MATHS - JEE ADVANCED PAPER -1

SECTION -1

sin“g —-1-sin’@
1 LetM = , L |=al+ M
1+cos @ cos” @

where & =a/(6)and B = B(0) are real number, and | is the 2 x 2 identity matrix. If
o* is the minimum of the set {a(é’) Qe [O, 27[]} and

B* is the minimum of the set {ﬂ(é’) 10 e [O, 271']}

then the value of a* + B* is

37 29 31 17
®-T5 ®) ~7¢ © -7¢ @ -5

Solution:

sin*¢ —1-sin’@
M = 2 4
1+cos @ cos" @

}:al + /M

M? =aM + Sl

a,, :sin@—1-sin” @—cos’ @ —cos’ sin’* & = B+asin* @
sin® @—2—cos® @sin® @ = B+asin® @

a,, :sin" 6+cos’ Gsin’ @+ cos O+ cos® 6 = a (1+cos’ 0)

(1+ cos? H)a =sin* 6?(1+ cos? 49)+ cos’ 0(1+ cos? 6?)

=2
a =sin* @+cos* @ =1-2sin? @cos? & :1_[3"12 QJ

1
o ==
2

min

B = Sin¥Q —cos® Gsin @ —2 — sinQ —sin* Acos* O
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e sin®260 ) (sin®20
4 16

1
B =—2—R(4t2 +t*)

37 1 29
a+f=——+—=——
16 2 16
2. Aliney=mx + 1 intersects the circle (x—3)2 +(y+ 2)2 =25 at the points P and Q. If the midpoint of the line

segment PQ has x-coordinate —g, then which one of the following options is correct?
(@ 6<m<8 (b) 2<m<4 (c) 4<m<6 (d) 3<m<-1
Solution:

y=mx+1
(x=3) +((mx+1)+2)" =25
= X*(1+m*)+6(m-1)x—-7=0

-3 _a+p_-6(m-1)
5 2 2(1+m?)

1+m?=5m-5

m?>—5m+6=0 m=23
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3. Let S be the set of all complex numbers z satisfying |z -2+ i| > «/g If the complex number Z, is such that

4—7,-1
———is the maximum of the set L: Z €S}, then the principle argument of +0 is
|z, -1 |z-1 Z,—20+2i
@ Z (0 -Z © = @ Z
4 2 4 2
Solution:
|z—-2+i|> J5

P is along AC but at \E distance from C.

Z, = —\F+ 4+\E

2 2
4—20—20
Zy—20+2i
2+20 = 4—I0

Z,—20 =2 +/101

wf 2
g Ji0i
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4. The area of the region {(x y) Xy <8,1<y< XZ} is
(a) 8log, 2—% (b) 16log, 2—% (c) 16log, 26 (d) 8log, 2—%

Solution:

{(x, y)ixy<81<y< x"'}

SECTION -2

1. There are three bags B1, B, and Bs. The bag B; contains 5 red and 5 green balls, B, contains 3 red and 5 green

balls, and B3 contains 5 red and 3 green balls, Bags B1, B2 and B3 have probabilities ii and i

10
respectively of being chosen. A bag is selected at random and a ball is chosen at random from the bag. Then

which of the following options is/are correct?

(a) Probability that the selected bag is Bs and the chosen ball is green equals 13
- . 39
(b) Probability that the chosen ball is green equals %
(c) Probability that the chosen ball is green, given that the selected bag is Bs, equals g

(d) Probability that the selected bag is Bs, given that the chosen balls is green, equals %

Solution:
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(i) P(B3mG)=P(EJ.P(Bg) 3 4
] =
10/ 3 10
_3,4_3 10
8 10 20 (5R5G)B;  (5g39B: (38 5r)"Bs
(i) P(G)=£><i+§><i+§><i
10 10 8 10 8 10
_60+75+60 195 39
400 400 80
(i) P &3
B, 8
P(GNB
(v p[B:)-P(CNB)
G P(G)
3
_20_4
39713
80
B,C

Define the collections {E,, E,, E,,.....} of ellipses and {Ry, Rz, Rs, .....} of rectangles as follows:
2 2
Xy
—+—=1
5 9 4
Ra: rectangle of largest area, with sides parallel to the axes, inscribed in E;;
x> y?

En: Ellipse — +
n a2 nz

n

=1 of largest area inscribed in R, ,,n>1;

Rn: rectangle of largest area, with sides parallel to the axes, inscribed in En, n > 1.
Then which of the following options is/are correct?

(a) The eccentricities of Eig and Eig are NOT equal
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(b) The distance of a focus from the centre in Eg is 3—2
(c) The length of latus rectum of Eg is %

N
(d) Z(areaof Rn)< 24, for each positive integer N

n=1
Solution:
A=6cos0.4sin g . (3c0s6,25in0)
=12 sin 2 § —> max /
K
\
4 \_/

T
E,=a,=3 COSZ:

Sl

b2=28in9=\/§

e of all ellipses — same

Difference of f from conic in equation aqe

e M _ 8 5. 46

_X_

*a, (2 3 16

n

2x4

i)

1
6




MATHS - JEE ADVANCED PAPER -1

0 1 a -1 1 -1
3. LetM=|1 2 3|andadiM =| 8 -6 2 | where aand b are real numbers. Which of the following
3 b1 -5 3 -1
options is/are correct?
(@a+b=3 (b) det(adjM?) = 81
a 1
(c) (adjM) ! + adjM* = -M dIEM| S |=|2]|, thena—-B+y=3
y 3
Solution:
01 a -1 1 -1
M=l1 2 3jadM=[{8 -6 2
3 b1 -5 3 -1
2-3b ab-1 -1
—adjM=| 8 -6 2
b—6 3 -1
b-6=-5
b=1
ab-1=1
a=2
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(adjM) " +adjM *

=2(adjM )"
=2(M*)M
-2
a 1 0 1 2|l 1
Mig|=|2|=|1 2 3| p|=|2
y 3 31 1|y 3
L+2y=1
a+2p+3y=2
3a+p+y=1 a=1 p=-1 y=1
a-pB+y=3
4. Let f:R—R begiven by
x° +5x* +10x° +10x* +3x +1, x<0;
X2 —X+1, 0<x<1;
f(x)= EX3_4x2+7x—§, 1<x<3;
3 3
(x—Z)Ioge(x—Z)—x+%, X>3
Then which of the following options is/are correct?
(@) f’ has a local maximum at x = 1 (b) f is onto
(c) fis increasing on (-, 0) (d) f* is NOT differentiable at x = 1

Solution:
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(a+1)5—2a x<0
x> —x+1 0<x<1
f(x)= §x3—4x2+7x—§ 1<x<3
(x—2)|oge(x—2)—x+% X>3

When x <0, f — unit

f'(x):5(x+l)4—2 can change sing for x < 0

Range : -0 + 1

.. Not monotonic

f(x)=x"—x+1
f'(x)=2x-1

Maxatx=0&1
X>3

10 1
f(3)=1logl-3+—==
(3)=1log 3 =3

f (20) > an e

ool 2x=1 (0<x<1) \'/
f (X)'{2x2—8x+7 |<x<3 “ 0)/
-1, 2,-1)

Loc. Maxatx =1

5. Leta and B be the roots of X* —x—1=0, with o> B. For all positive integers n, define

a.n = an _ﬂn ’
a-p
b=land b =a,,+a,,n=2

n>1

Then which of the following options is/are correct?

9
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. a 10
a)a+a +a,+...+a =a_ ., —1forall n>1 b n—__
(@) 3 +a, +a, " =2 ® 215 =5
(c) i b _8 (d) b, ="+ p" forall n>1
n:l:I-On 89
Solution:
x2—x-1=0
1++/5 1-5
a= p=—"
2 2
a =2 =/ b =1
a-p

e a)p (5
- oy
SO
a—p "
a+a,+..+a =a,+a,,=4a,,

10
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a’ — B2
=4y ﬂ
a_
:an+2_(a+ﬂ)
:an+2_1
a p
10 10
a B
N 10 1():10—a lO—,b’= 10 :E
a-pf a-pf (10—0{)(10—,8) 89
a B
bn an—l_'_an+1 E E 12
Lip=l T gt B89
1-— 1- &=
10 10
b,=a ,+a,

(an—l —,Bn_l +(an+l _ﬂm—l)
a-p

—af=-1 a"'=—a"p

_anﬁ+ﬂna+an+l_ﬂn+l

a-p

ACEY S ICE

a-p

Let I" denote a curve y = y(x) which is in the first quadrant and let the point (1, 0) lie on it. Let the tangent to

I" at a point P intersect the y-axis at Yp. If PYp has length 1 for each point P on I", then which of the following

is options is/are correct?

[1+ 1= J )
X

(a) y=log, 1-x° (b) xy'=«1-x*=0

11
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(c) y—log, 1-x°

=

Solution:

1,0)
y=Y,=m(x-x)
Yp =Yy =—MX,

Yp =MX +Y,

=1=x +m’x]

=ij(cosec<9—sin 0)do

= +log|(cosecd+ cot §)| + cos &

(d) xy'+v1-x* =0

(0, 4P

P(x1,y1)

12

1, 0)
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=+log

%-%\/l— NG +(sin‘1 x)+x/1— X2 +¢

0=zlog(1)++1-1+C
C=0 =B,D

A B,C,D

In a non-right-angle triangle APQR, let p, q, r denote the lengths of the sides opposite to the angles at P, Q, R
respectively. The median from R meets the side PQ at S, the perpendicular from P meets the side QR at E, and
RS and PE intersectat 0. If p= \/5 , =1, and the radius of the circumcircle of the APQR equals 1, then which

of the following options is/are correct?

Solution:

() Area of ASOE = 1—\/25 (b) Radius of incircle of APQR = ?(2 - \/3_’ )
(c) Length of RS = g (d) Length of OE :%
sinP_sinQ_ 1 1
3 1 2R 2
Vd 2r Vs 57
ZP=2(or== £2Q=Z(or)=
( )3 Q 6( )6
p>q=~2P>2Q
T T T
If /IP=—& LAQ=—=R=— not possible
3 Q 5 > (notp )

op=Z e 0-sRE
3 6

1_1.ﬁ=1
A2 2 _N3(,_
s (\/§+2j 2 (2 \/5)
2

13
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ASEF :%ar (APQR)

ar (ASOE) :%ar(ASEF) :éar(APQR)

_1\3_B /
12" 4 48
S F
RS=%«/6+2— =g .

-ty

3 6

A
e
/
=

8. LetL;and L;denotes the lines
F=f+ﬂ(—f+2j+2l€),ﬂeR
F=y(2f—j+2l€),yeR

respectively. If Lz is a line which is perpendicular to both L; and L, and cuts both of them, then which of the

following options describe(s) Ls?

@) F:%(2f+|2)+t(2f+2j—|2),teR (b) F:é(zf— j+2|2)+t(2f+2j—|2),teR

©) F:t(2f+2j-l€),teR (d) F=§(4f+ j+|€)+t(2f+2j—|€),teR
Solution:

L, :F=f+i(—f+2i+2l€)

LZ:F=y(2f—j+2|2)

x=-1 y-0 z-0

I_1—1 2 2

14
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1Y 6 +6 ] —3k
Aon L (-4+1,24,22)
Bon L, :(2u,—u,2u)
AB Ars: (2u+A-1L—pu—24,2u—-22)

AR of AB: (6, 6, -3) or (2, 2, -1)

2 -1 —u-24 2u-2
:>,u+ﬂ _ M iz,u ﬂ,z

k
2 2 -1
3k +1 2
A= =4k -=
3 ~ 3
:k+1
3
=2u—21+k=0
:2(4k—gj—2(%+1j+k =0
3 3
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Mid point : [Eolj
3 3

SECTION -3

rl4
Lo1=2 dx

7 (1+€™)(2-cos 2x)
Then 2712 equals

Solution:

dx
(1+ eS‘”X)(Z—cos 2x)

1=2
b

b‘u'—oh"\%

dx
(1+ e’s‘”x)(Z—cos 2x)

1=2
e

»‘h"-—.nm

(1o

1 2 cos 2a

3 |N\
h‘a'—.h\ﬁ

_g.‘f dx _g.‘f sec’xdx 2
myl+2sin’x 7y 3tan’x+1 343

Ans: 4

2. Let the point B be the reflection of the point A(2, 3) with respect to the line 8x —6y —23=0. Let I', and I
be circle of radii 2 and 1 with centres A and B respectively. Let T be a common tangent to the circle I', and

'y such that both the circle are on the same side of T. If C is the point of intersection of T and the line passing

through A and B, then the length of the line segment AC is

Solution:

Now AAPC and BQC are similarly

16
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BC 1
- ==
AC
AC=2AB=10

2(AC—AB)=AC

Bx-by-23=0
AR=52 AR =5

. |

3. Let AP (a; d) denote the set of all the terms of an infinite arithmetic progression with first term a and common
difference d > 0. If AP(1; 3) N AP (2; 5) N AP (3; 7) = AP (a; d) then a + d equals)

Solution:
a,a+d,..a>0
I.1,4,7,10,13,16 ..... 32
:2,7,12,17, 22, 27, 32, 37, 42, 47, 52
I: 3, 10, 17, 24, 31, 38, 45, 52
52«a+d—>LCMof 3,5,7=105
a+d=157

4. Let S be the sample space of all 3 x 3 matrices with entries from the set {0, 1}. Let the events E; and E; be
given by
E;={AecS:det A=0}and
E, = {A €S :sum of entries of A'is 7}.

If a matrix is chosen at random from S, then the conditional probability P(Ei|E2) equals

Solution:
S:2°
E, P(Ez)

17
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E, : Sum of entries 7

71s 2 O0’s

9!
Total E2 = ﬁ =36

= = =
o KB
o B

Per |A| to be 0, both zeroes should be in the same row/column.

s 3x3%x2=18 cases

plE|_18_1
E,) 36 2
5. Three lines are given by

r=Ai,1eR

Let the lines cut the plane X+ y+z =1 at the points A, B and C respectively. If the area of the triangle ABC is
A then the value of (6A)? equals

Solution:

1line: x=4,y=0,2=0
X+y+z=1=1=1 A(L0,0)
2 line: X=p y=u z=0

18
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Parallels C: (lllj
333
A:l‘ﬁxﬁ‘
2
:ll_+i+5 :ﬁ (6A):§
26 5 6| 12 6

6. Let w#1 be acube root of unity. Then the minimum of the set

2 .. .
{‘a+ba)+0a)2 :a,b,cdistinct non-zeromtegers}
equals

Solution:

2
‘a+ba)+ca)2‘

:(a+ba)+ Ca)z)(a+ba)2 +Ca))

=(a2 +b%+c? :ab—bc—ca) [ a+bw+cw’ =a+bw+cw? :a+ba)2+ca>]

1

=—((a=b)" +(b~c)+(c-a)

=%(1+l+4) =3

19
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SECTION -1

1. A current carrying wire heats a metal rod. The wire provides a constant power P to the rod. The metal rod is
enclosed in an insulated container. It is observed that the temperature (T) in the metal rod changes with time (t)
as T(t) = To (1 + BtY#) where B is a constant with appropriate dimension of temperature. The heat capacity of

metal is:
4P (T (t) _To )3
AT

4P(T(1)-T,) . 4P(T(1)-T,)' | 4P(T(1)-T,)

? s B i

(b)

Solution:

dQ

Heat capacity = T

h-dQ_do_, dT
dT — dt dt
p-ndr
dt
HTO -3/4
= t
2 B

3
t—3/4 — (T _TO j
Tf

by _AP(T-To)
- TO4/84

2. Inacapillary tube of radius 0.2 mm the water rises up to height of 7.5 cm with angle of contact equal to zero. If
another capillary with same radius but of different material dipped in the same liquid. The height of water raised

in capillary will be, if angle of contact becomes 60°.

(@ 7.5cm (b) 15 cm (c) 3.75¢cm (d) 30 cm
Solution:
T _ Rhog
2cosé
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h
—— =const
coS
r5_h
')
2
=h'=3.75cm

3. Asample of ,,K* disintegrates into two nuclei Ca & Ar with decay constant A_, = 4.5x107°S™ and

A, =0.5x107°S " respectively. The time after which 99% of |, K gets decayed is:

(a) 6.2 x 10° sec (b) 9.2 x 10° sec (c) 7.2 x 10° sec (d) 4.2 x 10° sec
Solution:
A=A
1

RMZM e’

'“(%} =—(4+24,)t +In100=+(4 + 4, )t°
2.303x 2 _
5x107*°

t =9.2x10%sec

4. Consider a spherical gaseous cloud of mass density p(r) in a free space where r is the radial distance from its
centre. The gaseous cloud is made of particles of equal mass m moving in circular orbits about their common
centre with the same kinetic energy K. The force acting on the particles is their mutual gravitational force. If
p(r) is constant with time. The particle number density n(r) = p(r)/m is:

(g = universal gravitational constant)

3K K K K
Q) ———— by ——— ) ———— d) ——
@ zr’m’G (®) 27r’m*G © zr’m’G @ 67r’m*G
Solution:
GMm  mo?
r r
=glmf
r2
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SECTION -2

5. Athin spherical insulating shell of radius R caries a uniformly distributed charge such that the potential at its

surface is Vo. A hole with small area ¢47R? (a << 1) is made in the shell without effecting the rest of the
shell. Which one of the following is correct.

(@) The magnitude of E ata point located on a line passing through the hole and shell’s centre on a distance 2R

from the centre of spherical shell will be reduced by 02[—\23
(b) Potential at the centre of shell is reduced by 2aV,.

. = \
(c) The magnitude of E at the centre of shell reduced by %

. . . 1 .
(d) The ratio of potential at the centre of the shell to that of the point at > R from centre towards the hole will

be l-«
1-2a
Solution:

Q

dqg = —dA= A

=R Qa .
KQ KaQ

VC:?_T:VO(]'_“)

KQ KaQ
v, = RQ_RaQ g o
=R Rz (122)
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KQ 3 KaQ KQ _aVo

V, = =
" (2R R®* 4R* R
(reduced by a_\/o)
R
KaQ aV,
E@C=—==—>2
@ R? R

Increased by 2—;:0

6. A charged shell of radius R carries a total charge Q. Given ¢ as the flux of electric field through a closed
cylindrical surface of height h, radius r & with its center same as that of the shell. Here center of cylinder is a

point on the axis of the cylinder which is equidistant from its top & bottom surfaces. Which of the following are

correct.
(a)lfh>2R&r>Rthen¢:9 (b)Ifh<%&r:£then¢=O
& 5 5
(c)lfh>2R&r:ﬁthen¢:& (d)Ifh>2R&r:3—Rthen¢5:g
5 5¢g, 5 5¢g,
Solution:
I
(1) Ifh > 2R  —a
Q=2
) h:8—R r:3—R
5 5
,..———_——-.HV

Using Gauss law concept ABD are correct

7. Which statements is/are correct:
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(a) Attime t =0, the Sy is closed instantaneous current in the closed circuit will be 25 mA

(b) The key S; is kept closed for long time such that capacitors are fully charged. Now key S is closed at this
time the instantaneous current across 30Q2 resistor between P & Q will be 0.2A.

(c) If key S1 is kept closed for long time such that capacitors are fully charged the voltage across C1 will be 4V.
(d) If Sy is kept closed for long time such that capacitors are fully charged the voltage difference between P & Q
will be 10V.

A galvanometer of resistance 10 ohm and maximum current of 2pA is converted into voltmeter of range 100mV
and when converted into ammeter then range is ImA. When these voltmeter and ammeter are connected by a
(ideal) battery in series with a resistance of R = 1000Q2, then

(a) Measured value of R is between 9780 and 99602

(b) Resistance of voltmeter 10°Q

(c) Shunt resistance is 20mQ

(d) If the ideal battery is replaced by non-ideal battery with internal resistance of 5Q then R will be > 1000 Q

Solution:

V =100x107°V
V =1g(Rg+R)
_ 10 =(Rg+R)"
2x10°°
R, =5x10*
S= 130 =20mQ
10
2x107°

Conducting wire of parabolic shape, initially y = x* is moving with velocity V= Vof in a non-uniform
— y s A
magnetic field B =B, 1+(Ej k as shown in figure. If Vo, Bo, L & B are +ve constants & A¢ is potential

difference develop between the ends of wire, then correct statement(s) is/are
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Ya B

L J

@) |Ag| = % B,V,L for =0

(b) |Ag| = g B,V,L forp=2

() |A¢5| is proportional to the length of wire projected on y-axis

(d) |Ag| remains same if the parabolic wire is replaced by a straight wire, y = x, initially of length v/2¢
Solution:

de =BV,dy

=B, V,L 1+i
p+1

Let =0 &=2BV,L

p=2 &= BOVOL(1+%j

= g B,V, L

B, C is correct
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D is also correct because projection of wire on y axis is same

10. If in a hypothetical system if the angular momentum and mass are dimensionless. Then which of the following

is true.

(a) The linear momentum varies as L™ (b) The energy varies as L2

(c) The power varies as L™ (d) The force varies as L®
Solution:

M]=[meeT]
1= [MeT ]
[MET [ =[M°LT? ]
=[]0
PI=[hr T
=[MLT]
SIS
1]
£ [T
1]
Fl=[e -[1]

AB,C
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11. V — T diagram for n mol monoatomic gas is given below:

V s

2\Vo

Vo
A Ll
id] o2 1
g i
,’,’,”l :
g !
To/l2 To 2To T

Choose the correct statement:

AQl»Z _ 1
(a) A(23—>4 - 2
AQlaZ _ E
®) AQ, | 3

. . . nRT,
(c) Work done in cyclic process is AW = 0

(d) There are only adiabatic and isochoric processes are involved.

Solution:

Corresponding PV entraps

Ty 2To
AQl 5 | {NCPATH2 } _ P T 1 2
AQ3_, | | NC.AT, ,
_To _ 2 To2
Ty/2 P T 4 3
( ) AQl 2 | ‘ NC AT1—>2| Vo pAY
AQZ% ‘ NC\/AT2»3
_C 5
C, 3

(C) w=amu=RV,
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12. Apparent depth for point object x in all three cases are Hi, H> & Hs respectively when seen from below given H
=30cm,n=15& R =3m, then

L

(@ 0.8<H;-H;1<0.9 (b) H2 > H; () H2>Hs (d)Hs>H;
Solution:
Case |
F 9

H h
d* @xzzzocm
3
w r
Case Il
N M _N-Nn
vV u 1
OR N
1_ 3 _1—3/2 A
-v, —2x30 300
H
H, =20.684
Case 11 NP
V, =19.354
SECTION -3

13. Consider the following nuclear fission reaction
g R27° ——8 RN +, He' + Q.

In this fission reaction. Kinetic energy of a-particle emitted is 4.44 MeV. Find the energy emitted as y —

radiation in keV in this reaction.

m( 4 Ra™ ) = 226.005amu
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m( 4 RN ) = 222.000amu

m(,He*)=4.000amu

Solution:
Am = 0.005 amu
Ka _ mRn
KRn ma
m
KRn = “ Ka =
mRn
4

=——x4.44=0.08 MeV
222

Energy of y — photon
=4.655 — (4.44 + 0.08)
=0.135 MeV

14. N dielectrics are introduced in series in a capacitor of thickness D. Each dielectric have width d = D/N &

dielectric constant of m™ dielectric is given by K, =K (1+m/N): [N >> 103, Area of plates = A]

. N Ke, A .
Net capacitance is given by %02 Find value of o.
aD(n2

Solution:

I,,
)

x_A
m N
dx dx

dt
C KmgA KgOA(H::)

* | AN\

1 r dx
a= =[—%
Jog !J‘KgOA(H X)
D

W

10
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Integrating we get

_ KgA
“ D¢(n2
a=1

15. If at angle O the light takes maximum time to travel in optical fiber. Then the maximum time is Xx10°2,

calculate x.

Solution:

1.5sin g, =1.44sin90°

: 144 24
Sin@, =——=—
15 25
.
. X
5'”<9c=a .
€
jd:@ 9.6 m 4
24
L 10
C 3x10°
n,) 15
t =5x10°s

16. The source S is at rest. The observer and the source S, are moving towards S; as shown in figure. The roof

beats observed by the observer if both sources have frequency 120 Hz and speed of sound 330 m/s in is

Rest 108 km/m =30 ms"
T === = —4"[;-'-. 3;
T 800 arr _w” "
I Pl
€00 e
-
- i
10 mis Ea-' A
observer

Solution:

10m's

11
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f, =120[

330+10cos53 j _[330 +10j
330—-30co0s37 330

=8.128 Hz

17. A weight of 100 N is suspended by two wires made by steel and copper as shown in figure length of steel wire

is 1 m and copper wire is \/§m. Find ratio of change in length of copper wire (MO) to change in length of

steel wire (Af S ) Given Young’s modulus: Ysteer = 2 X 10" N/m?, Y copper = 1 x 10 N/m?.

Solution:
T B
Z 2 Tz T
T, =3 T,
60 30

(1 \/é 2x10" _5 100N
3L 1 J1x10™
. . . 1
18. An optical bench, to measure the focal length of lens, is 1.5 m long and on the bench marks are with spacing —

cm. Now a lens is placed at 75 cm and pin type object is placed at 45 cm marks on the bench. If its image is

formed at 135 cm find maximum possible error in calculation of focal length.

Solution:
V =30cm dv=0.5cm

12
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V =60cm dv=0.5cm

——3:13 f =20cm
y u f

—dv —-dv —df

+ =
vioou? f2

ﬂxlOOz f‘:d—\2/+d—l;}
f ve ou

=1.38 and 1.39

13
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SECTION -1

1. Which of the following set represent correct formula for Malachite, Magnetite, Calamine & Cryolite?

(a) CuCO,, Fe,0,,Zn0, Al,O, (b) CuCO,,Cu(OH), , Fe,0,,ZnCO,, Na, AlF,

(c) CuCQ,, Fe,0,,ZnCO0,, ALLO, (d) CuCO,.Cu (OH )2 , Fe,0,,ZnCO,, Na,AlF,
Solution:
(B)
Malachite — CuCO3.Cu(OH);
Magnetite — Fe304
Calamine — ZnCO:3
Cryollite — NazAlFg
2. Find the correct acidic strength order:

(i) HC=C—COOH (i) HoC = CH — COOH (iii) "*° D “9%% (i) CHs — CH, — COOH

@ i>ii>iv>iii (b)i>ii>iii>iv ©iii>ii>i>iv (d) iii >i>iv>ii
Solution:
(B)

3. Sodium stearate is a strong electrolyte. Which of the following plot is correct regarding its conductance:

CMC w
1“1 m m
/\ * * cmg— e \Gh{
Jc " (b) Jc () ¥ (d) Jc

By definition, Ama L

Jc

(@)

Solution:

(B)
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4. Which green coloured compound of chromium is formed in borax bead test?

(@) Cr(BO,), (b) Cr,0, (c) CrB (d) CrBO,
Solution:
(A)
Na,B,0,.10H,0—2~ Na,B,0,
\{f&
NaBO, + B,0,

Cr,0, +B,0,——Cr(BO,),

green

SECTION -2

5. Choose the reaction, for which the standard enthalpy of reaction is equal to the standard enthalpy of formation:

3
@) 2C(g)+3H2(g) —>C2H6(g) (b) EOZ(Q) —>O3(g)
1
(© 588(5) +02(g) - SOz(g) (d) 2H2(g) +Oz(g) —>2H20(€)
Solution:
(B,C)
By definition,

Enthalpy of formation is defined as the Enthalpy change occurring when, a compound is formed from its

constituent elements in standard state.

6. A Tin - chloride ‘P’ gives following reaction (unbalanced reaction)
P +ClI~ —— X [Monoanion pyramidal geometry]

P+Me,N —Y

P+CuCl,——Z +CuCl

Then which of the following is/are correct.

(a) Y contains co-ordinate bond (b) X is sp® hybridised.
2
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(c) Oxidation state of Sn is X is +1. (d) X contain lone pair on central atom.
Solution:

(A,B,D)

SnCl,+Cl-—»SnCl;
(¢) (x)

SnCl,+ Me,;N —— SnCl, [N Me, |
(P) (¥)

SnCl,+ CuCl, —— SnCl, + CuCl
(P) ()

234 234 234 230

7. U —2g Th—2q Pa—2—" Z 254 Th

X, X,, X3, X, are either particles or radiation. Then
(a) x, is deflected toward negatively charged plate.
(b) X,is B-particle.

(C) X, is y-radiation.

(d) z is isotope of ***U
Solution:

(A, B,D)

X1 — o — decay

X2 — B — decay

X3 — B — decay

X4 — o — decay

8. Fusion of MnO; along with KOH and O, forms X. Electrolytic oxidation of X yields Y. X undergoes
disproportionation reaction in acidic medium to MnO; and Y. The Manganese in X and Y is in the form W & Z
respectively, then
(@) W & Z are coloured (b) W is diamagnetic and Z is paramagnetic
(c) Both W & Z are tetrahedral in shape (d) Both W & Z involve pr-dr bonding for & bond

3
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Solution:

(A, C,D)

MnO, —"— MnO;” —— MnO,

() (2)
[#°]
MnO, ¥ MnO;
9. C HlOO CH MQBT s Q Conc.HCI S
(Major) (Major)
20%H,PO, | (DH /NI
(Manor) 360K ,(Mﬁof) (BRI (vajor)
HBr/A
) ¥ (L)

Mejo) ﬁ OO i
... O -

CHa Ha Ha Ha Hs Hs Ha Hs
Gl o5, S SO
= ‘_T= U= , 5= U= T= S= .U=
(b) (c) (d)

(C, D)

Solution:

CH, on CH, CI

CH, Mgffr
IR

®

_'

CH, Br

é HPO, Cj H / Ni O J's‘r / hr é
’ Br
Peromde
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10. Which of the following are true.
(a) Monosachharides can not be hydrolysed to give polyhydroxy aldehydes and ketones.

(b) Hydrolysis of sucrose gives dextrorotatory glucose and laevorotatory fructose
(c) Oxidation of glucose with bromine water gives glutamic acid.

(d) The two six membered hemiacetal form of D(+) glucose are anomers.

Solution:
(A, B, D)

11. Identify the option where all four molecules possess permanent dipole moment at room temperature.

(a) BF,0,,SF,, XeF, (b) BeCl,,CO,, BCl,,CHCI,
(c) SO,,C,H.Cl, H,Se, BrF, (d) NO,, NH,, POCI,,CH,CI
Solution:
(C,D)
€ —

° 7 o

Cl S-E T

A H \H F 0 F
>Br<
F7 | g
(D) —

4 0 4 |?1~ C|l 4
g =0 70N PN ZON
O BT | H cl | l " }II "
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12. Which of the following is/are correct regarding root mean square speed (U:ms) & average translation K.E. (Ea)
of molecule in a gas at equilibrium.
(2) Eav is doubled when its temperature is increased 4 times
(b) Urms is inversely proportional to the square root of its molecular mass
(c) Eav at a given temperature doesn’t depend on its molecular mass

(d) Urms is doubled when its temperature is increased 4 times

Solution:

(B,C,D)

E.= g RT  (independent of Mass)

3RT
urms Al na
\l M

SECTION -3

13. XeF, +O,F, —— product. The total number of lone pairs on the xenon containing product is: (I)
Solution:
(19)

XeF, +O,F, —— XeF, + 0,

Distorted octahedral shape

14. For the following reaction, equilibrium constant K at 298 K is 1.6 x 10/
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Fef;q) + S(Za;) —FeS (S)

When equal volume of 0.06 M Fe*2 and 0.2 M S solution are mixed, then equilibrium concentration of Fe*2 is
found to be Y x 101 M. Y is:

Solution:
8.93 or 8.92
Fe** +S* —>FeS
ini 0.06 0.2 0
After mix 003 01
At0g/m X 0.07

K, = ——  —16x10"

(x)[0.07]

.'.[Fez*] —8.928x107"

=yx107"
-.y=8.930r 8.92

15.

NH>

(1)ag.Brn  _

(2) NaNO=HC1 @
(3) CuCN/KCN

() H2O/H®

(5) SOCk

{1) Oleum

(2) NaOHHZ0
{3) Br2/CS:

> {R)

e
R T

Number of atoms of Br in compound ‘T’

Solution:
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4)
NH: 5 INHe
.
@ Bri (a:) s Br
Br
(i) NaNOy/HC1
(i) CuCN/KCN
COOH CN
B r\@/ Br H:O~ Br. Br
<7
Br Br
COOH cocl
Br Br Br Br
SOCk
Br Br
Q)

SO:zH
oleum [ i ]
@

NAOH/OH e

OH oH
Bra
< CS2
Br

R)
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- (o]
0 I
Br \/C
|
Cl
o Br
Il
Br o—C Br
Br

(T)
Total Br atoms = 4

16. Which of the following compounds contain bond between same type of atoms.

N,O,,B;N,H,, H,S,0,,N,O,H,S,0;, B,H,
Solution:

N,O,,H,S,0,,N,0,H,S,0,

S
(0]
o ]
\N V/ S
—_—1 OH
£ et Oﬁl
O O OH
S S
I
/S\\ I
I\:\—)O OH I O—Q—i\ o
O
0]

17. A+ B + C — Product

Ex.No | [A] | [B] | [C] | Rate of reaction
1. 02 |01 01 6 x 10°
2. 02 | 02|01 6 x 10°
3. 02 | 01|02 1.2 x 10*
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4. 03 01|01 9x10°

When [A]=0.15
[B] =0.25
[C]=0.15

Rate of reaction is Y x 10° M/s Find Y.

Solution:

(6.75)

Let r =K [A]'[B]'[CT

From (1),(2) >y=0
1), (3) »z=1
(1), (4) > x=1

. rate law becomes
r=K[A[B][C]

From (2)
K =3x10"°

When [A]=0.15,[B]=0.25,[C]=0.15
r =3x10°[0.15] [0.15]
=6.75x10°mol I's™*

= yx10®

. y=6.75

10
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18. On dissolving 0.5 g of non-volatile, non-ionic solute to 39 g of benzene, its vapour pressure decreases from 650
mm of Hg to 640 mm of Hg. The depression of freezing point of benzene (in K) upon addition of the solute is
[Given data: Molar mass & molar freezing point depression of benzene is 78 g mol? & 5.12 K Kg mol]

Solution:
(1.02)

Po—P,
PS

— nsolute

I"]solvent

650-640 1x0.5x78
640 M x 39

M =64g

0.5x1000

AT, =K,m=5.12x
64 %39

AT, =1.02

11




