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PART-I PHYSICS
1. (d) Here, y = asin(bt — cx)

Comparing this equation with geneal wave equation

_ /2t 2TX
y = asin (— - —)

T A
2m 2m
we getb =T,C=—
(a) Dimensions of Z = % = Dimensionless
~ i |
(b) Dimensions of bt = o t= I
= Dimensionless
~ - i D)
(c) Dimensions of cx = TR
= Dimensionless
b= A
(d) Dimensions of - = L= = [LT1]
e

2. (b) Let t’ be the time taken by the body to fall from point C to B.

Thent, +2t' =t, > t' = (%)

¢
[ )
,——
*b T [-{Inux
Z H
iE
A
Total time taken to reach point C
t, —t
T=t, +t' =t + 22 !
2yt —ty (tl +t2)
B 2 L 2

Maximum height attained

1 (g +t)?

1 1/t +1t)2
Hmax =Eg(T)2 =Eg< 2 ) }
287 4
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3. (a) Momentum,p=m-v=v= (%)

P i—»v,
(x, )
0 >
O i
Kinetic energy, KE

_1 2_1 p2 _1 2
2™V E™M ) T 2m?

or, KE o« p? ( i = constant )

Hence, the graph between KE and p? will be linear.
Now, kinetic energy KE = %mv2
The velocity component at point P,
vy = (usin 6 — gt) and v, = ucos 6
Resultant velocity at point P,

V = V] + vyd

= (usin 6 — gt)j + ucos 61

V| = +/(ucos 0)2 + (usin B — gt)2
g

= Ju2cos2 0 + u2sin? 6 + g2t2 — 2ugtsin

= Ju2(cos2 0 + sin? B) + g2t2 — 2ugtsin
1
~ KE = Em(u2 + g2t? — 2ugtsin 0)
i.e., KE o« t
Hence, graph will be parabolic intercept on y-axis.
Hence, the graph between KE and t.

Now, in case of height

KE = %m(vz) and v2 = (u? — 2gy)

1
~ KE = Em(u2 —2gy)
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1
KE = —mgy + Emu2

2

. 1
Intercept on y-axis = S mu

KE
A
KE = %m()—t()2

i.e., KE o x2. Thus graph between KE and x will be parabolic.

4. (a) Power of motor initially = P,

Let, rate of flow of motor = (x)
Since, power,

k

Py n

If rate of flow of water is increased by n times, i.e., (nx).

Increased power,
! !
= ma(3)
P1 = ” =mg T = nmgx

The ratio of power,

P, nmgx

= PPy =n:1
P, mgx 1:%0 =1

5. (a) Mass of the first body m; = 5 kg and for elastic collision coefficient of restitution, e = 1.

U, =u
1y B M

”2:0
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Let initially body m; moves with velocity v after collision velocity becomes (i)

10/°

Let after collision velocity of M block becomes (v).
By conservation of momentum
mqu, + mpu, = mqyvy + m,v,

or 5u+MX0=5X%+MV2

or 5u=%+MV2

Since, v; — v, = —e(u; —uy)
u u
or——v,=—-1(wor—4+u=v
TRL (w o 2
11u
or—=1v,
10

Substituting value of v, in Eq. (i) from Eq. (ii)

< _u+M(11u)
4=3 10

1 11 9x10 _ 45
0r5——=M(—):>M= =—
2 10 2x11 11

= 4.09 kg

6. (c) Let third mass particle (2m) moves making angle 6 with X-axis.

The horizontal component of velocity of 2m mass particle = ucos 8 And vertical component = usin 6

Y
4
u="17
a]
bms
: 2m,
1‘ @
m
0
n_— > /\,
4m &
m —> 4ms

From conservation of linear momentum in X-direction

myu; + myu, = myvy +myv,

or 0 =m X 4 4+ 2m(ucos 0)

or —4 = 2ucos 0 or —2 = ucos 6

Again, applying law of conservation of linear momentum in Y-direction

0 =m X 6 + 2m(usin 0)

6 . .
= —E=usm6 or —3 = usin 0
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Squaring Egs. (i) and (ii) and adding,

(4) + (9) = ucos? 0 + u?sin? 0
= u?(cos? @ + sin? 0)

or 13 = u?
~u=+v13ms?!

7. (b) Here, maximum height attained by a projectile
b= vZR
"~ 2gR —v?2

Velocity of body = half the escape velocity

. A%
ie,v=—=
2

2gR 2gR R
SR 2R (6)
2 4 2

orv =

Now, putting value of v2 in Eq. (i), we get

gR, gRZ o
Height, h = —2—7 = 34z =
g gl ZgR—ﬂ 3gR 3

8. (d) Particle executing SHM.

Displacement y = 5sin (4t + g)

Velocity of particle
dy 5d ™
(q) = qein(4+3)

= 5cos (4t + g) -4 = 20cos (4t + g)

Velocity at t = G)

(dy) — 20 <4><T+“)
dt) T~ COs\**3 T3

or u = 20cos (T + g)

Comparing the given equation with standard equation of SHM.
y = asin(wt + ¢)

We get, w = 4

2T 2T
Asw=—>=>T=—
T w

a1=2= ()
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Now, putting value of T in Eq. (i), we get

=20 LI 20si T
u= cos(z+§)—— sm§

=-10xV3
The kinetic energy of particle,

1 1
KE = Emu2 = X2x 1073 x (—10v/3)2

=10"3x100%x3 =0.3]

. 1 r Y
9. (d)Given,2=a,==b,==
1, I Y2

Free body diagram of the two blocks brass and steel are

7 fod T
Brass Steel
| |

/i 2g

Let Young's modulus of steel is Y; and of brass is Ys.

Fl M 11
N A A
1Al
F,1
and Y, = A22- A?z

Dividing Eq. (i) by (ii),

Fl.ll
E_AI.AII
Y, F-L

Az'Alz

Y,  Fqi-Aplg-Al
Or_l — 1°£2°11 2
Y,  FpAply-Al

Force on steel wire from free body diagram T = F; = (2g) newton
Force on brass wire from free body diagram F, = T' = T 4+ 2g = (4g) newton

Now, putting the value of F{, F,, in Eq. (iii), we get
o (Zg) T3 [11] (Alz)
Y2 - 4g T[r% 12 All
1LY 5 (AR
ore=7s (bZ) a (All)

or Aly _( a )
Al, — \2b2c
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10. (d) Initially area of soap bubble, A; = 4mr? Under isothermal condition radius becomes 2r.

~ Area A, = 4m(2r)? = 16mr?

Increase in surface area

AA = 2(A, — A)) = 2(16mr? — 4mr?) = 24mr?
Energy spent,

W=TXAA=T- 24nr? = 24nTr? ]

11. (c) Let radius of big drop = R.

4 4
§T[R3 = §XT[I'3 -8

R=2r

Here r = radius of small drops.
2
Now, terminal velocity of drop in liquid vy = % X % (p—o)g

where 1) is coefficient of viscosity and p is density of drop o is density of liquid.

Terminal speed drop is 6 cm s~ 1

2 r?

N6 =—X— —
3 T](p 0)g

Let terminal velocity becomes v' after coalesce, then

, 2R

v =§?(P—0)g

Dividing Eq. (i) by (ii), we get

212
6 _gﬁ(p—ﬁ)g 6 2
VIR Sy
gy (P—o)8
orv' =24 cms™?!

12. (a) Time period of oscillation,

TZo 1 dT 1dl
= - s — = ——
T g T 21

1
As, dT = adt

:d—f=§adt=§x9x10—7x(30—20)=4.5x10—6

~ Loss in time = 4.5 X 107 x 0.5
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=225%107°s

13. (¢) Volume of the metal at 30°C

loss of weight

Vap =
307 specific gravity x g
45 — 25
_ -2k 13.33 cm?®
1.5xg

Similarly, volume of metal at 40°C

_(45-27)g

= = 14.40 cm?
Vao = o5 % g cm

Now, Vg = Vzo[1 + y(t; — t1)]

ory = V4o—V3o _ 14.40-13.33
v Viao(ty—t;)  13.33(40-30)

=8.03x1073/°C
- Coefficient of linear expansion of the metal

y 803x1073 s
a=z=——2——~26x107%/°C

14. (a) Process A —» B —» C - D — A is clockwise.

During A — B, pressure is constant and B = C, process follows p o« % ie., T is constant. During process C = D, both p

and V changes and process D = A

1. !
follows p v e T is constant.

A B

P (o

D

- |

Hence, equivalent cyclic process is has follows.

D

—
15. (b) From first law of thermodynamics

Q=AU+WorAU=Q—-W
« AU; = Q; — W, = 6000 — 2500 = 3500 ]

AU, = Q, — W, = —5500 + 1000 = —4500 ]
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AUz = Q3 — W3 =-3000+ 1200 = —1800]
AU4 = Q4_W4 = 3500_X
For cyclic process AU = 0

~ 3500 — 4500 — 1800+ 3500—x=10

orx=700]

. __ output _ W +W,+W3+W,
Efficiency, n = “mpu x 100 = TS x 100
_ (2500 — 1000 — 1200 + 700) 100
B 6000 + 3500
_ 1000 X 100 = 10.5%
~ 9500 TR

16. (¢) From first law of thermodynamics

Q=AU+W
For cylinder A pressure remains constant.

~ Work done by a system
uR
W= — (T, = T2)

. 5
For monoatomic gases, L = 1;y = 3

1xR 3
~W==-——(442—-400) =-R x 42
5, 2

3
or W = 63R

But AU = 0, for cylinder A
~Q=0+63R=63R

For cylinder B volume is constant,
~ W = 0and Q = pCyAT

For monoatomic gas

C —BR: —1x3RNF
V72 Q= 2

As heat given on both cylinder is same

3
~ 63R = ERAT = AT =42K

17. (a) From figure, H = H; + H,




E('GP VITEEE 2009 Er VITEEE PYQs

_, 3KA(100—T) _ 2KA(T—50)  KA(T-0)
1 - 1 1

= 300—-3T=2T—-100+T = 6T = 400

200 ,
3

=>T C

18. (b) Let listener go from A — B with velocity (p).

A, B,
& )
680 Hz 6380 Hz

And the apparent frequency of sound from source A by listener using Doppler's effect,

. (v—vo):> ,_680<34O—u>
e T T Ba0+ 0

The apparent frequency of sound from source B by listener

. (v+v0)_680<340+u>
oY) T B3a0 -0

Listener hear 10 beats per second.

Hence,n" —n' = 10

340 + u) (340 — u)

= 680( 340 340

= 2(340 + u — 340 + u) = 10
>u=25ms"!

19. (b) When both the wires vibrate simultaneously, beats per second,

nlin2=6

Oriﬁii\ﬁﬂ
214 m 21\ m
1 /T 1 T_6
Zodm 2 m
g 600 =6 g 606
=— |—— =6>— |—=
21 /m 21 /m

Given that fundamental frequency

! T—600
21 /m

Dividing Eq. (i) by (ii),
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2[32

_ 606
" 600

S8

S

T
= T= (1.01) = T (1.02)%
= T' =T(1.02)

Increase in tension

AT' =T x 1.02 —T = (0.02T)

~ AT = 0.02

20. (d) Fringe width B = %D

Let be the amplitude of the place where constructive inference takes place.

The position of fringe at p,.

_ nAD

=
=74

Given, B’ = (g)

P,

d P,

'A—D——nmorn—l
4d T d T g
I, a?

=16:1

T, [a)?
(@)
21. (a) Position fringe from central maxima

_ nAD
yi= d

Given,n = 10

~_10AD
“Y1= g

For second source
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22. (c) Inteference takes place between two waves having equal frequency and propagate in same direction.

Hence, y; = asin(wt + ¢1)

y3 = a'sin(wt + ¢,)

will give interference as the two waves have same frequency w.

23. (d) The two lenses of an achromatic doublet should have, sum of the product of their powers and dispersive power

= zero.
24, (b) Ratio of magnetic moments

Ma TE+TE vi+vi
Mg TZ-— TZ_VSZ—V(Zi

()(
()7(

My: Mg = 25:

E) 400 + 225
132 400—225
o)

25. (d) Here, length of magnet = 10 cm = 10 X 1072 m,r = 15X 1072 m

SA BN

O
«—S5Scm—ple=Scm—»

OP =+/225-25 =+/200 cm
Since, at the neutral point, magnetic field due to the magnet is equal to By,

Ho M
BH = -
4t (OP2 + A0?2)3/2

M

04%x107* =107 x
(200 x 1074 + 25 x 1074)3/2

0.4 x107*
—4N\3/2 _
= 0.4 x 10° x 107°(225)3/2 = M

>M=135A—m

26. (a) Charge density or charge per unit length of long wire
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According to Gauss theorem

= <241
gﬁE-dS—SO
= Ef dS=-L orE x 2mrl = -
€ €
. q _ q/
T 2megrl  2megr
AX?2 AX2

- 2TEQr X 2 - 41eyr
=9x10° x 1 X 2 X 1

B 3 18 x 10~2
= 0.33 x 10*NC™?

27. (c) Potential at P due to (4q) charge of dipole
_ 1 !
~4me, (z—a)

Vi

Potential at P due to (—q) charge of dipole

R
z _41120.(z+a)
.“‘
" o= 20| —4 %

—e o—/ e

A B (0,0.2)
(0,0,—a) (0,0,a)

%

Total potential at P due to electric dipole V=V; +V,

1 q 1 q
T 4mgy (z—a) 4mey(z +a)

. q (zta—z+a)
" 4me, (z—a)(z+a)

2qa

orV=———"—
41ey (22 —a?)
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28. (c) Internal resistance of voltmeter = R. Effective resistance across B and C

1 _1+ 1 50+R
Rl R 50 50R

50R
orR' = ( )
50+R
A
=
=
= 50kQ
=
100V == 5
=
=
R = 50 kQ
=
=
-

According to Ohm's law, V' = IR’
or 2= 1. ( SOR )

100(50+R)_
3 \soR/

Now, total resistance of circuit

50R
50+R

R" =50+

(2500+100R)
orR" =~~——
(50+R)

Now, V"' = IR"”

= 100 =

100 <50 + R) 2500 + 100R
3 U S0R / (50 +R)

= 150R = 2500 + 100R or R = 50kQ

29. (c) Here length of potentiometer wire, | = 10 m Resistance of potentiometer wire
1 10

R=p><KorR=(p><X)

The value of 2.5 m length wire

,_F’X10><25=>R'—( 230 )
TAx10 : “\Ax10
Potential, V' = I X R' = I(:flpo)

Again the length of potentiometer wire is increased by 1 m.

Resistance of null position

"o pxl)
R _<11><A
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Ix2.5p _ pxl

~V'=IR"andV=V'= 0 = 1D

2.5X11
10

=]1=2.75m

or
30. (c)

100 uH 1uF 100

/&
J L

o—n

Impedance, Z = \/(Xy, ~ Xc)? + R2

0rZ=\/(wL~ﬁ)2 + R2

Inductive reactance

XL =wL=70x103x100x 107 = 7Q

Capacitance reactance

1 1
X = —=
CTwC 70x103x1x10°°
3 1 _102_100
S 7x10°2 7 7
ASXC>XL

So, circuit behaves like R-C circuit.
31. (c) At the centre of the loop, magnetic field
Ho I-2mR
“an  RZ

i

!
For the wire which is looped double let radius becomes r
1 1
Then, - = 2nr or — = (1)
2 4

Mo I-2mrx?2

~ B =
41 r2
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or B/ = Ho. 2%
4t (i)z
4TC 2
no Ilx16m
or B =—".
41 12

Now, B = 2. I‘IZ[R=i
41 1 21
)

Dividing Eq. (ii) by (iii),

h.l~l-161t2
B ™ _,
B~ i Il 42

41 12
or B’ = 4B

32. (c) Magnetic field due to long wire at O point

R
0

Y
A 4

(upward)
Magnetic field due to loop at O point

W I-2mR
27 4 R2

1. o
=B, = % R (in upward direction)

Resultant magnetic field at centre O

B=B1+B2
sp= i T
2m- R

33. (b) Work function W, = 3.31 x 10719 ]

Wavelength of incident radiation
A=5000x%10"1%m

According to Einstein's photoelectric equation E = Wy + KE
hc
= - =331 107'° + KE

6.62 X 1073 x 3 x 108

KE = —3.31x 1071°
* 5000 x 10-10
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6.62 X 3
=-331x10"19+ B— x 10719

= (—3.31x1.324x 3) x 1071°

=(3.972-331)x 107 %°
=0.662x10719]
0.662 x 1071°

E=—t " _041eV
or 1.6 x 10-1° ¢

34. (d) From Einstein's photoelectric equation

E=W,+mv2or ’sz
2 m

A charged particle placed in uniform magnetic field experience a force

mv
F=evB=——
r
orr = —
S:!
2(E-Wy)
m = J2m(E-W,)
orr=———sr=>———=
eB eB

35. (d) Here, N; = Nye ™14 and N, = Nye ¢

N & — 1 = e~ 1 = p(-102+2)t — ,—92t
N, e
. 1
=>t=—
91

36. (c¢) Here current flows in circuit A as both ( p — n) junction diode act as forward biasing. Total resistnace R.

1_1 1_2 R = 20
R 27277 "7

According to Ohm's law
V=1I,R
or8=1IyX20rly=4A

In circuit B, lower p - n-junction diode is reverse biased. Hence, no current will flow but upper diode is forward
biased so current cna flow through it

V =1IgR
or8=IgX4o0rlg=2A

37. (c) After collision the bullet and block move together and comes to rest after covering a distance of 40 m.
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By conservation of momentum

myu; + mpu, = myvy +myv,

= 0.02 x 250 + 0.23 x 0 = 0.02v + 0.23v
5+0=v(0.25)orv=20ms"!

Now, by conservation of energy

OI'%MVZ =uR-d

or =X 0.25 X 400 = 1 X 0.25 X 9.8 X 40

200

=98xa0_ 01

= H

38. (a) Let after the time (t) the position of A is (0, vat) and position of B = (vgt, 10). Distance between them
y =+/(0 — vgt)2 + (vat — 10)2

ory? = (2t)% + (2t — 10)?

ory? =1=4t% + 4t2 + 100 — 40t
=1=8t2+ 100 — 40t

dl
Now, = = (16t — 40) = 0

or

t=—=25s =

1
= = 1 =
16 6 = (+ve)

2
de?
So, | will be minimum.

39. (b) Here, potential energy of the metre stick will be converted into rotational kinetic energy.

“une
-~
~..
-
.

Because centre of gravity of stick lies at the middle of the rod,
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. 1
PE of metre stick = %

. . . . 12
Rotational kinetic energy E = %Iwz [ about point A = mT

By law of conservation of energy
2 2

i) -222

By solving, we get vg = \/3_gl

40. (a) Given, r = 0.4 m,

a = 8rads I,

m=4kgl="7?

Torque, T = la

mgr=1-a

4x10%04=1x8orl===2kgm?

PART-II CHEMISTRY
41. (¢) Given: AH;(H) = 218 kJ/mol
i,z H; — H; AH = 218 kJ/mol

or H, — 2H; AH = 436 kJ/mol

—436—1043k 1/mol
=118- .3kcal/mo

Hence, H — H bond energy is 104.3kcal/mol.
42. (a) In Wacker process,alkene is oxidised into aldehyde.

PdCl,-CuCl,

> CH;,CHO

I
CH, =CH, +-0
2 i H,0 (B)

Since only alkenes produce aldehydes, on ozonolysis hence ' A ' must be an alkene.

Now to find the structure of alkene we should add two molecules of aldehyde and replace O by double bond
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eclu

H,C CH,
>>C=O+O=C<i
H H

“ B ¥ SB *
Rl cof H,C CH,
eplacement o
’ > > C = C<
O by double bond H H
1'14 !
Therefore, alkyne must be

H
CH,-C= C- CH, 2 5
(alkyne) Lindlar's catalyst

H,C CH,
> C = c<
H H
!14_!

43. (b) 2 F, + 2NaOH — 2NaF + OF, T +H,0
dilute A)

The structure of ' A"' (OF,) is as

0
PGB N
F 1032 F

o bonds made by O = 2

Due to repulsion between two lone pairs of electrons, its shape gets distorted. Therefore, the bond angle in the
molecule is 103°.

44. (a) To decide the structure of alkene that undergoes ozonolysis, add the products and replace O by double (=)
bond. Thus,

H,C CH,
>C =0+0= C<
t CH,

acetaldehyde acetone

1
4
Replacement \HBC 3 2 CH_;
£ O by double bond e
of O by double bon,
’ H CH;

2- methyl-2-butene

45. (a)
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Structure of XeO 5

Xe
7| \
O | @)
(@)
=> 3pn-dn p1bonds.
Structure of XeO ”

O

}{/
71\
@) G (@)

=> 4pn-dn bonds.

46. (a) According to de-Broglie's equation.

A h A2 b’
= — = ——
mv m2v?
h2
2 — —
or mv A2
1
=+ KE(K) = Emvz
~ KE(K) = L h*
~ KE(K) = 2 mA?
o= -6)
> —=|— = | —
K, I 3
oo Kl:KZ == 25 9

47. (c) Paramagnetic nature depends upon the number of unpaired electrons. Higher the number of unpaired electrons,
higher the paramagnetic property will be.

Cu?* = [Ar]3d®, no. of unpaired electrons = 1 V2* = [Ar]3d3, no. of unpaired electrons = 3 Cr?* = [Ar]3d*, no. of
unpaired electrons = 4 Mn?* = [Ar]3d®, no. of unpaired electrons = 5 Hence, correct order is

Cu?t < V?* < Cr?* < Mn?*

48. (a) ~ 1 mol = 6.023 x 1023 atoms
KE of 1 mol = 6.023 x 10%]

or KE of 6.023 x 1023 atoms = 6.023 x 10* ]

6.023 x 10*
~ KE of 1 atom = 5023 x 103
=1.0x10719]
hc 6.626 x 1073* x 3 x 108
BVenergy =5 = 600 x 102

=3.313x1071?]

Now since Threshold energy
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= hv — KE
=3.313%x10"1°-1.0x 1071

=2.313x10719]

Hence minimum amount of energy required to remove an electron from the metal ion will be 2.313 X 10719 ].

49. (a) The earth's thermosphere also includes the region of the atmosphere, called the ionosphere. The ionosphere is
the region of the atmosphere that is filled with charged particles such as 0F,0%,NO*. The high temperature in the
thermosphere can cause molecules to ionize.

50. (b) The formula of sulphuric anhydride is SO3 and its structure is as follows:

O

:

S
O/ \O

= 30, 1pmt — pm, 2pm — dm bonds are present

51. (a)
CH, CH,
N,Cl Cl
CwHCI N:
Gattermann
52. (¢)
H
I P-H bonds
H,PO, > H—O—f—O—H}
O
I
H. PO, > P—OIl
3 2
5\
H

two P-H bonds

53. (c) Dipole moment,
(W =6xd

where, 6 = magnitude of electric charge d = distance between particles (or bond length)

i
W ==
d

8 d 1.03Xx1.6
HCl _ HHel o 9HI _ =33:1
SHI dycy HUHI 1.3x0.38
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K% + N

54. (d) SiCl, + 4H,0 — H,Si0, + 4HCl

- A -
H,SiO, Loohec Si0, + 2H,0
55. (c¢) Masspercent of CdinCdCl,

_ 99 x 100 = 60%
~15 -

-~ Mass percent of Cl, in CdCl,

=100 — 60 = 40%

* 40% part (Cl,) has atomic weight = 2 X 35.5 = 71.0
~ 60% part (Cd) has atomic weight

_71.0x60

= 106.
20 06.5

56. (c¢) 2Al + 2NaOH + 2H,0 — 2NaAlO, + 3H, sodium meta

Sodium meta aluminate, thus formed, is soluble in water and changes into the complex [Al(H,0),(0H),]~, in which
coordination number of Al is 6

57. (b) Average kinetic energy per molecule = %kT

8.314

3 R 3
or-——T==X——
2 6.023%x1023

.~ x 300 = 6.21 x 10721JK~! molecule ~?!
0

58. (c) The species having an O — O bond and O in an oxidation state of — % are super oxides and is represented as O3 .

Usually these are formed by active metals such as KO,, RbO, and Cs0O,. For the salts of larger anions (like 03),
lattice energy increases in a group. Since, lattice energy is the driving force for the formation of an ionic
compound and its stability, the stability of the superoxides from ' K'to ' Cs’ also increases.

59. (a) 30% solution of H,0, is known as perhydrol.

H,0, decomposes as
2H,0, — 2H,0 + 0,

Volume strength of 30%H,0, solution is 100 i.e., 1 mL of this solution on decomposition gives 100 mL oxygen.

1
SO+~ 0y ——> 505

1. 1. 1

21, 1L 2L

Since, 100 mL of oxygen is obtained by = 1 mL of H,0,

~ 1000 mL of oxygen will be obtained by

1
= ——x 1000 4 = >
100 mlL. of H:O2 10 mL of | 120_,

dpH ’

60. (d) Buffer capacity, =
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where, dCya = no. of moles of acid added per litre
dpn = change in pH

moles of acetic acid

dCya =
HA volume

0.12/60 1

= 250/1000 125

_1/125 1 — o4
002 25

61. (b) (A) Felspar (orthoclase) (KAISi;Og)
(B) Asbestos {CaMg3(Si03)4}

(C) Pyrargyrite (Ruby silver) (Ag;SbS3)

(D) Diaspore (Al,05 - H,0)

62. (c) Along a period first ionisation energy increases. Thus, the first [E of the elements of the second period should

follow the order Be < B< N < O

But in practice. The first IE of these elements follows the order B < Be < O < N The lower IE of B than that of Be is
because in B(1s2, 2s22p?), electron is to be removed from 2p which is easy while in Be(1s2, 2s2), electron is to be
removed from 2s which is difficult. The low IE of O than that of N is because of the half-filled 2p orbitals in N

(1s2,2s522p3).

63. (¢)
CH,CH,0H +Cl, —————> CH,CHO
Acetaldehyde
3L,
chloml
64. (¢)
CH3§'(':'66"""""'§
I L. >Cai — 2 5 CH,COCH,
CH,COi0” 0

II. CH;COOH——>6HI

—Red? , CH,CH, +3I, + 2H,0

CH co CH,C
RSN Z> 0 +H,0

CHCOO CH,C
65. (b) C=85.71% = =~ =7.14; 7" =

7.14
H—14290/—14'29—1429-14'29—2
B T 2 D

= Empirical formula = CH,
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and, empirical formula weight = 12 + 2 = 14
Now since molecular formula weight

= 2 X vapour density

=2x14 =28
28
..n_14_

~ Molecular formula = (CH;,), = C,H,

CH, =CH,+HOCl—> CH, —CH, —Cl
oz OH
(8)
+ KON —EoH_J S‘H-‘ ~CH, —CN
OH
19" , CH,-CH,-COOH

OH
()

66. (c) Tripeptides are amino acids polymers in which three individual amino acid units, called residues, are linked
together by amide bonds.

(CH; — (l’H —COOH)

glycine (NH, — CH, — COOH), alanine NH, and phenyl alanine

C¢H; —CH, — (IZHCOOH can be linked
NH,

in six different ways.

67. (d) A codon is a specific sequence of three adjacent bases on a strand of DNA or RNA that provides genetic code
information for a particular amino acid.
68. (c) The IUPAC name of dopamine is 2-(3,4-dihydroxyphenyl) ethylamine and its structure is as follows:

CH,CH,NH,

OH
OH

69. (a) Freezing point of a substance is the temperature at which the solid and the liquid forms of the substance are in
equilibrium.
70. (b)
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C,H, -Cl+ AgCN—222L

H,0

U
(N-linked to ethyl carbon)

71. (a)
72. (d) Crotonaldehyde is produced by the aldol condensation of acetaldehyde.

1?/\' H
® il. NaC
CH,-C=0" + H + CHO =2

. ool
acctaldchydcu H (i acopitlie

addition)
acetaldehyde
i
A
CH,;-C-C-CHO T-(-)—) CH,CH = CHCHO
= [!{ (climir;ation) crotonaldehyde
aldol

73. (b) BaCl, + 2NaOH — Ba(OH), + 2NaCl

mBa(OH), = AmBacl, T 2AmNaoH — 2AmNacl
=280%x107*+2x 248 x 107
—2x126x 1074

= (280 + 496 — 252) x 10™*

=524 X 107*Sm? mol~?

MZ
Noa3

74. (b) Density, d =

where, Z = number of atoms in unit cell

dNya3
7=2"08
M
~892x6.023 x 10%% x (362 x 10719)?
B 63.55
=4.0

Thus, metal has face centred unit cell.

75. (¢) N, + 20, = 2NO,
[NO,J?

=N T0,12

Again, [NOZ] \_—\% NZ + 02

[N,]*/2[0,]

K2 ="No,]
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2 _ [N31[0,]?
K2 = [NOJ?

Egs. (i) X (ii), we get 100 X K3 = 1

1 1
>KZ=—orK,===0.1
100 10

76. (c¢) For a first order reaction,

2.303 a
t= }\ 10g10 a—x

Let initial amount of reactant is 100 .

100
ty _ logr o= .
= = 10075 [+ A remains constan t]

t2 10g100—25

100
_ 10gf _ log 4
log% log4/3

_ log 4
~ log4 —log3
B 2% 0.3010
T 2x%x0.3010—0.4771
_0.6020 _ 181
01249
77. (c)
[O(] _ [a]observed _ —-1.2 — _39°
1xC 5 % 6.15
1000

78. (a) Let the concentration of potassium acetate is x. According to Henderson's equation,

[salt]
[ acid ]

pH = pK, + log

X X 50

= — =5 —_
4.8 log(1.8 x 107>) + log20 0. 1M

4.8 = 4.74 + log 25x

or log 25x = 0.06
25x = 1.148

~x = 0.045M

79. (b) By ' 2A + 5 — B, we get
Na,0 + SO; — Na,S0,

259
AH=-2X 146+T—418
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= AH = —580.5 = 581 K]

80. (a) According to Hardy Schulze rule, greater the valency of the coagulating ion, greater is its coagulating power.
Thus, out of the given, AlCl; (AI3*) is most effective for causing coagulation of As, S sol.

PART-III MATHEMATICS
81. (b) Given, f(x) = x3 +3x— 2
= f'(x) =3x%+3

Putf'(x) =0=3x2+3=0
=>x%=-1

-~ f(x) is either increasing or decreasing.
Atx=2,f(2)=23+3(2)—-2=12
Atx=3,f(3)=33+3(3)—-2=34
- f(x) € [12,34].

82. (c) The total number of subsets of given set is 2° = 512

Even numbers are {2,4,6,8}.

Case I : When selecting only one even number = 4C; = 4
Case II : When selecting only two even numbers = *C, = 6
Case III : When selecting only three even numbers = *C5 = 4
Case IV : When selecting only four even numbers = 4C, = 1
~ Required number of ways
=512—-(4+6+4+1)—1=496

[Here, we subtract 1 for due to the null set]

83. (a) The required number of ways = The even number of 0 's i.e., {0,2,4,6, ... }
n! n! n!
“ntam— T am—a

= NCy+ "Cy+ "Cy + - =201

3/2
84. (@) (1+2)"" 32+ 5)7V/5

=143 ()] o (14332

(neglecting higher powers of X )

s i-E)H

-1/5
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(neglecting higher powers of X )

1
=§(1+x)(1—%)

_(1+xB2-x) 32+31x
N 64 T 64

(neglecting x? term)

85. @) x—a)x—a—-1D+Ex®x—a—-1DEx—a—2)
+x—a)(x—a—2)=0

Letx —a =t, then

tt—1)+ (t—1D(t—2)+t(t—2)=0
St2—t+t2—3t+24+t3-2t=0
=>3t?2—-6t+2=0

L _6%V36-24 623

2(3) - 2(3)

3++3
=>X—a=

3

3++3
=>x=a+ 3

Hence, x is real and distinct.

86. (b) f(x) = x? + ax + b has imaginary roots.
=~ Discriminant, D < 0 > a> —4b < 0

f'(x) =2x+a

= f'(x) = 2

Also, f(x) + f'(x) + £ (x) = 0
>x*+ax+b+2x+a+2=0

=>x’+(@a+2)x+b+a+2=0

X_—(a+2)i\/(a+2)2—4(a+b+2)
- 2

_—(a+2)+Va®—4b—4
- 2

Since, a® —4b < 0

~a’—4b—-4<0
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Hence, Eq. (i) has imaginary roots.

87. (¢) f(x) = 2x* — 13x2 + ax + b is divisible by (x — 2)(x — 1).
~f(2)=2(2)*-13(2)2+a(2)+b =0

= 2a+b =20
and f(1) = 2(1)* —13(1)%2+a+b=0
=>a+b=11

On solving Egs. (i) and (ii), we geta = 9,b = 2
88. (d) Let a and R be the first term and common ratio of a GP respectively.

So, T, = aRP™! =x
Tq=aRi ' =yand T, = aR" ! =z
= logx =loga+ (p — 1)logR
logy =loga+ (q— 1)logR
and logz = loga + (r — 1)logR
logx p 1 loga+ (p—1logR p 1

~ |logy q 1| =]loga+(q—1)logR q 1

logz r 1 loga+ (r—1logR r 1
loga p 1 (p—DlogR p 1
=|loga q 1[+|(q—1)logR q 1
loga r 1 (r—DlogR r 1

1 p 1 p—1 p—1 1
=loga|l q 1[+logR|g—1 q—-1 1
1 r 1 r—-1 r—-1 1

(C; » C;—C3)

=0+ 0 = 0 (* two columns are identical )

89. (¢) Letz =x+1iy

. zZ+2i
Given: -1 <1
2Z+1

V2 + (y +2)?
V(2?2 + (2y + 1)?

S>x2+y? +4+4y <4x®+4y° +1+4y

=>3x2+3y?2>3=>x2+y?>1

90. (¢) (14 V3™ + (1 —+/3D)"
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MNEERE “+2 1-V3i\]"
B 2 2
= (203" + (—2w)"
— (—2)“[(0)2)3r+1 + (w)3r+1]
(* n = 3r + 1, where r is an integer )
= (=2)"(w* + w) = —=(=2)"
91. (d) Let f(x) = sin*x + cos*x
= (sin? x + cos?x)? — 2sin® xcos? x
1
=1- 7 2(sin 2x)?

_1 11 4 _3+cos4x
= 4( cos x)—4 2

~ Period of f(x) = %ﬂ = g

92. (¢) sin®x — cos 2x = 2 — sin 2x
= 1 —cos?x — (2cos? — 1) = 2 — 2sin Xcos X
= —3cos?x + 2sinxcosx = 0

= cosx(2sinx — 3cosx) = 0

= cosx = 0, (~ 2sinx — 3cosx # 0)

T
:>X:2nni§

T
:x=(4nil)5,nEZ

93. (d) cos™?! (— %) — 2sin™?! G) + 3cos™! (_ L)

V2.
—4tan1(—1)
1 T 1
— “1(ZY_ (2 _ -1(_—_
= Tt — COS (2) 2(6)+3<n cos (\/f)>
+4tan™1(1)
m T T T
—T[—§—§+3(T[—2)+4'Z
_T[+3 3‘1‘[+ _4311
~3 4 "7

94. (¢c) We know that, 2s =a+b +c
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(@+b+c)(b+c—a)(c+a—b)la+b—oc)

4b?c?
_ 2s(2s — 2a)(2s — 2b)(2s — 2c)
h 4b2c?
_s(s—a) (s—b)(s—0)
=4 bc % bc

A A
= 4cos? > X sin? 5= sin? A

95. (¢)l+m+n=0,>1=-m—n
and1? + m?2 —n? =0
“(-m—-n)?+m?—-n?=0
=2m?+2mn=0
=2m(m+n)=0
>m=0orm+n=0

Ifm=0,thenl = —n

) 14 _m; n
-1 0 1
andifm+n=0=m= —n,thenl =0

I, m; n
0 -1 1

ie., (11, ml,nl) - (_1,0,1)
and (12' my, nZ) = (O; _1;1)

6 04+0+1 1
s COS = = —
Vi+0+1/0+1+1 2

=>0=—
3

96. (a) my = |3, =22+ (-1)2+ (1)2 =6

m, = [dz] = V3% + (—4)* + (—4)* = V41

m; = [35] =12 + 12+ (-1)2 =3

and my = |, =/(-1)% + (3)2 + (D? = V11
smz <mp <my < my

97. (a) Here,n = 6

According to the question

°Cop?q* = 4+ SC,pta?
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=g’ =4p’=> (1-p)? =4p’=3p> +2p—1=0
=@P+DBp-1) =0
>p :% (*+ p cannot be negative )

98. (d) Given lines are parallel.

_ 15-5 _10
Vi 5

= d = 2 = diameter of the circle
~ Radius of circle = 1

= Area of circle = mir? = 1 sq unit
99. (¢) x> — 2xy —xy + 2y2 =0
= x=-2y)x-y)=0
>X=2y,X=Yy
Also,x+y+1=0

On solving Egs. (i) and (ii), we get
A( - 1) B ( ! 1) C(0,0
3 ) 3 ) 2 ) 2 )] ( 1) )

~ Area of A ABC =

N | =
P WIN
w

_1 1 1]_1[1]_
213 6] 216l 1

100. (c) Given pair of lines are

BN
o

N

x2—=3xy+2y2=0

and x> —3xy + 2y’ +x—2=0
S x=2y)x-y)=0

and x—2y+2)(x—-y—-1)=0
=>x—2y=0,x—y=0

andx—2y+2=0,x—y—1=0

Thelinesx—2y=0,x—2y+2=0andx—y = 0,x —y — 1 = 0 are parallel.

Also, angle between x — 2y = 0 and x — y = 0 is not 90°.

=~ It is a parallelogram.
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101.  (a) InA OAC,0C% =22 + 42 =20

A 4

-~ Required equation of circle is
xE£2)*+ @y £4)?*=20
>x2+y?4+4x+8y=0

102.  (d) Given circles are
x?+y2—2x+8y+13=0

andx? +y? —4x+ 6y +11 =0
Here C; = (1,—4),C, = (2,-3)
s =VITI6-T3=2
andr, =vV4+9—11=+2

So,d=C;C, =2 =12+ (-3+4)2=+2

d?—r{-r; 2-4-2 1
2rq1; 2x2%4/2 V2

s cosO =

=0 =135°

103.  (b) Let the required equation of circle be
x2+y2+2gx+2fy=0

The above circle cuts the given circles orthogonally.
8

~2(—3g) +26(0) =8> 2g = —3

and —2g — 2f = -7

=>2f—+7+8—29
B 3 3

~ Required equation of circle is

X% + 2—§x+§ =0

or 3x2 4+ 3y? —8x+ 29y = 0
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104.  (b) Given curve is y? = 4x.

v

4 2
y =4x

Also, point (1,0) is the focus of the parabola.
It is clear from the graph that only one normal is possible.

105. (a)x%y?=c*

= y2(@2 —y?) = c*

s>yt —a’y?+c¢*t=0

Let y4,y2,y3 and y, are the roots.
“Y1tY2ty3tys =0

106.  (b) Solving 4x — 3y = 5 and 2x% — 3y? = 12

5+3
2(52

2
—3y2 =12
4 ) 3y

s (25 + 9y? + 30y)
8

3y? =12

= 15y2 —30y +71 =0

_ 30 ++v900 —4260 14+ Vv=3360

=
y 30 30

Also, 2x2 — 3 (?)2 =12

= 10x*> —40x+ 61 =0

_ 40++/1600 -4 x 10 x 61
B 2x10

40+ V=840 a4 V=840
N 20 S TT 20

=X

~ Points are A (2 + \/_2?)40, 1+ \/_:360)

and B (2 _ \/—840’ 1— \/—3360).

20 30

~ Mid point of AB is (2,1).
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107.  (d) Let A = (1,0,0), B = (0,1,0) and C = (0,0,1)
So,AB=./(0 —1)2+ (1—0)2+ 02 =+2

BC=,02+(0—-1)2+(1-0)2=+2

andCAz\/(l—O)Z +024+(0-1)2=+2
-~ Perimeter of triangle

=AB+BC+CA=V2+V2+V2=32

108. (c) cos2a + cos 23 + cos 2y
+sin? a + sin? B + sin?y
= (cos? a — sin? a) + (cos? B — sin? B)
(cos?y —sin?y) + sin? a + sin? B + sin?y
= cos?a + cos? B+ cos?y=1
109. (a) Given equation of sphere is

x2+y2+2z2-12x—4y—3z=0

Centre of sphere is (6,2,;).

. 2
= Radius of sphere = _|(6)? + (2)% + (5)

B 36+4+9_ 169 13
N 4 |4 2

110 (¢) limyg (%z)m = limyer (14 x%)m

3(x+3)
X+27 x+2
3

2sin x—sin 2x

1. (@)X ={ 2xcosx X #0

a, ifx=0

limy o f(x) = limy_o 2222 (3 form)
2C0S X—2C0S 2X 1 2—-2

= lim — = |IIn —_— =
X20 3(cosx—xsinx) x=0 5(1-0)

Since, f(x) is contineous at x = 0
~ f(0) = limy_of(x) 2a=0

112.  (c) We have, x = cos™! (\/%)
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andy = sin™1 (\/11?)

=>x=tan 'tandy =tan"'t

dy 1
o = = — =
y=x dx

1
x%—1

3. ()< |atan~* x + blog (%)] =

On integrating both sides, we get

x—1
tan™"x + blog ()
atan™ ~ x + blog 1

SR
—2) k-1 e+

x—1
= atan~x + bl (—)
atan™ " x + blog 1

_1l (x—l) 1t 1
BTV R

: 2b = ! 2(1)— 1
Soa = 2 4 =

114.  (c)y=edn X

On differentiating w.r.t. X, we get

1 1

asin™* x
a .

=e
Y1 T2
=>y;WV1—x% =ay

= (1 -x?yf =a’y?

Again differentiating w.r.t. x, we get
(1 —x*)2y1y, — 2xy7 = a’2yy,

= (1 -x*)y, —xy; —a’y =0

Using Leibnitz's ruleq

(1 =xHyn42 + "Ci¥ns1(—=2%) + "Coyn(-2)
—Xyn+1 — "Ciyn — aZYn =0
= (1 - Xz)Yn+2 + X}’n+1(_2n - 1)
+yu[-n(n—1)—n—-a?]=0
= (1 = x*)¥ns2 — @n+ Dxyny = (0% + 2%y,
115.  (c) Given, f(x) = x> + ax?> + bx + ¢,a* < 3b
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= f'(x) = 3x? + 2ax+b
Putf'(x) =0
= 3x?+2ax+b=0

B —2a++v4a%2—-12b
B 2 %3

_ —2at 2va? —3b
B 3

=X

Since, a? < 3b,
~ X has an imaginary value.

Hence, no extreme value of x exists.

2-sin 2x

116.  (a)Letl=[ ( ) e*dx

1-cos 2x

J‘ (2—Zsinxcos><) xq

= — |e¥dx
2sin? x

=f coseczxexdx—f cot xe*dx

= —cotxe* —j (—cotx)e*dx

—f cotxe*dx + ¢

= —cotxe* + ¢
117.  (¢) We know that, if
I, = [ sin™ xdx, then

l sin® 1 xcos x N n—1 I
n n n n-2

where n is a positive integer.

= nl, — (n — 1I,_, = —sin™ ! xcosx
118. (d)

y

+ Y = COS X

w sin x

X4—0l n/a =~ il

v

Y’

Area, A; = fOT[Msin xdx
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- 1
= —[cosx]o/4 = 1—5
V2-1
V2

2
and area, A, = | 1://4 cos xdx

= [sinx]

/2 _ _i _\/E_l

e

V2-1V2-1
V2 W2

~AtAy, = =1:1

119. (b) % =sin(x+y)tan(x+y)—1

Putx+y=1z

dz
= ——1=sinztanz—1
dx

oSz
> [ SinZZdz—fdx

Putting sinz = t = cos zdz = dt, we have

fldt— .
pdt=x-c=-c=x-c

= —cosecz =X—C= X+ cosec(X+y) =c

120. () p = (~ pV q) is false means p is true and ~ p V q is false.

= p is true and both ~ p and q are false.

= p is true and q is false.




