61

INDIAN ASSOCIATION OF PHYSICS TEACHERS
NATIONAL STANDARD EXAMINATION IN PHYSICS
(NSEP - 2025)

Time: 120 minute Max. Marks: 216
Attempt All the Sixty Questions
A-1
ONLY ONE OUT OF FOUR OPTIONS IS CORRECT. BUBBLE THE CORRECT OPTION.
Solution
. dv
The acceleration a = — E = dv=—adt =dv=—kvdt.

Integrating J.d—\::—kj.dt :>—1:—kt—C = ! =kt +C
v

v Vv
1 1
At t=0, v:u:>C:1; therefore — =kt + —
u v u
1 1+kut u dx u . .
- = = V= or — = = dx= dt integrating we get
v u 1+kut d 1+ kut 1+ kut

1
x=ki£n(1+kut)+c’ Alsoat t=0,x=0hence C'=0, thus X:Eén(lwtkut)
u
Ans: a

See diagram ; let the mass of blocks A and B be m; and m, respectively
Let m; > m, then one can find

. m —m . 2m m
The acceleration a=———-=2¢ and tension T = ——=
m + m, m +m,
a T
= m-m, :(—jc and 2m1m2:(—jc T T
Y Y

Since m; + m, = C constant (say) ; further g is also a constant
Now using (m, + m,)* =(m — m,)* + 4m m,

2
a 2T C C
Substituting C* = (—] C2+—C=>T-= (g—j -~ a°
g g 2 29
2 C
or T =constant — ka“® where k = Py
g
~ T =—ka®+ constant . This is the equation of straight line between T and a”with negative slope
Ans: d

Acceleration of a rolling body down an incline is
4 gsind  gsin30°

= %; forarollingring K=R

2
Equation of motion for the rolling body is mgsin& — F;.,, = ma
- : m m .
Substituting a = % we get mgsin30° — Tg = Fiiciion = Firiction = T . biscorrect
mg NE) 1 .
Also F... < umgcosd = — < umg— = y>—-= : Ciswron
friction H 4 H 2 H 2\/5 g
Ans: b
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. . . . . 1
4. suppose the bullet is coming with velocity u, then its KE = Emu2 = FS = work done ....(1)

F being the opposing force inside the block. When the block is free to move, the conservation of
momentum provides
mu

mu=(m+M)V =V =
m+M

Hence the energy of the bullet & block system after the collision is
m’u’

! » 1 _mut
E(m +M)V° = 5 (m+M) (M)’

1 1 m
Therefore the energy retained by the bullet is =mu® — = mu?
2 2 (m+M)

1, m 1 , m+M-m 1 M
=—mu“|1l- =—mu|—— | =—mu
2 m+M 2 m+M 2 m +M

Now the bullet penetrating with this energy will go up to a distance S’ inside the block

1
So —mu? =FS'" ...
2 m+M
.M
oM FS M
Dividing equation (2) by equation (1) 2—M+M _ ™ g _ S
1 2 FS m+M
“mu
2
Ans: d

5. The Q value of a nuclear reaction is calculated using Einstein’s mass energy relation E = mc’.

In case of the given nuclear reaction (B-decay), the energy released i.e. the Q value is

Q = [Mass of Al nucleus — (Mass of Mg nucleus + Mass of positron + mass of v (neutrino))] ¢
Q = [(Mass of Al atom — 13 m,) — (Mass of Mg atom — 12 m, + positron mass)] ¢ or

Q =[24.990432 — 24.985839 — 2 m,] x 931.5 MeV

Q =0.004593 x 931.5 -2 x 0.511 = 3.256 MeV

Ans: ¢
6. For preventing the block to slide 0
P+ Qsingd < u(mg + Qcosd) g Q Ccos 6
P sin@ sin 6
Or > L Q o -
mg + Qcosé LN
Ans: a S

7. The decrease in potential energy when a mass m falls to Earth surface from height h
AU:_GMm_(_GMmj:GMm 11 ) _guml RHh-R
R+h R R R+h R(R+h)

m
=mg or GMm=mgR* we get AU =mgR?| —— |= Emgh

Now using

R2

Ans: ¢
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2\?2 2\?2
. 30
The acceleration a = || — | + 22 = + 2> =25ms™
R 600

Ans: b

The basic equations for projectile motion, with standard symbols, are

. 1 2usi
X =Uucosft y:us,lné’t—Egt2 and T = usind
g
Attimet;:y=hyandattimet,:y=h,so
. 1 , h using 1
=usinédt, — — =—= -— .1
hy 175 9t v t 2 (D
. 1 , h using 1
h, =usinft, - —gt, => 2= -=g ....(2
2 2 2 g 2 t22 tz 2 g ( )
1-@
h i i .
ho_hy_using using e pe_usinoge) -t ... 3)
tl tZ tl t2
Also rewriting (1) and (2) as
. 1 , h . 1
=usinfdt, - —gt, > —+=usind—-—gt, ..... (4
hy - y ARG
. 1 h . 1
h, =usinft, - =gt = -2=usinfd-=gt, .....(5)
2 t, 2
4)-(5)
h 1 1
ﬁ__z =—-dg (tz _tl) = hltz _hztl :_g(t1t2)(t2 _tl) e (6)
t ot 2 2
Dividing equation (3) by equation (6)
t>—ht* usin@(tt)(t,-t) 2using
hltz hztl = L)) =T Thus we can write
R (ST I
_ h1tz2 _h2t12
hltZ - thl
Ans: a
The normal reaction on the block of mass mis N, =mg
The force of friction between mand M is f,_ = x4 mg = umg
. N . m [—F
f. acts against the direction of motion. | v |
The applied force F =2umg (given: acting rightward) &
So m is accelerated w.r.t the plate and the equation of motion is
2umg — 4, Mg =Mma = 2umg — xmg =ma=a= ug I N > i
Equal and opposite force will act on upper surface of M. MAN,

No friction or external force acts on M.
-~ from Newton’s law

f.=MA : Abeing the acceleration of M

m
umg=MA = A= #M—g in the direction of F

Ans: a

3—?

_>F

S «—

(e}
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At the position B, the bob is instantaneously stationary. When it is released, its Potential Energy

. . 1
mg((1-cosé, ) is converted in to KE. Therefore at A 5 mv® =mg/(1-cosé,)

= Vv =2g((1-cosb,)

2

TherebyatA:T—mg:mV =T =mg +%Zg£(l—cos6?o) T
T =3mg — 2mg cos g, Using T =2 mg (given)

2mg =3mg — 2mg cos @, = cos b, =% mg
. g, =60°

Ans: b

By symmetry the four planets can be held at diametrically opposite points means at the four corners of
a square whose diagonal is the diameter of the circular path. Hence each side of the square
Gmm 2Gmm

+
(2r)? a’

is a=r+/2. The resultant gravitational force on each planet is F = x€0S45°. This

2

Gmm 2Gmm < COS 45° _mv®

serves as centripetal force hence

2r)° a’ r
o GM, 26m 1 .o Gm[1 1] o jem[1+2V2
ar 2t 2 rl4 P2 r 4

Ans: a

AB is the top line of the door, OO’ is the axis of rotation and CD is the bottom line of the vertical
door of area (2¢xb). Huge column of water stands against the door and exerts horizontal force on the
door. The horizontal force caused by water pressure exerts a clockwise torque on the surface of the
door above the axis OO’ (hinge) and anticlockwise torque on the surface of the door below it.
The resultant torque tends to rotate the door about the hinge.

To calculate the resultant torque, let us consider a horizontal water layer

PQ of width dy at a vertical distance y above the axis OO'". b 73
Pressure at the layer PQ is = pg (£ —Y) —a Q
(pressure is due to water column above the considered layer of width dy) /y 26
Therefore the force against the layer PQ of area b dy on the door is P y
dF = pg (¢ -y).bdy

Moment of the force exerted by the water column at the layer PQ about

the axis OO'is dz = yxdF = yx pg (¢ —y).bdy = pgh (¢ —y)ydy 5
Taking the clockwise moment positive and anticlockwise moment negative, 4

1 +/ +(
the resulting torque is 7 = ng b({-y)y dy=pg b{j tydy - I y* dY}
- —L —(

+(
wt oy e (e e o2,
b| =Yl —pgb|[ S L [ S D=2 pgbr
pg{z 3| PPN 2 2) (3 8T

-
Net torque is anti-clockwise. If a force F is to be applied at the bottom of the door to prevent it from
rotating, the moment of this force must be equal and opposite to the resultant torque hence

(xF = %pgbﬂ?’ or F :g,ogbf2 Substituting b=2m and ¢=1m,weget F= %pg
Ans: b
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14. Using Poiseuille’s formula, the rate (volume per second) of streamline flow of liquid, is

zPr! Q x 8n
= or P=
Q 8nl zr?

I
If pressure difference is h mm of mercury then

5x10°x8x4.0x107° x1

3.14x(0.4x10°%)*
Thisgivesh =1.49 = 1.5 mm

hx10°x13.6x10°x9.8 =

Ans: c

. . M LT ?
15. Pressure [P]=ML'T %, Velocity [c]= LT, Energy per unit area per sec [E] = =MT®

LT

Therefore P*E'¢* =[ML'T?]* [MT°) [LT '] = M°L° T° = dimensionless
Or PEYC' =ML T2 =M’ L' T° (given)

=>X+y=0: —Xx+z=0: -2x-3y-z=0

=S y=-X:2=X

ToXiyrz 1:-1:1

. X=A, y=-1, z= A4 putting in third equation —2x-3y-z=0

Given —24+31-4=0

Hence by takingA =1, we get x=1, y=-1, z=1

Ans: ¢
16. The volume of water coming out per sec is aV, = a,v, = a’./2gh = zr’{/2g x 4h
2

a
sa’=22rr’=r’=—
2

a
Therefore r = ——
N27m
Ans: ¢

17. Let the pendulum make an angle 6 with the vertical.

L . .
The restoring torque 7 =-mg Esm 6 —MgLsing

2 LZ T
r:lazlde where 1 =ML+ mlL
For small angle, sin® =0 l

LZ 2 L M
ML+ T df:_(m_Jr ML)gH
3 )dt 2
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18. The continuous curve shows the wave at time t and the dashed curve at time t + At. The wave is
travelling to the right. A going down !, B going down |, C is at top where the particle is at rest
momentarily, D going up T, E going up T, F going upward, G is the lowest point where the particle is

at rest momentarily, H going down | vy o ¢
So (d) is correct B,/ N\D
Ans: d N\ ‘
Ay E\\ X (cm)
F \\\ _’/
G

19. The frequency of both the turning forks is n = 700; v, =350 ms™

. v
Frequency n, heard from (1) is n, =n—2
Vv, —V

Ny
. o ™, f-&\ @
Frequency n, heard from (2) is n, =n—=
vV, +V |\—\-é| i”l |\—\-é|

Number of beats heard =n, —n, =4 (given)

V. \Y; 2V
— s _ s
4=n n =NV, ———;

V,—V Vo4V v -V

As number of beats An<<n, v<<V,

~ Vv?is negligible as compared to v’

2v 2v .
~ AnN=4=n"—=700—  giving v=1ms"
350

Vs

Ans: ¢

nM, +nM, 1x4+2x32 68
n +n, 1+2 3

20. Average molar mass of the mixture is M =

. 5 3 7 . 5
Using, for He, C, :ER and C, :ER also for O,, C, ZER while C, :ER

1><§R + ZXZR 19
The Cp of the mixture = 2 2 _~"R and
1+2 6
1><§R + ZXER 13
the Cy of the mixture = 2 2__=°R
1+2 6
_G 19
* Vmixture CV 13
. . , P f RT .
Speed of the sound in the mixture v = o yv where p = density
Y2,
19
137 831x300 19 g 31, 300x3 .
V=068 . N1 eadind =401ms
90 107 13 68x10
3
Ans: d
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21. All the three plates are very close and are perfectly black bodies
Radiation incident on the plate (2) from (1) = .AT," where T;=3T .... (1) 123

Radiation incident on the plate (2) from (3) = o.AT," where Ts=2T .... (2)
The total radiation absorbed by the plate (2) =oc.AT,' + o.AT,'

If temperature of the plate (2) is T, the radiation emitted by plate (2) = .2AT,
In equilibrium ©.2AT,' = 0. AT, + 0.AT,'

2T, = (3T)* +(2T)* from equations (1) and (2), we get

1
97 97 4
T ==—T" or T,=|— | T
2 2

Ans: c

T T, Ts

22. Let o be the mass per unit area of the disc.
Mass of cavity cut out from the disc is M, = nb’s with center T, =C1
The mass M left after the cavity is made is
M, = na’c — b’ = (a2 — b?)
Let I be the center of mass of the remaining mass M;.

The center of mass of complete disc (with no cavity) is at point O
and the mass of the complete disc is M = M, + M, = na’c

_MnaM, g we get
(M, +M,)
B 7o (a° —b*)F + zob’(cr)

2
noa

. b’c b’c
nf=———— 1 =|-——,0
(aZ_bZ) (aZ_bZ)

Ans: d

Using r,,

0

23. Energy given to the gas is AQ =8.31watt-hour =8.31 x 3600 J
2% 3600

=1440K

AQ =nC_AT =1><§RAT =§ x 83LAT -~ gAT =3600J = AT =

T,—Ty=1440 or T,=(27+273) +1440=1740K not1740°C ; aiswrong
AW =nRAT =1x8.31x1440=1440R ; biswrong
AQ =3600R ..AU = AQ—-AW =3600R —-1440R =2160R ; ciswrong

T, 1740

V2 2
At constant pressure —~ = —=
V, 300

T

1

5.8
1

Ans: d

24. The potential at any point inside the solid sphere of radius R with uniformly distributed charge q, is

1
= q +(3R?—r?) where r is the distance of the point from the center
4r €, 2R
. . 3
Thereby the potential at the center of the sphere is V = =9 =V, (say)
4r €, 2R

3 1 3 1 4zR° R* 6pR?

v q mp_pR PR )

125477.’60 E_E4ﬁ€0 3R 2¢, _1260
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The potential at the center A of the sphere due to the charge inside the cavity region with the same

( )3
[)I 22

A e R 2_1260

charge density pis V, =

Hence when the cavity is there, the net potential at A is
6pR>  pR? _ 5pR’ B kpR®
12¢, 12¢, 12¢,

thus k=5

V=V -V, =
0

Ans: b

The energy flowing per sec per unit area of cross section in an electromagnetic wave can be written as

S

ExB J .
- =2 1400 > (given)
Ly secm

E _ . E
Also we know that E = C (speed of light in vacuum) therefore using B = —
C

2

E
S= =1400 = E® = 3 x 10° x 47 x 107 x 1400
Cu,
E= 1/12 x 1.4 7 x10° = 7.265x10% = 726.5 Vm*
E 7265
B=—= — =242 x 10 °tesla
C 3x10
B=242x10°T =242uT
AnNs: a

Looking at the output C and the inputs A and B, we observe that C is given by the truth table

A B C
0 0 0
0 1 0
1 0 0
1 1 1

This is table of AND gate

Ans: a

Potential at P is V =V, + V, = 0 (given)

_ P(x,y)
or zq 2 + 2(:2] 2 =0 r I
\/x +y \/(x—6) +y +q —2g
or (x—6)"+y’=4(x"+Yy?%) 0(0.0) A (6, 0)

X2 —12x+36+y° = 4x* +4y?

or 3x° +3y* +12x =36

X4y +4x=12= x> +4X+4+y* =12+ 4
(x+2)° +y* =4

It is a circle of radius 4 and center (— 2, 0)

Ans: ¢
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According to Kirchhoff’s law, Rs
current through the series combination shall be %T
. 11
i=—————A=1mA through each of the Rs and R, T

(10+1) x 10 nv — §RL
Further since the voltage across the load R, is a

V. =10° x 1 x 10° V = 1 volt,
less than the breakdown voltage hence no current through the zener.

Ans: b

A 100x10° x200x10°° .
Average current = 29_ . . = . =4x10° =4 uA ; aiswrong
At 5x10

Peak current is = 100 mA for duration of 200 ns hence the charge is =100x10"* x 200x10~° which
100x10° x200x10°°

brings = electrons
J 1.6x107"
. 100x10°x200x10”°
so the peak energy is = i 719X x50x10° x1.6x107* =1
1.6x10
. 1 .
hence the peak poweris =———=5.0 MW ; biswrong
200x10"
Also the average power delivered by the electron beam will be = Ex10° =200W ; ciscorrect
X
Ans: ¢
e L . I I
Magnetic field B; at O due to current in wire P is B, = e LI L
2rr, 274

perpendicular to PO as shown in figure (1).
Resolving B; along x andy axes B, =B, cos@i +B sind ]
ol Ml

2nr, 27w x3 Figure (1)

Magnetic field B, due to current in wire Qis B, =

perpendicular to QO as shown in figure (2).
Resolving B, along x and y axes B, = B, sin@1 —B, cosé |
adding components along x and y axes, the resultant B is

Ly
L | (4, 1 (3, 4 W
. B=B,+B, = L0 ( +§jj . (3i——1j R
274\5 5°) 2235 5 NS
4 ! 0
LA RN 5_— i
1071' 4 3
A N j ﬂol(_A 7 j 5
. B= 21 —— | —— .
107r( 2)) s 2! Figure (2)
Ans: b

Let o be charge per unit area of the annular disc. Take a ring of radius r and width dr (See figure)
Area of ring dA=2zr dr;

charge on the ring is dq = cdA=c2zrdr

Current due to rotation dl =dqg.f =o2zrdr.f

- Magnetic moment of rotating charge = zr’dl

Total magnetic moment of the annular disc is M = j;rrzdl
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RZ
M = J.ﬂrqu f= J.ﬂI'ZO'.Zﬂl’ dr. f
)

=o.27%f Trsdr =027 f R; — R14 = onf (

R:+R?)(R; -R?)

5 4 2
- f(R? +R?
Now g =o (zR? — zR’) or az% giving M _ZA(R +R,)
z(R, =R}) 2
Ans: a
. . . i o1
. When R and C are in series, the impedanceis Z_. . =R — j—C and
9
. . . . 1 1 1 1 .
when R and C are in parallel the impedance ZH is obtained by — = E+ 1 E+ JoC
I —j—
: wC
1 1 1
Thereby |Z.|= /R2+ and |=—|=,/— + @°C* or
y | S| a)ZCZ ZH R2
1+ @°C’R? R
ZS ZL and ‘ZH‘:—
«C 1+ o’C’R?

J1+ @’C?R’ ~ 2R
oC  J1+0’C?R?
Or 1+@’C’R® =2RaC = w’C*R* —20CR+1=0
1
27CR

Giventhat Z, =27, —

1

Or (aCR-1)°=0 sw=—=f=
CR

Ans: b

. . . . 1
. According to the Einstein’s equation for photoelectric effect hv = ¢ + E mv’

h 1
If stopping potential is V and v = % : we have 7C =¢+eV. For A1=4,, Emv2 =0

hc h
e (1)
ﬂ’O
hc hc
For 4, =300nm V,=18V therefore =—+¢e(l8) ....(2
300nm A4,
h
For 4, =400nm V, =09V therefore = /l_c +e(09) ....(3
0
Multiply equation (3) by 2 and subtracting from equation (2) we get
hc(i—ijzmz A, =600nm
200 300/ 4,
Ans: ¢

10



61

. . . o . . I 4l
34. If the current in 5 Q is I then the currentin 15 (=6 +9) Q is E andthatin4 Q is | + E = ?
Power dissipated in 5Q=1°x5=7.2W given 60 90
7.2
12=2-144 =1 =12A A2 I v—B
5 | NNV
~ The currentin 6QQ=—=04A 5Q
3 150
Power in 6Q = 0.4°x6=096W : aiswrong 40 VWA
41 16 A X M
Potential difference between A and X is 5 x4 = = ”%’S\)N

Potential difference between X and Y is | x 5=5I

161 11
Potential difference between A and B is % + 51 = 3—

:3—;' x12=31x04=124V

Ans: b

35. By symmetry and reversibility of the path of the light, the ray in the glass sphere should be parallel to
the principal axis

For the refraction at the first surface, afly _afw _atly~alh

\' u +r
3 4 .

aug=5, auw=§, u=-d, v=owo gives
ﬂ g_i =~ Water
d +r 6r < d =‘\\_Glass : /": d >

4 e
d=—x6r=8r

3
Ans: d

keoA_ke0 AE_keO AE

36. The capacity of the parallel plate capacitor is C =

Ed V
7D’ Ccv 9 4CV 4x72x107° x4x10°
Or A= = =D = = > -
4 ke, E ke, E 3.14x2.5x8.85x10 " x18x10
4x72x4
D= =4/0.921=0.96 m = 96 cm
\/3.14><2.5><8.85><18
Ans: d

2 7
37. The moment of inertia of a solid sphere about a tangent is |, = g mR? + mR? = g mR?.

Hence by the principle of conservation of angular momentum, one can write
2 v 7 6v
—mRz(—j+mv(R—0.2R):—m Rlo=w=—
5 R 5 7R

Ans: ¢

11
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38. Let us consider a square loop of side ¢ carrying current i. The magnetic field produced by one side

39.

Hy

£
2

at point P, at a distance X on the axis of the loop is B =

2
47z\/x2 i
4

2

A
X+ —+—
4 4

perpendicular to the side AB as well as MP. M is the midpoint of side AB.

The component of this B along the axis is B cos (90 —8)
l

£
Bsing=— ! |9 2 | 2

0 0 7
47r\/x2+ \/x2++ \/x2+
4 4 4 4

Due to the four sides, this value will become 4 times. So the resultant magnetic field is

0 0
1y 1 5 2 i Ax220
B=7.4 ik i BN
r \/X2+g \/X2+6+ﬂ \/x2+f 7 (4x?+ 02 )N2x" 4 0
4 44 4
Ans: c

directed

The electric field dE at point P (0, y) due to an element of charge A dx of length dx at a point (x, 0) is

1 Adx

E= This dE is directed along the line joining the point (x, 0) and the

 dze, ( m)z

point (0, y). This dE can be resolved in components along x — axis and along y — axis, the

components being
Adx X A X dx

dE cosd = T - and
drs X'+ \/x vy? g, (Xz+yz); \
E
dEsing = ! 2/1dx2 Zy = = 4 y dx 5
A, X+ /x +y? A, (Xz+yz)g y
Now integrating over the limits X=0 to X=o0 ©,0]
A 2
we get E, = jcostH:—
4ne,y % 4re,y
2
E
directed parallel to the line of charge along — X and /
R p)
E, = sinfddé =
4ne,y % 4re,y

2

directed perpendicular to the line of charge along + y if y is positive and along — y if y is negative.

N PSRN}

4re,y 4re,y

The resultant field is E=,/E? +E? =

The resultant E is always directed along a line subtending angle 45° with the line of charge or the
negative direction of x axis, the gradient being m = -1 when y is positive and m =+1 if y is negative

Ans: d

12
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40. The electric field at a point P near an infinite sheet of charge of surface charge density  is

E= ZL directed away and perpendicular to the plane of the sheet.
e0
To express the result on the two sides of a uniformly charged sheet lying in the xy-plane, one can
writeitas E = iik . Similarly for a sheet in yz-plane E = X -a I
|Z| 2¢, |X| 2¢
The two fields being mutually perpendicular, the resultant will be

X o = L o n X &

E-—-2 2 7+ 2%k orE=2|-270+ ilz
IX|2¢, |z 2e 26,1 |X 7]

0
Ans: c

41. The electric field of a spherical distribution of charge is

r éx 5
. !po(l—R] azg*dé

E > for r <R and
4r €, r
R 5
[, [1—) AnEtdé
19 R
E= 5 for r >R
4r e, r
fructte)  (22) (2r)
R 3 4R 3 4R
Forr <R: E=2 0 - e g 0o _ £ _ _pr(lor
€ r € r g, r g \3 4R

Thus both options (a) and (b) are wrong.

. . E 1 2 i i
E(r) is maximum when d— =0 = &[— - L} =0 = r=—R ; optioncis correct
dr L3 2R 3
ror? 2R 4R° R R
Thus E,_ Sy N L = B2 =27 andnot 225 d is wrong
g \3 4R 2 & 9 4x9R 9¢, 3¢e,

Ans: c

42. Let us consider that the equivalent resistance is R, = R across A B.
It is the same R as across XY due to infinite repetitions

RR, _ o
R+R, RRk X R Ry
Or 2RR +2RR, +RR, =R*+RR,
Or R’-2RR - 2RR, =0

B e— AMW—L e AMANA—L A —L o
R 2R +,/4R% + 8RR, R, Y R R,

2
Take + sign (— ve sign gives a negative value of R which is not acceptable)

R=R +4R’+2RR,

Ans: a

Or 2R +

13
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44,

45,

46.
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Axis of the cylinder is through point O. We have to calculate the magnetic field at point P on the
surface of the cylinder. It may be assumed that inside the cavity there is a superposition of two current
densities + J and — J. i.e. there are two opposite currents.

(1) Acurrent 1, = Jza® in the whole of the cylinder which produces a magnetic field at P as

B—ﬂﬂ:iz']”azzﬂ"‘]aand

l_47ra A7 a 2
2

(2) Acurrent I, =1 (n%} in the cavity in opposite direction which produces a magnetic field at P

2 O 2™
2J7za— i‘ /
asp -t 2l _H 4 KA J
> 4z 3 4r 3 12
47r7a T 24 P
2 2
Resultant field at Pis B=B — B, = > 1 J 2 )
- Resultant fieldat P is B =B, - Z_Eyoa
Ans: d

The magnetic field exerts a force F =i/ x B. This force tends to turn the rod clockwise and may be

considered to be acting at the center of the rod perpendicular to its length. Hence the clockwise torque
2

. . l 0.2 .
is 7=1(Bx E =10 x TxO.S =0.1Nm Statement (1) is correct

The spring exerts horizontal force KX which exerts an anti-clockwise torque = Kx x £sin53°

0
, iB—

In equilibrium = Kxx (sin53° = i{xBx— therefore x=—*%—

2 K 'sin53°

: 1 i’0? x B? 25x10%x0.2° x0.5°
Therefore the energy stored in the spring is =K x* = 1L x > = bl . =0.039J
2 4 128x5

2><4K X g

Statement (2) is correct

Ans: d

dE
The displacement current density through a dielectricis J, =K g, E therefore

. d d¢ . dg
IdeeoaJ.E.dS=Keoa =K

or 125x10™ = K x 8.85x10™ x 8000 4t* substituting t = 20 x 10°s we get K =5.517 = 5.52
Ans: b
Considering f, and f, as the two focal lengths of a lens in object space and image space respectively.

The focal length of a lens is given by L AWK EH

f2 Rl RZ
- : 4 —4
For refraction at the first curved surface 2 — 4l3 = M =413 . (1)
v, oo +20
For refraction at the second curved surface 22 24 -2~ 4 e (2

Y} V. -20

2 1

14
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413 pw, 413y,

For refraction at the third curved surface ———~—%= . (3)
/AAA +20
Adding the three 413 _ =818ty A8k o
v, +20 -20 +20

4/3 1 4 2
—=— |, 413 (1, — ) )+413—p,| > —=—|u, - or
—=la (1, —1) == olm -]

4 1 5
=>—=—|p-—n|=>(-1n)=—

3% 24 10[:“1 :uz] (/“‘1 /uz) 9
Ans: d
Alternatively:-

Let £4 and , be the refractive indices of flint and crown glass with respect to water, respectively,

H r_ My

such that /= " and u, = 1 Also the focal length of the two lenses

3 3

1 2 1 2 . .

T =(u _1)XE and ra = (u, —1)><E. All the radii are equal and R = 20 cm (given)
1 2

Thereby the combined focal length f can be obtained as

1 1 1 1 1 2 2 1 2
—=—+|—— |=——— = -Dx—— (1, - Dx— or —=(u —p)x—
7T [ fzj (T (-1 - (1, -1) - . (= 115) r
1 7 y7A j 2 5
—_— ] — - — [ X— > — — —
24 (4/3 4/3) 20 Ty
Ans: d
. Considering charge +( and —q on parallel interior faces, +q1—+Q_+q R
the charge on the exterior faces of the two plates will be | |+ :
+0,—q onextreme left & +0, +Q on extreme right. *lp I RRE
+ | -
The electric field E at any point P within the first metallic plate is + |+ = :
— o+ -
_.%-9 9 + q _+qz+q:0 oL - +
2e,A 2¢,A 2¢,A  2g,A + L LY

The electric field inside a metal is zero. This gives

+0,-0-0+0-0,-q=0=0,~q,=2q or g=-t_°&

writingnow q=CV = 4%~ % =V

Ans: b

. If the potential at the node O is V, then by Kirchoff’s law, the current
coming from D to O shall be equally divided in the other three branches

namely OA, OB and OC. B
2-V, V-1 Vv,-1 V-1 5
Hence L= —4+ 1+ 1=V, =—volt
10 10 10 4
Ans: c

15
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A-2
ANY NUMBER OF OPTIONS (4, 3, 2 or 1) MAY BE CORRECT
MARKS WILL BE AWARDED ONLY IF ALL THE CORRECT OPTIONS ARE BUBBLED AND NO INCORRECT.

49. Let there be a small element of length dr at a distance r from the axis of rotation on the rod rotating
about a vertical axis through the end at O. Let T and T + dT be tension at the two ends of dr as shown.
The mass of the element of small length dr is dm = pAdr i

Centripetal force acting on this element = dm.&’r = (pAdr).&’r T — s .
This force is provided by tension T —(T +dT) = pA&’rdr T T

dT |

— = —pA&’r.

dr

2
Integrating partially T (r) = — pAo’ % +C ... (D

()2
At the extreme end, r=/=1m and T =0 thereby C = pAw’ ?

L . A’
Substituting in equation (1) T(r) = ﬂ(fz -r?)

Taking p=10"kg/m®, A=2x10°m’and =400 rad/s we get
T(r) =1600(¢* —r?) =1600(1* —r?) =1600(1—r?) b is wrong

(1
Further at r:—=5=0.5m

T =1600(1L — 0.5°) =1200N  : ais correct
... T 1200 N .
Stressat r = 0.5 m (midpoint) is —= —~ = 6x10° — c is wrong
2x10 m
T

t N
_ SIress _ AT here d¢& is elongation of length dr
strain A& Ad¢
dr
2
herefore dgzLdr— 1600(1—r")dr

= =4x10°@1—r*)dr
AY 2x107° x2x10" ( )

& 1 3t
The total elongation & = J.df = 4x10’3j(1— r’)dr =4 x 10{r - %} =4x10" (1 - %j
0 0

0
8 8
§:§x10’3m:§mm - dis correct

Ans: a, d

. . . T ’ 8
50. Velocity of transverse wave on a stretched string (rope) is v = \/: = 002 = 20ms™
H e
1

Frequency f =100Hz

. 20 .
~ A of travelling wave = % = ﬁ m=20cm : aiscorrect

Maximum acceleration =a @’ where the amplitude a=0.02 m and @ = 27z f = 2007
Therefore acc_, = 0.02x(2007)° =8007° ms™ not800 : b iswrong

16
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Let the equation of the wave be y =a sin (kx — wt + ¢)
. . . 3
At x=0 atthetimet=0, weget y=a sing means —a:asm¢:>¢=?ﬂ

giventhat a=0.02m
substituting theses values we get

y=a sin(kx—a)t+3?ﬂj=—a cos (kx — at)

o 2
Also k:7ﬁ:0—z:107z and @=27f =27x100 = 2007

Therefore y =—-0.02cos (10zx—200x#t)  : ciswrong

When tension is not changed, the wave velocity v will also not change. However changing the
frequency to f = 200 we get

20
A =——=0.1m=10cm, which is half of the earlier value of wavelength : d is correct
Ans: a, d

. Let the number of nuclei at time t be N

. dN . . . .
The rate of decay of N is pmy =—AN and the rate at which the nuclei are being produced is « (given)

N N
.'.d—=a—/1N = d =dt ...... 1)
dt a—AN
lo - AN
On integration M =t+C
log, (o —AN,)

At t=0, N=N, therefore =C substituting

r Ioge(a_/lN):t_F Ioge(a_NO)

-A -A
- AN - AN
log, = ——a =2 =e™
a—AN, a—AN,

a—IN =(a@—AN)e™ = AN =a—(a—-AN,)e™
1 .
Nit)==| a—(a—AN)e ™ | : aiswron
O =—[a-(@-aN))e™] g

AN
If o= AN, we get N(t):%: 0

=N, =constant forallt ; b is correct

As Lty_,, e"=0 and a=2AN, thenweget N(t)=2N, ; ciscorrect
Again if o =2AN, we have

1 . 1 -
N(t):z{a—(a—iNo)e )= Z{2/1N0—,1N0e “

0.693 In2
Or N(t)=2N,-Ne™ =N, {2 - e’“} further using A = ? =—

(n2 1
- cT (nl =
Att=T where Tis half-lifewehave e * =" =e T =g " =¢ (2] =

. 11 3 :
- after one half-life N(t) = N, {2 - E} =5 N, : discorrect
Ans: b, c, d
17
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53.

54.
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In Young’s double slit interference experiment, the resultant intensity

I =1, +1,+21,1, cos¢

At central maximum the path difference hence the phase difference ¢ =0, cos¢ =1 this gives
maximum intensity

Sol_ =l+1+2IxcosO=1_ =4l ....(1)

When the thin transparent film has been introduced in front of the second slit

I
| =I+I+2Icos¢=?=2l (given) =>cos¢=0 or ¢=%

Resultant

It means a phase difference of % has been introduced which corresponds to a path difference of

. A A
A :i x phasesdifference or A=— x r_z
27 27 2 4
p) A A 600x10°°
Hence yt-t=— or t(u-)=—=>pu-1=—=———=06 = u=16 : aiscorrect
# 4 (u=1) Pt 4t 4x250x10°° #
. . pA x 4 . . .
Also the film thickness t = —— = ———where p is the number of shifted fringes
u-1 X u-1

— x A 05x10°x600x10°

Tt(u-1)  250x10°x06
The film placed in front of S, increases the optical path S,O. To compensate the increase of path,
point O must go down hence O'should be below O and not above O : cis wrong

=2x10° =2mm ; bis correct

-~ D4 X 2
Further the fringe widthis X = T and the angular fringe width g = B = E =0.1° (given)

X L i 1800X _ 1800x2x10°°
:—Zo,lo:—xi radlan or D= 800 _ 800)( X 0

D 10 180 T T
Ans: a, b, d

=1.146=1.15m; dis correct

The electric field inside a uniformly charged non conducting sphere of radius ‘a’ is

_ 1 4 .
E= —?T ; alscorrect
dne, a
2
21 1 i1 4 2 Q%
The energy stored is U =J‘—e0 E*4zridr ==¢, 47rj —?r deFZ——Gjr4dr
5 2 2 \4re, a TEy, A Y
20° 1(r* ) 2 Q° 2 Q° .
_2 == = Q—e(a5—0) = Q ;discorrect
Te,a\ 9 ), O7re; a Sre, a

The charge +4Q induces charge — 4Q on the inner surface of the shell and thereby +4Q on the outer
surface of the shell. : b is wrong

Thus the net charge on the outermost surface is +4Q —2Q = +2Q ; c is correct

Ans: a, c, d

Energy of the electron in the n™ Bohr orbit of a hydrogen like atom

13.62° 13.62°2 13.62°
E,=————¢€&V =E,=— and E,=-
n 32

n

11 9-4] 5x13.6xZ° :
E3—E2=13.622[——§}=13.6ZZ[ - }: SOORL 4725V =Z=5: aiscorrect

2° 36
1 1 16-9) 7

E,-E, =136Z° [—2 - —2} =1362° (—) =——x13.6x25=16.528 =16.53 eV : b is correct
3 4 144 ) 144

To remove the electron completely from first Bohr orbit (means the ionization energy) is

18
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136 2° h h
L
1 A 136Z%
_ 6.63x10*'x3x10°  6.63x3
13.6x25x1.6x10" 13.6x25x1.6

x 107 =0.0365%x 10" =36.56 x 10° =36.56 A : c is correct

The angular momentum of an electron in n™ orbit is
_nh 2x6.63x107™

Js=211x10"*Js : diswrong
27 27

J =mvr
Ans: a, b, c

. . . i 1 .
As shown in the figure, during the process AB, % is constant so to say _V is constant or PV is

constant means the process is Isothermal hence the Work done by the gas is

\Y, MP. . . .
W,z =nRT (n—%= RTinZ =~ 0o The negative sign shows that the work is done on the gas

Vi P, Po
. MP, i
and not by the gas. Hence the work done on the gas is = m2 ais correct
Po
_ MP,
As a result the gas compresses and rejects heat = n2
Po
M M MP.
The work done in the isobaric process BC is W, = 2P, (— ——j =—=> ; biswrong
Po 2py) Py

No work is done in the isochoric process CA
The heat rejected by the gasis  dQ =dQ,, +dQ,. +dQ.,

In the Isothermal process AB the heat taken by the gas is equal to the work done on the gas hence

MP MP
dQ,, =W, +dU,, =——2/n2+0=——2/n2
Po Po

. 5R . . .
In the Isobaric process BC (C, = 7 for monoatomic gas) where the gas is expanding the heat

, 5 5 5 5MP,
absorbed is dQ,. =C,dT ==R[T, -T,]==R[2T,-T,]==RT, = ——
2 2 2 2p,

The process CA is isochoric therefore no work is done i.e. W, =0 while the heat added is

3 3 3 3MP
dQ., =C,dT ==R[T, -T.]==R[T, - 2T,] = —=RT, = — —2
2 2 2 2p,

means heat is taken away from
the gas i.e. the heat is rejected by the gas

Thereby the Net heat rejected by the gas in the complete cycle ABCA is

MP 3MP, MP (3 . 1
dQ=—2/(n2+ —2 :—0(—+€n2j : diswrong 2po B
Po 2p, Py \2 P
The work done W =W, +W,_ +W_,
MP, MP MP 4
= 02421 0= 22 (1-(n2) T A ¢
Lo o Po . .
smp. PR P 2P,
0

Heat is absorbed by the gas only the processes BC and is dQ,. = 5
Po

19
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Work done  p;
Heat absorbed SMP,
2,

Efficiency of the cycle is 7 = = 5(1— (n2) ciscorrect

Ans: a, c

Closing the key for a long time, the current in LR circuit reaches a maximum (steady current) and

inductor becomes ineffective. In the given circuit the steady current through each resistor is | = E .

When the key is suddenly opened the current decays K L L
starting from its steady state value | hence the current > T §
through R; shall be instantaneously | downward
through R, also it would be | downward (the g
inductance will oppose the decay of current in Ry and T
R,) while through R3 the two currents join and it will
be 21 upwards

Ans: a, b, c

Rs R, Ry

The potential energy function U (x) = %—ﬁ and % =X, (given).
XX

2 X X

2
. X X .
Now substituting ,Bzﬁ; U(x)=ﬁ—i=ﬁ (—Oj ——2 | ; aiscorrect.
X X* XX, X

2
0 0

dU(x):m%__dU(x) or mﬂ%__dU(x)
dt dx dx dt dx

Further we know that the force F(x) =—

du (x) _ . v al% (%Y
=S>mvdv=— r dx or mvdv =-dU(x) integrating m?:—U( )=— - —
X

X . X

Since the particle starts from rest at X =X,, the constant of integration is zero.

2a | X x 2a | X x ) |2
V2 = . _0_(_0j or V= - —0—(—‘)) ; bis correct
mx; | X X mG | X \X
B

d U 2
The velocity will be maximum when v_ 0 means X9 =0 i.e. when — —(f +—=0or
dx dx X X

2 2
22 B=0 or x=%=2x
X B

0

2a X 2a 1
therefore v = ——| = —— ; cliscorrect
2x 4

Further the total energy of the particle is E = KE + PE = Emv +UMX)=-UX)+UX) =0

hence the total energy of the particle is zero ; dis correct

Ans: a, b, c, d

20
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When the block C collides elastically with block A of equal mass M, by the exchange of velocity, the
block C will stop and block A will move with velocity v. In-turn the block A will compress the spring,
therefore block B will start moving. As long as the velocity of block A is more than that of B, the
spring will keep on getting compressed. At the moment the spring is compressed to the maximum,
both the blocks A and B will have equal velocities say V'

e . 1
Initial kinetic energy of mass M is KE= E M v?

Initial momentum = M v
At the maximum compression of the spring, the momentum =M V' + 2M V' =3M V'

. , , Vv
By the conservation of momentum Mv=3MV = Vv' = §

Therefore the kinetic energy of blocks A and B together, after the collision is

1 1 v M2
KEZE(M +2M)V"? :EBM (—) = 5 b is correct

3
2 2
Thereby the loss of KE = % M v® — M6V = M3V

2
max

1
This loss will appear as potential energy of the spring hence PE = 5 k x

1 M v
Thereby Ekxﬁmz !
2 M
riax_ngz
X . =V 2M : aiswrong
max Al :
3k

At the maximum compression of the spring, the blocks A and B have same velocity V' obtained by
conservation of momentum: c is wrong
Finally the blocks A, B and the spring will oscillate as a two-body oscillation with time period

Mx2M 2
T= ZE\/E where the reduced mass is u = ST M
k M+2M 3
Therefore T =27 /Z—M
3k
. . . . . . T z|2M .
Time required for reaching the maximum compression is = Z = e : discorrect
Ans: b, d
_ __ : : mv, 0.25x 4’
The tension in the string is provided by the centripetal force hence T, = —* = o080 8XO =5N
I .

0
1 1

The initial kinetic energy of the circulating block K, = Emvj = E x 0.25x 4° =21

When the string is pulled down, the radius decreases however the angular momentum is conserved as

VOrO

mvr =my,r, =>v=-—"2%
r

mv’ mvir? o mv: o T oxr’

The tension in the new positionis T = =—200% = x o =-0 ; aiswrong

r

3 1

21
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o . o 1 1 (vrY K’ .
The kinetic energy in the new location is K :Emvz =Em(ﬂj = K,x—> ; Dbiscorrect
r

2

2
I , , . . I
The kinetic energy in the new location with r, EO is K = Ko{—j =K, x r—° = 4K
h T
2

Hence the work done by the tension T is = gain in kinetic energy W =4 K, - Ky =3 K, ; diswrong

For breaking the string, the tension must exceed the breaking strength so when T =40N , we write

T xr 5x0.8° 5x0.8 (08Y
T= °X3°:>4O= X3 e =|—| or r=040m : ciscorrect
r r 40 2
Ans: b, ¢

The change in flux through the circular coil when the magnetic field is suddenly reversed is

A¢ = NBAS — (—NBAS) = 2NBAS = 2x 2000 x1x 0.001= 4.0 weber ; b is correct

changeinflux ~ 2NBAS
The induced charge in the circular copper coil is ¢,y = g =— ... Q)

R R
R is the total resistance of the circuit containing the circular coil

Let the charge passed through the Galvanometer turns the coil by 6 then

2NBAS T c
=—x

=— x0 ... (2)
R 27 nAB,

The time period of torsional oscillations of the oscillating Galvanometer coil T = 27, f—
c

2.7x10°° » .
Or T=2x W =27rx3x107sec =0.1885= 0.19S ; aiscorrect
X

The observed deflection (throw) of 40 mm on the linear scale at 1.0 m distance gives

=—X
2
is twice to the reflection of the plane mirror. Thereby

Ap 2NBAS T ¢ \F c 40 1
c

40 1
0 in egn (2) the factor E is used because of the fact that the deflection of the reflected ray

Ging = K——X X~

R R 27 nAB nAB 1000 2

2x2000x0.001x1 [2.7x10° 3x10° 6
g = PO / X %002 = x10* =120uC
R 3x10 100x15%x10*x0.1 5

Thus q,, =120 «C and not 240 uC c is wrong
4

Further . 120x10"° = R=33.3 kQ d is correct

Ans: a, b, d
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