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A-1
ONLY ONE OUT OF THE FOUR OPTIONS IS CORRECT. BUBBLE THE CORRECT OPTION.

1. In an experiment on photoelectric effect on a metal surface, one finds a stopping potential of 1.8 V
for the wavelength of 300 nm and a stopping potential of 0.9 V for the wavelength of 400 nm. The
cutoff wavelength 4; (the maximum wavelength that can produce photoelectric effect) for the

metal is
(a) 500 nm (b) 550 nm (c) 600 nm (d) 750 nm
Ans. (o)
Sol. 1.8ev= he _he
300 nm A,
09ev=— ¢ __he
400 nm A,
09= E(ij
100\12
= hc=90x12
0.2=100x6
18-90x1— - =
00 A,
111
300 A, 600
1t
A, 600
2. Given that the power dissipated in 5Q resistance is 7.2 W in the circuit shown.

Statement (1): Power dissipated in 6Q resistance is 6 W.
Statement (2): Potential difference V,g between A and Bis V,z =12.4 V Then
6Q2 9Q
40 B

MW
50

(a) Statement (1) is correct but statement (2) is wrong
(b) Statement (1) is wrong but statement (2) is correct
(c) Both statements (1) and (2) are wrong
(
(

A

d) Both statements (1) and (2) are correct

Ans. (b)

2
Sol. P, =Y =72
5

v2=36=v=6volt
5
15+16

V= 6—52 =12.4Volt

V=6V

S_15
|

i=£=z=O.4Amp
15 5

P=i’R =0.16x6 =.96Watt
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3. A transparent and homogeneous sphere of glass of radius r is immersed in water (refractive

indices of glass and water being ,u, =g and u,, =% )- The image of a point object O, located at

distance d on its axis in front of the sphere, is formed at point I at the same distance d from the

sphere on the opposite side as shown. The distance d is equal to

) /?\ Water |
@ U -
(c) 6r

«—d — \ Glass «—d —

(@)2r (b)3r (d)8r
Ans. (d)
O I
Sol.
Image formed by first surface is at o
3 4/3_3/2-4/3
2v. - r
V=00
A1
3d 6r
d=8r
4. A certain substance, with a dielectric constant k =2.5 and the dielectric strength E=1.8 x10" N/C,
completely fills the space between the plates of a parallel plate capacitor (with circular plates) of
capacitance C=72.0nF. The minimum diameter of the circular plates, to ensure that the capacitor
can withstand a potential difference of V =4.0kV, is
(@) 12 cm (b) 24 cm (c) 48 cm (d) 96 cm
Ans. (d)
Sol. —-=18x10" N/C
keg
%’? =1.8x10’

Q=KAg,x1.8x10’

CxAV =KAg, x1.8x10’

72x107° x4000=2.5x tr’ x8.85x 1072 x1.8x10’
2 72x107?x4x10° 1

T 25x8.85x18x10° 1
r2 =2.30x10*
r’=0.23m=0479=r
r=47.9 cm

d=2r=96 cm
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5. A uniform solid sphere of radius R rolls without slipping on a rough horizontal surface with a
forward velocity v of its center. On its way, it suddenly encounters a small step of height 0.2 R as
shown. The angular velocity of the sphere just after the impact is [given that the sphere does not

bounce back, rather it goes ahead up the step]

v
R
" TR
\ 3v 6v v
(a) R (b) R (© R (d) R

Ans. (¢

Sol.
mv(0.8)R +2mR? (Xj :(ZmR2 + mRz)cof
5 k 5
1.2mvR =1.4mR? x o
6V
(l)f =
7R
6. The magnetic field (b) produced by the current i flowing through the sides of a square loop of
side ¢, at a point P at distance X from the center of the square, on the axis perpendicular to the
plane of the square loop and passing through its center, is
@) B= Mol 24/2¢2 ) B= Mo 420x
4m (4x2 +€2)\/2x2 + (2 4n (x2 +£2)\/2x2 + 02
() Bl 4x 2320 @ B=td a21x
4m (4x2 +€2)\/2x2 + 02 4n (4x2 +€2)x/x2 + 02
Ans. (¢

Sol. AB=+x?+/?/4=d

AC=\/(XZ+£2/4)2+£2/4

) BC 012
sing=——=—_'°
X2+ 0212

Uol /. .
B= Ar—T‘;(i(SInO1 +sind, )

=Bl oging =M ging
4nd 2nd

B =(2Bsing)x2
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Ans.

Sol.

. . 12 012
= 4Bsind,sing = —— = —=
¢.sing AB d
=4><“—01><Sin9><£/—2
2nd d
2u,

d;xsm9x€/2
L

pATIS 012x012
= X
n(x2+€2/4) x2+0%]2

i 012012
0 X
n(x2+€2/4) X2 +0%/2

O pif? x4 2

- 275><(4X2 +€2)X(J2X2 _,_52)

~ 4x 2\[2p,il?

_4xn@x2+£ﬁ42x2+f

A linear positive charge distribution, with linear charge density A coulomb per meter, extends

along +X -axis from x=0 to X=00.

+P O y)

_ﬂﬁﬁﬁd.—ﬂ-—-i-—ﬂ-—-'-—-'-ﬁ_——c ------------------------- o0
©,0) M

The electric field E at any point P (0,y) on they - axis

(a) Is proportional to —; irrespective of whether y is positive or negative.

(b) Is always directed away and perpendicular to the line of charge.
(c) Has a vanishing component parallel to the line of charge.

(D) Is directed along a straight line of slope m=—-1 if y is positive but along a line of slope m=+1

if y is negative.

(d)
net
" K
\\ . d
Koo
d
e 00
K
d K
Enet d
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8.

Ans.

Sol.

Ans.

Sol.

Imagine a situation, in which an infinite sheet with positive charge +c per unit area lies in the
xy -plane and a second infinite sheet with negative charge - 6 per unit area lies in the yz-plane.

The net electric field E at any point (X,y,z) [that does not lie on either of these planes xy or yz]

can be expressed as

@) E:Z%(—hk) (b) Ezz%,]

E=2 | Xi 2k E-S 1 X7 %k
© 2%{M'p|} ( %LW M}
©

y,

X . Z:
|- 2]
2e0 IX] 2]
For the electric field E , in a region of space where a non-uniform, but spherically symmetric

distribution of charge has a charge density p(r) as p(r)=p, (l—éj for r<R, one can say that

p(r)=0 for r>R,
a) E=0:bothatr=0and r=R

(
(b) Eocr for r<R and Eociz for r=R
r

. . . . . 2R
(c) The magnitude of E increases with r and reaches its maximum at r = 3

(d) The maximum electric field produced by the given charge distribution is E,,, = ‘;O—R
‘o

©
p(r) =po(1—%j r<R

£ gA_d
E-dA =
$ o

E(4m”) =l
0

Uope =1 pdV =I;p0 (1-r/R)4nr’dr

3 47"
r r
Po {3 4RL
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E= Po 4T ﬁ_i
4mr’ey| 3 4R

E =0==--—=0
" dr 3 4R
_=R
3
10. A typical network of resistances R; and R, shown below extends to infinity towards the right.
The total resistance R .. Of this network between points A and B is
A R, R, R,
R, up to oo
B -----
Rl Rl Rl
() Refreoive =R1 +4/R; +2RiR, (b) Refreeive =Rz +4/RE +2RR,
(C) Reffective = Rl + 3R1R2 (d) Reffective = Rl + Rg + 2R1R2
Ans. (a)
R
Sol. 2R, +—RZX__yx ;
R, +Xx
2R,R, + 2R X+ R,X = XR, + X* R, X
x? —2R,x-2R,R, =0 A
1
2R, + 4R} +4(L)(2RR,) 2R, + /4RI +8RR,
2x1 2
x=R, +\R2+2RR,
11. A cylindrical cavity of diameter ' a ' exists inside a long solid cylinder of diameter ' 2a 'as shown

in figure. Both the cylinder and the cavity are taken to be infinitely long. The axis of the cavity is

parallel to the axis of the cylinder and is at a distance % from it. A uniform current of current

density J (Am™?) flows through the cylinder along its length and not through the cavity. The
magnitude of the magnetic field at a point P on the surface of the cylinder lying farthest from the

axis of the cavity, is

\

A

3 5
(a) Bzg a (b) Bzzp_OJa (C) Bzgqua (d) B:EHO Ja
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Ans. (d)
Sol. B=B,-B,

J na2
)

2amn 2x3—an
2

A%

_ pplna’ "\ 4

T 2ma 27‘6(361)
2

_bpla ppla
2 12
_ Suda
12

12. A thin uniform rod, of length 1=0.200 m with negligible mass, is attached to the floor by a
frictionless hinge at a fixed point P. A horizontal spring connects the other end of the rod to a
vertical wall. The rod is in a uniform magnetic field B=0.500 tesla directed into the plane of paper.

There is a current i=10.0 A in the rod in the direction shown. Force constant of the spring is

5.00 N/ m. The rod is in equilibrium at 6 = tan_lg

Statement (1) Torque on the rod due to magnetic force is 0.1 Nm clockwise

Statement (2) In equilibrium the energy stored in the spring is 0.039 ]

(a) Statement (1) is correct but statement (2) is wrong
(b) Statement (1) is wrong but statement (2) is correct
(c) Both statements (1) and (2) are wrong

(d) Both statements (1) and (2) are correct

(d)

Ans. (d
Sol. Z=F><E
2
=0L|><£
2
:lx0.12x9x0—'1
2 2 2
z=0.1N-m
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Torque of spring must become torque due to magnetic field kxx0.2x g =01

0.1x5

X=—=1=0.125 m
4%x0.2x5 8

.. Energy stored in spring = % kx?
1 2
=5 x5x(0.125)

=0.039 Joule

13. The electric flux through a certain area of a dielectric medium is ¢ = (8.00 ><103)t4 in SI units. The

displacement current through that area is 12.5 pA at a time t=20.0 ms. The dielectric constant of

the dielectric medium is

(@) 22.1 (b) 5.52 (c) 55.2 (d) 2.76
Ans. (b)
Sol. |I,= 8%
dt

12.5x1072 =8£(8x103)t4
dt
12.5x10712 =g x8x10° x 4t
12.5x10 22 :g><8><103x4x(20x10‘3)3

125x107? =ex39x10°x8x10°x10°

e 12.5x107
8x32x107°

£=0.048x107°
K=2

€9

-9

k= 204840 " _ 4 hos51x10°

8.85x10
=5.52

14. A thin equi-convex lens of fint glass (refractive index p, ) is kept coaxially in contact with another

thin cqui-concave lens of crown glass (refractive index p, ). The system is completely immersed

4

in water (auw =§j
F

T8
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Ans.

Sol.

15.

Ans.

Sol.

16.

Ans.
Sol.

Parallel rays of light incident parallel to the principal axis in water are focused by this system at a
distance of 24 cm beyond the system. The thickness of the system is negligible. If the radius of
curvature of each surface is R =20 cm, the difference (p, —p,) is

2 3 4 5
(@) 9 (b) 9 © 9 (d) 9
(D)
H_VUJ_HTQ)Z Y ;l”lm + Hz_;kh " nguz
Ho _ Wi —He —Hy +1 H Uy 1y
24 R
Ko _ 2w, —2p, _H T
24 20 10
4
i B
24 10
5
5 =M~ Uy

Two identical large thin metal plates carrying charges +q; and +0, (0, >0, ), respectively, are kept

close at a distance d apart and parallel to each other to form a parallel plate capacitor of capacitance
C . The potential difference between the plates is

9, —Qy b 9. —9z 0, -0, d g, +0,
@ % ) & @ e @) 9
(b)

_4.-0,
q 2
G_%‘Qz
2A
E-%

€o

_0—-9

2A¢,
v=Ed

ql q2 d

2A¢,
v 0, -0, C:Ago
2C d

A point mass m moves in a straight line under a retardation kv’ [where k is a positive constant
and V is the instantaneous velocity]. The initial velocity of the point mass is U . The displacement
of the point mass at time t is

(@) %gn (L+ kut) (b) %fnkut (©) kén kut ) %ﬂn (1 kut)
(@)

a=-kv?

dv = —kv?

dt

AcadXl
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1—£=+kt
V u
1=1+kt
vV u
1 1+kut
\Y; u
_u

1+ kut

dx u
V=—=

dt 1+ kut
Fax =t —Y gt
0 %1 4 kut
X_umﬂ+mﬂ
- ku

x=%mp+km]

17. In the arrangement shown in figure, ' a ' represents the magnitude of acceleration of small blocks
A and B while ' T' is the tension in the massless string passing over the frictionless and massless
pulley. The sum of the masses of blocks A and B is constant. For this system, a linear relationship
can be obtained between

B
AL]

(@) a and 1 (byaand T (c)aand T? (d) T and a°
Ans. (D)
Sol. m,+mg=c

az(mA n%]g A __Bgosmy-mg=—

my +Mg
T - 2MaMg T = 2Ma Bg=mymg =
my +mg
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18.

Ans.

Sol.

2
Cz_(ﬁJ _2ATc

g Xg
, a’c® 2Tc
e
g g
g 9°

A thin uniform circular ring of mass m is rolling without slipping down an inclined plane of

inclination 30" with the horizontal. The coefficient of friction between the ring and the surface is

u . The CORRECT statement is

30°

(@) Linear acceleration of the center of the ring along the plane is a =%
(b) Force of friction between the ring and the inclined plane is F,
(c) The Ring keeps rolling for all values of the coefficient of friction p 2%

(d) Linear acceleration of the center of the ring along the plane is a =%

(b)
mgsind —f, =ma

mgsin® —ma = ma

1
mgx—=2ma
g 2

job]

9
4

a=

IN[(e]

T=1Q

f R =mR2x—
R
f, =ma

£ =19

4
for keep rolling
f, <uN

% < umgcos30°

riction —
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Z<lux—
PR
1
>_—
u 23
19. A bullet of mass m can penetrate a target (a heavy block of mass M) up to a distance S, when the
target M is held stationary by a stopper P (shown in figure). Up to what distance S’ the bullet will
penetrate if the block of mass M is free to move (i.e. when the stopper P is removed) on the
frictionless surface T.
m
M
T
m m M
a) S'=S b) S'=—S c) S'= d) S'=
@ OER ©S-—Tos (@S-t
Ans. (D)
Sol.  v*=u’+2as
u® =2as
.1 ( mM j )
mas’ = —x u
2 \m+M
ﬁ r_ 1 M u2
2s 2m+M
()
s'= S
m+ M
20. Knowing that the atomic masses of Al and Mg are respectively 2Al=24.990432u and
Mg =24.985839u while electron mass is often expressed as m, =0.511MeV , the Q value (energy
liberated) of the B decay nuclear reaction BAl—> ®Mg+e* +Vv in MeV is
(a) 4.278 (b) 3.767 (c) 3.256 (d) 931.478
Ans. (¢
Sol.  For B+ decay process
Q= [mparent ~ Myaughter — 2m, :| x931.5MeV
Q =] Myprent — Myggnier |¥93L.5—2[m, x931.5MeV/]
Q =[24.990432 — 24.985839] x 931.5—-2[0.511]
Q=3.256MeV
21. A block of mass m , lying on a rough horizontal plane, is acted upon by a horizontal force P and

simultaneously by another force Q acting at an angle 6 from the vertical as shown. The block will

remain in equilibrium if the coefficient of friction between the block and the surface S is
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0
Q 1
P m
—
S
(a) at least _P+Qsind (b) at least m
mg + Qcoso mg + Qsin6
(c) equal to _P+Qsind. (d) equal to M
mg — Qcoso mg — Qsino
Ans. (a)
Sol.  P+Qsin®=p(Qcos6+mg)
_ P+Qsin®
mg + Qcoso
22, Knowing that the acceleration due to gravity on the Earth surface is g and the radius of the Earth

is R, a small body of mass m falls on the Earth from a height h =% above the Earth's surface.

During the freefall, the potential energy of the falling body decreases by

(@) mgh (5) < mgh (© 2mgh (@ Smgh
Ans. (¢
Sol. AU =GmM {i — i}
R 6R
~GmM
6R
~ mgR
6
Gm=gR?
_ 5mgh
6
23. At some instant, a motor car is moving on a circular path of radius 600 m, with a speed u =30 ms . If its
speed is increased at a rate of 2 ms~, the magnitude of the acceleration of the car at that instant is
(a) 2.0 ms™ (b) 2.5 ms™ (c) 35ms™ (d) 1.5 ms™
Ans. (b)
30m/s
Sol.
30x30 3
a, = =—,8,=2.
600 2

a=4/(2)* +(15)%* =2.5m/s?

$'+91-7737432098 @& www.acadxl.com —— Contact@acadxl.com ) @AcadXL-09 13


http://www.acadxl.com/
http://www.youtube.com/@AcadXL-09
https://www.acadxl.com/
mailto:Contact@acadxl.com

Paper Code - 63 Ac dejl

24. A cricket ball, thrown across a field, is at heights of h; and h, above the point of projection, at
time t; and time t, after the throw, respectively. It is then caught by the wicket keeper at the same

height as that from which it was thrown. The Time of Flight (T) of the ball is

@ T= h,t2 —h,t? (b) T = h,t3 +h,t? © T= h,t? —h,t3 d) T= h,t? +h,t?
h,t, —h,t, h,t, +hyt, h,t, —h,t, h,t, +h,t,
Ans. (a)

t

Sol.

1
hlzuytl—Egtf

1 .
hl+5gtf=uytl...(|)
1
h, =u t, — =gt}
2 =Uylh 292

1 .
h, +Egt§ =uyt, ...(ii)

Equation (i)/ (if)
1 2
hl+§gtl :t_l

1 t
h, +Egt§ 2

9
hit, —h,t, = E(tltg - t12t2)

g =2 h1t2 — thl
Lttt

Time of flight

T_219
g

1 2
h, +=ot;
T=2 270

t| g 2

2 hl(tltg_tlztz)_i_i
t | 2[ ht,—ht;] 2

TZI: hltltZ (t2 _tl) +t1:|
tl( h1t2 _h2tl)
Chity(t, -+t hity —tf h,

)
hltZ - thl
_hg-hgg
hltZ - thl
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25. A plate of mass M is placed on a horizontal frictionless surface S. A block of mass m is placed on
the plate. The coefficient of dynamic friction between the block and the plate is . If a horizontal

force F=2umg is applied to the block (as shown), the acceleration of the plate will be

[l
M

S
m; m 2 2um
(@) H1& (b) HIE& (c) M8 (d) <HDE
M m+M M m+M
Ans. (aord)
Sol. May possible acceleration of plate
_ umg
M
a' = acceleration arriving both are moving together
o/ = 2Hmg
m+M
o/ _g o 2wmg pmg
m+tM M
| 2M=m—M
MR8 M (m )
pmg (M —m)
(M+m)M
26. A simple pendulum, with a bob of mass m, oscillates in a vertical plane, with an angular amplitude

0, . The tension in its string when it passes through the mean position is 2 mg. Neglecting the effect

of air friction and the viscosity of air, the angular amplitude 0, is

(a) 30° (b) 60° (c) 90° (d) 120°
Ans. (b)
2
Sol. T-mg= mlv
2mv? ;
e
V2 = gl e /'/_3 £(1 - cosB)

mgl(1—cos6, ) = %mgl

27. Because of their mutual gravitational attraction, four identical planets each of mass M are orbiting

in a circular path of radius r in the same sense (angular direction). The magnitude of the velocity
of each planet is
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1
Gm(1+2y2 ) Gm
r 4 r
1
Gm 1Gm(1+42 )2
2 (1+ 242 q) [ 28m
0 [ 2e) o |1em12)
Ans. (a)
2 2
Sol. fu=CM 4o L OM
4r J2 2r
Gm? {\/5 1} mv?
2| 5 T
r 2 4 r
28. A rigid square sheet of size 2 mx2 m is hinged at the middle of the vertical edges to serve as a

door which can turn about the horizontal axis OO'. A fluid of density p fills the space to the left
of the sheet up to its top. The horizontal force F required (to be applied at the lower edge) to hold

the sheet vertical is

P9

W

Ans. (b)

dy

1m

| —
Sol. XF

Torquet=0

1 2
F><1+Iopgy(l—y)dy:.[lpgy(y—l)Zdy

F+ ZPgIZ(y—yz)dy = 2gpf12(y2 ~y)dy
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- m{2(33)

pg 2 1
F+—==2pg| —+—

3 pg(s 6)
F_Arg

3

The correct option is (b)

29. A major artery in human body, with radius 0.4 cm, carries blood at a flow rate of 5.0 cubic

centimeters per second. The pressure difference of blood per meter length of the artery is nearly

[Given that the coefficient of viscosity (n) of blood at body temperature is 4.0 x107° Pa .s and the

density of mercury is 13.6 g/cm® |

(@) 9.6 mm of Hg (b) 3.2 mm of Hg (c) 1.5 mm of Hg (d) 6.0 mm of Hg
Ans. (o)
Sol.  Rate of liquid flow is given by poiseuilles equation

d_Q:(zj(AP)f“

dt 8) nL

nXAPx(4x103)4

5x107° == -
8  4x10°x/

AP 5x10°x4x10° 8

¢ (4x10°)" =

=0.2x10° Pa/m
=1.5mmofHg/m

30. If P represents radiation pressure, E represents radiation energy striking per unit area per unit

time and c represents speed of light then the possible values of non-zero integers x,y and z such

that P*E’c’® is dimensionless, may be

(@) x=1y=1z=1 (b) x=-1Ly=1z=1
(c) x=1Ly=-1z=1 (d) x=1y=1z=-1
Ans. (o)

Sol. [P]=ML'T
[E]=MT"
[C]=LT*
P*EYC? =M°L°T°
(MLT2) (MT2) (LT) = MOLT

X+y=0
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—-X+z=0
—2x-3y—-z=0
X=z2=-y

= -2X+3x—-x=0=0=0 (All values are possible)

31. A large tank, open at the top, has two small holes in the vertical wall. One is a square hole of side
's' at a depth h below the top and the other is a circular hole of radius r at a depth 4 h below, the
top (given that s<h;r<h ). When the tank is completely filled up to the brim with water, the

quantity of water flowing out per second from each hole is the same, then r is equal to

(@) 2 ®) - © 7= @ 5

Ans. (¢
Sol. Mass flow rate =pAV velocity of efflux =./2gh
PALV; =PA,V,

82‘/2gh = nr2‘/2g x 4h

32. A pendulum consists of a heavy but very small bob of mass M suspended at the end of a rigid rod
of mass m and length L. The time period of small oscillations in the vertical plane, about a

horizontal axis through the upper end of the rod is

M
m+2M 3L m +3M 2L
(@) 2 \/[m+3|v|jx[£] (b) 2“J(m+2mjx[£]
3L 2m+M 3L
© 2m 50 (d) 2 \/(3m+ij[£j
Ans. (b)
Sol. 1=Ia

2
—{(mgsine)% + (Mgsine)L} = [ML2 4 m:i’,_ ]a

0 is very small
So, sinf~0

—(m+ Mjge =[3M +mjLa
2 3
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_(m+2Mjg9 =(3M + mjLa
2 3

qe— m+2M 3_ge
m+3M )2L

By comparing standard equation

o =-00
o [[M+ 2M ) 39
m+3M 2L
o2
[0
T_oq [[MF 3M 2L
m+2M ) 3g
33. A transverse wave is travelling along a long stretched string from left to right (along + ve X

direction). The snapshot of a small part of the string at any moment t is shown in the figure. At

this particular instant

<
-
@)

>
>
o)

I

» » X
E
FA\GC/H

(@) A and E are at rest for a moment while C and G have maximum speed
(b) B and D have upward velocity whereas F and H have downward

(c) D, E, F are moving downward at that moment

(d) B and H are moving downward at that moment

Ans. (d)

Sol. v, =—(slope)v,

34. Two tuning forks, with natural frequency 700 Hz each, move relative to a stationary observer. Fork
(1) moves towards the observer while the fork (2) moves away from the observer. Both the forks

move with same velocity v on the same line. The observer, standing between the two forks, hears

4 beats per sec. Using the speed of sound in air as v, =350 ms™, the speed of each tuning fork is

o @ v,

VA Y
00 f/\ 00

(a) 2.0 ms™ (b) 1.5 ms™ (c) 1.0 ms™ (d) 0.5ms™
Ans. (o)
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fbeat = f1 - f2

350x2v | 700x700v
3507\ j T (350)°
v=1lm/s

4=700(

35. Three identical large metal plates are kept parallel and close to each other. Each plate can be treated
as an ideal black body and has very high thermal conductivity. The first and third plates are
maintained at high temperature T, =3T and T,=2T. The temperature T, of the middle (i.e.

second) plate under steady state condition is

1 1 1
5T 65 )4 97 )4 65 )4
> by [ = T SR d | =2 T
@ o (%) o (7] @ (%)
Ans. (¢
<A\
AN> A%
sol. 3T=T, T,=2T
d d
aQin :aQemit
s[BT)* A+@2T) A]=0Tix2 A
V4 V4
T :(81+16j T:(%j .
2 2
36. The speed of sound in a mixture of 1 mole of Helium (molar mass =4 ¢ ) and 2 moles of oxygen
(molar mass .=32 9. )at 27°C is nearly
(a) 318 ms™ (b) 332 ms™ (c) 381 ms™ (d) 401 ms™
Ans. (d)
Sol.  m="Mitnm,
n,+n,
| 1x4+2x32
3
=@gm / mole
3
n+n,_n . n
y-1 -1 v,-1
2
=1+—
L
2
Loy
f Y
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1 mde of holium
2 mole of Oxyen
YyRT
™M
v J19x8.314x300x3
13x68x10°
v =401.03

37. A thin uniform circular disc of radius ' a 'is placed in XY plane with its center at origin (0,0). A
small circular disc of radius b with center at ( ¢,0 ) is cut and taken out to create a hole. The center

(N

of mass of the remaining disc is at

b? b? b? b?
(@) ——¢,0 (b) R c,0 () Sz c,0 (d) PG c,0
Ans. (d)
Sol.
—b%c
com[xcm,y ]= {m,o}
38. One mole of an ideal monoatomic gas, contained in a cylinder fitted with movable piston, is

originally at P, V; and T, =27°C. The gas is slowly heated. Initially 8.31 watt-hour of energy is
added to it; at the same time it is allowed to expand at constant pressure to a new state P, V, and
T,. The CORRECT option is

(@) Value of T, is 1740°C
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(b) Work done by the gas is 2160 R joule
(c) Internal energy of the gas increases by 1440 R joule

d) Y2_sg
1
Ans. (d)
Sol. P,V
T, =300k (at const pressure)
A6 =nC AT

60><8.31><60=1><[5/2R]><AT AT =24x60=1440" = Tf =1440° +27°
W =nRAT=24x60=1x1440 R
AUzf/2nRAT:3/2><1><R><(24x60)=2l60R

VT

V, T, 1440+300 1740

—~£=_= 5.8
v, T, 300 300
39. A non-conducting solid sphere, of radius R, with its center at A, has a spherical cavity of diameter
R with center at B as shown. There is no charge in the cavity while the solid part has a uniform
2
volume charge density p. Electric potential at the center of the sphere (at point A) is V = |§-pz R
“
(in SI units) where the value of k is
(@)3 (b) 5 ©7 (d)9
Ans.  (b) Solid sp (p, R)
Sol.  V(r)=--(3a2-r?
2 2
V=P (3R?-0%) = PR _ pR™
6¢, B¢, 2¢,
2 2 2 2 2 2
v, - P 3(3) _(Ej :L(gR__R_] :L(ZLJ _pR?
6¢, 2 2 6, 4 4 B, | 4 12¢,
2 2
Vo v, - PRC_pR?
2e, 12e,

Ve 6pR? B pR? 5pR®
12¢, 12¢, 12¢,

40. The figure below depicts the voltage wave forms of binary input signals A and B and the output
signal C of a certain logic gate.
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Input Signal A | | | | | |
Input Signal B J | | |_
Output Signal C _|_|—,_|_
The logic gate is

(a) AND (b) NAND (c) OR (d) XOR
Ans. (a)

A| B Output

0 0 0
1 1 1 | = And gate

Sol. 0 ! 0

41. Energy from the Sun falls on the Earth surface at the rate of 1400 W / m?, which is known as solar

constant. The respective rms values E and B, of electric and magnetic fields in the sunlight

(electromagnetic radiation) reaching Earth surface arc (Take speed of light ¢ =3x10° ms™ )

(@) Epps =7265V/m,B,,, =242uT (b) E;s =7260V/m, B, =242nT
(c) E;g =1030V/m,B,,, =3.42u T (d) E,ns =10300 V/m,B, =342nT
Ans. (a)
Sol. | :ESOE2 xC
2
1400><28 g2 :>E=\/ 8 2800 S
€y x3x10 3x10° x8.85x10

=+/105.46x107*2 =10.26
=10.26

E 1030
C 3x10°
~3.42x10° T.
E,..=7265V/m

B —Em o7
C

E=BC=B= 343.x10°8

rms

42.  Two electric charges, +q at the origin O(0,0) and —2q at the point A(6,0) are placed on X axis.
The locus of the point Pin x —y plane where the potential vanishes (V=0) is

a) a straight line perpendicular to X axis and passing through (2,0)

b) only the point (2,0)

¢) a circle with center at ( —2,0 ) and radius 4

d) an ellipse with foci at O and A

A~ N N~
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Ans. (c

© k k(-2q) G y)
Sol. V=—9 =0 TN

4yt 8- +y° R N
1 4 q . LA
2_ 2 2, 2 '

X“+y” (6-x)"+y 0, 0) X -2q (6, 0)

4x% +4y? =62 + X% +y? —12x

3x? +3y® +12x -36 =0.
43. In the circuit shown, the Zener diode is an ideal one with breakdown voltage of 5.0 volt. The values

of the resistances are Rg=10kQ and R, =1kQ. The current through the resistances, when the

supply voltage is 11.0 V, is .
S
Vv

wE K I

+

(@) 0.6 mA through Rg and 5.0 mA through R
(b) 1.0 mA through Rg and 1.0 mA through R,
(c) 1.1 mA through Rg and no current through R
(d) no current through Ry and 11 mA through R
(

Ans. (b)
RS
—>—\W\
)
t_ T
11V 5V/Z§/ §RL =1kQ
Sol. ‘L
L= Ry xV =1V
Rs+R_
The diode will not break down. So Rg =R, =1.0mA
44. In an accelerator the electrons are accelerated up to an energy of 50 MeV. The electrons do not

emerge continuously from the accelerator rather they come in pulses at time interval of 5.0
milliseconds. Each pulse has a much shorter duration of 200 nanoseconds. Electron current during
the pulse is 100 mA, while the current is zero between the two successive pulses (see figure), then

200 ns

A

100 mA

—>
5ms

(a) The average current per pulse is 4 mA
(b) The peak value of power delivered by the electron beam is 50 MW
(c) The average power delivered by the electron beam is 200 W
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(d) The average power delivered by the electron beam is 2 MW

Ans. (o)
-9
Sol. i, = w =0.4x107% mA
5x10™
Pmax = Vimax

=50x10° x100x10~% =5MW
_ Pxt;  5x200

P =200 W
" Ttotal
45. Two infinitely long straight parallel wires perpendicular to the plane of the paper are 5 m apart. One

of the wires, P carries current | out of the plane of the paper and the other, Q carries the current |

into the plane of paper. The magnetic field B at the origin O of the coordinate system with X andy
axes as perpendicular and parallel to PQ, respectively, is [Given OP=4 m and OQ=3 m]
PQ Ay

5m

.70 x
Q®”
ol (» 3~ Mol 7 A.j Lo ( 3@) Mol (2
a) ——|i—— b) = i—-— | —i+= d) ——(2i+3
@ (i-f]  eRigi] @R[ @ ki@
Ans. (b)
©
7
{
> ' . B,
R Ul 37
Al 3. 53°
N5
N B,
KO *
Sol.
- l"’OI B, = MOI
° 2n(3)" 7 2n(4)

46. Charge q is uniformly distributed over the surface of a thin non-conducting annular disc of inner
radius R, and outer radius R, . The disc is made to rotate with constant frequency f, about an axis
passing through the center of the annular disc and perpendicular to its plane. The magnetic
moment of the disc is

2 2 2 P2 2 P2
(a) =fq Ry +Ry (b) nfq R, - Ry () nfq R; Ry (d) 2nfq(R3 —R?)
Ans. (a)
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g
Sol.  dq=————2mrdr
n(R3-R7)

Magnetic moment of element
dm = (dqwjmz _ dq2nf o

2n 2n

- onrdrx fr?
=T rar X 1mr

n(R3-R])

qf 21 R, 3 qf2R 4 4

=———| rdr=———(R;-R

(RZ—Rf)IRl 4(R12+R12)( :=Ri)

an 2

, ——(R3+R})
47. For aresistance R and capacitance C in series, the impedance is twice that of a parallel combination

of the same elements when used with an AC voltage of frequency f . The frequency f of the

applied emf is
R
R C
L
C
2\ ()
N \J
1 2n 1
f =27RC b) f = f=2" d) f=—T—0n
@) f=2m 0 =R =g “ 2m/R? + C?
Ans. (b)
SO]. Sel’IES : parallel

Iy

lix 2X R , __XR
2 SRt P R

R? +(X,)* =2X.R

(XC—R)2=O:>XC=R:>i=R:>2nf=i

e Rc
1
2nRC
48. In a certain electrical network, the three nodes A,B and C are each at a potential of 1.0 volt while

the node D is at a potential 2.0 volt. The potential at the Node O in volt is
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3
a) — b
@ ®)
Ans. (¢
Sol. Let potential of Ois' X "' —

w| s>

1-x 1-x 1-x 2-X
+ + + =
10 10 10 10
3(1-x)+2-x=0
5=4x=x=5/4

0
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A-2

ANY NUMBER OF OPTIONS (4,3,2 or 1) MAY BE CORRECT MARKS WILL BE AWARDED ONLY

49.

Ans.

Sol.

IF ALL THE CORRECT OPTIONS ARE BUBDLED AND NO INCORRECT.

Two ideal inductors L;=L,=L and three identical resistors R, =R, =R;=R have been

connected to a DC source of emf E as shown in the circuit. When the key K is kept pressed (closed)

for a long time, the current through the resistance R; on the extreme right is measured to be I.

Immediately after releasing (switching off) the key, the current through the resistors is

(@) I downwards in R, (b) I downwards in R,
(c) 2 upwards in R, (d) zero in each R;,R, and R,
(a, b, )
0000 q?mx
I

_,
i

Rg R§ R§

When key is always pressed

3e
€ R

i=¢ >
£ L
VR R!
€

Al

R

When key is open (flux coms of a circuit)

2&

£
R R

2€ s

R
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p

50. A particle of mass m moves along X axis with its potential energy as U(x)= &2 —— where a and
X® X

B are positive constants. The particle is released from rest at x, = 2 Then

2
(@) U(x) can be expressed as U (x)= %l:(ﬁj —ﬁ}
x5 |\ x X

1
. . : 2 % (%) |?
(b) Velocity of the particle V(X) as a function of X can be expressed as V()= S| —
mx; | x X
a

(c) The maximum speed of the particle is v, = 5
2mxg

(d) The total energy of the particle KE(x)+U(X) is zero

Ans. (d)
a B
Sol. U(X)=—-=—
o (x) NE
o
XOZE
o
B=—
Xo
o 1 «o
_—_X_
x2 X X,
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Potential energy =0= % - E
x2 X
X _a
X B
x=2— X,
B

51.

Ans.

Sol.

V:K—(:[l—l]}m -0

Mechanical energy = kinetic energy + potential energy
at = X, = potentialenergy =0

= kineticenergy =0

= Totalenergy =0

Correct option only (D) particle will not move.

Two blocks A and B, of masses M and 2 M, respectively, are connected by a massless spring of
natural length L; and spring constant K. The blocks are initially at rest on a smooth horizontal
floor with spring at its natural length L,. A third block C of mass M, identical to that of block A,
moves on the floor with speed Vv along the line joining A and B and collides with A elastically. In

the subsequent motion

C A B
v K
M — M 00000000 — 2M
Floor

(@) The spring will be compressed to a maximum when at a length of v f%

2
(b) The kinetic energy of A and B together, when the spring is compressed to the maximum, is TV

(c) The blocks A and B stop for a moment when the spring is at the maximum compression
(d) The time required to reach the maximum compression from the normal length is g \/g
(b, d)

m |—> m 00000000 — 2m

m 00000000 “— 2m

| ¢
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52.

Ans.

Sol.

Maximum compression, both block moves together with velocity of com
= vz0

m 0000000 — m

T:27t\/E
k
LI /2_M
4 2\ 3k

A thin uniform metallic rod, of length ¢=1.0 m and area of cross section A =2 mm?, is made to

rotate with angular velocity w=400rad /s in a horizontal plane about a vertical axis through one
of its ends. The density and the Young's modulus of the material of the rod are p=10* kg m™ and
Y =2.0x10"Nm™2. Taking r as the distance of a point on the rod from the axis of rotation, the

(@) Tension at midpoint of the rod is T=1200 N .

b) Tension in the rod varies with distance r from the axis of rotation as T =1600r> N

c) Stressin the rod at r=0.5m is 3.0x10°Nm™

d) Elongation of the rod is g mm

(
(
(
(

a, ¢, d)
x | {
T_m 2[L—X+L}
L L
2 —_—
T:mw X[ZL Xj|
L 2
L
X=—
2
m

AcadXl
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B 3mw’L
8

T

:gxprxcozxL2

=§x104 x2x107° x16x10% x1

_300x22 1200

Put x=(L-r)

_ mm?L 3 mo?r?
2 2L

T
(c) strees = N
1200
- 2x10°
=4x10°
o (3

Idy-Azj T-dx

2
2
Ay, =[f mcE x(ZL—x]dXJ/Y

2
Ay = mo® | 2Lx*  x° Iy
nex 2L 2 3

2 3
_[ Mot e By
2L 3

2
zpmxégyv

2L 3
2712
mo°L® )1
A'an[T]v
><C0202
ynet:p
3y
10* x16x10*x1 8 ,
T G e
8
=— mm
3
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53. One end of a long and thin rope, stretched horizontally with a tension T=8 N, along X axis, is
supporting a weight after passing over a pulley fixed on a vertical pole (see figure). At the other
end, a simple harmonic oscillator (a clamped iron rod along the axis of a solenoid fed with AC
voltage and oscillating between north and south poles) at x =0, generates a transverse wave of
frequency 100 Hz and an amplitude of 2 cm, in the rope. The wave propagates along the rope.
The mass per unit length of the rope is 20 g/ m. Ignoring the effect of gravity (on the rope), the

CORRECT option(s) is /are

| nmoﬁlhl rope
\vaviviv, I_l\ ; T " x-axis
| O | S| X=
V =V,sin ot Pole

(@) Wavelength of the transverse wave is 20 cm .

(b) Maximum magnitude of transverse acceleration of any point on the rope is nearly 800 ms™
(c) If the oscillator produces maximum negative displacement at x =0 at time t=0, the equation

of the wave can be expressed as Y(X,t)=-0.02sin[10nx —100xt] in SI units.

(d) Tension in the given rope remaining unchanged, if a harmonic oscillator of frequency 200 Hz
is used (instead of earlier frequency 100 Hz ), the wavelength will be 10 cm .
Ans.

(a, d)
Sol. vwz\/fz /Mzzo
) 20
v="f\
20 =100x A
d=20cm

_ 2
a, = oA

=—4n% x10* xi
100

=-8x10x10* ><i
100

=-16000

_2n_ m2x100
a0 20
o =2af =2x100w =200%

vef=f=Y=1 [T
A A\

fo2f

X—>&
2

k 10n

54. Nuclei of a radioactive element A are being produced at a constant rate o.. The element A has a
decay constant A . If there are Ny nuclei at t=0, then

(@) Number of nuclei N(t), at time t, is N(t) = %[(a - AN, )e_m}
(b) If a=2AN,, the number of nuclei N(t) at any time t will remain constant

(©) If a=2kN, then N(t)=2N, as t—>o

(d) If o =2xN,, the number of nuclei N(t) after one half-life of A is N (%j = g N,

$'+91-7737432098 @& www.acadxl.com —— Contact@acadxl.com ) @AcadXL-09 33


http://www.acadxl.com/
http://www.youtube.com/@AcadXL-09
https://www.acadxl.com/
mailto:Contact@acadxl.com

Paper Code - 63

Ans. (b,c d)

Sol. t=w
La] [B]
N, 0
t=t

[ ]

NB
t=dt

dN,,
dt

[7 dN = [t
No (X—)»NA 0

1 A
—xﬁn[a—XNA]EO =t

| 9N |-y
a—2AN,

=a—AN,

a—AN, =(a—2ANy)e™

+AN, = 0o — (a0 —ANgy)e™

N, =%[a—((a—kNO)e_“ )]

Put a=2AN,

N, =%(XN0 —(0)e™)
N, =N,

put o =2AN,
Na =%[2m0 — (AN, )e™ |
Na=No[2-¢e™]

t— =N, =2N,

n2
ut t,,, =——
put 1y, X

1 —xty
N, = xszO —MNge "2

= E[ZXNO _MNg }
A 2

3N,

N, =
AT 2

AcadXl
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55. In Young's double slit experiment, a fine beam of coherent monochromatic light of wavelength

A =600 nm is incident on identical slits S, and S, at separation d . The intensity at the central

maximum formed at O is |

max and the angular fringe width is $=0.1". When a thin transparent film

is placed in front of the slit S,, the intensity at O changes. It is found that the smallest thickness of the

film, for which the intensity at O becomes half the maximum intensity (i.e. Im% ), is 250 nm.

Neglecting the absorption of light by the film, the zero order fringe earlier at O now forms at O" where

00 =0.5mm.

D>>d Screen

.............. O

Choose CORRECT option(s)

a) The refractive index of the film is 1.6
b) The fringe width near O is 2 mm

4

d) The distance D of the screen from the double slit is nearly 1.15m

Ans. (a, b,d)

Sol. I=I,cos

(
(
() On the screen, O is above O
(
(
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56.

Ans.

Sol.

57.

603X1=(u—1)x250x10_1
600=(n—1)x107

6

= —p-1

10 "

n=0.6+1

AcadXl

An insulated non-conducting solid sphere of radius ' a !, carrying a positive charge +4Q uniformly

distributed throughout its volume, is surrounded by a concentric thick conducting spherical shell
of inner radius b and outer radius c. This thick shell carries a negative charge —2Q (see figure).

The correct option(s) is/are

_ZQ
+4Q
b
C
(a) Electric field strength at distance r(r <a) from the center is E = %g?
TeE a

(b) Charge on the inner surface of the conducting spherical shell is +2Q

(c) Charge on the outer surface of the conducting spherical shell is +2Q

2 2
(d) Electrical energy stored in region 0.<r<a [i.e. in the inner sphere] is Q
Téa
(@, ¢ d)
o1 4Q
3, 3 4 5 &
3
E, =
Yo 4w, a
1 oF
E, = Q_;
4me, a

internal energy of inner sphere

3 k(4Q)? +[—41«3 s 2kQ}4Q
5 a b c

A single electron orbits around a stationary nucleus of charge +Ze in a hydrogen-like atom, where
Z is the atomic number and e is the magnitude of the charge on an electron. It requires 47.25 eV to
excite the electron from second Bohr orbit to the third Bohr orbit. Ionization energy of hydrogen

atom is 13.6 eV. Then
(@) The value of Zis 5

(b) The energy required to excite the electron from the 3" orbit to the 4™ orbit is 16.53 eV (nearly)
(c) The wavelength of electromagnetic radiation required to liberate the electron completely

when in the first Bohr orbit is 36.56A

(d) The angular momentum of an electron in the second Bohr orbit is 1.056x10"*Js
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Ans.

Sol.

58.

(@, b,

—13. 60"
4]

—| 26w
A

13.6(22)[% —%} =47.25

5
13.6)(z% )x— =47.25
(136)(z )x36
J2_ 47.25% 36

13.6x5

72 =25

_13.6x25x7
16x9
_13.6><25

=16.52

() =340eV

_ 12400
340

nh
d A-m=—
(d) o

_ 2x6.6x107#
3x3-14

=1.056x10"%

3 ~36.47A4

One mole of an ideal monoatomic gas of molecular mass M undergoes a cyclic process (ABCA)
shown in the figure as a density (p) versus pressure (P) curve. The CORRECT option(s) is/are

2p0 T B
p
PoT A C
© Py —P 2P,

. : MP,

(a) Work done on the gas in going from A to Bis W,g = n2
0

. . MP,

(b) Work done by the gas in the process BC is Wy, =
Po

(c) Efficiency (1) of the complete cycle ABCA is n= %(1— n2)

MP,

(d) Heat rejected by the gas in the complete cycle ABCA is Qgca = (1-/n2)

0
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Ans. (A, Q)
Sol. p= M
\%
nm
V [ —
P
p=kP
™M _
v

PV = const. = Iso thermal

o =1zTIn [V—f}
Vi

(C) (AQ)SUPP = QBC = nCPAT

A
2

zﬁxzpo(m_ﬂ}
2 Po 2P

_5PM
2p,
PM P
Po Po
n=5°(1-n2)

En(Z)

(d) Qe = wﬂnz + n%RAT

0

FM En2+§xMxPO

Po 2 pg
Qrey- = w[fnz + gj

0

AcadXl
B
A C
. R
m = pv
nm = pv
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59, A small block B of mass m=0.25Kkg, lying on a frictionless horizontal table, is attached to a

massless cord (breaking strength 40 N) passing through a narrow hole C at the center of the table.
Initially when the block is revolving in a circle of radius r, =0.80 m about a vertical axis through

the hole, with a tangential speed of v, =4.00 m/s; the tension in the string is T, and the kinetic
energy of the block is K. The string is then pulled down slowly from below, decreasing the radius

of circular path from I, to r so that the kinetic energy of the block is now K and the tension in the

string is T. As a result

4
. f
(@) The tension T=T, r%

2

(b) The kinetic energy K=K o:%
(c) The radius r of the circular path just when the string breaks is 0.40 m

(d) The work done by the tension in the string in reducing the radius of circle from I, to %0 is 4K,

Ans. (b, ¢)
Sol. VI, =Vr

- (-

_mve  25x16 400
N 08 08

L)
40{_0) 5
r

r=r—0 =04 m
2

T

w =k, —k|

r 2
ok

=[ky (1-4)| =3k,
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60. A circular coil of thin insulated copper wire (N =2000 turns), wrapped around an iron cylinder
of cross-section area AS=0.001m?, is connected to a suspended type moving coil ballistic
galvanometer. The suspended rectangular coil of the galvanometer is of mass m=80 g, length
¢=5cm, breadth b=3 cm and has n=100 turns of fine copper wire wound on a non-metallic

frame of ivory. This rectangular oil of the galvanometer is free to execute torsional oscillations in
a radial magnetic field B=0.1 tesla. The galvanometer is being used to measure the charge by

employing the formula q= ZL ﬁ 0 . [Given that the moment of inertia of the oscillating coil about
mTn

the vertical axis is 1=2.7x10"° kg m* and the torsional constant (torsional rigidity) of the

suspension fiber is ¢=3.0x10°Nm/radian: A= /¢xb is the area of the coil]

When the magnetic induction of 1.0 weber per meter?, perpendicular to the plane of the circular
coil, is reversed (in opposite direction), a deflection of 40 mm is observed on a scale placed 1.0
meter away in front of the reflecting mirror attached with the suspension fiber of the rectangular
coil. The CORRECT statement(s) is/are

(a) The time period of the oscillating rectangular coil is T=0.19 s

(b) The net change in flux through the circular coil wrapped on the iron cylinder is 4.0 weber

(c) The induced charge in the circular coil wrapped on the iron cylinder is @;,y = 240uC
(
(

Ans. (a, b, d)
Sol. = ﬂ
2x1

’ 6
=21 % =2nx3x1072
3x10™

T=6mx10?
3.14x6=18.84x10% =0.19s
Ap = 2BASxN
Ap=2x1x001xN
=2x2000 =4

T C

=———0
q 21 nAB

3
S 2nx1072x3x1073
_9><100x5x3x10*“><0.1X
5x3x107°

.02

=§x.02x10-2
5

=6x.02x102 =12x107° =120uC
dQ _
=
_pdg
Tt

_AQ

" AR
__4 g

120x10
R =33.3kQ2

iR
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