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Nurturing potential through education

Q.1

Sol.

Q.2

The energy required to ionise a hydrogen like ion in its ground state is 9 Rydbergs. What is the
wavelength of the radiation emitted when the electron in this ion jumps from the second excited
state to the ground state ?

(1) 24.2 nm (2) 8.6 nm (3) 11.4 nm (4) 35.8 nm

TSSO URAIY] SIY Udh M Sil 3 I e o1aell # & @1 3fd & & ford 9 Reart Io1i 9t sraearasan gt

2| I 39 I H Soag S SwIfoTd STaRel H gl Iiford JraRen # MY a1 Sford fafdswer o1 awirded arm —

(1) 24.2 nm (2) 8.6 nm (3) 11.4 nm (4) 35.8 nm
3
e _ (13.6ev) 22 {lz— nt}
1 2
n =1
n,=3
hc

—= (13.6eV)(32)[112—312}

1240
nm

wavelength = 5x136

A =11.39nm

A particle of mass m is projected with a speed u from the ground at an angle 9=% w.r.t. horizon-
tal (x-axis). When it has reached its maximum height, it collides completely inelastically with
another particle of the same mass and velocity uj. The horizontal distance covered by the
combined mass before reaching the ground is :
5 u? u? 32 v 343 1
2= 22— ez N
1) 55 (2) 227 (3) 5= 4 55

TEHME M @ Udh HU BT u TR A afa e (39 x-3ret <) | 9=§a€‘rwaﬂ1ﬁ§qq&‘fﬁﬁﬁo—mm§|aﬁaﬁ

[hTH $aTs IR UG IR I8 HY A SFH D Ub R B, FOTIdl 97 uf B, | UM JURY WY H THIAT
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Y e
P, = P,
mu + mucosd = 2mv = v = w=%u

so horizontal range after collision

2H... 3 [2u®sin?(60°) 3 \E 3302
= _— == = 2 _
Vo Te e Ty Ty

Q3. Two gases- argon (atomic radius 0.07 nm. atomic weight 40) and xenon (atomic radius 0.1 nm .
atomic weight 140) have the same number density and are at the same temperature. The ratio
of their respective mean free times is closest to :
(1) 3.67 (2) 4.67 (3) 1.83 (4) 2.3
&1 I — i (AT @1 ST = 0.07 nm 3R WA 4R = 40) T S (A @1 3591 0.1 nm, TRET]
IR = 140) & SH1S AT H URATYS B T THEAN © AT BT dTHM W) ThAd 2 | 39 41 (M 3iR
SH) & TRl & T gad did (mean free time) &1 agud 7/ 4 1 fvda dead & 2
(1) 3.67 (2) 4.67 (3) 1.83 (4) 2.3

Sol. 3

Q.4 An electron gun is placed inside a long solenoid of radius R on its axis. The solenoid has n turns/
length and carries a electron along the radius of the solenoid with speed v. If the electron does
not hit the surface of the solenoid, maximum possible value of v is (all symbols have their
standard meaning) :

R
ep,nIR —

9
ep,nIR y g
) = J—> ‘

eu,nIR
@ =

—

e~
~—>—
>
S—

2ep,nIR
m

(4)
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Sol.

Q.5

Sol.

T goragia Uad (electron gun) &1 R a1 &) va o uReiforat & s1et W <@ g | uRAifereT § dR &
n gATa Ui SPIs WIS © TA1 S99 98 dTell fagd OR1 &1 99 1 8 | soldg i uead gRkarerat o o @ fawn
H v fd | ot yafdd wcll 2 | afe vafia goaga uReiforet &) 9ag 9 98 eavd 8, @ v &1 iffsad A
fa=r 81 Fhar & ? (I R &1 AMG A o)

R
ep,nIR —]
—

(1) 2m z

ep,nIR | >y
() 4m

eu,nIR
@ =

T
~>—1
==
2ep,nIR

m

— max

quein

i _ Rap,in

max 2m

R =

max

Emv
2

An electron of mass m and magnitude of charge |e| initially at rest gets accelerated by a constant

electric field E. The rate of change of de-Broglie wavelength of this electron at time t ignoring

relativistic effects is :
-h

- h _L e|Et
(1) [er (2) “[efet (3) “Jek @ &

“h
U% SR P1 SHHM m Tl $9 W A B 7 |e| & | ¥8 favmraRen # g don 39 W v Rer fgd &= E

M) 39 @R far ST § | |erdn & uMia (relativistic effects) @1 0T A9 gU SR &1 SI—a0Ten
aaTeed @ FHT t R g9 B SR B —

-h _h __h le| Et
(1) e () “[Ee (3) “gek (4) 5=
1
Ap = LS . v =at
mv
V = e_Et (a = e—E)
m m
h
Ap = ————
m (eE) t
m
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Q.6

Sol.

dp ___h

dt — |eEt’
A spring mass system (mass m, spring constant k and natural length | ) rests in equilibrium on a
horizontal disc. The free end of the spring is fixed at the centre of the disc. If the disc together

with spring mass system, rotates about its axis with an angular velocity o, (k > me?) the relative
change in the length of the spring is best given by the option :

2mao? mo® 2 (mo? Mo
(1) K (2) K (3) \g( K J (4) K
T HAM G (spring mass) FerT (&8 m, HAF ReRids k 3R Tiafie o s |) Sgford afawen 3§ te afdat fowm

TR RN AT & | PAM DT Wlell RRT [S¥b & s W fag ¢ | e 379 3% D1 30 B g@dH Faw & Rl 589 3 &
IR AR © (K> Me?) DO R A GAR-IT SR AT & A0 BAM D) ofwls H daald & ford Dl fdebeld Fass g ?

2me’ mo? 2 Mo’ mo
(1 = (2) T (3) \fs( > ] (a) T
2
mao? (/,+X) = kx

(R
X mo

2

/) kl I°°o
(00000

l,mo
k - mo?
k >> me?
X . 2
So, i~ is equal to ml:"
0

Two identical capacitors A and B charged to the same potential 5V are connected in two different
circuits as shown below at time t = 0. If the charge on capacitors Aand B at timet = CRis Q, and
Q, respectively, then (Here e is the base of natural logarithm)

+ - + -
+ |- + |-
Fl [F ¢
Higs HigE

A B

AAAAAA
v
AAAAAA
YVVVV¥y

VC
(1) Q= VC Q= - (2)Q, = VC, Q= CV
cv VC VC cv
= — B = — = — = —
(3)Q, = 5 QB=—_ Q=" Q%=
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THHH fawg 5V W Il < Gued JurRal A 3R B & 999 t = 0 R 9 fewry ¥ 1 fafr= aRuen &
TR SIS Sl 8 | 99y t = CR W |G4IRAT A 3R B WR 3719 A Q, 3R Q, B, dl (I8l e Ul dArRed

HT IR B) Jir |: i| |:
nE H
+
A B
RS RS
VC
(1)Q,=VC, Q= — (2) Q, =VC, Q, =CV
e
cv VC VC cv
= — B:— = — = —
(3)Q, = =, /QB=~_ @ Q= %=
Sol. 1
8. In LC circuit the inductance L = 40 mH and capacitance C = 100 puF. If a voltage V(t) = 10

sin(314t) is applied to the circuit, the current in the circuit is given as :

(1) 5.2 cos 314t (2) 0.52 cos 314t (3) 10 cos 314t (4) 0.52 sin 314t

T LC uRuel # IR%@ L = 40 mH e fagd enRar C = 100 pF 2 | Ife diees V(t) = 10 sin (314t) 39 gRue
H o SR Al g g8 drell "RT B —

(1) 5.2 cos 314t (2) 0.52 cos 314t (3) 10 cos 314t (4) 0.52 sin 314t

V = 10 sin (314t)

RZ+(Xc - X, )

NX N
I

0
X.— X

C L
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Xc _XL

Il
|
|
e

=1 314x40x10°

314 x100x10°°
=31.84 - 12.56
=19.28Q

V, . T
i = —=sin| 314t + =
=7 '( +2j

YA
= = 314t
i - cos( )

10

i = ———cos(314t
=1 = 925 c0s(314)
=i = 0.52 cos (314t)
9. Planet A has mass M and radius R, Planet B has half the mass and half the radius of planet A. If

vV, n
the escape velocities from the planets Aand Bare v, and v,, respectively, then VA =7, Thevalue
B

of nis:
(H1 (2) 3 (3) 2 (4) 4
TEh UT A BT SIEE M T 3591 R 8 Us g8 U8 B &1 g0 &R 3o a1 €1 U8 A 9 ol 21 3f uE A

3R B ¥ UcIrA Tl B vAaﬁ?vBﬁraﬁ\\//—A=2,nao‘rﬂH%—
B

(1)1 (2) 3 (3) 2 (4) 4
Sol. 4
2GM
v R n
/ZGM -1 —1==
Ve = T SOV, 2GM/2 4
R/2
=>n=4
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10. The current i in the network is :

(1) 0.A (2) 0.3 A (3) 0.6 A (4) 0.2 A
A M Jeaw # fagd uRT i &1 WE g -

50

|
50 \ !
9v

(1) 0.A (2) 0.3 A (3) 0.6 A (4) 0.2 A
Sol. 2
Both diodes are in reverse biased
A 10Q
$ 50

1022 /
N

||
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11.

Sol.

12.

= 3 _3A_03A
30 10

For the four sets of three measured physical quantities as given below. Which of the following
options is correct?
(i) A, = 24.36, B, = 0.0724, C, = 256.2
(ii) A, =24.44, B, = 16.082 C, = 240.2

(iii) A, = 25.2, B, = 19.2812, C, = 236.183
(IV) A, = 25, B, =236.191, C, = 19.5
Options

(1)A, + B, +C1<A3+B3C3 <

2

B, +C,
i ifs RET B W B A R T AR e @ R PR Reer § 3 B 2 2
(i) A, = 24.36, B, = 0.0724, C, = 256.2

(i) A, =24.44, B, = 16.082 C, = 240.2

-

(iii) A, = 25 2, B, = 19.2812,'C, = 236.183

(IV) A, = , =236.191, C, = 19.5

fawmeq

(1)A,+B, +C, <A, +B,C, <

A +B,+C, <A, +B,+c,

(2)A, +B,+C, <A +B, +C,<

A+B,+C,<A +B, +C,

(3) A +B, +C. <A +B +C,=

A'+B,C, =A +B,C,

(4)A, +B +C =A +B, +C,=

A+B,+C =A +B,+C,

4

a b c a+b+c=d Round off

1 |2201 20.4567 40.118 d. = 280.6747 | 280.7
2 | 2182 22.3625 40372 d,=280.9345 | 280.9
3 | 2212 20.2435 39.432 ds= 280.8755 | 280.9
4 | 2214 18.3625 40.281 d.= 280.0435 | 280.0

A particle starts from the origin at t = 0 with an initial velocity of 3.07 m/s and moves in the

x-y-plane with a constant accelreation (6.07 + 4.03) m/s?. The x-coordinate of the particle at

the instant when its y-coordinate is 32 m is D meters. The value of D is :
(1) 60 (2) 40 (3) 50 (4) 32
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Sol.

13.

Sol.

14.

TP PO I t = 0 W A fdg A URM® 1 3.07 m/s 3R @R (6.05 + 4.0]) m/s2 9 A Y B §Y
X-y FAAE H eIl B | S &V WR O 39 HU B ford y &1 A9 32 m & X &1 A9 D Hex | D &1 79 8 —
(1) 60 (2) 40 (3) 50 (4) 32

1

— 1.
s,=Ut+ 2ayt

— 04 s
32 =0+ x4t

— 1.4
Sx = Uxt + Eaxt

=3><3+1><6><16

2
= 60 m.

A small circular loop of conducting wire has radius a and carries current I. It is placed in a
uniform magnetic field B perpendicular to its plane such that when rotated slightly about its
diameter and released, it starts performing simple harmonic motion of time period T. If the mass
of the loop is m then:

27m 2m m m

1) =75 @ T=\F (3) T=\5 ORENEL

gared dR I 3501 a BT e B IR Bool § fgd oR1 [ 98 8 B | T Uh [Haa gREa &3 B (W fF
$d A S aHdd 8) H 59 PR WM O © [ 59 39 590 A & A7iel S gHIdR Bisl Sl A1 I8
eI T B TR 3fadd (A B ol 8 | I Bood b1 S| m 8, a1 —

2mm 2m Tm m

1
T = MB Sind = Ia
2
7R2IBO = %a
2nlB  2n
w = _—
m T
T = 2mm

2
X
A rod of length L has non-uniform linear mass density given by P(X) =a+b(EJ , Wwhere aand b

are constants and 0 <x<L. The value of x for the centre of mass of the nod is at :
3 a+b L 3 a+b L 4 a+b L 3 2a+b L
1) 3(2a+p (2) 2(3a+0 (3) 3(2a+3b ) Z(3a+b
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L TS @) TP B P SEHEY &I g9 T P(X)=a+b(ﬂ g1 f&n Sirar &, Sief a qen b Fradis & den

0<x<L 2| BS & g9 &5 & ol X BT 79 4 R 2:

3( a+b 3( a+b 4 a+b 3(2a+b
(1) E(2a+bj" (2) E(m)L (3) E(m)L (4) z(m)L
Sol. 4
dx
X
1I
X, = M!X.dM

dM = x.dx=(a+b(?j ].dx

' bx?
deM - kadx - _([x+(a+|2de

Xem = [dM  [adx j(a+b|)2(2de

a(x) +b(x3l = Z@::EJ

15. There is a small source of lifght at some depth below the surface of water (refractive index = 4/3)
in a tank of large cross sectional surface area. neglecting any reflection from the bottom and
absorption by water percentage of light that emerges out of surface is (nearly) :

[Use the fact that surface area of a spherical cap of height h and radius of curvature r is 2rrh]

(1) 21% (2) 50% (3) 34% (4) 17%

T B9 (tank), 9] a8 &1 SR 98d 1 &, § Ui (3uad+id = 4/3) =1 g3l 8 R Ul &l ¥ag & A
TP B TP BICT FI T g3l © | AT WRIa AR I a0l g§RT U1 S B drel] & Pl 70 H11
ST Al g @) AdE | GIER ST aTell UhTRT Bl UiIeId o 7

[V el e, ! Sarg h 81 iR 30 vt 31 r 81, A1 391 &3 2nrh 2IdT 8]

(1) 21% (2) 50% (3) 34% (4) 17%
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Sol. 4

S
Sinp = %,cosﬁzg
Solid angle dQ = 27R? (1 - cosp)

2nR? (1- cosB)

e X100
/Y

precentage of light =

- 8
16. A uniformly thick wheel with moment of inertia I and radius R is free to rotate about its centre of
mass (see fig). A massless string is wrapped over its rim and two blocks of masses m, and m,

(m, > m,) are attached to the ends of the string. The system is released from rest. The angular
speed of the wheel when m, descents by a distance h is :

_ H—os[3x100=(4_ﬁ]x100z17°/0

m,
ml
1 _ 1
(m-m,) P 2(m, +m,)gh |2
_ V1 2) | gh SVt 29
(1) {(m1+m2)R2+1 9 () | (M, +m,)R? +1]
(2m, -m,)gh - (m+m) T
2m, -m,)gh f? m, +m, 2
Am 1 2)9 _ V17 2) | gh
) {(m1+m2)R2+1} 4) (M, +m,)R? +1] 9
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Sol.

17.

Sol.

a1 R 3R Sisw@ 3l 1 &1 Ua UHaHM HICTE &1 Ui 3 S $vs @ 9RI 3R 9o & oy wad 7 (R
<) | U gHRied SN g9 Ufed & IRI SR @udl T 8 SR SR @ & BRI W SFHE m, d&ar m, (m, > m,)
S a YT dCHN T 8 | 39 MP B M@ & Blel Ol 8 | U 59 g@8M m, @1 el Ak 31 3R
Terd gU h g0 a7 R of 1 Ul &1 profig 99 B —

m,
m,
(m-m) “2(m, +m)oh T

(1) {(m1+m2)R2+1 gh ) | (M, +m,)R? +1]

(2m1_m2)gh % | (m1+m2) 2
) {(m1+m2)R2+1 4) | (M, +m,)R? +1] gh
3
K,+ U =k +Kk,

0+0= %mzvz+%m1v2+%lm2—ngh+m1gh

(m,-m,)gh = %mz(mR2)+%m1(mR2)+%lm2

I 2(m2 _m1)gh

1
\/(m1 +m, +R2JR2

A wire length L and mass per unit length 6.0x10°kgm™ is put under tension of 540N. Two

consecutive frequencies that it resonates at are 420 Hz and 490 Hz. Then | in meters is :
H1i1m (2)2.1m (3)8.1m 4)51m

TS LS TP dR $1 U 3518 s @M 6.0 x10°kgm ™' & T $9 W 540N $1 TG A1 g3 E AR
SAP! ]I HANTC A ATafcial BT A9 420 Hz T2 490 Hz &1, 1 L &1 #iex § A4 & —

=0

(1)1.1m (2)2.1m (3)8.1m (4)5.1m
2
Fundamental frequency = 490 - 420 = 70 Hz
1T
70 = 2\

1 540
370—5 6)(10,3 :>Iz2.14m
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~ A

i+
18. A plane electromagnetic wave is propagating along the direction ﬁj with its polarization

along the direction . The correct form of the magnetic field of the wave would be (here B, is
an appropriate constant) :

i+] i+] i+]

1. Bkcos(mt k\/f] Tcos(mt kﬁ]
i i+] i i+]
BOJ— (mt k&] 4. \Fcos(mt+k\/§]

T Al fAgd—gra a3 %ﬁ?ﬂﬁﬂﬂ?ﬁ%ﬁwmgw(polarization)Qﬁ?ﬂﬁ%lsﬂﬂ'\"ﬂ
BT FHEDIT &3 BN (I8 R By U SuPa ReRrid 8) :

I+] I+] i+]
Bkcos ot -k ——=cos| ot—k—=
b ( ﬁ] SR ( Ji]
i i+ i i+
—=cos| ot —k—= cos t+k
3. B > ( \/i] 4, \F ((’) \/5]
Sol. 3
P47

EM wave is in direction > —F—
V2

Electric field is in direction —
E x B —s direction of propagation of EM wave

19. Two steel wires having same length are suspended from a ceiling under the same load. If the
ratio of their energy stored per unit volume is 1 : 4, the ratio of their diameters is :

1.2:1 2.1: 2 3.1:2 4. 2 :1

JIH IS B al Wi & IRl R GHH YR iR 38 Bd 9 o Shi T © | IR 39 IR & Uiy shTE
AT H AfId Sl BT g 1 : 4 7, A1 ORI & AT BT U BT —

1.2:1 2.1: 2 3.1:2 4. 2 :1
Sol. 4

du 1 stress 1 F?

—— = X ——— = ————

v 2 stress y 2 A%y

du 1

dv d*

d, 174

(4

L=

d1

—+ =421

d, 2
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20.

Sol.

21.

A small spherical droplet of density d is floating exactly half immersed in a liquid of density p

and surface tension T. The radius of the droplet is (take note that the surface tension applies
an upward force on the droplet):

3T T T LI
L " @a-p 2" @ms  F @e 3

T d B T BT MATHR & Ocd p AT UG dd T & &9 H S 37T a1 gall AT 2 | 39 4
5 &1 9F 2 (2 § fF Ueaa g7 'R YW $) IR 96 ol B):

3T T T SEELI
L' @a-pg 2" @ms  F @e 3

\Y
pVg:o(E)g+T(2nR) = p%R3g=c§nRag+2nRT

:>P§ 9( P—G)— = = (2p—0)g

The circuit shown below is working as a 8 V dc regulated voltage source. When 12 V is used as
input, the power dissipated (in mW) in each diode is;(considering both zener diodes are identical)

200Q
AW
200Q
V, =12V v,
8V
O
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fawmar ar gRuy 8 V & fowe g1 forafiia dicear &d &) 9ifd o &1 & | 919 598 12V &) a9 dreedt v
S 8, I Udd SIS H B drell Sl @l edfd mW H Bl | (S SR ST UHEH §)

2000
AAAAY
200Q
V, =12V v,
8V
o
Sol. 40
AAAAAA J
N 2000
}Ezoog
———e
12V /ZS/ I
8V
v —————°

_1228) )4 _ygep
(200 +200) " 400

Power loss in each diode = (4)(102) W = 40 mW

22. In a Young’s double slit experiment 15 Images are observed on a small portion of the screen
when light of wavelength 500 nm is used. Ten fringes are observed on the same section of the
screen when another light source of wavelength ) is used. Then the value of ) is (in nm).

I B 2R v # Afe e &1 axeed 500 nm B A1 ud @ Uh B 9 § 15 ol @) oy 8 afe
BT B deed ) B 1 U b S Wi F s arell sl @ dear 10 & 9 ' 1 4 &1 "1 (nm H) B
Sol. 750

D_ D
15><500><E—10><k2>< g
A, =15 x 50 nm
A, =750 nm
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23. In a meter bridge experiment S is a standard resistance R is a resistance wire. It is found that

balancing length is | = 25 cm. If R is replaced by a wire of half length and half diameter that
of R of same material, then the balancing distance I’ (in cm) will now be.

R S

| Y |

fegry T Aex 91 wAm # S U we gfcRigd g 91 R Ue 9k R g | & gs Refd d§ wged fig & o

=g | = 25 cm § If2 319 R &1 S8 S0 g § 91 U gERT dR, Rorde) awiE R @1 ol iR foraant ard
1 R &1 e B, & oA 9 A1 T el fag # ford =g |' @1 #1e (em #H) B —

R S
G
I
. \%
{ |
Sol 40
X_75_
R 25
_ pl_4pl
R= A nd?
|
)
2
=2R
=
nl =
2
X 100 - |
then R (f)
100-1_X _3
| 2R 2
| = 40.00 cm
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24. Starting at temperature 300k, one mole of an ideal diatomic gas (y=1.4) is first compressed

V,
adiabatically from volume V, to V, = ﬁ It is then allowed to expand isobarically to volume

2V,. If all the processes are the quasi-static then the final temperature of the gas (in K) is (to
the nearest integer).

aroE 300 K & g% IR 1 Are fguRATe® areel 199 (y=1.4) &1 Ugel wal™ Al gR1V, Rad 9V, =

Y—éwwﬁﬁmﬁmm%mﬂmsﬁwﬁummzvzwwwﬁagﬁﬁmmﬁ
afe wdft ufhame Wfdewder (quasi-static) 81, @ I &1 if<ad do= &1 (Racaw gorie (K #) 89 —
Sol. 1819K P
PV¥ = constant
TVt = constant

300 (v, e, (Va7
1 B 16

T, = 300 x 28/

Now for BC process

Ve _ Ve

TB Tc

T = Yelo _ 5,300 %28/ >V
c VB

T.=1819K

25. An electric field E=4xi(y®> +1) jN/C passes through the box shown in figure. The flux of the

electric field through surfaces ABCD and BCGF are marked as ¢, and ¢,, respectively. The
difference between (¢,- ¢,,) is (in Nm2/C).

A1(0,0,2)
D C

(32,2
E F

H (01010) G (31010)
(0,2,0) (3,2,0)

B
(3,0,2)

(0,2,2)

S
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fersr ¥ fam T g W g fagd &3 E= 4 xi (y? +1) jN/C Fieberar 81 At sRy & ABCD dern BCGF
FHAA H A EIHR S dlel Felad BT A HAT ¢, qA ¢, &, d9 $74 AR (,- ¢,,) (Nm?/C) # 2 —

A1(0,0,2)

B302
c ~G.0.2)

(3.2,2)
E F

H (OIOIO) G (31010)
(0,2,0) (3,2,0)

(0,2,2)

S

Sol. -48
Flux via ABCD

¢, = [EdA=0
Flux via BCEF
¢, = [EdA

IS

¢, =EA= (4x? ~(y* +1)J).4? =16x,x =3

N_m2 2

N-m
¢2 = 48T!¢1 _¢2 =-48
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