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NO quantities FORMULA (RELATIONS ) | Electrostatics
1 | Quantisation of Elect. Charges (Q) Bsne n is Integral Number, e is charge on electron
on a body e 1.6X10%C
2 | Electrostatic force constant 1/(4neo) value : 9 x 10° Nm’C”?
Permittivity e 8.85x 107 C'N'm™
4 e e F = qiga/dne ?1 and gz are two charges placed at distance
Forces on two charges Fia=-Fa Direction of F is along r.
6 ; ; £ is absolute permittivity of medium, ey is permittivity
Dielectric Constant K=¢gfeo=& of free space, €. is relative permittivity.
7 Fi g
i . is force experienced by the test charge g at
Electric Field at a point E=F 3 : B :
P /q a point. E is called field intensity at that point
Force with respect to field F=q.E
8 | Electric field due to source charge
- z " " .
B gt dickance:t E = Q/(4neqr?) Direction of E is along r.
9 | Electric Field due to dipole on a 3 P is dipole moment, r is distance from centre
: o E = 2P/(4neor?) . i
point on axial line of dipole on axial line.
10 | Electric Field due to dipole on a E = P/(4neqr’) P is dipole moment, r is distance from centre
point on equitorial line i o of dipole on equitorial line.
11 :LE:;:; l::::td:tec:iig::ler:;:;rm E= ris distance of point from midpoint of dipole, 8is
f ) 1 . ' i
angle © with P PVI(3cos™@+1)/dmeqr angle between direction of r and dipole moment P
: 1 a is angle between resultant field and
E mak I thrth tan a == tan® ol :
bl s | 2 direction of r, 0 is angle between r and P
12 | E atany point on the axis of a el
uniformly charged ring at distance r ar/ameo(r*+a’)/*
13 Torque on a dipole kept in 1 = PESIn® P is dipole moment, E is electric field, Direction of
Electric Field or r=~AfF Torque is normal to plain containing P and E
14 i '
Work done for rotating dipole by W = PE(1- CosB) P is dipole moment. E is electric field
angle 8
15 | Potential Energy of dipole in
equilibrium condition when P is U=-PE P is dipole moment. E is electric field
along E.
16 | Potential energy of dipole at 90
Zero
degree to E
17 | potential energy of dipole at 180 ° U=+PE P is dipole moment. E is electric field
18 | Electric Flux de de= E.S = [E.ds
19 o o Flux linked to a closed surface is q/€o times
= LE. | =
gauss thanran b= [Eds] =q/e the charge enclosed in it.
20 | Field due to infinite long straight 3 mesr A is linear charge density in the conductor, r is
charged conductor “ the perpendicular distance.
21 | Electric field due to infinite plane o is areal charge density. Independent of
o /2¢€o :
sheet of charge distance
22 | Within two parallal sheets of , 5 B
2 P $ o [eo Outside, field is zero
opposite charges
23 | Within two parallal sheets of ; A
similar charges e Outside, field is o /e
24 | Electric field due to spherical

shell, out side shell

E = q/(4neor?)

q is charge on shell, r distance from centre.
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25

Electric tield on the surface of
spherical shell.

E=q/(4neoR’)

R is radius of shell

26 | Electric field inside spherical shell. Zero
27 | Electric field inside the sphere of ; ; ; ;i
- { ris radius of sphere, p is volumetric charge
charge distributed uniformly all over E=rp/3€ o i 1
density, is permittivity of medium
the volume .
28 | Potential due to charge Q at i g o .
i geQ V = Qf(4neor) Potential is characteristic of that location
istance r
29 | Potential Energy with charge q Potential Energy is that of the system
s ; U=qVs= Ameer ;
kept at a point with potential V qV = Qq/(4meor) containing Q and q.
30 | work done for in moving a charge g

through a potential difference of V

W = g(V2-Vi)

V= (vz-v1)

Energy of system of two charges

U = qiqz/(4neor)

31

dv is potential difference between two points at

BERR D Dy =-dv/dr distance r where r and E are in the same direction.
32 | Relationof Eand V and 8 E CosB = - dv/dr where 6 is angle between dr and E
33 | potential at infinity / in earth Zero
34 | Electric Potential due to dipole on a . P is dipole momentum, r is distance from
: s V = P/(4neor?) .
point on axial line centre of dipole
35 | Electric Potential due to dipole on a
A s o Zero
point on equitorial line
36 i il ducerdibbic & 3 . , | Pisdipole momentum, ris distance from
. " V=Peosh/ane(r-a” | contre of dipole, a is half length of dipole, is
any general point, cos*0)
angle between r and P
37 | Work done in moving a charge
between two points of an Zero
equipotential surface
38 | Capacitance of a spherical . .
P P dmnegR R is radius of the sphere
conductor
39 ; Ais area of each plate, d is distance between
Capac]ttance e para el B gokA/d them, k is dilectric constant of the medium
LARACRE between plates.
40 Diclectiic Constant k=C/Cq FIS capa'utance‘z with medium within plates, and C,
is capacitance in free space.
41 | Capacitance of a spherical ra and v are radius of internal and external
! C = 4meorars/(ra-rs) i
capacitor. spherical shells
42 | gquivalent capacitance for e Cis equivalent capacitance, i, ¢z are
Capacitors in parallal & W capacitnce of the capacitors joint together.
43 | Equivalent capacitance for 1/C=1/c1+ 1/c2 + 1/cs
Capacitors in series
44 | Charge, capacitance, Potential C=q/V q ischarge on the plate of capacitor and V is
Difference = Potential Difference between the plates.
45 . . q is charge, c is capacitance, v is Pot.
Energy stored in capacitor Yov', Yav, %ag/c : ! i
&Y P e o’/ Difference
46 | Common Potential V=C1Vi+CaV2)/Ci+Ca
47 : ; 1 CC .
Energy loss in connecting 5 Ei‘if' (v1-v2y €1 at viis connected to cz at vz
2
48 | C with dielectric slab inserted £okA/d-t(1-1/k) t is thickness of dielectric slab of constant k,
49 | C with metal plate inserted £okA/(d-t) t is thickness of metal plate inserted,
50 | Force of attraction between plates ¥%q'/eoh, YeoE'A | qischarge on plate, A is area, E Elect. Field.
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DYNAMICS AND KINEMATICS WORK, ENERGY, POWER, ROTATIONAL MOTION
| AND MOMENTUM sl
x=xﬂ+ﬂﬂf+z--ar' Fo=-kx W-f,a-ds‘ Py, | b9
dt 6 =6, +wyl + Ea"
Ll o i m - _I_ P | & -
I, = mi T'=2m p U, 21‘4‘ p=mv Faf % F, i.ﬁ’_{t
== Efﬁ U 7. ar
.L_l - i -”IL ! - du T "
S e Leixp, L=l
¢ L. s clx
T 2gp: 2 KE = -mv
Jo= N g ; I, = MR
"”l"'}r o ] a
f: = “"N T zﬁ f J - }2_‘ =.Ij.j_;.iﬂ, 'fd.'lu' —y :.-’:MR
= - m, m
p
UNIVERSAL GRAVITATION THERMODYNAMICS WAVES
Fa Gml:.*r; AL = L AT W -fpcﬂ" ve fA
r .
i W Q = mecA] AS = “;? ¥ = Asin(he - i)
GM : Q=Lm
g8)=-t k - n
{ - _Gnymy pV = nRT = NET Ty A
] »
dE = dQ ~dW L ezl -
MAGNETISM clf L v
d s w 'I"
®, = [B-di o Qe . cop
. W -
o I =Lz,
F=qux ELECTROSTATICS p
FeilxB o 4_|_‘3'l‘£a. ﬁF--J‘E-dE‘ f':i
o /
T ; B = (10 dB)log,, -
o - o = o 0
dB 4” 2 E-E ¢'|‘- -fE'dA
q 0 CURRENTS
Tepxli ‘{:"4::3 q: ( - ’_Eiq_
MECHANICS OF FLUIDS & ke A dr
P i
.-'?-m.#-pgh Us=sgV ¢ d J"‘"i‘?f”r:
pvA = constant | ¢ I > E=pJ
Pl s e
it dme, 1 e S pt
,r:+-£pw + pgh = constant . A
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PHYSICAL QUANTITY

UNITS

A unit is a stondord chosen to measure o

physical quantity

The quantities which can be measured by an instrument and by means of which we can describe
the laws of physics are called physical quantities.

FUNDAMENTAL

TYPES OF PHYSICAL QUANTITIES

DERIVED

SUPPLEMENTRY

Certain physical quantities
have been chosen
arbitrarily and their units
are used for expressing all
the physical quantities,
such quantities are known
as Fundamental, Absolute
or Base Quantities.

MAGNITUDE

Physical quantities which
can be expressed as a
combination of base
quantities are called derived

quantities.
' m] Length[m]
e.g: VB'“'W[T] " Time(s)

Magnitude of physical quantity = (numerical value) x (unit)
Magnitude of a physical quantity is always constant. It is independent of the type of unit.

n,u,= N, u,=constant

Besides the seven fundamental
physical  quantities, two
supplementary quantities are
also defined, they are:

* Plane angle
e Solid angle

NOTE : The supplementary quantities have only units but no dimensions.

FUNDAMENTAL
UNITS

QUANTITY

Length

UNITS Metre

Yl

Kilogram Candela

Luminous Amount of
intensity substance

Mole
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Time

Electric
current

Second Ampere




DIMENSIONS

=
: Dimensions of a physical quantity are the power to which the fundamental |

quantities must be raised to represent the given physical quantity. I

CONVERSION OF UNITS
n[u]=n,[u,]

Suppose the dimensions of a physical quantity are 'a' in mass, 'b' in length and ‘¢’ in time. If the
fundamental units in one systemare M, L, and T, and in the other systemare M, ,L,andT,
respectively. Then we can write.

g,.,b gt a [
n [MILITE] = ny [MILST;)

ANALYZING DIMENSIONAL CORRECTNESS OF A PHYSICAL EQUATION

Every physical equation should be dimensionally balanced. This is called the 'Principle of
Homogeneity'. The dimensions of each term on both sides of an equation must be the same.
Note: A dimensionally correct equation may or may not be physically comrect.

PRINCIPLE OF HOMOGENEITY OF DIMENSIONS

This principle states that the dimensions of all the terms in a physical expression should be same.

. , ] 1 . {
For e.g, in the physical expression s = ut +E atz, the dimensions of s, ut ::mcil utz all are same.
2

Note: Physical quantities separated by the symbols +, -, =, >, < efc., have the same dimensions.

© By this method, the value of dimensionless constant can not be calculated.

O By this method, the equation containing frigonometrical, exponential and logarithmic terms
cannot be analysed.

© If a physical quantity depends on more than three factors, then relation among them cannot
be established because we can have only three equations by equating the powers of M, L
andT.
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Difference between the result of the measurement
and the true value of what you were measuring

ERROR &“"

RANDOM ERROR

Random errors appear randomly because of the
operator, fluctuations in the external conditions
and variability of the measuring insfruments. The

Types Of Error effect of random emor can be some what reduced

by taking the average of measured values.

Random errors have no fixed sign or size.
Thus they are represented in the form A% a -
.
SYSTEMATIC ERROR
Systematic emor occurs due to an emor in the
procedure or miscalibration of the instrument efc.
Such errors have same size and sign for all
measurements. Such errors can be determined.
The systematic error is removed before beginning
calculations. Bench emor and zero emror are
examples of systematic error.
\ J

ABSOLUTE ERROR

Error may be expressed as absolute measures, giving the
size of the error in a gquantity in the same units as the
quantity itself.

Least Count Error - If the instrument has known least count,

the absolute error is taken to be half of the least count unless
otherwise stated.

~

RELATIVE (OR FRACTIONAL) ERROR

Error may be expressed as relative measures, giving the
ratio of the quantity's error to the quantity itself

Absolute error in a measurement

Relative Error =

Size of the measurement
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ADDITION & SUBTRACTION RULE

The absolute random errors add
fR=A+B,or R=A-B,thenr=a+b

PRODUCT & QUOTIENT RULE POWER RULE

When a quantity Q is raised to a power P,
the relative error in the result is P times the
m relative error in Q. This also holds for
negative powers.

lFR=Q'.then%=Px

The relative random errors add

m”R =AB,orR=£,ihenr—=£+
B R A

. J

oo

q
Q )

VERNIER CALLIPERS

Least count of Vernier Callipers

The least count of Vemier Callipers (v.c) is the minimum value of correct
estimation of length without eye estimation. If N division of vernier

calliper coincides with (N-1) division of main scale, then

N(vs)=(N=-1)ms = lvs= %ms

vs = Vernier Scale Reading : ms = Main Scale Reading

-
Gorsmaating < Locking Screw Imperial Scale
Inner dimension)
Metric Scale (ms)
{for measuring .
Outer dimension) Vernier
—p> Jaws Scale(Vs)

- 7

Vernier Constant=1ms-1vs = ['I— % ms = Lﬂms, which is equal to the value of the

smallest division on the main scale divided by total number of divisions on the vernier scale.
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SCREW GCAUGE (OR MICROMETER SCREW)
The instrument is provided with two scales 4 ‘ _I_ ‘

® The main scale or pitch scale is (M) graduated along the
axis of screw.

® The cap-scale or head scale (H) around the edge of the screw head.

'

: Spindle Sleeve (with main scale)
A\'q | %

S

Thimble

Ratchet Ratchet

e <Hm— <}—— Frame

.
Pitch :- The pitch of the instrument is distance between two consecutive threads of the
screw which is equal to the distance moved by the screw due to one complete rotation
of the cap. Thus for,

10 rotation of cap = 5§ mm, then pitch = 0.5 mm.

Least count :- The minimum (or least] measurement (or count) of length is equal to one
division on the head scale which is equal to pitch divided by the fotal cap divisions.

Pitch
screw
gauge

Least count =
Total cap divisions

Measurement of length by screw gauge

Length, L = n x pitch + f x least count,
where n = main scale reading & f = caps scale reading

In a perfect instrument the zero of the main scale coincides
with the line of gradiation along the screw axis with no zero-error, otherwise the instrument

is said to have zero-error which is equal to the cap reading with the gap closed. This error
is positive when zero line of reference line of the cap lies below the line of graduation and

vice-versa. The corresponding corrections will be just opposite.
www.saiphy.com



¢ The length of the actual path traversed by
the particle is termed as its distance.

* Distance = § = length of path ACB.

» Scalar quantity and is measured in
meter. It can never decrease with time.

» The change in position vector of the particle
for a given time interval is known as its
displacement.

» Displacement = B - A

» It can decrease with time. Vector quantity
and is measured in meter.

* The instantaneous speed is the speed at a
particular instant of time.
AR As ds
5 v =lim — =—
a—o0 At dt

Here As is the distance
travelled in time At.

Instantaneous velocity
is the average velocity
at a particular instant :
of time. : ® The slope of the
R dr 2 | tan.gen.t equal ds/dt,
v=Ilim —=— plidd s which is equal to the
ar—o0 At dt :
T instantaneous

{+Al time speed at 't'.

_ds

VvV = tan(0) = E =5

Average Acceleration instantaneous Acceleration

&‘—) l
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M O T ION

N |

U

5

Sign Conventions

= +ve
0

—-Vve
= -8
Equation of motion

Equation of motion 0
= ut - 1/2gt?
=u-gt
= u? - 2gh

ut - 1/2gt?
u-gt
= u? - 2g(0)

NDER

31 Y A

—-ve
-8
Equation of motion
O(t) — 1/2gt?
0-—gt
= (0)2 + 2gh

*J2gh
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h —
Equation of motion
—h =—ut — 1/2gt?

= —-u — gt
u? + 2gh

GRAVITY

+ve
-ve
—8

-ve

Equation of motion
ut — 1/2gt?
u- gt
= u?+ 2gh



RECTILINEAR MOTION CASES

| Velocity Acceleration
BODY MOVING WITH INCREASING VELOCITY

.

a#

> L ]
BODY MOVING WITH DECREASING VELOCITY
v
X 4 i 'y ; a s
I I
| i
| ]
: e | &
| ]
| |
I :
»f kg i
| | |
BODY MOVING WITH UNIFORM VELOCITY
x4 : V A4 i a4
/ ' '
| |
| ]
| 1
i ]
| |
I 1
' |
>t : >t : >y
| ]
Slope Slope
. &
Area under Area under
curve curve
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DISPLACEMENT, VELOCITY AND ACCELERATION GRAPH

Increasing Increasing | [ Constant Constant Negative . Negative _ Velocity
Clope = velodty slope = velocity fi‘lg;pl:t l;lg::f: F|a“9”'“3:5>b9mmmg
= curve
\ less (-ve)
—
= - Decreasing __ Decreasing
St 1 slope velocity !
x : I
L . /4
¥, . 1
: . Displacement . |
i 1
T T T T T T T
1 Yo § 20 30 40 ! s0
i | ! Time in seconds | !
— ! ! Negative | Object is _, Continuing
e [ . —» Deceleration at rest (zero slope)
~ ] H slope 1 Pe)
E I : Velocity .
~— = I 1
L I
> ; — T
1 10 1
! '
Positive Ml thy : ! !
= accele- )| 1 Horizontal i, '
slope | i line => Zero |
ration . . I
] | acceleration 1
(zero slope) I
= ! ' I |
s I I 1
(o] |
L |
= | -
E - Acceleration
¥ b T T T - T
® I 10 20 ' 30 40 50
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RELATIVE VELOCITY

Relative velocity of A wrt B

Relative acceleration of A wrt B E:. - ;: = ;:

RIVER-BOAT PROBLEM

V absolute velocity of river I Time taken by boatman to
- cross the river:
Ve = velocity of boatman with

respect to river or velocity
of boatman in still water

t = L
Vir COS0

Displacement along x-axis
when he reaches on the other
bank:

-
Ve = absolute velocity of

boatman.

X = (Vi - Vi sinb) x

Ver cost

1. Condition when the boatman 3. Shortest Path
crosses the river in shortest

interval of time-

2. Condition when the boatman wants

to reach point B, i.e., at a point just
When V| < V‘L‘,-_' — s:'r',in =W

I
I
|
|
I
| when V, > Vi —
|
|
I
|
|

Ve
i

opposite from where he started

t(N_W
n-vb‘

= Velocity of wind

Va = Absolute Velocity of aircraft

RAIN PROBLEM

Vmg

Vie = Velocity of river wrt ground
» e =6  wp ‘\1
Vim = VeiOCITY Df HVBF wrt man i r.g = VI'I"I"I + vm a 1
!
—

Vmg = Velocity of man wrt ground
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PROJECTILE MOTION

2usin 6

Time of flight T ===

Equation of
Trajectory

:>y=xtan6[l—%]
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Part Il

2 PROJECTILE FIRED PARALLEL TO HORIZONTAL
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Part lll

4 PROJECTILE MOTION DOWN THE INCLINED PLANE

usino. « vy Y ocs 18
— ' — £51N
(0.0) Range R = ucosa. T + > gsin|

2usina
gecos

Time of flight T =

2usina

Time of flight T = =
geosp
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FORCE & IT'S TYPE

Force is a push or pull applied on an object that
can change velocity, shape or size of the object

Electromagnetic Gravitational m

The force that attracts Nuclear Force Is defined as the )
The force that an any object with mass. foren| | Jmmrted ./ betwasn The force that occurs
electromagnetic field Every object, including different nucleons. The force between bodies due
exerts on electrically you, is pulling on every Is attractive in nature and It to their contact is
:harged parﬂr_les. other object in the entire binds protons and neutrons in contact force
Liniversel the nucleus together

It is defined as the It's the attraction or The normal force is the Tens-nn Fovceiis's fovcm than Friction force is the
is exerted equally on both

attraction or repulsion repulsion that arises support force exerted ds of ble. ch force exerted by a
5 Ll 3 i X

of different particles between electrically upon an object that is e ‘: ota::hﬂ cc:n?nmuTs surface as an object

and matenals based [halged particles in contact with another . ks moves across it or
; chject and 15 transmitted

an their electrical because of their stable ohJecQ makes an effort 10
. batween the ends by that

charges mation. mowve across it
| object
. - o
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W
LAW.S.0EMOTION

1 \

First Law}™ i

Every body remains in a i - *h
state of rest or uniform "
motion unless acted upon \,

by a net external force.

Second Law

The amount of acceleration of a
body is proportional to the acting
force and inversely proportional
to the mass of the body.

D
Third Law

For every action there is an
equal but opposite reaction.

If an object A exerts a force
on object B, then object B
will exert an equal but
opposite force on object A.
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Part Il

APPLICATION OF N.L.M

Horizontal pull Case (H} Pull acting at an angle (0)
RT —p 2 ; Fsing
ﬂ—w | ﬂé -
Ymg
T ' e ———

Motion of Bodies in Contact

Two Body System m Three Body System
F

F
R T ——
mi+ m2+ ms3

Motion of a Body on a Smooth =
0 Inclined Plane o Climbing on the Rope

i # T > mg, man accelerates in upward direction
a=gsind N=mgcosl : ’ e
» ® T <mg, man accelerates in downward direction

N 4 F.B.D of man
&9" Rope TT
mgs'\m Ta {Ta
I .

T TE—
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PULLEY Bl.lé CK SYSTEM

|

m:g

FOl"bOd?B. T.—Ti = Ma

ForbodyC, Ti— mg = ma

F

a
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-4 FRICTION

3 ,?&h ‘__f": r p ' N

FRICTION .
Friction is a contact force that opposes the T

relative motion or tendency of relative motion Q

N

1

\

! N

between two bodies.

—{>F

f=uN=pumg

TYPES OF FRICTION FORCES f<k— V
Mg
A
flim .................................... b
£l N X &: Kinetic
Qi

1.STATIC FRICTIONAL FORCE

The opposing force due to which there is no relative motion between the bodies
in contact is called It's a self-adjusting force.

Coefficient of static friction is

2.LIMITING FRICTIONAL FORCE

The maximum frictional force that acts when the body is about to move is called

3.KINETIC FRICTIONAL FORCE

The frictional force between the surfaces in contact when relative motion starts
between them is called Coefficient of kinetic friction is

Mk < Ms
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FRICTION Partl

MINIMUM FORCE REQUIRED TO MOVE THE BODY
N

F
A ., umg

' Fmin = 10

N = Normal force

mg

FRICTION AS A COMPONENT OF CONTACT FORCE

Fc = Contact force N = Normal force

FC!I'IG.K= JMZNT + N! {.:fl'ﬂll!: ”’N}

I.
Fc max NJ -“1 + 1 f = Friction

MOTION ON A ROUGH INCLINED PLANE
N

Balancing Vertical Forces

N =mg cos?0

Balancing Horizontal Forces

f= uN= u mgcosb

mg cosl

ANGLE OF REPOSE

The angle of repose is the maximum angle that a
surface can be tilted from the horizontal, such that

an object on it is just able to stay on the surface
without moving.

When sliding with acceleration ‘a’

mg sin0 = umg cost = ma

or (tane, =

mg sin® mg cost

where 0)_is called angle of repose.
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When a particle moves in a plane such that its distance from a fixed
(or moving) point remains constant then its motion is called a
circular motion with respect to that fixed (or moving) point.

&l ANGULAR VELOCTIY ()

Average Angular Velocity

_ Total Angle of Rotation 0, — 0, AG

(i3] = 2 (63} = = —
av , av
Total time taken t,-t, At

where 0, and 0, are angular position of the particle at time
t1 and tz respectively.

Instantaneous Angular Velocity Relative Angular Velocity

I

|

The rate at which the position vector of a | (Vas)
particle with respect to the centre rotates, is : = A%
called as instantaneous angular velocity with fAs
[

|

[

[

I

[0)]

respect to the centre. . . .
here Vas, = Relative velocity perpendicular

im A9 _do to position vector AB

0= —

At—0 At dt

<l

Relation between speed and angular Velocity : v = 1« is a scalar quantity (o # =

ANGULAR ACCELERATION (o)

Average Angular Acceleration

Let v, and «, be the instantaneous angular speed at time t,and t . 'A
respectively, then the average angular acceleration , is defined as >
W — A e

rl = =
t2— 1ty At

Instantaneous Angular Acceleration

It is the limit of average angular acceleration as At approaches zero, that is

lim Awm do dm

— 1) —

At—0 At dt do
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RADIAL AND TANGENTIAL ACCELERATION m

v do
Angular and Tangential Acceleration Relation o= -%— =T ? or Qt=rou
t t

Equations of Rotational Motion

®» = oy + at

RELATIONS AMONG ANGULAR VARIABLES

1 2
0 = gt + — Gt
2

- oy’ = 200

Uniform Circular Motion Non-Uniform Circular Motion

Speed of the particle is not constanti.e.,
o # constant |

| Speed of the particle is constant i.e.,
o = constant

#0 ra # 0

Q; = Qnet

— e e S e e S e e e e s e e e e e e e e e e s e e
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* D

CENTRIFUGAL FORCE

ma-r
(centrifugal ~! -
faoe) || Y | T e s —

=» Cenirifugal force is a fictitious force which has to be applied as a concept only in a
rotating frame of reference to apply Newton's law of motion (in that frame)

SIMPLE PENDULUM
] L 7
Balancing Horizontal Forces:
Tsin 6 =mao’r
!

Balancing Vertical Forces:

e

mgcos i
mgsin® T-mgcos® =mvZ/L=>T=m(gcosO + vZ/L)

mg
2
- , mv2\  _ : v4
| Fret | —\/(mgsrnﬂlz-i- ( 1 ) - mJ 925!n29+—L2

- CONICAL PENDULUM
H + @

— £
. FBD of ball shows: —g\\
.l
Tsin = m w? r = centripetal force \\TCOS 0
Tcost = mg Tsino ; '
\u_—/ l ma’r
g mgL s
SDeEd Adoa (Lg - rZ}”‘ and TensionT= (LQ . I'Q)Uz FBD of ball w.r.t ground
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/ 1

\,____,/"
"

- ,/__j,./"f Centripital force required for turning is provided in following ways.

T

For a safe turn without sliding:

Safe Speed Y] Sl-ll'g

® The safe speed of the vehicle should be less

than Jurg

® The coefficient of friction should be more
than vé/rg.

BY BANKING OF ROADS ONLY

From FBD of car:

o -

From these two equations, we get

2
&
BOTH FRICTION AND BANKING — Ncos@
OF ROADS

rg(p +tané)
(1 -ptan@)

Maximum safe speed Vmax = j

rg(p -tan@)
(1 +u tan@)

Minimum safe speed Vmax = j

Thus, the cyclist bends at an angle tan ' [v¥/rg]
with the vertical.

www.saiphy.com




______________________________________________
MOTORCYCLIST ON A CURVED PATH

AS CYCLIST MOVE UPWARD

In 1 and 3 normal force increases but frictional
force decreases because 0 decreases.

MOTION OF CYCLISTFROMBTO C

H'*? =mgcos® N=mgcos 0--%—?‘
f=mgsing

From B to C, Normal force decreases but friction
force increases because § increases.

| MOTION OF CYCLISTFROM D TO E

N=T"+mgcoso : f=mgsing

.

From D fo E, '@’ decreases therefore mg cos@ FOUE VLY
increases whereas Normal force increases ek mgsin @

but frictional force decreases. R
www.saiphy.com




WORK, POWER,
ENERGY

W = F.ds = Fscos6

F = Force Applied

—_—

ds = Displacement T = Torque

6 = Angle Between Force and Displacement 0 = Angle of Rotation

dt dt

KINETIC ENERGY

1
Trlns: ?mvz : .RUI — ? | & K.E. ‘Rolling — mVE t ? l(!)
POTENTIAL ENERGY
1
PE pendulum = mgl(l —c0s0) Espring= ? Kx? F'EP‘”“r = mgh

www.saiphy.com




VERTICAL CIRCULAR MOTION

Ball will complete the circle

Condition:Initial velocity, u > /59

® Tension at A : Ta = bmg
® Tension at B: Ts = 3mg

® Ifu= /5gR ball will just complete

the circle and velocity at topmost point is

v=[gR

Ball will slack in hetween

Condition: /2gR <u<_/5gR

o u? - 2gR
cos @ = 3gR .V
Ball will reach B

:
:
:
:

.

:

-
o Condition: m <_/2gR
. :

: <

:

:

¥

:

:

@ Ball will oscillate between CAB

® Velocityv=0butT #0

2
Note: At height h from bottom of ball velocity will be, =Ju? -2gh
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mymn = MmMzr2

The Centre of M &
mass lies closer

= CENTRE OF MASS OF SOME COMMON SYSTEM =

System of Two Point Masses Semi-Circular Disc Circular Cone (Solid)

r
«—>

c.m.

g la
to the heavier I%tl" ’I
- X

Rectangular Plate Triangular Plate
(By symmetry) (By qualitative argument) Hemnphencal Shell
At the Centroid: 4y

R €

: J

I

J‘

Solld Hemlsphere

Circular Cone (Hollow)

www.saiphy.com



SPRING FORCE "wwwwywwwW\W\WN

o STRETCHED SPRING
I

2
> Fy
W &

Stretched by x

c)
C-)
e
e
—
g-

(2) SPRING ATTACHED TO A BLOCK

Released at C Released at A

N.L.  Release ¢ Serelease )
A Y
LALLLLLLL
| 1%

: b B
When the block is released at point C then When point A is released then the
spring force doesn’t change instantaneously spring force changes instantaneously
because of friction at mass m. to become zero.

SPRING BLOCK SYSTEM

——
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IMPULSE AND MOMENTUM /

Impulse of a force 'F' acting on a body for a time interval t = t; to t = 2 is defined as

(Impulse - Momentum Theorem)

COEFFICIENT OF RESTITUTION (e) ‘

The coefficient of restitution is defined as the ratio of the impulses of reformation and deformation
of either body.

_ Impulse of reformation _ f F, dt _ Velocity of separation of point of contact
Impulse of deformation [ Fa dt Velocity of approach of point of contact

LINEAR MOMENTUM

Linear momentum is a vector quantity defined as the product of an object's mass m, and
its velocity v. Linear momentum is denoted by the letter p and is called “momentum” in
short:

p=my

Note that a body’'s momentum is always in the same direction as its velocity vector. The
units of momentum are kg.m/s.

CONSERVATION OF LINEAR MOMENTUM

For a single mass or single body, If net force | If net external force acting on a system of
acting on the body is zero. Then, particles or system of rigid bodies is zero.

= Then,
p = constant or Vv = constant

?cm = constant or ch = constant
(if mass = constant)
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_cowuision B

Note :- In every type of collision, only linear momentum remains constant.

HEAD ON ELASTIC COLLISION

= In an inelastic collision, the colliding particles do not regain their shape and size

Before Collision

After Collision

In this case, linear momentum and kinetic energy both are conserved. After solving
two conservation equations. We get,

L B e

HEAD ON INELASTIC COLLISION

completely after the collision.

=» Some fraction of mechanical energy is retained by the colliding particles in the :
form of deformation potential energy. Thus, the kinetic energy of the particles no :

longer remains conserved.
=» (Energy loss)pedectly inelastic > (Energy 10ss)parial inelastic
=» 0<e<] :e =coefficient of restitution

OBLIQUE COLLISION (BOTH ELASTIC IN ELASTIC)

LY

Vcosae

Before Collision

After Collision

V cos@

BALL COMPONENT ALONG COMMON COMPONENT ALONG COMMON
TANGENT DIRECTION NORMAL DIRECTION
Before Collision | After Collision | Before Collision | After Collision
1 V sing V sing V cosé 0
2 0 0 0 V cos@
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Perpendicular Axis Theorm Parellel Axis Theorm

>
-
'0
-

[=Ixt+1y

Icum
‘--.
d—i
I = lcom+ Md?

90

M.

L

M

ML?
EVE (Uniform)

0
90
1 IM.L j/

=M

(Uniform)

C

/

o

M

2
= M; (Uniform)

2
Néa (Uniform)

www.saiphy.com

IaB = Icp = IEF Z_.I_7
J K7 :

"

.

M(a%+b?)
12
(Uniform)



Part |l

MOMENT OF INERTIA

Solid Sphere Hollow Sphere

| = MR (Uniform or Non Uniform) m
Hollow cylinder Solid cylinder




ANGULAR MOMENTUM ~
[1] ANGULAR MOMENTUM OF A PARTICLE ABOUT A POINT

L=1Psino

@ ANGULAR MOMENTUM OF A RIGID BODY ROTATING ABOUT A FIXED AXIS

Here, | is the moment of inertia of the rigid body about axis.

@ CONSERVATION OF ANGULAR MOMENTUM

The law of conservation of angular momentum states that when no external torque acts on an object,
no change of angular momentum will occur.

—» —
: — _ dL : ke dL >
Since EMNC o . Now if, GVl then Y CUN so that L = constant.

[4] ANGULAR IMPULSE

UNIFORM PURE ROLLING

Pure rolling means no relative motion (or no slipping at point of contact between two bodies.)

If Ve > Vo or V > Rm , the motion is said to be
forward slipping and if

Ve < Vo < R , the motion is said to be backward
slipping.

The condition of pure rolling on a stationary ground is,
a=R,
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PART Il
[I] PURE ROLLING WHEN FORCE F ACT ON A BODY

Suppose a force F is applied at a distance x above the centre of a rigid body of radius R, mass
M and moment of inertia CMR? about an axis passing through the centre of mass. Applied force F can

produces by itself a linear acceleration a and an angular acceleration c.

a = liner acceleration , « = angular acceleration from linear motion
F+f=Ma
From rotational motion : Fx ~fR =12

F(R+X) - Fix=RC)

" MR(C+1) R(C + 1)

a

[2] PURE ROLLING ON A INCLINED PLANS

A rigid body of radius R, and mass m is released at rest from height h on the incline whose inclination
with horizontal is 6 and assume that friciton is sufficient for pure rolling then,

o = Angular Velocity

o = Angular Acceleration

Linear Acceleration,

a=aR and v = Ra

gsing
e = C = Center of Mass
So. body which have low value of C have

greater acceleration.

TOPPLING

Torque about E Torque about W

Balancing Torque at E Balancing Torque at W

Fb+N(a-x)=mga

fx=a

m
-

mg

www.saiphy.com



G = Gravitational
Constant

N ¥
‘ * @M = Mass of Earth -
4 “ R = Radius of Earth

P e LT T,
ol T ——————

e m'= Mass of Satellite ¢ h = Height from Earth

e.r = Radius of Qrbit oo P : . . Surface
www.saiphy.com




.—-
- 4 GRAVITATIO_NAL_
&  FORCE

At equator, ¢ = 80°, g' - Rw? = 8.78m/s?
At poles,# =0, g' = g = 9.83 m/s?®

@ At equator, effect of rotation of earth is maximum and value of g is minimum.
# At poles, effect of rotation of earth is zero and value of g is maximum.




Gravitation Field Strength

Due to a point mass

E =% (towards the mass)

1
il E OC—
I.Z

L N L . L T .

Due to spherical shell

@ Inside points, Ei = 0

@ Just outside the surface, E = %?— : R - Radius of Sphere
. : _ GM . 4
@ QOutside Point, E, = ; r - Distance of centre from an
r

external point
® On the surface E-r graph is discontinuous.

I
I
1
1
|
I
I
I
I
I
1
1]
']
]
I
I
I
I
I
1
I
LY

r

]

I

]

| :
: GMx |
' Ba=—— : Atx=0,E=0ie.,atcentre '
: (R2+x2)32 :
! i
: i
' Ifx>>R,E= g i.e., ring behaves as a point mass E
i X I
| I
! i
i At x—® E—0 3 E
i i
] ]

® Inside points Ei= =

@ Atr=0,E=0.e atcentre

GM .
R, E = ——i.e., on surface

® Atr RE

® OQOutside points E, = i—? or E,0X :_e

® Atr—0 E-—D

.



Kepler's 1aw of Planetary Motion

e —— ——
-

'_F‘Ignitj

All the planets move around
the sun in elliptical orbits with
sun at one of the focus, not at
centre of orbit.

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

The time period of revolution of
a planet in its orbit around the
sun is directly proportionally to
the cube of semi - major axis of
the elliptical path around the
sun.

' Planet

’
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STRESS The reaction force per unit area of the body due
to the action of the applied force is called stress

TENSILE STRESS COMPRESSIVE STRESS TANGENTIAL STRESS
® Pulling force per unit area ® Pushing force per unit area ® Tangential force per unit area
| ® Increase in length or volume  ® Decrease in length or volume ® |t causes shearing of bodies

The ratio of the change in size or shape Change in size or shape
STRAIN { i g Strain = —————— > ~P°
to the original size or shape of the body Original size or shape

" LINEAR STRAIN: change intengtn per unit iength

Change in length A
Linear Strain= —@878M8M = —
Original length L

Change in volume
Volume Strains ——

Original volume

\
~
SHEAR STRAIN_ Angle through which a line originally
=t § BN RN =F § RNFRERNe normal to fixed surface is turned P 0
- T
h Strai Deformation s S ot At
ear FRNE TR e m—————— P12 S
Original Dimension | ¥ {', v
;‘2'- --------------- d-“”
ol J'"
L -

- www.saiphy.com -




LML RSl Thermal Stress = Yaat
Y — Modulus of Elasticity

« — Coefficient of Linear Expansion
/.t — Change in Temperature

e N
Within the elastic limit, the stress developed in a
body is proportional to the strain produced in it,

Modulus Of Elasticity = St"ef's thus the ratio of stress to strain is a constant.This
Strain constant is called the modulus of elasticity

" J

~

D
C A" E

If we increase the load gradually on a vertically
suspended metal wire:

Stress

B Yield Point
A

v

O

Strain

& Breaking Point

Strain is small (<2%)
Stress oc Strain—> Hook's law is valid

IN REGION OA

Stress is not proportional to strain, but wire will still regain
its original length after removal of stretching force

IN REGION AB

Wire yields — strain increases rapidly with small change in stress.
This behavior is shown up to point C known as yield point

IN REGION BC

Point D corresponds to maximum stress, which is called point of
breaking or tensile strength.

IN REGION CD

- W W W

The wire literally flows. The maximum stress corresponding to D, after
which wire begins to flow.

In this region, strain increase even if wire is unloaded and ruptures at E

.

.
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YOUNG'S MODULUS

Stress

F
Strain A

Young's modulus is defined as the ratio of the linear
stress to linear strain, provided the elastic limit is
not exceeded.

- -

BULK MODULUS

Volume Stress V. P
Volume Strain /V

F
) Tangential Stress A
] - = - E

Tangential Strain

s, | THERMAL EXPANSION

" LINEAR EXPANSION

=)
I
i
[

e

L= L (1 + & £T)

(L = coefficient of linear expansion

AT = Change in temperature
o

SUPERFICIAL OR AREAL EXPANSION

«— After heating —

A A A A

i
i
i
: 4 ”
l [ /
Ar=Ai(1+pBAT) H L
I . 4
: |1+ Before heating =}
B: coefficient of Areal Expansion : e
\ i
~

VOLUME OR CUBICAL EXPANSION f:';i;;r;;':l;;'f" i
Y — P

e

initial Length

i .

‘Length After Heating'

v

Y = coefficient of Volume Expansion

—— i ——

.
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FLUID MECHANICS

T PRESSURE IN A FLUID

3 BAROMETER

Measures atmospheric
pressure

P =pgh

The pressure applied at one point
in an enclosed fluid is transmitted
uniformly to every part of the fluid

and to the walls of the container.

L B,
$1 $2

7 BERNOULLI'S PRINCIPLE

A simultaneous increase
in the speed of fluid
occurs with a

it =5§;
.
decrease in pressure

or a decrease in the
fluid's potential energy.

Ay

:

) VARIATION IN PRESSURE

WITH DEPTH

P

|

Measures the Pressure of gas
inside a container

& HYDRAULIC LIFT

P =P
F2 = P52

1

In steady flow, the mass of fluid
entering per second at one end
is equal to the mass of fluid leaving

per second at the other end

A1 vi = Az v2 = Constant

Ps

Po

e

h

w

I

8 EQUATION OF CONTINUITY

-y

Meaning that in steady flow the product of cross-
section and the speed of fluid remains constant
everywhere ,

O ARCHIMEDE'S PRINICIPLE

A body totally or partially submerged in a fluid is subjected to an
upward force equal in magnitude to the weight of fluid it displaces.

F2=V,P g V; : submerged volume of solid

www.saiphy.com




Thermodynamics deals with energy interactions between two
bodies & its effect on the properties of matter.

weTIIEIIMIIIIYNAMIGS

# Feasibility of a process ® Extent of a process ® Efficiency of a process
SYSTEM SURRODUNDINGS BOUNDARY
The part of the universe All the part of the universe The part which separates
under thermodynamical

called boundary, It may be
rigid or flexible.

observation is called surroundings.

i ]
i L]
1 ]
I [}
' . ‘ : ;
1 except system is called |} system and summoundings IS
: '
] i
system. H E
i

¢ DUASI-STATIC PROCESS
Arbitrarily slow process such that the
equillibrium.

® REVERSIBLE PROCESS
Any changes induced by the process in the universe (sy
by retracing its path.
Reversible processes must be quasi-static.

® IRREVERSIBLE PROCESS
Any process in which a part or whole of process is notf reversible.
E.g. : any process involving friction, ree expansion of gas efc.

BASIC THERMODYNAMIC PROLCESS =
lsochoric

pl T2<Ta

system always stays arbitrarily close to thermodynamic

stem + environment) can be removed

® ISOBARIC: Constant P ® ISOTHERMAL: Constani T 51 5 lsobaric
"""""" ; e N — i) 5 T3> Ta
Ew:r,w; tAU=0 (for r'norr::‘scq-
""""" L ettt Dt lsothermal
#® ISOCHORIC: Constant v @ ADIABATIC: No heaf exchange T=Ta
w=0! iQ=0!
#® There are an infinite number of other processes without any 5 v T . —V
special name! a Adiabatic
WORK DONE IN THERMODYNAMIC PROCESS -

I Vi >

— e S S D S S A =SS5

|
' . i |
| P I
y ) .| ’ ; - D i,‘- I. \ v = | 3 -—-' {?1 "'.I.'. - P l "'.'.'\,' A

|
| - 1
|

— . G G W e S SR S S — e —— S
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THERMODYNAMICS LAWS

The branch of physical science that deals with the relations between heat
and other forms of energy (such as mechanical, electrical or chemical

energy) and by extension of relationship between them.

If two systems are inthermal
equilibrium with a third system, then

they all are in thermal equilibrium with
. 8  oach other. This law helps define the
notion of temperature.

A in equilibrium with BL’

B THE FIRST LAW OF THERMODYNAMICS Stttk

The first Law of thermodynamics states that overall
amount of energy is Conserved. Therefore. energy
cannct be created or destroyed. only lost to an outside

system.
= THE SECOND LAW OF THERMODYNAMICS

-

“W*AT'U“S"-" This law states that energy naturally flows
Q from hotter objects to cooler objects. In

than 100%.

The entropy of a system approaches a
constant value as the temperature
approaches absolute zero. With the exception

of a system at absolute zero is typically close
to zero and is equal to the logarithm of the

product of the quantum ground states.

i of non-crystalline solids (glasses). the eniropy

- e

o\

= A in equilibrium with C |
Cool
environment
20°C

order for energy to flow from a cooler object
|H| ‘| H | ””””” “u”“" to a hotter object, work must be done. When
heat is converted into work, the efficiency or
output of usable work will always be less

B THE THIRD LAW OF THERMO DY N AMIC S et
133434

Increc:sing
temp.

“IHJV

e —




ENDOTHERMIC

An exothermic reaction An endothermic reaction occurs
occurs when the temperature when the temperature of an

of a system increases due to ( isolated system decreases while
the evolution of heat. the sumoundings of a non-

isolated system gains heat.

EXOTHERMIC

Heat is released into the suroundings, resulting in an overall neguhve quantity for the heat of
reaction.

_ Exothermic
An exothermic reaction has a negative AH by convention,

because the enthalpy of the products is lower than the
enthalpy of the reactants of the system. g
w

C (s) + Oz2(g) —» CO2(g) (AH =-393.5 kJ)
The enthalpies are less than zero.

. END O THERMIC bt

Endothermic reactions result in an overall positive heat of
reaction.

An endothermic reaction has a positive AH, because the
enthalpy of the products is higher than the enthalpy of
the reactants of the system.

Energy

Reaction progression N2(g) + O2(g) —* 2NOyg) (AH = +180.5 kJ)
EXOTHERMIC ENDOTHERMIC

Making ice cubes Melting ice cubes

Formation of snow in clouds Conversion of frost to water vapour

Condensation of rain from water vapour Evaporation of water

A candle flame Forming a cation from an atom in the gas phase

Mixing sodium sulphite and bleach Baking bread

Rusting iron Cooking an egg
Bumning sugar Producing sugar by photosynthesis

Forming ion pairs Separating ion pairs

Combining atoms to make a molecule in

Splitting a gas molecule apart
the gas phase

Mixing water and strong acids Mixing water and ammonium nitrate

Mixing water with an anhydrous salt Making an anhydrous salt from a hydrate

Crystallizing liquid salts (as in sodium

lting solid salts
acetate in chemical handwarmers) NER

WwWw.saiphy.com



Ac‘
1\ A Carnot hec:l't engine is an engine that operates

. 5‘:’; o, on the reversible Carnot cycle. The basic model
o e S0, for this engine was developed by Nicolas Léonard
a : -.:%ﬂ “SealOn g o Sadi Carnot in 1824.
wv “I' ‘-h""-‘..‘B - .
o ‘:- . It is an ideal heat engine whose efficiency is less
o DM, ;'.g than 100%.

PSS R’

E Sor ’?‘g". \3%' 7 T -

' Vi PO . - |

| a""-‘ompr“ﬂ----{c ! Efficiency of _ H—TC 100%

: ession at T.: { Carnot Engine . =

: Volume /4 . Tw ;

- PARTS OF CARNOT ENGINE  *

Piston

\

Ideal Gas
(working
Substance)

Cylinder

Qc

Insulator

Carnot engine diagram shows that an amount of heat 'Qx' flows from a high temperature
Tw' furnace through the fluid of the "working body" (ideal gas) and the remaining heat 'Qc’
flow into the cold sink Te', thus forcing the working substance to do mechanical work 'W'
on the surroundings, via cycles of contractions and expansions.

CYLINDER ~ PISTON SINK

it is a hollow cylinder whose
walls are bad conductors of
heat, and its base is a good
conductor of heat.

SOURCE

It is a perfect insulatorin which thermal conductivity :
is zero. System is placed on an insulator during

adiabatic expansion and ad

it is @ movable piston which is fixed
in a hollow cylinder. We neglect the
friction force between the piston
and walls of the cylinder.

: 1tis a low-temperature reservoir;

. system rejects heat to the sink during
. iso-thermal compression. The thermal
. capacity of the sink is infinity.

"~ INSULATOR

it is a high-temperature reservoir; system absorbs
heat from the source during iso-thermal expansion.
The thermal capacity of the source is infinity.

iabatic compression.

—_—
www.saiphy.com



V® THE GAS LAWS

BOYLE'S LAW

According to this law, for a given mass of a gas, the volume of a gas at constant
temperature (called isothermal process) is inversely proportional to its pressure, that is

CHARLE'S LAW

According to this law, for a given mass of a gas, the volume of a gas at constant pressure
(called isobaric process) is directly proportional to its absolute temperature, that is

GAY LUSSAC'S LAW OR PRESSURE LAW

According to this law, for a given mass of a gas, the pressure of a gas at constant volume
(called isochoric process) is directly proportional to its absolute temperature, that is




The rate at which heat is transfered or L Emissive power of body (i) Emissive power of a black body
conducted through a substance is Emissive power of black body = Absorptive power of body = Constant is proportional to fourth power
directly proportional to the of Absolute temperature.

i) Area of the surface (A) perpendicular

0 to the flow of heatf SREES S S rdlatinn [ sim UTq

(i) Temperature gradient I along the 3 {:‘i o = Stefan- Boltzmann Constant
Mnﬁm. “ 5 _Etffused (ii) Emissive power of body due to

y A iati heat transfer from body to
Slabs in Parallel and Series Heat Is lost by convection when SYRISRNLIL UL )
| mwfﬂﬂnam gﬁmnr) surrounding. N
: gl Ot LI‘:‘ =M(T-T5)J
with each other and with

o the sky. Warmer objects | e = FIT'I:Q'JE'-.JE’:‘}'
lose heat to cooler objects.
\: Newton’'s Law of Cooling

aQ _ constant |k = bty
dt - a +'.';,_ ™
T = veries KK [ condudtion isﬂwdmmmﬁr. Poemge-—— = —  — L For small temperature difference,
————————————————— of heat when objects of different ‘ - — e rate of cooling due to radiation
AL K = |n termperature come into contact. . " is proportional to temperature
Ag K T, pagiie- o1 _ ._ i p g difference.
: ’ ~ 1

Reflected Radiation

= different KA. 4+ KA =
d E_ = 1AI+ A_: q
= same Wheatstone Ridge Wein’s Displacement Law

Junction Law Wavelength corresponding to
maximum intensity of emission
Rate of heat _ Rate of heat Y

= ; decreases with increase in
flow entering  flow exiting temperature of black body.

"
< (=utn] o[- 2

b =>No heat flow throygh thesmal pesistance (Rs)

1
[ A, oc 5 AT = Constant




= SIMPLE HARMONIC MOTION=Z: ¢
——— E—

(i) Simple pendulum:T = 27 ’{T () T=2a f."_"'.
(i) Linear : a = -3 K -
li) Two bodies system T = 2a /__
(ii) Physical pendulum:T = 2x fl_ (ii) Angular : « = -@?% th 4 K
mg M1 Ma
h gL Lt L
Where (u ) g

(iii) Torsional pendulum:T = 27 }?I

Composition of 2 SHM

X1 = Ap sin @t
X2 = Az sin (Wt + @)
X =A sin(wt +4) Where

Combination of Springs

=1+1

; ] 1
(i) Series : = e G

(ii) Parallel ; kew=ki+k:z

(ili) Spring cut into two parts i
in ratio m:n M}

. (m+n)k L (m+n)k
m n Angular SHM

A = ,/A"‘: + Ai + 2A A c05¢

Azsing
Ai+AzCOSP

and tand =

k‘] r K2

Linear SHM (i) Displacement : 8= #,sin (Wt + @)

(i) Displacement : x = A sin (Wt +9¢) df

(i) Angular Velocity : ar = @ cos(wt+9)

(ii) Vvelocity :E-E— = A cos(wt +§)

d Energy in SHM

d46 _
(ili) Acceleration : — =-6,@W?*sin(wt + @)

d2y () K.E. = = mw?(A? - x?) dt?

BFF ¥ + - 2

(iii) Acceleration : — = -Amw? sin(wt + ) 1 = -9
dt e (ii) U= Tmm-’-xz (iv) Phase : wt + ¢

iv) Phase : wt+ ¢ | = = 2p2

(iv) (i) E = K+U= 5 mw*A (v) Phase Constant : ¢

(v) Phase Constant : ¢ = Constant.
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MECHANICAL WAVES

Mechanical waves orginate from a disturbance in the medium (such as a stone dropping in a
pond) and the disturbance propagates through the medium.

Mechnical waves are further classified in two categories such that:

1. Transverse waves (waves on a string)

AV e Ve Ve W VYAt

If the disturbance fravels in the x direction but the particles move in a direction,
perpendicular to the x axis as the wave passes, it is called fransverse waves.
2. Longitudinal waves (sound waves)

WAL AEAS AE OO L

Longitudinal waves are characterized by the direction of vibration (disturbance) and wave
motion. They are along the same direction.

NON-MECHANICAL WAVES

These are electromagnetic waves. The motion of the electromagnetic waves in a medium
depends on the electromagnetic properties of the medium.

PARTICLE VELOCITY AND ACCELERATION

www.saiphy.com



ENERGY CALCULATION IN WAVES Part |l

1. KINETIC ENERGY PER UNIT LENGTH
The velocity of string element in fransverse direction is greatest at one mean position and
zero at the extreme positions of waveform.

L ue® A’ cos’(kx- of) |

K

2. ELASTIC POTENTIAL ENERGY
The Elastic potential energy of the string element results as string element is stretched during its

oscillation.
L ] du ] ;
— Z — A" Cos | KX — l'It:I _— = —I ¥ —| Uvo: A Lll. A
2 oli 2 2 4
3. MECHANICAL ENERGY PER UNIT LENGTH
[— = - = P — |t A ( i-r'i:l = lLm A" . l)

4. AVERAGE POWER TRANSMITTED

The average power tfransmitted by wave is equal fo time rate of fransmission of mechanical
energy over integral wavelengths.

o

ENERGY DENSITY

6. INTENSITY

Intensity of wave (l) is defined as power fransmitted per unit cross section area of the medium.




SUPERPOSITION AND STANDING WAVES =il

PRINCIPLE OF SUPERPOSITION

When two or more waves superpose on a medium particle then
the resultant displacement of that medium particle is given by
the vector sum of the individual displacements produced by
the component waves at that medium particle independently.

@ If the two waves are exactly in same phase, that is the shape of one wave exactly fits on to the

other wave then they combine to double the displacement of every medium particle as
shown in figure (a). This phenomenon is called as constructive interference.

@ If the superposing waves are exactly out of phase or in opposite phase then they combine to
cancel all the displacements at every medium particle and medium remains in the form of a
straight line as shown in figure (b). This phenomenon is called as destructive interference.

Wavel |

-A+

ty

-A4

{ Figure (a) » Constructive Interference }
ty _ u]’r
AL “ |
k \ | Resultant|
— WENE”— - -3 —— *"x - wave x
{ Figure (b) . DestructiveInterferen'cr.‘_}
ty Y
+A ‘
‘—b F_ _;.'_ _'._... — - -._ ___:hﬁ_ - - _4x
X | X
AL
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SUPERPOSITION AND STANDING WAVES Partil

S Whenever two or more than two waves

superimpose each other, they give sum of
A; sin(ot + kxy ) their individual displacement.

A; sin(omt + kx)

Y. = A; sin(ot + kx,)

Ak ko Y2 = A; sin(ot + kxz)
Sz

REFLECTION AND TRANSMISSION BETWEEN TWO STRING

If a wave pulse is produced on a lighter string moving towards the friction, a part of
the wave is reflected and a part is transmitted on the heavier string. The reflected
wave is inverted with respect to the original one.

y = A sin(ot + k,x)

|
i
vi = [ : -V :
Y T = , y = A, sin(ot - Kax)

| V2 = L1 e~ II EE
=~ e P = ] ~
S [ g S
o~ / l‘- (vz. pa) Bvi> v e—— i -
.-..‘* / “ 'H_.: [ N |Ar‘|!j t::
= = | \ / ~
3 vy, ) S | \*_/ S
3 S : =V «——y=Asinfot+kx+a) —

]

i

On the other hand if the wave is produced on the heavier string which moves toward
the junction., a part will be reflected and a part transmitted, no inversion in waves
shape will take place.

:
- W : 7
y=Asin(ot+kx) vz, /’ﬁ

/ |

/! |

3 | T ¥
L :
L2 i y = A, sin(mt + kyx + ) y = A, sin(ot - kax)

I

WWW diu V 0




SUPERPOSITION AND STANDING WAVES

When two coherent waves travelling in opposite directions superpose then

simultaneous interference of all the medium particles takes place. These waves
interfere to produce a pattern of all the medium particles is what we call, a stationary

wave.

When all the particles of one loop are at extreme position then total energy in the
loop is in the form of potential energy only. When the particles reaches its mean
position then total potential energy converts into kinetic energy of the particles, so
we can say that total energy of the loop remains constant.

Total kinetic energy at mean position is equal to total energy of the loop because
potential energy at mean position is zero

-

© Fundamental Mode
The string vibrates in one loop in which the ends are the
nodes and the centre is the antinode. This mode of
vibration is known as the fundamental mode and
frequency of vibration is known as the fundamental
frequency or first harmonic.

© First Overtone

The frequency f; is known as second harmonic

or first overtone. -

R o I e . F o o o T o T R A S —

© Second Overtone

The frequency fz is known as
third harmonic or second
overtone.




SUPERPOSITION AND STANDING WAVES part IV

© When one end of the string is fixed and other is free

Note- Free end acts as antinode

PR ——— |
- -

fundamental or I** harmonic

In general :

¢=3)0/4

[HI'® harmonic or |5
overtone

((2n+1)"harmonic, nt" overtone)

S.No. Travelling waves Stationary waves
| |
: _ These waves remain stationary
1. These waves advance in a medium : _
, , between two boundaries in the
with a definite velocity
medium.
) 1
In these waves, all particles except
2 In these waves, all particles of the | podes oscillate with same frequency
medium  oscillate with same | put different amplitudes. Amplitude
frequency and amplitude. IS zero at nodes and maximum at
antinodes.
) 1
At any instant, the phase of all
. : : icl '
< At any instant. phase of vibration particlasi between twa suscessive
: _ _ nodes is the same. but phase of
varies continuosly from one particle ! ; ;

_ . particles on one side of a node is
to the other i.e. phase difference | " " ¢ "
between two particles can have any i el ? phase o partuc_es

on the other side of the node, ie,
value between 0 and 2x ,
phase difference between any two
particles can be either O or 7T
) J
4. In these waves, at no instant all the In these waves, all particles of the
particles of the medium pass medium pass through their mean
through their mean positions position simultaneously twice in
simultaneously. each time period.
| |
5. These waves transmit energy in the These waves do not transmit energy

medium.

I

in the medium.




PROPAGATION OF SOUND WAVES

Sound waves propagate in any medium through a series of
periodic compressions and rarefactions of pressure, which is
produced by the vibrating source.

COMPRESSION WAVES

y+dy
When a longitudinal wave is propagated in a
gaseous medium, it produces compression
and rarefaction in the medium periodically.
=x+dx

b o onid . A svnnlsrmbla wlb snsuvdleale 1
Tr=ir it elils ~olor N At nnarth Fa
veloCitly ang Acceleratio DI partucie .

General equation of wave is given by
y = A sin (ot - kx)

Ve = DY a0 cos(ot - kx ) ’ O O

r)t

VELOCITY OF SOUND/LONGITUDINAL WAVES IN SOLIDS

~—s velocity of sound

b - N e
i ‘ e ‘
L - 7 .
Y = Young Modulus o ' N '
i} v 0 \
© In Fluid A W )
(o]’ b X =i O M X 4 Y i~ x+dy -+

B = Bulk Modulus

o In Gas Where,

P = Pressure
Newton's For for velocity of Sound in Gases - P = Density
Effect of Temperature on Velocity of Sound -

V = Volume
T = Temperature




LONGITUDINAL STANDING WAVES

Two longitudinal waves of same frequency and amplitude, travelling in opposite directions
interfere to produce a standing wave.

If the two interfering waves are given by:
P, =P, Sin (ot = kx) and p, = p, sin (ot + kx + ¢)

. ¢
P =P, sm[mt-r-?)
~ WAVES IN A VIBRATING AIR COLUMN

Fundamental frequency of oscillations of
—¢ closed organ pipe of length I is given as

v v

n,==—

T

I ' n, Fundamental Frequency
Velocity

A Wavelength

! Length of organ pipe

The displacment antinode at an
open end of an organ pipe lies

slightly outside the open end. The

i | ; distance of the antinode from the
The fundamental - open end is called end correction
frequency of organ i | and its value is given by
pipe can be given s N
as I / i : e=046T
vV ¥ ’,' \\‘ ‘\\,*; wh;gre r = radius of the organ pipe,
N T 21 R B e :,--_.C_‘f' ......................................
" ! i ) |i 1l =
1\ =% oS S V0TS
2L :
I

This is an apparatus used to determine the velocity
of sound in aqir experimentally and also to
compare frequencies of two tuning forks.

A=2(0L-1,)
Thus, sound velocity in air can be given as

v=nh=2n, (1, - 1)




AWAYA

Aval® DGPPLER EFFECT

EJ m g} EJ E @ [B [§ i} Eg [E E ﬂ' « The shift In frequency of a wave emitted by a source moving relative to an observer as perceived by the ohserver:
* the shift is to higher frequencies when the source approaches and to lower frequencies when it recedes.

vy = Speed of source

Rest Moving

. L]

Source Observer

Observer

Moving

Observer

Moving

®
V,—

.
Observer

Source

f = Original frequency ' = Apparent frequency v, = Speed of observer

w
Source

Moving

Source

Moving

)

Source

Moving

Source

shortcl‘.ut Trick

v = Speed of sound in air

L]
Observer

Vi —=

Observer

Moving

“—\V,

L ]
Observer

\Whenever source moves towards observer,
then do substraction in denominator and vice-versa.

www.saiphy.com

Whenever observer moves towards source,
then do addition In numerator and vice-versa.



Electric Field due to Point Charge )

%_.‘. —
P x

If a charge q,is placed at a pointin electric field, it experiences a net force F on it,

.‘ﬂ_l

Vector Form

1
~ ang,

q = Charge ; x = Distance

k

E, = L}'- (c0s90°- c0s90°) ==

At P, Ener = E.l.+ E I Enet = 21‘:’1

www.saiphy.com )




ELECTRIC FIELD DUE TO SEMI INFINITE WIRE

kA

. o . 0
- (sin90 + sin0 ) = oy

________ A o o
E, = — (cos0 —cos90 ) = —
r

kQx
(RZ o x!) 3/2

=

- Formaxima, x = +—

Q

2

\

j, [along the axis]

X
A x2+R?




ELECTRIC FIELD STRENGTH ™

; Electric Field due to a Electric Field Strength due to
Gauss's Law % :
Point Charge a Long Charged Wire

q2 ] ql
'3

17 A = Linear Charge
Density

bbb W e e

Electric Field Strength due to Non-Conducting Electric Field Strength due to Charged
Uniformly Charged Sheet Conducting Sheet

/m:oul.fm’

G = Surface Charge

= g
Einsidt_ 2¢,

P = Volume Charge
Density

www.saiphy.com




Part IV

GRAPH OF ELECTRIC FIELD DUE TO BINARY CHARGES

e e e ——————— ————— Y et
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POTENTIAL DUE TO CONCENTRIC SPHERES

At a pointr > C Atapointa<r<b
V= 1 Q1"qE+q3 V= 1 q, . 1 qa + 1 q:i
Came, v Aneq T 4meg b Amep ©
Atapointb<r<c At a point r < a
= 1 9,79, 3 1 0, V = 1 q, B Q5 +q3
4me, r 41e, C 41e, | 8 b c

DIFFERENCE BETWEEN TWO CONCENTRIC SPHERES WHEN ONE OF THEM IS EARTHED

1 q 1 '

Vin = =% + J Vout = - i + e :
ame, a b a1e, b b |

a, 1 1 |
et 2t N il = i e @ \
s q, . B i) q; T8 =9 (i) :
|

Solving (i) and (ii) we can get q, and q,

S S O ER R S B e O ———— -

1 q 1 1 1
Vin = 1 + i Vour = il %
qre, a8  4ue, b qreg, b 4me, b
AV = Vin— Voir => AV %G | 1
= Vin — Vout =5 =
ame, |a b
TOTAL ELECTROSTATIC ENERGY OF A SYSTEM OF CHARGES
5 —r—>
ll U = Usef + Uinteraction
| aka,”  aka’
! U= L+ e o St
: oR, SR, r
Q, Q.



—_—

P = q.2a

It is a vector quantity

Direction of dipole moments (p) is from negative charge

i Slunit: Coulomb - meter
:' e
: to positive charge

-

Eequiatoral = -

\-n—---ﬂ--—-—-ﬂ



2

2kP cos#®
r3

- —

Il
\“.
-2
L4

2kP cos0

r!

POTENTIAL AT 'P' DUE TO DIPOLE, V; =

T —




Electric Field Strength in terms of Electric Flux Electric Flux in Non-uniform Electric Field
— >
¢ =ES A B

-------

M

ke L !

Electric Flux produced by a Point Charge Flux Calculation in the Region of Varying Electric Field

(= E, (2a) . & = 4Ea
b= E, (32) . & = 9EA'
¢ = 5Ed
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CAPACITOR =
A coecior

Capacitor is a passive device of the circuit which
stores electrical energy or charge. It is also known
as condenser.

Capacitance is measured in Farad (F)
Q = Charge A = Area
V = Voltage d = Diameter

pll Combination

c:_ 'Cz CJ
+a| |-a_+a| |-a_+a] |-a
I 11 W V
— Vit— — V24— — V34— I
2 V e

@ The Voltage across each capacitor is the
same,and it is equal to the voltage of the
battery.

V=Vi=V,=V3

@ Charge stored on each capacitor is same and
equal to the magnitude of the charge, which
comes from the battery..

Q=q1=q2=qs

@ The sum of voltage across the individual
capacitor is equal to the voltage of the battery.

charge, which comes from the battery.
V=Vi+ Va+ V3
Q=aq:1+qz2+qs
. 1 1 1 1

"cZ’E"{*E;*“c; "N Ceq=C1+C2+Cs

@ Equivalent capacitance of the capacitor is @ Equivalent capacitance of the capacitor is always

@ The sum of the charge stored on an individual
capacitor is equal to the magnitude of the

always less than the smallest value of the
capacitance of the capacitor in the circuit.

www.saiphy.com

greater then the largest value of the capacitance
of the capacitor in the circuit.



AND L

VW
R

o
—e'

- M
e @

p

E -1
q=qo[l-exc ]

Where go = maximum final value of

chargeatt=o .
Time t = RC is known as Time Constant.

CHARGING OF A CAPACITOR

Part |

I ] i . I l ’

A
lo
w_—_hcrging

0 > t
ing

/-
Duri

I discharging
A 4

If t = RC =T = Time constant
Then, |=0.37 lo

lo

DISCHARGING OF A CAPACITOR

C
|
|

B
|1
!

E

-t
g=qo[erc ]

aq A

Qo

o

Ift=RC =7t =time constant,
Then, q =0.37 qo

The negative sign implies that the force is atfractive.

www.saiphy.com



= AKeo A = Area of Dielectric

(8]
= = c
S d Slab

3. Dielectric Placed Vertically 4.Dielectric Placed Horizontally

= : :
1 | Idfl’i Ki :
' | !
d K2 i x
l : Id/z
Ki+K2)A 280 AK:K
C=C|+C2—>C=M LI +'| >C=M
2d c G G (Ki+Kz)d

6. Capacitor With 3 Dielectrics

I€— A/2 —>|€— A/2 —>|

5.Dielectric Placed Diagonally

I¢— a—|

EpAK1K2 K1

loge

(K2=Ki) K2
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Resistance

W\( The opposing effect to the flow of current
is known as Resistance of the conductor.
+ It is denoted by "R".
—— _ Battery Rs P = Resistivity
= | = Length
A = Area

Rs3
i T Parallel
L — —
I Rl
Ri Rz R3
—-o-'\h AA,—#—«I‘ AA,—.—'\IE A/\,— 12 Rz
Vi V2 V3 3
I 4 I3 R3
1 |
| 1
Vol !

@ The current passing through the individual
resistance is same and its equal to magnitude of
current that comes from the battery.

@ The sum of the voltage across the individual
resistance is equal to the voltage of the battery.

V=Vi+Va+ V3

(] Req =R:1 + Rz +R3

@ The equivalent resistance of the circuit is always
greater than the value of resistance in the circuit.

www.saiphy.com



E:GROUPING OF CELLS®

Equivalent EMF
Eeq = E1 + E2 + ..... + En

Equivalent internal resistance

fege= M+ R+ rra-+ ... Mn

In n cells each of emf E are arranged in
series and if r is internal resistance of

Elrrl El,rl E3'r3 Eﬂ,rﬂ
| .4 !

A® i 1F ¥ | 9B each cell, then the total emf is equal to
Eeq,l’eq nE =
= ! and, current in the circuit, S
A® v “B R+ nr

[2] CELLS IN PARALLEL
O

If m cells, each of emf E and internal
resistance r be connected in parallel
and if this combination is connected
to an external resistance (R) then the
emf of the circuit = E.

- r
Ei/rs + E2/E2 + internal resistance of the circuit = —

- 1/r1 + 1/r2 +

V.dq
Power, P=—— = VI =

dt

n = number of rows
m = number of cells in each row

Current B8 .
Heat, H = I? Rt Joule = I4th calorie

|
I
|
|
|
|
|
|
| Work, W = VIt =
|
|
I
!
|
|
|
|

for maximum current
www.saiphy.com
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T
-
)

CELLS AND
ELECTRIC

P&WER

1  CELLIN SERIES

=» Net EMF of the cells = nE,

net EMF nE
=» Total internal resistance = nr, o

Total Resistance I

=» Hence total resistance of the circuit =nr + R,

m Ifnr<<R,then!|= nE/Ri.e. current obtained from the cells is approximately
equal to n fimes the cumrent obtained from a single cell.

m ifnr>>R, then|= nE/nr=E/r i.e. current obtained from the combination
of n cells is nearly the same as obtained from a single cell.

2  CELL IN PARALLEL

OF r
: AV %2 (ks
O EmE
r
| AN
] r —
| F——wwww»
Iy AW
& R
ANV

www.saiphy.com



When E.M.F's and internal resistance of all the cells are equal

=» E.M.F of battery = E.

=» Total internal resistance of the combination |=
of ncells =r/n

=» Total resistance of the circuit = (r/n) + R

net EEM.F E nE

" Total Resistance (r/n)+R © r+nR

Case | Ifr <<R,the | = nE/nR = E/R ; then total current obtained from combination is
approximately equal to current given by one cells only.

(ofe11-010 !fr>>R, then|Z nE/r; then total current is approximately equal to n times the

curmrent given by one cell.

When E.M.F's and internal resistance of all the cells connected in parallel are different

i E M E

F < ; AN
n

i2 Ez r2 E Ei

G < } AN D = r = :
- and Eeq. = ' loq. = ——

ia Es r3 Z_ i 1

H < } NWWN—— C 1+R - T} ri ri
i
(B 4 .
AWWWA
A B

m M (2) (n)
FWWA— —AWWA—---—]
Total resistance of the circuit = [(—T-) + It]
m

FWWA— WWA—---—]
net E.M.F nE nmE

i_l FWW—] |_ww_--._| |_W_i = Total Resistance ; (nr/m)+R - nr+mR
R
MWW

ELECTRICAL POWER

The energy liberated per second in a device is called its power. The electrical power P delivered
by an elecfrical device is given by
dqg

P =¥, P=VI P=PR P=
dt

V2
— watt
R

www.saiphy.com



INSTRUMENTS MEASURING

VARIOUS ELECTRICAL QUANTITIES

A shunt (small resistance) is connected
is parallel with galvanometer to convert it
into ammeter.

lc= Current through
galvanometer

Rg = Resistance of
galvanometer

02 VOLTMETER

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

Iq
—W—"_' "—(G}
external :
resistance |

-

Ammeter

Voltmeter

Resistance box (S)

_R(100-1)
I

S

R = Resistance taken in the resistance box

! = Length measured

WWW.Ssaiphy.com
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Rh
[ = Length [ Bo— J 3””1
A = Area of cross-section AT lpT i 200 4
p = Resistivity of material 9 100

| = Current

APPLICATION OF POTENTIOMETER

APPLICATION-01 S0 daie s

To find EMF of an unknown cell and Blz
compare EMF of two cells 00 300|
IEOU
100 I

To find the internal resistance of a cell

APPLICATION-03

To find current if resistance is known

www.saiphy.com



ELECTROMAGNETIC FORCE

MAGNETIC FLUX
Magnetic Flux is the amount of magnetic field passing through a given area.
—
. ;_f'

AN

| Aé"‘l-

n Unit— weber (Wb)

FARADAY'S LAW OF ELECTROMAGNETIC INDUCTION

Whenever the flux of a magnetic field through the area bounded by a closed
conducting loop changes, an emf is produced in the loop. The emf is given

’ -

LENZ'S LAW

According to lenz's law, if the flux associated with any loop changes than
the induced current flows in such a fashion that it tries fo oppoose the

cause which has produced it.

MOTIONAL EMF

EMF developed across the ends of the rod moving perpendicular to magnetic field

velocity perpendicular to the rod is -

INDUCED EMF IN A ROTATING ROD INDUCED ELECTRIC FIELD
X X X X X X X s =D
/ EMF,e=¢E‘d;
X X X X X X X Y ! :
A, /dE - /a‘..xdx Using Faraday's law of induction
X X ‘--5 X x dX x X X .
(e ] [] e 0 __dd
X X X X X X X 2 . dt
" - f N VA—VB"—' Bt-lf -
X X X X X X X = e dd
or, Ci) E.di! =-—
. dt




@ SELF INDUCTION

If current in the coil changes by Ai in a time interval At, the average emf induced in the
coil is given as
_ LAi EA el _ ,
Bt S.| unit of inductance is wb/amp or Henry (H)
At At

n = no. of turns/length
r=radius ; u,= Permeability
I =length

€ L - R CIRCUIT

Att=0, inductor behaves as an open switch.

At t =00, inductor behaves as plane wire. v /s

e —

Growth of current

e

v

The maximum current in the circuit io = E/R. So

www.saiphy.com



@) DECAY OF CURRENT

frid U000
© MUTUAL INDUCTANCE | |
4 P
s
(000000
M = Mutual inductance S

Unit of Mutual inductance is Henry (H)

@ SERIES COMBINATION OF INDUCTORS

L L2 v

@ PARALLEL COMBINATION OF INDUCTOR

di _ di, di,

=i+, = — = — +

dt dt dt - M
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’ MAGNETIC

PROPERTY

MAGNETIC FORCE ON A CURRENT CARRYING WIRE

| — - =

I =JA = nevdA Fres = iL x B
P Q
'3 >» @
B i Q

vg4= Drift speed

—_—

n= No. of free electrons per unit volume L =Vector length of the wire

j= Current density
DIRECTION OF FORCE

The direction of force is always perpendlcular to the plcme containing i. dL and B and is same as
that of cross-product of two vectors (o X b) witha=1i. dL andb=8

t

- = —
i.dl B dFr ¥

The direction of force when current element I.d?und ?cre perpendicular to each other can also
be determined by applying either of the following rules:

o Fleming's Left-hand Rule : Siretch the forefinger, ForceT

cenfral finger and thumb of the left hand Magnetic field

mutually perpendicular. Then if the forefinger B
points in the direction of the field ('BJ and the ‘I"
cenfral finger is in the direction of curent, the

thumb will point in the direction of force (or \\ Current

motion).

www.saiphy.com



@ Right-hand Palm rule : Strefch the —_

Direction of Direction of -

- velocity of
fingers and thumb of the right-hand at (fingers) particle

right angles to each other. To find the
direction of the magnetic force on a
positive moving charge, the thumb of
the right hand ponts in the direction of
velocity of parficle v, the fingers in the
direction of Magnetic Field B, then the
Force F is directed perpendicular to
the right hand paim

CURRENT LOOP IN A UNIFORM MAGNETIC FIELD
A
M

of force RIGHT HAND

F
e\ - - 3
i
°r 10/
[}
¢ \\@ i@
@ ) Y
i.'h :
. : [
@® ' @ ;
2 P F @, O
M = NizR? = NiA .y = S I -
IF:
A = Area of loop : R = Radius of loop B
N = No. of loops : | = Current t=MxB

MAGNETIC FIELD AND STRENGTH OF MAGNETIC FIELD

-
-5 F

M

S.1. unit of?ls Tesla or weber/m?

MAGNETIC IN AN EXTERNAL UNIFORM MAGNETIC FIELD
>

Fres = 0 (for any angle)
= MB sin 6

MB

www.saiphy.com



part| |
MAGNETIC FIELD

Magnetic field is the region surrounding a moving charge in which its
magnetic effects are perceptible on another moving charge (electric

current ).

BIOT-SAVART LAW

Biot-Savart law gives the magnetic induction due to an infinitesimal o -
current element. According to 'Biot-Savart Law’, the magnetic field dB = k i(dl xr)

induction dB at P due to the current element d! is given by, r

FIELD DUE TO A STRAIGHT CURRENT CARRYING WIRE

o When the wire is of finite length >)
At any point P

P is on perpendicular Bi-sector

Mo2i
$ B= sin@
A 41td l
Hol
B= + 5ing;) = il
axd 2 where sing, Ty ad?
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E

9 When the wire is of infinite length >)

| E o + uptooo E

@ | o o % o

o I E © © £

: (X] o -

oTI= e o ) E

o ! B _

E OITLW ® E

O B ! P B
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MAGNETIC FIELD AT AN AXIAL POINT OF A CIRCULAR COIL

dB cosdl If the coil has 'N' turns-
'd - dB cos$
dBo® id 1 =
dBo
r
dB sin o 0
Y dB sin
\i dB
dB
v
o  27iR? g Mo 27 NiR?
= 4T (R2+ 32]3f2 4T (E2+ xz)g,fz

FIELD AT THE CENTRE OF A CURRENT ARC

SOLENOID
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MAGNETIC FORCE

DUE TO CHARGE PARTICLES

Charge g moving with velocity v, in a magnetic field has magnetic force F = q (v x B)

||“|“ MOTION OF A CHARGED PARTICLE ”””I
IN A UNIFORM MAGNETIC FIELD

CHARGED PARTICLE GIVEN VELOCITY PERPENDICULAR TO THE FIELD

The particle will move on a circular path.

X : ,_x ~ Time period Frequency
- AF |

CHARGED PARTICLE IS MOVING AT AN ANGLE TO THE FIELD

v,=vcostand v, =vsind

—

* B [ [ [
i I." I | If ! I
2 ¥ v Aaé/oio-;_f:ql X
> z 4 IR E
Ao AL \iagdiaing
Q-m° v cosf P*i;:.h
) ; mv. mv sint ) : 2nr 27 m
The radius of path is, r = = + Time period (T) = =
qB Vi qB
qB
Frquency (f) = —
2rm

MOTION OF CHARGED PARTICLE IN COMBINED ELECTRIC & MAGNETIC FIELD

When the moving charged particle is subjected simultaneously to both electric field E and

magnetic field B, the moving charged particle will experience electric force Fe = qE and
magnetic force Fm = q(v x B)

which is 'Lorentz force equation'.
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r= WAVE FRONT
* Wave front is a locus of particles having same phase.

. . e e e e . . W W W —

‘-« |INTERFERENCE
2 2 2
Anat - A] + Az T ZAIAEC'OS‘P

|nef — |1 + |2 + 2 1“1'2 C05¢

- -

WAVE O 1CS

* Direction of propagation of wave is perpendicular to wave front.

®* Every particle of a wave front acts as a new source and is known
as secondary wavelet.
Coherent source

If the phase difference due to two source at a particle point remains constant
with time, then the two sources are considered as coherent source

For constructive

For destructive interfere

interference

FRINGE WIDTH= ==~~~ =

(1

=
()
i

It is the distance between two 1!

maxima of successive order on

one side of the central maxima. 1!

This is also equal to the distance

between two successive minima. !

_:fﬂr

|
g DISPLACEMENT OF FRINGE --'

|
—+o
_ Central bright fringe

for central
bright fringe;

|
I
|
I
I
I
. I
o (
I
|
|
I
|
I
I

sl __——P:'ﬁ'"__.- .--"HIF
4 J’l‘. - ;;;,,r" y
s By e e B
i 3 & - &
"“‘w\x f;,: Path difference
I D \ Ap = 51P - S2P

YOUNG'S DOUBLE SLIT ===~
EXPERIMENT (Y.D.S.E)

A -

Approximation | :

For D >> d, We can approximate rays n
and r2 as being approximately parallel,

at anglef to the principle axis.
Now, Si1p = S2P = §1A = §:52 sin0

e I,

—
%)
e

Path difference = d sint)

Approximation |l :
r
-lf”-/
;//
/fﬂ
S 4

Further if 0 is small, i.e.

y << D, sinO =~ tan0 =%

o\~

and hence,

path difference l% .(3)

for maxima for minima

. O . .



Part |

&3 MIRRORS

1 REFLECTION

When a ray of light is incident at a point on
the surface of a mirror, the surface throws N O
partly or wholly the incident energy back

info the medium of Iincidence. This

phenomennon is called reflection. B

2 LAW OF REFLECTION

® The incident ray, the reflected ray and the normal to the reflecting surface
at the point of incidence, all lie in the same plane.

Concave mimor

® The angle of incidence is equal to the angle of reflection, i.e., Li=Lr

Note: These laws hold good for all reflecting surfaces either plane or curved.

3 PLANE MIRROR A B

N N
A beam of parallel rays of light,
incident on a plane mirror will get
reflected as a beam of parallel
reflected rays.

I
O
Plane mirror

4 ROTATION OF MIRROR - g
§

For a fixed incident light ray, if the mirror
be rotated by an angle® (about an axis
which lies in the plane of mirror and
perpendicular to the plane of incidence),
the reflected ray turns through an angle
of 20 in the same direction.

www.saiphy.com



5 NUMBER OF IMAGES FORMED BY TWO INCLINED MIRRORS m
360

If =—— = even number ; number of images = -1. B- Angle beMabn
0 B ~ mirrors

a]
310 = odd number ; number of images = 0

the angle bisector.

360°

0

the angle bisector.
360°

If -1, If the object is placed on

If = odd number ; number of images = 36 ., If the object is not placed on

'5) TRANSVERSE MAGNIFICATION

AABO ~ AA'B'O

The above formula is valid for both concave
and convex mirror.

B
hi, ho, v and v should be put with appropriate sign. < Y
p
Details of images
S.No| Position of object - 'g - —
Location Type Orientation |[Magnification
1. | Atoe At F real inverted |m|<< 1
2. | Between C and o Bet.Fand C real inverted Im| <1
3. |AtC At C real inverted Im| =1
4. |BetweenFandC Bet.C and o real inverted lm| > 1
5. | AtF At infinity real inverted Im| >>1
. [ Between Fand P Behind the mirmror virtual erect Im| >1
"85 CONVEX MIRROR
(Posiﬁon of object At infinity In front of mirror

l Details of images | AtF, virtual, erec‘f’.“‘i"l‘ﬁTiEQVIwT' Between P and F, virtual, erect, |m| <1



9§ VELOCITY IN SPHERICAL MIRROR : m

Object moving along the principal axis, Rl Ee --:—; (Vom)
dh;
t

@ Object moving perpendicular to the principal axis,

£ . Sspeed of light in vacuum u = Refractive Index

speed of light in medium

10 LAWS OF REFRACTION \

The incident ray, the normal fo any refracting
surface at the point of incidence and the
refracted ray, all lie in the same plane caolled
the plane of incidence or plane of refraction.

Incident ray
Medium 1 (m)

g Sinl_ Constant for any pair of media and for

sinr light of a given wavelength.

This is known as Snell's Law. N'

11 APPARENT DEPTH AND NORMAL SHIFT

When the object is in denser medium and
the observer is in rarer medium (near

normal incidence)

o d - Apparent depth
d Real depth

12 IMAGE VELOCITY IN CASE OF PLANE REFRACTION

www.saiphy.com



13 REFRACTION THROUGH A GLASS SLAB Part IV

Apparent shift due to the slab when object is seen normally through the slab

ot [ = M surrounding ]
H siab

IMPORTANT POINTS M
Rays should be paraxial. .
Medium on both side of the slab should h -~ b
---1 I
be same. O+ : >
Shift comes out from the object. g
= 4>
Shift is independent of the distance of the »
object from the slab. i 4 >
If shift comes out Positive then shift is fowards i d >

the direction of incident rays and vice versa.

Apparent distance between object and observer when both are in different medium

If object and observer are in same
medium then shift formula should
be used and if both are in different
medium then the above formula of
apparent distance should be used.

14 CRITICAL ANGLE AND TOTAL INTERNAL REFLECTION  _

Critical angle is the angle made in a
denser medium for which the angle
of refraction in rarer medium is 90,

-
- »

Conditions of Total Internal Reflection

Light is incident on the interface from
denser medium.

Angle of incidence should be greater
than the critical angle (i > c).

www.saiphy.com



Distant Object object
P i,
e Real e Smaller ! : \f

than object 2F E o /.
e Inverted e At Focus lens mage
Object at 2F
2F
e Real e Same size f
as object i
e |nverted e At 2F image 6

Object between 2F and F °b1‘-‘Ct
e Real e Larger than
object I I:::
image

® |nverted e Beyond 2F lens
Object at F V5SS
e Real e Highly k~-_ —F .
magnified oF F

3 1 \\\
® Inverted e At infinity A
Object between F and lens ' object

e Virtual * Magnified .\* A F 2F

® Erect e At same sideas  2F \ F J
object image lens |
Images formed by a concave lens

Objectis at F object

' image /
e \irtual e Smaller than object .q/{z
— \kb'
2F F

lens

® Upright e Between object
and the lens
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N )—ALTERNATING CURRENT.

It is the movement of electrical eharge through a medium that changes direction periodically

B suvvany
AC SOURCE PHASE

IMPEDANCE
CONNECTED WITH ¢’ PHASE DIFFERENCE . PHASOR DIAGRAM
V

Pure Resistor Vr is in same phase with ir s

-

Pure Inductor V. leads i_ by 90°

V T—)
I
- b
Pure Capacitor Vc lags ic by 90° ‘
Vv

/Al RC SERIES CIRCUIT WITH AN AC SOURCE

Circuit Diagram Phasor Diagram

()
L
Vs =V, sinot

_’Im

5N LR SERIES CIRCUIT WITH AN AC SOURCE

Circuit Diagram
)
o

IX
=V sinmot ]/V Vv
]
> IR >

www.saiphy.com
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(N LC SERIES CIRCUIT WITH AN AC SOURCE

Circuit Diagram Phasor Diagram
() AIXL
Ve =Vsinot

Vv

V
A

Cc

R
00T |- vix

From the phasor diagram V = 1](&_ - x,)| =1Z,¢=90°

Sl RLC SERIES CIRCUIT WITH AN AC SOURCE

Circuit Diagram Phasor Diagram
IXe v

—

NS
V. =V sinot 1(X.Xe)
Vv

L RS
From the phasor diagram V = (IR)2 +(IXe=1Xs)2 , 2= R2 + (X - Xg)?

(X = Xe) _ (X = Xo)
IR R

tand =

Amplitude of current (and therefore |.ns also) in an RLC series circuit is maximum for a
given value of Vy;, and R, if the impedance of the circuit is minimum, which will be when
Xi-Xc = 0. This condition is called resonance.

So at resonance: RS FEN EE—NTE Jl_
LC




PHOTOELECTRIC EFFECT

Photoelectric effect is the observation that many metals emit electrons when

light shines upon them.

Electron ejected from the surface
% % with gain in Kinetic Energy.

s
% % (o) / Maximum K.E electron can
O/ have K.Epax = (hv -hu,)

‘ Electron will eject if
hv > hy, + Collison Energy

Bound electron will absorb
energy of photon (hu)

Work function (¢ = hv,) is the

energy binding electron to the metal surface.

.
E=hu Incident photon . % -.-.E.nwl

E= mc? on metal Electron
surface

ejected
\ with K.E
- Quantized Energy Einstein's 5
s Photoelectric ¢ :-
Max

/ Photon Work function Equation
of metal

E=hv an e[ectrnn
can have

eV, B e K.E..= hv
Photoelectron is

Vs = % (L—u,)

-+
Negative potential at
which  Photoelectric
current becomes zero. released

www.saiphy.com
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N

| . \ iy
NUCLEAR <= PHYSICS

g |
'

MASS DEFECT

Mass Defect = Mexpected = Mobserved

Am = [Zmp > (A rx z)mn — [Muium - zme]

Itis the minimum energy required to break the nucleus into its constituent particles.

Binding Energy (B.E.) = Amc¢? = Am x 931 MeV BE
A A
® Binding energy per nucleon is more for medium nuclei than 2sFe®
for heavy nuclei. Hence, medium nuclei are highly stable. 8.8MeV

@ The heavier nuclei being unstable have tendency to split into
medium nuclei. This process is called Fission.

& The Lighter nuclei being unstable have tendency to fuse into
a medium nucleus. This process is called Fusion.

: >
: 56 A
RADIOACTIVITY
@1t was discovered by Henry Becquerel.
® Spontaneous emission of radiations {«, . y) from unstable nucleus is called radioactivity.

Substances which show radioactivity are known as radioactive substance.

* In radioactive decay, an unstable nucleus emits « particle or § particle. After emission of « or [
particle the remaining nucleus may emit y- particle, and convert into a more stable nucleus.

a- particle
Itis a doubly charged helium nucleus. It contains two protons and two neutrons.
Mass of «. - particle = Mass of 2zH e atom - Zme =4 mp
Charge of u - particle = + 2e
- particle
[}~ (electron) [}* (positron)
Mass = me : Charge = - e Mass = me : Charge = + e

positron is an antiparticle of electron.

v- particle

They are energetic photons of energy of the order of MeV and having zero rest mass.
www.saiphy.com




RADIOACTIVE DECAY (DISPLACEMENT LAW) Gt e et -

1 o-DECAY

1XA = 1.,YA1 + ;He' + Q
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Q value is definied as energy released during
the decay process.

Q value = rest mass energy of reactants — rest mass energy of products

FESsEsSEssEsssREEREREEREES

Let, Mx = mass of atom :X*, M, = mass of atom z-2Y**, Mue = mass of atom 2He*

- B-_ D E A Y T P PP PP PP TTP :

XA = Y2 + 1%+ Q

my

Q,lly=

Me + My g Me + My

Q valuve = [My - {(M'J' = me) * me}] cl= [Mx - My ](:2

B 3 [t - DEC AY e |

XA = 1412 + 417+ + Q

Q value = [Mx = {{My + me) + me}] €2 = [Mx = My - 2M¢]c?

RADIOACTIVE DECAY : STATISTICAL LAW 4 .

® Rate of radioactive decay is directly proportional o N

# where N = number of active nuclei.

; ’ N
® Rate of radicaclive decay of A = ot =AN

# where ). = decay constant of the radioactive substance.

® Number of nuclei decayed (i.e., the number of nuclei of B formed)

Activity is defined as the rate of radioactive
decay of nuclei

A=Age ™

--------------------------------------------------------------------

sum of ages of all the nuclei

/;*. No et dt.t

T = = =
x No No s
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HISTORY OF ATOMIC MODEL

. . —

lohann Balmer derived a ) J Thomson discovered

formula for mathematically Electron

predicting hydrogen spectrum. Electron
beam

18917

Rutherford proposed a model where J J Thomson proposed
positive charge is at the center, and plum pudding model
electron moves around in a spiral path

and losses energy. |

1904

Electron
Positively charged matter

Bohr's Atomic Model

- ® Bohr worked with J J Thomson and found flaws in his

theory
He proposed electron revolves around nucleus in orbits.

Electron is stabilized by centripetal and electrostatic forces.
Electron don't lose energy in an orbit.

Electron losses or gains energy by moving across orbits.
He proved Balmer was right by derving his formula
theoretically.

Only applicable for one electron systems.

Failed to predict dual nature of electron.

- B e " " "8 - - . ¥ - - L

De Broglie introduced the concept
of dual nature in electrons. He
used Einstein's E = mc? and

proposed any moving particle or
object has an associated wave.

SRR
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N-TYPE

SEMICONDUCTOR
P-TYPE

SEMICONDUCTOR

VIIA

A IVA VA VIA VIA

The elements of 4th group of the periodic table
are called semiconductors.

Eg: Germanium, Silicon, etc.

N-Type

Donor impurity
@ coniributes the

- } free electrons
ﬁnflmclﬂ?
added as . @ .

impurity

When impurity of 5th group is added in an
infrinsic semiconductor, then N-type semi-

conductor is formed.

INTRINSIC SEMICONDUCTOR

000000
000000
000000
© 00000
000000

Pure semiconductor is called intrinsic semi-
conductor.

Boron .
added as @
impurity

2 n,_..."-"

When impurity of 3rd group is added in an
infrinsic semiconductor, then P-type semi-
conductor is formed.
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