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Time Allowed : 3 Hours Max. Marks : 70
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10.

There are 35 questions i all. All questions are compulsory.

This question paper has five sections: Section A, Section B, Section C, Section D and Section E. All the sections are
compulsory.

Section A contains eighteen MCOQ) of | mark each, Section B contamns seven questions of two marks each, Section C
contains five questions of three marks each, section D contains three long questions of five marks each and Section E
contains two case study based questions of 4 marks each.

There is no overall choice. However, an internal choies has been provided in section B, C, D and E. You have to attempt only
one of the choices in such questions.

Use of calculators 1s not allowed.

SECTION-A

Which of the following 1s NOT the property of equipotential surface?

{a} They do not cross each other.

{b) The rate of change of potential with distance on them is zero.

{c} For a uniform electnic field they are concentnc spheres.

{d) They can be imaginary spheres.

The coil of a moving coil galvanometer 15 wound over a metal frame in order to

(a) reduce hysteresis (b) increase sensitivity

(e} increase moment of inertia (d) provideelectromagnetic damping

A current of 10 A 15 flowing in a wire of length 1.5 m. A force of 15 N acts on it when it 1s placed in a uniform magnetic
field of 2 T. The angle between the magnetic ficld and the direction of the curment is
(a) 30° (b 45° c) &0° dy 0°

The magnetic field due to a current carmyng circular loop of radius 3 cm at a point on the axis at a distance of 4 cm from the
centre is 54 pT. What will be its value at the centre of loop?

(s) 125uT (b} 150uT (c) 250 uT (d} 75T

In normal adjustment, for a efrecting telescope, the distance between objective and eye picce is 30 cm. The focal length of the
objective, when the angular magnification of the telescope 1s 2, will be:

() 2cm (b} 30em (¢} 10cm id) 15 cm

An object is placed 40 em from a concave mirmor of focal length 20 cm. The image formed is
{8} real, inverted and same n size (b} real, imverted and smaller

(c) wirtual, erect and larger {d} wirtual, erect and smaller

When a current 1 is set up in & wire of radis r, the dnft velocity is v;. If the same current is set up through a wire of radius 2
r, the drift velocity will be

(a) 4wy (b} 2wy (c) vy2 {d) wvy'd

By increasing the temperature, the specific resistance of a conductor and a semiconductor—

{a) increases for both.

(b) decreases for both.

(2} increases for a conductor and decreases for a semiconductor.
(d) decreases for a conductor and increases for a semiconductor.

Two sources of light are said to be coherent, when they give light waves of same
{a) amplitude and;haﬂ:
{b) waveclength and constant phase difference
(c) intensity and wavelength

(d) phasc and speed

Figure shows wavefront P passing through two systems A and B and emerging as () and then as R The system A and B could,
respectively, be

(a) aprism and a convergent lens 1 | K[i
{b) a2 convergent lens and a prism @ i
{c) a divergent lens and a prism F i

{d) a convergent lens and a divergent lens
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In a plane clectromagnetic wave propagating in space has an elecinic field of amplitude 9 = 10* V/m, then the amplitude of the

magnetic field is

(a) 2.7=1012T (b} 90=10"3T c) 30x104T (dy 30=10-5T
For an electron accelerated from rest through a potential F, the de Broglie wavelenpth associated will be
1.772 [.227 1.227 1.772

Of the diodes shown in the following dmgrams, which one 15 reverse biased?

OV o *5W
=
R
(=) :51.-_'_%1’—[ (b) i () _L_—"—%n e f

a=-5%

-

-1V
If E and B represent clectric and magnetic field vectors of the clectromagnetic wave, the direction of propagation of
electromagnetic wave is along

(a) E (b) B (c) B=E (d) ExB
A prism has a refracting angle of 60°. When placed in the position of minimum deviation, it produces & deviation of 30°. The

angle of incidence is
(=) ¢ (b) 45 ic) 15° (d) &0

For guestion numbers 16, 17 and I8, two statements are given-one labelled Assertion (4) and the other labelled Reason (R). Select the
correct answer o these guestions from the codes (a), (b), (c) and (d) as given below.

(a)
(b)
ic)
(d)

16.

17.

18.

19,

1.

Both A and R are true and R is the correct explanation of A
Both A and R are true but R 15 NOT the correct explanation of A
A s true but B s false

A 1= false and B 15 alzo false

Assertion (A) : Balmer series lies in the visible region of electromagnetic spectrum.
Reason (R) : £=R[2iz _n:L:] wheren =13, 4, 5.

Assertion (A) @ The property that the force with which two charges attract or repel each other are not affected by the
presence of a third charge, 18 known as superposition of charges.

Reason (R) : Force on any charge due to 8 number of other charge 18 the vector sum of all the forces on that charge
due to other charges, taken one at a time.

Assertion (A) : In semiconductors, thermal collisions are respossible for taking a valence electron to the conduction band.
Reason (R) : The number of conduction electrons go on increasing with time as thermal colhisions continuously take place.

SECTION-B

The plot of the variation of potential difference across a combination of three identical cells in series, versus current 15 shown
below. What 18 the emf and internal resistance of each cell 7

i I -
IV [ —
Diraw the graphs showing intensity pattern in young's double slit experiment and diffraction due to a single slit.

]

Two narrow shits are illuminated by a single monochromatic source. Name the pattern obtained on the screen. One of the shits
15 now completely covered, what is the name of the pattern obtained now on the screen?

Two point charges 3 0 C and — 3 1 C are located 20 cm apart in vacuom.

(a) Calculate the electric field at the mid point () of the ine AB, joining the charges.
(b) What is the force experienced by a negative test charge of magnitude 1.5 = 10-? C placed at this point?



2L

3.

24,
25.

26.

X,

18,
29,

3.

3l

MName the constituent radiation of electromagnetic spectrum which 15 used for

(i) aircraft navigation (1) studying the crystal structure

Write the frequency range for each.

An equiconvex lens of focal length 15 em is cut into two equal halves in thickness. What 15 the focal length of each half?
OR

A convex lens of focal length 30 cm 15 placed coaxially in contact with a concave lens of focal length 40 cm. Determine the
power of the combination. Will the system be converging or diverging in nature?

Compare the magnetic field of a bar magnet and a solenoad.

The velocity of light in air is 3 » 10* ms™ and in a liquid is 2.5 = 10* ms™' Ifthe ray of light passes from liquid to air, calculate
the value of critical angle.

SECTION-C
An inductor L of inductance X| & connected in series with a bulb B and an ac source. How would brightness of the
bulb change when (i) number of turn in the inductor 15 reduced, (i1) an iron rod is inserted in the inductor and (ii) a
capacitor of reactance X = X, is inserted in series in the circuit. Justify your angwer in each case.
Two heating elements of resistances R and R, when operated at a constant supply of voltage V, consume powers Py and P4,
respectively. Deduce the expressions for the power of their combination when they are, in turn, connected in
{1} series and (1) parallel across their same voltage supply.

OR

Use Kirchhoff's rules to determine the value of the current [, flowing in the circuit shown in the figure.

B0V 5; 200

Explain the formation of secondary minima in the diffraction pattern due to a single shit.

Using Rutherford model of the atom, derive the expression for the total energy of the electron in hydrogen atom. What 15 the
significance of total negative energy possessed by the electron?

OR
Using Bohr's postulates of the atomic model, derive the expression for radius of o™ electron orbit. Hence obtain the

expression for Bohr's radius.

If both the no. of p* end no. of n 5 are conserved in each nuclear reaction, in what way is mass converted into energy or vice
versa?

SECTION-D
Derive the relation ¢ = BA for the capacitance of a parallel plate capacitor, where symbaols have their usual meanings. A
d

parallel plate capacitor i€ charged to a potential difference V' and disconnected from the supply. Ifthe distance between the
plates is doubled, explain how does (1) electric field and (1) energy stored in the capacitor change?

OR
A capacitor 18 charged to potential V. The power supply is then disconnected and the capacitor is then connected in parallel
to another capacitor of potential ¥,
(a) Derive an expression for the common potential of the combination of capacitor.
(b) Show that the total energy of combination 15 less than the sum of the energy stored in them before they are connected.

(1) State Faraday's law of electromagnetic induction.
() Inthe diagram given, a coil B is connected to low voltage bulb L and placed parallel to another coil “A” as shown. Explain
the following observations.
{a) Bulb lights and
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{b) Bulb gets dimmer ifthe coil ‘B” 18 moved upwards, L@ B 'C:]'mﬁe A
OR
{a) Describe a simple experiment (or activity) to show that the polarity of emf induced in a coil 15 always such that it tends
to produce a current which opposes the change of magnetic flux that produces it.
{(b) The current flowing through an inductor of self inductance L 15 continuously increasing. Plot a graph showing the
variation of
(i) Magnetic flux versus the current

(i) Induced emf versus dl/'dt
(m) Magnetic potential energy stored versus the current.

Explain the different types of materials on the basis of their energy gaps.
OR
Explain the effect of doping on energy bands of a semiconductor.

SECTION-E
Case Study: Torgue on 2 Coil
Read the following paragraph and answer the questions,

A ngid circular loop has a radius of 0.20 m and 15 in the x-y plane. A clockwise current | 15 carmied by the loop, as shown. The
magnitude of the magnetic moment of the loop i 0.75 A-m~. A uniform external magnetic field, B =0.20 T in the positive x-

direction, is present

(i) Find the magnitude of the magnetic torque :xu'n-xl on the loop

(ii} In figure, an external torque changes the ornentation of loop from one of lowest potential energy to one of highest
potential energy. Find the work done by the external torque.

{iii) Current | 15 flowing in a coil of area A and number of turns 15 N, then find the magnetic moment of the col.

OR

{iii} A circular loop of area 0.02 m? carrying a current of 104, is held with its plane perpendicular to a magnetic ficld induction
0.2 T. Calculate the torque acting on the loop is.

Case Study: Photoelectric Effect

Read the following paragraph and answer the questions.

Read the following paragraph and answer the questions.

A physicist wishes to eject electrons by shinimg light on a metal surface. The light source emits light of wavelength of 450 nm.

The table lists the only available metals and their work functions.

Metal W, (V)
Barmm 25
Lithium 23
Tantalum 42
Tungsten 45

() Which metal(s) can be used to produce electrons by the photoelectric effect from given source of ight 7
(ii} In a photoclecinc cffect cxperiment, for rediation with frequency vy, with huy = 8¢V, clectrons are emitted with energy 2
V. What 15 the energy of the electrons emitted for incoming radiation of frequency 1,25 uy?
(iii) Light of frequency 1.5 times the threshold frequency is incident on a photosensative material. What will be the
photoclectric current if the frequency is halved and intensity is doubled?
OR

(iii) Find the momentum of photon whose frequency is £
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SAMPLE PAPER-4

ic} Asall other statements are correct. In uniform eleciric
field equipotential surfaces are never concentric spheres
but are planes L to Electric field lines. {1 mark)
id) The coidl of a moving coil galvanometer 15 wound
over metallic frame to provide electromagnetic damping
so 1t becomes dead beat galvanometer. { | mark)

’ . F
{a) F=IIE snd or 5inf = 15

15 1
—or 8 =30°

7oy Sl {1 k)

oo o
Hoi 8
E{I1+31}L'1

) B-

E'-E— |.l.ui.B.1 ([1: +E1}3.rz
g " Ea{xl+aljm{ a’

o EL{II + E! :1:'2

ad

54(5%)

Putx=4&a=31=R"'= Txin3

=250pT {1 mark)

(@) -~ f+L=30

And magnification, m = i',—n
[
fa fn .
1=r—:'.~ fg=2f, =1 +T=3I] = fy=20cm (1 mark)
=
{a) Real, inverted and same in size becauss object 15 at
the centre of curvature of the mirror. i1 mark)
i) I=ndevyorv,= | fror? (| mark)
{c) Specific resistance of a conductor increases and for a
semicondoctor decreases with increase in temperature
because for a conductor, temperature coefficient of
resistivity a=+ve and for a semiconductar, a =-ve( | mark)
{b) For coherent sources A 15 same and phase 15 also
same or phase diff. 15 constant. {1 mark)
ib) P to () convergence increasing; () to B : direction

changing. (1 mark)
E, 9x10° s
. =3x107°T, | mark
“ ¢ 3xi0f { )
, 2 bk
(c) JF oA e

Substituting the numernical values of A, m and e we get
the result. (1 mark)
id) Positive terminal is at lower potential (0V) and
negative terminal 15 at higher potential 5V, {1 mark)

14.

16.

17.

18.

19.

{d) Thedirection of propagation of electromagnetic wave
is perpendicular to both electric field E and magnetic field
B, i.e., in the direction of E = B by right thumb rule.

The diagmm given below

8i—) Eix)

Ei—x)

Ei—x)
&0, electromagnetic wave 15 along the z-direction which is
give the erogs product of E and B direction 18 perpendicular

WEandB from E to § .ie,(E = B)nz-direction. {| mark)

{b) i=AZE£=ﬁﬂ;3ﬂ=45" {1 mark)

1 1 |
{a) For Balmer series T =R[1—2——1] where ,n=3,4,5
"

A

(1 mark)
ib) The individual force are unaffected due to presence
of other charges. This is the principal of superposition of
charpes, Force on any charge due to a number of other
charges is the vector sum of all the forces on that charge
due to the other charges, taken one at atime. (| mark)
{c) Thermal collissons are responsible for taking a valence

electron to the conduction band. {1 mark)
According to the definition of the terminal potential
difference,
YV=E-Ir
E is the EMF and r 15 the total internal resistance of the
crrcuit,
I=0 =V=E
From the graph we can see
E=6V
As there are three cells we can write,
E=lxneg =2e=2WV
And, when, ¥V =0
E &
::-E-Ir:::-r-THT—'-E'ﬂ {1+ | marks)

As per the question the cells are connected in series, so
r'= e 200
3

(1 mark)

L 1 L L L L

= Path difference
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21.

(i)

B
{1 mark])
OR

When two narrow slits are illuminated by a single
monochromatic source, the pattern obtained on the screen
15 interference pattern which consists of alternate bnght
and dark fringes.

When one of the slits is coverad, there 15 a diffraction

pattern on the screen. {2 marks)
(@) +3uC =3l
A 0 B
. 20 em =

Electric field at "0 due to +3pC at

1| gy 9x107x3x107°
dng AQ7 (10x1072)

'AE'.*.=

=27 =107 N/C alengAQ.
Electric field at “0" dueto =3ul at B,

9x10° x3x107®

4 5 BO? (10x1072)*

Eg

=27 x10° N/C along OB.

Total field at O =54 x 10° N/C towards right. (1% muarks)
{b}) Force on test charge

F=qE=15x 10" =M= 1P=81 = 10°N

The force is attractive acting along OA. (2 mark)
{1) Microwaves are used for aircraft navigation, their
frequencyrange is 10° Hz to 1012 He.

{11) X-rays are vsed to study crystal structure, their
frequency rangeis 10'® Hz to 107" Hz. (1 + | =2 marks)
1 |

|
As =mfu=]}) === |F=15cm
£ (x }[ R, RIJ

E:{u—1}[-é—+-é—-}ﬁ.l =R

R.E-—R

1 2 p=1 1
—=p=l—-=—=—

T i

When the lens is cut into two equal halves
R,=R,R,==

Lttt oooed

= %:L (2 marks)

30
f'=30cm.

26.

7.

OR
Focal length of convex lens, f, =30 cm
focal length of concave lens, £, =—40cm
As we know power of the lens
|
5 flin metre)
Power of the convex lens

100 100 10
= —=—=—=333D
A= ="

Power of the concave lens
Py =e—e—=-235D

.. Power of the combination
P=P,+P,=333D-25D=083D

Since the power of combination 1s +ve, hence system, is
CONVETEINE in nature. (2 marks)
The North and South poles of a bar magnet are fixed, so
the direction of magnetic field of a bar magnet is fixed. The
poles of a solenoid can be reverse by reversing the direction
of current through it. So the direction of magnetic field ofa
solenoid can be changed. {2 marks)

Given:c=3= 108 msg!, v=25x10"ms!,

R

{2 marks)

Given : A=60°. §_ =45"
for mimimum deviation, r, =r,
As, ry+ry=A"
L Inp=60f oy =30° (2 marks)
(1) When the number of turns in the induetor 15 reduced,
the self inductance of coil decreases; so impedance of
circuit reduces and so current increases, Thus the
brightness of the bulb mcreases.
(11) If soft iron rod 15 inserted in the inductor, then the
inductance L increases. Therefore, the current through the
bulb wall decrease, decreasing the bnghtness of the bulb,

(iti) When capacitor of reactance X, = X 15
introduced the net reactance of ciromt becomes zero, so0
impedance of circuit decreases. Therefore £ = R, so current
in the circuit increases, hence brightness of bulb increases.
Thus brightness of bulb incresses m both cases.

(1 +1+1=3marks)

Resistance of two heating elements are:

‘:l.r! I_.r'.‘ I_.rfl I_.l:
S et | e
[ ] RI = 1 .F: E.Tld 4 E_t= R.t .P!

(1) In senies combination

pr oyt P+R
R.=R +R=—+—= rf‘['—]
S ROR R A
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R
;f*{ J B+P
{11} In parallel comba
l I 1 1+1_F:+.F;
B e R R T e
RP R R! F_ F"_ F- F
R 7

|

R

(4
power consumption in paralle] combination

I_.r I

R

P

1
=F“:: +F)

x1 1 1 1
P=2=1} [F{E+g]]=P|+P1{]&+lﬁ=3nmﬁJ

OR
From Kirchoff s Ist rule or junction rule
For junction f,
I+, =1
I=1-1, ~ A1)
From kirchoff's 2nd rule or loop rule
In loop “abefa’

or.

¥

d

& T

S e | ¢

L r
e
® sov L 200 g
—201, + 20— 301, =0

or, 21, + 31, =2 o (A1}

In loop *fedef,’

301, —-20+201,-80 =0

or, 3l;+21,=10 -1}

Substituting equation (1) in (i)

21, -1,)+ 3, =2

or, 513-2I,=2 -4}

Adding equations (1) and (1v)

;=12

or, 1,=3/2A

Substituting in equation (i) and solving

l,=11/44

Substituting for 15 and 1, in equation (1)

[, =32-11/4=-54A {3 marks)
The positions of secondary minima are at

g= —nj—".CutEidu'ﬁrH the angle 8 where the path difference

152, then 8= i . Now divide the shit into two equal halves
a

each of size %- Therefore, the path difference between the

waves arising from the two halves of the slit wall be % LAs5

29,

a result the waves reaching at any point on the screen wall
have a phase difference of 180° and hence cance] each
other. Therefore, the intensity fall to zeroand a minimum is
produced. (3 marks)
If, F, — centripetal force required to keep a revolving
electron in orbit

F,— electrostatic force of atiraction between the revolving
electron and the nucleus then, for a dynamically stable
orbit in a hydrogen atom, where Z=1,

F.=F,
(ele)

L =

¢ _

L 4]'[E,3H‘I!'|-'1 -+

K E. af dlevtron inthe orbit, K= %mvl

From equation (1), K= Bme,r

Potential energy of electron in orbait,

(eX=e) =€

Ameyr  AmEyr
Megative sign indicates that revolving electron 15 bound
to the pogitive nucleus.

. Total energy of electron in hydrogen atom

U=

e’ e el

: [JE==
Rmeyr  daer rmeyr
Therefore, total energy of electrons in orbit of hydrogen
atom 15 negative. Hence, the electron bound to the nucleus

1.2, the electron 15 not free to leave the orbit around the
nucleus. {1 mark}

E=k+Us= (2 marks)

OR
According to the postulates of Bohr's atomic model, the
electrons revolve around the nucleus only in those orbits
for which the angular momentum is the integral multiple
of h22m. Where h is plank's constant.
sL= mhi2m
Angular momentum is given by L= mnor
According to Bohr's postulate,

mh
e ® P -4

nh

'.‘I k1
" 2nmr,

From, Bohr's postulate of atomic mode]
mv_l K=e? K=’
. = 7

Tn " m,

Putting the value of vo and z = | (for hydrogen atom).
n i

T inimke

This is the expression for Bohr's radios. This shows

re nl

[from equation {i}]

(3 marks)
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3.

As n® no. and p* no. are conserved, the rest mass of n’ If g, and q'; are charges on C, and C, after redistribution
and p* 15 same but total binding energy s not same on £ ok h
either side of nuclear reaction. This diference appears in . lr.': . i .
form of energy released or absorbed in the nuclear reaction. g1 =C/Vand g'; =G,V
Since B. E contributes to mass thus we say that difference in -~ Total charge afler connecting them together remains
masses of nuelel on two sides of the reactio gets converted same as before.
e Sephamigar g I 0
Q ATEE On plate of the capacitor, - {C,+C,)V=C,V,+C,V,
Area of each plate
CivVi+CaV,
A+ - L e Bl Wty L 4 s
" - C| + C_g {2& }
+ = : L. 2
A s {b) PE. before sharing = ECﬁ". -I-ECI"J;_
E=0 + - E=0 : ; !
+ _— PE. after sharing = Ec,vl +-1_c1v“ =G +CyV*
. b 2
T+ P — =l[r: O OV, +C,V, =l{c,v,+czv1f
d - o Sillec s (NPT LR 2 (G +Cy)
. Surface charge density o= 2 | !
r aree density o Py » Loss of energy = ECIUIE +ECIYEI
<~ Eis umf'cmi::'hl:twrm the plates 1(C,V, +C, Vs P
o =
" o et 2 C,+C
Eg EgA t 1 2)
it e 2 2
L C= %= %{ V =Ed) AC, +C,) UOVY +5Vo) (Cy+Gy)
—(CyVy +C3 V2 )]
A Imarks - _,
o C o E iy T f ':I . 2{{:" +CI} [C]El‘lﬁ! +C|'I:'11"|1 + C|C1VEI + CEVII
S0 - C3vE — v, - ac,C VY
When the capacitor 15 charged to a potential V, the charge A e &ViVl
stored in the capacitor () = CV. Now capacitor 15 - I o "
disconnected from the source and distance betwesn the N0 +0p) 2y FV -2V
plates 15 doubled. C.C .
() Cpacitance=C= 222 ST ‘+*:-: }{"u’]—v:} = Positive (2% mmarks)
L e = —=——
; V Ed s .
. Energy 15 lost due to sharing of charges.
2 Mew capacitance C'= i = c J1. (1) Faradaygave two laws of electromagnetic induction.
_ Ed 2 First law : Whenever there is change in the magnetic flux
=, Capacitance becomes half. {1 mark) associated with a circuit, an e.m.f is induced in the circuit.
Q2 E}I QI This is also known oz Neumann s law
() Energy=_—, = =1 =2E Second law : The magnitude of the induced e.m - (e} is
e ACH2 2C - : :
directly proportional to the time rate of change of the
Enerpy broomes dﬂﬂﬁl:' { Rk} magnetic flux through the circuit.
{a) LetC, and C, are the capacitances, g, and g, are the e, tu;ﬂ ar, c=k£ (2 marks)
charges, ‘u" and V, are potential of the capacitors At a1
m"fll’ {a) (1) When coil A 15 placed parallel to B and near toit,
. g=C,V, and q,=C,V, due to mutual induction an em.fis induced in B and the
EI::I'nrc sh.a:mg, total ::hargcu q; +9, bulb lights up.
=C,V,+0V, {b) When the coil B is moved upwards, distance between

When the capacitors are joined by a wire, charge will flow A and B increases. Hence the magnetic flux linked with B
from higher to lower potential till both the potentials are decrease and mutus] mduction deereases and henoe the
equal. Thisequal potential is called common potential (V) bulb gets dimmer.



OR
(a) Lenz's law and conservation of energy: Lenz's law s
according to law of conservation of energy because when
N-pole of a magnet 15 moved towards the coil, the upper
face of the coil acquires north polarity. 5o work has to be
done against the force of repulsion in bringing the magnet
closer to the codl.

(D000 )@ “3]
(A—
Fig {a)

W@

@ Fig. (b)

When the N-pole is moved away, south polarity 1s
developed on the upper face of the coil. Therefore, work
has to be done agamnst the force of attraction in taking the
magnet away from the col. (2 marks)
. Mechanical work done 15 converted into electrical
energy of the coil.

When the magnet does not move work done is zero, so no
electrical energy is produced.

(b)(1) Since

where, [=Strength of current through the coil at any time

= Amount of magnetic flux linked with all turns of the
coil at that time

and, L = Constant of proportionality called coefficient of
self induction

{1 mark)

|—
(§) Induced emf.
~d¢ ~=d
e
LE, &= —I-ﬂ {1 mark])
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[The graph 15 drawn considering only magnitude of 2]

I
(iii) Since magnetic potential energy is given by, U = EL.l1

o —

{1 mark)

[ —» 3

According to the band theory, each atom has two bands,
valence band (energy Ey) and conduction band (energy
E.) consisting of closely spaced energy levels. Their
difference is called energy gap or band gap EE ifg. (Q-1)).

CB

Elzctron i Energy E_apEE
| A,
VB

1)
Case 1: When both bands overlap (fig. (11)), electrons in

valence orbat are free to move i conduction band amd couse
current to flow(Eg = ). These are metals.

(2 marks)

(1 mark)

Ell}

Case 2: When band gap is large, the electrons in valence
band are bound and cannot move to conduction IJ.HH:l{E =3
eV). These matenals donot not carry current. Thqr are
imsulators (fg. (m)).

Ee E>3eV
. [ Ep

(1)
Case 3: When band gap is finite but small (E; <3 eV) then
electron from valence band can easily pick external energy
{heat or voltage) and go toconduction band. Such matenals

have resistance lower than insulators and are called
semiconductors,

777777 iy

Ep EE_f-'?hﬂ"

O (s
VB

(1v)

CB

{1 mark)

VB




OR

The energy band structure of a semiconductor has donor
or acceptor energy states after doping, which are given
by Ep, or E, respectively. In n—type semiconductor, donor
energy level E, is slightly below the bottom E. of the
conduction band and electrons from this level can easily
maowe into the conduction band with very small amount of
ENErgy.

i Ii-E—E- 0.01eV
Em Fo
g E,
........... ol ol e E1"'
{a) n—t:.rpt-rl;micundm:tnr
T
T = Eiectron
o Hobe
o
ol - &
............... ey
................... [ p——
{(b) p-type semiconductor

At room temperature most donar atoms are ionised but
wery few 51 atoms are 1onised so that conduction band has
mostly donor electrons. For p-type semiconductor, the
acceptor energy level E 15 shightly above valence band so
that electrons from valence band can easily jump to ths level
E , and ionige acceptor atom, thus leaving a hole m the valence
band. At room temperature, most of acceptor atoms get
ionised leaving holes in the valence band which conduct
charge. The electron and hole concentration in a

sermiconductor 1§ given by n, nh'-n.lz {5 marks)

35,

(i} t=mfsinf=075=020=0.15Nm { | mark)

(ii) Work done by external torque,

W=ME (] —coz &)

=075 x 021 —cas] B0}

=0 15(1+1)=03] (2 marks})

(iii) Magnetic moment =NIA { | mark)
OR

(iii) Torque =1AB

=[0=002=02=004 Nm { | mark)

(ijAE= J:j;gi =275V { | mark)

For photoelectric effect, AE > W, (work function).
Barium or Lithium can be used to produce electrons.
(i) hu=W_ +maximum kinetic energy
hu,=BeV=W_+2eV=W_=6eV
For ncoming radiation, energy is
hx125u,=10eV,W_ =6V
.. Kinetic energy (maximum) = 4 eV, (| mark)
(iii) For photoelectric emission, photoelectric current,
incident light frequency should be greater than threshold
frequency.
Light of frequency 1.5 times the threshold frequency v,
incident.
e 3
F—E%
If frequency is halved,
'1.":--:—3- e
T .
. No photoelectric emission will take place.
OR

(2 muarks)

(iii) Moment of photon =p=-§ Y

Bat, p=mc ~E=mcc 5o, E-wurE:%

S S
..l—F"“urP—lan A=
_hf

C

-

e P {2 I.'I'H.l'h_".-]
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