I PUC PHYSICS PASSING PACKAGE (FIVE MARKS QUESTIONS)
39.CHAPTER_1: ELECTRIC CHARGES AND FIELDS

1. Derive the expression for Electric Field at a point on the axial line of an electric dipole.
Consider an electric dipole of dipole moment p = 2agq.
Let P be a point on the axial line of the electric dipole at a distance r from the centre of a
dipole.
The magnitude of electric field at P, due to charges +q and -q of dipole is given by

1 gq — gm
E+q = 2 E+q E_q P
Amey (r — a) =~ <c?1> —————— 4—-----_~é)
1 q r

1 4mey (r + a)?
Since E, 4 and E_ are in opposite direction, therefore net electric field at P is

E=E.,—E,

1 q 1 q
CAmey (r—a)?  4me, (r + a)?

1 q q
E= 4re, [(r —a)? (r+ a)z]
. q 4ar
E= 4re, [(r —a)2(r + a)z]

. 1 [ 2pr ]
 4mey | (12 — a?)?

Forr > aq,
1 2
F=—1:F
Amrey 13
2. Derive the expression for Electric Field at a point on the equatorial line of an electric
dipole.
Consider an electric dipole of dipole moment p = 2agq. E,
Let P be a point on the equatorial line of the electric dipole
at a distance r from the centre of a dipole. 9 X
The magnitude of electric field at P, due to charges +q B >E
and -q of dipole is given by
£ - 1 q Z o
T4 Amey (12 + a?) VRN
1 q LI
E_,= ST =
-q 2 2 q P q
dtey (1 + a?) « = N
Here E,, = E_; in magnitude /
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Il PUC PHYSICS PASSING PACKAGE (FIVE MARKS QUESTIONS)
1 q

E.,=E_,=
4 1 4me, (r? + a?)

The components of fields E,; and E_g, normal to the dipole axis are equal and opposite

and hence they get cancel. The field components along the dipole axis are get add up.
Therefore, the net electric field at P is, E = E,qcos6 + E_;cos6
E = 2E,,cos6

1 q a
E=2
dmey (r? + a®) [(r2 + a2)

_ 1 P
- 4mey (12 + q2)°2

Forr > a,
__1p
 4me, r3
3. State Gauss’s law in electrostatics. Obtain an expression for electric field due to

uniformly charged long straight wire using Gauss’s law.
Statement: “The total electric flux through a closed -

: : 1.
surface in free space is equal to — times the net charge
0

enclosed by the surface.
Consider a long straight wire with uniform linear PE
charge density A. Let P be a point at a distance r from E |
the wire. Consider an imaginary cylinder of length ¢ i
and radius r. i
Total electric flux through Gaussian cylinder is

¢ = f Edscos6

el ]
|
|

&++++ A+

¢ = Ejds =EQnrl) ..........(1)

From Gauss’s law,
Q Al

€ €0
From (1) and (2)

Al
E(2rnrl) = -
0

A
C2mEyr
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1l PUC PHYSICS PASSING PACKAGE (FIVE MARKS QUESTIONS)
4. Obtain an expression for electric field due to a uniformly charged infinite plane sheet.
Consider an infinite thin plane sheet of surface charge density o
Imagine a Gaussian cylinder of cross-sectional area A.

Total electric flux through the cylinder is: /
¢ = ¢1 + ¢2 + ¢3 " +
But, .. :
.
$1=¢, =EA . N i & -
And 2 2 — 1+ > 2
$3 =0 {_(_{-: : A @—)—)
Therefore, T =L
¢ =FEA+EA+0=2EA...... (D i + I
From Gauss’s law, Jr:/Jr
i

A
p=2-%2 @

€ €0
From (1) and (2)

o

2 €
5. State Gauss’s law in electrostatics. Derive expression for electric field due to a uniformly
charged thin spherical shell at a point outside the shell.
Statement: “The total electric flux through a closed surface in free space is equal to Ei times the net charge
0

E =

enclosed by the surface.
Consider a spherical shell of radius R with a charge g. Pis a point at distance rfrom
O. Imagine Gaussian sphere with centre Oand radius r:

. . G i f:
Total electric flux through the Gaussian surface N i

1S Surface charge ..~~~ "7~ Y
densityc .~ P
¢ = f Edscos0 4
¢ =E j ds = E(4mr?) ... ... (1)
Q l}"
= — e 2
< (2) e
From (1) and (2)
E(4nr?) = °Q
€o
— 1 Q Surface charge G&‘fffsgggl
AT €y 12 density o
Electric field on the surface,
__1 @
4w €, R?

Electric field inside the sphere, E =0
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I1 PUC PHYSICS PASSING PACKAGE (FIVE MARKS QUESTIONS)
40.CHAPTER_3: CURRENT ELECTRICITY

1. Derive the expression for conductivity of a conductor.  (OR)
2
Derive 0 = % where symbols have usual meanings.

Consider a conductor carrying steady current.
Let, Ax - length of a element of a conductor
A - uniform cross sectional area of conductor

n - number density of free electrons in the conductor.

I
s
T

v

Total number of free electrons in the element is,
N = (Charge density)(volume ) = n(A4x)
Magnitude of charge due to these electrons is,
Aq = (ndAx)e ... ... ... (D)
If At is the time taken by this charge to pass through the element of conductor, then

current through the conductor is,
Agq nAAxe (Ax>
= = nde

At At At
But i—f = v, the drift velocity (magnitude) of conduction electrons
I = nedAvy, ... ... (2)
Magnitude of drift velocity is,
_ ekt
Vg = 4
eEt
[ =neA (—)
m
I JEt
A~ "
_ ne’Er 3
= 3
We know that,
] =0E ... .. (4)
From equation (3) and (4) we get
ne?t
o=
m
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2. Derive the expressions for equivalent emf and equivalent internal resistance of parallel

combination of two cells.

Consider two sources of emf (cells) connected in parallel as shown in figure.

Let, €; and €, - emf of two cells and r;and r;, - Internal resistance of two cells
I, and I, - Currents through the branches of cells €; and €, respectively

[ = Net current in the branch AB,

The total current due to this combination of cells is

similarly,

M

I=L+I...... (D
e.—-V
11: !
r
e,—V
12: 2
L4
e.—V e€,-V
(D) ==+
1 T2
ENSED 1 1
__|__—V(—+—) ......... (2)
Tl 7‘2 rl 7'2

If the combination of cells is replaced by an equivalent cell of emf €., and internal
resistance 7., then terminal potential difference of that cell is,

From equation (2) and (3),

and

NAYAZ AHAMED
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Il PUC PHYSICS PASSING PACKAGE (FIVE MARKS QUESTIONS)
3. Deduce the balancing condition for Wheat stone’s network using Kirchhoff’s rules.

The figure shows a Wheatstone bridge consisting of four resistances P, Q, R and S.

If the current through the galvanometer is zero then the network is said to be balanced.

I,
\’L- Q

I3 g,

1 s

B

At balanced state of network i.e.
I, =0
Applying Kirchhoff’s node rule for nodes B and D, we get,
L =Iand I, =14 ...... .. (1)

Applying Kirchhoff’s second law to the mesh ABDA,

LP+0—-LR=0

LP=LR...... (2)

Applying Kirchhoff’s second law to the mesh BCDB,

LQ-1,S—-0=0

5Q =1,S ...... ... 3)
Dividing equation (2) by (3)
LP LR
50 1S
Using equation (1), the above equation becomes to
P R
Qs

This is the condition for balance of Wheatstone network.
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41.CHAPTER_4:MOVING CHARGES AND MAGNETISM

1. Derive the expression for magnetic field at a point on the axis of a circular current
loop. Y
Consider a circular coil carrying current as
shown in figure.

Let, R - radius of current loop r di; B
[ - current in the loop " of
dl - length of current element AB A~

X P dBy

x — distance of point P on the axis from the
center of current loop O.

Magnetic field at P due to current element ‘AB’
of length ‘dl’ is,

Uo Idlsind
B=-2
d 4t r?
here, 8 =90%°so, sin90° =1, r? = x? + R?
Uo Idl
sdB=———— ... ... ... 1
d 41 x2 + R? )

This magnetic field dB can be resolved into two components, dB, = dBcosa and
dB, = dBsina
If the magnetic field at P is summed over the entire loop,
(a) all the perpendicular components are cancelled out and
(b) the parallel components are added.
Hence the magnetic field at P due to entire current loop is,

B = Z dBsina

- z (Z_:[ (lele2)> ((xz +RR2)1/2>

(x2+R2)"/2

From figure, sina =

_Ho
T AT (42 3/ z dl
(x%2 4+ R?)7/2
_t
AT (x2 4 R2)/2
Uo  2mIR?
AT (x2 4 R2)%

(2nR)

B =
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1l PUC PHYSICS PASSING PACKAGE (FIVE MARKS QUESTIONS)
2. Derive the expression for the force between two infinitely long straight parallel

conductors carrying currents and hence define ampere.
Consider two infinitely long straight parallel
conductors a and b carrying currents I; and I
respectively and separated by a perpendicular
distance ‘d" as shown in the figure.
The magnetic field at each point on conductor
‘b’ due to current I; in conductor ‘a’ is
Holy
B, = 5
Now the current carrying conductor ‘b’ is in

uniform magnetic field B;. Hence magnetic
force on the segment L of conductor ‘b’ is,
F, = 1,LB;sin6f
Fl) is directed towards the conductor ‘a’ and here, here, 8 = 90° so, sin90° = 1.

.U011)
F, =1L L{—
1 2 (an

il tol1 1L
1" 2nd
Similarly conductor ‘@’ also experience same magnitude of force but in opposite
direction. Magnetic force on segment L of conductor ‘a’ is,
_ MoliIoL
27 2nd
The mutual force per unit length on conductors ‘a’ and ‘b’ is,
B ol
T L 2nd
Definition of ampere: Thus “If two very long, straight, parallel conductors of negligible
cross section carrying same steady current are placed 1 m apart in vacuum experience
a mutual force of 2 X 1077 newton per meter length of these conductors, then the
current in each conductor is said to be 1 ampere”.
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42.CHAPTER_9: RAY OPTICS

1. Derive an expression for the relation between n u v and R for refraction at a
spherical surface.

2. Derive Lens Maker’s formula for convex lens.

Derive the expression for equivalent focal length of two lenses kept in contact.

4. Derive the expression for refractive index of the material of a prism in terms of an
angle of prism (A) and angle of minimum deviation (D,;,).

w
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43.CHAPTER_11: DUAL NATURE OD RADIATION AND MATTER

(a) Define the following terms
1) Work function.
2) Threshold frequency.
3) Electron volt.
4) Stopping potential.
Work function of a metal surface is the minimum energy required to liberate an electron
from the metal surface.

Threshold frequency of a metal surface is the minimum frequency of incident radiation
below which there is no photo emission.

One electron volt (1 eV) is the energy gained by an electron when it is accelerated
through a potential difference of one volt.

The minimum negative (retarding) potential given to the collector plate for which the
photo electric current becomes zero is called the stopping potential.

(b) 1) Mention Einstein’s photoelectric equation and explain the terms.
Kmax = E =Wy = h(v — v)
Where, E - energy of incident photon
Wy - work function
v & V,- are frequency of incident radiation and threshold frequency.

2) Write the expression for de Broglie wavelength of a particle and explain the terms.

h
A=—
mv
Where, h - plank’s constant m - mass of electron v - velocity of a particle.

3) Write the expression for de-Broglie wave length of electrons in terms of electric
potential and explain the terms used.

h
A=
\V2meV
Where, h - plank’s constant m - mass of electron
e — charge of electron V - electric potential.

4)Write the expression for de-Broglie wave length of electrons in terms of kinetic energy

and explain the terms used.

h
A=——
V2mK

Where, h - plank’s constant m - mass of electron K - Kinetic energy
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(c) 1) Write the experimental observations of photoelectric effect.

>
>

The experimental observations of photoelectric effect are,

The photoelectric emission is an instantaneous process.

For every photosensitive material, there exists a certain minimum cut-off frequency of
the incident radiation below which there is no photoelectric emission.

Above threshold frequency, the photo current is directly proportional to the intensity of
incident light.

Above the threshold frequency, saturation current is proportional to the intensity of
incident radiation.

2) Using the Einstein’s photoelectric equation explain any t experimental observations
of photoelectric effect.

According to Einstein’s photoelectric equation, K,,,, depends linearly on frequency v
and K,,,,,is independent of intensity of radiation.

Since K,,,, must be non-negative, photoelectric emission is possible only if hv > W,
or v > v,. Thus, there exists a threshold frequency vo for every metal surface, below
which no photoelectric emission is possible.

Intensity of radiation is proportional to the number of photons per unit area per unit
time. The greater the number of photons available, the greater is the number of electrons
coming out of the metal. Therefore, (for frequencies v > v;) photoelectric current is
directly proportional to intensity of incident radiation.

According to Einstein, the photoelectric effect is instantaneous process. This is because
photoelectric effect process involves absorption of light quantum by single electron,
which takes place instantaneously.
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44.CHAPTER_14: SEMICONDUCTOR ELECTRONICS

1. (a) Explain the formation of energy bands in solids.

(b) Using band theory differentiate between conductors, semiconductors and insulators.

In an isolated atom the electron exists in discrete energy levels. But when the atoms
come together to form a solid, the outer orbits of electrons from neighbouring atoms
would come very close or could even overlap. Because of this, energy levels of each
electron will be very close to each other. The group of such energy levels forming
continuous energy variation are called energy bands.

Conductors Semiconductor Insulator

Conduction and Valance band
are separated by large energy
gap (Eg> 3 eV)

Conduction and Valance band are
separated by small energy gap
(Eg<3eV)

Conduction and Valance band are
overlapped

Conduction band is largely
filled by conduction electrons

Conduction band is partially
filled by conduction electrons

Conduction band is
completely empty

Their electrical conductivity is very
high

Their electrical conductivity
lies between conductors and
insulators

The electrical conductivity is
not possible.

Their Conductivity decreases
with increase in temperature

Their Conductivity increases
with increase in temperature

Their Conductivity is
independent of temperature

Ex: Metals and their alloys Ex: Si, Ge Ex: Plastic, rubber, glass

Conduction Band

Conduction Band

{ E,~1ev

Valence Band

/ E,~6eV
Conduction Band

Energy
Energy

Energy

Valence Band Valence Band

Conductor Semiconductor Insulator

2. (a) What is rectification?
(b) Explain the working of P-N junction diode as a half wave rectifier.
(c) Draw relevant circuit diagram and wave form of a half wave rectifier.
The process of conversion of AC into DC.
The device which converts only half cycle of AC into DC is called half wave rectifier.
During positive half cycle of the induced ac, the end A of secondary is positive thus the
diode D is forward biased. Hence the diode conducts and the output appears across R;.
During negative half cycle of the induced ac, the end A of secondary is negative, thus
the diode D is reverse biased. Hence the diode does not conduct and no output appears
across R;.
Thus, the diode conducts only positive half cycles of input ac cycle and hence it acts as
half wave rectifier.
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The circuit for half wave rectifier is as shown in the figure.
<C A
Transformer A

| INPUT ac
/

\/Et:
| i

OUTPUT VOLTAGE|

)

/,

>

t

Voltage across R, Voltage at

3. (a) what s rectifier?
(b) Draw relevant circuit diagram and wave form of a full wave rectifier.
(c) Explain the working of P-N junction diode as a full wave rectifier.
A device that converts ac into dc is called rectifier.
A device that converts both the half cycles of ac into dc is called full wave rectifier

F o
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Waveform at A
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Y
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SERERSS S ( Diode 2(D,) R, output
-

m)\/ \

Y
During positive half cycle of the ac input, the end
A of secondary is positive relative to center tap
and the end B is negative. Thus the diode D; is
forward biased and D, is reverse biased. Hence
the diode D; conducts and the output appears
across R;.
During negative half cycle of the ac input, the
end A of secondary is negative relative to center tap and the end B is positive. Thus the
diode D, is reverse biased and D, is forward biased. Hence the diode D, conducts and
the output appears across R; .
Thus both the halves of input AC is converted into DC and hence the device works as
full wave rectifier.

'
A |
I

Dueto | Dueto | Due to i Due to !

D]JE DgJiDljiDz’/i

]
1

(across R,)

>t

Output waveform  wWaveform at B
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