Physical World and Measurement

FORMULAE

Unit:
Measurement of any physical quantity is expressed in terms of an internationally accepted
certain basic standard called unit.

*  Fundamental Units.

S.No Physical Quantity SI Unit Symbol
1 Length Metre m
2 Mass Kilogram Kg
3 Time Second S
4 Electric Current Ampere A
5 Temperature Kelvin K
6 Luminous Intensity Candela Cd
7 Amount of substance Mole mol

* Supplementary Units:

S.No Physical Quantity SI Unit Symbol
1 Plane Angle radian rad
2 Solid Angle Steradian Sr

* Metric Prefixes:

S. No. Prefix Symbol Value

1 Centi C 10-2
2 Mili m 10-3
3 Micro il 10-6
4 Nano n 10-°
5 Pico p 10-12
6 Kilo K 103

7 Mega M 106
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Kinematics

FORMULAE

2usind
g

u’ sin26

Time of flight: T =

Horizontal range: R =

u®sin®0
2g
Trajectory equation (equation of path):

Maximum height: H=

2
y =X tanﬁ—%:xtanﬁ 1-X
2u”cos” 6@ R

Projection on an inclined plane

Y
X
Range Up the Incline Down the Incline
2u’sinaccos a+03 2u’sinacos a—f
gcos’3 gcos’
Ti £ flicht 2usina 2usina
tme ot g gcospf gcosf
Angle of projection
with incline plane z_b Z+£
. 4 2 4 2
for maximum range
uZ uZ
Maximum Range m m
RECTILINEAR MOTION

Average Velocity (in an interval):

V U eeVos Totaldisplacement _1; —r;

a Total time taken At

Average Speed (in an interval)
Totaldistance travelled

Average Speed =
Total time taken

Instantaneous Velocity (at an instant):

V.. =lim {ﬂJ
At—0| At

Average acceleration (in an interval):

— Av_v.—v,

aav - -
At At
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Instantaneous Acceleration (at an instant):

- dv_ . (Av
a=—=Ilim| —
dt Ao At
Graphs in Uniformly Accelerated Motion along a straight line (a # 0)

e xis a quadratic polynomial in terms of t. Hence x - t graph is a parabola.

;': -
a= D\
®

F Y.

Nezo/

t

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

e

&
u mf%

a is negative

a is positive
B {

[i] 0
v-t graph
e a-tgraph is a horizontal line because a is constant.
ak N a
positive
acceleration
a B ——
0
negative
>t acceleﬂan
I:I L
a-t graph

Maxima & Minima

d—y=0 &i d_y <0 at maximum

dx dx\ dx

andd—y:O&i d_y >0 atminima
dx dx \ dx
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Equations of Motion (for constant acceleration)

a. V=u+at
1 1 1
b. S=Ut+Eatzs=vt—Eat2 xf=xi+ut+zat2

c. VZ=uz+2as
u-+v
2

d s=

e. S, :u+% 2n—1

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

RELATIVE MOTION

Vs (Velocity of A with respect to B)= Va—Vs

ans (Acceleration of A with respect to B)= an —as

Relative motion along straight line-Xxg = Xg-Xa

CROSSING RIVER

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

1. Shortest Time :

Velocity along the river, Vy= Vz
Velocity perpendicular to the river Vi= Ve

The net speed is givenby V_ = «fVZmR +V;
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2. Shortest Path:
velocity along the river, V=0

and velocity perpendicular to river V_ = \|V? . —V?

Y
I
I
1B

x

X

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

therefore time to cross the river, t = d _ d
VY \] Van - Vé

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

=>VRr-VirSin0=0 or Vr=VmrSinO

Or @=sin"! Vi
VmR

RAIN PROBLEMS

i - o { 2 2
VRm = VR —Vm or VRm= VR-f-Vm
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Laws of Motion

FORMULAE
CIRCULAR MOTION
1. Average angular velocity = w,, = b, —0, :&
t,—t, At

. do
2. Instantaneous angular velocity = w= a

o

. Wy—wWq Aw
Average angular acceleration = a4, = Y
274
. dw
Instantaneous angular acceleration = a = -

Relation between speed and angular velocity=v=rw and v=wxr
Tangential acceleration (rate of change of speed)

dv  dw dr
t = =rr—=Ww—

dt dt dt

N o s W

=a

2

8. Radial or normal or centripetal acceleration=a, = — =w’r
r

9. Total acceleration

- - — 2 2 1/2
a=ac+ar=a= a; +a,

i

\[E

Fl

wherea: =axr and ar =wxv

10.Angular acceleration

—

- dw . . .
=Sa= T Non —uniformcircular motion
t

AN
?&muon ¥

b
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11.

2 2
Radius of curvature R =~ = "V
aL 1
3/2
dy ’
1+
&)
Ifyisafunction ofx. ie y=f(x)=R= e
dx?
12.Normal reaction of road on a concave bridge
mv’
=N=mgcos0+
k 12)

concave
bridge

mocosg
Mg

13.Normal reaction on a convex bridge
2

=N=mgcos0—

; convex
bridge

B

.‘;(j

14.Skidding of vehicle on alevel road = v_ <./pgr
15.Skidding of an object on a rotating platform = w___ = «/ug /r

2

16.Bending of cyclist = tan6 = v
rg
V2
17.Banking of road without friction = tan6 = —
rg
v’ p+tan0
18.Banking of road with friction > —=———
rg 1—ptan6
19.Maximum and minimum safe speed on a banked frictional road
rg p-+tano v rg p—tan® v
20' Vmax i I min S
1—ptan6 1+4ptan6

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

22.Effect of earth’s rotation on apparent weight =>N=mg -mRw2c0s26;
Where 0 = latitude at a place
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23.Various quantities for a rotation on apparent weight =>N=mg - mRw2cos?2 6;
Where 0 = latitude at a place

24.Various quantities for a critical condition in a vertical loop at different positions (True for a string or
on a smooth track.)

7 4 x\ y ,/ N

1 2 3 (1 \ j

(1) @\ ) @ (L)
Vinin =/ 40L Vinin = /40L Vimin = /4gL

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

25.Conical pendulum:

,-—ﬂhflxed pointor

suupensju:un
;hra;_m

T cos 6 =mg

T sin 6 =mw?r

.. Timeperiod =27 Lcost
g

26.Relations among angular variables:
wo=Initial ang. velocity w=wo+at

dé, mora

/ \ {Perpendicular

- ‘I to plane of paper
10 | directed outwards
/ for ACW rotation)

r/

a, or ‘J“-i
. . 1,
w= Find angular velocity 0=w,t+ Ecxt
w= Const. angular acceleration w?= wo’+2a0

0= Angular displacement
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FRICTION

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

KINETIC FRICTION: fk = uix N
The proportionality constant p is called the coefficient of kinetic friction and its value depends on the
nature of the two surfaces in contact.

STATIC FRICTION:

[t exists between the two surfaces when there is tendency of relative motion but no relative motion along
the two contact surfaces.

This means static friction is a variable and self-adjusting force.

However it has a maximum value called limiting friction.

Frmax = IJ-SN
0<fs=fimax
"
M —— F (effort)
f «=—
{friction) ST
I"lu k

Applied Farce

NEWTON'S LAWS OF MOTION
1. From third law of motion
ﬁAB = _ﬁBA
l?:AB =Force onA due toB

ﬁBA =Force onB due to A
2. From second law of motion

dP dp P
' =—2=ma, F=—"=ma FZ:S =ma
dt Yoodt Y dt

3. WEIGHING MACHINE:
A weighing machine does not measure the weight but measures the force exerted by object on its
upper surface.

4. SPRING FORCE F=—kx
x is displacement of the free end from its natural length or deformation of the spring where K = spring
constant.

5. SPRING PROPERTY K x £ = constant
= Natural length of spring.

6. If springis cutinto two in the ratio m : n then spring constant is given by
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. oo . 1 1 1
For series combination of springs — =—t—t..
keq kl kZ
For parallel combination of spring Keq=ki+kot+ks.........

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

Remember:
VvV, +v,

Vp =

L oAt

W.sind

Contact
W, =W, sind Plane

Components of velocity along perpendicular direction to the contact plane of the two objects is
always equal if there is no deformations and they remain in contact.
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1. NEWTON’S LAW FOR A SYSTEM
Fe« =m, a1 +m,a: +m,as +.....

Fexe =Net external force on the system.
m;, mp, m3 are the masses of the objects of the system and

- o o

ai1,az,asare the acceleration of the objects respectively.

2. NEWTON’S LAW FOR NON INERTIAL FRAME:
1_:‘:Real + ﬁ,,seudo = mg
Net sum of real and pseudo force is taken in the resultant force.
a =Acceleration of the particle in the non inertial frame
E‘pseudo = —maprame

a. Inertial reference frame: Frame of reference moving with constant velocity.
b. Non-inertial reference frame: A frame of reference moving with non-zero acceleration.
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Work, Energy and Power

FORMULAE
WORK DONE BY CONSTANT FORCE:
W=FS

WORK DONE BY MULTIPLE FORCES
Zl_:‘::ﬁl —|—1_::2 —{—l_:‘:3 + ..

W:[ZEF (i)
W:ﬁ‘1.§+ﬁz.§—|—f‘:3.§+ ........
orW=W, +W, +W, +......

WORK DONE BY A VARIABLE FORCE
dW =F.ds

RELATION BETWEEN MOMENTUM AND KINETIC ENERGY
2

K= Zp—and P=+2mK; P=Ilinearmomentum
m

POTENTIAL ENERGY

l:z du=—f Far e, U—U=—[ “Fdr=-w

r- -

U=—] Fdr=—W

CONSERVATIVE FORCES
po_9U
or

WORK-ENERGY THEOREM
W+ Wiye+Wps=AK

Modified Form of Work-Energy Theorem
We=-AU

WNc+Wps=AK+AU

Wict+Wps=AE

POWER

The average power P or p,, delivered by an agentis given byl3 or

_w
pav t
RS _pdS_gs
dt t
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Rotational Motion

FORMULAE

CENTRE OF MASS
Mass Moment: M = m;

CENTRE OF MASS OF ASYSTEM OF 'N' DISCRETE PARTICLES

- m,ri+mrz+..+mrn >
I'em = ;Tem
m, +m, +..+m,
n Ed
Zmiri . 1 .
=1 —
= I'em ——Zmiri
M=
>

i=1

CENTRE OF MASS OF A CONTINUOUS MASS DISTRIBUTION

Gde,y j:[ydmZ _fzdm
dm dm

" f dm
fdm =M (mass of the body)

Xem =

CENTRE OF MASS OF SOME COMMON SYSTEMS
=A system of two point masses m; 1 = mz r»

m.L m,L
m.+m  motm,

The centre of mass lies closer to the heavier mass.

= Rectangular plate (By symmetry)

Y*—b—ﬂ

cm, |L
T
'_'I'l'«_
Je S o
b
c_2 yc_z

= A triangular plate (By qualitative argument)

At the centroid: y, :2
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= A triangular plate (By

h
qualitative argument) h y.= 3
1AL,
¥t
|
2R
= A semi-circular ring y.= — x, =0
¥t
1
= A Semi-circular dics I R jem, Ye e X =
Yo |
Z > .
¥t
|
' R
= A hemispherical shell 2 pem. y.=— x.=0
Vo] 2
B
8]
¥t
|
3R
= Asolid hemisphere y.= Y x.=0
-
. . h
= A circular cone(solid) y.= Z
. h
= Acircular cone (hollow) y.= 3
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MOTION OF CENTRE OF MASS AND CONSERVATION OF MOMENTUM:
Velocity of centre of mass of system

m drl + ﬁ_’_ % drn
‘_; B N 2 4t 3 g " 4t
cm —
M
_mvi +m, vz +m,vs...... m, Vn

M

- -
PSystem - Mch

Acceleration of centre of mass of system

m Eer E%—m dv, +m
So__'de  *dt Cdt " dt
M
_ mjai +mzaz —|—m353 ........ +mn5n
M
_ Net force on system
M
__Net External Force +Netinternal Force
M
_ NetExternal Force
M
Eext = Mgcm
IMPULSE
Impulse of a force F action on a body is defined as:-
- ty - -
= Fdt ]=AP impulse —momentum theorem
)
Important points:

1. Gravitational force and spring force are always non-impulsive.
2. Animpulsive force can only be balanced by another impulsive force.

COEFFICIENT OF RESTITUTION (e)

_ Impulse of reformation [ E.dt

¢~ Impulse of deformation [ Fydt
_ Velocity of separation along line of impact

~ Velocity of approach along line of impact

a. e=1 = Impulse of Reformation =Impulse of Deformation
= Velocity of separation = Velocity of approach

= Kinetic Energy may be conserved

= Elastic collision.
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Impulse of Reformation = 0
Velocity of separation = 0
Kinetic Energy is not conserved
Perfectly Inelastic collision.

c. O<e<1 Impulse of Reformation <Impulse of Deformation
Velocity of separation < Velocity of approach
Kinetic Energy is not conserved

Inelastic collision.

e dujiudl

VARIABLE MASS SYSTEM:
If a mass is added or ejected from a system, at rate p kg/s and relative velocity Vel

(w.r.t. the system), then the force exerted by this mass on the system has magnitude p Veel

Thrust Force ﬁt

l_'-':t = ;rel [dm
dt
Rocket propulsion:
If gravity is ignored;
V= Vrln[ﬂ
m
RIGID BODY DYNAMICS
1. RIGID BODY:
V., sing,
A
W, COSH,
B
Vgsing
25N V0058,

If the above body is rigid
Vac0s61=Vgcos02
Vea=relative velocity of point B with respect to point A.

A
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Types of Motion of rigid body

Pure Translational Pure Rotafional Combined Translational and
Mofion Maofion Rotational Maotion

2. MOMENT OF INERTIA (I):
Definition: Moment of Inertia is defined as the capability of system to oppose the change produced
in the rotational motion of a body.
Moment of Inertia is a scalar positive quantity.
[=mri2+ mra2+......ceeie
=Ip +I; +I3 +......e
SI units of Moment of Inertia is Kgmz2

Moment of Inertia of:

1. Asingle particle: I = mr?
where m = mass of the particle
r = perpendicular distance of the particle from the axis about which moment of Inertia is to be
calculated

2. For many particles (system of particles):

N 2
[=2 my,
i=1

3. For a continuous object:
1= J.dmr2

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

4. For alarger object:

I = IdIelement
where dI = moment of inertia of a small element

3. TWO IMPORTANT THEOREMS ON MOMENT OF INERTIA:
1. Perpendicular Axis Theorem
[Only applicable to plane lamina (that means for 2-D objects only)].
IAB=Icm+lV[d2
2. Parallel Axis Theorem

(Applicable to any type of object):
IAB = Icm"'lv[d2
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List of some useful formula:

Object Moment of Inertia
M
2., .
—MR* Uniform
R 5
Solid Sphere
Y
2., .
R §MR Uniform
Hollow Sphere
C ____:} MR
I MR? (Uniform or Non Uniform)
Ring
MR
2
CD Ml MR Uniform
2
Disc
R

MR? (Uniform Non Uniform)

Hollow cylinder
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MR?

Uniform
Solid cylinder
age M.L 2
- : | ML Uniform
o 2
, =L ] ML ML Uniform
m, & 2
/< 2m¢ Uniform
3
rm, £
D B M,a
2
= . F L =Ip =1 _Ma® Uniform
A :
A/ C
Sauare Plate
f M
{/% ] /
o :
—a— ™ Ma Uniform
Square Plate
f M
/ /
{ 3 5 M aZ +b2
—Db0—0—H I:T Uniform

Rectangular Plate
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b |
T: a—»
¢ M a’+b?
————— Uniform
y 12

Cuboid
4. RADIUS OF GYRATION:
[=MKk?2
5. TORQUE:
7=rxF
FLEE action ___“““\\
of force k

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

T extHinge = IHinge (24

Where Text ninge = €t external torque acting on the body about Hinge
point

Ihinge= moment of Inertia of body about Hinge point

Fii=Miai=Miria
Fai=Mzaz:=Mar; a
Tresutanc=F1er1+Fara+......

=M; ari2+M; a ra2+.....
Tresuttant=I @

Rotational Kinetic Energyz%.l.a)2

13 = M;cm = ﬁexternal = MECM
Net external force acting on the body has two parts tangential and centripetal.
= F. =ma m— =muw’r,, =F =ma, =mar,,

rCM
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6. ROTATIONAL EQUILIBRIUM:
For translational equilibrium.

2F=0 ceeeeen (1)

2F,=0 ceeenen (1)

The condition of rotational equilibrium is
2Fz=0

7. ANGULAR MOMENTUM L
1. Angular momentum of a particle about a point.

’Pcos 3
Fd

y

A0, 5

“
- PSing

O

L=rxP = L=rpsiné
‘f.‘zrixP

leﬂxr

2. Angular momentum of a rigid body rotating about fixed axis:
L, =1
LH=angular momentum of object about axis H.

[H=Moment of Inertia of rigid object about axis H.
w= angular velocity of the object.

3. Conservation of Angular Momentum
Angular momentum of a particle or a system remains constant if Tex=0 about that point or axis
of rotation.
4. Relation between Torque and Angular Momentum
-~ dL
r=—a
dt
Torque is change in angular momentum
5. Impulse of Torque:

f tdt=A4A] AJ—d Change in angular momentum.
For a rigid body, the distance between the particles remain unchanged during its motion i.e

rp/o=Constant
For velocities

with respectto Q@  with respect to ground
wnkilamai 4 s iy
P

Vv, :\/VQ2 + or’ +2V,wrcos

For acceleration:
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w.r. to Q

w.r. to ground

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

6. Dynamics:
Tcm = Icm a, Fext =Macm
ﬁsystem = M{;Cm )
1 2 1 5
Total KE. ==Mv_“+=I, ®
2 2
Angular momentum axis AB =L about CM+L of C.M.about AB

Lag = Icm @+ Tem XMvem
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FORMULAE

GRAVITATION: Universal Law of Gravitation

m,m m,m
Fo——-2orF=—-:-2
r r

Where G=6.67x10-11Nm2Kg-2is the universal gravitational constant.

Newton's Law of Gravitation in vector form:

2 Gm,m, , 2 Gmm, .
F,=—7—"1, &F, =———=1,,
r r
r"? F1? F:1 r?1

Me————d—a—ealT;
—r—n

= —Gm,m
" o Jm, .
Now r,, =—r,,,Thus F21 = - I,

Comparing above, we get Fi2 =—Fz

Gravitational Potential: gravitational potential,

y—_M po_dv
r dr
1. Ring. v:_c’—Ml\2 & E:_G—Mrmf
a’+r? a’+r?
Mcos0
or E:—G czos
X

Gravitational field is maximum at a distance,
r= ?a/xﬁ and itis -2GM/3 \/§a2

2. Thin Circular Disc.

—2GM : 2GM 2GM
V= (2; \[az+r2]2—r &E=— GZ 1—— T —|=— Gz 1—cosf
a a [rz—i—aZF a
3.
a. Point P inside the sphere.r < a, then
M M M
V:—G—3 3a’ —r’ &E:—G—;,andatthe centre V=—2M and E=0
2a a 2a
b. Point P outside shell.
r>a, thenV:—@&E:—g
r r

4. Uniform Thin Spherical Shell
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a. Point P Inside the shell

r<a, then V= —GM &E=0
a
b. Point P Outside shell
r>a,thenV= —GM & E——g
r r

VARIATION OF ACCELERATION DUE TO GRAVITY:

1. Effect of Altitude
GM

e

R,+h’

142
R

e

8= =8

g[l—;—h]when h<<R.

e

2. Effect of depth gd:g[l—Ri]

e

3. Effect of the surface of Earth
The equatorial radius is about 21 km longer than its polar radius.

e

G
We know, g = >

e

Hence gpole > gequator

SATELLITE VELOCITY OR ORBITAL VELOCITY

0:

When h<<Re then "0 VgR

\/9 8x6.4%x10° =7.92x10°ms ' =7.92km s'

Time period of Satellite

N =

2r R,+h  2x| R,+h’
= 1 —_— —
gRZ 2 Re g
R, +h
Energy of a Satellite
—GM,m GM.m GM.m
U=—F2_ KE.= ¢ —;then total energy — E=— e
r 2r 2R,
Kepler’s Laws
Law of area:
The line joining the sun and a planet sweeps out equal areas in equal intervals of time.
area swept B r rdf 1 ,do
Areal velocity = pt_2 =_r’ — =constant
time dt 2 dt

1
Hence 2 r’w = constant
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2
Law of Periods: F = constant
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Properties of Solids and Liquids

FORMULAE

FLUID MECHANICS & PROPERTIES OF MATTER

FLUIDS, SURFACE TENSION, VISCOSITY & ELASTICITY:

1. Hydraulic press. p:£:£0rF:éxf
a A a

Thus, small force f, acts on small area ‘a’ which results in larger force ‘F’ acting on a larger area A.

Hydrostatic Paradox Pa=Pg=P.
i. Liquid placed in elevator : When elevator accelerates upward with acceleration ao then pressure in
the fluid, at depth ‘h’ may be given by,
P=ph [g+ao]
And force of buoyancy, B=m (g+ao)

ii. Free surface of liquid in horizontal acceleration:

tan@za—0
g

|
i
h ..'.1_ _I'-'_..,z'ﬂ':n- - a3,

P - P2= pf ap where p1and p; are pressures at points 1 & 2

la
Then h, - h,=—2
g
iii. Free surface of liquid in case of rotating cylinder.
V2 (,t)zr2
h = —_—=
2g  2g

iv. Equation of Continuity aivi=azv;

L.
| E=
Y
AL,

In general av= constant

v. Bernoulli’'s Theorem
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. P 1,
1.e.—+zv +gh=constant
P

vi. Torricelli theorem-(speed of efflux)
where, A, =areaof hole

and A= area of vessel.

ELASTICITY & VISCOSITY: stress — _estoringforce _ F

area of the body A

change in configuration

Strain,€=—— - -
original configuration

AL
i. Longitudinal strain= -
. . AV
iil. €,=volume strain= Ea

iii. Shear Strain: tan ¢ or c|>=%

F/A _ FL

1. Young's modulus of elasticity Y= =—
AL/L  AAL

. . 1 ) 1 .2
Potential Energy per unit volume= > stress xstrain = > Y X strain

Inter-Atomic Force-Constant k = Yrg

F/A FL
Newton’s Law of Viscosity Y= L -
AL/L AAL
, , , dv dv
Newton'’s Law of Viscosity, FoA— or F=—mA—
dx dx
: _2r'p-og
Stoke’s Law F=6mnrv Terminal velocity = 6—
n

SURFACE TENSION
Total force on either of the imaginary line (F)

Length of the line ( ()

Surface tension (T) =

T:S:A_W
A

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

Inside a bubble (p - pa) = ﬂ = pexcess )
r

Inside the drop (p —Db. ) = E = Pexcess
r

Inside air bubble in a liquid: (p—p,)= a_ Pexcess’
r
2T cos6

rpg
Thermal Expansion:
a. Linear:
AL
L, AT

0
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Q=

or L=L; 1+cAT



b. Area/superficial

AA
B:AAT or A=A,(1+BAT)

0

c. Volume/cubical:

AV
r= or V=V, 14+~AT
V,AT ot
aB_n
2 3
Thermal stress of a material:
F_yal
A 14
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Thermodynamics

FORMULAE

1
Total translational K.E. of gas = =M <V* >= 3 PV = %nRT

2 2
yro 3Py _ [BP_ [3RT _ ;3KT
p rms p Mmol m

Important Points:

—V. T V= f@ —1.59 /ﬁ oV, >173 /ﬁ
Tm m m
Most probable speed V, =, /ﬁ =1.41, fﬁ Vs > V> Vinp
m m

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

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

f
Internal energy U= 3 nRT

Work done in isothermal process: W=

1

2.303nRT log,, %l

Internal energy in isothermal process: AU=0
Work done in isochoric process: dW =0
Change in int. energy in isochoric process:

AU=n % RAT =heat given

Isobaric process:

Work done AW=nRT (TTi)
change in int. energy AU=nC,AT
heat given AQ=AU+AW

Specific heat: C, zgR Cp:[£+1]R

2
i. For monoatomic gas C
L =1.67
CV
ii. For diatomic gas C
8 L =14
CV
iii. For triatomic gas C
£ =133
v
C 2
In general: =L 142
general: =% |1+
Mayer’s eq.= Cp- Cy=R for ideal gas only
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Adiabatic process:

nR T —T,
~N—1

Workdone AW =

In cyclic process:
AQ=AW

In a mixture of non-reacting gases:
nlMl + nZMZ
n, +n,
_ n,C, +n,C,

Mol.wt.=

\4

n, +n,
C n,C +n,C +....

_ _—p(mix) _ 71™7p, 27p,

C

~

v(mix) 1~ 2™,

Calorimetry and thermal expansion

Types of thermometers:
(-1

0

a. Liquid Thermometer: T= x100

b. Gas Thermometer:
P-P

Constant Volume: T= 0

x100;P =P, +pgh

100 ~ Po
\%
V-V
C. Electrical Resistance Thermometer:
R, —R,

T

Constant Pressure: T= )

x100

100 Ro

Thermal Expansion:
a. Linear:

a= LOAALT or L=L; 1+aAT
b. Area/superficial
B AA
AT

or A=A,(1+BAT)

c. Volume/cubical:
AV
r= or V=V, 1+~AT
V,AT o 2T

|
w2
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Thermal stress of a material:
LY
A 14

Energy stored per unit volume:

1 1AY
E=-K(AL}) or E=-"— AL’
2 2 L

Variation of time period of pendulum clocks:
AT = %OLAGT

T’<T -clock-fast: time-gain
T’<T -clock slow: time-loss

CALORIMETRY:
Specific heat S = _Q
m.AT
Molar specific heat C = 2Q
n.AT

Water equivalent =m_,S

HEAT TRANSFER
Thermal Conduction : d—Q = —KAd—T
dt dx
Thermal Resistance: R= ¢
n.AT

Series and parallel combination of rod:

4 e, L
1. Series: 4 =—1+—24 . (whenA, =A, =A, =......)
eq Kl KZ
2. Parallel: KeqAeq=KiA1+KoAg+........ (when £1= £2=£3 = ....... )

for absorption, reflection and transmissionr+t+a=1
AU
AAAt

Emissive power: E=

- dE
Spectral emissive power:E, = Ty

Emissive power of abody at Ttemp.  E, .
Emissive power of a black body at T temp.  E,

Emissivity: e=

Emissive power of body = Emissive power of black body

Kirchoff's law:
absorptive power of body

Wein's Displacement law: A,,.T=b.
b=0.282 cm-k
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Stefan Boltzmann law:
u=0T* s=5.67x10-8W/m2k*
Au=u - up=ecA (T*-T¢%

Newton’s law of cooling: % =k 00, ; 0=0,+ 0, —0, e ™
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Kinetic theory of Gases

FORMULAE

HEAT & THERMODYNAMICS
Total translational K.E. of gas = 1 M<V?>= 3 PV = %nRT

2 2
yo3P y _ [BP_ [3RT_ fBKT
p rms p MmOl m

Important Points:

—V, T V= /ﬁ —1.59 /ﬁ oV, >1.73 /ﬁ
Tm m m
Most probable speed V, =, /E =1.41, /ﬁ SV > V> Vi
m m

Degree of freedom:

Mono atomic =3

Diatomic f=5

polyatomic f=6

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

For an ideal gas:

Internal energy U= %nRT

Workdone in isothermal process: W=

2.303nRT log,, %‘

Internal energy in isothermal process: AU=0
Work done in isochoric process: dW =0
Change in int. energy in isochoric process:

AU= n%RAT =heat given

Isobaric process:

Work done AW=nRT (TTi)
Change in int. energy AU=nC,AT
Heat given AQ=AU+AW

Specific heat: C, :ER Cp:[£+1]R

2
i. For monoatomic gas C
—+£=1.67
CV
ii. For diatomic gas C
L =14
CV
iii. For triatomic gas C
—+£=1.33
C 2
In general: =—L=14=
° e, \ f]
Mayer’s eq.= C,- C,=R for ideal gas only
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Adiabatic process:

nR T —T,
Workdone AW=————
~N—1
In cyclic process:
AQ=AW
In a mixture of non-reacting gases:
Mol wt, = "M 1M,
n, +n,
_ nlcv1 +n2Cv2
Y n, +n,
- Comix) _ n,C +n,C, +...
Comny MG, +10,C, +.

Calorimetry and thermal expansion

Types of thermometers:

{—/
a. Liquid Thermometer: T=|—-|x100
¢ 100 ¢
b. Gas Thermometer:
P-P
Constant Volume: T= ¢ 1x100;P=P, +pgh
PlOO - Po
\4
Constant Pressure: T=|——|T,
V-V
Cc. Electrical Resistance Thermometer:
— ﬁ %100
100 Ro
Thermal Expansion:
a. Linear:
o= AL or L=L; 14+aAT
L, AT
b. Area/superficial
AA
= or A=A (1+BAT
b= s (1+BAT)

0

c. Volume/cubical:

AV
r= or V=V 1+~AT
V,AT o 2T
2 3
Thermal stress of a material:
F_yal
A 14
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Energy stored per unit volume:

1 1AY
E=-K(AL}) or E=-"— AL’
2 2 L

Variation of time period of pendulum clocks:
AT = %OLAGT

T’<T —clock-fast: time-gain
T’<T -clock slow: time-loss

CALORIMETRY:
Specificheat S= _Q
m.AT
Molar specific heat C= AQ
n.

Water equivalent=m_S

HEAT TRANSFER
Thermal Conduction : d—Q = —KAd—T

dt dx
Thermal Resistance: R= ¢

n.AT
Series and parallel combination of rod:
14 L0
1. Series: —L=—14+—24  (whenA, =A, =A, =.......)
eq Kl KZ

2. Parallel: Keq Aeq=Ki1A1+KoAz+......... (When#1=¢2=¢3=..... )

For absorption, reflection and transmission
r+t+a=1
AU
AAAt

Emissive power: E=

.o dE
Spectral emissive power:E, = o

Emissive power of abody at Ttemp.  E .

Emissivity: e=

Emissive power of a black body at T temp. E, Lo

Kirchoff's law: —ussive power of body

: = Emissive power of black body
absorptive power of body

Wein’s Displacement law: A,,,.T=b.
b=0.282 cm-k

Stefan Boltzmann law:

u=oT* $=5.67x108W/m2k#*
Au=u - up=ecA (T4Tq*)

kt

Newton’s law of cooling: 3—? =k 00, ; 0=06,+ 0,—-0, e
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Oscillation and Waves

FORMULAE

SIMPLE HARMONIC MOTION
S.H.M.
F=—-kx

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

Angular Frequency (w): w= 2?“ =2nf
Time period (T): T= 2n = ZW\E
w k
.
Speed: v=uw\A*—x’

Acceleration: a = -w2x

1 1 1
Kinetic Energy (KE): Emv2 :Emwz A* —x* :Ek A* —x?

Potential Energy (PE): %sz

Total Mechanical Energy (TME)

=KE.+PE.= %k(A2 —x*)+ % Kx* = % KA?(which is constant)

SPRING-MASS SYSTEM

1.
."J.-':.E:/.-'.I’-’
=
? k %k -
/ |
gwmmo_/ . - % ~ T=2n 1;.%
7 gmncr.ﬁ surfa;ge
2.

800000 7

T= 271\/E ,where p= ﬂknown as reduced mass
K m, +m,
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COMBINATION OF SPRINGS
Series Combination: 1/keq=1/ki+1/k>

Parallel combination: keq=ki+k>

’E j 14
SIMPLE PENDULUM: T =2~ |— =27 [— (in accelerating Reference Frame); gerr is net acceleration
g Berr.

due to pseudo force and gravitational force.

COMPOUND PENDULUM /PHYSICAL PENDULUM

Time period (T): T=2x /L
mg/

Where I=Icw + m#2; £ is distance between point of suspension and centre of mass.

TORSIONAL PENDULUM
Time period (T): T= 27\/% where, C = Torsional constant

Superposition of SHM’s along the same direction

x1=A1sin wt & xx=A;sin (wt+0)

A,

A
= ,.|'1'-l1
If equation of resultant SHM is taken as x = A sin (wt + ¢)
in6
A:\/Af—FAﬁ—FZAlAZcosG & tancb:%
A, +A,cosb
SOUND WAVES

i. Longitudinal displacement of sound wave
{=Asin(wt —kx)

ii. Pressure excess during travelling sound wave

P = —B%(it is true for travelling)
X

= BAKk cos wt—kx

wave as well as standing waves)
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Amplitude of pressure excess = BAk

iii. Speed of sound C :\/E
p

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

for solid C= \/i
P

where Y = young's modulus for the solid

for liquid C= \/E
p

where B = Bulk modulus for the liquid

for gases C:F: AP _ |ART
b e M,

where My is molecular wt. of the gas in (kg/mole)

Intensity of sound wave:
PZ
<I>2nf?A%pv=-—"- <I> oP}?
2pv

0

iv. Loudness of sound :L=10log,,, [Il]dB

Where [p=10-12W/m?Z (This the minimum intensity human ears can listen)
P

2
Tr

Intensity at a distance r from a point source ==

Interference of Sound Wave

If P1=pm1 sin (wt-kxz+61)
P2=pm2sin (wt-kxz+ 02)

resultant excess pressure at point O is

P=P1+P;

P2=po sin (wt-kx+0)

B, =[P}, +P}, +2P,,P,, COSO
Where b= [k(x1+x,) + (01 -02)]
And I=1, +1 +2LL,

i. For constructive interference
$=2nn and =po=pm1+Pm2(constructive interference)
ii. For destructive interference
$=(2n-1)mt and = po=|Pm1-Pm2| (destructive interference)
. . 2T
If ¢ is due to path difference only then ¢ =7AX
Condition for constructive interference:Ax=AA

Condition for destructive interference: Ax = (Zn - 1)%
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a. If pmi=pmzand 6=m, 37
Resultant p= 0 i.e no sound

b. IfPmi=Pmzand ¢ =0, 2m, 4, ...
Po = me& I(): 411
Po = me1
Close organ pipe:

v 3v 5v  (2n+1)v
—,—,—,m.——— n=overtone

T4 a0 4l 4l
Open organ pipe:
_ Vv viv w
2072072077 20

Beats: Beats frequency=|fi-f;|
Doppler’s Effect

The observed frequency, f = f[v_vo ]
V-V,
\%

and Apparent wavelength A =7»( _VSJ
\%

STRING WAVES

GENERAL EQUATION OF WAVE MOTION:
82 2
ot ox

y(x,t)= f[t 15]
\%
Where, y (%, t) should be finite everywhere.

X . . .
= f [t + —] represents wave travelling in - ve x-axis.
v

X . . .
= f {t — —] represents wave travelling in + ve x-axis.
\%

y=Asin (wt + kx +¢)

TERMS RELATED TO WAVE MOTION (FOR 1-D PROGRESSIVE SINE WAVE)
Wave number (or propagation constant) (K):

k=27/N=" radm™
v

Phase of wave: The argument of harmonic function (wt+ kx + ¢) is called phase of the wave.
Phase difference (A¢): difference in phases of two particles at any time t.

A¢:2le AlSO.Ad):Z—W.At
A T

SPEED OF TRANSVERSE WAVE ALONG A STRING/WIRE.
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’T T =Tension
V= E Whel'e“’:mass per unit length

POWER TRANSMITTED ALONG THE STRING BY A SINE WAVE
Average Power (P) =2m2f2A2pv
: P 20272
Intensity [ =— =2n"f*A"pv
s
REFLECTION AND REFRACTION OFWAVES
y,=A;sin wt+k x

y,=A,sin wt—k,x | = | )
if incident from rarer to denser medium(v, <v,)

y, =—A,sin wt—k x

y,=A,sin wt—k,x | = .
if incident from denser to rarer medium. (v, >v,)

y, =A, sin wt—kx
Amplitude of reflected & transmitted waves.

k, +k
Ar:—| ! 2|Ai&At:—2k1 A
k, +k k +k

1 2 1 2

STANDING/STATIONARY WAVES:-

y1=A sin (wt-kx+61)
y2=A sin (wt-kx+02)

0,—6 0,406
y,+y, = 2Acos[kx+ 2 5 1] sin[wt—k%]

0,—06
The quantity 2A cos[kx+ : 3 L|represents resultant amplitude at x. At some position resultant

amplitude is zero these are called nodes.
At some positions resultant amplitude is 24, these are called antinodes

. . ) N
Distance between successive nodes or antinodes = E

Distance between successive nodes and antinodes A/4

All the particles in same segment (portion between two successive nodes) vibrate in same phase.
The particles in two consecutive segments vibrate in opposite phase.

Since nodes are permanently at rest so energy cannot be transmitted across these.

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

A 25 3
L_E L = — L=

2 2
jx,‘h__,,»k <~ - -

are possible giving

L:Q oeréwherenzl,Z,S,....
2 n
as v= I fn:i I,n=no.ofloops
B 2L\

b. String free at one end:

for fundamental mode L= b =orx=4L
v

i{ fundamental mode

First overtone L = ﬁ Hencex = ﬁ
4 3
-

i‘gﬁ. —><_first overtone

So f :i I(First overtone)
) AU

T
Second overtonef, = i —

[

1
[n+2] T 2n+1 [T
sof =~——= |[-=— |-
2L [ 41, v
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Electrostatics

FORMULAE

CAPACITANCE
1.
. qaVvV = g=cV
q: Change on positive plate of the capacitor
C: Capacitance of capacitor
V: Potential difference between positive and negative plates.

ii. Representation of capacitor:
_Q_Qv
2

iii. Energy stored in the capacitor: U= %CV2 =

iv. Energy density= %soerEz = %eOKE2

er=Relative permittivity of the medium
K= &.: Dielectric Constant

For vacuum, energy density = %EOEZ

v. Types of capacitors:
a. Parallel plate capacitor
£,5,A _ Kﬁ

d d
A: Area of plates

d: Distance between the plates (<<size of plate)

C=

b. Spherical Capacitor:
e capacitance of an isolated spherical Conductor (hollow or solid)
C=4£o Er R
R=Radius of the spherical conductor
e Capacitance of spherical capacitor

C=4ne, ab
b—a

Z)
. C:4ﬂeOK2ab
b—a

29

¢. Cylindrical Capacitor: ¥>>{a,b}
2mEgl
tn(b/a)
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=
=

|2
\,_\____._,/

vi. Capacitance of capacitor depends on

a. Area of plates

b. Distance between the plates
c. Dielectric medium between the plates.

vii. Electric field intensity between the plates of capacitor
.oV
g, d
o :Surface change density
2

Viil. Force experienced by any plate of capacitor:F= A
E0

2. DISTRIBUTION OF CHARGES ON CONNECTING TWO CHARGED CAPACITORS:
When two capacitors are Ciand C; are connected as shown in figure

+0Q, -Q, +0Q°, - QY.
I [
11 11
A C B A C, B
+Q, 7 Q, +QI"I_I ar,
c Ié? D - 1 |:
[nitially Finally

a. Common potential:
C,V,+CV,  Total charge

2V= =
C, +C, Total capacitance
b.
Q=CV=—"""Q,+Q
1 1 C1 +C2 1 2
Q,=CV=—"""Q,+Q
2 2 Cl +C2 1 2
c. Heatloss during redistribution:
AH=U,—U, =L GC y _y
2C, +C,

The loss energy is in the form of joule heating in the wire.

3. Combination of capacitor:
i. Series of combination

1 1 1 1 1
—=—+—+—V:V,:V,=—
C, C C, G C,

€q

11
CZ C3
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%?LI—Q ;;{:QL —Q ;Q?”i
W, W, 3

ii. Parallel combination

a+]l-a
C
O+
G
a+l-a
Cs

i
1

Ceq=C1+C2+C3 Q1:Q2:Q3=C1:C2:C3

4. Charging and Discharging of a capacitor
i. Charging of Capacitor ( Capacitor initially uncharged ):
q=qo(1-e*)
R

[ T

go=Change on the capacitor at steady state
qo=CV

T: Time constant=CReq

I qO eft/'r :Xe—t/'r

T

q“.

Qs

0.63 Gbnnnmnn

ii. Discharge of Capacitor:
q=qoe*
qo =Initial charge on the capacitor
1= g
T
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qll.

e

0.37v,

5. Capacitor with dielectric:
i. Capacitance in the presence of dielectric:
Ke,A
c="22—KC
d

0

++++t+++++H+H 4+

+0,

—d

Co= Capacitance in the absence of dielectric.

ii. E =E-E,,=— 9% _ 0o _V
e, g Ke, d

E: 2 Electric field in the absence of dielectric
IS

Eina: Induced (bound) charge density.

i, o, _0[1_%]

6. Force on dielectric

_ 2
i. When battery is connected p:_eob K-1V

2d
£
El4

=

=
LY

R

LY

i e
| il
1

-n

-\.“_F.-

il.

2
When battery is not connected F = Q 5 ac
2C* dx
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*  Force on the dielectric will be zero when the dielectric is fully inside.

ELECTROSTATICS
Coulomb force between two point charges
= 1 n
F=— —qﬂz r
dmee, |

e The electric field intensity at any point is the force experienced by unit positive charge,

- F
givenby E=—
0

e Electric force on a charge 'q' at the position of electric field intensity E produced by some

source charges isF=qE

e Electric Potential
If (Wop )ext is the work required in moving a point charge q from infinity to a point P, the electric
potential of the point P is

V _ WXP ext
b=

q

acc=0
e Potential Difference between two points A and B is
Vg-Va

e Formulae of E and potential V
kq . Kq- Kq

i. Pointcharge E=— r=—rV=—
r r
3
ii. Infinitely long line charge A F= 2KAr V _Kq
2me,r r? r

V = not defined,

vV -y, = 1n[r—3j

2neg, |\ T,

[0

iii. Infinite non-conducting thin sheet a
2e,
— T (e)
V=not defined, v, —v, = —o

0

iv. Uniformly charged ring
KQx
axis = W 4 Ecentre = 0

V= Voo =

axis ~ \/m’ centre ~ R

x is the distance from centre along axis.

v. Infinitely large charged conducting sheet 2 j

o

V=not defined, v, - v, =— < r. —r,
€

0
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vi. Uniformly charged hollow conducting/ non-conducting /solid conducting sphere

a. For E:kTQf,rZR,V:K_Q
g '

b. E=0 forr<R,V:KTS

vii. Uniformly charged solid non-conducting sphere (insulating material)

a. ]?Z:KTQFf‘for rzR,V:K—Q
r r

b, E=SQr_ PR v=—"3R* 1’
R €, 6¢,

viil. thin uniformly charged disc (surface charge density is o)

Eaxis:L 1_L vaxis:L[‘ARz_‘_XZ _X}
2g, A /RZ 4 x? 2g,

e Work done by external agent in taking a charge q from A to B is
(Wext)as=q(Vs-Va)or(We)as= q(Va-Vs).

e The electrostatic potential energy of a point charge

U=qV
e U=PE of the system=
U, +U,+..
——1——2—2———=:U12+U13+...+U1n + U,+U,, +..+U, + U, +U,+..+U,, ..

2

1
e Energy Density = > eE

KQ?*

self =

e Self Energy of a uniformly charged shell=U

e Self Energy of a uniformly charged solid non-conducting sphere

3KQ>
= Uself =
5R

e Electric Field Intensity Due to Dipole
2KP

I,3

i. Ontheaxis E—

ii. On the equatorial position: E— _K_3P
r

iii. Total electric field at general point O(r, 8)is E__ =K—3P«/1+3cos2 0
r

e Potential Energy of an Electric Dipole in External Electric Field:
U=—pE

e Electric Dipole in Uniform Electric Field :

www.topperlearning.com



- -

. torqueT:pr;ﬁzo

e Electric Dipole in Non uniform Electric Field:
OE

torque = pxE; U= —p.E, Net force |F|= 5
r

p

e Electric Potential Due to Dipole at General Point (r, 6) :
Pcos6 .
y_Peosd _ pr

4me,r’  Ame,r’

e The electric flux over the whole area is given by

o, = [EdS= [E,ds
S S

e Flux using Gauss's law, Flux through a closed surface
° b, = 95‘ EdS = din

o

e Electric field intensity near the conducting surface

G .
=—n
80

e Electric pressure: Electric pressure at the surface of a conductor is given by formula

2
(&}

P=——where o is the local surface charge density.
80

e Potential difference between points A and B
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Current Electricity

FORMULAE

1. ELECTRIC CURRENT

Aq .
I =t and instantaneous current
t

av

i=Lim£=@
At—0 At dt

2. ELECTRIC CURRENT IN A CONDUCTOR

I=nAev,.

A
Vy=—,

T

1(eE) ,

—|— 1z

2\ m 1eE
a= =50

T 2 m

I=neAV,

3. CURRENT DENSITY

4. ELECTRICAL RESISTANCE

2
I=neAV, =neA| L& |t = €T | AR
2m 2m

2
E=Y o 1= 2T A N[ Alyov/RovVoR
’ 2m )\ ¢ ol

p is called resistivity (it is also called specific resistance) and p =

Zm 1 . .
—=—, ois called conductivity.
netr o

Therefore current in conductors is proportional to potential difference applied across its ends. This
is Ohm's Law.

Units:
R— ohm (), p— ohm-meter (£2-m) also called siemens,c—Q-1m-!

Dependence of Resistance on Temperature:
R=Ro(1+a0)

Electric current in resistance
— Vz _Vl
R

[
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5. ELECTRICAL POWER
P=VI
Energy=[pdt

2

P=12R=VI=V—
R

2

H=VIt=IZRt=V—t
R

2

H=I’RT Joule= I4R; calorie

6. KIRCHHOFF'S LAWS
6.1 Kirchhoff’s Current Law (Junction law)
2Tin=2Tout
6.2 Kirchhoff’s Voltage Law (Loop law)
JIR+XEMF=0.

7. COMBINATION OF RESISTANCES:
1. Resistances in Series:

R=R;+R;+R3+......... +R;, (this means Req is greater than any resistor) and
V=Vi+V+V3+.....+V,
R R
1 = 1 V’ VZ = 2
R, +R,+..+R, R, +R,+..+R,

2. Resistances in Parallel:
1 1 1 1
+—+

R, R, R, R,

eq

8. WHEATSTONE NETWORK: (4 TERMINAL NETWORK)

P R
When current through the galvanometer is zero (null point or balance point) 6 :§, then PS = QR

9. GROUPING OF CELLS
1. Cellsin Series:

E.r, E.r. E,r, E.r E.. r.
Ae—i—fi-[l—eB = Ae T
Equivalent EMF Eeq=Ei+E2+....+E;4 [write EMF's with polarity]

Equivalent internal resistancei;], req=r1+r2+r3+rs+...Im
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2. Cells in Parallel:
g /r+g, [h+u.tE /T,
o 1/r +1/r +otl/r,

[Use emf with polarity]

=T 1-"-"‘-"\"'-
'—|I—u-‘-..-‘-.-‘-.
1 1 1 1
— =+ —+..+t—
req rl I‘2 rn
10. AMMETER

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

I, R,

g

AC O, 0B
D
s Whole system is

known as Ammeter

Ammeter is represented as follows -

If maximum value of current to be measured by ammeter is I then
Ic.Re=(I-I¢) S

—~ A > ——OB
A O @ O B

whenl>>1.

Tl
When [= maximum current that can be measured using the given ammeter.

11.VOLTMETER

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

R
AC——G—WW—1C B

—s\Whole system is known as voltmeter

AO—( )—o08

Ac—Gr—ww—o8
For maximum potential difference

V=IG.R5+IGRG

\'
R, :I——RG If R, <R

R

s N

G
v
I
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12.POTENTIOMETER

€

I_

r+R
g f
| |
1
|
Fotentiometer wire
Resistance = R
A » B
L
€
V, -V, = R
A B R+r
, , 1 , : V,—V, e R
Potential gradient (x) — Potential difference per unit length of wire x = [ = R+r'L
r

Application of potentiometer
a. To find emf of unknown cell and compare emf of two cells.
In case ],
In figure (1) is joint to (2) then balance length=#;
21=x{’1 ..... (1)
In case ],
In figure (3) is joint to (2) then balance length = ¢,
e=xt>
e, A,
E2 62

If any one of € or &; is known the other can be found. If x is known then both €; and &; can be
found

b. To find current if resistance is known
VA-Vc=x{’ 1
IR1= xf 1

1= X0
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Similarly, we can find the value of R; also.

Potentiometer is ideal voltmeter because it does not draw any current from circuit, at the balance
point.

c. To find the internal resistance of cell
[starrangement 2ndarrangement

JZ"I' =
|
|1

Iy
A
R{known)
e .y
By first arrangement €'= x¢; o (1)
By second arrangement IR= x#;
ﬁ ,
I= h, also I=- ©
r +R

€ :Xcz N X0y :XKZ
r+R R r+R R

d. Ammeter and voltmeter can be graduated by potentiometer.

13.METRE BRIDGE (USE TO MEASURE UNKNOWN RESISTANCE)
If AB =fcm, then BC= (100-#) cm.
Resistance of the wire between A and B, Rx#
[~ Specific resistance p and cross-sectional area A are same for whole of the wire]

Or R=c¥ - (D)
Where o is resistance per cm of wire.

Resistance Box (known)

¥ (unknown

— — W
[ thick connacting

[N
. | []
2 b (L = g | | wires (strips)
(€] of megligible
al B r

resistance
1=

If P is the resistance of wire between A and B then
P x ¢ = P=0(¥)
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Similarly, if Q is resistance of the wire between B and C, then

Q < 100-¢

- Q=0(100-¢) -(2)

Dividing (1) by (2) P__¢
&Y 3 T T00—¢

Applying the condition for balanced Wheatstone bridge, we get RQ =P X

Q 100—¢

x=R= Or X= R
P

Since R and £ are known, therefore, the value of X can be calculated.
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Magnetic effects of Current

FORMULAE

MAGNETIC EFFECT OF CURRENT & MAGNETIC FORCE ON CHARGE/

CURRENT
1. Magnetic field due to a moving point charge
o o)
B="—7.——
4r T

2. Biot-savart's Law

dngﬂ_(ﬂ_[df;rJ
4r r

3. Magnetic field due to a straight wire
Hy 1/ . .
B=-=—(sinf, —sinf,
4rr ( ! 2)

4. Magnetic field due to infinite straight wire
goth i
2rr

5. Magnetic field due to circular loop

i. Atcentre
I - 5 = ugNI
/ 2r
2
ii. At Axis p-to| _ NIR

2| (RE+x2)"

6. Magnetic field on the axis of the solenoid

-.[ﬂ,]___l 5. _—

-;__-'_—' |:,||

T t.

B= yoznl (cos6, —cosb,)

7. Ampere's Law

Cﬁ]%dz = Ul
8. Magnetic field due to long cylindrical shell
B=0, r<R
_ Hol
27
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9. Magnetic force acting on a moving point charge
=q(vxE)

v.B
_mv
gB
T:2nm
gB

b X __x X
/% N\«

| x 1B* )
NG
X -LAZF"*’X
;
B

*

>

ii.

g
mvsiné
r=————
gB
T 27rm Pitch = 2rmvcosé
qB qB

b. F=q(vxB)+E

10.Magnetic force acting on a current carrying wire

F= I(E X ]§)
11.Magnetic Moment of a current carrying loop
M=N.LA
12.Torque acting on a loop
r=MxB
13.Magnetic field due to a single pole
B= ﬂﬂz
4r r
14.Magnetic field on the axis of magnet
B= ﬂ@
4r r
15.Magnetic field on the equatorial axis of the magnet
B= ﬂM3
4r r

www.topperlearning.com



16.Magnetic field at point P due to magnet

B:ﬂ.M3NI1+3COSZ 6

4 r
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FORMULAE

ALTERNATING CURRENT

1. ACAND DC CURRENT:
A current that changes its direction periodically is called alternating current (AC). If a current
maintains its direction constant it is called direct current (DC).

VAVAY:
t | t

canstant de periodic dc

\t L t __t

variable dc ac ac

2. ROOT MEAN SQUARE VALUE:
Root Mean Square Value of a function, from t; to ty, is defined as

3. POWER CONSUMED OR SUPPLIED IN AN AC CIRCUIT:

2
fpdt )

Average power consumed in a cycle= *—= EV [ cosd

Al
> }—-8
device

Vo1
—=.—=.coso=V_ I coso.
N

Here cos¢ is called power factor.
4. SOME DEFINITIONS:

The factor cos¢ is called power factor.
Im sing is called Wattless current.

Impedance Z is defined as Z= V—m = h

wL is called inductive reactance and is denoted by Xi.
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& is called capacitive reactance and is denoted by X..

5. PURELY RESISTIVE CIRCUIT:
= Vs _ V_sinwt

===—"_——=] sinuwt
R R
V, =V sin ot
P
Y,
R
Irms = V_m
R
Irms = —
R
\

<P>=V_ I —coso=—"-
R
6. PURELY CAPACITIVE CIRCUIT:
V, :_:\Jmsi n ot
Q&

.- I
- I

I
I
C
Vm
I= cos ot
1/wC

\Y%
= X—mcos ot=I_cosot

c

1 . .
X, = C and is called capacitive reactance.
o

LI

E.

v T

2

=

24
N

NV

lc leads by V. by m/2 Diagrammatically (phasor diagram) it is represented as

[

v

m

Since $=90°, <P>=Vms [rms cosdp=0
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ELECTROMAGNETIC INDUCTION

1. Magnetic flux is mathematically defined as ¢ = f B.ds

2. Faraday’s laws of electromagnetic induction
_do
C o dt
3. Lenz’s Law (conservation of energy principle)
According to this law, emf will be induced in such a way that it will oppose
the cause which has produced it.

4. Induced emf due to rotation
Emfinduced in a conducting rod of length I rotating with angular speed w about its one end, in a
uniform perpendicular magnetic field B is %2 B w#2.

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

B 2
Induced em.f = wr

5. Fixed loop in a varying magnetic field
If magnetic field changes with the rate 2—]: , electric field is generated whose average tangential

value along a circle is given by E= %%

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

6. Self-induction
ANo AL LAI

€= —

At At At

d N6 _dL)_Ldl

The instantaneous emf is given as e =—
dt dt dt

Self-inductance of solenoid, L = p,n*xr*¢

1. Inductor
Itis represent by

~H0000—

L

Electrical equivalence of loop

O -

A——L | [ | —B dl

dl Va-L—=Vg
LS dt
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1
Energy stored is an inductor= 2 LI

7. Growth Of Current in Series LR Circuit
If a circuit consists of a cell, an inductor L and a resistor R and a switch S, connected in series and

—Rt
the switch is closed at t = 0, the current in the circuit I will increase as [ = —[1 —e b ]

The quantity L/R is called time constant of the circuit and is denoted by t. The variation of current
with time is as shown.

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

t

2. After one time constant, current in the circuit 63% of maximum value of current.

8. Decay of current in the circuit containing resistor and inductor:

Let the initial current in a circuit containing inductor and resistor be Io.
—Rt

Current ata time tis given as [= IOeT

Current after one time constant: [=Ipe-1=0.37% of initial current.

9. Mutual inductance is induction of EMF in a coil (secondary) due to change in current in another coil

(primary). If current in primary coil is I, total flux in secondary is proportional to I, i.e N ¢p(in
secondary)«l.

10.Equivalent self-inductance:

dl
oy
V., -V
L=-4 B .. (1
dl/dt 1

1. Series Combination:
L=Li+L, (neglecting mutual inductance)
L=Li+L,+2M (if coils are mutually coupled and they have winding in same direction)
L=L1+L2-2M(if coils are mutually coupled and they have winding in opposite direction)

2. Parallel Combination:

1 1 1 . .
—=—+— (neglecting mutual inductance)
L L L,
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For two coils which are mutually coupled it has been found that M <, /Ll L, or M=k,/L,L, where k

is called coupling constant and its value is less than or equal to 1.

Magnetic Core
I |
- 2 Y.
——
P
C-—‘——1
El: P
(I
Primary Secondary
coil coil
E, N, L _ : .
E—S = N—S =—, where denotations have their usual meanings.
p p S

Ns>Np =Es>Ep — for step up transformer.
11.LC Oscillations

E——
LC
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Electromagnetic Waves

FORMULAE
1. Magnetic field due to a moving point charge
o o]
B="—1-—
4ar 1

2. Biot - savart's Law

@:,u_ol{dfixrj

4 r

3. Magnetic field due to a straight wire

i, . .
B:f—;;(smel—sm@z)

4. Magnetic field due to infinite straight wire
gt i
2rr

5. Magnetic field due to circular loop
i. Atcentre

:\), 5 = pgNI

_/ 2r

2
ii. At Axis p—to|  NIR®
2 (R2 +x2 )3/2
6. Magnetic field on the axis of the solenoid
i i
, BT, |

T t.

B:'uoTnl(cosH1 —cos6,)

7. Ampere's Law

8. Magnetic field due to long cylindrical shell
B=0, r<R

27r
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9. Magnetic force acting on a moving point charge
a. F=q(vxB)
i.
v.B

mv

ii.

T— 27m Pitch — 2rmvcosd

qB qB

b F=qiE)+E

10. Magnetic force acting on a current carrying wire
F= I(E X ]é)

11.Magnetic Moment of a current carrying loop
M=N.L.A

12.Torque acting on a loop
r=MxB

13.Magnetic field due to a single pole

_H m
47 12

14.Magnetic field on the axis of magnet

B:ﬂ_@
A r
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15.Magnetic field on the equatorial axis of the magnet
goto M

4z v

16.Magnetic field at point P due to magnet

Bzﬂ.M3«\,¢4’1Jr3cos2 o

A r
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FORMULAE

GEOMETRICAL OPTICS
1. Reflection of Light
Zi=Lr
Characteristics of image due to Reflection by a Plane Mirror:
a. Distance of object from mirror = Distance of image from the mirror.
b. The line joining a point object and its image is normal to the reflecting surface.
c. The size of the image is the same as that of the object.
d. For areal object the image is virtual and for a virtual object the image is real.

2. Relation between velocity of object and image:
From mirror property: Xin=Xom, Yim=Yem and Zm=Zom
Here Xim means ‘X’ coordinate of image with respect to mirror.
Similarly others have meaning.

¥

object image

Differentiating w.r.t time, we get
V(im]x:'v(om)x; V(im)y:V(om)y; V(im)z:V(om)z;

3. Spherical Mirror
1 + 1 = 2z = 1 ... Mirror formula
v u R f
x co-ordinate of centre of curvature and focus of concave mirror are negative and those for
convex mirror are positive.
In case of mirrors since light rays reflect back in - X direction, therefore -ve sign of v indicates
real image and +ve sign of v indicates virtual image

b. Lateral magnification (or transverse magnification)

h, v
m=— m=-——
h, u
. L dv. v*
c. Ondifferentiating (a) we get —=——
du u
: L : . dv. v’du dv : :
d. Ondifferentiating (a) with respect to time we get s = ——za,where s is the velocity of image
u

d
along Principal axis and d_‘t, is the velocity of object along principal axis. Negative sign

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

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

1
f.  Optical power of a mirror (in Diopters) = n
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f=focal length with sign and in meters.
g. If object lying along the principal axis is not of very small size, the longitudinal magnification =

VvV, =V,

(it will always be inverted)
u, —u,;
4. Refraction of Light
__speed of lightin vacuum ¢

= speed of light in medium v

1. Laws of Refraction (at any Refracting Surface)
Sini

S =Constant for any pair of media and for light of a given wave length. This is known as Snell's
inr

Law. More precisely,

Sini_n, v, A

Sinr n, v, A,
2. Deviation of a Ray Due to Refraction
Derivation (6) of ray incident at «I and refracted at 4r is given by 6=|i-1|.

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

6. Apparent Depth and shift of Submerged Object
At near normal incidence (small angle of incidence i) apparent depth (d’) is given by:

d- d

n

relative

_ n; (RLofmedium of incidence )

lalrela'cive -

n,. (R.Lofmedium of refraction )

Apparent shift = d{l _ Lj
n

rel

Where, d - real depth

7. Refraction through a Composite Slab (or Refraction through a number of parallel media, as seen
from a medium of R. 1. ng) Apparent depth (distance of final image from final surface)

— tl t2 t3 tn
n,rel n,rel n,rel n rel
n,| n,|n,|n,
L -
Observer Object

F
hJ

Apparent shift =t, {1 —L} +t, {1 —L} + et {1 —L}
nlrel anel I’lnrel
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8. C(ritical Angle and Total Internal Reflection (T.I. R.)
C=sin" 2
ny
Conditions of T.L.R.

a. Lightisincident on the interface from denser medium.
b. Angle of incidence should be greater than the critical angle (i>c).

9. Refraction Through Prism
1. Characteristics of a prism

Q Base R

6 = (I + e)-(ri+r2) and ri+r=A
~6=1+e-A

2. Variation of § versus i

= i
(e=90") )

i=x
e=y e=x

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

2. When 8 = 8min, the angle of minimum deviation, then i=e and r1=r», the ray passes symmetrically
w.r.t the refracting surfaces. We can show by simple calculation that
We can show by simple calculation that Smin=2imin — A
Where imin= angle of incidence for minimum deviation and r=A/2.

_ {A +35_ }
sin
2 nprism

n. =—A ,where n  =———
sin [ nsurrounding
2
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Also 8min = (n-1)A(for small values of £A)

3. For a thin prism (A<10°) and for small value of’i, all values of
n

prism

8:(n 1)A where n

rel rel —

surroundings

10. Dispersion of Light
The angular splitting of a ray of white light into a number of components and spreading in different
directions is called Dispersion of Light. This phenomenon is because waves of different wavelength
move with same speed in vacuum but with different speeds in a medium.
The refractive index of a medium depends slightly on wavelength also. This variation of refractive
index with wavelength is given by Cauchy’s formula.

Cauchy's formula n(k) =a+ % where a and b are positive constants of a medium.

Angle between the rays of the extreme colors in the refracted (dispersed) light is called angle of
dispersion

For prism of small ‘A’ and with small i": 6= (ny-n;) A

Deviation of beam (also called mean deviation) §=06,= (ny-1) A

Dispersive power () of the medium of the material of prism is given by:

n,—n

ny—l

W=

For small angled prism (A<10°) with light incident at small angle i:
n,-n_ 85, -8 0

n-1 8§ 8

y y
angular dispersion

h deviation of mean ray (yellow)

n,-n .. . o
{ny = if n, is not given in the problem}

o, +90 - +
= v O oo Take n O n, if value of ny is not given in the problem
S n -1 ) ’ 8 P
y y

ny, nr and ny are R.I material for violet, red and yellow colours respectively.

(O

11. Combination of Two Prisms
Two or more prisms can be combined in various ways to get different combination of angular
dispersion and deviation.
a. Direct Vision Combination(dispersion without deviation)
The condition for direct vision combination is :

s e ST

b. Achromatic Combination (deviation without dispersion.)
Condition for achromatic combination is: (n.-n;)A = (n'\-n",)A’

12. Refraction at Spherical Surfaces
For paraxial rays incident on a spherical surface separating two media:
n, n,_n,-n
vV u R
where light moves from the medium of refractive index n; to the medium of refractive index n,.

Transverse magnification (m) (of dimension perpendicular to principal axis) due to refraction at

2 1

spherical surface is given by m= v-R_[v/n,
u-R (u/n,
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13. Refraction at Spherical Thin Lens
A thin lens is called convex if it is thicker at the middle and it is called concave if it is thicker
at the ends.
For a spherical, thin lens having the same medium on both sides:

1 1 1 1
———=(nrel—1) —_— Where n_, = Mens
\4 u Rl RZ I’lmedium
1 1 1
P ( rel 1) - T
f R, R,
1 - 1 = l — Lens Maker's Formula
v u f

\%
m=—

u
Combination Of Lenses: l = l + l + l

1 f2 f3
WAVE OPTICS

Interference of waves of intensity [1 and I2:
Resultant intensity I=1, +1, +2aj1112 cos (Adp) where, Ab=phase difference.

For Constructive Interface: |- =(\ﬁ +\E )2

For Destructive Interference: I :(ﬁ —\/i )2

If sources are incoherent I=I1+I2, at each point.

YDSE:
Path difference, Ap=S2P-S:P=d sin 6
Ifd<<D = d_y
D
Ify<<D
For maxima,
Ap=nA =y=nf n=0, ¥1, ¥2......

For minima

(Zn—l)& n=1,2,3..
ey (2n+1)% n=1,2,3..
(2n—1)g n=1,2,3..
o (2n+1)% n=1,2,3..

Where, fringe width B= %D

Here, A = Wavelength in medium
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Highest order maxima: n__ = x}

Total number of maxima=2n__ +1
Highest order minima: n = %+ﬂ

Total number of minima=2nmax

. 2
Intensity on screen: 1=1, +1, +2 /L1, Cos(Ad))Where,Ad):—nAp

Iy
if 1, =1,1=4I, cos’ (A?‘bj

YDSE with two wavelength A1 & Az:

The nearest point to central maxima where the bright fringes coincide:
Y=n1B1=n1B,=Lcm of B1 and {32

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

1 1
y:(n1 _§]B1 :[nz _Ejﬁz

Optical path difference
Apop=pAp

2n 2n
Ad) = T Ap = }\‘— Apopt.

vacuum

D B
A=(p-1)t.==(pn-1)t=
(R-1)to=(n-1)t=
YDSE WITH OBLIQUE INCIDENCE
The YDSE, ray is incident on the slit at an inclination of 6o to the axis of symmetry of the
experimental set-up

We obtain central maxima at a point where, Ap=0
Or 62 =00
This corresponds to the point O’ in the diagram.
Hence we have path difference.
d(sin®, +sin®)—for points above O
Ap=1d(sin6, +sin8) —for points between 0& 0" ...(8.1)
d(sin@, +sin6)—for points below O’
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THIN-FLIM INTERFERANCE

For interference in reflected light
nA for destructive interference

2ud= 1 .
n+ E A for constructive interference
For interference in transmitted light

nA  for constructive interference

2pd= 1 o
n+ E A for destructive interference
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Dual Nature of Matter and Radiation

FORMULAE

MODERN PHYSICS

*  Work function is minimum for cesium (1.9 eV)

*  work function W=hv, = E

0

*  Photoelectric current is directly proportional to intensity of incident radiation.
(v - constant)

*  Photoelectrons ejected from metal have kinetic energies ranging from 0 to KEmax
Here KEnax=eVs Vs-Stopping potential

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

1=%%#£

. h
*  Momentum of one photon is o

*  Einstein equation for photoelectric effect is

hv=w,+k . :E=E+evs
0
*  Energy AE:weV
(A%

*  Force due to radiation (Photon) (no transmission)
When light is incident perpendicularly
a. a=1r=0

IA I
F=—, pressure =—
o

C
b. r=1,a=0
21A 21
F=""—, p==
C C
c. O<r<«li, a+r=1
IA |
F=—(1+r),P=—(1+r)
C C

When light is incident at an angle 8 with vertical.

a. a=1,r=0
Fe [Acos© ’ p_ Fcos© =1c0529
C A C
b. r=1,a=0

2 2
F:21cos 6, PZZIcos 0

C C
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c. O<r<«1 a+r=1

2
P:Icos 6(1+r)
c

*  De Broglie wavelength
h h h

7\’:_:—:—
mv P \/ka

* Radius and speed of electron in hydrogen like atoms.

nZ

r=—a, 20=0.529A
Z
Z 6
vV, ==V, v, =2.19x10"m/s
n
*  Energy in nth orbit
2
E =E1.Z—2 Ei1=-13.6eV
n

*  Wavelength corresponding to spectral lines

1 1 1
_=R|:_2__2}
A n; n,

for Lyman series ni=1 ny=2, 3, 4....

Balmer ni=2 n;=3,4,5....
Paschen ni=3 n;=4,5,6....
*  The Lyman series is an ultraviolet and Paschen, Brackett and Pfund series are in the infrared region.

*  Total number of possible transitions, is , (from nth state)

n(n—l)
2

* [f effect of nucleus motion is considered,
2

ra=(0.529 A) L 1

Z

2
E, = —136ev =1
n° m
Here p-reduced mass
Mm

, M-mass of nucleus
(M+m)

M:

*  Minimum wavelength for x-rays
_ hc _ 12400
™ eV, V,(volt)

*  Moseley’s Law
x/;:a(z —b)
a and b are positive constants for one type of x-rays (independent of Z)
*  Average radius of nucleus may be written as
R=RoA1/3, Ro=1.1%x10-15 M
A-mass number
*  Binding energy of nucleus of mass M, is given by B = (ZMp+NMy-M) (2
*  Alpha-decay process

A A-4_ 4

X—> Y+ He
Z zZ—2 2
Q-value is
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A A-4 4 )
Q=m| X|-m Y |-m| He]l|C
y/ Z-2 2
*  Beta-minus decay

A A o
X—> Y+B +v
Z Z+1

ol
Q-Value=|m| X |-m Y ||C
Z Z+1

*  Beta plus-decay

A A
X—> Y+B++v
Z Z-1

A A )
Q-value=|m| X |-m Y |-2me |C
Z Z-1
*  Electron capture: when atomic electron is captured, X-rays are emitted.

A
Xt+te—> Y+v
Z-1

v bl

* Inradioactive decay, number of nuclei at instant t is given by N=Noe"t, A-decay constant.
*  Activity of sample: A=Apen
*  Activity per unit mass is called specific activity.

*  Half -life:T, , =¥

T

1/2

0.693

* A radioactive nucleus can decay by two different processes having half lives t1 and t; respectively.
Effective half-life of nucleus is given by
1 1 1

t ot t

*  Average life :T,, =

1 2
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Atoms and Nuclei

FORMULAE

MODERN PHYSICS

*  Work function is minimum for cesium (1.9 eV)

*  work function w = hv, = hc

0
*  Photoelectric current is directly proportional to intensity of incident radiation.
(v - constant)
*  Photoelectrons ejected from metal have kinetic energies ranging from 0 to KEmax
Here KEmax=€eVs Vs-Stopping potential
*  Stopping potential is independent of intensity of light used (v - constant)
* Intensity in the terms of electric field is

I= lsOE2 C
2
. h
*  Momentum of one photon is .

*  Einstein equation for photoelectric effect is
hc hc

hv=w,+k_ = +eV,
0
12400
* Energy AE=—————eV
&)

*  Force due to radiation (Photon) (no transmission)
When light is incident perpendicularly
a. a=1r=0

IA I
F=—, pressure=—
C c

b. r=1,a=0
2IA 21
F="o, P=—"
C C
c. O<r<«li, a+r=1
F:E(1+r),1>=1(1+r)
C C

When light is incident at an angle 8 with vertical.

a. a=1,r=0
F:IACOSQ ’ P=FCOSG=1COSZG
c A c
b. r=1,a=0
2 2
F=21cos (E)' P=ZIcos 0
C C
c. O<r<1 a+r=1
2
P:Icos 9(1+r)
C

*  De Broglie wavelength
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k:h:h h

mv P Zkm
*  Radius and speed of electron in hydrogen like atoms.
2

r=—"a, ap=0.5294
7

v =2y v,=2.19x10°m /s
n

*  Energy in nth orbit
2
E, :El.Z—2 Ei1=-13.6eV
n

*  Wavelength corresponding to spectral lines

1 1 1
=Rl 5-—
A n; n,

for Lyman series ni=1 ny=2, 3, 4....
Balmer ni=2 n;=3,4,5....
Paschen ni=3 n;=4,5,6....

* The Lyman series is an ultraviolet and Paschen, Brackett and Pfund series are in the infrared region.

. . . -1
*  Total number of possible transitions, is w (from nth state)

*  [f effect of nucleus motion is considered,
2

. n°m
rn=(0.529 A)—.—
Z p

yA

E,= —13.6eV —.—
n m

Here pu-reduced mass
Mm
n= —) , M-mass of nucleus

(M+m

*  Minimum wavelength for x-rays

_hc 12400
" eV, V,(volt)

* Moseley’s Law

Jv=a(z-b)

a and b are positive constants for one type of x-rays (independent of Z)
*  Average radius of nucleus may be written as

R=RoA1/3, Ro=1.1x10-15 M

A-mass number
*  Binding energy of nucleus of mass VM, is given by B = (ZM,+NMxy-M)(C2
*  Alpha-decay process

A A—4 4
—> Y+ He
Z z—2 2

Q-value is

A A-4 4 5
Q=m| X |-m Y |-m| He||C
Z 7-2 2
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*  Beta-minus decay

A A o
X—> Y+B +v
Z Z+1

(o)l
Q—-Value=|m| X |-m Y ||C
Z Z+1

*  Beta plus-decay
A

ol
Q-value=|m| X |-m Y [-2me |C
Z Z-1

* Electron capture: when atomic electron is captured, X-rays are emitted.

A
X—> Y+B++v
Z-1

A
X+e—> Y+v
Z-1

o[ 81-of c

* Inradioactive decay, number of nuclei at instant t is given by N=Noet, A-decay constant.
*  Activity of sample: A=Age™
*  Activity per unit mass is called specific activity.

*  Half -life: T, , =¥
T,

1/2
0.693
* A radioactive nucleus can decay by two different processes having half-lives t; and t; respectively.

Effective half-life of nucleus is given by
1 1 1

_—_+_

t ot t

*  Average life :T,, =

1 2
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