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CHEMISTRY, MATHEMATICS & PHYSICS

Class IIT-JEE April, 2010
Solution to Paper I

Marks Pattern
The question paper contains 57 questions ugiarts (Chemistry, Mathematics and Physics), and each
part consists diour sections.
For each question iBection I, you will be awarded 5 marksif you have darkened only the bubble
corresponding to the correct answer aath mark if no bubbles are darkened. In all other cases sninu
two (- 2) marks will be awarded.
For each question iBection Il, you will beawarded 3 marksif you darken the bubble corresponding
to the correct answer azéro mark if no bubble is darkened. No negative marks wilblaearded for
incorrect answers in this section.
For each question isection Ill, you will be awarded 3 marks if you darken only the bubbl
corresponding to the correct answer aath mark if no bubbles are darkened. In all other cases sninu
one ¢ 1) mark will be awarded.
For each question isection IV, you will be awarded 2 marks for each row in which you hayv
darkened the bubble(s) corresponding to the coamsiver. Thus, each question in this section caale
maximum of 8 marks. There is no negative marks dadifor incorrect answer(s) in this section.

¢

D
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This Section contains 6 multiple choice question&ach question has four choices (A), (B), (C) and {D
out of which ONLY ONE is correct.
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. The complex showing a spin-only magnetic momerz.82 B.M. is

(A) Ni(CO)4 (B) [NiCl,)* (C) Ni(PPh)4 (D) [Ni(CN)JJ*
Ans (B)

. The compounds P, Q and S

0
COOH OCH, 1 O
oL OO
HO H,C
P Q

were separately subjected to nitration using BNEEO, mixture. The major product formed in each
case respectively, is

COOH OCH, 9 O
C<
Pl LT ot
O.N

NO,
coo i i O
H
A o
COOH NO,
OCH
©) HO’Q ’ @ OO
NOZ H]C NOZ
COOH
2 ol e
HO X “0" o,
NO, H,C NO,
Ans (C)

The major product formed depends on orientatioBREG.

(0] (0]
O/©)]\OH nitration OH
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P NO,

/©/ o< nitration /@ o<
—_— >

NO
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4. Assuming that Hund’s rule is violated, the bondesrdnd magnetic nature of the diatomic molecule
B,is

(A) 1 and diamagnetic (B) 0 and diamagnetic
(C) 1 and paramagnetic (D) 0 and paramagnetic
Ans (A)

5. The species having pyramidal shape is
(A) SG; (B) Brk (C) Sioy (D) OSk
Ans (D)

OSF, has the pyramidal shape. Because the central iatep) hybridised. There are 3 shared pairs and
one lone pair of electrons. As such, the shaperbes@yramidal.
6. The packing efficiency of the two-dimensional saguanit cell shown below is

(A) 39.27% O K)
(B) 68.02%
(C) 74.05% C/ Q

(D) 78.54%

- L._..
Ans (D) < g
The given two-dimensional square unit face of fcacture.
2 2
=t pr= 2 2pr2 o= 20 _P_0785; 9% PF=785¢
V2 L>  (@J2)2r* 42 4
& $ % ' (

This section contains a group of 5 questions. Thenswer to each of the question is a single-digit

integer, ranging from 0 to 9. The correct digit bebw the question no. in the ORS is to be bubbled.

7. One mole of an ideal gas is taken frarto b along two paths denoted by the solid and theaththes
as shown in the graph below. If the work done altdrmggsolid lines as shown in the graph below. éf th
work done along the solid line path igand that along the dotted line path i§ then the integer closest
to the ratio w/ws is 4.5 -

4.0 1
3.5 4

P 3.0

2.5
(atm.)

2.0 4

1.5 4

1.0 4

0.5 4

0.0

0.0 0?5 1?0 1?5 210 2‘.5 30 35 4t0 4?5 5t0 5?5 6?0
Ans 1 V (it)

Work done (solid line path) =Pg. DV =-0.5 (5.5 0.5) -2.5L atm

Work done (dotted line path) =1.0(2- 0.5)] + F 0.75(3.0- 2.0)] + F 0.5 (5.5- 2.0)]
=-1.5- 0.75- 1.25

=-3.5L atm.
%:E:lA ~1
W, 25
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8. Silver (atomic weight = 108 g mid) has a density of 10.5 g ¢inThe number of silver atoms on a
surface of area 18 m? can be expressed in scientific notation asiy. The value of x is

Ans7
Mass

Volume

105=_ 108
VvV~ 602" 107

density=

\ Volume per atom = 108 17102

105" 602" 102

Volume V = g pr3

, s 2A23
\ Radiusof atomr:%/gl,'?—lo =159 10° m.
4" 3142

Area of cross section of atopn” = 3.142 (1.59 10'°)

~8 10%n?
\ Number of atoms in the area ¥on?
o _107m7 “m’ =125 10" atoms
8 10 ®m?
\ x=7.
9. The total number of diprotic acids among the follogvis
HsPO, H,SO, HsP O, H,CO; H,S,0;
H3BOs HsPO, H,CrO, H,SO;
Ans 6

The diprotic acids among the given ones are
H,SO, HaPGs, HCOs, H,S,04, H,CrO, and HSO;
10. Total number of geometrical isomers for the compRhCI(CO)(PPB)(NHs)] is
Ans 3
It is a square planar complex.
11. Among the following, the number of elements showandy one non-zero oxidation state is
O,Cl, F, N, P,Sn, Tl, Na, Ti
Ans 2
The elements showing only one non-zero oxidatiatesare F and Na

& %
This section contains 2 paragraphs. Based upon eadh the paragraphs 3 multiple choice questions
have to be answered. Each of these questions hasrfohoices (A), (B), (C) and (D) out of which ONLY
ONE is correct.

Paragraph for questions 12 to 14
The hydrogen-like species®iis in a spherically symmetric state 8ith one radial node. Upon absorbing
light the ion undergoes transition to a stateTe state Shas one radial node and its energy is equal to the
ground state energy of the hydrogen atom.
12. The state Sis
(A) 1s (B) 2s (©) 2p (D) 3s
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13.

14.

Ans (B)
Li%* is in a spherically symmetric state, ith one radial node. Out of the given optionslyqB) is the
correct one. Because a 2s orbital has one radid.no

Energy of the state;$ units of the hydrogen atom ground state energy
(A) 0.75 (B) 1.50 (C)2.25 (D) 4.50
Ans (C)
ZZ

En H F

92
\ B ( Zfor Li™is 3 and n for 2s state is 2)

2

M 2.25 in the units of the hydrogen atom groundestaiergy.

The orbital angular momentum quantum number okthte $is
(A)O (B)1 (C)2 (D) 3
Ans (B)

The state ghas one radial node ; its energy is equal t@tband state energy of the hydrogen atom.
Z; _ 73

ny n;

(Li** ion) = (Hydrogen)
¥ _r

? 2

The state gis 3p level. Therefore, the orbital angular momemgjuantum number is 1.
(For a p orbital, m=1)

Paragraph for questions 15 to 17

Two aliphatic aldehydes P and Q react in the pEsefi aqueous ¥CO; to give compound R, which upon
treatment with HCN provides compound S. On acidifan and heating, S gives the product shown below:

15.

H;C  OH
H,C
o) O
The compounds P and Q respectively are
T CHa
H H
(A) H,c/c”\c/“ and HaC\C A ®) HC/CH\C/H and \ﬁ/
E)
ﬂ L' g I
[
H
d N\~ HyC CHp H H H
(©) HC/CH\C R ﬁ D) \Cr/ \ﬁ/ and \ﬁ/
I CHy (o) 0
o]
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16. The compound R is

o
HsC !! H;C\ Ll
~
(A) H=C""T " (B) H;c,-—-tl:/ Sw
CH, CH
OH HC” SoM
CHy o TH: T
4 en &
(C) nye”™ Sen” S (D) e cH” SH
CH, CH
ki e Sow
17. The compound S is
CHy o ﬁ
| H3C\ I
CH c
(A) we” \CIH/ Sw (B) H:,C/cl;/ Sn
CH’\CN CH,
CN
CH, CN N
cH CH HaC CL
(C) ™ e on (D) ch—-‘\’C/ Sow
chy o
OH SoH
) *
0O - O OH
H HO™ /%K HCN /%\
)W( ¥ H)\H T HO H HO c=N
@]
P Q R S
l H,O"/ heat
H
O
0 H*/heat OH
<~——— HO
—H,0 O
OH
15. (B)
16. (A)
17. (D)
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This section contains 2 questions. Each questionashfour statements (A. B, C and D) given in Column
| and five statements (p, q, r, s and t) in Columil. Any given statement in Column | can have corret
matching with one or more statement(s) given in Camn Il. For example, if for a given question,
statement B matches with the statements given in and r, then for that particular question, against
statement B, darken the bubbles corresponding to gnd r in the ORS.

18. All the compounds listed i€olumn | react with water. Match the result of the respecteactions with
the appropriate options listed @olumn 11 .

Column- | Column- i
(A) | (CHy),SiCl, (p) | Hydrogen halide formation
(B) | Xek (q) | Redox reaction
©) | Ch () | Reacts with glass
(D) | VClIs (s) | Polymerization
(t) | O formation

Ans (A) ® (p), (s); (B® (p), (@), (N, (V) ;

CP® (p). (@); (Dy® (p), (a)

19. Match the reactions i@olumn | with appropriate options i@olumn |l

Column | Column
NaOH/H,0
A O-NzCl + O‘OH . @-W-O-OH (p) | Racemic mixture
0
OH OH H.S0 il CH,
B) | pomb—iicy 5% Oy y |
1C-C—¢—CH, HyC —~CH, (@) | Addition reaction
CH; CH, CH,
0 1. LiAlH, OH
4 /
© | - o _ |
CH, 2.H,0 i, (N Substitution reaction
Base . .
(D) HS‘O‘C' —_— @ (s) | Coupling reaction
® Carbocation ntermediat

4%

Ans(A)® (n,(s); (B® (N, (); (©C® (p).(@); ((O®@ ()
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This Section contain@ multiple choice questionsEach question has four choices (A), (B), (C) abydut
of whichONLY ONE is correct.

20. Let f be a real-valued function defined on thervaé (- 1, 1) such thae *f(x) =2+ +/t* +1 dt, for all
0

x1 (-1, 1) and letf be the inverse function of f. Théh™?)’ (B equal to

1 1 1
(A1 (B) < © = (D) =
3 2 €
Ans(B)
f0)=2 f'2)=0
) dx 1 1 1
(th@= o = = ==
Y ye2 @y/dX) =0 X +4x4 +1 3
x=0
21.Forr=0,1,... 10, letA B, and G denote, respectively, the coefficient 6frxthe expansions of
10
(A +x)"° (L+x°and (1 +x%. Then A, (B,,B, - CpA,) is equal to
r=1
(A) Bio- Cuo (B) A(B% - ClAL) (©)0 (D) Go- Buo
Ans (D)
AI' =10 Cr' BI’ =20 CI" CI' :30 Cr
10 10
Now, A, (BloBr - ClOAr) = lOCr (20C10 ><20c:r - % Cio xlocr)
r=1 r=1
10 10 5
=0¢c, 1c #c, -Pc, (10Cr) (1)
r=1 r=1

Now consider(l+ x)'® = C, +° C,x +'° C,x? +... +1° C;; x*°

1+x)2=2 C, 420 C,x +20 C2X2 + 42 Cuo x10 4 420 C19X19 420 Czoxzo

Multiplying and comparing the coefficient of%on both sides.

Coefficient of X%in (1 + x° = 1°C, x*°C,, +*° C, x?°C,, +*° C, ¥°C 5 +... +'°C,, ¥°C,,
10

\ 0C,,- 1=19C, ¥°C e +1°C, ¥°C g +... +1°C, ¥*°C,, e, e %°c, =*C,,-1

r=1

10 P n
Aso (¢, f=*cy,-1 ("c,)?="c,

r=1 r=0
\" (1) becomes=> C,, (¥Cyo- 1)- ¥ C,o(*Cyp - 1)
=20 Cpp ¥°Cyy - 2 Cyy- 2 Cy x¥%C1y +¥ Cy
=% Cyp-?°Cyy =Cyg- Byg
22. If the distance of the point P(42, 1) from the plane x + 2y 2z =a, wherea > 0, is 5, then the foot of
the perpendicular from P to the plane is

84 7 4 41 1210 2 15
A _1_1-_ B _1-_1_ C _l_l_ D _l-_l_
()333 ()333 ()333 ()332
Ans (A)
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23.

24,

25.

We note that the distance between P¢,,1) and is 5 anda > 0. We note that this is a

wl o
Wl
wl~

problem with only one option correct.

A signal which can be green or red with probabilgt)and% respectively, is received by station A and

hen transmitted to station B. The probability o€leatation receiving the signal correctly% If the
signal received at station B is green, then théaidity that the original signal was green is
2 6 20 9
A) = B) = C)— D) —
(A) c ( )7 ( )23 ( )20
Ans (C)

Let E; be the event that the original signal was greemn B.be the event that the original signal was red.

\PE) = PE) =

Let E be event that the signal received by B iggre

PE/E) =2 +1x1 210 (Gag, GRo)

4 4 4 4 16
P(E/E,) -13,321.°8 (RGG, RRG)

4 4 4 4 16

4,10

PE/E) =3 30 5 a6 o3

410,16 46 23

5 16 516
Let S = {1, 2, 3, 4}. The total number of unordepers of disjoint subsets of S is equal to
(A) 25 (B) 34 (C) 42 (D) 41
Ans (D)
S={1,2,3,4}

We want disjoint unordered pairs of subsets {#8}{Either an element is in A or B or it is in niedtr.
Apart from A =f, B =f, there are34T-1 such pairs. There are 41 pairs.

Two adjacent sides of a parallelogram ABCD are mmive

AB =2 +10j +11k andAD =-i +2j + 2k

The side Ad is rotated by an acute aralie the plane of the parallelogram so that AD bees#iD. If
AD' makes a right angle with the side AB, then theéreosf the angle is given by

8 V17 1 45
(A) 9 (B) 5 ©) 9 (D) Y
Ans (B)
cos P a =% sina = 40 =§ cosa =£

2 |AB ||AD | weE 9 9
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26.

27.

28.

SECTION Il (Integer type)
This section contains a group bfquestions The answer to each of the question isiragle-digit
integer, ranging from 0 to 9. The correct digit below theestion no. in the ORS is to be bubbled.
Let k be a positive real number and let

2k-1 20k 2Jk 0 2k-1 Jk
A= 2k 1 -2k andB=1-2k 0 2Jk
-2k 2k -1 -Jk -2k 0

If det (adj A) + det (adj B) = f0then [K] is equal to
[Note: adj M denotes the adjoint of a square matrix M g denotes the largest integer less than or

equal to K].
Ans 4
2k-1 2k 2Jk
detA=| 2k 1 -2k
-2k 2k -1
2k-1 0 2k 2k-1 0 2Jk
C,-Ci| 20k 1+2k -2k|R,-R;| 4/k 0 1-2k
20k 2k+1 -1 ~2dk 2k+1 -1

=- @K+ | (k- D)7 - 8k|=- 2k +1) |- 4k - 1+ 4k - 8K = (2K +1)°
\ det(adjA) = (2k + D
Also B is skew symmetric, detB=0\ det(adjB)=0
Now (2k + 1§ = 1@
2k+1=10 (k>0)
k=45 \ [kl=4
Leta, &, & . . ., a; be real numbers satisfying
a=15, 27- 2 >0anda, =24, , - a,_ , fork=3,4, ... 11.
If arta+ ay =90, then the value oft~ 22" %u Ta Y An g equal to
11 11
Ans O
Given a, &, ... a;are in AP.
anda’ +a5 +as+...+a? = 990
a’+ (@ +d)® + @, +2d)® +...+ (@, +10d)*> =990
1187 +d* (1 +2%+...+10%) + 2a,d (1+2+3+... +10) =990
11 (225) + d(385) + d(15) (110) = 990
i.e.,7d+30d+27=0
\ d=-3 anda=15
\ a,+ta,+...+a; ~0
11
Two parallel chords of a circle of radius 2 areaaistancey3 +1 apart. If the chords subtend at the

center, angles OE andz—kp , where k > 0, then the value of [K] is

IIT-JEE 2010 11 @



29.

30.

[Note: [k] denotes the largest integer less than or keigud
Ans 3

In the triangle AOE co SB OE \ OE:ZCosE
k AB k
1Y OF = 2cos-
2k
\ 2cosP +2cosP =3+1 ie, cosE+cos£=\/:—J’+1
k 2k k 2k 2
2co@ P -1+ cosﬂz\/—S—Jrl
2k 2k 2
2c08 P +cos - - 3+—\/§ =0
2k 2k 2
-1+41+4X253+
\cos% \/ >{ \/_)
_ -1+\/13+ -1z \/13+2 2 _-1x 12+
4
B
2 2
\ cos£ ﬁorﬂzg or k=3

Consider a triangle ABC and let a, b and c derte¢ddngths of the sides opposite to vertices An@® @
respectively. Suppose a = 6, b = 10 and the ardheofriangle is15/3 . If DACB is obtuse and if r

denotes the radius of the incircle of the triantiien f is equal to
Ans 3

%absinc=15\/§

\ %(6) (0)sinc=15/3 \ c=120

2, p2 2
Cosc:w c=14
2710 6
Now r:E:w: 3
< 3C

\ rf=3.

Let f be a functioned defined éh(the set of all real numbers) such that

f/(x) = 2010 (x- 2009) (x- 2010¥ (x- 2011} (x- 2012}, for all xi R.

If g is a function defined oR with values in the interval (&) such that f(x) #n (g(x)), for all xI R.
then the number of points R at which g has a local maximum is

Ans 1

Considerf € (x) = - - — -

\ the local maximum of f(x) occurs at x = 2009. 200¢ 2010 M
Hence the local maximum of g(x) also occurs at2089.
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SECTION lll (Paragraph Type)
This section contain® paragraphs Based upon each of the paragrapimsultiple choice questiondave to
be answered. Each of these questions has fouresh®q, (B), (C) and (D) out of whicONLY ONE is
correct.

Paragraph for questions 31 to 33
2 2

Tangents are drawn from the point P(3, 4) to thipss % +y7 =1 touching the ellipse at points A and B.

31. The coordinates of A and B are

(A) (3, 0) and (0, 2) (B)- § 2@ and %g
© -2 @ and (0,2) (0) (3, 0)and - 2,8

5’ 5'5
Ans (D)

The equation of the tangent at,(y), namely 9 yyl =1 pass through P (3,4)
\ %+yl =lie,x+3yy=3 x3=3(1 vy
2 2
But X_1+y_1 =1
9 4
7% 8
\ (- y1)2+71:1 By - 8y, =0 y1=00rg
\ x;=3or- 9
5
. 98
\ Points of contact are (3, 0) and E’E

32. The orthocenter of the triangle PAB is

8 7 25 11 8 8 7
(A) 5-7 (B) iy ©) 55 (D) 25’5
Ans (C)

Orthocenter lies on the line through B perpendicataAP should have its y-coordinate%, which

agrees with option (C).

P (3, 4)

.
| ©
o | oo

Ak
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33. The equation of the locus of the point whose distarfrom the point P and the line AB are equal, is
(A) 9x% + y* - 6xy - 54x- 62y + 241 =0
(B) x> + 9y + 6xy- 54x + 62y- 241 =0
(C) 9% + 9y’ - Bxy - 54x- 6sy- 241 =0
(D) X* + Y- 2xy + 27x + 31y 120=0
Ans (A)

Equation of AB is = S e, x+3y 3=0.

If (%, y) is the point whose locus is required th®ncondition
X+3y- 3
ey ap =¥
Yoo 37+ (- 97 =5
\ 10(¥+y 6x 8y+25)=x*+9y¥+9 6xy 18y 6X
ie., % +y 6xy 54x 62y +241=0

Paragraph for questions 34 to 36
Consider the polynomial
f(x) = 1 + 2x + 3% + 4%
Let s be the sum of all distinct real roots of faxd let t = |s|

34. The real number s lies in the interval

1 3 3 1 1
(A -5 0 B -11-7 © -273 © 05
Ans (C)
f(x)=2+6x+12%>0 forall x
\ f(x) = 0 has only one real root
Also f |3 >0 andf 1 <0 realrootsliein-E,-1
4 2 4 2

35. The area bounded by the curve y = f(x) and thesline 0, y = 0 and x = t, lies in the interval

3 21 11 21
(A) 213 (B) 64'16 (C) (9, 10) (D) 0,51

Ans (A)

1/2 3/4 :
Areal  f(x)dx, f(x)dx = i—zgisg I %,3 . /
0 0 -(3?/ -(1/2)

xXv
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36. The function {x) is

(A) increasing in - t,- % and decreasing in- le,t

(B) decreasing in - t,- % and increasing in- %,t

(C) increasingHt, t)

(D) decreasing-(, t)

Ans (B)

fgx)=2+6x +12x2, f §x) =6+ 24x

\ f®)>0 forx>-%andf®<)<0 forx<-%

f (x) decreases int, - % and increases in- % t

SECTION IV (Matrix Type)
This section contain® questions Each questions has four statements (A. B, C angii&n inColumn |
and five statements (p, g, r, s and t)dalumn II. Any given statement i€olumn | can have correct
matching with one or more statement(s) give€atumn Il. For example, if for a given question, statement
B matches with the statements given in q and n thethat particular question, against statemerddken
the bubbles corresponding to g and r in the ORS.

37. Match the statements in column-I with the valuesalumn-I|

Column | Column
A line from the origin meets the lines
8
X - 4
(A) X-2:y-1:2+1and 3:y+3:2-1atpandQ (p) -4
1 -2 1 2 -1 1

respectively. If length PQ = d, thefid
The values of x satisfying

@®) | tan*(x+3)- tan*(x - 3) =sin™*

alw

are (q) 0

Non-zero vectors, b and atisfyaxb= 0,
(C) | (b-a)x(b+c)=0and2|b+ cF|b- al. n |4
If a=nb+4c, then the possible valuesmoiare

Let f be the function onp, p] given by
sin g—x

f(0) = 9 and f(x) = for x* O.

(D) sin g () |5

p
The value ofg f(x)dx is
p

-p

® |6
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Ans(A)® (1); (B)® (p), (n): (C)® (a), (s); (D)® (r)

(A) Let the line from the origin bé -¥y_Zz
Il m g
x- 8
Thisiscoplanarwithx_2=y_1=2+1and 3_y+3_z-1
1 -2 1 2 -1 1
2 1 -1 8 -3 1
3
\ (1 -2 1|=0and|2 -1 1|=0
Il m g Il m g
Expanding, B +m- 5g=0 and +3m+53=0
\ I_:ﬂ:g L:g
5 -5 2 -5 2

and the equation of the IineJ)ész
0

The points P and Q are (5%, 2) and %) -1

(B) tan* (x +3) - tan™* (x - 3)=sin'1g
1 6
1+x%-9
\ 24=3%-24\ x=#4
Both satisfy the equation.
(C)axb=0 (1)
lb- a)xlb+c)=0
bxb +bx- ax=0 ..(2)
2lb+c|=|b- a]
4o+ 2bxc+cx) =bxb+ara
Dbxb+8bxc+4cxc- axa=0 ...(3)
Puta=nb + 4c in (1), (2), (3)
mbxb+4bxc=0 ...(4)
bxo+bxc-nbxc- 4cxc=0
bxo+ (- m) bxc- 4cxc=0 ...(5)
Bxb+8bxc+4cxc - nf b - 8mb ¢ - 16¢>¢=0
(3- n?) b+ (8- 8m b xc - 12cxc=0 ...(6)
From (4), (5), (6), we gem=0, m=5
(D) % pf(x)dx =§pf(x) dx because f(x) is even.
P 0

tan =tan? 3
4

P P
2 2 o

_8 S|.r19t dt=§ «P because sSin tem+ 9t (2_m+1)t dt =P

p , sint p 2 0 sint 2

singx
p SiN—
Butﬂ 2 dx
Py sin5
2

form=0,1, 2,... The last result can bavpd by induction on m.
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38. Match the statements @olumn-I with those inColumn-II .
[Note: Here z takes values in the complex plane and BndzRe z denote, respectively, the imaginary
part and the real part of z]

Column | Column
The set of points z satisfying 4
(A | 1z- illzll = 1z + iz (p) | an ellipse with eccentricitys—

is contained in or equal to

The set of points z satisfying
(B) |lz+4]+]z 4 =10 C))
is contained in or equal to

the set of points z satisfying
Imz=0

If [w| = 2, then the set of points z = the set of points z satisfying

©) W - 1 is contained in or equal to Q) lIm z|£ 1
W
If [w] = 1, then the set of points
(D) s=w +i is contained in or equal to (s) | the set of points z satisfying |RE€Z
W
(t) | the set of points z satisfying £28
Ans
(A)® (9), (1)
i_-‘: —+i‘; z1 0
|z |z
ﬁ lies on the perpendicular bisector of the linaijog i and- .
z
Im i =0
|1z|
(B)® (p)

|z+4|+]|2z 4|=10
z lies on an ellipse whose foci are (4, 0) artl Q) and length of major axis = 10

\ 2ae=8 and 2a=10 ezg
C)® (p), (s), (V
z=2(cosq +ising) - % (cosq- ising)

(D) ® (@), (1, (s), (O
z =cog] +ising+ cosq- ising
=2 coy
\ |z|E2 \ In(2)=0
\ |2cox|£2 |zE2
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This Section contain@ multiple choice questionsEach question has four choices (A), (B), (C) abydut
of whichONLY ONE is correct.
39. A biconvex lens of focal length 15 cm is in frafta plane mirror. The distance between the lems an

40.

41.

the mirror is 10 cm. A small object is kept at stance of 30 cm from the lens. The final image is
(A) virtual and at a distance of 16 cm from therair
(B) real and at a distance of 16 cm from the mirror
(C) virtual and at a distance of 20 cm from theranir
(D) real and at a distance of 20 cm from the mirror

Ans (B)
The ray diagram is shown in figure. \
L SN
o Iy < — |/
6c 20 cm
—>
10 cm
N 20 cm g
(a) Real image due to lens is formed al«tzE 1.1 4
v f u 15 30
v=30cm
(b) Real image af hcts as virtual object for plane mirror. A reabige is obtained at 20 c¢m in front of
mirror at {

(c) The real image af hcts as virtual object to the lens.

v=16cm

A Vernier calipers has 1 mm marks on the main sdaleas 20 equal divisions on the Vernier scale
which match with 16 main scale divisions. For ternier calipers, the least count is

(A) 0.02 mm (B) 0.05 mm (C) 0.1 mm (D) 0.2 mm

Ans (D)

LC =0.2 mm.

A block of mass 2 kg is free to move along the isax Fi1l A

It is at rest and from t = O onwards it is subjdcte a
time-dependent forcE(t) in the x direction. The force
F(t) varies with t as shown in the figure. The kinetic

energy of the block after 4.5 seconds is 4.55

(A) 4503 (B) 7.50J ; >
O 3s ' t

(C) 5.06 J (D) 14.06 J \

Ans (C)
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_ (Impulse¥

om 2m

42. A uniformly charged thin spherical shell of radiRscarries uniform surface charge density gier unit
area. It is made of two hemispherical shells, hetgether by pressing them with forEg(see figure)F
is proportional to

1 o_p°

K==mv? = =506J
2

2 2
@A) Ls2re (B) LR © o 15
€ € & R & R
Ans (A)

Electrostatic pressure =2
2e,
s?,
\ Force=—"pR
2e,

2

43. A hollow pipe of length 0.8 m is closed at one eAd.ts open end a 0.5 m long uniform string is
vibrating in its second harmonic and it resonatéh whe fundamental frequency of the pipe. If the
tension in the wire is 50 N and the speed of sas®20 ms', the mass of the string is
(A) 5 grams (B) 10 grams (C) 20 grams (Dp4dms
Ans (B)
fs = f0

1 /T _ v
2\m "4,
m= 002kg m™*
m=nl = (002" 05kg m=10grams
44. A tiny spherical oil drop carrying a net chargesgoalanced in still air with a vertical uniform efec

field of strength%' 10°Vm™. When the field is switched off, the drop is olveer to fall with

terminal velocity 2 10° ms™. Given g = 9.8 mi$, viscosity of the air = 1.8 10° Ns m? and the
density of oil = 900 kg i, the magnitude of q is

(A)1.6” 10 C (B)3.2 10°C
(C)4.8” 10"°C (D)8.010"°C
Ans (D)

gpr3 rg=qE=6phrv

\ g=8 10"cC
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SECTION Il (Integer type)
This section contains a group ®fquestions The answer to each of the question Eragle-digit integer,
ranging from 0 to 9. The correct digit below thesgtion no. in the ORS is to be bubbled.

45. To determine the half life of a radioactive element
dN(t)
dt

a student plots a graph adlin versus t. Here

%is the rate of radioactive decay at time t. If
the number of radioactive nuclei of this element
decreases by a factor pfafter 4.16 years, the value
ofpis
Ans 8
46. A large glass slalm{= 5/3) of thickness 8 cm is placed over a poiniree of light on a plane surface. It
is seen that light emerges out of the top surfddbeoslab from a circular area of radiREm. What is
the value oR?

ANns 6
tanf::%

1 3 8cmr
butsinC===—=

n 5

\ ¢=37 \ R=6cm
47. A diatomic ideal gas is compressed adiabaticalléoof its initial volume. In the initial temperatucé

the gas is i[(in Kelvin) and the final temperature is;afhe value of a is

Ans 4

For adiabatic procesEV ¢* = constant
v, o
Vi

48. At time t = 0, a battery of 10 V is connected asrpsints A and B in
the given circuit. If the capacitors have no chargially, at what time

(in seconds) does the voltage across them becor?e 4
[Take :15=16, In3= 11]

Ans 2

t
V=V,d-e7)
t
4=10(1- e %)
t=2s
49. Image of an object approaching a convex mirroradfius of curvature 20 m along its optical axis is

observed to move frorggém to 5—7Om in 30 seconds. What is the speed of the objeamiper hour?

Ans 3
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When image is a%'im’ the object is ati; =50 m

When image is a{5'7—0 the object is at4= 25 m.

\ Speed of objectzé' 18 =3 kmph
3¢ 5

SECTION lll (Paragraph Type)
This section contain® paragraphs Based upon each of the paragrapmmsultiple choice questiondiave to
be answered. Each of these questions has fouresh@9, (B), (C) and (D) out of whicONLY ONE is
correct.

Paragraph for questions 50 to 52
The key feature of Bohr’'s theory of spectrum of togken atom is the quantization of angular momentum
when an electron is revolving around the proton. Wile extend this to general rotational motion iad
guantized rotational energy of a diatomic mole@gsuming it to be rigid. The rule to be applie@®dhr's
guantization condition.
50. A diatomic molecule has moment of inertiaBy Bohr's quantization condition its rotationalezgy in

the " level (n = 0 is not allowed) is

1 h? 1 h? h? , h?
A) = —— B) = C)n D) n
) n® 8p?l ( )n 8p?l ©) 8p?l () 8p?l
Ans (D)

51. It is found that the excitation frequency from gnduto the first excited state of rotation for th® C

. 4, . . . .
molecule is close te-" 10'*Hz. Then the moment of inertia of CO molecule abasiciénter of mass is
p

close to (Take h =@ 10*Js)

(A) 2.76" 10* kg nt (B) 1.87 10*°kg nt
(C) 4.67° 10* kg nt (D) 1.17 10* kg nt
Ans (B)
52. In a CO molecule, the distance between C (massa: 2 u.) and O (mass = 16 a. m. u), where 1 a.m.u
=g' 10 ?’kg, is close to
(A)2.4° 10 m (B)1.9 10 m
(C) 1.3 10*°kg nt (D) 4.4 10" m
Ans (C)

Paragraph for questions 53 to 55
When liquid medicine of density is to be put in the eye, it is done with the hafl@ dropper. As the bulb
on the top of the dropper is pressed, a drop faintke opening of the dropper. We wish to estintatesize
of the drop. We first assume that the drop formedhe opening is spherical because that requires a
minimum increase in its surface energy. To deteentire size, we calculate the net vertical force tduthe
surface tension T when the radius of the drop i8VRen this force becomes smaller than the weighhef
drop, the drop gets detached from the dropper.
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53. If the radius of the opening of the dropper idg vertical force due to the surface tension ordtiop of
radius R (assuming r <<R) is

2: 2
(A) 2prT (B) 2pRT © 2'“; ! (o) 2PRT
r
Ans (C)
F=T (2prcosq)
2
=T2pr’ r_2pr T
R R

54.1fr=5" 10"m,r = 1C kgm®, g = 10 m&, T = 0.11 N, the radius of the drop when it detaches
from the dropper is approximately
(A)1.4° 10%m (B)3.3 10°m (C)2.00 10°m (D) 4.1 10%m
Ans (A)

.4 3
mg=r "~ —pR
g 3P g

2
If F=mg, then drop detachesz%-r =r’ ng3g
4 _3 2 T — 4 -12 — 4 -3
R* =—r* —=4125" 10 R=1425" 10" m
2 rg
55. After the drop detaches, its surface energy is
(A)1.4° 10°J (B) 2.7 10°J (C)5.4 10°J (D)8.1 10°J
Ans (B)
E=T  4pR?

=011 4p (1,425 10%? =27 10°J

SECTION IV (Matrix Type)

This section contain® questions Each questions has four statements (A. B, C angii&n inColumn |

and five statements (p, g, r, s and t)dalumn II. Any given statement i€olumn | can have correct

matching with one or more statement(s) give@€olumn Il. For example, if for a given question, statement

B matches with the statements given in g and n fbhethat particular question, against statemerddken

the bubbles corresponding to g and r in the ORS.

56. You are given many resistances, capacitors anctiohl These are connected to a variable DC voltage
source (the first two circuits) or an AC voltagausie of 50 Hz frequency (the next three circuits) i
different ways as shown i@olumn II. When a current | (steady state for DC or rmsAQ) flows
through the circuit, the corresponding voltageavid \%. (indicated in circuits) are related as shown in
Column I. Match the two

Column | Column Il

(A) | 1t 0, V,is proportional to | (P)
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(B) [110,V,>V; (a)

(C) | Vi=0,\%,=V (r)
(D) | 1t 0, V,is proportional to | (s)
®

Ans (A) ® (1), (s), (1); (B)® (q), (N, (s), (1; (C® (p). (@); (DY@ (), (), (s), (V

57. Two transparent media of refractive indiegsandm have a solid lens shaped transparent material of
refractive indexmn between them as shown in figureGalumn II. A ray traversing these media is also
shown in the figures. I@olumn | different relationships between, m andm are given. Match them to
the ray diagrams shown @olumn 11 .

Column | Column II
(A) [ m<m (P)
(B) | m>m (@)
C) [ m=m ()
(D) [ m>m (s)
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(t)

Ans (A) ® (p), () (B)® (a). (s). (V); C® (p). (1. (1); (D)® (a). (s)
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