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ANSWERS, HINTS & SOLUTIONS

Physics PART — |
SECTION — A
1. B
Sol. Using conservation of angular momentum of the system about the axis of rotation.
a_ ma’e mva
my—=——-——=—
2 3 2
ma ma’m
—(V+v))=
2
2ma .
V+V, = = ()]
®a
2 4k
T A
%aJer:V (Since, e = 1)
®a .
V-V, =— (i
= (i
Solving equation (i) and (ii), we get
2V = @
6
@:12_\': 12x14 =24 rad/s
7a 7x1
o = 24 rad/s
2. A
Sol.  Inthe process AB, T = aV*
PV = aRV?

PV~ = constant
This is a polytropic process with a polytropic constant, x = -1
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Molar heat capacity, C=C,, +

1-x)
C:EJFE
2 2
C=2R

AQ,g =nNCAT =1x2R(1200 - 300) =1800R

AQge =nNC AT =1x ?(600 —-1200) =-900 R

AQcp =NCLAT =1x %(300 —-600) =-750 R

AW(:ycle = AQcycle = AQpg + AQpc +AQcp
Achcle =1800R -900R -750R
AW =150 R

cycle

Mxloozﬁ

Efficiency of the cycle n = = x100 = 8.33%

supplied
3. D
Sol. Let the length of rod submerged in the water be
X.
Since the rod is in equilibrium,
Tp=0

Alg 3/cos0 N Alg (cosH

Py Ty TPy Ty
2

V4
7(3131 + Pz) = PXZ

£ |(3p,+p, | 100 [1.50+2.50
2 P 2 1

= x =100 cm
Hence the depth of water in the tub,
h = x sin-6 =.100 sin 53°

=pAxg g cos0

h= 100x%=80cm

h=80cm
4. C
Sol. 2E(a+h)= —ahd—B E
dt +G
2Ea = —ahd—B (.. h<<a) L
dt E
h dB : X —O
= N (
= (i) a

Now, mv = IanbEdt

mv = cabIZEdt

FIITIEE Ltd., FITJEE House, 29-A, Kalu Sarai, Sarvapriya Vihar, New Delhi -110016, Ph 46106000, 26569493, Fax 26513942
website: www.fiitjee.com



3 AITS-OT-ll (Paper-2)-PCM(Sol.)-JEE(Advanced)/2024

Sol.

Sol.

0
= mv= —cabhj dB

By
mv = cabhBg
cabhB,
V=——+
m

Hence the velocity acquired by the insulating box,

— [cabh80]¢
V= —
m

A C

1 1 1

v ou f

1 1 1

v -5 10

v =-10cm

_v_-10_,

u -5

The two images S; and S; of the point source S will be formed due to the two halves of the lens
at a separationd = 1 mm

f=10 cm
Sy M
T - ]
d= 1mml P 0
S, N
Scm . 5cm . D=40cm
Screen
—7
Fringe width, o = MDA - 4 Oy <050 =2x10"m=0.20 mm
d 1x1073
Now, E=R:—> L=D—d=£x1=4mm =L=4mm
d-10 10 10
The humber of interference fringes obtained on the screen n= L 02" 20
Q) .
=n=20
B, C

Since the block stops on the plank before reversing its direction of motion relative to the plank.
kx = umg

umg .
X=—= N (

k (i)
Now, using work energy theorem for the system relative to the centre of mass frame
1f mM ) 1 5
—| ——— |V = umgx + =kx
2 [M N mj 0 = HMEXT3
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2,..2.2 2,..2 .2
1[ mijgzumg L w'm’g

2\M+m k 2k
1 mM )2 _ 3u’m?g?
2{M+m ) ° 2k

= v =pg, oMM 65,10, 24 g s
MK 3x100

Total work done by the friction on the system,

2.~2.2
AWfr = —umgx = _%
_ 2
= AW, = =(05x1x10)7 _ 55 5
100
7. A, B, D
Sol. Since the air column in the pipe vibrates in third overtone,
v .
f=— i (
2 (i)

_7v_ 7x330

=V “Im
T 4f  4x660 8 APT; Q Q ;
e=Tm L ANAN

8 x=0 xX=/
Now amplitude of pressure variation,
a = |APgsinkx]|
. [ Tmx _
a=|AP, sin| — (!
psin| 7 0
ﬂ:( = k=2=ﬁ
4 N
At x = ¢/3, the amplitude of pressure variation is
. . AP,
a=|APR, sin = AP sin In )| 2
20 3 6 2

The maximum pressure at x = /3 will be [PO +%j

l . T
At X = R the amplitude of pressure variation is
_ AR,

AP, sin . AP, sin n
20 2 4 V2

- : AP,
The minimum pressure at x = ¢/2 will be [PO ——0]

a=

V2

S ———————————————————————————
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SECTION - B

8. 450
Sol. Velocity of longitudinal wave in the solid rod,

Yoa  [2x10M
v, = = — =5000 m/s AVAVEAvE
Prod 8x10 , X X X |

s o2 ...(i)
2 3

Also, ?’:M: Ly = 2A0 ... (ii)

\/yITT_ 3x0.1x5x10°
M 1.2

[ 5x25T  5x10°
3x3x4x10° 4

5x25T  25x10°

9x4x1073 4x4
_ 9000

T =450K

9. 19
Sol. The acceleration of the rod AY, /!

3F-F 2F -
a=—=— ..(0)

m & F () T () 3F
Now, tension developed in.the rod at a distance x
from left end, X
()

l m

- T=F[1+%j .. (i)

The ratio of elastic potential energy stored in the right
half to that in the left half of the rod,

l 2 2 l 2
i 1 Adx F 1+ Z—X dx
2Y A 2AY /

[y _ 02

2 2 112 2
L 4 Adx F 1+ 2 dx
2Y : A 2AY : /

+
n= ¢osr 2
2x2 4xd ]
=]
. 0
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. 19— 19
2L 7
Hence, K= 19
10. 15
Sol. Since initially the pistion is in equilibirum,
NRTy, nRTy | k¢
a3 act 4
4 4
8nRT, k¢
15¢ 4
32nRT, .
k=T 0,
15¢

Now, when the new equilibrium is established, the total spring energy is utilized in increasing the
internal energy of the gas,

%kMZ =2nC, AT
1 (1Y 3R
Zk| —| =2n="AT
2 |4 2
2
K _ 3nraT
32
nRT,
15
:T_0:> AT :%
45 45
= AT =15k

= 3nNRAT

AT

11. 16

2 2
sol. |20
4D

x? =D? —4DF
X = /D(D - 4f)
x = /150(150 — 96)

X = /150 x 54
X =90 cm
The ratio of.the sizes of two images formed on the screen,
B = D+x\
D—x
(150+90 )
- 1150-90
2
240 2
=|—1| =(4) =16
(207
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12.
Sol.

13.
Sol.

25

Using conservation of momentum

P,cos6 =P ..()

P, sin6 =P, (i) p

From equation (i) and (ii), we get @_)

P2 = p? 1 p? He'-atom
2m,K, =2mK +2mK;

4K2 - Kl =K

4K2— Klz 88 (lll)

Now,

2
E, = —13.6(2—2]
n

For He* atom

E;, =-54.4eV

Es=-3.4eV
AE=E;-E;=-3.4+54.4=51¢eV
AE =51eV

Now, K; + K = K- AE

Ky +K,=88-51

Ki + Ky, =37 (IV)
Solving equation (iii) and (iv), we get

5K; =125 = K;=25eV and K; =12 eV

120

®

o

P1

The current through the inductor L, in the steady state when
the switch ‘S’ is getting in the position-1
l =?=%=6A () L=L L=t L
+
After the switch'S’ is shifted to position-2 | | q
dl, dl, ! 2
—+L,—==0
Lat 2t (I1 = 12)

|2 l1
|_zjc||2 - -Lljdll
0 I
Lol, =L, (g =1)
Ly, + Lok =Lyl
When the charge on the capacitor is maximum,
==

L,
Lo+l =Lyly= 1=—22—
( 1 2) 1'0 L1+L2
I
> (ii)
Now, using conservation of energy

1 - 1 » G
ELlIO =E(L1+L2)I +%

|2 q2
= LI§=2Lx%+%

P>
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Omax _ LIo
c 2

LC 4x10* x2x107®
Omax = I0 7 =6 2

Umay = 6x2x107° =120 uC
SECTION -C
14. 20.00
15. 10.00
Sol. 14-15): J; =m(vy +V N ( ®
(Q ) 1 ( 0 0) () 711 \ A B
M¢? | Q) |
IR="7 M ¢ R R
m(vy + Vo )R = ML6R® ® 2 -
0 0 12 1
Vo +Vy =40R (i)
c R . -
Yo*OR _o_1  (for elastic collision)
Vo
Vo -V =R (i)
Solving equations (ii) and (iii), we get
2y, 2x10

®, = = =20 rad/s
5R 5x0.2

From equation (iii),
Vg =Vg—o,R=10-20x0.2 =6 m/s
J; =m(vy +Vy)=146+10) =16 N-s

I =u'[th —ud; =0.5x16 =8 N-s

Let the ball starts pure rolling just after collison,
Vv =R

Ji

Now, using conservation of angular momentum of the ball about an axis passing through contact

point‘and fixed to the ground

EmRZm0 — 2 mR%0+mvR
5 5

L ngsz ~ I mR%
5 5

209 2x35
7

Now, J, =mv =moR =1x10x0.2=2 N-s
Hence J, < Jmax

=10 rad/s

— 0=

16. 1.80

17. 6.25

Sol.  (Q.16-17): When 0 <t< 2R
\"
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ﬁ.l.&_l.@:()
n r, R
Q:_R[&.l.q_zj

h L

|=d_Q=_R __qlﬂ_kidl
dt 2 dt 2 dt

[6)

P

=R &ﬂ_FQ_zdi {when, Ost<E}
ff dtff dt v

R

At t=—
v

Rl E2Ew) | (—q)(—v)}

4R? 16R?

= dav _ [ Sav
16R | 16R

When, 2—Rst<£
Y Y

I@i_l.k_Q:O
r, R

o
>

|_d_Q__Rq2d£__qu
dt 2 dt 2
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Chemistry PART — Il

SECTION - A

18. D
Sol. Borche’s reagent 2,4-DNP which is also known as Brady’s reagent.
Sodium hypoiodite solution is NaOl which is prepared by (NaOH + I,,).
OH

D—C—H

Compound (1V) also gives optically active compound

19. A

Sol. 8500C

2Y,0, +8BaC0, +12Cu0+0,, —>22—=>4YBa,Cu,0, +8C04 1
(A)

Common oxidation state of Y —» + 3
Common oxidation state of Ba — + 2

L +7
Oxidation state of Cu = (?]

20, B

Sol. ¢,0% (aq)+BaF, (s)===BaC,0, (s) + 2F (aq)
0.1M 8
0.1-x -

[F’ T K, of BaF, 10

Kea = [c,0; ] K, o0fBaC,0, 10°
4%
0.1-
% -9 096
[ ] 4.0x10°M
10°C 0
[ } 4.0x10° 4.0

=10

=25x10" M

21. A
Sol. With the help of data given following thermochemical equations:

ZC(S) +3H, (g)—)CZH6 (g) AH, =? ... ()
BC(S) +4H, (g)—>C3H8 (g) AH, =7 ... (b)

M H(0) +%02 (9)——H,0(7) AH = ~68.0 kcal
(i)  C(s)+0,(g)—CO,(g) AH = -94.0 kcal
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(i) C,H,(9) %oz (g)——2C0,(g)+3H,0(f)  AH=-372kcal

(v)  C.H,(g)+50,(g)——>3CO,(g)+4H,0(¢)  AH=-530.0 kcal
2(ii) + 3(i) — (jii) = AH, = —20 Kcal

3(ii) + 4() — (iv) = AH, = —24 Kcal

For bond energy calculated AH =) (BE), - > (BE),

AH, =[2xAH,C(g)+6 xAHH(g)]-[BE . + 6xBE, ]

X+ 6y =676 e (V)

Similarly,

AH, =[3x AH,C(g)+8x AHH(g) |-[2x +8y]

2x + 8y =956 (%))

x =82 Kcal / mol. y =99 Kcal / mol.

x+y 181 -
4 4

22. A, C,D
Sol. Heat capacity is extensive property.

23. A C D
Sol. d([;] K[A] B[]
On solving from data given aa=2,8=0,v=0.5
Over all order = 2.5.
d[P]
=Kk|A[ |C
KA [c]
0.002 = k[0.01] [0.01]%
k=200 M** h*

There islarge excess of B and € with respect to [A] and thus the rate equation simplifies and
become

rate = k[A] [B]'[C]:

1
=Kk'[A] where k' = k.[2.0]z.
Pseudo second order Kinetics

1 1 .
ty, =[A] K = %60 Min

0.01x 200 (2)2

60 . » 30 3032

=—Min= =152
2 2 2

=15x1.414
=21.210 Min

S ———————————————————————————
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24. A, D
X - _ot
(9 canonical structure are possible)
N=—/=N VA
OH
Y >

Electron withdrawing group in diazonium salt increases the rate of coupling reaction.

SECTION - B
25. 15
Sol. x=5y=4,2z=6
26. 110
Sol. CH, -CH,-CH,-C=C-CH, -CHO
or
Pr-C=C-CH, -CHO
(A)
27. 5
Sol.  All orders are correct except (V) and (VI)
3>2=1)

Ce¢Ha14 total structural isomers are 5.
C,Hs total structural isomers are 5.
C.Hs total structural isomers are 9.

28. 73
Sol. (0]

Compound ‘X' is

Cl
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29. 76
Sol. FeSO,.7H,0 ——FeSO, —*—>Fe,0, + SO, + SO,
(X) (Y) (A) (B (©)
FeSO, +H,0+NO——[Fe(H,0),NO|SO,
(Y) (D)
Number of unpaired electron in (D) are 3.
Molar mass of compound (A) is 160.

Molar mass of compound (B and C) is 144.
x=3,a=160, b =144,

30. 20
Sol. Correct statements are — lll, V, VI, VIl and VIII.

Incorrect statements are — |, Il, IV.

SECTION-C

31. 4.93

[4.92 — 4.95]
Sol. _RT o

V-B TV?

-1 2 2
ﬂ= 1—E - ocz = 1+E+P—2+.... —L2=1+ B— ocz i+B—2+ .....
RT \% RT“V vV .V RTV RT“ )V V
32. 0.72

Sol. (P+%](vm) - RT

PVZ-RTV, +a=0

PVZ-2.4V +a=0

For real gas this'equation must have only one root.
D=0,b’-4ac=0, (2.4) -8P=0

= (P=0.72 atm)

33. 0.20

34. 0.56
Sol. (Q.No. 33 and 34):
Ore is Chromite FeO.Cr,0O,

4Fe0.Cr,0, +8Na,CO, + 70, C+ZO>2FeZO3 +8Na,Cro,
(A) (B) (C)

0.4 mole 0.2 mole 0.8 mole

Fe,O, + 6HCl—— 2FeCl, + 3H,0

4FeCl, +3K Fe(CN), ——Fe, [Fe(CN), ] +12KCl

()

Prussian blue
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2Na,CrO, +H,S0, —=c—Na,Cr,0, +Na,SO, +H,0
(©) (E)

0.8mole 0.28 mole

Na,Cr,0, + 2KCl——K,Cr,0, + 2NaCl

(E)
K,Cr,0, +4H,S0, +3H,C,0, ——K,SO, +Cr, (SO, ), + 6CO, + 7H,0
Cr,(S0,), +6K,C,0, —2K,[Cr(C,0,), | + 3K,S0,
0.28 mole 0.56 mole (G)
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Mathematics PART — Il
SECTION - A
35. C
Sol. f[lj tan'x 2 +tan'x* +tan 1x % +.....+tantx
X
=X tan '+l _tantx* + EtanixC 4 ... —tantx®"
2 2 2 2
nn
S
" f(x)
a+l nr a+l
= [ [2E g (x) Jax = 2Z - [ £(x)d
:I[j f[ sza(x)x
a+l x Xle \n-1 'n-1 L-u
Now, f x)dx = lim In Z J.#du
X—>0 n=0 o ((n_l)l)
X en—l x/e
= limin| > u"t.edu| (By putting ézu)

1
5
=}
AMX
D

I
5
5

I M

|
[
5
m('D
I
®

36. A
Sol. Tangent to xy = 4 at B(% 6) is9x +y=12

37. B

Sol, 4 +16" +32" +144" =1- f% -x?

LHS is increasing within domain (—oo, ©)

RHS is decreasing in [—% OJ and increasing in {O, %J
S0, LHS > RHS no solution x e {O, %J

LHS = RHS has one solution x = —%

S ———————————————————————————
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38. C

Sol. (@’ -1, a+ 2)is on the parabola
(x+1)=(y -2’
So,a+2¢e(-52)u(5,7)
=ae(-7,00uU(3,5)

39. A B, C,D
2n-sin2n } 2 1
Sol. (A) T+‘£(f(sinx)) dxzz‘gsinnxi(sinx)dx
Consider T(Mj dx + ‘l[(f (sin x))2 dx — 2} sinnx - f (sinx) dx
0 2 0 0

1 1
sin® (nx) dx + j(f (sin x))2 dx — stinnx -f(sinx)dx
0 0

(sinx —f(sin x))2 dx >0 so TRUE

Ot Ot

(B) |z2 +iz3| = |z4] + |Z2] = 23, 124;,0 are collinear
z,—iz 2, —Z T
z,=| 21| = Arg| 22 |=— and |23 - 2| = |zs - 2]
1-i 7, 2

So, AC = BC, AB® = AC® + BC?
25 .
So, area = X square units
©) Letf-g: R — R be.two bijective functions h(x) = f(x) + g(x)
Hence, ~"~f(x) =~ +g(x) = f(x)+9(x) =

(D) ((x+1] —2]+k(x+1j+1:0
X X

= t+ kt — 1 = 0 where t=x+1,x¢—1
X

t<0=>t<-2

S0,f(-2)<0=>4-2k-1<0= k>%

40. A B C,D

2 2
: m-cosec” x—-1
Sol. f(m) = lim cosec x-cos™ —
x—0" m- cosec” X +1
2 2
Let Wzy = cosecx:i iy
m< +sin” X m\l-y
So, lim = 1+—ycos‘l(y)zE
y=>1m\1l-y m
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(B) i2+i2+ ..... + 12 =27
13 23 10003

©) f(r)=§ = f(zr)=F1

o @l (33| oy

r=1 (f(l’))4 +1 r=1 ri4+1 r=1 (4+I‘4)
41. A, B, D
Sol. f7(x) = x*"" +x which is an odd function
SECTION-B
42. 2

Sol. 2n T,(A) + det(A) = 8 = det(A) = 8
det(A” + det(A)-A) + 0 = det(A)-(det(A + 81)) = 8(64 + 8) = 8.72 = 2°.3
Hence, 2 ways

43. 512
Sol. x'+3C+2C+x=1=(C+2x-1)X*+x+1)=0
x=+2-1-2-1
x = tan %, tan >~
8 8
x =211~ %n Jet 7z, =tan 0,
1+ann+l
X =tan(9n+1—9n)=tan£ =0,-0,=—
8 8
T
92'*61:5
T
93'—92=§
s
en_en—l_g

0, =91+(n—1)g

For1<p<8,r20, z,, = tan[@l +(8r+p —1)%} = 7, (let)

4096

511/ r Z
zw] = Z[ZZk] = = =512

=1 \ k=1
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44,
Sol.

45,
Sol.

46.

Sol.

47.
Sol.

4
Equation of the circle passing through the point of intersection X2 + y2 =82

So, radius of director circle = 4(2”4) =R

- [R]=4

54
Possible cases 2B5W, 3B4W, 4B3W, 5B2W, 6B1W favourable case 4B3W

So, required probability = 3%

So, xyz = 32.5.7

1

«/Esin(nx—ZjJrz
Jx

Define g(x) = \/Esin(nx —%) , where % <x<

By rewriting f(x), we have f(x) = for %g X g%

Mo

Then g(x) > 0, g(x) is monotone increasing on E ﬂ , and monotone decreasing on B %}
. . 3 . 18 .
Further, the graph of y = g(x) is symmetric about x = n i.e.forany x, e > & there exists

35
= = h that =
Xy 6{4 4} such that g(x2) = g(x1)

Then, f(x,) = 3002 _ 90l e2 000)+2 ()

On the other hand, f(x) is monotone decreasing on P E}

44
Therefore f(x)> f(éj - ﬂ That means the minimum value of f(x) on F E} is ﬂ
4 5 4 4 5
199
Let P = (t%, 2t), and we obtain the equation of | as y = x + 2t — t°. Plug it into the equation for C,,
(x— 4)% + (x + 2t —t2)* = 8, and simplify, to get 2x* — 2(t° — 2t + 4)x + (* = 2t)*>+8=0 ... (1)

Since, Q, R are distinct intersections, the discriminant of quadratic equation (1) is positive
So, % (P 2tea) —2[(2 -2t +8] = (1= 207 - 8 — 20) + 16 — 2(% — 2) — 16

= (=20 +8(t"=2t) = —(t* - 2)(t* — 2t — 8) = —t(t — 2)(t + 2)(t—4) > 0
and we derivete (-2,00u (2,4 .. 2
Let X4, X; be the x-coordinates of Q, R respectively. By equation (1)

X+ % =10 2t +4, XX, = %[(tz —2t)’ +8J

Furthermore, since | is parallel to y = x, [PQ|-IPR| = v2(x, - t?)- V2 (x, - t?)
= 2X1Xo — 25(X 1 + Xp) + 2t = (P — 2t)% + 8 — 2t%(° — 2t + 4) + 2t*
=@-2%+4 . (3)

By equation (2), t* — 2 e (=2, 2) U (2, 14), (t* — 2)* € [0, 4) U (4, 196)

So, we conclude from (3), that |PQ|-|PR| = (t* — 2)* + 4 < [4, 8) U (8, 200)
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SECTION -C

48. 1.00

Sol.  We have f(x) = sin’x + a sin x + a2 Lett=sinx: (-1<t<1).
a
2 3
Then, g(t) =t* +at+a—=
a

g(-1)=1- g

The sufficient and necessary condition for f(x) <0, Vx € R is 33

g =1+2a-=<0
a

Therefore, we obtain the range a of ais (0, 1]

49. 1.50

Sol. Asa>2,then —g < -1, we have g(t)m, =g(-1) = 1—§
a

Then f(X)min = 1—§ . Therefore, the sufficient and necessary condition for f(x) <0, 3x € Ris
a

1—§s0 orO<a<3
a

Finally, we obtain that the range of ais [2, 3]

50. 6.00
a x+t ) exj ln (1+t)dt
Sol.  We have, f(x) = lim i“f ln (1+t = f(x) = lim —2 :
a—0 o : a—0 o
o . 2 X
= lim &* (e* =)@+ o) L o lim (e 1)'ln (12+0L)' 1 _e
w0 (2034 3)4a? a0 0 a 4(20%+3) 12
In2
Clearly, {fn2) - = S
I2 1. 6

51. 4.50

X 0
Sol. < We have, Ig(t)dt = 3x+ fcosz t-g(t)dt . Now, on differentiating both the sides with respect to x,
0 X

we get g(x) = 3 —cos’x g(x) = g(x) = LZ
1+cos” x
3 3 3
Clearly, — <————<3. Hence, range of g(x) = {—, 3}
2. 1+co0s°x 2
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