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Time:3Hr’s IMPORTANT INSTRUCTIONS Max Marks: 180
MATHEMATICS:
Section Question Type L "W R Total
yp Marks | Marks Qs marks
, Questions with Single Correct \
Sec—I(Q.N:1-4) Choice +3 | 4 12
, Questions with Multiple Correct
Sec - QN :5-9) Choice with partial mark h -1 5 20
Sec — QN : 10 — 14) Questions with NumerlTr;/arlg/alue Answer w4 0 5 20
, Paragraph Questions with )
Sec - IV(QN:15-18) Numerical Value Answer Type +4 1 4 8
Total 18 60
PHYSICS:
. ; +Ve - Ve No.of Total
Section Question Type Marks | Marks Qs marks
: Questions with Single Correct .
Sec - I(Q.N:19 -22) Choice +3 1 4 12
. Questions with Multiple Correct A
Sec - QN :23527) Choice with partial mark s, 1 2 20
Sec - II(Q.N : 28 — 32) Questions with NumeriTr;/arlg/alue Answer 4 0 5 20
¥ Paragraph Questions with A
Sec -~ IV(Q.N : 33 - 36) Numerical Value Answer Type +4 1 4 8
Total 18 60
CHEMISTRY:
Section Question Type e G Py il
yp Marks Marks Qs marks
: Questions with Single Correct -
Sec — I(Q.N : 37 — 40) v S 1 4 12
: Questions with Multiple Correct }
Sec - I(Q.N : 41 - 45) Choice with partial mark +4 1 5 20
Sec — QN : 46 — 50) Questions with NumerlT;arig/alue Answer +4 0 5 20
, Paragraph Questions with )
Sec - IV(Q.N : 51 - 54) Numerical Value Answer Type +4 1 4 8
Total 18 60
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MATHEMATICS Max Marks: 60

SECTION -1
(SINGLE CORRECT ANSWER TYPE)

This section contains FOUR (04) questions.
e Each question has FOUR options (A), (B), (C) and (D). ONLY ONE of these four options is the correct answer.
o For each question, choose the option corresponding to the correct answer.
o Answer to each question will be evaluated according to the following marking scheme:

Full Marks . +3 If ONLY the correct option is chosen;
Zero Marks ~ : 0 If none of the options is chosen (i.e. the question is unanswered);
Negative Marks : —1 In all other cases

1. Let & bbe two vectors and let P,Qand R be the points with position vectors &b and
a-+b, respectively, with respect to the origin O. If ‘é+5‘ =421, ‘é —5‘ =3and 4 and
(a —b) are perpendicular to each other, then the area of the triangle OPRis
e 5 L2 g D) -

Ans: C
Sol: ‘a_+ 5\=\/ﬂ,\a——5\=3

= 2(|a|2 + \Bﬂ: 30,430 =12

B Py e R B T 3V3
Area—E‘ax(a+b)‘—— ‘axb‘:E,/sa_ =—
2. Let T be the tangent to the parabola y2 =16x at the point (64,32). Let L be the tangent to

the same parabola at another point (X, Y1) on the parabola. If L and T are perpendicular

to each other, then the distance between the point (Xl, yl) and the focus of the parabola, is

15 17
A) —— B) 4 C) — D)5
)4 ) )4 )

Ans: C
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Sol:  y2 =16x, A(ly) =(64,32) =>t; = 4 B(to) = (%, Y1)

-1
Tangents at A, B are Lar =ity =-1=t, =

1
B(Z'_ZJ'FM’O)

2
BF = (Ej ra=1
4 4

5%.,3, .3
3. Let Y (—o0,00) —(0,90) be the solution of the differential equaiton dy = ey—+y’
dx eijexy4

Satisfying y(0) = % . Then the value of Y(loga2) s

5++/35 7+/53 DA 5435
A) B) C) D)
Ans: B
1+y* SR dy ) B
Sol: 3 A dx j—+jydy=je dx+je dx
X 3
y € y
4 4x
== 12+y —F l\x 3¢
2y 2 4
2 4x
Y(O)=i:>—1+1=3—1+c:czo .. Solution is y—_ize__e—x
x:ln2:>———2: —= =y =1l=7y" =y -7y“-1=0
2y 2
7+ 7++/53
= y2 — 53 ...y c (O’w)’ y —
2 2
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2
4. The value of the definite integralj L axis
73" +3
1 loge 3
A) = B)l C)|Og—e3 D)L
2 3 3 2
Ans: B
2 2
sol: 1= [ X[ &
73 +3 5377 +3
2 X
:>2I:j L + S dx
o\ 3% +3 3(3+3%)
2
= || == %:E =1=1/3
3 3
0
SECTION - I

(ONE OR MORE CORRECT ANSWER TYPE)

This section contains FIVE (05) questions.

e Each question has FOUR options (A), (B), (C) and (D). ONE OR MORE THAN ONE of these four option(s) is(are) correct answer(s).
o For each question, choose the option(s) corresponding to (all) the correct answer(s).

o Answer to each question will be evaluated according to the following marking scheme:

Full Marks :+4 ONLY if (all) the correct option(s) is(are) chosen;

Partial Marks: +3 If all the four options are correct but ONLY three options are chosen;

Partial Marks: +2 If three or more options are correct but ONLY two options are chosen, both of which are correct;

Partial Marks: +1 If two or more options are correct but ONLY two options are chosen, and it is a correct option;

Zero Marks : 0 If none of the options is chosen (i.e. the question is unanswered);

Negative Marks : =2 In all other cases.

For example, in a question, if (A), (B) and (D) are the ONLY three options corresponding to correct answers, then

choosing ONLY (A), (B) and (D) will get +4 marks; choosing ONLY (A) and (B) will get +2 marks; choosing ONLY (A) and (D) will get +2 marks;

choosing ONLY (B) and (D) will get +2 marks; choosing ONLY (A) will get +1 mark; choosing ONLY (B) will get +1 mark; choosing ONLY (D) will get +1 mark; choosing no option (i.e.
the question is unanswered) will get 0 marks; and choosing any other combination of options will get -2 marks.

5. Let R denote the set of all real numbers. Consider the polynomials function f:R—R

10
defined by f (x) =O'—10((x2 ~1%%) forall xeR.
dx

10

Here j—lo((xz ~1'%is the 10" order derivative of the function (x2 —1)10.
X

Then which of the following statements is (are) TRUE?
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A) The coefficient of X8 in the polynomial f(X)is (_10)(%j

B) The value of @)+ f(-1)is equal to 101211

C) The degree of the polynomial f(X)is 10

D) The constant term of the polynomial f(X)is _(%)

Ans: ABC
10
soL: [ 1] 29Co(-010 410 Cp (-1 4. 410 Gy 12

Differentiate 10 times

|
144

|
f(x) = [—1005} 104+ 1006%% = o

| | |
Aoc, 16! 6 10 18'- x8410¢ 20! 10

6! Bl 10!

B) given (x —1)10 (x+ 1)10

Where (X+1)term exist & if (X—1)exist it gives zero
f(1) = (1°c10)(10!) 210

f@)+ f(-D)=2f(@1) =101 2%

6. Let a,b,c be positive integers in arithmetic progression such that the equation

ax® +bx+c=0
has only integer solutions.
Then which of the following statements is (are) TRUE?

A) c—b is an integer multiple of a

B) Both the roots of the equation ax? +bx + ¢ = Oare odd integers
C) If c=15, then ab=38

D) If b=8, then x=3 is a root of the equation ax? +bx+c=0
Ans: ABC
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SOL: a,b,ceN & 2b=a+c

ax? +bx+c=0 has integral solutions

2
4
= 9,3 e N and b 5 % =perfect square
a a a
= ~— ¢ integers .".option (A) is correct
a

2D 1.8

a a

LHS is even = RHS is even
—5 s odd
a
.".option (B) is correct
If c=15, thena=1 (or) 3 (or) 5 (or) 15

e b b? - 4ac
a a ¥
1 15 8 4 — perfect square
3 5 3 -11
5 3 2 -8
15 N1 1 -3
—a=1b=8

.".option (C) is correct
x =3 is a root =>9%+3b+c=0
+ve =0 (ABSURD)

.".option (D) is incorrect
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7. Let L be the straight line joining the points P(1,2,—1)and Q(2,31). Let S be the foot of

the perpendicular drawn from the point R(4,—1,5)to the line L. Another line passing
through R intersects L at the point T such that the point S divides the line segment PT
internally in the ratio |PS|:|ST|=1:2, where |PS|and |ST| are the lengths of the line
segments PS and ST, respectively.

Then which of the following statements is (are) TRUE?

A) The orthocentre of the triangle PRT is (%,_4,%)

B) The orthocentre of the triangle PRT is (4,3,5)

C) The area of the triangle PRT is 6v/5

D) The area of the triangle PRT is 185
Ans: AD
SOL:

R(4,-1,5)

PAL2RM¥S. T Q@31

PS 1

31 2

Find S, PO =i+ ]+2k
S(L+k,2+k,—-1+2k)
OS LRS =k -3+k+3+4k-2=0
=k=2& SG43

PS =(2,2,4), PR =(3,-3,6)
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~

0K 240 12k
Area==[2 2 4=—""1
2 2
3 -3 6

PRT area :18\/5

Orthocentre _{%,_4,£)

5
8.  Let Y="T(X)be the real valued function defined on the interval (0,00), satisfying Y(1)=0

dy 3
X—==Yy—X

dx i
Then which of the following statements is (are) TRUE?

A) The function f has a local minimum at x = ——

and the differential equation

J3
B) The function f has a local maximum at x = %

C) The function T is increasing in the interval (1, 2)

3 :
D) If g(x) = 4x3 —5x2 +§x for x>0, then the number of elements in the set

{xe(0,00): f(x)=g(x)} is 2

Ans: BD
SOL: f:00—>R, y@)=0,
(0
xdy 3_ dx
— e Yo
dx 7 4 X2
y y X
:d(—j: XX =>==—+C
X X
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_y2 2
y1)=0 ety x 1 xl-xT)
2 X 2 2 2
& 1[1 BX}
dx 2
_ ., s
! !
-
A -
'f" has local maximum atx:% and ' f' is decreasing in (2, 2)
3

f(x):g—% g(x):4x3—5x2+3—2X

x>0, T(X)=9(x)

8
a8 5y 3X SNBSS
20

3
Ox
:>7—5x2+x=0:>x:0 (or) 9% —10x+2=0

*. number of solutions will be 2

0. Let R denote the set of all real numbers and let i =+/—1. Consider the matrices
OS5 11 \L
= and T = :
% 01
a b
Let a,b,c,d be real numbers such that ST :L d]

Let H={x+iy:x,yeRand y>0}.

Then which of the following statements is (are) TRUE?
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A)b+|_a:

d+ic
B) If o = “'*/— then 224D _
Ca)+d

C) If m is an integer greater than 2 such that (ST)? = (ST)™, then m is an integer

multiple of 8
D) If zeH, then az+beH
cz+d
Ans: BD
0 -1 11 0 -1
SOL: S = T = —ST = —=a=0b=-1c=1d=1
() 01 1 1
b+|_a = _1. £l .".Option (A) is incorrect
d+ic 1+i
an+b -1

=w

= .".Option (B) is correct
co+d l+ow

2 (0 -1)(0 -1} (-1 -1
€) 5T) _(1 1](1 1)‘(1 o]

(ST)* =

(ST)® =

(sT)? =1

Al
1

0
-

21
0

1
-1

ZeHie,y>0
az+b -1 -1
cz+d z+1

-1
1

0
=

-1
0

1
-1

0
-1

-1
1

—=m=2+6n

D) H ={x+iy, x,yeR,y >0}

1
-1

-1
0

.".Option (C) is incorrect

—(x+1)+|y c
X+1+1iy (x+1) +y

.".Option (D) is correct
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SECTION-III
(NUMERICAL VALUE)

This section contains FIVE (05) questions.

« The answer to each question is a NUMERICAL VALUE.
* For each question, enter the correct numerical value corresponding to the answer in the designated place using the mouse and the on-screen virtual numeric keypad.

« If the numerical value has more than two decimal places, truncate/round-off the value to TWO decimal places.
 Answer to each question will be evaluated according to the following marking scheme:

Full Marks : +4 If ONLY the correct numerical value is entered in the designated place;

Zero Marks : O In all other cases.

10. Let N denotes the set of all positive integers. Consider the sets
A={1,2,3,4,5}and B={1,2,34,5,6,7}.
Let S be the set of all functions T :A—B such that f(2)#2 and f(4)#4. Consider the

SetT = {f e S:there exists a function g : B — N such that g(f (x)) =2* for all x e A}.

Then the number of elements in the set T is

Ans: 1860
SOL:A={1,2,34,5}, B={1,234,56,7}
f@=2, f(d)=4

g(f(x))=2"vxeA

f(X) to be one-one mapping

f(Q)=2 f(4)+4 f(2) =4, f(4)=2

0C; x° Cy x° C3x 31+ °Cgx 31 =1800 + 60 = 1860

11. A bookshelf contains 6 distinct books of Mathematics and 5 distinct books of Physics.
From these 11 books , 6 books are chosen at random .Let X be the absolute value of the
difference between the number of Mathematics books chosen and the number of Physics
books chosen .If & is the mean of the random variable X, then the value of 77¢ iIs__

ANS:100
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SOL.: 6 maths BOOKS, 5 physics books Number of ways of selecting 6 books= 11C 6

X:xi 6 4 2 0
P(X =x;) 111 Scs-5¢,+9¢5-6¢; | 8¢,-5¢,+5¢,-5¢, | 8c,-5c,
Cs e Hcs e
6+4(6C5-5Cl+5C5-601)+2(6C4-5CZ+5C4-602)+0
o= 11C6
a:@2>77a:100

12.  Consider a data consisting of 10 observations X, Xp,.....X% 9, whose mean is 5 and
variance is 7. If the mean and the variance of the first 8 observations X, X9,.....,Xg areé 4
and 3.5, respectively, and Xg <X, then the value of 3Xg+2X is

Ans: 44
X+ X +...4+ X0 x12+x§+...+x120
Sol: =5, —-25=7
10 10
X +Xpt..tXg _, x12+x§+...+x82_16_z
8 " P

= Xg + X0 =18and xg + x120 =164
5. X9 <X, %9 =8,%09=10 3Xg+2x0=44

2 2

X
13.  Consider the ellipse E given by E+)1/—2 =1.Let H be the hyperbola whose eccentricity is

the reciprocal of the eccentricity of E and whose foci are the same as that of E. Let P and
Q be the points of intersection of H and the parabola /5y = x? in the first quadrant. Let
d be the distance between P and Q.
If a and b are the integers such that d 2 _ a +b+/5, then the value of a—b is

Ans: 18
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SOL: e of ellipse = 1—g—i
' P =" 18 J3

Foci of ellipse: ae =/6 = F(iJE,o)

Hyperbola: foci: :>(J_r\/6,0)
2 2

X
e=3= A=+/2.B=2 7—%:1

J5y =x? solve with hyperbola

\fy y =l=>y= J5+1or5-1

P&Q:(m,ﬁu) & [V5-5,45-1)

d2=(x )" +(%1-¥2)°
=5+/5+5-/5-225-5+4=10-220 +4 =14 4.5
a=14,b=-4,(a-b)=
14. For areal number ¢, let [oc] denote the greatest integer less than or equal to ¢ .For a
finite set S, let |S| denote the number of elements in the set S.

Consider the function f :(-3,3) —(—0,0) and g:(-3,3) —(—o0,0) defined by

f(x)= [ }Ioge(l+sm (7 (x—[x ]))) and g(x):x3sin2(7rloge(1+x—[x])).
Let A={xe(-3,3): f isdiscontinuous at x|
and B ={x e (-3,3):g is discontinuous atx}.
Then the value of |A|+2|B|—|ANB| is
Ans: 56
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[ ]
Full

Sol:

Marks :+2 If ONLY the correct numerical value is entered at the designated place;
Zero Marks : O In all other cases.

f (x)=[x3}loge(l+sin2ﬂ(x—[x]))
[xﬂ discontinuous at all integers in [—26,26] =53 points

But continuous at -2,-1,+1,+2.0

| A|=48 points

g (x) = sin?(zloge (1+ x~[x]))

g(x) discontinuous at—2,-1,1,2

B|=4
=|A+2|B|-|AnB|=48+2(4)-0=56

SECTION - IV
(PARAGRAPH WITH NUMERICAL VALUE TYPE)

This section contains TWO (02) question stems.

There are TWO (02) questions corresponding to each question stem.

The answer to each question is a NUMERICAL VALUE.

For each question, enter the correct numerical value corresponding to the answer in the designated place using the mouse and the on-
screen virtual numeric keypad.

If the numerical value has more than two decimal places, truncate/round-off the value to TWO decimal places.

Answer to each question will be evaluated according to the following marking scheme:

Question Stem for Question Nos. 15 and 16
Consider the curve G given by

y=e"* for xe[0,107],

and the curve Co given by

y =e X (sinx+cosx) for xe[0,107].

Let n be the total number of points of intersection of the curves G and C,.

Suppose that &g, a,....0 € [0,107:] are the x-coordinates of the points of intersection of

the curve C; and Cs such that

O£1<O£2 <...<0€n.

15. Thevalue ofnis
Ans: 11
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X

Ci:y=e
SOL:
Cy:y=e *(sinx+cosx),xe[0,107]

e X (sinx+cosx)=e™*

= SinX+cosXx=1=+/2sin x(x+%):l

:sin(x+— . x+ 2% e 107 + 2
J2'T 4 ’ 4
:>X+£——,7z—%,27z+£, ....... 107 +—

16. Let g be the area of the region enclosed between the curves G;,Cy, and the lines

T
X=0gand X=oy.Then the value of —lloge B—-2e 2 |is
T

Ans: 2.50
Sol: 06120,0642577[
51
2
B= j e % |sinx+cos x — 1| dx
0
Vs Y/
% 2m oA
:Ie_x(sinx+cosx—1)dx+ Ie_x(l—sinx—cosx)dx+ J e " (sinx+ cosx —1)dx
0 K 2w
2
5 o7 g
:[e_x(l—cosx)]2 +[e_x(cosx—1)}, +[e_x(1—cosx)] 2
- /8 —5Sr /4
e LIV,
=e2 e 2|+e2 =—"In|p-2e 2 |==
T 2
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Question Stem for Question Nos. 17 and 18
Consider the ellipses given by x2 + 4y2 =1 and 4x% + y2 =1,

17.  Let P be the point in the first quadrant where the given ellipses intersect. If 0 is the acute

angle between the tangents to the given ellipses at the point P, then the value of 4tané is

AnNns:7.50

Sol: X% +4y®=14x%+y?=1

2_.2_1
=X =¥ Ig
P (., y1)is point of intersection
: ( il 1)
Pis | g\t
55
: 1 4y o
Tangents will be X + =1,—=+ =
: WA\
1 ~-(-4)
- 4 15
= Slopes are —,—4 = tanf = =— = 4tan0=7.50
4 1+1 8

18. If & is the area of the common region that lies inside both the given ellipses, then the

value of cotea is

Ans:0.75
Sol:
LY
y=X
P
A
4x2 + y2 =1
Page | 18
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1
g 2
Required Area=8A=8| —| — || — |+ 1-4x“dx
| &)%)
5

é“ RPee—N |

= Cota = COt(ﬂ' - 2tan_1 2) = —cot(2tan_12) =

Alw
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PHYSICS Max Marks: 60
SECTION -1
(SINGLE CORRECT ANSWER TYPE)

This section contains FOUR (04) questions.
e Each question has FOUR options (A), (B), (C) and (D). ONLY ONE of these four options is the correct answer.
o For each question, choose the option corresponding to the correct answer.
o Answer to each question will be evaluated according to the following marking scheme:

Full Marks : +3 If ONLY the correct option is chosen;
Zero Marks ~ : 0 If none of the options is chosen (i.e. the question is unanswered);
Negative Marks : —1 In all other cases.

19. A metal wire of cross-sectional area 0.5 mm? and length 100 m is connected across a
battery of e.m.f. 2 V and internal resistance 1€ . The density, atomic mass and electrical

conductivity of the metal are 6.35x10% kg m~3, and 2x10% mhom™1, respectively.
Assuming one conduction electron per atom of the metal, the drift velocity (in mm 3—1)
of the electrons in the wire is:

[Take Avogadro’s number as 6x10%° and charge of the electron as 1.6 x1022C .]

A) 0.052 B) 0.104 C) 0.208 D) 0.156
Ans: C
Sol: Resistance of wire is R = L 55 8100 5 =10

oA 2x10°x.5x10"
) 3 2V
Current in the wire | =nAVye=———=1A
10 +10Q
Here n = no of electrons/volume = no of atoms/volume
3 3 23
6.35x10° x10° x6x10
i X X X0OX _ 6)(1028
63.5

S0 1A= (6><1028 x 5x107% x Vg4 x1.6x10‘19)A

=>Vq = 2.08x10~*m/sec
=0.208mm/ sec
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20. A nuclear reactor starts producing a radioactive nuclide X from t = 0, at a constant rate of

o per second. Each decay of X produces energy Egq, which is utilized to heata  liquid

of mass m and specific heat s. Assuming no heat loss from the liquid and taking A as the

decay constant of X, the rate of increase in the temperature of the liquid is:

A) a—EO(l—e_M) B) (I—Eo(eﬂ“t —t)
ms ms
Q) @(l— e‘”) D) i(a _ /le‘”)
ms ms
Ans: a

Sol:
Rate of production is .
Say concentration of x at same time t = N.
Then dN = adt — o Ndt
N t
= [ > N=2(1-eH)

oa—ﬂ,N -

No of nuclei decaying in time dt=ANdt = l%(l—e_ﬂ“t)dt

= a(l— e_’lt)dt

1 do i Epx (1_8_,“)

So energy released = Eqa (1— e"“)dt =msdé =

21. A beam of polychromatic light passes through a thin prism of prism angle 6°. The
B

refractive index of the metal of the prism varies with wavelength (1) as n(1)= a2 + —
A

,where ¢ =3um~t and B =0.096 um?. If Ayjn is the wavelength at  which the angle of

minimum deviation Dy, is smallest, then the correct value of Dy, at Ayin is

A) 6.4° B) 4.8° C) 3.2° D) 2.4°
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Ans: B
Sol:
As angle of prism is small
Dy =(n-1)A
:(aﬂwﬁz— JA
A
. d 3 28
Where Oy, is smallest E(Dm)—o =a _F:O
2
313:25:2x'096“1m — A =0.4um
o 3um-
096
Value of n for A=04um=3x04+——7-=1.8

(4)2

Hence D, = (1.8 -1)6° = 4.8°

The particle of mass m, and angular momentum /¢ is moving in a circular orbit of radius

22.
Ip under the influence of an attractive force F(r) = _Lzr“. Keeping its angular
r
momentum unchanged, the particle is displaced radially by a small distance or <<,
due to which its radical distance varies periodically. The corresponding time period is:
3 m 3 3
A) 27%2 B) 27 \/: Q) 2l : D) 2rcl =
mk k 3mk 5mk
Ans: A
Sol:

Solving in rotating frame fixed to axis of rotation.

Total force = F :(mcozr ——ij
r

,ma)zr
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2
/
When F = 0; equilibrium radius is Ij. ma)zr ——2=0:>F0=—.
1y mk
As | =mre 3@:%
mr
SoF_ Mk _ 2 ko oF_-3° 2%
m?r* 2 mrd r? or  mr* 3
2 2,4
Putting I =Ty we will get P e L S P 1|, S
A O /8
[j 2
mk mk
m2k*

So angular frequency o= —
14

3

Time period :27[—@
mk

SECTION -1l
(ONE OR MORE CORRECT ANSWER TYPE)

This section contains FIVE (05) questions.

e Each question has FOUR options (A), (B), (C) and (D). ONE OR MORE THAN ONE of these four option(s) is(are) correct answer(s).
o For each question, choose the option(s) corresponding to (all) the correct answer(s).

o Answer to each question will be evaluated according to the following marking scheme:

Full Marks :+4 ONLY if (all) the correct option(s) is(are) chosen;

Partial Marks: +3 If all the four options are correct but ONLY three options are chosen;

Partial Marks: +2 If three or more options are correct but ONLY two options are chosen, both of which are correct;

Partial Marks: +1 If two or more options are correct but ONLY two options are chosen, and it is a correct option;

Zero Marks : 0 If none of the options is chosen (i.e. the question is unanswered);

Negative Marks : =2 In all other cases.

For example, in a question, if (A), (B) and (D) are the ONLY three options corresponding to correct answers, then

choosing ONLY (A), (B) and (D) will get +4 marks; choosing ONLY (A) and (B) will get +2 marks; choosing ONLY (A) and (D) will get +2 marks;

choosing ONLY (B) and (D) will get +2 marks; choosing ONLY (A) will get +1 mark; choosing ONLY (B) will get +1 mark; choosing ONLY (D) will get +1 mark; choosing no option (i.e.
the question is unanswered) will get 0 marks; and choosing any other combination of options will get -2 marks.

23.  Consider two isosceles prisms 1 and 1 with prism angles A and Ay and refractive

indices M and My, respectively, as shown in the figure. The faces &l and &k are
parallel to each other and perpendicular to the mirror M. If a ray of light is incident on the

face &C; and emerges from the face ayCo, then the correct statement(s) is/are:
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. T M il A)/sinf P2
A) If bot the prisms are at minimum deviation condition, then nl—Sln > Sin 5 )’

B) If prism 2 is at minimum deviation condition then is i = n, sin (%) always true.

C) If both the prisms 1 and are thin and are at minimum deviation condition with  angles
5m_1 5m2
% :
2(m=1) 2(n2-1)

D) If prism 1 is at minimum deviation condition, then i, = nlsin(%) is always true.

of deviation Sy and Oy 2, respectively, then 6 =

Ans: ACD
Sol:  From geometry h =€, =Ip =€

Q=ﬁ=& :>9z%+&

2 %2 2
A
siniy siniy Ny sm?
:nland A :n2 S—ZW
sin'AztL sin —2 M sin 2
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24.  Inavacuum chamber, a particle of charge 1,C and mass 1 mg is projected with a

~

velocity (l + Z\j)ms_1 from the XZ plane at time t = 0 in an electric field of 1ivm™!.

Att=0.2s, the electric field is switched off and a magnetic field of 6J T is switched on.

The acceleration due to gravity is —10J ms~2. Correct option(s) is/are:

A) The vertical distance of the particle from the XZ plane att = 0.3 s is 15 cm.
B) The vertical distance of the particle from the XZ plane att = 0.4 s is 10 cm.
C) The radius of the trajectory of the particle fort > 0.2 s is 20 cm.
D) The particle will be in the XZ plane att = 0.35 s.

Ans: A

Sol: Initial velocity of particle :(iA+ 2])m/sec

—6
Acceleration of particle till 0.2 sec in ay = SN =1m/sec?

m 10°°

ay = —10m/ sec2

After 0.2 sec particle will move in helical path with varying pitch.

Along y-axis is always —=10m / sec?

So y=2t—%x10><t2 RO
Putting t = 0.3 sec, y = 15m = 15¢cm
t=04sec,y=0

After 0.2sec path is a helical path with variable pitch .Radius of curvature is variable with

time. So option ”C” is wrong.
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25.  Two charges Q=0 and Q@ =mq are placed at the points R(a,b) and P, (ma,mb),

respectively, in the XY plane, where a,b = 0 and m = 0. If Vq is the potential ata point
in the XY plane due to charge Q and V5 is the potential at that point due to charge Q2.
Correct statement(s) for the points at which Vy| =|V,| is/are:

A) For m = -1, locus of these points is aX+hby=0.

. . 2.4
B) For m = 2, the locus of these points is a circle of radius 3 a’ +b? centred at

£y
SHE

C) For m = -2, the locus of these points is a circle of radius 2 a2 +b% centred at

(2a,2b).

D) For m = -3, locus of these points is J0X+3ay =0.
Ans: ABC
kmq

Sol: v, = kS and V, =
\/(x — ma)2 +(y- mb)2

J(x—a)2 + (y -b)2
If M| = Vo

1 = m
(x—a)® +(y=b)®> (x—ma)?+(y-mb)?

2

(x,y) L (ma, mb)

P a,b)
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— (x=ma)2 + (y — mb)% = m? {(x— )2 + (y —b)z}

Putting m = -1, we get aX-+hby=0

Putting m = 2, we get x2+y2—4?ax—%by:0
So g:_za,f :_Zb,c:o
3 3

. 2 |
Hence centre in at (%a%) and r :§ a® +b?

Putting m = -2, we get x% + y? — dax — 4by =0
Hence centre is at (Za, 2b) and r = 2+/a? + b?

26.  Consider an electric diploe comprising two charges +q and —q each with mass m,
separated by a fixed distance d and initially at rest with its dipole moment pointing along

I. A uniform electric field EJ is turned on at time t = 0 and it is turned offat t =t ,

when the diploe moment makes an angle 6 ¢ with 1. Neglecting any sources of energy
loss, correct option(s) is/are:

A) The center of mass of the dipole is deflected towards j in the presence of the field.

/2 E
B) If the magnitude of the final angular velocity @¢ = mid , then 05 :%.

C) If ¢ = /3, then the change in kinetic energy of the dipole is given by 2\/§qu :
D) For 0+ =x /4, the dipole rotates around its center of mass with a constant angular
velocity after t <ty .

Ans: BD
Sol: As field in uniform, net force is zero.

Hence centre of mass will not deflect.

PE=—PE=U
Vi =0,V =—PEcos(90—6) = —PEsin6s
: PE
For 0¢ =x/6, loss in P.E:7
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2
md PE qdE 20e
xa)2=———q >w= <0

HenceEX >~ 5 “\'md
A A A A
»C
AP
—q’/ ¢
—q
For 0¢ =n /6, charge in K.E = PE\/__£ Ed

For 6; =z /4 dipole has an angular veIOC|ty with remain consant.

27. Ten moles of an ideal monoatomic gas, initially in state a at atmospheric pressure and
temperature T, = 27°C , is enclosed in a metal cylinder of volume \{ fitted with a

frictionless piston. The gas is suddenly compressed to state b with volume Vg / 3. Now,
keeping the piston stationary, the cylinder is submerged in a water bath of temperature
11°C until the gas reaches the temperature of the water bath, which is denoted as state c.
Finally, while in the water bath, the piston is brought slowly to its initial position, which
is denoted as state f. If R is universal gas constant, then the correct option(s) is/are:
[Given: 993 = 2.08]

A) The schematic P-V diagram of the processes described above is:

P 4

B) The change in internal energy in going from state a to b is 4860R.
C) The net charge in the internal energy in the whole process is —240R.

D) The pressure and temperature of the state b are 2.08 times the atmospheric pressure

and 624 K, respectively.
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Ans: ABC

Sol: a—b is adiabatic process (suddenly compressed)

b — ¢ is isochoric process (held)

Cc—f is isothermal process (slow process with conducting vessel)

r
For a—>b By =Ry —0_ | =py@)* =R,
Vo /3
Ty = To(3) L =Ty (3)%/2 =Ty (9)® = 2.08 x 300 = 624K

(AV) :10><3—R><324: 4860R
ab 2

Final temp is 11°C
o 3R
So total charge in internal energy =10x N x (—16) =—-240R

SECTION-III
(NUMERICAL VALUE)

This section contains FIVE (05) questions.

 The answer to each question is a NUMERICAL VALUE.

 For each question, enter the correct numerical value corresponding to the answer in the designated place using the mouse and the on-screen virtual numeric keypad.
« If the numerical value has more than two decimal places, truncate/round-off the value to TWO decimal places.

 Answer to each question will be evaluated according to the following marking scheme:

Full Marks : +4 If ONLY the correct numerical value is entered in the designated place;

Zero Marks : O In all other cases.

28.  Two thin wires, Wire-1 of diameter 0.650 mm and Wire-2 of unknown diameter d are

given. To obtain the value of d, the diameter of the two wires are measured with a screw
gauge. The screw gauge has a pitch of 0.5 mm and there are 100 divisions on the circular

scale (CS). The smallest division on the linear scale (LS) is 0.5 mm. The table shows the

readings of LS and CS for the measurements. The value of d (in M) is:

Readings

LS (mm) CS
Wire-1 | 0.5 42
Wire-2 | 1.5 95
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Ans: 1915

Sol: For wire 1, diameter =0.5+42x.005=0.71nmm

Hence instrument has +Ve zero error of (0.71 — .650) mm
=.060 mm

For wire 2, diameter = =1.5+(95x.005) —.060=1.915mm
=1915,m
29.  Inasingle slit diffraction experiment, a slit of width (0.016+0.002) mm is used to

measure the wavelength of a monochromatic light source. In the diffraction pattern, the

angular distance between the central maximum and first minimum is measured to be

(20 + 40") . The value of the fractional error in the measurement of wavelength is:

[Given: sin(2°) =0.035]

Ans: 0.46
) A x
Sol: sin@ =— = A =asind
a
= dA =acosfd@ +sinb.da :d%:cote.d0+df:

J1-(035)°% 2 7z , 002

X —X ——+——
035 3 180 .016
=.457 = .46

30. Asshown in the figure, a ray AB of unpolarized light enters from water of refractive

index Ny, =4/3 into a medium of refractive index g =4/ /3 after passing through a
glass plate of refractive index Ng =15 and a layer of water. At a particular incident angle

I the reflected ray CD is polarized in the direction as shown in the figure. The value of i

(in degrees) is:
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Ans: 60

sind _ 4/+/3

Sol: For polarization by reflection
coséo 4173

—tanf=v3 =06=60°

Again nsin @ = consatnt
%sin@ :%sini —i=60°

31. Asshown in the figure, the resistance of a galvanometer G can be found by the half-
deflection method. Here the resistance R is adjusted such that when the key K is closed
the deflection in the galvanometer becomes half of the value as compared to when K is

open. Half-deflection is obtained at Ry =4Q and thus the galvanometer resistance is

found to be 6Q. In this half-deflection condition the current (in mA) through the resistor

Ry is:
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Ans: 694.44

Sol: For half deflection method G :RR—SS

Here G=6QQR=R;,S=R, =4Q
10V

:>6:R1Xj:>6R1—4R1:24 =R =120

1g><4 f= B
| QSR 14.4
6+4

32. Inanew system of units, the units of mass, length, time and current are 5 kg, 5m, 5s and

= A=0.69444 A =694.44mA
12

5A, respectively. If tgand &are the permeability and permittivity of free space,
respectively, then in this new system of units, the magnitude of one SI unit of \/m :
IS:

Ans: 25

Sol: X = ’&=,UO ! =/10C
<0 €0 Ho

Dimension of kg is MLT %A~

Hence dimension of X is MLZT_?’A_2

Hence 1(kgm23_3A_2) = x(5kg)(25m2)(&s_3)(21—5A‘2j = x=25
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SECTION - IV
(PARAGRAPH WITH NUMERICAL VALUE TYPE)

This section contains TWO (02) question stems.
There are TWO (02) questions corresponding to each question stem.
The answer to each question is a NUMERICAL VALUE.

For each question, enter the correct numerical value corresponding to the answer in the designated place using the mouse and the on-
screen virtual numeric keypad.

e If the numerical value has more than two decimal places, truncate/round-off the value to TWO decimal places.

e Answer to each question will be evaluated according to the following marking scheme:
Full Marks :+2 If ONLY the correct numerical value is entered at the designated place;

Zero Marks : O In all other cases.

Question Stem for Question Nos. 33 and 34
A container of height 2m, length 2m and breadth 1m is made of insulating vertical walls

and two large area horizontal metal plates (Mland M 2) which extend far beyond the

vertical walls in all directions. The container is partitioned into two equal chambers with
a thin insulating vertical wall. The partition wall contains a small hole of cross —sectional

area /L0 cm? near its bottom edge. Initially the hole is closed and left chamber of the
container is completely filled with a liquid of dielectric constant €,=15 and the chamber

to the right chamber .In both the chambers, the space above the liquid has €,=1 and is

maintained at atmospheric pressure. The schematic of the container at a time t>0 is
shown in the figure.
[Given: acceleration due to gravity is 1Oms_2.]

M, = —

2m B s . =1

M= 5 ——

33.  The height (in m) of the liquid in left chamber at t = 500s is:
Ans: 1.25
34.  The difference in the capacitance (in F) between the metal plates at t =0 and that at

t =500s is (8— n) ey, Where g is the permittivity of free space. The value of n is:
Ans: 1.97
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Sol: 33 & 34

Velocity of flow(2-y) pg — ypg =% pv2

= v=,/4g(1-Y)

Now avdt =dyx1(a is hole area)
y

=10x107*x fag(l-y)=dy = [~ —2x107%
e

3
:>1—\/1—y:10_3><% = 1—y:%m —=y=3/4m

So height of liquid in left chamber is (2 d %)m \ %m |
Finding capacitance

Take g A=a

a a
CO:ErT+E:8a
_ GGy | GGy

C1+C2 C3+C4

a 15a a 1ba

_075°125,125 75
a _15a a +15a

757125 125 .75

075 ¢,
C; [1.25

sl =
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4 4

—x12 —x20

—a 2 +2 :a[16x3+16x5}
2412 2420 104
3 5

=a[l.2+.769] =1.97a

Hence charge in capacitance =(8-1.97)a=(8-1.97) g5 x1
Hence n =1.97

Question Stem for Question Nos. 35 and 36

A uniform circular disk of radius 0.2m and mass 1 kg is pivoted at its top point C such
that it can rotate freely around C in the XY plane, as shown in the figure .Initially, when

the disk is at rest, a particle of mass 20g, travelling along negative x direction in the XY

plane with speed 100ms_1,hits the circumference of the disk at a point P. After collision

the particle moves along negative y direction at a speed of 90ms L,

[Given: the acceleration due to gravity (g)=-10 jm™2]

35.  After the collision the disk starts to rotate around point C in the XY plane. The maximum
change in the height (in m) of its centre O is:

Ans: 0.15

36.  Amount of energy loss (in J) in the collision is:

Ans: 17.48 TO 17.49
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35 & 36

Applying conservation of angular momentum

mvgR :(1+ ij = %MRZa) + mvi

V2 V2
1) mvR

2

° MR?
2

 20x1073x100x0.2x 2.41-20x10™° x90x 0.2

3 . 1x0.04
1.41

=0

| (0.964-0.36)x1.41 0.851 =7.097 ~ 7.1rad / sec

0.12 012
Appling conservation of energy

P MR 202 - Mgh = h = > R2y?2
2y 49

0'(7)5 x0.4%(7.1)2

=0.1512m

Loss in nenergy =%mvg & (%mvz g %mszz)

:%x20x10_3x10_4 —%x 20><10_3 ><81><102 —%xlx 0.04><(7.1)2

=100-81-1.513 =17.487J
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CHEMISTRY Max Marks: 60
SECTION -1
(SINGLE CORRECT ANSWER TYPE)

This section contains FOUR (04) questions.
e Each question has FOUR options (A), (B), (C) and (D). ONLY ONE of these four options is the correct answer.
o For each question, choose the option corresponding to the correct answer.
o Answer to each question will be evaluated according to the following marking scheme:
Full Marks : +3 If ONLY the correct option is chosen;
Zero Marks ~ : 0 If none of the options is chosen (i.e. the question is unanswered);
Negative Marks : —1 In all other cases.

37. At 300K, the molar conductivities of the aqueous solutions of three salts at two different

concentrations are given below:

Salt Concentration (M) Molar conductivity
(scm?mol ™)
NaNO, 0.01 NI
0.04 101
NaCl 0.01 117
0.04 107
AgNO, 0.01 125
0.04 116

The conductivity of a saturated aq solution of AgCl is 1.40x10°Scm™ at 300K. If the
solutbility of AgCl in water at 300K is X mol L™ , then log,, (X ) is:

(Assume that AgCl dissolved in water ionizes completely and that the molar conductivity
of saturated AgCl solution is equal to its limiting conductivity)
A) 3 B) 4 C)5 D) 6
Ans: C
Sol: Ay =A% — AJC
For NaNO3:

111= 2% — AV1072
101= A% — AV4x1072

Page | 37

% Sri Chaitanya | Infinifv)
b

Educational Institutions | Ledirn

HISTORY CREATED 300/300 IN JEE MAIN
4™ YEAR IN A ROW

CONSISTENCY ISN'T LUCK. IT'S CULTURE.




@Sri Chaitanya IIT Academy 17-05-2026_JEE-Advance-2026-P2-QP & Sol’s
On solving

Am =121
For NaCl:

117 = 4% — AV1072

107 = 4% — AV4x1072

On solving

Am =127
For AgNO;3:

125= 27 — AV10~2
116 =22 — AV4x1072

A% =134
272 [AGCI] = A [AGNO3 ] + A (NaCl) — A7 (NaNOg)

=134+127-121
=140

1.4x107% %1000

140 =

X =107 ~10°

><||—\

1
log—=5
J X
38. The correct order of ONO bond angle in the given species is:
A) NO, <NO, < NO; <NO, B) NO, <NO; <NO, <NO,

C) NO,; <NO, <NO, <NO, D) NO, < NO; <NO, <NO,
Ans: B
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Sol:

NO, | <120
NO; | 120°
NO; | 180°
NO, |134°

39.  Natural rubber on complete ozonolysis (Oz3/Zn—H50) gives compound X as the major

product. X gives positive iodoform and Tollen’s tests. X on heating with aqueous NaOH
gives Y as the major product. Y is

O OH
CH,
A) B) O
Q CH,4
CH,4 0
H,C OH
C) O D) ©
ANs:A
Sol:

(natural rubber)

0
OH™ /A
-
Aldol _
Y) QUL A \ (+ve lodoform &

O _veTollen's test)
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40. A known artificial sweetener X is composed of 4-chloro-4-deoxy- & -D-galactose and
1.6-dichloro-1.6-dieoxy- g -D-fructose joined by a glycosidic linkage. Structure of D-
galactose is given below:

CHO
H—1—OH
HO——H
HO——H == D-galactose
H——OH
CH,0OH

The correct structure of X is
Cl OH

Ans:A
Sol:
c OH
H OH /CH,CI
OH 2
H Y on OH
H OH OH H
4-Chloro-4-deoxy-a-D-galactose 1,6-dichloro-1,6-dideoxy-B-D-fructose
—H-»0
ClL oH
CH,CI
H g H
H

HO
OH H
H OH H  OH/CH.CI

OH H
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This section contains FIVE (05) questions.

e Each question has FOUR options (A), (B), (C) and (D). ONE OR MORE THAN ONE of these four option(s) is(are) correct answer(s).
o For each question, choose the option(s) corresponding to (all) the correct answer(s).

o Answer to each question will be evaluated according to the following marking scheme:

Full Marks :+4 ONLY if (all) the correct option(s) is(are) chosen;

Partial Marks: +3 If all the four options are correct but ONLY three options are chosen;

Partial Marks: +2 If three or more options are correct but ONLY two options are chosen, both of which are correct;

Partial Marks: +1 If two or more options are correct but ONLY two options are chosen, and it is a correct option;

Zero Marks : 0 If none of the options is chosen (i.e. the question is unanswered);

Negative Marks : -2 In all other cases.

For example, in a question, if (A), (B) and (D) are the ONLY three options corresponding to correct answers, then

choosing ONLY (A), (B) and (D) will get +4 marks; choosing ONLY (A) and (B) will get +2 marks; choosing ONLY (A) and (D) will get +2 marks;

choosing ONLY (B) and (D) will get +2 marks; choosing ONLY (A) will get +1 mark; choosing ONLY (B) will get +1 mark; choosing ONLY (D) will get +1 mark; choosing no option (i.e.
the question is unanswered) will get 0 marks; and choosing any other combination of options will get -2 marks.

SECTION -1l
(ONE OR MORE CORRECT ANSWER TYPE)

41. For a first-order reaction R — P at a given temperature, k is the rate constant. For this
reaction, at the given temperature, the concentrations of R and P at a time t are [R] and
[P], respectively. The correct graphical representation(s) for this reaction is (are)
T d[R
[P] diR]
dt
A) t—> B) [R]—
mbd k
de
C) —> D) (—>
Ans: CD
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Sol: A)R——P
A 0
(a-x) X
Py
= R=[R]Oe_kt —a-x=ae ' =x a(le ™) >t
d[R]
dt f
~[R]
—d[R]
B) >——=Kk|[R
) — [R]
oliei)
dt
C) :>%=k[|q]:k[|q]oe—kt >t
Ky
D) = k does not depend upon time >t
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42. Correct statement(s) about the compounds P, Q and R is(are):

Xe(g)+F,(g)(1:5)—Cr 5 p

P+O,F,—-50Q+0,

Q n HZO complete hydrolysis N R + HF

A) P has two lone pairs of electrons on the central atom
B) Q has a perfect octahedral geometry

C) Q can act as a fluorinating agent

D) The molecular structure of R is trigonal pyramidal

Ans: ACD
Sol: Xe+2F, — XeF,(P)

XeF, +O,F, - XeF;(Q)+0,

XeF; +3H,0 — XeO,(R) +6HF

XeF, :sp’d? : AB,E, type:2 lone pairs near central atom
XeF . distorted octahedralB

XeF . fluorinating reagent

XeQ,:sp®: one lone pair near central atom: trigonal pyramidal
43. The correct statement(s) regarding the periodic properties of elements is(are):
A) Second ionization enthalpy of carbon atom is less than that of boron atom
B) Increasing order of ionic radii : AI** <Mg* <Na*
C) Under identical conditions, in solid state, the density of potassium metal is more than
density of sodium metal
D) The H - H bond is weaker than F — F bond
Ans:AB
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Sol: (i) B: B:1s*2s*2p" and C:1s°2s*2p?

(i) B":1s°25° and C*:1s%2s%2p*
Therefore, AH of B*>C"

(ili) Na“,Mg*", AlI* : isoelectronic species

Z . .
As — increases, size decreases
€

Therefore: Al** <Mg* < Na": ionic size
(iv) Li < K< Na < Rb < Cs : order of density
(v) H,(438kJ / mol)> F,(159 kJ / mol ): BDE

44.  In the following reactions sequence, P, Q, S and T are the major products.
o 1. H;0*
NHs; 1. (CH;CO);0, pyridine 2. NaNO,/HCI,
2. Conc. HNO4, Cone. H;50,, 288 K 273 .27 K
- P - Q
HC. .CH 1. OaiH50"
4 4 2. NaOHICO, Q
3. H,0"
- S T
AQUeDus
NaOH
The correct statement(s) about P, Q, S and T is(are)
A) Q on treatment with ethanol generates an aromatic aldehyde.
B) S gives positive phthalein dye test.
C) P is a dinitro compound.
D) T is a coloured compound.
Ans: BD
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Sol:

NH2 NH_ﬁ_CHZ NH- C CH2
o +
ACO | conc. __HO" __NaNO, |
HNO; +HC|
NO NO
2 2 No3
OH
CO,H
+
— 2
Hz0*
02N N,*

O,N N=N OH

T (coloured dye)
COOH
N,* NO,
@ AN @NOZ +CH3CH=0

S gives positive phthalein dye test because it is phenol derivative
P is mononitro product
T is coloured dye compound.

45.  The correct statement(s) regarding sugars is(are)

Given: Specific rotation of L -( - ) glucose and L —(+) — fructose are —52.5° and +92.5°,
respectively

A) On treatment with HNO;, gluconic acid is oxidised to saccharic acid, whereas glucose

Is not oxidised to saccharic acid

B) Fructose gives a positive Fehling’s test because it isomerises to glucose and another
aldohexose in the presence of Fehling’s reagent

C) Invert sugar is an equimolar mixture of D — glucose and D — fructose formed after

hydrolysis of the corresponding disaccharide

D) Specific rotation of invert sugar is 40
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Ans:BC
Sol: Option (A)

Gluconic acid or Glucose m3—>Saccharic acid

Both gluconic acid & glucose oxidized to saccharic acid.

Option (B)
HCIZI—OH o
OH D-Glucose
C—OH
e /
OH OH—T—H
Fr =
uctose — / -
i LN
CH0H \D-Mannose
enediol

Fructose tautomerise in D-glucose & D-mannose in basic medium.

So fructose gives +ve Fehling test because Fehling solution has basic medium

(dil NaOH)

Option (C)

Acidic hydrolysis of sucrose gives D-glucose & D-fructose (i.e Invert sugar) in 1: 1 ratio
Option (D)

Specific rotation of invert sugar is —20°

SECTION-III
(NUMERICAL VALUE)

This section contains FIVE (05) questions.

« The answer to each question is a NUMERICAL VALUE.

 For each question, enter the correct numerical value corresponding to the answer in the designated place using the mouse and the on-screen virtual numeric keypad.
« If the numerical value has more than two decimal places, truncate/round-off the value to TWO decimal places.

 Answer to each question will be evaluated according to the following marking scheme:

Full Marks : +4 If ONLY the correct numerical value is entered in the designated place;

Zero Marks : O In all other cases.

46. X and o, are hydrogen-like species. The wavelength of light absorbed during the

transition between the states with principal quantum numbersn =1 and n =2 of X 3*is
A . The wavelength of light absorbed during the transition between the states with

principal quantum numbers n = 2 and n = 4 of By + IS 91 . The lowest possible value of
(a+b)is .
Ans:3
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Sol: For X3*  zZ=(a+1)

For YP* Z =(b+2)

For X &t
2 2
AE - —13.6(a2 +1)° 136(a 2+1)
(2) @
2 2
cor Y+ AE:—13.6(b2+1) +13.6(t)2+1)
(4) (2)
a+ 2
AE for Xb o 9:(a+1)2><4
AE for YP* (b+1)
g_(a+1)2 3_a+l
4 (b+1)? 2 b+1
3b-2a=-1 = %
a=2 a+b=2+1=3

47.  Ata given temperature, 0.45 g of acetic acid in 50 mL of water is shaken with 1.0 g of
charcoal and the pH of the resulting solution is 3.0. Assume, the adsorption of acetic acid

. . WA X
from the aqueous solution by charcoal follows Freundlich isotherm, — = kcl/n
m

If the plot of 10010(X/ M) against 10919 C gives a straight line with slope 1, the value of

kin Lmol™t is

Given: The molar mass of acetic acid is 60g mol L.

The acid dissociation constant of acetic acid is 1.0x10™°. at the given temperature.
X is the mass (in grams) of acetic acid adsorbed.
m is the mass (in grams) of charcoal.

C is the equilibrium concentration of acetic acid in the solution after the adsorption is
complete.

k and n are constants for acetic acid-charcoal system at the given temperature.
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Ans:1.5

Sol: CH3COOH ——=CH3CO0™ +H™

C 0 0
c-y) y y
y2

ka = Given y = 1073

(c-y)

-6
(c— y):10—5:0.1 mole /|
10~

At equilibrium the amount of acetic acid present in 50ml solution = 0.3 gram
—>x=0.45-0.3 =0.15gram

1
Z_k.(C)n Z-kC n=1
m

0.15=kx0.1 k=15
48. Inasolvent S, a compound B is partially dissociated into C and D as given below:

B——=2C+2D
B,C and D are non-volatile in nature .The molar mass of B is 10 times the molar mass of
S. The standard boiling point and the standard enthalphy of vaporization of S are 400K
and 10R Jmol 1, respectively (R is the gas constant in J K “'mol~1). A solution of B
in S with an initial concentration of B as 0.25% (mass/mass) has a boiling point  of
408K at 1 bar pressure .In this solution, the mole percent of B that has been dissociated
IS

Ans: 33.16 TO 33.34

Sol: B——2C+2D

(l-a) 2a 20
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-1

o=— I1=1+3c
4-1
M
Let molar mass of B=M .. Molar mass of S =10
: 0.25x1000 2.5
molality = ~
Mx99.75 M
G = RTbZ. M govent ( = Rx400x400x M /10
1000 AHy4p, 1000x10R
kp =1.6M
AT, =408-400=8
ATy = iky.molality
8=ix1.6M x% i=2 1+3a =2

a =0.333
49.  Consider that the coordinating atoms of the ligands in cis - [ Co(NH,),Cl, |CI and

mer - | Co(NH,),Cl, | octahedral complexes are at the vertices of an octahedron. The

sum of total number of the triangular faces in both the complexes having one N atom and

two Cl atoms at their corners is__

AnNs:6
Sol:
Cl(2) &i(2)
H,N(3)
\ / cis—[ Co(NH,),Cl, |Cl
Co
N
N Nk (o) 7
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Number of trigonal faces having one N atom and two Cl atoms = 2 (132), (152)

50. Inthe following reaction sequence, major products X and Y are acyclic monomers.
500 mol of X completely reacts with 500 mol of Y to give 1 mol of a single

biodegradable acyclic copolymer Z as the only product. The amount of Z formed in
grams is

1. KCN
2. HaO7 A
3. Red P, Brs

4. NH; (excess) X
CHsl -

H40

Caprolactam T—— Y

Given:

Atomic mass (in amu): H:1,C:12,N:14,0:16,Br:80

Ans: 85018
Sol:

\
CHgl —5CHACN —12%—5CH;CO,H — "5 Br —CH, ~COOH —"3—»NH, ~CH, ~COOH
2

NH (”3

\

H30
(Y)
(500 mole) CH, —COyH + HO —C —(CH5)5 — NH, (500 mole)
NH,
—999 H,0

H-—NH —CH> _ﬁ_ NH —(CHj ), —~C1—OH
! 1
500
170x500+18

=85000 +18 =85018
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SECTION - IV
(PARAGRAPH WITH NUMERICAL VALUE TYPE)

This section contains TWO (02) question stems.
There are TWO (02) questions corresponding to each question stem.
The answer to each question is a NUMERICAL VALUE.

For each question, enter the correct numerical value corresponding to the answer in the designated place using the mouse and the on-
screen virtual numeric keypad.

If the numerical value has more than two decimal places, truncate/round-off the value to TWO decimal places.
Answer to each question will be evaluated according to the following marking scheme:

Full Marks :+2 If ONLY the correct numerical value is entered at the designated place;
Zero Marks : O In all other cases.

Question Stem for Question Nos. 51 and 52
Two volatile liquids A and B form an ideal solution. Consider a 5 molal solution of B in

A inside a closed container having a total vapour pressure of 2700mm Hg at 300K. The
vapour pressure of pure A at 300K is 105mm Hg. Assume that A and B behave as ideal
gases in the vapour phase.

Given:

The gas constant R = 0.08L atm K ~*mol 1
Molar mass of A is 509 mol 1

Molar mass of B is 57g mol %

Density of liquid B at 300K is 0.5 g/mL
1 atm = 760mm Hg

51. At 300K, the ratio of the molar volume of pure B in vapour phase to its molar volume in
liquid phase is____.

Ans:2000

Sol: 5 mole B is present in 1000 gram (A)
Mole of A =20
e !

P=Xa.Pp?+XgPg°

100= 2 %105+ 2 x PO
5 5
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Pe” =80

Molar volume of B in the liquid :%

—=114ml —114x10 3litre
In the vapours
_ ”Rg 7 LUl e _ 228litre
P (530)
760
228

114x1073
52.  The mole fraction of B in vapour phase which is in equilibrium with this solution

\Y
=2000

Ratio =

IS
Ans:0.16

0
Sol: yg = XB;B :%x]i)% ~0.16

Question Stem for Question Nos. 53 and 54

Consider the following reaction sequence in which J,K,L and M are the products.

MH3
(excess)

0 L
1 CI,JL\/GI , anhyd. AICI, (nitrogen containing
: compound)

CHs
2. Nal, heat ; E;?m
- J —— > K
NO3 (molar mass: 350 g/mol)

CHy
3.
MNaO
PhSNa
M

(sulphur containing
compound)

Given :
Atomic mass (in amu):H:1,C:12,N:14,0:16:S:32,Br:80, Ba:137
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53.  The volume of 1M aqueous HSOy required to completely neutralize the ammonia

evolved from 5.72g of L in Kjeldhal’s method of nitrogen estimation is mL.
Ans:10
Sol:
1 0 NO
0 —EAm dch,—
CH;
)J\/CI CHj +NaO
Cl . _ Nal
Anhy. AICI; " Heat
CHj
CHj
NO, NE2 5 NO,
SN
OH 0
i CH-CH,~0 |
CH-CH,-0O & C—CH,-0
CH;
CH, S CHj
NaBH,
(J)
CH,4 s CH,
Molar mass (350 g/mol)
(||<)
PhSNal Excess
02 (NHS)
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286 gm L requires = %mole H,SO,

5372 gm L requires = 1 mole H,SO,
Hence 5.72 gm of L = 0.02 mole of compound L
0.02 mol L requires = 0.01 mole H,SO,

Molarity xV (ml) 001
1000

54.  In Sulphur estimation by Carius method, the amount of BaSOyformed from 3.79 g of M

IS g.
Ans:2.33
Sol:
0 E-cHy ch,—
CH;
Cl - _ Nal
Anhy. AICl; " Heat
CHg
CHg
NO, NO, , NO,
OH S
iy CH-CH,-0 |
CH-CH,—0 i C—CH,-0
CH,4 CHs CHs
PBT3
Fow 9 NaBH,
(J)
CHa CHs CH,
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Molar mass (350 g/mol)

(||<)
PhSNal Excess
N02 (NH3) N02
SPh NH,
CH— e CH—CH,—0
CHs CHj
CH
> (M) CHs (L)

Molecular formula of M =CyyH»1NO3S

Molar mass of M = 379 gm/mol
Given mass of M = 3.79

Hence Moles of M =ﬁ =0.01
379

Molecule of M contains 1 sulphur atom so 0.01 mole of BaSO, is formed

Mass of BaSO, =0.01x 233 =2.33¢
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