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1. (@)eVy=h(v—vy) =hv—-hy,

=B

From Eq. (i), it follows that the slope of the graph is g

Therefore,

165-0
(8—4)x1015

h =e x slope = 1.6 X 10719 x
=16x 1071 x 22 1015 = 6.6 X 10734 ] —s.

2. (b) Given, first resonance column at deoth, 1; = 24 cm

Second resonance column at depth, 1, = 78 cm

Third resonance column at depth, 13 = ?

Asly +x=1=24.
L+x=2=78
2 X—4—

l+—5}\
3X—4

From Egs. (i) and (ii),

1,-31 78—-3(24
= =3l _ 78-3@8) _

2 2

3.

substituting 1; and x value, we get

1; =5(24) +4(3)

=13 =132 cm.

3. (a) Given, velocity of submarine A,vp17 m/s
Velocity of Submarine B, vg = 34 m/s

Signal sent by submarine B is detected by submarine A can be shown as

34m/s 17m/s
g™ — X ./ - ‘\_\

/ / \ //" \
\ \
f '| [ ,
\ " \ :
\ / \, /

\\ /’/ \\ - //
B A

Frequency of the signal, f, = 600Hz

speed of sound in water vy = 1500 ms™?
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Frequency received by submarine A is

¢ = (vs - VA) _ 1500 — 17] « 600h
1= Vg —vg/ ° 7~ (1500 — 34 z
[ =253 600

17 1466

Substituting given values and f; value from Eq. (i), we get

(1500 + 34) 1483
2 =

X X
1500 + 17 1466 600]

f, = 1.0112 x 1.0115 X 600
f, = 613.7Hz.

4. (c) The velocity if transverse waves is given by

, T . .
v= = where, T = Tension and m = mass per unit

length of the wire. If r is the radius if the wire and p its density then,

WV, =
ra/Ilp
JT
and vg = u
rgy/Ilp

v Tap T
Now, Ya_ (A B
VB \J Tg 1A

1
Iy = 2rgandy = 5 Tg
Hence, A - _—
VB

5. (d)
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2T |
T
Let the speed of wave in string be v and tension in string b e T. v o /T

VAB_\/T 1

Vep T2T ﬁ
6. (d) Acceleration due to gravity at the surface of earth,

—GM—4H GR

[.. M = 4 R3
M = 3R
Where, p = density of earth.

Acceleration due to gravity at depth d from the surface of earth,

4
g = §l’[pG(R —d)

From Egs. (i) and (ii), we get
=513
g8 =8 R

7. (c) Given, I = 6 + 10sin wt

1 1
fo TIZdt 2 1 T 2
Ly = |[2—| = ?f (6 + 10sin wt)2dt
0

f) dt

| =

1 (T 2
= [?f (36 + 120sin wt + 100sin? oot)dt]
0

1 (T 1 (T 1
But as, —f smootdt=Oand—J sin? Wt = =
T, T, 2

N[ =

1
= [y = [36 +5 % 100] =0.97
Thus, I = 9.27 A
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8. (d) Electric potential at centre R = 0
Vcentre = 1-F’Vsurface

Va
1.5V,

Vo

where, V, = k?Q

kQ r?
Vinside = ﬁ 3 - ﬁ

Q
Voutside = k; X =

9. (d) For an insulator, Eg > 3eV, that is why electron transition from valence band to conduction band is not
possible. For semiconductor Eg is 0.2eV to 0.3eV, while for metals E; > 5eV.
10. (b) Work done by the gun = total kinetic energy of the bullets

1 1
= nzmv2 =300 X 7% 10 x 1073 x (600)?

=150%x 10 x 1073 x 600 x 600

work done

Power of gun = ——
Time taken

150 x 10 X 1073 x 600 X 600
N 60 s

= 9 kW( 1 minute = 60 seconds )

11. (c) Area mass density, 6 = 12@2 (~+ Area = 4R X 4R = 16R?)
Mass of each hole m; = olIR? = iz nrz =2
16R 16

Distance between centre of plate and centre of hole
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JQR)2 + (2R)?2 _ 2v2R

ZL' < aR >

Moment of inertia of one hole at about Z-axis

1 51
I, = Emle +m;x? = 3—2MR2

M(4R)?

Moment of inertia of whole plate about Z-axis, | = = SMR2

Required moment of Inertia

8 511 5 8 5II 2
lo=1-415,= |5~ 4(55) | Mr® = [ - ] R

Given,R=5cmand M = 1 kg

So, Iy [£ = 28] 1 x 25 x 10~ = 0.0017 kg — m?
0l3 8

12. (b) According to the law of conservation of linear momentum at the highest point,
m m
muvcos 6 = > (vcos @) + ?v’

m m
= mvcosl = ?Vcose =—v

2

vcos 6

:v’=2<vc059— )=Vc059
13. (b) Iinitial = O fOI' Vi < +1 \%

This diode conduct only beyond V; = +1V

Iﬁnal = 2—50 = 002 A

So, change in[ = 0.02 A = 20 mA

14. (b) The de-Brogile wavelength, A = mlv
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h h
Here, A, = —and ?\p =—
mez mpc
Given, Ae = A,
h h
So, —=—
mez p€

me

-3

mp

2

1
. K 5 MeVe 1 m c
RatloofKE:—ezf—z—(':—ez3,ve=—andvp=c)
Kp  Smpvp2 3\ mp 3

15. (b) Given,

R; = 8Q

R, =2Q

L = 5mH

C = 50uF

and V;, = 20cos(2000t)

Independence, Z = \/R? + (X}, — X¢)?

As, here, X, = wL = 2000 X 5 X 1073 = 10Q

. 1 1
Similarly, X;, = ZC = 5000 X 50 x 10=6 — 100
i Vo 20
« X, = X¢, Hence, i = 7= B+2) =2A
i 2
Hence, ipms = % i 1.41 A
and V = Ryiyys = 141 A X 2

=282V
16. (a) As we know that, g =c

so,B=§=§x108=266><10-8

17. (¢) According to the given figure X is at lower potential w.r.t y. Hence, both diodes are in revere biasing, so,

equivalent citcuit can be redrawn as follows

4Q 6Q2
© o~ —~—ANWN——
X'—Il 20 —<——;
l MMW——t< o—ANN,
8Q2 12Q2

Equivalent resistance between X and Y

Req =8+ 24+ 6 =160

18. (d) Let the insulated container has n moles of the monoatomic gas. The loss of kinetic energy of the gas,
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1
AEg = 3 (mv)v?
If the change in temperature of the gas is AT, then heat gained by the gas is,

3
AQ = 5 nRAT

Now, according to question,

AQ = AEg

—nRAT = > mnv?

2

AT mv?
= =—
3R
19. (b) Given, v = 31 + 4j

av=|v|=+32+42>v=>5m/s

From figure,

Jat;

sin@ =

7o)

utl

and cos 0 = <
_ v%sin26
g

vZ2.2sin@ - cos@

g

EX5X2X=X

= =24
10 m

Uil
vl w

20. (b) Given, Vo =8V
Voltage drop, Vo = AlcR, = 0.6 V
Load Resistor, Rj, = 500Q

Gain factor, a = 0.96

a 096
1—a 1-096

B = 24
NOW, VO = AICL

0.6 = Al X 500
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0.6
Al =——=12%x10"3A

500
Now, 8 = i%g
~ Base current Alg = % = 1'2210_3 =5x107°
=50x 10"
Alg = 50pA

21. (d) Given, mass of solid sphere = 80 kg

radius of solid sphere, Rg = 15 m
radius of circular disc, R, = 20 m

and time = 1 hour = 60 minutes = 60 X 60sec

- Moment if inertia of solid sphere, I = %MR2
2

=X 80 x (15)?

= 7200 kg — m?

Similarly,

moment of inertia of the disc, I, = %MRC 2
1

=5 X 80 X (20)2

= 16000 kg — m?

LIl
Rate of change of moment of Inertia = =—

_ 16000 — 7200

T 60x60
22

=—k _ 2 .—1
9 g—m-°s

22. (c) For permanent magnet we prefer a material with high retentivity and high coercivity. For electromagnet, we
prefer high saturated magnetism, low coercivity and least possible area of hysteris loop.

Therefore, X is suitable for making parmanent magnet and y for making electromagnet.
23. (a) From radioactive decay law,

dN dN
—— —_—=
" N or " AN

Thus, A = —Z—TorA=?\N
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= A= ANgje ™

Where, Ay = ANj is the activity of the radioactive material at time, t = 0
Attime, ty .......A; = Age 2 . (ii)

Attime, ty .......A, = Age Az . (iii)

On didviding Eq. (ii) by Eq. (iii), we have

Ai_e A

A, et

= Al = Aze_}‘(tl_tz)

24. (a)

25. (a) In the curve, V « lT

=>V= mlT where, m = slope of curve.
= VT = constant
~ TdV+Vd = 0.
>dV=- v dT
T

As,Q =AU+ W

CAT = CydT + pdV

CdT = CydT — %VdT
=>C=C v
=Ly pT

26. (d) Liquid volume coming out of the tube per second

_ prr?
~ 8nl

=V« r#

r,14 1251 5\*
:"2"1=[a] :"’f"l[m =i (3)
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AV _ Vo-Vy _ (2449)Vi-Vy _ o
50, NOW —~ = Voo Vs = 144%
27. (a) Resistance of wire per unit length, x = % = ROm™?
Eg
==
R

Now, the potential drop across 50 cm length is 6 V, so

Bo ny 50 _ ¢
— XRXx——=
R 100
S>E,=12V

When S, closed, potential drop across 0.416 cm length,

E
V1=EOXRX0.416=12><12><0.416z5V

Hence, E—Ir=5V

=26—Ir=5

P

--1Screen

k— D —

Shift due to one plate Ax, (u; — 1t

Shift due to another path Ax, = % (uy, — Dt

Net shift Ax = Ax, — Axq = %(Hz — Ut
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Also, it is given that Ax = 63

Henee, 68 = & (1 — o)t

A 4000

————=6X—————80000A
(b1 — 12) (1.7-14)

>t=6

=t=8x10"%=8um

29. (d) Force on a moving charged particle in uniform magnetic field

F = Bqvsin® ..... (i)

Since, charge particle moves along the axis odf circular current carrying loop, therefore, 8 = 0° or 180°
When 6 = 0°; f = Bqvsin0°®

F=0

When 6 = 180°,f = Bqvsin180°

F=0

30. (c¢) The condition of achromatism is W; P; + W,P, = 0

= W;P, = -W,P,

W P,
>—=—=
W, P

Now, P, + P, = 4D

but, Power of converting lens,
P, =5D

~* Power of diverging lens

P, = 4D — P;[ From i ]
=4D—-5D=-D

-~ From Eq. (1), we have

W, P, —(-D) 1 _W, 1

W, P, 5D 5 W, 5

31. (d)
32. (a)
33. (b)
34. (b)
35. (a)
36. (c)
37. (a)
38. (¢)
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39. (a)

40. (a)

41. (d) Protium (P), deuterium (D) and tritium (T ) are the three isotopes of hydrogen. These isotopes
follow the order in different contexts as shown below :
T, > D, > P, [Order of boiling point (BP)]
T, > D, > P, [ Order of bond energy (BE)]
T, = D, = P, [Order of bond length (BL)]
$T,2 Hence, all the given order are correct.

42.(b) The amino acid which gives yellow colour with ninhydrin in paper chromatography is proline.
Ninhydrin + Proline — Yellow-orange product

43.(b) In case of liquids, cohesive forces decrease and hence, their viscosity decreases while increasing the
temperature. However, in case of gases, with the increase in temperature kinetic energy of gaseous
molecules increases and the molecules become more mobile.

44.(a) The thermal stability of carbonates increases down the group. So, the order of thermal stability of
carbonates of alkaline earth metals is

BaCO; > CaCO; > MgCO53 > BeCOs5.

Therefore, BaCOj; is thermodynamically most stable and BeCOj; is least stable.

45.(a)
(I:HO C|3H=NNH CeHs
CHOH C==NNH CgHs

JCsHsNHNH,y

(CHOH);  2H,0—NH; ~ (CHOH),
| —CgHsNH; |
CH,OH CH,0H

Glucose Osazone (glucosazonc)

Hence, three molecules of phenyl hudrazine ( C_6H_S5NHNH2 ) is used to yield osazone.

46.(a) The monomer units of nylon —6,6 are hexamethylene diamine and adipic acid

I I
nHaN—(CHg)g—NHj + nHO—C—{CHy),—C—OH

Hexamethylene diamine Adipic acid
553K, high 1 'Y
pressure ! 5 |
l—l\—-(Cﬂz)G—N—(z—(Cﬂz)a—ﬁ:— .
Nvlon-6,6 O
47.(c)

(¢) The electronic configuration of Cr is [Ar]3d>4s’.
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3d 4s 4p
Cre|1|4) 1|11 1

(Ground state)

3d 4s 4p
c*:[1T1T1
3d 4s 4p
[CrFef": 11111 [xx]xx X% x x| % x| % x
Bsp®

[CrFg]3~ has d%sp? - hybridization and octahedral geometry.

— F _3_

_ F d

48. (d) Hydrogen peroxide (H,0,) is a non-planar molecule with twisted symmetrical structure. It has
non-linear structure with an open book structure.

..............................

49.(a) The correct match is
A->#);B->(3);C~-(2):D~(D)
(a) DDT - Pesticides

(b) NaClO3; — Herbicides

(¢) Cl, — Disinfectants

(d) PAN — Photochemical smog

50.(d)

Nf [ 25 Stronger

Bond order
L 03~ 1 Weaker
II. N, 1 3
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‘ I1. ‘ NO* | 3 Stronger

Larger the bond order, stronger the bond forme(d)

51. (d)
[Co (NTI4)5 SO, | Br &= [Co(NI1;)5s SO,|™ + Br~
T.
Yellow ppt.
with AgNO,
[Co(NH )5 Br] SO, == [Co (NH,); Br]** +SO;

3

White ppt. with BaCl,
52.(d)MS—2=M+32x2=M+ 64

% of sulphur = (ﬁ) x 100 = 40.06
M+ 64 = 2300

~40.06
M + 64 = 160

M =160 — 64 = 96u

53.(c) .
) CH4 CCly (l:()(m
2 . Boiling - H,0*
[+ Cla——— | ——
\ \/
(X) )

54.(d) Inert pair effect is more pronounced in heavier members like Pb.

Hence, Pb (IV) compounds act as strong oxidising agents and are reduced to more stable Pb (II)
compounds.

55.(b) Anti-fluorite structure refers to an anion array with tetrahedral cations and the compound having
A, B formula have antifluorite structure. So, Na,0 has an anti-fluorite structure in which Na*ions
occupy all the tetrahedral voids and 02~ occupy half of the cubic holes.

56.(d) Sodium formate is present at the equivalence point. It is the salt of weak acid + strong base. So, final
solution will be basic in nature.

As we know

pK, logC
2 * 2

pH=7+

where, C is concentration of salt.
Total volume of solution = 100 + 100 = 200 mL

Concentration of salt (C) = 2 X % =1M
3.74 log[1]
H=7+—
PR=7+— %
pH=7+187+0
pH = 8.87

57.(a)
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Cel,CH =CHCI 4 + 11" __Slow_,
) -

Cglls—CIll —CH, — Cll,
Stuble carbocation (Benzyvlic)
5 Fast
: : S . - a
Cglly —CH—CIl, —ClH 4 + Brm —=—

G.H; —CH—CH, —CH;

6

Br

Addition product

Electrophile addition reaction takes place via more stable carbocation.

58.(c) The structure of diborane is

. ~H~ JH
\\*' '//

% %

H ‘H- H

In this structure, there are two 3C — 2e~bonds. 3 atoms, B — H — B share two electrons and form an angular geometry,
leading bent bond, also known as banana bond.

59. (a)
60. (@) The structure of pyrophosphoric acid is

0O 0O
I |
HO —P—0 —P—OH

OH OH
There are P — OH bonds, 1P — O — P bond and two P = O bonds.
61. (d)

(a) 2 F3* + 2e™ » 2 Fe?t;E° = 0.77V

217 = I, + 2e7; E° = —0.54 V (sign of E° is reversed)

2Fe3t + 217 - 2Fe?* +1;E, = +0.23V

This reaction is feasible, since E° cell is positive.

(b) Cu » Cu?* + 2e7;E° = —0.34 V (sign of E° gas been reversed)
2Agt + 2e” - 2Ag;E° = +0.80V

This reaction is feasible, since E° cell is positive.
(c) 2Fe3* + 2e™ - 2Fe?t;E° = +0.77 V
Cu — Cu?* + 2e™; E° = —34 V (sign of E° is reversed)

This reaction is feasible, since E° cell is positive.

(d) Ag > Ag* + e7; E° = —0.80 V (sign of E° is reversed)
Fe3* +e™ —» Fe?*;E° = +0.77V

Ag + Fe3* > Ag® + Fe?*;E° = —0.03V

This reaction is not feasible, since E° ., is negative.
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62.(a)

NH,OH = NH, * + OH™
[NH, *][OH7]
> = T[NH,O0H]
[NH, *1[0.01]
[0.02]
~[NH, ] = 3.6 x 107°M

1.8x107° =

63.(a) van't Hoff equation giving variation of equilibeium constant, K with temperature T is

oo g AH A’
B R="Rr v R
Given, loge K = — 222 + 4.0
s,
L=
= AS° = 4R
64. (d)

65.(c) Free expansion, W = 0
Adiabatic process, g = 0
AU = q + W = 0, this means that internal energy remains constant. Therefore, AT = 0 in ideal gas there
is no intermolecular attraction.
Hence, when such a gas expands under adiabatic conditions into a vacuum, no heat is absorbed or
evolved, since no external work is done to separate the molecules.

66.(b) From the graph it is clear that, the value of ' Z ' decreases with increase of pressure. We can explain
as follows on the basis of van der Waals' equation.
At high pressure, when ' p ' is large, V will be small and one cannot ignore ' b ' in comparison to V.

However, the team % may be considered negligible in comparison to ' p ' in van der Waals' equation.

(p+ —) (V= b) = nRT
p(V —b) = nRT
= pV — pb = nRT

pb

\%
orp— RT—1+ﬁ
pb

orZ—1+—

. . b . g .
Thus, Z is greater than 1. As pressure is increased (at constant T ), the factor npﬁ increases. This explains why after

minima in the curves, Z increase continuously with pressure. Hence, the only incorrect statement is (b).

67. (b)
68. (¢)
69.(a) The hydrogen atom has the configuration 1 s and 3 s, 3p and 3 d-orbitals will have same energy with

respect to 1 s-orbital.
70.(b)

CH,; bp = 4; sp® — hybridisation
NF3; bp = 3; 1p = 1; sp3 — hybridisation
NHj};bp = 4; 1p = 0; sp3 — hybridisation
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H,0;bp = 2; 1p = 2; sp® — hybridisation
Hence, all have the same slope.

71. (d) Given,
Mass of an organic compound = 0.20 g
Mass of AgBr = 0.12 g
Molecular mass of AgBr = 188gmol !
188 g of AgBr contains 80 g of bromine

80
~ 0.12 g of AgBr will contain = 188 x 0.12

= 0.05 g of bromine

0.
=~ Percentage of bromine = —— x 100

0.20
=25%

72. (d)
73. (b)
74. (d)
75. (c)
76. (b)
77. (a)
78. (b)
79. (b)
80. (c)
81. (a) Forthrightness and 'outspokenness' both have a same meaning, i.e. straight forward.
82.(b) 'Inexorable' means 'relentless', i.e. without any particular end.
83.(c) 'Then she bowed her face', is the correct passive form of the given sentence.
84. (d) The complex form of the sentence would be the child is spoiled when the rod is spared'.
85.(a) Retrograde means declining. Hence, 'progressive' is its correct antonym.
86. (b)
87.(d) Disinterested and selfless concern for the well-being of other is called Altruism.
88. (c¢) Code of diplomatic etiquette and precedence is called protocol.
89. (a) BADC is the correct sequence to from a logical paragraph
90. (c) CBAD is the correct sequence to form a meaningful and logical paragraph.
91.(c¢)
92.(d)
93.(d)
94. (b)
95. (c)
96.(a) Average marks of 50 students = 64
Sum of marks of 50 students
= Average X number of students

= 64 x 50 = 3200

According to the question,
Correct sum of marks of 50 students

=3200—-38—-42+83+ 24
= 3200+ 27
= 3227

-~ Correct average marks of 50 students
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_ 3227 — 6454

50

97. (a)

98. (@) According to the question,

Hence, A sits immediate left of E.
99.(c) According to the question,
E>B>C>A>D

Hence, B's car was the 2nd costliest.

100. (b) If figure shown in option (b), is placed in the place of missing portion of the original figure, then
it is completed as shown below

E>B>C>A>D

101. (d) Clearly, in the first row, the number of dots in the second figure is twice the number of dots in
the first figure. Similarly, in the second row, the number of dots in the second figure must be twice the
number of dots in the first figure.

So, number of dots in missing segment =2 X 3 =6

102. (d) Either of the situation is possible. If Mr. Gopal was one of the member of 60"®%8¢ employees,
then he went on strike. If he was not in group of 60%, then he did not participate in the strike. Hence,
either conclusion I or II follows.

103. (d) The statement I is talking about in a condition with the lawyer that they marry only fair girls.
But it is not talking about any condition with Shobha. So, Shobha can marry either a lawyer or anyone
else.

104. (b) Figure given in option (b) can be formed by joining the pieces given in question figure, as shown

below.
AN A.
105. (a) As, pressure measure in Borometer. Similarly, current measure in Ammeter.
106. (c¢)

W

42 +2x—1=0

1 1
fatB= s aB= -

Also, 4a? + 2a— 1 = 0 as « is a root and we have to prove that = 4a3 — 3a
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= a(l —2a) — 2a = —2a% — 2«

1 1
= —§[4a2+4a] = —5[1—2a+4a]

- l+20=—2-a=
_E( 0‘)—50‘—3

Now, a+ f = —% [from Eq. ()]
Hence, p = 4a® — 3a.

107. (b)
108. (d) Wehave, |w| =2 = w = 2(cos 6 + isin 0)
1
SN =W ——
w

1
= 2(cos 0 + isin0) — 5 (cos B —isinB)

5
>z = Ecose +§isin9

Hence, option (d) is correct.

109. (b)

1 — cos(1 — cosx) = 2sin? (

= 2sin? (sin2 ;)

1 — cos x)
2

2sin? (sin% >
_ 1—-cos(l—cosx) >
th—>0 - = limy_,q X—4

. e X . 4 X
2sin? (smZX —) sm“’i

2

(sin2 %)2 (%)4 x 16

sinx

= llmx_,o I:'-' limx_,o T = 1]

110. (d) Let d be the common difference of the AP. Then,
310:3:al+9d:3
=22+9d=3=d=

O =

7
fag=a t3d=2+5=3

w

) 1 1
Let D be the common difference of —,—, ..... — —.
h; “h, hy
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Then,h10=3
T 11
3h—10—§ E+9D §
1 1
1 1 11 7
b, h P72 18
18
31’17—7
7 18
a4h7—§><7:6

111.  (a) We have,

(14 5v2x)° + (1 — 5v2x)°
= 2{2Cy + °C;(5vV2x)% + - .+ 7Cg(5V2x)%}

Clearly, it has 5 terms

112. (a) Others than 2, remaining five places can be filled by 1 and 3 for each place. The number of ways
for five places is 2 X 2 X 2 X 2 x 2 = 2°. For 2, selecting 2 places out of 7is 7C,. Hence, the required

number of ways is 7C, X 2°.
113. (d) Since, the system has no solution.

2 -1 2
1 -2 -1({=0
1 1 A

52(-2A+ 1D+ 1A+ 1) +23) =0
> -4 +2+A+146=0

=>3A=9
=>A=3
114. (d)
1 -1 1
A=12 1 —3]
1 1 1
1 -1 1
~ A = 1 -3
1 1 1
=11+3)+12+3)+12-1)=4+5+1=10
4 -5 1 4 2 2
= AdjA = 0 -2 T=[—5 0 5
2 5 3 -2 3
B=A"1 1 A1 AdA
=z =10 [ N ’]
4 2 2
=>103=[—5 0 5]
1 -2 3

Hence, a = 5.

115. (a)
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7
y =cos! (E (1 + cos 2x) + +/(sin? x — 48cos2 x)sin x)

= cos™! ((7cos x)(cosx) + /1 — 49cos? x4/ 1 — cos? x)

= cos (cosx) — cos™1(7cos x)[~ cosx < 7cos x]
= x — cos™(7cos x)

116. (c)
D X C
r ri
nr - » w
ir r
A X B

Perimeter = 440ft

= 2x+ mir + ir = 440

2x + 21mr = 440

A = Area of the rectangular portion = x2r

(440 —2x) 1 ,
A=x—"" =~ (440x — 2x?2)
T T

LtdA—144O 4x) =0
¢ dx_n( X) =
2

A
= x = 110 for which — < 0
dx?

= A is maximum when x = 110
440 — 2x 2 440 — 220 _ 70
T K 22 pe
7
~r = 35ftand x = 110ft

> 2r=

117. (a) Given that

d
(d—i’) tanx = ysec?x + sinx
d

tan x (_y) —ysec?x = sinx
dx y

dy [—sec?x sinx
dx tanx tanx

2
sec™ X
Here, P =——and Q = cosx
tanx

—sec’x
IF = ef Pdx _ ef tanx

IF = e—log(tanx) — elogcotx = cotx

dx

Now, y X IF = [ (Q x IF)dx + C

y-cotx=J cosx-cotx+C

1 —sin?x
y-cotx=| ———+C
sin x

y - cotx = log|cosecx — cotx| + cosx + C
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118. (d) Solving the given equations,

(mx + ¢)? = 4ax — a3
= m?x? + 2mc - x + c? = m4ax — 4a3
= m?x% + (2mc — 4a)x+ c? + 4a3 =0

Since the straight line touches the parabola at a point,

so, the discriminant = 0

= (2mc — 4a)? — 4m?(c? + 4a%) =0

= 4m?c? — 16amc + 16a% — 4m?c? — 16a®m? =
= -mc+a—a’m?=0

2 a 2

>mc=a—a’m?=>c=——2a’m
m

119. (c¢) For the parabola y? = 4ax, the equation of normal at P(am?, —2am) is y = mx — 2am — a3
Here, m = tan 60° = /3

~ P =(a(V3)? —-2a(V3)) = (6,—4V3)(~ a = 2)

Thus, P satisfies 2x —y — 12 — 44/3 = 0

120. (¢)
1
=] : dx
x — 1\4
() ot 27
Let — 3dx [
T2 x+2)?
1
I—lfl 1/ t4 :
= —§ 3 t—§ T +
t4 )
il
_4+C_1(x—1)1+c
3 7 3k +2

121. (¢) The equation of the parabolaisy? —4y —x+5 =0
The equation of tangent at (2,3) is

Xt
3y—2(y+3)—T+5=0

2y—x—4=0
Y‘\
st
2,3)

’ P (x4, y) =t Q (2, ¥)
N ol 10,0 £
2y —x—-4=0

vyl (y-2)2=(x-1)

~ Required area A is given by
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3
A= —x,)d
fo(xz x1)dy
3
ﬁA=f [{(y - 2) + 1} — {2y — 4}]dy
0
3 3
A= 2—6y+9dy=| (3-y?d
= fo(y y +9)dy fo( y)“dy

3
:_[(3—37)3] _o
3 0

122. (d) Given that, |u7+v + 1 X 19| =1

2

a+v
:>| +ux?vl =1

2+ 2cos 6 5 o o
:T+sm =10 - (A x D) =0 x D) =0]

,0
= cos E=c0529

0

=>9=nni5,n€z

p 2m
=0=—

3

5 X B o 2m . m |ﬁ—ﬁ|
= = —_— —_=

[t X D| sm3 sm3 >

123. (b) Let P be the probability of getting an even number. Then by hypothesis the probability of
getting an odd number is 3P. Since the events of getting an even number and an odd number are
mutually exclusive and exhaustive.

“P+3P=1=P—1/4

Thus, the probability of getting an odd number in a single throw is 3/4 and that of an even number is 1/4.
If the die is thrown twice, then the sum of the numbers in two throws is even if both the numbers are even or both are
odd.
~ Required probability = % X % + % X % = 1—2 = g.
124. (b)
2cos 0[cos120° + cos 20] = 1
= 2cos 8 (—%+ 2c0s20 — 1) =1

= 4cos®0—3cos6—1=0
2nm
:36=2nnor9=T,nEz

Given the values so that 2n does not exceed 18

2 2m _ 9(9+1
Hence, the sum = ?HZ‘l’n = ?n X (2 ) = 30m

125. (c) We have,
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16Sil’129 + 16C0529 =10

= 16Sin29 4+ 161—Sin29 =10

X + — = 10, where x = 1652°®
X

=>x>—-10x+16=0=>x=28
- 16Sin29 =28=> 24sin29 =2 23

1 (V3
= 4sin%0 = 1,3 = sin? 0 = Z(?)

2

= sinf = 0=

)

~| S
wl A

T
61

N =

©

hN3

Let the altitude of the sum be 6. Then,

h
tanGzT:tan9=\/§
T
_I

3

3
=0 =0 =2

126.

(b) Suppose the parabola y = x? + px + q cuts X-axis at A(a, 0) and B(B, 0).
Then, a, B are roots of the equation x> + px + q = 0

~a+B=-panda.f=q
The parabola y = x? + px + q cuts Y-axis at (0, q).
Let the equation of the circle passing through A, B and C be

x2+y?+2gx+2fy+c=0...
sof+2ga+c=0.....(i0)

B% +2gB+c=0.. (iii)

and g + 2fq+ ¢ = 0...(iv)
Subtracting Eq. (iii) from Eq. (ii), we get

at+B+2g=0
p
>g==
Adding Egs. (i1) and (iii), we get

a® + B2+ 2g(a+B)+2c=0
(a+B)%—2aB+2g(a+B)+2c=0
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p2—2q—p2+2c=0['.‘a+[3: pandg=§]

Putting c = q in Eq. (iv), we get f = — (%1)

Substituting the values of g, f and c in Eq. (i), we obtain the equation of family of circles passing through A, B and C as

x2+y?2+px—(q+1Dy+q=0
x2+y?+px—(q+1Dy+q=0

Clearly, it passes through (0,1).

127. (c) We can arrange the letters H, A, A, Ain 4!/3! = 4 WAYS
If one possible arrangement is XXXX
Then, we can arrange, V, N at any of the two places marked with O in the following arrangement

OX0Ox0x0x0

Thus, we can arrange V and N in P, = 20 ways. Thus, the number of ways in which letters can be arranged is
4 x 20 =80

128. (d) Itis given that a,,a,, a5 ... are in HP.

1 1 1 o
Therefore, ST e e e are in AP

) )
1 a2 ag

Let d be the common difference of the AP.

1 1 1 1
t#—=—+(n—-1)dand —=—+19d
anp 1 dzo a1
L 1dand — == + 19d
> — == — =
o~ g+ (n gl anEE
L h—1Ddandd=—>
= — = — —_ e
. _gt@=Ddan 19 x 25

J1_1 4-1
a, 5 19x25
1 95-4n+4

R e ————
ap 19 x 25
_99—4n

4 =19 %25

NoW, a, < 0

99 — 4n

5—-X
19 x 25
=299-4n<0
= 4n > 99

3
=>n>241:>n225

1
129. (b) Given plane 3x +y + 2z + 6 = 0 and line X2—b3 = _;1 =—

3

Since, plane is parallel to line, then
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2b
3 (;) + (M1 +2@) =0
2b—1+2a=0
>a+b=

N =

3

Now, 3a+ 3b = >

130. (d)

Since,a+b =—p,ab=1...(i)
andc+d=—-q,cd=1

Now (a—c)(b—c)and (a+d)(b+d) are
the roots of x> + ax+ =0

@=oM@+d)b+d) =8

= (ab—ac—bc+c?)(ab+ad+bd+d?) =
=>{l-cla+b)+c?}{1+d(@+b)+d*}=p
=>1+pc+c®)(1—pd+d?) =8

= 1—pd + d? + pc — pcd + pcd? + ¢? — pc?d + c2d? =
=>1—-pd+d?+pc—p?+pd+c2—pc+1=B[cd=1]
=>2+d?2+c2-p?=8

=2cd+c?+d?—p?=p

(c+d)?-p*=8

q* —p? = B[+ (c+d) = —q]

131. (o)
132. (a)
1
Lety = (1 +x)x

1 1 x? x3 x*
=>logy=;log(1+x)=; x=7+?—z+---.

+1 = 21+0 +1( 1+0 >2+
y—e > ex = ex 3 (%) 5\73 (%)
[+ 0(x) in terms containing x|

1
) y—e+7ex 1 1 11
in—2—=e|3+g] =3¢

133. (a)LetP (t, 4t — 25—0) be a point on the line
4x — 5y = 20. Then the chord of contact of tangents drawn from P to the circle x? + y? = 9 is

o (1-2)y =9
X z y=09..
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and (ii) represent the same line

ot 4t-20 9

“"h~ 5k hZ2+4Kk?2

_t 9 t  4t—20
h m2+k M hT 7 sk

o 20h
" 4h — 5k

_ 20h

h2 + k2 4h-5k

= h{20(h? + k?) — 36h + 45k} = 0

x = 0,0r [20(x? + y?) — 36x + 45y] = 0

134. (b)

fe =1 cdx
x) =
A+ a1 Vit
Letx =tanf
= dx = sec?0d0 = (1 + x?)d0
fe =1 i
X =
(1+x2)(14+ V1 +x2)
_  tan’@sec’0df tan’6do
"~ 7 sec2@(1+sech) - 1+sech
_ sin? 8d6
~ 7 cosO(1 + cosh)
_ 1 — cos?0d@
~ 7 cos8(1 + cosh)
1 —cos? d@
=/

cos8(1 + cos @)
_J (1 —cosB)do
- cos @
= [secdd — [ de
=log(x+ 1+x2)—tan‘1x+C
~ £(0) =1og(0 + V1 +0) —tan"(0) + C
0=logl—-0+C
=>C=0

“f(D) =log(1+V1+12) —tan™' (1)
=log(1+v2) — %

Let 8(h, k) be the mid-point of this chord of contact, then its equation is also hx + ky = h? + k? ... (ii) Clearly Egs. (i)

135. (c) Let the two unknown items be x and y. Then,
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1+2+6+x+y_4

M =4=
ean z

=>x+y=11.. (i)
and variance = 5.2
12 + 22+ 6% +x% +y?
5
=41 +x?+y? =5(5.2+ 16)
=41+x%+y? =106
= x% +y? =65... (ii)

2
- (mean> =52

On solving Egs. (i) and (ii), we get
x=4,y=7orx=7,y=4

136. (a) Since, the first 11 terms are Ap,d = 2
~a;;=a+10d=a+ 20

The middle term of AP is

T¢e =a+5d=a+10

For the next 11 terms in GP

r=2

= The middle term of GP is b(2)® where, b is the first term of a GP which is the last term of AP
b(2)° = (a+ 20)32

According to the given condition,

>a+ 10 = (a+20)32

= 32a=10- 640
630

3= 37

~ Middle term of entire sequence is 11 th term

0
& Ty =—7—+10xd
11 31

=200 10Xz =21
- 31 - 31

137. (b) As the given system of equations has a non-trivial solution.
p a a

b q b
c cr

A= =0

Applying C, - C, — Cy and C3 — C3 — C;

p a—p a—p
b q—b 0
C 0 r—c

A= =0

Expanding along C3, we get
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@-n> 9P +a-aly g p=0

= (a—p)(—)(@—b) + (r—0)

{(p(q—b) —b(a—p)} =0

= (p—a)(q—b)c+p(r—c)(q—b) +b(r—c)(p—a) =0

Dividing by (p —a)(q — b)(r — ¢), we get

c p b
+ + =
r—-c p—a q-b
r -b r—-c
S . =170y =2
p—a gq—b r—c gq—b r—c

0

138. (a) We have, %gof(x) =2x% —5x+2

= g(f(x)) = 4x% — 10x + 4

= (f(x)? +f(x) —2 =4x2 —10x + 4
= (f(x))? + f(x) — (4x2 — 10x + 6) = 0
—1+/1+4(4x% - 10x + 6)

= f(x) = 5
-1+ V16x2 — 40x + 25
= f(x) = >
-1+ (4x—5)
ﬁf(x):f=2x—3,—2X+2
Hence, f(x) = 2x — 3
139. (a)

LMo, m® n
1+sm§+1cos§ _ 1+cosa+isina]
1+sing—icosg " (14 cosa —isina
PQ_E_E
T2 8

[2c0s2 ¢ + 2isin Lcos 4]
2cos ) + 2isin ~ C0S >

29 9isin%cos &
_Zcos > lelnzcos2

n
.0
_ 2i5) _ _ina
COSa isina —(e 2) -
| 2 2

(3T 3nm 3nT
= em( 8 ) = COST + iSil’l?

-cos x + isin N
2 2

For n = 4 we get imaginary part.

140. (a) Let PQ be the house subtending a right angle at the window B of opposite house AB
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o
90° 30 h

60% 11
A- > P
« o »

In A PAB, we have

AB
tan 60° :?:AB:6\/§m

In A CBQ, we have

) 300_h—CP
anst = Tge
1 h-6V3
= — = '.'AB=CP,BC=AP
== | ]
1
:>h:6(\/§+—)
V3
=>h=8V3m
141. (¢)

4 4nmr
V= Enr?’ = 4500m =

=>r=15m
After 49 min = (4500 — 49.72)n
= 972mm3

4
= 9521 = §T[I'3

=>r3=3x243=3x%x3°

r=9
dv_4 2(dr)
FTE T
dr
72n=4nx9x9(—)
dt
dr_(Z)
dt \9

142.  (d)
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sin3B  3sinB — 4sin®B
sinB sin B
=3 —4sin’B
= 3 —4(1 — cos?B)
4(a?% + c? — b?)?
4(ac)?
a? + c?\’
(=)
(ac)?
(a% + ¢?)?
4(ac)?

c2 — 32 2
- < 2ac )
143. (b) Given, sum of the coefficient = 1024
ie. 2" = 1024 =210

=—1+

=1+

=1+

=>n=10
Since, n is even, so greatest coefficient

= NCn = 10Cg = 252
2

144. (b) Given,y = sinx + cosx,x € [0, g]

dy .
— = COSX —SInx
X

d
y = |cosx — sinx]|

I
COSX —Ssinx XE€E [O'Z]

T TU

sinx —cosx XE [—,—
4°2

1 1
1 L T

0 /4 n/2

~ Required area

s

4
=f |(sinx+cosx)—(cosx—sinx)|dx+ﬁ[ |2cos x|dx
0

1]

s

4 2
=f |Zsinx|dx+f |2cos x|dx

I

[E]

= L7%+1+1—3ﬁ
2 V2
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y=V2 sin (x=n/4)

V2 K y=V2 (cos (x+n/4)
1
L 1
/4 /2
“2(a-2)
V2
=2(2-2)
=4-22
=2V2(vV2-1)
145. (¢
o+ .
sina —siny 2cos Zysma—%
cosy—cosa_zsinO('FY.sinO(—Y
2 2
Y
= t —_
co a+2
) ) A+By (A—B
'.'smA—51nB=2cos( > )sm( > )
. (A+B\y  (B—-A
and cosA—cosB=251n( > )sm( > )]

But a, B,y are in AP

a+y
= =
2

B

So, required value is cot f3.

146. (a)
147. (¢
148. (b)
149. (d)

150.  (b)




