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Planner and notes february - Physics

CH - Electrostatics

Quantization of Charge
Charge on any object can be an integer multiple of a smallest charge (e).
Q=41ne

where,n=1,2,3,....... ande =1.6*10"°C.

Coulomb’s Law of Electrostatics

if two point charges q1, g2 are separated by a distance r in vacuum, the magnitude of the force
(F) between them is given by

K = 1/41e0 = 9x10° Nm*C?

Electric field due to ring of uniform charge distribution:-

dE sin 6
At a point on its axis, E = (1/41e0) [gx/(a®+x?)*?]



Electric field due to uniformly charged disc:-

Here o is the surface charge.

Electric field due to thin spherical shell:-

(@) Eout = (1/411€0) (q/r?)

(b) Ein =0
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Electric field of a non-conducting solid sphere having uniform volume distribution of
charge:-
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(a) Outside Point:- Eout = (1/411€0) (Q/r?)
(b) Inside Point:- Ein = (1/411€0) (Qr/R®)
(c) On the Surface:- Esurface = (1/411€0) (Q/R?)

Here, Q is the total charge

Electric field of a cylindrical conductor of infinite length having line charge A:-
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(a) Outside the cylinder:- E = A/211€0r

(b) Inside the cylinder:- E=0

Electric field of a non-conducting cylinder having uniform volume density of charge:-

(a) Outside the cylinder:- E = A/211€0r

(b) Inside a point:- E = pr/2¢0

Electric field of an infinite plane sheet of charge surface charge (o) :- E = g/2¢0
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oppositely infinite charged sheets:-

(a) Electric field at points outside the charged sheets:-
EP=ER=0
(b) Electric field at point in between the charged sheets:-

Ea = a/eo0

e Electric Dipole:- An electric dipole consists of two equal and opposite charges

situated very close to each other.

—

e Dipole Moment:- Dipole moment ( /) of an electric dipole is defined as the product
of the magnitude of one of the charges and the vector distance from negative to

positive charge.

P =qd
e Unit of Dipole Moment:- coulomb meter (S.1), stat coulomb cm (non S.I)

e Electric field due to an electric dipole:-

(a) At any point on the axial line:-

Alt Tag: Electric field due to an electric dipole on the axial line.
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(b) At a point on the equatorial line (perpendicular bisector):-
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e Torque (7) acting on a electric dipole in a uniform electric field (E):-

T = pE sin@

Here, p is the dipole moment and 6 is the angle between direction of dipole moment

and electric field E.

e Electric Flux:- Electric flux ?e for a surface placed in an electric field is the sum of dot

product of E and di for all the elementary areas constituting the surface.
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e Gauss Theorem:- It states that, for any distribution of charges, the total electric flux

linked with a closed surface is 1/¢0 times the total charge with in the surface.

[ﬁ£=qi for free space
5 %

(£.05=tn

3 £oE,

e Electric field (E) of an infinite rod at a distance (r) from the line having linear

charge density (A):-

E = A/21reor

The direction of electric field E is radially outward for a line of positive charge.

e Electric field of a spherically symmetric distribution of charge of Radius R:-

N A

(a) Point at outside (r > R):- E = (1/411e0) (q/r?), Here q is the total charge.

(b) Point at inside (r < R):- E = (1/41€0) (qr/R®), Here q is the total charge.
e Electric field due to an infinite non-conducting flat sheet having charge o:-
E = 0/2¢0

7 = sheet charge
density in Coulombs

A
el o=r£24=22
ELF
o a
T A = charge inside £ 2¢,
Gaussian surface

This signifies, the electric field near a charged sheet is independent of the distance of
the point from the sheet and depends only upon its charge density and is directed normally

to the sheet.



e Electric field due to an infinite flat conductor carrying charge:-

?E= oleo

e Electric pressure (Pelec) on a charged conductor:-

Pelec = (Y2€0) 0?
Assignment -

Q.1-The total flux through the faces of the cube with side of length a if a charge q

is placed at corner A of the cube is

v
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Q.2- 4. A charge Q is placed at the centre of the line joining two point charges +q

and +q as shown in the figure. The ratio of charges Q and q is

(a) 4

(b) 1/4

(c)-4

(d)-1/4

Q.3- The force per unit charge is known as
(a) electric flux

(b) electric field

(c) electric potential

(d) electric current

Q.4-The Sl unit of electric flux is
(@) NC-1 m-2

(b) NC m-2



(c)NC-2m2
(d) NC-1 m2

Q.5-

The electric flux through the surface

HOOH

(i) (ii1) (iv)

(a) in Fig. (iv) is the largest
(b) in Fig. (iii) is the least
(c) in Fig. (ii) is same as Fig. (iii) but is smaller than Fig. (iv)

(d) is the same for all the figures

Q.6- Figure shows electric field lines in which an electric dipole P is placed as
shown. Which of the following statements is correct?

-____.‘__‘_____________.,__—-—‘F'
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——
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-

(a) The dipole will not experience any force

(b)The dipole will experience a force towards right
(c)The dipole will experience a force towards left
(d)The dipole will experience a force upwards

Q.7- A point charge +q is placed at a distance d from an isolated conducting plane.
The field at a point P on the other side of the plane is

(a) directed perpendicular to the plane and away from the plane

(b) directed perpendicular to the plane but towards the plane



(c) directed radially away from the point charge
(d) directed radially towards the point charge

Important links

https://www.youtube.com/watch?v=4MxhZrcj4s0
https://www.youtube.com/watch?v=tgeGzDbC-rs

CH 2 - Electro-Static Potential and Capacitance:-

e Electric Potential:-

(a) Electric potential, at any point, is defined as the negative line integral of electric field

from infinity to that point along any path.

V(7)) = —/ E.dr

(b) V(r) = kqlr

(c) Potential difference, between any two points, in an electric field is defined as the work

done in taking a unit positive charge from one point to the other against the electric field.
Wag = q [Va-VEl
So, V= [V,-Vg] = Wiq
Units:- volt (S.1), stat-volt (C.G.S)

2

Dimension:- [V] = [ML T3

A'1]
Relation between volt and stat-volt:- 1 volt = (1/300) stat-volt

e Relation between electric field (E) and electric potential (V):-

E =-dV/dx = --dV/dr

e Potential due to a point charge:-

V= (1/41 &) (qlr)

e Potential at point due to several charges:-


https://www.youtube.com/watch?v=4MxhZrcj4s0
https://www.youtube.com/watch?v=tgeGzDbC-rs

V = (1/411 &3) [q4/ry + qol1rp + q3/13]
= V+Vot+ Vo+.

e Potential due to charged spherical shell:-

(a) Outside, V,,; = (1/41T &) (q/r)
(b) Inside, V,, = - (1/411 &) (9/R)
(c) On the surface, Vg tace = (11477 &) (9/R)

o Potential due to a uniformly charged non-conducting sphere:-

(a) Outside, V,,; = (1/417 £y) (q/r)

(b) Inside, V,, = (1/41m &) [q(3R2—r2)/2R3]
(c) On the surface, Vg ace = (17417 &) (0/R)

(d) In center, Vi gier = (3/2) [(1/471 &5) (9/R)] = 3/2 [Vigyrtacel

e Common potential (two spheres joined by thin wire):-

(a) Common potential, V = (1/411 &) [(Q+Q,)/(ry+ry)]
(b) g1 = r(Qu+Q)(ry+ry) = QI ry*ry 5 qy = RQlLry+ry
(¢) /9, = rylry or 04/ 0y = 1ylr,

e Potential at any point due to an electric dipole:-

V(r,6)=qa cos@/4rreor2 =p cos@/4rreor2

(a) Point lying on the axial line:- V = p/4TT£0I‘2
(b) Point situated on equatorial lines:- V=0

e If n drops coalesce to form one drop, then,



e Electric potential energy U or work done of the system W having charge q, and

qs:-

W= U = (1/41&3) (94195/115) = q4V4

e Electric potential energy U or work done of the system W of a three particle

system having charge q,, q, and q;:-

W =U = (1/411€y) (91G2/r15 + Q1G3/ri3 + G2Qalras)

e Electric potential energy of an electric dipole in an electric field:- Potential
energy of an electric dipole, in an electrostatic field, is defined as the work done in
rotating the dipole from zero energy position to the desired position in the electric

field.

W = —ﬁ'E = —pEcost
(a) If 6=90° then W=0

(b) If 6= 0°, then W= -pE

(c) If 6=180°, then W= pE

e Kinetic energy of a charged particle moving through a potential difference:-

K.E=‘/zmv2=eV

e Conductors:- Conductors are those substance through which electric charge easily.

e Insulators:- Insulators (also called dielectrics) are those substances through which

electric charge cannot pass easily.

e Capacity:- The capacity of a conductor is defined as the ratio between the charge of

the conductor to its potential

c=QvVv



Units:-
S.| —farad (coulomb/volt)
C.G.S - stat farad (stat-coulomb/stat-volt)

Dimension of C:- [M-1 L_2T4A2]

e Capacity of an isolated spherical conductor:-

C = 4mgyr

e Capacitor:- A capacitor or a condenser is an arrangement which provides a larger
capacity in a smaller space.
| Plate area A

[ ]
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e Capacity of a parallel plate capacitor:- |

C,ir = €AId

Crneg = KegAld

med —

Here, A is the common area of the two plates and d is the distance between the

plates.

e Effect of dielectric on the capacitance of a capacitor:-

C = g Alla-t+(t/K)]

Here d is the separation between the plates, t is the thickness of the dielectric slab A

is the area and K is the dielectric constant of the material of the slab.
If the space is completely filled with dielectric medium (¢=d), then,

C=¢gKA/d

e Capacitance of a sphere:-
(a) C,; = 4R
(b) Cpreq = K (41154R)

e Capacity of a spherical condenser:-



(a) When outer sphere is earthed:-
C,ir = 411g, [abl/(b-a)]

Creq = 4T1€, [Kab/(b-a)]

med

(b) When the inner sphere is earthed:-
C,= 4trg, [abl(b-a)]

C, = 4meyb?

Net Capacity, C '=4Treo[b2/b-a]

Increase in capacity, AC = 41 g4b

It signifies, by connecting the inner sphere to earth and charging the outer one we get

an additional capacity equal to the capacity of outer sphere.

e Capacity of a cylindrical condenser:-

C.ir = AT (A2 &p) (log, b/a)] = [2TT £yl /(log, b/a) ]
Ched = [2TTKey/ [(log, b/a) |

e Potential energy of a charged capacitor (Energy stored in a capacitor):-

W=1/2QV=1/2C22/C=1/2CV2

e Energy density of a capacitor:-

U= 1/2£0E2 =2 (02/ &)

This signifies the energy density of a capacitor is independent of the area of plates of

distance between them so long the value of E does not change.

e Grouping of Capacitors:-

2(a)

(i) Capacitors in parallel:- C = C;+C,+Cs+.....+C



The resultant capacity of a number of capacitors, connected in parallel,

is equal to the sum of their individual capacities.
(i)Vi= Vo= V=V
(iii) g1 =C4V, g2 = GV, g3 = C3V
(iv) Energy Stored, U = U;+U,+U,

(b)

(i) Capacitors in Series:- 1/C =1/C;+ 1/ C, +...... +1/C,

V 2 The reciprocal of the resultant capacity of a number of

capacitors, connected in series, is equal to the sum of the reciprocals of their individual

capacities.
() 1 =092=03=q
(iii) V4= qIC,4, Vo= qIC,, V5= ql/C4
(iv) Energy Stored, U = U;+U,+U;

e Energy stored in a group of capacitors:-

(a) Energy stored in a series combination of capacitors:-
2 2 2
W="(q /ICy)+7%(q /Cy) + 2 (q /C3) = Wi+ Wt Ws
Thus, net energy stored in the combination is equal to the sum of the energies stored in
the component capacitors.

(b) Energy stored in a parallel combination of capacitors:-

W="7"% C1V2 +V2 C2V2 + 72 C3V2 = W +W,o+W,



The net energy stored in the combination is equal to sum of energies stored in the

component capacitors.

e Force of attraction between plates of a charged capacitor:-

(a) F="2 gOE2 A
2
(b) F=0 Al2g,
2
(c) F=Q 12g)A
e Force on a dielectric in a capacitor:-

F= (Q2/2C2) (dCldx) = V2 V2 (dCldx)

e Common potential when two capacitors are connected:-

V = [CyV+ CyV,] 1 [C1+Cy] = [Q4+Q,) [C1+Cy]

e Charge transfer when two capacitors are connected:-
AQ = [C,C,/IC+C)] [V4-V,]

e Energy loss when two capacitors are connected:-

AU =% [C,C,/C,+Cy) [V-Vy) °

e Charging of a capacitor:-

(a) Q= Qy(1-e'RC)
(b) v = vy(1-e1RC)
(c)I= 10(1-e't/ RC)
(d) Iy = VyR

e Discharging of a capacitor:-



(a) @ = QyeR%)
(b) V= V(e ")
© I= Io(e-t/RC)
e Time constant:- T = R’
Assignment -
Q.1-
4 “F 10Q
11 AAN

A capacitor of 4 pgF is connected as shown in the circuit. The internal resistance of

the battery is 0.5 Q. The amount of charge on the capacitor plates will be

(@)0(b) 4 uC

(c) 16 pC (d) 8 pC

Question 2. A positively charged particle is released from rest in an uniform

electric field. The electric potential energy of the charge

(a) remains a constant because the electric field is uniform

(b) increases because the charge moves along the electric field



(c) decreases because the charge moves along the electric field

(d) decreases because the charge moves opposite to the electric field

Question 3. Figure shows some equipotential lines distributed in space. A charged

object is moved from point A to point B.

(a) The work done in Fig. (i) is the greatest.

(b) The work done in Fig. (ii) is least.

(c) The work done is the same in Fig. (i), Fig.(ii) and Fig. (iii).

(d) The work done in Fig. (iii) is greater than Fig. (ii) but equal to that in

Q 4. The electrostatic potentiaLon the surface of a charged conducting sphere is

100 V. Two statements are made in this regard.

S, : At any point inside the sphere, electric intensity is zero.

S,: At any point inside the sphere, the electrostatic potential is 100 V.

Q.5-Which of the following is a correct statement?

(@) S, is true but S, is false

(b) Both S, and S, are false

(c) S, is true, S, is also true and 5, is the cause of S,



(d) S, is true, S, is also true but the statements are independent

L T ey B 30V

LAY L 4B | Ay | ¥B oAbl 4B |

10V 20V30V40V50V 10V 30V 50V 10V 20V 40V 50V
Fig. (i) - Fig. (ii) Fig. (iii) -

Q.6- A parallel plate capacitor is made of two dielectric blocks in series. One of the

blocks has thickness d, and dielectric constant K, and the other has thickness d,
and dielectric constant K, as shown in figure. This arrangement can be thought as

a dielectric slab of thickness d (= d, + d,) and effective dielectric constant K. Then

Kis
d>
d,+d, i
©) KK, +(d,+d,) () 2K \K,
(Kyd, + K,d,) | K+ K,

Important links

https://www.youtube.com/watch?v=KV5HL1AgLeY



https://www.youtube.com/watch?v=KV5HL1AgLeY

https://www.youtube.com/watch?v=FDyOFyOW6TE

CH 3 Current Electricity

e Current:- Current strength, in a conductor, is defined as the rate of flow of charge

across any cross section of the conductor.

I= g/t = ne/t
For non-uniform flow,
I= dqg/dt

Or,g=7?1dt

e Units of electric current:-

(a) C.G.S. electro-static unit (esu):- 1 esu of current (stat-ampere) = 1 esu of charge/1

second

(b) C.G.S. electro-static unit (emu):- 1 emu of current (ab-ampere) = 1 emu of charge/1

second

(c) S. I unit (ampere):- 1 ampere = 1 coulomb/1 second

(1A= 3><109esu of current or stat-ampere

(e) 1 A=1/10 emu of current or abampere

e Drift velocity:-The velocity with which the free electrons are drifted towards the

positive terminal, under the action of the applied field, is called the drift velocity of the

free electrons.



https://www.youtube.com/watch?v=FDy0FyOW6TE

Here, e is the charge of electron, V is the potential difference, m is the mass and T is the

relaxation time.

e Electric current and Drift velocity:- |= g/t = nAve

e Ohm’s Law for conductors:- At constant temperature current flowing through a
conductor of uniform area of cross-section, is proportional to the difference of

potential across its terminals.

(@)V=IR, Here, R = (mI/nAez) (1/7)
(b) R=pl/A
(c)p=1/o

(d) vg = (QE 7/m)

(e) I = neAvy
fp= m/neZT
2T

(gyo=ne  /m

e Resistance (R):- Resistance of a conductor is defined as the ratio between potential

differences between the two ends of the conductor to the current flowing through it.

R=V/I

e Units of R:-

(a) In S.I:- 1 ohm = 1 volt/1 ampere
(b) In C.G.S system:-

1 statohm = 1 statvolt/1 statamp

1 abohm = 1 abvolt/1 abampere

(c) Relation between ohm and statohm:- 1 ohm = (1/9><1O1 1) statohm

(d) Relation between ohm and abohm:- 1 ohm = 109abohm

e Variation of resistance with temperature:-



Temperature coefficient of resistance (a) is defined as change in resistance of the

conductor per unit resistance per degree centigrade rise of temperature.
R=Ro[1+a(T-Ty)]

a = R;- Ry/Ry(T-Ty)

Here, R;,R, is the resistance of the conductor at t° C and 0° C respectively.

e Resistivity of material (p):- p = RA/I,

Here R is the resisteance of the conductor, A is cross sectional area of conductor and | is
the length of the conductor

e Relation between resistivity(p) and relaxation time (1):-

27
p=m/ne

e Variation of resistivity with temperature:-

(a) Conductors:-

Py = P [1+a(T-Ty)]

Here c is called the temperature coefficient of the resistivity.
= (Pt - Po) /P (T--Tp)

Temperature coefficient of resistivity of a conductor is defined as the change in resistivity

per unit resistivity per degree Celsius rise of temperature.
O=p; - Po
(b) Insulators:-

b3

p.=peT

e Conductivity (0):- Conductivity of a material is defined as the reciprocal of the

resistivity.

o=1lp

Unit:- ohm_1m_‘I



e Conductance:-Conductanceof a conductor is defined as the reciprocal of its

resistance.

Conductance = 1/R = (1/p) (A/l)

Unit:- mho or ohm_1m-1

e Current Density:-

I=[J-d4
s
(a) J = lIA
(b) J = nev,
(c) J =oE
(d) u = vyE
(e) o = ne

e Relation between current density and electrified:-

J=0FE
?
Thus, electrical conductivity can also be defined as electric current density per unit electric

field strength.

e Resistance in series:- If anumber of resistances are connected in series with each
other, the net resistance of the combination is equal to the sum of their individual

resistances.

= V= — V,— t— V—H

Ry R, R,

lF
(a) R = Ry+R,*R, L
(b) V =V, +V,+V,

(c)I=1; =1, = I3= Constant

(d) V= IR;, V, = IRy, Vy = IR,



e Resistance in parallel:- If a number of resistances are connected in parallel, the
reciprocal of the resistance of the combination is equal to the sum of the reciprocals of

their individual resistances.

- M

(@) 1/R=1/R; + 1/ Ry, +1/ R, 1!:
(b) I =14+1,+15

(c) V=V, =V, =V;=Constant

(d) 14 =VIR4, 1, =VIR,, I3= VIR,

e Distribution of current in a parallel combination of resistances:-

(@) 1, = | (RY/R,+R,) v
(b) I = 1 (Ry/R;+Ry)

In general,

Current in one branch = total current x (resistance of second branch / sum of resistances

in the two branches)

e Grouping of cells:-

(a) Cells in series:-




I= (nE)/(R+nr)
If R<<nr, then | = E/R
If R>>nr, then | = nE/R

(b) Cells in parallel:-

I= E/[R+(r/m)]
If R>>r/m, then | = E/R

If R>>r/m, then | = m(E/R)

(c) Mixed grouping:-
(a) I = mnE/(mR+nr)
(b) I'is maximum when nR = mR

(€) |0y = MNE/(2YmnrR)

e Electromotive force and potential difference:-

The electromotive force E of a cell is defined as the difference of potential between its
terminals when there is no current in the external circuit, i.e., when the cell is in open

circuit.



The potential difference of a cell is the difference of potential between two terminals when

it is in closed circuit.

E=V+IR

e Internal resistance (r) of a cell:- The resistance offered by the electrolyte of the cell
when the electric current passes through it is known as the internal resistance of the

cell.

r=R (E-V/V)

e Electric Power:-

@@ P =Vl

(b) P = I°R = V2R

Unit of power:-1 watt = 1 volt x 1 amp

e Electric energy:-

W =Vq=V(lt)
Unit of electric energy:-
1 joule = 1 watt sec

1 kilowatt hour = 1000 watt hour

e Faraday’s Laws of Electrolysis:-

(a) The mass of ion deposited on an electrode in the process of electrolysis, is proportional

to the quantity of charge that has passed through the electrolyte.
m =Zq = ZIt

(b) When same current passes through several electrolytes for the same time, the masses
of various ions deposited at each of the electrodes are proportional to their chemical

equivalents (equivalent weights).

m/W = constant
Or, Z,/Z, = W,/W,
So, W/Z = constant = F

o Heating effect of current:-



| = I2Rt Joule = I2Rt/J Calorie

e Electric Bulb:-

(a) Resistance of filament, R = V2/P

(b) Maximum current that can be allowed to pass through bulb, | PV

max ~

e Total power consumed in parallel combination:-

P =P, +P,+P,

e Total power consumed in series combination:-

1/P= 1/P1+1 /P2+1/P3Question 2.

Assignment -

Q.1-

Two batteries of emf £ and &, (& > ¢) and internal resistances r| and r,
respectively are connected in parallel as shown in figure.
(a) Two equivalent emf g, of the two cells
. isbetween £ and &,,1.6. §, < £, <&,
(b) The equivalent emf g, is smaller than g,
(c) The g, is given by £, = & + & always
(d) &, is independent of internal resistances
r, and r, '

Q 2. Aresistance R is to be measured using a meter bridge, a student chooses

the standard resistance S to be 100 Q He finds the null point at 11 =2.9 cm.

He is told to attempt to improve the accuracy. Which of the following is a

useful way?

(a) He should measure 11, more accurately



(b) He should change S to 1000 Q and repeat the experiment
(c) He should change S to 3 Q and repeat the experiment

(d) He should have given up hope of a more accurate measurement with a

meter bridge

Solution: (c)

S
RL-] ' E«M—]
A P { B Q C

te—/ cm—»e—( 100 - ) cn—

I o
1 L

E K

Q 3. Two cells of emfs approximately 5 V and 10 V are to be accurately

compared using a potentiometer of length 400 cm.

(a) The battery that runs the potentiometer should have voltage of 8 V.

(b) The battery of potentiometer can have a voltage of 15V and R

adjusted so that the potential drop across the wire slightly exceeds 10

V.

(c) The first portion of 50 cm of wire itself should have a potential drop

of 10 V.



(d) Potentiometer is usually used for comparing resistances and not

voltages.

Q.4- A metal rod of length 10 cm and a rectangular cross-section of 1 cm

x 1/2 cm is connected to a battery across opposite faces. The resistance

will be

(a) maximum when the battery is connected across 1 cm x 1/2 cm faces

(b) maximum when the battery is connected across 10 cm x 1 cm faces

(c) maximum when the battery is connected across 10 cm x 1/2 cm faces

(d) same irrespective of the three faces

Q.5- Which of the following characteristics of electrons determines

the current in a conductor?

(a) Drift velocity alone

(b) Thermal velocity alone

(c) Both drift velocity and thermal velocity

(d) Neither drift nor thermal velocity

Important links



CH 4 -Moving Charges and Magnetism

1. The space in the surroundings of a magnet or a current-carrying
conductor in which its magnetic influence can be experienced is called

magnetic field. Its Sl unit is Tesla (T).

2. Oersted experimentally demonstrated that the current-carrying

conductor produces magnetic field around it.

Battery

K
/ ¥ )\
Conducting
wire

Compass needle

When key K is closed, then deflection occurs in the compass needle and

vice-versa,


https://www.youtube.com/watch?v=IdAji34f7TE
https://www.youtube.com/watch?v=01OCG8KM1ps
https://www.youtube.com/watch?v=IdAji34f7TE

3. Biot-Savart’'s Law According to this law, the magnetic field due to

small; current-carrying element dl at any nearby point P is given by

¥
Idl r Id! sin 8
qp=ho oK ;Mo
i |r|® an e

and direction is given by Ampere's swimming rule or right hand o f
thumb rule. rd!
where, Po 1077 T-m/A

4n
and u, = permeability of free space and r = distance of point P x
from current-carrying element. Current-cariying

conductor

4. The relationship between p0, €0 and c is

where, c is velocity of light, €0 is permittivity of free space and p0 is

magnetic permeability.

5. Magnetic field at the centre of a circular current-carrying

conductor/coil.



pg= ol
2r

where, r 1s the radius of a circular loop.

_ uoNT

For N turns of coil, B
2r

6. Magnetic field at the centre of semi-circular current-carrying

conductor.

[

7. Magnetic field at the centre of an arc of circular current-carrying

conductor which subtends an angle 0 at the centre.

8. Magnetic field at any point lies on the axis of circular current-carrying

conductor



pola®

20l +a

2}3!'2

9. Magnetic field due to straight current-carrying conductor at any point

P at a distance r from the wire is given by

g

v
=5 | ﬁt;:
v [

: Long straight wire

10. The following figure shows the graphical representation of variation

of B with distance from straight conductor.

Distance ——



11. Ampere’s Circuital Law The line integral of the magnetic field B

around any closed loop is equal to g0 times the total current | threading

through the loop, i.e.

§B-dl=p I

™ Magnetic
field lines

Magnitude of magnetic field of a straight wire using Ampere’s law

B= B_Pf{
2nr

12. Maxwell introduced the concept of displacement current.

Displacement current, I'p = g, s

dt

Displacement current flows in the space due to a variation in electric field.

= §B~dt=u0(1¢+1,])



13. Magnetic Field due to a Straight Solenoid

(i) At any point inside the solenoid,

B = ponl

where, n = number of turns per unit length.

(ii) At the ends of the solenoid,

B = 1/2 ponl

14. Magnetic Field due to Toroidal Solenoid

(i) Inside the toroidal solenoid,

B =po0nl, here, n =N/2nr ,N= total number of turns

(ii) In the open space, interior or exterior of toroidal solenoid,



Assignment

Question 1. Two charged particles traverse identical helical
paths in a completely oppo-site sense in a uniform magnetic

field B = Bok

(a) They have equal z-components of momenta

(b) They must have equal charges

(c) They necessarily represent a particle, anti-particle pair

(d) The charge to mass ratio satisfy

HgH



Question 2. Biot-Savart law indicates that the moving electrons

(velocity v) produce a magnetic field B such that

(a) B is perpendicular to v.

(b) B is parallel to v.

(c) it obeys inverse cube law.

(d) it is along the line joining the electron and point of

observation.

Question 3. A current carrying circular loop of radius R is

placed in the x-y plane with centre at the origin. Half of the

loop with x >0 is now bent so that it now lies in the y-z plane.

(a) The magnitude of magnetic moment now diminishes.

(b) The magnetic moment does not change.

(c) The magnitude ofB at (0,0, z), z>>R increases.

(d) The magnitude ofB at (0,0,z), z>>R is unchanged.



Question 4. An electron is projected with uniform velocity along

the axis of a current carrying long solenoid. Which of the

following is true?

(a) The electron will be accelerated along the axis

(b) The electron path will be circular about the axis

(c) The electron will experience a force at 45° to the axis and

hence execute a helical path

(d) The electron will continue to move with uniform velocity

along the axis of the solenoid

Question 5. In a cyclotron, a charged particle

(a) undergoes acceleration all the time

(b) speeds up between the dees because of the magnetic field

(c) speeds up in a dee

(d) slows down within a dee and speeds up between dees



Important links

CH 6-Magnetism And Matter

1. The magnetic dipole moment of a magnetic dipole is given

by

M=mx2|

where, m is pole strength and 2l is dipole length directed from

StoN.

=M +m

s

The Sl unit of magnetic dipole moment is A-m2 or J/T.


https://www.youtube.com/watch?v=lUzc4hbH7Qo
https://www.youtube.com/watch?v=o0dbs8POtOE
https://www.youtube.com/watch?v=SRjyzvx_J_4

It is a vector quantity and its direction is from South pole to

North pole.

2. Coulomb’s Law in Magnetism

Magnitude of force acting between two magnetic poles is

given by
—m1 +m2
5 N

where, m1 and m2 are magnetic strength of poles and k is

magnetic force constant. Its Sl unit is A-m.

3. Magnetic Field Lines These are imaginary lines which give

pictorial representation for the magnetic field inside and

around the magnet.



Their properties are given as below:
(i) These lines form continuous closed loops.

(ii) The tangent to the field line gives direction of the field at

that point.

(iii) Larger the density of the lines, stronger will be the

magnetic field.

(iv) These lines do not intersect one another.

///

(i}




4, Magnetic field due to a bar magnet at

SARES =
(i) an axial point {(end-on-position) t_iff R L_!*""'"""“"'
M f r
2M '
B:Pj.__ (o r>>0D - —
e b——p— —]

The direction of magnetic field is along the direction of magnetic
dipole moment (M),
(ii) on equatorial point (broadside-on-position)
g-to M
4n 3
The direction of magnetic field is parallel to the magnetic dipole
and opposite to the direction of dipole moment,

NOTE: The direction of magnetic field between the poles of
the dipole is in the direction opposite to the magnetic
moment (South to North) while inside the current loop it is in

the same direction to that of magnetic moment.

5. Torque on a bar magnet in a uniform magnetic field is

1=MBsin6=M xB

where, 0 is the angle between M and B. Its Sl unit is joule per

tesla (JT-1).



6. Potential energy of a magnetic dipole in a magnetic field is

given by

U=-MBcos 6 =-M.B where, 0 is the angle between M and

7. Work done in rotating the dipole in a uniform magnetic field

from 61 to 02 is given by

W = MB (cos 61 — cos 62)

8. Current loop behaves like a magnetic dipole whose dipole

moment is given by

M=IA

The direction of dipole moment can be obtained by right hand

thumb rule. Its. Sl unit is A-m2.



9. Magnetic dipole moment of a revolving electron is given by

where, v is speed of electron on a circular path of radius r.

L is angular momentum and given as L — mvr.

10. Interaction between two magnetic dipoles is

FoHo 6mm,
4mn rd .
11. Oscillation of a Freely Suspended Magnet The oscillations
of a freely suspended magnet (magnetic dipole) in a uniform

magnetic field are SHM.

e - (I
The time period of oscillation, T = 2n |-—£—-

\ MB



where, | = moment of inertia of the magnet, M = magnetic

moment and B = magnetic field intensity.

12. Bar Magnet as an Equivalent Solenoid The expression of

magnetic field at distance r from centre is given by

This expression is equivalent to that of bar magnet.

13. The Electrostatic Analog

The table given below summarises the analogy between

electric and magnetic dipoles

Electrostatics

Magnetism

B - ST | - . S——
e p | :
Equatorial field for a short dipole -p/umeyr’ ~p oM Jinr?
Axial field for a short dipole - 2p/hne,r’ uﬂzm,f'nrtrs
External field : Torque _ pxe. M xB

External field : Energy -p-E -M:B




14. Magnetism and Gauss’ Law

The net magnetic flux (dB) through any closed surface is

always zero.

( A

L~ B
\_AS

A

Assignment

Question 1. A toroid of n turns, mean radius R and cross-sectional radius a
carries current . It is placed on a horizontal table taken as xy-plane. Its

magnetic moment m

(a) is non-zero and points in the z-direction by symmetry

(b) points along the axis of the toroid (m = m®)

(c) is zero, otherwise there would be a field failing as 1/r3 at large distances

outside the toroid

(d) is pointing radially outwards.



Question 2. The magnetic field of the earth’ can be modelled by that of a
point dipole placed at the centre of the earth. The dipole axis makes an
angle of 11.3° with the axis of the earth. At Mumbai, the declination is

nearly zero. Then

(a) the declination varies between 11,3°W to 11.3°E

(b) the least declination is 0°

Question 3. In a permanent magnet at room temperature,

(a) magnetic moment of each molecule is zero

(b) the individual molecules have non-zero magnetic moment

which are all perfectly aligned

Question 4. Consider the two idealised systems (i) a parallel plate
capacitor with large plates and small separation and (ii) a long solenoid of
length L>>R, radius of cross-section. In (i) E is ideally treated as a
constant between plates and zero outside. In (ii) magnetic field is
constant inside the solenoid and zero outside. These idealised

assumptions, however, contradict fundamental laws as below:



(a) case (i) contradicts Gauss’ law for electrostatic fields
(b) case (ii) contradicts Gauss’ law for magnetic fields

(c) case (i) agrees with GE-dl=0
(d) case (ii) contradicts cﬁH-dl =1,

(c) domains are partially aligned

(d) domains are all perfectly aligned

(c) the plane defined by dipole axis and the earth axis passes through

Greenwich

(d) declination averaged over the earth must be always negative

Question 5. A paramagnetic sample shows a net magnetisation
of 8 Am-1 when placed in an external magnetic field of 0.6 T ata
temperature of 4 K. When the same sample is placed in an
external magnetic field of 0.2 T at a temperature of 16 K, the

magnetisation will be
(a) 32/3 Am-1 (b) 2/3 Am-1

(c) 6 Am-1 (d) 2.4 Am-1



Important links

CH - Electromagnetic Induction and Alternating Current

e Magnetic flux:-

Normal to A

e Magnetic flux lined with the surface is defined as the

product of area and component of B perpendicular that area.
ép = B.A = BAcost

and

¢g = UNAH

Here, u is the permeability of the medium, n is the number of turns, A is the area and H is

the magnetic field intensity.
(a) When 6 =90°, cos8 = 0. So, g =0

This signifies, no magnetic flux is linked with surface when the field is parallel to the

surface.
(b) When 6 = 0°, cos6 = 1. S0,($g)max = 1

This signifies, magnetic flux linked with a surface is maximum when area is held

perpendicular to the direction of field.


https://www.youtube.com/watch?v=atY1GSvx3aM
https://www.youtube.com/watch?v=atY1GSvx3aM

e Faraday’s law of electromagnetic induction:-

(a) Whenever magnetic flux linked with a circuit changes, an e.m.fis induced in it.

(b) The induced e.m.f exists in the circuit so long as the change in magntic flux linked with

it continues.

(c) The induced e.m.fis directly proportional to the negative rate of change of magnetic

flux linked with the circuit.
So, E = -dogl/dt
Negative sign is due to the direction of induced e.m.f.

e Induced electric field:-

E.m.fzfﬁ"df

e Lenz’s Law:-

It states that direction of induced e.m.f. is such that it tends to oppose the very csause

which produces it.

The induced e.m.f. always tends to oppose the cause of its production.
e Motion of a straight conductor in a uniform magnetic field:-
(a) W = Bevl

(b) Motional e.m.f, E = Bvl

(c) Induced current, / = E/IR = BIVIR

(d) F = IIB = B°PVIR

(e) P=Fv=1Byv= 82/2v2/R

(1 H=PR=BPAIR

e Motion of a loop in a magnetic field when whole of the coil is in the magnetic
field:

(a) Motionale.m.f, E=0
(b) Resultant Current, /=0

(c) Force, F=0



(d) Power, P=0

e Motion of a loop in a magnetic field when a part of the loop is out of the
magnetic field:-

(a) ¢p = Blx
(b) Induced e.m.f, E = Blv

e Power:-
P= I2R = E2/R

P=B°APIR  (Since, E= BIv)

(a) Coil out of field:- 5 =0, E=0,P=0
(b) Coil entering the magnetic field:-
¢gincreases gradually

E = a negative constant

P = a positive constant

(c) Coil moving in the magnetic field:-
¢g = Constant

E=0

P=0

(d) Coil leaving the magnetic field:-

¢g decreases gradually

E = a positive constant

P = a positive constant

(e) Coil out of magnetic field:-

$g=0

E=0

P=0

e Self-Induction:- Self Induction of a circuit is defined as the property of the circuit by

virtue of which it tends to oppose a change in the strength of current, through it, by
inducing an e.m.f. in itself.



(a) Magnetic flux, ¢g = LI

Here L is the coefficient of self -induction.

(b) e.m.f., E = -L [dl/df]

(c) L = gy unNA

Here, n is the number of turns per unit length

e Series and parallel combination:-

(a) L = L4+L, (If inductors are kept far apart and joined in series)

(b) L = L4+L,*2M (If inductors are connected in series and they have mutual inductance

M)
(c) 1/L =1/L, + 1/L, (If two conductors are connected in parallel and are kept for apart)

(d) M = KNL,L, (If two coils of self-inductances, L, and L, are over each other)

e Inductance of wire:-

L = pol/8m

e Inductance of hollow cylinder:-

&

e Inductance of parallel wires:-

L =pg2m[in 2a-1], I>>a

L=pyl/m(indla-1],1>>d, d>>a

W/

e Inductance of Coaxial conductor:-



L = o/ [ In bla]

e Inductance of Circular loop:-

L = ugl/2m [In 4lid — 2.45]

e Inductance of Solenoid:-

L= yOI\/2 S/l

L>>a

e Inductance of Torus (of circular cross section):-

L= lJoN2 [0 - \/POZ - 32]

e Inductance of Sheet:-

L = py2! [In (2//b+t) + 0.5]



e Energy stored in an conductor:-

(a) W = % LI

Here L is the coefficient of self -induction.

(b) U = B%12u1

e Mutual Induction:-

Mutual induction of two circuits is the phenomenon where a current changing in the first

coil results in the induction of an e.m.f. in the second.

e Coefficient of Mutual Induction:-

¢g = Ml and E = -M[dl/df]

Here M is called the coefficient of mutual induction of two circuits.
The value of M, M = gy uny Ny A

M depends upon,

(a) Area of cross-section of the two coils

(b) Number of turn of each coil

(c) Distance between the two coils

(d) Nature of material used as core

e Fleming’s right hand rule:-

Stretch first finger, central finger and the thumb of your right hand in three mutually
perpendicular directions. If the first finger points towards the magnetic field, thumb points
towards the direction of motion of conductor, the direction of central finger gives the

direction of induced current set up in the conductor.



e Coil rotating in a uniform magnetic field:-

(a) Magnetic flux, ¢g = pnaH [cos wi]

(b) Electromagnetic Induction, E = unawH [sin wf]

(c) Current, I = [unawH([sin wt]l/R

e Growth and decay of current in LR circuit:-

(a)l= IO(1-e_t/T) (for growth), Here 1= L/IR

(b) 1= Ioe_t/T (for decay), Here 1= L/R

ALTERMATIMNG
CURRENT

+ ONE CYCLE

AMPUTUDE |

o . - »TIME

e Alternating Current:- g

An alternating current (a.c.) is a current which continuously, changes in magnitude and

periodically reverses in direction.

i = lqsin wt=lysin (21/T) t

Here [, is the peak value of a.c.

(a) Current, I =l sin wt

(b) Angular frequency, w= 2mn (nis the frequency of a.c.)

(c) I =ly sin 21int



e Mean value of A.C or D.C. value of A.C.:-

Mean value of a.c. is that value of steady current which sends the same amount of charge,

through a circuit, in same time as is done by a.c. in one half-cycle.

(Iav)half cycle = (2/1-[)/0

Thus, mean value of alternating current is 2/t times (0.637 times) its peak value.

(Vav)half cycle = (2/1-[) VO

B
peak value

/:\ f!\ 1 /\ rm.s valu

| : Ve

l : l

: ' average ve
o] A

| T ;

AT

i \/ i

e Average value of A.C. over a complete cycle:-

The average value of a.c. taken over the complete cycle of a.c.is zero.

e Root mean square value of a.c. or virtual value of a.c.:-

Root mean square value of alternating current is defined as that value of steady current
which produces same heating effect, in a resistance, in a certain time as is produced by
the alternating current in same resistance in same time. The r.m.s value of a.c.is also

called its virtual value.
= IO/\/2

Irms

Root mean square value of alternating current is /N2 times (or 0.707 times) the peak value

of current.
Similarly, V,,,;= VN2
Here V, is the peak value of e.m.f.

e Form Factor:-

Form Factor = rms value/average value = (VO/\/Z)/ (2 V) = /272



e Current elements:-

(a) Inductive reactance:- X| = wL

Here, w = 21N, n being frequency of a.c.

L is the coefficient of self-inductance of coil.
(b) Capacitative reactance:- X, = 1/wC

Here C is the capacity of the condenser

e Capacitor in AC circuit:-

V =\, sinat

O

: q = CVgsinwt
I = Iy sin(wt +11/2)
Vg = l/wC
X, = 1wC

e Inductor in AC circuit:-

i)
Neod!

L
a I I 1 b
TR V= L(dl/dt) = Llyw coswt
I =(Vy/ wL) sinwt
Here, Iy = Vy/ wL
X =wL
And the maximum current, [y = V/XL

e R-L circuit:-

I=¢R [1-e'Rt/ L]



-RI/L
=ce

e Graph between | (amp) and t (sec):-

(Amp.)|

Al m

e Graph between potential difference across inductor and time:-

(VOIt. )V 4

-

t(sec.)

e L-C Circuit:-

f=1/2mLC
q = qq sin (wt+o)

| = gowsin (wt+o)

> t(sec )



w=1NLC

e The total energy of the system remains conserved,

Va CV2 + 72 L/2 = constant =7 CVO2 =2 Li02

e Series in C-R circuit:-

()
Sl

V=IZ

The modulus of impedance, |Z |= \/.‘?2+(1/wC)2

The potential difference lags the current by an angle, ¢ = tan_1(1/wCR)

e Series in L-C-R Circuit:

V=IZ

The modulus of impedance, |Z |= \/[R2+(wL-1/wC)2]

The potential difference lags the current by an angle, ¢ = tan_1 [wL -1/wC)/R)

e Circuit elements with A.C:-

Circuit elements Amplitude relation Circuit quantity Phase of V

Resistor Vo =igR R In phase with i

Capacitor Vo = igXc Lags i by 90°



Inductor Vo = igX, X, = wL Leads i by 90°

Resonance:-

(a) Resonance frequency:- f. = 1/2mVLC

(b) At resonance, X| = X, ¢ =0, Z=R(minimum), cos¢ = 1, sing = 0 nad current is

maximum (=Ey/R)

o Half power frequencies:-

(a) Lower, f; =f — R/4TL or wq=w,—R2L
(b) Upper, f, =1 + R/4TiL or wy,=w,+RI2L

e Band width:- Af=R/2mL or Af=R/L
e Quality Factor:-

(@) Q = w/Aw = w,L/R

(b) As w=1~LC, So Q o< VL, Q «<1/Rand Q o< 1/NC
(c) @Q=1w,CR

(d) Q=X /R or Q=X./R

(e) Q = fIAf

e At resonance, peak voltages are:-

( )(VL)res OQ
(b) (VC)res OQ
( )(VR)res €

e Conductance, susceptance and admittance:-

(a) Conductance, G = 1/R

(b) Susceptance, S =1/X
(c) S  =1/X_ and S¢ = 1/X; = wC

(d) Admittance, Y=1/Z



(e) Impedance add in series while add in parallel

e Power in AC circuits:-

Circuit containing pure resistance:- P, = (E,/N2)x(I/N2) = E xI,

Here E, and |, are the virtual values of e.m.f and the current respectively.
Circuit containing impedance (a combination of R,L and C):-

P, = (Eg/N2)x(Io/N2) coso = (E,x1,) cosep

Here cos¢ is the power factor.

(a) Circuit containing pure resistance, P,, = E |,

(b) Circuit containing pure inductance, P,, =0

(c) Circuit containing pure capacitance, P,, = 0

(d) Circuit containing resistance and inductance,

Z= \/R2+(wL)

cosp = RIZ = R/[\/{R2+(wL)2}]

(e) Circuit containing resistance and capacitance:-

Z= \/R2+(1/wC)2

cosp = RIZ = R/[\/{R2+(1/wC)2}]

(f) Power factor, cos¢ = Real power/Virtual power = P, /E . \s/ims

e Transformer:-

(a) C, = N, (do/dt) and eg = Ny (do/dl)

(b) ej/eg = Ny/Ng

(c) As, epl, = egls, Thus, I/l = efeg = N/Ng
(d) Step down:- e < e, Ng< Ny and I> [

(e) Step up:- eg>ep,, Ng>N,, and /< [,

(f) Efficiency, n = eg I/ e, I,



e AC Generator:-
e = eg sin (21ft)
Here, e; = NBAw

Assignment -

Q.1-

A square of side L metres lies in the xy-plane in a region, where the magnetic
fieldis givenby B = B, (zf +37+ 4;;) T, where B, is constant. The magnitude
of flux passing through the square is

(a) 2B,L> Wb (b) 3B,L* Wb
(c) 4B,L> Wb (d) 29B,I> Wb
Q.2

A loop made of straight edges has six corners at 4(0, 0, 0), B(L, 0, 0), C(L,
L, 0), D(0, L, 0), E(0, L, L) and F(0, 0, L). A magnetic field B = B, (i + k)T
is present in the region. The flux passing through the loop ABCDEFA (in that
order) is

(@) BoL® Wb (b) 2B,L* Wh

(©) V2B, Wb (d) 4B,L*> Wb

Q. 3- A cylindrical bar magnet is Rotated about its axis. A wire is connected from
the axis and is made to touch the cylindrical surface through a contact. Then,

(a) a direct current flows in the ammeter A

(b) no current flows through the ammeter A

(c) an alternating sinusoidal current flows through the ammeter A with a time
period 21t /w

(d) atime varying non-sinusoidal current flows through the ammeter A

Q.4-Question 4. There are two coils A and B as shown in figure. A current starts
flowing in B as shown, when A is moved towards B and stops when A stops moving.
The current in A is counter clockwise. B is kept stationary when A moves. We can
infer that

(a) there is a constant current in the clockwise direction in A.

(b) there is a varying current in A.

(c) there is no current in A.



(d) there is a constant current in the counter clockwise direction in A.
B

Question 5. The self inductance L of a solenoid of length | and area of cross-section
A, with a fixed number of turns N increases as

(a) I and A increase (b) | decreases and A increases

(c) lincreases and A decreases (d) both | and A decrease

Question 7. A metal plate is getting heated. It can be because

(a) a direct current is passing through the plate

(b) it is placed in a time varying magnetic field

(c) it is placed in a space varying magnetic field, but does not vary with time
(d) a current (either direct or alternating) is passing through the plate

Question 8. If the rms current in a 50 Hz AC circuit is 5 A, the value of the current
1/300 s after its value becomes zero is

(@) 5V2 A (b) S‘E A

5 5
(e =4 (d) N7l

Question 9. An alternating current generator has an internal resistance Rgand an
internal reactance Xg It is used to supply power to a passive load consisting of a
resistance Rg and a reactance XL. For maximum power to be delivered from the
generator to the load, the value of XL is equal to

(a) zero (b) Xg

(c) -Xg (d) Rg

Question 10.

When a voltage measuring device is connected to AC mains, the meter shows
the steady input voltage of 220 V. This means

(a) input voltage cannot be AC voltage, but a DC valtage

(b) maximum input voltage is 220 V

(c) the meter reads not v but <¥*> and is calibrated to read y/<v" >

(d) the pointer of the meter is stuck by some mechanical defect



Question 11. An inductor of reactance 1 Q and a resistor of 2 Q are connected in
series to the terminals of a 6 V (rms) AC source. The power dissipated in the circuit
is

(@Q)8W (b)12W

(c)14.4W (d)18W

Question 12. The output of a step-down transformer is measured to be 24 V when
connected to a 12 W light bulb. The value of the peak current is

(a) J— (b) V2 A
(c) 2A ) 242 A

Important links

https://www.youtube.com/watch?v=02s5q67nRIlo
https://www.youtube.com/watch?v=rxrOibyINAg
https://www.youtube.com/watch?v=svd52GIljvDU
https://www.youtube.com/watch?v=90c4QYeHhgM
https://www.youtube.com/watch?v=gNMwfINKkBQ

CH - Ray Optics

Reflection:-
e Light:-itis an agent which produces in us the sensation of sight. It is a form of
energy.

e Transparent medium:- It is a medium through which light can be propagated
easily.(e.g., sun, candle, electric arc)

e Translucent medium:- It is a medium through which light is propagated
partially.(e.g., paper, ground, glass)

e Opaque:- It is a medium through which light can be propagated. (e.g., wood, iron)

e Reflection:- It is the property of light by virtue of which, light is sent back into the
same medium from which it is coming after being obstructed by a surface.

e Laws of reflection:-


https://www.youtube.com/watch?v=o2s5q67nRIo
https://www.youtube.com/watch?v=rxrOibylNAg
https://www.youtube.com/watch?v=svd52GIjvDU
https://www.youtube.com/watch?v=9oc4QYeHhgM
https://www.youtube.com/watch?v=gNMwfINKkBQ

angle of incidence

mirror surface
? (a) The incident ray, the reflected

ray and normal to the reflecting surface at the point of incidence, all lie in one plane and

that plane is perpendicular to the reflecting surface.
(b) The angle of incidence is equal to the angle of reflection.

So, Zi=Zr

e Concave mirror:- It is a spherical mirror which when looked from the reflecting side is
depressed at the center and bulging at the edges.

Incident rays travelling parallel to concave
the principanis... / mirror

incident rays

Principal Axis

...ara reflected so
that they emerge
through the focal

point F

reflected
rays

e Convex mirror:-

CONYEX
MMirror

[ggi=tets

object é
&
C

F

?It is a spherical mirror which when looked from the reflecting side bulges at the center

and is depressed at the edges.

e Radius of curvature(R):-

Radius curvature of a mirror is defined as the radius of that sphere of which the mirror

forms a part.



e Principal focus:-

Principal focus is a point, situated on the principal axis, at which a beam coming parallel to

principal axis meets or appears to meet after reflection from the mirror.

e Focal plane:-

It is a vertical plane passing through the principal focus and perpendicular to the principal

axis.

e Focal length (f):-

Focal length, of a spherical mirror is the distance of its principal focus from its pole.

e Relation between focal length and radius of curvature:-

f=RI2

This signifies, the focal length of a spherical mirror is half of its radius of curvature.

e Mirror formula:-

=1+ 1u=2/r

e Relative positions, size and nature of image as object is brought from infinity to
the pole of a concave mirror:-

(a) If the object is at infinity, u = «

v=-f,m=0

Thus, image is obtained at the focus of a focal plane and very small in dimensions.
(b) If object lies beyond center of curvature,

2f > v >f

(c) If object is at center of curvature,

v =-2f, m=1

Thus, a real and inverted image of same size as that of object is formed at center of

curvature.

(d) Object is in between a distance fand 2f, i.e., in between focus and center of curvature
(fF<u<2f):-

v < and m = (viu) >1

Thus, a real, inverted and magnified image is formed in between center of curvature and

infinity.



(e) Object is kept at focus (u = -f):-

V = -0

The rays after reflection are rendered into a parallel beam meeting in infinity.
(f) Object is kept within focus (u < -f):-

Vv is positive.

Thus, a virtual, erect and magnified image is formed on the other side of mirror.

e Some important points:-

(a) In case of spherical mirrors, focal length is half its radius of curvature image.

(b) In case of concave mirror areal object produces a real and inverted if its distance from
pole is greater than the focal length while its virtual and erect if its distance from pole is

less than focal length.
(c) In case of convex mirror a real object always produces a virtual and erect image.

(d) All real images are inverted and virtual images are erect.

Refraction:-

e Refraction:- Refraction is the phenomenon by virtue of which a ray of light going from
one medium to the other undergoes a change in its velocity.

e Incident ray:-The ray which approaches the interface is called incident ray.
e Refracted ray:- Ray which goes into the second medium is called angle of incidence.

e Laws of refraction:-

Incident Ray

Mormal

Angle
of incident

i

Refracted Ray

Angle of refraction .:-/" r

? (a) Snell’s law:- The sine of the angle of

incidence bears a constant ratio with the sine of the angle of refraction.
sin i/sin r = constant

(b) The incident ray, the refracted ray and the normal to the interface at the point of
incidence all lie in one plane and that plane is perpendicular to the interface separating the

two media.



e Refractive Index:-

?(a) Refractive index of a medium with respect to another is defined as the ratio between

sine of the angle of incidence to the sine of angle of refraction.
L 1
sin i/sin r = constant = ",

(b) Refractive index of medium 2 with respect to1 is also defind as the ratio between

velocity of light in medium 1 to the velocity of light in medium 2.

1
(C) Mo =vylvy

(d)yp=clv

(e) Refractive index of a second medium with respect to first is defined as the ratio
between absolute refractive index of second medium to the abdsolute refractive index of

first medium.
1
() My = po/py?

e 7?Total internal reflection:-

Refraction Critical an gle (c) Total intemal Reflection |
? (a) Critical
angle:- Critical angle is the angle of incidence of a ray of light in denser medium such that

its angle of refraction in the rarer medium is 90°.

(b) Total internal reflection:- It is the phenomenon by virtue of which, a ray of light
travelling from a denser to a rarer medium is sent back in the same medium provided, it is

incident on the interface at an angle greater than critical angle.

(c)u=1/sin C

e Refraction at a single spherical surface when light travelling from medium of
refractive index p, (rarer) to that of refractive index u, (denser):-

(a) Refraction at a convex surface producing real image:-



UolV — pylu =y - u4/R

(b) Refraction at a convex surface producing virtual image:-
Mol v — pqlu = iy - 14/R

(c) Refraction at a concave surface:-

Mol vV — pqlu =y - uy/R

e Refraction at a single spherical surface when light travelling from medium of
refractive index p, (denser) to that of refractive index p,(rarer) :-

Convex surface producing a real image of a real object:-
Holu — pglv =y - Uy /R

e Light travelling from air to glass:-
ulv—1lu=p-1/R

e Light travelling from glass to air:-
ulu—1/v=p1/R

e Principal focal length:-

(a) Second principal focal length:- Second principal focal length of a surface is the
distance of that point from the pole of the surface at which a beam coming parallel to

principal axis meets or appears to meet after refraction through the surface.

fy = LRI 1, - py]

(b) First principal length:- First principal focal length of a surface is defined as the distance
of that point from the pole of surface from where if a beam diverges or to which a beam

converges, the rays after refraction through the surface become parallel to principal axis.
f1 = -1y RI [y = pq]

(c) Relation between f; and f,:-

folv+ filu=1

e Lens:-

A portion of refracting material bound between two spherical surfaces is called a lens.

e Converging lens:-



A lens is said to be converging if the width of the beam decreases after refraction through

it.
e Diverging lens:-
A lens is said to be diverge if the width of the beam increases after refraction through it.

e Center of curvature:-

Center of curvature of a surface of a lens is defined as the center of that sphere of which

that surface forms a part.

e Radius of curvature:-

Radius of curvature of a surface of a lens is defined as the radius of that sphere of which

the surface forms a part.

e Lens formula:-

1f=1v—-1/u

e Linear magnification:-

It is the ratio between the size of the image to the size of the object.

m=1/O

e Expression for min terms of u, vand f:-

(@) Interms of vand fi-m=[f-v]/ f

(b) In terms of u and f:- m = f/ [f+u]

e Position of the image as the object is gradually moved from infinity to the pole
of the lens:-

(a) Object being at infinity:- v = f, Magnification in this case is extremely small and the

image is said to be real and inverted.

(b) Object lying beyond 2f.- 2f > v > -f, m(= v/u) always is less than one.

(c) Object at 2f:- v = 2f, m = -1

(d) Object lying between fand 2f.- v >2f, m(= v/u) always is greater than one.
(e) Object at f:- v = o, m(= v/u) is infinite.

(f) Object lying between f and optical center C:-

Atf,u=-f. So,v=



AtC,u=0,So,v=0

e Refraction through a thin double convex lens when the medium on the two
sides of the lens is same (Lens maker’s formula):-

1= (u=1) (1R, = 1/Ry)

e Refraction through a thin double convex lens when the medium situated on the
two sides of the lens is different:-

= [[ug — uqlu3R4] + [z — Wol/H3R,]

e Double concave lens:-

(a) When the medium situated on the two sides of the lens is same:-
1= (u—-1) (1/R, = 1/Ry)

(b) When the medium situated on the two sides of the lens is different:-
1/£= [[uz — Hyl/ugRq] + [[H3 = W2l/H3RS]

e Combination of two convex lenses in contact:-

F=1ff/f+f,

e Power of alens:-

The reciprocal of the focal length of a lens, expressed in meter, is called its power.

P=1/f

e Refraction through a prism:-

b =sin [(A+d,,)/2] / sin [A/2]

Here, d,, is the minimum angle of deviation.

e Refraction through a prism for small angle of incidence:-

d=A(u-1)

This signifies that the angle of deviation d is independent of the angle of incidence,

provided it is small.

Dispersion:-

e Dispersion:- The splitting of light into its constituent colors is called dispersion.



e Cauchy’s formula:- y = A+(B/A2)+. ..

Here A and B are constants and A is the wavelength of light.

o Refraction through a prism:-

(a) Deviation:- A ray of monochromatic light (light possessing one wave-length only), while
passing through a prism suffers a change in its path, the phenomenon is known as

deviation.
d=(u-1)A

Here A is the refractive angle of prism and p is the refractive index of the material of prism

for that particular wave length of light.

(b) Dispersion:- A ray of light (containing more than one wavelengths), while passing

through the prism splits up into a number of rays. The phenomenon is called dispersion.
d,=Wu,-1)A
d=W-1)A

Here d,, is deviation for violet and d, is the deviation for red color. y, and p, be the

refractive indices of the material of prism for violet and red colors.

Since, u, > y,, therefore d, is greater than d..

e Dispersive power (w):- Dispersive power of a prism is defined as the ratio between
angular dispersion to mean deviation produced by the prism.

w = (d, - d)d = (1, — p)/(u-1) = dul(-1)
e Spectrum:- The band of colors lying side-by-side is called spectrum.

(a) Impure spectrum:- Impure spectrum is a spectrum in which the constituent colors

overlap each other.

(b) Pure spectrum:- Pure spectrum is a spectrum in which all the constituent colors

occupy different and distinct positions.

Optical Instruments:-

e Power of a concave lens (P):-

P = (100/x) dioptre, Here ‘X’ is the distance of far point of the defective eye, in ‘cm’.

e Magnifying power or magnification of a simple microscope:-



M = 1+ (D/f),
Here, ‘D’ is the distance of distinct vision and f’ is the focal length.

e Magnifying power or magnification of a compound microscope:- M =
L/fo[1+(D/f)]

f is the focal length of object, f, is the focal lengthy of eyepeice and L is the length of
microscope tube.

e Magnifying power or magnification of astronomical telescope (Normal
Adjustment):-

M = fy/f,

e Magnifying power or magnification of astronomical telescope (When the final
image is formed at the distance of distinct vision):-

M = (fy/f,) [(f,+D)/D]
Assignment -

Question 1. A ray of light incident at an angle d on a refracting face of a prism
emerges from the other face normally. If the angle of the prism is 5° and the prism

is mad? of a material of refractive index 1.5, the angle of incidence is

(a) 7.5° (b) 5° (c) 15° (d) 2.5°

Question 2. A’ short pulse of white light is incident from air to a glass slab at

normal incidence. After travelling through the slab, the first colour to emerge is

(a) blue (b) green (c) violet (d) red

Question 3. An object approaches a convergent lens from the left of the lens with a

uniform speed 5 m/s and stops at the focus. The image

(a) moves away from the lens with an uniform speed 5 m/s
(b) moves away from the lens with an uniform acceleration

(c) moves away from the lens with a non-uniform acceleration

(d) moves towards the lens with a non-uniform acceleration



Question 4. A passenger in an aeroplane shall

(a) never see a rainbow

(b) may see a primary and a secondary rainbow as concentric circles
(c) may see a primary and a secondary rainbow as concentric arcs

(d) shall never see a secondary rainbow

Question 5. You are given four sources of light each one providing a light of a
single colour—red, blue, green and yellow. Suppose the angle of refraction for a
beam of yellow light corresponding to a particular angle of incidence at the
interface of two media is 90°. Which of the following statements is correct if the
source of yellow light is replaced with that of other lights without changing the

angle of incidence?
(a) The beam of red light would undergo total internal reflection.

(b) The beam of red light would bend towards the normal while it gets refracted

through the second medium.
(c) The beam of blue light would undergo total internal reflection.

(d) The beam of green light would bend away from the normal as it gets refracted

through the second medium.

Question 6. The radius of curvature of the curved surface of a plano-convex lens is

20 cm. If the refractive index of the material of the lens be 1.5, it will
(a) act as a convex lens only for the objects that lie on its curved side
(b) act as a concave lens for the objects that lie on its curved side

(c) act as a convex lens irrespective of the side on which the object lies

(d) act as a concave lens irrespective of side on which the object lies

Important links

https://www.youtube.com/watch?v=07dB0ODJK4rl



https://www.youtube.com/watch?v=o7dB0DJK4rI

https://www.youtube.com/watch?v=FIzZVMA78dfl
https://www.youtube.com/watch?v=HPjjldsqcew

CH - Wave Optics

Huygens Principle:- Wave-front of a wave, at any instant , is defined as the locus of all the
particles in the medium which are being disturbed at the same instant of time and are in the

same phase of vibration.

(a) Each point on a wave front acts as a source of new disturbance and emits its own set
of spherical waves called secondary wavelets. The secondary wavelets travel in all

directions with the velocity of light so long as they move in the same medium.

Wavelet Wavelet
source paint source point
", ‘\-.
Wave front Wave from Wave front
1 2 1
(b)

of these wavelets in the forward direction gives the position of new wave front at any

The envelope or the locus

subsequent time.

e Determination of Phase Difference:-

The phase difference between two waves at a point will depend upon

(a) The difference in path lengths of the two waves from their respective sources.
(b) The refractive index of the medium

(c) Initial phase difference between the source if any.

(d) Reflections, if any, in the path followed by waves.

o Reflection of plane wave at plane surface (Laws of reflection):-


https://www.youtube.com/watch?v=FlzVMA78qfI
https://www.youtube.com/watch?v=HPjjldsqcew

PLANE MIRROR (a) The incident ray, the reflected ray and
normal to the reflecting surface at the point of incidence, all lie in one plane and that plane

is perpendicular to the reflecting surface.
(b) The angle of incidence is equal to the angle of reflection.
So, ZLi=Zr

This signifies angle of incidence is equal to the angle of reflection.

e Refraction of light:-

Refraction is the phenomena by virtue of which a wave going from one medium to another

undergoes a change in velocity.

incident ray normal

m, V1

medium2

Rz, vz

refracted ray

Plane of refraction

(a) The sine of the angle between the incident ray and the normal bears a constant ratio to

the sine of the angle between refracted ray and the normal.

sini/sinr=v,/v, = 1p2 = constant

Here, v, and v, are the velocities of sound in first and second medium respectively.1p2 is
the refractive index of the second medium with respect to first.

(b) The incident ray, the refracted ray and the normal to the refracting surface lie in the

same plane.



e Interference:- The modification in the distribution of light energy obtained by the
superposition of two or more waves is called interference.

e Principle of superposition:- It states that a number of waves travelling, simultaneously,
in a medium behave independent of each other and the net displacement of the
particle, at any instant, is equal to the sum of the individual displacements due to all
the waves.

e Displacement equation:- y = R sin 21/A (vi+x/2)

e Amplitude:- R = 2a cos x/A

e Intensity:- | = K4a2 0032 (mx/\) I = KR2]

e Maxima:- A point having maximum intensity is called maxima.

X =2n (A2)

A point will be a maxima if the two waves reaching there have a path difference of even

multiple of A/2.

| oy = 4Ka2 =4 (Here,i= Ka2)

max
e Minima:- A point having minimum intensity is called a minima.

X = (2n+1) (A/2)

A point will be a minima if the two waves reaching there have a path difference of odd

multiple of A/2.

lhin = K. 4a2><0=0

min
e Condition for constructive interference:-

Path difference = (2n)A/2

Phase difference = (2n)mr

e Condition for destructive interference:-

Path difference = (2n+1)A/2

Phase difference = (2n+1)m

e Coherent Sources:- Coherent sources are the sources which either have no phase
difference or have a constant difference of phase between them.

e Conditions for interference:-

(a) The two sources should emit, continuously, waves of same wavelength or frequency.

(b) The amplitudes of the two waves should be either or nearly equal



(c) The two sources should be narrow.
(d) The sources should be close to each other.

(e) The two sources should be coherent one.
e Young’s double slit experiment:-
Path difference, x = yd/D

Maxima, y = nAD/d

Here, n=0,1,2,3....

Minima, y = (2n+1) AD/d

Here, n=0,1,2,3....

e Fringe Width:- It is the distance between two consecutive bright and dark fringes.

B =ADId

e Displacement of fringes due to the introduction of a thin transparent medium:-

(a) Shift for a particular order of fringes:-

y = (B/A) (p-1)t
(b) Shift across a particular point of observation:-

M = (mA/t) +1
e Lloyd’s single mirror:-

A= 2alD

e Power of lens:- P = 100/f
e Magnifying power or magnification of a simple microscope:- M= 1+(D/f)

e Magnifying power or magnification of a compound microscope:-

M= L/f, (1+DIf,)

Here, f, is the focal length of the objective, f, is the focal length of the eyepiece and L is

the length of the microscope tube.

e Magnification of astronomical telescope in normal adjustment:-

M = fyf,



e Magnification of astronomical telescope, when the final image is formed at the
distance of distinct vision:-

M = (fy/f,) [(f,+D)/D]
e Magnifying power M of Galileo’s telescope:-

M = focal length of objective/focal length of eye lens = F/f

e Diffraction:- Diffraction is the bending or spreading of waves that encounter an
object ( a barrier or an opening) in their path.

(a) In Fresnel class of diffraction, the source and/or screen

are at a finite distance from the aperture.

(b) In Fraunhofer class of diffraction, the source and screen are at infinite distance from

the diffracting aperture. Fraunhofer is a special case of Fresnel diffraction.

If I, represents the intensity at O, its value at P is

lg =1, (sinor/cx)2

Here, a = ?/2 = ma sinb/A

A minimum occurs when, sin a = 0 and a is not equal to zero.
SO a = N, n=1,2,3..

So, ma sinb/A = nr

Or, asin6 =nA
Angular width of central maxima of diffraction pattern = 26, = 2 sin-‘I (Ma)

[ 6, gives the angular position of first minima]

e Polarization: - Polarization of two interfering wave must be same state of polarization
or two source of light should be un polarized.

e Brewster Law:-



Rarar Madium

Denser medium
of refractive index m

? According to this law when un polarized
light is incident at polarizing angle (/) on an interface separating a rarer medium from a

denser medium, of refractive index m as shown in Fig., below such that,
M=tani

Then light reflected in the rarer medium is completely polarized. Reflected and refractive

rays are perpendicular to each other.

e Reduction in Intensity:- Intensity of polarized light is 50% of that of the un polarized
light, i.e.,

I, =1,/2
Here, I, = Intensity of polarized light.

I, = Intensity of un polarized light.
Assignment -

Question 1. Consider a light beam incident from air to a glass slab at

|

I 5
\ °d

£

A Polaroid is placed in the path of the emergent ray at point P and rotated

P
Brewster’s angle as shown in figure.

about an axis passing through the centre and perpendicular to the plane of the

polaroid.

(a) For a particular orientation, there shall be darkness as observed through

the polaroid.



(b) The intensity of light as seen through the polaroid shall be independent of

the rotation.

(c) The intensity of light as seen through the polaroid shall go minimum but

not zero for two orientations of the polaroid.

(d) The intensity of light as seen through the polaroid shall go minimum for

four orientations of the polaroid.

Question 2. Consider sunlight incident on a slit of width 104 A. The image

seen through the slit shall

(a) be a fine sharp slit white in colour at the centre

(b) a bright slit white at the centre diffusing to zero intensities at the edges
(c) a bright slit white at the centre diffusing to regions of different colours

(d) only be diffused slit white in colour.

Question 3. Consider a ray of light incident from air onto a slab of glass
(refractive index n) of width d, at an angle 6. The phase difference between

the ray reflected by the top surface of the glass and the bottom surface is

p \172
m 1—-— s_in2 )

amd(, 1. ,,\"
(a) ——lw—zﬁmzﬂ) +r (b) 2 U7 )

A\ n

(c)

1/2 ( e
] . (d) o] 1-——]2-sin29 + 27

dnd ( i
—_— 1-—zsm 6 5 T % 1

.;l. \ n

Question 4. In a Young's double-slit experiment, the source is white light. One

of the holes is covered by a red filter and another by a blue filter. In this case,
(a) there shall be alternate interference patterns of red and blue

(b) there shall be an interference pattern for red distinct from that for blue
(c) there shall be no interference fringes

(d) there shall be an interference pattern for red mixing with one for blue



Question 5. Figure shows a standard two slit arrangement with slits S1, S2, P1,

P2 are the two minima points on either side of P (figure).

-—Screen

Second
screen

At P2 on the screen, there is a hole and behind P2.is a second 2-slit

arrangement with slits S3, S4 and a second screen behind them.

(a) There would be no interference pattern on the second screen but it would
be lighted

(b) The second screen would be totally dark
(c) There would be a single bright point on the second screen

(d) There would be a regular two slit pattern on the second screen

Question 6. Two sources S1 and S2 of intensity 11 and 12 are placed in front of

a screen.

(a) The pattern of intensity distribution seen in the central portion is given by
Fig. (b).

In this case, which of the following statements are true?



.S:

¥

(2) ' ' (b)

In this case, which of the following statements are true?
(a) S, and S, have the same intensities
(b) S, and S, have a constant phase difference
(c) S; and S, have the same phase
(d) §,, and S, have the same wavelength

Question 7. Consider sunlight incident on a pinhole of width 103 A. The image

of the pinhole seen on a screen shall be
(a) a sharp white ring

(b) different from a geometrical image

(c) a diffused central spot, white in colour

(d) diffused coloured region around a sharp central white spot

Important links

https://www.youtube.com/watch?v=TxWKEiXpDY4
https://www.youtube.com/watch?v=mXcNyt5cPZM
https://www.youtube.com/watch?v=BaCvpKLayVA

CH - Atomic Physics

e e/m of an electron (Thomson Method):-

(a) e/m of a particle is called the specific charge of the particle.
e/m = v/rB

Here, r is the radius of curvature, B is the strength of magnetic field, v is the velocity, e is

the charge on cathode ray particle and m is the mass.

(b)v=E/B


https://www.youtube.com/watch?v=TxWKEiXpDY4
https://www.youtube.com/watch?v=mXcNyt5cPZM
https://www.youtube.com/watch?v=BaCvpKLayVA

e Electric field:- E = VV/d

e Photo electric effect:- Photo-electric effect is the phenomenon of emission of
electrons from the surfaces of certain substances, mainly metals, when light of shorter
wavelength is incident upon them.

e Effect of collector’s potential on photoelectric current:-
(a) Presence of current for zero value potential indicates that the electrons are ejected
from the surface of emitter with some energy.

(b) A gradual change in the number of electrons reaching the collector due to change in its

potential indicates that the electrons are ejected with a variety of velocities.

(c) Current is reduced to zero for some negative potential of collector indicating that there

is some upper limit to the energy of electrons emitted.
(d) Current depends upon the intensity of incident light.

(e) Stopping potential is independent of the intensity of light.

e Effect of intensity of light:- The photoelectric currentis directly proportional to
theintensity of incident radiation.

e Effect of frequency of light:-

(a) Stopping potentialdepends upon thefrequency of light. Greater the frequency of light
greater is the stopping potential.

(b) Saturation current is independent of frequency.

(c) Threshold frequency is the minimum frequency, that capable of producing photoelectric

effect.

e Laws of Photoelectricity:-

(a) Photoelectric effect is an instantaneous process.

(b) Photoelectric current is directly proportional to the intensity of incident light and is

independent of its frequency.

(c) The stopping potential and hence the maximum velocity of the electrons depends upon

the frequency of incident light and is independent of its frequency.

(d) The emission of electrons stops below a certain minimum frequency known as

threshold frequency.

e Energy contained in bundle or packet:-

E = hf = hc/A

Here h is the Planck’s constant and f is the frequency.



e Work function:- It is defined as the minimum energy required to pull an electron out
from the surface of metal. It is denoted by Wo.

e Einstein’s equation of photoelectric effect:-

(@) %2 mvmax? = hf — Wo

(b) %2 mvmax? = hf — hfo = h(f- fo) = h [c/A — c/Ao]
(c) eVo = hf-Wo

(d)Vo = [(h/e)f] — [Wole]

Here fo is threshold frequency.

e Threshold frequency (fo):- fo = work function/h = W/h

e Maximum kinetic energy of emitted photo electrons:-

?Kmax= Y2 mvmax? = eVo

e Threshold wavelength:- Ao = c/fo = hc/hfo = hc/W

e Slope of Vo~ v graph:- Slope= h/e

e Rest mass of photon =0, Charge =0

e Energy of photon:- E = hf = hc/A

e Momentum of photon:- p = E/c = h/A = hf/c

e Mass od photon:- m = E/c? = h/cA = hf/c?

e For electron, Ae = [12.27/\V]A

e For proton, Ap = [0.286/\V]A

e For alpha particle, Aa = [0.286/\V]A

e For particle at temperature T, A = h/A\3mKT (E = 3/2 KT)

e The wavelength of electron accelerated by potential difference of V volts is:-

Ae=[12.27\V]A
e Number of photons:-
(a) Number of photons per sec per m?, np = Intensity/hf

(b) Number of photons incident per second, np = Power/hf

(c) Number of electrons emitted per second = (efficiency per surface)x (number of photons

incident per second)

e Compton wave length:-

(a) Ac = h/moc



Here h is the Planck’s constant, mo is the rest mass of electron and c is the speed of light.
(b) Change in wavelength:- A" — A =Ac (1-cos?)

e de Broglie wavelength (A):-A = h/mv = h/\/(2mE) = h/A(2meV)

e In accordance to Bohr’s postulate of atomic structure, the angular momentum
of an electron is an integral multiple of h/21r.

So, mvr = nh/21

e Bragg’s diffraction law:- 2dsin6 = nA

Here A is the wavelength of electron and d is distance between the planes.

o Rutherford’s atomic model (a-particle scattering):-

(a) N(B) o< cosec*(6/2)

(b) Impact parameter, b = [(Ze?) (cot 8/2)]/[(4TT€0)E]
Here, E = %2 mv? = KE of thea particle.

(c) Distance of closest approach, ro = 2Ze?/(41re0)E

Here E = %2 mv? = KE of the a particle.

e Bohr’s atomic model:-

(a) The central part of the atom called nucleus, contains whole of positive charge and
almost whole of the mass of atom. Electrons revolve round the nucleus in fixed circular

orbits.

(b) Electrons are capable of revolving only in certain fixed orbits, called stationary orbits or

permitted orbits. In such orbits they do not radiate any energy.

(c) While revolving permitted orbit an electron possesses angular momentum L (= mvr)

which is an integral multiple of h/21r.
L=mvr =n (h/21T)
Here n is an integer and h is the Planck’s constant.

(d) Electrons are capable of changing the orbits. On absorbing energy they move to a
higher orbit while emission of energy takes place when electrons move to a lower orbit. If

fis the frequency of radiant energy,
hf= W2-W1

Here W2 is the energy of electron in lower orbit and W1 is the energy of electron in higher

orbit.



(e) All the laws of mechanics can be applied to electron revolving in a stable orbit while

they are not applicable to an electron in transition.

e Bohr’s Theory of Atom:-

(a) Orbital velocity of electron:- va= 21mkZe?/nh

For a particular orbit (n= constant), orbital velocity of electron varies directly as the atomic

number of the substance.
vneceZ

(b) For a particular element (Z= constant), orbital velocity of the electron varies inversely

as the order of the orbit.

vnoe1/n

(c) v = nh/2tTmr

e Relation between vn and v1:-vn = vi/n
e Radius of electron:-

?r= nh?/4m’kmZe?

So, rocn?

For, C.G.S system (k = 1), r = n?h?/41m’mZe?
S.I (k = 1/41r€0), r =(€0/1T) (n*h%/mZe?)

e Kinetic energy of the electron:- It is the energy possessed by the electron by virtue
of its motion in the orbit.

K.E = %2 mv? = Y% k (Ze?r)

e Potential energy:- It is the energypossessed by the electronby virtue of its position
near the nucleus.

P.E = & (Ze?r)

e Total energy:-

W=KE +P.E
=- Y k (Ze?r) = -k? 2m?Z?me*/n?h?
For, C.G.S (k = 1), W = - [2m2Z?2me*/n?h?]
For, S.I. ( k = 1/41€0), W = - (1/8€0?) [Z?me*/n*h?]

Since, Wee 1/n?, a higher orbit electron possesses a lesser negative energy (greater

energy) than that of a lower orbit electron.



e Frequency, wavelength and wave number of radiation:-

Frequency, f = k?[2112Z°me*/h®] [1/n1% — 1/n2?]

Wave number of radiation,

Here R is the Rydberg’s constant and its value is,
R= k? [21m2Z?me*/ch?]

e Bohr’s theory of hydrogen atom (Z=1):-

(a) Radius of orbit:-

r=nh*/4m?me? (C.G.S)

r= (€o/1r) (n*h%/me?) (S.I)

(b) Energy of electron:-

W= 21?me*/nh? (C.G.S)

W =(1/8g0)[me*/n?h?]

(c) Frequency, wavelength and wave number of radiation:-
C.G.S:-k =1 and Z=1

Frequency= f=2m’me*/h3 [1/n12 - 1/n2?]

Wave number = 1/A = 2m?me*/ch? [1/n12— 1/n2?]
S.I:- k =1/41eo0 and Z=1

Frequency= f = (1/8g0) (me*/h3)[1/n12— 1/n2?]

Wave number = 1/A = (1/8¢0?) (me*/ch?)[1/n12— 1/n2?]

e Rydberg’s constant:-

R=k? =21?z> me*/ch?

For hydrogen atom, Z = 1, R = RH = k? (22 me*/ch?).
For C.G.S system (k=1), RH = 22 me*/ch®

For S.I system (k=1/471r€0), RH = (1/8€0?) (me*/ch?)

Wave number, 1/A = RH [1/n12— 1/n2?]

e Hydrogen Spectrum:-



(a) For Lyman series:- 1/A =R [1-1/n?], n = 2,3,4.....

(b) For Balmer series:- 1/A = R [1/22—1/n?],n =3,4,5.....»
(c) For Paschen series:-1/A = R [1/32—1/n?], n =4,5,6.....©
(d) For Brackett series:-1/A = R [1/4?—1/n?], n =5,6,7.....«

(e) P-fund series:-1/A = R [1/5?— 1/n?], n =6,7,8.....

e Series limits (*min):-

(a) Lyman:- Amin = 912 A
(b) Balmer:-Amin = 3645 A

(c) Paschen:- Amin = 8201 A

e Energy levels of hydrogen atom:-

W = -k?21r°me*/n?h?

For, n=1, W1 =-13.6 eV

For the first excited state, n=2, W2 =W1/4 = (-13.6/4) eV =-3.4 eV

For the second excited state, n=3, W3 =W1/9 = (-13.6/9) eV =-1.51 eV

Similarly, for other excited states, W4 = -0.85 eV and W5 = -0.54 eV

e Number of emission lines from excited state:-n = n(n-1)/2
e lonization energy:-

- E1=+(13.62%)eV

(a) For H-atom, I.LE = 13.6 eV

(b) For He* ion, I.E = 54.4 eV

(c) For Li**ion, LE = 122.4 eV

e lonization potential:-

(a) For H-atom, |.P = 13.6 eV

(b) For He* ion, I.P = 54.42 eV

Assignment -

Question 1. Taking the Bohr radius as ao= 53 pm, the radius of Li++ion in its

ground state, on the basis of Bohr's model, will be about



(@) 53 pm (b) 27 pm (c) 18 pm (d) 13 pm

Question 2. The binding energy of a H-atom, considering an electron moving

around a fixed nuclei (proton), is

4
me

B=- 82 ﬁz {m = Proton mass)
nE ;

If one decides to work in a frame of reference where the electron is at rest, the

proton would be moving around it. By similar arguments, the binding energy
would be ,

4
B=- é%i? (M = proton mass)

This last expression is not correct, because
(a) n would not be integral
(b) Bohr-quantisation applies for only two electrons
(c) the frame in which the electron at rest is not inertial
(d) the motion of the proton would not be in circular ﬂrblts even

approximately.

Question 3. The simple Bohr model cannot be directly applied to calculate the

energy levels of an atom with man electrons. This is because
(a) of the electrons not being subject to a central force

(b) of the electrons colliding with each other

(c) of screening effects

(d) the force between the nucleus and an electron will no longer be given by

Coulomb’s law

Question 4. For the ground state, the electron in the H-atom has an angular
.momentum = h, according to the simple Bohr model. Angular momentum is a
vector and hence there will be infinitely many orbits with the vector pointing

in all possible directions. In actuality, this is not true,
(a) because Bohr model gives incorrect values of angular momentum
(b) because only one of these Would Have a minimum energy

(c) angular momentum must be in the direction of spin of electron



(d) because electrons go around only in horizontal orbits

Question 5. 02 molecule consists of two oxygen atoms. In the molecule,

nuclear force between the nuclei of the two atoms

(a) is not important because nuclear forces are short-ranged

(b) is as important as electrostatic force for binding the two atoms
(c) cancels the repulsive electrostatic force between the nuclei

(d) is not important because oxygen nucleus have equal number of neutrons

and protons

Question 6. Two H atoms in the ground state collide inelastically. The

maximum amount by which their combined kinetic energy is reduced is
(a) 10.20 eV (b) 20.40eV (c) 13.6 eV
Important links

https://www.youtube.com/watch?v=hvBVz0R1aGk

https://www.youtube.com/watch?v=PiUJXapv-w0

https://www.youtube.com/watch?v=pDg5vRO6eJE

CH - Nuclear Physics

e Nuclear Physics:- Branch of physics dealing with the study of nucleus is called
nuclear Physics.

e Constituents of nucleus (Nucleons) :-

(a) Protons:-
Mass of proton, mp = 1.6726x10%" kg
Charge of proton = 1.602x10'° C

(b) Neutron:-


https://www.youtube.com/watch?v=hvBVz0R1aGk
https://www.youtube.com/watch?v=PiUJXapv-w0
https://www.youtube.com/watch?v=pDq5vRO6eJE

Mass of neutron, mn = 1.6749x10%" kg
(c) 1 atomic mass unit (1 amu) = 1.66x10%" kg

(d)1amu=1u=931.5MeV

e Properties of nucleus:-

(a) Charge on nucleus = 1.602x10"°® Z coulomb

(b) Size of nucleus:-

The radius r of the nucleus depends upon the atomic mass A of the element.
r =RoA"

Here Ro = 1.2x10"%cm (1 Fermi =10"3cm)

Volume of the nucleus:-

V =4/3 1ir® = 4/3  (RoA™?)3

(c) Density of nucleus:-

Density of nucleus = mass/volume = A/(4/3 TTR0%A) = [3/(41TTR0%)]

e Isotopes:- Nuclei having same atomic number Z but different mass number A are
called isotopes.

e Isobars:- Nuclei having same mass number A but different atomic number Z are
called isobars.

e Isotones:- Nuclei having the same number of neutrons (N) but different atomic
number (Z) are called isotones.

e Nature of nuclear force:-

(a) Nuclear forces are attractive in nature.

(b) Nuclear forces are charge independent.

(c) These are short range forces.

(d) Nuclear forces decrease very quickly with distance between two nucleons.

(e) Nuclear forces are spin dependent.

e Mas defect:- If the mass of the nucleus Hz* is M, then the mass defect,
AM = [Zmp + (A-Z)mn — M]?

Here, mp and mn are the masses of the proton and neutron respectively.

e Binding Energy:-

Binding Energy = (AM) ¢2 = [Zmp + (A-Z)mn — M] ¢



If we use atomic mass instead of nuclear masses, then,
Binding Energy, B = [ZmH + (A-Z)mn — Mat] c¢?

Here Mat is the mass of the atom and mH is the mass of the hydrogen atom.

e Binding energy per nucleon:-

B/A = [Zmp + (A-Z)mn — M] c2 /A
If we use atomic mass instead of nuclear masses, then,
B/A = [ZmH + (A-Z)mn — Mat] ¢?/A

e Radioactivity:- The phenomenon by virtue of which substance, spontaneously,
disintegrate by emitting certain radiations is called radioactivity.

e Radioactive radiations:-

?

(a) & —rays:- X3 (mc:ther nucIeus] Y [daughter nucieus] +Hel [a: - particle]
(b) B —rays:- X3 [mnthea‘ nu::lrasus] - Yo (dau ghter nucleus] +& [ra diaticm]

(c) y—rays - X' (muthea‘ nucleus] - Y, [daughter nucleus ] + hf (jr— ra}')

e Alpha decay:- It is the process in which a parent nucleus decays into the daughter
nucleus by ejecting an alpha particle.

P} 5> DY +He) +Q,

?
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e Beta decay:- It is the process in which a parent nucleus decays into the daughter
nucleus by ejecting an electron.

Py »>D;,+€,+V+Q;

» Here ¥ is the anti-neutronand Qp is the beta disintegration energy.
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e Gama decay:- Sometimes the daughter nucleus is left in the excited state. It decays
in to any other lower state or ground state by emitting y-rays.

, Xz =Xz +hf

Gamma Decay

e Laws of radioactivity:-

(a) Radioactivity is due to the disintegration of a nucleus.

(b) Rate of disintegration is not affected by the external conditions like temperature and

pressure etc.
(c) Law of conservation of charge holds good in radioactivity.

(d) The disintegration is accompanied by the emission of energy in terms of a, # and

y-rays either single or all at a time.

Emission of a- particle results in a decrease in its atomic number by 2 and a decrease in

its atomic weight by 4.

Emission of - particle results in an increase in its atomic number by 1 while its atomic

weight remains unaffected.

Emission of y- rays results neither in a change of atomic number nor in a change of atomic

weight.

(e) Each of the product disintegration is a new element having physical and chemical

properties different from those of the parent atom.

(f) Rate of disintegration of the radioactive substance, at any instant, is directly

proportional to the number of atoms present at that instant.

N = Noe™



If, t = 1/A, then, N = No/e

Therefore, radioactive decay constant is defined as the reciprocal of time in which the

number of atoms of radioactive sample is reduced to No/e.

e Half-life (T1/2):- Half-life of a radioactive substance is defined as the time during
which the number of atoms of the substance are reduced to half their original value.

T1/2 = 0.693/A

Thus, half-life of a radioactive substance is inversely proportional to its radioactive decay

constant.

e Average life (Tav):- Arithmetic mean of the lives of all the atoms is known as mean
life or average life of the radioactive substance.

Tav = sum of lives of all atoms / total number of atoms

Average life of a radioactive substance is equal to the reciprocal of its radioactive decay

constant.

e Relation between T1/2 and Tav:-
T1/2 = 0.693% Tav

Half-life = 0.693xaverage life

e Units of radioactivity:-

(a) Curie (Ci):- Radioactivity of a substance is said to be one curie if its atoms disintegrate

at the rate of 3.7x10'° disintegrations per second.

(b) Rutherford (rd):- Radioactivity of a substance is said to be 1 Rutherford if its atoms

disintegrate at the rate of 10° disintegrations per second.
e Relation between Curie and Rutherford:-
1C =3.7x10*rd

e Nuclear fission:- Nuclear fission is the process by which a nucleus breaks up in
such a way that the two products obtained are of comparable sizes.

Fission of U922% by fast moving neutrons is represented as,
m+UZ — Ball' + Kl +N; +Q

Value of Q in this reaction is 200.4443 MeV.
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e Chain reaction:-The above quoted fission reaction proceeding in an uncontrolled
manner is known as chain reaction and forms the basis of atom bomb. Following
conditions must be met with, for the chain reaction to proceed.

(a) The fissionable material should be larger than a certain minimum size.

(b) The material should be highly pure.

e Nuclear reaction:- Fission reaction of U92?**can be made to proceed in a controlled
manner by slowing down the three emitted neutrons. This is achieved by passing
them through moderators. Heavy water and carbon rods can be used as moderators.

A device in which the fission proceeds in a controlled manner is called a nuclear
reaction.

e Nuclear fusion:- A fusion reaction is one in which two lighter nuclei get fused
together to form a heavy nucleus. It is a highly exothermic reaction and produces
energy, on a scale, much higher than that produced in fission.

Fusion of four protons to produce He; is the fusionreaction whichis responsible for

production of energy in sun.
H; +H, +H +H, »>He] +2¢’ +Q

Tritium

e Radioactive equilibrium:- NAAA = NBAB

e Decay constant for two channels:-

(a) A= M+ A2

(b) T=T1T2/T14T2



e Gamma intensity absorption:-

| = loe " Hx

e Laws governing nuclear reaction:-

(a) Law of conservation of charge
(b) Law of conservation of number of nucleons

(c) Law of conservation of energy.

e Classification of nuclear reaction:- Nuclear reaction can be classified into following
categories.

(a) Elastic scattering
(b) Inelastic scattering
(c) Simple capture

(d) Disintegration

e Q-value of nuclear reaction:-

Q= {(mi+mt) — (mp+mo)} c?

o Radioisotope:- An isotope, obtained in process of artificial transmutation, which
exhibits radioactivity is called a radio-isotope. It can be put to following uses:

(a) Tracer
(b) In medicine
(c) In industry

Assignment

Question 1. Suppose we consider a large number of containers each
containing initially 10000 atoms of a radioactive material with a half life of 1

year. After 1 year,
(a) all the containers will have 5000 atoms of the material

(b) all the containers will contain the same number of atoms of the material

but that number will only be approximately 5000

(c) the containers will in general have different numbers of the atoms of the

material but their average will be close to 5000



(d) none of the containers can have more than 5000 atoms

Question 2. The gravitational force between a H-atom and another particle of

mass m will

M- -m

r

be given by Newton’s law F =G ﬁhcrr: r is in km and

(a) M= Mocson ™ Melecton
"B
(b) M= M orotan + Mejeciron — S (B= 13.6 Cv]
c

, (c) Mis not related to the mass of the hydrogen atom.
: | (|V| = magnitude of the potential energy
(d). M= Myroion + Meioaron = e of electron in the H-atom

Question 3. When a nucleus in an atom undergoes a radioactive decay, the

electronic energy levels of the atom

(a) do not change for any type of radioactivity

(b) change for a and B-radioactivity but not for y-radioactivity
(c) change for a -radioactivity but not for others

(d) change for B-radioactivity but not for others

Question 4. Mx and My denote the atomic masses of the parent and the
daughter nuclei respectively in a radioactive decay. The Q-value for a -
decay is Q1 and that for a B+decay is Q2. If me denotes the mass of an

electron, then which of the following statements is correct?

@ @ = {M-M}czandgz (M, ~ M, 2m,] c*

(b) O, =(M,~ M)’ and Q,= (M, - M}c

(© O,=(M,-M,— Em}czandQZ {M -M,+2c,) ¢
(d) O, =M, - M+2muandgz-(m m,+2m.)c

Question 5. Tritium is an isotope of hydrogen whose nucleus triton contains 2
neutrons and 1 proton. Free neutrons decay into p + e + n.. If one of the
neutrons in Triton decays, it would transform into He3s nucleus. This does not

happen. This is because

(a) Triton energy is less than that of a He3 nucleus



(b) The electron created in the beta decay process cannot remain in the

nucleus

(c) Both the neutrons in triton have to decay simultaneously resulting in a

nucleus with 3 protons, which is not a Hes nucleus.

(d) Free neutrons decay due to external perturbations which is absent in triton

nucleus .

Question 6. Heavy stable nuclei have more neutrons than protons. This is

because of the fact that .

(a) neutrons are heavier than protons

(b) electrostatic foree between protons are repulsive
(c) neutrons decay into protons through beta decay

(d) nuclear forces between neutrons are weaker than that between protons

Important links

https://www.youtube.com/watch?v=2xA_Nc4qyc8

https://www.youtube.com/watch?v=SFLSnTEaAzk

https://www.youtube.com/watch?v=r40h66giF5I

CH - Electronic Device

e Thermoionic emission:- Thermionic emission is the phenomenon in which electrons
are emitted by a metal contains free electrons which behave like the molecules of a
perfect gas.

e Richardson Equation:-

| = AT2gb/T

Here | is the thermionic current density in amp per sq meter. T is the temperature on kelvin

scale, A and b being constants.

A = nevk/2Tm, b = e?/k


https://www.youtube.com/watch?v=2xA_Nc4qyc8
https://www.youtube.com/watch?v=SFLSnTEaAzk
https://www.youtube.com/watch?v=r40h66qiF5I

Hot filament
electrons
Here, n is the number of electrons per unit volume,

e is the charge on electron, m is the mass of electron, k is the Boltzmann’s constant and ?

is the potential barrier of the metal.
e There are three types of energy bands in a solid viz.
(a)Valence energy band

(b)Conduction energy band

(c)Forbidden energy gap.

Valance Energy Forbidden Energy Conduction Energy
Band
Band Band
In this band there are No electrons are found in | In this band the electrons
valence electrons. this band are rarely found

This band may be partially = This band is completely This band is either empty

or completely filled with empty. or partially filled with
electrons. electrons.

In this band the electrons In this band the electrons
are not capable of gaining can gain energy from
energy from external electric field.

electric field.



The electrons in this band
do not contribute to

electric current.

In this band there are
electrons of outermost
orbit of atom which
contribute in band

formation.

This is the band of
maximum energy in which
the electrons are always

present.

This band can never be

empty.

e Energy gap or Band gap (Eg):-

Conduction
band

Forbidden
Energy gap

Valence
band

Electrons in this band
contribute in this band
contribute to electric

current.

In this band there are
electrons which are
obtained on breaking the

covalent bands.

This is the band of
minimum energy which is

empty.

This band can be empty.

C.B.

V. B.

(a) The minimum energy which is necessary for shifting electrons from valence band to

conduction band is defined as band gap (Eg)

(b) The forbidden energy gap between the valence band and the conduction band is

known as band gap (Eg). i.e. Eg = Ec — Ev

(c) As there are energy levels f electrons in an atom, similarly there are three specific

energy bands for the electrons in the crystal formed by these atoms as shown in the

figure,



Conduction band

Forbidden band

Walance band

v

(d) Completely filled energy bands: The energy band, in which maximum possible

numbers of electrons are present according to capacity is known as completely filled bank.

(e) Partially filled energy bands: The energy band, in which number of electrons present is

less than the capacity of the band, is known as partially filled energy band.

(f) Electric conduction is possible only in those solids which have empty energy band or

partially filled energy band.

e Various types of solids:-

On the basis of band structure of crystals, solids are divided in three categories.
(a) Insulators

(b) Semi-conductors

(c) Conductors.

e Difference between Conductors, Semi-conductors and Insulators:-

S.No. Property Conductors Semi-conductors Insulators
1. Electrical conductivity Very high Between those of Negligible
and its value conductors and 10-"®* mho/m
107" mho/m insulators

i.e. 1077 mho/m to

10-"® mho/m
2. Resistivity and its value = Negligible Less than Between those of Very high
10° W-m conductors and more than
insulators i.e. 10-° 105 W-m

W-m to 10° W-m



Band structure

Energy gap and its

value

Current carriers and

current flow

Number of current
carriers (electrons or
holes) at ordinary

temperature

Condition of valence
band and conduction
band at ordinary

temperature

C. B.
e =0 o B.
% AEzis less
o _
(a) | V. B.
Completely
No C.B. filled valances
over- band
lappina [ _ _ V-B-
" Completely fi
valence band
Zero or very small More that in

con-ductors but
less than that in
insu-lators e.g. in
Ge, ?Eg =0.72 eV
is Si, ?Eg =1.1 eV
in Ga As ?Eg =1.3
eV

Due to free electrons Due to free

and very high electrons and
holes more than

that in insulators

Very high very low

The valence and Valence band in

conduction bands are = somewhat empty
completely filled or and conduction
conduction band is band is somewhat
some what empty filled

(e.g.in Na)

Completel:

UNoccupiet
| & B
t

AE; is maxim

V. B.
Completel

filled valenc
band

Very large
e.g.in
diamond ?Eg
=7¢eV

Due to free
electrons but

negligible.

negligible

Valence
band is
completely
filled and
conduction
band is
completely

empty.



10.

11.

12.

13.

14.

Behaviour at 0 K Behaves like a Behaves like an
superconductor. insulator
Temperature coefficient Positive Negative

of resistance (a)

Effects of temperature Conductivity Conductivity
on conductivity decreases increases
On increasing Decreases Increases

temperature the number

of current carriers

On mixing impurities Increases Decreases

their resistance

Current flow in these Easily Very slow
takes place
Examples Cu, Ag, Au, Na, Pt, | Ge, Si, Ga, As etc.
Hg etc.

e The number of electrons or cotters is given by

n; = p; — AT32e~Fal2KT

i.e. on increasing temperature, the number of current carriers increases.
e The semiconductors are of two types.

(a) Intrinsic or pure semiconductors

(b) Extrinsic or dopes semiconductors

e Difference between Intrinsic and Extrinsic semiconductors:-

Behaves like

an insulator

Negative

Conductivity

increases

Increases

Remains

unchanged

Does not

take place

Wood,
plastic, mica,
diamond,

glass etc.



S.No.

Intrinsic semiconductors

Pure Ge or Si is known as intrinsic

semiconductor

Their conductivity is low (because only one

electron in 10° contribute)

The number of free electrons (ni) in
conduction band is equal to the number of

holes (pi) in valence band.

These are not practically used

In these the energy gap is very small

In these the Fermi energy level lies in the

middle of valence band and conduction

Child’s law:-

lp = K\p*?, K is the proportionality constant.

Work function:-

Extrinsic semiconductors

The semiconductor, resulting from
mixing impurity in it, is known as

extrinsic semiconductors.

Their conductivity is high

In this case ni is not equal to pi

These are practically used

In these the energy gap is more than

that in pure semiconductors.

In these the Fermi level shifts towards

valence or conduction energy bands.

Work function of a metal is the amount of energy required to pull an electron from the

surface of metal to a distant position.

Diode:-

It is a vacuum tube containing two electrodes, an emitter and a collector.

Diode as a rectifier:-

Rectification is the process of converting the alternating current into a unidirectional

current.



Rectification can be done by making use of a diode. A diode affecting rectification is said

to be acting as a rectifier.

e Diode Resistance:-

(a) Static plate resistance:- (i) Rp = Vpllp (i) Rp o< (Vp) "2 (iii) Rp o< (lp) '3

(b) Dynamic plate resistance:- (i) rp = (AVp/Alp) (ii) rooc Vo2 (iii) rpoc lp'2
o Half-wave rectifier:- It is the type of rectification in which only one half of the input
a.c. is translated into the output.

e Full-wave rectifier:- A rectifier in which current flows through the load for both the
halves of input a.c. is called half-wave rectifier.

e Triode:- It is a vacuum tube containing three elements namely plate, filament and
grid.

e Triode constants:-

(a) Plate resistance (rp):- It is defined as the ratio between changes in plate potential

keeping grid potential constant to the corresponding change in plate current.

AV,
"=\ Al
PsV,=constant

(b) Mutual Inductance (gm):- (Trans-conductance):- It is defined as the ratio between
change in plate current to the change in grid potential keeping plate potential constant

required to bring about that change in current.

(a%)
Om = AT
-"—‘th ]r'r_,:con.stmtt

(c) Amplification factor (u):- it is defined as the ratio between change in plate potential

keeping grid potential constant to the change in grid potential keeping plate potential

constant, in order to bring about same change in plate current.

(iﬂi«'}; )
H=1\ 5
d“vﬂ I, =constant

(d) Relation between y, rp and gm:-

H="1p X gm
(e) rp o<lp™®

(f) gmoe fp'



e Triode as an amplifier:- Process of increasing the amplitude of the input signal is
called ampilification. A triode affecting an increase in the amplitude of a signal is said
to be acting as an amplifier.

Voltage gain:- It is the ratio between the output voltage (voltage across the load
resistance RL) to the signal voltage.
Voltage gain = Vo/eg = uRL/RL+rp = p/[1+(rp/RL)]

This indicates that the voltage gain depend upon the load resistance. For RL=«, voltage

gain is equal to the amplification factor.
(a) Ip = (UVg/RL+rp)

(b) A =pRL/RL+rp

(c) Amax =

(d) u=A[1+(ro/RL)]

(e)A=p/2 ifRL=T1p

e Cut off voltage:-

Vg = -(Vp/p)

e Plate current equation:-

Ip = K[Vg+(Vp/u)*?

e Triode as an oscillator:- A triode producing high frequency oscillating waves, of
constant amplitude, is said to be acting as an oscillator.

Frequency of oscillation waves (f):- f= 1/2m/LC
Here L is the inductance and C is the capacitance.
e Majority charge carrier:-

(a) For N-type semiconductor:- electron

(b) For P-type semiconductor:- hole

e Electrical conductivity of semiconductors:-

Intrinsic semiconductors:-
(a) o = e(nepe + nhph)

Here, ne is the electron density, nh is the hole density, He is the electric mobilities and Hh

is the hole mobilities.



() T = goe Fa 2K T

Extrinsic semiconductor:-
(a) n-type:- 0 = enepe
(b) p-type:- 0 = ennpun

e Transistor:-

COLLECTOR

BASE

EMITTER

(a) Ie =Ic+lB (IB << IE, IB<<IC)
(b) Current gains:-
a = Ic/lg, aac = Alc/Ale
B = Ic/lB, Bac = Alc/AlB

(c) Relation between a and :-

a=B/[1+p]
or

B =a/[1-q]

Assignment -

Question 1. The conductivity of a semiconductor increases with increase in

temperature, because

(a) number density of free current carries increases

(b) relaxation time increases

(c) both number density of carries and relaxation time increase

(d) number density of carries increases, relaxation time decreases but effect

of decrease in relaxation time is much less than increase in number density .

Question 2.



In figure given alongside, ¥, is the potential 'f s

barrier across a p-n junction, when no battery 2
is connected across the junction. Vo
(2) 1and 3 both correspond to forward bias L
of junction

(b) 3 corresponds to forward bias of junction and 1 corresponds to reverse
bias of junction '

(c) 1 corresponds to forward bias and 3 corresponds to reverse bias of
junction

(d) 3 and | both correspond.to reverse bias of junctiém

Question 3. In figure given on next page, assuming the diodes to be ideal

(a) D1 is forward biased and D2 is reverse biased and hence current flows

fromAtoB

(b) D2 is forward biased and D1 is reverse biased and hence no current flows

from B to A and vice-versa
(c) D1 and D2 are both forward biased and hence current flows from A to B

(d) D1 and D2 are both reverse biased and hence no current flows from A to B

and vice-versa
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Question 4. A 220 V AC supply is connected between points A and B (figure).

What will be the potential difference V across the capacitor?

[ ]
s
Vi

(a) 220V (b) 110V (¢) OV (d) 22042 v



Question 5. Hole is

(a) an anti-particle of electron

(b) a vacancy created when an electron leaves a covalent bond
(c) absence of free electrons

(d) an artificially created particle

Question 6. The output of the given circuit in figure is given below.

Vi SIN N

(a) would be zero at all times
(b) would be like a half wave rectifier with positive cycles in output
(c) would be like a half wave rectifier with negative cycles in output

(d) would be like that of a full wave rectifier

Important links
https://www.youtube.com/watch?v=n-CYKFZKxX8
https://www.youtube.com/watch?v=hccEUqoviH8
https://www.youtube.com/watch?v=ePEV|PnC2UE



https://www.youtube.com/watch?v=n-CYKFZKxX8
https://www.youtube.com/watch?v=hccEUqoviH8
https://www.youtube.com/watch?v=ePEVjPnC2UE

