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SECTION-I (PHYSICS)

)

For the two blocks to move together
o F _ F

Himin “(M+m)g  2Mg

AS 1> tigin

The two blocks move together.
.~.Velocity of the system (M + m) is

)
2M
2
PoFv=Fo t=— t
2m  2M
(2)

N

/ \) /)(/’

B,

~

B =/By? + By? + By? = /3B, towards F

()

50, 1 [2GM
v=2y, =2 [0
100 ¢ 2\ R

Applying energy conservation

GmM 1 GmM
=- +=mve=—

2 (R+h)
vzzzeM[l— ! j
R R+h
1 h
- —=——  _—R+h=4h=h=R/3
4R R(R+h)

@

ap = gsing (only tangential)
V2

85 = (only radial)

K.E.+P.E.= K.E.+P.E.

= %mo2 +mgl(1-cos) = %mv2

R 4
¥ mg mg cost
mg sind

v2=2g1(1-c086)  .oovnnnn (i)

2

. ag =—=2¢(1—cos0)

N _|<

= tan(

N~

(4)

Centre of mass of circular disc of radius 4R = (0,
0)

Centre of mass of upper disc = (0,3R)

Centre of mass of lower disc = (3R, 0)

Let M be mass of complete disc and then the mass

of each cut out disc is M
16

Hence, centre of mass of new structure is given by
— m X, —M,X; —MyXg

X
ml_mz_ms
M M
M(O)—E(O)—E(P’R) _3R
X= MM 14
16 16

y= My, =M Y, =My Y,

ml - mz - m3
M M
Cwe-Mo-Mer
— = =
MM 14
16 16
Position vector of C.M.:—3—R(f+ J)
14
(3)

Applying Kirchhoff’s law in different loops gives
current through ammeter = (2+5) = 7A
6V 2Q

(4)

Magnetic flux through the loop is constant. Hence
no emf is induced and hence no induced current in
the loop.
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10.

11.

Keq=K1+K2
Y2A _VA | DA
L 4 l
v Yi+Y,
2
(4)

Just after switch closing
12v

—| 10
IVV
1 P l‘
BQ% SQ% éﬁQ

Q

current through resistor PQ is zero just after
closing the switch.

1)

Applying Newton’s second law,
T=N+30g

T+N=50g¢

| i
e TN £Og

Solving N = 100 Newton.

1)

Ty

. - L
Total mechanical energy initially =—-Mg 7

Final

initial

(gravitational P.E.)

+0 (Electrical P.E.) + 0 (Kinetic Energry)

Total mechanical energy finally = 0 (Gravitational
P.E.)

—(Q.E.)(%) (Electrical P.E.) + 0 (Kinetic Energy)

L L Mg
Mg—=0.E.| — E=—
= Mo =0 (2) RO

12.

13.

14.

)

Equation of linear motion

Block 60-T =6 (a+Rat)  .............. €))
CylTf=12a ... 2)
Rotationa=Ra. ... €)
T
f ACH™a
12kg
T
atRa l Bl | .
60N lmg
2
Also (T + f)R:%a
:>T+f:#:6Ra ............. 4)
60-T=12Ra  eeeeeeeee (5)
T—f=12Ra  ceeeeern... (6)

Multiply (5) by 2 & add all (4), (5) & (6)
120 = 42 Ra. = 42a

120 29

427
(Ans : 2g/7)

@)

Let v1 and v, be the velocity of efflux from square
and circular holes respectively. S; and S; be cross-
section areas of square and circular holes.

vi =4/29(4y)

and v, =4/29(y)

The volume of water coming out of square and
circular hole per second is

[3]




15.

16.

17.

18.

Q =vS; =+BayL? ; Q,=V,S, =./2gy 7R?

cQ=Q,, R:JZL
T

@)
According to lens formula e =(u-1) 1 1
f Rl Ry
The lens is plano-convex i.e., R1 = R and R; =«
Hence ~—#=% ¢ __R
u—1
Speed of light in medium of lens v = 2x108 m/s
8
o230 3 44
v o2x10® 2
--------------- 4
] \
B
O——
(R-y) | ¥
___________________ C

If r is the radius and y is the thickness of lens (at
the centre), the radius of curvature R of its curved
surface in accordance with the figure is given by

R2=r2+(R—y)2:>r2+y2—2Ry=0
r2 (6/2)

Negalecting y* ; we get R=—= =
J Y J 2y 2x0.3

Hence f = i =30cm
15-1

(1)
From 1%t maxima to 5" minima, number of fringes
=3.5

:ﬁ=7m—m=2mm

35
from ﬂzﬂ’d—D, A =%= 600nm

)

For a decay, number of protons decreases by 2.
For B - decay, number of protons increases by 1.
In B * decay, number of protons decreases by 1.
In K capture, a proton changes into a neutron.

(3)

Energy is released in a process when total Binding
energy (B.E.) of the nucleus is increased or we can
say when total B.E. of products is more than the
reactants.. By calculation we can see that only in
case of option (3), this happens.

Given W— 2Y

B.E. of reactants = 120 x 7.5 = 900 MeV and B.E.
of products = 2 x (60 x 8.5) = 1020 MeV

i.e. B.E. of products > B.E. of reactants.

19.

20.

21.

22.

)

Redrawing the circuit gives equivalent
capacitance.
1)
_vsin®
2gh cos6
apply conservation of momentum
m ,/2gh sin6 =mvcos6 ... (i)
e 2ghcoso xm=mvcosd ... (i)
@ = coto
e
e = tan?0
vsino
J2ghcos6 0
0
/
()
3r
D

3r
The circuit can be simplified as shown in the above
figure. Due to symmetry, we can see that the
distribution of current at point A in the circuit, is
the same as the recombination of the current before
point B. Also, the junction which is present
between the points C and D can be disconnected
because it won't affect the distribution of current.
g=1r +15r+r

= I’AB = 35r = 7Q

(50)

UN, Nz
NN
T

uN,
mg
Ny +Ny=Mg s (1)
Ny=uN, (2)
___ Mg
"]
_ umg
)

The torque about the center of mass of the cylinder
IS

[4]




23.

r=—(uN; + uN2)R

HmgR
=>T=- +1
‘ 1+,uz(ﬂ )
Fromwork-energy theorem
_MXQ o_l(m_Rz 2
2 22 )
(l+/¢ )
(1+,u2)Ra)2
Aug(u+l)
o (1+47)R?
>N=—=—"
27 8aug(u+1)
=n=50
)

Density of a liquid varies with temperature as—

— | _Pocc
Ptoc [l+y t]

Here vy is the coefficient of volume expansion of
liquid.

A
Cc
M gg0c | 950G
In the figure —

hy =52.8cm, h, =51 cmand h =49 cm

Now pressure at B = pressure at C.

Therefore,—

Po+hipgse g—hpse g=Po+hapse g—hpgse g
= pgso (N1 +h)=ps (hath)

_, Pe_ Mpth
Pso M +h
Poo
N (1+95y) _ h, +h
Poo hl-i-h
(1+5y)

145y _ 51+49 _ 100
1+95y 52.8+49 1018

Solving this equation, we get
y =2 x 10" per °C

24, (25)

50 cm

<«—— 20cm ——>

»
#
|
|
|
|
|
|
|

<—30cm ——> 1

|
1
1

} 30cm |

The plane mirror will form erect and virtual image
of same size at a distance of 30 cm behind it.

The distance of image formed by plane mirror
from convex mirror will be
Pl =MI - MP
= Pl =MO-MP
=30-20
=10cm
Now as this image coinsides with the image formed
by convex mirror, therefore for convex mirror
u=-50cm,v=+10cm

So i+i:l = f =12.5¢cm
10 -50 f
R=2f =25cm
25.  (11)
dQ =du+dw
n.c.dT =nC,dT + P.dv
n=1

cdT = %dT + p.dv

Now, p:_|_£2
PV =RT
3
v =R~
K
2
" dV=3RT dT
K
T+dT T+dT 2
[ pav= | £ZX3RT xdT =3RdT
T T T
o= gp-1R
2
26. (1)
From CLM,
M 11 V, .
—Vo=—=Mv=v=-2 (i).
10 10 11

For block B to leave the ground,

[5]




28. (6
K(xo+x):2Mg[where,x0 :mj ©)
K 1 1 1
—=Rl=5-=
A LI
:%:1.09%&07 iz—iz
970.6x10~ 1° n;
.. Number of emission lines
N :n(n—l):4><3:6
2 2
29. (50)
From COE T'=50ms
Eng— 1K(onrx)Z—legJ T=2x I
10 2 2 MB,
111, 2
=0-2-oMV I :nl]—z(m—>massof magnet)
On solving, vo =g % I‘=i[m}[l_rx3:l
_ 12[ 33 9
On putting the value, we get 1
Vog=1ms* M'=M x=x3=M

3
27.  (397) :T'zzn/M,'B :T'z%z%:SOms
oV v 2 H

= = = —1x10A=1mA
Reg  1970+30 2000
: : o 30. (%)
This current provides full scale deflection (i.e., 20
division) in order to limit the deflection 10 3
divisions, The resistance needed to connect can be Toom|-
obtained as GM
g MIAB 6 i f=R+h=R+ "
k 6, i, , 4
60, =2 GM =gR
i o R
Sty =211 2 [R ) R
_ _3 27(R+h) [R+h, "y Ry
i 1x10 4 T= ;T =
.'.|2=E= =5x10""mA R g R g
3
.'.iz—v ) [§]2 R
Re s + Rs RV g
X107 =2
30+ R
= R, =3970Q
SECTION-II (CHEMISTRY)
31. (2 32. (3)
PP_p. n For adiabatic free-expansion of an ideal gas:
S =— q=0,W=0, . AU=0, .. AT=0
Ps N But free-expansion is an irreversible process
10-5 9x200 Osys O
5 _MXZO .. ASSyS;/:Ti?;tO
M =90 amu In fact ASsys = +ve

[6]




33.

34.

35.

36.

37.

3)
[Fe(H20)s]?* and [Fe(CN)s]* differ in magnetic
moment and colour.

2+

Fe2+in[Fe(H20)6]
3d 4s 4p 4d
AT M [
~——
Hyb. sp’d?
colour: Pale green n =49 B.M,;

octahedral geometry
4—

Fe”* in| Fe(CN), |
3d 4s  4p
W W b
S—— ——
Hyb. sp’d’

Colour: Yellow; p = 0; octahedral.

1)
Here the reaction occurs as follows to give
cyclohexanone

o

Q)

=N OH_ ,CH,NH,

HCN é LiA/H, é NaNO,

CH, CH, H,

@ CH3 : %"‘\r : %

H HC—OH

e,

CZH |

2

ATy =Tps—Tp0
=37352-373K=0.52K
ATy =Ky xm

0.52 =0.52 x SOlute—Xlooo
150 x W,

olvent

W,

solute

=0.15

solvent

Wsol ute
+ W,

solvent

Now 04 = «100

W,

solute
Wsolute

%100 =13%

solute

W. +
solute 015

)

On going down in group-15, size of central atom
increases which leads to increase in the bond
length of E-H bond (E = N, P, As, Sbh, Bi) and
bond strength decreases resulting in decrease in
thermal stability of hydrides down the group.

38.

Benzene diazonium
chloride

39.

40.

41.

42.

43.

44,

3)

OH

Br Br
Br,/ HO Zn dust
—_—
b0|l A

Br Br
(A) ®) © (D)

benzene

1)
. . . Z .
In case of isoelectronic species as — ratio
e

increases, ionic size decreases. Hence size order is
N > O > F
(1.71A) (140 A) (1.36 A)

(3)
HsBOs + H,O = [B(OH)s] + H?

HBF, - H* + BF;

(4)

Option (1) is correct.

Option (2) is correct.

Option (3) is correct.

Option (4) is incorrect.

Rhombic sulphur transforms to monoclinic
sulphur when heated above 369 K.

(2)

Prussian blue colour is obtained due to the

formation of [Fe4 (Fe(CN)es )3}

1)
meq. of FeSO, (NH4)2 S0O,6H,0
= meq. of KMnO4(n = 1)

W L 1%1000=0.1x50;
392

W =1.969
Hence, % purity of Mohr's salt

= 1'956 x100=78.4%

(4)
Compound is aromatic in ionic form
o) °0
D
s
4dn+2 =2

n =0, Aromatic

Brj

1, 3, 5-Tribromg

[/



45.

46.

47.

48.

49.

50.

51.

52.

53.

54,

@)

o3

Br
+ HCOOH

®)
pE - L (+Ze)(—e)

47580 r
_ 1 (v2e)(e) e
4me r 2megl
@)

AB: Isobaric expansion

BC: Isothermal expansion
CD: Isochoric process

DA: Isothermal compression

)
Lattice energy order
BeF, > LiF

@)

TR oSTIM+1,

4

2K, Cr,0; —250, + 2K,Cr,0, + Cr,04
(S2)

(NH,),Cr,0; —2N, +Cr,05 +H,0

(4)

Histidine, Valine, Lysine, Methionine

4)
ti» =3 hours,n=T/ty,=18/3=6

6
()

=256><1x1=4g
8 8

)

Dou=1

Only aldehydes give 2° alocohol

2 aldehydes will give 2° alcohols on reaction
with CHzMgBr.

(6)
N204(g) &= 2NO-(g)
Mole fraction 1o 20
1+a 1+a
2
[PNoz]
Ko =
Pn,0,

55.

56.

57.

58.

59.

4a.?

1-0?

For 2NO; & N,Og;
_0.96

K,=—— =6
P 0.16

= sz

(4)
AG® = nFE®

o 193x10°
96500 x 0.25
So no of moles of M* oxidized by 1 moles of

x= -4
2

(6)
(i) HzC=CH - CH,— CHs

(i) HsC - CH—HC=CH,
CH,

(iii) HsC — HC = CH — CH, — CHs
(iv) CH; —C =CH-CH,

CHj
(v) CH,=C-CH,-CH,
CHy

(3)

PFs, CF4 and BeF; have all the possible B. A.
identical.

(50)
+Cl,
CH,CI1 al
Cl
s fl f:( ﬁ
(A) B) ©

Relative reactivity of 1°2%3° H towards
photochlorination as calculate by above % yield
is 1:3.8: 4.5. So, yield of A, B and C will be ratio
9x1: 6x3.8:3x4i.e., 9:22.8:13.5

So, major product is B and its % vyield is

228 x100=50.33
15.3

(10)

CaOCIZ = CI2 = I = 8203_

mMEq = mEg = mEq = mEq

Weight of Cl, = mEq x 10~° x Ew(CI,)

= 25103 x 1t
2

(8l




61.

62.

63.

=0.07g
% of available Cl,= —VelIMofCla 109
Weight of CaOCl,
_0071x100_
0.71

60.

2
(M) :[%)(22.4)

M =64
64 = 32 + 16X
X=2

SECTION-III (MATHEMATICS)

(4)
[f(X) +[f ()]] =2 cos x =[f (X)] = cos x

f(x)= %[sin X+ [sin x+[sin x +[sin x]]]] = [sin X]

= [sin x] = cos x
Number of solution in [0, 2x] is O

Hence total solution is 0.
.. both are periodic with period 2n

2
f(x)=ax®+bx?+cx+d
f'(x)=3ax?+ 2bx+c

f" (x) = 6ax + 2b
f'(1)=0

—-6a+2b=0

= b=3a

f'(1)=0

3a+2b+c=0

c=-9

f(1)=-10

Ba+d=-10 ()
f(-1)=6

1la+d=6 ..(ii)
a=1,d=-5b=3,¢c=-9
f(X)=x3+3x*-9x -5

@

f'(x) =f(x)

Integrating log f(x) = x + k
f(x) = px+k

f0)=1
1=¢%
k=0

s fx)=¢

g(x) =x—f(x) =x—¢€*

k

1 1 1
I :Jex(x—ex)dx =Iexxdx —J'ezxdx
0 0 0
e? 1 3 ¢° _3—e2

=e—-(e-D)-—+-=-—-—
-0 2 2 2 2 2

64.

65.

)
6!

Taking single digit — 444444 — 5 =1

Taking two digit —

(4,5) 444555 (4,9) 444999
] I

i = 10 5-

312!

Taking three digit

|
4,5,9,4,4,4:%:20

> _10
312!

I
4,5,9,5,5,5:%=5

I
4,5,9,9,9,9:i=5
41

|
4,5,9,4,5,9= — ~30
2121

Total = 81

@)
(x2 +1)

(x4 - x? +1) cotl[x - 1]
X

J‘ [1+X12j
(xz +X12— 2+1] cot‘l[x—)l(]
_ J- dt

(t? +1)cot 't

dx =

dx

Put X—Eth[lﬁ-iz]dX:dt
X X

(-

u
Letcott=u

5 dt=du=—Injul|+c
@+t9)

COt71 [X - l]
X

= —In +C

[°]




66.

67.

68.

69.

70.

71.

)

A2=0,A*=A*=..=A"=0
then A(1 £ A)" = A(l + nA)
=A+nA2=A
(4)
50
f (X) — H(X _ n)n(51—n)
n=1
50
In(f()) = >_n(51-n)In(x—n)
n=1

Differentiating both side w.r.t. x

f'(x) Z:n(51 n)
n=1 "~

f(5)
f (51)

=1275

1)

sin%0 = (x — 2)?
0<(x-2)?<1
-1<x-2<1
1<x<3

@)

Vector € is perpendicular to
d=31+2]+k&b=i+2]+3k
is C=axb =41 —8]+4k

sum of DC's is 0

€))

Let, d=1+2]+
b= 2|+4j 5K,C =—Af +2] +3K
b+c=(2-2)i+6]—2k

~>

Given, projection of a on(B )ls 1
‘b+6‘
2—-A+12-2
\/(2—k)2+36+4

(12 -2)?= (2 - 2)? + 40
201 = 100

=1

=
=

®)
2 2

Equation of hyperbola is XT Wz =landae =3

We know that a%e? = a + b?
9=4+b?’=D0?=5
2

Hence, equation of hyperbola is XT -

72.

73.

74.

75.

76.

2x BT (4 8 1
e S .y Qe N
[fnz 3 L (ﬂnz 3} (fan

(1)

)
tan(@l + 92 + 93) =

> tan0; — [ Jtan6y

1-) tan0;tan o,

_ p+l-q _
1-(g-p)

(3)
(P)

A( 1 ,4): (at21 ,2 atl)

.\, S(4.0)

B(at?,,2at,)
AL 4) =244 =4
= t—l
2

2
Length of focal chord = a(t +%)

2
x=4(3+2) _4.2 o5
2 4

Q xe[0,)=f(x)=0
xe|142)= f(x)=1-1=0
XG[\/E,\/§):> f(x)=2-1=1
xe[V/3,2)= f(x)=3-1=2

[10]




7.

78.

79.

80.

81

82.

= yi=—-€e*sinx—e*cosx=-e*sinx-y
Y2 =—€7XCcos X +e*sinX—y1
= Yya+4y=0
= k=2
(4)
1 24t 2
PutxZ:t,EIe L+t +2t%)dt

1 244 1 (244
—le t(2t+1)+1)dt =—e" .t
SJe @+ dt =

(3)

. 4
lim | ¢n %XS = lim fn( 21 j:—Z
x—07" e X" +X x—0" e +X

@
y

Line is = + b =1passes through (2, 2)
a

g+g=1and—lab=A:>g=_—a
a b 2 b A

E_%zlj 2A—a’ =aA= x° + Ax—2A=0
a

3)
-1 1
I = [ [X1+ (~D)]+2dx+ [ [X[1+0]+1]dx = 2
-2 -1
(12)
Let v=tan—tl1 1-3
et y=tan (+—x4+«/§j
= ye[tan‘l(lJrl:/_f],tan‘llJ
- E[E Ej
V€162
a+b:5—7t
12
(54)

The given lines will be parallel to lines
A2 —12xy +y?>=0

2
So, (lj —12(ij+x ~0
X X

m+m?=12 .1
Which gives m =3 or -4
and mm? =) .. (2)

From (2) L = 27 or —64

83.

84.

85.

86.

87.

88.

Hence product of all possible value of A = (-32) (54)

@)
Area of the parallelogram outside the circle
= Area of parallelogram — Area of sector OPQ

_(Lsing 2= Lo—sing-2—
_(Zsmq)jz 2¢ sing 5 f(9)

R

(13)

) a
In determinant
c

b
‘, position of a, b, ¢, d can be

filled in 2% = 16 ways. Value of determinant
negative whena=0,d=1,b=1c=1ora=1,
d=0,b=1,c=10ra=0,d=0,c=1, b=1total
3 ways

3 13

P=1-==""=16P=13
16 16

(64)
8 [32 + 15d] = (16 + 15d)?
= 225d2+360d=0
= d=0, _—8
5

= 25d%=64

2

tan sin‘l( 2 ]:327;2
Ja+x2)) I

©)
I[Jl— 1 J

I-x N (1-x)

e*\1-x? B
= =3 -1

-X
0

(2)
PS+PS' =2a

— B8+2=2a=a=+2+1
SS'=2ae = 2=2(\/§+1)e:>e+1=\/§

[11]




89. (32) 9. (18)
2w = [z = [2] W] = |2 > 2 20~ 20 20
r=1
Letz=re®=w=re™ 120~ 20 20 20 20
N W=Z:}|Z—7|+|Z+7|=8 =E|: C1+ C3+....+ C9+ C11+.... C19:|
1 _1lro97 8

|x|+|y|=4:>Area=4(z-4-4)=32 _2[2 ]_2

= N

€0+t
'R PW Web/App - https://smatrt.link/7wwosivoicgd4

Library- https://smart.link/sdfez8ejd80if

[12]
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