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System of Units

Derived Quantities
- wSaral
Length Mass Time ‘e a r a Quantities which can be derived
CGS  Centimetre  Gram Second Applications of Dimensions Limits of Dimensions feoin IRRAATER AL UANCGES.
1. Principle of Homogeneity The relation derived from this Dimensions
FPS  Foot Pound Second Only same type of physical method gives no information Quantity Dimension Symbol
quantitiescanbe added or about the dimensionless Length L
MKS Metre Kilogram  Second subtracted x=A+B x=A—B constants. Mass M
Fundamental Quantities [x] =[A] =[B] The dimensional quantity to be _
ST unit Symbol | 2- Conversion of Units derived must be of Time T
Cnire o 1m=100cm =1000 mm multiplication type. We cannot | Temperature 0, K
Length DU, = M0, = nyu;  NU= constant derive relations if addition or Elsetric Clrrest LA
Mass Kilogram kg ] . subtractions are involved.

. . g o !Jecut!le i This method is not applicable Amount of Substance Mol
Time numerical value increase. whbn unknommRyd bl Rre Yl Tt s
Temperature Kelvin K 3. To derive relationship more than equations present.

Electric Current Ampere A between physical quantities ¢ Anales ARl SEORDEEGE
Luminous Intensity Candela cd UflitS and DiITIEfISiOTI functions are dimensionless
quantity
Amount of Substance mole 1 .
s A physical quantity is expressed as [6] = [L°] [sin 8] = MLT?
Plane angle
) nu v" All exponents are
e NG I_| |—l dimensionless.
v - Piane ngle:= Arc Length Nomercal  Walt v' Logarithmic functions and
aZi. Sy Radius Value it’s arguments are
dimensionless
l Solid angle [a] =M'LIT?
SI llt]lt S}'mhﬂ] [[ﬁg a]=I|;I4}I '[I"I"I:I'
ne Angl i r
Plane Angle radian adé'/..- Solid Angle = _Laz Dimensionally correct equation may or
Solid Angle Steradian ST (Radius)

may not be correctbut dimensionally
incorrect equation must be incorrect.
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equal if, and only if, they A= T3—T; Rectangular Components

_ | Displacement vector Resolution of a Vector into Components
Two vectors are said to be /71, -jefs a ra I . ¥ L P

have same magnitude and the Scalar Product (Dot Product) of i AF ¢ R = R s _R'
irecti two Vectors f ' —
sameduictmg. e e r Pix,.yy) R =RcosBi+ Rsinbj
a=>b A-B = |A||B|cos0 : & ! .
0" = Angle between two vectors = 180° ey R o IR| = ‘ = Rz
Parallel Arbe=F-A
aralle Anti-Parallel - = = > > X P
i - = — O % witee IR| =
Vectors Vieetors A-(B+C =A-B+ A-C A-A — |A? R, =Rcosf i
~ - P el Lo oo ﬁ
Same direction Opposite i-i=1 7 f 1 k-k=1 tanB = & et o Ryi + RFI
and angle direction and i-j=0 k=0 k. j=0 T Ry IR ’ g RZ
between angle between To find angle between two vectors cosd = —— Position Vector OP = F — — xpi+
vectorsis 0° vectors is 180° = |A]|B|

Representation of vectorin 3[)

Triangle rule of vector addition B | — TR B R R % A
ol vt | R S |A] B Vectors .
A+B=R o — A R=|R| = [RZ2+RZ +R2 | F——
— — — B BA A. —_— 2 —p X ¥ Zz -~ R ,r’!
|R|¢ |A| +|B| L | A | =Magnitude of A Position Vector . - I
A component of B along A r — Xpi + pr"’ zpk ERx R, ,-E .
Polygon rule of vector addition Parallelogram rule of vector addition Zero vector Unit vector S o ¥
X
R=A;+A,+A;+A, R = /A2 + B2 + 2ABcos6 A-A-0 A=A
A]

When6=0° R . =A+B

magnitude =1

¥

J

¥
o

When6=180" R, ,, =|A— B|

A 3 purpose is to describe
= —F — Fy 7l a 3
|R|min <IR| <|R|psx  Subtraction of vectors /B Sdirection InSpAace
o+ 2
i o il = 1= |-l
s |A — B| =+/A% + B2 — 2ABcos0 150t o il = 1= ||
Multiplication of vector with real number |A—B| < ﬁ_ §| <A+B |i{| =1= |_"k|

magnitude |A |E|, direction remains the same.
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: e i \ ';s I Slope For particle under
Integration :
y Eilferentaton & he a ra ’ y=(m)x +c constant acceleration
x0 nx*1 x““ Differentiation i.c. Slope // Slope (m) = tan® | (1) v=u+at
1 j +c //_\ m 2 $ 1
= 1 X ¥ a <8< 9p° slope = +ve| (2) s = ut + —at?
tox i f; dx=Inx+c D ol e e ! i @) 7.
e et J’ d 2 Integration i.e. Area 90° < 6<180° SIOPE - Ve (3} "v’z = ll2 + 2as
- efdx=e*+
sin x cos X 0=0" slope=20 v+u
COS X — sinx no— If sign of a and v are same then speed (4)s = ( 2 )t
tadi % e B s GO 5 is increasing and if sign are opposite
then speed is decreasing 1 5
cot x —cosec2x fms xdx=sinx+c 3)s=vt- 7 at
C 0
re dy, dy; : :
yir ¥ e + =+ (f(x)+ g[x))dx Kinematics 1D Motion under gravity
B
Y1 — V2 dy; = dy; Localmaxima and Local minima N o
dx dx = f f(deX 13 j gEdeX Local Maxima 1) Tlmr: of flight — E
dy dy, vl | .
2
: —— -t Pa—— C d d? S AR
yl yz }’1 dx }rz d}{ % d_:; tl H tZ Zg
d d fkfxdx=kffxdx i [ B
E y2 _dyl =¥ dyz ® &) A e Local maxima 0 -ve MG g g
X X Local Minima i +ve I.I] - uI
yz },22 B Local minima 0 WW
- Rel
elative motion
Speed <> Velocity Acceleration
ﬁ\’cragﬂ' I"stﬂﬂta“ cous A‘-’crage J I“stﬂn'anea“s .r"ﬂr'lﬂ'agﬂ | Instantaneous = _ = = Position of 2 w.rt 1 (Fy)
[ [ | | | n=rn—n 1
d AF dr v 7
":SPEEﬂ}=i |“51_Spﬂd=d—i {'?}=I: Ftnstzd_: 4:'53'= g 5:% EZ;'J]. :Ez_al © Iy, @
i r is displacement = S c
B Atace (minimum distance between initial and final point) 2/ 2 :
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Projectile motion \ /S I Projectile on inclined plane
¥ b
B fomm Zusin® _ Zu, e —a ra—
/—\ z g
usin @
a
A ucosB L. _ “zSinzﬂ uy-z : : S
Range is same for the - 2 = 2g If two particles are projected in gravitational g
complimentary angles. field then during the time at flight of both
_ _ uZsin2e particles, trajectory of one particle w.r.t. other &
Range is maximum when R = g particle will be a straight line. q:" )/
Ois45° /
E f an o X 4
uation of trajectory y=xtan 0 — ————
1 ] ¥y 2u®cos’@ - .
Kinematics 2D
Path of particle having constant acceleration X
u,=0 u,=v
Initial Velocity (u) Path % r= xi+ y i a = gsin® = -gcosd
- : 2v 5, =
=0 Straight L = ¥
5 196 S — dx A dy A . gcosB gcnsﬂtz
(x, ¥ v=—1I1+— 1 2 2 ﬂ=llt+( )
u# 0, uand a collinear Straight Line dt dt 4. = —gsing v 2
/ ) ) x =28 gcosO .
u # 0, u and a non-collinear Parabolic r i d Xi + d%y, gcosO
_ > dez = de?
River and Boat: Rain Man situation:
anift 3:_ 1. x component of vy (i.e. along river flow) is 1 Man observes rain in direction of velocity of
: 7 responsible for drift. rain w..t. man (Vg =
4 = e . . —
. 2.y component of vg (i.e. perpendicular river V
Jy {; N p : (ke peIp g 3 2. Umbrella is held in direction opposite to the R/M VR
Vg flow) is responsible for crossing the river. e e =
velocity of rain w.I.t. man (—Vgp)- . —
v e R - — — | : VM
X VB =Vg,r +Vp Vem=Ve— ‘ —
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Newton’s First Law of Motion p_,aw of Inertia)
Every body preserves its state of rest, or of uniform

motion in a straight line, unless it is compelled to
change that state by external forces impressed on it.

Inertial and Non-Inertial Reference Frame
Frg = ON

a=0m/s? i

L
A
/J LY

Imertial Frame

[ ]
T Imist

® s c
£y .

B)\

Inertial Frame

Mon-Inertial
Frame

If the net force acting on a body is zero, it is
possible to find a reference frame in which that
body has zero acceleration. Such reference frame
is called Inertial Reference Frame.
Newton's Second Law of Motion
In Inertial Frame, YF = ma i.e

20 T aw for x-axis

= —
E F; = may

F,

—_—r
|
g

w¥Saral

| NLm |

Normal Contact Force
It is an electromagnetic type of force.

It always acts along the common
normal of the two surfaces in contact
i.e. perpendicular to the surfaces.

It is always directed towards the
system.

»  Linear Momentum

Linear Momentum is the product of

LD B T = e il - 'x -
= F;co0s0; — F>co0s6; = ma, Mass and Velocity
27d Law for y-axis P = mv (kg m/s) or (N-s)
Z ﬁ? = ma, ks - ik
e dt

= F;sin0; + F;s5in0; — F; = ma, .
of a

The rate of change of Linear Momentum

body = net Force on a body.

JEE | NEET | Class 9,10

Tension Force

It is an electromagnetic type of force.
This is a force applied by a string on an
object or Force applied by one part of
string on the remaining part of string.
It acts along the string and away from
the system on which it acts.

Tension in a massless string remains
constant throughout the string if no
tangential force acts along the string.

Ideal Pulley:
Massless and Frictionless

T
Ideal String:

T Massless and Inextensible
Newton's Third Law of Motion

s @@ Every action has an

F; F, equal and opposite
F{= - F—z- reaction.

Action and Reaction act on different
bodies and not on the same body.

Action and Reaction forces are of
same type.
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Analysis of Translational Motion using NLM \\e-; S a r a I Reading of Weighing Machine
In translational motion of a body, velocity of each — " - 4 S0kg If an object is put on a
point of the body is equal to velocity of every | NLM ﬂ weighing machine and ‘N’ is

other point of the body. normal contact force b/w
Note: — . object & machine then

R P If magnitude of acceleration of each
system can be treated as a : : R
particle connected with a string is same

reading of weighing machine

A system is said to be in Translational kf = Constant kf = Zki

Equilibrium when net force on the system If both ends of a spring are attached with
is zero. Z_, inertial mass then sudden change in length
F =0

particle. i will be given by
Steps To Follow Net pulling force on string Reading — E
(1) Define a System = fotal mass ; g
(2) Define the Environment of the System Bt B ; Key Pomt
(3) Draw Free Body Diagram (FBD) of the PEnE Foves-: If a spring is connected with a string
system. Take only forces ON the system (not NLP (Natural length position) then replace spring with string and
By the system). mﬂ = _,  find tension (T) in string and equate T
(4) Select appropnriate axis and apply Newton's 1 Fs =KX  with Kx to find elongation.
2nd Law along each axis. ¥, F| =K |[x] % g .
ZF=II]5 where ZFisn&tfurc&acﬁ.ng - ;.?,, o
F, |

ON the system along the chosen M
Nﬂte: axis .-..-.- ” .-: sy xr‘Ir .-;.-.-.- ' e . )
‘ma’ is not a Force therefore, during Variation of ‘k’ with natural length Reading of Spring Balance
the listing of forces in FBD in inertial k ==

- — T — — T —

frame, s]-naa s]:muld_ 1Emt_be included. natural length = ¢ natural length = £/2 Reading of spishy bilasice — kx
Translational Equilibrium £ g

of spring is not possible.

GETIT ON |
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Pseudo Force

* Second law of motion is not valid in non-
inertial frame.

* To use Newton second law equation, one
additional factor is added in F.B.D. of the
system.

* This additional factor is called Pseudo Force.

Magnitude of Pseudo force is equal to 'ma’

'm' is mass of system

'a’ is acceleration of non-inertial frame (in
which analysis is done) w.r.t. inertial frame.
Pseudo force is applied in direction opposite
to direction of 'a’

Pseudo force is not a force.

Constraint Motion
For a system,

ZT’.E=U ZT.F=U
{T.ﬁ=ﬂ

—3, (if a are collinear with v )

Steps To Follow to Solve Problems Involving
Constraint Motion

1. Take acceleration of each block in some direction.

2. Make FBD of each block and write Newton's 2nd
law equation as per direction taken in step-I

3. Write constraint equations. Solve and get values of
all accelerations. If acceleration comes positive —
same direction as assumed in STEP-I and if
acceleration comes negative then it is opposite to the
direction assumed in STEP-I

Keypoint
Constraint relation in string will also
hold for string having mass provided it

is inextensible.

ALY
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Friction does not oppose motion instead it \ _J_,S I Kinetic Friction
opposes Relative Motion to the surface C _a ra

applying friction force. e Kinetic friction comes into picture
Friction acts along the surface in | Friction | when relative slipping occurs
contact. It acts in direction opposite to

relative velocity.

f i: 3m/s

Laws Of Kinetic Friction

1) Value of kinetic friction is directly
proportional to Normal force acting
between the two surfaces in contact

2) Kinetic friction force acting between
two surfaces in contact does not depend

f

Static Friction

If there is a tendency of relative slipping (only

tendency and not actual) between two Laws Of Static Friction ) =e= ofsbntact.
surfaces in contact then the friction force _ N
acting between them is called Static Friction ~ 1) Maximum value of static friction k= Mk
force. (Limiting friction) is directly proportional to 1 L coefficient of kinetic friction
It is a variable force whose value is equal to Normal force acting between the two T
requirement to stop relative slipping till it surfaces in contact. Kinetic friction
reaches its limiting value known as Limiting 2) Static friction force acting between " -
Friction. two surfaces in contact does not depend Generally p, <
F on area of contact. (from experimental observation)
f {fﬁ}mnx = M, N fs = K N
1 Ln:uc[‘ﬁuiml of static friction Spmen Hs ?nd My i D
of surfaces in contact.

b -

Limiting friction

GETIT ON |
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Angl R [
ngle of iesponse _}efga ra I

| Friction |

fmin =0 5 f < fmmq: - l'lN
At some angle of inclination O the body —
starts sliding down the plane due to gravity. Rmm N = K 'S Rpjax =N 1+ |.l2
This angle of inclination is called angle of
repose (0). tﬂll(l) =0 < tan¢' < tﬂnq) =Hu
=5 - -1
0 = tan~!(p,) is angle of repose. I Prin, = 0 o e = ¢mal- tan™(p)

Net Contact Force: Angle of Friction NN T b

B _ SN :
R | N{ Weight of hanging M iy
N{ | ¢ 2 part of the chain —1Y8
i I == i
: —— F | Tt = N L Y
I & For equilibrium with maximum portion
il :
f rough f S : :
o _ The Angle of Friction (¢) is the angle limiting friction = weight of hanging part
Resultant of Normal and Friction force is between Net Contact Force and Normal of the chain ul
the Net Contact Force. Reacti y=——
R = /N2 + f2 P 1+p
¢ = 0 for smooth surface

GETIT ON
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=

S _arclength . ion JGfSa ra I Uniform Circular Motion

a Y
R radius

If a particle is moving in a circle
. with constant speed then its

| Circular Motion | v

A , notion is called Uniform
If o« = constant, then Circular Motion (UCM).
Angular Displacement 0= o, + ot
=2In+a =iy on
0 =wt+ zat a] = v
2 ve ( ‘i.-")
T [ 2 _ e a = Vol =
Angular Velocity (o) = o +200 lal =4 R
Angular Velocity is defined as the rate of 0— (mi 2l mf) t ja| = w’R
change of angular position w.r.t time, 2 This acceleration acts towards the centre, so
Angular Velocity 0 = wt — 1 cot? it is called Centripetal Acceleration (a,)
Average | Instantaneous 2 * Centripetal acceleration is
[ | ) _ perpendicular to the velocity and is
— de Time Z_Permd (1) Frequency () responsible for changing the direction of
At w = dt The I'IIIIIE- taken The number of the velocity.
SI unit is rad/s ™ by an object to  revolutions made « In U.C.M, a, is not constant as its
Dimension is [T-1] 1 RPM = 302 d/sec make one in one second is magnitude is constant but direction is
Angular Acceleration (o) i SO changing.
KRV SIS Frequency. Non—Uniform Circular Motion

Angular Acceleration is defined as rate of Tym6 Period

change of angular velocity w.r.t. time. 2m 1 « 1iaparticleis movingina

T R T T= P f = T~ 2n circle with variable speed
e e then its motion is called Non-

' Instant
¥ erlage I DR Uniform Circular Motion.
g 2 al:
<cg>= i _do SI_ unit l-S ra‘dfs 2 Apet = Vr(ac]z +: (at)z tan ¢ = =
At ESTIE Dimension is [T—] t

GETIT ON
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Conical Pendulum

Cu 1;:1111193 I Motion -Jé’ 5 a r a I
| Circular Motion |

v
Dynamics of Circular Motion

9 _,a
a, is responsible for changing The net resultant force providing
the centripetal acceleration is called

net

a,

a, is responsible for

changing the the direction of velocity. )
magnitude of velocity Its direction is towards the  Centripetal Force.
i.e. speed of particle. CONCAVE side.
o mv* 2
- _{I|V| ZFczmacszmmR
T de / \ T = =
Magnitude | Direction It should not be included in FBD drawn in _ 5 |Leos8
Y T inertial frame. i g
\ / Dynamics of Non-UCM
dnet
Radius Of Curvature Vertical Circular Motion Along radial
. 2
\ . ZFEzmac :ﬂ :mmzn
s, i e :r v R
\[; | a,=gsind Along tangential Z F, = ma,

\eCcnlm of curvature i
b Radius of curvature ‘Vz
Radius of curvatureR = —
dp
Radius of curvature is property of

curve & not of motion of particle.

2

- [2%) +(2)

GETIT ON
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Banking of Roads Jexga ra I Centrifugal Force

| Circular Motion |

In ground frame

f=mw'R
Friction is the
Centripetal Force.

-.'-__'_-_..._-ul-----._-_.._.
-
-

In man’s frame
mm>R Pseudo Force
(Centrifugal Force)

No friction
v2 .
tanf = R_g vV, = /Rgtan@ Angular Velocity in General
B VB
Friction is present ‘_,l.‘—"'
V=< Vﬂ | = V'ﬂ VA f.«-"l \"‘
For minimum speed, f=puN For maximum speed, f = uN % i H,,"I‘
tanB — tanB + p i
v.. = |Rg|—— = N o A
ol ‘] & (1 + ptanﬂ) Vmax JRg (1 — utﬂnﬂ)
(VJ_} rel
vehicle can successfully turn on a banked road in a o= 5

circle of radius R for relative velocity L to line joining two particles

separation between two particles

GETIT ON
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Work done by force Fonan object is defined as \ s S a r I F{cnnstaut]

wF=de§

F is the force on object ds is displacement of point of

; E
If F is constant, then = F .S /l /\/\'

application of force (F) W =W =W, Id
0°<0<90° = W;=+ve
E?p=ﬁ.§ = FScos® \0 S > 0=90"= W,=0
0 is angle between Fand § /777777/77777777777777777777 9> 90° = Wy =-ve Work dune by constant force depends
1 f only on initial and final position and

ST unit of work is Joule (J).

- not on the path taken
C it i ; 1 =10 j ) .
ELEaEE - 108 Work Done by Variable Force
Work is a scalar quantity.

If the force applying on a body is changing its direction I —
— +ve, W= |F.d
L or magnitude or both, the force is said to be variable.

* Get F,,.; and calculate its work to ¥ ApiTY j + Fk
-7 get W, (for translation motion 2 _ :i M F; . zi we [ Fydx + Fydy + Fzdz
Whiiet .+ Get work from all the forces by e .
applying W = fﬁ ds and add {KIP;II':} ey oL o
them to get net work S W= dex+dey+dez
i Work Done by Spring Force X; Vi z;
Work as Area Under Curve INLP

E, I o
/,/\: ; - wu B 2 2 Where x; and x; are initial and
- : = TR ‘ Wo = Skixi —x -
: : w f Fodx | =) == 2 (xi ) final change in lengths from
¥ 1 1= N —* - e
% X, X mmﬁ_@ Natural Length of spring

GETIT ON |
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Work Energy Theorem jex S a r a I Work Energy Theorem For
Work done by all the forces (external or internal) — — System of Particle

acting on a system is equal to the change in kinetic | WPE |
energy of the system. (Whet)sys = (KEg)sys — (KE;)sys
Wt = AKE = KE; - KE,; *  Work energy theorem is valid in inertial
_ B 5 S *  (Wiet)sys = X2 W on system
KE of a particle=;mv" = 5 7 » But we can use its equation in non-inerital * giif'n 3}’“3“11: X
2 S S on each part of system

where p is momentum of particle ;ﬁbﬁ comsidering work ol FEuEca e KE ;t'- system :% KE ¥
s Wy ¥ of each particle of system.

ael, T3 0N g T * Work done by an Internal Force on the svstem is independent of the reference frame

Vertical Circular Motion * If distance between particles in a system along internal force remains unchanged

! always then work done by internal force on the system is 'zero’'.
: fou=./2gl

(circular motion but

e g not complete) Force on an object whose magnitude F
v only depends on the distance r’ of the F "
. g object from a fixed point and is I/'\/I

Central Force Work Done By Tangential Force

u = ./5gl ’ directed along the line joining object
(complete vertical ;4 the fixed point is referred as
Wy = [

circular motion) Central Force.

N F = f(r)r
Conservative Force If E is constant in magnitude
: : Work done by _ .
For:te when work done b\a itin independent of path. i f l—PLeug th of
any closed path (Loop) is zero. It depends only on ) S
Wy =0 = F is conservative initial & final '
position. W =W, =W;byF

GETIT ON '
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* Constant Forces are conservative. Je’ Sa ra I Potential energy associated with Spring Force
* Central forces are conservative. — ——

u [wee | R
f [m o ) |
Gravitational Potential Energy —

- - .1
) L R — _m__f___ Uf=LTi+]]]gh. Uf—Ui=—KI{2
Wiric = - pmglL ) If we take U at ground = 0 as :

] : - : g x;= elongation x~ elongation
Kinetic friction is an example of non- reference value then :
conservative force. h U = mgh

Potential Energy (U) = W, =-AU=1; - [
AU=-Wiyc /777777777777777777777 = mgh, — mgh,
Wiy c is work done by internal =mg(h;-hy)

conservative force

\ y Potential energy in terms of Force
* In any system, change in potential

b ¥ (conservative)

energy is equal to the negative of ; ’
work done by internal conservative ¥ A 4 Force in terms of potential
force. Elp o~ f F.dx + f Fydy + [ F.dz| YRUEY

* PE is defined only for conservative X, v, z; [ A
forces. : ; : F=Fi+Fj+Fk

+ PE cannot be defined for single Mechanical Energy & its Conservation
particle system. It is always defined Mechanical Energy = % oUu_ odU_ oU.
for system of more than one particle. Potential Energy + Kinetic energy ¥ - 1+ ay )+ - k

ME =U +KE :

GETIT ON
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A body is said to be in equilibrium when

r..—9o

net

Stable Equilibrium

* Itis an equilibrium where on slight
displacement of particle from
equilibrium position a force acts on
particle which try to bring the
particle back to equilibrium
position.

* Such force is restoring and opposite
to displacement.

Unstable Equilibrium
* It is an equilibrium where on
slight displacement of particle

from equilibrium position a force
acts on particle which tries to
take the particle away from the
equilibrivm position.

Neutral Equilibrium

* Itis an equilibrivm where on
slight displacement of particle
from equilibrium position the
particle remains in equilibrium
position

*‘e§a |
| w

Power

E =0 and dz—U = +ve Stable Equilibrium
dx dx?

— =0 and dE—U = —vye Unstable Equilibri
== = = . q rium

.1

Power of a force is equal to rate of work
done by that force.

-
dt =
PP - "o
At

5.1. unit of power is Watt (W)
Other unit is Horse Power (HP)
1 HP =746 W.

= % Slope of W-t graph

gives instantaneous Power

W= [dw= [ Pdt

Wis given by area under P-t
graph

/

A,

time
—
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Centre of mass of discrete point masses

Displacement of COM due to
displacement of particles of system

wSaral

|!|I|{111.‘":;.T.1j ."Il{xl‘\yl'll}l center Of Mass | I ﬂ_l'{
s, T (Xg¥302,) . . — m, : m}/‘ / ars
le. Iy Iz _.* (X3,¥3423) Lo
(X3¥3:23) - I miFi e m1F1+szz+"' s T2 - By~ |
X cm - E m] —— m1+mz+ /ff__.-/_‘.'-'_g___’___-o-"- -I:'lta
OR FCM = Xcmi + chi __.--"J —

. mix; + mpX;+... Zmixi
X, = =

m, +mp+.. /] Tmy
Y . miy¥q = 1112_'}?3-1‘. -1 o E m;y;
o mij + mz+... > m;
Com of several groups of particles

M,

. MIX]_ . szz
Xcm = M; + M,

e V' Y — M;y1 + My,
M; +M;

Com of continuous bodies

= :

" Iﬂlﬂ.l_'}'l + Illzﬂ.i.‘z'l' .....

—
Ar ey =

Locate COM of m; and m,
d e—d,—
T R |

mp +mz+.....

m, €«—d,——>Com m,
0,0 d;, my d,0 Velocity and Acceleration of COM
d, my

Com of two particles divides internally . mqVy; + mpVo+.....
the line joining two particles in inverse Vem =
ratio of their masses.
Linear mass density (1) .
Mass per unit length is called M dem =
linear mass density A A= L

For uniform object, i is same for every
element

Surface mass density (o)
Mass per unit area M

g = E If uniform then

Volumetric mass density (p)
Mass per unit volume

P=§

For uniform objects COM is at geometrical centre.

For uniform objects
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Linear Momentum /
'}(gfs a ra I (i) If linear momentum of a system

Linear Momentum is the product of Mass and
e is zero, then its KE may or may not

i ao | Center of Mass | be zero.
SI Unit is (kg m/s) or (N-s) (ii) If KE of system is zero then its

For a particle. Kinetic Energy of System of particles | jipear momentum must be zero.
= dP 5 AP — .
Fo— = < Foyg >= = KE of sy:stem of partlcle_s is the a‘lgehralc _ Newton’s Second Law for
summation of KE of all its constituent particles System of Particles
Fyy_®

Kinetic Energy of a particle

Fou ﬁmg ives AP 1 3 1
- — . e AT it E

— [0 ]
Z Fze:s:t. = Macm i /F
\. 42

11 @
nlll‘ar_'m = Fluxt+ F]iut thxt+ inm PP

7\”

2

KE of particle = ——

2m

Ej}llﬂﬂi:.lt'ii[:;ﬂf‘ﬂt“m for system Principle of conservation of LM.  [ppulse : Tmpulse of a force for a
” p ; AT, Minmf If net external force acting on a system | fime interval"t;" to "t," is defined
i j‘Tc or sum of L.VL. ot all the parficles | 5,415 for a time interval then in that as

et bt interval linear momentum of the system i P Area under F-t
2 — i = — - od (i : = h gives Impulse
P R Ee Faa — MV... | is conserved (i.e. remains constant) srap

sys. i = mpvy +mzvy cm b of Force F

Impulse-Momentum Theorem If Fis constant, 1 = F At

M = Mass of System
v,:m —Veluclt} of COM of System

= = = [
Ipet = Pr — P, k

Impulse of Force F

Impulse is a vector quantity whose unit
is same as that of momentum (kgm/s) or .'""' .,”.,,I., i
|||'I|||||||I ||I |I|I |I|I ||I|II

(N-s.) >t
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Impulsive Force \ ,Sa ra I COM Frame
Force which acts for a very small time duration E — b ALK ﬁm = MV, P B Mv /
y . Sl R = s 5ys,/cm cm;/cm
and whose magnitude is very large is called | Center of Mass | P =1
Impulsive Force.

In presence of impulsive forces, non-impulsive ~ Coefficient of Restitution (¢) ~ In Centre of Mass frame, Linear Momentum

forces (like mg, spring force) can be neglected. Velocity of separation of a System is Zero
e Kinetic Energy of Two Particle System
Velocity of approach o :
. . in CM Frame

— ¥y =y i T s
Head On Obliaue e = —— For elastic collisione =1 S0 Frame =
g i Wi v Vi my + my
tel el 1CM CM
Collision Collision — it

Inelastic Collision g <e<1 i, = (reduced mass)

When during If velocities of i T . Y i) 9 —i

collision, velocities of any of the 1 ,

both the objects are colliding objects @ O @ G KEm;cu = 51 (Veer )

along the common is not along the Inelastic

normal of colliding common normal PE‘I fectly Inelastic Collision e=0 8 BN

objects 78 v, _ 1

“ ¢ ¢ v Q@ @(@e |Twmuhu
Pe rﬁ:nﬂy total mass of system

Elastic bodies are bodies which regain their Inclastic

original shape without any loss of energy. Both bodies stick together and move

Head nu Elastic Cﬂlll‘sl{m with same velocity after collision

"1 ""'1

(i) Total ME of system remains constant.

@ @ @ @ @ (ii) Initial KE & Final KE are equal but it is not constant  If m; = m,

KE max KEmin KEmax  throughout the process.
(iii) At the instant when velocities of both the bodies are

same then PE is maximum & KFE is minimum.

vy’ =wvy vi'=V,

PE min PEmax PE min

—> velocities are interchanged.

GETIT ON I
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KE loss in collision -..\e'{’sa ra I Semi circular plate ‘ 4R
ol e 81 ir

KEI:]SS = ICEi S ICEf

A s o | Center of Mass |
2 uvﬂPF-(l &) [ o v } Semi circular ring m ) 2R
R F 4

app
Variable Mass
sioli H IR
L. i Center of Mass of some Shape S°lid hemisphere 13
T e
Hollow hemisphere @I R
2
4

V.. 15 Known as exhaust speed which is the

Disk
speed of exhaust relative to the rocket

M(Av) = Am v,

Ring Triangle

g M Av Am
— —_——Y
thrust At At rel.

Recoil of Gun Solid Sphere

~

V.. 158 Known as muzzle velocity i.e. velocity
of bullet w.r.t gun.

Mpyllet Vrel

l‘
thrust At Hollow Sphere o ! '
./ ‘ b
Solid cone
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Moment of Inertia ;

Kinematics of Pure rntatlun motion \ fSa ra I
"ﬁ'_""--.

S =R
If o= constant | Radius of Gyration
[v] = Rw V o= o, +at

1. Since distance between two particles
of a rigid body remains constant, so the
relative motion of one particle w.r.t.

1
0 = mﬂt+5m1

other particle is circular motion. mrl = mﬁ + 200 K= l :
2. Angular velocity of all the particles about a . ; : ’ !
given point of a rigid body is same P + o I_) EEe. ﬂGRADR : M2
W = = = - 2 RoG about an axis - - | — ] —
1/0 = Wz/0= W3/0 = Wa/0 = Wy I1=0 i i I 12
3. This angular velocity of a rigid body about 1 I =MK? X
all the point of rigid body is same. 0= oit— -at ; AOR_ ;
2 _ ) ) Uniform Hollow Uniform Solid
®o/1 = Wz/1 = W31 = Og/q ‘@' : : Uniform Ring Disk Sphere Sphere
I = Wy of Rotational Motion
D1/0 = Wz/0= W30 = Og/0 o
. rigid body : Ere
Parallel — axis theorem: Gl
A C
P Among the given parallel axis  MOI about the parallel I = MR? : MR?2
MOI will be minimum about axis ha"ring same distance = 2
the axis passing through COM.  from COM is equal. Moving mass parallel to AOR does MRE 2 MRZ
b not change moment of inertia. =3 ~ 5
Ly = Ioe + Md? : ; Perpendicular axis theorem:
Hollow Cylinder Solid Cylinder y Ring A
AQR ADR AOR ADR o
i ol ® z 00"
- b e
L 1+ 0 L | | \1/
- L+ e fammmm- [ ===== Hpp—ern i - o L ] a :
MRE MLE MRE MLE I MRE MLZ MRE MLE Planar body in (x-y)plane I sz ” Maz . A MRE
i e e — I=tud = It =1+, e & g
=2 " 2. " 8 4 12 4 3 T T D
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Cross Product

=l

a =
A

& C=AXB
|¢| =|&]||B| sine

0is angleb/w A&B
Properties

Torque

P

A F

(r sin®)F

Line of application of force

[ <.

0O
\b Moment Arm

?U=?ﬂﬂKF

?ﬂﬁ
|T|= rFsin0

0 7N

wSaral
coald
Calculation of Hinge Force E——
- Perpendicular to rod
ixi= G (Fy,) Perpendicular to ro
- L
pX)=L. Z F, =m(acy)= ma;
kxk=0
i)(i:hk ‘E=lﬂ.—)'ﬂ.—+(acm][—}FHJ_
jxk =1 (Fy)) Paralleli.e. along the rod
kxi=j Z L
" F, = — o
i xf§ =— I m(acy)n = mw >
kxj=-—1 W-E Theorem — ® —3 (acy), —> Fy,
ixk el Rotation Motion

Condition of Equilibrium
& S

Translation Equilibrium Rotational Equilibrium

F,is perpendicular

F,=0
r(F sin@) o =
1= rF, I}ZF="<ZFF=H 2) Z'r:l}
Y F=0
v
L L F
r
2 F, = F sin® If F,..= 0onarigid body then T, is

same about every point of space.

component of F

Inertial Pulley

a
{No slipping of rope on disk}
T,
T R-T,R=Ia (1) T
1
mlg T Tl - mlﬂ “'(2} la 31
T, —m,g = m,a «(3)
aR = g
=4 we(4)

m,g

Work done in terms of Torque

W=f1:dﬂ P=1Tw

Force Couple
F

TA A pair of equal & opposite

forces is called force couple.
F

Torque of force couple is same about any point of
the space.

Z Tint= 0
(Z Text) = (Daorx
AOR

Valid only in inertial frame.
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Angular Momentum of Particle
Angular Momentum of Particle
about point O is definedas 4 v

_I:D = T"ﬂﬁ -4 F _r.:. m %
= Toa X (mV)

e — I -
=MTIgy XV Angular Momentum Conservation
whereP islinear momentum of the Prin{:iple
particle present at A dr
T,nisanglllmmumenmmaboutﬂ_ P o E If :Emat =0 = L = Constant
L=TxP
AM is alsoknown as moment of LM If T, 1s zero thenits A.M. is conserved.
II = . |L|= mrvsin® |
m(r sinf)v = = Constant mr(v sin@) . '
Rotational Motion
# "'B —
- ¥ Angular Momentum of System of
' Parﬁclesi. T
r; is the shortest distance D_ v_l“ 4 smﬂ_ﬁ =¥E Z :
from O to line of velocity. v,is perpendiculartor AM. of Riwi Porf &
p .M. of Rigid Body Performing Pure
Conical Pendulum Y

Lp =m £sin0 v sin90°

= mv{sind

Loisnotconstant butits 7.
is constant
magnitude is constant. P

¥Saral

Rotation About Fixed Axis

AOQR
o

(Lsys)mﬂ =Ipor @

Relation Between Torque and Angular Momentum

= _ 9L valid only in inertial frame.

TNet dt
. dL’
TNet = dat
Particle System
|di‘ . I.d‘l?s],5
Thet = ¢ TNet = dt
zte
(Text)Net = f
Condition of Toppling
F a a . .
N X > 5 Toppling will occur
a
a D] X:E()nvergeuftopp]jng
B X
£ v x < = No toppling
romg 2
Angular Impulse
Linear Impulse (1) Angular Impulse ()
I =|Fdt j= f tdt
Unit- Ns Unit - Nms

lnetszf_Tji T:F}{T Jnet = Le— L;
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Kinetic Energy of Rigid Body Performing CRTM

--‘é’Sa ral i i ‘

cm

. Pu:ﬁj'r"i:am“ * P“m}?{:smm“ CRTM = Rotational KE + Translational KE
¥z = :-'szn‘. + . ¥y 4 1 1

FS = EESJ’II} + i. il'.1 j KE = E][:Hmz + EMV[Z:M

A = ".ir'”}';' + V& . : " - R

Combined Rotation + Translational Motion .

Aﬂﬂﬂ]gl‘ﬂﬁﬂﬂ Analysis [CRT 1\?:[] For a body pedforming rolling motion

::‘m over a fixed surface. work domne by

friction foree on the body will be zero as

Rolling Motion velocity of point of apphication of
s If during the motion, there is norelative friction always zero. M
- slipping between the points of contact . Angular Momentum of R B. Performing CRTM
then motionis ealled Rolling P

CRTM = Pure rotation +  Pure translation vV — ﬁ]R ) E'UM -
Dynamicsof CRTM 7 r“‘; b
For analysingits motion we applytwo o §
equation o* Teys/o = 1.0 +  MTanig X Vem
Rotational as rigid body;  Translation as a particle
ZFEH e MEEM Pure rotation about COM
LS}'S."ID = Iu::mﬁ + m_l:cm,-’l:] X T"'.'ru::m
Z Text = I Instantaneous Center of Rotation (Iog) & Axis of Rotation (Iyop)
Dynamics of CRTM % Let at an instant of time velocity of point P is zero.
Sem::iequ?tmnlswhdm]nerhalfrﬂme_ T sy secnd equstaaial o ’ljn_mlm]a'he m of other pmhljtspf:ﬁilrg]l:::drye
1) z F =Magy 2) Z T=1Ia non-inertial point, Pseudoforceis e : 2 2 _
E rotation about an axis passing through point P at
apphed at COM of body & t of ] e I, I g oo
= & - - that instant. point is called Icor axis
Z Fext= Ma -y z Text = Ix E::udu FOmEc K S Esln T passing through it is called I s
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fscare VeLouTye— .."'efSaraI STonner

\‘J'E :.\(_m "x_ T: 2 & __E_j__ Lgﬁﬁ. ;{-___)
R \ n ™ ¢

s - = ;
AT SURFACe 'Gl_gk I;r_gg\ " (1 )Lt 39[‘%>
= 1|2 k.mf‘l./d L{ﬂmﬁ) - 3 :'_’"R fﬂf\ﬂt
U':_. 'G'IMIML':;_' ‘ ( ) ? R
\H
\ﬁ/ i v £ E,EEAF}M (V >
——— e'r = g E‘:"MDF_” . NV=Ve
¥ p vV > Ve Waﬁa
e Tead ¥ SATeLLITe (J‘IKFN T* = MM,
V= ’___—f N C';'I‘-HT . ! A“D'\I y o - Binesey Stare alewt COM
cgaﬂp :ab at Pv‘-um
S & :
e T A
Gweosﬂrﬂ‘muﬂﬁ“iﬁ/ e ﬁ'}}pfi To e a(:;i &mi
a) E:Q.A‘Ii; e b HoLLOow 2 EWE"‘L- r e S
| 24 I"U'I-A west L ot ea.:-crfw) 2e0) fanh Ph
n
Pascking Osdit, Wm W‘ﬁ‘*?“‘*“*fwm %
Yﬁ}.‘_ 5 SEGD\"M . = 2-0% ],z_,.,ﬂ/a‘t"{ 30L1D 5 (&__
f'<__ L . Cn .1
o) @ ® _
Sun AT Foc EauaL ARea Tn EQUAL TiMe T- zﬂ‘/g_.j_
AREAL & &= d'p" :m Y
VELOU T f
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Heat

Transfer of energy that takes place solely
due to temperature difference is called
Heat flow or Heat transfer and the
amount of energy transferred is called

Heat. /}—-I—E;I' %\\H
= ﬂ\u”
1 2
T, > T,
Unit of Heat is

Joule & Calorie

1 Calorie=4.18 J

Dimensions are ML>T->

Calorie

1 calorie is the amount of heat required
to the raise the temperature of 1 gm of

water from 14.5°C to 15.5°C at 1 atm
pressure.

Thermal Equilibrium
Two bodies are said to be in thermal

equilibrium when no heat flows between
them.

If two bodies are in thermal equilibrium
with each other then their temperature
is same.

¥Saral
| Calorimetry I

Zeroth Law of Thermodynamics

If bodies 'A' & 'B' are in thermal
equilibrium with each other & bodies 'B’
& 'C' are in thermal equilibrium with
each other then bodies 'A' & 'C' must be
in thermal equilibrium with each other.
If two bodies are in thermal equilibrivim with
each other then their temperature is
same.

AQ o« AT

AQ ocm
AQ = msAT 2

v

Specific Heat Capacity

Specific Heat Capacity(s)
AQ AT -
= ms §=———
mAT
Specific Heat Capacity of a substance is
defined as heat required to raise a unit

temperature of a unit mass of the substance.

AQ :
5= AT SI unit : Joule/’kg-K
AQ CGSunit:callg—"°C M
= mAT = v

JEE | NEET | Class 9,10

Specific heat capacity of water
Swater = 1 (:a]_l."g —°C

=1cal/g-K

= 4200 joule /' kg - K
Heat Capacity
Heat capacity (C) = mass X specific
C=ms heat capacity
AQ = CAT
Molar Heat Capacity

Heat required to raise the temperature
of 1 mole of substance by 1°C,

In an Isolated System

T,>T;

Isolated System

A system is said to be isolated if no
exchange or transfer of heat can take
place to and from the surrounding.

Principle of Calorimetry

According to this- In an isolated system
heat lost by the part at higher temperature
is equal to heat gained by the part at lower
temperature.

This is based on energy conservation principle
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In an Isolated System 17 my, sy, (T —20) + m.s. (T; — 20)
wSaral D (100 ~Tp
M-1 : Heat gain = Heat loss | Calnrimetry I M Se =My oq Sy
Water Equivalent
18y (T; — Ty)=mysy(T; — Ty Calorimeter \_) :

Stirrer<«— Thermometer ™wSw (Tt —20) + My ¢qSw (Ty —20)
= II1;5; (100 == Tf)
L -
Sw (Tf — 20) (my, + My oq)
_, Copper =mys; (100 — T;)
vessel
Flow Calorimeter
Iron<= ~>Glass wool
pai / (insulator)
Water
| Power
1 P
AQ = ms; AT AQ _ ms; AT
At At

volume

M-1 : Heat gain = Heat loss > 100° P=p (T) s.(AT)

m 8, (T — T,) = mys,(T, — Tp)
M-2 : X Heat gain=0 =
m;s;(Ty— Tp) + mys,(T;—T,) =0

VATAVAVAVAVATAVATAVAVA!

\/\

Flow Rate |P = pRsL(AT)
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Change of State

During the change of state temperature

of substance do not change on supplying

Latent Heat
AQ cm

the heat.

Both solid & liquid state (or ligquid &

AQ = mL Latent Heat

¥Saral
| Calorimetry I

0eC

vapor state) of the substance co-exist at .
thermal equilibrium during the change ca @
f stat -
Saaaa ) It is the heat required to change the state

of unit mass

Latent heat of fusion ice
o
Latent heat of fusion for goc | S’@j i.
ice = 80 cal'g L T

¢ X

Latent heat of vaporization ﬁ

steam

100°C
water

Latent heat of

vaporization for

* water = 540 cal/g

water +

Graph Between T v/s Heat Supplied

T A
gas
boili T | f S r———° .
oiling poin liq]lﬂd
liquid gas
melting point -
soli solid Q
b
liquid
-20°C
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When a body is subjected to deforming M/ S a r a I
forces, a restoring force is developed in e — ——

the body. This restoring force per unit | Elasti city |
area is known as Stress.

Restoring force F The property of body by virtue of which it
Stress = e

tends to regain its original size & shape when
the applied forces are removed, is known as

Elasticity & the deformation caused is known
as Elastic deformation.

Area of cross section A
SI Unit : N'm* Dimension ; M!L-1T-?
Longitudinal Stress (Normal Stress)

Longitudinal Stress (Tensile Stress) If we apply a force to a lump or mud or putty,

they have no cross tendency to regain their
Fm K previous shape & they get permanently
L B deformed. Such substances are caused Plastic
Longitudinal Stress (Compressive Stress) & the property is called Plasticity.

. Al
p ‘
Longitudinal Strain = ﬂ%’ 4 - ¥

<€ >
Unitless and dimensionless quantity £+ Af

Tangential Stress or Shear Stress
F

Shear Stress =

Volumetric Stress
dF

dA

Volumetric Stress =
dF

"

!

Pk
Volumetric Strain = v

Hooke’s Law

For small deformation, Stress and
Strain are proportional to each
other.

stress o< strain
stress = k strain
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Young’s Modulus \\e; S ara I The stress at which material breaks is called

Young’s Modulus is a property of material of the body. Breaking Stress.
£ property of a material

o | Elasticity | Force
F - F B.5.= Area | Force that a material can bear

€ > Poisson's Ratio (o) o Area of cross-section
Longitudinal stress : :
— g' : : Y= ) F td L F Elastic Potential Energy
Longitudinal strain AAf ’ 1 AY
*f-b U= 27 (Af)?
o deals with corresponding Ad/d .
Shear Modulus / Modulus of rigidity / change in diameter with © = ~2%/1 Energleenmty
Torsional Modulus [G or 1] change in length Energy Density = 3 % Stress X Strain
Stress-Strain Curve
Elastic limit . If the ultimate
”"iﬂsl:te T*:I':-‘“E o Fracture strength and
ren :
Shear Stress F ’ 7 fracture points D
" Shear Strain G = ) o e o /C and E are close
T \\ . — then the material
! Proportional limit 2 :
Bulk Modulus (B) % r,"' (follow Hook's law) 15 S-Elﬂ to be
AV Volumetric stress & / e
" Volumetric strain o " fhcyare far
= s i d"r"rm“:'""_ apart then the
bl E—
s £ s material is said to
Av be Ductile.
i " - 1 AV/V
AP is excess (additional) pressure which caused AV. i Bulk modulus AP
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Potential Energy v/s Distance Curve

U] T,>T, Jefga ra_l

E;>E, | Thermal Expansion |
rlai'g = rlai'g
', (due to asymmetric nature of curve)

As temperature increases, relative vibrational
amplitude increases. Due to asymmetric nature of
curve, average distance between the atoms increases
as shown in the curve.

L o] -+ d=

On increasing temperature, most of the substances expand. This expansion
in dimension of body due to increase in temperature is called Thermal

expansion.
Coefficient of Linear Expansion (o) Cnefﬁc{eut %
‘ o ‘ Y Expansion (y)
b T, — = a AT v,
— | T 1 vl
. > "2 o = Coefficient of T
F) linear expansion T, ' :
£ =£1[1+ (T, — Ty)]
AV

Coefficient of Area Expansion ()

A, ¢
. —

—yAT Y= Coefficient of

1 volume expansion

Ay
B = Coefficient of

BAT

T, V., =V;(1 +yAT)

Time lost or gain in a day =

Calculating Fractional Change or
Percentage Change

Z =KA*BY E:Kﬁ

Z A

dB

+}?B

Constant
For small change

AZ AA AB
?}: 100 =x Ix 100 +y Fxlﬂﬂ
(%ochange in Z) = x (%ochange in A) +
Y (%0 change in B)

Time period of a Simple Pendulum

P, AT 1
T=2mn |- = = @A
- T 2

AT
T X 24 x 3600

Wheno T,€ T, TT
clock will run slow & time will be lost.

WhenO0 l,f1, Tl
clock will run fast & time will be gained.

Area expansion

Tnit of a, P, vis/°C or °C1 or /K or K1
!

A, =A{(1+ BAT)

JEE | NEET | Class 9,10
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Isotropic Expansion

wSaral

Variation of Density With Temperature

In this expansion, percentage change in linear p= it
dimension at any point and in any direction is Thermal Expansinn | Volume M
same for same change in temperature. At temperature T, + AT, P = Vol +yAT)
26 m
13 m __ Po
_ p_l_l_},ﬂTR‘PI](l_VﬂT)

L mam, 2m 5 4m| 6m amy .

— o e e Anomalous Expansion of Water

Maximum density at 4°C

| J, » Ifwater at 0 °C is heated, it’s
This expansion is similar to uniform photographic N : volume decreases until the
enlargement. E ! temperature reaches 4 °C.
-E"-n I ] T o T o
Relationship between a, B, & ¥ & i ::;;::T Eng?:f:;i’;:s
For Isotropic Expansi & : ]
on E‘ i increases as temperature
B=2a y=3a 0 3 > increases.
The expansion which is not Isotropic is called Temperature, °C : i i
Anisotropic Expansion. Thermal Stress Bimetallic Strip
F F A bimetallic strip is made < 4 > o
Relationship between a, . &y — £y AT b Z— from two thin strips of U-Iz a,> 0,
For Anisotropic Expansion g E XN SIENERANE GTCrEn %
coefficients of linear 3T
A=£XDb V=£XbXxh AY expansion. S2 2
B=oas+ay Y=o +oap+ay - F . t \ K /
ress = — = =
a ~Yalkl (e; — az)AT ‘E\? g
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Bulk of
Medium

Mode Medium

1. Conduction | Required | Not transferred

2. Convection | Required | Transferred

3. Radiation | Not

required

Conduction
FOURIER’'S LAW

- m(dT) K = Thermal

dx / Conductivity of the
substance (property

doQ of substance)
(E) is the amount of heat flow per

unit time through a given cross—section
area A. It is known as 'Heat Current’.

(%) is the temperature gradient at the

: dQ
place where ( &

—ve sign indicates that heat flows in the
direction of decreasing temperature.

) is measured.

wSaral
I Heat Transfer |

Heat Flow In A Uniform Rod In

Steady State
HEAT

—— l

€ >

source
100°

Rate of heat flow from each cross-section

of the rod will be same.

)

For a uniform rod,.
K and A are same
for each element

in=Ka (3
- Ax

Variation of Temperature

100°C E 0°C
dT
.. =4 55)
IW"T"' dT
d!( is same
0=C i

JEE | NEET | Class 9,10

(&) -xa(x)

)

K is same & A different.

_ dT
IH= KA E

dT| 1

dx| A

K is same & A different.

" dT
I — KA E

dT| 1

e ':(_
dx A

A is same & A different.
K; > Ky

K, A ]
T, T, 1§ =
L
Thermal L
Resistance
K, A — TZ}
R
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Equivalent Resistance
Series Combination

T, T;“::

wSaral
I Heat Transfer |

Tl

Ty £1 E
Ri=ga 2 ~ka,
REq =R; + Ry

Parallel Combination

T,
1 B 1 N 1
Req Rl RE
Junction Rule
T=1?
Tl_tiT_z
T T By ==
1—1 1~ - o i
R, — R, 14y + 17 0
S T_Tl T_Tzz
Zﬂutgumg—{] R, R, 0
Radiation

Energy as electromagnetic waves.

Radiation by virtue of its temperature is
called

Reflectivity
T, T, T, 1\

| |eP+PP+yP=P
Incident L'\"L (a P)
Radiatiun{}'l ‘)f‘

Absorbed :
'\"5 Radiation (g p)

Transmitted
H‘\l:adiaﬁnn iy P)

Opaque body : y=0

a+p=1
Black body :

Risorpetig Ol - 158

Transmittivity

a+pP+y=1

T~ T, : Rate of emission > Rate of absorbing
= Ty !

Tp<T;: Rate of emission < Rate of absorbing
= T,T

Tp=T.: Rate of emission = Rate of absorbing

Emitted Radiation
Due to its own temperature a body also
emits radiation (caused by thermal
vibrations of atoms, molecules & dipoles)
which is known as Emitted Radiation.

JEE | NEET | Class 9,10

Reflected Radiation

= T}, no change

Incident Transmitted
—_ — J—
| ll
1 Water = Heat
Absorbed | |h L
Reflected [ ] e
— L=
Emitted

Prevost Theory

All bodies absorb as well as emit
radiation at all temperatures.

Rate of emission of radiation depends
on nature & temperature of the surface
of the body. T

Rate of absorbing :
radiation depends on
nature of surface of the
body & temperature of
the surrounding.

T,

Absorptive Power

Absorptive power of a body is defined
as the fraction of incident radiation

absorbed by the surface.
Absorbed radiation Unid

a= 2 nitless
Incident radiation B( )

0<=a=1

ForaBlackbody: a =1

GET IT ON 1
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Emissive Power F — ﬂ

Unit : w,/mz “‘\efg a ra_l

Spectral Emissive Power

A At A I is emissive power per
Amount of radiation energy emitted by a surface per unit wavelength near a
unit time per unit area is called its Emissive Power. I Heat Transfer | given wavelength (A).
Laws of Radiation Net Rate of Heat Loss Through Radiation I=—= 1dA = dE
SETERAN HOLTEMADIN Law Rate of heat emission R, = ﬂﬂD'T# » o
The emissive power from a black body ! 4 ! da A
surface is directly proportional to the L AT Ao Rflr = eAcTy it Emissive power of radiation
fourth power of it’s absolute Temperature Net rate of heat loss : having wavelength from A to A+dA
(iLe.in Kelvin). FocT¢ E=oT? d dE
—Q=Eﬂﬂ'[Tg—T54) . BA I=ﬁ:*~ldl=dE
o = Stefan-Boltzmann constant dt b 1§
= 5.67x10°% Wm*K* Rate of Cooling T — 2
I 4 Y . 5 A A da
P = AcT* P- Power emitted dQ Ao(T* — T4 2
A — Surface Area of the body g¢ chogh — L) ] (] A IdA = emissive power of radiation
T — Temperature in Kelvin =~ 4(Q dT, T, B i, « having wavelength from 4, to 4,
Emissivity (e) el TRy 5'
’ dt dt = issi i
The Emissivity of the surface of a material dT. e SR A= totat erisEive power
is its effectiveness in emitting energy as — il t‘: —ThH ’
dt ms Total area of graph = Total emissive power

thermal radiation. It is the property of

Rate of cooling i.e. Rate = o T* — for a black body

surface of the material. ;
D<e =1 e =1 for a Black body “f e e ) T3 >T, =T Wein’s constant
Mack Body" & eneval Newton's Law of Cooling A
E—oT*  E=eoT? aQ _ K(T, —T,) = L Oy Am3T3 = Am;T; = Am;Ty =b
P=AcT* P =eAoT? dt N dt e
Kirchhoff’s Law of Thermal dT; k : i . T b = 0.0029 m-K
Radiation Emissivity of a body is equal "4¢ = ;15 (Tp — Ts) b Ty 2 for & Black badv
T to the Absorptivity of the e A -
e—a 1 A, T = constant

body at a given temperature. Al
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Maxwell Distribution Function \\e/S a ra I Degree of Freedom (f)

dN dN ':u'e numlfer of molecules It refers to the minimum Ye—sr——— -
= having velocity from v to v+dv. numbers of independent v " g .
Law of Equipartition of Energy means by which a molecule { —OTOZOMIC
can possess energy. Diatomic and other 5
Each degree of freedom contributes U |Gas C linear molecules
> 1 l—) niversal Gas Constant mT
’ EkT I v " S Non-linear 6
onoatomic Gas : :
A Speed of energy per molecule. k= N_A 1 1 1 [ Diatomic Gas
Average Spee ) / = —mv2 + —mv2 + —mv2 DOF= 3 + 2 =5
k is Boltzmann constant L5 Avogadro number KKE 7 My +5mvy +5mv; | |
_ 8RT T = Temperature of gas DOF (f) = 3 x  Translational  Rotational
N | k=1.38x10"23 J/K Boltzmann constant ’ ;
f - -
’]’ Internal energy of ‘n’ moles of gas U= —nRT Truatonlnc a8
average speed 2 3 2
Vavg = (lvq] + Vg + =) Translational kinetic energy of ‘n’ moles = EnRT = EPV Linear (eg. CO,) Non-linea; (eg. SOy
s ti 1 1
Average velocity =0 Dalton’s Lagy of\Gstial Preggng Kinetic Theo"V of Gases DOF = 3 + 2 =5 DOF = 3 + 3 =6
The total pressure of the Translational  Rotational Translational Rotational
Root Mean Square Speed mixture of ideal gases is the vV o(% VT Van - ]
3P 3RT sum of the partial pressures. Equivalent DOF (feq)
Vims — = |— (Boyle's law)  (Charles's law) (Avogadro's law)
p M . n, fiRT+n,f,RT=(n; + n,) fuRT
| [ Ideal Gas Equation . .
Root mean Molecular mass _ e Dyt +mah;
Square speed P —_ Pl + Pz + [ v x n_P'r V = nl;T PV — nRT eq nl + nz
Vi tvit... W 25 ] Mean Free Path
Vims = i i = 8. o — e
\/ N R is universal gas constant = 8.314 3 Mol-K The average distance between two successive
Most Probable Speed collisions is called mean free path.
dN Graham’s Law of Diffusion 1
2RT dv , 1 mean free path ‘I’ = =7
Vinp = - av , Rate of diffusion oc TMolocalar ° : P ﬁ I'lT[d
‘: V,_o ectarTass ~ T no of mol/vol (—I ;) diameter of molecule
! r, _ VM,
most probable speed p . VM,




f . 2 iy = i P L
oag T ERe H @odldl & & =RMayorsequaton £ = Adiabatic constant
= AT It depends on process First Law of thermodynamics i ule palyey & =i
Thermodynamic Processes AQ=AU+W — - - -
Based on Conservation of Energy Atomicity of gas Fl G Ce L
1. Isochoric Process — Monoatomic 3 gk gn §= 1.67
V=_Constant AQ=n C; AT Bulk modulus BEHoE +ve ve D — 5 7 7
W e c, i 5 is not defined | AQ | Heatsuppliedto | Ifheatis Heatis bR = |5 e R |g= 140
P Bas T 2 P“ gas suppliedtu takenfrom Polyatomic or Triatomic Non-linear| & EFI'. = 3R ER = 4R i = 1.33
gas g9 P lil2 : R 3
- i ¥
AU ChangeinU IfU IfU f= y—1 Cy = 7 Cp= I
increases | decreases | 4 Agiabatic Process
= >V Y
7 v W | Workdoneby gas Ifv IfV dQ=0=>AQ=0 PV =Constant B=yP C=0
2. Isobaric Process Increases decreases W = —AU
P=constant AQ=nC, AT Bulkmodulus f nRAT P;V;— PV,
f B=0 1 W_.=—-nRAT = = e
W,.—nRAT C,= R+R Thermodynamics gs — 0 =y 1—y
P T Work doRPTT Chis Two adiabatic curves fora particular gas
L : P do not intersect. (LJ
$ pe PocV™' p, Poc Thy-1
W,os= f Pdv /\
gas ;
v v 6\5_'"‘"‘“--——*_ \
3. Isothermal Process : 1
A canstan C of this process is dx v Y2 g -
Vi it deﬁml: ; Internal Energy £ 5. Polytropic Process
Wos=nRTfn| — Itis sumofmolecularkineticand  U=—nRT X _akal
V. : i e 2 . PV® = Constant W,,, = § e
Biillé iiicdialins potential energies in the reference =N ) —
o ki relativetowhich COM(Centreof AU =VUe-Ui=gneRAL- = o«
: P Mass) of the systemis at rest f opeo .V x
Twoisothermsfora = (PeVe — P3V;) 1 1
5 e ) _
gas do not intersect. . - (},_ 1 x-— 1)
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Carnot cycle g s W \ Refrigerator
T iy = e ¥Saral i

Pa Qin Heat Pum
g P Hot Cold
1Qia| — [Qoutl Reverse Carnot i g e s
B |Qinl g Hot Cold Qo ‘Qn_n
Qo] reservoir reservoir
—_ out Qin .
X | Qi '_n Coefficient of performance (a) = %
TL =T,
= n=1- y - Coefficient of performance () » |Qin |
W AU 30 Coefficient of performance () _ Qout 1Qout| — Qinl
w
vB VB o= |QII1| : TI..
AB | nRTy#n (V_A) 0 nRTyfn (’{.r;) |Qout| = 1Qinl Ta—To Entropy
BC nR(T, — Ty) - nR(T, — Ty) 0 Related to disorder in system.
1 T 1 T, ¥
. Y Thermodynamics as - 4@
CD | nRT.#n (E) 0 T Foradiabatic processAS =0
Ve Second Law of Thermodynamics dQ
AS=[dS=] —
pa |PR(Ty —To) | nR(Ty —Ty) 0 No process is possible whose sole j J T
1-vy =% resultis the absorption ofheat
_ from a reservoirand the complete W
Heat Engine conversion of heatto work.
b4 Wt |Qout] HOt reservoir Cold reservoir
Hot reservoir Eﬂicierqz —F
- Qin |Qin|
! T
W= [Qul ~ [Quul i LI
o Q i - Efficiency of Cyclic process must
i Whet |Qout| | 1 <out | | belessthan1
Efficiency= —— =1-— - i .
Qi |Qua Ve Vo VY
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1 i wSara T o [
SR B v >y B CD al (2) Oscillatory ~ a= — o =
1-':[-:+11=£-:=Eln¢1L2 = . (3) |IF|ec|x| x = Asin (ot +¢)

" K E : y ()] 21
kAzmsz(mt +é) 5 Veloaty YS]SdI;I: = Asin(ot+d)
— — = Aaecos(mt+
Spmng e e { Simple Pendulum MT: i
v = @/ (A% — x?%)
i ZH.E axvelocity v, _.—®A atx—(0 (MeanPosition)
ke 4k point Minvelocity v,;;=0 3tx— +A (Extreme Position)
T = 21_[ 1 TKz TR 2“ mass 5 o
k ke Ellipse
Inaspringblock ~ T=2mw ’E X SIMPLE HARMONIC MOTION [ Graphb/w v &%’ P R
system, if an additional i e, S - < > — 4 ———=1
s PR - 1 omposition of TwoSHM’s of same @ % X A2 (wA)2
line of SHM) is app.lieci =2n T, alongmuun]lyperpemhcmarom' Acceleration Analysis
on'lfheblock.thmhm& . - 35]11((!1)4-43]11 (Dt-l-n) |
period remains same. C{.;}M 5 4 a=-oXx i A
Two Blocks SHM | x = 5 sin (et +53%) 2853 . o % S S 535[
_mymy W o . . A 2 i N i e e R N I
L my+m, : Xi~ Ay vin(et)i Y= Armnend ¢?] Pus#:i’nn &mplium Slope =—a?
Reduced Mass : When¢ =0 | Whend =T | yp o o — T | When b0, L. eq™ position
i mymy Jﬁ Z £ Physical Pendulum
Lo k{’lni-l-’lng]_zﬂ E F:ﬂx F:—ﬂx X_Z-I_}F_z:
Torsional Pendulum A1 A1 Al A T=2n L C
Toc-0 . = - - mgd
MR T = — (O (C= Torsional constant) /";““-\ ---------- > < I : MOI of system about hinge.
» Ay I % » ¥ Ay % /} ' = m: HHSS ﬂfmm
T _ & d : distance between COMandhinge.

GET IT ON
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DampedSHM < ——— Forced Oscillations and Resonance
XA Fdriving = F{} Sin(mdt)
TR ma = —kx — bv + F, sin(w4t)
t X =Asin(wgt+ ¢)
Fyr00 = —bV
. d_ e i SIMPLE HARMONIC | A — Fo/m
- v MOTION I i
(w? — w3)" + (bwg /m)

x = Ae PV2M gin(w't + ¢)

If small damping, (b very small)

k b2
©'= m” 2m? A=
\ (0% — ‘ﬂdz)
E = %kAze—bt/m Wgq = W = RESONANCE

GET IT ON |
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Power Transmission in Travelling
Wave on String

dy\ /0y

P

ot/ \ox

Property of Source

1 =
<P>=_.Tn A% w?

Property of medium
General Equation of Standing Wave
y = 2A sin(kx + ¢,) sin(ot + ¢,)
Amplitude of component wave = A
Coefficient of x =Kk S
Wavelength of component waves = —

-T (—) (—) valid for all waves on string

wSaral

Wave Function y=f(x,t) Velocity of wave
t Coefficient of t

Yw =~ Coefficient of x
y = Asin(kx — ot ) y = Asin(kx + ot )
.. Y. o) W
TUTR R TWReg g

Wave travelling in + dir.  Wave travelling in — dir.

A

A

Sinusoidal Wave Equation

y = Asin(ot — kx + ¢)

" 2 2Zm
Kk »
Velocity & Acceleration of Particle

-

Wave on String

!

A

Angular wave number,k =

A T 3
Loop length = — = T WAVES y Az _ oz Y=Asin(ot-kx)
k Vp=7"— =/ A* — -
2 7 % o CR— y > Displacement
Velocity of Wave on String Mechanical Waves Non-Mechanical Waves & Ovp_ s
p= —=
Tension T - Medium is required Medium is not required ot
E11510T11 Waves on String, i
E Vw = E Found Wave g ki Relation Between Particle Velocity &

p = mass per unit length

Wave Velocity

v W d
Transverse Wave Longitudinal Wave Vp = —V, (a—y) - Slnpe of the
Constituents of the medium Constituents of the » string at point x.
p oscillates perpendicular to the medium oscillates
Stress direction of wave propagation. along the direction of
Vw = Waves on String wave propagation.
P Sound Wave

‘ GET IT ON
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Interference of Waves

AAZAVAVAY

Constructive

Destructive
Interference Interference
Standing Waves y

Yres = 2A sin(kx) cos(ot) |

Forx=x, Equation of \

ni
54 Fundamental (1} ? =f
T 2F Frequency
nv
= f=2 274 Harmonic (2) f= ﬂ
Tap 1% Overtone
n [T
3"‘] Harm,&nic (3} f —t 2_{, o
g0d (yertone p
h S Harmomns: 2 F=nly

Moti (n—1)* Overtone
otion
s : . For fundamental frequency, n =1
Jis Sl (Ky) icos(at) . Wave on String
| Yres = 2A sin(kx) cos(ot) String Fixed at One End & Free at Other
, A a A v Fundamental
y = A'cos(ot) Vp = a_f = oAZ — y2 l 2=¢ =23 F‘::qkfe“];:;‘
SHM o a_zy _ _mzy Energy in Standing Wa\fe g/\", n . 3v 3:-: Harmonic
P 32 For Node For Anitnode R 4 ae 1% Overtone
For Nodes - Amplitude = () KE=0 PE=0 52 By 5'h Harmonic
sin(kx + ¢,) =0 3_3"=0 ﬂ=n e ey 20 Overtone
Jt ox ;
kx + ¢, =nm 2n +1)H
g Prrode =0 Pici="0 (2n + DA (2n + 1) (t:‘ sz
For Antinodes - Amplitude = max — =—2p 0" Overtone

sin(kx + ¢,) =+1

(kx+¢,) = (n + %)Tl

conserved.

Power transmission through node & antinode is zero.
So, energy of one loop (even half loop) remains

GET IT ON
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Variation of Excess Pressure in Gas Due
to Propagation of Longitudinal Wave

_Bﬂs
.= ox

XCcess pressure

s = §psin(ot — kx)
p = pp cos(mt — kx)
|Pol = |Bks|
Amplitude of excess
pressure

in Sound Waves

5 _ ds)\ [/0s
ower = o | Fres

1 2 2
<] >=_./Bpsgo
2@9_7

Characteristics of Sound

medium source

Pitch( Dominant Frequency)

Power Transmission

Property of Property of

Sinusoidal Wave
Equation

Low Frequency High Erequency Sound Waves

LO$ Pitch High Pitch
Variation of Intensity

Quality :
Point source
Bad quality Good quality (smooth curve) I, = P

Loud a ) 41r?
udness (Intensity oc—
o ’ +
Sound level (SL)=10 log,, (—) Line source
lo Power per unit length = P i

measured in decibel (dB) Y, =

_(, Watt [=>—0 e A0

].u =10 2mr r

v l
Minimum audible
intensity

Y
Velocity of sound wave in a thin solid rod = J;

Equation of Sound Wave

=§, sin (+ ot + kx +¢)

displacement of particle
present. at x in x direction

Max Compressive Stress \ax Tensile Stress

Max. Density, Pressure
Compression

Min. Density, Pressure
Rarefaction

AA

s = §p sin (ot — kx +¢)

Coefficientoft

W

Vy = =T

W~ Coefficientofx Kk
ds 8
T= -"w(a) [
v ™ Bl "Rl X
Velocity of particle
elocity of Sound Wave in Gas

YP yRT(T is in Kelvin)
Vw= [— V=
P M,
On T Pif T is constant v,, will not change
At same T if humidity 1, v,, increases (-.- Ml)

GET IT ON
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Resonance Tube Method to Calculate S I Standing Wave Inside an Organ Pipe Closed at One End
Speeg"ﬂf Sound in Air ‘“e a ra

;t(\ : //'/—' . A IV Fundamental
J E‘l

y —=ff=
v=1fA i - - SRV 4 1€ frequency

Displacement Displacement
Node Antinode
v=2f(f; — 1) Closed(f $$335 5 Open <3 _p g3 3 Harmonic
e=0.3d end . E E H EE E E s end 4 4£ 1% gvertone
Pressure Pressure
].it resonance 2nd resunancedlﬂmetel' of tube Beat Antinode Ny E= e f= Y 5 Harmonic
Wavefront < frequency = Af 4 4 4¢ 204 gvertone
Point source Cylindrical wavefronts =f, —f, Gt e A2D0F 1)‘? (2n+1)®Harmonic
Line source  Spherical wavefronts & 4 A¢ n*t overtone
- tanding Wave Inside an O Pi n at Both End
Planar wavefronts S dW A ; SR o Ope
oun aves ..g__‘;f:_,_,--..._h:‘:‘;;...; ;:f f,,;:—; Fundamental
; " — - frequency
Change in wavelength due to - M : Displacement Dlsp‘nlan::ment : .
motion of a sound source A7 = s M5 onstructive Interference An‘tll:uff e J:.MII'ID e W= 7 i - E:f r=2—v f-r ::E:m
f (Pres,)max = P10 * P20 Openi :333i3ii: Open e’ 2 26

Change in frequency observed due to
motion of both source & observer

[Iresjmax = (\:’E"' \/E)z

34 Harmonic

Mode and gyertone
S v, v O (w+vn) Ax=0,A .2\, 3A.=nk
Viw — Vg
If wind is blowing,

m a 2 (n —1)= overtone
take its effect also Standing Wave in Solids
ST A 1 Y
Interierem;fiz I:)(f kiﬂ}]{}){b‘ﬁ’aves F{:“S.F lllﬂl‘ir e Destiictive Node ¢ o= p f= 5 |5
P1 = P1,% " i Interference AN c AN
Pz = pz,sin(kx — ot + ¢) M . fundamental mode
Bv S et b Destructive Interference _
uperposition Principle g
y ZP_TPZ 2 P P [presﬂ,)mm |Piu G qu| AN AN 3_}":£ f :i E
(Presy)? = P1, + P2, + 2 P1,P2,COSP L ; clamp > 22 |p
Les =13 + 12 + 2,/1;\/I;cosd (I« p3) Ax =0.53,1.560,2.560..=(n+5 )& 15t overtone3td harmonic
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Force By Liquid Force Applied by Liquid one

i \ \\/, .. The value of this force acting on unit area at any
Reading =mg= pagh V“‘"E“al Surface \ ""e a ra i point is called Pressure at that point.

‘ | dF , 1 bar = 10° Pa
) he | Pressure = —L—> Scalar Quantity
\ o T 1 atm = 101325 Pa ~ 10°Pa
) \ ;'! SI unitis N/m? = Pascal (Pa) P
Buoyant Force < 4 [ I~ =+ Ideal fluid cannot sustain shear stress
Buoyant force is equal to weight of the fluid displaced. [ /
H Buoyant force depends on g ‘:. | = g g ”
Buoyant force acts opposite to g.q .:'-, ;" 5.-‘ T tan@ = E
BF = p;ghA '-.ﬂ_k //
Archimedes Principle Loss of weight of a body submerged \ // ~ Variatjon of Pressure with Depth A
(partially or completely) in a fluid is equal \ Vv _- o :
to the weight of the fluid displaced. \ | el b i8 ' : P,= P, + paf
Weight of fluid displaced = p, Vs g = BF Eluid Meckin o 2= P+ peghy
If py, < py - then body will float = &
Statics & Dynamics [« U-shaped tube
If py, = p; - body will just float with fully submerggf._l;__ £ = e pe

If p, > p, > then body will sink " ' i

Law of Floatation Lo aanslill BE]’I‘I{}ulli'S Prinl:iplt‘ i
1 |
For Floating: Vs _Pb P+pgh + = pv? = Constant E T e —
vb p! B 1 ]
ased on law of
Fraction of vol. = ratio of density of conservation of energy ', 4 P+ pighy+ paghy— Po+ pighy+ paghy— paaly—
submerged body and fluid v N\ P3ghs— paghy= Py psal;— paghs— paghs= Py
Conditions of Ideal Fluid Flow ‘ I-qul:atiﬂn‘[‘:”L of CunEnuily A N Barometer vacuum
1V1= fgVs A N
2 Mercury (Hg)
Fluid is Incompressible ’X
and Non- Viscous). Volume flow rate. Mass flow rate e
Volume flowing through | Mass flowing through AU S SN T L Pascal’s Law
. ; per unit time. per unit time. Whenever external pressure is given at
Flow is Irrotational & av dn v = /2gh any part of fluid it is transmitted
Steady = Av F i pAv

undiminished and equally in all direction
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Stokes’Law J‘(gfga ra_l
_ f

= 6MNrv

s 1S opp.- tov

Viscosity exists when there is

relative motion between layers
of the liqund.

b K“\_‘; Hﬁ_"""\-\-\_\_\_ /
B = P F . Pu< P ~— /
b - vis Viscosity
- m{ g “ | | Reynolds Number (R,)
F..ymg _pvd
N 2 (Ppr=Po) g 2 (Ps=Pp)rig - L
3 VT S
9 n 9 n
|Ihh""\-\.\,H
f e If R, <1000 Flow is steady F=nA (f) —> Velocity gradient
.'II HHHH‘H
/ ~ is unsta l
‘:h a BEEOR0 = .2000 Flow:s e Coefficient of viscosity
IfR_ > 2000 Flowis turbulent SI unit of nis Poiseuille (P])
. CGS unit is Poise
Largest velocity till which flow 1s steady 1 Poise= 0.1 Poiseuille
>t > 1s called Critical Velocity.
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Surface tension

\./ Contact Angle (0¢)
Surface hefsa ra I c

Force between different Glass Vessel — Water SilverVessel — Water GlassVessel — Mercury
types of moleculesis : 0. < 90° . B.= 90° . 6c>90
calledAdhes:m Fm'ce. } || a
Usurface > Umsule . .
Force between same
types of moleculesis
- called Cohesive Force. : Fa F,
Force F Surf Tensi
Surface Tension (S) = — urtace Tension
Length L xl/
Surface Energy Rise of Liquid in Capillary Tube
‘ h
g 2:8 28 Excess Pressure
h= = cos6.
pgR pgr
28
Inside a Drop in Air R
Cutting of Capillary Tube -
48
Surface  Surface Surface Thin Soap Bubble in Air . ==
Energy = Tension X Area ' =
28 28 o
= = = cos
U=Sx ({d)x2 2 oR por

Air Bubble in Water
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1. Electric charge properties:

* Similarcharges repel each other and
Opposite charges attract each other

* Charge addslike real numbers i8. EF1 diie 1o thin spherical shell
* Charges of isolated system remains conserved R E—0 R . kQ

Chargemquanhaec!' _ " r2
* Lharge1s mmvanant irom irame ot retference

4in E“ ]"2 ' 3 Eﬂ 3Eu l"‘2
2 A
€o— 8.85 X 10-12 C 20. EFI due to infinite line charge E = =
N — m?
21.EF] due to oo long uniformly charged oylindrical shell
3. Coulomb’s Law in Vector form : oR
r= iy E ={r‘ T }P; E = —
F 1 aqiqz Tte
= I .
T 4me rh 2 Electrostatics
4. Electric Field due to point charge
22.EFI due to oo long uniformly charged solid cylinder
L0 - o
g (N3 Y omn-
E B r'z riR E = T F}R E = P wna
L4 A% e En
" Fnrpcuiﬁmnhxrgaﬁﬂmisradiﬂ]ly ﬂ'u.'t"ﬂ.l'lh. 12 FETY Ana tn foa landa mnifarmbe: shavoaod choaot
. Forn I- c‘l &Hism I- ]] inw ] : i ALA B WFLAL AW ' IUHE IJL.IIIUI.I.I.II‘T 'Ll.lﬂ.l.slu [ b 1 L

: o
5. EF1 due to system of point charges E=—
2¢,
E . =F.+F, +E-
et R VLTS
6. EF1 on perpendicuiar bisector 13, Electric field lines due 13. Eleciric field lines due to On
of line joining two point charges to two positive charges positive and one negative charge
II lI,I' f
k2gx *:‘l\\h.lil.rf:f I}__-:_;f_.._\ s
g —— TR Y, =
F Ny BTN, % _-’:\t"ﬂ-\_._.__,_,—'-‘?ﬁ"‘\
R-)z2 Fis

7. EF1on the axis of uniformly charged ring
nq x
L, .3
(x2 + R%)Z
. EF1 due to uniformly charged thin straight wire
A

E=

r“"'

Ei— - (sinB,; + sinB,)

ki
E,= s (cosB, — cosB,)

n rr
Fa L

slenn b snss vl abs e e .u.n.
WD W UL ARy Linal g ¥

iifinite long wire

L, &
-

-3

E, =—(sind, +sin®,) E =~ (cosd, — cosh,)

10. EFI due to uniformly charged semi infinite long wire
_ kA . ki _
E, = —rw[suﬂ-ll1 +sinB,) E; = T{cusﬂl — cosb,)

11. EFI due to uniformly charged arc at centre of curvature

17. Gausszl:,ﬂw E_ o [1-cos8]
$E dA - 2 Limice €
J Ep
14, Mation f_hgrged F. e E
particle in electric field 1
15.ElectricFlux ¢ =F-4 b=EAcos@

16. Net flux linked with closed Surface is-

[
= ?al':‘udﬂ[




1. Potentialenergy of a system

3 _ kquq,
of two point charges U=

r

2. Workdone by electrostatic force
k k
W =—AU W= 192  Kq;q:
I Iy

Work done by electrostatic force in a closed loop =10

3. Workenergy theorem W__, = KE;—KE,

4. Interaction potential energy and self potential energy

-----------

¥Saral

14 Electric potential energy of electric diapole of
Electric field.

U, k! QIQE:}_H‘[: Do k4290 3
O Nuy B
Self PE | interaction Pe | | Electric Potential
g v Uint
5. Electric potential from EFI V; — V, = — f E.dr N do
dv r; Due to point charge v, = E
6. EFIfromEP E.=—— r
dr
7. Electric potential due to Due to system of charges v kQ, i kQ- i kQ3
A fom ma md

a. Uniformly charged thin spherical shell

kQ kQ

<R Vop=—, T>R y,=—

r ° R O r
b. Uniformly charged solid sphere

r<R V, —Z-(3R? —r?)

pR? k
r>R V. =TQ.

Atthe center ofuniformly | . _ kQ

chargedring R
At the center of thin Vo — kQ
charged spherical shell 7 R
On the axis of uniformly kQ
charged rin Ki=

E E xz 4+ Rz
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8. Equipotential Surface-same potential

at each and every point

* Electric field is perpendicular to the
Equipotential surface.

* Networkdone by electrostatic force on
moving a charged particle in a path having
starting and end point on same ESis
always zero.

9. Electric Dipole moment P = Pl = qd

10. EFI at general point

12. Torque of uniform E triesto align p’
in directionof E #hropgk Emaller angle.

13. Torque of uniform E_trjesto align p’
in directionof E’ thapagh spailler angle.
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1. Induced chargesin case of Qine - -}(‘?jsa ra I ~—= 3. FaradayCage
concentric spherical cylinder €, A = 4 Electrostatic shielding, faraday cage is an

LS // enclosure to block electromagnetic fields
- / 6. Parallel conducting plate
: , ;¥ - If a conductor is connected with . y
2. Electric potential due to N . . P Q, 0, On facing surfaces,
Gl aitn s ot < \ earth through a conducting wire
P \ % (earthing), potential of the

kQ T, M

Vip=— = S — \ conductor becomes zero
R N\
S, \\\
kQ 3
1wt:mtsiiiu: = T 1 \\\ //

 equal and opposite
charges appear.
On outer most
_ 2Q
A B

surfaces, T' charge appear.

H_hh_h"‘—-______\_

3. EFI on the surface of the conductor Electric conduaors EHEHH o
o W = 7. Electrostatic pressure P=——
S Having unlimited supply of free \H 2 €
€o charge is called Conductor L™

* ElectricField is O inside a conductor in 8. Energy Density = 1 €y E?
electrostatic steady state. 2
4. Conductors with cavities * Charge density inside a conductoris zero. *
No charge inside cavity = Comductorisansqulpotamial body Electric Field Intensity

1) EFlinside the cavity is zero. 9, Effect of medium on net electrostatic force
2) There will be no induced charges on
surface of cavity. F - 1 5 q19:z
3)  Potential inside the cavity is same as qQ; = qy wo4me’ r?
potential of the conductor. e st

Permittivity of Medium

=
=— =£.,
€o 4
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JEE | NEET | Class 9,10 | P Google Play




Kirchhoff ’s Current Law (KCL)

Stead}r Current ﬁ I is same through all

At Junction } Current Entering =0 ' A % cross sections
Current Entering = Current Leaving Amount of Current ] i

Current density =

Kirchhoff 's Voltage Law (KVL)
I_ 1 The algebraic sum of changesin potential
| “: around any closed loop is zero.

Mesh Analysis 1. Assume current using KCL

2. Inloops apply KVL
Nodal Analysis 1. Assume potentialin a circuit (atj i

: =j=—
Cross sectional area (L to current) J A,

) R eE
Drift velocity Vg =— (E) T where1isavg time between collisions

: 3 . - _ m, n.T,andp are
OHM slawﬂﬂmrmm;im} E = p j where p = St Soai bl sl

. 1T .
and try to assign minimum variables. Conductivity = Resistivity % :E J=oE
2. Apply KCL at junction. Resistivity (or Specific mg e 1+ AT
G : . p= Py —pe(l+ paT)
Parallel Combination (V is same),R— - R——|— = ol Resistance) of a material ne2
e 1 2

€ Temperature coefficient of resistivity

Series Combination (i is same), R.; = Ry + R + - —» Resistance of the body p{’ { = Length of wirealongi

oL —— Brid R= " A=Crosssectionareal toi
St Ity Electric Current l/ \ p = Resistivity of the material
l 15 a property of material Ris
'ﬁ' ST unit-Ampere (A) | Rateof flowofc a property of body.
Internal Resistance and Coulo - 1
Terminal Voltage of a Battery —> Second | - ] A A | Conductance =—— Unitis mho (0Y)
V4—iR+E=Vpg Instandﬁnmm ve:agﬂqe Resistance
Real Batte = D d rof R T t T
- “Series Combination of Batterics : T Y R Eml?e,}a e £T)
A‘—'—'NM—II—'—'B E By s t " y ke R,=R;(14+ a (T, —T,)) ois Temperature
eq— £1 T E2 By convention, direction of flow of positive o —————  coefFicient of Resistance
']'nt;;.;'a'l'hemtame Parallel Combination of Batteries chargeistaken as direction of flow of current. G SRR iy
Eeq Ei  E; A — : = Yellow \Brown_Gold
— + _!_ i L i & i o \
Rq Ry R e oo | |i=neAvy CurrentResistance [N - ))J —
Power Delivered Through a Denvic]f P=Vi . OHM's law(M )V =i B I;I|I|I-
Power Delivered by Battery i alrgmg Chargﬁng g : ] 5 10" E
=3 - - il —_ _Ei f Potential difference Vil 1.!.._ . Il )
=Ei I!J L gk Vv hite b :;Ir-I _ Ideal battery
Maximum Power Power consumed by load resistance will 0 - R
Transmission Theorem be maximum whenits valueisequalto : = . W *
internal resistance of battery = ) e el : Vit s
\Z Heatlossbyresistorintime t'= iRt = ——  Rpecostatis Variable Resistance
Power Consumed by a Resistor P, =Vi=i?R = R R

GET IT ON
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Capacity of a Capacitor depends on A /S I Dielectric
1} ShﬂPE and size of the Plﬂt&ﬁ m e —— a ra_ r'f_ > Pﬂlﬁg_ H,(1) Nnu-P‘ulIar{l".;:. Graphite) =

2} DiStﬂ]lEEbEtWEEII]]lﬂtEE \\\ I_:’r have dipoles evenin ubs:‘:lwnfirxu!rmﬂ? do not have dipoles in absenceof external
3) Medium between the plates \\ ;,-"
; E Bopnd ch
Parallel Plate Capacitor C = ?ﬂ . \,\ I,-"r &2 . ?{EESE_ ; Epei — Ep — Eiit
™ SO A il i Eu & =
g g E, =_l- i G _ U [Kisdielectric constant]
Spherical Capacitor ) ) \ ”\\memd Ehargeis (Indu.-:ed K . 1 ;’j S —— > Epat K | |
C— MEpA ‘Charges) ﬂﬂDlE‘lfCtI‘llZ‘ q= Q K A - 2t 1< K< o
@ = Wy \\ f = Vacuum Conductors
II -r..r ;-(
-\"""-\-\.,_\_\_ \ .II 2 _,r"r {_,-"’z E[I
Cylindrical Capacitor : e \ Heat Loss = 20 ik Dielectric Inside Capacitor E__ = X C=KG(
2 b \ A 2C / . : .
2mepl P L i ;’f Effect on Parameters due to Introduction of Dielectric Slab (Completely Filled)
=— \ e =
b ~—— i 1. Battery is not connected 2. Batteryis connected
111 E — ////_,-__.r/‘_.-' -: __'-I‘. v, 4 - Before | Aficr H:I'E :q‘, + - Before | After
Series Combination (charge is same) = . + ks - — h _:h A= E: T?:" ' ) |7 i . = E:h
. & - W | CAPACITOR DT I, 3 d o | ke
-, Vo Vi /K Ho:;'r:.. .MI'."' [ Eq
: . . . . itw i == Uy | Ug/K L Ly Vi Vi
Parallel Combination (V is same), Coq = Cq + C3 + -+ 7 Cﬂ_l'ﬂﬂt} of a Capacitor, C ok

Mesh Analysis : : .
» Assume charge using Junction Law called capacity (capacitance) of capacitor Charging of Capacitor
= Apply KVL i SI unit of Capacityis Farad q=CE(1— E—tKRE) tass =CE iy =(ERD
PPl _ i s Capacitor E | T
Nodal Analysis A Q — Charge on conductor @ — Charge on positive plate i =ﬁ(e_t"{m}) A '
o t —= o  —

V — Potential of conductor y _y Potential difference between'plates

=  Assume potentialin a circuit.//’
' 1 Faradisa very BlIGunit pF(107°F), nF(107°F), pF(1071%F

* Apply Junction Law o Time Constant (1) 7— RC

After 11 time capacitor gets 63% charged

Work Done By Battery<™ . S TR e Z s Z \
2 Heat Generatedin Circuit H Wy AE By ST R e
A B W:Q‘F AE:l(Ef_ El) i= E/R i=0
. 2 W, = wDrk dﬂ'ﬂe a]l batteries B $ We replace cap E open the Dithﬂl'giﬂg ﬂfcapﬂf“ﬁl'

Energy Stored in a Capacitor = LT L, S Qv 2 Wy by . ) bywineifeap. | BT :Ef:ﬁifm"""” _
) 2 Zc 2 Y. AE= Energy change in all capacitors =gt =1 q T
Electrostatic Force b/w the Plates of a Parallel Plate Capacitor 9 = L |
2 : —O.a-t/RC :

__Q |:|> J:l*‘ In 1t approx capacitor 4 = Qe / N t X

2A € . 63% discharged i=igy,, o V/RC® o
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Biot Savart Law MF Lines due to \!/ ,S I Magnetic Force on a
current carrying \e _a ra Moving Charge Particle
dB = Ho M Moh Ampere’s Circuital Law Fn=q@ X B)
4m rs i Motion of particle in plane L
. e N . —
SI unit of magnetic field g ~_" @1\ A 2
— 15 J ™~ 3 | mv
(B)isTe sla(T) o | F=qvB = —
Torroid ok O "
orroid v . \
Magnetic field intensity due to straight o _ . Radius of circular path
current carrying wire = Po fﬂ df =p, Zi If V' isnot L to B
Hoi " " Helical path
= ——(si i ‘ ti ent . :
““ByB anR (sinB, + sinB,) agnetic 3me Magnetic Effect _my, mvsilg
e H=NiA qB qB
0 —"-
i [ R 4 Torque on a Current of Currents 2mm

-
-

. Carrying Loop
Hol

Pitch of helix T=———

Magnetic field lines qB

1 semi infinite wi =—— T =u xXB . . J :
NIFL dne to seml infinitesyive: B 4nR T=pXB * In case of straight current carrying wire magnetic
Hoi Magnetic Moment due to field lines are circular with their centres on the wire.
MFT due to infinite wire B = — Rotation of Charge  « Tangent to the magnetic field line at a given point
B Q represents the direction of net magnetic field at that
_ Hol(ing, +sing,) L 2m point,
ML d * Magnetic field lines form continuous closed loops.
ue to
: i Cyclotron Hall Effect
Magnetic field Wire — E Deflection Plate AV =V Bd
: ST ] N e LS
Center of the current Bol c'-'burrient r<R B=0 T = qT s
carryng loop 2R ng;'_,uﬁu‘w R _ Kol |
Center of the current Woi @ Crlinder Zmr .0, ) . = qB _f
carrying circular loop 2R 27 cotrme |"2 B = % r T 2mm o8¢
Axis of current L in%0) g eivonlll e el ' Resonance condition
carrying loop 2R = 2nr " oscletor] )

JEE | NEET | Class 9,10

Hold the wire with right
hand with thumb pointing
along current then
direction of curling of

| fingers will give direction of
MFI.

Motion of Charged Particle in

Presence of Both E and B

Lorentz force F = qE + q(¥ x B)

Magnetic Force on a Current
Carrying Wire Kept in Magnetic
Field

dF =idf xB

Magnetic Force Between Two
Current Carrying Wires

E _Ho i1,
£ 2md

Same direction currents attract

each other and opposite direction

currents repel each other.

When wires are perpendicular

to each other.

Uolglz T
= fn—
VAL Iy
Moving Coil Galvanometer
NIAB
T = NIAB 0=——

k
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Magnets
Same poles repel
Opposite poles attract each other

The magnetic field lines of a magnet and
Solenoid form continuous closed loops.

Magnetism and Gauss’s Law

Net magnetic flux through any closed surface

( B- ﬁ) 1s always zero.

A Dipole in Uniform Magnetic Field 1 _ o L
Magnetism and Matter T /mB

Magnetisation D
M — m,. _NetMagnetic Moment
vV Volume -
BU
—>
B,
B=B‘)+lim B=p, (H+ M)
wH WM B=p, (1+ X)H
M= HX B H
Earth’s Magnetic Field
. ”Geugraphic Magnetic
g:ftiel?gléﬂ N; North Pole meridian

\

Geographic
South Pole

S¢

Magnetic Equator
ographic Equator

'mMagnetic
“South Pole

Bg cos 1 = Hg

BE sinl = ZE

JEE | NEET | Class 9,10

\ Electrostatic Analog
B E
Apparent Angle — =
of Dip (0) m P
Ho l
€9
Plane _ — — . . .
T =m XB T =p XE
Angle of di — = -
B 4 Horizontal component U=-m.B U=—-p.E
E , .
1 of Earth’s magnetic field 1—3’ o 2 i B 1 2 ff
B, axial — T 13 axial — Ame, 3
Z —
Verticalc t of Earth’ tic field B o | E 1 P
ertical component of Earth’s magnetic fie - = = - —
g g = 4m 13 =4 4me, 13
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Paramagnetic

Magnetisation of paramagnetic material is
inversely proportional to the absolute

temperature.
Ho
—cXe
X=%7

Curie’s Law-

wSaral

Diamagnetic

Superconductors cooled to very low
temperatures show both perfect
conductivity and perfect diamagnetism. Meissner Effect.

X=-1
e =0

Ferromagnetic

At high enough temperature, a
ferromagnet becomes a paramagnet.
This temperature of transition from
ferromagnetic to paramagnetic is
called Curie Temperature Tg.

M G d Mati Above Curie Temperature in paramagnetic phase,
agnetism an atter
Classification of Magnetic Materials gn X :
T - Tc
| 5 t1 Diamagneti P agneti F magneti
roperties e . " o b e 41 Permanent Magnets  Electromagnets
X —1=<x<0 0<x<k x>>1 High Retentivity Low Retentivity
My 0=p<1 1<p<1+k p>>1 High Coercivity Low Coercivity
K B < Ho H=> Ho H=>> Ho B
Magnetisation Weak Magnetisation in Weak Magnetisation in Strong Magnetisation Retentivity a
opposite direction Same direction in Same direction ANy b
A
Movement in (Weak tendency) From (Weak tendency) From (Strong tendency) From c A H
magnetic field strong to weak magnetic weak to strong magnetic weak to strong magnetic 0 / f
field field field %4
e "‘I
Magnet Weak Repulsion Weak Attraction Strong Attraction d Coercivity
Eg Bi, Au, Pb, Si, H,0, NaCl,N, | Al, Na, Ca, 0,(STP) Fe, Co, Ni,Gd _
(STP) Hysteresis Loss
—— It 1s the energy lost in form of
l\d_agnetlc Field [ E— = ————] heat during a complete cycle of
Lines — — _ magnetization and

demagnetization.
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AVAVAVEAVAVAY

Constructive

Destructive
Interference

Interference

* Two sources are said to be Coherent if they
produce waves having constant (with respect
to time) phase difference.

Incoherent Sources

I
* For Incoherent sources, phase difference :
varies with time. S,
* Two independent ordinary sources (like f Les =11+ 1,
lamps) are incoherent sources. _ 2
Constructive Interference ~ Destructive Interference S
cosp =1 cos¢p = —1 ‘¥
¢ =2nm d=02n+1)mn ‘
A= (A + Ay) Auin= (Ay — A7) WAVE OPTICS
2 2
Inax = (VT1 + V12) Lnin = (V11 — V12) .],
I = 41, (If same source of 10) Imin = 0 (If same source of 10) Shape of Fringes
max 1 S
AX = of A r 2h r 3h.l. = n}“ Ax — O.SK, 1.51’ 2.51““ =|n+ E) ). Il
| =
Fringe Width g’ e =
| T 20 Maxima Variation of Intensity on Screen - .
S, — 2“ Minima — ™27 Maxima :
1ot paxima s, = 27 Minima =
S Cgptral Maxima 1t Maxima Se ——
-% ggﬁ‘: §o———=f== CSPtral Maxima BN .
S, -2“‘i Minima st Minima T
2" Maxima s 1ndMaxlma |
Screen : gnd l;\f[dml.ma -o-o----1
axima
fo=A'_D Angular 9=E:E Sls L~ 1
d Fringewidth D d Iies = 4lgcos” — ConcenteigCircles

Interference of Waves
y; = A; sin(kx — ot)
y. = A, sin(kx — ot + ¢)
By Superposition Principle
Vres = Y1 + Y2

A
(Ares)? = A% + A2 +2A4A, cos

&k212+2\/_\/_003¢

If ll = lz =10 ’then

Ies = 41, cos? (g)

Young’s Double Slit Experiment (YDSE)

Dyl

l‘ES

Screen
d 1s distance between shits S; and S,

D is distance between slit and screen

y 0 | AD | AD | 3AD | 2D
2d d 2d 2d

Max |[Central |15t 1st 2nd 2nd

/Mina [Maxima|Minima [Maxima [Minima [Maxima
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Thin Film Interference
a) Interference in Reflection

1
Axype = (n + E) A, — Cons

1
2ut = (n + E) Air — Const

2ut = nid,;,. — Dest
b) Interference in Transmission

(Ax)opt. =2 I-lt

=

(AX)gpt, = 2%
2ut = n+§ A — Cons ;

2ut = nA — Des 2ut = nA,;. — Des
Diffraction Through Single Slit

a0 =nA Minima

2ut =
2pt = nA,;. — Cons

1
n+ E) A, — Dest

(AX) gy = 2put

20 = (n + l)l Maxima--2
2

R.P of Telescope

Air

1]
Air

-

1
2ut = (n == —) A, — Cons

Resolving Power of Telescope

D = Diameter of Objective Lens.

YDSE with white hight

2|.lt = nA — Des 1%t max. of D
5| red B ——
gt T d

Polarisation

In this case CM shifts but

fringe width remains same.
t
Optical path = pt
Unpolarised Wave | o e g
t
S
s @b 0
WAVE OPTICS = R
; 8 ; Screen
Resolution of Optical Instruments PRt Oifferenitt at O
(Resolved : seen as Ax = (p—1)t
. 3 separated) b= A, D No change
1.222 _
ABin = - Polarisation by Scattering
Just Resolved Unpolarised light
Resolving Power of Microscope y
1 D R.P of Microscope = — m—H-}; :-':
ABpin  1.222 d 1220 1220 oy
2 —_— = m
min-— Jtang  2sinp 2
1.222 &,
min — ZusinB tanB = E =
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Screen d
@Ax) = (u— Dt - (%)
_ Aaer
T d

No change

B

Polarisation by Reflection
tan(ip) = p
Brewster’s Law
ig=tan"!pn
ig +r=90°
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Maxwell’s Equation

Accelerated charge (e.g.a oscillating

PO charge) isa source of EM Waves.
1) %E .dA = — Gauss’sLawfor .
€0 electricity Displacement Current ’r !II !!. A7 )
2) %ﬁ .dA=0 Gauss’s Law for B
magnetism 2
R dd In EM waves both electric and magnetic fields vary with
3) % E.df = ——— Faraday’sLaw Ampere-Maxwell Law time and space. ~ - =
dt Foe E = Bc ExB=1*
) 4;3 af = poi, + o€y — dog Ampere- B.df=po (1. + 1) > E and B are perpendicular to each other and are also
At Moasvall Lk dd perpendicular to direction of propagation of wave.
E : g
30 B.df = Hoi. + Ho€p at / Electromagnetic waves canbe polarized.
B HoEo Ho- P?El:m?;_h_'_hfy 1;?21'&& b (:Fﬂ(‘l]l]]]]] Energy is equally divided in electric and magnetic field
& - Permittivity of free space (vacuum) | p) EcTROMAGNETIC WAVES 1 B2
== 1 |L- Permeability of medium Energy Density = EI]Erms %
- E LT s g 2 o
JILE £- Permittivity of medium \ 5
' - rims
Type Wavelength Range Uses Total Energy Density = EoEfys = m
0
Radio Waves =0.1m Radio and television communication
Microwave 0.1 m to 1 mm Microwave Oven, Radar System Vi.sible =pectiuy
Infrared 1mm to 700nm Remote Switches and Household electronic
devices Low Frequency High Frequency
Visible Rays 700 nm to 400nm To see objects 10 ‘10° 10° ;]‘6 10° 10010 10'° 10% 102 104
Long Radio ork Gamma
Ultraviolet 400 nm to 1nm Eye surgery, Water purifier Waves Radio |Micro Infrarediyy/|y Ra’f!i Rays
- lwaves (Waves| S
X-rays 1nm to 1073 nm Medical diagnosis 107 10° 10¢ 10 10° 10-210-410-610-%10-1%0-1210-1410-16
: 8
Gamma rays <1073 nm Medical treatment(to destroy cancer cells) Long Wavelength Short Wavelength
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Rutherford's Gold Foil Experiment 1leV=1.6x1017J \ _-,S I
codld

1. Most of the a-particles (nearly 99.9%)

Radius of Bohr orbit:

n2h? n? .

went st.raight without suffering any Bohr's Postulate r= e ST r, = 0.529 7 A
deflection. .
i P Bohr Radius ‘a0’ = 0.529 A
2. A few of them got deflected. Electrons can revolve only in k(Ze) e mv?
those orbits whose angular 5 - . PE
Value of charge on electron=1.602x 10 C  momentum Spl:wr) is integral % r Encrgy Ot Bloctrows. E—— KE= -
; nh
The distance of closest 2KZe? multiple of — mvr = — Z2
s e T'= 2n 2m E = Rhe —
approach for a-particle is KE. n

Energy During Transitions o

_\_\_\_\_\_‘_‘_‘_\_\_‘_‘—i—-_

—

AE = Eﬁnal state Eiu.itial state -

1 1 _
AE=13.6 L—IZ —n—%] Z2 (ineV)

n =4, 3" excited state

9 —0.85 eV
E=-13.6 X— eV n = 3, 2™ excited state
n —-1.51 eV
n =2, 1*" excited state
EZ R 1 _i 72 —3.4eV
A n? n%
_13.6evV_ 1" 1, ground state
Energy
Levels

For n't Shell
2tr=nA

| Atomic Structure

l -

Hydrogen Line Spectrum

) Q

L 1 Far I.R. region

f Humphery series

O

l [-]:* reglon 0.31 eV
4 Plund series

LR. region .66 ¢V
Ll Brackett series

Infra Red region

or B
WO W W Y Paschen series

h 4

Visible region

WO WY

or
Balmer series
F ¥

Ultra violet region

or
Lyman series

JEE | NEET | Class 9,10

Ris ‘Rydberg Constant’ ~1.1x 107 m!

EZ
E=-21.8x10" x ]
n

2nKZe?

Velocity of electron: v =
nh

A
v=2.2x%x10% = ms

mn
Lyman Balmer Paschen Brackett Pfund
series series  serics  series  series

Total no. of emission lines between n, &
n; (n, = n;) are

(nz —mg +1) (nz —ny)
2
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De-Broglie wavelength \ M/ S I E
~ Momentum of photon P=—- =—
X ) ¢oaral » 5
A= P " VZmKE Particle of light is called as he 1242 Planck's constant ‘h’ = 6.626 X 10-3]s
T 'photon’. It is packetof E o =hv = A (in nm) Ine 19
For electron energy. 1leV=1.6X10""]
2= 150 A T Threshold wavelength Threshold frequency
v Ma_ﬂ“"f[!l wavelengih f'_”' Minimum frequency for which
Wwhich e~ just comes out is electron just comes out is called
called threshold wavelength (thl -eshold frequency (Vo).
Graph between V,, and n Photon Ag)- _
1 h Photoelectric effect hvo=¢
Vopgp 1< =hv-¢ . e = ¢ will take place for Photoelectric effect takesplace
Photoelectric Effect 0o S for v vo.
L [ ]v_lib 7 =& ., KE__ = hv-¢d=hv-hy,
O0<KE<hv-¢  KE_.=hc|-——— KE__.=h(v-vy)
Einstein’s A Ay
5 > slope = E independent of ‘/(L(.E)max — TJ — @ Equation
s ¥
el | metals
€ i, Value between0 to KE . Ejhoton  Work Function— Minimum energy required to exit an electron
from surface of the substance is called
Saturation Currenti, <€—— 1 work function (F) of the substance.

The maximum value of
photoelectric current is calle
saturation current.

d

i
e

KE (V)

Forvz=v,

Same metal, given freq.

b 13}12}11

Stopping Potential V,

The value of V- —V, at which
photo current just stops is called
Stopping Potential (V).

eV_—KE_.

Intensity of light

v(Hertz)

Vsp, Vsp,
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Continuous X-rays

THQlal ... Ak
EJQa W}{
N

X-Rays Spectrum
Continuous X-rays are emitted i i 4
y A A due to high retardation of
2 = %:‘ K Ka electrons coming from cathode e ) o
E E § lﬂ Minimum wavelength below which no X- For Construct_we Interference
= E /‘\ + E rays is emitted is called Cutoff SESNE O
i, 3 wavelength or Threshold wavelength. b =bragg’s angle
'.'."min A A l hc
Continuous X-rays Characteristic X-rays = eV, Moseley's Law
A ip is independent of filament NoRS Vv=a(Z-b)
voltage or filament temperature. r_
\ ‘1'“ SleE =a —Rc (z 1)
X-Rays
y ForK_:b=1
Lr; Shielding Effect
Characteristic X-ray '
IR - Absorption of X-rays
AT These are emitted when i
,4 "‘.‘ electron from cathode, 3 M shell X
M i e B knocks out an inner | MR |
L i e . electron from target b L L 2 L shell
IR §f material and thenit's
N i R o positionis filled by St 1 K shell
g e “'k“\}(‘;{\; higher energy level K. Kz K,
T * electron.
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Radius of a Nucleus

¥Saral

1/3
R =RoAY Q-value
Density of Nucleus (p) = A + B — C + D+ Energy
Mass Mass of 1 Nucleon X A My Mg me  Mp
Volume 4 4 Reactants ——— Products + Q-Value

3TR? = o 7RGA
If BE products > BE reactants then energy will be released
Nuclear Force Theory

Nuclear force is a force which holds the Qvalue = |BE products — BE reactants|

Nucleons together. Q-value= [(m,+ mg) - (m.+ mp)]c?

Q-value = (KE.+ KE,) - (KE, + KEy)

Nuclear Physics

> Z
For atomic number < 20, most stable Nuclei
haven:prationearlyl:1

Representation of atom X*

A = Massnumber z=Atomicnhumber

Atomic mass unit{amu)
Forn/p ratio > 1.52, Nucleus is unstable. 1
1amu (u)= e (Mass of Carbon — 12 atom)

For atomic number > 83, there are no
stable nuclei.

1amu =931.5 MeV

Mass Defect

The difference ({Am) between mass of
constituent nucleons and the nucleus is
called mass defect of nucleus. m, m, \'TJ

m;

JEE | NEET | Class 9,10

m +
mp+nn 3

n)( + Energy

m (BE of nucleus)

BE = (Am)c2

Binding Energy of Nucleus

Binding energy of nucleus is energy released
when constituent nucleon are bought from
infinity to form nucleus.

2p + 2n -—+:He +Energy

Binding energy of nucleus = Amc?
B.E.

No. of nucleons

B.E. per nucleon =

9
| Pl ——
; '?_EI‘?P "“#-‘-#—a._\__ =
e 7 'IJ'
E 18
s
[
a "|
B 3 !
2 / 130 150 13(&5 220
? 0 2040 6080100120 140 160 200 240
m

Mass number

MNuclear binding energy is maximum
for mass number 50-60.

Mass and Energy
Mass m of a particle is equivalent to

energy given by E = mc?.
It is also kown as rest mass energy.

mass defect = Am =(m; + my) -m;
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Law of Radioactivity h'bxs a ra I Nuclear Fission

dN 235y + n> X+ Y + (2 or 3) neut
- spontaneous Decay Ui 5T S ptions
N=Nge™ A A dN, Nuclear Fusion
= . A— 3B A2, E=_(11+12]NA
N C R | Light nuclei fuse (combine)
— N - g togetheri lear fusi
. ° oy ety CTGmmliim
N, = Nje it ke fusion is much more thanin
’ . A N 2 fission per nucleon.
t z £l 2 Np(1 - e~(dith)ty Activity
Number of nuclei decayed=N; —N 11 * lg AN
=N,|:|.(1—E_z"} Koot 5 A= AN
Spontaneous decay of unstable dt T
Half Life (Ty,) Mean or Average Life (T,) TS P SiEmE CUig. Ag
_ In2 e Sum of ages of all nuclei Radioactivity A{:tivity(At)
5T g Number of nuclei
No K-capture >t
N=— 1 y - Decay AX 4+ e B Y4w
2tz Ta=7 AY —— AX +y-—
A - L T Y Tays Q-value = (m, —m,) ¢ — A= t‘:}—t“ A—Age™
2t tas2
- deca B Decay +-
mﬂ”‘F P SI unit is Becquerel (Bq)
m, ¥ my, AX > AY 3 UE +V m m m
- i X ¥ €
AX —— 473Y+ + jHe +y—rays z Z+1 1 . < 1 becquerel (1 Bq)=1 decay/sec
: = _ 2 - 74Y + .5 + v
Q-value = (m, — m, —my) ¢’ Qvalue = (m, —m,) ¢ g -1 +1 Other unit is curie
) 0<KE < Q-val - 2
Q-value = KE of products + Energy of y-rays Sy o REVAINE =,y L) € 1 Ci=3.70 x 10" decays/sec

0 = E; < Q—value
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| s with Conduction Band 1_
Energy levels wit Jé’ S a r a I Conductor Semiconductor Insulator
continuous energy Al AL
variation form 4N . cn CB c8
S " Semiconductor _
; M
Energy gap between Ev
— 3

conduction band and AN = QeV =~ leV 3eV

e ——————————
valence band,

e Extrinsic Semiconductor

E,=E.—-Ey Valence Band 1. n-type semiconductor pn_>> n,
Free Electrons

Intrinsic Semiconductor

In intrinsic semiconductor, the number of
free electrons, n_, is equal to the number
of holes, n,

Ne = Ny, = N; (Intrinsic carrier concentration)

ik

At thermal equilibrium | Generation rate = Recombination rate

n, X m,= n;?

* The deliberate addition of desirable impurity is called Doping.

* Added impurity atoms are called Dopants.
There are two types of dopants used in doping

(a) Pentavalent : Arsenic (As), Antimony (Sb), Phosphorous (P)

(b) Trivalent : Indium (In), Boron (B), Aluminium (Al)

JEE | NEET | Class 9,10

o s ‘0 . Minority
Positive H:.D *® @ B 4-""'/ Hole

Donar o SR

n—type semiconductor

2. p-type semiconductor p, >>n,_
Holes

Negative ~0 ~0 D ~0
Acceptor Ions \ ~ e+«———— Minority e-
O 50 P o

p-type semiconductor
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In extrinsic semiconductor the electron and hole \ ,Sa ra I p—n Junction Diode
concentration in a semiconductor in the thermal ‘@ e L L

equilibrium is given by

. Si:V,=0.7eV Ge:V;=03eV
. " | Semiconductor | ‘ ;
Mass action law n_ X n3— n;

Drift Iy Diffusion Current i,
: ry —
n-type semiconductor p-type semiconductor Busvaii Barri—Fer Potential —

n — type

— Db—type

= Vn -+
E—n E_O E-a‘ B—D E—GEE' P-I- P+ » P-l-' I:;-l-.I P+ . P-I-'
' o
B"_’ BB LB B*QEB‘ PHERP* *prop+°propte
BOBOpB-Cp0B-ClR- p+ proprop+® propte
n,<<n, n,=>>n, > .
p - type 1l type p—n Junction Under forward bias
T R T T S *  When p side is connected to positive terminal -V, +
B B EBE B B B Pt Pt P* P* P* P* : : : S y
ol .; Lt < e e and n side to the negative terminal, it is |
B- BB B~ BB PORP PEIPTRP PR called forward bias. p i n
n 1
BB B B B B° p+® p+* p+® p+® p+° p+* * Due to applied voltage, electrons from n
side cross the depletion region, and holes |,
p—n Junction Diode Under Reverse Bias from p side cross the junction and reach n R L
V.. (Break Down Voltage) — VU ki side. This process under forward bias is v
Vi < — r —— known as minority carrier injection. If o
P E E N * The total diode forward current is due to
i ] Diffusion.
e’ 1
: )
¥l R W
Depletion Lay ' = ¥y
epletion Layer Vv 0" Knee voltage
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. Half—Wave Rectifier .}efSa ra I Photodiode 4

— — Photodiode operated
. s | Semiconductor | under reverse bias. 4D|7
¥ Tt X

Input ac

f‘n E Primary | Light Emitting Diode mA
g ® ‘ I g_s-;;pq;l_a_rg | [|r. Itisaheavily doped p-n /1/ A
5 — | iunction which under L,>1; > >1, Volts
2 T B N v  forward bias emits
= Output Voltage ¢ diati ]1
,Full—Wave Rectifier R TSRS PR I,
On recombination, the energy is released in I
Inputac 3
the from of photons. |
W
o Solar cell A
n:._i
a T / Electron — hole pair generated
E 'I due to light with hv > E,..
g .-";- "“~ \xx , H“\___ _rx" \x‘.
% /\ ; VAR VA W Transistor
- {]utput‘.-"ﬂ]tage
0.7V
. . 1(mA) - 7
Reverse bias Forward bias
Zener Diode 4 Forward Bias | IE Reverse Bias
Of B .
S ) I : g - :: : O L]
E L] » L] Gi Ih [ = I{:
) V“ ;U __' L ] #: =‘ Py . '—"'"'_"ﬂ +51i'r
L ] ] 1
Zener diode acts as a T < B OO
L [
Voltage Regulator. “H
Emitter Base Collector
W

I(pA)
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npn Transistor pnp Transistor

_}efsa ra I Common Emitter Configuration

Input Characteristic Curve

C L
. I |
| Semiconductor A
B B Output Characteristic Curve
[C -~
Vge = Constant
E E

Common Emitter Common Base Common Collector

C C c Vg

: @ BF@P : @ > Ve
L . Cutoff Mode Active Mode Saturation Mode
E E +3V +3V

+ 3V

For common emitter current amplification factor:

I¢
Bac = E

F_‘lkﬂ 1 kil

0
T U

vi:lBRB_l_vBE =
Vo =Vec— IR Vo =Vec— IcR; Vo =Vee— IR
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| 1
Cutoff 1 Active 1 Saturation I
Region | Region | Region \e S a ra AND Gate

] | : E | S . — d to | ﬂ B Y
, : emiconauctlor |, ,_:>_u g 0 0 0
; : Logic Gates . 0 1 0
i E NOT Gate 1 0 0
N\l A y 1 1 1
0 | ' = A ‘i ~So—
1 Y 0 1
* Transistor works as a Switch in 1 0
Cutoff mode and Saturation mode. NAND Gate
*  For using the transistor as an AND Gate

amplifier we use active region of

A B Y
the V, and V, curve.
. A o——or 0 0 0
Voltage Gain B X 0 1 1
AV _ AR 1 0 1 A B AND NOT NAND
Ay=—r =——— gD 0 1 1
ol - 1 1 0
Sl sii i i
Power Gain L 0 1 1
= 1 1 0 0
A‘P‘_ Bac X HE’ NOR Gate “mbm

T =
=
e = S = T -
=T R = T = = |

S =

1
0
0
0

= O g =
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Communication is the act of transmission of
information.

Elements of a Communication System
1. Transmitter

3. Receiver
2. Medium/Channel .

Basic Terminology
1. Transducer is the

wSaral

| Communication System |

Message
device that converts one signal
form of energy into :
another.

signal signal

! Message
i signal

i
h 1 R

2. Signal is the information converted
in electrical form.
Signals can be analog or digital.

3. Noise-There are unwanted signals that
tend to disturb the transmission and
processing of message signals.

4. A transmitter processes the incoming
message signal to make it suitable for trans-
mission through a channel and subsequent
reception.

5. A receiver extracts the desired
message signals from the received
signals at the channel output.

6. Attenuation-It is the loss of
strength of a signals while
propagating through a medium.

7. Amplification-It is the process of
increasing the amplitude (and
therefore the strength) of a signal
using an electronic circuit called the
amplifier.

JEE | NEET | Class 9,10

Point to point communication - takes
place over a link between a single
transmitter and a receiver as in
telephony.

Broadcast - there are a large number
of receivers corresponding to a single
transmitter.

8. Range- It is the largest distance
between the source and the
destination up to which the signal is
received with sufficient strength.

9. Bandwidth - It is the frequency
range over which an equipment
operates or the portion of the
spectrum occupied by the signal.

10. Modulation - The information
contained in the low frequency
message signal is superimposed on a
high frequency wave, which acts as a
carrier of the information..

11. Demodulation - The process of
retrieval of original information
from the carrier wave at the receiver

end is termed as demodulation.
12. Repeaters - A repeater is a

combination of a receiver and a
transmitter.

GETIT ON

P Google Piay |




Bandwidth of Transmission Medium J@:Sa ra I
Wire (Coaxial Cable) 750 MHz e
Optical communication {THz—1000 THz

BAmS fDers (microwaves— ultra violet) pijfferent Layers of Atmosphere and their Interaction with the Propagating

| Communication System

Standard AM 540kHz —1600 kHz Electromagnetic Waves
broadcast : He
FM broadcast 88—108 MHz : ) :
Television 1. Troposphere 10 km Day and night VHF (upto several
g o . GHz)
- erv 54-72 MHz
VHEF (very high frequencies) 3 Tonosphere
bl v (1)) D( f 65-715k D I Refl LF, absorbs MF
2 : 3 . _. i) D (part o -75 km ay only eflects LF, absorbs
TU‘I{E? (Ultra high frequency) Eg;;g ig e e
Mobile to base Station §96-901 MHz (i) E (part of 100 km Day only Helps surface waves,
Base station to mobile 840-935 MHz stratosphere) reflects HF
Satellite Communication (ui) F, (Part of 170-190 km Daytime, Partially absorbs HF
UP li]]kl]lg 5.025—6.425 GHz Mesosphere) merges with waves yet allowing
Downlinking 3.7 — 4.2 GHz F, at might them to reach F,
: : (iv) F, 300 km at night, Day and night  Efficiently reflects HF
Bandwidth for Analog Signals (Thermosphere)  250-400 km during waves particularly at

daytime night

Speech 300-3100 Hz 3100-300 = 2800 Hz

Music High frequencies produced 20 kHz
by musical instrument
Picture - 4.2 MHz
™ Contains both voice 6 MHz
and picture
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Ground Wave Propagation

This propagation is suitable for low

and medium frequency i.e. upto 2 or 3

MHz only.

(a) The radio waves which travel through
atmosphere following the surface of
earth are known as ground waves or

wSaral

Communication System |

Sky Wave Propagation

(a) The sky waves are the radio waves of
frequency between 2 NMHz to 30 MHz.

surface waves and their propagation is (b) The ionospheric layer acts as a

called ground wave propagation or
surface wave propagation.

(b) The ground wave transmission
becomes weaker with increase in
frequency because more absorption of
ground waves takes place at higher
frequency during propagation through
atmosphere.

(¢) The maximum range of ground or
surface wave propagation depends on
two factors :

(i) The frequency of the radio waves and

(if) Power of the transmitter

(d) The ground wave propagation is
generally used for local band

medium wave.

reflector for a certain range of
frequencies (3 to 30 MHz).
Electromagnetic waves of frequencies
higher than 30 MHz penetrate the
ionosphere and escape.

(c) The highest frequency of radio waves

which when sent straight towards the

laver of ionosphere gets reflected from

ionosphere and returns to the earth is
called critical frequency. It is given by

£=9 (N, )" where N is the number
ma

' density of electron/m’ tonosphere

Space Wave Propagation
The space waves are the radio waves
of very high frequency (i.e. between
broadcasting and is commonly called 30 MHz to 300 MHz or more).h

JEE | NEET | Class 9,10

d,; is the distance between the two
antennas having heights hy and hy
above the earth is given by:

dM = JZRhT + JEHhR
where hg is the height of receiving
antenna.

Space Wave

Laa . 1 h—
Ground Wave Sky Wave J5c;

GETIT ON

® (Google Play



Modulation jefs a r a I Carrier Wave : Sinusoidal

The signal which results from this process A sinusoidal carrier wave can be

is known as modulated signal. | Communication System | represented as c(t) =Asin(@.t + ¢ )
Need For Modulation
(i) To avoid interference Difference Between AMLFM and PM
(ii) To design antennas of practicable size AM FM PM
The minimum height of antenna should Definition +The amplitude  The frequency  *The phase of the
be A/4 of the carrier of the carrier carrier wave is
where wave is varied in wave is varied in varied in
A is wavelength of modulating signal. accordance with accordance with accordance with
(iii) Effective Power Radiated by an Antenna the information the information the information
1\2 For eff. transmission, P T=A1l=vT signal signal signal
P o (_) Hence, high frequency signals are Variation Frequency :‘md Amplitude :_md Amplitude and
- phase remains phase remains frequency
same. same. remains same.

Frequency bands 540-1600 kHz 88-108 MHz

Time Period T 91T
: e P w=— Noise More susceptible Less susceptible to noise
Amplitude | | : T : s P
L — to noise
Biden Time Advantage Cheap ,can be Less prone to interference, sound
ks transmitted to quality is good
Pulse very long
fall Pulse distances
Pulse rise amplitude
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\‘éfs ara I Frequency Spectrum of the Modulated
——— Signal

| Communication System |
A l i " ¢, (t) = A,_sinat + Bos(e, - @t - 22 cost, + @
o AT A et
mit) /—\/_\/\/ Ampntuﬁ; ......................
¢ (tifor am T[] N\ .ﬂﬂ"m'l‘h "*'lﬂ' mlnh a=a¥j| 2

P w in radian
cuoeren (AN A/ L
‘J“ L“ Block Diagram of a Detector for AM Signal
VA AR A
c,(tifor PM i
AT ATAR R TTAYAR
Production of Amplitude Modulated Wave
Bandpass
mt) R x:t} Squalzalaw ¥{t) | Filter AM Wave
A, sin ot - Device 2“““
(Modulating Signal) ke Bxit) + Cx(t)?
A sinti t
carrier)
o Detection of Amplitude Modulated Wavet
o g | g
Message signal  Modulator . Amplifier zﬁlt:::r::g
Cuties Amplifier —> IFStage —> Detector —s> Amplifier “Chak
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ERROR IN MEASUREMENT- Significant Digits

Scientific Notation
ax 10b

‘a’ is a number between 1 and 10

Arithmetic Operations (Rules for Rounding off)

Multiplication or Division

Addition or Subtraction

The final result should retain as many
significant digits as are there in the
the

with least

The final result should retain as many
decimal places as are there in the

original numbers
significant digits.

original numbers with the least decimal
places.

Rules for Determining the Number of Significant Digits

For numbers with indicated decimal

For numbers with no indicated decimal

1. All nonzero digits (1-9) are to be counted as
significant

1. All nonzero digits (1-9) are to be counted as
significant.

2. Zeros that have any nonzero digits anywhere to the
left of them are considered significant zeros.

2. The terminal or trailing zero(s) are not significant.

3. All other zeros not covered in rule (2) above are NOT
considered significant zeros.
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ERROR IN MEASUREMENT- Vernier Caliper & Screw Gauge

Vernier Caliper
0___ Main Scale 10mm

12345678910
Vernier Scale

1 Main Scale Division (MSD) = Imm

1 Vernier Scale Division (VSD) = 0.9 mm

Length = MS Reading + Least Count of Vernier

x VS division Coinciding with MS
Least Count of Vernier Calipers = 1 MSD — 1 VSD
=0.1 mm

Zero Krror is subtracted from the reading to get the
corrected value.

Positive Zero Error: If nothing is placed and zero of VS is to
the RIGHT of zero of MS, then the zero error is positive.

20 mm

Negative Zero Error: If nothing is placed and zero of circular

scale is ABOVE the line of MS, then the zero error is negative.

Screw Gauge

PITCH: Distance between two consecutive threads of
the screw. Pitch

L =
east Count No. of division on circular Scale
Reading = Main Scale Reading + Circular Scale Count

Corrected Value = Reading — Zero Error

Positive Zero Error: If nothing is placed and zero of circular
scale is BELOW the line of MS, then the zero error is positive.
Corrected Value = Reading — Zero Error

Negative Zero Error: If nothing is placed and zero of circular
scale is ABOVE the line of MS, then the zero error is negative.
Corrected Value = Reading — Zero Error
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