Ch-1: Electric Charges and Fields
Property of charges:
e Quantization of charge, where n=integer multiple and e =-1.6x10™ C
g=tne

e Additivity of charges,

n
Qnet = Z qi
i=1

e Conservation of charges
Qnet (isolated) = Constant.
Coulomb’s Force

e The below formula can be used when force on multiple individual charge is being calculated.

n —
=_ NV 9 Na)
b _ZFU B 4nei=1 ﬁjl?’

e Coulomb’s force between charge g, and q, separated by distance r and placed in vacuum, can
also be expressed in vector form as-

5 1
P ( )‘11(2127>
4mey) T

e In magnitude form, Coulomb force can be written as -

1 q19> . 1
F=(—)1—2 i.e. Foc < and F o« g,

amtey) 12
e Coulomb’s force in vector form shows that it obeys Newton’s third law of motion as-
Fip = =F

And we read this as “force on charge g, due to charge q; = negative of force on charge q; due to q,”.

Cdne L |F T3
=1

n - —>
= qj q;(7r—7)
7

The above formula can be used when force on any one charge is being calculated.
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We read as force on charge j having position r due to charges q,, q,, g3, ----having position ry, r,, rz----
placed in a medium. This is also called “Principle of Superposition” for force determination due to
several charges.

Electric Field Intensity

-

e Electric field intensity E can be defined as E= limqo_mqi
0

Where g0 is the test charge and is so small and not to disturb the strength of field produced by Source
or point charge

e Electric field intensity at a point whose position is r due to other charges whose positions are r,
ry, I3, ------- can be expressed as- (Principle of Superposition for Electric field intensity)

n - —>

— 1 q;(7 —7)

) 4me L |7 T3
=1

e Electric field intensity E at a point placed at distance r due to point or source charge g kept in
free space is given by in vector form as-

. 1 \¢q
ESEY
4mey) r? r

e In magnitude form, Electric field intensity at any point in the region of electric field is given by-

E= ()% ie ExandEe g
ams, T

T'Z
Dipole

e To find the net electric field intensity at Axial Point (A) at distance x from dipole centre
— 1 4aqxi
A7 4ne [x2 — a?)?

e Dipole moment (p) and its direction from —q to +q separated by 2a and placed in X-direction is

given by —
p = 2aqi
e The net electric field intensity at Axial point If x>>a is given by-
— 1 2p
A7 4me x3

e In unit vector net field intensity in the direction X-axis at axial position is-

o 1 \2pl
B =( )i
4me,/) x3
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In magnitude form,

E =( ! )i—z This shows that Eocx—l3

471'80

e Tofind the electric field intensity when dipole makes an angle 6 with the horizontal x-axis
- 1 4aqx(cos@i+sinf))

47 Ame [x2 — a?]?

o To find the net field intensity at the equatorial point (B) of the dipole at distance x from the

centre of dipole
— 1 2aq(—t
o L 29D,
[x2 + a?]2
e To find the field intensity at the equatorial point (B) of the dipole at distance x from the centre
of dipole and when x>>a
— 1 —p
Eg =——
B 4me 3
e In magnitude form,

— 1 |p|
|Eg| = e 3
e The ratio of net field intensity at axial point to the equatorial point is given by-
Eaxial - 2.1
Eequatorial
e Torquein a dipole
7= pxE
Where p = p,i +pyj = pcosﬁi+psin9jandﬁ =Fl
Therefore, T = pE sin 0 (—k) that is, the direction of torque is both dipole moment and
electric field and pointing downward (going into the plane of paper) in clockwise acting from
p to E at an angle 8 between p and E.
e In magnitude form, Net torque
T =pEsinf
e Potential energy in rotating a dipole at an angle 8 is given by
U=-B.E
e In magnitude form, Potential in the dipole is
U=-pE cos 6
The dipole is in stable equilibrium when 6=0° U is minimum and equals to — pE. The dipole is
in unstable equilibrium, when 8=180°, U is maximum and equals to +pE.
In both stable and unstable equilibrium, 7,,.,; = 0 and F,,,; = 0

Long straight charged conductor (infinite)

e Electric field intensity at distance r on x axis from the long charged conductor (infinite) having

linear charge density A is given by
A

2TEGT
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i.e. E % and the graph between E vs. r is rectangular hyperbola.

Field due to a uniform ring

e Electric field intensity due to a ring having radius R and linear charge density A, at a distance x
from the centre of the ring on axial position is given by-

’ (

(% + RZ)%>

1
And we see that E,, ¢ —
X

e When x=0, field is zero at the centre of the ring.

1
° Ex = py— ;1—2 For x>>R when point is much farther from the ring, its field is same as that of a
0

point charge.

_ . dEBy_ 2 (a4
It will be maximum when 7520 and (Ex)max = 3 (4neo) R2

Electric Flux

® Total electric flux through a surface

For uniform field, ¢ = E.S

—
Here, dS is a small area element vector perpendicular (normal) to a plane surface and
pointing outward.

e In magnitude form,

@ = ES cos @ where 0 is the angle between Electric field E and dS.
If any square or rectangular slab placed in co-ordinate axes , the field is uniform, the angle 6
value is given by according to position of plane of the slab as mentioned below-
> If the plane is parallel to the electric field, 6=90°
> If the plane is perpendicular to the field, 6=0°
» If the plane makes an angle say 30°, 60° etc, 8=90° - 30° or 60°

Gauss’s Law

€o
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Electric field intensity due to infinite plane sheet ( charge on one side of sheet) is given by-

o
E=—

€o
EinZO

Electric field intensity in between and outside two long parallel conductors having surface charge
densities *o is as-
(i) Outside parallel conductor, E=0

. o
(ii) Between parallel conductor, E = =
0

Electric field intensity in between and outside two long parallel conductors having surface charge
densities +c on each conductor is as-

. . o-
(i) Outside parallel conductor, E = =
0

(ii) Between parallel conductor, E=0

Electric field intensity due to thin spherical shell or hollow shell having charge +q on its surface
(surface charge density o) and radius R.

(i) Inside the shell (r<R) E=0 as q;, = 0

.. 1
(ii) Outside the shell (r>R), E = —— -
4TEG T
1 q
(iii) On the surface of shell, r=R, E = —
4'7'[50 RZ

e Electric Potential V =constant (inside the shell)

1 q
e Electric potential V = " R (on the surface)

TTEY

1
e Electric Potential V = " % (outside the sphere)

TTE

Electric field intensity due to solid spherical shell having charge +q distributed inside sphere (volume
charge density p) and radius R

. 1 r
(i) Inside the shell (r<R) E = i
4mey R3
. 1 g
(ii) outside the shell (r>R), E = =
4-7'[80 T
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1 q

41Ey R?

(iii) On the surface of shell, r=R, E =

For solid sphere,

1 q[3 172] _
— — ——| inside the solid sphere
2 R2

e Electric potential V== >

4-7'[80 R

e Atthecentre, r=0andV, = %Vs

(To find the electric potential, apply the formula dV=- Edr)
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Ch-2: Electrostatic Potential and Capacitance

Relation between work done and potential energy:
Wi = Ur — U; : AU, Against the electric force or by external force (external agent)
Wi_s = U; — Ur : —AU, By the electric force
[since, Work done = - AU = —(Uy — U;)]
Potential energy of two point charge system (if charges g1 and g2 are separated by distance r)
e T 5°Q
_ 1 q192
4mey T
Potential energy of system of charges (due to multiple charges) say, charges kept at vertices of

triangle or square or rectangle or at any geometrical shape.

n
[ = 1 CILCIi
477:60 i<j |T]'l|

For example, in a triangle, if charges q,, g, and g; are placed at vertex A, B and C respectively of
a triangle ABC. The distance is r3, between charges q; and q,, distance r;; between charges g
and g, distance r,; between charges g, and g4, then
U= 1 [Q3QZ + 4341 + ‘h‘h]
4meg L 132 T31 T21
If potential energy (U) of system of charges is negative, work done will be positive and if

potential energy is positive, work done will be negative. [By conservative force]
That is, if work done decreases (example, when charge is brought from any point or from infinity
(initial point) to a point (final point) by electric force), potential energy increases and vice-versa.

Relation between electric potential and potential energy

U
V=—
qo

A. If atest charge qq is brought from a point to another point against the electric force or

by external force or by electric force.
Ui-U
Vi—Vp= lq L = W;,_; By Electric force
0
Us-U;
Ve =V = fq - = i By external agent or force
0

B. Similarly, if initial point is at o= and final point is say f so work done to bring a charge
(say qg) from infinity to a point (say f) by external force or against electric force is given
by-

1 1
[Here V.. and U.. are zero as seen that U « - and « ;]

Work done to bring a charge say qs if two point charges g, (at point A) and g,(at point B) kept in
free space. A third point charge q; is moved from infinity to a point (say C, then formula of work
done shall be applied as-

Weooe = q3(Ve — Vo) = q3V¢, where V,, = 0
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Given ry is the distance from point C to charge q; at point A, r, is the distance of point C to

charge g, at point B as shown in the below figure of triangle ABC. Where V. is
Ve =Veat+Vep = - [ﬂ+ﬂ],

ameg lry, 1y

(a1) A

r ds
0

7. Relation between electric potential and electric field intensity

(q2) B

dV = —E.dr
Or,
Va TA
f dv = — f E.dr
Ve B

8. To find electric potential difference say Vag or V5, — Vg in a uniform electric field
Va—Vg =E.(5 —72)
So,
Vg —Vy=E. (7 — 75)
9. Electric potential at a point (say point P) due to a point or source charge g placed at distance r is
given by

q.6 r%P

1
V= 4me (g)

10. Electric potential due to a point or source charge kept at position vector ry at a point whose

1
e
dmey \|¥ — 17|

11. Electric potential at a point whose position vector is r due to system of charges q1, 92, g3.....

position vector r is given by

Kept at positionsrl, r2,r3 ....... respectively is given by

1 n
V= Z _)CIL_)
dmeg & |7 — 1]

i=1

12. Electric potential due to a system of charges at point is given by
1 (Gnet
V=
4meq ( T )

1 dq
4meg) T
14. Electric potential in a dipole at any point p, at distance r from the centre of dipole, making angle

13. Electric potential V is also written as

0 from the dipole axis is given by-
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v = 1 (p cos 9)
P 4mey \ 12
A. when 8=0°, (axial position of dipole)
1 p
v, =—(5
P 4nme, (rz)

B. When 8=90°, (at the equatorial point), V=0
15. Electric potential in case of hollow spherical conductor,

A. Inside the hollow spherical conductor (r<R) where R is the radius of conductor and q is
the charge distributed on the surface of conductor

1 (q
V- . = = —\—
inside surface 4-7'[60 (R)

B. Outside at any point at distance r from the centre of the spherical shell

1 (q
= 4me (;)

16. Electric potential in case of two metallic hollow concentric shells:

If the inner shell A has radius R; and charge distributed is g; and has outer shell B has radius R,
and charge distributed is q,, then potential V, and V; are given as

- (1 q_z)
VA_4neo (R1+R2

-1 (& &)
VB_4neo (R2+R2

Thus, potential difference is given as

Vi — Vo = 1 (1 1)
A7V = e, T\R, TR,

Capacitance:
17. Capacitance Cis given if potential difference is V and q the charge on a conductor, as
Q=cv
18. Capacitance C of a metallic spherical conductor of radius R and charge q on its surface is given
by
C =4meyR
19. Parallel Plate Capacitor:
A. Capacitance C of a parallel plate capacitor having area A with charge q and —q on each
plate placed in medium K (K is a dielectric constant) and separation between the plates
d is given by-
_ €oKA
- d
B. Instead of two plates if there are n similar plates of equal separation from each other

and alternate plates are connected together, the capacitance Cis given by-
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€04
C = (n— 1)7

C. The capacitance C of a parallel plate capacitance of separation d and area A if a

dielectric slab K of thickness t with same area is placed in between it, is given by
_ 60A
C = PR (1)

Different cases-
i If more than one dielectric slabs are placed between the parallel plates capacitor, the

capacitance Cis given as-
€04

Cz(d_t —t, — e )+(t_1+t_2+... )
TR TR TR T
ii. If the space between the plates is completely filled by the slab of dielectric constant K,
then t=d and hence from equation (1) will be as —
egKA
c="
d
iii. If the space between the plates is completely filled by the conducting slab instead of di-

electric slab of dielectric constant K, then d=t and K == for conductor and

hence C =o0
iv. If the di-electric slab K is replaced by the conducting slab of same thickness, then K=oo
and Capacitance C is given by —
_ €A
T d-—t

v.  Suppose in two parallel plates a and b, If the plate b is earthed and charge q is given to
plate a, then whole charge is transferred to earth as the capacity of earth is very large
and capacitance of capacitor becomes infinite.

20. Energy stored in capacitor is given by

U—lcvz—1 V=
20 T2 T

21. Energy density: The potential energy of a charged conductor or a capacitor is stored in the
electric field (E). The energy per unit volume is called the energy density (u). Energy density in a
dielectric medium(dielectric constant K) is given by

1
u= E(601(152)

The total stored energy in an electrostatic field (E field between the plates of capacitor is
uniform) given by
U = u(total volume)

22. Electric field intensity on the —q plate due to positive charge in case of two parallel pales is

given by

q
E=5ae,

23. Force of attraction with which both parallel plates (charge g and —q and area A with separation

d) attract each other is given by
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qZ

F =
2A¢,
24. Work done by the external force if one of parallel plates is moving from fixed plate to a distance

d1 from the earlier arrangement when distance was d, is given by
W:F(dl—d)OT'VVL _)f:Uf_Ul

2

Here, F = 1
ZAGO
1(q? 1(q?
U === dU; ==|—
! 2<Cf> anae z(ci
Here,
€04 €04
Cr=——and C; = —
I~ d, T d
25. Electric field intensity (E) in the dielectric (dielectric constant K) inserted between parallel plates
is given by

E—J—E E
_6_0 i

In free space between the plates, External electric field (EO) is given by

£ = o
0= e
Where o is the surface charge density and E;is the induced electric field in the dielectric, so,

Eo Eo Eo
E =70r,E0—Ei =X or,K :EO—EL-

1 1
"iz"(l_E> S""’i“’(l‘E)

26. If two parallel plates a and b given charge as g1 and g2 then to find charge at the point outer
surface of a (point A), inner surface of a (point B), inner surface of b (point C) and outer surface
of b (point D):

B Cl |D

Charge on point Aand D is given as, qa = qp = Ch;rqz

q1 = Charge at point A + Charge at point B
Similarly g, = Charge at point C + Charge at point D
So, charge at point B, gz = %
Similarly, Charge at point C, gc = — (%)
27. Charge redistribution: When two conductors of charge g, and g, on its surfaces and having

capacitances as C; and C, with radii as R; and R, are joined by a conducting wire, the charges on

conductors after joining the wire are in the ratio of their capacities as given-
q1tq;

q1 = C,V' and q5 = C,V' where V' = Common potential = Y
1 2
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Since, C < R So,q; = (q1 + QZ)( - )

28.

29.

30.

b)

31.

Ri+R,
Loss of energy during redistribution of charge AU = U; — Uy = 2(;15262) ((Vy = V)3
Where, U; = %(z—f) +%(Z—f) and Uy = %[%]
Capacitors in series and parallel
If C4, C, capacitors are connected in -
(i) Series (equal charge on and unequal voltage across each capacitor)
1 1 1
E = C_l + C_Z o
(ii) Parallel (unequal charge on and equal voltage across each capacitor)
C=C+Cy+-.....
Law of Capacitors-
Law of conservation of charge
(i) In case of a battery, both terminals of battery supply an equal amount of charge
(i) Net charge on plates of capacitors which are not connected to either battery or earth is

zero.
Sum of potential rise and potential drop = 0 or, Potential rise = Potential drop in a loop
Potential rise is taken as positive (from —ve to +ve) and potential drop is taken as —ve (from +ve

to -ve)
About di-electric slabs placed in two parallel plates:
(i) When more than two di-electric slabs with different di-electric constant divide the

separation between the plates d as d/2 or d/3 or to any fraction of d, while area A is
fixed, those two or more di-electric slabs are in Series and accordingly equivalent
capacitance can be calculated.

(ii) When slabs divide the area while separation between the plates is fixed, those slabs are
in parallel and accordingly equivalent capacitance can be calculated.

(iii) When slabs divide in such a way that any one divides the area and other two slabs
divide the separation or vice-versa, the dielectric slabs will be in series and parallel
combination both and accordingly equivalent capacitance can be calculated.

Those arrangements are shown here in Fig. -1, Fig-2 and Fig-3 respectively of what mentioned

above in point (i), (ii) and (iii) respectively.
€oKA
d
Here d and A are area and separation between the plates and can be changed as per question.

The formula for capacitance is— C =

K _
1 K
. ks
K
1 K,
K
Ko 3

| Fig—3|

Fig-1 Fig-2
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32. Relation between electrical susceptibility and polarisation
Polarisation is defined as dipole moment per unit volume and its magnitude is referred to as
polarisation density. Electrical susceptibility is given by

-

__P
eoE
33. Relation between dielectric constant (K) and electrical susceptibility (x)
K=1+y

34. Polarisation density (P) is given by
p q;t _ dipole moment in the slab  ¢;

At volume A

Where A is the area of dielectric slab, t the thickness of slab, g; the induced charge in the

dielectric slab.

Oj

35. Effect of dielectric on various parameters
A. Effect of dielectric when battery is kept disconnected from the capacitors
Let qo, Vo, Co, Eg and Ug be the charge, potential difference, capacitance, electric field
Intensity and potential energy stored respectively before dielectric slab is inserted.
Then,

Vo = g—z and V, = Eod and Uy = 5 CoV¢

a. When supply is disconnected as shown in Fig. 2. and dielectric , J

slab is inserted:
(i) Charge:
q=do
The charge on capacitor plate remains g0 as battery has been disconnected before the insertion
of dielectric slab.
(ii) Electric field:

F=bo
K | |
|
(iii) Potential difference: I
V=FEd=2d=" A
K K

(iv) Capacitance: C = CII/—O = ‘%g = CoK
K

(v) Potential energy stored: U = %(JV2 = %

B. Effect of dielectric when battery remains connected across the capacitor
(i) Potential difference: V =V,

(i) Electric field intensity E = E|

(iii) Capacitance: C = CyK

(iv) Charge: q = CV = CyKV,y = Kq,

(v) Potential energy stored: U = %CV2 = KU,
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Chapter-3: Current Electricity Formulae
1. Relation among charge (q) to flow through a conductor of uniform cross-sectional area, current
() and time tis: [ = % = n—te
For positive g, current is in forward direction and for negative q, it is in backward direction.
2. Relation between very small charge dq to flow for small time dt through a non uniform cross

. .. _dq _ rt2
sectional area is given by I = £ O d= ftl Idt

3. Current density (J) is the current (1) distributed uniformly over the cross section area (A) of the
conductor and is given by | = %or I = JA, also for non-uniform area of conductor, I = f]dA;
also, I =f- ff; It is a vector quantity.

4. ByOhm’slaw,] «xVorV «I =V =RI;0r,R = % = constant, provided that temperature,

pressure remains constant.
The value of R depends upon length, shape and nature of the material.

5. Resistance (R) of a conductor
It depends upon the following factors as-
(i) Resistance(R) is directly proportional to length (I) of conductor
(ii) It is inversely proportional to the area (A) of the cross section of the conductor if the

. . 1 l
temperature remains constant, thatis, R « [, R < " So,R = P

(iii) It depends upon temperature, (increases with temperature)
(iv) It depends on type of materials, different for different materials
Where p is the resistivity or specific resistance of the conductor and p depends upon nature
of the material and temperature of the conductor.
6. Effect of temperature on resistance:
Resistance of a metallic conductor at temperature t °C is given by R, = Ry (1 + at + ft?)

Where a, B are the temperature coefficients of resistance

If the temperature is not sufficiently large, as in practical cases, equation (1) can be written

Rt—R Change in resistance
as-R; =Ry(1+ at) ora = === — - —
Rot original resistance x rise in temperature

7. Temperature dependence of resistivity

Resistivity of a metal conductor is given by p; = po[1 + a(T — Ty)]

Where, p is the resistivity at temperature T (in Kelvin), and resistivity at temperature Ty ispy.

- d 1
or,a = £=Fo_ =—p(—)
po(T-Ty)  po \dT

So, temperature coefficient of electrical resistivity is defined as fractional change in electrical resistivity
per unit change in temperature.
For metals, a is positive, so, resistivity of metal increases with increase in temperature.
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For semiconductor, resistivity decreases with decrease in temperature and for alloys, the resistivity is
very large and weak dependence on temperature.

P p p

/

Metal Semiconductor Alloys

T I T T

8. Conductance (G) and conductivity (o):

Conductance (G) is given by reciprocal of resistance and will be written as: G =

x|~

And conductivity (o) is given by reciprocal of resistivity and will be written as: ¢ = %

9. Drift velocity and relaxation time
—eEt

The average drift velocity vq4 can be written by v; =

Here, negative sign shows that vd is opposite the direction of E. So, average drift velocity is given by
v, eE
vyl =—7t1
d m

Average relaxation time is defined as mean free path of electron per drift speed of electron.
10. Relation between average drift velocity, relaxation time and current is given by

[ q Ne Ne Nevy; nevg(Volume) nevg(Areax!l)
et 11 ! a !

Va
Here, n number of electrons per unit volume or electron density or number density and N = number of

= neAv,

electrons in a metal conductor of length | and cross section A, so volume =Al
Deduction of ohm’s law from the expression of drift velocity

eET  me?Atv
I = nedv,; = neAW =

V= mTlI = V = RI, where, E=V/I and,
ne<At

ml rant
= ——— = constan
ne2Ar

11. Relation between resistivity (p), number density (n) and relaxation time ()

m

l l m
R= PZ - (nezr) A =p= ne?t’ Therefore, p= nezt

From equation (1), p % for metals and p « % for semiconductor, further

a) For conductor, as temperature increases, relaxation time decreases and resistivity of metal
increases so, conductivity decreases. (Relaxation time depends upon temperature of conductor)

b) For semiconductor, as temperature increases, number of free electrons increases as resistivity
decreases. (Number of free electrons depend upon nature of material)
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12. Mobility is defined as magnitude of drift velocity per unit electric field applied and given by

gEr
#:—m =

qt
E m

a) Mobility due to charge carrier electrons in a conductor is given by u, = e%

e

b) Mobility due to charge carrier holes in a conductor is given by u;, = e;—h
h

c) The total current in a conducting material is the sum of current due to the positive current
carriers and negative current carriers.
13. Kirchhoff’s Law:

Kirchhoff’s First law is based on conservation of charge and Kirchhoff’s Second law is the law of
conservation of energy. These two laws are used in solving the circuit parameters as to find current in
the branch, potential difference across two points of resistors etc.

a) Kirchhoff’s First law is also called Kirchhoff’s Current Law (KCL): It is applied at a junction.
According to this law:
The algebraic sum of current at any junction is equal to zero. ¥ jynction I = 0

That is, net current entering the junction = net current leaving the junction
Here, |; and |, entering I,

the junction O I, 5

and |,, I3 and |5 leaving
the junction O, 4 s
SO, lhi+la=L+13+1s
b) Kirchhoff’s Voltage Law (KVL): It is applied to a closed loop circuit.
The net voltage in a closed loop is equal to zero. Y ipsed ioop V = 007 X Eper = X IR

That is, Voltage drop = Voltage rise

Here, Vl - Vz - V3 —V4:0

V, is voltage rise (from —ve to +ve)
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V,, V3 and V, are voltages drop (from +ve to —ve)
Take voltage rise as + and voltage drop as -.

14. Arrangements of resistances
a) Resistances in series

Suppose two resistances R1 and R2 are connected in series as shown below, to find the

equivalent resistance, the following method is being adopted.

A R1 R, B
AL g

a) Connect the voltage source (say a battery or mains supply) across terminal A and B
b) The current flows in wire AB is same while potential difference across R1 and R2 is different
c) Find net or equivalent resistance across AB

The arrangement is shown below:

v

Vv

|
i
V =I(R1 +R2) :IRqut =I(R1 +R2) =>Reqvt =R1 +R2

Voltage Distribution: V; across R; and V, across R, can be written as:

V, = IR, = — (R)—V( ! )
v 1_Reqvt YU \R +R,

v R,
Vo= IRy = ——Ry) =V (o)

equt Ry +R,
Vi V2 V3 Given, R1=R, R2=2R, R3=3R
—N\Gy VN~ N~
R1 R2 R3 Find, V1, V2 and V3
||

¥ | [V V =1IR =V X R, keeping current same

So, Vy:Vy: Vs = R:2R: 3R hence,V; =V (3),V, =V (3),vs = v (3)

d) Two resistances are connected in parallel
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Equivalent Resistance and current distribution

In this arrangement, voltage is same across each resistor and current flows in each branch is different as
shown below. I, +Ry-

I=1+1 v 4 + 4 ! ! + !
= = = — e = — J—
Y2 T Regwe Rt Ry Regue Ri Ry

_ RiRy
€t T R+ R,
R{R,
4 _IReq,]t_ Ri+R, R,
L =—= =1 =1
Ry Ry R, R{+R,
RiR,
|4 Reque Ry +R, Ry
12 =—=] = =]
R, R, R, Ry +R,

For example, the current of I= 9A can be divided in two resistances 3 Q and 6 Q in parallel as:

Iy 30
AJ\/‘

[
»

\4

__________'»____\J\Aa_____

12 6Q

6 3
11—9<—6+3)—6Aand12—9(—6+3>—3A

Suppose n resistances of same ohmic resistance are connected in series and same n resistances are

. . . 1 R

connected in parallel, then R ¢q in both cases are given by: Regyy = NR, —— = % = Reque = -

equt

Suppose three resistances R, 2R and 3R are connected in parallel, then current in three branches:
» Moe

Iy R:

Given, R;=R, R,=2R and R3=3R, Find I, I, and I3
— R T

I = R =]« E keeping V as constant
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Then I, =1(<2), L, =1(3), 1, =1(2)

15. EMF (E) of cell and internal resistance (r)
1) EMTF (E) of cell is defined as work done by the cell in moving unit positive charge through
the whole circuit (including the cell) is called electromotive force (emf) of the cell.

E=Z
q

2) Internal resistance (r) of cell: The potential difference across a real source in a circuit is
not equal to the emf of a cell. The reason is that charge moving through the Electrolyte
of the cell encounters resistance and this resistance is called internal resistance (r) of
the cell.

Internal resistance of the cell depends upon the following factors:

a. It depends upon the nature, concentration and temperature of the electrolyte and
increases with increase in concentration

b. Itis directly proportional to the separation two plates of the cell

c. lItisinversely proportional to the area of plate dipped into the electrolyte
It decreases with increase in temperature.
While taking the loop, the equations can be written as:

E E
. A H - B A | l| + B.
Fig. 1-1 Fig. 1-2
—> path —®Ppath
In Fig. 1-1,
Viy—E—-Vg=0=2AV =V -V, =—-E
In Fig. 1-2

—V,+E+V3=0

VA+E—IT—VB:0

A + I-_- r+ B
Vg—Ir+E—-V,=0
When current leaves the terminal, the voltage is taken as positive and when current enters the
terminal, the voltage is taken as negative. Voltage rise can be taken from negative to positive in
cell and voltage drop can be taken from positive to negative across resistance.

Voltage rise as from negative to positive is taken plus sign before it and voltage drop as from
positive to negative to minus sign before it.
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16. Cell EMF with internal resistance r and PD across two points A and B can be written as:

The potential at point B for the current | leaving the terminal B is taken as +ve while potential at

point A for the current | entering the terminal as taken as —ve in the closed loop as shown above

and by KVL,

Condition 1: Current supplied by batteries when battery is charged (combination of cells)
Vg—Ir+E-V;=0=2V,—Vg=E—-Ir=>V=E-Ir

If no current flows through the cell, V=E; If the cell is short circuited, V=0

In case of charged cell, V<E

Condition 2: When battery is discharged (it draws the current)
V=E+Ir

In case of discharged cell, V>E

A—
A

When cell is connected with external resistance R,

1 V=IR=R—
T+R
< | i A~
E Net EMF=E, Net resistance=r+R
AN\
R V = Enet — [Rpet

17. Power supplied by a battery = El
Power consumed by a battery = -El
18. Grouping of cells
a. Series Grouping:
1) Case 1: Two cells connected in series

If external resistance R is not connected, then

V=Vi+V,=(E —Ir) + (E; —I13) = Eequt — ITeque = (E1 + E3) —1(ry +13)
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Comparing both sides, E¢qyy = Ey + Ey and Tpgyy =11 + 17

If external resistance R is connected in fig. 1, using KVL in a closed loop,

E,+E,

+E,—IR-Ir,+E,—Ir,=0>] = ———
1 2 2 2 rn+nr+R

SO, it can be said that two cells connected in series, Net EMF = E; + E,;Net Resistance =

Total internal resistance + Total External Resistance

_ Net EMF
" Net Resistance

2) Case 2: N cells of same emf and same internal resistance are connected in series,

then,l = nE
nr+R
3) Case 3: If polarity of m cells is reversed, then equivalent emf= (n-2m)E while total
. . . —_ E
resistance is still nr+R. [ = (n=2mE
nr+R

b. Parallel Grouping
Case 1: When E and r of each cell is different and positive terminals of all cells connected at one
junction and negative terminals connected to another junction.

4 - rl I=L+L+]1;
"
11 E [=52Y
"
| N
B \I2 -E2 r2 C
13 +l| - r3

R
Eequt—V E{-V E,—V E;—V E E; E 1 1 1
eqv — b1 + 2 + 3 =(_1+_2+_3)_V(_+—+—) or,
Tequt T T2 3 T T2 3 1 T2 3
Eeqvt E,  E, E 1 101 1
S =24 243 and =—+=—+=  and,
Tequt 1 T2 T3 Tequt n T2 13
E
[ = Zeavt _ i where E 1
Requt  1+RY= ’ T
r Eeqvt —_ _1 and Reqvt - R + _1
T Ly

If n cells of same emf and same internal resistance are connected in parallel, then
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nkE 1 n
—=— and ).= = - Therefore, | = L5 = —+
X r X;=7 ’ 1+RT R+

Note: In parallel grouping, E o = E if each cell equals to E and each resistance equals tor.
Case Il: When positive terminals of few cells are connected to negative terminals of others.
Suppose there are three cells E1, E2 and E3 with internal resistance r1, r2 and r3 are

connected in parallel. E2 is of opposite polarity and E1 and E3 are of same polarity, then

£, _E B
51 7”2+7"3
1 1+1)

| =
1+R(

ntn
¢. Mixed Grouping:
There are n identical cells in a row and number of rows are m. EMF of each cell is E and

internal resistance is r. Net EMF=nE and Total internal resistance = %

Total external resistance=R, current through the external resistance is given by

nk

I:
nr
R+

Current | will be maximum when V(mR) =V(nr) or, R = %

Hence, power transferred to the load is maximum when load resistance =total internal
resistance (Maximum Power Transfer Theorem)
19. Electrical Power (P) and Heat generated across a resistor:

de=deq=>W=VIfdt=>W=VIt=Pt=>P=VI

2
a. Electrical power (P) dissipated or generated across a resistor is givenby P = VI = [?R = V?

2
b. Heat generated across a resistor is given by H = VIt = [?Rt = %t

20. Principle of bulb:

Resistance of a bulb is given by

2
R= V? = R x % =P «x %keeping the voltage fixed across the bulb

a. Inseries (suppose two bulbs are connected in series having the same rated voltage but rated
power of both bulbs are P, and P, respectively), total power is given by (as% x R)
1 1 1 P, P,
—=—+4+—=P=
P P P P+ P,
b. In parallel (suppose two bulbs are connected in parallel having the same rated voltage but rated

power of both bulbs are P1 and P2 respectively), total power is given by (as P « %)
P=P +P
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2
c. InR= V; V and P are rated values (written) of that bulb.

2
d. In parallel, a bulb having more rated power, glows more brightly (H « V?) as R becomes less

while in series, a bulb having less rated power, glows more brightly (H « I?R).

e. Inseries, since | is same, hence, P < R or % = %
2 2
f. In parallel, since V is same, hence, P « 1 or AR
R P, Ry
ow 100W
|, 60 W bulb will glow more in this series combination and
|l
Vv total power is 75/2 W.
60W Here, 100 W bulb will glow more brightly.
n?BBVV Total 160 W
otal power =
||
|I
Vv

21. Wheatstone bridge:

By this bridge, the unknown resistance can be found out in terms of known resistance.
Principle: The bridge is said to be balanced when deflection in the galvanometer is zero. That is ;=0 and
hence, VB=VD

Vo—=Vp=V4—=Vp

_ L _R
11P—12R=>12—P
Similarly,
4 i
Vg =Ve=Vp—=V¢
e| |
|I
I )
= = — = —
10Q 2 L0
Hence,
P_R
Q S
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One of the four resistances is unknown say, P and another one is variable, say Q. The value of Q is so
adjusted so that deflection through galvanometer is zero and in this case, unknown resistance is

- (B

Following two points are important regarding a Wheatstone bridge,
a) In Wheatstone bridge, cell and galvanometer arms are interchangeable. In both cases, condition
of balanced bridge is same.
b) If bridge is not balanced, current will flow from D to B if, PS > QR

Difference between EMF (electromotive force) and Potential Difference (Terminal Voltage)

Ser.No. Electromotive Force (EMF) (E) Potential Difference (V)

1. It is work done by a source in taking a unit It is the amount of work done in taking a
charge once round the complete circuit. unit charge from one point to another.

2. It is equal to the maximum potential Potential difference may exist between any

difference between the two terminalsofa  two points of a closed circuit.
source when it is in an open circuit.

3. It exists even when circuit is not closed. It exists only when circuit is closed.
4. It has non-electrostatic origin It originates from the electrostatic field
5. Itis a cause. When emf is applied in a It is an effect.

circuit, potential difference is caused.

6. It is larger than PD It is smaller than emf
7. It is independent of external resistance in It depends upon it
the circuit.
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Chapter 4: Moving Charges and Magnetism-Important Formulae

1. Force on conductor 2 due to conductor 1 is given by dF;, = (ﬁ) (Izdlz)ﬁ(;l‘f;l x712)
12
2. Magnetic force on a moving charge ﬁm = qﬁx§ or F, = qvBsinf
3. Path of charged particle in uniform magnetic field
) If 6 = 00 or 1809, path is straight line. (ii) If 8 = 909, Path is circle.
(i) For any other angle, path is helix.

4. List of formulae in circular path
2
i.  Centripetal force = magnetic force mvT = quB

.\ . . C 2K J2qv
ii.  Radius of the circle (r), momentum (p), kinetic energy(K): r = - ™= ;qm
. . . 2 B B
iii. Time period, angular velocity and frequency T = ﬂ, w = —q, =—1

Bq m 2mm

5. List of formulae in helical path

i.  Radius of helical pathr = mv;;n 6
. . . . _ 2mm _ Ba_
ii.  Time period and frequency of helical path T = B f = py—

2mmv cos 6

iii.  Pitch of the helical path p = (v cos0)T = 5q

6. Magnetic force on a current carrying conductor ﬁm = I(fxﬁ) or E, =1lBsinf
Here 0 is the angle between [ and B or between direction of current and magnetic field.

. . I1,dl dF 1
7. Force between a parallel wires (conducting current) dF = g—; (%) == g—; (172)

[If the current in both wires flows in the same direction, force is attractive and if flows in the
opposite direction, force is repulsive.]

8. Lorentz Force: The total force on a charge Q moving in the presence of both electric and
magnetic field is given by F= 13';, + ﬁ'm = Q(E + ﬁXﬁ)

9. Velocity selector: Path of a charged particle in uniform electric and magnetic field will
remain unchanged if, F,,,, = 0 or q(qﬁ + qﬁxﬁ) =0o0rE = —bxB or E = Bx®

10. Cyclotron: It is a device (machine) to accelerate charged particles (such as alpha particles,
protons and deuterons or ions to high energies to investigate nuclear structure

a) The frequency of revolution of the particle is given by f = %
i - _1 .2 _1(a’B°R? mv? _ — 4BR
b) The energy gained by ions as K = Smve = 2( — ) [As = quB = v = — ]

11. Magnetic dipole: Every current carrying loop is a magnetic dipole.
a) Magnetic dipole moment of magnetic dipole is given by M = NIA
b) Direction of M is the perpendicular to the plane of loop and given by right hand screw law.
c) Magnetic dipole in uniform magnetic field (i) Net force F=o0, (ii) Torque 7 = MxB ort =
MB sin 6, Potential energy U = —M.B orU = —MB cos 6
Wy, -0, = Ug, — Ug, = MB(cos 0, — cos 6;)
d) If06 =009, itis stable equilibrium position of the loop. In this condition,
F=0,7=0and U = —MB = Minimum

Prepared By Er. Birendra Pratap Singh, (website www.birendrapsingh.com) Page 25



e) If6 = 18009, itis unstable equilibrium position of the loop. Under thus condition,
F=0,7=0and U = +MB = Maximum

12. Biot-Savart Law dB = £ ("’”’”) rdB = (M)
41 'r 41

r2

13. Magnetic field of a moving point charge: The magnetic field vector B at point P at position
vector 7 from the charge g moving with a velocity ¥ is given by

q(vxr)] _ Mo (qu sin 9)

B=1t0
TZ

Here 0 is the angle between ¥ and 7 and field is zero when 8 = 00 or 180%and maximum at 8 = 900,

direction of B is along (#x7) if q is positive and opposite to (Bx7) if q is negative.

14. Applications of Biot-Savart Law:
(i) Magnetic field due at a point due to a straight wire of finite length (wire is held vertically)

B = ”OI (cos 0, — cos0,) = “0 (sma + sin B)

(ii) Magnetlc field due at a point due to a straight wire of infinite length B = %
(iii)  Magnetic field at a point due a straight wire one end finite and other end infinite
1 ,L[()I
=7 G

15. Rules for finding direction of magnetic field in a straight conductor: Right hand thumb rule-If
we held the straight conductor in the grip of right hand in such a way that extended thumb
points in the direction of current, then the direction of curl of fingers will give the direction
of magnetic field.

16. Direction of Magnetic field in circular coil:Right hand thumb rule (in case of axial position)
or Cork Screw Rule (in case of centre of a circle)-The curl finger will point out to the
direction of current and the thumb will give the direction of magnetic field.

a) Magnetic field on the axis (either x, y or z-axis) of a circular loop (say, if coil placed in yz

HolR?

plane so, B, = 0, B, = 0 and B is given asB, = ——
2(R%+x2)2
b) Magnetic field at the centre of ring (or circular loop) B, = I;—‘;:

¢) Magnetic field when x>>R for N circular loops on axial position
B - uoNIR?  uoNI (2mR*\  pg (ZNIA) (2M>
o3 4m \ 23 ) Am\ o x3 4

e . 0
d) Magnetic field due to an arc of a circle at the centre B = (E) Z—‘}’:

17. Magnetic field on the axis of a solenoid B = %yonl(cos 6, — cos6,)
a) Magnetic field at the centre (on the axis) of a long solenoid B(centre) = pugnl

b) Magnetic field at ends of a long solenoid B(end) = %,uon

NI N _n
“0 = ponl wheren = — ==
T 2nr l

19. Ampere’s Circuital law: It states that line integral of B around a closed path is equal to p,
times current enclosed by that path, provided that electric field inside the loop remains

constant. That is, § B. dl = piglner

18. Magnetic field due to toroid: B =
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20. Speed of light ¢ =

1
v Ho€o

e : . . Hol . ol
21. Magnetic field created by long current carrying wire at r>R is % and r<Ris ;‘I’RZ
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a)
b)

b)

©)
d)

g
h)

Chapter-5: Magnetism and Matter-Formulae
Uniform magnetic field:-
At a given place, magnetic field of the earth can be considered uniform.
Magnetic field acting in plane of paper is represented by equidistant parallel lines.

—

B

v Yy

Magnetic field acting perpendicular to the plane of paper and directed outwards is
represented by dot. © (Northpole) © © O ©

Magnetic field acting perpendicular to the plane of paper and directed inwards is
represented by cross. (south pole) ® @ & &

Bar magnet as a dipole:

A small current loop carrying a current I, produces a magnetic field at an axial point is-

- U 2M
B =
47r< >

M =14 s the magnetic dipole moment of the current loop.

A current loop placed in a magnetic field B experiences a torque 7 = MxB

There are two types of magnetic charges, positive magnetic charge and negative magnetic
charge.

A magnetic charge m placed in a magnetic field B experiences a force F=mB

The force on a positive magnetic charge is along the field and force on a negative magnetic

charge is opposite to the field.
. C o _ Mo (m
A magnetic charge m produces a magnetic field B = o (TZ)

Coulomb’s law of magnetic force

_ Mo mym,
" 4m ( r? )
Magnetic dipole and magnetic dipole moment: An arrangement of equal and opposite

magnetic poles separated by a small distance is called a magnetic dipole.

21 +m 1\7I>=m(71>)

Where m is the pole strength and 21 is the magnetic length. It is a vector quantity and
represented from south to north pole.

Magnetic field of a bar magnet at an axial point (end on position) (x-direction)

Uo 4xml 2M
Bgyiat = B1 + B, = ((x l2)2> if x>, then Byyiaq1 = 471( )

Ho _ Mo Aml\ .
In vector form, Byyiq = 47T( ) = (x_?’)l

Magnetic field of a bar magnet at an equatorial point (broad on position) (y-direction)
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b)

g

h)

Mo (M = Ho M Ho (2ml o
Bequitorial = E (F) or Bequitorial = E <_> = (_> (=D

Some Important Definitions:

The number of magnetic lines of induction inside a magnetic substance crossing unit area
normal to their direction is called the magnitude of magnetic induction, or magnetic flux
density inside the substance.” It is denoted by B.1Its unit is tesla (T) or weber/meter?
(Wb/m?2). The CGS unitis gauss (G). 1 Wb/m2=1T =104G

Intensity of Magnetisation(f): It is defined as magnetic moment per unit volume of the
magnetised substance. This basically represents the extent to which the substance is

magnetised. Thus, [ = %, The S I unit is Amp/m.

Magnetic Intensity or magnetic field strength(ﬁ ): When a substance is placed in an external
magnetic field, the actual magnetic field inside the substance is the sum of external
magnetic field and the field due to its magnetisation (or intensity of magnetisation).
B=EBy+By =B = puoH + ol

The capacity of magnetising field to magnetise the substance is expressed by means of a
Vector(ﬁ), called the magnetic intensity of the field.

The SI unit of magnetic intensity is same as that of [ that is A/m. The CGS unit is Oersted.
Magnetic permeability(u): It is defined as the ratio of magnetic induction (E) inside the

. L T e B
magnetised substance to the magnetic intensity (H) of the magnetising field. u = o

It is measure of the extent to which material can be penetrated or permeated by a magnetic
field. It is basically a measure of conduction of magnetic lines of force through it. The SI unit
of magnetic permeability is Wb/A-m.

Relative magnetic permeability(u,-): Permeability of various substances can be compared
with one another in terms of relative permeability. It is defined as ratio of permeability of
the medium to the permeability of the free space. u, = uio

For vacuum, u,- = 1, It is also defined as ratio of magnetic field B in the substance when

placed in magnetic field Bo. Thus, u, = BE
0

Magnetic susceptibility (xm): It is a measure of how easily a substance is magnetised in a
magnetic field. It is defined as the ratio of intensity of magnetisation to the magnetic

intensity of the magnetising field. y,,, = é

Relation between relative permeability and magnetic susceptibility: p, = 1 + xp,

Hysteresis: The phenomenon of lagging of magnetic induction (B) behind the magnetising

field (H) is called Hysteresis. It is a Greek word, meaning delayed.

Hysteresis Loop: The closed curve ABCDEFA which represents a cycle of magnetisation of a

ferromagnetic sample is called its hysteresis loop.

Significance of the area of hysteresis loop: The product B-H has the dimension of energy per
F2

. B B? Ener
unit volume. BH = B (—) = — =B%v? = v? = 9y
u oLy q2v? Volume
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10.

11.

12.

a)
b)
©)
d)
e)

13.

15.

16.
17.

Area within the B-H loop represents energy dissipated per unit volume in materials when it
is carried through a cycle of magnetisation.
Curie’s Law: According to Curie’s law, magnetic susceptibility of a paramagnetic substance

- . 1 c
is inversely proportional to the absolute temperature T. y,,, % T 0" Xm =12

Curie-Weiss law: The susceptibility of ferromagnetic material decreases with temperature

accordingto y,, = P
—ic

Comparison of magnetic properties of soft iron and steel:

Soft iron has greater permeability (1) i. e. (B) than steel

Soft iron has greater susceptibility (ym = pr- 1)

Retentivity of soft iron is greater than that for steel

Coercivity of soft iron is less than that of steel

Soft iron has less hysteresis loss than steel.

Neutral Point: It is the point where the magnetic field due to a magnet is equal and opposite
to the horizontal component of earth’s magnetic field. The resultant magnetic field at the
neutral point is zero. If a compass needle is placed at such a point, it can stay in any position.
Suppose a small bar magnet is placed such that the north pole of the magnet is towards the
magnetic south pole of the earth, then neutral points are obtained both sides on the axis of
the magnet. If the distance of each neutral point from the middle point of the magnet be r

and the magnitude of magnetic moment be M, then By = fo (ﬁ)

T an\r3
When North Pole of the bar magnet is towards magnetic north pole of the earth, the neutral
points are obtained on perpendicular bisectors of the magnet. By = f:—;; (:4—3)

. Elements of earth’s magnetic field:

Magnetic declination (a): The angle between geographical meridian and the magnetic

meridian at a place is called the magnetic declination at that place.

Angle of dip or magnetic inclination (8): The angle made by the earth’s total magnetic field

B with the horizontal direction in the magnetic meridian is called angle of dip.

Horizontal component of earth’s magnetic field: It is the component of earth’s total

magnetic B in the horizontal direction in the magnetic meridian. If § be the angle of dip at

any place, then By = B cos§

Tangent Galvanometer: Tangent law: This law states that if a freely suspended small magnet

is acted upon by two uniform mutually perpendicular magnetic fields B1 and B>

simultaneously, then the magnets comes to rest in such a position that the tangent of the

angle 6 that the magnet makes with B; is equal to the ratio Bz /B of the two fields. That is,
B,

tan@ ==
By

Time period of oscillation of freely suspended magnetis T = 2r /ﬁ

Difference between magnetic dipole and electric dipole

Magnetic Dipole:
i.  Current coil loop, solenoid etc. Are just like a magnetic dipole whose dipole moment
M = NIA
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ii.  Direction of Magnetic dipole moment (M) It is from south pole (S) to north pole

(N).

iii. =~ The behaviour of magnetic dipole (may be a bar magnet) is similar to electric dipole.
The only difference is that the electric dipole moment p is replaced by magnetic

dipole moment M, charge q is replaced by pole strength m, E by B and the constant

1,
—— is replaced by £
4T€ 4T

18. Comparative study of properties of para, dia and ferromagnetic materials

Parameters

Effects of magnets

In external
magnetic field

In non uniform
magnetic field

In uniform
magnetic field

Hr

Xm

u

Effect of
temperature

Removal of
magnetising field

Variation of I with
H

Paramagnetic

Feebly attracted by
magnets

Acquires feeble
magnetism in the
direction of
magnetizing field

Tends to move slowly
from weaker to
stronger

Freely suspended rod
aligns itself parallel to
field

>1

Slightly positive

H>Ho

Inversely as temp.

As soon as magnetising
field is removed,
magnetism is lost

[ changes linearly with
H and attains
saturation

Diamagnetic

Feebly repelled by
magnets

Acquires feeble
magnetism in the
opposite direction of
magnetizing field

Tends to move slowly
stronger to weaker

Freely suspended rod
aligns perpendicular to
field

<1 or 0<m<0

Slightly negative, or -
1<xm<0

H<Ho

Independent of temp.

Magnetisation lasts as
long as magnetising
field is applied

I changes linearly with
I

Ferromagnetic

Strongly attracted by
magnets

Acquires strong
magnetism in the
direction of magnetic
field

Tends to move quickly
from weaker to stronger

Freely suspended rods
aligns parallel to field

>>1 or u~>1000

Positive and very large,
or xym>1000

U>>Uo

1
Xm X _T—TC' T>T¢

Magnetisation is
retained even after
magnetising field is
removed

I changes non linearly
with H and ultimately
attains saturation
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Hysteresis effect Shows no hysteresis Shows no hysteresis Shows hysteresis

Physical state of Solid, liquid or gas Solid, liquid or gas Normally solids only
material

19. Moving coil galvanometer:

a) The moving coil is a device used to measure an electric current.

b) Principle: Action of moving coil galvanometer is based upon the principle that when a current
carrying coil is placed in a magnetic field, it experiences a torque whose magnitude depends on
the magnitude of current. Current I «< Deflection (¢)

¢) Inthe equilibrium, torque experienced in a magnetic field = Spring torque, that is
T = MBsin6 = (NIA)B sin 8 = k@ where k is the torsional or spring constant.

K
d) Galvanometer constant = —
NAB

e NAB e NBA
20. Current sensitivity = ? = Voltage sensitivity = % = % =R of galvanometer
21. Conversion of galvanometer into voltmeter, V = I(Rg + Rs), Ry =Ry + Ry > Ry
. . R R4R
22. Conversion of galvanometer into ammeter, Ig =] ', = —2 sh < Rsn
Rsh+Rg Rg+RSh

23. Magnetic dipole moment of a revolving electron in terms of Bohr’s magneton

. el nh e (nh
a) Magnetic dipole moment M = — whereL =mvr =— or M = —(—) = nMpyin
2m 21 2m \2m
eh

4Tm

b) Bohr magneton = M,,,;,, =
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Chapter-6: Electromagnetic Induction —-Formulae

1. Magnetic flux ¢ = f§ ds or ¢ = BS cos 6 when B is uniform over a plane surface with total
areaS.
2. The following points regarding magnetic flux:
a) The magnetic flux is a scalar quantity like electric flux
b) The SI unit of magnetic flux is T-m2 or weber (Wb).
¢) 1Wb=1T-m2=1N-m/A
d) Inthe special case in which B is uniform over a plane surface with total area S,
@ = BScosH

e) IfB is perpendicular to the surface, 8 = 0°and ¢ = BS

Gauss’s law of magnetism ¢ B.dS = 0 as there is no monopole in magnetism.

, o . d
4. Faraday’s law of electromagnetic induction e = — d—(f

Neumann'’s law could be stated as “ when the magnetic flux linked with a coil (or circuit) is
changed in any manner, then an emf'is set up in the circuit such that the produced emfis
proportional to the rate of change of the flux linkage with the circuit.”

The induced emf around the closed path is given by the line integral of the induced electric

field E around the closed path. e = $ E.dl = —Z—f = $E.dl or — %gﬁﬁ.ﬁ
Hence, we can say that the electric fields associated with changing magnetic fields are non-
conservative while the fields associated with stationary charges are conservative.

6. Thus the Faraday’s law can be stated as, ‘The line integral of electric field intensity around
any closed path is equal to the time rate in decrease of magnetic flux induction through the
surface enclosed by that curve”.

7. Ifacircuitin coil contains N loops or turns, in the same area and if ¢ is the flux through one

loop, an emfis induced in every loop, thus the total induced emfin the coil is given by

do
e=-N%
dt

8. Induced emfis produced only when there is a change in a magnetic flux passing through a
loop. The flux passing through the loop is given by ¢ = BS cos 6
9. Flux can be changed only when
a) The magnitude of B can change with time, thatis, B = B(t)
b) The current producing in magnetic field can change with time. Thatis, [ =i(t)
¢) The area enclosed by the loop can change with time, that is, S = S (t).This can be
done by pulling a loop inside (or outside) a magnetic field.
d) The angle 6 between B and normal to the loop can change with time. This can be
done by rotating a loop in a magnetic field.
10. When the magnetic flux passing through a loop is changed, an induced emf and hence, an
induced current is produced in the circuit. If R is the resistance of the circuit, then induced

. . , e 1/-d
currentis given by 1= 2 = z (_(p)

dt
11. Current starts flowing in the circuit means flow of charge takes place. Charge flows in the
circuit is given by dq = idt = — ‘%‘p
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ime _ b0, _1(_ b _1
12. For a time interval At, e = b= R( At) and Aq = = (Ap)

We can see that e and i are inversely proportional to At while Aq is independent of At.
13. Faraday’s experiment
a) Experiment 1: Induced emf with a stationary coil and moving magnet
i.  When a north pole of the magnet is brought closer to the coil, its face
towards the magnet develops north polarity (direction of current in coil is
anticlockwise).

ii.  Similarly, when north pole the magnet is moved away from the coil, its face
towards magnet develops south polarity (direction of current in the coil is
clockwise)

iii. =~ When a south pole of the magnet is brought closer to the colil, its face
towards the magnet develops south polarity and

iv.  When south pole the magnet is moved away from the coil, its face towards
magnet develops north polarity

b) Experiment 2: Induced emf with a stationary magnet and moving coil:
When the relative motion between the coil and the magnet is fast, the
deflection in the galvanometer is large and when the relative motion is slow,
the galvanometer deflection is small.
14. Lenz’s law: “It states that the direction of induced current in a circuit is such that it opposes
the cause or the change which produces it.”
15. To know the direction of induced current in a loop, apply
RIN: R stands for right, [ stands for increasing and N for north pole (anticlockwise). It means
if a loop is placed on the right side of a straight current carrying conductor and the current |
in the conductor is increasing, then induced current in the loop is anticlockwise.

[ increasing Q [ decreasing

(Current in the loop is anticlockwise) (Current in the loop is clockwise)

16. ® IN: Suppose the magnetic field in the loop is perpendicular to paper inwards (&) and

this field is increasing, then induced current in the loop is anticlockwise.

O IN: If field increasing, induced current in the loop will be clockwise

While in magnetic field, ® (cross) means South Pole so magnetic field will be in clockwise
and © (dot) means North Pole so magnetic field will be in anticlockwise direction as in case
of solenoid.

17. Fleming Right hand Rule: “If we stretch thumb and two fingers of our right hand in mutually
perpendicular direction and if the forefinger points in the direction of magnetic field, thumb
in the direction of motion of the conductor; then the central fingers points in the direction of
current induced in the conductor.”

18. Motional emf

a) On a straight conducting wire, e = vBl = motional emf = AV

. . . Bwl?
b) On arotating conducting wire about one end, e = wT where v = wl
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. : . L
19. Current induced in the loop: i = % = %

20. Force experienced in the movable conductor of length 1 carrying current |, is given by

F =1lbsin90 IIB R (IB) R

This force (due to induced current) acts in the outward direction (By Fleming Left hand Rule)
opposite to the velocity of the arm in accordance with Lenz’s law. Hence to move the arm with a
constant velocity v, it should be pulled with a constant force F.

by X a by
R = R e= VBl
—>
v r
X | Qb ® Equivalent circuit

(From magnetic circuit to electric circuit)

The moving rod ab is replaced by a battery of emf vBl with the positive terminal at a and the
negative terminal at b. The resistance r of the rod ab may be treated as the internal

. . o Bl
resistance of the battery. Hence, the current in the circuit s, i = ﬁ = %
. B2%1%v B21%vp?
21. Power delivered by the external force: Py,; = Fv = V=
- . B212v? B212v?
22. Power dissipated as Joule loss: Pyissipatea = i’R = sz R = Rv
de . . . . . .
Note 1: e = — d—f is best applied to the problem in which there is a changing flux through a

closed loop while e= Blv is applied to problem in which conductor moves through a
magnetic field (fixed)

Note 2: If conductor is moving in a magnetic field but circuit is not closed, then only P.D. will
be asked between two points of the conductor. If the circuit is closed, then current will be
asked in the circuit.

23. Self Inductance: Definition
a) Total flux linked with the coil is directly proportional to current in the coil. That is,
N <iorNo =Li=L ==~

b) itis total flux linkage per unit current. The SI unit of self inductance is Henry (H).

—e
i
dt
24. An inductor is a circuit element which opposes the change in current through it. It may be a

circular coil, solenoid etc.

¢) Hence, coefficient of self induction (or self Inductance) L = N—;p =
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25.

Potential difference across an inductor:

I (constant I (increasing) [ (decreasing)
a b a+ b - a- 2 b+
&~ 0,e=0,Va=0 & >0,e5<0, V>0 £ <0, e4>0,Vip <0
dt_ , €=U, Vap = dt » €ab )y Vab dt » €ab y Vab

26.
27.

28.

29.

a)
b)
©)
d)

30.
31
32.
33.

34.
35.

36.

37.
38.

a)
b)

©)
d)

e)

39.

40.

Assume that inductor has negligible resistance, so that PD V., = V. - V. Here, Vap = -e = L Z—i

Difference between Resistor and inductor: A resistor opposes the current i while inductor
opposes the change in current (di/dt).
Kirchhoff’s Second law with a inductor connected in series with resistor R and both are
. . : . di
connected with a battery supplying currenti, E —iR —L d—z =0
Methods of finding self inductance of a circuit:
Assume that current i flowing through the circuit
Determine the magnetic field B produced by the current
Obtain the magnetic flux

With the flux known, self inductance can be found from L = N—i(p

2
Self inductance of the solenoid L = HoN"4

This shows that L depends upon as: L & N?,L < A and L %

Energy (potential energy) stored in an inductor in magnetic field, U = %Li2

U—

Energy density in magnetic field, u = 5= %(i—)
0

This expression is similar to energy density in electric field as u = > €oE>.

A change in current in one circuit can induce a current in a circuit, is called mutual
induction.

Mutual Inductance (M): M = Niipz ore,=— %

Coefficient of mutual inductance of two closely wound circular coils, M « N; N,

The following steps worth noting for calculating the mutual inductance of two circuits:
Assume any one of the circuits as primary (first) and the other as secondary (second).

Suppose a current i1 flows through the primary circuit

Determine the magnetic field B produced by current i1

Obtain the magnetic flux ¢ (in the secondary circuit) as ¢, = B;4, = “Ol\lliii A, (Incase of

two solenoids placed co-axially)
Na@;
iy

With the flux known, mutual inductance can be found from, M =

Coefficient of coupling, M = K,/L,L,

Where, K = Coefficient of coupling and is a number depending on the geometry of the coils
and their relative closeness, having value between 0 and 1 (K< 1).

Combination of inductances (when spacing between two coils is more)
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a) Inductance in series, Legyr = Ly + Ly
. 1 1,1
b) Inductances in paralle], =—+4+—0rLegyt = ——
eque L1 L2 4 Li+L,

41. Combination of inductances (when two coils are closely spaced) : Series combination only

LiLy

a) Letthe series connection be such that the current flows in the same sense in the two
coils.
Leg=1Li+L;+2M
b) Let the series combination be such that flows in opposite senses in the two coils
Leg=1Li+ L, —2M

t
42. Current growth in an L-R circuit, i = i, (1 - e_?)

t
43. Current decay in L-R circuit, i = ige =

44. t = Time constant = %and its unit is second.
45. Oscillations in L-C circuit: In L-C circuit: charge, current and rate of change of current
oscillate simple harmonically. These oscillations are similar to oscillations of spring-block

1
system. w = |—
LC

46. Comparison of an oscillation of a mass spring system and an LC circuit:

Mass Spring system L-C circuit
Displacement x Charge q
Velocity v Current i
Acceleration a Rate of change of current di/dt
% = —w?x where w = \/% ZZTZ = —w?q where w = \/%
x = Asin(wt + @) or x = Acos(wt + @) q = qo sin(wt t @) or q = g, cos(wt * @)
1 Capacitance C
K
Mass m Inductance L
[Vmax| = Aw Imax = qo®
Kinetic energy % muv? Magnetic energy % Li?
Potential energy % kex? Potential energy %q—;
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47. Difference between capacitance and inductance keeping in view in the following circuit:

s ~ R R3 S R1 R3

E —— R, C—— E — Rz§

~

Figure-1 Figure-2

In figure-1, resistance offers by capacitor immediately after switch is closed, is zero (that is
capacitor is shorted).

In figure-2, resistance offers by inductor immediately after switch is closed, is infinite (that is
inductor is open).

In figure-1, resistance offers by capacitor after long time of closing the switch (in steady state
condition), is infinite that is, capacitor is open circuited.

In figure-2, resistance offers by inductor after long time of closing the switch (in steady state
condition), is zero that is, inductor is short circuited.

In figure-2, A long time after switch is reopened, current through all resistor will be zero.
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10.
11.
12.

13.

14.
15.
16.

17.
18.

19.

Chapter-7: Alternating Current Formulae

V =V, sin(wt + @) orV =V, cos(wt + @)

Similarly, i = I, sin(wt + @) ori = I, cos(wt *+ ¢)

Here V and i are instantaneous value of voltage and current respectively. The phase angle ¢
is between voltage and current.

T = % or w = 2nf

Average value of current over positive half cycle if i = I,,, sin wt

T
2 sin(wt)dt 21
JG = Tm = 0.6371,,

Iy =<i>= -
2
Jzadt

Average value of voltage over positive half cycle if V = 1}, sin wt

T
JE Visin(wt) dt 22U,
. =

Vo =<V >= = 0.637V,

z T
2

JZdt
RMS value: It is the square root of the mean of the squares of the instantaneous current or
voltage.

Root mean square (rms) value of current over one full cycle,
I
Lims =< i2 >= 2 =0.707 I,
V2
Root mean square (rms) value of voltage over one full cycle

V,
Vims =< V2 >= T’% = 0.707V,,

The average value of sin wt, cos wt, sin 2wt and cos 2wt over one complete cycle is zero.

The average value of sin?wt and cos?wt over one cycle is 1/2.
Unless specified in the equation, take rms values of voltage or current.
Resistance of the circuit = R

Inductive reactance is X; = wlL = 2nfL

s . 1 1
Capac1t1ve reactance is Xc =— =
wC 2nfC

Impedance of the circuit is Z.

The unit of resistance, inductive reactance, capacitive reactance and impedance is Ohm.
The reciprocal of reactance is susceptance and the reciprocal of impedance is admittance
(Y). Its unit is QL.

Actual Power
Power factor =

R
———————— =C0SQ ==

Apparent Power Z

In purely resistive circuit, take V = V,,, sin wt then i = I,;, sin wt

The voltage and current are in same phase. The phase difference (¢) is zero and the power

factor (cos ¢) is 1.
In purely inductive circuit, take V = V,,, sin wt then i = I,;; sin (wt - g)

The instantaneous current lags the instantaneous voltage by 900 (or voltage leads the
current by 909). The phase angle is + 909 and hence power factor = cos 900 =0
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20. In purely capacitive circuit, take V = V,,, sin wt then i = I,;; sin (wt + g)

The instantaneous current leads the instantaneous voltage by 900 (or voltage lags the
current by 909). The phase angle is - 900 and hence power factor = cos 909 =0
21. In R-L circuit, take V = V;,, sin wt then i = I,;, sin(wt — ¢). The current lags the voltage by

phase difference ¢. The power factor PF = cos ¢ = ;here z =VR? + w?l?
22. In R-C circuit, take V = 1, sin wt theni = I,,, sin(wt + ¢). The current leads the voltage by

phase difference ¢. The power factor PF = cos ¢ = ghere z= /RZ + X2

23. The tangent of phase difference in R-L circuit is tan ¢ = % = %L
24. The tangent of phase difference in R-C circuitis tan ¢ = % = ﬁ

25. In phasor representation in R-L circuit (inductive circuit), Z = R + jX, or

Z= /R2+XLzor V=Vg+jV, orV= /VR2+VL2

26. In phasor representation in R-C circuit (capacitive), Z = R — jX or

7 = /R2+Xczor V=Vi—jV; orv= /VR2+VCZ

27. Here V is the resultant voltage, Vr is rms value of voltage across resistance, Vi is the rms
value of voltage across inductance and V¢ is the rms value of voltage across capacitance.

28. In inductive circuit, Vi, leads the Vr by 900 by 90° phase difference.

29. In capacitive circuit, V¢ lags the Vg by 90° phase difference.

30. If Z = Z £¢ it means current lags the voltage by phase difference ¢ and further means that
the circuit is inductive which means that power factor is lagging.

31. If Z = Z £ — ¢ it means current leads the voltage by phase difference ¢ and further means
that the circuit is capacitive which means that power factor is leading..

32. In L-C-R series circuit, ¢ = phase difference between instantaneous current and

1R

1 XX
- =tan 1=¢
Z

instantaneous voltage = cos~

33. If Xi. > X¢ then current lags the voltage and if X¢ > X.. then current leads the voltage.

T
J, pdt

W = Vimslrms COS = I?R

34. Average power consumed in one cycle P, =<p > =

[ Vmax —_ Vrms
35. Iax = 2 and L., = P

36. RMS values of
a) Vg =LpmsR, V), = LpsXp and Ve = s X¢

b) Vapplied =lmsZ = \[VRZ + V, — Vc)z

1
) W=w,= \/T_C=Resonant frequency

37. Atw = w,
a) XL = Xc
b) Z = minimum value =R
ms _ Vrms

. Vy
¢) Ilims = maximum value = ~ =R

: v V;
d) I, = maximumvalue = m_m
Z R
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38.

39.

40.
41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

a)

e) Power factor = cos ¢ =1
In one complete cycle, power is consumed only by resistance. No power is consumed by a
capacitor or an inductor.
Regarding graph between resistance, reactance and impedance vs. angular frequency

a) X, =wlLorX;, xw and X, =i or X. oc%

b) R does notdepend upon wand itis constant. Atw = w,: X;, = Xcand Z = Zyin = R
In view of Euler’s identity, e/® = cos# + jsin 6
There are three equivalent notations for a phasors.

a) Polarform: V =V 26

b) Rectangular form: V = V(cos 6 + jsinf)

c) Exponential form: V = Ve/®

Impedance (Z): If impedance is given as Z = —‘;j;)

a) Ifimpedance angle is positive (¢ > 6), current lags the voltage and circuit is R-L circuit.

b) Ifimpedance angle is negative (¢ < 8), current leads the voltage and circuit is R-C circuit.

c) Ifimpedance angle is 0°, purely resistive circuit

d) Ifimpedance angle is 1t/2, current lags the voltage by 1i/2, the circuit is purely inductive.

e) Ifimpedance angle is — /2, current leads the voltage by /2, the circuit is purely
capacitive.

Leads/Lags mean:

a) If voltage maximum comes first than that of current at given time, voltage leads current.
The circuit is R-L circuit.

b) If current maximum comes first than that of voltage, current leads the voltage. The
circuit is purely capacitive.

c) If voltage and current maximum comes at same time, voltage is in phase with current
and circuit is purely resistive.

. . . Resonant frequency Wy Wy
uality factor Q is defined as Q = =—=

Q Y Q Q Bandwidth 2Aw wy—wq

. . Wy wy L
Quality factor at resonance is Q = =—

Wyr—wW1q R
1
Resonant frequency is, w, = —
q y ’ T \/ﬁ

. . 1 |L

Quality factor can be in another form as, Q = E( E)

Qis large if R is small or L is large, this means resonance is sharp or series resonance circuit is
more selective.

Wattless Current: The current is ac circuit is said to be wattless if the average power consumed
in the circuit is zero.

Choke coil: It is simply an inductor with large inductance which is used to reduce currentin ac
circuit without much loss of energy.

L-C oscillations: Qualitative approach

When switch is OFF: Initially the charge on capacitor is maximum (switch S is open) and
2

electrical energy stored in the capacitor is Ug = %q%
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b) The energy in the inductor is zero.
c¢) When switch S is closed: The magnetic energy stored in the inductor for a maximum current is,

1
Ug = ELIO2
. . 1q2 1Qm2 2
d) Energy stored by a capacitor is, Uy = ST =5 ¢ cos wt,
. . _1.2_1 2. .2 :2 _qmz.z .
e) Energy stored by inductor is, Ug = ELL = ELqm w°sin“wt = o Sin wt, Since, at resonance,
f) w?=-=, sototalenergy E = am”
LC’ c

52. Transformer:

a) Itis a device (electrostatic) which is used to decrease (step down) or increase (step up) the
voltage in ac circuit through mutual induction. A transformer consists of two coils wound over
the same core.

&_‘Ps:idq’p_ldfps:)e_p_es:}es N

N, Ny N, dt Ngdt N, N

I .
. . . . e, N, 2

b) Inanideal transformer, there is no loss of power. That is, ei = constant, e—s = N—S = i—p

P P s

53. Regarding a transformer, followings are few important points:
a) Instep up transformer, N, > N,. It increases voltage and reduces current
b) In step down transformer, N, > N;. It reduces voltage and increase current
c) Itworksonly on AC.
d) A transformer cannot increase or decrease voltage or current simultaneously as ei =
constt.
e) Some power is always lost due to eddy current or hysteresis etc.

Output Power of transformer = Input Power x Ef ficiency x PF = VIcos ¢ n
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Ch-8: Electromagnetic wave

1. Displacement Current (iy) : It is current inside a capacitor plates when it is getting charged. In
the expression, €, is permittivity of free space, ¢ is the flux due to electric field.

. de
lg = 60%

2. Modified Ampere-circuital law: In this expression, i, is the conduction current in the wire to
which a capacitor is connected.

$B - dl = po(ic + ia)

3. Maxwell’s four set of equations:
Gauss law of electrostatics-
This law tells that electric flux through a closed surface (or surface integral of electric field
around a closed surface) is 1/€0 times charge enclosed by that surface.

¢ = fﬁ F.as=2
€o
Charge on an insulated conductor resides only on its outer surface.
Gauss law of magnetism-
This law tells that magnetic flux through any closed surface is zero.
@=¢B-dS=0
It explains that isolated magnetic poles do not exist.
Faraday’s law of electromagnetic induction-
This law tells that a changing magnetic field induces an electric field. The induced emf set upin a
closed circuit is equal to the rate of change of magnetic flux (¢)linked with that circuit.
dp d
S dt  dt

B-d5=§E-di
Modified Ampere’s law-

This law states that line integral of magnetic field around any closed circuit is equal to p0 times
the total current (the sum of conduction and displacement current) threading the closed circuit.

= = L . do
B-dl = po(ic +iq) = Uo (lc + GOE)
4. Speed of electromagnetic wave in vacuum is:

1
v Ho€o

5. Maxwell’s prediction of electromagnetic wave:

=3x10%m/s

CcC =

- Atime varying magnetic field is a source of changing electric field
- Atime varying electric field is a source of changing magnetic field.
6. The expression of electromagnetic wave is given as:
E = E,sin(kx — wt) and B = B_ sin(kx — wt)
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In the above expression, the negative sign between kx and wt shows that waves are travelling
in positive x —direction. If it were positive, it means the wave is travelling in negative x-
direction.
The x—, y—, z — direction shows by which one (x or y or z) is multiplied with k. Here k is wave
number and w is angular frequency.

7. Wave number k is k = 21/, where Ais the wavelength.

8. Angular frequency w = 2nf = 2?n,where fand T are frequency and time period respectively of

the wave.

9. Speed of light in vacuum is ¢ = E,/By,where E; (in N/C) is maximum value of electric field
intensity and By (in Tesla) is maximum value of magnetic field induction.

10. If the wave is travelling in positive x — direction,then direction of electric field and magnetic
field oscillations can be determined by the following expression as:

ExB=1
Suppose, EM wave is propagating with velocity(¥) in +x-direction, then, it is in unit vector
i,s0,j X k = i hence electric field oscillates in y- direction and magnetic field will oscillate in z-
direction. Suppose, wave is propagating in + z-direction and electric field is in y-direction, the
then direction of magnetic field oscillation will be as:
ix(-D)=k

So, magnetic field will oscillate in negative x-direction.
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Ch-9: Ray Optics Formulae
Plane Mirror

1. Suppose a mirror is rotated by angle 8 (say anticlockwise), keeping the incident ray fixed, then
the reflected ray rotates by 26 along the same sense (anticlockwise).

2. Suppose the incident ray makes an angle i, after rotating the mirror by angle 8 CCW, the
reflected ray angle i - 26 from the Y-axis.

3. The minimum length of plane mirror to see one’s full height (H) in it is H/2.

4. A man is standing exactly mid-way between a wall and a mirror and he wants to see the full
height of the wall (behind him) in a plane mirror in front of him. The minimum length of mirror
in this case is H/3.

5. Focal length as well as the radius of curvature of a plane mirror is infinity.

6. Power of a plane mirror is zero.

7. When two plane mirrors are kept facing to each other at an angle 8 and an object is placed

between them, then

. . 360 .. 3600 .
i Number of images, n = (T — 1), 'fT is even.

0
ii. Number of images, n = 3660 , if 360/6 is odd.
Or, number of images formed isn = ? — 1if 6 is a sub multiple of 180°. If 8 is not sub

multiple of 180, then number of images formed is the integers next higher to it.

Example-Let B = 72° then 360/72=5 (odd), so number of imagesis 5. If 8 = 90° the number
of images formed is 3.
8. A man approaches a vertical plane at a speed of 2 m/s; at what rate does he approach his
image? [Ans. 4m/s] or a plane mirror is approaching you at a speed of 10 m/s, at what speed
will your image approach you.

Spherical Mirror Formula

9. Mirror formula (for all types of Mirrors):
1 1 1

v u f

where v is distance of image. u is distance of object and f is focal length from the pole of the
mirror. For a concave mirror(converging mirror) , f is negative, and for a convex mirror
(diverging mirror), f is positive.

10. Magnification formula in mirror: Linear magnification or transverse magnification or lateral

magnification of a mirror is given by:

_h
m= hy u
Where, h; = height of image, hp, = height of object
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Sign Convension in Mirror

11. All distances are measured from the pole of the mirror.

12. Distance measured along the direction of incident ray from the pole of the mirror are taken
positive and distance measured opposite to the direction of incident ray is taken negative.

13. Height above the principal axis is taken positive and height below the principal axis is taken
negative.

Other information about the mirror:
14. For real image, magnification (m) is negative and for virtual image, magnification (m) is positive.

CF = FP = F, CP =R a8 =h, A8/ =h,

L - : /K#

W

T ' r -
B Conwvex Mirror
Conca_we Mirror Fig-2
Fig-1

Position of Image for different Position of Object:
For concave Mirror:
Ser. No. Position of Object Details of Image
1 At oo At F, real, inverted, |m| « 1
2 Between C and oo Between F and C, real, inverted, |m| < 1
3 At C At C, real, inverted, |m| =1
4 Between Fand C Between C and oo, real, inverted, [m| > 1
5 AtF At infinity, real, inverted, l[m| > 1
6 Between F and P Behind the mirror, virtual, erect, |m| > 1
For Convex Mirror:
Ser. No. Position of Object Details of Image
1 At oo At F, virtual, erect, |m| « 1
2 In front of mirror Between P and CF, virtual, erect, |m| < 1

15. Two laws of reflection
a) Li=X4Lr
b) Incident ray, reflected ray and normal lie on the same plane
16. Reflection from plane surface (or from plane mirror
a) If objectis real, its image from a plane mirror is virtual, erect, same size and at same
perpendicular distance from the mirror.

Prepared By Er. Birendra Pratap Singh, (website www.birendrapsingh.com) Page 46




b) F=oo,P=0
17. Reflection from spherical surface (concave or convex mirror)
R
a) f=3 i
b) P (dioptre) = W
c) Image speed = (m?) Object speed
They travel in the opposite directions.

Spherical Lens

18. Lens formula:

For all type of Lenses, lens formula,
1 1 1

v u f

Where, u =distance of object from optical centre of lens, v = distance of image from optical
centre, f = focal length of lens from optical centre oa a lens
19. Lens magnification formula:

20. Here also in lenses, for all real image, magnification is negative and for virtual image,
magnification is positive.

21. Convex lens is converging lens and has positive focal length f (Second Focus F,),while concave
lens is diverging lens, and has focal length negative (First Focus F,).

22. Sign convention in lens is same as that in mirror.

23. Snell’s Law

For two particular media, the ratio of sine of the angle of incidence to the sine of angle of refraction is

constant. That is,
sini
—— = Constant = 1y, = ac
sinr I

Equation (1) is known as Snell’s law.

The incident ray, the normal and the refracted ray all lie in the same plane.

i1>1, Denser i1 <iy
Vi >V, Rare i \< Vi<V,
Ai> A, Ai< A,
Mo > Uy Denser r Rare r 1>
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The constant ratio is called the refractive index (Equation 1 above) for light passing from the first to the
second medium (or refractive index of medium 2 with respect to medium 1). It is denoted by 1u,.

For two media,
Uqsini = y, sinr

If medium 1 is vacuum (say air), we refer 1u, as u, or simply u. ((Ugir = 1).

If u, > wq, i > r, if a ray of light passes from rare to denser medium, it bends towards normal and vice-
versa. Again,

sini vy Us

lﬂz_sinr_z_ul

Here, v, is the speed of light in medium 1 and v, is the speed of light in medium 2. Correspondingly,
A, and A, are wave lengths in medium 1 and medium 2 respectively.

If uy > pq thenvy; > v, and A; > A,, 0. e. in a rare medium, speed and wavelength of light is more.
In general, speed of light in any medium is less than its speed in vacuum.

So, Definition of refractive index (1) is as

_ speed of light invacuum ¢

~ speed of light inmedium v

As ray of light moves from medium 1 to medium 2, its wave length changes but its frequency remains
constant.

Principle of reversibility: This principle states that if the final path of a ray of light after it has suffered
several reflections and refractions, is reversed, it retraces its path exactly.

24. Expression for lateral displacement

i=incidence angle ,r = refracted angle \
t =thickness of glass B % Air
) Glass
Lateral displacement (d): t
E
d=CE=BC sin (i-r) \
Hence, N\ C lateral displacement
BF sin(i —r
d =BCsin(i—r) = sin(i — 1) =t¥
cosr cosr
CcoS i
d:tsmi[l_—ll
(u? — sin?i)2
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25. Relation between actual (real) depth, apparent depth and refractive index

Real depth
refractive index

Apparent depth =

26. Normal shift(t): d=real depth, u is refractive index

dzt(l—%)

27. Refraction through composite slabs or through a number of parallel media as seen
from pg

Three immiscible liquids of refractive indices p, 2 and ps (M3 > 1o > W) are filled in a vessel.
Their depths are d4, d, and ds respectively. The apparent depth (for normal incidence) when

seen from top of first liquid will be T dy
d = ﬂ+%+$ when top of first liquid is air d
app M1 233 Us P q ’ H2 2
Ho M3 M2 | M1 M3 ds
® Observer | t3 t, t eobject
—>

d t t t
_:_1_|__2_|__3
o BT

Ho Ho HUo

Apparent depth Dg,, =

1 1 1
Apparentshifts=t1<1— )+t2(1— >+t3<1— )_|_____
Hirel Uzrel U3rel

Total Internal Reflection:

28. Necessary condition for total internal reflection:

1. Light must travel from an optically denser to rarer medium.

2. The angle of incidence in the denser medium must be greater than the critical angle for
the two media.

Refraction of light through curved convex surface

29. When the light passes from rarer to denser medium, object lies in rarer medium,
whether the surface is convex or concave and the image is real or virtual, the formula is
given as

Mz K1 Ho — Mg
v u R
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30. When the light passes from dense to rarer medium, object lies in denser medium,
whether the surface is convex or concave and the image is real or virtual, the formula is
given as

Ky Mz — U2

v u - R
(Note: All formulae must be derived with sign convention)

31. Lateral magnification through a curved surface:

We take the curved surface as convex. The figure is shown below-

W hTNR M2

With the paraxial approximation, u > V< i

. h . -
sind; =6, = tan6, =_—;’Land sinf, = 6, = tan 6, =7‘

Applying Snell’s law, u, sin8; = u, sin 6,

o . _ ﬁ _ (1) (v
So, Magnification, m = v (#2) (u)
32. Lens Maker Formula, If lens has refractive index p,and the medium outside lens,both sides is
U1, then focal length of lens is

%= (Z—j— 1) (Rll_Ri) = Power (P)

33. If media is different on two sides a bi-convex lens,then lens maker formula becomes as:
Uz U1 Hp— U1  H3 — U2
- = +
voou R, R,

For u = oo,v = f, then lens make formula becomes as o = HZR_ ! + ,u3R— a
1 2
34. When lenses placed at distance from each other, then two cases,

Case — I: Lenses placed apart (distance d from each other) but object is at infinity, then
1 1 1 d

fr h R Rfs
Case — II : Lenses placed apart and object at finite distance, then apply lens formula for each
lens separately. The image formed by first lens acts as an object for the second lens and so on so
forth. For lens Ll,applyv—l1 - uil = f—ll; find v;for u; and figiven. Then for second lens L, take u,
from optical centre of lens L, by subtracting or adding v;. If image from lens L, is formed right
side from optical centre of L, lens ,then subtract it from u, as u, = d; — v;but if image
distance v, is left of optical centre of L,,thenu, = d; + v;
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35. Two thin lenses in contact: Suppose a lenses of focal length f; is placed in contact with another

lens of focal length f,, then combined focal length is given by

1 1 1

f A £

36. Similarly, if more than two lenses in contact, the equivalent focal length is

| =

i=n
i=1

| =
-

i

Here f,, f, etc. are substituted with sign.

37. For n thin lenses in contact, the equivalent power is given by

38. Construct the ray diagram to show the nature of the images as for convex lens:

P:P1+P2+P3i____

Object Position

Image Position

Size of image.

Nature of image

At infinity At focus Very small Real & inverted
(Diminished)

Between 2F and o | Between 2F & F small Real & inverted

At 2F At 2F Equal as object Real & inverted

Between 2 F & F Between 2F & oo Large Real & inverted

AtF At infinity Very large Real & inverted

Between F and Beyond first focus Large Virtual & erect

Optical centre

Construct the ray diagram to show the nature of the images as for concave lens:

Object position

Image Position

Size of image

Nature of image

At any position on
principal axis

centre

Between F and Optical

Smaller

Virtual and Erect

39. The shorter the focal length of a lens or mirror, the more it converges or diverges, i. e. the

bending of light is more for shorter focal length.

Nature of Focal length (f) Power Converging | Ray diagram
lens/Mirror /diverging
Convex lens Positive p= l Converging
f

(Positive)

Concave mirror Negative p= _1 Converging
f
(Positive)
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Concave lens Negative p= ]lc Diverging _Wy
(Negative) %

Convex mirror Positive 1 Diverging 4'\r
P=—- Y
f
(Negative) 44»&,

40. Refraction of light through a prism: If the minimum deviation is &,,,;5,,

. . A+6 A o
Omin =2i—Aori=—= and A=r;+r,=2rorr == So, refractive index
min 2 2

A+ 6y

sini  sin—;
Ho = Sinr — A
2

sin
41. Minimum deviation occurs when refracted ray becomes parallel to the base of the prism.

42. Simple Microscope
(i) When final image is formed at least distance of distinct vision(D = 25 cm):Magnifying power
or angular magnification My, is:

Mo=(L+ 1) =1+2
P\ f
(ii) When final image is formed at infinity, the magnifying power is:
D
My, =—
f

43. Compound Microscope:
(i) When final image is formed at least distance of distinct vision(D = 25 cm):Magnifying power
or angular magnification My, is

(ii) When final image is formed at infinity, the magnifying power is:
vy (D
-t
Uy \fe

(iii) Tube length or distance between a convex lens of small aperture and focal length (objective)
(f,) and another convex lens of bigger aperture and large focal length (eye-piece) (f,) when
final image is formed at least distance of distinct vision is,

fe

D+ f,

Lp =vg+ and L=vy+u,

(iv) Tube length or distance between a convex lens of small aperture and focal length (objective)
(f,) and another convex lens of bigger aperture and large focal length (eye-piece) (f,) when
final image is formed at least distance of distinct vision is,
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Loo =7y + ﬁ?
44. Astronomical Telescope: Refraction type (Objective is large and Eye-piece is small)
(i) Final image formed at least distance of distinct vision,

My = —&(1 +%)

(i) When final image is formed at infinity,
"
fe

(iii) Tube length when final image formed at D:
Lp = fo + |l
(iv) Tube length when final image is formed at infinity,
Lo =fot+ fe
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Ch-10:Wave Optics Formula sheet
1. Expression of resultant amplitude and resultant intensity of two waves in interference:
A% = A%+ A% + 24,4, cos @
I=1L+1,+2;jI,cosqp

Where,@ is the phase difference between two waves in interference, A, and A, are respective
amplitudes and I; and I, are respective intensity.

2. For constructive interference, cos ¢ = 1, (Maxima or bright frimges) or in general, Phase
difference ¢ = 2nm, path difference, Ax = d sin6 = nA; where, n=0,+1,+2,43,— — — — —
For Central maxima, n =0, for first bright, n=1

3. For destructive interference, cos ¢ = —1 (Minima or dark fringes); or in general, phase
difference, ¢ = (2n — 1) and path difference, Ax = d sinf = (2n — 1)A/2,where n =
+1,+2,43,—————

4. Comparison of intensities at maxima and minima:

Imax <JE+ JE)Z (4, + A)?
-y Ty

5. Resultant intensity whenl; =1, =1,

I, = 4lcos? (g) = Iycos? (g)

Where, I is the maximum intensity at central maxima, at central maxima, ¢ = 0°

I min

6. Relation between phase difference(¢) and path difference (Ax),
21

(p=7XAX

7. InYDSE, if w; and w, are slit widths, then,
L wy 1412
L wy, 4,7

8. Position of bright fringes from Central maxima in YDSE:

(I x A%)

(i) n®" distance of bright fringes from central maxima,
nDA
(Yn)bright = T'Where n=0+1,+2,————

(ii) nt" distance of dark fringes from central maxima;

(2n—1)DA
On)aark = T,Where n=+1,4+2,—— — —

Where, D = separation between slits and screen, d = slits separation, A is wavelength of light.

9. Fringe width (B):It is the difference between two successive bright or two successive dark
fringes.
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10. Angular fringe width: a = g = %

11. If YDSE apparatus is immersed in liquid of refractive index p the wavelength of light and hence
fringe width decreases p times.
up = constant
12. Two assumptions: If D >> d, then two waves becomes parallel. If d >> A, so,angle

) y)
becomes small and thentan @ =~ sin 8 = % = %
Fig. 1 PA Fig. 2 ToP
:
1
1
1
‘ S1 v S ToP
1
1
S d 3] ov d
Lz S, \3
| » D < screen Ax=dsin©

Diffraction of light:

Diffraction occurs on account of mutual interference of secondary wavelets which are not blocked by
obstacle or from portions of wave fronts which are allowed to pass through the aperture.
Diffraction at single slit:

Slit L P
, s W L
Ly WA v|
S< E‘ ’ a‘_\l'l\ ------- _ - O (F,)
» I “““““ 17
LY w'[B Fraunhofer Diffraction
L D Screen

13. Position of n™ secondary minima:
The general condition for destructive interference, path dif ference = a sin8 = nA or,

nAi
sinf = -n= +1,+£2,£3_

Position of n™ minima from the centre of the screen:

, . y ni
Since,sinf = 0 =tanf === —
D a
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“Yp= = (D)
14. Position of n" secondary maxima: Path dif ference BN = asinf = (2n + 1) %, n=
+1,+2,
Position of n™ maxima from the centre of screen:
Since,sinf = 0 =tanf = Y 2n + 1)i
D 2a

(2n+1)DA )
Intensity
Note: Mathematical expression for diffraction minima and maxima are exactly reverse of mathematical

expressions for interference minimafand maxima.

Path diff. (a sin 6)

»
»

31 -2 -1 +A 21 +3A7

, , 2DA  2fA
Width of central maximum = 2y = o - a4

Where, f = focal length of lens L, which is held very close to the slit.
So, we find that the width of central maximum decreases when the slit width increases.
Angular width of central maximum: sin 8 = 8 when 0 in radian and small, therefore,

A
sind =60 = E,hence

22
Angular width of central maximum (20) = P hence

Width of central maximum = D(angular width of central maximum)
Where D = distance between slit and screen
Law of Malus: In 1809, “E. N. Malus discovered that when a beam of completely plane polarised light is
passed through analyser, the intensity of transmitted light varies directly as the square of the cosine of
angle 6 between the transmission direction (pass axis) of polariser and analyser.” This statement is
known as law of Malus. Mathematically,

I < cos?8 or I = I,cos?0
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Chapter-11: Dual Nature of Radiation and Matter

1. For photoemission to take place, either of the following conditions must be satisfied:
E>Wor f>fy, or A< A
2. Effect of intensity of light on photoelectric current
Since the photoelectric current is directly proportional to the number of photoelectrons emitted
per second which is also proportional to the intensity of incident radiation. Intensity «

photoelectric current o< number of photo electrons emitted per sec « e

. - . . 1
3. Maximum kinetic energy of emitted electrons is given as K,,,,, = eV = Emvmaxz . Where m

is the mass of photoelectron and V,,,, is the maximum velocity of photoelectrons. V is
stopping potential or cut-off potential.

4. Einstein’s photoelectric equation
When a photon of energy hf falls on a metal surface, the energy of the photon is absorbed by
the electron and is used in the following two ways.
(i)A part of energy is utilised to overcome the surface barrier and come out of the metal surface.
This part of energy is called work function. W = hf,
(ii)The remaining part of energy is used in giving a velocity v to the emitted photoelectron. This
is equal to maximum K. E. of the photoelectron. Kmax = % MVpay--
According to the law of conservation of energy, hf = W + %mvmax2 =W + Knax
So, Einstein photoelectric equation is, K,,,,, = hf — W

5. Relation between stopping potential and frequency
Kmax = h(f — fo). If stopping potential is V, then K, = €V,
Therefore, eVy = h(f — f;), (here f = %and fo= %)

Then, Vp =L -2 =2(f - £)
6. De-Broglie wave equation:
Considering photons as an em wave of frequency f, its energy from Planck’s quantum theory is
given by E = hf — — — —(1)where h is Planck'sconstant
Considering photon as a particle of mass m, the energy associated with it is given by Einstein’s

mass energy relationship as E = mc? — — — —(2)

From equation (1) and (2), we get hf = mc?  or, % =mc? or,A= % = g— e €))
Where p (=mc) is the momentum of the photon. The above equation (3) has been derived for a
photon of radiation.

According to de-Broglie hypothesis, it must be true for material particles like electrons, protons,
neutrons etc. Hence a particle of mass m moving with velocity v must be associated with a

h

matter wave of wavelength A, givenby 1 = S === —(4)

This equation (4) is the de-Broglie wave equation for material particles.
It explains the dual nature of matter as it connects the wave characteristic ‘ A ~ with particle
characteristic ‘p’.
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From de-Broglie’s equation, we find that The wavelength of moving particle is inversely

. . . 1
proportional to its momentum, that is, 4 « 5

7. De-Broglie wavelength of an electron
h h h _ 12.27

P N2mK ~2meV NV

8. For any charge particle,

h h h

A= »_ VZmK _ J2maqv

9. Similarly, de-Broglie wavelength for other charged particle can be given by

0.286 0.202 0.101 ,,

For proton, A = A (in A), For deuteron, A = NG (in A), For a-particle, 1 = N (in A)
12.27 ,,
For electrons, A = = (in &)
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Ch-12:Atoms

1. Distance of closest approach-Estimation of nuclear size

/ \ Nucleus

/! \
1
1 1
a-particle | i
—
1

lo
The minimum distance from the nucleus up to which, a particle approaches and retraces its path, is
called the distance of closest approach.
The charge on the a-particle is g; = + Z e and charge on nucleus, g, = + Ze where Z is the atomic number
of foil atoms. So electrostatic potential energy of a-particle and nucleus at distance ry is

U 1 (Ch‘h): 1 [(2Ze?
4teg N\ 1T 4teg \ 19

This potential energy is equal to initial kinetic energy, so, initial K. E. of a-particle is

el o1 2Ze* Ze?
=-—_mv‘ = 51y =——
2 Ateg \ 1 07 mmeyv?

2. Impact parameter:
The scattering of a particle from a nucleus depends upon the closest approach to the nucleus.
“It is defined as the perpendicular distance of velocity vector of the a-particle from the central line of
the nucleus when it is far away from the atom”’.
The shape of the trajectory of scattered a-particle depends on the (i) impact parameter b and (ii) the
nature of the potential field.

_____ @ /. _O/ nucleus

Rutherford deduced the following relationship between the impact parameter b and the scattering
angle 8 as

1 Zezcotg

= 2
4T[€0 K

1
b ,Where K = Emv

For a head-on collision, the impact parameter b= 0, scattering angle 8 = 180°. That ie, a-particle is
reversed back along its original path.

0
Impact parameter, b & cot (E)
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3. Bohr’s atomic model: Postulates of Bohr’s theory of hydrogen atom: Bohr’s model based on
the following three postulates.
Quantum condition: The electrons can revolve only in those orbits in which the angular
momentum is the integral multiple of h/2 . That is,
L, =mvr = %,Where n =1, 2,3, are principal quantum number.
Stationary orbit: An electron in atom can move around nucleus in certain circular stable orbits
without emitting radiations, is called stationary orbit.
Frequency condition: When the atom receives the energy from outside, then one (or more) of
its outer electrons leaves its orbit and goes to some higher orbit. This state of atom is called
excited state. The electron in the higher orbit stays only for 10® s and returns back to lower
orbit. While returning back, the electron radiates energy in the form of electromagnetic waves

Radiated em wave

—

If the energy of the electron in the higher orbit be E, (here is E;) and that in the lower orbit be E;
(here is Ef) So, frequency of the emitted radiation is given by

E, — E; ,
f= 5 where, h = Planck’s constant

This equation is called Bohr’s frequency condition.

4. Radius of electron: n" radius of electron;
€on’h? 0 n?
=—-7 Orr,«<—

ntmZe? R 4

Where, n = no.of orbit, Z = atomic number, m=mass of one electron,e = charge of one

Tn

electron,h = Plancks constant, €, = Permittivity of free space
For, H-atom, Z = 1; For Hydrozen like atom: For He*,Z=2, for Li**,Z2=2, For Be**",zZ
=4, Now, for Hydrogen atom, nt" radius is,
r, = ryn?orr, x n?
It means,ratioare:r1:ry:r3 — ——=1:4:9 — — —

€0h2

mme?

Wherer; ==0.53 A (1A=10""m)=

5. Speed of nth orbit in Bohr’'s model of hydrogen atom
v, 1 c 10°m
v, = andvnzgorvlmﬁ;v1=ﬁ=2.19x
= speed of light in vacuum
6. Speed of nth orbit in Bohr’'s model of hydrogen like atom
_Zé?
Un = 2€onh

; €
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2
7. Fine structure constant o =

c
, SOV = a—
2€q9ch n

8. Energy of the electron of H atom:

The total energy in the n™ orbit is the sum of kinetic energy and potential

£ - me*
" B8ey2n2h?
E;, —-13.6 —Rhc
E, = m =T 3 (inev)
9. Some common terms used:
(i) Absorption of energy: When the electron in the atom can jump from lower orbit to higher
orbit, it absorbs energy.
(ii) Emission of energy: When an electron jumps from higher to lower orbit, it emits energy.

(iii) Energy of photon is equal to the difference of two orbits. [E; — Ef = hf]

(iv) Ground state and ground state energy: The lowest state of an atom (n =1) is called ground

state and energy associated with ground state is called ground state energy.

(v) lonization energy: Energy required to ionise an atom is called ionisation energy. It is the

energy required to make the electron jump from present orbit to the infinite orbit.
Eionisation = Ew — En =0 — (Ey) = 13.6 eV

10. Energy needed to remove the electron from any energy level means lonisation Energy.

(Minimum energy required to free the electron from ground state of the hydrogen atom is 13.6 eV,

it is called ionization energy.)

11. lonization Potential : The potential difference through which an electron should be accelerated
to get ionization energy is called ionisation potential.

12. Excitation energy: The energy required to take an electron from lower state to higher state is
known as excitation energy. If lower state energy is E;,  and higher state energy is £, then
excitation energy is AE;, p, = Ep, — Ep,

13. Wavelength of photon emitted in De-excitation:

According to Bohr, when an atom makes a transition from one energy level to a lower level, it
emits a photon with energy equals to the energy difference between the initial and final level. If
E; is the initial energy of the atom before such a transition, E; is its final energy after the

transition. And the photon energy is hf = %, then conservation of energy gives

hc
E=hf = 7= E; — Erenergy of emitted photon

Rhc 13.6
En, = ——5 = ———,where Rhc = 13.6 eV
n n
14. Rydberg formula: - = Z2R i—i]
. Rydberg 2= i

Energy of the emitted radiation(H atom), E = Rhc [ﬁ - ﬁ], here Rhc=-13.6 eV
1 2
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Chapter-13: Nuclei

1. Composition of nucleus:
Nucleus is composed of two types of particles-(i) proton (positively charged particles) and (ii)
neutrons, (neutral particles
Mass of neutron is slightly greater than the mass of proton.
Mass of proton, m, ~ 1840m, where m, = mass of electron = 9.1 X 10°% kg ~ 0.0009 x 10~%7kg
Mass of proton m,, = 1.6725 x 107%7kg, (mass of neutron m,, = 1.6747 x 10727kg)

2. Atomic number
Atomic number of an element is the number of proton inside the nucleus of a neutral atom. It is
also equal to number of electrons revolving in various orbits around the nucleus of the atom. It is
represented by Z. So, Z = no. of proton = no. of electron

3. Mass number (A):
The total number of neutrons and protons is called mass number. A chemical symbol or element
is represented as 4X where X is any element. Total charge of nucleus is Ze, where e the charge
on proton.

4. Nuclear size:
The volume of a nucleus is proportional to it mass

1 1
number.g R3 < A (R is the radius of nucleus) . R < A3 or R = RyA3

Ry is a constant= range of nuclear size. It is known as nuclear unit radius and its value is 1.2 x 10°
*m (1.2 fm).Hence, different nuclei of different elements have different size.
5. Nuclear Density:
It is the ratio of mass of nucleus to the volume of nucleus.
Let m be the average mass of nucleons (1.67 X 10% kg) and R is the radius of nucleus. If ‘A’ is

the mass number of element, then p = émA m (R® = Ry34)
3

7R3 4TRy3

Thus, the density of a nucleus is constant and is independent of mass number A for all nuclei and
p is found to be 2.3 x 10*" kg/m®. Hence, matter in the nucleus is very densely packed.
6. Nuclide: Itis a specific nucleus of an atom which is characterised by its atomic number Z and
mass number A. example, 32S together taken as one nuclide.
7. lIsotopes, Isobars and Isotones
Isotopes: Atoms having same atomic number (Z) but different mass number (A).
For example, 235U,238U. 1H, 2H, 3H, 150, 130, 80 ; 3He, iHe
Isobars: Atoms having same mass number (A) but different atomic number (2)
For example,
Isotones: Nuclei containing same number of neutrons are called isotones. 37Cl, 33K.
8. Atomic mass unit and energy equivalent to it
A unit in which atomic and nuclear masses are measured is called atomic mass unit (u).
lu= %th of mass of an atom of 2C isotope of carbon. 1 u (or 1 amu) = 1.66 x 10’ kg.
1 u (or amu) represents the average mass of a nucleon.
1eV =1.602x 10™ J, 1u mass has energy 931.5 MeV.
9. Mass defect (Am) = (sum of masses of neutrons and protons, or mass of nucleon) — actual
mass of the nucleus
Certain mass disappears in the formation of a nucleus in the form of mass defect. That is,
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Zm, + (A — Z)m, — my= mass defect. This mass loss appears in the form of energy (Einstein
theory of mass-energy equivalence) called Binding Energy.

10. Binding energy:. Thus, binding energy is the minimum energy required to separate its
nucleon and place them at rest at infinite distance apart. Or, it is defined as the energy equivalent
to the mass defect of the nucleus.

Binding energy = Amc? = [Zm, + (A — Z)m,, — my]c?. This binding energy is expressed in joule
when Am is in kg.

If Am is measured in amu, then binding energy, E, = Am amu = {Zm, + (A — Z)m,, — my} =

Am X 931MeVwhere, Mass of nucleus or mass of atom,my = [m(4X)]

Here, m, is the mass of proton and mj is the mass of neutron.

Total binding energy, E)

Binding energy per nucleon, Ep,, = Vass mumber A

So, the higher the binding energy per nucleon, the larger will be stability.
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