HINTS & SOLUTIONS

PART-A
MATHEMATICS
1. IfA=sinT ...
Sol. (1)
Let sin-! E =0 = sinb= E
1 17
t 0 2 A =sin™’ 2 tan-’!
= coto= — = = sin~ =tan™' <
13 V13 3
im [f@+0)
2. If hs0 f(a) =cwhere.......cooooon.
Sol. (1)

Local minima = f(a + h) > f(a)

fath) . _ tl‘ir%{f(a+h)} _

f(a) f(a)
. | f(a+h
Local maxima = fa+h) <1 = ||m{u} =
f(a) h-0|  f(a)
3. |If A and B be positive ........c..cccceeernnnn.
sol. (1)
3
sin 2B = E sin 2A and 3sin?A=1-2sin?B =cos 2B
(3/2).sin2A
so, tan 2B = 735"12 A =cot A

or tanA.tan2B =1

= A+2B=n22 = B=n/4-A2

i 1+acosO bsind
im —
4. If g0 02 e
lim 1+acosO bsind
Sol.(1) ¢ 02 - 03 =1
2 3
91+a1—9— —be—e—
lim 2 3! -1
00
03
3 3
6(1+a—b)—ﬁ+bi
i 2 6
= elgt]) 0° =1
1+a-b=0
b a
and, 6~ > =1
= a=-52
b=-32
= b+a=-4
s h=4

5. The maximum values ..............
Sol. (4)

sol.

9.
Sol.

log, x
T
dy 1 11 1
o =—- o log. x+ —.—= "5 (1-log. x)=0
dx T x2 09Xty Tz (171eeex)
log,x=1or x=e
X <e=log, x <1
X >e= log, x> 1

dy
atx =e, & changes sign from positive to negative and hence if
log. e

is more at x = e and its value =et

sin(e*%-1)
n(x-1)

If f(x) =

-3)

f x—2 x-2
sin(e —1)X(e —1)X X-2

lim =1
-1 X-2 n(1+x-2)

x-2 (e x-2

Let f) = X oo
)

we have f(g(x)) = g(x) % = x
also g(f())=x

=g . fFo=1 = g({fK)=

1
f(x)
= o= x*.(1+¢nx)

1
(900)*™.(1+£n(g(x)))
S
= 9= x(1+ng(x)

= g’ {9ty =

Rolle’'s Theorem holds .........................

2)

f(x) = x® + bx® + cx

f1)=1+b+c

f(2Q)=8+4b+2c

By Role’s Theorem
f(1) = f(2)

= 3b+c+7=0 ... (i)
fi(x) = 3 + 2bx + ¢

4

ffl—1 =

[3] °
By Rolle’s theorem
= 8b+3c+16=0 ... (ii)
By (i) & (ii)
b _c_
-5 8
=-5
c=8.

1
1

A curve passes through ........................
(1) vy '=x*-2x




10

sol.

1"

sol.

12

Sol.

13.

So

14.

Sol.

3

X
Thus, y= 3 -x2+C

as it passes through (2, 0)
4

C=§

x3 , 4
= — = + —
y 3 X 3
y (0) >0,y (0)<0
= local maxima at x = 0

F ) = [[XZ = 25X = 3] weoorreeerrercce
4)

A o4 i |

312 -1

If in a AABC, acos? ............cc.........
4)

[, gost [ 2] 30
acos 2 CcCcos 2 2

a(s(s—c)) (s(s—a)] b
ab "% bc )T o

s—c+s—a
L.H.S ='s b b
s ) a+b+c 3b
= —l[a+b+c-a-¢c] =»> ————=—
b! ] 2 2
= a+c=2b
If f(0) = (sin 6 + cosec 0)%........cccecvvvennne.
(3)
f(0) =1 + 4 + cosec?0 + sec?0
1 4
+ = +
sin?0cos? 0 sin? 20
min. value = 9

The set AV BUC) oo
0

(AUBUC) N ANBNC)Y N C
=(AUBUC) N (AUBUC) N C
=[(ANA) LU BUCI N C
=(pUBUC) N C'=BUC) N C
=(BNC) U (CNC)
=(BNC)U $=BNC

The value of cos™'.......

@4 - sin-1[ 2-43 ]

2

=tan-1[ 2—‘/5] =tan-'(2 - \/§)= %

2+\E

15.
Sol.

16.

Sol.

17.
Sol.

18.
Sol.

19.

Sol.

cos™ {—\/?J = cos' [EJ = % = sec'(4/2) =%

2
= sin” 2_\/5 + cos™ —\/E +sec(4/2)
2 4

T T T T
=—— + T +— = —

12 6 4 2
= E ~ E

cot2 =0and cos (0)—2

If 5 3/400g:x)"+logsx-5/4 _ 31

4)
Taking logarithm,

{%(Iog3 x)2 +logy x — %}Iog3 x =log; /3

33 5 1 -
or Zy +y —ZYZE, (writing y for log, x)

or 3y*+4y?-5y-2=0 or (y—1)(3y2+7y+2)=0
or (y—1)(3y+1)(y+2):0

logs x =1, - %,—2 =x=3,3"3 32

lim 2.x"2 13 x4 x" . +n.xn

X—>® (3X — 4)1/2 +(3x— 4)1/3 o+ (3%— 4)1/n
(1) Divide N" and Dr by x'2

2+ 3.x(%_%] +o+ n.x[%_%]

lim

o 12 1.1 173 11 17n
~ (3—ﬂj +x3 2[3—6) o XD 2(3—ﬂj
X X X

2

V3
A solution (x, y) of ...l
3)
cos? (nx) — sin? (ny) = 1/2
=cosn(x+y)cosn (Xx—-y)=1/2
= cos n(x + y) cos (n/3) = 1/2 [~
=cosrn(x+y)=1
=aX+y)=2nm = X +y=2n
Now x+y=2nand x-y=1/3
=x=n+16,y=n-1/6,(ne])

X -y =1/3]

1 1
S y) = (n + 5 n- g] which is satisfied by (3) for n = 2.

Let R = {(3, 3), (B, 6), wrvvveerererrrreercrrr
(1)

3, 3), (6, 6), 9,9), (12,12) > R
(3,6)and (6,12) e R = R

hence reflexive and transitive both

If f(x) is a differentiable.....................

()

f(3)-f(1
% = f'(c), for some c suchthat1 <c<3
®-2

2
f(3)< 6

fr(c) =




20.
Sol.

21.

Sol.

22,
Sol.

23.
Sol.

24.

Sol.

25.
Sol.

26.
Sol.

Let R be the relation ............................
(1) 1R2and 2R3 but 1R3 = not transitive

N

X<2
x3 +3x , X>2

IFfo0 = 17 T T,
xX=2

a ’
)
O B

O, —14

Thus for f(x) to be strictly monotonically increasing a < [4, 14].

If the thrice repeated...........................
(4)

As x = 1 is a repeated root

. f1)=0=a+b+c=0
f(1)=0=2a+b+4=0
f'{1)=0=>3a+b+6=0

L a=-2,b=0,¢c=2

Alter :
xtral+b+ox—1=x-1)°(x+1)
by compairing coefiicient

v a=-2,b=0,c=2.

The curves x® = 3xy? = @ ...ccocueenen.
3)

The two curves are

X¥=3xy?=a ... 1)
and Xy -y =b ... (2)
Differentiating (1) w.rt. x we get
2 2 dy dy X2 — y2
3x2-3y’-6xy ;_ =0 e P
TR 0x = dx 2xy
Differentiating (2) w.rt. x we get
6X +3x2d—y 32d—y-0 = d—y- ﬂ
y dx ~> dx dx x? —y?

x2 —y2 - 2Xy
m,m, = 2Xy x X2_y2 =-1

The curves cut each other orthogonally

lim 222 _,

Since
x—0 X2

M 69 =0

Since the given limit is a positive quantity
f(x) appoaches 0 through positive values

Nim 601 = 0
If sihA+sinB= \/§(cos B —cos A)...........
)

sinA +sin B =J§ (cos B —cos A)

sinA + \/gcosA= chosB—sinB

1 1
= 5 (sinA + ,/gcosA)= 5 (chosB—sin B)
sin (A + 60°) = sin (60° — B)
A +60°=2nn+60°-B or
~.sin3A +sin3B =0
Let f:R-{1,23} >R .
@)
we put f(x) =0

A+60°=(2n + 1) n—60° + B

27.
Sol.

28.

Sol.

29.

Sol.

30.
Sol.

1 2 3
+ +
x-1 x-2 x-3
= B2-22x+18=0 = 32-11x+9=0

_11£413

6

= =0

= X

Here we get two different values of x for which f(x) = 0.

Therefore the function is many-one.

If ) =1=X=2 e

(1)

fo)=1-x-x3

f(f00) = 1 =100 — £ 3(x)

f'(x) = -1 - 3x?* (decreasing function)

s () <1 -5x
1—-x-x¥<1-5x
¥ —4x>0
X0p2 —4) >0
ax+b , xX<2
If o) = {X°—5X+6 , 2<X<3 ...
2
X +gx+1 xX>3
@) p q
lim fx)=2a+b
X—>2
lim =
o2t 10 =0
2a+b=0 ... (i)
lim fx)=0, lim f(x)=9p+3q+1
x—=3" x—3"
9 +3q=-1 .. (i)
a , X<2
frx) = 2x-5 , 2<x<3
2px+q , 3<x
fr2)=a=-1=f'(2% ie a=-1
f'(3)=1=6p+q=1'(3*) i.e Bp+q=1
from (i) and (iii), we get
a=-1, b=2
from (ii) and (iv), we get
4 5
pP=7g.d=-73
a=-1, b=2
T
If o,B,ve (07 E) ........................
)]

sin(a + B + 7) = sina cos B cos y + sinB cos a cos y + siny cos o

cos B — sina sin B sin y

= sin(a+ B+ y)—sina—sin B —siny

= sina (cos B cos y —1) + sinB (cos a. cos y — 1) + siny
(cos o cos B — 1) — sina sin B sin y

= sinfa+PB+y)-sina—-sinB-siny<0

sin(a +p +7v)
sina +sinf +siny <

If f(x) is continuous, .....................

@)
H .
ere h(x) = 1—x ix =1

X-1
:h(h(x))=T;x¢O,1
h(h ) =x;x#0,1
Also g(x)20 ¥ xe R
= f(x)>x = fEX)>f)=>x
=>fEEFEE))2f)=2x = fEFE)-x=0
= f(f (f (x))) —h (h (h (x))) >0 such that x=0, 1




PART-B

PHYSICS
31. Therms.value .............ccccoeeeeiiii.
Sol. (4)
In figure z=R
X =X
c R L
i
i
o
(initial)
In figure
Vo
If L="7 sin(ot+n2)
1 )(C
V

then I, = X_ sin (ot — 1/2)

L
C
_“[::*— R
1,098
1

)
<
(final)
and I=1+1,
=0 Ans. D
32. A conductor .........cccceeiiiiiiiinns
Sol. (3)
B/Q = m,/2gh .
33. Ifacharged ...
Sol. (2)
Electromagnetic force will provide the necessary centripetal force.
mv?
eqv = ——
r
mv Vv (2a.d)(B)
= "B " Bo - (Bo 2
X X X
XX X
2r r X
X X
X X

i.e. the electron will move out after travelling
on a semicircular path of rdius r = 2d.

Hence (2)
34. A point charge is ........ccccceevieiiiinninn.
Sol. (1)

The point charge moves in circle as shown in figure. The

magnetic field vectors at a point P on axis of circle are éA and

éC at the instants the point charge is at A and C respectively
as shown in the figure.

B~ _~B.
A (>
\/(V
7/ AY
7/ \
7 \
7/ \
/ A\
/ \
P ST
AL e
s

Hence as the particles rotates in circle, only magnitude of
magnetic field remains constant at the point on axis P but its
direction changes.

Alternate solution
The magnetic field at point on the axis due to charged particle
moving along a circular path is given by

Ho QVxT
47 3
It can be seen that he magnitude of the magnetic field at an

point on the axis remains constant. But the direction of the of
the field keeps on changing.

35. A small ring ..o
Sol. (2)

mgl cosb = T

T-mg cosb = 2mg coso

T = 3mg cosé
3mg cos0 sind = p [mg + 3mg cos?0]
0 = 45°

36. Rod AB is placed ...........ccccoeiiieiinnines
Sol. (4)

601)

1
7/‘A

1c0s60°

1 cos 60° = v cos30° — 1 cos60°

37.
Sol.

applying work-energy theorem from the top 10 bottom
(mg sinB)¢ + (mg sin® — p mgcosO)ns = 0

sin®+n(sin6-3sin) =0
sin@ =2nsin® — n:%

38. If particle move ...l
Sol. (1)

F=xi+yj
V=vitvy ]

Distance = | V| At =10 x n x t

39. Avrocketis ....ooooooiiiiiiiiiiiL
Ans. (4)




40.
Sol.

41.
Sol.

42,
Sol.

43.
Sol.

Three particles ....................

2)
Velocity just after collision
Vo=V, +V, (1)
1 VitV
2 Vo

Vo
=V, +V, = 7 (2
from (1) & (2)

Vo 3V,
= V= T &V, = T

When maximum extension occur’s then angular speed with rest
to centre for mass m, & m, are same. Using angular momentum
conservation about centre of circle.

3
m ZVO (2R) + 0 = mR20 + m (2R)2 ©

3V, —
10 R /
/ N

/ /.v}

3
So velcoity of m, = 5 A ( ( ) J

3 A \\/ /
& velcoity of mg = = 'V, /
y 310 Yo \\ -
When extension is maximum using energy conservation.

2 2 2

1 3 1 3 1 3
—m| —V, = —m =V, —m| —V,
2(4") 2(5°j+2(1o°j
1
"'Ekxﬁ]ax

3 m
3Xmax=z\/0 a

@)

(3)
212 G(2m)(3m)
3m | = (ro) = 2
2

andr, = gr

} r {

ro 4‘
2m ~ 3m
r

T = 51, ‘/_ZGOm
Att=0spring ..ccccoeeviiiieeiieeeee
4)

At t = 0 system is in equilibrium position and perform SHM with

44,
Ans.

45,
Sol.

46.
Sol.

47.
Sol.

48.
Sol.

49,
Sol.

50.
Sol.

51.
Sol.

2m
time period = T = 27 K
N T ST
length of spring is minimum at Z,T ...........
3T 7T

length of spring is maximum at T,—

length of spring is natural length and it acceleation is zero at a

timet=10 I ﬂ
imet=0, 5 o
Initially A" and ...
)
An electromagnetic ...
3)
- E 1 _- _-
B=—= =—(Ei +Ejj)cos(kz - ot)
(] C
In the fraunhaufer .............................
3
1>< }\.1D 3 X }\.zD
d =~ d
g = 3hy

A polaroid is ..o,

)

2 2, o IO
I = I,cos%0 = ] c0s245° = E .

In the given ...
@)
At the instant of same energy, energy of capacitor is half of

qmax

maximum energy. So charge on capacitor is \/E

So, time required for this process is

T 12=x T

8 8 o 4JLC
Acar of mass .......cccocevvvvvvenenennnnnn.
(2)
P=Fv

Engine power = 600 W = rate of increase in Potential energy+
rate of increase in kinetic energy

=mgsindbv+mav= 500x10x —_ v+500x1v
50
v=1m/s

A small block ...
)

Apply Newton's laws on cart
10=2a

A man carries ........ccccceeeeeeeneeennns
4)

N=P+w

P =2w




52.
Sol.

53.
Sol.

54.
Sol.

55.
Ans.

56.
Sol.

57.
Sol.

58.
Sol.

A capacitor of ...

3)
+Q \Y -Q
c == — |V —
-Q +Q
Q=CV Polarity reversed

Total charge flown through battery after reversing polarity is 2CV
Total energy given by battery + initial energy of capacitor

= final energy of capacitor + Heat
Heat = 2CV2.

An electric field ...............cccovvneenn.

(2)

At face EFGH, Y = 0
9, = 6 NM’/C

At face ABCD, Y = 1
4, = -9 Nm2C

qen = _380

Y

@

z

Two cells of ...,

4)
5, =300 ... @)

-g+5 =100 ... ii
where, a is the potential gradient

g 2

81 3 ’
Two inductor ..........c..coeevviviinnnnn...

@)

A uniform current ...

)
mgR = B nR?i

L")
' 7RBy

In the figure ...

(3)

m x 10 = mv, + mv,

= 10=v,+v, ..(i)
and E x10 = v, —v, ..(ii)
From I and II
5 . 15 .
V= S ms;v,= ——m/s
T2 22

Distance between the two blocks
S=(-vy+v,) . t

L
= 2" 2 x5=25m

A particle is .......ccceeeeeieiii,
@)

Change in momentum = Impulse

AP = J i +J,j+J.k

59.
Sol.

60.
Sol.

.1 . .
=30(0.1)] + 5(80) (0.1) ] +(=50) x (0.1) k
= 3i+4]-5k

_ m
|AP| ) 5\/5 kgsec.

In the series .......cccvvvviiiieeeeeel
(1)
Heat = (i )? . Rt

ip, 25

= 2 " 242
where , Z = ,IRZ +(x|_ —xc)2
= 42 +(7-4)% =50

2
25
= Heat = | —7= | .4.80=4000 J and Amplitude of wattless
52

current = i sin ¢
X —X¢ 7-4
where; ¢ = tan™ R = tan-! 4 = 37°

= Amplitude =i, sin37°

Hence (1)

Moment of inertia ...............................

@)

SBM(R®> R®| 3
=53 90 T & | = ~MR?
"R320 5 )7 %

Applying parallel axis theorem,

3R 3
= I.=I,+ 4 =ZMR2




PART-C

CHEMISTRY
61. D-Glucose upon treatment with .........
Sol. (1)
CHO y cog:
H——OH N
HO——
HO——H Br,, H,O H
H——0OH H=—0H
H——0H H=—OoH
CH,OH CH,0OH
D-Glucose
62. CHO CHO
H —F——OH HO —1——H
HO———H HO ———H
H ————OH H ————OH
H ————OH H —1—0H
CH,OH CH,OH

Sol.

63.

Sol.

64.
Sol

65.

Sol.

66.

Sol.

67.

Sol.

68.

Sol

69.

70.
Sol

D-Mannose

The above structures are related .........

()

All the above structures differs in configuration at one or two

stereocentre.

RNA forms loop structure because .........

(2)

H-bond is formed is between complementary bases.

A protein attached to carbohydrate moiety .........

)
It is simple fact.

+

Cyclohexene

R —

Product

The correct name of the product .........

@3)

Addtion of bromine is anti and the product is trans-1,2-
dibromocyclohexane.

Which of the following statements is correct ?
(1) -NO, group activates the benzene .........

)

-NO, group is strong electron withdrawing due to —-M whereas —
NH, group is strong electron donating group due to +M effect.

The isoelectric point of an amino acid .........

At PI, the total(+) ion concentration is equal to total () ion con-

(3)
centration.
H H
\C _ C/
/ AN
H,C CH,

- (1)

alkaline KMnO , P
%

cis-2-Butene undergoes hydroxylation by syn addition forming

meso product.

Which one of the following combinations is found in DNA?
Sol. (3)
Guanine and Cytosine are nitrogenous bases of DNA.

Compound 'X' on heating with Zn .......

- (3)

O
Z 1
W\ n O
Br

0.)Zn, H,0
2CH,CH,—CHO

71. 2, 3-Dimethylbut-2-ene when ........
Sol. (2)

/ Briccl, \?’ B|r/
AN
Alalc.KOH

e

72. The compound which reacts with excess bromine........

sol. (3)
OH
COOH o 11 B i Br
SR
Br

73. Ethyl acetate reacts with NH,NHCONH, ........
Sol. (3)

OH

more nucleophilic (localised lone pair)

CH.— ﬁ—o CH. + HN-NH- ﬁ ~NH,
o

—>CH3—ﬁ—NH—NH—T|3—NH2

74. The compound X (C;HgN) reacts........

Sol. (1)
NH,~CH,

7 R
- - ©-@ 10
] ]
No acidic hydrogen
(insoluble in alkali)

75. The configurations of the carbon atoms C, ........

sol. (3)
COOH
H—IR oH
HO—RH
CHO

Based on RS convention the given compound has RR
configuration.

76. Major product of mononitration .........
Sol. (4)
Nitration takes place at activated benzene ring.

77. The product obtained from ........
HgSO, NaBH,

H.C —C =CH H.50. > A

v

Sol. (2)
CIT OH
|
A= CH3-C—-CH3 B=CHz-CH-CH,

Step 1 is Markownikov addition of water and Step 2 is
reduction of ketone formed in step-l to 2-propanol.




78.

Sol.

79.
Sol.

80.
Sol.

81.
Sol.

82.
Sol.

83.
Sol.

84.
Sol.

85.
Sol.

86.
Sol.

The product (P) of the following ......
CH,

+1Cl Lewis acid

(2)

It is simple example of electrophilic aromatic substitution :

The correct order of dipole moment ........

@)

[=>11=> 1l

High dipole moment of (I) is due to ionic structure of resonat-
ing form.

OH OH

+Z=0
+2Z2—COl

\6(—)

The order of acidities of the H-atoms.........

)

V>I1>1>1

Structure IV is most acidic as the conjugate base is aromatic.
V=>I1>1>1

The compound that is chiral.........
@)
Only (3) has asymmetric carbon atom.

F|>h
CHz - CH—CH, —CH, —CHs

The monomer/s of the following polymer ......
@)
CHj3

|
CH, = CH

The product (3) of the following sequence ......
4)
In our opinion there are no methyl group in above reaction

Cl OH

but official answer given A.

The order of reactivity of ammonia .........

@)

Acid chloride is more electrophilic than alkyl halide, hence
more reactive.

In the following reaction sequence, the correct ......

@)

00 o
Heat .
PhMOH —o, > Ph” Néh,
[B-keto Acid] [E]

o)
M Ph)kg,\?ﬁa + CHI,

IF] [G]

A carbonyl compound P, which......

)

Me
= (1) MeMgBr
—)
N
e DHHO

O

: ‘ Me
H,SO,, A
Me —2—4—> 2—Me
HO Me Me

—H Me 05/ZnH,0
Me Me

O
OH®
H
intramolcu lar aldol
COMe  condensati on
Me Me
0

AN
., -H,0

=]
COCH, ——=—— O
ME Me Me Me

87. Reaction of cyclohexanone with dimethylamine......

sol. (3)
N/CH3
C SCH,

CH
oS e,
CH,
(enamine)

88. In Cannizzaro reaction given below
©

‘OH G
2Ph CHO ——— PhCH,OH + PhCO,
Sol. (1)

H*

©
Ph-C-OH + Ph—CH,-O
exchange

I o
Ph-C-O+ Ph—CH—~OH

89. The electrophile, E® . attacks........
Sol. (1)

H
E

90. Phenol is heated with a solution .........
Sol. (4)
KBr (aq.) + KBrO; (ag.) —> Br, (aq.)

OH OH
Br Br
+ Br,aq —»
Br

2, 4, 6-tribromophenol




