ELECTROSTATICS -

Charge

Quantization of charge

Q=+ne Q=Total charge
n=1,2,3....
e=1.6 x 10-°C

Additivity of charge
Q =Q+Q,

Redistribution of charge
Q Q.

GG

- Q+Q,
Q_ 12 2

Q'=Charge on each shell after redistribution

Charge Density

Linear Charge densi'ry,}\,z% Unit-%
Surface Charge densify,G:% Uni'r-%2
Volume Charge density -Q Unit=E.

S p=y -

Q=Total charge V=Volume
L=Length S=Area

@
If a charge on the body is 1 nC,then

how many electrons are present on the body?
a) 1.6 x 10¥ b) 6.25 x 10°

c) 6.25 x 10¥ d) 6.25 x 10%

Time period of Charged
Pendulum in an electric filed

/ |
\%QE T=2 m m
mg

te Time will increase

\AE |
QE T=271 (9+%)

m

Time will decrease

9
\;
2 NieEe)

m

Electric field inside a
dielectric medium

—leE K

net

Enef: E - Einduced ’ induced =

Coloumb’'s Law

r‘Z

1 AR
Q1 . Qz F=4Tso

€o=Per‘miﬁvify of free space

Q] [Q,]

0 [FI[F]

P F.
Q1 k Qz Frea™ K

[AT] [AT]

=M-IL-3T4A?
[L3] MLT2] M-IL3T*A

Superposition

Direction:

a) Like- Towards the point at which force has to

be evaluated (repulsion)
b) Unlike- Away from the point at which force
has to be evaluated (attraction)

General rule

Frer =V F2 + F7+2F, Fcoso

When 6 =90°

Fo=V2F

o 7 A
ée
FZ
o F F
net When 6 =60°
Frr=[3F
60°
F
° Frer
F
F

° Frr  When 6=120°
FNL FuF
F,

Properties of field lines

1) Start from positive charge and end on

negative charge C C

2) Never intersect each other,if they intersect
there will be 2 directions for electric field

which is not possible

Tangent

electric lines
T
—

3) Always perpendicular to
Conducting surface

4) E o Electric field
line density

5) Never form closed loops (Conservative force)

6) q Otno. of field lines
lql>1ql
9 9.

?
point charge are:

a) circular, anticlockwise
b) circular, clockwise

¢) radial, inward

d) radial, outward

the line joining two equal charges
of the three charges will be in equilibrium if q

Equillibrium of Charges

Calculation of Charge

r.r
QR
Q) e
Q. r, q in equillibrium
rl 2 . T
Q=-( ar )Q2 Q, in equillibrium
1 2
r, ¥
q=-( r+r, )Q1 Q, in equillibrium

3
A charge is placed at the centre of
Q. The system

is equal to
a) -Q/2 c) +Q/4
b) -Q/4 d) +Q/2

Electric flux

—>——  Total no. of field lines
»>» g Passing through an area

(D:_[E.ds cos6

L

Gauss Law: - 0= = §E.ds coso

Zero flux:- (D=q:'g% =0,where q,,.=0

Electric flux for Cube

1) No charge inside the cube

Charge inside g=0

]
I
|
| €o
V_

Charge inside q=0

2) Charge placed at the center

d Electric lines of force about negative

/ q
== = gy
il
-9
‘ ®un: side 680

Charge on pendulum

E
tanb= J;n?

ino=—r—
Sin6= 2]

r=2lsin 6

ifois very small

tan6=Sind
—r _gE
| mg
2/r2
+ = k q /f‘ r3 o qz
mg
0 o Density of ball “P"

it © does not change on submerging in liquid
Dielectric constant of liquid,

b K- p
4 o " p-o

+

density of liquid=c

3) Charge placed at the face

Q.1.Q
88 3 24¢%

6) Flux through curved surface

= +
cDeffu:ﬁve (Dcur'vl 2 cross section

Electric Field

Kq

E«% Electric field at a point, E = —
Ly r

1
K=t
4n€,

Superposition

General rule

Bt =V E;? + E,? +2E,E,cos0

4 BV E? + E2+EE,
Tf, E,=E,=E Then, E,_=V3 E
60°
E,
o Eer
E, Ener =Y Ez2 +E?
T If, E,=E,=E Then, E=\2 E
. Bt =
N Ew. =V EZ + E7-EF,
= If, E,=E,=E Then, E,=E
A
Direction

1) Positive charge:-Towards the point at which
electric field has to be evaluated

2) Negative charge:-Away from the point at which

electric field has to be evaluated

Application of Gauss Theorem

Ki
1) Point charge E= d t
2 E

2) Metal sphere r=
KQ
Esurfuce= R2 é
_kQ
outside 7 R r=—

E 0

insid==
3) Non-Conducting sphere
KQr

E Q

insid¢= T
KQ

sur-fcu:e= R2

KQ

outside r?

4) Conducting sheet

+ 4+ + ++ ++

_ o
E=—,

+ + + ++

+ 4+ + o+

+ + + + + + +

5) Non-conducting sheet

E=

(¢
2%

Neutral Point

Like Charges

X, = E—,'f‘_

x, X R,
Qo—}+—toq,

4+— r— . LE—ZL

Q,+q,

Unlike Charges

Outside closer to smaller charge

Q. 1<1Q,l
X= ‘LQ;L
1Q, -1Q,

Distance from Q =x+r

° Two point charges +8q and -2q are located

at x = 0 and x = L respectively.The location of a point
on the x axis at which the net electric field due to
these two point charges is zero is:

a) 8L
b) 4L
c) 2L
d) L/4

Qouter Qi"ner
Qinner= Qplufe- Qoufer

Qpla?e

7) Electric field due to a finite linear
charge distribution

E= Z—Pk)‘ sin(®,) O

8) Electric field due to a infinite linear
charge distribution  _

for infinite
2k\
E==—

8----1

Charged particle
in an électric field

1) Force, F:qE
. qE
2) Acceleration, a=--

3) Velocity, V=(§T

4) Velocity, V= /Ex
m

N q°E?2
5) Kinetic energy,K.E = m
E— E—
o— +«—0

accelerated in the accelerated opposite
direction of electric to the direction of
field electric field

v=(V, z,,vyz

o)

accelerated in the direction
perpendicular to the electric field

oK

M e -11
= i

_LMQ 1837 , = 1.7x 10

E l—at2=Cons'ran1'

l e 2

1, |h hily Fem
1'1 _ mp 1/2
Tz'[me]

9) Electric field due to circular arc

E= ZTk)‘ sin(®,)

eg: For a semicircle 6=1s0- V

10) Electric field at the center of a
circular ring

Efofal =0 Q

E= ZTk)‘ sin(tso,)
20k
r

11) Electric field due to a circular ring

of charge
E_ 1 qx X2+r?
_47780 (x2+a2)¥2
(For large distance) - o\
_ 1 q
E= 4ang, X
EW
[ - x
Emax' X 2



Pressure . e
ﬁe“s”Y (0)= mass (m) \ / \ / Bubble rising up \ 1) U-Tube manometer 4)
volume (v) Normal force or thrust exerted by liquid at constant temperature
at rest per unit area lvm lPa'm
/o radius 'r’ becomes 'R’ when bubble rises hd, = hd, + hd,
/o[v\ P= AL in liquid from bottom to the surface

- unit= kg/m3 ) pgh = patm [N3-11 [R_pp h “‘:
- density of water=1000 kg / m*=1g/cc Pressure depth relation 2
- for same mass P=hpg

= Conditions for equal forces on wall

p,V,=p,V : q
i1: ; >; ’ Hydrostatic paradox and bottom in a cylinder
vl <vz Whatever the shape or width the pressure
1" V2 at any particular depth is same 2) U-Tube type
/ Mixing of liquid \ _ al . A ) 4 h, = h, + h,
& hd, = hd, + hd,
Calculation of resultant/final density P.=P=P =P, Note: -
If one of the liquid H,0,
1) Volumes are equal “ _ 5p. gravity = RD) = ox = o
T L=R p. gravity m -
d1 + dz R (R.D) = r‘“

d= 2 - Gauge pressure = P-P_ then, F=F,
= hpg
2) Masses are equal vafm 1.01325 x 10°Pa / 6)
L 2d,d,
For 2- |IqUId=>d= ﬁ Manometer
1 2
3d.d.d . hldl * hads - hzdz
For 3- liquid=>d= — 123 Inclined barometer batm d
d,d,+d,d,+d,d, l ! |
ﬁ
3) Masses and volumes are different hI (’“)I A
gz _Total mass _ m,em, if ©=angle with horizontal P >. h )
)

" Total volume= Vi+V, x
. h
m-=p.v, & m:=p.v Sin@=—— . o
17P1Vy & M=PV, L U - tube accelerating Special case: U - tube rotating
V™ g v e J
pl pZ LI = L H
sin® hl I I w
P, 22
. - . . N A '<Hp) w
@tive density (R.D)/Specific grm if ©=angle with vertical I W h, 0 h= 29
h :
1) Relative density of a body CosG:% 2 :
Ry s oW P=P.+ heg \___/
R0 G, 1 —_—
2) Relative density of liquid \hpmg = Px- Po j !
d .
(R.D)= d—'- 5
w : w2x.2
(Wow s p -2
w, - w,
: hz h “IZXZ2
3) Relative density of a solid . v 2 29
to that of liquid '
h=h, -h
“«COw .

" MECHANICS (D


https://t.me/neetwallahpw
https://t.me/neetwallahpw

Pascals Law Archimedes principle / Unit of CoefFicient of viscosity

i i —
If gravﬁ:y effec.:f l.S '}egleCt.ed' the pr.'essgr'e at (~— )  upthrust=weight of the liquid displaced=Vpg 1) The €C6S Unit of n is dyne s cm2 and is called poise.
every point of liquid in static equilibrium is same | Apparent weight=Actual weight-upthrust
] W =W -U 2) The ST unit of n is Nsm=? or decapoise or poiseuille
A | app air
l =wair[1_%] 1 poiseuille = 10 poise
] net force acting upward=Vx P xg . e
S Poiseuille’s formula
— _ wPr*
" F,.Sin 0 Q= —gnr
Law of floatation
w
Stoke's law
IF - w F=6r]1rr‘v
v F ..=Apparent weight-viscous force
/Appllcatlon \ v (©) W=U Terminal velocity
Hydraulic Lift (A) WU v.=-2r (p-6)g
pP.<p to9n
As A>> a therefore P, > P, b< P
E ¢ 1) If p >5,the body will attain terminal velocity in the downward direction.
>>
IF/‘ A £ 2) If p< o the terminal velocity will be negative and the body will move in the

W = Weight upward direction.
U = Upthrust 3) p=0,the body remain suspended in the fluid.

F F Critical velocity
2 - a Fractional submerged volume Reynold number
. _ pvD
Displaced volume(V,) _ - (submerged fraction) " R="q

Total volume(V)
Exposed vqume(VE)
Total volume(V)

Significances of Reynold number.

- O ;
=1--5 (Exposed fraction) o If R, lies between O and 2000 the folow is stream lined or laminar.

¢ If R,>3000,the liquid in turbulent.

weight of solid in air _ W, [
ww, " Py

Loss of weight in water ~ Wa™%u

. . . . w _w
Relative density of a liquid= Loss of weight in liquid _ wew =ng\7 /

Relative density of a solid=
o If R, lies between 2000 & 3000 the flow of liquid is unstable.It may

change from laminar to turbulent and vice versa.

Loss of weight in water

/ Velocity gradient \ / Equation of continuity . \

Velocity gradient= g—; VA Atp=V,A,ATp,
since the liquid is incompressablep,=p,
V,A=V,A,

o

FOCA%-=>F=-HA§,—‘:

77222777

n:L:;coefficent of viscosity => N=

v/idx v/l _d
Adv/dx aF (x/1)

dv oot
-9V, dt -
— - Shearing stress Avz =Q=>Volume rate of flow  — v
~  strain rate

/A _ F/A _ F/A

Av=constant.

FLUID
MECHANICS (B
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Energy of Fluid in a study Flow

a )

kinetic Energy = %mv2

kinetic energy per unit mass = %va

kinetic energy per unit volume = % pv?

Potential Energy = mgh

Potential energy per unit mass = gh

Potential energy per unit volume = pgh

Pressure energy = PV
Pressure energy per unit mass = %

Pressure energy per unit volume = P

- _/

[ BERNOULLI'S PRINCIPLE \

PaVi - PaVe =—2-m (v,*-v,*) +mg (h,-h))

(Ps - P2) V =%m (v,2 -v,?) + mg (h-h)
(Ps - PV = % (v2 -v,*) + D9 -h)

5P+ 2= pv* + pgh = constant
2

pLg + ng + h = constant

pLg = pressure head

vZ

_g = velocity head

2
h = Gravitational head

- _/

Torricelli's Law of Efflux

Ve ngP-Pa) + 2gh

If tank is open, P = P_

Then v= [2gh

Time of fall, + = |2(H-h)
g

Range R = v _x,

=[2gh x [2(H-h)/g

>R =2[h (H-h)

[ APPLICATIONS OF BERNOULLI'S PRINCIPLE \

v, = Horizontal component of velocity

\ R is max. when h= % J

[ VENTURIMETER \

Device to measure the flow of speed of incompressible fluid

L

v.=| 2hg h
' \l (A2/A7) -1 o

- S _/

[ SURFACE TENSION \

\—

Force F
Surface tension T = T

Length )
o N
Unit in ST system = m

Unit in C6S system = dyne / cm

[ SURFACE ENERGY \

Soap film

B B!
fo— x—
Work done W = F x x

But F = 2TL
9 W=2TL x x

Energy of the additional surface = W = 2TLx

\_ AN

P.\ Pl
b !
k T, T
T T
e
p=p! p>p!

/ PRESSURE DIFFERENCE ACROSS A CURVED LIQUID SURFACE \

Pressure on concave side> pressure on convex side
2T

Pconcavz - Pconvgx = R
One surface

N\
Pinside - Poutside = 2_;' [ Liquid drop or air bubble ] 7/

~
Pinside - Poutside = 4_': [ Soup bubble ]  Two sur'facesﬁ j

Pi-Po= T

4T

P-P = —
o

(xcess pressure inside a liquid drop\

Excess pressure inside 3 soap bubble

FLUID CE)
MECHANICS

_/

~

Consider the equilibrium of at line of contact

Shape of liquid meniscus

F,=0,sinQ

Osv = Os * Ouw C°59

Osv ~ Os
Ovw

O = Angle of contact.

cosO =

_/

-~

h= "%
\_

Capillarity

Meniscus

Meniscus

Ascent formula:

h=2l h>o(e<9o°)
Rpg
h<o(o> 90°)
_ 2TcosH

%
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NEWTON'S LAW OF

GRAVITATION
m,. F F o m,
r
) 6mm,

6.67x10-'* Nm?Kg2 (SI or MKS)
6.67x10-% dyne cm?g2 (C6S)

Dimensional formula [6]
M-1L3T-2

IMPORTANT POINTS ABOUT
GRAVITATIONAL FORCE

1. Gravitational force

* Always attractive in nature

* Independent of the nature of medium
between masses

* Independent of presence or absence
of other bodies

2. Are central forces, acts along the centre

of gravity of two bodies.

3. Conservative force

4. Force between any two masses -
Gravitational force

Force between earth and any other body -
Force of gravity

VECTOR FORM .

F21
—
r,, vector from m, to m,

force on 2 due to 1

— Gmlmz(?‘)

T2

21 2
r‘12
6mm, _.
x or -
r 3 12
Similarly 12
=
F,, force on 1 due to 2
— G mlmz (A G “'\lﬂ'\2 —_—
21 = 12) 3 12
12 P
Clearly . - _
Newtons third law F,, = - F,,

Gravitational force is a two body interaction.
Force between two particles does not depend

r2 : Vo] v o/ em:
G - Universal gravitational constant ! . . . |: 27 (m,+m,) r
1
Value of G NS —r— coM =\
\) \

ROTATION OF 2 MASSES UNDER MUTUAL
GRAVITATIONAL FORCE OF ATTRACTION

- =~

- - -
. R 6m,
.7 - . vl =
. -
e - ~. . (m,+m,) r

7 1 r‘3

T2 = 4T

6(m,+m,)
.’ Time period

o [ar

~ -

THREE MASSES(EQUAL) REVOLVING
UNDER MUTUAL GRAVITATIONAL FORCE

T )

Time period
T200 B

FOUR EQUAL MASSES UNDER MUTUAL
GRAVITATIONAL FORCE

_[em
v -/Wl (2{2+1)

J \
1 1 1 GM
R V= > = (2{2+1)
|
% T2a I° Here R =—
' 2
GRAVITY

Acceleration due to gravity  gm

On the surface of earth g = Y

M - mass of earf'l'h

on the presence or absence of other particles.

The principle of superposition is valid here.
“Force on a particle due to a no. of particles
is the resultant of forces due to individual
particles.”

R - Radius of earth
[Put 6GM_ = g R? 1o solve
g IN TERMS OF DENSITY OF EARTH
g=4TGPR, gxPR,

problems easily]
“If density is mentioned use the
above equation”

VARTIATION IN THE VALUE OF
ACCELERATION DUE TO GRAVITY

® Variation due to height 'h’

Approximate equation
h<<<<<<R (h < 100 km)

use,

Note the point
If h<<<<R, then decrease in the value
of g with height

Absolute decrease =A g=g - ¢ :2_}"29
-a
Fractional decrease = A9 - 979 . _2h
9 9 R
Percentage decrease A9 _ 99 | 400 - in 100
9 9

® Variation due to depth 'd’

Absolute decrease =

g R
—-a
Fractional decrease = Ag 9-9__d
9 g R
Percentage decrease = Ag x100 = % x100
g

Very imp graph
The graphical representation of change in
the value of g' with height and depth

gl

gR?
ry

=9 forr <R, g=
for'r'sR,g-R $ 9=

GRAVITATION

® Variation of g due to rotation of earth

Latitude -

- Angle which the line
Joining the point to
the centre of earth
makes with the
equatorial plane

g'=g - ®?R cos?)

Note = value of (2R = 0.034

A=90 d=9

There is no effect of rotational motion of the
earth on the value of g at poles.

g=9-®R

The effect of rotational motion of the earth on
the value of g at the equator is maximum.

When a body of mass m is moved from equator to
the poles, weight increases by an amount

m (gP- ge) = mO)ZR

For poles

For equator ) = 0°

ORBITAL VELOCITY
Orbit at a height 'h' from the surface

Vo = &M = LRZ
(R+H)

If orbit is closer to M R
earth’s surface( neglect 'h) Ve~ R 9

(called minimum orbit, velocity-first cosmic velocity)

Note - for easy calculations

| gR = 8 km/s or‘ 6M_ - 8 km/s = 8x 10°m/s
R
6M
R

or = 64 x 10°

KE, PE OR TE FOR AN ORBITING
SATELLITE

KE = GMm ., __ 6Mm
2r r
TE - EMm
2r
Relation KE, U & TE
U=2xT.E
KE=-T.E
Graph
energy

KE

TE distance
V]

WORK DONE IN MOVING OBJECT
FROM ONE ORBIT TO ANOTHER

CONCEPT - WORK DONE BY
EXTERNAL AGENT = CHANGE IN
MECHANICAL ENERGY

WORK DONE IN MOVING OBJECT
FROM SURFACE OF EARTH TO
HEIGHT h ABOVE SURFACE

Om
)h

R

=

W=(U,-U) =-GMm _|-6Mm
R R+h

or, |w = mgh ——
W = mgh Reh

Work done to move object |, _ maR

to a height h = R 2
Work done to move object |w = TR
to a height h = R/2 3

WORK DONE IN MOVING OBJECT

FROM SURFACE TO CIRCULAR ORBIT

vu

w
W =E

E-E -6Mm  GMm

u " T2rm T TR

total ~



Ol 02 03

LAW OF EQUIPARTITION OF ENERGY

DEGREES OF FREEDOM SPECIFIC HEAT CAPACITY MIXING OF GASES
1
; )C,-C,=R n.c. + n.c 1 Molecule per f = KT
. For monoatomic S, = e v 17v1 2%v2
o orodiome 9 f=3 ey Total for a molecule = f—KT

. For diatomic gas, n+ n, 2

(a) at t i f=5 - o) G, 2C. =R Mono-y = > ° " Monoatomic Molecule = 3K T
a) at room temperature, = =Y == onoatomic Molecule = -
: . p (6GSH) M , 3 n.c, + nc,, ¢ 2
at high temperature, v L =1
(b) 9 p f=7 )Cv-;—=%k Dia¥= 5 — Total for a mole= 5-RT
. . B . 3
* For triatomic gas, TriY = ' Monoatomic= ——R T
. De=R _1.¢ T3 (mole) 2
(a) Linear f= 5 Co= vy > . . B
(b) Non-linear f= 6 Diatomic= >RT
. . e) Y=2r =1+2 (mole) 3
1 Vibrational mode f = 2 . f Translatory Kinetic energy=SRT
(mole f= 3)
z : : 7 a
eal gas is composed of polyatomic If C, and C,denoted the specific heats Consid ixture of n moles of heli d ; i
o — 1 molecule that [y — of unit mass of nitrogen at constant pressure o — Q3 zf.":.'oﬁ'; ?:fm;fcyl;:\ t;as" (':\‘::I‘Ztﬁes :a':g:\ gf?b? rigid) :fg:i g’f:"e °°“::;51‘_’f£eg"?:§f Ofa% v?l;‘fa :o:zlles
has 1. vibrational modes. . and volume respectively, then as an ideal gas. It's C,/C, value will be: modes, the fol tal internal energy (;g the system is
\T;t; d:g);rle: of)f;ee:;:r: is “cv% b) c,,-cv=li4 c)cp_cv=% a¢,-€,=R Q 19/13 b) 67/45 c) 40/27 d) 23/15 a) 4RT b) 15RT ¢c) 9RT d) 11RT
a C

S2SD9 JO AUO2Yy | J14auUly

o ° S 06—
VELOCITY OF GAS
i FIRST LAW OF

VooV Vi, = 1: 114 :1.228 THERMODYNAMICS
LQ=LU+LW
LU=nC LT

07 LW= [Pdv |
LU _ 1
s e R LW _

successive collision

1

-5
~<‘-—~
)
J
/.
AN

Arneen = /0
Consider a of triatomic molecules. The molecules The rms speeds of the molecules of Hydrogen, mean 2 i
are assumecgid:o be triangular made up of massless rigid Oxygen & F;:Ir'bondioxide at the samH‘iYempg:afure / The'mean free path of nmlec'ules of gas, \/E nd'n \
rods whose vertices are occupied by atoms.The internal are V., V_and V_ respectively then: (radius r) is mver‘sely pf‘OpOI’""IOM' to d = diameter of molecules. I /.
energy of a mole of the gas at temperature T is: o 6 He "o ° )
Q) V,>VoV,  b) V. >VV, _ ar b)r n = no. of molecules per \.

D2 RT b3 RT 92 RT o3RT HoToTc ¢ "o "H unit volume

B g IV VeV, d) V,y V2V, or ofF KINETIC THEORY OF GAS J o \. x

IDEAL
GAS

- LAW 20 S K- mel-d
Relation between pressure -

BOYLE'S el
LAW I

LAW

GAY R
I | LUSSAC'S K / A PRESSURE
vl ./ W‘ Iy. ‘ OF GAS

. . P . .
. PV = constant, if T =Cosntant -VaT; %= constant; P = constant. +PraT.S = constant; V = constant, and Kinetic Energy.

, 3
. P1V1 = P2 v2 ,When gas changes its Vi _V; ,When gas change its state £1 :32 , When gas change its state E=—= PV
state under constant T. T, under constant pressure. T T. under constant Volume. 2
3R

temperature.

Specific heat of Solid =
WATER = 9R
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GNERTIA )
A body cannot change its state of rest or
uniform motion along a straight line. This
property is called inertia.Inertia has no
unit and no dimension.

INERTIA
|
Inertia Inertia Inertia of
of Rest of Motion Direction

- Inertia of Rest

Inability to change state of rest by itself.
- Inertia of Motion

Inability of a body to change its state of

uniform motion by itself.

- Inertia of Direction

Inability of a body to change direction of

motion by itself.

NEWTON'S THIRD LAW
-To every action, there is always an equal

(in magnitude ) and opposite (in direction) reaction.

- Forces in nature always occurs in pairs.

/- A single isolated force is not possible.

- Counter force experienced by a body- reaction
- Action and reaction never act on the same body

* Force exerted on body A by body B (action )
* force exerted on body B by body A (reaction)

2 _ 2 Reaction A
E\ction_ “IReactio
; B
Normal Reaction Ac'ﬂorll

each other
Always perpendicular to the surface
and is self-adjusting.

- Occurs when two surfaces are in contact with

N
Newton's Second Law N=W N N=F
F .= Rate of change of linear momentum. T F N | N=F
Instantaneous
s Average Tension w T
> d > AP P
F= —p = Q = _Pf P F!
dt “ At At
MOMENTUM T T ¢ Restoring fc.>r'ce developeq
TS L when a longitudnal force is
P=mv applied on a body
-It is a vector quantity having direction
same as that of velocity
\-Unit is kg m/s. Y, Ideal Rope
1T
*
LIQUID JETS Mdssless
*Tehsion is same everywhere T
A"TAU ] *Cah support only elongation
e *Calnot support compressive force
m mpression it becomes slack. F
A *Tension always acts away from the object.
P.-P. - -mu / Rod 4
Fier® fAf' =mxA01-mu = PAv 7 = 7
/] /]
T ——F T ——F
FWﬂ" = pAUZ (m=pAAx, %:u) é é
7 7
When liquid jet bounce back 7 Elongation v Compressive
can support both elongation and compression
F o Pf_Pi . _2mu —_— tVe pp 9 P
A A —u
Fjer = -ZpALIZ —
F = 2pAW? -ve &—

wall

When liquid jet strikes obliquely

using (

<

SINGLE BLOCK
u Horizontal Force
ucos@ Z \ \cceleration is_al o ly
2 : g % Along y-axis a=0,
using N
N - Mg = Ma (Ma=0) Y a
u / _ —_—
ucosp 4 N = Mg F
- Along x-axis M —
Fjef = -2pAu?cos® F,. = 2pAu’cos® F _% - Ma q- F
Change in momentum=-2mu cos © M v Mg

\_

(Inclined Forces

Fsin6

'
'

>

A

o If, Fsin® >Mg

F

Fcoso

* If, Fsin® <Mg
block remains in

contact with ground
* If, Fsin® =Mg

block just leaves

contact with ground

the block leaves contact with ground and
UT begins to accelerate.

~

J

MOTION OF CONNECTED BODIES

a

PULLEY
Ideal
M, > M,
a-= _F = Ml_ Mz g
T
_2mm,
T mem 9
]N
T
MZ
( _ Mg
= =
leg T Ml " Mz
M, |le - MM,
l M, + M,
Mg

INCLINED PLANE + PULLEY

; my=m siné
ma=T-mgsin o= 222 100
iy

> —_—
Fl FZ
F,- F,= Ma F M F
PR —
F = Ma
- Fnzf
R
Condition Free body diagram ‘Equation Force and acceleration
= F
. r F-f=ma a=
) e
A
F ™, 2, o F
— | m S=ma o=
£ m, my 1y
—
|
— F
£ f=ma a=
: ]
P
,.,! il — n F
£ F iy
—_— my —
=
F
£ g Foh=ma S r——
c —_— — Ly g
4 B
my 4 i, 4 my ) F
L im| ™ — fi-f=ma 1:(2—3
£ J - - iy +my 4y
> | ™ |e—
L
- iz F
=m,a =
— o= Py w4y
4
m,
g

(" MOTION OF BLOCKS CONNECTED BY MASSLESS STRING )

‘Condition Trec body diagram Equation Tension and acceleration
a
— F
T T=ma a=
1
B m, my + iy
A
- " £
2 m,
("1 | = F-T=myua =
my +iy
T F
a
| P r
p— F-T=mua a=
r r g+,
m,
2 L
2 mF
I =mya = =
my +iy
F
Iy =ma a=
my+my +my
mF
I —I =mya =
my +my+my
(ny +my)F
2 F-T,=msa I =—1 2
my +mry 4y
T F
ms
B P

LAWS OF MOTION

Mass per unit Iengfh=%
Mass of x length of rope =%x
Note :

moa=mgsing-T =2
(" THICK ROPE N
Tension will be different at different points.
—X— F
CH ‘

M ) £ i lenath total mass given
ass of given length= —————— . . .
9 9= Yotal length  length A frame in which and observer is situated
mass  _ .onstant and makes his observation
length -
M M Inertial frame of | Non-Inertial frame
. - tx=m,  Ex=m reference of reference
m
T= —2— —X— 'f At rest or moving with
M uniform velocity along Accelerated frame
L straight line. of reference.
\ ) i.e unaccelerated

LIFT PROBLEMS
Apparent weight of body in a lift

Reading of weighing machine = reaction
force exerted by weighing machine (N)

Apparent weight ,(W,,...) = Reaction
Case 1: Lift is at rest force (R)
R = mg . Wappar-enr = Wucfuul = mg

Case 2: Lift moving up or down with
constant velocity
R = mg, W =W

apparent

actual = mg
Case 3: Accelerated upward at
a rate of 'a’
R = m(g+a) = W

w > W

apparent
Accelerated upward at a rate of ‘g’
R-mg=mg R=-2mg, W, =2xW,
Case 4: Accelerated downward at
a rate of 'a’
mQ'R=m°,R=m(g-a)=WupP,W

Accelerated downward at a rate of ‘g’ [ Freefall]

apparent

. = Feels over weight

< W

app act

mg-R=mg,R=mg-mg=0,waw=o

If a > g : body looses contact with the weighing
machine and R becomes zero

Lift moves from ground floor to first floor

v=0, a=0 N=mg (true weight)
Cc L
N=m(g-a) first floor
v decr‘ease[ 10 (retardation)
B
[v Increase N=m(g+a)

A a 1 Ground floor

L

N=mg (true weight)

Acceleration,a,=tan®,

Retardation,a,=tand,

(FRAME OF REFERENCE & PSEUDO FORCE )
Frame of Reference

Newton's law of motion
not applicable.

Holds Newton's law
of motion




4 N\ N (. )
( RELATIVE SLIPPING \ ROD SLIDING ON A WALL ANGLE OF FRICTION iv) fm s fsmax ( HORIZONTAL TRUCK BOX \
Minimum fgrcf'e required fo pu;h the mclmed“plclx'ne ‘ Angle made by resultant of normal (N) R= N [T+? m
F such that "m" does not Sllp with respect to M veoso”S vsine & frictional force(f,) with normal f, max a;
ma, F = (m+M) gtano , a = gtano © = Angle of kinetic friction o)(o o)o)y=1i(o
R =' N2 + fsz R is resultant a .R'---------N Case-1 a, = gu,
u , : -
Minimum acceleration Minimum mass such that DAL tan @ = —= 5 Qi Go=GHs h
"M” must be pushed such there is no relative slipping x ucoso N : N\
that there is no relative =-(%)x(-v), u =vtane : O L M AN a
slipping. whenf =f R =N ,1+us2 TN 0)(0 oYor—i(c
velocity of B towards A = vsino - fm B
i velocity of A away from B = ucoso tan @ = 1, W is Coefficient of friction s = Mdr fox dossnatalp en he truck
M a '(72)9 \_ J e \_ Yy,
Case-2
o 4 FRICTION \| DF_=0 ™ | o> 0,=gn
\_ | static fricti n ANGLE OF REPOSE mee e T Box: Shps on the truck
STavic fricvion R «
O
4 , N\ - It is a self adjusting force. N = mg N a, = a- M £ I' a>a
EQUILLIBRIUM & LAMI'S PARALLELOGRAM LAW - The opposing force that comes into pla = 0 GH %
THEOREM e - I depends onl d OIONEN O O=/0
e ; when object tends to move over the surface depends only on |1, an \_ - Yy,
F _F _F of other object, but the actual motion has not -0 E oo is independent of mass.
sind  sinp  sinY _ yet started. " = <o 4 N\
- F - As applied force increases static friction 1‘0"90 = Ky masine ° VERTICAL TRUCK BOX
F. also increases. l ?
- If the applied force is increased than the mg Variation of R mg f o
f force of static friction also increases. PR
- The body doesn't move untill maximum i incli i i
= iiYO <F <« As angle of inclined plane increases, R remains
A e value of static friction is attained ) ext < Fome consfagnt and when sIFi’ding starts R starts o4 A? N
1 +—F>2 F =W tang= -2 - The value is called limiting friction or f_ L S decreasing. 7S — 13dM
H 0
), : Variation of angle of friction.
= uN : -
IMPULSE N F— fs"‘“" Hy : " - As angle of inclined plane increases, angle of If a > 9 then box )
Large force acting for short period of y F l friction will also increases and as sliding 0 b does not slip
time, As a result of impulse there will starts its value becomes constant and tan6=
neM be a sudden change in momentum fs e omes co H \_ Y,
T T =( > )9 dp Kinetic friction 0 < tanB < Minimum & Maximum force (applied Ipar::llell 1'0)
F.= — < inclined plane
T m-M Poodt If the applied force is increased further and N <R<N [1+p2 /" ) P
N N =(—) g f _ sets the body in motion, the friction opposing F = mg (sind - ucosB)
m 2 PP, _[ Fp df = area :mder F-t graph the motion is called kinetic friction. i) f = mn = 19 :
I = Impulse = P,- P, = fF. dt = area of ext smax Frn is the minimum force required to
m mg 1 iJ e F-t graph malie fhe. bllc?ckds'nlmongry if the
\. J fsa‘:‘ R = N Jl+p? ararer than ange of repose
M
\ "N Y, l".““:......!‘ <
r N i @ =h 7 LAWS OF
-1 : :
u=OQ Case —  static region __ ] kinetic region | H Gof m | F..x is the force required to
E = move The block along _'rhe' inclined
1 e | mwuse | Average impuisive |\ J = PR R
ho q I=P -P force é“\%
' ' f i
l Ph, = mV, -(-mV,) F - _impulse =$_P & f,
H H avg T .
Q Q T I=m(V,*V,) ° ° PULLING FORCE & PUSHING FORCE Frax = Mg ( sin® + 1.cosO)
B, ) P o Fcos®2 u(mg-Fsind) F = —iid mg(sind - |1 cos8) < F < mg (sin® + p cos6)
: : s Plir - cos@ + p sin® \ )
4 u=0 v=0 Case-2 N\ P : Fs _hmg
Q Q - ""F‘Cose cos® + u sin®
I : : I Impulse Average impulsive M
: : force P
h H E h m(v+v) =J - A_P - 2mv ’ chose
l : : l = m(2v) "t At " Fcos6 2 p (mg+Fsind)
Ov vCl) T = 2mv : F umg F - l'lsr“g
o > — o S —
\_ ) Jooeeenenna B ® cosO - psiné P9 cosB - . sin®




THE MAGNETIC FIELD LINES

1.The magnetic field lines
of a magnet form continous
closed loops

2.The tangent to the field
lines at a given point
represents the direction of
the net magnetic field B at
that point

3.The larger no.of fleld

lines =) stronger B
4 Do not intersect

MAGNETIC DIPOLE
%
MOMENT (M)

M=mi
m - pole strength
I | »distance b/w poles

Direction from southpole
to N pole

Unit of M = Am?
Unit of m = Am

BAR MAGNET TO DIFFERENT
SHAPES

RESULTANT DIPOLE MOMENT
MZ
T — AM
N

=J M+ Mex 2M, M, cos

)

M

net

LENGTHWISE
/ TRANSVERE

—1
——
10
Y Y
Pole strength
—3) same
length = reduce
to half

M =mI

—
new 2

CUTTING OF BAR MAGNET

HORIZONTAL

—1

—|—
—1
———

Pole strength
—3 reduce
to half

length —» same

ml
2

M =

new

] THE ELECTROSTATIC ANALOG
(Help from electrostatics to magnetism)
SHORT ELECTRIC SHORT MAGNETIC
., DIPOLE DIPOLE
q 'm :
- d, : s N
. =
-
p =9d - -
M=ml
COULOMB'S LAW
- -
q, " 9 m " m,
_ 1 99 L, m,m
F= aie, = Foe o7 —2

AXIAL & EQUATORIAL LINE OF DIPOLE

O—QO—»—, E—— 2
—d— P B I P B
1 2M
1 ZP axial ey
axial 4“80 F : 4"80 l‘3
‘P B (—*5
E —X eq '

“ il ]
@—H—@ E—1
‘—df—’ (—di—)

1 P m
<" 47E, 1 _:q Am rd
A Baxial- -2§:q

POTENTIAL AT ANY GENERAL POINT

A

v= L Pcosf V= _LM“SG
ane, r2 "
TORQUE
H Fnef=0 H F'“net- 0

2 T =pXE=pEsin0 » T=MxB =MBsin0

WORK DONE IN ROTATING A DIPOLE

1. W=PE (cosf,-cosf,) 1. W,=MB (cosf,- cos@z)
Maximum work done is from
0,=0° to 0,=180° * e

POTENTIAL ENERGY

> > - -
U=-P.E U,=-M.B
0,=0° Stable position; 6 =180° Unstable posiﬁon/

MAGNETISM AND GAUSS'S LAW

"The net magnetic flux through any closed
surface is zero”

f B.ds =0
S

"The simplest magnetic element is a magnetic dipole

NOTE: o not exist.

or a current loop. "Magnetic monopoles

THE EARTHS /L= -\ Magnetic Equator

MAGNETISM ---3 Geographic Equator

MAGNETIC ELEMENTS OF EARTH

L

Horizontal
component - B4

—

Magnetic
declination -3

Inclination or Dip-0

Geographical
north

Bn'=B. cos §

/ 3

.(\c ' 0

« \0(‘\‘_. | . B

B

z .
m Decilination
)

Angle between True angle of dip
Bv o

geographic meridian tan o= —

Magnetic
meridian

Qnagneﬁc meridian y

. 0

MAGNETISM
AND MATTER

-

tand' =

APPARENT ANGLE OF DIP

Inclination of magnetic needle
in plane other than magnetic
meridian
tand &
cos S

Apparent angle of dip
true angle of dip
Angle between MM

and the plane other
‘ than MM

RELATION BETWEEN TWO FALSE
ANGLE OF DIP IN MUTUALLY .
PERPENDICULAR PLANE AND TRUE
ANGLE OF DIP

cot? §,+cot? §,= cot?y

v

[COMPASS NEEDLE AND DIP NEEDLE

1. A compass needle at the North pole

can point along any direction.
2. A dip needle at the north pole points
down and at South pole points straight up.

TIME PERIOD
of a magnetic dipole in uniform magnetic field

I - Moment of Inertia

- I

T=2T Me M - Dipole moment magnetic @
B - Magnetic field °
[ ]

Frequenc 1 |l3 To find B,
q Y V= 2" I 4“2]: [ ]
B= °

\ MT* [ J
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1) Magnetic Permeability

Absolute Permeability
of air or free space

Tesla metre

- -7
uo =4Mx10 Amper'e

T_m]
A

Relative Permeability |1 = Hmedium
of medium L,

4
2) Intensity of magnetizing field (H)

- B, .
H=— vector quantity
o
ST unit —)% C6S unit— Oersted
3) Magnetisation (M)
M= ﬁ\’m N Induced dipole moment also,
v volume L B2
M= ind
vector quantity Ho
ST unit —>% Ml >L'A

4) Magnetic Susceptibility (Xm)

M Bind :
Xm =~ Also X = no unit
H B no dimension

scalar quantity with

5) Relation between relative permeability
and susceptibility

K. = (1)) Also 1= Ho b= Ho (1+Xm)

6) Relation between B, M and H
B=lLH

A _.....°

MAGNETIC MATERIALS

._Diamagnetic

. Weakly repelled by a magnet

. Eg: Cu, Ag, Au, NaCl, H,O etc.

Superconductors - Perfect conductivity
perfect diamagnetism

X=-1,11,20

d. Perfect diamagnetism in superconductors
MEISSNER EFFECT
e. Important

0O T 9 |=

f. Individual atoms do not possess permanent

magnet dipole moment
g. No effect of temperature on magnetisation

—

ﬁ Paramagnetic substances
. Weakly attracted by a magnet

a
b. Eg : Al, Mn, P+, Na, CuCl,, O,,Crown glass
c. Individual atom possesses permanent dipole moment
d. Curie's law
Magnetisation of a paramagnetic material is inversely
proportional to the absolute temperature

B
Mm=c =2
T

g
X=C =<

Curie's law

e. Important

0< X< €
1< <1+& (€— Small positive number)
s M,

f. Graph

k \ >T /
' 3. Ferromagnetic substances \

a. Strongly attracted by a magnet
b. Eg : Fe, Co, Ni, Cd, Fe,O,

c. Individual atoms posses permanent magnetic moment
and magnetic moments of neighbouring atoms tend to
align due to a force called exchange coupling

d. Due to exchange coupling,atom form domains inside
in which magnetic moment are aligned in the same
direction

e. Important

f. At high temperature, a ferromagnet becomes
paramagnetic

Curie's temperature

=€ s
X_T-TC (T>To)

HYSTERESIS CURVE / B-H CURVE

Magneticsation depends on hystory of magnetisation
4

c
-H, D/
O/G H, —H

£
Important terms
Retentivity - OC - Residual magnetism
Coercivity - Demagnetising process

1. High coercivity - Hard substance - Steel
2. Low coercivity - Soft substance - Soft iron

Important result
B-H curve signifies the energy loss/heat loss

and is proportional to the area of the loop.

Smaller for soft iron
Area of

hysteresis loop
Higher for steel

Permanent magnets

should have

1. High retentivity
2. High coercivity
3. High permeability

Steel is used for making permanent magnets

> soft iron

y
Steel <

Smaller retentivity
High coercivity

Higher retentivity than steel
Smaller coercivity than steel

A

ELECTROMAGNETS
Materials should have
high permeability

low retentivity Soft iron is used

Used in electric bells, Loudspeakers, telephone
diaphragms, heavy cranes to lift machinary
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Tensile stress causes increase in
length

tan 0 = modulus of elasticity

1.

2. Steel is more elastic than rubber

3. Depends on :-

Tensile stress =AL unit N/m?

(E= modulus of elasticity)

. Independent of dimensions

~

LONGITUDNAL STRESS

Fm

—F =

(M+m)/A

2 AL

HOOKE' S LAW

Stress Stress

Strain

Strain

For rigid body E = infinity

risid body

(a) Nature of metal

(b) Temperature Young's modulus

Bulk Modulus Modulus of rigidity

—

YOUNG'S MODULUS

Tensile stress

7.5 = Mmgre)
A

VOLUME STRESS

* Same as pressure
+ Causes change in volume 5

volume stress = B

A pressure

F = normal force/thrust STRAIN .
SHEARING STRESS ‘
+ Causes change in shape
. F, ol
shearing stress = A ;
F.= tangential force
STRESS STRAIN CURVE \
Tensile strength / Ductile Material Brittle Material
Ultimate Tensi
int U U, F
 Frocture poit OA - Hooke's law obeyed Y, F Y‘
Fluid region A - Proportional limit :
=} =]
AB - Not proportional but body regains @ A
it's original shape and size when £ 2
load is removed n A
B - Yield point
B to D - Body doesn't regain it's original
dimension. Beyond B is plastic

Elastomer
Eg: -Rubber

Doesn't obey
Hooke's Law

region.
D - Ultimate stress point

beyond D - added strain is produced even

for a small applied force.

E - Fracture occur

Strain, €

Plastic reigion is large for
ductile materials and smaller

;_—/

ELASTIC POTENTIAL ENERG\/\

_ Longitudnal stress _FL Ax
) Longitudnal strain T AL
Comparing with a spring of force constant K () ) ] F
-FL_ _AYX _ SAY -1 2= F2 _ 1
y AX F‘T-kx k‘ L E.PE- 2 kx - Zk- 2
POISSON'S RATIO = %("—f) X2
_ Lateral strain
) Longitudinal strain _1 Stress
(-dr/r) -% .4 2 7 strain
°T @ TACT L
L ] ] Ll _
Theoretical value :- -1 < < 0.5 T2

Practical value :- 0 < G < 0.5

X Stress X volume x strain

Fx

x volume x strain?

-

INCREASE IN LENGTH DUE
TO IT'S OWN WEIGHT

F = kx
A
Mg = L X
2
L/2
mgL ® i

FZ
P.E =
- |
MZQZ -I—MZQZL
T YA 4 YA
2L
2

Strain, €

\  for brittle materials

hange in length
Original length

_ hange in volume
V  Original volume

BREAKING STRESS
B.F = breaking stress x area, B.F O A

- o F
0 j—F
% - % (B.S), = (B.S),

1 2

BREAKING OF WIRE UNDER IT'S OWN WEIGHT
B.SAT= mg

BSA=Vxpxg=AL _pg
B.S
boax = 59

max

-

\

X
xZ

RATIO OF EXTENSION
AANANNNNNNNN
3mg 1._
L |
|£|‘g Biso?hermal -
F, 3mg x L,
Tk, Yy xA 3
Q-ngxL;Z?iz _ F _
k, ¥,xA, n= A_(]) -
L Y D
where I=L—: y = y—: d =F21

L_—/

MECHANICS
OF SOLIDS

RATIO OF DENSITY OF BODY TO
THAT OF LIQUID IN WHICH BODY
IS IMMERSED

I IIDII4
W=KI,
1-P) =k M
W( -F - b
(-5 =
G771
a YOI II IV
p |-l
F=J|_b Ll
a lb
i
p 1A,

Liquid of density p

BULK MODULUS
Bulk modulus,B =AW

AP

K= ?-compressibili‘ry

B e =P

adibatic

MODULUS OF RIGIDITY
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Motion with constant acceleration: Equations of motion

() [veurar Important point about graphical M OTI ON
PISTAN, B analysis of motion
e, (i)|s =ut+] at? Y =3
," ﬁ \‘. . ) @® Instantaneous velocity is the slope of v'dT ALONG A
e Distance = Length of actual path i j ® A Person travels from A to B covers unequal distances in equal position time curve
Disol t = Lenath of JE—— / . interval of time with constant acceleration a [A X= jvdf]
® :P acemen h‘ ength o / Y ‘ then 35 -5 ® v-t curve area gives displacement. ST AI T
shortest pat ol . 1722 s, s,
initial velocity U= ——— D O > sl f velocity-ti = instant [ __]
® Distance > |disp|acemen‘r| Q DISPLACEMENT 4 m G . 2; . , : , . o ac(:;ZTe:aT;I:nOCI y-time curve = instantaneous a LINE
. _ 2”1 A B
Acceleration a = +2 ° @ a-t curve area gives change in velocity. [Av = J'adf]
A particle moves from A to B in a circular path of e[ 2o 2
radius R covering an angle 6 with uniform speed U J (iii)| v*=u?+2a.5 7
Dist RO e Displ + = 2RSi (9 v ® The number of planks required to stop the bullet  u / 2
® Distance = ® Displacement = in|—= oo "= . L
P 2 ) B N= u? / A car accelerates from rest at a constant rate o for some time, after which it decelerates at
u?-v? A a constant rate B, to come to rest. If the total time elapsed is t, the maximum velocity

® Ratio of Displacement to Distance = 2Sin (i A .
2 . o _ ) attained B, N
Time + =RO ) ® The two ends of a train moving with constant acceleration pass a certain e = Total Distance = 1 [ap 2 v A
¢ v point with velocities u and v. The velocity with which the middle point of OHB 2\ a+p -
° Averqge Veloci‘l'y = 2USin (%) the train passes the same pOinT is e »B T
— Vel f] [
oA . 2e: 0 Mld 2
verage Acceleration = 2U2Sin >
— el . -
RO e Calculation of stoping distance s= 2— Iil s Iil MOTION UNDER GRAVITY
Sign Convension
¢ For uniform motion (@iv)| s, =u+%(2n—1) «a (i) initial velocity
Displacement = velocity x time ® Ratio of distance travelled in equal interval of time in a uniformly +ve = upward motion
Average speed = |average velocity|=|instantaneous velocity| accelerated motion from rest . -ve = downward motion
. S, S, s, .o .
5,:5,:S, = 1:3:5 D Pt > (ii) Acceleration
) —_— L ° Always -ve
e Time average speed A ’ (iii) Displacement
. ; ; v __Uu+yv +ve = final position is above initial position
- Total du's'rance covered _S +S+S;+....45, v +vit, vt ® for uniform accelerated motion “I= -ve = final position is below initial position
Totaltime elapsed ti+ Hetze ooia 1y LR T L SRR Zero = final position & initial position are at same level
If t, =1, =, =.... =1,
then Different Cases v-t graph s-t graph @ Object is dropped from top of a tower
VitV *Vs+..... Vi _ L (Arithmetic mean of speeds) i ; i ; ; ; n
Vg = P b veconstant ae (i) Ratio of displacement in equal interval of time S :S,:S,....=1:3:5... l
. n 1. Uniform motion — &5 (ii) Ratio of time of covering equal distance
o Distance average speed E— bttt it )= 1 (2 VI)(B-V ) i (YRe/AeT ~
. To‘l’al distance covered _SitSts .. *Sh o _ S tS St +S, 2. Uniformly accelerated motion “s s 7% af (iii) Ratio of distance covered at the end of time t:2+:3t:....=12:22:3%, . H
" Totaltime elapsed R Y 2.5 LS with u =0 at 1=0 @ If abody is thrown vertically up with a velocity u in the uniform gravitational field (neglecting | |
Ifs,= S,=S 5= ...... s,S Vi Vo Vg v air resistance) then . ut
3 . . . - u :
then v = n AL (Harmonic mean of speeds) 3. Uniformly accelerated with szut+jat (i) Maximum height attained H= 2g
1.1 .1 +......+l Vi+V, u#0att=0 (ii) Time of ascent = time of descent lé
Vi V2 Vs Y (iii) Total time of flight = 29”
' i 4. U’_T;“";‘:)Y ac‘;:elfra‘re;ifrl\gﬁon (iv) Velocity of fall at the point of projection = u (downwards) f
Instantaneous Velocity Ve Ax= Jvdt with uzQ and s=s, at T= . . ) ) H| b i,
@ At any point on its path the body will have same speed for upward journey and ol

dv

Instantaneous Acceleration a by s=ut-at?

downward journey. If a body thrown upwards crosses a point in fime t, & 1,

Av = fadt
respectively then

5. Uniformly retarded motion till

I,
i
&
L e

1 2 i . . . .
Case i Case Case 3 velocity becomes zero height of point h=% gt,t,  Maximum height H = ; g(t, +1,)2
Vor x = f(1) V= f(x) t=f(x) 2u
dv d2x dv n . . 1'1"‘1'2: VA1l
Q= =2 a=V— =-(double diff. of t w.r.to x) x V3 6. Uniformly retarded then ' 9 _ _ Y
dt dt? dx accelerated in opposite direction ‘ @ A body is thrown upward, downward & horizontally with same speed 3
ifferentiati ifferentiati ! TksT t. 1, &1, respectively t h th d th 've
Differentiation Differentiation akes Time T, T, respectively To reac e groun en
Displ t Veloci Accelerati [+
isplacement [ 7| Velocity [ 7| Acceleration Ts- T,¥, & height from where the particle was throw is h=% 9% 12

Integration

Integration



Addition Of Vectors
Components of Vector )
& B
Magnitude Of Vectors Displacement Vector R=\/A2+B?+2A Bcos6
) . R
PRRTUC I S ) R=Rcos0i+Rsinoj
I:-Xl +yJ+zk o . R _=A+B R =A-B = i
Irl :\/ XZ"‘YZ"‘ZZ AF:(xz-xl)f+(y2-y‘) j+(zz-zl)i( -
- E sin
) lle. Joem oy Yoz f Rcos6 tan«= 2eB cos0
Verflcally ar X=X, Y2"Y1 Z,~Z,
i upward (Zaxis) 5m north Vector Eroduct
. . 3m south Parallel Vectors . il GL o
P pexivyjrzk ) J, North 2m east ‘f=°‘:+°2{+°3'f Cos?oc+ COS2e cOs?y =1 C=Ax B: ?BsAme it
r |I;IOI" P:Jm . . " ;l x = 5j_3j+2| ?zbi'*bzl+b3k 5 / . . - o i k ) ) )
unit vector=p= £ = XYitzk * Bast _ i o a=mb v e sinoc+ sin’g-sin’y =2 AxB=|A A A|=IAB -BA]-JIAB-ABIKAB-AB]
o r'l lx2+yz.,,zz —j =4 a_l:a_2=°_3=m BB B
South P\ bl b2 b3 / x"y “z
-k Vertically downward (Zaxis)
Dot product
x=A.B= AB cos
m Projectile motion Same range for 6 and (90-6) A . : Equation of Velocity
. R=4 [H H KE at maximum height =Kcos?6 | | y
Horizontal component = Ucoso A 12 t
Vertical component = Usine eg: 0 and (90-6) Momentum V= ViE#V?
‘ Y P—s
. . 2 4 = /(u cos 6)? +(u sino-gt)
H= UZSIHZG = ‘USIH9)2= UY 45-0-6,45-6 u sino -gt \/ )
z 2g 29 2g X
30° & 60° X cosd
- U3sin20 - 2Usino Ucoso - 2u,u, .
g 9 9 T H P,=m(ucos6 i+(usin O-gt) j)
- 1 —+an2
A [ ] T: -1‘0“9 o l_'2 tan 6 ox
shortcut
— 4H=Rtane=5T? o TxT,=2R o HxH=F 4 Net displacement
h 4R R > X x=Ucosot
T12+T22=4“‘—" H +H = —max Pi=m(ucos9)f+(usin9)j 1
Ucoso g toz 2 y=Usine1'-?g1'2
. Ap=-mgt j
Maximum range Z:T ;::n;eltg.l::, =-mg y ;ine i p= W
For 0 = 45° ) R =-mu sine j 4 Y /
=- =tan-!
, 4H:R tand5 H=-mc=Ui R -2 ! 3 ptarrty/)
> R :i ] 9 0 -
‘ max~ Qg 4H=R__ -

RELATIVE MOTION

Relative Motion in one dimension overtaking & chasing

Relative Motion Stopping distance

Tree

. . . 3)v =V,-V__=60-0=60
1) Velocity of A with %_V s &_V“ AfTree A " Tree P B =
respect to B V,,=V,-V, VorrezVe-V,.= 740 * % @ 1) t= d+L1+L2 iL:,'ZV' 3) d+Ll+L2=(Ul'U2)1'+%(01'02)1'2 U=, =Y, Q.~8,-q, @‘L d
a

2) V,57V,-V, E v, V, g V1+V2 Vn—!:'_xl |L:|—>" . |L:z|—>"= 0=u?-2as = )
2 - _ I
=V, (V=YY 2) 4=k, 0= \,-2a,s 5=
v1'vz — rel

L




MOTION IN A PLANE - 02

RELATIVE MOTION

Man-river problem 4 -—d _d Shortest time Shortest Path
- - 2) Down stream cross” V/ €0S6 V.
1) Vi o Ve ware= velocity due to X, =(V. cos0+V )xt
effort of man drift 3" MR R vl v Ve
V1/ velocity in still water. Vir VamVirtV, Viscose
vl ty MY MR VR =VMRCOSGXT . V.t 0 E lat
. . R > e I scaiaror
2) V.= velocity of River I Vs wsne Ve
" 0=90 V,esin6=Vv, v =V = d = d = 1’11.2
o . ) oty ‘:me sino =1 e S 1.3 V_+V d d T+t
3) V, = Resultant velocity of man Due to effort Additional P Condition for no drifting B TWE -+ 172
with respect to ground Swimming across the river of man ™V =Ssino= \\;n ! 2
MR
OX, = Vyxt ) A
1) Upstream \4 = : arift ™ TR _d t,=Time taken by a man to move distance d
) Up & 1) Vi=V,,.sino V= [(V P+(V, o™V, " on a stationary escalator
eV = +(V,
\/MRSiﬂe Ve Vv 2) V"el =VMRCO$9 +VR mV DV, 2/ V-V t,=Time taken by a man fo move distance d
V. VusVaueVe " along a moving escalator
MR
0 = Drift=0 t,=Time taken by a man to move distance d
Viecoso  V, while walking along a moving escalator
VR V=Velocity of escalator
V,e=Velocity of man w.r.t escalator
Method Shortest path
. C 1 C 2
Man-rain problem Terms v, /\v\ v, sind Casel Case 2 Case 3 Case 4 A
| > . . Vesino -V, V-Vesine v
v, v v, v, vV, Velos:lty of rain w.r.t Q < V. V,sino
N N stationary man v v, u
V., = Velocity of man ® V_coso v
A B . . V, cos® R V,coso R/m v
V. =V-V VowrtA Vem=> Velocity of Rain w.r.t man Vieoss
Inorder to find the BB T4 B el . V,sino >V V_>V,sine : x
rglc:‘hve velc;cr:y:f B Ve= V-V, ,V,wrtB | gt Vsi v v V, =V,sino d
with respect to L4 Y _V,sino- = J(V.cos0)?+ (V_-V._sine)?
we have to reverse 20 m/s 20 mvs e —— Ve tane= = 0o R/'"\/ ) V- Vysino) V., =V._sino tanw= Vo shortest path,x= dxv_
H . i R R/m R an« = 2 2
the direction of 1 etu ino -V Va Vi+U
vector A and add it | N == «ﬂan-l(l/gsmeg)
with vector B 10 m/s 0% V.= Ve - , V. coso Time taken to reach d;U
R/m (Vsino -V, )2+(V cos o) shortest path = V242
o T = =0, +Olt ) ) ‘|’w
1o= 180 Tangential acceleration - @ = Constant

o o Banking of Road
= AO= (Ot +1/20142 . ® ® 0 J _ v_: [retane <)
V! Il -a = iz f‘(Dz Tl m, Tz m, Ta my mex —
Angular veloci-ry = w? =(D§ +2a(A6) il V" In direction of tangent R 1-tang
q, do . . >
H . ' a= v cpg—> = - Q.= 0
Ao am Centripetal acceleration dr o 1 I, | 3
Tangential Force . . . — Vv =
O i Directed towards centre R F.= ma, Non-uniform Circular Motion o=~/ rg tang
0

V-OxT Not +ant vect Vi v - Speed not Constant T . Lol , Ll ,
=@Wxr ot a constant vector - ® 0
. - Velocity changes in direction =l O%emy(1,+1) 0% emy(l,+1,+1,)
2T 2T Resultant acceleration and magnitude L v, = [rg(tano - L)
('Osec byl o _ _ . . _—
6! T a= a2+ ol a_= Centripetal acceleration T,2my(l,+1,) O2+m (I, +],+1.) ©2 1+ [tan g
o = 27 o = 27 Omn 12 r ¢ ¥ - a, = tangential acceleration
min 60 x 60 hour =12 x 60 X 60 (D pour 1 _dv _do T my(l,+1+1) @2 +/gR At Bottom

c dr dt 0) T = m_vz + mg
Angular acceleration o - = Changes —» o angular . e
4o a = ro Vel:gl 3 elsc?.:cr;gem acceleration Flat circular track b) min velocity at bottom
T .
= - = - -change the direction of velocity of the circle =_[gon
a=0xr -\ ) Horizontal circul +i +/39R
.ac-T = a=ro orizontal circular motion , At Top
i i . . ¥ ' = _omv?
Equation of angular motion "8, LV —Power=FV =0 Circular Motion @ Viwe = MR8 Q) T, = = -mg
1) Constant angular velocity :- () = constant B3 — Works 2:-0 Uniform Circular Motion - b) min velocity at top to

i lete the circle = [~
2) Constant angular acceleration . AK=0 - Speed Constant - complete the circle = /oo

- Direction of velocity changes




Biot-Savart Law

dBoc Idlszm 0
r

_ uo IdlSan 87 &

dp = e Idino :
41 r 0

Ho—>magnetic permiability of

free space or vaccum I
Hy=4nx107
In vector form,

- Mo —dixr
8=z I

dB is perpendicular to bothdl and 7. BY using right hand
screw rule we can find direction of magnetic field

Here, B is into the plane

Magnatic Field circulates around the current carring wire

MOVING
CHARGES

AND
MAGNETISM

Formula of Field for straight wire
1) At point P
B is into the plane
TS S :
o (sinc+sinp), ®
B

o
\
\
\
\
A \,
I \\
\ HT
\\ B 19; (sinx-sinp), ®
- N
AI ~——_ \
Tl
[ e

3) Wire of infinite length

=90 and P=90 X=90
Mo I " '5=9°°|1P
) i i
B'?m_r- (sin90+5sin90) i
_H T
P ® :
4) Wire of semi infinite length !
|
T i
B Zor (sin90+5sin0)
BT
Znr }
(=900 |
0
r po "

pz-llllll+lllllll.p1

B(P)=8B(P)=0

Field Due to bent wire

total~

_zx

22x HoI [l+cos0/2] o

Z4nr "~ sino/2

HoI [1-cos6/2] o

Field due to polygon
C

eg: equilateral triangle

_9 KBTI
B2 "ol

total 417 r

sin6/2

( eg: Square \

B= 2{2 W, I
=== /
m

-

\_

eg: Hexagon

I
I I
I I
I,
I
pot3 Wl
- owl

B|_ 27 l'IOI
T2 Tl

T

B.- 8H, I (diagonal
TT 4w area

Rectangle
L Note: -
To find field at P
I P
b I ] I //C
3 0|
//&4%2\\ ‘//i\ I / 745
e | \\Xe e
el leb N I 4 e
- I r=3 ~o Y
7 1 ~
| L ///
172 Y 1

v
h

Here P is a point at vertex

T 2/ 2 l

TS /

_ p

If a total lenght | is bent as an equilateral
triangle each side has length 1/3 then,

Neutral Points

Points at which magnetic field becomes zero are called neutral points.
Case 1: Parallel wires carrying current in same direction (I,>I,)

Ir
X= oI,

If y is the distance from 2" conductor then
Lr
I,+I,

y:

Case 2: Parallel wires carrying currents in opposite direction (I,>I,)

__Ir
s x— =N
X-r
1] I,
r
Case 3: Wires perpendicular to each other
I
I
Comparing with y=mx+C we get. I .
7/
| I X l;(:.y)
slope m= +* ) g
y I, “ly
e
——— —
~ I

https://tme/neetwallahpw



Wire perpendicular to plane

1) Current directed out of plane

B is in anticlockwise direction

2) Current directed into the plane

B is in clockwise direction

Direction of field _

X
1) IO r = g KoI

—_ .
B-Clockwise

2)

I

x
® T e
I>I
I, r
_Ir
B Il+IZ
Graphs
1)I>I,
st
I I
r=01r=0 N__"2lr=0
r—b
2) I into the plane [T <I,]
B4
. I|r=0 N L|r=0 P

Field due to a circular ring &
Field at the axis of a ring

B_

Field at the centre of ring

Every current carrying loop act as a magnetic dipole

M=IA

Direction of A is determined using right hand thumb rule

Here, M=TA=Ix7R?
g=Ho

—2M
4n 20¢+RP)

If current is flowing in anticlockwise direction

If current is flowing in clockwise direction

B, = £
¢ 2R
__HIR?
2(x2+R2)32 \_ Y
Field at the axis in
terms of fField at center
BC
Be 4 x2\3/2
<+ R? )
Graph l
x=0 X —>
4 N

\\

Percentage change in field
at points near axis

% change = 1-(1+ x2/R?)" x 100%

2

RZ

3 X
For change < 10% =(? X —)x 100%

J

Magnetic Field lines
For a current loop

2

If there are N loops,

HoN I R?
2(x2+R2)¥2

Field at centre of Circle,

B:E
2R

where, 9 is in radian
Example

Then field at centre of arc,

0.
<
o
_ M6
B=am v
BToﬂ:ll Bl * BZ+BZ
= p°I E = F°I
4T T ar

(Field due to circular arc at the Centre\

Ampere's Cicutal Law

The line integral of magnetic field over a
closed loop is equal to i, times the total
current enclosed by the loop

¢Bd| = /uo Izncloseed “ d

Example

[ Solid Cylinder \

( Hollow cylinder (pipe)

1
BOLT

out

On the surface : r = R

MI
B =<
s 27R

Inside : r < R
Bin =0

Graph ,'3

- M
out = 27r
Bouf a%

On the surface r = R

AT
s 27R

Inside (r < R)

w—?
z
o
-+
o

MOVING
CHARGES

AND
MAGNETISM
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/ Annular pipe \

Outside (r > R,)

In between R, < r < R,

I
TR < TR

M, N (r?-R;?)
27tr (R;-R?)

enc

btw

Inside

r<R,
Bin=0

Graph

st

Solenoid

B-= _é. Hon I (coso, +cosb,)

where n—= no.of turns per unit length

Tightly packed long solenoid

length of the solenoid
uniform magnetic field

1) At centre

10

B:uonI

, Along the axes

2) End point

0,=0 0,290

1
1
1
1
1
1
1
1
[
1
1
1
R

2

Long solenoid: Radius is small compared to the

For a long solenoid the middle region will have a

!
o

out

/ Charged particle in \

magnetic field (v g)
Radius of circular path

2
i) F =
r

qvB =

r= q_B
i) Momentum

mv=p=/ 2mk
2mk

r=

.

qB

J

by particle of 'V’ volt then,
K.E =qVv

_ ,} 2mqV

r=
qB

Condition:
Initial K.E , K=0
w=AK
qV=K-K,
If K, 2 0, then K.=qV + K,

/

AND MAGNETISM

- J 2m(qV + K)

/If charged particle is acceler‘a’red\

21m
qB

= Txre
Tocve

We have % = specific charge

1

MOVING CHARGES g

/Calculal:ion of ratio of radii \

1) All are projected with same speed:
V=Constant V makes angle e with B (e#0,m.m2)
mv o m
r= —— _ . .
qB q Motion of charge on Helical path
Vi |l 10 B
r .r‘d.r'oc=1—:i:i=1:2:2 -
pr g e e 2e Vi-> LtoB
2) All are projected with same momentum 1) Radius
mv.i
mv 1 R=—B
r= _B Sr OCT q
q :
R= mVSBlne : Zn:V sin@
- q
r.ry.r 1 :_1 ! =2:2:1 9
p: . X e e e
2) Time period
As radius 1 Curvature
2rim
T= 4B
3) All are projected with same kinetic energy
3)Pitch =V, xT
mv 2mk
= — =12 =Vcose x 2T
qB qB qB
P o J;“ =2n(:‘—|‘3') Cos
_j_l E n =2m J2mk Cos©
r . r.d r=—r—:r— -
pirodiix e e 2e qB
1:72 1

4) All are projected by same accelerating potential

_szqv Im
- q_B I“OCE
rrr:ﬁ:j_z-:r“-:lil?:l

p: d: « e e Ze

/ Helical path & \

=2 Y2V Cos®
qB

/

-

Toroid

r is the mean radius

B
B..=0
B

in between = HOnI /

/unit and dimension of B\

F=qvBsin®
B= F—
qvsin®
T-2
[B] = _ ML = MA-IT-2
AT x LT!

wnit - kgA-ls?2 = Tesla (T) /




/ Cyclotron \ / Force between parallel conductors \ Motion of charged particle in Crossed
Electric and Magnetic Field@J_ﬁ) [velocity selector]

. L 1) Force between two long parallel current conductors
Magnetic fi ) 1) Maximum kinetic energy
gnetic field out Deflection plate — —_ - —— —
of the paper x|Ix x| x X% F=q[E+(VxB)]=FE+FB - = »
\ q°BR? x| % x| x x| x YA Fe=qE=qEj E
| Bt port e T o . o g o o F,=q(VxB)=q(VixBk)
] 1. 2
A F, x|[x ox|x x|x =-qvB)
2) Number of oscillation ey P F x| x x[x " Fu - F=q(E-VB)]
\" | Cnarged L x|x x| x x|x °
o :pamdc Work done=AK -l Fe x| x| % x|x E
o e xlx xlx | xlx If v="E[B ,Fret=0
N - N2qEd= q BZ:‘ Attractive Repu|sive FEA Charge moves in a straight line M AG N E I I S M
D, D,
‘ v
KB EE 3) Time period of revolution= 2mm Parallel currents attract each other. Anti paralllel currents repel each other B > > X
r T qB Force per unit length of conductor B
OSCILLATOR
qB F. =F. = Ho 2L,
4) Cyclotron frequency v.= — — 127 " Qg " P z v
21m w II F, Thus, electric and magnetic forces are
= 2;" 4= in opposite directions as shown in figure.

.

k Net force on ‘I' length of conductor= ::r Z:E.‘IZ x| /

ﬂ)rce on current carryin Conducth / A \
in magnetic Field /Lorem‘z force \ Magnetic dipole moment of

a revolving electron
consider a small element dl of the conductor
= o _e
dF=I(dixB) X X X X X =+
To de res:ll‘rlng force X X X gf x A charge q in an electric field E experiences the electric force T is the time period of revolution
/"sz}(f' *B) x xIx"x x F=qE 7= 200
=I‘ dixB . X X X X X The magnetic force experienced by the charge q moving with velocity V in the magnetic field B 1- eV (I
In uniform field is given by 2nr
F=1(/d) xB 108 x x x x % F=q(VxB)
The above equation can be used in the following situations The total force,or the Lorentz force,experienced by the charge q due to both electric and There will be a magnetic moment,usually denoted by ¥,
q 9 magnetic field is given by associated with this circulating current
1 °
) o) . yTmpc €Y Torque on a current loop in
e k F=q[E+(VxB)] / | 2 a uniform magnetic field
eff
M= 52— (myr)=5— i T=r x P
2m, 2m, =rmvsino
=mvr
2) I, perpendicular to B 4 . . Y | 1 vector form
6290 Moving Coil Galvanometer (MCG) e -
- Scale /U,l: 2 t
Frax=T 1B T= NIABsin0 .
. . . x x x X L
For closed Loop in uniform field » r—1 - The pegatv sn dicats thet the rlor
Here |.=0 x % %[ x Sensmvn‘y of a Galvanometer direction to the magnetic moment
¢ eff xl X X | x Permanent magnet . )
. % x c . I-= ® _ NAB The ratio of magnetic moment to the angular
s F=0 urrent sensitivity, I = T K momentum is called gyromagnetic ratio
4 Then T = NIABsinQ
. e
Where K— torsinal constant T " Zm,

~N

Special cases:

Note: ene ; - O
K - VOH'Oge SenSl'flVlTY N Its value is a constant and is equal to 8.8x10' C/kg i) When6= 0
1) The constant, NAB is called galvanometer for an electron T =0, ie the torque is minimum when the plane of the
loop is perpendicular to the magnetic field
constant or current reduction factor of Voltage Sensi'l’ivﬁ’y,vs:9 = 2 Soft-iron According to Bohr's quantization condition, angular P 1S perp g
the galvanmefer. v IR core momentum assumes a discrete set of values namely. .
NAB nh h 123 II) When = 90°
4 = —_— (= ——wheren=1, £, 3.....
2) Figure of merit of a galvanometer o KR' . T . 2n h—plank's constant T = NIAB ie, the torque is maximum when the plane of
6L K Voltage Sensiﬁvi‘ry:currem Sensitivity Irjlgggcri}glﬁl the loop is parallel to the magnetic field. Thus,
® NAB R

Taking n=1. we get, T, = NIAB
\ ) \_ / k (M) = g7 B = 9.27x10% An? / k /




TIME PERIOD OF S.H.M

1 2 3 4 5 6
k l_’ m -/V\}(V\/— m
,E',: F=-kx

m |J_-| xT F=-kx n E < Liquid H B T=2m %

E=—k T=2m % ¢ M=

=-kx F=-kx F=-kx m
T=2"V 1 oHa

Tezn/} T=2m/T Te2my/™ kepHg

( COMBINATIONS OF SPRINGS SPECIAL CASE \

2) Parallel
1) Series )
ki Tl
- klkZ
eq”  k,+k,
TSk  toon
Tsz:T12+T22
TZ kZ T$= UT12+T22
m
m

fmmM
é T= 211\/7

OSCILATION OF
LIQUID COLUMN

it
—
x

]
x

TUUL

AANSNSNRILE

T

-

HnTnTny

p=Density of liquid

\ A=Area of U-tube

OSCILATION OF
FLOATING BODY

\

E

Hl o,m lx

<+— Liquid ()

T=2m/ p';‘A
T=2m/ 2 pg

o=Density of Body
p=Density of liquid

eg:
° if B=120°,0=60°
k 2 k _
‘\;\\\ ”/;;" keq-

keq= k+2kcos?20

§ k T=2rr1/%

k+2k=3k
7 4 2
7 2
20 T=2n/20

CUTTING OF SPRINGS

ko % kL,=k,L,
k k, k,
I — - e
L L, L,
L=L,+L,
k _ kL
k= —= k= —
! L, L,
k(L,+L,) k(L,+L,)
k1= 1|_ kz= IL
1 2
eg:
k
OO —> L LiLy=1:2:3
L
k= Kbty ke
' L, 1
ké
= —=3k
k. 2
ké
= — =2k
, 3

OSCILLATIONS 01

SIMPLE PENDULUM

T=2m éi

* Second's pendulam
T=2 second
I=1 meter

Concept of g

effective

reomy §

e

Pendulum in lift

Case 1-Moving up with constant acceleration ‘a’
9err=9+a

o It
ream o

Case 2-Moving down with constant acceleration ‘a’

L ¢ a
Case 3-Moving with constant velocity

L ~La a=0

T=2n/ ;—

9.4~9-a

T=2mv/ o

g-a

Case 4-Free fall
a=g

geff:g-ng-gzo T— 00

Pendulum in a truck moving with
constant acceleration

a

Pendulam in Water

o=Density of Bob
l p=Density of liquid

geff:g(l- ?‘,) )

r

\_

DIFFERENTIAL \
EQUATION OF S.H.M

ma= -kx
m d*x = -kx
dt?

dZX - -k x
dt? m

d?x , k- x =0
dt? m
ﬂ + (W2x =0

dt? ”
k LS
2= " W m

A=Amplitude of SHM
®,=Initial phase difference

- 4.k
Eg: m 9
I [K=320 N/m:l

4 9% | 320x=0
dt?
d?x + 80x=0
dt?
W2=80  W=[80
27 - gg
T
T- 2T

oo
/
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PROJECTION OF CIRCULAR MOTION

1t Quadrant 2" Quadrant ;
INITIAL PHASE FROM POSITION & DIRECTION » "4
Start from mean position "o .
x=Asin(wt+D,) f Start from extreme position o
x=Asin(wt+O,) 3“Quadrant 19 Quadrant _
1 & 2 ¢ . g —< — nx= 4 £ =Asin®, B, x=Acos(wt+D))
| 1 2, 2
1 x=-A o, +x=0 o @ x=+A 1=0 0,-30°=F \ \
+=0 2 - A A =
> < x=Asin(wt+g) DX= o5 2 =Acos®,
4*"Quadrant 2"Quadrant
Liny 0,=60°=3
A,
A 2) X= ‘/% 7z =Asin®, x=Acos(wt+3)
Eg: Particle lies at x= > [t=0] and move towards A 120 0,-450- T
. . . . . . .. _ A A _
Projection/shadow of uniform circular motion in y axis is SHM x=Asin(wteT) 2x= A 5=AcosO,
‘ O——0 1s* Quadrant =0 (D°=450= 74‘
x=0 A X=A A A . N
26 " From 010 A ’ Nx= By G =Asind, x=Acos(wt+y)
przmt ‘oo T 0uee]
x=0 1" 2! x=A x=Asin(wt+3)
- A i 1/§A =
k x=0 A 4 A x=A

[ 6raphical Representation of Velocity

Velocity of SHM
Start from mean position Start from extreme position
X= ASih(L.OT _._(Do) x=Asin(wt+®) O,=0 x=Acos(wt+Q)) O, =0
v=Awcos(wt+D,) T A~ I i
T 2T T T
( Graphical Representation of Displacement \ oINS N ‘ r N\ ar !
v=W4 [ AZ-x?
Two particles executing SHM meet at X= 1@ Start from mean position Start from extreme position a) x=0 v AW v=Awcos(wt+D,) v=-Awsin(wt+D,)
x=Asin(wt+®), ®,=0 x=Acos(wt+D,)),® =0 max -
/N r T 3T /N /\
. [ 27 2 ‘ 2 2 \ —
Gt AR NN VA VAV
2
x= A A =Asin®, /e, ) ] ToNAr /
2 o,
o' ewn \S
Calculation of time
for particle B . .
X= V3A ‘/%=Acos(DE | _Ag ) o\ o= o o
2 - B Y x=0 A x=A
=0 0,-30°=F _I—'_x=0 A xeA 4
2
@
Phase difference \ ‘/A,

T
4 ;
/ x=0 X=A
\ 0=30°+30°=60° or 300° / I ns
A6 (6,6, x=0 BA w-A
\ Af:$e= 2w )T 2
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/

-

Acceleration of SHM

x=Asin(wt+D )
v=Awcos(wt+D,)

a=-Aw?3sin(wt+O,)
amax= -AW?

v
N

T

Phase difference between x and v=

a<

Phase difference between v and a= 1

2

Phase difference between x and a= TV

_/

Y
—
—
-
=L
—1
et
o
I
o

1

K.E= --mv?=

2

KE=0 KE,,

2

1
2

1 nwi(Az-x2)

= —MW?3A?

Calculation of Time period
and amplitude

- - 2
Vmax- AW amax- AW
2
amax vmax
= A= a
vmax max
Zl - amax
T vmax
\"/
max
T=2 a

03

_1 2p2
PEmax_ S mwWA

2
o

xX=-A X

P.E= %mc.ozx2

PE=0

xX=-A

Total mechanical energy =me2A2

x=0

2

X=A

~

Start from extreme position
v=-Auwsin(wt+d), O, =0

Vv A

Graphical Representation of Acceleration

Start from mean position
v=Awcos(wt+D), O =0

Kt AY,

NS NS T N\ AT ar !
| ARV
=-Aw3sin(wt+0) az-Awfeos(wt+Dy)
ANA
/\ /\ . TNT e
T T\ /3r 21 ! 2 2
2 2

—AA A A
2 V2

Total mechanical energy(E) = mezAz

2
Note: In SHM, if particle oscilate with
frequency W, then the K.E & P.E oscilate
with 2 W
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. ™ ( Ve N\
Centre of Mass Centre of mass for various shapes Mot!on centre of mass Moment of Inertia Theorm of Perpendicular axis I,
- Avg.position of all the parts of the formly distributed velocity of centre of mass ) . .
system, weighted according to their mass Uniformly distributed mass centre of mass ~ M1\71 + MZ\H/2 + M3\73 — i) For discrete system of particles I-I + ]:y (Only valid for laminar bodies)
-Fort hom?geneouls: obiect, ) red | V= YT —
centre of mass lie a o | - >
their geometric centres Lz, Lz Acceleration of centre of mass x'\:,?‘zey axis lie in the plane of body x
| — — — .
*Centre of mass, may or may ©.0 > (L,o) o Ma, +Ma,+ Ma, +-- Z- axis J_ne;:d to the pl'c:ne o: the body
not lies inside the object 2 a,= Axis need not pass through center of mass
| M +M,+M M- - - - L
-Centre of mass, may ' \ ) v
change it's location 2) Square Lamina \ /
Isolated System
A .
*No external forces acting . . .
(N, (%%) on the system Moment OF Inertia For Various Objects
Centre of Mass For . S *They can have mutual force
. ©o L of attraction ri = Ldistance from axis of ) | |
System of n Particles rotation Disc Ring ToMRE Thin Rod : i
i c.m - 1
R 3) Semicircular Ring °® ii) For non-point mass = I
fon” Fm Y ! = 1 j *
m, Mr =Mr, acm=0,vcm=constant I-= J‘dI = J'Pde |
yiz) 8 (xy,2,) 2R
(O'T) = Jdm r? :
- oy Gz . _me _mi2
F o3 o prtces ©.0 (" Moment of Inertia ) =1z =%
< (2 4) Hemispherical shell P . r dm I=3 mre
= . I=Mr? [ 3 <—‘O 3 | L= 2MR* Hollow sphere
i N S 1
- ! 12 e
(o%) m= Mass of body I;% MR? !
; r= Perpendicular distance from . .
General Equaf'on a the axis of rotation \_ ) Solid cylinder 1
L M M, M e - mr, i I=MR? R
rcmz 11 2' 2 33 5) Solid circular cone Moment of Inertia = ¥z M
m +m,+m, + ----- +m, A . / ‘_\
oo " ! Lo ! .l (" parallel Axis Theorm )
Tensor Quantity I=Mr? RO?Tflond I- 3 MR2
analogous ey g
In terms of Cartesian co-ordinates \_ of m%s:) Conditions: - \r-/ "2 |
h (OL) 1) Axis where considered to be parallel I
_ ﬂ'\‘x1 + mzxz + m3x3 + mmm—— mnx" to each other 1
Xem MM —m——e + T S > ( Two Point Mass \ 2) One of the axis must pass through Solid sphere
m, +m, +m, m, centre of mass
I .= M2 + M,r? -Z S/
- MYy * My, + my, + ----- mYn 6) Solid hemispherical R Lirate | Leom / L\ I’_EMRj/ ,
a
Tompemem s oo +m P " M ’ I=Z MR?
(O, E) @COM I,=2MR? \w_/ L
7 = mz, + mz,+ mz,+ ----- mz, A 8 %} r com r <M> ,//
= 1 2
ST — (e 1 z _ ,
7/
r m,r /
r'1= i . f‘2= : e
m1+ ml m1+ mZ
mm - = i = i i
/ Centre OF Mass For \ ( Cavity in object \ I =m, .m,_;= - 1+ "z‘ T e TeowtMa? I=Moment of Inertia along the center of mass f, Moment Z: Inertia along :\: tangent perpe':mlc:rhe to the plane
. =Moment of Inertia along tangent parallel to plane
Non Point Mass If some mass is removed from a \ ! y \_ Y, t a
body C.M will shift fowards
the side with more mass
- : N\
actors Affectin . .
~ C.M of £ 9 Moment of Inertia along the centre of Mass Perpendicular to the Plane Surface
y ~ _ ldm.F remaining body Moment of Inertia
dm Fem™ |
dm
1) Rin i
A= mass per unit length ) g 2) DISC 3) Squar‘e shee'f 4) Rec*angular SheeT
O= mass per unit area A M MR?
- i C.M of Mass of  Axis of ._mass mr
r kel orginZI body C.M of \fhe body  rotation d‘s'""b“""D MRZ(COM, Lr to plane) 2 6 M
cavity -7+ b?)
MR? 12
MR? " (cOM,Parallel to plane) 4
- . . . > arallel to plane ME / \/ /fb
Assuming r, , is at the origin 12 =
1) Mass distributed over length = dm=1 dl R OTATI 0 NAL / / //ﬁ’2
o 12
2) Mass distributed over area = dm=cdA -M_ xr. 7
Q)Mass distributed over volume = dm= pd/V \ Fren™ M / ' e
rem 12
M UTI 0 N m MZ_RZ (COM, Parallel to plane) ”f
Mz
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4 N

Definition: The distance from the axis of a point
mass whose mass is equal to the mass of whole
body and whose moment of inertia is equal to
moment of inertia of the body about the axis

Radius of Gyration

ImR2
| 2 |
| |
,—"'I"l:\\
~ /7
=\ >y
~ 7
~_T_—’
Disc | mk? | —
| |
| |
R
1 k= = 1
2

k is the radius of gyration

J

Torque

Creates torque 4 Fsing Py
(moment arm of |
1
1

force)
r
N
\l @  when force is Radial T=0

S o Vs Fcos
)y / Wy
S ~ / won't create

S e , any torque

~ < Q

Torque T= r Fsing

= Fsinoxr = FLr (1)
=F x rsing=Fr (2)

T =r x F (Vector form)

If force is radial ie 0 = 0° or 180°
TorqueT= 0

If force is tangential and I
to radius vector § =90°

Torque, T =T, = rF

ROTATIONAL
MOTION @D

Equilibrium

For translational T
equilibrium

F.=0

net

»
»

T ret may or maynot be
zero

Rotational Equillibrium

Tnef = o 1

v

F.. may or maynot be zero

Also called principle of moments

Static Equilibrium

Combination of both translational
and rotational equilibrium

F.. = 0=>Forces are balanced

n

Tnef = o = Tclockwisz =Tanﬁclockwise

Principle of moments

When a body is in rotational equilibrium sum
of clock wise moments about any point is
equal to sum of anticlockwise moments
about that point

d d

1 2

» &
L

A

F,xd, = F, xd,

A
v

Fl

Load x load arm = Effort x effort arm

X3

r
y

X, X,

: < > < >
é m,g
mg

mlgxl = ngxz * m39x3

-

=

\_

Angular acceleration

T = I0
T - torque
I moment of inertia

QL angular acceleration
Initial angular acceleration when
a rod is released

Initial angular acceleration when abody is
released from an angle ¢

Translatory - rotation combination

Tapplied B Topposiﬁon

Total I

__m,Rg-m,Rg
~ m,R?+m,R?+I

~

1)When 6=90°

ILl=r p sing
=rp
=Lmax
Spin angular momentum
I
w
A\ Lspi"=Iw
|
|
A
—
~. I
Lspin=IABw
|
R
1B

Conservation of Angular momentum

If there is no external torque

Angular momentum is conserved
dL

o T=—+

&t

*IfT=0=—~

dt ~
L=constant
TIw=constant

Ilw1=I2w2

o If moment of intertia increases

angular velocity decreases and if
moment of intertia decreases

qular velocity increases /

Moment of intertia when
two discs joined:

same direction: -
_ I1w1 "'Izwz

w.=
f I+T,

Angular momentum & its conservation |

Angular momentum of a point mass:

Angular momentum about origin A
L=FxP
=m(rxv)
P=mv
1) When 6=0° or 180°

L,=mvr sin 180=0
mvr sin 0 =0

N

T\

Angular momentum is minimum

v

( Mechanical energy conservation \

B —
Angular velocity with which the rod hits

the ground without slipping and one of its
o| end on the ground, released from rest

w3
™

18

\_A . _J

Opposite direction: -
w.= Lw-Tw,
f II+IZ
n
|
|
| L
NN

|

Work,Energy & Power

1)Work done by a torque, W
=To(if torque is uniform)
=f’|?de (if force is non uniform)
2) K.E=%Iw2(when W is constant)
=J2Tz (when L is constant)

=1
=sLw

3) Work-Energy theorm

SW= AK:%]_‘(WZZ_wlz) kfrans

Energy loss when 2 discs are joined:-

1) same direction: -
LI,
2[I,+L,]

="
w

AK.E= (W,-w,y

2) Opposite direction: -

IIIZ

AK.E=
KE 2[T,+1,]

(w1 + wz)z

I

1

Rolling Motion
Translatory+Rotatory=Rolling

—>Rw

Velocity in rolling
« Condition for rolling without
slipping: - V=Rw

¢ Velocity of any point on
rolling object,V,

= wd=_vd
R

d is the distance from point content

Energy in rolling motion

1) Translatory Motion
_1

TK.E—EmV2

2) Spinning motion/rotational motion

21 vz o_1 k2
K.E'EIwz = %ﬂ'\k2 - Emvzx (F

3) Rolling motion

2
TeetRee %mv“%mv?x % = %mvz (1 +%)
RZ

Motion on an inclined plane

2 1
Velocity at bottom= gh v k2
1+ K F)
R h

% T:VJ:Time 1

Velocity:solid sphere>Disc>Hollow>Sphere>Ring

Time to reach bottom:Ring>Hollow sphere
>Disc>solid sphere

Value of velocity: -
1) Ring/Hollow cylinder=y gh

2) Disc/Solid cylinder= g_gh

3) Hollow sphere= ggh

4) Solid sphere= 104
7

Acceleration

sin o 1
g 3 a X Pz
g r

Ring>Hollow sphere>Disc>solid sphere /
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TOWERATRE SoulE

(celcius-fahrenheit-
kelvin conversion)

Result =

5 9

any scale conversion formula
Reading on any scale - lower fixed point

) Upper fixed point - lower fixed point

=constant

J

THERMAL EXPANSION

A-LINEAR |
1. Alzeclpng [——— 1
2. I'=1 (1+00)

3.«x= % —unit— /%% or/k, dimension-K-!

heat I'=l+Al

iYC)

~

Whatever be the change 1.5

. Al
in temperature, the 7777
difference in length l,.o¢,

remains constant

.
',

:
1, <,

~

APPLICATIONS OF LINEAR EXPANSION

Pendulum clock
Fact — When temperature increases, time period
increases, clock runs slow
— When temperature decreases, time period
decreases, clock runs fast
1) Loss of time in any given time interval t,

M=%oc Aot
2) Time lost by clock in a day

At=L o pot=1 o 1086400=43200 16

2 2 y,

Thermal Stress in a rigidly fixed rod

JAY:]

I t— Il—

Thermal Stress=Y« Ao Y-Young's Modulus

Thermal Force=YAcx Ao «-coefficent of linear

expansion
Ao -temperature change

A -Area of rod

E READING DUE TO
R CONTRACTION

Result — (1) At¢0'>0 True value> Scale reading
At 0'<0 True value< Scale reading

|True value= Scale reading (1+ocA6) |

.

BIMETALLIC STRIP Cu
Cu |1 calorie=4.27 |
' ' Fe
| A H
Fe Heat SI.Ipll_
x> X, — So when temperature increases ( \
— Al of Cu >Alof Fe change temperature 01- change state of I-
— strip with higher value of o will be on I
convex side ( AQ=msAT \ [ \
. - - N
S-specific heat capacity Melting Boiling
EXPANSION OF CAVITY Toule A6:mL, L AG:mIR,
SIunit- —oue 11 - ,-Latent heat
Area of hole increases — body expands on o Kg Kelvin T Kok L I;:f:::i:\neat of vapourisation
heating.Expansion of area of body is cal J J y,
independent of shape and size of hole 2. Swmr=1?%=4.2§@=4200k9—0c
L =80<al-80x 4 2-L-80x4200-1
SUPERFICIAL/AREA EXPANSION for use Kelvin instead of °c] P j ¢
J
s =led 5 T _5100- 3 o L-L,,, 540 <Gl =540x 4.2 =540x4200 4~
1.0A=ABAG B -coefficant of area ice” 2 'g%C ©-*g°C kg°C /

2.A'=A(1+BA0)

expansion

CALORTMETRY |

3.B=M—> unit — /% or/ k,dimension-[K!]

ALT
4 =2

CUBICAL EXPANSION/VOLUME EXPANSION

1.AvV=vVYne
2.v'=v(1+ Y n0)

3. Y=VAT\/9 — unit—/%¢ or/K

Y

( Heat supplied at constant rate )
Graph & equation
€

HEAT CAPACITY
Heat capacity=massx specific heat capacity

._cal _ LI
Unit= O—C—>SI unit K

WATER EQUIVALENT

k, dimension-[K']
XifiY=1:2:3
4. Y=30< | B y | i l.. |:. f
T L T.-T )"' L Thtla mass of water that w}!lhabsorb
c . . . ms m ms(T,- mL, or lose as same quantity of heat as
Variation of density with temperature ¥ 1= N 'tf = AZ'I' 1°= N; substance for 1'h?a sam:raychanges in
Density o —1— \_ ! 12 2 . temperature
Volume
w=water
V'= V(1+7n0) if speecific heat is variable ra Isz T My, Sy=M.S, b=body
=| ms
then  P'=P(1 p0) s=f(T) T,—T, K
ANOMALOUS EXPANSION OF WATER PRINCIPLE OF CALORIMETRY
1. Water h.as maximum density at 4°C (minimum volume) Cu glass | Liquid |Hot iron
2. On heating, 0°C —— 4°C water contracts @Fe Vessel phere
3. Graphs 4°C —— above water expands m, m, m,
- --------—f}—Cuglass
I £ ! ~——------——1% Vessel S S, S;
I £3 £ water initial —| 1 T, Ts
O°C #C  Temperstore — @C #C Temperature = Heat lost by the hotter body = Heat gained by colder bodies

(A

(8

REAL AND APPARENT EXPANSION OF LIQUID

Q= +Q,
Final equilibrium temperature,

- m,s, T,+m,s,T,+m;s.T, _zmsT

1. ApparentExpansion of liguid — Real expansion of liquid - T
2. Apparent change in volume Expansuqn of solid in which liquid
is contained
Facts :
L. Avuppurenf=voyapparenf A Calorimeter -

2. Avalmren'r:vo(yI =¥s )AO
3. AV gparem= Vol -30¢:)20

apparen‘l'-

4. 'Yappar'enffyl - 30(5

A device in which
the measurement
of heat can be
done.

%, -Real expansion of liquid

o, -coefficent of linear expansion
of solid

m,s,+m,s,+m_s,

>ms

ICE-WATER SYSTEM

Problem solving methodology

1. m, g ice [-0,°C] mixed with m,g water [-6, °C]

2. Convert -0 1°C ice 0°C ice

AQ,=m,S, 6

ice 1

3.Convert 0°C ice —— 0°C water
AQ,=m L,

4. Convert 0,°C water—— 0°C water
A Q3 = mzswu?er 0 2

AQ,=,>,0r<A Q+AQ,
|

check

AQ<A Qi+ AQ,
1.Only m' g of ice melts

AQ3> A Q1+ AQZ
1. Whole ice melts into water
2. Additional heat is used

to increase the temperature
of system from 0°C

2. Mass of ice melts can be
found by
mL.=Q

Final tfemperature can 3. Final temperature is 0°C

" be found out by
AQ=M_.S T

total™ water

where AQ'— additional heat

CONVERSION OF MECHANICAL ENERGY TO HEAT ENERGY

1. Potential energy to Heat energy
AU=mgh >A Q=m'L,

When equaling multiply with 4200 forAQ  (if L. is in calorie)
f ]
> m'L *x4200
2. Kinetic energy to Heat energy
K.E=Lmv =—> AQ=m'L,
if L, is in C"gﬂa

ie, mgh

then

1 1 ox
Emv2 —>m'L.* 4200

HEAT TRANSFER
1. Conduction
Heat flows from hot end to cold end, medium is necessary,

slow process
AA_?‘ = Rate of flow of heat

AQ =K A AO
At T | - :
" " A = Area of cross section
. we_  wWa wa
Unit of 'K “metre’C °" metre K % = Temperature gradient

‘K’ depends on the nature of material

K = coefficient of thermal
conductivity

THERMAL PROPERTIES OF MATTER
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OHM'S LAW OF CONDUCTION

Electrical Conduction

1) current, I=%g—

2) I= % (Av= vhigh-vlow)

3) electrical resistance, R:%
4) I- Vi-Ve . (vl'vz)A=0I_A (v,-V,)

R | P
5) Combination of resistors

i) Series Combination

Here 'T' is same

ii) Parallel Combination

Rl
— MM
RZ

AMAA____

Rn
H'._/
1 -1 ,1 .
R R R

Here (V,-V,) is same

Thermal Conduction

1) Heat current, H=%,rg

2) H=%-% N
R R
3) Thermal resistance, R= 5+

4)H= 6,- 6, - 6,- 6, - KA
R (/ka |

5) Combination of conductors
i) Series Combination

91 e2 e3 _____ 91—1 9n
Lk P2 __ k,
<—|1—> <—|z—> " <—|"—>
v
replace with resistors
° A

Find R_ =R +R,,

Here 'H' is same
ii) Parallel Combination

e1 62

01 1

H L:L —_
Find R, R Rt
from that find K,

Here, Temp Difference same

TEMPERATURE OF INTERMEDIATE JUNCTION

04 0

From that find 'K, .

CONVECTION
® Requires a medium, actual movement of fluid,occus naturally or
forced.
® Natural convection takes place due to the effect of gravity

® Sea Breeze

Wind blows from sea to land
during day time

e Land Breeze

Wind blows from land to sea
during night
RADIATION
Absorptive, reflective and Transmitted power
QQ/J_,Q Absorpti (@)= Q, _Energy absorbed
" sorpiive powerla)= - ~ Energy incident

L Yy |
. . _ Q. _Energy reflected
\\LQT Reflective power(r)= q° Energy incident

Q, _Energy transmitted

Transmitted power(t)= Q- Energy incident

F THERMAL RADIATION

Energy radiated

Emissive power(E)=— 2o unit — Wr:;rf
- Energy radiated .. Watt
Spectral emissive power(E,)= -——— Time xwavelength unit— =~

Relation between E & Ey, =——=>E-= J E)dA

[

For ordinary body E= ec T*

AQ - 4
A+ eAocT

e=emissivity

In the presence of a surrounding
(T,) (black body)

E=o (T+-T,9) LR =cA(T*-T,)

At

~N

In the presence of a surrounding
T,) (general body)

E=o0e(T*-T, %) % =ceA(T*-T9)

WIEN'S LAW
Wien's displacement law

o<

1
=
AmT =b

NEWTON'S LAW OF COOLING
— EQUATION FOR PROBLEM SOLVING
-[6,-6,]

[ (5)-
0 0

O AT » 0,

0,> 0,
At=time
§,— surrounding temperature

}\mlTl=}\szz

o
Area =A=J E,d\=E=0T*

g | EmissY © h

o= Energy radiated by a general body
" Energy radiated by a black body

h

value of e =>0<e<1 Ex4
If e=0 , means general body radiates no energy

If e=1, it indicates a perfect black bod
. P Y

Ratio of emissive power to absorptive power is same

/\j

|

[ T
Ll !

"As the temperature of the body increases, the
wavelength at which the spectral intensity (E) is
maximum shift towards left.”

|
|

T3
T, <T,<T,
2

}\m1 >7\m2>)\m3

for all surfaces at the same temperature and is
equal to the emissive power of a perfectly balck \_

L1 —
AmgAmghmg N

body at that temperature.

STEFAN'S LAW

Emissive power of a black body «
fourth power of absolute temperature

|2 =oaTH

At

o — Stefan’s constant %. — Radiant power

value of 0 — 5 67x10-8 W/m2K*
Dimension —[0] =MT-3K-*

Rate of cooling

NEWTON'S LAW OF COOLING

directly proportional to excess
of temperature of the body
over that of surrounding.

-dT

<t (T-T)

T=Temperature of body
T,=Temperature of surounding

//// / / b=Wien's constant
/77 .
Mm A PTY -
—Ll=f_1
Hence A, [Tz]
b — value-2.89x10-3mK
[dimension]=[b]=LK

THERMAL PROPERTIES
OF MATTER
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Internal Energy(V)

(1)AU=AQ,=nC AT=n %RAT

_nRAT_ A(PV
'\/_-1"4\(71'2

AAVAALANNNY
AU

/
_PV-PV,

=51 Q

is a function of temperature) |
>

/IS

Qfernal Energy

+First law of T.D >AQ=AU+AW
«AQ,AW=—=>path functions
«AU =—=> state function

(€]

‘W, #W,

state@® state® ° Q#Q,
.AUI =AU2=UB-UA

.

Isothermal process =>AT=0—>AU=0
A

Cyclic process
A—B—C—D—A

AU=U,-U,=0

Work done:

path function
AW=F .dx= [Pdv

+1cal=4.2 Joule

[ Sign Convension

el Q
w w
-ve +ve
(compressive (expansion)
workdone on the gas) workdone Q
by the gas -ve
Work Heat

o

Heat: path function \
=> unit:calorie/Joule

AQ

v

Adiabatic

Adiabatic process =>AQ=0 [No heat transfer]
At constant volume =>AQ ,=AU=nC AT

At constant presence =>AQ,=AU+AW=nC,AT

Work done from P-V Graph

Compression

Ar . ’\{
. b Adiabatic, Isochoric PO(T[Y_—I]
T Workdone by the gas
P AW=-AU=nC (T,-T,)
X ) =nfR(T,-T)
v g ~_TIsobaric R nR
Area under P-V diagram gives v— aw=,7(T-T)
work done by the gas
W= Pivi'vaf
Lsotaiiclprocess Pl———== o Slope of adiabatic process
4 =7 slope of isothermal process
b I | specific heat of gas =>C=0
| Pe—_X =
P : : 1 I : P | i C=ﬁ$—>AQ=O ¢=0
i | AW=P(V,-V.) | i ! i
> I ,
“IL(P.- -
: : R W=Z-P-P)V,-V) 0 1®,-P)V,-V) Isothermal process
\ v, to
e >tomie0
eg:- perfectly conducting
1 § slow process
Pf—- = =
AW=PAV=0 i . FLOT=—=> AQ=AU+\W
p e SQW
\',1 \}Z . equation of states = P,V =P,V,
W=(P,-P,)(V,-V,) Workdone by the gc\l/s
> = 2]
y . W=2.303 nRT Iog(vl)
[
N , W=2.303 nRT log (_1)
Pla : KI‘hermodynamlc process\ P,
! w Slope =
p Slope of adiabatic process
A B = - :
e —— . Yx slope of isothermal process
specific heat C=co
2 P W,#W, + AQ=0 [no exchange of heat]
; oW, w,
v— 4L *Rapid or spontaneous
process/insulated vessel I
4 Isobaric ‘FLOT==> AQ=2U+W AP=0
' AQ=0 AU=-AW FLOT=> AQ=AU+W
b Isothermal Compression equation of states =V« T
Adiabatic SWrmve Uz eve v.I
Isochoric AUT=>Tempera'rur'eT vV, T,
—_— v
v => Pr'essur'eT Workdone by the gas
Wisobar‘ic>wisathermal>Wadiabatic>WIsochoric Expﬂn5|°n AW=PAV= P(vz-vl) = nR(TZ_Tl)
AW=-ve AU=+ve
specific heat of gas
AUl=>Temper'a1'ur'el f TR
=>Pressure] =>C= ( +7> R=vT

/Equaﬁon of state \

PVY=1a constant
TV'  =a constant

o

J

-

-

Refrigerat:

AV=0 or V=constant

equation of states =>P«T
Workdone by the gas

AV=0 AW=0

specific heat of gas =>C =

\

.1
P, T,
fo. R
Z R=71

\

High T

Low T

efficiency(n)

‘Devices that convert
heat into work'

Q,— heat absorbed

Heat Engine

Source

W=Q1'Q2

Q,— heat released

Sink
(surrounding)

Nmex ==>Where Q,=0 or T,=0K

(not possible)/

—> Ideal engine

[
»

n= T-T,

T

1

A

Pressure

Adiabatic
compression

Isothermal
expansion

‘Adiabatic
expansion

4

TIsothermal compression

I
Volume *

~

J

Sink

T, (Low T)
Coefficient of performance (p)

R R
wo Ql'Qz

Relationship between N&p

p=Lo1

Cascaded engine

Same work output
! W,.=W,
T,-T=T+T,
2T=T +T,

T

Wl
1 2

T=2

Same efficiency

i S Y

T, T

T2=T,T,
T=

1

T,T

1°3

w

2

THERMODYNAMICS
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MEASUREMENT OF MASS & TIME

MASS
*Unified atomic mass unit(amu) is used to measure
mass of atoms & molecules

*lamu =(1/12)" mass of

one C'? atom

*lamu = 1.66x10% kg
-Electron mass- 10-3°kg
-Earth mass : 10% kg

- Observable Universe 10% kg

TIME

- ST unit is second (based on caesium clock with an
uncertainity less than 1 part in 10-13
ie,3ps loss every year)

- Timespan of unstable particle: 10-%s
- Age of universe: 10" s

MEASUREMENT OF LENGTH

+Large distance is measured by P
parallax method /‘ O ’\
. __Basis __b

Parallax angle= —===—=+

-10=1.745 x 102 rad / \

+1'=2.91x10* rad.
+1"=4.85x10¢ rad.

+For very small sizes, optical microscope,
tunneling microscope, electron microscope
were used.

*1 AU = 1.496x10" m
‘1ly=9.46 x 10 m
*lparsec= 3.08 x 10'* m
- Size of proton: 10-®* m
*Radius Of Earth: 10’m

-Distance to Boundary Of
Observable Universe 10 m

SI SYSTEM

7 Base units and 2 supplementary units

Base Units
NO. |™Quantity Unit Symbol
r ds
1 |Length meter m _
2 |Mass kilogram kg R —
3 |Time second s
4 |Temperature| kelvin K v
y e\
5 | Electric curent| ampere A =S
6 |Luminous intersity|  candela cd i
7 :urggmcif mole mol dQ =dA/r steradian
NO Supplementary Units
) Quantity Unit Symbol
1 Plane angle radian rad
2 Solid angle steradian sr

Q. Unit of permittivity of free space &€

(a) coloumb/newton-metre
(b) newton-metre? /coloumb?
(c) coloumb?/newton-metre?
(d) coloumb?/(newton-metre)?

SIGNIFICANT FIGURES

The digits in a measured quantity which are reliable and confidence
in our measurement + the digit which is uncertain.

RULES FOR SIGNIFICANT FIGURES

1. All non-zero digits are significant. For example, 42.3 has three
significant figures: 243.4 has four significant figures; and 24.123 has
five significant figures.

2. A zero becomes significant figure if it appears between two
non-zero digits. For example, 5.03 has three significant figures:
5.604 has four significant figures; and 4.004 has four significant
figures.

3. Leading zeros or the zeros placed to the left of the number are
never significant. For example,0.543 has three significant figures:
0.045 has two significant figures; and 0.006 has one significant
figure.

4. Trailing zeros or the zeros placed to the right of the number are
significant. For example, 4.330 has four significant figures: 433.00
has five significant figures; and 343.000 has six significant figures.

5. In exponential notation, the numerical portion gives the number of
significant figures. For example,1.32 x 10-* has three significant
figures and 1.32 x 10* has three significant figures.

RULES FOR ROUNDING OF A MEASUREMENT

1. If the digit to be dropped is less than 5, then the preceding digit is
left unchanged. For example,x = 7.82 is rounded off to 7.8 and
x = 3.94 is rounded off to 3.9.

2. If the digit to be dropped is more than 5, then the preceding digit
is raised by one. For example, x = 6.87 is rounded off to 6.9 and
x = 12.78 is rounded off to 12.8.

3. If the digit to be dropped is 5 followed by digits other than zero,
then the preceding digit is raised by one. For example, x = 16.351 is
rounded off to 16.4 and x = 6.758 is rounded off to 6.8.

4. If the digit to be dropped is 5 or 5 followed by zeros, then the
preceding digit, if it is even, is left unchanged. For example,

x = 3.250 becomes 3.2 on rounding off and x = 12.650 becomes 12.6
on rounding off.

5. If the digit to be dropped is 5 or 5 followed by zeros, then the
preceding digit, if it is odd, is raised by one. For example,

x = 3.750 is rounded off to 3.8, again x = 16.150 is rounded off
to 16.2.

RULES FOR ROUNDING OF A MEASUREMENT

ADDITION & SUBTRACTION
In addition or subtraction, the final result should be reported
to the same number of decimal Places as that of the original
number with minimum number of decimal places

3.1421
0.241
+0.09  «— (has two decimal places)
3.4731 <— (Answer should be reported to two decimal
places after rounding off)

Answer = 3.47

MULTIPLICATION & DIVISION

When numbers are multiplied or divided, the number of
significant figures in the answer equals the smallest number
of significant figures in any of the original numbers

51.028
x 1.31  «— (Three significant figures)

66.84668 «— (Answer should have three significant figures
after rounding off)

Answer = 66.8

If L=2.331cm, B= 2.1cm,then L+B = ?
(a) 4.431 cm (b) 4.43 cm
(c)4.4cm (d) 4 cm

UNITS & MEASUREMENTS

Dimensional Analysis

Dimensions of a physical quantity are power to which units of base quantity

are raised. Eg: [M]°[L] [T] [A) [K]¢

APPLIC/}TIONS

checking the correctness of
various formulae

Eg: If Z=A+B,[Z]=[A]=[B] nu,=nu,

conversion of one system
of unit intfo another

Deducmi r‘elaﬂon
among physical
quantity

Eg: nIM LS T, = nIMALE T,

- M,.a L, 8 T, c
n=n, [Tl] [r] [T_1]

DIMENSIONAL FORMULA

1) Pressure=stress=Young's modulus=ML"! T-2

2) Work=Energy=Torque=M L? T-2

3) Power P=M L? T-3

4) Gravitational constant 6=M-! L3 T-2

5) Force constant=Spring constant=M T-2
6) Coefficient of viscosity=M L! T-!

7) Latent heat L=L? T-2

8) Electric pofen'rialzﬂ: MLZT3 A

9) Resistance= / =M L2 T3 A2

10) Capacifc.mce:M'1 L2TH* A2

11) Permittivity €=M L3 T* A?

12) Angular momentum = planck’s constant
=M!L2 T-!

TaJ_;_aJ:'an:';
—:;=RC=JL_C

Time period

DIMENSIONLESS
QUANTITIES

1) Strain
2) Refractive index
3) Relative density

4) Plane angle
5) Solid angle

In SI Units, the di i f /&
n niTts e dimensions o =
b)A T2 M-iL-t 'S
d)A2 T3 M- L2

a)Al T M L
C)A T3 ML3?

INSTRUMENTS

Least Count:
Smallest quantity an instrument can
measure |

vernier scale

mm scale screw gauge
{ { !
1mm 0.1mm 0.01mm

VERNIER CALIPERS

Least Count = 1 MSD - 1VSD

If n VSD Coincides with (n-1)
MSD,
then (n-1) MSD= n VSD

M S, 1vsd =ﬂMsD

Least Count = 1IMSD - " n-1msp = 1M$D

‘ S—

Total Reading = Main Scale Readmg + coinciding
Vernier Scale division x least count

In a vernier calipers, one main scale division is x cm

& n division of vernier scale coincide with n-1 divisions

of the main scale. the least count (in cm) of the
calipers is.

o Ehx b & o Xy 9%

SCREW GAUGE

FE/ Main Scale Reading

\ Pitth = ——

N\~ No.of rotations
pitch

Least Count =

Total no.of divisions on
circlular scale

Total Reading = Linear Scale Reading + circular scale
reading x least count

The least count of the main scale of a screw gauge
is 1mm the minimum no.of divisions on its circular
scale required to measure 5ym diameter of wire is

a) 200 b) 50 ¢)400 d)100

ERRORS IN MEASUREMENT

Difference between true value
& measured value of a quantity

Random Errors

Irregular and at random
in magnitude & direction

Systematic Errors

Errors which tend to occur
cnIK in one direction,
either positive or negative

Instrumental Experimental Personal

Due to inbuilt defect Limitations in Due to individual

of measuring instrument experimental bias,Lack of proper
technique setting of apparatus

* Least count error is the smallest value that can be measured by

instrument (occurs with random & systematic errors)

a,+a,+a -+ +a
M ‘- = - _a,*a,*a;+ ....*+q,
Absolute Error :- Aa = |a; Qpeonl Opeen™ o
Aa__ . Aa +Aa,+Aa+ ....+Aa
- Relative Error:- men ;Aa = —L 2 w 3 5

'mean

Aaq,
* Percentage Error:- %x 100

'mean

COMBINATION OF ERRORS

Operations | Formula Z :f::'vxz m::lgizvh P;tr)f;:fflz;rzm
Sum A+B AA+ AB AA+AB AA+DB 100
A+B AB
Difference A-B AA+ AB AA+AB AA+AB % 100
A-B A-B
AA AB AA, AB
iplicati —+— —_—+— 100
Multiplication| ~ AXB AAB+ BAA '8 ( . + 5 ) x
A
Division F BAA+ AAB DA, AB (A_A*AB)X 100
B? A B A B
Power A" nA"1AA 24 n4 x 100
A A
1 1/n-1 AA 1 AA AA
i/n |=—A 1 2A 1 100
Root DAL
00 A n A o
General rule:
IfZ = APBY

,Then the maximum fractional relative
error in Z will be:
AZ AA AB rAC

z Ry B c

In an expirement four quantities a,b,c

and d are measured with percentage

errorl’%, 2%, 3% and 4% respectievely.

Quantity P is calculated as follows:
azb?

pP=—— then percentage error in P is

cd

(a) 14% (b) 10%
(c) 7% (d) 4%




Waves

wave is a disturbance which propagates
energy and momentum from one place to
another without the transport of medium.

=> The medium should have elasticity,
inertia and uniform density

Characteristics of Wave

= The particles of the medium are executing
simple harmonic motion.

= The phase of vibration of the particle keep
on changing.

=> Wave carries energy and momentum.

=> The velocity of the particle is not equal to

\ velocity of wave.

J

ClassifFication of waves
According to

N'ecessi'ry of medium

Energy propagation

Vibration of particles

Mechanical
waves

Non-mechanical
waves(EMW)

can travel in
vacuum

Progressive
waves

Stationary
waves

Dimension
One Dimensional Transverse
waves
Two Dimensional Longitudinal
waves

Three Dimensional

— W RRTIRR

r

(i) y=A sin(wt-kx)

(i) y=A sin(wf-z—):' x) Displacement  Amplitude
. 1 X
iii) y=A sin 2n|<= -5 —

@iii) y . [T A y(x,1t)=a sin(wt
iv) y=A sin&- (vt-x
™y % 010 Angular frquency
() y=A sinw(t-X)

\_

——

Equation of progressive wave

The general equation of a plane progressive wave with initial phase is

Oscillating term

—— /_ phuse

tkx Q)

I—Ini‘l’ic:ll phase

Direction

Propagation /

~

N
Rate of Energy Transmission  Rate of an power Transmission
i- ﬂ- 1 242 1 2 A2
dt_dt_ 4 HVWw*A 2 HVw A /
N
Velocity of Transmission wave in a string.
y ,/’—‘\\\ y ,/’—‘\\\
2" . yd AN -
N s N p
\\\\._—’ / \\\ e ,/
v=/T T=Mg M-Mass of block
H u= 1{1 m-mass of string
[T p-density of material
V=" Bar? H=PpA of string
vV, [T ",
VI T
Case1
T=Mg[l-% p-density of the liquid

o -density of the material

H-Linear mass density of
the string

~N
/ Important Terms

A Amplitude
A wave length

w Angular frequency

\w :2—.‘1' or 2wv A

v Frequency
T Time period

K Wave Constant

J

k=2t

[ ClassifFication of waves based on vibration of particles

Transverse waves

Longitudinal waves

Particles of the medium vibrates in a
direction perpendicular to the direction
of propagation of wave.

—>V

!

Transverse wave on a string

Particles of the medium vibrates in the
direction of wave motion.

Particles of the medium.

Longitudinal wave in a fluid

It travels in the form of crests (C) and
troughs (T).

It travels in the form of compression
(C) and rarefaction (R).

Ximum

Maximu CRCRCR
Pty TWMUHH

Minimum

Transverse waves can be transmitted
through solids,they can be setup on the
surface of liquids.But they can not be
transmitted through liquids and gases.

[ ————

Transverse-wave in a rod

These waves can be transmitted through
solids, liquids and gases because for
these waves propagation,volume
elasticity is necessary.

C C C

|| R R
Longitudinal wave in a rod

Medium should posses the property of
rigidity

Medium should posses the property of
elasticity

Transverse waves can be polarised

Longitudinal waves can not be polarised

Movement of string of a sitar or violin,
movement of the membrane of a tabla or
Dholak, movement of kink on a rope,waves
set-up on the surface of water.

Sound waves travel through air,vibration
of air column in organ pipes vibration of
air column above the surface of water in
the tube of resonance apparatus.

~/

/ All travelling wave satisfy a differential

equation called wave equation.

d? d?
/‘\ E&gz%ﬁ!

@ocity of particle=-Velocity wave xSlope of the graph /

Intensity of wave

of particle
I-= Energy _ 2n*Vvia?pv
Vo [ty a=ury timexArea
a_ =WA
V__=WA max
max I:# I (e} VZ 02

of wave

If v, of the particle = nxv

WA=n x VA n=%
2TVA= n x YA
)\:M
n
A:i
2

"

ﬂ:ase 2

Case3

~ string

fv

SAAAAANMANNNY,

massive . .
Velocity at any Point

V=|9x

Time taken to reach the pulse at Top

g

Time taken to reach the pulse at top

massless Velocity, v=, %

string

Time taken, t= == =
iIme Take J%—

T= Tension in the string

{= Linear mass density

_mass of string m

velocity at bottom

~\
Factors affecting velocity of sound
- Pressure - Density - Temp
- Velocity of sound in air Va 1 v= [RTY
is independent of pressure VP m

L: p_z h=\/Z
V, {Ps V., T,

Vi_ M _[M
velocity at Top V: - )\: “YM+m
V,: M+um9

Temp Cofficient(a)

Increase in velocity of sound for 1°C

or 1K rise in temperature of gas

Velocity of Longitudual Wave

V=4 % (E=Elasticity of the medium; p=density of the medium)

(1) As solids are most elastic while gases least i.e. E,>E >E, So
the velocity of sound is maximum in solids and minimum in gases

Velocity Sound (air) v= C_P
C
V=H:— — Newton '
Mono atomic  y=5/3
[Py L diatomic  v=7/5
\ V=55 Laplace

.

Value of =0.608
=0.61
Humidity
Humidity 7

Speed of sound 1

Sound travels faster in moist air
than in dry air

Relation between Ax and AD

AD=2" AX
N

J
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Reflection of Mechanical waves

—, Reflection from rigid end/denser medium— Phase change by T

Transverse
wave

Principle of superposition

The displacement at any time due to number of waves meeting simulatoneously at a point in a medium is the
vector sum of individual displacements due each one of the waves at that point of same time

Superposition

L Reflection from free end/rarer medium— No phase change

Interference Beat

« Constructive
« Destructive

Interference of sound wave

Condition: -
- Two waves of same frequency, same wavelength, same velocity

-Resultant intensities will be different from the sum of intensities
of each wave seperately

- This is due to the interference of waves

y,= a, sin wt, y,= a, sin(wt + ¢)
¢-Phase difference between two waves

Y3y, *y, = Y= A sin(wt + )

- 2 2
A=Va?+a,?+2a,a,cosdp

a,sing
a,+a,cosd

tan6=

Intensity(l A?
A? = @2 + a2 + 2a,a, cos P

I=I,+I,+2[I I,cosh

Standing wave

* In a string
* In an open pipe
+ In a closed pipe

1) From rarer to denser medium

Incident wave
—

Rigid boundary

Rarer

—
Reflected wave

Incident wave y,= a, sin(wt-k,x)

= -a_sin(wt+k,x)

Transmitted wave y,= a sin(wt-k,x)

I, (al 2 L, _ (a, + a,f _ (El "'ﬁz)z
I, ) L., (o -ayF ([ -y

i) For Constructive interference: -

p=0,2m, 4T , ---, 2T nwhenn=0,1, 2, ---
x=0, N\,2\, --- ,n\, whenn=0, 1, ---

Imax = Il * IZ +2 I1I2
= (E1 *ﬁz)z = (A+A)Y

ii) For Destructive interference:-
when ¢=m, 3w, b, --- (2n-1)rt; where n=1,2,3,---

(Zn-l)% ,where,n=1,2,3,

= Imin=(‘/T1 "/Tz)z X (A1'Az)2

Transmitted wave —>

Reflected wave y = a_ sin(wt-k, (-x)+m)

Wave combination of string

Incident wave
—

Reflected wave
—

2) From rarer to denser medium

ree boundary —

-
Echo

Source @ll———___

-X +X

Transmitted wave

Persistance of hearing for

human ear is 0.1 sec

Conditions for echo:
i 2,01 =d> X
lf‘r>0.1=>v>.=> > 2%

\_

J

Incident wave y,= asin(wt-k,x)

Reflected wave y = a_ sin(wt-k, (-x)+0)
= a_sin(wt+k,x)

Transmitted wave y,= asin(wt-k,x)

Beats:-
superimpose on each other.

with time.

position is called beats.
Point to remember: -
1) One beat:-

Maximum intensity
(at t=0)

4

Becomes minimum
intensity

Again acheives
maximum

Beat period: -

is called beat period.
Beat frequency:-
No.of beats produced per second

Beat frequency:-
n= ‘“1' n, ‘

1

¢ sound waves travelling in same medium with slightly different frequencies
® The intensity of resultant sound at particular position rises and falls regularly

® The phenomenon of variation of intensity of sound with time at a particular

Time interval between two sucessive beats (ie.two sucessive maximum of sound)

1

} One beat is formed

Beat period:-T=

Beat frequency - Ny - Ny



https://t.me/neetwallahpw

Determination of Unknown Frequency

Let n, is the unknown frequency of tuning fork B, and this tuning fork B produce x beats per

second with another tuning fork of known frequency n,.

As number of beat/sec is equal to the difference in frequencies of two sources, therefore n2 = nl + x

By loading

By filing

If B is loaded with wax so its frequency decreases

If B is filed, its frequency increases

?) A Source of unknown frequency produces 4 beat/s when sounded with a

source of Known frequency 250 Hz. The second harmonic of the source

of unknown frequency gives 5 beat/s when Sounded with a source of

frequency 513 Hz. The unknown frequency is?

a) 254 Hz b) 246 Hz c¢) 240 Hz

Solution:

d) 260 Hz

254 —— 508 ~35 beqs
250 < > 513
246 —— 492— 3 '

IR

Frequency Increasing \

«—

\

UAV Av Av | | Av || Av

ViV, v, v, v,
V=V, + (n-1) AV

/ Resonance tube experiment

N\

End correction: -
e= %( (,-3(,)
+e= i
€1+e‘—'% t\/ vﬁz 4 €3+e :%)\
A
€4+e :%A

v

/]

J

(Standing waves:

formed. It is called stationary Or standing wave.

y=2a sin(kx) cos(wt)

~ - =N T tnl X (n+1) — node
"""""" Y avVu bn 2 n — antinode
1:2:3
y=2a cos(kx) sin(wt)
(n+1) — antinode
Open pipe v= ;_[ %) (=n « % n - node
1:2:3
y=2a sin(kx) cos(wt)
Closed pipe n=1,3,5....
v=0 ,JV__P (=n x Ry
2(Vp 4
Note

-
~~~~~~~~

orT

Distance between two adjacent node & antinode is

Distance between two adjacent node & antinode is

*When two progressive waves (both longitudinal and transverse) having same amplitude, time
period, frequency moving along a straight line in opposite direction a superpose a new wave is

-h|>’ N|>—~

Phase difference between 2 particle at both sides of node is 180°

Strain and pressure is maximum at node and minimum at antinode

Octave: The tone whose frequency is double the fundamental frequency is defined as Octave.

(i) If n, = 2n, it means n, is an octave higher than n, or n, is an octave lower than n,.
(i) If n, = 2°n, it means n, is 3-octave higher or n,

(iii) Similarly if n, = 2", it means n, is n-octave higher n, is n octave lower.

Unison: If the two frequencies are equal then vibrating bodies are said

to be in unison.

Resonance: The phenomenon of making a body vibrate with it's natural frequency under the
influence of another vibrating body with the same frequency is called resonance.

Comparative Study of Stretched Strings, Open Organ Pipe and Closed Organ Pipe

~N

is 3-octave lower.

s . No Parameter Stretched string [Open organ pipe | Closed organ pipe
1 Fundamental frequency or o= n o= o=
1=t harmonic toal toal 14
Frequency of n, = 2n, n, = 2n, o
2 or 2™ harmonic st st Missing
1+t overtone 1s* overtone
=3 = =3
3 Frequency of :3 i n, = 3n, :3 n
or 3 harmonic 2" overtone 2 overtone 1 overtone
4 |oretiones "t 234 23 357
g | Frequency ratio of 1:2:3:4.... 1:2:3:4. 1:3:5:7.. .
harmonics
Transverse Longitudinal Longitudinal
6 Nature of waves stationary stationary stationary

WAVESO

~

/ Relation between loudness and intensity

L log,, Intensity I,=10*W/m?

‘Lnif(dB) un|i'r W/m?

dB=10xlog, -

0

I,=Threshold intensity

AL =change in loudness
AT =change in intensity

I
L,=10x loglo]_'_
0

Il _'L1

Iz _'Lz

I,
L,=10x |°9m];_
0

I I
L,-L,=10|log I—Z)—Iog(I—;)]

I
AL=10 |og(_2)
Il




e

Doppler Effect

Whenever there is a relative motion between a source

Case 4
(source is stationary, listener is moving

/Case 8

(source approaching a stationary wall)

~

=V IV4V,-V+V,]

of sound and the listener, the apparent frequency of sound away from the source) @'L’ E
heard by the listener is different from the actual . Vs
frequency of sound emitted by the source. l&folf $ .
+
V.=0 v Jis V+V_ .
General equation . V-V_
(when both source & listener are moving) V-V
vi= L
VeV v, V, v |V Case 9
= Elv — — & (source is moving away from stationary wall)
ViV, Sound
Case 5
Case 1 (source is moving away from the listener, <0 E
(listener is stationary & source is approaching the listener) listener is stationary) 4_'C)_/—KO—I
<0z V =0 <0~
L . V,=0 -
<s— L S R v= el
s +
vi= =Y |y [V °
V-V, V= V+V, v
Case 10
Case 2 v
(The source is stationary & listener is approaching the source) Case 6 . o L < x_____
(source and listener moving in same direction) %ﬁ | V-vLcosez)
< ] I viz ViV coso v
b0 — {0 V+V P
I |
Vv V+VL)V ) EY V.
v <=
. &S af
vV, s
Case 3 Case 11
(source & listener are approaching each other)
<0- Vs x | [V+V,.cOs6,
Case 7 %—————I————— ‘“W)"
<0 Vo $ (source and listener moving in opposite direction) — |
I X
@_, «— ) y 2 IY €0S0,= \/x2+y?
Vv, ;<0r ff L |
v g oSt Teuy?
S
vl: V"'VL v I_ V—VL *
V'Vs J \ V= VeV AY / \
1S V0]
A
B V-V V+V Beat(AV)=V,-V'
Note: V.= l—y L)v V= eat( =V Ay 2V\v
f— v
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WORK

Work is said to be done
when a force applied on the
body displaces the body
through a certain distance in
the direction of force

~

/" WORK DONE BY
CONSTANT FORCE

Fg[ne
F
Fcosf
r | ] I
¢ 3 »
W=FcosOx S

=5 =

\ =FScos) =F.S ‘

{ NATURE OF WORK DONE
1) Positive work (0°< 6 <90°)

-

Direction
0 - = of motion

S

2) Negative work (90°<0<180°

Direction
F = of motion

=S

2) Zero work

Work done becomes O for
three conditions

1.Force is perpendicular to
displacement

2.if there is no displacement
3.if there is no force acting

on the body

fWORK DONE BY VARIAB@
FORCE

dw=F .ds
W=fl?.d§’ =des cosf

in terms of rectagular
components

= N N N

F=F, ny J'lfz k,\
ds=dx ‘i+dy j+dz 'k
w=[F dx+ [F dys [F dz

6raphical representation of
work done

dW=F.d%
w= Jaw

- ﬁ?.d?

X;

force

Displacement
X, ldxk- x,

\ W= Area under curve j

WORK DONE BY
CONSERVATIVE & NON
CONSERVATIVE FORCE

Conservative: work done doesnot

depend on path followed

Non-conservative: work depends

on the path followed

° WA_’B(PGTh 1)=W
W, ,(Path 3)

(for conservative force)

oW, ,,(Path 1)#W
W, ,(Path 3)

(for

A—>B

A-B

n conservative force)

ive force is zero

.

WORK DONE BY DIFFERENT
FORCES

A A

W,=mgh = mgh
W2=mgxl sing =mgx| X Ll
=mgh

W,=mgh, +0+mgh,+0+mgh,+0+mgh,
work done by static friction—y O
work done by kinetic frictiony -,

- -
W, =f,.5=f, S cos 180 . = -f,S

work done by spring force
magnitude of spring force=-kx

—mﬂm—l_l (-Fexf

L

X¢

W,z [F, ds"=fhoxdx
:-% K(xfz_xiz) '
I ——

(Path 2)=

é WORK DONE IN PULLING h
THE CHAIN

L/n

L — Total length

(1/n)™ Part of length hanging

M — Mass of chain

Work done in pulling, the hanging
portion on the table - Mgl

(Path 2)#

or a complete cycle

2n?

WORK
ENERGY &

POWER

(ENERG\/ \

e Capacity of doing work

® Scalar quantity

¢ Dimension ML2T-2

Relation between different units
1leV=1.6x10-""Joules
1kWh=3.6x10%Joules
1calorie=4.18Joules
1 Joule=107erg

Kinetic Energy

® Energy possessed by virtue of
motion Expression

K.E=%mv2

e Always positive
¢ Depends on frame of reference
Work Energy Theorm
Change in kinetic Energy
AK.E=Lmv?
Change in kinetic energy of a body|
is equal to work done on the body

K,-K,=-/F.dF

/RELATION OF KINETIC )
ENERGY WITH OTHER Quantities

Linear momentum:- P=2m E
Variation of graph of kinetic Energy
AE E

V' m constant, Eocp? P

m constant, EoCv?
Ea V‘F

P

>
»

m
P constant,& EOC%\ P constant,& EcCP

POTENTIAL ENERGY

- Defined only for conservative force
- Energy possessd by a body by
virtue of its position

- Can either be positive, negative or
zero according to point of reference
- Body always move from higher
potential to lower potential
Identifying forces with potential
energy

1) Attractive force:-

On increasing x, if U increases

v =positive

(BC portion of graph)
2) Repulsive force:-
On increasing x, if U decreases

dv =negative

(AB portion of graph)
3) Zero force:-
On increasing x, if U doesnot change
A
U(x) ¢

A
dau _
dx =0

xV

B,C points on the graph

Types of Potential Energy
-Elastic Potential Energy
-Electric Potential Energy
-Gravitational Potential Energy

Types of equilibrium

If net force acting on a particle
is zero it is said to be in equillibrium

STABLE

If particle displaced from
equillibrium position force
acting will try to bring

back to the initial position

UNSTABLE

position
Potential energy is ® Potential energy is
minimum maximum
-dv
- o F= =X _-
F= Y=o dx ©
d?U _ .
B positive + enegative

NUETRAL

e If particle displaced from e If particle is slightly
equillibrium position force
acting on it tries to displace
further away from equillibrium

equillibrium
* Potential energy is
constant
-dv
L F= —_ =
dx 0

d?U _
dxz-o

displaced from equillibrium,
then it doesn,t experience
a force or continues in

{ CONSERVATION OF ENERGY

For an isolated system for a body in

P.E=mux|

. K.E=min|
presence of conservative forces,the i
sum of kinetic and potential energies at :
any point remains constant throughout I
the motion |
K.E+P.E=constant '
\. —
 powER A )
® Rate at which body can do work work dwW
Aﬂ tano = d_'l'
® Average power(P_)= AT 0
dW o Pt
® Instanteneous power(P, )= "g¢
_Fds _gz
=4t F.v

Relation between units:

¢ 1 watt=1joule/sec =107 erg/sec
e 1 HP=746watt, 1MW =10° watt

e 1 KW=103 watt

e If work done by two bodies

is same then power o —
time

e Unit of power multiplied by time

always give work
1 KWh=3.6 x10° Joules

e Slope of work-time curve gives

instanteneous power

\_

T

Power

A

time

® Area under power time graph
gives work done

A

-dw
/\/P-_f

= dW=Pdt
w=/Pdt

time

W=Area under P-t graph
.

,




1) Velocity,v=[2P1 1"
2) Position, S= [3—:\]”2?3/2

Power delivered by an elevator

a=0, T=(M+m)g T
P=T.V

Power, P=(M+m)gV

l (M+m)g
Power of a water drawing pump

2
e Power,P= %—‘:’ = Z—T[gh*' %
® h=height of water level

dm _ mass flow rate of pump

dt
V — velocity of the water outlet

® Power required to just lift
water, V=0

d
P=gh (3t )
Efficiency of pump

_Output Power
"= Input Power

7

(Posiﬁon and velocity in \
terms of power:-

e =

;——)

WORK
ENERGY &
POWER

Event in which impulsive force acts between two
or more bodies which result in change of their
velocities.

Line of impact

Line passing through common normal to surfaces
in contact during impact

Line of motion

Line of motion of ball A

Coefficient of restitution (e)

Velocity of separation along the line of impact

Velocity of approach along the line of impact

_ Relative velocity after collision along the line of impact

Relative velocity before collision along the line of impact

Conditions

1 .For elastic collision: e=1

2. For inelastic collision: e<1

3. For perfectly elastic collision: e=0

Classification

Based on direction of
colliding bodies

Based on conservation of

COLLISION

Oblique collision

Before collision

- Particle collision is glancing

- Direction of motion after collision are not
along initial line of motion

- If they collide in same plane , collision is 2
dimensional otherwise 3 dimensional

- Impact parameter O<b<(r,+r,) r,,r, are radii
of colliding bodies

2

Perfectly elastic Head on collision

v, U, v, v

m, m, m, m,

Velocity after collision

m,-m, 2m,U,
oo, [

kinetic energy

v
Perfectly Oblique
inelastic

Perfectly Inelastic
elastic

Perfectly elastic collision

K.E before and after collision is same

Inelastic collision

K.E after collision is not equal to K.E before
collision then it is said to be inelastic collision

Head on collision / One dimensional collision

Ul : : UZ
Before collision
vl v2

After collision

Impact porameter b=0

m,+m,
V.U m,-m, 2m,U,
2_ 2 + * +

l ml mz ml mz

Head on/one

. . i :
dimensional Special cases

1) Projectile and target having same mass m,=m,
V,=u,,v,=u,, the velocities get interchanged

2) If massive projectile collide with a light target
ie m;>>>m, v,=u,,v,=-u,+2u,

3) If the light projectile collides with a very heavy
target, m <<m, v,=-u,+2u,,v,=u,

Energy transfer from projectile to target

1) Fractional decrease in kinetic energy
(If target is at rest)

AK 4m,m,

L3 (m,-m,y+4m m,

Greater the difference in masses, less will be
transfer of K.E and vice versa

AK _ _4n

If m2=nm1 T (1+n)2

Inelastic collision

VZ—V1

e Relative velocity of seperation

U,-U, Relative velocity of approach
(1+e) m,U, (m,-em,)U,
+

Velocity after collision V, =

m1+m2 m1+m2
(1+e) m,U, (m,-em,)U,
Ratio of velocities 2 = *
m,+m, m,+m,
v, l-e
Vz T lee Loss in kinetic energy AK = 1 [mlmz ](1 -e?) (U,-U.)?
2 [ m+m, 1 e

Rebounding of ball

A
A

First height of rebound
h, = e?h,

Total distance travelled by the ball before it stops bouncing
1+e?
=h
o [

Total time taken by the by to stop bouncing T = (

1+e) %"—

l-e
Perfectly inelastic collision

colliding bodies are moving in the same direction

m,+m,
1 mm,

Loss in kinetic energy A k= 2 Tmoem,

m,

(U1 -Uz)z

Colliding bodies are moving in the opposite direction
= m

V= M Change in kinetic enargyAK= 1
m,+m, 2 m*m,

m,

(U,+U,)

Collision in two dimension

If the initial velocities of two colliding bodies are not along the line
of impact, then the collision is said to be oblique collision or collision
in two dimension.




ROOT MEAN Average value of
SQUARE CURRENT |ac is defined for ( SINGLE COMPONENT CIRCUITS )

positive or negative
half cycle

ALTERNATING CURRENT

“If the direction of current in a
resistor or any other element changes
alternately, the current is called an

alternating current” > 7 7. 21, A
i \ 4
Irms=\/Izi vrms:\/vzi \ Inductor On'y ( Capacifor only \ sUMMARy
AVERAGE AND RMS VALUE OF AC L c ( \
AT ——— i I Z (Impedance
If the current or voltage is said to be SAWTOOTH FUNCTION v (Tmp ) o
sinusoidal, it can be expressed as = I 1. R only R 0
I, For half cycle TI=-—2°
izisin(wt+®) v=v sin(wt+o) _
. . For full cycle I= 0 2. L only X = wlL
i, > Peak current or current amplitude 72 T =, I?2 @ o @ L -n/2
. ean square current J2=_"° ~ ) ~)
v, - Peak voltage or voltage amplitude I, s cuvent T2 L 3 v J 7 V=V sinwt 3. C only X = 1
w=2L= 2nf T:Time period 3 1. V=V sinwt 1. V=V sinwt 1. V=Vsinwt \_ ccw n/zj
. V=V sinw
T RECTANGULAR FUNCTION 0 2. i=i sin (wt-1/2) 2. i=isin (wt+n/2)
f:frequency (Hz or cycle/sec) 2 izisinwt 0 0
(wt+®): Total ph " For half cycle I= To e 3. Voltage leads the current 3.Current leads to the
wi+®): Total phase - 3 Vai in oh or current lags the voltage .
For full cycle I=0 . I are in phase by 11/2 voITage by n/2
GENERAL GRAPH Mean square current T2z To2 4 v 4 v 4. o I
if i=i, sinwt To rms current I =To I A @ n/2
.— 5. ®=0,cosd-1
e AVERAGE HEAT PRODUCED DURING A Pee I
! CYCLE OF AC e s v
i 31;/4 T 1 IN /2
B m\i/ t||Ha® 2 I°R=T 2R ob I 5. 0=n/2,050=0
|
- e Lo S Il ALTERNATING
= rms value also called virtual value or effective value . I _ L. .
i=i, coswt bofim——X 6. P=0 (wattless circuits) 7. Inductive reactance
i —2— | | = AC ammeter and voltmeter always measure rms value e . 1
KT ! vt N 7. Inductive reactance (X)) X cw
| I = Values printed on ac circuits are rms values or = _
! /2 .,'1 nh ) lod at 220v which is th il X.L-Lw Unit-ohm(Q)
T i S :ofnvoT::;es ac is supplied a which is the rms Unit-ohm(Q) plays role of
RN ! ~ Peak value is 220/2= 311V ; v, pl\c;ys role of resistance resistance
. igm R .
= Frequency in general is 50Hz ° R 8. iy= 70 8. i= %
= for measuring ac hot wire = w=2nf=100TT rad/sec (314 rad/sec) - ¢
instruments are used
AVERAGE VALUE OF AC FOR ONE TIME PERIOD PHASOR DIAGRAM SERIES AC CIRCUITS
_ Idt J I sin wt dt Diagram representing ac voltage or 1) R-L CIRCVITS .
T-—o S i = area of I-t graph A 2. Voltage phasor diagram
Jat Fat time current as vectors with phase angle 5. Impedance phasor X ge p 9
J J between them. Vo X L _Z 0] » V > i
I= 0 for 0-T for a ac wave. v Vv tand=2L 4 | V=1V 2+V 2 "
The average value of sin or cos function for I=I sin(ot) A — T — «— L — R |
one time period or n time periods (n=1,2...) is zero vavgsin(ot+o) i i tand [ VC]
o n =
Keep in mind 6. i-= v, i ¢ Va
Long period is equival ime peri ~ Wz |
g period is equivalent to one time period / ® H
1. V=Vsinwt V=R, V =iX_ o b R—s i
AVERAGE POWER CONSUMPTION . >
= Mean square current for one time period A \A 2. Voltage phasor diagram 2) R-C CIRCUITS Impedance phasor i=isin(Ot+d)
- fI?dT I? V=V 2+V 2 VL Vv R R °
Te= o = O VYR TV TR A/\/\/\ A c ) ' Z = | Rz + X2
‘or df 2 Ic vL i I I | c
Remember [0} *‘"“D:[TR] i — % — — Vo — | | |0 ! tand = (ﬁ)
The average value of square of sin or cosine ®, . I R
. 3. i=isin (wt- X Zz
function for one time period is —- e N i=igsin (wt-0) i ¢ - (Vo)
P= VI =EI [5C V -z /R2eX 2 | > \Z
I=o " sintkwt = . x T [P= Vo, L. cs® | T Z=VRIX, (o) I}V >i (~) z
I=.Jsinzkwt =(N\x T for cos®=l or ®=0° R —
o =(2)* P=V, I, 1. V=Vsinwt v ziR, V =iX,




3) L-C CIRCUIT

L c
. — V =V, sin(t
Id V> V.- .
© Vi=iX V. =

Voltage phasor diagram
V=V ~V_Ule, (V. - V)or (V, - V)

Z =X ~X[(X -X)

V. X or (X, - X)I

C

if X, > X_ , Voltage leads the current by %

if X, > X_, current leads the voltage by %

if X, =X,,Z=0,iz=00
then, i z

® ® I
L c R

L-C-R Series Circuit
(7000000 || AN

—V,—> <V, > <V, —

(<)
N\
V=V,sint
Vo= iRV, =i X V,=iX,

Assuming V, > V_ for drawing phasor
Voltage phasor diagram

-

R,

V= V Ze (V- V)2
Here i =i sin (Ot - P)
(since V_ is leading)

Impedance Triangle

RESONANCE IN LCR SERIES CIRCUIT

In series resonance, impedance of circuit is
minimum & equal to resistance Z= R and curent
is maximum

Condition for resonance

1
XL=XC :LQ):CW
W = Mo =|—L1—C rad / sec

(Do - resonant frequency (angular)

1
= H
° 2niLc ¢

f, = resonant frequency

GRAPH
Variation of peak

current with applied
frequency

(D<(Dr, XC > XL
O current leads

®>Or, X > X,

current lags

In resonance

V =V, (applied voltage = voltage across
resistance)

Z = R (impedance is minimum and equal to
resistance)

Voltmeter connected across V, & V. will show
the same reading

Voltmeter connected commonly across inductor
& capacitor shows no reading

f\'/\ Here V = 0
U
VL vC
|_
@ vN vR
OO0
| (00000501 |} M
(D)
1\
vN

APPLICATION OF RESONANT
CIRCUIT

Tuning mechanism of a radio or TV set

1.Antenna of radio accepts signals

2.Signal acts as a source in tuning the radio

3.In tuning, capacitance of capacitor is
varied such that the resonant frequency
of the circuit becomes nearly equal to the
frequency of the radio signal received.

QUALITY FACTOR
_ owl 1
Q@ R~ " w,R
or Q=[Vol1'ag<‘a across C or L
applied voltage

resonance

Less sharp the resonance, less is the selectivity
of the circuit.If the Quality factor is large, R
is low or L is large, the circuit is more selective.

Sharpness of Resonance

Sharpness= Wo_ . 2w -bandwidth

2Aw

smallerAw, sharper or narrower the

resonance.

POWER IN AC CIRCUIT

Average Power P=VIcos®
Case 1 P=I?Zcos®
Resistive circuit - $=0
Maximum power dissipation
Case 2

Purely inductive or capacitive circuit-

® =90° cos®=0
No power is dissipated even though a

current is flowing in the circuit

Case 3

LCR Series circuit

®non zero in R-L,C-R,or CLR circuit.
Case 4

Power dissipation at resonance

X -X.=00r ®=0 =>cos®=1

,c0sd =1

P=I?Z or IR means maximum power is
dissipiated in a circuit at resonance.

COMPARISON OF OSCILLATION OF A MASS
SPRING SYSTEM

Mass spring system

LC Circuit

Displacement (x)
Velocity (v)
Acceleration (a)
Mass (m), (inertia)
Momentum p = mv
Retarding force -mdv

dt
Differential equation
gi_’f +w?x=0

wef
Force constant K
|(,E=%mv2

Elastic U =%kx2

Charge (q)

Current (I)

Rate of change of current
(&)

Inductance (L)

Magnetic flux O =LT

Self induced emf (-Lg—$

gzq «w?q=0
- 1
W ic

capactance C
Magnetic energy= %LI2

2

Ly =3
Elas'hc U= 2C

LC OSCILLATIONS

Capacitor — stores
L —selectrical energy

Inductor — stores
— magnetic energy

When connected, charge on the
capacitor and current on the inductor
exhibit electrical oscillations.

TRANSFORMERS

"Devices which raises or lowers
voltage in ac circuits through mutual
induction”. Transformer can increase
or decrease voltage or

current but not both simultaneously.

) 4-p  output
4 )

4

4

|
L, soft iron core

EQUATIONS
1) k: Ns_ IP

V., N, I,
Pou v I
2) Efficiency n= P " = v, I

[J P s
3) For ideal Transformer n=1

V. -Voltage in secondary

V, -Voltage in primary

N, -No of turns in secondary
N, -No of turns in primary
I -Current in primary

I -Current in secondary

TRANSFORMER TYPES
step up step down
transformer transformer
3 1 g B
7 72 T 2
N ] N4 N, ¢ Ny |
v. ) v, t v ¢ Vel
Lt L Ly Lt
R | R, 4 R, ¢ Re

LOSSES IN TRANSFORMER

1) Cu loss (I?R loss)
— To minimise, windings are made of thick
Cu wires (high resistance)

2) Eddy current loss
— To minimise Cores are laminated

3) Hystersis loss
— select material of narrow hystersis loop
- Cores of transformer is made of soft iron

4) Magnetic flux linkage
— To minimise, secondary winding is kept
inside the primary winding

5) Humming loss




CAPACITANCE ENERGY STORED

CAPACITANCE

~N

[ =

_‘ A — 50% Energy stored Parallel combination
=1 -cv DIELECTRIC IN CAPACITOR . .
‘ Q=cv ‘;‘;0[,'; f‘i‘éﬁi 2@ =3 4 Connecting two capacitor - Case 1 ) —
d Q Q kE,A
C=~r Qv) = Vv - T C\V, 11
v 100% 2¢ + / - d —I I— [} Co= C+C,+C,
8 o, .. + - 1 Q
| C= WA — 50% Energy dissipated VY A_ C=KC CV.+CV : C,= nC
d - le - CcV? + - Veommon = - 22 _I I_
2 2 + / - C1+CZ Q1
Capacitance Depends on @ + A - _I I_ ||
1. Distance betweent plates - 2c / . C V I |
2. Area of plates ZH B v
3. Medium b/w plates * % - € -
, 1011 ct A Initial Final Charge divider rule
Capacitance Independent of Variation with + }// - d-t+t Energy N Heat loss Energ
% . gh:rgf | diff plate seperation I % - K , , 2 ¢ 1
. Potential difference £ Av MEZA R U = C;vl.,.CLVZ : i(Cl c, CV,+CV, _I I_ ) C
Unit Of Capacitance = Farad 1. Q=¢v = ii t b2 2 f 2 C+C, Q,= c+C, Q
» oA 1 + - _ 66 (v,-v ? c
. €= CX5 N - Energy loss = ———=—[V;-V, 1 &
d + - | EA - (C1+c2) —I I— Q= crC, Q
3.v=2:-Qd 4 Q.V : - Cnn / N
C €A AE, d * IRRX \_ Connecting two capacitor J
2 2
5. F= - - €V + - ' - Case 2
2AE, ad K ) cV, WHEATSTONE'S BRIDGE
cvi_ @ A
6. U= > "~ 2C Battery removed  Battery remains — I_ CV,-CcV c C
\ _Gv 1 2
1 c=Ke connected Veommon= ————2°2. c ¢
- 1. c=Kc C+C, et Va=V
when plate seperation doubled 2. Q=Q C - |- 2 “a
3 V- v 2. Q=KQ CV, C; C.
’ K ] ++ + +
3. V= C B
Y E= a] — |2, ‘ 4. E- % V, \E/ Energy loss = —— Z) (viev)® @ - 3EA
4. E= 1t + - - - - = 0
‘ ‘ U . \. J ® d
C= 8oA C'_£ k 5. U= ? 5. U=KU J +++* -
d - 2 2 2
SPHERICAL CAPACITOR Rl CF QI CE ®
Battery . Battery \ 1. Series combination \ — )
V=Ed = Qd connected Disconnected -
=Ed= 2% s 2 s 2 ¢ ¢ MULTIPLE DIELECTRICS
—AHRH o<
Force b/w parallel _ 1. Q=Constant C, C G 1. Series combination 2. Parallel combination
plate capacitor 1. V=Constant vV, V
C 1 C C=47E R - ﬁ ! 2 V=V +V
| 2 ct = 0 C=4n¢, 1 V2 _YkA
+0 -0 2.C=— : 2 RsR, c.C klk keq’ A
F=QXE bue to one plate 2 | Q ., I | C.= 12 1 N2 eq Et/k
. Q 3.Q=cv, Q=& 3.v=,yt oy REDISTRIBUTION OF CHARGE ! crC, g
-QXZ? :me 2 ¢ Q' v dld, 1% k, '52
0 0 | =n e
4. E= dl - E 4 E= Q. Constant 00© . 1,? Voltage divider rule ! d d
. Q _cvi_EA  CV .2 AE, 0pP—( 2 Cf"zc 1 k, k ‘ k, ‘ A
“ZAE,” 2AE,” d  2Ag, 5 F=CV" gL F Q OgoO Big arop J~ V'= n’v V&g
2d 4 5. F= 2AE, = Constant n drops (V.q.C.r) C k |k 2k k, A A
cv 2 - U=ri'y V= [V Ve [ v 1| % ko +k A krk
= - CV - U 1 2 k+k - 12 22 _ 1 2
2d 6. U= L U=35- Qz \. J c+C, C*C, k, = 3
\ )\ i ? e U Y, 2% A
) )




N A4 4
ELECTROMAGNETIC INDUCTION EMF References from CHANGING CASE 2 ’W* Induced emf 4 CHARGE FLOW DUE TO INDUCED CURRENT )
. Average value Instantaneous 0g V/S 1 graph O -t GRAPH INTO e ro-
MAGNETIC FLUX € no of lines of force value OTHER GRAPH T Decreasing -~~~ _1 ) .
f’_; . 3 -% L }__‘ d_ . Qt1omn= Y f do® (independent of time)
B -B el - d;o \ K dt
22 do=B.dA=BdAcos0 [AD=0,-D,] &5 dr S Qoo = L O, _Lat
0 0,=/B.dA=[BdAcoso Induced current self inductance of a long solinoid e R R
I -Sm__ 180 [ _Sm__1 do : BN g uNIA ENERGY STORED IN INDUCTOR
ind R R At ind T R d _|_> dZCDB ”"1 4 d(u N2IA 2 _ 1
Induced charge ; N t— B =—— :—N5®B.:—E[—° J j —_ U,= ?LIZ
i di jmmm e .
for uniform field, B& A O,=B.A Yhom™ TR g'?ﬂeetzpchh"_rg " a0 ST LA/ MAGNETIC ENERGY STORED PER UNIT VOLUME
05 =BAcoso Charge flown due to induced current Slope of the _Ta:de_nffin the é 2 Up Uy L1 g2
; . al 9 = ici i = e el = —
* Scalar quantity — Unit —» Weber(Wb) deponds only on change in flux ® -t Graph e do L=Coefficient of self inductance L= H,N™ A/I VAT z 7,
. ZCng = dt
[0g] =ML2T-2A-1 \_ __/ \_ moar ) T L=l n2Al SERIES & PARALLEL COMBINATION
Unit of inductance [H] =ML2T-2A-2 Series Ll parallel

Ll LZ

/ In unifor'mTB) A =Normal to the suﬁ —(TTT_(5TTON_
ekl £ ECTROMAGNETIC

EE I = <l TNDUCTION

—— 1 B * - MUTUAL INDUCTANCE OF

—‘: ) o =N inQ—: 4 INDUCTANCE ) SOME STANDARD CASES L
N / it - Scalar quantity L L L Lo 3

fero flux Flux = BAcos# - Unit of inductance (H)
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