
IIT·JEE2005·PH·1 

Solutions to IITJEE-2005 Mains Paper 

Physics 
Time: 2 hours 

Nofet Question number 1 to 8 carr ies 2 marks each. 9 to 16 carries 4 malks each and 17 to 18 carr ies 
6 ma rks each. 

Q1. AwhisU ing t rain approaches a junction. An observer standing at junction obseNes the f requency to be 

22KHz and 1.8 KHz of the approaching and the receding train. Find the speed of the tJain(speed of 
sound= WO mls) 

Sol. Wh ile ap pr oa chi ng 

f' - ~{ v ~,,) 
2200 = ~ ( 300 

) 
300 -v, 

Wh ile receding 

f ' -f0(-v ) 
V+V, 

1800 - \,( wo ) 
WO+v, 

On solving velocity ofsource (train) v. = 3:1 mls 

Q2. A conducting liquid bubb le of radius a and thicl<ness t (t «a) is charged to potentiaiV. Ifthe bubble 
collapses to a droplet find the potential on the droplet. 

Sol. Potential of the bubble (V)- ~~ 
4m0 a 

by corGervation of volume 

4,..."t - ~nR3 
3 

R - (3a~)P 
HeMe. ~o~Mial o~ IM dro~l!<l 

V ' --
1- .i (as charge is conserved) 

4"'0 R 

~v· -(;J'.v 

Q3. The potential energy of a particle of mass m is given by 

V(x) - {fo 0~ x~ 11 
0 ><>1 J 

"'and"' are the de-Broglie wavelengths of the particle. when 0 ~ x ~ 1 and x > 1 respectively. ~the 
total energy of particle is 2E;,, find ;\,fA,. 
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Sol. K.E. c 2e;.- e.= e. (forOSxS 1) 

Q4. 

Sol. 

Q5. 

"· -~ mE0 

KE= 2E0 

h 
(forx > 1) 

A U t•be is rotated abo•t one of ifs limbs 
w~h an ang•larvelocityc.>. Find the difference 
in height H of the liq•id (density p) level 
""'er e d iam .t e r of the t• be d « L. 

l 

IJ.PA- J drTw.l 
D 

pgHA - JL2pA 
2 

t!J 
H - -

2g 

.. 

" 

A wooden log of ma;s M and length L is hinged by a 
frictionless nail at 0 . Ab•llet of mass m slrk es w~h velocityv 
and sticks to ~- Find ang•lar velocity of the system 
immediately after the coUision about 0 . 

Sol. Apply conservation of ang•lar moment•m about 0 

QS. 

M~ 
(mv)L= (mi.."+ - )c.> 

3 

What will be the minim•m angle of incidence s•ch that the 
total internal reflection occurs on both the surfaces'? 

Sol. Forfirstsurface 
2 sine, = ,Ji sinro• 

~c.=~ 
For second surfa ce 

2 sin~= .J3 sin9J• 
... c,=60' 

:. Minimum angle of incidence c Max { c,, c,} = 60' 

) 

__ ... _--:~2 __ ..J 

- I'> " 2 
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Q7. Th e side of a cube is measured by vernier callipers (10 divisions of a vernier scale coincide with 
9 divis ions of main scale, where 1 division of main scale is 1 mm). Th e main scale reads: 10 mm e~nd 
first divis ion of vernier scale coincides with t he main scale. Mass of the cube is 2 .736 g. Find t he 
density of the cube in appropr iate s ignificant figures. 

Sol. Leastcountofvern ier callipers= (1- ~)mm =0.1mm 
10 

Side of the cube= 10 mm+ 1 x 0.1 mm= 10.1 mm= 1.01 em 

Density = 
2·7~ - 2.66g/ em3 

(1.0 

QS. An unknown resistance X is to be determined using 
resist ances R~. R~ or R,. Their couesponding null points 
are A 1 B and C. Find wh ich o1 t he above will give t he 
most accurate reading and why? 

Sol. X-~ 
rz 

~~ -~·~ 
~rrl- ~rz l- 4 

~~-(~)a r1r2 

For 16:1 to be minimum. r,rz s hould be maximum and a; r1 + r2 is const ant. 

This is true for r1 - r2 . 

So R2 gives most CJccuratevalue. 

Q9. A transverse harmonic distu rban ce is produced in a strin g. The maximum transverse velocity is 3 mJs 
and max:imum t rans verse acce ler ation is 9J rrJs:. If the wave velodty is 20 rrJs then 1ind t he 
waveform. 

Sol. If amp litude of wave is A and angu larfrequencyis (o), 

OlA 3 
.,zA - 90 ~ 

(i) 
v=-

k 
A= 10 em 

., = 30 ra df; 

k - 3 -· - - m 
2 

Considerin g s inuso idal harmonicfunction 

: . y=(10 cm)sin(3ot:': ~x+lj>) 
2 

Q10. A cylinder of mass m and radius R rolls down an inclined plane of inclination 8. Ca lculale the linear 
acceleration of the axis of cylinder. 

Sol. mgsin9- f - rna~$ 

fR = l.,.ct 
a_.= Rcr. 

2gsin8 
...,, - 3 

(1) 

(2) 
(3) 

I 
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Q11. A long solenoid of radius a and number of turns per 
unij length n is enclosed by cylindrical shell of 

radius R. lhid<ness d (d«R) and length l. A 
variable current i = \,sin c.>! flews through the coil. If 

t he resistivijy of lhe material of cylindrical shell is p, 
f ind the induced current in the shell. 

Sol . 4> - ( lion b si nc.>t)ru2 

s -I doj>l-(llo n if.> cos c.>l)71a
2 

dt 

R · t p:GA escs ance = -
Ld 

I _ ( ~~oniJO> cos c.>l)71.i(Ld) 
p2nR 

Q12. Two identical ladders. each of ma;s M and 

length L are resting on lhe rough horizonta l 
surface as shown in the f igure. A block of 

mass m hangs lrom P. If the system is in 
equilibrium. f ind the magnitude and the 

direction of lriotionallo rce at A and 8. 

Sol. For equ ilib rium of whole system. 

n.=o 
~ N - (2M;m)g 

For rotational equilibrium of eith er ladder 

Calculating t orque about P 

NL cos 8- Mg!: cos8- 1L s in8 = 0 
2 

cote 
~ f=(Mtm)g-

2
-

l 

' •• ,, 
' • 

~ -
' ' ' • 
' ' ' ' ' • 
' ' 
~-

. . 
-~ ----- -

' • ' 

p 

Q13. Highty energetic electrons are bombarded on a target of an element containing 3l neutr ons. The ratio 
of radii of nucleus t o that of Helium nucleus is (1<1)" ' . Find 

(a) ato mic number ot the nucleu;:. 
(b) the frequency of K, line of lhe X-ray produced. (R = 1.1 • 10 ' m·' and c = 3 •1o' mls) 

Sol . r = r0 A
111 

_r __ (A)YJ -14f.l 
1Hr 4 

~ A= 56 and Z= (56 - 30)=26 

for K,- line. 

,... J 3Rc "'V- T(Z-1) 

~ v =1.54'1• 10'' Hz 
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Q14. A small body attached to one end of a verti oally hang ing spring is 
performing SH M about it's mean posKionwi1h angularlrequency • and 
amplftude a . If at a height 'I' hom the mean posftion the body gets 
delachedfromlhe spring, calculate1he value of'/' so that the height H 
attained by the mass i> maximum. The body does not interact w~h 1he 
spring during it s subsequent motion after detachment. (¥i>' >g) 

Sol . AI position Bas the poll!ntialtnergy of the sp<ingwill be zero. the 
total energy (Gradational poltntial energy + Kinetic energy) of 
the block at this point will be m•ximum and lherefCKe if the block 
gels detached at this point. a wil l rise to maximum height • 

-r .. 

. y"=mg _..!..<a 
k Q% PO< II> I I • 0 

0 

Q15. 

Sol. 

In the given circuK, 1he swill:h Sis cloud at time I= 0. The charge Q 
on the cap acKor at •'"I instant I Is given by Cl:l) = 0 0 (1-e·•~ . Find 1he 
value of Q, and c& in terms of given paramell!rs shown in the circuK. 

Applying KVL in loop 1 and 2, Ro 
lo 

V-i, R, - .i a 0 . " (1) lt- 11 c 
:D • 

q . R =0 . '' (2) -- ~ ' c • 
. . dq 
1,- ~z:= - . "(3) 

dl 
On solving we gel 

_ CVR 2 (1 c:~:::l) q- -e 
R 1 + R2 

CVR2 R1 + R2 
=> q, - R, +Rz and ct - CR,Rz 

•• 

,, 
J> ~ 

I • 

.. 

Q1S. Two identical pri>ms olrefractiofe index .jj 01e kept as sh_, in 
the 'gure. A ~ghtrayswkes the first P<ism at face AB. Find. 
(a) the angle ol incidence, so 1hat the emergent ray from 1he 

filst p< i> m has minim urn d wi at io n. 
(b) ttvough what angle the prism OCE should be rotated about 

C so that the fonal emergent ray also has minimum deviation. 

~ A C E 

SoL ( a) For minimum deviation 

- - ..:e r,-r2 --
2 

sini _ .fj 
sin3d' 

B 

• .1.--------~c ~ j;f'O A 

(b) Prism DC E should be rotatod about C in anticlockwi>e direction through BY so that th e final 
emergent ray is parallel II> the incident ray and angle of deviation i> zero (minimum) 
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Q17 . A cylinder ot mass 1 kg is given heal ot20000J at atmospheric pressure . lt in~ially temperature ot 
cylinder is 2cfC. l ind 
(a) f inal t emperature o1 t he cylinder. 
(b) wol1< done by the cylinder. 
(c) change in internal energy of the cylinder. 

(Given that Spec~ic heat ot cylinder= <IJO J kg· ' •c -'. Coefficient ot volume expans ion 
= 9x 11J'•c·' .Atmospheric pressure = 10' N/m2 and Dens~ o1 cylinder = 9000 k9'm2

) 

Sol. (a) .1.0 = ms.I.T 

~ .I.T = 20000J = 50'C 
1kgx (<IJOJ/kg °C) 

Tonal= 10•c 

(b) W = P. m IN = P • .., \,\,y.I.T 

= (10' Nlrn') ( 
1 

3 m3 )(9 x 11J' f'C) (&I' C)= 005 J 
9x 10 

(c) .I.U = .1.0 - W = 20000 J - 0.05J = 19999.95J 

Q18. In a moving coil galvanometer. t orque on the coil can be expressed as -.: = ki. where i is current 
through the wire and k is constant . The rectangula r coil of the galvanometer having numbers of turrr.; 
N, area A and moment of inertia I is placed in magnetic f ield B. F ind 
(a)k in terms of given parameters N. I. A and B. 
(b) the torsional constant o1 the spring. if a curr en! i• produces a deflection of 71"2 in the coil. 
(c) the maximum angle through which co il is def lect. d. if cha rge Q is passed th rough the coil almost 

instantaneously. (Ignore the damping in mechanical oscillations) 

Sol. (a) -.:= iNABsi""' 
For a moving coil galvanometer a.= 9Q9 

kl = IHAB ~ k =NAB 

(b) -.:= ce 
\, NAB= C"'-2 

:;.,2b"'-'N;_;A.:.B 
~c= -

" 
(c) Angular impulse= /t. dt = I NABidt = NABO 

~ NABO= l"b 
NABO 

~ <Ao= 

Using energy of conservation 

!1--" _.2 C82 
2 Uo.'Q 2 m~ 

~ 9m• = Co>, (T - ot ABn 
~c 21b 
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