u art of the secon PR
of lhcpPa:nﬁdary winding i:ﬁm“i’fﬁgfﬁmg to the diode Dy and the lower o

. e dmle 3, = = - y
. ‘i'.f]:tn::p:f l: : 1::mmun l;ml Re. with the help of 5 center ::;I:Ir;::;':,;,[-,) + and diods 0:
enera i Cr.
. B ¥ considered as (e Bround point or the zero-voltage peferene®

Working Of Center Tapped Full Waye Reetifier:
_ wl H 1 H I "
. Ic?u r::l:dl:gu\;ﬁlugc 15 applicd, (he secondary windi l:ll'l“'j
trans 15 Input AC voltage intp 1w parts: m:,t}ug 0;: the Zc:lcf
- Posilive amd negative.

108
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During the positive hall’ eyele of the input AC

terminal B become negative ang center i i K :
! . er tap is prounded (zero volts). The positive lerminal
A is conneeted 1o the p-side of the diode 1y and the negative lerminal B is conneeted to

the n-side of the diode Dy, §q the d; . - H o
eyele and allows cleciric eurre Hlm“lll‘g‘l':!; Dy is forward biased during the positive half

signal, terminal A become positive,

[rpremg prowemr g
bl s

+  Ontheother hand, the negative terminal B is connected to the p-side of the diode Ds and
the positive terminal A is connected to the n-side of the diode Ds. So the diode Dz is
T:\mc biased during the positive half cycle and does not allow electric current through
1

. The diode Dy supplies DC current to the load Re. The DC current produced at the load
Ry will retum to the secondary winding through a center tap.

N During the negative half cycle of the input AC signal, terminal A become negative,
terminal B become positive and center tap is grounded (zero volts).

. The negative terminal A is connected to the p-side of the diode Dy and the positive
terminal B is connected to the n-side of the diode D).

» So, the diede Dy is reverse biased during the negative half cycle and does not allow
electric current through it.

i itive terminal B is conneeted to the p-side of the diode Dy an
$ mcmg::.l:: ::_n:l’]]i'n'-.:chp'}il ;:"'n“ ected 1o the n-side of the diode Dz, So the diede |

‘ . i jve half eycle and allows electric current through it,
mﬁhtlmugim;vﬁmﬁc current during the positive half cjmleand
D; allows electric current during the nEgative half cycle T\rt‘ml‘: input AE smuaL
result, both half cycles (positive and negative) :{ I:III“I:M signal are allowed.
output DC voltage is almost equal 10 the input age.
W R :
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i sl in the below figure,
The output waveforms of the full wave rectifier is shown in tl Eure

‘ JANIAN
S R VA vV,

A AV AN A
ANEVANEVAN

By gmrrend

&% cwrem

: AVAYAVAVAVAVAVAN

Ripple Factor:
. Ripple factor is defined as the ratio of ripple voltage to the pure DC voltage
. The ripple factor is given by

Iy J’
w= == | —1=048
i \/[m-

%n = autpnt power of DC
G =—t—

. : = %100
input poweraf AC
- The rectifier efficiency of a full wave rectifier is 81,204,
v,
- = e
i
s
. Vo = 5
. The reciifier efficiency of a full wave rectjfgr is twice that of the hall wave rectifiet ,

the full wave rectifier is more efficient (han ahall wave reetifi
Advantages of full wave rectifier with center tapped transformer:
Full wave rectifier has high rectifier elliciency than the Iy

CT.

il wave rectifier.

. No signal is wasted in a full wive reclifier,
. Low power loss
" The output DC signal in full waye rectifier has fewr ripples than the halfw

EETS - PREP BOOK
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pisadvantage of full wave rectifier with center tapped transformer:
o Thecenter tapped transfonmers are expensive and occupy a large space

3 T::t: m::l “::IT ‘l'l.::llﬁl.‘l‘ rectifics both positive and negative half cycles, the DC signal
obtained at the output still containg some ripples. To reduce these ripples at the output
we use a filter, ‘ L

The filter is an clectronic device that . i .
‘ converts the :
Direet Current, s the pulsating Dircet Current into pure

Bridge Reetifier:

. Four diodes are used.

i Two _dtodcs remain Gﬂ (FWD Biased) in cach half of the input cycle while ether two
remains off (Reverse Biased) in the same half of the evele.

. Qutput frequency is twice of input froquency.

Summary:
If input wave has “T™ Time period then
0-T2 D& D3 -On and D: & Ds;—OMf
TR2=~T Dy & Dy = Ofr D: & Ds—0On

Example: IT a full wave rectifier circuit is operating from 50 11z mains, the fundamental
frequency in the ripple will be
A. 50 Hxz B. 70.7 Hz C. 100 H_?. D.25Hz

Solution: C. In full wave rectificr, the fundamental froquency in ripple is twice that of input frequency.
INPUT AC RECTIFIED AC RECTWIED « FRTERED AC

- nE 1
[T ' 109
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Advantages: e atlon.
. Very inexpensive method of rectific

" s e Sig"iﬁclalm::[mmd to Half Wave Rectification,
sl in the signal co
» Lesser nipples are there in

from a rectifier cjp,,
The clectrical circuit used to get smooth DC output uitiy
Example: The electric |
e B. Oscillator C. Logic gates D. Amplifigr
A, Filter 2

TA. : tifier.
Solution %F,-lmr filters out the fluctuations in the output of the rec

CRITICAL THINKING

The diode shown in the circuit is a silicon diode. The potential
difference between the points A and B will be
3 5 H

o
BT
A0V B. 0.6V
cov D.ev
2. In full wave rectification, the output p.c, voltage across the

load Is obtained for

A. The positive half cyele of input A.C.
B. The negative half eyele ofinput AC
C. The complete cyele of input A, ¢,

D. All of the above
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Photon and particle model of light in terms of photons with particular encrgy

The Photon
& Einstein pm‘nlul_'tllc idea of light energzy consisting of packets of electromagnetic encrgy.
' Max plank explained the emission and absorplion by the atoms from a black surface is in

the form of indivisible packets called quanta,

Max plank put discontinuous (granular) nature of light.

= The beam of light with wavelength A consists of
stream of photons traveling at speed ¢ and
carricr energy hf.

i Emission or absorption of energy is applicd to
any oscillating system.

. Einstein defined light in terms of photon which
is called photon (particle) theory of light.

. The particle nature of light has been observed in the Compton cffect and practically it has
been proved in Davisson and Germer experiment.

&alient features of photon:

. A photon behaves as a particle whose rest mass is zero and it travels with speed of light
3 x 10°ms™". In other words, a photon exists as long as it is moving. It ceases to exist
when it comes to rest.

-

CRITICAL CONCEPT/

The rest mass of photon is zero. Is
its momentum also zero?

. Photons are electrically neutral and are not deflected in the presence of electric and
magnetic ficlds.
. The encrgy of a photon is given as:
hec

E=fljr='j- .'.ﬁl:;:
This shows that the energy of photon depends upon frequency. (or wavelength)

. Momentum of photon is given as:
As  E=lf =mc
S0 mc= L
c
W _h
P 1

. Rest mass of a photon can be calculated by using Einstein’s mass variation equation:
',l'=
=m, =m|l=-—F

&

Since photon is moving with speed “r_]'lft" el
This shows that rest mass of a pholon 18 ZEro.

) 111
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Its effective mass is given as {
E=me?

This mass is also known as kinetic mass of the photon. : :
Example: An ajr station is broadcasting the waves of w‘“ﬂcgg:hn?mhgl.;l:: 'r{.:dir:d“
power of the transmitter is 10 kW, then the numbe p ted pey

second i
A 1S x.;uz‘ B.1.5x 1" C.15x10% D. 1.5 < 10

nhe
Solution: B. If n be the number of photons/s, then E = a5

CRMICAL THINKING

What happens to the energy of a photon when it strikes matter?
A. It tumns into heat B. It tums inte clectrical encrgy
C. The matter emits elecirons D. All of the above

If an electron and a proton having same
wavelength, Which particle has higher
speed?

Example: A tiny particle of mass 102 kg moving with a velocity of 10 cm 5! is associated
with a wave of wavelength

AL 6621071 o B. 6.62x107 ¢m
C.6.62=10" ¢m D. 6.62x10°* ¢m
h 6.62x107

tion: A. h=— =e————"__»]00 cm =6.62x]0""
Solution mv 107 x10x10° cm 62x10™" em

CRITICAL THINKING Y

Protons & Alpha particles have same wavelength, what is same for
bhoth of them?

A. energy B. Time period

C. Frequency D. momentum

3 A body of mass 200 g moves al the speed of § m/hr.
related to it is of the order (h=6,26 = jg-™ Js)
A 10""m B. 10y
C.10%m D. 104y

S0 wavelength




je-11

Dawn of Modern Physics
> —

"The cmission of clectrons from metallic surface, when light of specific short wavelength

cident on it is called “Photoclectric effect™, :

3 Hallwach applied some polential difference across two Zn plates in a quartz vacuum tube
and studicd ““.: flow Ofl\‘:umm. When ultraviolet light is incident on cathode current flows
in the circuit which vanishes when no light falls, When light falls on anode the current in the
ﬁﬂ:“il‘ is ncghglhllc.

Effect of lllll.‘l‘l!’il:fa of h}ﬂd(‘l‘ll. Light on Photoclectric Current:

When the intensity of light of frequency more than the threshold frequency is increased
the number of photoclectrons increase i.c., the photoelectric current also

increases. 1
Photoclectric current, ie<1  where I= Intensity of light I

Effect of potential on Photoclectric Current

o On increasing the potential current first increases and at a fixed potential
reaches a maximum value known as saturation current.

o At a fixed negative potential the value of photoelectric current is zero. This negative
potential is called stopping potential.
« Thestopping potential is proportional to the maximum kinetic energy of photoelectrons.
« Thestopping potential depends on the frequency of the incident light.
« Thestopping potential does not depend on the intensity of the Incident light.
ect of Frequeney of Incident Light on Photoelectric Current
A simple lincar rclation exists between stopping potential (maximum encrgy of emitted
electron) and frequency of incident photon.
hi=eV +¢o or hi=K.E+¢ or $o=hf = K.Emu

1—>

Slope of soryizhs line

F
‘—'—; =
1 . E
5 Cusrrent é
L7 151 — =
— At o o -
—_— ) . E
Conmans Inseminy v 7 Lk T ——)
v, [ Y L R 4

Laws of Photoclectric Effect:
* The rate of emission of photoclectrons from a metallic surface is proportional to the
intensity of incident light.
If the frequency of incident light
light) eleetrons will not be cjected from the surface.
This minimum (threshold) frequency is different for @nl‘l‘crcnt metals, L
The B s ing 10 threshold frequency is known as work function of metal.
he
¢.= =5,

.3“’ maximum K.E. of cmitted phot
«  THquency of incident light but does notd

ng lime interval of incidence of light on

‘gligible (less than 10°%). i..¢, the process @

%'"‘”mu

is less than a specific minimum (whatever the intensity of

oclectrons is propertional (lincarly related) 1o the
epend on the intensity of incident light.
the metallic surface and electron emission is
f clectron gjection is instantaneous.




qui i lectron fi j

* Work function (§«): The minimum energy required to cject an clectron from e ety
surface is known as its work function. 4=l
(a) It depends upon:

+ The impuritics present on the surface of the metal

+ The nature of metal
(h) Its unit are ¢V, joule and erg. erital i
(€) Itis a property of material and not of cmitted clectron. ) .
Photo sensitive material: Those clements that cject |'J'|:I:I|DTI$ when high frequency light i
incident on the material are called photo sensitive malerial. .
Saturated photocurrent: The maximum vah:co!'plmuu'@l is called saturated current. _
Due 1o siopping potential the work done by clectrons is equal to the maximum Kinese

1
encrgy of electrons. eV, = Em‘i':,.
Einstein’s Explanation of Photoelectric Effect: Light has dual !wavn and particle) ,
In interaction of light with matter light acts as particle. According to quantum theory b,

exchange or propagation of light is in the form of small energy packets called photons.
E = hr=h—:

Einstein’s Photoelectric Equation:

KE_, =hf-¢,=hf-hf, =h(f-f,) , %mv’_.=hf-¢,
Important Graphs:

KL KE

Failure of Classical Theory to Explain Photoclectric Effect:
The wave theory of light completely failed 1o explain the experimentally established facts
about photoelectric effect,
*  The fact that maximum kinetic
incident radiation.
*  The existence of a threshold frequency or wavelength.
A weak beam of radiations having frequency more than threshold frequency can cject a

photo electron while an intense beam of frequency lesser than threshold cannot cject a
photo electron,

Compton Effect:
When a photon hits with an clectron, it scatters with frequency less than that of incident
photen; It is known as Compton effect,

¢ Usually X-ray photons are used because of high cnergy (2 17,5 KeV),

*  Change (increase) in wavelength is called Compton shift,

energy of photoelectrons does not depend on intensity of

KETS - PREF BOOK ] 14
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AL = Ak
A= —h—['l—l.'us['l}
m,c
h 243510 i
. Al =;1T_c =243 mis called Compton wavelength,

Ah = 0 when @ =0°,
. AL =;h—- when 0 = 9ge,

&

2h
. Ah=— when 0= 180",

)

Compton scaltering
Ircidan Turget
phason e

TN --&F;

+ FPhotoelectric effect and Compton effect are strong evidences that e.m waves behave as
particle (photon).

+ Compton cffect proves photon theory of light.
Pair Production:
Decompaosition of photon into electron, positron pair is called pair production.
Pair production can take place only if photon energy is greater than 1.02 MeV,
Energy equation for pair production is given as;
* hf=2my? + K.Fe. + K.Eet >
Rest mass energy of electron or positron is mee? . 4 ——
(=0.51 MeV). incigent My,
Condition for pair production is that hf>2mqe? gy H‘h"ﬁ..mew
* Pair production cannot take place in vacuum \
The interaction usually takes place in the electric
field in the \ficinit}f of a heavy nucleus so that there e slectron
i_s a particle to take up recoil energy and momentum \
13 conserved,
" Pair production is materialization of energy
Annihjjyy "
"‘“:?rfmh:: ::lit::?;lir production is called annihilation of matter.

Winvglyeg conversion of mass inlo energy.

% 115




*  Two photons are produced by the annihi
i ite «
* Two photons produced move in opposit

*  Each photon has encrgy of 0,51Mev

q

pawn of Modern Phﬁiq; |

Topic-11 | .
lation of clectron and positron
lircction 10 ghey the law of mn“m“nn
momentum.

cquivalent to rest mass energy of clectron,

T phatn

!

el im %

-

poBlton %

Antimatter:
* P.AM Dirac theoretically predicted antimatter in 1928.
*  Anderson discovered positron during study of spectrum of cosmic rays in 1932.

* Every antiparticle has same mass, same spin but opposite magnetic moment and charge to it
respective particle

ANTIPARTICLE:
Electron Positron
Proton ' Antiproton
MNeutron Antineutron
MNeutrino Antineutrino
Earth Black hole

CRITICAL CONCEPT!

What is the reverse process of Photo clectric effect?

What is the reverse process of pair production?

De-Broglie’s hypothesis (wave particle duality):
All the moving particles behave as waves called matter wav
length associated with moving particles is given by

h

my

€5 or particle waves. The wave

mv = momentum of particles

Y I Y R |

m v

: (-]
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An object of large mass and ordinary speed has sucl

quch as interference and diffraction are nepligible

pavisson and Germer Experiment:

a small wavelength that its wave cffects

mer and Davisson usi ‘ . ) _
' ﬁ":.;c-[{ru slie’s hypoth il i 1 OW energy electron beam provided experimental confirmation
- he "YPOHhesis. They showed that clectrons are diffracted from metal crystals in
exactly the same manner as X — mys or any other wave
slectron beam of enerpy n i : .
Et.:il'.m'ﬁlal :surl'.'lq.‘lf:ﬂ'jl‘}u}Lrvg}r Ve is made incident on a nickel erystal, The beam diffracted
V5 - The wavelength associated with the moving clectrons is given.as:

_h

v

mv=~2mbe

A= ﬁ = -I-i:l:.”' where V is accelerating potential

V =54y )

A=166x10"m
This beam of clectrons diffracted from erystal surface was obtained for a glancing angle of
657, According to Bragp’s equation 24 sind = mi
For 1* order diffracting m = |
For nickel d=091x10"m
Which gives A =1.65%10"m
Prince Louis Victor de Broglic received the 1929 noble prize in physics Clinton Joscph
Davisson and George Paget Thomson shared the Nobel Prize in 1937 for their experimental
confirmation of the wave nature of particles,
Electron microscope is a practical application of wave particles duality.

CRITICAL THINKING X
4. The value of stopping potential in the following dingram
o /
4 =19 = ] =D ]
g D1V

lengths [or a proton and for a u=particle are

b
5. If the de-Broglic wa f their velocities will be

equal, then the ralio 0

3. 14
&13 D.4:1
ing. (he ehange Inwave length is max, if
o, In Compton scatlering, Uie 3. Angle ol scattering is 607

A. Angle of scattering 15 =v
C. Angle of scattering %

. Antle of scattering is wero
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. Atomic Spectra/Line Spectrum ‘
ATOMIC SPECTRA

/ LINE SPECTRUM

Spectrum .
pec Spectrum meass sel of frequencies absorbed or emitted by a substance.
Types
(@) Emission Spectrum
Set of frequencies emitted by atoms of a substance.
(b)  Absorption spectrum
Set of frequencies absorbed by atoms of a substance.
Absorption spectrum is caused by up transition of atomic electrons.
Each element has characteristic emission spectra in its vapour state.
Emission speetra fall into following three categories
(a) Continuous spectra
It is emitted from condensed matter (solid or liquid). A black body spectrum &
continuous spectra
(b) Line spectra
Itis emitted by a gas or vapour state of element,
(¢)  Band spectra
Molecular spectra is band spectra
Spectrum of H ydrogen
Whenever an electron in a hydrogen atom Jumps from higher energy level to the lover
encrgy level, the difference of energies of the two levels is emitted as a radiation of
particular wavelength. It is called a spectral line,

) Depending upon the order of thei
wavelengths, these spectral lines can be grouped into a number of spectral Series &
shown in figure,

=}
L]

n=g

'l‘lf“F

Beachett series
=y ry Einjro E(n=d]
Parchen erles
Ein) 1o Efnayy
L] - e

Lymman saviey
Lind 10 Line1)

SRR T ——— ot




Atomic Spectra

SHORTEST
WAVELENGTH  WAVELENGT

RELATIONS, - REGION %5 ., “ONGEST

\.ITHII:!‘

! Putn=2
P =R .
AN 3 [l‘ n-] Uy ) :
RIES =234 o ;.=[_] - |
SE n=2 - A .
f’.ﬂ:l_;!:ﬂ l=R[r'—.—-'— Put n=3 Put n=os
AL A A o' )| Visible .
ES _36 4
SERI n=3%4.5..00 "R :1.=E
HEN lzR[ l‘_l] Putn=4 Putn=ee
e A 3o Infrared 144 9
_SERIES n=456..5 :_TrE = %= =
n..—'_!_._
'BRACKET l:R[L——I-J Putn=35 Putn=-co
) A 4 n° Infrared 400 ”
| SERIES — r=16
n=5,6,7..00 9R R
! . 1 (1 1 Puln=6 T
| s E_R[?_-n_"] Infrared . 900 25
| SERIES p YRS A=
| n=6,7,8.. 1R R

Eumple: If the wavelength of photon emitted due to transition of electron from third orbit
to first orbit in a hydrogen atom is A, then the wavelength of photon emitted due

to transition of electron from fourth orbit to second orbit will be

128 25 36, p. 135,
a.ﬁl B. ?l .3 =
Sohtiog: o 1 _of ! 1]_of, 1]_3R = 3
llﬂn.A.—:_R[l_z_E? =R|1 1 or A R
Again -_I--R[L_l]
Vool o«
2 _=l) B 3 1*.-_IE|{
v amie]=ree=r 3
A
"‘:al—é_xﬂi
A 3RTTg
x=128




1. Four lowesl encrpgy
number of possible ¢

levels of 1l atom are shown in the figyre, The
mission lincs wnul:!l I_?:i

———n =}
,__—-——n’1
JE——— T

A3 B. :
C.5 v g‘n S and G of an atom where Gk
2. Figure shows the encrgy levels P, Q, ke evtrmm of e niove o 3

th und state. A red line in the emis t
nﬁa%;ncd by an energy level change from Q to 5. A blue line can b,

obtained by following encrgy level change |
—— o E 1
e =
e L1 |

| What is the encrgy of the photon emitted when a
| hydrogen atom makes a transition fromn=2ton=1 |
| state?

MAIN POINTS OF BOHR’S ATOMIC MODEL:

An electron can revolves only in those orbits in which their angular momenss 3

L ]
integral multiple of unit h2m, So, mVem= nh/2x
- As long as electron remains in an allowed orbil, jis energy remains constant, in Si*‘l*"i
fact that continuously it undergoes angular acceleration,
. Emission or ashsorption of encrgy from atom takes place only when its cloctron undoe®
down or up transition between two allowed orbits.  AE-EE, or hf-EyE,
. Bohr's stomic model produced good resulls for H-atom and for one- clectron atom.
Quantized Radii:
. Radius of nth orbit of the atom is given as:
- o'l "
T ar'm 'k L fa=rn
[
where [ &=
dn'm e’k
Ir n=) then =0, ¢ . .
Similarly,  r2=dr & r; = 3 rSuJ * [llt::lnll:llfl::::mﬂ
It shows that radii are quantized and they oceur in the t'ullml.-j;m ratio:
(M 5 M R X T T
KETS - PREP BOOK —
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for! ___Atomic Spectra
jired Enerpy:

Frcrey of nth level of hydrogen

' 13.6 continuumm

is given by B =-——
atom 15 B L n’ V. 038 oV Sth Excitenl state 2 :
Encrgy associated with firg orbit g . Aih Excited state L n=h
e ) i — n=s
of the hydrogen atom s » ‘ Plund Scrics
~13.0 And Exeited state|
g == ==13.6e¢V, It g -N8sev _ n-4
- =
. i 2nal Excited state || Prackett Series
called as ground state energy of g oy | a=3
hydrogen atom. Energy associated I = - i
with cond orbit is given by 15t Excited state ‘ [|| Paschen Serics
EEa & -
BEY suev. woge I | T
E.== - ’ = Ground state || || D Selies

-13.6cV

called as energy of first excited [ =y
state of hydrogen atoms. The energy of sccond, third, fourth.......... excited states of
hydrogen atom are given by
-13.6 . -13. =
E,= 3': ==1.51¢V, E, =——l‘g—6=-{).s5cv and when n=eo, E_ == Gl

We find that as n increases, the energy associated with a state becomes less negative and
approaches closer and closer to the maximum value zero for n = <=. The figure shows the
energy level diagram of hydrogen and various spectral scries emitted by it.
Excitation potential:
The potential required to raise the electron from ground state to higher state. e.g. for
hydrogen, 1* excitation potential = 10.2 ¢V and 2™ excilation potential= 12.1¢V
lonization potential:
The potential required for iomization of alom e.g. for hydrogen, 13.6 V is ionization
potential.
Note: (§) There is a large no. of excitation potentials and only limited no. of ionization potenials.
(i) Each next ionization potential is greater than its preceding one.
itation energy: 3
The energy required to raise the atom from ground state to higher state.
UMITATIONS OF BOHR’S MODEL: N
. It could noy interpret the details of the optical spectra of atoms containing more than one
electron,
There was no theorctical basis for selecting the orbits which had an integral multiple of
h

P "

2r .
Winvolyes (he coneept of orbit which could not hc checked experimentally,
Hfailed 1o explain the line structure of speetral lines.

; M 121
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COURSE

cutrons and clectrons

. - P 5,
h Simple Model for the atom (o include profons, | e ot Dy
] f Ll L A b
" Spontancous and random nuclear decay/ the Law ¢
L]

i R

Half Life and rate of decay

= Biological effects of Radiation 4
* Biological and Medical Uses of Radiation .
. The nucleus is very small part which exists at the center of Ih_“ atom. ) ¥
. Nucleus was discovered by Rutherford through his '5“5“““':”“5 cxperiments, _5
» The whole positive charge and almost the whole mass of an atom “«“'}h-'-‘ insidle the nuclos, 4
. The charge on the nucleus is (+ Ze). It is duc to pmlc:us present in the nucleus, :;
. The radius of the nucleus is the order of 107" 1o 10 "m._(fermi) #
! >
. IT the nucleus is presumed to be spherical its radius r = LAY where 1 = 12210 g o 3
A is atomic number. =
. The constituents of nucleus are neutrons and protons. In an atom clectron equal & o
number {0 protons, revolve round the nucleus. A
. In lighter nuclei the proton number cquals the neutron number (N=Z)eq NYae |
. In heavier nuclei the number of neutrons ic greater than the number of protons (N > 7) eel
U™, Th™ ete -
- The neutrons and protons present inside the nucleus taken together are known as nicleons. B
Isotopes: Y
The atoms of 2n clement having same atomic number but different slomic mass number %
are called isotopes, c.g.
Hydrogen | H', 1W*, H’ and Oxygen: ,0*,, 0", ,O"
' The mass numbers (i.c. number of nucleons) of all isotopes of an clement are differeet |
Hence their physical properties are not the same, |
- Among isotopes of the same clement, some may be stable and some radioactive, This B
due to difference in their nuclear structure, For example _C"is stable while ,C" ¥ |
radioactive similarly | N" s stable while uMN2™ is radioactive.
Isobars:
. The nl{cll:l llﬂv_ll"u; sam‘u nllmh-:f l?f nucleons (A) by different number of profons (2
called isobars. ll:*-‘}* also have different number ol neutrons. For example
(2) ,H* and ,He (b) C" ang N» © 0" and E” |
& _ L ] . -
. They differ in chemical properties,
. Isobars differ in physical propenties alse, |
. Nuclei of isobars belong to differen clements,
L]

oy ]
The daughter nucleus remaining afler emission of P-particies is an isobar of P~
nucleus,

A
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~ (iii) Radiations which ar¢ ¥

ropic-13
M
fsotones

The nuclei having equal number of neutrons are gl
gdifferent but (A = Z) is same. For gy ample
(a),Li" and B, A-7Z=4

' ed isotones, For them bothy £ and A are

= 3 (by, H' and Me' A-7=2
(ﬂ“Nu' and ,\Mg™ A-Z=12

RADIOACT IVITY:
Thi-j phr:nr_)mcnt?n of spontancous emission of radiations by heavy clements is called
radioactivity. The clements which shows this phenomenon are called radivactive
clements.
(1) Radioactivity was discovered by Henery Beequerel in uranium salt in the year 1396,
(2) After the discovery of radioactivity in uranium, Picre Curic and Madame Curie discovered 2
pew radioactive clement called radium (which is 106 times more radioactive than uraniem})
(3) Some examples of radioactive substances arc : Uranium, Radium, Thorium, Polonium.

Neptunium etc.

{4) Radioactivity of a sample
dlectric or magnetic field) or chemical changes.
(5) All the clements with atomic number (Z) > 82
(6) The conversion of lighter elements into radi
moving particles is called artificial or induced radioactivity. |
(7) Radioactivity is a nuclear cvent and not atomic. Hence ¢l
have any relationship with radioactivity.

cannot be controlled by any physical (pressure, lemperiure.

are naturally radivactive.
pactive clements by the bombardment of [ast

cctronic configuration of atorn don't

7=84) Rd (Z=58) and U (Z=92) ete.

’ Some radioactive clements are PO (
Nuclear radiations:
5 x  yerays magnetic field
F-roys .. r -rays . .
- * w-rays ; b f-rays

are called ge-rays (stream of positively

Lative plate
erids negative ]
(i) Radiations which defleets towar

hwrgn pantiles) jowards positive plate
. , i
(i) Radigtions which deflect

B picles
ACoal Ve r]ﬂr'l,lipﬂ .
negatively chare  leflcted €8

are called /8 purliclcs (stream of

yies oF pl'lﬂ[l:lﬂgl

Jhed Y-rays: (E.M. wi




b
Nuclear P"hh.

Lﬁh
R

Properties of alpha, beta and Gamma: -

ey
X' = +, He'
-
z.r"—l.r‘ )
A-A

=n,= 2

L
:xl -7 X.I

LN
=, .1"‘-—1;-1’“"

[=n,=(2n,-2+7)

‘___--—-.
e e - particles " T_*La‘y}:\
: i clectron 1otons (M
Identity | Helium nucleus or doubly | Fast moving waves) |
ionized helium atom ¢ orb) | |
(:He') |
ST — < ]
Massd mo(me = |3 m, e S
mass of proton
= L87 x 10°%° ‘
| Spead =10 ms 1% t0 99% of speed of | Speed of light
light ,
| Penciration power | Low Medium high
. p.a ‘ =
lonization power | High Medium 0
(e=>f>y
| Effect of clectric | Deflected Deflected Not deflected
or magnetic field
Energy spectrum | Line and discrete | Continuous Line and discrete |
Equation of decay | X Y, 40 | X" 5, X ey

a-decay Charge no. (Z) decreases by 2 and mass no, (A)by4
X' —— YV He' 4 Q

eg

P-particle B-particle is electron or positron coming from nucleus, So
P decay X" ——

w U™ —— Th™ 4, He' + 43Mev.

A -
P Y

Only charge no. (Z) increases hy |,
" Na¥ —; Mg’ +, e

g

Note: Weak interaction enly appears in [rdecay,
f-decay: f-rays are massless photons; their emission wil] cause

parent nuclide. ‘f-decay is due to de-excitation of nucleus,

(X8 {,x"]. —y X‘+';

where * sign show excitation of atom

it may be classified as;

no change cither in A or Z of the

KETS - PREP BOOK
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-13
1opl® . Nuclear Physics

- - :
l’-uml""': A mucleus of the nuclige s Pu decays by emission of a fi= particle followed by the

~Particle. Which of the nuclides shown is formed?
B. 3"Np
D, 'y

emission of an o
A. o Np
C. 3 Pa
olution: B 'PU =7 A+2 B+l e
Ml=x+0+4=25=237
"{94: y+(-1)+2=>y=93

1. Part of the actinium radioact
follows:

ive series can be represented as

>

i G"T
pB———T(

—
WA

What is the particle emitted whenT¢ decays to Ph?
A. a-particle B. B- particle
C. One o- particle and two B-particles D. Two B-particles

SPONTANEOUS AND RANDOM NUCLEAR DECAY

* Radioactive clements disintegrate and emit o, f and y radiations. This process is called
trznsmutation by spontaneous disintegration.
. In the natural spontancous disintegration of a radicactive material not all the atoms
disintegrate at the same time.
" The process of disintcgration takes place randomly, when a nucleus disintegrates, nobody
knows

HALF-LIFE AND RATE OF l)l{[_"-\i\'

* Radioactive decay is a random process so we get idea of half-life.
u The half-life T2 of a radioactive element is that period in which halfof the atoms decay.

s Half-life (Ti2) depends on clement and is not affected by any physical change or

chemical change.

' Half-life may be classified as follows

(2) Extremely shont hall-life Tz in micro or nano scconds
(b) .\ll!du]'u[c half-life Tizin minules,

©)  Long half-life Tia in years.

o = B
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Toplo-18 | Nuclear Phygj,,
Half- life can be given as
ATiz=1n2- 0,693 : constan
Where 4 is called decay constant depends upon nature of '“""’,'."",'-:;ﬁ’;m unit :_nl'
any clement is equal to the fraction of the decaying atoms per unit ime. e
decay constant is < il
. The decay curve shows that radioactive element decay exponentially
Half-life is used to identify an atom.

Laws of Radioactivity T_
. ANVAL e Ne i
- AN/AL = =ANs Y Halllife =T
. N = ¥, b
. Tiz = 17 /2 ~
. A = -aN/& = —
N o 1 I 3 t

. Meanlife = T =14 -

Ti2=T (0.693)
J\C"\'ﬂ_\'

It is defined as the rate of disintegration (or count rate) of the substance (or the number of
atoms of any material decaying per second)

\'
e d==ms AN = A e
Ar

Where Ao = Activity of t=10, A = Activity aficr time t Units of activity (Radioactivity)
Its units are Beequerel (Bg), Curic (Ci) and Rutherford (Rd)
i Beequerel = 1 disintegration/sec
1 Rutherford = 10" dis/see,
1 Curic = 3.7 x 10" dis/sec
Nate: Activity per om of o suhst

ce is known as specific activity
, Time (1) Number of Remaining fraction Fraction of atoms
| undecayed atoms (N) of active atoms decayed (No - N)/Ne |
| (No = Number of | (N/No) probability of | probability of decay
| : initial atoms) survival
| 1=0 N 1 {100%%) 0
i 1=Tia NJ2) = N2 12 (50%) 172 (30%)
f 1= 2Tss No/(2) = N4 114 (25%) 34 (75%)
1 1= 3T N./(2)’ =NJ§ 1/3 {12.5%) 7/8 ($7.5%) |
} 1= 10T NJ(2)"™ (172)* _approx.: 0.1% Approx.: 99.9%5
1 t=nTis Nu-"z). 2" I'(lr-’l)

Example: The half-life of a certain radioactive element is such that 7/8 of a given quantity
decays in 12 days. What fraction remains undecaved after 24 days?

I I I
{ i — C. — D. —
A0 128 64 D3

Solution: C. The radioactive clement has 178 of a given quantity remains
days, or in additional 12 days, the fraction remains undecayed i

()G

L

(%]

afier 12 days. Alter 4

KETS - PREP BOOK
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‘l""u

tion:
t“-‘“"d‘ _ N=Ne (112)* = No (112" T,
Allern half-lives, number of un-decayed atoms
erage) lile (Tw):

.13

‘l‘ﬂ lor avi

Nuclear Physics

1 is defined as the sum of lives of all stoms divided by the total number of atoms

I = Sum of the lives of all the atoms _ |
Total number of atoms A
7 i Iln'“' Li'lTl.' of some Radioactive Elements
Radioactive Nuclides Half life
.IDdillLf- 131 U'} 8 days
1 Krypton-36 (Kr) 3.16 minutcs
— Sodium -24 (Na) 15 hours
“obalt-60 (Co) 5.27 years
Radium-228 (Ra) 1600 ycars
Uranium-235 (U) 703 million ycars
—_— . ]
‘ Radium-226 (Ra) 1.6 x 10° years
i Uranium-238 (U) 4.5 x 10° years
Plutonium-239 2.4 x 10" years
Radon-220 52 seconds
I Stroncium-20 (Sr) 28 vears
: Protactinium (Pa) 6.66 hours
| Radon gas 3.8 days
Uranium-239 23.5 minules

For Your Information:
v Anv quantity that decreases by half over egual time
exponentially.

o Any quaniity that increascs by twice over egual fime

exponentially.

| carmical THINKNG X

particles cach minute.

is found to emit 4p ; -
of radioactive carbon is 6000 years).
A 3000 years B. 6000 years

C. 12000 years

The percentage of the original quantity of a radio

L
after five half-lives is approximately
Al% B.5%
C.3% D.20%
£ When an animal dies cach gram of carben in its body emits about 163

Each gram of carbon from same animal remains
particles per minute. low old is the animal (Half-life

D. 18000 years

intervals is said to decay

interval is said o grow

active material'left

127
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Topie-13

— were OF RADIATION
BIOLOGICAL AND MEDICAL USES OF

Uses nl“'rndi‘nactl\'c isotlopes: |¢ i f
(1) In medicine: ¢

*  Fortesting blood-chromiun - 51 '

*  Fortesting blood cireulation - Na - 24 'j?'aﬂ

*  For detecting brain umor- Radio lm-'l"-"“:;l_’ - 'z?l::nc i ﬁ 4k

*  Fordeteeting fault in thyroid gland - Radio toding = . o

. Rndi:tim?:lr:tr:;y isa :mcgsgg of destruction of cancerous cells deep intg body g Pl

Co-60 & 1-131 arc used to treat cancers. ;,1

*  Forskin diseases - Phosphorous - 31 wp

* [-particle is used for superficial skin therapy Fa
* w-particle is used for deep skin therapy ¥

* Ratio of C-14 to C-12 found in dead matter is 2 measure of time span since death, ;gﬁl
(2) In Archacology:

*  For determining age of archacological sample (carbon dating) 14 C E";:

*  For determining age of meteorites - 40 K ""
¢ For determining age of canth-Lead isotopes ﬂd
(3) In agricalture: i’*ﬂ
*  For protecting potato crop from earthworm Co-60 it
* Forartificial rains - Agl Lo
*  As fentilizers P- 32 ol
{4) As tracers: f:
*  Very small quantity of radicisotopes present in a mixture is known as tracer :
*  C-141s onc of useful tracer that can help in the understanding of photosynthesis. "
(5) In industries: R
= 1-131 and Na-24 arc used 10 check eracks in pipes. i E:
* 7 radiations are used for preparing or measuring the thickness of high density and B
thicker materials such as steel, Al & rubber. In such gauges, Co-60 is used as y-rays n

source. ;

vy
cls of low- |

Sr-90is used as a B-rays source |
polymerized into polyethylene, which is I;'.]J

[} radiations are used for preparing or measuring the thickness of thin she
density materials e.g. paper. In such gauges,
*  When cihylene is radiated with Y-rays, it is
used to produce soft and flexible products,

RADIATION EXPOSURE:

. Radiations can damage living tissues, The degree of
on type, energy and dose of radiation. Ineident radi
change biochemisiry of the cell, A damaged
way c.g. sometimes radiation changes the che
to reproduce rapidly leading o a condition ¢

. Damage 1o ozone layer is done through fullg
{a) Chemical industry
(<) CFC (chlorolluorocarbons)

damage and kind of damage depend H‘(
ations ionize the body cell, and then

eell may dic or begins to work in wrong
mistry of eclls in such o way that they beg?
alled canper,

wing sources: -

(b) Nuclear tests

(d} Acrosol sprays and plastic foam industry

KETS - FREF BOOK __--I-ﬁ
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S— Nuclear Physics
gome radiation in the environmen i V
» o puelear facilitics, hospitals rr:'sm " nddn'll el ey ericisg e e
! Wiy » Tesearch and industrial cstabli jnion,
rsalierd ot s = stria lishments, colour iclevision,
£ CTS OF RADIATIONS; '
EFE efvects of radiations are of twy Iypes;
somatic gaEes i [
E are dircet ¢lTeets
the dose is small. Fres L, T ienssamic st
Genetic effects:
These alect (alter) the chemisy

syndromes ete. These cffeets ¥ of genes and cause mutation c.g. cancer, different

\BSORBED DOSE: are incurable and pass on to fulure gencration.
Absorbed dose D defined as the encrgy E absorbed from ionizing radiation per unit mass
m of the absorbing body, Dz—E.
- m
Its SLunit is gray (Gy). 1Gy = 1Jkg"

An old unit is rad. an acronym for radiation absorbed dosc. 1 rad =0.01
: m | . ! =0.01Gy
Eqml d:::.;s‘ lc:l‘ dlﬂ‘m;nl radiations do not produce same biological effect. The effect also
epend part of the body absorbing the radiation.

. i“’ :‘"‘ Rl “:;f"b‘l”:ﬂd“m @ -particles are 20 times more damaging than X-rays

N aveutrons arc paricularly more i

EQUIVALENT DOSE: ¥ more damaging to eyes than other parts of the body.
It is defined as the product of absorbed dose ton bialoos -
1Sv=1GyxRBE  (SI Unit and RBE (relative biological cffectiveness)
0ld Unit 1 rem = 0.01 Sv

BASIC FORCES OF NATURE:
There are now four basic forces in nature.

(3)  Gravitational force (long range)

(b*  Electromagnetic force (long range)

¢} Strong nuclear force (short range, 107'%m) attractive

(d)  Weak nuclear force (short range, 10°7m) repulsive
In 1979, the physics nobel prize was conferred on Glashow, Weinberg and Abdus Salam
for the unification of electromagnetic and weak forces.

BUILDING BLOCKS OF MATTER:
Subatomic particles are divided into three groups
(a) Photons  (b) Leptons {clectron, muons and neutrinos) (<) Hadrons

Hadrons:
Particles that interact through the strong force are called hadrons. There are two class of
hadrons, known as mesons and baryons. Mesons has mass between the mass of the electron
and the mass of proton. All mesons are known to be decay finally into clectrons, positrons,
neutrinos, and photons. The pion is the lightest of known mesons. Barvons, which are the
second class of hadrons, have mass equal to or greater than proton mass. Protons and
neutrons are included in the baryon family, as are many other particles with the exception of
the proton all baryons decay in such a way that the end products include a proton.

XETS - PREF BOOK 128



Leptons:

Quarks:

b 1A

N“ﬂlﬂ" Ph 1

Topic-13 | &

o in the weak interaction. Inelug
wll-..‘:-‘j:.'i'ch are all less massive than gy, “1; &,

Leplons are a group of p.mi.:lgg that pa
Ir ypear lo be truly clnm_-mm o

1l
group are clectrons, muons, and nelnnoes. e
hadron. Since lepton has no intermal .-Lllrm.'l‘nl'K.'f1
scientists believe that there are only six leplons:

M. Gell-Mann and G. Zweig, the quag,

According to quark theory initiated by ms. Th i
pn\rmcdbas th?.:llhasil: huirI}ilillg blocks of the mesons and baryt © quark Mode
based on the following assumplions. . ark. the

There are six :h;rt,.i':,l] ::;.ﬁ F,qum.t.; the up quark, lIu: FI:::&I Igu.-;rl:l ) ::n. slran
the charmed quark. the bottom quark and 'h:i'-ﬂp q"::i::iu::{ nhGnad
For every type ol quark, there is a correspondling aivigEs = . .
Quarks i;l:'n‘i'IEn':‘ i?l“l.';ln:c o ililml panticles like the protons oy lhlL Inful".'"g' Anti
also combine in threes to form antiparticles like the antiproton and the antineutron,

e
andy

4. A meson consists of a quark and an anti-quarks. % *
In term of the charge of the clectron, the u, ¢ and t quarks each carnyachmgaofq-.;, =uf
lhcollu:rltquunn’l;smadnrgcufnéc . An anti-quark camics an equal and opposs.

e 5 =
charge to its comesponding quark. The symhbol for anti-quark is the same as for a quark by |
with a bar over the top. For cxample, d represents the symbol for a down anti quark.
Thus
. A proton is composed of two up quarks and a down quark.
. A neutron consists of an up quark and two down guarks, as shown in fig below,
" charpe -f%'-,- charpe =- %r
kil 3 protos
How many quarks I|y4|;§g¢“ atom has?
Al Bs
C.3 D. 6
HETS . PREP BOOK — %



g ) ‘lmgnmt Graphs & Formulae :

Displacement (d):

sdazoz
J:.Tl’*‘_l_';:

d= ,t"‘-l-y’
fes » Ele

Units:
metre (m)
Dimcnsions:

Total displacment o
W e— =

- Toral time r

\.',.. = le[y;}
»8| Af

=2 e

r =
- vy

v, =%5'- if (n=1)

K= =r, if (v=v)

Relative velocity:

nagnteni - 2u cosd
N (0=90°)
LE -y, (0=0’)‘

LEN 4y (ﬂ:lSO’)

ug

ag ¥

Topic -1
Force and Motion

uwlg!:
-_".
Dimensions:
[17°]
raphical re entation of acceleration
with velocity time graph:
* Slope of graph = Acceleration
¢ Arca under graph = Distance

(Uniform Vclocity) (a = 0)
= i
(Uniform +ve acecleration)
I | ]
v

\ (Uniform —ve acc)

i

f (Increasing +ve acceleration)

Displacement-time graph:
Slope of graph = velocity
¥Eg i

Y




S

Newton's laws of motion:

F=ma
A_m
E-' ;l._ (ql o '“'1]
Fi_sg
E = : (-i =m,)
a,
:j=;.- (F=F)
Linear Momentum: a5
p=mv Fx!=w['r}-— )= impulse
prm £ %
F Pom
Law of conservation of momentum:
(v = constant) Y Iy =
dp=0
' =£ =0
Ar
- Aves
pey Av
n
{m = constant)
T m
KETS- PREP BOOK
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cntum - time graph:

F

£

\

w =
projectile Motion:

=y =v,0050
LY -

7
£=—v=‘Fom'=F
I !

=T 8 £

\'\..= L A sinﬂ—gl

. =\J.-_= cos' 8+ v sin' @+ g’ - 2u, 5ind )

= v e g =2 sindgr
Vertical distance:

"
1=S—igr =51

Wi
HL%' nial distance:

Ia 2h
ViXtmy

—

E

Important Graphs & Formulae
i Height:
hhv?ﬁn,ﬂgi
B
h=gin'o
huv.'
B h
I W ] i
ﬁ“ =
g
k=h_ sin’@

Time of flight:
2ysing _ Iy,
-—
E E

I

= s5ing
focy,

W

l

* Time taken by projectile from place of
projection to maximum height.

sl nsmd v,
T T
* Time taken by projectile from maximum

height to place of landing,
yulattind

g
et

[

1= sind

133



Horizontal Ra
E= (1)

Re=rxvomi?

. v iun 20
K
=, \!nl"(t_h*il‘]

£

R=

2= 2 )
L
R, (#=4% )

E=nz'l

For two angles, if

g+ =% then R =R

(If=v, ™ for both projectiles is same)
K.E at maximum height:

KE =KEcos'®@

P.E at maximum height:

PE = KE sin* @

sfomentum 2t maximum height:
p, = poost

p, = o, cosl =X

Relations between R 1 and 1:

Runf=40
R_ =4l {o=45)
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Im ant Graphs & Formulae

Topic -2
Work and Energy

vork:

o

||’=Fd¢053

(0=0)
.= —Fd (e=180)
w.=0 (0=907)

e

Ls +Fd

Graph:

{When “F" is constam)

d
WeF {When *d’ & * & arc
constant)
W
‘i /
v
I.'
Wed
(When *F” is constant)
Arca=Fd=Work
nits:

*  joule (5.1 unit)

*  kilowatt hour (kW h)
* calorics (cal)

* eglc.gs)

* clectron volt (eV)

* 1kW h=3.6 M)

* lcal=4.18 )
lerg=107)

lev=] 610"

—

Dimension:

[W]=[M L2T?)

Work done hy Variahl Orce:

W = Fd, cos ), + Fydy cos 0, + .. + P ool
I¥ = i:-: Ad cos ]

, W _FAi_mgh_PE_KE_Vimi _m’
‘ Y [ i ] t 3

When *v' & ° 8" arc constant

Pe F

I)

Energy:
GPE = mgh

Elastic PE = —:—h"

Elvctric LE = qAl”
el g==a 14

h.ﬁEEn{'b.\-)a-im-

Koy (when m = constant)

KETS PREF DOOK
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K.E

2
P
K'_El= "y ﬂ:
KE |Lmlp,
K.E, :
£y =[ﬂ] {m = constant)
KE, |p
peyim KE

. JH: (m = constant)
o VRE,

peKE

EETS FREF BOOK

jmportant Graphs & g,

[mtnrmm-crsian of K.E and P k.

Inthe absence of Air,

Lossin P-E= Gain in K.E

mgh=—;-m-’

i

In the presence of air;

Lossin PLE= Gain in K.E + Work done -~
friction

mgh= EI!-rm': +

mgh= fii= Emv’




Rutational

alar displacement Rﬂvﬂluhnn
;ﬁgﬁﬂu}:

garl
/

an
LY

v= i = mrsin?ﬂ’[ﬁ}

» degreefs
o radian/s
* revimin

(5.1 unit)

2n T
Teev i mint = =2 i/ s=— pgel /5
n 1n| 60 it j[]

Dimensions:
~imensionsg:

[r]
Anpular acceleration:

=gy = arsin 90° (1)

=g

=
a

B
wfe ®&

*  radis?
* revimip?

.1 o Iy
ev i min qulezﬁlﬁ!‘wr!‘
Dimcnsions:

]
C-::niripcta] accelerating a;:
v}

= A .
ar "“;‘:" o= -[?)r=-—m’r
Q= 'I; (v=Constany)
a,

¥

(r = Constant)

Ll

a=r (a2 =Constant)

a o ot {r=Constant)
(3

137



B

(r=Constant)
£

‘,-‘
F = l (v=Constant)
r

F. F

I !

r

F=ma,
Fea, (m=Constant)

.,

f{:mmf ar i"'¢=-|:mw’];

Fer (@ = Constant)

(mr = Constant)

(r = Constant)

KE

(K.E = Constant)




E =4’ mif :

Im ant Graphs & Formulae

T=F -wcoso

v=\Bgr=2grcoso

o 1
W W
I
.
AtA:
o @=0
* v=,Jgr
o T =F-w
= AiB:
. 0=90
* v= fipr
* .F::T
At D:
« §=130
¢ v= S5gr
s Fe=T-w
+«  Note:

» @is angle between T and w
Horizontal circle:
SEOYIIOINEES cincle:

.
P %
vl -
- T8
T At A C.D
a:=43r'f‘ . 6=9
s =T
s v= lgr
-+~
!
139
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Important Graphs & Pq\

i

Topic-4
Waves
In-phase: woth (f =constani)
Pﬂ!h‘diﬂﬁmm =x=pd Y; A,
Minimum path difference= x =04 ves A
n=0,123, . v
Phase difference = g = 2xx
¢=0,2m,4x,6r,..... |
¢=2nr s
ﬂ.'— = L] I
Out of phase: v, B T; (AScats)
Path differcnce =.r=(u+l}l={2n+1]£ vef
2 2 1|

Minimum path difference== y = %
2

Phase difference=¢ = 2—;”‘-

¢=r3x,5n,..
ﬁ_‘. =r

Pe=x
¢

X
Wave speed v:
A
v=fAd==
S T
For same medium,

.-"r:'—=£l (v = constant)

1
For difTerent medium,

|

KETS- PREP

v

Principle of superposition:

Interference
LShtph e+,

In phase
4‘{---.*:,+nl
L =(JI; + L)
If‘“" =(a,+a,) \
s, |
11 = "': =]
I =41

e
Stati ‘ .
Stationary waves:

Tt
1) N-N

2) A-A

3) N-A

N T EM RIS E




Important Graphs & Formulae

Where m = —
lengih

]M'—T mass

m

Stationary waves in stretched string or organ pipe open from both cnds:
e— -—_,___——__———-.—‘—4

Frist mode Second mode Third mode n'* mode
* ‘ ™ 3+ ™ Harmonics |
Harmonics = | Harmonics Harmonics
Or Or Or (n-1)*
Fundamental 1*Overtone 2™ Qvertone Overtone
A . 3 _ A
I:—;; =4 ‘ ’-'2-43 f—n?'
! Lwel ==
)1 =2 j' B ; il i | n
. | Iwv f. =n f
v L | SEs i
h=5 f=g=2h | AT am123
I
' No. of
2N, 1A 3N24 : an,34 Nodes=A
It IR
*  No of nodes= no. of loopst]
+ No of antinodes = no. of loops

141




P

ﬁ

e p—
) o8 3 I.-_A_,-—r—-"—'-‘ —2d mode 0™ mode
~ Fristmode | Secondmode | ¢ " .
— u——‘fr‘” ;ﬂllmmm n IIT}rmmx
i Mnics Or
1 l:m;;mm h""m g0l (n-1)"
I Qver tone Umm
_Fundamental Overtone | —— | len A,
5 =g
il _M 1==A 1
R =3 ! S
\ . | a4l
. - n
A=4 L _T{" 1’ 3 n=13,.
s 7 _ v _ v Jr- ="-’;
1= -:_.F f=3 4 =34 fi=3 a 3/ n=13,..
- MNodes = Anti
N, A 2N, 24 3N 34 nodes |
-’:n- = 2-"‘:M
JI:L...: = f-z"
4) When source moves away from
(lzogglc:"; r.-l'fec:l: stationary observer:
seneral formulaz N
J"'=!"ﬁ,"- f o A= viu, i ,I"=L+"']f )
L vy, v, 5) When source and observer are muoving

1.
ii.

Direction of v always lowards observer.
If w. and u, 2long v, then w, and u, taken
as negative.

If w, and u, opposite to v, then w, and u,
taken as posilive.

When observer moves lowards stationary

source:
o _[v+u J
o of '
2) When observer moves away from stationary

i
SOUrce:
ﬂ]f

ye(=

W SOUrce MOVEs [owa
olserver:
Jr

¥

.

3) s slal

V=0,

towards each other:

(2]

6) When source and observer are moving
away from cach other:

3
o’ ‘1 "
.'r | -

_| viu,

\'-!-l.

-

viu,
When observer follows source moving
in same direetion:
f.=[|-+u_ \f
vi+u, |
B) When source follows observer movitg
in same direction:

r

7

V=i
—

v=u,

mrﬁm



i ple pendulum: , : he & P

rva i w
F -
o b
paome s Pl = ke "{“""]‘]'-[hﬁ’m*--l'.h‘h
f
And T=2x ; PE, =T, EF
redl PE_ =0 (x=0)
] - , I
K.E:
! K.E, =lh_’(|_£:]
Ly -4
I_.EJ: = T.E[I——]
1
~F KB =0 -
r K“E-n =lz'h'.= (Il llj
Total Energy:
TE=KE+FPE
i TE= -;-hj
Simple Pendulum, KE
T=lsec
==
i =025m '{\ _!
Second Pendulum: :
T =500 PE
F=05H:
[ =0.99m
Lift cases: ) )
Lift is at rest or moving with uniform
n i i -
velocily: 7 = 2= J; E

Lift is moving upward with uniform 1
[

acceleration: 7 =2x ’—-—-

gia l o
Lift is moving downward with uni o a0
Scceleration:

Tady

Liftis moving freely:

r=2“ﬁln
0
I-L;Lnny,

T =

EETS. PREP BOOK
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| {T@
-

E \\
A =0 5
Work and Heat:

W=Ppay
W< AV
W

AV

First law of thcrmﬂm:mlug

AQ=AU +W
AU =AQ-W
W=A0-AU

Topic-5

Thermodynamics

Molar Specific Heat of a oas:

* C, is greater in value than C, (G=C,)
* AQ, =nCAT (et supplicd at constant volung)
s AD =nC AT (Heat suppliced ot corstand presare)

. C', -=C. =R
C
. E‘ll =y . C :%R
(Monoatomic)
« C =§R *C= -;-R
(Diatomic) (Polyalomic)

B
144



> m Formula 1"law L ‘i 7 Specie
l'/;-/u__.-—-‘-'-‘ - (“l&l"l m mm, Mﬁt{t)
” AQ =cmAT
‘ T= constant |y i Gradua pry—
’I o AT=0 constant AU=0 Dmea =i R Afr‘
| - =0 =) - :
| AU Q=W = AT =0
| e=
r_, prT= | Q=aU+W [* | 0
constant 0=0 | Ropidly | €=
. A +0=0 o | T
| 22 _G | o=au+w \ decreses | 25"
! . Gy —AU =+ B rl o -
'..--""‘ Q=AU+W |, I
1 ) - & 0= AU + PAV
¥ =cons =
| echovic _ — =constant AV=0 = =
ko AV=0 T Q=AU i ’
AU =nCAT ' — |
S — - :
- o=AU+W | —— ‘
e | Tapo | T =constant | o= AU+ PAV 0 = |
: = Ve T Q =nC AT -L—————T‘ |
Topic-6
Electrostatics

Coulomb’s law:
F=} .ﬂl‘.
rh

Fuqm

LR

F

-
S
N

-»——'-‘_'___'r—

I _gx10'Nm'C”

k=—"

an,

145
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£, =R-35K|0'“ (‘} N "":
l':m = ‘l—xiﬂl

4 e T
£ =S
Fraet
£ =1 (For vacuum)
£ =1.0006  (for air)
5=l (always)

* £_has no units.
¥ector Form of Coulomb’s force:
F=_l 99;

--___'_Il

iz,
Eleetric ficld intensity E;

-

Units:
E=NC"or Fm

Pot ntial difference AV -
EAV AU KE
M= "™ Ag Aq

AW = A =K. =gAV

joule
o= coulomb

y=JC"

AV;Eﬂzfi
7 9
Eoc AV

Capacitor:
Qg=c¥
c=£2

jl

Qe

mportant Graphg g 5

e ey ek




g

A

Important Graphs & Formulae

: U,
t l
4 .
-ance of parallcl plates capacitors: & =
b % U, e 17
- 2 v v,
AEE,
Ca™" 4
(= A
4 ' T v
1
| U==Cr?
‘ 2
i A U"= l QV
i 2
C=— o
d U;-:
C 2C
\ Energy = %E_E,E! (Al
; Energy _ 1 2
ity = ———=—fg € E
b g deeipy Volume 277
o . 1 lr:
L ) Energydensity = 55,:, e
e
i~ Charging & discharging:
- RC = constant
Units: RC =time
_ coulomb RC=1
£= wodr olumx farad =sccond
c= farad (F) q=q_[l—:‘:]
F=Cp!
l‘:l'ltl’H&' stored in a capacitor:
|
U ==y
3 C
U,u c

KETS. PREP BOOK
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#1

~ Im ortant Graphs g F%
Topie -1
Current Electricity
. Vd
Elcctric Current; 4 /
=32 ;
= /
/
A P B
1
H*} (keeping V' constant)
AL
O=nc e R’
Jul®
>
Unit
-?mprrc[ _.[]
A=y 1
Drift velocity: Unit of R:
v, = 1 Ohm (L)
ned Ohmic conductors:
n = electron density For metals,
v =100m  (for metals) {W ¥V
i
//.
Dimensions: //
[4] Y
OHM’'s Law A . =
! :fR Non Ohmic conductors:
f=—
y o
VFefl (keeping | constant) !
i ’ iz |

By

i

R
Ve f (keeping It constant)

KETS- PREF BOOK

: ) I
(For diosden lwr Filamen

Slopes
i

Slope of [-} Graph = =_l_ =cold?

1an

— g




|

o .nf p-1 Graph = R=tan@
5 F!ﬁ"“ resistance or resistivity:
L
l=i‘]
ﬂ«L (wing A constant)
B

L
gg% (keeping L constant)

1 1
conduciance @

Rcsistm(ﬂ] =

Etel
o
K

[+
conduclance =0 =

Units:
mho or Siemen or 27 or O
Cratliactivify we

resivlance(R)

1
Reststivity
1

[ .

n
Unite:

1 3 ™
ohm 'm or mho m™

P

Ky

a=B=0l

nt
Units:
1

K' o =
K
Temperature and resistivity:
L

o) //

G
Approvmmtcly ohmis
Electric power:
Work done by battery= AW =FxAQ

P:.—AE EI’E
I o
P="
PV (keeping 1 constant)
Py Fi
i Vd

]

v

Pez] (keeping V constant)
P -

1
r«% (keeping | constant)

Possible formulas:

r= 'R
Pep (keeping R constant)

I : Img ortant Gﬂg hs & Formulae
T t ocllicient of resistance

140



N

ﬁa
P_ - £

PecR (keeping | constant)
r
-\_‘ R
ol
R
;‘:’*‘" (keeping R constant)
=
Poc. ;
o (keeping V constant)
i
R

Internal resistance of supply:
Emf £=2%
AQ

Units
*  volt
| jorde

- ol =

ey
Cases:
i. Open cireuit:
E=IR+lr

E=IR=F (I=0)
ii. Discharging:
E=I+ir

EsV

fil.Charging:

};‘:l':--l'r
E<V,

Maximum power output:

E_E
Poulimas) =27=30

P <E (keeping R constany)

l’...: ]

|/
L

Brightness of bulbs:
Series combination:
Brightness «  Proansmed
Brightness « 'R
Brightness « R

lr!nn!
Pesed =———

Poicd =

hl""ih

Parallel combination:

Brightness «  Peomsamed
4

Brightness . —
el R
Brightness . |
R
Prted = .I_
R

—#



V.——
, _____Important Graphs & Formulae
f: —_— —_— ¢

Topic-8
Electromagnetism

ylagnetic flUx & flux density: F
?' = H-;i
¢, = BAcosO
o= B4 ©=0) :
4, =—BA (0=180°) F
. i
P‘ = T =4 2 {E 6‘0’]

ﬂmt - & -
-al = E' [H =45 } B

B Path followed by charge particle in
0, = 384 (8 =30%) magnetic ficld;

; 0=50") If angle between vand B .

o = =

@ =07 /180° path is straight line.
‘ jy=g = & = 90° path is circle.
Flux density= B
4. 90 < & > 0° path is helical.

) 180° < @ > 90° path is helical.
Units:

FeB
L. Charged particle in electric and magnetic
meter” ficld: )
B=NA""m" =1T ‘ - =
z £z o a=—F
Force acting on a charge particle in a m
uniform magnetic field: Lorentz force
""=f£[l'><3}=it'[vx#) F=Fc +Fs
F=gvhsing E=q3+q(;xﬁ)
gu-L F=qg|l E+[vxE
= —q[E+(va)]
Fai=qvB  (0=907) Charge to mass ratio = :
F_=0 (0 =0"arl El'.l'] m P e
eI (0m30) il
] 2 Fosy
F e i ’
F
~
i Feap

Fe r




w=2Lp
m
il
I = T4
2rm
T= 2rm
q,B
v=E
B
£ 2y _E
m Brzr:_ﬁ
(i] =1.75x107"'C kg™’
mj,
(e
—|  =L0x10°C kg™
(mJﬁd.m 10 C Ag
.
5] e
L -
= 2!::::
e
fjl’m
r= =
\ Br

EETS- PREF BOOK

Important Graphy &p

‘/ = constant)

— |
— (B=constant)

v

=i v :
Em i
P |
. |

el |

Fee B_lz. (E=constant)

L

B
reE (B=constant)
‘JL

I

___




A%|

Rectification:

——

i Half wave:

rf" \v X

Elcctrumngnctlc Induction

.

(fw Circular Cojl)

"‘*'E'-n—lf.

P",v

r L

Ny

L

IJ
v,\\
1

Ideal Transformer:
P = Pt

VpI = VI,
f}m‘pul
input

Effiency=np=—"—

Topic - 10
Electronics

ii. Full wave:

2

-
rssnss
——
-
e
-
CEEET R

;

finpun ™ 2( fouuput)
For filtration capacitor filter is used




Topic—11

pawn of Modern Physics
Photesa: ot Zue | (m=CMt:m;)
JE
E=m*
E= ~ 1 . 1 (E" coasiany
P T ’
E e f 1
- — V are
. | i % (mV are constan)
4 I
‘ p Ae W ( far Same d“"’xﬁj
R e —
' ) : Determination of no. of photons
_kc
S E,=nhf
&
p=e n = number of photons
E
ot — ==
P ’ ' v
I 2
' "\_ n= -E—‘z'_‘ f = -S
I‘ \ he A
i_- ~~ £
— he - Constant
mec 1
Wave nature of particle: n
il
P mv
P=N2mE =J2mel
P "
2mVe
A= L
Vimk E

M
—T5
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' Important Coneepts & Formulae

Topic- 12
Atomic spectra
L 11
spgdrll Series == K.[’—,; -F]
~ Serics Formula Region Longest ~Swint
[IE—— Wavelength Wavelength
L_‘I‘I'If.l.n E.[_[;I}...r '[,I-'\ir Pt an} Polam=
serics T hi 1L
~ Balmar %g,[%_L Visible Fain=} T
series YT ) 1-% 11%
Paschen L ,.[;'.é] LR hn:: ,_.,:_.
SCrICS T T 1=E As—
" Bracket | o[l 1) LR - "
series PR TS ST dnge
Plund series i'[f _l] LR ﬂ";:‘ Pes :;-
bt - A =ﬁ F 1 '—.
R = Rydberg’s constant=1.0974X10"m"! i Argen __ 1
No. of transitions afa=1) A ®=F
l e ———
Vel 2 p=lower cnergy stale
Or n=p+l
. th n(n-1)
No. of spectral scries for n® stale= ———
n = higher encrgysiatc
KETS. PR 155




Important Cﬂnueph &y

m
Topic- 13

Nuclear Phg::“:

To find no of neutron in a nuclcus
=2N=sA-Z

Radius of nucleus:

r= J;.d‘i = e d

r=121fm

Volume of nucleus:

. Graph follows this equation ¥ = y -+
y =5n’ It is exponential decay.
Voep? For decay rate (Activity)
I’M A l',=-|4‘.£-:.4

Relation bebween A&T
Radioactivity: 7 70693

= ~decay f~decay r—decay T

X ST Ko re e o507 . oem

A R

Ra— TRn+{He | Th=s*Pa+ e . .

= ] This graph is for 1-128
Dependence:

Radioactivity is purely nuclear phenomenon,
does not depend on temperature, pressure,
electric field & magnetic field.

AT, =069

Mean lifetime:

Half-life: o ml=dk= TR
AN ==ANAs 4 a2 0.693

AN Tom==T,
A=A '

A r =L
Decay constant: A
e W For carbon dating
e 1 (N

& I= —t‘n[—'-]
1 A \N
=N [—.}
L2 Absorbed dose:

n= no of half-lives E
N _ _1— D = ;;
N,

KETS- PREF BOOK
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