Selutions to IIT JEE-2005 Mains Paper (Memory based)

Physics

Q.1.  Ancbserverstanding on a railway platform. Cbserves frequency of a whistling train to be 2.2 kHz and 1.8 kHz of the
approaching and the receding train. Find speed of the train (given speed of sound = 300 mvs) (2]

Sol.  Apparentfrequency of approaching train

v
f= { ] where v, — velocity of train
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Apprarent frequency of receding train
_ 200
18= 00+v, | 0 ()

(i) divided by (i} gives

2 300 +v, o
= 32 T 300-v, solving give; v, = 30m/s

Q.2. The potental energy of a particke of mass m is given by
Vix)={Eg 02x =1} &4
={0 x>1 }\
A
4, and A, are the de-Broghe wavelengths of particle_ If the total energy of particle is 2E,. Find 1—1 . [2]
2
Sol. ForOgxg1 Forx=>1
E=FE +HKE. ky =28,-0
ky=KE=2E,-PE. =1E,
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de-Broglie wavelength in above two cases -
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Q3. A U-tubeis #led with fiquid of density p. The separation between the limbs is L. U-tube is rotated about a vertical axis
passing through one of the limbs. Find the difference "Ah” in the level of the bguid in the two fmbs. [2]

Sol. In container frame -
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Gd. A charged conducting liquid bubble of radius a and thickness t (t<<a) as shown in figure having potental V. ifit collapss
te droplet. Find the potential of the droplet. 2]

Sol. Letcharge onthe bubbleis q.



Potentialof t7e bubble

q
4?'.'2.:-!

q=(dxega)v -}
Fotential of the droplet
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where B is radius of the droplet
4
Also  4dxafti= E:ﬂ’

R = (3a%)'3 (11}
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Q.5. Awooden stck of mass m and length L 5 hinged a3t O. There is no fricton at ©. A particle of mass 'm" mowing with
velocity v strikes the stick at ds lower end and gets stuck with it as shown in figure. Find the angular velocty of the

system abous O just after the colision. [2]
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Sol. Consering angular momentum of system about O befere and after collision.
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Gb. A unknown resistance is to be determined using resistance Ry, R, and R, |ftheir corresponding null points are A, B

and C. Which of the fellowing will give most accurate reading. [2]
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Sol. Since ﬁ_fz == X = fzﬁ

= m}: =-EI'I-!1 -ﬂ'l!: - mR
dx df, L L
i 2 e v R
A |11 ,
< £_+E (Af) . (since ldf,| = |d&] =AL (say) r(e. errorin measurement)
1

fi-l-f; .
e (A} : Here A remain constant

{
= Etﬂ'} : Since {, + L, = { (constani)

Ax
50— 5 minimum when &4 4> is maxmum and if £ + & i1s constant then £, £; will be maximum
fe, =L (using AM.2G M)
Hence the null point at B will give most accurate reading.

ar. What wil b2 the minimum ang'e of incdencs such that the 1otal nternal reflecton taking place from both the surface ?

(2]

e
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Sol. Forfirstsurface
2sin iy = Y2 sin 20°



Q.8.

Sol.

Q.3

Sol.

Q.10

Sol.

= iy = &5° - Critical angle for first surface is 45°

For second surface
2 sin iy =3 sin 80°
= i, = B0° . Cntical angle for second surface is 60°

. minimum angle of incidence = &0°

W,=V2

I-l;=2 I, L I,
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Side of a cube measured in vemnier caliperse (10 divisions of a vemier scale coincide with 8 division of main scale, whers
1 division of main scale is Tmm) reading on the man scale is 10 mm and first division of vemier scale concides with the
main scale. fmass of the cube is 2.73 g. Find density of the cube with due regard to significant figure. [2]
Least count of the vemeer colliperse

2
= [l_ﬁ}"'“‘ =0.1mm=0.01cm

Total length = 10 mm + 0.1 mm = 10.1 mm = 1.01 em

mass 2.736 ) \
volume  (1.01)° = 2,66 g/em

Density =
A transverse wave is produced m a string the maomum particle ve'ocity is 2 m/s and maximum particle acceleration is
8 mis?. If the wave velocity i5 20 s find the wave equation. [4]

Letthe wave equation bey = A snioit kx + )
A be the amplitude of osctllation

(Wplmgy = w8 = 3
(3 mex = 07A = 20
m=%-30md15
o w 20 3
= — =—=—=—m
W H=H S =3g°am
-
A-‘E—E—ENIMCH'I

The wave form sy =0.15in (3012 1.5% + 0]

Long solenced of radius ‘3’ and number of turns per unit length 'n’ is surmcunded by a cylindrical shell of ', and thickness
T (t << r} & length "L". A variable current | = iy sn ox flows through solenoid. The resistwly of the material of the
cylndrical shell s . Find the induced current in the shell. [4]

induced emf
Resistance of shell

Induced current =




Now & =Bg
B |.|,:,n|'|.|=_n (ig sin )

e

E=A Hahlg 3 i{iil‘lﬂ:ﬂ]l

t= Auﬂntnucus.nt
E = peniy matm cos ot

et plnx . M
Resstance of shell R 3= R= Td hence i 2p cosok
G.11 Acylinderof mass 'm’ and Radius R rolls down an inclined plane of inclination 8. Calzulate the aceeleration of centre of
mass of cylinder [4]
N
“»
Sol. g oy
)
Mgsine-f=Ma,, .. (i)
z
R = w%u ...... (i)
For perfectroling
a.., = oR ()

By solving eqn. (i), (i) & (i)
2 .
A= Egﬂnﬂ

Q.12  High energy electrens collide with a target of an element having 30 neutrens . The ratio of radi of nucleus of element to
that of helium nucieus is {14)"2, Find
(a) The atomic number of nuckeus
(b) Frequency of K bne of the X —ray produced

{Rydberg const (R)= 1.1 x 107 m™, C = 3 x 10% m/s) [4]
Sol. f(a) Radius of nucleus is given as
R=R, A3

wihere A — mass number of nucleus.
Ry — Constant

13 13
(14)12 = £ Reue A'_"""': = A
Fi'. A 4
A=358
Mumber of neutrons + No. of protons = mass number
N+Z=A

Z=A-N =56-30=28



(b} Frommosley's law
Frequency of K = lines is given as
%R
4
Z - atomic number of target element
o= 3x3x10%x1.1x107
4

o= Bx1.1x10%
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«10"" Hz = 1.548 x 10"® Hz

@13  Twoladder, each of mass ‘M’ and Length L' are restng on the rough herizontal surface 35 shown n the figure. If the
system is in equilibrium, find the magnitude and direction of friction force at A and B. [4]

Sol. System = two ladders + mass

¥
X

Trans/ational equilibrium of system

Fnu =0 = IFI =D

EF =0
¥
IF,=0 = 2N-2Mg-mg=0
_ 2M +m
H - 2 E

Rotational equibrium of either ladder aboul P

=1

MLcosE - Mg%msﬂ-ﬂ sing=0

i
N+w}c¢5&
f= =
Lsing
T2M +m Mg
cote

f=(2M + m) ﬂT



Q.14

Sol.

Q.13

Sol.

(b}

Q.16

Sol.

A small body afachied to one end of a vertically hanging spring is performing SHM about it's mean position with angular
freqguency w and amplitude a. If 3t a height 'y from the mean position the body gets detached from the spring. Calculate
the value of 'y’ so that the height 'h” attained by the mass is maxmum. The body does not interact with the spring dunng

it's subsequenty motion after detachment.  (au? > g) [4]

To attain maximum height, the block must detached from the spring at that moment when spring is n its natural length.
At this stage, the potential energy of the spring wil be zero. Hence the total energy of the block at this point will be
maximum and therefore it will nse ¢ a maximum height
mg = ky
ma_
K

=1 =

£ .3
o

Two equilateral prisms of vefractive ndex J:T are kept side by side as shown in figure A light ray strikes the first prism
atface AB. Find

(@) The angle of incident for the mmimum deviation of emergent ray from the frst prism
(b} By what angle the prism DCE should be retated about C to get the minimum deviation of fnal emergent ray from the
face DE [4]

(a) For mnmum dewviation

A Ll
fy =0y = T=M

sini= f3 sin30
i=60°
For minimum deviabon, if the prism is rotated by an angle £0° to the anticlockwise, then both the prism will act as 3
glass slab and the deviabon will be zerc.

In the given network Key k is closed at time 1 = 0. The charge g on the capacitor at any time t is given by
qit)=q, (1 - &%), Find the value of g, and fj in terms of given parameters shown in the circuit [4]

F'_E

R.

ViR, - == i)

_-{l-H}H::n -,[ii]'



QA7

Sol.

()

Q.18
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From eq. (i) (s) and (i)

c ¢C t
on soling we get
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A cylinder of mass 1 kg is kept a1 mital temperature 20°. now itis given heat of 20 kJ at atmosghernc pressure. Find

(a) Fmal temperature of the cylinder.
b) Work done by the cylinder to the surrounding
(c) change m intemal energy of the cylinder

Given that specific heat of cylinder = 400 J kg™ *C. co-efficient of volume expansion =@ x 107 °C™1,
atmosphenc pressure = 10° N/m? & density of cylinder = 8 x 102 kgim?.
[€]

a) AQ = m SAT
AT =50"C
o finaltemp. = 70*C
b) Work done
W = PAY
where AV in change in volume.

m| -
AV = VAT = [F]"‘"

1
W= 1.01 % 105 (N/m?) (mm"] gx 1075(*C) x 50{*C)
=5x 107 J
AU = AC -'W
= 20000 -0.05 =19200.095 (J)

Torgue actng on a moving coil galvanometer can be given by eguation ©= ki, where i current through the galvanometer
wire & k is a cont, coil of the galvanometer has number of turns N, area A, & moment of sertia |. If the coil is placed n
amagnetic field 8. Find.

(a) Constant K in terms of given parameter N, 1. A& B

- ; . m .
b) I he torsional constant of coil if current |, produces a deflection of 5 in the coil

(c) Maxmum angle through which coil is defiected. If charge Q s passed through the coil amost instansously.
(€]



Sol.(a) 3 T=NIAB sina
For moving cod galvanometer o= 80 due 0 radial magnetic fisld (sina=1)
k= iNAB
k= MAE
() Let torsional constant of the coil in C.
torque T=cH
X
2
21 NAB
b
(c) Angular mpulse

L=J’m=jmm=:~1.—mq

Charge in angular momentum

NAB=C

[w=NABQ
NABQ
o= —

By consarvation of Mechanical energy

NABR
2lal

1 1
—qu:—ﬂﬂz =0
5 > =0



