MARKING SCHEME : PHYSICS (042)

CODE : 55/5/2

Q.NO. VALUE POINTS/ EXPECTED ANSWERS MARKS | TOTAL
MARKS

1. (A) A will increase, V will decrease 1 1
2. 1 1 1

(B) lags the voltage by (Zj cycle
3. (B) A force of attraction and a torque 1 1
4. 211 1 1

(©) :

-1,

5. (C) 1.5V 1 1
6. (B) 1.5x10% 1 1
7. (A) 0.8fm 1 1
8. (C) 0.33 mm 1 1
9. (A A 1 1
10 (C) 3.4eV,-6.8eV 1 1
11 (B) Ultraviolet rays 1 1
12 (D) 125 1 1
13 (D) Both Assertion (A) and Reason (R) are false. 1 1
14 (C) Assertion (A) is true but Reason (R) is false. 1 1
15 (C) Assertion (A) is true but Reason (R) is false. 1 1
16 (A) Both Assertion (A) and Reason (R) are true and Reason (R) is 1 1

correct explanation of Assertion (A).

SECTION - B
17 @)
Finding net electric field 2
~uR C{
Fop / pe
FOA
1
Q=4uc
Foo
+ALC Foc Tglkc,

— 30m ——>

OA=0B=0C=0D=r
Net force on charge 4uC
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Alternatively
9x10° x4x107° x1x10°®

(1542 x107?)?

Foa=Foc =

=0.8N
Fos=Fop =16 N
R =Foa—Foc =0
F,=Fog —Fop =0

Net Force F =0
OR

(b)

Finding net electric field at centroid

4 4bc

JH

Bs

: c
® q/;.'l}(‘, 1, q;‘,_:\k,c/
Eon
~—— O ———>~

0r =05 =0c =1pC

AO =BO=CO=r
Eonl=[Box|=[Eoc

Eeoc = Eop +Eoc

Egc = Eds + Ec +2E s Eqc €05120°
Esc =Eos g EOA == EBc

Net electric field E, = E,, + Eq.

E, =0

Alternatively

Yo

Yo

Yo

Yo

Yo

Yo
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Eop =Egs =Eoc =2.7 NC*
Egc = Eds + Elc +2Eqg Eq €05120°

= EOB
As E,. =-E,,
Ege +Egn=0

Net electric field is zero.

Alternatively
[Eon|=|Eoe|=[Eec|
Electric field vectors are making an angle of 120° with each other. They

make a closed polygon. So vector sum of all electric field vectors will be
zero.

Yo

Yo

E=0 2 2
18
Deriving an expression for magnetic force 1%
Validity and Justification for zig-zag form conductor Yo
Total number of mobile charge carriers in a conductor of length L, cross-
sectional area A and number density of charge carriers n:
=nLA
Force acting on the charge carriers in external magnetic field B
F=(AL)qV,xB —————— ) 1,
Where v, is the drift velocity of the charge carriers
Current flowing
| =v,qnA 2
IL=V,qnAL —————— (2)
On solving equation (1) and (2)
. - 1
E—1(LxB) &
Yes, because this force can be calculated by considering zig-zag
conductor as a collection of linear strips (dl') and summing them Yy 2
vectorically.
19 . .
Finding separation 2
m —_X —_ —l
u hy 2 Yo
u=-2v
11,1 v
f v u
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1 1 1

15 v 2v
On solving
[v|=7.5¢cm

|u]=+15.0cm

Separation =15.0+ 7.5
=225cm

Yo
Yo 2

20

Calculating energy

Mass of reactants = (1.007825 + 3.016049) u
=4.023874 u
Mass of product =2 x2.014102 u
=4.028204 u
Mass defect, Am =4.023874 u —4.028204 u

=-0.00433 u

As the mass defect is negative, energy is absorbed.

Energy absorbed, E = 0.00433 x931.5 MeV
= 4.03 MeV

Yo

Yo 2

21

Finding distance of closest approach

_kze?
K

p

_9x10° x79x (1.6 x107)?
1.6x1.6x107%° x10°

=711x10"*m

=7.11x10%m

dO

Yo

Yo+

Yo 2

SECTION-C

22

(i) Calculating threshold wavelength
(i) Energy of incident photon
(iif) Maximum Kinetic energy

e

(a) i

C

b = A
(i) 4 :6.63><107 x3x10

2.1x1.6x107"
=5.92x10" m

Yo

Yo
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(ii) Energy of incident photon = —

_ 6.63x10* x3x10°
150x107"° x1.6x107*
=8.29eV
Using Einstein equation
hc
7 :¢O + Kmax
Ko = (8.29-2.1)eV
=6.2eV

(iii)

Yo

Yo

Yo

Yo

23

(@)

(1) Statement of Lenz’s Law 1
Justification Yo
(if) Calculating emf induced 1%

(@ (i) The polarity of induced emf is such that it tends to produce a
current which opposes the change in magnetic flux that produced it.
In a closed loop, when the polarity of induced emf is such that, the
induced current favours the change in magnetic flux then the magnetic
flux and consequently the current will go on increasing without any
external source of energy. This violates law of conservation of energy.

1

e==Bl’w
2

=%><2><(2)2 x (27 x60)

=4807r V

=1.51x10° V

OR
b
(b) (1) Statement and explanation of Ampere’s circuital law 1
(if) Finding magnitude and direction of magnetic field 2

Line integral of magnetic field over a closed loop in vacuum is equal to
U, times the total current passing through the loop.

Alternatively
$B-di = 44
The integral in this expression is over a closed loop coinciding with the

s boundary of the surface.

(i)
P

rd
[oA

Yo

Yo

Yo

Yo
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g el
2rr
Net magnetic field B =B, —B;
gt x10?
207
B 47 x107 x10° x5
207
B=10"T

Along the direction of magnetic field produced by the conductor carrying
current 10A.

[10-5]

B

Yo

Yo

Yo

24

(i) Defining temperature coefficient 1
(if) Showing the variation of resistivity
(iii) Finding the resistance 1

|

(i) Change in resistance per unit original resistance per degree change in
temperature is temperature coefficient of resistance.

(i)

0.4

L {_}2 ;.r'
yd
— 1 1
0 50 100 150
Temperature T (K] —»

Resistivity £ (1070 m)

(Note: Please do not deduct marks for not showing values on the graph)
(i) R,=R (6, -G)a +R,
=10(-73-27)x1.70x10™* +10
=-0.170+10
R,=9.83Q

Alternatively

R =R,(1+at)
R, =R, (1+at))
R (l+at)

- R
R, (l+at,)

Yo

Yo
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R - (1+at)
(1+at,)

4 o
. 1+1.70x10 :( 73) <10
1+1.70x107" x 27

R,

Yo

- 0.98759 <10 O
1.00459
R, =9.83Q 1y 3
25
(1) Naming the e.m. wave and writing the wavelength Yo+ Yo
(if) Naming the e.m. wave and writing the wavelength Yo+
(iii) Naming the e.m. wave and writing the wavelength Yo+ Y
(i) Ultraviolet rays Yo
Order of wavelength 400 nm — 1 nm Yo
(i) Infrared waves Yo
Order of wavelength 1 nm — 700 nm Yo
(i) Radio waves Yo
Order of wavelength > 0.1 m Yo 3
26
(a) Characteristics of p-n junction diode that makes it suitable for
rectification 1
(b) Circuit diagram 1
Explanation of working of full wave rectifier 1

(@) p-n junction diode allows current to pass only when it is forward
biased

(b) Centre-Tap
Transformer
r--- - Diode 1(D)

=< || . N

JR
| '
5 8
==

Ly]
d =
o

N
<r

ih——
| Jv3]

&
(=
2
4]
e
E y

R A AAAN

R Output

When input voltage to A, with respect to the centre tap at any instant is
positive, at that instant voltage at B, being out of phase will be negative,
diode D; gets forward biased and conducts while D, being reverse biased
does not conduct. Hence during this half cycle an output current and
output voltage across R is obtained. During second half of the cycle
when voltage at A becomes negative with respect to centre tap, the voltage
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at B would be positive. Hence D; would not conduct but D, would be
giving an output current and output voltage. Thus output voltage is
obtained during both halves of the cycle.

27

Explanation of (a), (b) and(c) 1+1+1

(@) Charge of additional charge carriers is just equal and opposite to that
of the ionised cores in the lattice.

(b) Under equilibrium, the diffusion current is equal to the drift current.

(c) Reverse current is limited due to concentration of minority charge
carriers on either side of the junction.

28

Finding the radius of circular path 1
Answer for linear path Yo
Calculation of linear distance covered 1Y%,

Radius of circular path
mv,

eB
_9.1x10"* x1x10’
- 1.6x10%x0.5x107
=11.38x107°m
Yes, it traces a linear path too.
Linear distance during period of one revolution
y= 27zm “v
eB ’
B 2x77%x9.1x107* x0.5x10’
~ 1.6x10%x0.5x10°°
=0.357m

=0.36 m

Yo

Yo

Yo

Yo

Yo

Yo

SECTION -D

29

(i) (C) greater than 6,
(ii) (C) A decreases but v is unchanged
(iii)  (a) (D) violet colour
OR
i) (b)(C)r <r, <,
(iv) (D) undergo total internal reflection

30

@i (D) HCl
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(i) (B) The net dipole moment of induced dipoles is along the 1
direction of the applied electric field.
1
(iii) (B) decreases and the electric field also decreases.
1
. 5K
\Y a C C
® @ (©
OR 4
: 3
\Y b D) —
(v) () (O)
SECTION - E
31 (@ | (i) Drawing refracted wavefront and Verification of Snell’s law 3
(ii) Calculation of distance 2
(i)
Incident wavefront
A i B
v, T
[} 1._
Medium 1 i
P A r C P’
L1
Medium 2  |r \I\
Relracted 1
PPN E wavefront
Considering triangles ABC and AEC
. ._BC_wvsr
sini=—=——and - 1
AC AC @ 72
sinr= E = E ______ (2)
AC AC
From equation (1) and equation (2)
ﬂ =\ (3) Yo
sinr v,
If ¢ represents the speed of light in vacuum, then
n, = £ and n,= £ Y
Vl V2

In terms of refractive indices
n,sin i=n,sin r
which is Snell’s law of refraction.

Yo
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(ii)
X, = (2n-)AD
2d
_ (2x4-1)x600x10°x1.5
2x0.3x107°

=1.05x107%m

X4

OR

(b)

(i) Brief discussion of Diffraction of light and drawing the shape
of diffraction pattern 2+1
(ii) Proof using mirror formula 2

(i) A beam of light falls normally on a single slit and bends around its
corners. This phenomenon is called diffraction.

When a beam of light falls normally on a narrow single slit, then
diffracted light goes on to meet on a screen. It is observed that at the
center of the screen intensity is maximum and goes on decreasing as one
move away from the center on either side of screen.

(ii)
11,1
f v u
uf
v=—o
u-f
Following new cartesian sign conversion
v CWED
-u-(-f)
= ut asf>u
f-u

Yo

Yo
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V is +ve, So image is virtual.

v_f . :
m=-—=—>1 i.e. Enlarged image
u fu J J 1 5
32 @
(i) Drawing equipotential surfaces 1
(i) Obtaining an expression for potential energy 2
(iii) Finding the change in potential energy 2
(i)
1
(i) Work done in bringing a charge q; from infinity tor; :
Wi=qV(rp) - 1) &
Work done in bringing a charge g, from infinity to r, against the
external field :
W =qV(F) s (2) Y
Work done on @ against the field due to x:
- 99
Wi = —2— e 3
. 4re,r, ) &
Potential energy of the system = Total work done
= QuV(F) + GV(F) + Z
4reyl,
(iii) Change in Potential energy = Work done
W = pE [cosbp — Cos0] 1
W =10 x 10° [cos0° — cos60°] s
W =50 x 10%] Ys
OR
(b) (1) Deduction of an expression for electric field for (i) and (ii)) 3
(i) Finding magnitude and direction of the net electric field 2
(i)

(i) Electric Field outside the shell
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(aussian surlace
Surface charge --~777"7"%_
densitya y .

Electric flux through Gaussian surface

®=E x 4xr
Charge enclosed by the Gaussian surface
Q = ox4nR?
-5 _Q
Using Gauss’ law: _[ E.ds =
0
2
E X 47[ r2 = w
)
2
CE= O'R2
&f
2
E-R ¢
&
(ii) Eield inside the shell
Surface charge Gﬁ,}‘rﬁﬂé‘é‘

density o

Electric flux through Gaussian surface
O®=E x 41 (-~ r<R)
Charge enclosed by the Gaussian surface

Q=0

By Gauss’ Law
Exd4rzr’=0
.e.E=0

(Note: Award full credit of this part if a student writes directly E=0,
mentioning as there is no charge enclosed by Gaussian surface)

(i) Electric field due to a long straight charged wire of linear charged

Yo

Yo

Yo

Yo

Yo
Yo
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density A
A

27e,r

:.'--L-lr—l-—l-lr'n-J.:I_-:?
(Y
LEREEEE I

Net electric field at the mid-point
Eret=E1 + E
2mel  2me,r

=4+ 4]

27e,r

9
= 2940715, 20]x10°
0.5

=1.08 x 10° NC™
Enet is directed towards CD.

Enet

Yo

Yo

Yo

Yo

33

a)

(iii) To obtain condition for-
(i) Minimum impedance
(i) Wattless current

(i) To identify the circuit element X, Y & Z
(i) To establish relation for impedance
Showing variation in current with frequency

1Y%
2
Y2

Y2
Ya

(i) X:Resistor

Y : real inductor (such that its reactance is equal to its resistance) /

Inductor

Z : real capacitor (such that its reactance is equal to its resistance)/

Capacitor

(ii) LN

Yo

Yo

Yo

Yo
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From the fig.
Vrr? =VR2m + (VCm _VLm)Z
Vrr? = (Im R)2 +(imXC _imXL)2

Impedance (Z) :\I/—m = \/RZ +(Xg = X)?

m

L (1)

- (1)

B __—--""1"# @q - —

@, [ rad/s —»

(iii) Z =R?+ (X —X,)?
For the minimum value of impedance
() Xe=Xc

(ii) Average power consumed in A.C. circuit over a cycle
P =Vl cos ¢
For wattless current P = 0
Since V= 0,10

cosp=0
ie. 0==
Le. =7
OR

(b)

(i) Description of Construction and working 1+1

Obtaining relation (% ) 1
'D
(i) Causes of energy losses 2

(i) Construction: A transformer consists of two sets of coils, insulated
from each other. They are wound on a soft- iron core, either one on top of
other or on separate limbs of the core.

Alternatively

Yo
Yo

Yo

Yo

Yo

Yo
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Soll iron-core
= F— | a E E.
R — *— ] 1
(a) (b)
Working: When an alternating voltage is applied to the primary, the
resulting current produces an alternating magnetic flux which links with
the secondary and induces an e.m.f. in it. 1
For an ideal transformer the induced e.m.f. (¢,) in primary coil for
applied alternating voltage (V5p)
dg
&< =V = —N —  TTemmsmssssssssssees 1 ]/2
p P P dt ( )
e.m.f. induced & in the secondary coil
dg
g,=Vy;=—N;,— - 2
S S S dt ( )
From eq. (1) and (2)
V. N
s 7S 1%
V. N,
(if) Any four energy losses
1. Flux leakage.
2. Resistance of windings/ copper loss.
3. Eddy currents/iron loss.
4. Hysteresis. 1.4
5. Magnetostriction. 2 5
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