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PREFACE

This book 1s specially meant for those who are preparing for [IT ADVANCED. In
physics there are numerous concepts and formulas which are very difficult to
remember and recall. It 1s quite possible that students may not even have any idea

about particular concepts and formula. Every formula that i1s needed for IIT
ADVANCED is here in this book.

Advantages of this book.
a) All formulas and concept at one place.
b) A student can easily identify what they do not know.

c) While practicing problem solving in a particular chapter, a student can easily
know the concepts/formulas which they did not know/understand, because of
which the they could not solve the problem.

d) Wherever needed, the concepts are tabulated, so as to see all the concepts at
one place.

e) Neat and coloured diagrams/sketches to further enhance the understanding.

I hope everyone find this book helpful and wish everyone success in their life.
AJIT AGRAWAL
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MOTIONIN 1D

1. If @=const, the three kinematics’ equations are given as:

V=u+at 7, :1initial position vector
T S - ..

r=r 4ut+ Ea t 7 : final position vector

|V |*~|i|*=2a(F-F) 7 — . :displacement vector

2. 5 -5 _, =Uu +%(2n —1) : Displacement in n™ second.

J pdt

J'dr

4. Position Vector: F=xi+yj+zk

: Average definition.

2
5. Distance: :;-Jvdr J 1+(dyJ dx

dx
6. Displacement: 5 =r;, —r,: Final position vector — initial position vector
total distance
7. Average speed (| |)=v= _ or mean value of velocity modulus
total time
8. Average velocity: c ) total displacement
total time

9. |(¥)|: magnitude of average velocity or Modulus of mean velocity vector

P
10. Instantaneous velocity (V) = —
dt
_,_|dr
11. Instantaneous speed |V |=|—
dt
.. dv
12. Instantaneous acceleration (@)= =
I
dv
13. —~ : Magnitude of acceleration
{
d|v| : : L Y
14. e a_: tangential acceleration or acceleration in the direction of
1
velocity or projection of aon v
. ﬁf o ‘_’;4
15. Average acceleration =
r.—1
f i

16. Area under curve
a. Areaunder velocity-time graph gives displacement
b. Area under speed time graph gives distance.

c. Areaunder acceleration-time graph gives change in velocity.
2 2

2

d. Areaunder acceleration-displacement graph gives
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17.

18.

19.

20.

21.

While calculating distance, find the time where v = (. [As the particle might
have changed its direction at those times].

v tive ative = accelerating
v +ive a-1ive —> decelerating

If a question asked 1s to find a quantity (say, displacement) in some other
reference frame; most of the time 1t’s useful to change the reference frame and
solve the question.

For motion under gravity, it 1s always easy to solve 1f we start from top most
point as the speed 1s zero there.
Condition under which (v)=v_,:

X

| L

S fﬂ—r
From origin draw a tangent to graph.
(v} _ displacement _ x

a Y Nl W
- time I, ..{v}—vm,

X
slope=tanf=—"=v,

'f IHsT
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PROJECTILE MOTION

Projectile Motion Download more book at 9jabaz.ng for free!!

1. Ground to Ground

Y v
g X
u P(x, r=xtan @ — =xtan#| 1 ——
/ HT%F} ’ 2u’cos’ @ ( R}
0 Lg% vecosa = ucosd

R
T_Eﬂsinr? R_uzsinl.‘}'_z“x“y _u'sin®@ H;
8 g 8 2¢g 2g
2. Projectile thrown horizontally from tower
(0,047, 20 2
P(x. ) T=y  ReulT
H o g g
F&K | X ?
R Equation of Trajectory: y = 3 g (—)
u

3. Projectile thrown above horizontal

Y" :Ii_h_ . 7.2
(0,0 -1p P(x, y) T=u51nﬁ+\fu sin" @+2gy
h Nt

] g
- X R=(ucosT
R
' 42 r
R_.. =HV’H £y at E?I':lt:crs"] 13_}
g 2 U +gy
gx’

Equation of Trajectory: y=—xtan&+

2 3
2u cos 6

4. Body Projected up an inclined plane

h:f u X R u [sin(ZH—ﬂ}—sin&]
\ 4 - g cos’ &

N , T 2usin (6 —a)

R .=—2 ap=2,2 gcosa
g(l+sina) 4 2

For same range: #'= g —(0-a)
5. Body Projected down an inclined plane

us \Y 1’ [sin(26 + &) +sin &

g cos” &
T_ 2usin (6 + )
2 o grosa
— ) at f=—-—— T
g(l-sina) 4 2 For same range:ﬁ’:i—(ﬂ+g}



RELATIVE VELOCITY

Reference frame consist of co-ordinate axis and time. Some physical quantities
those are reference frame independent are:

e Mass ¢ Constraint equation.

e Time e  Quantity of a substance (moles)

e Force e Electrical Current and Heat current.

¢ Heat transfer. e WD by friction on a system.

e Impulse ¢ Relative velocity between two bodies.

= Collision: Two bodies will crash into each other only if they reach the same
point simultaneously. Therefore, velocity of one body w.r.t. other should be
directed towards other.

= [f the points (or destinations) are on the ground, then the direction of velocity
1s w.r.t. ground.

= A man swims in water, implies its relative velocity 1s w.r.t water.

»  The air speed of plane, or the speed of plane in air means that the velocity of
plane w.r.t air is given.

= Swimmer keeps himself at an angle of 30° with the niver flow means the
velocity of swimmer w.r.t to river flow direction 1s given.

= A swimmer aims to or heads to (velocity 1s not w.r.t ground)

=  Swimmer takes shortest time 1f its velocity w.r.t. river 1s normal to the river
flow

= u:river speed, v: Boat speed w.r.t river

For shortest route when siné = 4 (u<v) drift =0
v
[2 2
For shortest route when sin 8 = — (v<u) drift = vV
I v
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NEWTONS LAW

—-m 2mm
r_r’,'_l lg? T= r'1"".'[ 2
m, +m, my + m,

1. Atwood machine:a=

£

2. Constraint Equation can be written in any reference frame, just do not forget
to show tension at every location it 1s acting.

3. While writing constraint equation for a system inside lift, you should not
forget to apply tension at the ceiling of the lift.

4. For finding velocity of point on thread, just replace the point with a mass and
find velocity of the mass.

If a body 1s on ground, take reference as ground.

6. Ifabody A 1s on body B, take reference of body A to be body B.

7. But when both bodies A and B are having honzontal surface (i.e. g 1s
perpendicular to the contact surface of both bodies, one may or may not
change the reference frame).

8. When you apply pseudo force, reference frame changes.
9.  When you want to change the reference frame, apply pseudo force.
10. Pseudo force acts at the COM of the system = ma (of reference point).

11. When you change the reference frame to some mass M, then mass M is at
rest in its frame.

12. The reading of weighing machine = N

g
13. Weightlessness 1s the effect when normal reaction becomes zero.
14. Newton’s I law 1s definition of inertial reference frame.

15. For solving spring cutting problem, draw FBD just before the spring 1s cut
and draw FBD just after it 1s cut.

FRICTION
16. f, = uN, fs SuN

17. Direction of static friction depends on the direction of acceleration while the
direction of kinetic friction 1s in direction opposite to the direction of relative

velocity.
18. One can afford to do mistake in direction of f; but not f.
19. T <0 means tension 1s zero. N < () means normal 1s zero.

20. f, = uN :Condition for no slipping or skidding.

21. tan@ > g, : Condition for a block to shide down the incline.
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CIRCULAR MOTION

1. ©: scalar m: vector oL vector

2. Forvariable a: a =d_m=mdm a0

— =
dt d@ dt

3. Angular displacement is different for different observers in the same

reference frame.
4. V=@xR d=axR
232 2
dv d ~
5. a,=+a +a =J(F—1 +[—J ; ﬂr=—v=ﬂCDSﬂ=ﬂ'F=ﬂ'R
r dt dt

r: radius of curvature and not actually radius of wheel.

1+ (dy /d_xf:r“

6. Radius of curvature in curvilinear path: R = 5 5
d” yldx

a i
7. tanf@=-—1L a_=acost a =asin@
a

r

8. For solving dynamics question, always look for center of circle. Since
acceleration 1s towards center of circle and hence net force should be written
towards the center of circle.

9. Ofcourse one should not forget the tangential acceleration a, = av :

dt
10. Conical Pendulum: # @2, ||
lcos@

11. Car on Plane circular road: v < ~=i Ju er

12. Car on Banked Road: v=,/grtan# for no friction to act

tan & — tan&+ u,
gr =v= |gr
14+ 4 tan @ ] - tan@

13. If a string 1s wrapped on a hinged massless pulley such that friction exists
between string and the pulley, then T, =T, e""

T, TL
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WORK POWER ENERGY

1. Work energy theorem can be applied in both inertial and non-inertial
reference frame.

2. WD by internal forces on a rigid body 1s always zero.

3. Internal force can do work on a non-rigid body.

4. WD by statics friction on a system 1s always zero.

5. WD by kinetic friction on a system is always negative.

6. WD by forces on a particle: WD = [ F,,+d7 = AK
7. WD against external forces on a particle: WD = —J F_«dF

8. Conservative force definition:

a. If a body moves under the action of a force that does no total work during
any round trip, then the force is conservative; otherwise non-
conservative.

b. If the work done by a force in moving a body from an initial position to a
final position is independent of path taken between the two positions,
then the force is conservative; otherwise non-conservative.

c. It is state dependent (depends on initial & final position only).

d. It forms exact differential.

e. Potential energy is defined only for conservative forces.

. The field of conservative force never forms a closed loop.

9. WD by following forces 1s path independent (conservative).
»  Gravity: U=mgh
»  Spring: U= %k x

»  Buoyant force
« Electrostatic force

10. WD by following forces is path dependent (non-conservative).
»  Friction
»  Pressure force inside piston
»  Induced electric field.

11. Mechanical energy definition: T=K+U
12. Internal energy: Microscopically, it 1s KE of atoms; macroscopically 1t is
temperature.

13. Equilibrium:

2
a) Stable Equilibrium: U oor Yoo
dx’ dx
2
b) Unstable Equilibrium: d ? < Qor daF >0
dx dx

¢) Neutral equilibrium: U = constant, F = always zero
d) Saddle point:

Download more book at 9jabaz.ng for freel! 7



14. Most forgotten formula: W =W_ = —AU : This 1s called WD by system.

5. =Y _F3 P=rdo
dt
Pdt
16. Average power = I _WD
Idr t

Motion in vertical circle
Body moving in circular path can follow two trends:
a) The body can deviate from circular path

. AR

Summary:

uz=.5gl The bob will complete the circle.

qflg.* <u<./5gl Bob will not complete circle and move in parabolic path
u<.2gl The bob would oscillate to-&-fro.

b) The body cannot deviate from circular path

W

&) : 7 m/s V20 mls

> ||"4g,r Bob will complete the circle. For 0 < cos'(2/3) with
upward vertical, tension in rod will become negative.

p'zgg <u<+|dgl Bob will move in circular path but will not complete full
circle.

u<.2gl The bob would oscillate to-&-fro in circular path.

Dounload more book at 9jabaz.ng for freel!



COM-+-MOMENTUM-+COLLISION

COM of uniform bodies
1. Semicircular ring of radius R. Ans: 2R/n
2. Semicircular disc of radus R. Ans: 4R/3n
3. Hemispherical shell of radius R. Ans: R/2
4. Solid hemisphere of radius R. Ans: 3R/8
5. Trangular plate of height h and base 2b. Ans: h/3
6. hollow cone of base radius R and height A. Ans: h/3
7. solid cone of base radius R and height h. Ans: h/4
1 & ] & 1 &
8. Teowm = E;mﬁ Veou = E; m.v; Aegy = E; m.a,

9. J=|[F(t)dt=F, At=p, P,

10. collision n one dimension:

m m m m
_.'_”,L.I_‘,‘E ._..' L ‘ V2w = (1+e)v —eug
Before Collision After Collision V26 = 1+ &g —€llyg

11. Coefficient of restitution 1s written only along the common normal. Since the
forces will be acting only along the common normal, the velocity will not
change perpendicular to the common normal.

m, su, My u, nm, sV, " o
. . T: Wil 16, . Oy % v, COS@, —V, c08a; L,
2
.. - u, cos —u, cosf
Before Collision After Collision ! 1T :
12. Momentum of system in C- frame is zero.
1 mm,

— — 32
["’1 —V }
14. KE in ground reference frame in terms of velocity of COM

1 5 1 , 1 5 1

2 ~2
KE; = E"IIFLG +Em2":¢ﬂ = Ea{“’r +EM Veg

15. Deformation energy is maximum when the colliding body has same velocity
along the common normal.

16.
LQ.C.-G_ ........... Q@ Central Impact

mc& ........... | Eccentric Impact

13. KE of system 1s minimum in C-frame: KE . =

mimn

EIH] +m2

LGC_n_”,L.o_’;‘?_ } Direct Impact
or

L.OC U, . .

......... '0'_’1:21—'0__ Head-on Collision

LOC gu"" wch

LOC u, }Gbﬁqua Impact

o -m_ﬁz ------------ Download more book at 9jabaz.ng for free!!
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ROTATIONAL DYNAMICS

B

1. I=>mr’ =J-r2dm=MK2, K :radius of gyration

Solid
Sphere 2 mR* : Hollow cone
7 |
Emﬂz Emﬁ‘z. %MRE : Solid cone
I =1 +1, I,=1,,, +M#K
Applicable for plane laminas only MI is minimum through COM

Download more book at 9jabaz.ng for freel!
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—

2. Equilibrium: The two requirements for equilibrium are: F, =0 7 =0

If forces are concurrent, then net torque is definitely zero and therefore, the
body will be in rotational equilibrium.

3. T=rxF=Ia — =T .'.J.fdf=£f—ﬂ:ﬂngu!arimpufse

Torque (moment of force) equation can be written about any axis. But MI
should be written about the same axis about which torque is written.

For a body at rest, translationally and rotationally, Z 7 =0 about any point.

5. For an accelerating body torque can be written about any axis but we should
not forget to apply pseudo force at the COM.
pseudo force = mass * acceleration of reference point.
Note: This 1s valid only for torque equation.

grda

6. For no toppling of a vehicle on circular tracks: v <

a
h
7. Chasel’s Theorem: ‘@’ about all parallel axis 1s the same.

To make sure that car skids rather than topples: u, <

8. Velocity & acceleration of a particle in a rigid body in planar motion:

Fix point A to
VaG see rotation of B Vag
ﬁ - —k = — - -
B Vg Vgg = Vga + Viransiation
= + But, Vgg = Vpg + Ugg
v “ Vg _transiation = Vag
Planar motion Rotation Translation
If we analyze w.r.t. COM, we can say that: v, =v_ . +@xr,
9 Gy, =y, —d,, = ar(t)+ @' r(-F)
BA — “BG AG —
tangential  Radial
| 1 | |
. = _ — e 1 £
Solge = d,. + ar(t) +or(-r)
| S — ] . y ;
Translation Rotational
Component Component
10. ICR:

Case (a): v, =v, —@wx=0: As for ICR translation velocity should be 0.

Case (b): By dropping perpendicular on velocity vectorv, & v, one can

find ICR as shown below.
Case (¢): The intersection of dotted lines gives ICR.

Because point Cis ICR, .v, L CA & v, LCB.

Download more book at 9jabaz.ng for free!!
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11. Constraint equation: Written at contact points where no slipping (sliding)
takes place and that can also be thought as pure rolling.

‘: velocity of a contact ] velocity of same contact

point on 1% rigid body =‘: point on 2™ rigid body }

12. Pure rolling is a condition under which the point of contact in one body has
the same velocity as the point of contact in other body.

13. Wheel rolling inside a circular region:
For the situation shown, find the relationship between rotational angular
velocity & angular velocity due to circular motion.

V.=@r ———(1)
v = E{R— ry —-———(2) -er =E(R—r)
dt dt

For a rigid body moving in circular motion, we should 6
see the radius of the circle in which the COM of the
body is moving.
dé v : : :

= : Angular velocity of circular motion

dt R*tr

=" : Angular velocity of rotation motion

r
r: radius of body R: radius of outer (or inner) circle

14. Friction in rolling: Newton’s law should not be violated. The direction of
friction (f;) is determined by @ & & andnot v & @

15. A free wheel moving with a constant velocity in pure rolling does not
experience any friction force, although the surface has friction.

16. If friction coefficient 1s infinite, then pure rolling can take place, but 1if (f; <
HsN) criteria 1s not satisfied pure rolling will not take place.
Us should be sufficiently large for pure rolling to take place.

17. Due to the friction between string and pulley, the tension in string in contact
with pulley 1s not constant. And since static friction acts, it does not do any
work. If there 1s no friction between the string and the pulley, even if the
pulley has mass, it will slip and hence no rotation will take place.

Download more book at 9jabaz.ng for freel!
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18.

19.

20.

21.

22.

Not hinged

1 1 1
Efmml EM F3+EIEEH@2
f7.d0 [F. i+ [ 7,40
Power T, 0 F,. V. +T, @
Angular - = -
I @
momentum axis m(Rxv )+1,,, @
Angular momentum of Point mass m (7 xV)

The equation above suggests that Moment of inertia is written about COM
only (for not hinged case).

KE in Rolling:

Ring mv’
Disc 3mv’/4
Hollow sphere S5mv*/6
Solid sphere Tmv* /10

Angular momentum is conserved if no net torque acts about an axis, 1.e.
Angular Momentum 1s to be conserved only about that axis.

Caution: T & L must be measured relative to the same axis (both initially

and finally). Usually we conserve L about the axis of rotation. The moment
of inertia is also written about the very same axis.

If you are not able to identify a axis about which angular momentum i1s
conserved, then go for angular impulse to solve the question.

Radius of curvature of a point on periphery for a rolling wheel:
R_. =4R|cos(8/2)]

Download more book at 9jabaz.ng for freel!
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SIMPLE HARMONIC MOTION

2 2
1. A particle is said to be in SHM if {;—f a—x or j—? a—0.
t t

2. SHM can be described as the projection of uniform circular motion along the
diameter of the circle. Or, Circular motion can be regarded as the

combination of two SHM’s at right angles, with equal amplitudes and
frequencies but differing in phase by 90°.

3.
| Phase
e,
X=x-x_=Asin(ot+¢)
‘ | Initial Phase/Epoch

Angular frequency
Amplitude
Mean position

Position of particle

Displacement from
mean position
Time Period (T): Time necessary to complete one cycle (oscillation).

4. Frequency (f): The number of cycles per unit time (how frequently a
particular event is occurring).

5. In SHM, the period of oscillations i1s independent of amplitude. Such a
motion 1s called isochronous motion.

6.
v=ovyA'-X°
X==A X=0 X=A
v=I0 v=m A4 v=~0
a=-0'A X=0 a=wA
7. Phasor:
Y . X=Asin(ot)
re ference.______':’_] _—
m/ X =Asin(ot+9)
d______d_-F'” _ﬂ =_-_-_-_--__ . J{
X =-Acos(owt) X =Acos(ot)
Download more book at 9jabaz.ng for freel! —
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Vv
"

m/‘/guéwglx m//mf{gln T;ﬁlx
N N

8. TE in SHM + Extra Energy = Total Energy of system

KE = %r.w1 = %mﬂlmz cos’ wt = %mmz[ﬂl ~-x%)

PE =l,=f:~.:1 =lmm2f ~TE =14--.-1.:1f,-f12 = lfuﬁ
2 2 2 2

PE at equilibrium (Extra Energy): %I{xf

GPE =0 at equilibrium (standard).

9. Two blocks connected by spring (blocks given velocity shown)
V, €— — vz

mIA—*Mﬂwwm-—Bmg

K
W= |—

H

m v m v

A= : < A= l = V=V +Y,

m +m, | @ m+m, | @
X, =—Assinat =X, — X, =—Asinet..x, =v_t-Asinot
X, = A, sinot = x,-x, =A,sinat ~X, =v i+ Asinot

10. Two blocks connected by spring (spring initially compressed/ elongated
and at rest)

m, | A —wwwww— B |m,

A‘l=£= m:_! X ﬂ:xlz ml X
2 Ilm+m, ) ° 2 Alma+m, ) °

X, =+A cosamt ;X = A cosat

X, =—A cosat S X, =—A, cosat
11. Amplitude 1s distance from equilibrium position to extreme position.

12. Composition of two SHM’s in same direction:
A, =+|AZ + A2 +2A A, cos(Ag)

Download more book at 9jabazng for free!!
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13.

14.

15.

16.

17.

18.

19.

20.

21.

22

Compostion of SHM in mutualy perpendicular direction:
2 2

XY it gy DI C05¢

A A A4,

This equation is a trajectory of a particle representing ellipse.
(1) ¢=0,=n — equation of straight lines

(11) p=n/2 or A; = Ay — equation of circle.

Always make sure that when you write force equation or torque equation, the

value of x or B 1s always increasing.
It 1s easier to solve a question if x is calculated from natural length of spring.

If amplitude 1s asked, you must write initial condition correctly, if you want
to get the write answer.

Time period of simple pendulum: T =2x L
\l .5

Time period of compound Pendulum: T =27 .

Mgh
For more than one body system, kept on each other [in horizontal plane],
SHM will take place if no sliding 1s there between them.
For more than one body system, kept on each other [in vertical plane], SHM
will take place if N > 0 all the time.

In vertical oscillation; one should be careful while finding amplitude as the
mean position might change during the process.

Torsional Pendulum

2 4
T=—-K60 ifd f:—ﬁ‘ﬁ where, r:lEqR .'.T=2.?I\/I
dt 2 1 K

Angular frequency is directly proportional to angular velocity although they
are different quantities (we understand from phasors).

So while conserving energy %Imj , ONe can use %Imz :

@, : Angular velocity. @ : Angular frequency.
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WAVE TRAVELING ON STRING

Traveling Wave Equation: In wave motion, momentum and energy are
transferred from one location to other without mass transfer.
Mechanical properties of the wave depend on elasticity & inertia of the medium.

Fy_ .0
ot ox’

General equation of wave:

General solution: y(x,t) =%[f *(x=ct)+ f *(I-I'-EI)].

Note carefully, that the above result is the superposition of wave.

Three specific solutions of our interests are:

y = Asin(kx — ot + §) Plane progressive SIII}I_‘JIE halTHDIl.lC wave.
I = constant. (source 1s at large distance).

A _ ~ Cylindrical progressive wave.
y=snlke=a+0) : ;7 by nrl (line source).

y= A sin(kx — ot + ) Spherical progressive wave.
r

I = P/4nr* (point source).
‘A’ 1s a constant; r: separation of the point in space from the source.

Traveling wave in a string

| Phase
K:z—ﬂ: _}f:Asin(KK—mt +[pj
A L Initial Phase/Epoch
o= 2m —onf Angular frequency
T Angular Wave Number
o A or Propagation constant
F=E‘E=ﬁ" Amplitude
Displacement from

mean position

NOTE:
«  The frequency of wave 1s set by the external source.
.  The speed of a wave depends only on medium.

«  The wavelength 1s then fixed by A =v/f

» Here, A 1s reference frame independent; v 1s reference frame dependent, and
thus f1s also reference frame dependent.

Apparent variation in f due to the relative motion between the source and the

observer 1s known as Doppler effect.

o _ oy

ot |ox

T T \/ T ‘jstress \/F % strain
v= |— = S = : wave speed
\ \J (H/A)A N pA p p
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y = Asin (Kx— ot + ¢)

: Displacement of particle in a wave

= —Amcos (Kx — @t + ¢) : velocity of particle in wave

P

Kx— ot wave is moving
. = &
—Kx+ an in + X direction

—Kx—ax

a, = —Aw sin (Kx—wt + @): acceleration of particle in wave

in — X direction

Kx+ ot :| <waws IS moving >
p—

Transverse longitudinal

speed v=lt/u
T(éyY
ol —[—) ox
2\ ox
oK =oU
oK +8U pa' A’ cos’ (Kx—ot)8x
P uvw' A’ cos’ (Kx—art)
l,uu w' A’
(P) 2
I pvw' A’ cos’ (Kx— art)
lpu ' A®
(1) 2
l;u?. A'w’
TE,, 4
T = 5!'7ﬂ
¥ ax

= uv@Acos(Kx— ot)

Reflection from boundary:

LR

B
T(ax] ox

oK =oU
pA g sin’ (Kx—wt)dx

pAc &a" sin® (Kx—ot)

2

e ot AR
2 " 2pc

pc &’ sin’® (Kx— at)

1 .. (8p)

- E M =
5 PC e

lpﬂ £’

Ap(xf)— —Bz—*“'; Ap > 0 (comp)
X
Ap =pcwe, =Bg K

When a wave goes from a rarer medium to a denser medium, the reflected wave

undergoes a phase change of n [& node 1s formed]. These phase changes are
mathematical aspect only. [Antinode 1s formed in case of no phase change].

vV, =V

Rarer to denser: A = LA & A=
v, +v,
v —v

Denser to rarer: A =—"—"A& A=
v, +V,

1

F A v +V
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Superposition of waves: Conditions for superposition are:

(i) The superposing wave must be of same nature.

(if) All superposing waves must reach the same location simultaneously.

Let Ey, E3, E; ... be total energies of n traveling waves before the superposition &

E,E., E,.. be the corresponding total energies of after the superposition. Then
E=E, E=E,E=E,...

During the superposition, total energy of the resulting wave 1s: E, + E>+ E5...+ E,
Superposition of a transverse & longitudinal mechanical wave results in ripples.

Standing Wave: formed only for discreet frequencies.

Condition to produce standing wave: Two progressive waves of same nature
having the same frequency and traveling in opposite direction should superpose
each other.

When amplitude of both these waves 1s equal, a perfect standing wave 1s formed.
The general equation of a standing wave 1s given as:

y = 2Asin(Kx+8,) cos(wrt +6,) .

A =2Asin Kx. A =2AcosKx.

All the particles in standing wave 1s performing SHM and come to its extreme
position simultaneously. Moreover, they come to their mean position
simultaneously.

From the equation L= p%, we can understand that for a particular length of

string 1f A increases; the number of modes decreases.

First Harmonic or i
Fundamental Frequency

L=p
Stress
f- ( . o
Second Harmonic 2L\ u

First Overtone p: Harmonic Number or
loops or mode

Thgd Harmonic Octave means twice
2% Overtone
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First Harmonic or
Fundamental Frequency

A

L=2p-1)—

2p-1) :

Third Harmonic 2p-1 [T
First Overtone f=——.—
4. \ u

2p — 1: Harmonic Number

Fifth Harmonic p = 2: Overtone

2™ Overtone

If the frequency of the external source doesn’t match with any natural frequency
of the string, then resulting oscillation of the string will be small.

Phase in standing wave: y = [ZAsin Kx] coswt = A'cos wt

All particles contained within a loop are 1n
same phase. Thus, in this case a, b, ¢, g, h, i
are In same phase, while 4, e f are In
opposite phase.

Energy in standing waves: y = 2Asin Kxcosm!

K,, =%yimzﬂl sinwt; U, =%;u‘[m2ff cos’ wt; TE,, =%pimzﬂz

When the string 1s in its mean position, the total energy for a loop 1s entirely
kinetic, and when the string is in its extreme position, the energy is entirely
potential.

Partial Standing wave: It is formed when the amplitudes of the superposing
waves are not equal. An imperfect standing wave can be resolved into a standing

wave and a traveling wave given as: y =2A_sin Kxcos @t + A, sin( Kx — @rt)

A
.-..-.-.-- "h*"'n-.. N ‘#_.-*" * ...
. Ar] K - A,
: : + A
Standing wave ratio (SWR) = Tox _ A+ A
min A.' o "'dl,.-
AY :
Reflection Coefficient, R=| — | = e ~ A
A, a_ +a_.
e : da_a
Transmission Coefficient, T=1-R = o S
(ﬂmﬂ- + Hu‘un )
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SOUND WAVE

. 0OP>0 = compression

. 0P << P = pressure change 1s much less than original P..
« P+ 8P: maximum atmospheric pressure

« P —08P: minimum atmospheric pressure

«  20P: maximum variation in pressure.

A= l[}lngfi I =10 W/m® (Threshold intensity).

=]

Standing waves in organ pipe: Assumption: Perfect reflection.
Displacement Node (Phase change of )

Pressure Antinode (No Phase Change)

—

Displacement Antinode (No Phase Change)
Pressure Node (Phase change of )

At a section where phase difference between incident wave and reflected wave 1s
n node 1s formed. And the section where the incident wave and reflected wave are
in phase, antinode 1s formed.

Ap = 2Ap_ sin Kxcos @t
Ap_=2Ap,_ sin Kx "x' 1s calculated from node.
Ap_=2Ap sm(Kx+¢) 'x'1s calculated from general point.

_N © First Harmonic or A p
L= 2 Fundamental Frequency L=p 5 f= Ef

—

- £ ! . Second Harmonic p: Harmonic Number
S 2 ~ First Overtone End Correction:
L’'=L+03D*2
L= OO Third Harmonic s
2 2™ Overtone f= — c

I = A <_ First Harmonic or
- —  Fundamental Frequency  _ (2p- 1}£
4

4

L= 3k ®< Third Harmonic _2p-1
4 First Overtone f= c
S,

4L
2p — 1: Harmonic Number

L=

Fifth Harmonic .
7 <_><_>< S p — 2: Overtone
End Correction: L’ =L+ 0.3D*2 f= sz_rl c
Beats: foeat =f1 - [

Conditions for beats to occur:
(1) Two or more waves of slightly different frequencies must be superposed.
(11) The waves may move in any direction in space.

Frequency at which maximum amplitude 1s heard =f; - f>
Download more book at 9jabaz.ng for freel!
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iMlM*Ma

i ;articles nicillate with a frequency of Gavg.
M‘M ‘4 IWMI
il [ .
01
T,,Jy“ ! * 'i"uu\. ! MIIHVH

The time taken to reach from one minimum to another minimum is called beat
time (T pea:). And the frequency is called beat frequency.

Apart from that we can also see that the intensity drops to zero many times during
one beat cycle. The rate at which it does so 1s (on an average only, not exactly) 1s

the average frequency. Or the time taken for thatis T, =1/ f_

.
UU

foeat = 10: the beats are not audible to human ears.

If the prongs of the tuning fork are filed, its frequency increases and if the stem of
the tuning fork 1s filed, its frequency decreases.
The prongs of the tuning fork are vibrated in its own plane in the same phase.

Doppler Effect: Wavelength changes due to motion of source only

aYav N, C—1U
Se=V O u A=eT-vT  f'=——Ff
c: speed of sound v: speed of source c=V

All the velocities above are written in same reference frame.

When wind blows, the speed of sound changes, but the frequency does not
change, as frequency depends on source.

Frequency heard by observer when the source moves in straight line.

f' received
_}gc X : f by observer
-1
O, Lz
N e N
T 0 Im— 7| x position
Olnl of source

1

Rods: f = 7 v, (see below)

M A%—%@A \/F

I_\_\-H

22



CALORIMETRY

Zeroth Law of Thermodynamics: It states that if bodies A & B are in thermal
equilibrium with a body C, then they are in thermal equilibrium with each other.

Ty
0= clr ——— C': Heat capacity
T; 7y
=m j sdT S s(c) : Specific heat capacity
A
0= nj CdT ——=(3) C : Molar heat capacity

C', s, C: all are temperature dependent

W=JH;]=4.2 *H s calone’
‘C’ of elemental solids, with few exceptions, have values close to 25 J/mol. K.
Water Equivalent:

When heat capacity of a particular body 1s equal to the mass of water in CGS
system, then it 1s called water equivalent  C° = ms = mys5, = m,

Expansion of Solid — Liquid — Gases

For isotropic materials: L=L¢e*" =L (1+aAT)

AL = LaAT : linear expansion
AA = A2a AT Superficial expansion
AV =V3a. AT Volume expansion
D :
- : Densi
P 1+ AT v

a: Coefficient of linear expansion (it varies with temperature)

Metallic Scale: L: actual length of rod
L(1+a, AT)
l+a AT

or. expansion coefficient of rod;  om: expansion coefficient of metallic scale

Simple Pendulum: P =271 \/I
8

If g =constant; dP=05PadT
dP: errorin P;  P: time for which error is P 1s to be found (example: 1 year)

Reading = =L [l +(a, - .-:rm};}.T]

Thermal stress:

o | AL AL
2 m el Hil'g }25 m -EEJ?HFTE.!:-.HFE }22 m ? + ?
thermal Q lemsion

Sfress

strain =0 strain = ?

F
stress = () stress # () ; =-Ya AT
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ELASTICITY

" ‘ For linear portion,
Ultimate Tensile Strength

=z stress = constant x strain.
=| Plastic
&| Region . Rupture | F AL
“al ... yleld Strength AL
~|  Elastic Limit Y A
= F =—AL = KAL: Hooke's Law
B L
4]
= C 1 YA 2
2 PE stored in wire (U) = = —-—(AL)
E: 2 L
= STRAIN
. Y a1 : 1 ,
Energy density: u = E(stram} =5 (stress) x (stram}=§ (stress)
] . AV N | B
Bulk Modulus Volume Strain = ?, ormal stress = E
& :
Compressibility K(B)=- = - _14AvV
AV/V V AP
Shear Stress = % Shear Strain = =k =tanf = 6
Shearing stress F/A ’
G(n)= rw (Shear/Rigidity Modulus)
4
Torsion : t=k6 where, k= Ejf : Torsional Rigidity
dr di d dl
Poisson’s Ratio : —re:r — = = —

r ! r [

KTG

Equipartition theory: k = R/N

Energy of gas molecules per degree of freedom per mole 1s: %RT

Energy of gas molecule per degree of freedom per molecule 1s: %kT

Conclusion:

3 3 ,
KE=E_ =—nRT=—NkT connects macroscopic property temperature

with the microscopic property; the kinetic energy of the molecules.

» The average translational KE in C-frame of a gas contributes to its
temperature or temperature is defined in C-frame.

« The KE associated with the motion of COM has no bearing on the gas
temperature.

«  Although the derivation 1s done assuming that the molecules doesn’t collide
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with each other, but the conclusion remains the same even if they did so.
«  Real gases behave as an i1deal gas at high temperature and low pressure. High
temperature ensures randomness and large container ensures low pressure.

Internal Energy of gas (A Macroscopic Property): AE=nC AT =% fnRT

. Itis intrinsic property of system.

» It doesn’t depend on kind of process that system goes through.

» It depends only on initial & final state (thus a state function), .. conservative
AE =0 1n a cyclic process.

» It cannot be defined for single gas molecule.

. Internal energy is (KE)  of gas in C-frame, which is equivalent to

representing temperature of gas molecules.

Translation Rotation f ffCF' /R Im?mﬂﬁe(m
Monatomic 3 0 3 (3/2)kT
Diatomic 3 2 5 (5/2)kT
Polyatomic 3 3 6 (6/2)kT

CO3; although polyatomic, has 5 degrees of freedom only as its shape 1s linear.

8RT 2RT
v, =, Voo = J—
- M M

: Mean Free Path

1 m KT

I: — —
ﬁ}”ﬂ;zﬂ N2rdip 27zd*P
%

Variation of pressure in the atmosphere:

dP =—p gdy ———()]
dP = _ﬂg dy ———(2) - Equation (1) & (2) are always true.
RT |
Mgy

P=Pe ®T :TrueifT, M and g do not vary with height.

THERMODYNAMICS

Pl V1 Pl T>T>T

V.,/ V>V, P,/ p>P, tl
Tl

N T P T Ty

Sign Convention: 6Q =0W +AE_: 0Q & OW, are non-conservative.
Heat gained, Increase in internal energy & WD by/of system 1s positive.
WD by gas (definition): = deV
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« WD by gas 1s always against an external force. If there is no external force
acting on piston (other than force applied by gas), then WD by gas = 0.
« WD is area under P-V plot (since it 1s path dependent, .. non conservative).

{WD>0: TWD<0}
W =0 for a process in which V = constant at all the time.

P P *v V|iP

>V

iP . Adibatic compressibility ¥ P : Adibatic Bulk Modulous

Y

P: Isothermal Bulk Modulous % : Isothermal compressibility

Work 1s not an intrinsic property of the system. We cannot say that a
particular system possesses 10 J of work.

Diathermic: one which allows heat to flow.

Athermic (Adiabatic): one which doesn’t allow heat to flow.

Thermodynamic Increasein  Heat gained

Processes WD by system system’s Eiw by system
Isobaric
vJ'IT=C PI::FE—V]_) HCF.&T HCF ﬂT
[sothermal Vs P V;
PV.In—~=nRTIlh— .
PV = c AL v n P 0 PIVIIEE
Isochoric 0 nC AT nC_ AT
PIT=c d -
Adiabatic: AQ =10
- AT AT
PVY=c nC, (. 0
Pol '
o'ytropic 80 =nCAT nC, AT nRAT
PV" =¢ g ’ 1-K
c-C
Polytropic Processes: C =C, +£ v = R ~ R . K= s
ndl y-1 1-K c-C
Pt ‘ | AE AW AQ
K=0 C=C, >() >() >()
K<l >() >() >()
=] C=w =0 >() >()
K=Y C=0 <0 >() =0
> < > <
PV *= constant K7 LV 0 0 0
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How to understand a process:

«  Any sudden process 1s adiabatic.

» If the system 1s 1solated, no heat leaves or enters the system (no matter the
process 1s sudden or slow). So it’s adiabatic.

» If the gas exchange heat from the surrounding, then for slow processes, the
temperature 1s constant. So, it’s 1sothermal.

« If the volume of container 1s not changed at all times (due to constraints), the
process 1s isochoric. But, if V; = Vg WD, # 0. Example cyclic process.

« To find if the process 1s 1sobaric, we must draw the free body diagram of the
piston. And if we get “P = constant” inside the cylinder, then the process is
1sobaric.

Free Expansion (non-equilibrium process):

W=0,0=0 .. Eint = 0 [free expansion]

Since the internal energy doesn’t change, the temperature remains constant.
The free expansion is a good example of non-equilibrium process.

Efficiency
~ Whatweget  workdonebygas |W| Q,-0, _1_&
7= What we pay for | Heatsupplied |H| 0, O,

Efficiency of Carnot Cycle: n=1- ;:_L

H

HEAT TRANSFER

d|—-6 -
H (i) = a9 =K A ( }; H(or,i)=K AT : : 49 : temperature gradient
dt dx L dx
K: thermal conductivity
Bod Thermal Resistance
o R=L
uniform sla KA
Spherical shell: R_l—(l—l]
pherical shell: “azk\a b
Cylindrical shell: r__ 1 [P
between inner & outer curved surface 27K L a
Cylindrical shell: (end f R= =
ylindrical shell: (end faces) K (b —d)
R = £
TKab
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Thermal Resistance in Series and Parallel

Ln+lr,
T =
T,| r, I r, | T, ntr,
L A K, L,AK, ST ¥ L+L
= = rA
L.A.K, I B
T —=] I, T R|+R1 RI+R2
L= 0 * kL _(KA+KA)
LA s T r(A+A) T A4
Growth of ice on pond:
Air (-6 °C
ir ( ) pAL, dx _KA®
x li:'E dfl X
-l'.'ix* uuc :}J';—IL=KEI
water 2 pL,
Air (-0 °C)
. wal{ﬂn -0) {pjdx} 2 K.:LH
Q =X f
L e L: Latent heat
h—x Wwater p: Density of ice
: 6,°C
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THERMAL RADIATION

The radiation emitted by a hot body depends on following factors:

«  Temperature, Material of body, wavelength distribution

»  Shape and size of the body — greater size implies more intense.

«  Nature of its surface: radiation increases 1f the surface 1s roughened.

Kirchoff’s Law: A good absorber is a good emitter (a = e).

Properties of Black body:

« Perfect emitter in each direction K
»  Perfect emutter at every wavelength & all incident angle.

»  Radiation 1s 1sotropic for a black body.

R(A) or dEs/dA: Spectral Radiancy (or spectral emissive power) S
I: Emissive power or intensity of emitted radiation
RO 2nc’h 1
mC GOCAK
R(A)= ———{1
[ ] }h [Ehfﬁ.xl'_l] _{]
A, T =2898 umK --—2)
EOCOK
I(T)=ceT* --—(3)
Pu-P,=ceA(T,,-T') --~4)
TaC0K
Al = A(pm)
Radiation from Sun: Energy received by earth is: S.7 R’ HRES
Solar constant is the amount of energy received by earth from sun.
2y d 2 )
¢ F. =-:T(4;':‘R,2)T; =ﬂ‘]‘1'(£] 9000K
A, ricat rurfoce drd d
d : distance between sun & earth ~ R. : Radius of Earth )
R. : Radius of Sun T. : Temperature of Sun —
Newton’s Law of cooling Newton’s Law of Heating
pal
T+—&r
P
T\~
> I
i—Q=JA|:T'—T:] Ege of gain nfheat:P—c}'A[T'—i‘:]
t
dT ZZEAP-BT-T)
—msd—=ﬁ'{T—i’;) dt .
T-T,=(T,~T,) ™ A

Average temperature method Average temperature method

1".—1?;=ﬁ|:]"|+1;_T:| L-T_ o, ﬁ[rﬁr ]
2 ’ t i

f ms 4
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FLUIDS

Fluid is a substance that cannot sustain shear stress when at rest.

P, P, P,
[h T Ih P, p P a,
P P
P=P+pgh P=P +p(g+a)h F,—R=pah
Viscous fluid in a rotating vessel:
Y.
— i @O
=
| -
|
B R’ :_ o | h2 still water
- 2g ’ pi2 level
| (050) r
i

Force applied by fluid on walls of a container:
Horizontal direction  F_= (P,,, at chosen section)x (A - of that section)

Vertical direction Draw FBD of fluid/solid (after replacing it with fluid).
Pascal’s Principle: A change

A F P, in pressure applied to an

|::;I P incompressible fluid 18
L P 1L panens M8 transmitted undiminished to
- P8 o PENT 74 every portion of the fluid & to

the walls of its container

Archimedes’ Principle:

Fy Fy
m m ! Fo=pVg
FH=pVg=7‘g : 4
_ v 33
Y = Progy! Pruid V_jﬂ-(b a]
: , . m'g
For bodies with no cavities: B =—— B=mg=p/V, g
Y

Condition for floatation: m = my
m: mass of body,  my: mass of displaced fluid,  m’: mass of body inside fluid

»  Buoyant force is pressure difference force. When we draw FBD, either we
show the pressure difference, or the buoyant force.

»  Buoyant force should act at the COM of displaced water. And that location 1s
called Center of Buoyancy.

»  Buoyant force is conservative in nature.

. If an object experiences buoyant force, fluid experiences the same force in
opposite direction. [ Every action has equal and opposite reaction]
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Buoyant force in various situations:

P . P, P,
(BFB T (BFE O F; B | dy IPA
Fo=p,V,. g F,=pV.(g+a) F,=p,V,a F,=0

COM vs Center of buoyancy (COB)

CM
COB CM_!~CDB

unstable stable
equilibrium equilibrium

Definitions:

1. Streamline: The locus of point where the tangent at each point indicates
direction of fluid velocity at that point 1s a streamline. Since streamlines are
tangent to the velocity vector at every point in the flow field, there cannot be
any flow across the streamline.

2. Non-uniform flow: It 1s one where velocity is dependent on one, two, or
three-dimension depending on the number of space coordinate required to
specify the velocity field

3. Steady flow. dn/dt = 0, where n is fluid property (viz; velocity, pressure,
density). Thus, in steady flow, any property may vary from point to point in
the field, but all properties remain constant with time at any point ‘P’

» In steady flow, pattern of streamline does not change with time.
» A non-uniform flow can be steady in nature.
»  Whether or not the flow is steady; depends on reference frame.

4. Velocity flux: ¢, = jr- . dA
Irrotational flow: Suppose a grain 1s kept on a moving fluid. Then the grain
does not rotate about its axis. For irrotational flow: qSE «dl =0 across any

closed loop.
6. Incompressible flow: p = const.

It 1s Mass conservation principle It 1s work energy theorem

. The fluid is non-viscous.

. The flow 1s steady.

. The fluid is incompressible.

. The flow 1s wrrotational. [if the flow
1s rotational, the it 1s applied along
one streamline only]

. Flow along a streamline.

. The flow is steady.

. The fluid 1s incompressible.

. No flow across bounding streamline.
- Ov=Av =volume flow rate

- Om= pAV = mass flow rate

. Momentum flux:

Am
= —1V = V= V.
?.P ﬂf Qm pQ
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VISCOSITY & SURFACE TENSION

Viscous force between parallel plates:
AX v

v dv
e — —nA—=nA—
£, i F == e
Ei LR velocity gradient
: fixed 1 de
N: Dynamic viscosity Kinematic Viscosity (1): g=n/p
SI Unit : Pa.s, Ns/m?, Poiseuille SI Unit :m?%/s
CGS Unit : Dyne.s.cm?, Poise CGS Unit : em’/s or stoke
1Pa.s = 10 Poise 1 m?/s = 10*stoke
nT Temperature + for gas nT Temperature T for liquid
Stokes Law. Viscous force on ball moving in a medium: F =6xnrv
Ball Falling down Air bubble rising up
2 § 9
v=2{p—ﬂ']gr l—ﬂ_%I p=—2c‘rgr2 l—.tj'_it
o 91
p: density of ball/bubble r: radius of ball/bubble

o: density of medium n: coefficient of dynamic viscosity

SURFACE TENSION

Surface Tension: It 1s a surface phenomenon.
W =TAA « surface energy

[W: internal free energy]

|
Excess pressure . P-PB =T |:l N L:|
(general) roon
2
Drop and air 2T
bubble - LThT g b P,
Soap bubble :  P—P = 4% P, )P,

Straight ) T
Cylinder ' p="=" ,

Tablet : p= T(l +%] "—“ P

r o
P,
1 1
Catenoid : ———=0 k-
h n -
|
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Capillary rise (sufficient length tube)  Capillary rise (insufficient length)

L
-
.

_____ T R
Rcosf=r R |H

_ : i 2T cosé ‘ ‘ r 5=

] . : =— COS - .

27T cos’ @ 2T
0, = R=——
PE pgH

Effect of temperature on surface tension
Surface Tension always decreases with increase in temperature.

-]

1 =1.256, B=2358 mN /m, b=-0.625,
T : Temperature, T _: crictical temperature

T:: temperature at which surface tension becomes zero.

This happens so as the liquid doesn’t have any surface at that temperature.

The critical temperature of a substance is the temperature at and above which
vapor of the substance cannot be liquefied, no matter how much pressure 1s
applied. Critical temperature of water: 374°C

Effect of pressure on surface tension: As pressure increases, surface tension
reduces. The critical pressure of a substance is the pressure required to liquefy a
gas at its critical temperature.

Effect of temperature on Contact Angle: Contact angle may either increase or
decrease with temperature, depending on the relative magnitude of surface
entropies of the two phases. But the change in contact angle with change in
temperature is very small of the order of 0.05 degrees/°C, at ordinary
temperatures. However, at temperature near boiling point, the liqmd surface
tension reduces rapidly with temperature, and the contact angle will rapidly
approach zero. Thus, for water the contact angle is zero at 100°C.

Surfactant compounds reduce the surface tension considerably.
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ELECTROSTATICS

Basics

1. Electric charge is quantized. Electric charge is independent of frame of
reference; it’s an absolute property. There 1s no physical process in which the
electrical charge of a system 1s not conserved.

Like charges repel, unlike charges attract each other.
A charged body can attract a neutral conducting body.

A charged body can attract a neutral non-conducting body.

h = s D

The force between two charged particles 1s given by:

F=k2%7 Kk=9x10°Nm*/C?
r

The direction of r is towards the body on which force is found.
It’s a central force, so conservative 1n nature. g()E dl =0

Note: The law 1s valid only for static point charges. If the charges are moving
with velocities comparable with the speed of light, then coulombs law is not
applicable. In such a case time lag must be taken into account.

—

6. F,__ =F,+F,+..+F,_ :Superposition Principle.

L, met

7. Electrostatic field lines (EFL):
. The tangent to electric field lines gives the direction of electric field.
. Denser the field electric field line more is the electric field.
. Denser the potential lines, more 1s the electric field.
. Neither do they form any closed loop, nor do they itersect.
. Number of EFL 1s proportional to the magnitude of charge present.
. A uniform electric field line can never drop to zero suddenly.
. Field lines come from a positive charge and goes in the negative charge.

8. Electric field 1s dependent upon the charge distribution and not where the
charge 1s distributed.

dE
9. For stable equilibrium along X-axis: qd— <0
X

Example: A positive charge i1s in stable equilibrium between two positive
charges along X-axis

Electric field and potential for various charge configurations.

~ KQ _ . . : :
E=- 3Q r . The direction of ¥ is towards the point where we wish to find the
r

field. Thus, the direction of E is always towards the charge that causes the field.

K
Point charge:V =
’

. It’s a scalar quantity.
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Apex of cone

infinite plate

infinite plate

infinite wire

Hollow
Sphere

Solid sphere

Hollow
Cylinder

Solid
Cylinder

Electric Field
Kgx
. E
e T max :=R;"q§
(R +7Y"

r

KA |(sin@ +sin Hz}f
—(cosé, —cﬂsﬂz]}

aD
E=0/2g

surface densitya
(charge on one side only)

o .
—:outside the conductor

E=<¢&

a

(0 : inside the conductor

surface density o (charge on

both sides)

E=A2rneg,r

0<r<R

r=zR

wsl
Il
B

fr
I

oR

Er

F r=zR

r .,
P F
2¢,

R?
P r r=R

r<R

i

Il
-

| 28,1
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Electric potential
Kgq

VX' +R?
i[u"f +R? - x]

2&

g

For finite rod:

Can find AV for o0 rod.
o Rl2g,
av="24
2¢e,
av=24
Eﬂ'
AV =—2 ki
2re, n
ﬂ 0<r<R
=iy
=9 r=R
’

V=4
rzR
0 r<R
AV=10R\ B g
Eq h
i 2 2
p[R4—r} r<R
&
AV =+ ) ¢
PR ]11‘1'.—1 r=R
26, n




I
10. V,-V,=-[E-dF & W,=-AU =—(U,-U,)=¢q(V;-V,)
i

q(l{ —Vf) indicates the work done by the electric field to move charge g

from potential V; to potential Vi. Don’t forget sign of charge.
11. Electric field direction will be towards maximum potential gradient.

~E= —[GV [+ v j+ v E] : In Cartesian Co-ordinate system

ov. 14V. 1 o :| : In Polar Co-ordinate system.

E=—|—é +——ég+———2,
ar r of sinf og

EE 2 2 2
12 P _ oF, +—1 +5E£ =— 0 E +5 E+5 E : Cartesian Coordinate
E O 0z Oz ax-  ay- Oz
2
plr)=—¢, a—f+ 2V : Polar Coordinate
or r or

13. V= Z‘i«’, =K Z 4 , Potential at a point due to point charges.
r

i=l i=l I

14. Consider two concentric spherical shells of radius a & b respectively.

(qu+ﬁqz] D<r<a

r:'.l b

V={qu+.'{'qz_] a<r<bh .’ g;
r b

(KQL+KQE] b<r<e
L r r

L g, 1 &, 1 a9
8re, a 8re, b 4me, b

. = (self + interaction) energy

Electrostatic energy doesn’t follow superposition principle.
15. Electrical potential energy (interaction energy):U = gV
16. Potential at a particular point cannot be defined.

17. To change reference of potential from o to point r = r,; subtract the potential
at r = r, at every location.

o 0 _ 3
407e,R 8me,R 20me R

18. Self energy of a solid sphere: U =

1
19. Energy density:u = 3 K¢ E*

20. Electrostatic pressure, P=—g E’ =

2e
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Area of Gaussian surface

'I' g Charge inside
Electric flux—s ¢, = tﬁE-dA = ;’ “Gaussian surface
Electric field on
Gaussian surface

Note: Although we consider the charge enclosed, the electric field (on the

Gaussian surface) 1s due to the charges both inside and outside the Gaussian
surface.

Problem solving Approach: Our goal will always to choose a Gaussian surface so
as to reduce cj-: EdA=EA.

. Dipole moment 1s characteristic of ref. point & not charge. For a pure dipole
it is directed from — ive to +ive charge.

Dipole moment of charge g (kept at 7, ) w.r.t reference A (at ;) is given as:
p=q(r; —r)

Dipole moment of charge configuration 1s independent of reference point 1f
its total charge is zero.

If a charge distribution has a nonzero charge, the location about which the

dipole moment is zero is: r, = ZQ’, r Zfi*,

i=l i=l

Potential due to electric dipole:

1 p-r
= P : Y1 a}ual llne P
dne, r I
+qy P
- L 1o
E= Np-r)r—p ri
dzer [ ] _ﬁ Equl?:;flal’ X
; % g P
axial 4}1_ gﬂril equitorial 4;:_ Eﬂrj —q e -:_‘a.:-""d
<7
Epiat = ZEequi!m'ia.f

Torque on a pure dipole in a uniform Electric field: T = pxE

Potential Energy of an Electric Dipole in external Electric field: U =-p-E

PE (U) am:l force between the two dipoles shown.

3[3(P1 F)(py-7)- (ﬁ.ﬁz}] F=-"17

U=-
411'-5‘
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Dipole configuration Interaction Potential energy Interaction force

—— e [ =— 2p,p; F=- 6P'P1 F
P P: - A4zer 4z,
attractive
—r— U = PP F_ PP -
P P: 4 ..E.‘*:.J"'3 4z :‘-’.‘u}'4
- owa = 3pp, .
—_ * — F - —YF
Pi P: U=0 “ Agert
The last one 1s tough to derive so better memorize it.
] 1
monopole: Va -, Ea —
r r
dipole: V{:rlz, E «a lj, Ual;, FEIL#
r r r r

Force on a dipole in a non- uniform E
OE, OE, OF,

ox P oz

F,=p,

1.  Electric ﬁeld at all pmnts inside a conductor 1s zero.
1.  No excess charge can reside inside a conductor.
1. A conductor is an equipotential surface.
iv.  Electric field is always normal to the surface of a conductor and has a
magnitude of o/g, near the surface of conductor.
v. A conductor behaves as a Faraday Cage.
vi.  Charge 1s distributed on the surface of a conductor according to equation:

i o alv

+ =0
o’ 8}!2 e

Parallel plates

A | e

eA || gA gA
On Earthing a conductor, the pntenti-al of conductor becomes zero. Charge may or
may not become zero.
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GRAVITATION

1. The force of attraction forms Newton’s third law action-reaction pair & 1s
given by:
F=-G1™57 G=667x10""m’/Kg.5>

r3

The direction of r is towards the body on which force is found.

2. Gravitation field and potential for various configurations.

. GM
=— r . The direction of ¥ is towards the point where we wish to find

—r

Point mass ——5 —_—
r r
Gmx
. G
Rfﬂg 2 5 % ? Em“|r=Ra"-JE — m
(R +x ) x> +R?

Disc 2z GET[]— a } —Zfrﬂﬁ[xff +R? —x:|

r
infinite wire E=2GAlr AV =2Giln-L
Lp)
Along wire of
length L at a GAL _ Giln x+L
distance x x(x+L) x
from one end
Apex of cone 00 —-2nGoR
infinite plate E=2xGo AV =2rGod
) 0 0<r<R M o<r<r
Hollow = R
E=¢ GM V=<
Sph - For>
phere > 7 r=R GM R
L r
_ 2
_GMF? __4nGp_ GM(, ) <<
E= R? V= ERL R
Solid sphere o
P —K—ff r=R _GM r>R
r r
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3. Gravitational field is dependent upon the mass distribution and not where the
mass 1s distributed.

f
4. V;-V,=-|EdF & AU=-W,=U;-U;=m(V;-V,)
i

-~ OV .. OV . OV -
5. E=—""()-())-"“(k
5 05,050

6. Consider two concentric spherical shells of radius a & b respectively.

[ (Gmy, Gm
—( Ly E}Uiria
a b
Q mz
‘ V=-!—(Gm1+5mz)a£r£b
r b
G mym,
U=mVy=-— —(Gm1+Gm3}b5r{m
| r r
M
7. Gravitational interaction energy: U =— m
r
GM®> GM® _ 3GM’

8.  Self- lid sphere: U = — —
elf-energy of solid sphere R OR P

E}!
9. Energy density: u =———
& ” 8rG
10. Orbital speed: v = GM . Escape speed: v = EGTM =.J28R
r
11. Variation of g
1Z Ak 2h
0 outside earth: g'=g(l+ﬁ} ag[l—?J forh<=R
T Ly A
- inside earth: g'= g[l —EJ
X
0: latitude -
. : : @ R 3
(p: co-latitude  with latitude: g'= g[l — COS 5']
o longitude &
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—ir

Kepler’s Law: L = const

12. For a satellite in an elliptical orbit; semi-major ‘a’ revolving around Sun.
Semi-major axis is also called average radius of elliptical orbit.

V
: r."fi M .F'E
Perihelion) p .- @ Aphelion "Y1~ a | 5
S T 1
N '_/1"’1 GM
a_, vy = J—(i]
Ty r, a \n

2
E:—GMm; ng(‘iﬂ' ]ﬂ3 V= ﬂ
2a GM \l d

2
mz = GM Le. 1‘"2 =(4E Jr3

3
r

14. Trajectory of satellite for different speeds:

. 'I.EGM
r

Elliptical

(Perihelion)
oM
r
Circular Elliptical Elliptical
(Semi-Minor Axis) (Aphelion)
Trajectory

E > 0 (unbound) Particle reaches infinity (K= > 0). = hyperbola
E =0 (unbound) Particle just reaches infinity. parabola

E < 0 (bound) Particle does not reach infinity. ellipse

S U GM : projectile will escape in hyperbolic path.

,
15. Inverse law of gravitation holds true for central forces 1ff 1 <n < 3.
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16. Geostationary Satellite: A satellite which appears to be stationary when seen
from earth is called a geostationary satellite. Communication satellites are
geostationary satellite. It must revolve from west to east in circular orbit in
Earth’s equatorial plane with a time period of 24 hrs. Its distance from
Earth’s center must be 42200 km approximately.

For geostationary satellite, the orbital speed and radial acceleration are:

y= /GM _3.07 km/s:  a=2r=0.233 m/s2
r

A area covered

Area covered by Geostationary Satellite: A = 27R? (1-sin @)
17. Remote Sensing Satellite

A: area covered

Area covered = 47 R? cos @ . A=4rR?
x
18. Simple pendulum when length of string is comparable to earth’s radius
ey R R’ .
I 1 If ]l 5o, ,then T =27, |— =27,/—— = 84.6 min
gl -+~ g GM
R 1
- ﬁ. 3 Time taken by Earth satellite to
19. T =2x /R_ move around Earth close to Earth
oM surface = 84.6 min
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CURRENT & RESISTANCE

Basics

1. Because of electnic field inside the wire, the current flows. The conductor 1s
not in electrostatic equilibrium in this chapter.

2. Battery 1s not a charge supplier. When there 1s excess charge on the wire, it
comes on its surface.

3. Current 1s reference frame independent

4. At steady state, current through every cross section 1s same.

5. =%

2 i=neAv,

—rr

6. J=neA(A:cross-section Area): J is characteristic of a point on a
conductor, rather than conductor as a whole.

7. p= E(r-s:sistit.fity) Conductivity, o = 1

J p

pl 1
8. R= ?; Conductance = —

1 dp : o
9. @ =———": Temperature coefficient of resistivity.

p dT
10. p=p,[1+aAT]

, , V E : »
11. The relationship R=— & p= N remains the general definition of
i

resistance and resistivity. It 1s not ohm’s law. We call it ohm’s law when R
and p are constant at a particular temperature.

12. If two resistances are in series, then charge accumulates at their junction.

g=5,1(p,-p) -I»—Q P () P (—

: P

] == ——
Spherical shell: P [ﬂ 5
Cylindrical shell Re_ P 1B
between inner & outer curved surface 2r L a

Cylindrical shell: (end f: pL
viindrical shell: (end faces) z (b’ —a?)

R=-F~

rab

14. WD by the battery implies work done by chemicals in battery (i.e. non
conservative electric field inside the battery). WDhpapery= AgV PragerymiV
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15. &= [Ey.-dF =—[E,-dF : definition of emf of battery

16.
Discharging battery Charging battery
~——W— —— W
Battery 1s doing positive work against Battery 1s domng negative work agaimst
the electric field inside the battery. the electric field inside the battery.
AV =g—ir: terminal voltage AV =g +ir: terminal voltage
R=0 i may or maynot be zero

17. Note: V, -V, =0=iR=
R=0 | mustbe zero

18. Capacitor, Resistor and Inductor in series and parallel.

R, R,
WV A
v, v, V= % V; V, = R, V
R +R, R, +R,
A4
i I, R, R,
—4 I = i L= i
R, R, R +R, R +R,
) AAAA
_ E, R, L E = El/R1+Eﬂ’R2.R _ RR,
E, R, ° 1/R, +1/R, “ R +R,
A

19. g(,:j .dA = 0 : Junction rule — charge conservation principle

Vf-!

20. Q = [i*Rdt P=£2R=?

21. When two resistances are connected in series, one having larger resistance
dissipates more power.

22. When two resistances are connected in parallel, one having smaller resistance

dissipates more power.
23. Brightness of bulb a power dissipated.

24.
Er Er Er E r
;=_££_ — M A AW = ——WAA
mr+nR
Er Er Er E r
AW A Ao ——WA
m R
For Lpngy: —=— emmmmeemmmeemm e e H rows
n r m cells 1in a row
If m or n 1s not an integer Er Er Er E »
then take nearest value to HFWA——WV—FAW-rememeees —|—W
find [ae ww[}m
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Potentiometer

If R =0, then in balanced condition: R
E By
E, = —x = potential gradient * balancing length
¢ A P B
R(x-x") E
,Ra=x) .
X

After the jockey 1s moved to the right extreme B & the current doesn’t change
direction, then we have done mistakes.

»  We made a wrong connection (the terminal of E was connected oppositely).

« Emf*E,’ 1s greater than Potential difference across AB.

And 1if E >V, then galvanometer will show deflection only in one
direction.

Sensitivity of an instrument
It tells us how quickly a measuring instrument will respond to electrical signals.

«  Current Sensitivity: Pointer’s deflection per unit current CS = ?
e : : : 7]
Voltage Sensitivity: Pointer’s deflection per unit voltage V5§ = v
«  Sensitivity of Potentiometer: Sensitivity o —
AE
Half-Deflection Method: G = RS
R-§
IE R
| AMWW——
(G
S/
W—(
Delta to Star Transformation Star to Delta Transformation
PQ +QOR+RFP
A+B+C R
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CAPACITORS

1. *C’ depends on geometrical property and medium only.

—»y =4 < Chargeoninnerplate only
C «— Capacitance ofthe system

Potential differenceacross the plates

Plates being conductors are equipotential in nature.

Charges +g & — g appear on the inner surface of the capacitor. However,
we still refer to the charge on the capacitor as q.

2. Capacitance for various configurations:

[
!
|

I L
B K
3 K l
d = I
d d
A A
c=2% c=2"e co— %A C=C|1+>(K-1)
d d-1 d-x(1-1/K) !
- b
3. Spherical capacitor: C = e
—a

4. Solid conducting sphere: C = 47¢ R

d71c Kab
5. Spherical capacitor with dielectric (C between plates): C = ——2———
=d
: : o1 : dre
6. Spherical capacitor with dielectric (C of system): C = =

2me L
In(b/a)

7. Cylindrical capacitor (C between plates): C =

8. We know that
“V* 1s fixed (if battery remains connected)
‘g’ 1s fixed (if battery 1s disconnected)

since C 1s geometrical property, ..using g = CV, we can easily find one
of ‘g’ or *V".
And then calculate E =-0V/ox.

0.
7 fo e
Vn 1'"?1 1 C] 4 Cr_ql ] I Cl |
v T |=EI ﬁl
|
C C
Vi= -V 4, = —q Vi +GV,
C, +C, C, +C, =
C,+C,
V, = —1 b=—2g C,=C +C,
C, +C, C +C, .
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10.

11.

12.

13.

14.

15.

16.

17.

For parallel plate, the charge on outer plate is always the same while the
charge on facing plates always has opposite sign.

Illx =X||y =¥

2
q
2¢ A
This attractive force between the plates doesn’t change even if the dielectric 1s
present.
Charging a capacitor:

Force between plates of capacitor: F, = -

5

g=CV(1 —E_E‘H:R) i= %E_m 7 : time constant
V, =Ve " V. =V(l1-¢")

Uncharged capacitor acts as a short-circuit and a fully charged capacitor acts
as an open circuit.

__dme /g, [T

r 63%
27 86%
3t 95%
4r 98%
57 99% > [

Discharging a capacitor: by touching the two plates with a conducting wire,
a capacitor 1s discharged.

-1fCR | = 4, E—Ifr V. =V. = 'Q_.;E—I'fr
RC R L
Time constant 1s same for charging and discharging condition

Polar dielectric Non-Polar dielectric

q =4q,€

[

If E, =0,then p,, #0, p,,=0 If E_ =0, then p,, =0, p,, =0
If E_#0,then p,#0,p_#0 IfE_#0,then p,,#0,p5,_ #0
If E,, #0, then P, porax > Pror nonrouax
[f temperature increases, then If temperature increases, then

P.g = const, p_. decreases P..; =const, p__ = const

~3 -'='§'ﬁ.::clmg:
gSKEdA e

Revised Energy Density :u = %K £ E 2
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18. & :relative permittivity,

£ : permittivity, £ = £, &,

19. The charge induce in the dielectric 1s: g'= q[l—%] - q": bound charge
20. Force on dielectric
([ 2
_Q" dlo) closed system (battery disconnected)
F o= 2 dx
' v?dc
+—— open system (battery connected)
| 2 dx
21.
% [
d T
x] K
l

2
F = Y [1_l]
2 A K

22. Torque on dielectric:
| 0*d(1/C)

2 do

2
A

2 do

T, =1

2
F =+V_EDA
2 dl

(K-=1)

: closed system

: Open system
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MAGNETIC FIELD 1

~  u  dsxr
I

1. dB= u, =47rx107 T.m/A (permeability constant)

4T r
ds : Along the direction of current
r : directed from current element to location where field 1s evaluated

- VHF
2. dB= {:"q Y ; : Magnetic field due to the moving charge
T
3. Magnetic field due to various configurations:
&0, i
P B oo straight wire: B = Hy
‘ 27R
A~ R : : : 7N
: semi-oo straight wire: B =
i F\'Iﬂ‘ .',! H B(/‘ — g 47R
1 i
B= (cosa +cos ) a=p: B="—"—cosa
47R 27R
.Rz
" BJ.' = ‘uﬂt 3
HN E(Rl + }12)/;;
y B= ‘;}: at loop’s center

@/’ E B =1l (i} at loop’s center subtending
e 2R\ 27

an angle O at 1ts center

B =%yﬂni(cn5§] +cosé,)

B=puni: o solenoid

: 1 :
n: number of turns/unit length B = 3 g.ni: at the end of solenoid

0 r<R
. [ B —. -
ao straight hollow wire M1 P> R
27r
";"If;;:ﬁ"‘;xr r<R
co straight solid wire B = EI.
ol r=zR
| 27r
"B
a; b B= HK tan™ (i] K= !
: T 2a b
R AN R K
b—s>wo ..B='e : 0 sheet
B id 2
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Magnetic field inside toroid at distance r
i
2xr

from the center of toroid: B = N

N: number of turns

B = I N ln(é)
2(b-a) \a

IT41
Rotating charged ring B= j‘f;}
Rotating charged disc B= ‘u*"’JZ—MR
Rotating charged sphere = 24, ?HR
Rotating cylinder B=uocoR

4. Amperes Law:

tj).é cdl = i, : ienc 18 current through any ameprian loop or current that

pierces any surface spanned by the ameprian loop.

A AN G WA
‘\J/ﬁf ll'\_) l\/) fi
(D) (c)

(@)

cj){— also indicates loop around which element of length d! is to be integrated.

This law 1s valid when:
v  Electric field inside the amperian loop remains constant.
v When a steady current flows through the wire.
« Although we are calculating magnetic field for the current enclosed, the
magnetic field so evaluated 1s due to the current both outside and inside the loop

. The magnetic field calculated is on the amperian loop.
. cj) B.dl #0: .. The magnetic field is non-conservative in nature.
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.

MAGNETIC FIELD 11

Mﬂgnenc field does no work.
= g(¥x B) : Force acting on a charged particle.

—

F‘,_,r =i(LxB)=V (jxB): Force on a current carrying wire.

ity
B
ﬂi
<\
F N

If B(x, 1;) constant :

Mﬁ:ﬂﬂ or 180° v £ B=90° v £ B=0°/180°/90°

po M 8B MY M T
gB gB m gB B

In case both E & B are present, then for straight line path:
From the figure it is very clear that ‘E
» E & B must be perpendicular to each other. / ; 1,:// Fe
. E must be perpendicular to v 7 4 ; B 4
» v may not be perpendicular to B. y

. For the particle to move in the straight line pﬂth

E
Bsin#

gvBsin@=gE ..v=

then the angle at which it enters, at that angle it will .
come out. The center of circle i1s always towards the F @R
direction in which force i1s acting on the charged ° Fy |
particle. We first find the center of circle before solving  * \
the question.

If a charged particle enters a magnetic field as shown, F%

Cycloidal path: When electric and magnetic field 1s uniform and
perpendicular, then the charged particle which has started from rest; moves in
a cycloidal path. Such a cycloidal path 1s same as that of the motion of a point
on a rolling wheel.

—r

F = R(@t-sinwt)i + R(1-cost) j : Equation of path
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10.

11.

12.

13.

14.

15.

16.

Helical Path with increasing pitch:

Y
BIE
7TV
Hall’s Effect: n=“f—B, v, =i, V=Ed
eAV Bd

If B(x,t)= constant , then force on a closed current carrying loop is zero.

E(x, t) = constant , then force on a current carrying wire is Bil if B, i, and [ are
perpendicular to each other.

If current in two wires are in same direction, then they attract, else repel.

Magnetic dipole moment: u = NLi:Eif
m
Note: Mass and MI 1s of charge distribution and not of the body on which it 1s

distributed.

Torque and potential energy

If B(x,t)=constant , then 7 = fixB @=0" :stable equilibrium

—

U =-ji-B always. #=180° :unstable equilibrium

Magnetostatic energy density and Magnetostatic pressure 1s given by:
2

P=u, = > : This pressure that one applies on itself due to its own current.
H,
D’Arsonval galvanometer:
k
[=——0=cH : ¢ = Galvanometer Constant
NAB
f NAB 0
—= — = Current sensitivity
I k I
0 NABI 7
—_— :— = Voltage sensitivity
V k R vV

17. Two protons move parallel to each other with an equal velocity v:

2
To ey = F)
C
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1. Faraday’s law of induction:

. Emf is induced in loop when magnetic lines of forces (flux) change through it.
. Emf induced in the loop depends on relative motion of the coil and the magnet.
. Emf induced 1s independent of chosen reference frame.

. =J‘§+d§ [By definition] SI unit: Weber

d@g
dt

The direction of induced emf 1s worked out using Lenz’s Law. It states that an emf
1s induced in such a way that it opposes the cause that induces emf.

2. Averageemf: (&)= 4% : Charge Flown: g = P ::]f
4

E==N for N turns coil

3. Motional Emf: It is calculated using F = g(E +VxB).

—————

m,d=e(E+7VxB)

my

E:_&Kﬁ
If BLvll, then &, =AV =Bvl E=

=

m,

-¥xB AV =|E-d
€
Even if magnetic field 1s not present, still potential difference will develop.

Rotating rod:

x x
: if/l )
x x

m’l® 1 1 m’l> 1 1,

nd = +—Bol’ ~~Bol nd =—————+—Bol’ ~~Bol
nd =, 2 Sind 2¢ 2 2

. : : : = =~ dg
4. Changing magnetic field induces electric field.: C?E -dl = o
t

:'rrzd—B O<r<R %j—ﬂ O<r<R

TR R<r<w —— R<r<wm

dt L 2r dt

«  Direction of E; ; 1s found using Lenz’s law.

E;.; doesn’t have any radial component.

—ir

. L.

in

4 1s not associated with charges. It has no origin & end.

E;. ., forms a closed loop, therefore i1s non-conservative.
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Inductor doesn’t allow sudden change in flux. ¢; = Li.

If ‘L’ doesn’t change suddenly, then current will also not change.
But, if *L* changes suddenly, then flux still remains the same and current changes.

If the inductance of a solenoid coil 1s reduced suddenly from °L’ to *nlL’; then flux
through it remains the same just before and just after the change in the inductance.
If i, 1s the current flowing through the inductor before the change, then

Li,=nLi S D= ig/n. 1.e. the current increases.

|1

T
|1
[y

LT ||1"I
f"%lﬁ"}"\ m J
.
[
|
RS
=
b
—
=3
o o,
)
M

L p,h
[ b
—_— N : di
RL Circuit: In the direction of current, we write LE
I
.V - N L .
1= —(l—e HJ”‘) i=—e RIL T =— (one time constant)
R R
Demagnetized inductor acts as an open circuit.
An inductor acts as a short circuit after a long time.
P h d:
Mutual Inductance: M = —="2 = =" E=M"L &§=M—"2
I, 1, dr

Inductors in series:
i.  Current in both the coils 1s in the same sense: L,, = [, + L, +2M

ii. ~Current both the coils are in the opposite sense: L,, = [, + L, —

And if flux is not lost, then M =./L; L,
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Inductors in Parallel:

2
: o -M
iii. Current in both the coils is in the same sense: L = L
L+L,-2M
2
: : , -M
iv. Current both the coils are in the opposite sense: L = =L
L+L,+2M

Magnetic field does not follow superposition principle:

~s 5 - -
- = 2 B B B, -B
HB - (Bl + BE ) = I + 2 + 1 2
2 4, 2p, 24, 4,
self inductance mutual inductance

N w

U, = i.[,f,‘? +lgf§ +M 1,1,
2 2
Energy stored in the magnetic field: U, = ;—sz

Behavior of various electrical elements in magnetic field:

A
A
]
® B RF—F
B RfF—v,
B
BE“ BIFI FR
: _
o v=v [l—e ™F |1 y =
v=v,e L o o g22
| |
:-:ﬂx = P): b E.} 4
B“EI b o b4 b4 b i 4
L —ll-'n
l m,f s = = o X :;f =
c
& * ® * Q( 3*1 " X
v, .
L___m8 x=-2sinmt
- i)
B*’C+m

For a superconductor, ¢y = const
LC Oscillator: Potential difference across C and L 1s always same in LC circuit.
g = Q, coswt : When initially capacitor is fully charged.

2
Thus, time period of complete oscillation: 7T =—; w=

1
o " JIc
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10 V AC source means RMS value (or effective value)

V =10 sin (120f) means peak value.
A hot wire ammeter measures current in RMS value. A hot wire voltmeter

measures voltage in RMS value. Both can measure DC current and voltages also.
A moving coil galvanometer measures DC but gives zero reading for AC.
Power 1s sent to cities at high voltage so as to reduce power loss

ézﬂ P=1& =L¢& N3 > N;: step-up transformer.
& N, el 172 N3z < N;: step-down transformer.
der fPldf
<P>= P, =+<P' >=
fdr jdr
. : 2 - 1
<sinf>, , =0 <sinf >, _ = J{ sin” & >,__ ==

If a physical quantity ‘P’ is constant then < P>= P, J< P’ >=P
For straight line with varying from I, to zero: </ >=1/2, 1, = {NE)

Behavior of L, C & R in AC: Applied voltage be & =& cos(wt)

@Dﬁ o Tl o &

: _ g
:——cns ot —— :=—cns @t+— ==
e G I e G I
- 1 = .
X, =L, X, =jX, X, = Xe=—JX, R
I lags VL by 7/2 Ic leads Ve by 7/2 Ir & Vg are in phase

LCR series circuit: LIC: Read clockwise; but we take anticlockwise positive
Note: In diagram below, Vi, Ve & Vg are all peak values.

m =%" VR =ImR! Vr_‘ = "rmXL"! V.[ = Imxf_ 5 = (fm C{}SIIH, i_ (?Em CGS[&H‘ é}

'-’rr_? \ Z =‘J(XL_XE}E +R v, =¢.—”Rccrs(mr—¢}

i ()] X % z

L~ “*c

R Ve = (EZ’“X cos(wt —¢p—m/2)
Cm = JVR: +(V£ _Vc)z

=v,t+v.4+vVv
R c L

VL—VCi““““““““ tan ¢ =

Vi

=%"Jﬁ'I cos(at —g+ 7/ 2)

Power delivered by AC is power lost by resistor:
P =i & : instantaneous value <P>=1[__& cos¢ cos¢:power factor

P =iR; (Py=¢,. 1, cosp=E RIZ?
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Power in inductor, capacitor & Resistor:
P, =iv, . <P >=0 P.=iv, . <P.>=0 : Wattless Component.

I’R
Heat lost in resistor in one cycle: Q = J‘EERdr = TT

LCR and Radio: Capacitance 1s changed to tune radio.
Inductive circuit Vo= Vi X1 > Xc >0 o>, 1

Capacitive circuit Ve= Vi Xe=Xp @<0 M0 < 0y @0 = JLC
Resistive circuit Ve=VL Xc=XL g=0 ©=0we
2
RESONANCE ¢=10 I =§£, JF":&ﬂ
R R
R
Half Aw = E
Power « —
Pomt 0= w, 1 [L
Aw R\C
o
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GEOMETRICAL OPTICS

Deviation 1s angle between incident ray
and reflected/refracted ray.

-

A

~

=1‘5L!' —2

[ A )7
: If the incident light rays are diverging, then object is real.
. If incident light rays are converging, then the object 1s virtual.

r

. If outgoing light rays are converging, then the image is real.
. If outgoing light rays are diverging, then the image is virtual.
The total number of images if P-series is given by:

180° -
}H

g
J &l = final P & Q image will coincide

Nf.:"

180° —
180¢

7]
[

[180° |
Np+N, | #1
s Number of images: N = N -
Np+ Ny -1 % el
Mirror Lens
l+l=l;M=_—;| =1m.ageste l_l=l= i_l L_L
u v f u object size v u f u, R, R,

=0 [ & O:same orientation

|

f=< 0 for concave mirror (diverging)
f =0 for convex mirror (converging)

= f% M=-1

X

< (0 I & O :opposite orientation

_ 2
Vimage = —M V,

Lateral Magnification: {;ﬂ = m?
u

f=< 0 for diverging lens
f = 0 for converging lens

virtual image 1s not formed for virtual object if the rays are converging.

real image 1s not formed for real object if rays are diverging.
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Velocity of image in Y- direction:

i Vi . At X
2 : ; —
mv . —=mv,+—mv
2 V, ime dt A
Displacement Method e D-x D+L
S 1 x D-L

I
o mym, =1 = =E2 0 =11,

_ o
ANVr fi f

Put f as positive for converging lens and negative for diverging lens.
Put R as positive for convex mirror and negative for concave mirror.
If F=0,1t’s convex mirror; If F <0, 1t’s concave murror.

Optical power for mirror: P = —l. Optical power of lens: P = %
Deviation of light through a thin lens:
_— h

7 °=F

Refraction: ( fxﬁ] =1 (Fxn); gsing, =, siné,

ceh 2 T
ATy 72§ f-~-mn
H T —
Ha -’x{ : l.
WAL 7
Cauchy’s Law:

_a..B.C
U= +?+2—4+...
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Refraction through plane & curved surface:

H Hs
Plane surface: H_ A 0, M=1
V u
Curved Surface: t _H_M A , M= MY R
vV oou R L5l
Refraction from thin lens: L, { LLs
1 — U L —
s _(t—m)  (15=4) R (R,
v u Ry R, H,
Apparent shift:
1
| :
LI M) 110
- ||, 5
1 I
tl1-— i
( u] 0

Apparent shift = f[l —L] 1s always
Hy

in the direction of incident Light

,.*fH cos’ r
(‘ul —sin’ r)m

_Hsin’r (4 -1)

y
(,uz —sin? r)m
roL .
d = sin (i —r)
COST
d =tsini| 1 ————t
J,ul —sin’ i
d=i+e—A
n+rn=A
. (A-I'ﬁmin}
sin
: ' . 2
: : i Ii- ‘H =
i, i=e 90° Sil{ A )
A: refracting angle or apex angle or angle of prism. 2

Minimum Deviation: It occurs when: rn=rn=A/12 & i =e¢
Maximum deviation: It occurs for two angle of incidence: i, & 90°.

" - _ » 2
sini, =sin AyJu” —1-cos A Download more book at 9jabaz.ng for free!!
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(< cosecA NO TIR takes place
A 0<i<i, TIR takes place
cosecA < i < cosec| — ——
= 2 i <i<90° TIR doesn't takes place
A :
> cosec [E} TIR definitely takes place

Small angled prism: é=(u-1)A

Dispersion through prism: It is phenomenon of splitting of light in 7 colors.
Dispersion: ¢ =6, -8, =(u, — 4, ) A

5. —[,i{-,, _1) (#u ;.ﬂr —l]

¢ =!uv_#r
Hy —1

Dispersive Power (@) =

n

A, g, =(-'uvl_1}Av1_(-'uu2_l}Av2
aR ={.|'url _I}Arl (Juri I}Ari
A
] 0, =4y _I]Arl ¥2 I)Ayi
Achromatic combination: ¢ =g —¢, =0 =98,,-90,,
Direct vision combination: 6, =0, -3, =0 $=08, -8, =d —,
Chromatic Aberration in lenses: f, — f, =Longitudinal
ﬂﬂﬁk chromatic aberration
p— I p—
A Iy ﬁ{:fr fy
fk .luy - f_}'f”ﬂ'l-'lr'
. - . @ @,
Condition for achromatism in lenses: ? + f_ =0
1 2
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WAVE OPTICS

Wavefront: The surfaces joining all points of equal phase are known as
wavefronts. [ Phase is defined as: (K x— @t + ¢). |

Perpendicular to the wavefront will give the direction of ray.

Planar wavefront passing through single slit:

The widths of the slits must be of the same order as the wavelength of the light.

@) _ sor- cos? F2AP).— AD . R
10) = Cosa -+ COS [ p ] 4Q B =?;[3r,H =
)
¥ =
v - ni;.[} T Jd/may -1

o large angle — Ap=dsina

Ap : Optical Path Difference
n: order of fringe

T h I[E]__ """" E[E -ﬁp}.._.. H : smﬂ.” Hﬂgle — ﬂ'p - d5inﬂ = d tanﬂ

0=0, x,=0: center of screen
Ap=(, n=(): central maxima

Coherence: A¢ = constant

2 :
I, =1+1, +21’f11’: cosAg Ag = Tﬂ-ﬂp A: Wavelength in vacuum

: .. AD
For interference pattern to be distinct a < VR

Incoherence: Ag = constant — [, =1 +1, throughout the screen.

Constructive interference Destructive i erence
Ap=2nt or Ap=ni Ap=(2n+l)z or ﬂp=[n+%]i
2 2
o =(VE+4T;) = (4 -JE)
[ [ i
it 2 i+l] £+l]ef [inculding co]
A A A 2) 4 2
N:q d d N:1 _ p
E[E]H EEI [max. not at ec] L2_%+%] x%+%]if [mun. not at =0]

N: Number of maxima/minima formed on the screen.
uL: optical path length = OPL = [ uds.
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Intensity of fringes: If I, =1, =1, then I_ =4I cos’ (%&) =1, cos’ [%}
4 I
I
NEVAN

\
2 \

A A A
- 6 3

When d ~ A, then the number of fringes formed in finite distance are 9. And we
can see that intensity of nearby maximas do not remain constant.

Ap

| |'| | d=5\

— [ |
~J Ul || |
Amplitudes of electric field can be changed by using different slit sizes or by
using slabs in front of slits which reduces the intensity of transmitted light.

Displacement of fringe pattern:
central maxima

l—»xﬂ :-:tl[p—l]g

P N

Ap=dsmf-dsing Ap=dsmf—(u-1)t

Location of central maxima: 8 = o Location of central max: 0 =dsin&—(u—1)t
At center of screen: Ap = —dsIn@ At center of screen: Ap =—(u—1)t

For small 0: Ap=dtanf—dsina For small 0: Ap =dtan—(u-1)t

YDSE with white light

780 nm maxima (red)-appears red

390 nm minima (red)-appears violet

380 nm maxima (violet)-appears violet

190 nm minima (violet)-appears red
central maxima (white)
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Shape of fringes in Young’s Pin Hole Experiment

Y
) P NP
7 D | D
| NS, d
Szi']d / S,H““ Z
. SE
Bright fringes: Bright fringes:
¥ 2 2 2
y X - D dD 2 2, .2
21 dl—nlﬂzﬁ(dl—nlizj Y D" =x"+y

Location of apex of hyperbola:

2
y= = Radius of circle: x = DJ[i1 ~1
Jd/na) -1 B4

For interference pattern to be obtained in the screen d >n A

The number of maxima’s and minima’s in this case is same as in regular YDSE.

Phase change in reflection:
When a ray of light goes from rarer to denser medium, reflected ray undergoes a

phase shift of .
Note: Light ray reflected from a mirror undergoes a phase change of .

YDSE with 3 slits:
I,=1,[1+2cos Ag]

A¢: phase difference between light coming from any two consecutive slits.

N-slit interference: D >> Nd
sin(N.-:r fl]
Nsin(frf 2)

2
For small angles: I, ,.(6)=1,, ({]]{ ] : where, a=kdsin#

Interference in thin films: Ap =2udcosa where a 1s refracted angle
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MODERN PHYSICS

Bohr’s Theory: We assume Hydrogen atom at rest in our study.

‘ hcR
1. Energy of electron in n™ energy level: E =- EI
n
n=6 _038eV
—0.54 eV
o "7 gsev
—r — —085¢
8| g gg
el | edfs = 3 —15eV
PASCHEN n=
| X | IS <%
-34eV
BALMER n=2
| P
| ==
—— —136eV
LYMANN n=1

2 2

n.n,

2. Photon (emitted/absorbed) in transition: ho, = E —E_=hc R[i—iJ

Case II: Electron & nucleus revolving

3. Case I: H-atom at rest about their common COM
-IT] . : I 2 i
r=—=o2 =053 A LI
ﬂ'.l".l':'f L £ " ﬂ.#el 7
e £ Z -
y =2 _2165x10°= m/s _ _¢ Z
" 2£uh n# zz ;t .l"a _a'}('ri+r2)_ zﬁ'ah ~
E =-—%_2 —_13.6= eV/atom 1, 1 (Ze)e pe Z
BEE;III H'I H'E E. Z—#'l-"n - - 2,3 2
zz 2 ‘1-?55‘ r EE h n
:—E.]?E:u:lﬂ'"—] J/atom I,ue" -
2 n F‘ = 4 Ih:! 3
2 & M
=—li’r]2—I KJ/mole !-;E"
n R*zg = zZ°
2 2 £ 3(_-
KE=13.EE—I; JF'E=—2:«tl3J5E—1 :
n n R-R' _m 1
4 2 2 - -
v = 2 _653%10° L Hz; R M 1837
n 45:}11 HJ Hl
3
T=l.53xlﬂ‘“’;

E
independent m, m,
independent M 7
n’ Z z zZ Z’
z n n F
h? 1/h 1/h? I/W 1/
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4. Excitation energy: defined from ground state: AE = 13.6(1 — LI)Z P eV

n
_ Whenumansitionisfrom
n = 1: ground state n; = 1 to nz = 2 — 1* excitation energy
n=2: 1¥ excited state n; = 1 tony = 3 — 2™ excitation energy
n=3: 2 excited state n; = 1 to n; = 4 — 3™ excitation energy

¢ The spectral lines are defined for H-atom only and not for hydrogen like 1ons.

e  Series limit: n =« — home. It i1s the shortest wavelength in the series.

e In general, the number of spectral lines emitted when an electron falls from

(n, =m,)(n, —n, +1)
2
Debroglie Wave and Hydrogen atom.

state n; to state ny; —

f\ _/1,1f\,Hf\ f\. /ﬁ
\/ AVAVAVAVAVAY.

nA=2mr also R.=i C.MV T =ﬂ
mv T
Collision of atoms:
1 1 1
KE = —uv? + — MV’ KE =—uv’
ir 2 -l'uvr 2 FEG [ lt'u.vr

The only mechanism by which the collision can be inelastic 1s: % uv: = AE .

Bohr’s theory with atoms in motion:
Ao, U wavelength & frequency of emitted photon when hydrogen atom 1s at rest

v ::uﬂ(l+£c:nsﬁ]
c

H-atom m@{p“
=) R\
AxA |1+ ﬁEE (I—Ecnsﬁ} """"" A A
2mc C n photon h
v, &V —ﬁﬂﬂsf}
mc
2 272
One Dimensional Electron Trap: E_ = Pn _ T h 5 p, = L3 = nh
2m 8&mL A, 2L
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PHOTOELECTRIC EFFECT

Photocurrent: i = % = e?. n: number of photoelectron emitted.
[ I
it saiumri&n current (2, v)
i f Principle: [ = nhv
(21, 2v) (1) At
v (1,2v) . Photon flux
> |/ At
V=2V, Vv
stopping potential
]
V. / K_=eV
slope = hle é=hv =h_': E=¢’I+K
s >y ’ j’" A -
By A_= threshold wavelength

cut-off frequency
« velocity of photoelectrons 1s w.r.t to the target material.
» KE of photoelectrons 1s a random distribution ranging from 0 to Kax.
» An electron loses its KE in the following ways:
* Collision of free electrons with the lattice of metals.
» [oss of KE, as the electrons cross the surface of the metal and comes out.

This loss accounts for the work function (¢).

P =IAcosf= PIAEDSH [E} __r .l.q
drr Emitied

P =IAcosf= P Acosd [—] =—L.n
2rri f )iy IV

P, =1Acos@ [E] =i.q

Momentum p=£=£ p=my
A
Wavelength A=clv A =himv = h/p
2
Energy E =hv E:lmpl _r
2 m

Intensity of electromagnetic radiation: [ =n hv,
n: number of photoelectrons per unit area of the wavefront per unit time.

p IAA.cosf

[

Electromagnetic momentum/time:

Electromagnetic pressure = I/c (perfect absorption)

Force due to electromagnetic pressure (P): F=PA,  A.: Projection area
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K : 21 L:3->2
K,: 31 L,: 42
K : 41 L:5—>2
Jo =a(z-b),

a=495x10" Hz? for K,

For b=1.For Lo=7.4
80 KeV = - ¢

35 KeV A =—

15 KeV v
>} (pm) V: accelerating voltage

K,
Ko LL,
/ L,
s /.
Intensity (/) of emitted electrons on changing filament current
. When we only increase filament voltage (V,); more number of thermal

——— Characteristic X-rays

Relative Intensity

Vvt

. : n . .
electrons will be emitted. Thus, — increases. Therefore, [ increases.
t

» On increasing accelerating voltage (V); Amin decreases, Therefore, I increases.
» If v increases, then it is called Hard X-rays.

NUCLEAR PHYSICS

Forces Relative Strength Range Mediating Particle
Nuclea I Short Gluon
; (1 fim) (®)
Electromagnetic 1/137 Long (just as ;ﬂg:; of field)
Weak Forces 10® (107 fm) bosons
Gravitational 10-3% Long Gravitation

There are 5 kinds of forces that operate within the nucleus.

1) Attractive forces

11) Hard core repulsive forces

1i1) Coulomb forces of repulsion

1v) Weak forces: Weak forces are responsible for beta decay.
v) Tensor forces: Range of tensor forces 1s 3 fermi.

Nuclear Stability:

A typical heavy nucleus is stable when 1.2 < % <1.4.

No elements with Z > 92 occur naturally.

Lead (Z = 82) is a stable nucleus. Nuclei of Z > 82 are radioactive.
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Symbols in nucleus: X" (called a nuclide)

A: mass no. = no. of protons + no. of neutrons = no. of nucleons
Z: atomic number = no. of protons

Atomic Mass Unit (unified mass unit):
one atom of the isotope '*C is exactly 12 u, where 1 u =1.660559x10~" Kg.

m 1

L3

m. 1837

P

m"}mF}mt

Binding energy: Am=Zm_ +Nm_—-M M :Mass of nucleus
BE =931.5 MeV/amu

BE = E, =(Zm, + Nm,—M ) x 931.5 MeV/atom

E, /nucleon = ﬂ‘””‘f L3 MeV/atom = 2 ’T LS 1.6x10™ Jfatom

Binding energy (Es): Energy supplied Reaction energy (Q-value)

to separate the constituent of a nucleus It is the energy released in reaction
to a large distance.

Note: In both the cases, we will take “reactant — product™.
E_, = BE(reactant) — BE(product)
E,=BE(H)- BE(/H)
= [m( l'H’]+J1rH_u —m(fH)]Cz
=Amc’ )
Am : mass defect (Am): Mass difference
~E, =-0Q
Q >0 or E, <0:Energy is released (spontaneous/exothermic react”)

'H — |H+ n
= mass of reactant — mass of product
Am =m(fH}—m(:H)—mn

O <0or E_ >0:Energy is supplied (induced /endothermic reaction)

Reactant mass > Product mass (Spontaneous reaction).
Product mass > Reactant mass (Induced Reaction).

If E, >0,

BE(reactant) > BE(product) —> reactant more stable

Nuclear Reaction: A nuclear reaction 1s represented by X (a,b)Y.
Q=(m, +m)c’ —(m, +m,)c’ -==(1)

O0=(K,+K,)c* (K, +K,)c’ --—(2)

Equations 1 and 2 are valid only when Y and b are in their ground states.

Scattering: If a and b are 1dentical particles, which requires that X and Y also be
identical, we describe the reaction as scattering.

a) Elastic scattering: If K. = K, 0 =0 and all nuclides remain the same and in

their ground states.
b) [Inelastic scattering: K # K_, Q#0, in this case Y or b may be left in an

excited state. We are talking about nuclear energy level. When they
deexcites back, gamma radiation 1s emitted.
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Alpha Decay: K _ = e 0= uQ; K, = Me 0
m.it' .?II}, +mr.': m.i'f

Beta Decay:
B-decay: n' > H'+ _e" +0 (antineutrino)

>

A A L] ==

A= ¥ '+ e +v

. _ A A

“Am=_X*—_Y

B*decay: H — n' + e +v (neutrino)
A A LI

X = Y+ e +v

Am=_X*—_ Y*-2m
In beta decay, the KE of the emitted electrons have a continuous spectrum of

energies, from zero up to a maximum K.
Direction of emitted electrons & recoiling nuclei are never exactly opposite.

No. of 3 particles

=KE

Electron Capture (or K-capture, or inverse beta decay): H+ e — n+v

XA+ o Yo Am=[m(, X*)-m(,_Y*)]
Thus, the charge in the atom remains the same still.
Electron capture leads to X-ray with equation: v/u = a (Z-1-b)

Positrons have a very short life-time. _e°+ _&” — 2y

RADIOACTIVITY

A; unit: 1 Curie = 3.7 x 10'% dps (or Bequerel or counts/sec)

A :
Specific Activity: —, where m 1s the mass of sample .
m
]
N' = NGE—,I: = Nﬂl:ﬂ.ﬂ}nlm fw =In2/A. (f) =I
Successive disintegration

, . N .
Case 1: Production rate 1s constant: d—’ =R—-AN, .. N,
1

Case 2: Production rate 1s not constant

_ iyt
dNI - %N (1) Nl = Nﬂﬂ'
d.f 1 Nz ={‘:1—N;LI[E—JLI _E—lﬂ]
dN -
Lo AN -AN, === .
dt AA, | 1-e 1—e™™
N Ay R
Zh AN, ——-@)
t N, +N,+N, =const.= N,
e = 1=€ 7 P = = 05 = by =2+,

[
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