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PHYSICS

FORMULA BOOKLET - GYAAN SUTRAA
UNIT AND DIMENSIONS

Unit :

Measurement of any physical quantity is expressed in terms of an

internationally accepted certain basic standard called unit.

Fundamental Units.

S.No. Physical Quantity SI Unit Symbol
1 Length Metre m
2 Mass Kilogram Kg
3 Time Second S
4 Electric Current Ampere
5 Temperature Kelvin K
6 Luminous Intensity Candela Cd
7 Amount of Substance Mole mol
* Supplementary Units :
S.No. Physical Quantity Sl Unit Symbol
1 Plane Angle radian r
2 Solid Angle Steradian Sr
* Metric Prefixes :
S.No. Prefix Symbol Value
1 Centi c 1072
2 Mili m 1072
3 Micro u 107®
4 Nano n 107°
5 Pico P 107"
6 Kilo K 10°
7 Mega M 10°
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Average Velocity (in an interval) :

_ Total displacement _ r; -
V =V =<y> = -
av Total time taken At

Average Speed (in an interval)

Total distance travelled
Total time taken
Instantaneous Velocity (at an instant) :

. AT
V. = lim | —
inst At—0 | At

Average acceleration (in an interval):

Average Speed =

LA,
qav T At T T At

Instantaneous Acceleration (at an instant):

oAV (E]
a=—-=Im|—
dt A0 | At

Graphs in Uniformly Accelerated Motion along a straight line
(a=0)

. X is a quadratic polynomial in terms of t. Hence x — t graph is a
parabola.

x-t graph
e v is a linear polynomial in terms of t. Hence v—t graph is a straight line of
slope a.

®
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v-t graph

e a—t graph is a horizontal line because a is constant.

ah B a4
positive
a acceleration | t
0 >
negative
acceleration
o>t ar———
a-t graph
Maxima & Minima
dx dx Ldx at maximum
an ax dx Ldx at minima.
Equations of Motion (for constant acceleration)
(@) v=u+at
b -t+1t2-tlt2 -+t+1t2
(b) s=u 2a s—v—2a X, =X * U 2a
(c) vZ=u? +2as
u+v a
(d) s=(2 )t (e) sn=u+5(2n—1)

For freely falling bodies : (u=0)
(taking upward direction as positive)

(@) v=-gt

b -1 —vte g h=h- g
(b) $=-59 s=vt+ o g =h-59
(c) vZ=—-2gs

d) sn=—% 2n—1)
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2usin0

Time of flight : =" g
u?sin20
Horizontal range : R= ————

g
: , _ u?sin®0
Maximum height : H= —29
Trajectory equation (equation of path) :
cxtan0 - — 2 xtano- 2
y=xtent = 2 coszg - N0 1= 7)

Projection on an inclined plane

y
B
X
Up the Incline Down the Incline
2 .
Range 2u” sina.cos(a + ) 2u? sina.cos(o — B)
gcos?p 5.
gcos“ f
2usi 2usin
Time of flight usina 250
gcosf gcosp
Angle of projection with x B x B
incline plane for maximum ——= —+—
range 4 2 4 2
2 2
Maximum Range ui ui
g(1+sinpB) g(1-sinp)

V g (Vvelocity of A with respect to B)=v, — Vg
a g (acceleration of A with respect to B)=a, —ag

Relative motion along straight line -  xg, = Xg — X,

Resonance”
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CROSSING RIVER
A boat or man in a river always moves in the direction of resultant velocity
of velocity of boat (or man) and velocity of river flow.

1. Shortest Time :

y
B
I
I
I
I
I
I
I
I
I

Velocity along theriver, v _=v_.

Velocity perpendicular to the river, v.=v__

The net speed is givenby v_= \/v2_ +v3

2, Shortest Path :
velocity along the river, v =0

. . . — 2 2
and velocity perpendiculartoriver v = yvi o —vi

The net speedis givenby v_= \/v2_ —v3

y
i
]
I

B

3

1
Var\ !V,

d

A

at an angle of 90° with the river direction.
velocity v, is used only to cross the river,

®
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d d

therefore time to cross the river, t= 7~ = ", 2
v
y VmR ~VR

and velocity v_is zero, therefore, in this case the drift should be zero.

= Vo=V .sin0=0 or Vo=V, _.sino
v

or 0 = sin (—R J
VmR

RAIN PROBLEMS

5 =u. —u = [o2 . 2
VRm = VR = Vm or Vem = YVR +Vn

NEWTON'S LAWS OF MOTION

From third law of motion
Fag = —Fsa
Fas = Force on Adue to B

Fga = Force on B due to A

From second law of motion

o 9P o3P £ . 9P
T dt e yT gt - may 2~ gt

WEIGHING MACHINE :

A weighing machine does not measure the weight but measures the

force exerted by object on its upper surface.

SPRING FORCE F - kx

x is displacement of the free end from its natural length or deformation
of the spring where K = spring constant.
SPRING PROPERTY K x ¢ = constant

= Natural length of spring.

If spring is cut into two in the ratio m : n then spring constant is given
by

m/ . _ n./ _ _
= man’ ZZ_m+n kZ—k1£1—k2£2

Resonance’ Page # 7
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1.

12.

AN

For series combination of springs K

For parallel combination of spring k. =k +k +k, ..o

SPRING BALANCE:
It does not measure the weight. It measures the force exerted by the
object at the hook.

Remember :
_Vi+V,
Vor T
lVP _ a1ty
*T 72
qol,
WEDGE CONSTRAINT:
Vs
V,sin®
Contact 0
V, =V, sinb Plane ¥ -irr-memmeee-

Components of velocity along perpendicular direction to the contact
plane of the two objects is always equal if there is no deformations
and they remain in contact.

Resonance” Page # 8
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13.

14.

AN

NEWTON’S LAW FORASYSTEM

Fexe =M@ +mya, +maas +......

Fex = Net external force on the system.
m,, m,, m, are the masses of the objects of the system and
a,,a,,a are the acceleration of the objects respectively.

NEWTON’S LAW FOR NON INERTIAL FRAME :

I:Real + FPseudo = mé
Net sum of real and pseudo force is taken in the resultant force.

a = Acceleration of the particle in the non inertial frame

F

Pseudo m éFrame

(a) Inertial reference frame: Frame of reference moving with con-
stant velocity.

(b) Non-inertial reference frame: A frame of reference moving with
non-zero acceleration.

FRICTION
Friction force is of two types.
(@) Kinetic (b) Static

KINETICFRICTION: f =p N
The proportionality constant p, is called the coefficient of kinetic friction
and its value depends on the nature of the two surfaces in contact.

STATIC FRICTION :

It exists between the two surfaces when there is tendency of relative mo-
tion but no relative motion along the two contact surfaces.

This means static friction is a variable and self adjusting force.
However it has a maximum value called limiting friction.

fmax = MSN
0 < f < Foma
cA
) .
8 et moximum!
[T . c}§00 ; I
L N . '
. M F (effort) &S : pN - N
(friction) W/TTTTIITIT 3 : '
Her My R
Applied Force
®
Resonsnce Page # 9
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WORK, POWER & ENERGY
WORKDONE BY CONSTANT FORCE :
W=F.S
WORKDONE BY MULTIPLE FORCES
SF=F,+tF,*+F,*+ ...
W=[2F]. S ()
W=F,.S+F,.S+F,.S+....
or W=W +W,+W, + ...
WORKDONE BY AVARIABLE FORCE

dw = F.ds
RELATION BETWEEN MOMENTUM AND KINETIC ENERGY

2
p
= om and P=,/2mK ; P=linear momentum

POTENTIAL ENERGY

u P -
dU=-["Fdi  ie, Up-Uj=-] F.di=-w

CONSERVATIVE FORCES
@
or

WORK-ENERGY THEOREM
WC + WNC + WPS = AK

Modified Form of Work-Energy Theorem
W.=-AU
W+ W =AK+ AU
W .+ W, = AE

N

Resonance” Page # 10
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POWER

The average power (5 orp, ) delivered by an agent is given by P or

L
pav t
p_FdS_pdS_o
dt dt
1 A lar velocit _ %l A0
. verage angular velocity = %=, t, T At
. de
2. Instantaneous angular velocity = Chlry
3 A | lerai _ 9270 Ao
. verage angular acceleration = %= Lt T At
. do do
4. Instantaneous angular acceleration = a= g TO50
5. Relation between speed and angular velocity = v=roand v = 3xr
7. Tangential acceleration (rate of change of speed)
vV _ Ge  dr
= AT g gt T 9t
V2

8. Radial or normal or centripetal acceleration = a = - o’r
9. Total acceleration

= a=a;+a, >a=(a2+a?)"

Where a, =axr and a, =oxV

®
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10.

12.

13.

14.

15.

16.

AN

Angular acceleration

do
= @ =4 (Non-uniform circular motion)

. vZ  mv?
Radius of curvature R= — =
a; F,
If yis afunctionof x. i.e.y=f(x) =

Normal reaction of road on a concave bridge
2

= N=mgcos 0 +
20

concave

mgcosd v bridge

mg
Normal reaction on a convex bridge

2
= N =mgcos 6 —

convex
bridge

Skidding of vehicle on a level road

Skidding of an object on a rotating platform

> Sration

Vsafe

< Jugr
= O, = JHg/r

Resonance®
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17.
18.

19.
20.

21.

22,

23.

AN

2
Bending of cyclist =>tan06= ——

rg
2
Banking of road without friction = tan 6 = E
v2 u+tano
Banking of road with friction = — = ———
rg 1-ptan®

Maximum also minimum safe speed on a banked frictional road

vV - rg(u+tano) 1z V. - rg (tan6-p) e
max | (1—-utan®) mn = | (1+ptano)

Centrifugal force (pseudo force) = f = mw? r, acts outwards when the
particle itself is taken as a frame.

Effect of earths rotation on apparent weight = N = mg — mR? cos? 6 ;
where 0 = latitude at a place

Various quantities for a critical condition in a vertical loop at different
positions

L,

][0

L. Q -0

=./4gL V.in =+/49L =./4gL

(for completing the circle)  (for completing the circle) (for completing the circle)

Resonance’ Page # 13
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24, Conical pendulum :

fixed pointor
uspension

Tcos6=mg
Tsin0=mo?r
_ _ 9. |LCOSO
Time period =
9
25. Relations amoung angular variables :
o, = Initial ang. velocity o= o, + at
do, o or a
(Perpendicular
to plane of paper
A directed outwards
for ACW rotation)
AW
a,orV
. . _ 1
o = Find angular velocity 0=o,t+ Py ot
» = Const. angular acceleration o = o+ 200

6 = Angular displacement

Mass Moment :M =m¥
CENTRE OF MASS OF ASYSTEM OF 'N' DISCRETE PARTICLES

ot

mT My My e +m ’

Resonance’ Page # 14
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3
=

CENTRE OF MASS OF A CONTINUOUS MASS DISTRIBUTION

Xem = J.dm » Yom = J.dm » Zem = _[dm

fdm = M (mass of the body)

CENTRE OF MASS OF SOME COMMON SYSTEMS
= A system of two point masses m.r, =m,r,

r
2 £

c.m
f—f———|
m,L m,L

m+m  mz+m,

The centre of mass lies closer to the heavier mass.

= Rectangular plate (By symmetry)
y<—b—>T
cm. |L

T ‘

Ye

Ol x X

(=B _L

c 2 Y. = 2

®
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= A triangular plate (By qualitative argument)

4R
N emraredardse - P
c 37-[ c
y‘”I A
- 3 -%

R
= A hemispherical shell Nﬁ y=— x=0
ych c 2 ©
- -%
yt 3R
= A solid hemisphere Q Y.= 5 %= 0]
] — %
OI
. . h
= A circular cone (solid) y, = 7
h
v]
. h h
= A circular cone (hollow) Y.< 3
v

®
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MOTION OF CENTRE OF MASS AND CONSERVATION OF MOMENTUM:
Velocity of centre of mass of system

dr, dr, dry dr,
My +My —2 + Mg — e m, —1
_ dt dt dt dt
Vem ™ M
MV +MyVy +M3 Vg, +m, v,
- M

Psystem = Mvem
Acceleration of centre of mass of system

dv, dv, E dv,
My—+My —=4+Mg— ..o +m,
i = dt dt dt dt
cm M
_ M@ +myay +mMadz.......... +mpa,
M
_ Netforceonsystem _ Net External Force+Netinternal Force
- M - M
_ Net External Force
- M
Fox =Mag,
IMPULSE
Impulse of a force F action on a body is defined as :-
t
J= L Fdt J=AP (impulse - momentum theorem)
Important points :
1 Gravitational force and spring force are always non-impulsive.
2. An impulsive force can only be balanced by another impulsive force.

COEFFICIENT OF RESTITUTION (e)

Impulse of reformation jFr dt
€= Impulse of deformation ~ de dt

Velocity of separation along line of impact
=S Velocity of approach along line of impact

P\ Resonance” Page # 17

Educating for better tomorrow



(a) e=1 = Impulse of Reformation = Impulse of Deformation
= Velocity of separation = Velocity of approach
= Kinetic Energy may be conserved
= Elastic collision.

(b) e=10 = Impulse of Reformation = 0
= Velocity of separation = 0
= Kinetic Energy is not conserved
= Perfectly Inelastic collision.

(c) 0<e<l = Impulse of Reformation < Impulse of Deformation
= Velocity of separation < Velocity of approach

= Kinetic Energy is not conserved

= Inelastic collision.
VARIABLE MASS SYSTEM :
If a mass is added or ejected from a system, at rate p kg/s and relative

velocity v, (w.r.t. the system), then the force exerted by this mass
on the system has magnitude u|\7re|| .
Thrust Force (F,)

= dm
Ft=Vre|(E]

Rocket propulsion :
If gravity is ignored and initial velocity of the rocket u = 0;

mg
v=v.iIn|—].
m

1. RIGID BODY :
V,sing,

V,cosb,

Vgsino, V.cosd
B 2

®
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If the above body is rigid
V,cos0, = V_ cos0,
V,, = relative velocity of point B with respect to point A.

A
B
VBA
Types of Motion of rigid body
l v
Pure Translational Pure Rotational Combined Translational and
Motion Motion Rotational Motion
2. MOMENT OF INERTIA (1) :

Definition : Moment of Inertia is defined as the capability of system
to oppose the change produced in the rotational motion of a body.

Moment of Inertia is a scalar positive quantity.
I=mr2+m,r2+......................
=L AL AL Fn.

ST units of Moment of Inertia is Kgm?2.
Moment of Inertia of :
21 A single particle : I = mr?

where m = mass of the particle

r = perpendicular distance of the particle from the axis about
which moment of Inertia is to be calculated
2.2 For many particles (system of particles) :

n
2
I= z mir;
i=1
2.3 For a continuous object :

I= Jdmrz

where dm = mass of a small element
r = perpendicular distance of the particle from the axis

P\ Resonance” Page # 19
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2.4 For a larger object :

= Jdlelement
where dI = moment of inertia of a small element

3. TWO IMPORTANT THEOREMS ON MOMENT OF INERTIA :
3.1 Perpendicular Axis Theorem
[Only applicable to plane lamina (that means for 2-D objects only)].

L=L+1 (when object is in x-y plane).

3.2 Parallel Axis Theorem
(Applicable to any type of object):
+ Md?

IAB = Icm

List of some useful formula:

Object Moment of Inertia
¥ 2
EMRZ (Uniform)
R
Solid Sphere
M
2 152
— MR i
A 3 (Uniform)

Hollow Sphere

"

MR? (Uniform or Non Uniform)

P\ Resonance” Page # 20
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Ring.

2
MR MRZ (Uniform)
2

Disc

R M
I =

1
hi
l | MR?2 (Uniform or Non Uniform)

M

Hollow cylinder

2
@ % (Uniform)

Solid cylinder
90° M,L )
e
ML= (Uniform)
3
90°
| = 1 ML ML2
—— (Uniform)

®
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A/ \C
Square Plate

M

A/

——a—]—

Square Plate

M

/v

b——»

Rectangular Plate

o
oD !

< a—|

M——o0—>
o

Cuboid

2m/?

3

(Uniform)

2
L,=1,=1 =Mi (Uniform)
12

2
M% (Uniform)

: M(a2 +b2)
12

I (Uniform)

M(a2 + b2)

Uniform
1 ( )

/\ Resonance®
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4, RADIUS OF GYRATION :
I=MK?
5. TORQUE:

Line of action
of force

al

5.5 Relation between 't' & 'a. ' (for hinged object or pure rotation)

TeXt )Hinge = IHinge a’

Where Tex )Hinge = net external torque acting on the body about Hinge
point

L. = Moment of Inertia of body about Hinge point

1
Rotational Kinetic Energy = E'I'mz

P= IVI\_)CM = Fextemal = IVIéCM
Net external force acting on the body has two parts tangential and

centripetal.

= F.=ma,= M =me’r = F =ma =mar,,

®
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ROTATIONAL EQUILIBRIUM :
For translational equilibrium.

F,=0 (1)
and F,=0 (ii)
The condition of rotational equilibrium is
3, =0
ANGULAR MOMENTUM ([)
71 Angular momentum of a particle about a point.
PCos 0
/‘
e 11.,6 P
R
r| = PSin6
O >
L=FxP = L = rpsin®
‘l: = rl x P
f-p,

7.3 Angular momentum of a rigid body rotating about fixed axis :

- —
LH = IH(O

L, = angular momentum of object about axis H.

I,= Moment of Inertia of rigid object about axis H.

® = angular velocity of the object.
7.4 Conservation of Angular Momentum
Angular momentum of a particle or a system remains constant if
1., = Oabout that point or axis of rotation.

7.5 Relation between Torque and Angular Momentum
dL

:=—
dt
Torque is change in angular momentum

Resonance’ Page # 24
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7.6 Impulse of Torque :

ert =AJ AJ — Change in angular momentum.

For arigid body, the distance between the particles remain unchanged
during its motion i.e. r, , = constant
Forvelocities

with respect to Q  with respect to ground

Vp = \/VQ2 +(orf? +2 Vq orcos6
For acceleration :

w.r. to Q w.r. to ground

0, o, o are same about every point of the body (or any other point
outside which is rigidly attached to the body).
Dynamics :

Tem = lem @ s Feyr =Magy,

Psystem =Mv¢m,

1 1
Total K.E. = SMven? + — Tom ®?

Angular momentum axis AB = | about C.M. + L of C.M. about AB

LAB = Icm(?) + ch ><M\7cm

P\ Resonance” Page # 25
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S.H.M.
F = —kx

General equation of S.H.M. is x = A sin (ot + ¢); (ot + ¢) is phase of the
motion and ¢ is initial phase of the motion.

Angular Frequency (o) :

Time period (T) :
k
Speed :
Acceleration :

Kinetic Energy (KE) :

Potential Energy (PE) :

N =

_27c_2f
(o—_l_—n
27 m
:—:2 —_
T- 2 fn

v=oVA? -x?

= — X
mv2 = — mo? (A2—x2)=1 k (A2 —x?)
2 2
1
_K2
5 Kx

Total Mechanical Energy (TME)

1 1 1
=KE.+PE. = 5 k (A2—x3) + 5 Kx? = 5 KA? (which is constant)

SPRING-MASS SYSTEM
k Kk
) 000000000 Wm - - Toon %
smooth surfa/ge
k
(2) m, 7 szz
7z

u mqmy

T=2n K where p = (M, +m,) known as reduced mass
INRescnance’ Page # 26



COMBINATION OF SPRINGS
Series Combination : 1/k = 1/k,
Parallel combination : k kK

SIMPLE PENDULUM T=2xn \/7 1/ (in accelerating Refer-

ence Frame); g_. is net acceleration due to pseudo force and gravitational
force.

COMPOUND PENDULUM/PHYSICAL PENDULUM

f I
Time period (T) : T=2n m_gz

where, I =1, + m¢?; ( is distance between point of suspension and
centre of mass.

+ 1/k,

TORSIONAL PENDULUM
1
Time period (T) : T= Zn\/g where, C = Torsional constant
Superposition of SHM’s along the same direction
X = A1 sin ot & X, = A2 sin (ot + 0)
A,
A
0
o A
If equation of resultant SHM is taken as x = A sin (ot + ¢)
A,sind
A= (a2 A2 & t = 2> F
JAZ £ AZ £ 2A A, cosO AN = A, cosh
1. Damped Oscillation
e Damping force
F=—bv
e equation of motion is
mdv
T =—kx —bv

e b’ -4mK > 0 over damping

P\ Resonance” Page # 27

Educating for better tomorrow



e b’ - 4mK = 0 critical damping
e b’ - 4mK < 0 under damping
¢ For small damping the solution is of the form.

2
k
X = (Aoe‘b”zm)sin [0t + 5], where ©'= [Fj_[_j

Forsmall b

e angular frequency o'~ k/m, = o,

—bt
e Amplitude A=A e?m

1
e Energy E (t) = EKAZ g ot/m

E o'

. =2 =5
* Quality factor or Q value , Q= 27 =y = 50~

h o' —k b? —b
= ) Oy =
where -, ma4m2 ' 2m

2. Forced Oscillations And Resonance
External Force F(t) = F, cos o4 t
X(t) = Acos (o4t + ¢)

v
2 _ Vo
\/[mz(mz -} ) + ol sz and tan¢ = ®gXo

. A = Fo
(a) Small Damping m(m2 B 0)§)

o F
(b) Driving Frequency Close to Natural Frequency A = _Ob
Oy

P\ Resonance” Page # 28
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STRING WAVES
GENERAL EQUATION OF WAVE MOTION :

%y _ 0%
ot? ox>

= X
y(x,t)=f(t+ V)

where, y (X, t) should be finite everywhere.

X L :
= f [t +—J represents wave travelling in — ve x-axis.

v

X o :
= flt- " represents wave travelling in + ve x-axis.

y = A sin (ot £ kx + ¢)
TERMS RELATED TO WAVE MOTION (FOR 1-D PROGRESSIVE
SINE WAVE)
(e) Wave number (or propagation constant) (k) :

k = 2n/), = % (rad m-)

(f) Phase of wave : The argument of harmonic function (ot £ kx + ¢)
is called phase of the wave.

Phase difference (A¢) : difference in phases of two particles at any
time t.

2 2
Ad = Tn AX Also. Ad= ?“ At

SPEED OF TRANSVERSE WAVE ALONG A STRING/WIRE.

T T = Tension
Vo where 1 = mass per unit length

POWER TRANSMITTED ALONG THE STRING BY A SINE WAVE
Average Power (P) =272 f2A2 v

P
Intensity I= % = 2n?f2A%pv

REFLECTION AND REFRACTION OF WAVES
y, = A sin (ot — Kk x)

Yi=A¢sin(ot-kyx) | _

Y. == A, sin (ot + k) if incident from rarer to denser medium (v, <v,)

P\ Resonance” Page # 29
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Yi =A; sin (ot —k,X)

y, = A, sin (ot +Kk;x) if incident from denser to rarer medium. (v, >v,)

(d) Amplitude of reflected & transmitted waves.
LN TN

STANDING/STATIONARY WAVES :-
(b) y, =Asin (ot —kx + 0,)
y, = Asin (ot + kx + 0,)

0, -0 0,+6
y1+y2={2Acos(kx+ 22 1]}sin (wt+%}

0, -0,

The quantity 2A cos [kX + J represents resultant amplitude at

x. At some position resultant amplitude is zero these are called nodes.
At some positions resultant amplitude is 2A, these are called antin-
odes.

, . . A
c) Distance between successive nodes or antinodes = o

(

(d) Distance between successive nodes and antinodes = A/4.

(e) All the particles in same segment (portion between two successive
nodes) vibrate in same phase.

(f) The particles in two consecutive segments vibrate in opposite phase.
(g) Since nodes are permanently at rest so energy can not be trans-
mitted across these.

VIBRATIONS OF STRINGS ( STANDING WAVE)
(a) Fixed at both ends :
1. Fixed ends will be nodes. So waves for which

A 2% 3A
L= — = —_
2

L L
2 2

are possible giving

2L
L=% ork=Twheren=1,2,3,....

T LY LI
" fo= 51 u , N = no. of loops

®
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(b) String free at one end :

1. for fundamental mode L = % =orA=4L

%4___ fundamental mode

. 31 4L
First overtone L = e Hence A = 3

- first overtone

sof, = —\/7 (First overtone)

5 |T
Second overtone f, = aL E

= N~

")
f_z\ﬁu T
v

2L 4L u

1 3 3
Total translational K.E. of gas = — M <VZ>= — = nRT

V2> = 3P / / {3KT
[Y) moI

Important Points :

/ ,KT ,KT
- Vrms oc ﬁ - Vrms = 173 F

2KT KT
Most probable speed Vp= o =1.41 o VvV >y >V

Degree of freedom :
Mono atomic f=3
Diatomicf=5
polyatomicf =6

®
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Maxwell’s law of equipartition of energy :
Total K.E. of the molecule = 1/2 f KT
For anideal gas :

f
Internal energy U = Py nRT

V
Workdone in isothermal process : W =[2.303 nRT log,, Vf
i

Internal energy in isothermal process : AU=0

Work done in isochoric process : dw =20
Change in int. energy in isochoric process :

f
AU=n Py RAT =heatgiven

Isobaric process :
Work done AW =nR(T,-T)
change inint. energy AU = nCy AT
heat given AQ = AU + AW

f f
Specific heat : Cv = SR Cp= [EHJ R
Molar heat capacity of ideal gas in terms of R :
Cp
(i) for monoatomic gas : c. = 1.67
\2
Cp
(ii) for diatomic gas : c. = 1.4
\2
Cp
(i) for triatomic gas : c. = 1.33
\2
c 2
In general : == = 1+?
\2

Y
Mayerseq. = C

p "
Adiabatic process:

Work done AW =
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Educating for better tomorrow



In cyclic process :
AQ = AW
In a mixture of non-reacting gases :

nM; +n,M,
Mol. wt. = N+,
c - nC,, +nC,,
v ng+n,
Cp (mix) n1Cp1 +n20p2 o
Y Cv(mix) n1(:v1 + n20v2 +....

Heat Engines

work done by the engine

Efficiency, M= heat sup pliedtoit
W _Qu-Q_, Q.
- QH QH QH

Second law of Thermodynamics

¢ Kelvin- Planck Statement

It is impossible to construct an engine, operating in a cycle, which will
produce no effect other than extracting heat from a reservoir and perform-
ing an equivalent amount of work.

®
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¢ Rudlope Classius Statement

It is impossible to make heat flow from a body at a lower
temperature to a body at a higher temperature without doing external work
on the working substance

Entropy

e change in entropy of the system is AS = — : =S = I

¢ In an adiabatic reversible process, entropy of the system remains con-
stant.

Efficiency of Carnot Engine

(1) Operation | (Isothermal Expansion)

(2) Operation Il (Adiabatic Expansion)

(3) Operation Il (Isothermal Compression)
(4) Operation 1V (Adiabatic Compression)

Thermal Efficiency of a Carnot engine
Vo Vs QT oy T
V, Vv, Q T, T,

AP, V.)

\ 4

®
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Refrigerator (Heat Pump)

Refrigerator
P
Hot (T>) :> ( ‘; :> Hot (T)
Q, Mo -7 Qq
W
.- Q 1 1
o Coefficient of performance, B=—5>= = ==
wo T T T
T, T,
Calorimetry and thermal expansion
Types of thermometers :
-1,
(a) Liquid Thermometer : T= | 100
100 ~*o

(b) Gas Thermometer :

P-P, }
Constant volume: T=|p _p |x100 ; P=P,+pgh
Pioo —Po 0" PI
Y
ConstantPressure: T= V-V’ T,
(c) Electrical Resistance Thermometer :
| Ri-Ry }
T=|%5 _p | *x100
| Rioo —Ro
Thermal Expansion :
(a) Linear :
AL
o= LoAT or L=L,(1+aAT)

®
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(b) Areal/superficial :
AA
B="aaT O
(c) volume/ cubical :

AV
M= V,AT or

A=A, (1+BAT)

V=V, (1+yAT)

S
2 3
Thermal stress of a material :

F_yAL
A

Energy stored per unit volume :

1 1 AY
- _ 2 E=—— (AL
E= KL or > L( )

Variation of time period of pendulum clocks :

1
AT = E aAOT

T <T -clock-fast :time-gain
T >T -clock slow :time-loss

CALORIMETRY :
e _ Q
Specific heat S = AT
Mol ific heat C = AQ
olar specific heat C = ———

Water equivalent =m, S,

HEAT TRANSFER
. dQ dT
Thermal Conduction : — =—KA |—
dt dx
Th | Resist : R= L
ermal Resistance : = A

2

Resonance®
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Series and parallel combination of rod :

.S. geq_f_‘l.’_f_z.’_ h A_A_A_
(i) Series : Keq =K, K, (when A, =A,=A,=....... )
(i) Parallel : Keq Aeq =K A +KA + ... (when? =/(,=/(,= . ... )
for absorption, reflection and transmission
r+t+a=1
o AU
Emissive power : E= AAAL
. dE
Spectral emissive power : E = o
L __ Eofabody at T temp.
Emissivity : © = Eof ablack body at T temp.
. : E(body)
Kirchoff’s law : a(body) ~ E (black body)
Wein’s Displacement law : A,.T=b.
b =0.282 cm-k
Stefan Boltzmann law :
u=cT* s=5.67 x 10°® W/m? k*

Au=u-u, =ecA(T*-T/*)

de
Newton’s law of cooling : pri k(6-6,); 6=06,+(0-0)e™

ELECTROSTATICS

Coulomb force between two point charges

T - PO B ¢
F= 3T T dmege | T P
dnege, | T3 ofr | 1|
. The electric field intensity at any point is the force experienced
by unit positive charge, given by E = F
Yo
. Electric force on a charge 'q' at the position of electric field

intensity E produced by some source charges is F = qE
. Electric Potential
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If (W _.)., is the work required in moving a point charge q from infinity
to a point P, the electric potential of the point P is
Vp _ (Woop )ext
q acc=0
) Potential Difference between two points A and B is
VA_VB
. Formulae of E and potential V
Kg . - K
()  Pointcharge E= —.f = g v=19
o r’ )
(i) Infinitely long line charge s——F = 2KAf
ylong 9 2megr T

V = not defined, v, —v, =—2K\ In(r /r,)

G -
(iii) Infinite nonconducting thin sheet g” ,
0
(¢
V = not defined, VB VA = _2_(rB _rA)
€0
(iv) Uniformly charged ring
KQx
Eaxis - <R2 + X2)3/2 ’ Ecentre - 0
KQ KQ
V. = > 2 vV =—
axis R + X centre R
X is the distance from centre along axis.
v) Infinitely large charged conducting sheet Si
€0

(e}
V = not defined, VB —~Va = —8—(VB _rA)
0

(vi) Uniformly charged hollow conducting/ nonconducting /solid
conducting sphere
- KQ
(a) forE:If—QF, r- R, V=—
72 r
KQ

(b) Ezoforr<R,V=?
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(vii) Uniformly charged solid nonconducting sphere (insulating material)

=_ kQ . KQ
(a) E=—ZTforr>R,V=—
Ir r
i KQF r _— 2 2
(b) E= forr < R, V= (BR?-r?)
R3 38 6zo

(vii)  thin unlformly charged disc (surface charge density is c)

—} Ve 2 VR

1-
Eax|s 280 |: R2 X axis 280

Work done by external agent in taking a charge q from Ato B is
(W =q (VB - VA) or (Wel) a4 (VA_ VB) :

ext)AB_

The electrostatic potential energy of a point charge
Uu=qV

U = PE of the system =
U1 +U2 +...

1
Energy Density = ESEZ

2
Self Energy of a uniformly charged shell = U = %
Self Energy of a uniformly charged solid non-conducting sphere
3KQ?
= Ugerr :5—R
Electric Field Intensity Due to Dipole
2KP

(i) on the axis g = —5—
r

y . .. = KP
(ii) on the equatorial position: E = _r_3

KP o,
(iii) Total electric field at general point O (r,0) is E__= = 1+3cos® 0
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Potential Energy of an Electric Dipole in External Electric Field:
U=-p.E

Electric Dipole in Uniform Electric Field :
torque T=pxE; F =0

Electric Dipole in Nonuniform Electric Field:

L = > > oE
torque t=px E;U=-p.E, Netforce |F| = DE

Electric Potential Due to Dipole at General Point (r, 6) :

PcosO  p.T

V= 2 T 3
4me,r 4me,r

The electric flux over the whole area is given by

b= JEOS = [Eqds

Flux using Gauss's law, Flux through a closed surface

= 7a_ Gin
= ¢ E-dS=
b= § o
Electric field intensity near the conducting surface
c .
=—n
€0
Electric pressure : Electric pressure at the surface of a conductor is
given by formula
2

P= 26 where o is the local surface charge density.
0

Potential difference between points Aand B

B

B
V-V, = - JTE.dF
A

E=-|iZviilveklv|o -2 04k )y
OX OX 0z OX OX 0z
=—VV=—gradV
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1. ELECTRIC CURRENT
Aq .
L= Tt and instantaneous current
i: m ﬂ = d—q
T At—>0 At dt
2. ELECTRIC CURRENT IN ACONDUCTOR
I=nAeV.
A
Va=—,

vV, = =
d z > )
I[=neAV,
3. CURRENT DENSITY
j=9;
ds
4, ELECTRICAL RESISTANCE
1= neav. —nea [ ) o= ["7%] Ap
=ne d—ne % T= om
2
\V; ne“t|(A A
E:7 SO I=[2m][f)V=(p£]V=V/R:> V=IR
p is called resistivity (it is also called specific resistance) and
2m 1 .
P e?s =g,csis called conductivity. Therefore current in conductors
is proportional to potential difference applied across its ends. This is
Ohm's Law.
Units:

R —ohm(Q2), p —ohm-meter(Q—m)
also called siemens, 5 — O 'm™".
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AN

Dependence of Resistance on Temperature :
R=R (1 +a0).
Electric current in resistance
V, -V,
R

ELECTRICAL POWER
P=VI

I=
Energy = det

V2
H=VIt=1Rt= —t
R

I°RT
—12 —
H=1*RT Joule 12

KIRCHHOFF'S LAWS

9.1 Kirchhoff’s Current Law (Junction law)
2 Iin = 2 Iout

9.2 Kirchhoff’s Voltage Law (Loop law)
2 IR+X EMF=0".

Calorie

COMBINATION OF RESISTANCES :
Resistances in Series:
R=R +R +R +........ +R, (this means R__ is greater then any
resistor) ) and
V=V +V +V +. ... +V,
R, R,

Resonance” Page # 42

Educating for better tomorrow



1.

13.

15.

AN

WHEATSTONE NETWORK:: (4 TERMINAL NETWORK)

When current through the galvanometer is zero (null point or balance

P R
pomt)a—g,thenPS QR

GROUPING OF CELLS
13.1 Cells in Series :
E.r, E,r, E,r,

Eepr Teg
Ao—||—||—| ||—OB Ao—“—oB

Equivalent EMFE, = B4 +Ej +...... +Ep [write EMF's with polarity]

Equivalentinternal resistance r,_ = r+r, +r3+r, +.... 41,

13.2 Cells in Parallel:

s, e

Beq = [Use emf with polarity] a1 iy B
A / ..... / e v
1 1 1 1
——— e — o+ —
feq T T2 r,
AMMETER

A shunt (small resistance) is connected in parallel with galvanometer
to convert it into ammeter. An ideal ammeter has zero resistance

IR,

AO (G) OB

s
[~ Whole system is

known as Ammeter
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Ammeter is represented as follows -

Iev RG
1 Is
R AO— * °8
A O (A) O B M
- g

If maximum value of current to be measured by ammeter is I then
l,-Rg=(1-1,)8

IgRg I~ xR

- N CRALACh

1-1g S I when  [>>1.
where [ = Maximum current that can be measured using the given
ammeter.

16. VOLTMETER
A high resistance is put in series with galvanometer. It is used to
measure potential difference across a resistor in a circuit.

AO—4—OB—wWW—0B

—>Whole system is known as voltmeter

For maximum potential difference
V=I,. R+ R,
v Vv
RS:E—RG If R, <<R,= Rszg
17. POTENTIOMETER

_ e
r+R

g r

—

I

1y
Potentiometer wire
Resistance = R

Ae———7—— 5B
L

€
V.-V = .
A B Ryr
Potential gradient (x) — Potential difference per unit length of wire
_ VA _VB _ € R

L  R+r L

R

X

®
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Application of potentiometer
(a) To find emf of unknown cell and compare emf of two cells.
In case],
In figure (1) is joint to (2) then balance length = 7,
g =x/ ...(1)
in case II,
In figure (3) is joint to (2) then balance length = 7,
g,=x/(, ....(2)

g1 _ Iy
€ s

]

If any one of ¢ or ¢, is known the other can be found. If x is known then
both ¢ and ¢, can be found

(b) To find current if resistance is known —
V= Ve =xt, bog
IR =x/ A
1 1
) Xt —
R1 _||—

Similarly, we can find the value of R, also.
Potentiometer is ideal voltmeter because it does not draw any current
from circuit, at the balance point.

(c) To find the internal resistance of cell.
[t arrangement 2" arrangement
I I
..... [J....... lz
‘.............>
e (I)
It
| Iy
er vﬁ(known)
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by firstarrangement & =x/, (D
by second arrangement IR =x/,

I—Xﬁ aIsoI—L
R’ r+R
'R R = 'R R

l1—1o
r’_|: :|R
ly

(d)Ammeter and voltmeter can be graduated by potentiometer.

(e)Ammeter and voltmeter can be calibrated by potentiometer.
18. METRE BRIDGE (USE TO MEASURE UNKNOWN RESISTANCE)

If AB=/¢cm, then BC =(100— /) cm.

Resistance of the wire between Aand B , R « ¢

[ - Specific resistance p and cross-sectional area A are same for whole

of the wire ]

or R=o/ (1)
where ¢ is resistance per cm of wire.

Resistance Box (known)

X (unknown)

) [ e o] thick connecting
a b c d | L~ wires (strips)
of negligible
B c resistance
- U

(@) (b)

>

If P is the resistance of wire between Aand B then
Pt = P =0c(/)
Similarly, if Q is resistance of the wire between B and C, then

Qoc100-7
Q=0(100- 1) +(2)
. . . P E
Dividing (1) by (2), Q~ 100-¢

®
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Applying the condition for balanced Wheatstone bridge, we getR Q=P X

Q 100 -7
X_RE or X= 7

R

Since R and ¢ are known, therefore, the value of X can be calculated.

1. (i)
(ii)

(iif)

)

V)
(@)

(b)

q oV = q= CV

g : Charge on positive plate of the capacitor

C : Capacitance of capacitor.

V : Potential difference between positive and negative plates.

Representation of capacitor : _| |_ , _| (_

Q*_ Qv

Energy stored in the capacitor: U =— CV2 - 2

1 1
Energy density = 5 & E?= 2 % K E?

¢, = Relative permlttlwty of the medium.
K= ¢, : Dielectric Constant

1
For vacuum, energy density = 5 80E2

Types of Capacitors :
Parallel plate capacitor
€o&A goA
C="g9 K74
A Area of plates
d : distance between the plates( << size of plate )
Spherical Capacitor :
Capacitance of an isolated spherical Conductor (hollow or solid )
C=4negeR
R = Radius of the spherical conductor
Capacitance of spherical capacitor

C=4ne,

(b-a)

C - 47T80K2ab @ Ks
(b-a)

®
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(c) Cylindrical Capacitor : ¢ >> {a,b}

2ng, T ‘

Capacitance per unit length = n(b/a) Fim i

=
(vi) Capacitance of capacitor depends on Q

(@) Area of plates
(b) Distance between the plates
(c) Dielectric medium between the plates.
(vii) Electric field intensity between the plates of capacitor

o Vv
E= 6 ~ d
o : Surface change density
2

. . 9
(viii) Force experienced by any plate of capacitor : F= Az
0
2, DISTRIBUTION OF CHARGES ON CONNECTING TWO CHARGED
CAPACITORS:
When two capacitors are C, and C,are connected as shown in figure
+Q, -Q, +Q, -Q,
I I
A C, B A C, B
+Qz ” Q2 +Q'2 |-| Q‘Q
c ¢ D c Iéz D
Initially Finally
(@) Common potential :
CV, +C,V, Total charge
= = C,+C, ~ Total capacitance
b Q/=cVv=_—%_(q,+Q,)
C,+C,

) Cz
Q=C,V=7¢c ¢, (@+Q)

®
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(c) Heat loss during redistribution :
1 CiCy

2 C+Cy
The loss of energy is in the form of Joule heating in the wire.

AH=U -U = (V,=V,)?

3. Combination of capacitor:
(i Series Combination
LI I O YAV IS B
Ceq C1 CZ C3 1 C2 C3
+QI I—Q +QI {—Q +Q! !—Q
C, Cc, C,
| |
| I
(i) Parallel Combination :
Cu=C,+C,+C, Q:Q,:Q,=C,:C,:C,
4, Charging and Discharging of a capacitor :
(i) Charging of Capacitor ( Capacitor initially uncharged ):
q=q,(1-¢")

q,= Charge on the capacitor at steady state
q,=CV
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7: Time constant = CReq_

Y%

0.63 Qof - -----

(i) Discharging of Capacitor :
q = qo e -t/t
q, = Initial charge on the capacitor

| = qL e —t/t
T
q
R
do
c
0.37v, )
: t
5. Capacitor with dielectric :
(i Capacitance in the presence of dielectric :
Ke A
= d = KCO
+ +0c

——————————— — Gy

t+++++++++++++HG,

- -0
C, = Capacitance in the absence of dielectric.

®
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" S % _° _V
(") Ein_E_Eind_ 80 - 80 - KSO - d

E: S Electric field in the absence of dielectric
€0

E, . : Induced (bound) charge density.

(i)  o,=o(1- %).

6. Force on dielectric
b(K —1)V?
(i) When battery is connected F= 80(2d)
4
/Il' b
L ot
o F
/ = -
i When battery is not ted F-Q_ZE
(ii) en battery is not connecte =2 ax
F <]
— >
X

* Force on the dielectric will be zero when the dielectric is fully inside.

®
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AC AND DC CURRENT :
A current that changes its direction periodically is called alternating cur-

rent (AC). If a current maintains its direction constant it is called direct
current (DC).

t t
constant dc periodic dc
| |
t t
variable dc ac ac
ROOT MEAN SQUARE VALUE:

Root Mean Square Value of a function, from t, to t,, is defined as

Al
0%—':'—0 B
device

Vm Im

5 - E .cosp=V, I  cosp

Here cos ¢ is called power factor.

®
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SOME DEFINITIONS:
The factor cos ¢ is called Power factor.
I_sin ¢ is called wattless current.

rms

. . Vi, V
Impedance Zis definedasZ= — =
Im Irms

ol is called inductive reactance and is denoted by X

1
oC is called capacitive reactance and is denoted by X

PURELY RESISTIVE CIRCUIT:

\/S/=_¥msm ot
|—_S—M—I sin ot ’\\/J
"R R moNO |
Lo Vn ANV
m R R
I = Vrms
rms R

V 2
<P>=V 1 cos¢p=-"5
rms rms R
V, =V, sin ot
PURELY CAPACITIVE CIRCUIT: 7\
Y,
| = =—"—cos ot
v L0
oC |
v C
= ™ cos ot =1_cos ot.
Xc
X. = L di lled iti t
c= ¢ andiscalled capacitive reactance.
Voo
A 1 1 1
VAN T
T
N
INU
N
N/
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| leads by v by n/2 Diagrammatically
(phasor diagram) it is represented as

[

Vm
Since ¢=90°, <P>=V __1_cos ¢=0
1. Magnetic field due to a moving point charge
B Mo AVxT)
4n r3
) r
2, Biot-savart's Law
dB = Mol | dfxr
4z r3
¢ \9\1\ P
3. Magnetic field due to a straight wire T, T
Bo | ,
B = - (sin B, +sin 6,)
4, Magnetic field due to infinite straight wire 5
..... o
_bBo ! :
21 r ©
5. Magnetic field due to circular loop
I B= ——
(i) At centre o
, . Ho NIR?
(ii) At Axis B="% m

®
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6. Magnetic field on the axis of the solenoid

.. 9, nl
O B= MOT (cos 6, —cos 6,)

7. Ampere's Law
§B.dz = gl
8. Magnetic field due to long cylinderical shell
B=0,r<R
= H—Ol,r >R
2nr
9. Magnetic force acting on a moving point charge
a. F =q(§><|§)
. - X X
(i) V1B
X X
mv
:—B X X
q X X VX
2nm
T=—"o
q
. ) o mvsin0
(i) 0 5 9B
27m 27mvcos 0
T=—"Fo Pitch= ——5—
q aB
b.  F=q|vxB)+E|
10. Magnetic force acting on a current carrying wire
F =i xB)
1. Magnetic Moment of a current carrying loop
M=N-1-A
12. Torque acting on a loop
T =MxB

®
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13.

14.

15.

16.

AN

Magnetic field due to a single pole

- HoMm
4 p2
Magnetic field on the axis of magnet

_ Mo 2M

T 4n o3
Magnetic field on the equatorial axis of the magnet

_ b M

T 4n 3
Magnetic field at point P due to magnet

_ ko M
B= Aned V1+3cos?0

S N

Magnetic flux is mathematically defined as = IB.dg

Faraday’s laws of electromagnetic induction

do
dt
Lenz’s Law (conservation of energy principle)

E=-

According to this law, emf will be induced in such a way that it will oppose

the cause which has produced it.
Motional emf

Induced emf due to rotation

Emfinduced in a conducting rod of length | rotating with angular speed ®
about its one end, in a uniform perpendicular magnetic field Bis 1/2 B ®

22,
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1. EMF Induced in a rotating disc :
Emf between the centre and the edge of disc of radius r rotating in a

2

magnetic field B = Bor
5. Fixed loop in a varying magnetic field
dB
If magnetic field changes with the rate gt electric field is generated
. o r dB
whose average tangential value along a circle is given by E= T

This electric field is non conservative in nature. The lines of force associ-
ated with this electric field are closed curves.

6. Self induction
e = A(N¢) _ A(LI) _ LAI
TOAt At At

d(N d(LI LdI
The instantaneous emfis givenas € =— dNg) __ddh _ Ll

dt dt dt
Self inductance of solenoid = p n*nr?/.
6.1 Inductor
Itis represent by "M?_M\_

electrical equivalence of loop

D - O e

|
A= [ [ | =8B di
+Lﬂ VA—Lasz
dt

1
Energy stored in an inductor = 3 LI

7. Growth Of Current in Series R-L Circuit
If a circuit consists of a cell, an inductor L and a resistor R and a switch S
,connected in series and the switch is closed at t = 0, the current in the
-Rt
circuit | will increase as | = %(1_3 L)y
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The quantity L/R is called time constant of the circuit and is denoted by .
The variation of current with time is as shown.

1. Final current in the circuit = % , which is independent of L.

t

2. After one time constant, current in the circuit =63% of the final current.
3. More time constant in the circuit implies slower rate of change of current.
Decay of current in the circuit containing resistor and inductor:

Let the initial current in a circuit containing inductor and resistor be I..

Rt
Currentatatimetisgivenas|=1 e L

Current after one time constant: 1 =1, e '=0.37% of initial current.

Mutual inductance is induction of EMF in a coil (secondary) due to
change in current in another coil (primary). If current in primary coil is |,
total flux in secondary is proportional to |, i.e. N ¢ (in secondary) o I.

or N ¢ (in secondary) =M I.
The emf generated around the secondary due to the current flowing around
the primary is directly proportional to the rate at which that current changes.
Equivalent self inductance :

I
A R B L_Va-Vs

dl (1)
L ot dl/dt
1. Series combination :
L=L +L, ( neglecting mutual inductance)

L=L,+L,+2M (if coils are mutually coupled and they have
winding in same direction)
L=L,+L,—2M (if coils are mutually coupled and they have
winding in opposite direction)
2. Parallel Combination :

1 1 1
T =7 t7  (neglecting mutual inductance)
L Ly Ly
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For two coils which are mutually coupled it has been found thatM < /L L,

or M =k ,/L,L, where ks called coupling constant and its value is less
than or equal to 1.

Magnetic Core
Ec N, [p | |
= = =7 Wheredenota- 2 Yol g
Ep Np Ig _:\) . s
tions have their usual mean- Q. | )
ings. Beq P c"f“)ES
Ns>Np _rﬁ C‘f‘
= EssBp , T Lo T
for step up transformer. Primary Secondary
I coll coil
LC Oscillations
o=
LC
GEOMETRICAL OPTICS

Reflection of Light

(b) Zi=Z4Lr

1.3 Characteristics of image due to Reflection by a Plane
Mirror:

(a) Distance of object from mirror = Distance of image from the mirror.
(b) The line joining a point object and its image is normal to the reflecting
surface.

(c) The size of the image is the same as that of the object.

(d) For areal object the image is virtual and for a virtual object the image
is real

Relation between velocity of object and image :
From mirror property : x_=-x_, y =y _and z =z

Here x,_ means ‘X’ coordinate of image with respect to mirror.
Similarly others have meaning.

y

object image
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Differentiating w.r.t time , we get

V(im)x = -V(om)x; V(im)y = V(om)y; V(im)z = V(om)z,
3. Spherical Mirror
1 1 2 1
—+—=—=— ... Mirror formula
v u R f

x co—ordinate of centre of Curvature and focus of Concave
mirror are negative and those for Convex mirror are positive.
In case of mirrors since light rays reflect back in - X direction,

therefore -ve sign of v indicates real image and +ve
sign of v indicates virtual image
(b) Lateral magnification (or transverse magnification)
h
m= —2% m=—_".
h1
_ o dv v2
(d) On differentiating (a) we get——=— — .
du 2
(e) On differentiating (a) with respect to time we get
dv VZduh dV'th locity of i long Principal
—— = ——5 —— ,where — isthe velocity of image along Principa
dt o’ dt dt gealong Frineip

u
axis and a is the velocity of object along Principal axis. Negative

sign implies that the image , in case of mirror, always moves
in the direction opposite to that of object.This discussion is
for velocity with respect to mirror and along the x axis.

4] Newton's Formula: XY =f2
X and are the distances ( along the principal axis ) of the object
and image respectively from the principal focus. This formula can
be used when the distances are mentioned or asked from the

focus.
(9) Optical power of a mirror (in Diopters) = ?
f = focal length with sign and in meters.
(h) If object lying along the principal axis is not of very small size, the

vV, -V
longitudinal magnification = —u2 ul (it will always be inverted)
5 -

®
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Refraction of Light
speed of lightinvacuum ¢

vacuum. L = = —=—
speed of light inmedium v
41 Laws of Refraction (at any Refracting Surface)
Sini
(b) S_ = Constant for any pair of media and for light of a given
inr

wave length. This is known as Snell's Law. More precisely,

Sini —n, v, A
Sinr n, v, 7\,2
4.2 Deviation of a Ray Due to Refraction
Deviation (3) of ray incident at £ i and refracted at £ ris given by d = |i—r].

Principle of Reversibility of Light Rays

A ray travelling along the path of the reflected ray is reflected along the
path of the incident ray. A refracted ray reversed to travel back along its
path will get refracted along the path of the incident ray. Thus the incident
and refracted rays are mutually reversible.

Apparent Depth and shift of Submerged Object

At near normal incidence (small angle of incidence i) apparent depth (d’)
is given by:

d'= d —~ n — nj(Rl.of medium ofincidence )

relative

Nelative n, (Rl.of medium of refraction )

1 J
r1re|

Refraction through a Composite Slab (or Refraction through a
number of parallel media, as seen from a medium of R.I. n,)
Apparent depth (distance of final image from final surface)

t t t t
= 1 + 2 + 3 + +

N rel N7 rel 03 e n, .

Apparent shift= d (1_

No | Ny Ny [Ny

Observer Object
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1
Apparent shift=t | 1- +t, | 1- 1 — {1_ n }
N1rel Norel Ny rel

8. Critical Angle and Total Internal Reflection (T.I. R.)
C=sin"' Mt
n

d

(i) Conditions of T.L.R.

(@) light is incident on the interface from denser medium.
(b) Angle of incidence should be greater than the critical
angle (i > c).
9. Refraction Through Prism
9.1 Characteristics of a prism

d=(i+e)—(r,+r)and r +r,=A
d=i+e-A.
9.2 Variation of 8 versus i

|

|

4

(=90 [

€= nn

i=y
esy e=x

®
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) There is one and only one angle of incidence for which the angle
of deviation is minimum.

2 When =5 ., the angle of minimum deviation, then i = e and
r, =r,, the ray passes symmetrically w.r.t. the refracting surfaces.
We can show by simple calculation that5 = =2i —-A
wherei = angle of incidence for minimum deviationand r = A/2.

in
. |A+38
sinj——5— m J Nprism
n_ =—. , where n = ————
rel S|n|A rel n .
2 surroundings

Also 5 . =(n-1)A(for small values of ZA)

(3) For a thin prism (A <10°) and for small value of i, all values of
nprism
8 =(n-1)A where n_ =
surrounding

Dispersion Of Light

The angular splitting of a ray of white light into a number of components
and spreading in different directions is called Dispersion of Light. This
phenomenon is because waves of different wavelength move with same
speed in vacuum but with different speeds in a medium.

The refractive index of a medium depends slightly on wavelength also.
This variation of refractive index with wavelength is given by Cauchy’s
formula.

Cauchy'sformula n(LA)=a+ % where a and b are positive constants

of amedium.

Angle between the rays of the extreme colours in the refracted (dispersed) light is

called angle of dispersion.

For prism of small ‘A’ and with small i’ : 0=(n,—n)A

Deviation of beam(also called mean deviation) =8 ,=(n-1A

Dispersive power (») of the medium of the material of prism is given by:
n, —n,

®= n, -1

For small angled prism ( A <10°) with light incident at small angle i :

n, —n; _BV—Br i
-1 5, T oy

angular dispersion

" deviation of mean ray (yellow)
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n,+n, . . ;
[ny= o if n,is not givenin the problem ]

) n,—-n

3, “on, -1
the problem]

n,n and n are R. I. of material for violet, red and yellow colours respectively.

r \' r

[take n = >

if value of n, is not given in

Combination of Two Prisms

Two or more prisms can be combined in various ways to get different

combination of angular dispersion and deviation.

(a) Direct Vision Combination (dispersion without deviation)
The condition for direct vision combination is :

n,+n, n,+n’ '
T—1 A= T—1 A & lny—1J A= lny—1J A’

(b) Achromatic Combination (deviation without dispersion.)
Condition for achromatic combinationis: (n —n)A=(n" —n’)A’

Refraction at Spherical Surfaces
For paraxial rays incident on a spherical surface separating two media:

where light moves from the medium of refractive index n, to the medium
of refractive index n.,.

Transverse magnification (m) (of dimension perpendicular to principal axis)

. . o v-R v/n,
due to refraction at spherical surface is given by m = U-R Tm
Refraction at Spherical Thin Lens
A thin lens is called convex if it is thicker at the middle and it is
called concave if it is thicker at the ends.

For a spherical, thin lens having the same medium on both sides:

1 1 1 1 n
——— =(,-1)|=—-—] wheren = _—lens
vV u R R ol
1 2 medium
®
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v
v
m= —
u
s 1 1 1 1
Combination Of Lenses: —=—t—t—...
F £, f, f

OPTICAL INSTRUMENT

SIMPLE MICROSCOPE

D
¢ Magnifying power : U.
0

D
e when image is formed at infinity M, =T

D
e When change is formed at near print D. Mp = 1+?

COMPOUND MICROSCOPE
Magnifying power Length of Microscope
V,D
M=—_0"0 -
UoU, L=V,+U,
VD
o =TT L=V +f
Uofe 0 e
MD:ﬁ 1+R L =V0+ Dfe
Uy fq D D+f,
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Astronomical Telescope
Magnifying power

fo

He

Terrestrial Telescope

Magnifying power
M = fi
Ue
w, -l
fe
MD == f—0(1 + f—ej
fq D

Galilean Telescope

Magnifying power
M = fi
Ue
w, 5
fe
fq d

Resolving Power

. R =
Microscope Ad

1
R=—
Telescope. A0

1 _2usin®

Length of Microscope

L=f+u.

L =f,+f,
Df,

Lo=fo* Dty

Length of Microscope

L=f,+4f + U,

L =f,+4f+f,

Df,
Lo=fy*+4f+ pop

Length of Microscope

L=f,-U,

L =f,-f.
f,D

LD=f0_D—f

/\ Resonance®
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* Work function is minimum for cesium (1.9 eV)
hc
* work function W = hv,y = '
0
* Photoelectric current is directly proportional to intensity of incident radiation.

(v — constant)

* Photoelectrons ejected from metal have kinetic energies ranging from 0 to
KEmax
Here  KE = eV V, - stopping potential

Stopping potential is independent of intensity of light used (v-constant)
Intensity in the terms of electric field is

1
I= E GO E2C
. h
* Momentum of one photon is e
* Einstein equation for photoelectric effect is
hc hc
hv =wy + Kpax = 7=E+evs
12400

* Energy AE = —X(AO) eV
* Force due to radiation (Photon) (no transmission)

When light is incident perpendicularly
(@) a=1 r=0

1A 1
F=—, Pressure = —
c c
(b) r=1, a=0
_2A _2
= , =
(c) whenO<r<1anda+r=1

T L
_C( r)! _C( r)

®
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When light is incident at an angle 0 with vertical.
(@) a=1,r=0

IAcos® Fcos6 1
F=—, P= = — cos20
c A c
(b) r=1,a=0
Fo 2IAcos? 0 | b= 2Icos? 0
c c
(c) O<r<1, a+r=1
Icos? 0
p=-2" (1+r)
c
* De Broglie wavelength
poh_h_ o h
" mv P \2mKE
* Radius and speed of electron in hydrogen like atoms.
n2
= —3a, a,=0.529 A
z
Z 6
Va= Vo Vo=2.19x10°m/s
* Energy in nth orbit
72
En=E/. — E,=-13.6eV
n
* Wavelength corresponding to spectral lines
1 11
2 oR 22
for Lyman series ng = n,=2,3,4.....
Balmer n, = n,=3,4,5.....
Paschen ng = n,=4,5,6......
* The lyman series is an ultraviolet and Paschen, Brackett and Pfund series
are in the infrared region.
n(n -1
* Total number of possible transitions, is ), (from nth state)
* If effect of nucleus motion is considered,
n? m
r,=(0.529 A) - - —

Z2 1)
E,=(-13.6eV) Z " m

®
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Here y - reduced mass

Mm
M= (M+m)’ M - mass of nucleus
Minimum wavelength for x-rays
hc 12400 A

Mmin = eV, = Vo (volt)
Moseley’s Law
Jv =a(z-b)
a and b are positive constants for one type of x-rays (independent of Z)
Average radius of nucleus may be written as
R =R,A™, Ry=1.1x107""M
A - mass number
Binding energy of nucleus of mass M, is given by B = (ZM, + NM\ - M)C?2
Alpha - decay process
DX 07 Y43 He
Q-valueis
Q= [m (3x)-m (2 v)-m ($He] c?
Beta- minus decay
A A - —
X Y+B +v
Q-value = [m(2 X)-m(5,,Y)]c?
Beta plus-decay
AX — §,1Y +B++y

Q-value = [m(2 X)-m(5_,Y)—2me]c?

Electron capture : when atomic electron is captured, X-rays are emitted.
AX+e —> ';71Y +v

Q-value = [m(2X)-m(5_,Y)]c?

In radioactive decay, number of nuclei atinstant t is given by N = Nye ™,
A-decay constant.

Activity of sample : A=A e

Activity per unit mass is called specific activity.

0.693

A

Ti/2
0.693

Half life : T4, =

Averagelife : T,, =
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* A radioactive nucleus can decay by two different processes having half
lives t; and t, respectively. Effective half-life of nucleus is given by
1 1 1

b

Interference of waves of intensity I, and 1, :

resultant intensity, [ = I, + I, + 2,/I,I, cos (A¢) where, Ap = phase

difference.
For Constructive Interference : I..= (\/ﬂ +1, )2
For Destructive interference : [ = (\/ﬂ -J )2
If sources are incoherent I=1 +1,, ateach point.
YDSE :
Path difference, Ap=S,P-SP=dsin®
i =Y
if d<<D =35
if y<<D
for maxima,
Ap =ni\ = y =np n=0,%1,%2 .......
for minima

(2n—1)% n=1,2,3............
Ap=  Ap= N

@n+1)— n=-1,-2,-3........

2

(2n—1)% n=1,2,3............
= y = 5

(2n+1)2— n=-1,-2,-3.......

A
where, fringe width = a9

Here, A = wavelength in medium.

d
Highest order maxima : Moo = {x}
total number of maxima = 2n  +1

d 1
Highest order minima : Moo = {x+§}

total number of minima =2n_

ax”

®
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27
Intensityonscreen: 1=1 +1,+ 2,/I,I, cos(Ad)where, Ap= TAD

! 2
YDSE with two wavelengths A, & A, :
The nearest point to central maxima where the bright fringes coincide:
y=np,=nB,=Lcmof B, and B,

Ad
f L =1, I1=41 cos® | —-

The nearest point to central maxima where the two dark fringes
coincide,

y=(n,-2)B, == 2)p,
Optical path difference

Ap,, = HAP
2

popt.

2n
Ap = o Ap=

}"vacuum

D B
A==t 5= (-1t

YDSE WITH OBLIQUE INCIDENCE
In YDSE, ray is incident on the slit at an inclination of 6, to
the axis of symmetry of the experimental set-up

o
We obtain central maxima at a point where, Ap = 0.
or 0,=0,.
This corresponds to the point O’ in the diagram.
Hence we have path difference.

d(sin 8y + sin 0) — for points above O
d(sin 6 —sin 0) — for points between O & O'

Ap =
d(sin® —sin 6, ) —for points below O'

..(8.1)
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THIN-FILM INTERFERENCE

for interference in reflected light 2ud

na for destructive interference
- (n +%)x for constructive interference
for interference in transmitted light 2ud

nA for constructive interference
- (n+ %)x for destructive interference

Polarisation
° p =tan .(brewster's angle)

0p + 0, = 90°(reflected and refracted rays are mutually
perpendicular.)

° Law of Malus.
I =1, cos?
I = KA? cos?
° Optical activity
fofie =
LxC

6 = rotation in length L at concentration C.

Diffraction
o asin®=(2m + 1) /2 for maxima. wherem=1,2,3......
o sin 6 = m?}b,m=i1,i 2,+ 3......... for minima.
2dA
o Linear width of central maxima = %
. i 2\
° Angular width of central maxima = a2
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° Resolving power .

A _ M
hp—Ly AL

R =

A+,

A=
where , >

JAL = - A,

GRAVITATION
GRAVITATION : Universal Law of Gravitation

m{m, my;m
F o >——or F=Gg—1—-2
r 2

r
where G = 6.67 x 10~ Nm?2 kg2 is the universal gravitational constant.

Newton's Law of Gravitation in vector form :

— Gmymy . - Gmm fF.F.f
F12 = ; 2 P & F21 = ; 2 m, 12 Fap Foy Iy m,
r r —r——
Now fy, = —fp , Thus F,, =_G’L21m2 Fip -
r
Comparing above, we get F,, = —F,,
i . F _GM
Gravitational Field E = P r_2
Gravitational potential : gravitational potential,
GM dv
V=-—. E=-—.
r dr
1. Ring. V= xor (a2 +r2)1/2 & E= (@2 +r2)>'2
GM cos6
or E=- X—2

®
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Gravitational field is maximum at a distance,

r=t a/y2 anditis— 2GM /33 a?
2. Thin Circular Disc.
~2GM ! 2GM
V=2 [a2+r2F—r} & E=_2G2M 1-—L | =~ ==[1-cos6]
a
@ [r2 +a2]5
3. Non conducting solid sphere
(a) Point P inside the sphere. r < a, then
GM 2 2 GMr M
V=——3(3a —-r°) & E=-— 3, and at the centre V = — andE=0
2a a 2a
(b) Point P outside the sphere .
GM GM
r > a, then V=—T & E=_r_2
4. Uniform Thin Spherical Shell / Conducting solid sphere
(a) Point P Inside the shell.
-GM
ria,thenV=T& E=0
(b) Point P outside shell.
-GM GM
r > a, then V=T& E=_r_2
VARIATION OF ACCELERATION DUE TO GRAVITY :
1. Effect of Altitude
GMe h -2
_—"e 2h
= 2 = 1+ — ~ 1-=——| when h << R.
0 R 9(ta) =9[R
d
2, Effect of depth g9,=9 1—R—
e
3. Effect of the surface of Earth

The equatorial radius is about 21 km longer than its polar radius.

GM
We know, g = —> Hence g
Re

SATELLITE VELOCITY (OR ORBITAL VELOCITY)
1

e [« [T
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When h <<R_ thenv, = ,/gR

e

V,= 1/9.8x6.4x10% =7.92x10°ms"=7.92 km s’

Time period of Satellite

1o 2nRe+h) =2_n[(Re+h)3];

A

Energy of a Satellite

Us= GMem KE.= GMem ; then total energy —» E =-— GMem
r 2r 2R,

Kepler's Laws

Law of area :

The line joining the sun and a planet sweeps out equal areas in equal

intervals of time.

1
Areal velocity = area swept  _ o 1 (rdo) 1
- time - dt = 5

r2 = constant .

dt
2

1 T
Hence Py r> ® = constant. Law of periods : R = constant

FLUID MECHANICS & PROPERTIES OF MATTER

FLUIDS, SURFACE TENSION, VISCOSITY & ELASTICITY :

f F A
1. Hydraulic press. = —=—or F=—xf.
y p p a A aX

Hydrostatic Paradox P, =P_ =P,
(i) Liquid placed in elevator : When elevator accelerates upward with
acceleration a, then pressure in the fluid, at depth ‘h’ may be given by,

= ph [g + ag]

a, B
and force of buoyancy, B = m (g + ag) Iﬁh I % t
R mg

(ii) Free surface of liquid in horizontal acceleration :

(-
tan 6 = 2o —a
g
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p; — p2 = pf ag where py and p, are pressures at points 1 & 2.

(ao
Then hy — hy, = ?
(iii) Free surface of liquid in case of rotating cylinder.

V2 0)2,.2

29~ 2g

h =

Equation of Continuity

aqVq = axVp

In general av = constant .

Bernoulli’'s Theorem

P 1
ie. — + — v2Z+gh= .
i.e 0 5 v g constant

A2
1——22 A, = area of hole
1

(vi) Torricelli’s theorem — (speed of efflux) v=

A, = area of vessel.
restoringforce

F
ELASTICITY & VISCOSITY : stress = m—x

change in configuration

Strain, e = original configuration
. o , AL
(i) Longitudinal strain = T
. . AV
(i) €, = volume strain = v
X
(iii) Shear Strain : tan$or ¢= 7
1 Y ' dul f elasticit Y-M—i
. oung's modulus of elasticity = AL/l AAL

1 1
Potential Energy per unit volume = Py (stress x strain) = Py (Y x strain?)

Inter-Atomic Force-Constant  k = Yr,.
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. . dv dv
Newton’s Law of viscosity, FocA ax O F=-nmA dx
, 2 r*p-o)g
Stoke’'sLaw F=6nnrv. Terminal velocity = 9 T
SURFACE TENSION
Total force on either of the imaginary line (F)
Surface tension(T) = Length of the line (¢) ;
e AW
T=S= A

Thus, surface tension is numerically equal to surface energy or work
done per unit increase surface area.

) 4T

Inside a bubble : (p-p,)= e = Poxcess
) 2T

Inside the drop : (p-p,)= 7 Pescess

2T
Inside air bubble in a liquid :(p - p,) = ' =p

excess

2TcosH
Capillary Rise h= cos
reg
(i) Longitudinal displacement of sound wave
£ =Asin (ot — kx)
(i) Pressure excess during travelling sound wave

% . ,
P = _Ba_x (itis true for travelling

= (BAk) cos(mt — kx)
wave as well as standing waves)
Amplitude of pressure excess = BAk

E
(iii) Speed of sound C = \/;

Where E = Ellastic modulus for the medium
p = density of medium

Y
- for solid C= \/;

®
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(ii)

AN

where Y = young's modulus for the solid

- for liquid C=,T

where B = Bulk modulus for the liquid

JE _ [P _ [RT
- for gases C= o o M,

where M is molecular wt. of the gas in (kg/mole)
Intensity of sound wave :

2

<[>= 2f2 N2 =_m <> 2
I 2?2 A%pv 20v I <P

|
Loudness of sound: L= 10'0910(E} dB
where |, = 10-> W/m? (This the minimum intensity human ears can
listen)
P
4pr?

Intensity at a distance r from a point source = 1 =

Interference of Sound Wave

if P, =p,, sin (ot —kx, +0,)
P,=p,, sin (ot —kx, + 0,)

resultant excess pressure at point O is
p=P, +P,
p = p, sin (ot — kx + 0)

Py = P2, +P2, +2Pm,Pm, COS
where ¢ = [k (x,—x,)+ (6, -16,)]
and I=1+1+ 21,1,
For constructive interference
¢=2nt and= p,=p,, + P, (constructive interference)
For destructive interfrence
¢=(2n+1)mand = p,=|p,,—P,,| (destructive interference)

2
If ¢ is due to path difference only then ¢ = Tn AX.

Condition for constructive interference : Ax = nA

Condition for destructive interference : Ax = (2n + 1) %
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(@) ff P, =P,,and0=m,3m, ...
resultant p = 0 i.e. no sound

(b) If P, =P.,and ¢=0,2x, 4n, ...
P, = 2p,, & I, =4I,
pO = 2pm1
Close organ pipe :
f= l,3—v,5—v, .......... M n = overtone
40 40 4¢ 4/
Open organ pipe :
_ vV 2v 3v nV
= oo N

Beats : Beatsfrequency = |f, —f,|.
Doppler’s Effect

V-V,
The observed frequency, fr=f

V-V
and Apparent wavelength A" =2

ELECTRO MAGNETIC WAVES

Maxwell's equations

§E edA=Q/gg (Gauss's Law for electricity)

fB edA=0 (Gauss's Law for magnetism)
—do

§E edl = 5 B (Faraday's Law)

. do
§B edl =pgic + g £ (Ampere-Maxwell Law)

E
dt

Oscillating electric and magnetic fields
E= E,(t) = Eg sin (kz - ot)

z z t
= E, sin {ZK[X—WH = E, sin{zn[x_?ﬂ
E¢/By = C
c=1/ /“080 c is speed of light in vaccum

v=1/ue v is speed of light in medium
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p= v energy transferred to a surface in time t is U, the magnitude of

the t%tal momentum  delivered to this surface (for complete
absorption) is p
Electromagnetic spectrum

Type Wavelength Production Detection
range
Radio >0.1m Rapid  acceleration and | Receiver's aerials
decelerations of electrons in
aerials
Microwave 0.1mto 1mm | Klystron value or magnetron | Point contact diodes
value
Infra-red 1mm to 700nm | Vibration of atoms and | Thermopiles Bolometer,
molecules Infrared photographic
film
Light 700nm to Electrons in atoms emit light | The eye, photocells,
400nm when they move from one | Photographic film
energy level to a lower
energy
Ultraviolet 400nm to 1nm | Inner shell electrons in | photocells photographic
atoms moving from one | film
energy level to a lower level
X-rays 1inmto 10° nm | X-ray tubes or inner shell | Photograpic film, Geiger
electrons tubes, lonisation chamber
Gamma <10 °nm Radioactive decay of the | do
rays nucleus
ERROR AND MEASUREMENT
1. Least Count
mm.scale  Vernier Screw gauge Stop Watch Temp thermometer
L.C=1Tmm L.C=0.1mm L.C=0.1mm L.C=0.1Sec L.C=0.1°C
2, Significant Figures

« Non-zero digits are significant

¢ Zeros occurring between two non-zeros digits are significant.

¢ Change of units cannot change S.F.

¢ In the number less than one, all zeros after decimal point and to
the left of first non-zero digit are insignificant

¢ The terminal or trailing zeros in a number without a decimal
point are not significant.
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3. Permissible Error
e Max permissible error in a measured quantity = least count of
the measuring instrument and if nothing is given about least count
then Max permissible error = place value of the last number
of (X,y)=x+y then (Af) =maxof (£AX1AY)

max

Af
o f (X,y,Z) = (constant) x@ y* z° then [Tj
max

AX Ay Az
= ta—+b—L+c—
= max of ( X y 2 J

4, Errors in averaging

e Absolute Error  Aa_=|a a |

mean n

n
 Mean Absolute Error Aa___ = [Z| Ag; |J%
i

Aamean

¢ Relative error =
amean

Aamean

¢ Percentage error = x100

mean

5. Experiments
¢ Reading of screw gauge

Thicknes of object = Readingof screw gauge
main circular
Least
=|scale |+]|scale

reading reading

pitch
least count of screw gauge =y, of circular scale division
¢ Vernier callipers
Thicknes of object = Readingof verniercalliper

main vernier
Least
=|scale |+|scale

count
reading reading

Least count of vernier calliper = 1 MSD -1 VSD
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PRINCIPLE OF COMMUNICATION

Transmission from tower of height h

ed, = J2Rh; +,2Rhg

Amplitude Modulation
e The modulated signal c_ (t) can be written as

Cc

2

Cc

2

c ()=Asinot+ cos (o - o )t— cos (o, + o)

Change in amplitude of carrier wave kA
Amplitude of original carrier wave A

o Modulation index Ma =
C

where k = A factor which determines the maximum change in the
amplitude for a given amplitude E_ of the modulating. If k = 1 then
m = Am _ Amax _Amin

a A Amax - Amin

o If a carrier wave is modulated by several sine waves the total modulated

C

index m,is given by m, = \Jm? +m3 +m3 +.........
¢ Side band frequencies
(f.+f_) =Upper side band (USB) frequency

(f.-f ) = Lower side band (LBS) frequency

e Band width = (f +f ) (f -f ) =2f

2
rms

R

&)
(i) carrier power o, _ 2 _ A_?
¢ R 2R

e Powerin AM waves : P =
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55
(i) Total power of side bands P = 2.2
R

(iii) Total powerof AMwave P, =P +P_ =70 1+7J

2 2

P m; /2
. _t _ 1+ & Zsb __"a’®
(iv) P, [ > | and P, 2

1+ 2
2

(v) Maximum power in the AM (without distortion) will occur when
m =1ie,P=15P=3P_

0

(vi) If1_=Unmodulated current and |, = total or modulated current

2 2
i:l_t I_t: 1+%
- P BT 2

Frequency Modulation

e Frequency deviation = =(f -f)=f -f =k. ﬁ

e Carrier swing (CS) = CS = 2 x Af
e Frequency modulation index (m)

_ _i:fmax_fc:fc_fmin:kf E
o mf - fm fm fm fm

¢ Frequency spectrum = FM side band modulated signal consist of infi-
nite number of side bands whose frequencies are (f_*f ), (f_ * 2f ),

m

(f£3f ).
(Af)
e Deviation ratio = ( )max
m /max
(Af)actual

e Percent modulation, m = W

AN

max
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SEMICONDUCTOR

Conductivity and resistivity

. P (t—m) p(r'm™)
Metals 102-10° 102-108
semiconductors 10-°-10-° 105-10°
Insulators 10" -10"° 10" -10"°

Charge concentration and current
e[n,=n] In case of intrinsic semiconductors
* P type n,>> n,
ei=i +i
*n, M, = nf

¢ Number of electrons reaching from valence bond to conduction bond.
n= AT%?2eB9/2T (Ais positive constant)

ec=e(n,m+mn un)
for p hype n,=Na>> n_.
for n —type n,=Na>> n,

AV
¢ Dynamic Resistance of P-N junction in forward biasing = AL

Transistor

AN

¢ CB amplifier
Samll changeincollectorcurrent(Ai; )
Samll changeincollector current (Ai,)

(i) ac current gain o,_=

Collectorcurrent (i )
Emittercurrent (i, )

(i) dc current gain o, =

between 0.95t0 0.99

Changeinoutput voltage(AV,)
(iii) Voltage gain A, = Changein input voltage(AV; )
= A, =a_ x Resistance gain

value of a,_lies

Change inoutput power (AP)

Changein input voltage (AP )

= Power gain = a__ x Resistance gain

(v) Phase difference (between output and input) : same phase
(vi) Application : For High frequency

(iv) Power gain =
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CE Amplifier

AN

Ai
(i) ac current gain __ = (A—IEJ Ve = constant

[
(if)dccurrentgain B, = i

AV
(ii) Voltage gain : A, =~ = B,, x Resistance gain
I

(iv) Power gain = 15~ = p%ac x Resistance
I

(v) Transconductance (g, ) : The ratio of the change in collector in
collector current to the change in emitter base voltage is called trans

Al Ay
conductance i.e. g_= @ .Alsog_= R_L R, = Load resistance.

¢ Relation between o and B : B=L ora = 7
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ROUGH WORK
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