Minor Test -5

PART-A: MATHEMATICS
SECTION-I

1 Jx !

1. If tanA=———— tanB=—"%_ and tanC=(x? +x2+x')2,0<ABC<2Z, then A + B is
‘fx(x2+x+1) X+ x+1 ( ) 2
equal to:
(A)C
(B) n-C
©) 2r-C

n
(D) E_C

Ans. (A)
Sol. Finding tan(A + B) we get

1 Jx

tanA + tanB \/X(X2 +x+1) +\/X2 +X+1

1-tanAtanB 1- 1

= tan(A +B) =

X2+ X+ 1

(1+ x)(f\!x2 X+ 1)
(x* +x) (%)

= tan(A +B) =

(1+ x)(xfx2 + X+ 1)
(3 +x) ()

X2+ X+ 1
xa/x

tan(A +B) = =tanC

A+B=C

2. If cota=1 and secB:—%, where n<oc<3—2n and §<B<n, then the value of tan(a +p) and the

quadrant in which o + B lies, respectively are

(A) —; and V" quadrant

(B) 7 and Ist quadrant
(C) -7 and IVt quadrant

(D) ; and It quadrant

Ans. (A)
Sol. Given,

cotoc:1,secB:_?5

So, cosB:_?a,tanB:? and tana =1
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tana + tanf

Now using formula tan(a + ) = ————
1-tanatanp

4
1-=
= tan(a +B) = 3 .
T+ —x1
3

. L 3 .
We know that tan0is negative in 2" & 4™ quadrant but as nm < a < ?n so o+ B will lie in IVt

quadrant.

3. Let 3sin(a + B) = 2sin(a. —B) and a real number k be such that tana =ktanf. Then the value of k is

equal to:
2
(A)-—§
(B) -5
2
(©) 3

(D)5
Ans. (B)
Sol. 3sinacosP+3sinfcosa

=2sinacosP —2sinfcosa
5sinBcosa = —sina.cosf

1
tanp = ——tan
p g tana

tano = -5tanp

4. The value of 2sin12° —sin72° is

) J5(1-+3)

Ans. (D)
Sol. To find = 2sin12" —sin72
=sin12" +sin12" —sin72

=sin12" +2cos 42 sin(—30°) = sin12" —cos 42

=sin12 —sin48 = 2cos (30°)sin(—1 8°)

= —3sin18 = _ﬁ(@] _ \/g(i}

4



5. If cos(a+B) = g,sin(a -B) = %and O<a,B< % then tan(2a) is equal to:

21
16
63
52
33
52
63
16

(A)
(B)
©

(D)
Ans. (D)

Sol. cos(a+B) = % = tan(a. +B) = g

sin(o — B) = % = tan(a - B) = %

Now, tan2a = tan((a + B) + (o — B))

_ tan(a + B) + tan(a - B)
11— tan(a + B) tan(a. — B)

4.5
_ 3 12 _63
4 5 16
T——x-—
3 12
6. If sin@+cosecO =2, then sin’ 0 + cosec’ B is equal to
(A) 1
(B) 4
(©) 2
(D) O
Ans. (C)

Sol. Conceptual

7. If tan6=3 and 0 lies in the Ill quadrant, then the value of sin6 is
) —
\/10
1
(B) ———
J10
-3
C) —=
\/10
3
(D) ——
J10
Ans. (C)

Sol. Conceptual.



3
8. The sum of the solutions x € R of the equation 305 2x + cos™2x _ X —x% +6 is

cos® x —sin® x

(A) O
(B) 1
(C) -1
(D) 3
Ans. (C)

3cos 2x + cos> 2x
Sol. - — = =X’ -x*+6
cos® x — sin® x

€Os 2x (3 + cos’ 2x)
= : =x’-x"+6
€Os 2x (1 —sin® x cos® x)

4 (3 + cos? 2x)

N R
(3+c0522x) XX e

x3—x2+2:0:>(x+1)(x2—2x+2):0

so, sum of real solutions = -1

9. The value of sin15° +cos105° is
(A)O
(B) 2sin15°
(C) cos15° +sin15°
(D) sin15° — cos15°
Ans. (A)
Sol. sin15°+ cos105° = sin15° + cos (90° +1 5°)
=sin15° -sin15°
=0

10. If 2tan’ 6 —5sec® = 1 has exactly 7 solutions in the interval {O, n?n} for the least value of neN then

n

Z£ is equal to:

k
k=1

1 (1
(A) 2?(2 —14)

T (o

(B) ZT(2 ~15)
15
© 15

1 14
(D) F(Z —15)



Ans. (D)

Sol. 2tan’@—-5sec6-1=0
= 2sec’0—-5secH—-3=0
= (2secO+ 1N)(sec6-3)=0

:>sec9=—1,3
1
= Ccos0 =-2,—
3

= CcosO = 1
3
For 7 solutions n =13

So, Z£ =S (say)

k:12

S 1 2 3 13

:§+2_2+2_3+"+2T

1S 1 1 12 13

> T P
1 1

S 1 ' o3 13 2" -1 13

3o s )R
-3

2
1. The number of elements in the set S = {x eR: 2cos(X 6+x} =4 +4‘X} is

(A) 1

(B) 3

(©)o

(D) infinite
Ans. (A)
Sol. Given,

2COS[X ng =4 + 47

X% + X

Now we know that maximum value of cos function is 1, so 2COS[ j <2 and using AM > GM

we get 4 +47 =22
So, LHS. <2. & RHS >2

Hence LHS. =2&RHS. =2
Now equating both to 2 we get,

2
ZCOS[X gXJ:Z and 4 +47> =2

2
Now solving 2cos(X ng =2

(xz +x]
= COS =1
6

X+ X
6

0

=x*+x=0



=>x=0o0r-1T ... ©)

Now solving 4* +4™ =2 wegetx=0 ... (2)
Now from equation (1) & (2) we can see common solution is x = 0
Hence, possible solution is only one.

12. If sinez—% and ’tane=i then 0 is equal to

B
(A) 30°
(B) 150°
(C) 210°
(D) none of these
Ans. (C)
Sol. Let us first find out 6 lying between 0 and 360°.

. . 1
Since sin@ =—-—
2

= 0 =210°0r 330° and tanezi:>9:30° or 210°

N

Hence, 6 =210° or % is the value satisfying both.

13. The value of coti is:
24

(A V2 +B+2-6
®) V2 +3+2++6
© V2-3-2+6
(D) 3V2 -3 -6

Ans. (B)

1+ cos 20
sin20

Sol. We know that cot6 =

Since, 0 = I
24

1+[\/§«5+1J

%)
= ot (1} _ @

-1
2\2
_@R+\B+) (B4

W3- B+

Therefore, cot0 =




:2\/g+2«/§+3+\/§+\/§+1
2

=6 +2+3+2.
14. |If S(tan2 X — cos® x) =2cos2x +9, then the value of cos 4x is
® -3
® 5
© %
© -1
Ans. (D)

Sol 1— cos 2x B 1+ cos 2x
) 1+ cos 2x 2

Let,cos 2x =y

.'.5[1_y—1+yJ:2y+9
T+y 2

]:2c052x+9

:>5[—y2—4y+1]:4y2+22y+18
=9y’ +42y +13=0

=vy= _% ory = —g (Not possible)

Now, cos4x = 2cos®2x — 1
_] 2
:cos4x=2[—§j -1

= cos4x = —Z
9

15. Let S be the set od all o € R such that the equation, cos2x + asinx =2a.—7 has a solution. Then S
is equal to:
(A) [3, 7]
(B) [2, 6]
(©) [, 4]
(D) R
Ans. (B)
Sol. The given equation can be written as:
1-2sin’ X + asinx =20 -7

=2si”Px—asinx+20—-8=0
= sinx :OLT_A',Z(sinx % 2)

For at least one solution



_1<oc—4<1

2
= a <2 6]

16. |If a,—g <o <g is the solution of 4cos0+5sin® =1, then the value of tana is

) 10—6Jﬁ

B) 10 -10

12

\J10-10

12
(0) —MG‘ 19

(

©

Ans. (C)
Sol. 4+5tan6 =secH
Squaring : 24tan® 0 +40tan®+15=0

~10++10

12

tan6 =

17. 16sin(20°)sin(40°)sin(80°) is equal to
A 3
(®) 2\3

() 3

(D) 43

Ans. (B)
Sol. We know that sin8sin(60 — 0)sin(60 + 6) = %sin 30

Now given 16sin20" sin40 sin80°

Comparing with above formula 6 =20’

we get 16sin20° sin40° sin80° = 16 % xsin(3x20)

:16x%xsin60° :4x§:2\/§

18. The maximum value of 3cos6 + 55in(6 - gj for any real value of Ois:

(a) V19
(8) \31
J79

©

(D) 34



Ans. (A)

Sol. Given f(0) =3cos0 + Ssin(e - g)

= f(0) = 3cose+5(sine-§—cose-%}

53 1
2

= f(e):—sin0+zcose

Now using the concept acosx +bsinx+ce [c —a? +b%,c++fa? + bz] , We can write

Maximum value of f(0) is

19. For x € (0, ), then equation sinx+2sin2x —sin3x =3 has

(A) Infinitely solution
(B) Three solutions
(C) One solution
(D) No solution
Ans. (D)
Sol. sinx+2sin2x—sin3x =3

sinx + 4sinxcosx —3sinx + 4sin*x =3
sinx[—2+4cosx+4(1—cos2 x)] =3
sinx[Z—(4cos2 x—4cosx+1)+1] =3
sinx[3—(2cosx—1)2]:3
=sinx=71and 2cosx—-1=0

=X e and x e

Which is not possible at same time.
Hence, no solution.

_ 2 o
20. The value of M =
1+ tan® 15°
(A)1
B) B
B

© =

(D) 2
Ans. (C)
Sol. Conceptual.



SECTION-II

21. The value of tan9° —tan27° —tan63° + tan81° is
Ans. (4)
Sol. Given

tan9° —tan27° — tan63° + tan81°

= (cot 81° +tan 810) - (tan 27° + cot 270)

= (tan 9° + cot 90) — (tan 27° + cot 270)

| sin9® +cos9° [ sin27° +c0527°
cos9®  sin9° cos27°  sin27°

22
sin18°  sin54°

o)
B+1-(B-
[(ﬁ—n(ﬁm)]

_g[-2_|_4
5-1
cosecO +cotO .,

22, If 5cos6=3,, then, ———————is equal to
cosecH —cot0

Il
(e¢]

Ans. (4)
Sol. Conceptual.

23. The number of integral values of k for which the equation 3sinx+4cosx =k +1 has a solution, k eR
is

Ans. (11)

Sol. 3sinx+4cosx=k+1

3k+'|e|:—\/3_2+42,\/3—2+42}

—k+1e[-5,5]
=k e[-6,4]

No. of integral values of k = 11
24. The number of intersecting points on the graph for sinx = % for xeR is

Ans. (7)
Sol. Conceptual.



25. If m and n respectively are the numbers of positive and negative value of 0 in the interval [-=, «]

that satisfy the equation cos 20 cosg = cos 360 cos%, then mn is equal to __

Ans. (25)
Sol. We have

Ccos 20 - cosg = cos 30 - cos %

= 2¢0s 20 cos (g] = 2cos [%) cos 30
50 30 156 30
= COS| — |+ Ccos| — | = cos| — | + cos| —
2 2 2 2
156 50
= COS| — | = cos| =
2 2

:@=2kn15—6;kez
2 2
=50 = 2kr or 100 = 2kn
50X ook
5 5
47 3n 2n = n 2n 3n 4n
~.‘e: - -y — V- — =, — /T
5 5 5 5 55 55
So,m=5n=5
S.mn =25

26. 96cos£cosgcos@cos@cos@ is equal to

33 33 33 33 33

Ans. (3)
Sol. Given,
. e 2n 4n 16w
Expression 96-c0S— - COS—— - COS —......... COS —
33 33 33 33

Now we know that,

H n
oS A - cOs2A - cos 22A - cos 23A.... - cos 2T = SN2 A
2" sinA
Now using the above formula in given expression we get,
o 27 47 167
96-COS— - COS— - COS —.......... COS —
33 33 33 33
. 32¢n
sin——
—96x 33
2% sin -
33
sin(n - ;;J
=96x —~ ~~~7
2° sini

33



{as sin(mr —a) =sina}
2% sin——
33

:96><l:3
32

27. Let S={0€<]0,2n): tan(rwcos O) + tan(rwsin®) = 0}, then Z:sin2 [6 + %j is equal to
0eS

Ans. (2)
Sol. Given:
S ={06 €0, 2n) : tan(rcos 0) + tan(rsin0) = 0}
So,
tan(m cos 0) + tan(rtsin®) = 0
= tan(n cos 0) = —tan(rsin0)
= tan(n cos 0) = tan(-rsin )
= ncos® =nr—mnsind;neZ
=sinB+cosf=n

Now,
—\/§§sin6+c056£\/§
= - ZSnS\/E

But ne”Z,so n=-10,1

28. The number of solutions of the equation | cotx |= cotx + L in the interval [0,2n] is
sinx
Ans. (1)

Sol. If cotx>0=> L =0 (Not possible)
sinx

If cotx<0:>2cotx+,L:O

sinx

= 2cosx =—1

x=2F or ﬁ(rejected as cotx <0)
3 3

So, number of solutions is one.



29. The sum of maximum and minimum values of the expression 5cosx +3sin(g - x] +4is

Ans. (8)
Sol. Conceptual.

30. Leta, b, c bethree non-zero real numbers such that the equation \/ga cosx +2bsinx =¢,x € {—g,ﬂ

has two distinct real roots a and B witha + = g Then, the value of 2(%) is
Ans. (1)

Sol. x/gcosx+@sinx=E
a a

2b . C .
Now, {3 cosa + —sina = — ..(D)
a a

C

«Ecos[} + @sinﬁ =—..(ii)
a a
From equations (i) and (ii)

= \/§[c05a—cosB]+%(sinoc—sin[3) =0

= Bl o2 el 227 -

~ B+2B-220
a

:—:1:0.5
a 2

PART-B: PHYSICS

SECTION-I
31. A body of mass 5 kg is suspended by the strings making angles 602 and 302 with the horizontal

(a) T, = 25 N (b) T, =25 N (c) T = 25 +/3N (d) T. = 253N
(A)a, b
(B) a,d
(Cc,d
(D) b, c
Ans. (B)
Sol. As the mass is at rest the resultant of forces acting on it are equal to zero
so forces in vertical direction are
T4sin30° + T,sin60° — mg = 0
LPREL

=5
2 2 g



Ty + 3T, = 100

similarly in horizontal direction
Ticos 30° — T,cos 60° =0

T. 1

1

T, V3

solving above equations will give us

To+ A3 x 3T, =100

T, = 25N
T, = 253N

32. Two masses of 10 kg and 20 kg respectively are connected by a massless spring as shown in figure.
A force of 200 N acts on the 20 kg mass at the instant when the 10 kg mass has an acceleration of
12 ms~ towards right, the acceleration of the 20 kg mass is

(A) 2 ms™2
(B) 4 ms™2
(C) 10 ms™2
(D) 20 ms™2
Ans. (B)
Sol. m; = 10kg; m, = 20kg; F> = 200N;
For mass mq; F = mya; =10 x 12 = 120N
For mass my;
200 - F = 20a,
200-120 = 20a,
a, = 80 _ 4ms™
20
33. A heavy block of mass m is supported by a cord C from the ceiling, and another cord D is attached
to the bottom of the block. If a sudden jerk is given to D, then

LS
C
m

(A) cord C breaks
(B) cord D breaks
(C) cord C and D both break
(D) none of the cords breaks
Ans. (B)
Sol. Conceptual



34. The magnitude of the force(in newtons) acting on a body varies with time t(in microseconds) as
shown in the figure. AB, BC and CD are straight line segments. The magnitude of the total impulse
of the force on the body fromt =4 pstot =16 us is

(A) 0.005 Ns
(B) 0.004 Ns
(C) 0.003 Ns
(D) None of these
Ans. (A)
Sol. As given in the graph,
Impulse is defined as the area under F-t graph

Impulse=area of EBCD

c

(=]
=]
o

Fey
(=]
(=]

Force (N)

11

11
468 12 16D
EF

Time (us) —*

[

(=]

(=]
[N

[>Area EBCD = area EBCF + area of AFCD

Impulse | = [BE;FCXEF]+%FCXFD

[zoo +1800
2

)x2x106+{%x800x10x106}
Impulse = 5 x 103N

35. Two bodies of 5 kg and 4 kg are tied to a string as shown in the figure. If the table and pulley both

are smooth, acceleration of 5 kg body will be equal to-

(A g

g
® 3

49
(©)

59
©) 3

R """ “"/m—WmmrrrrmrryrTrrmrrrTmmryryrhT/TmmrUTUTh'h'hyYTUTYTYTTSTTrTT’TTTTUT'UY’Y“msmTrTssmrrTr'smsssy'ésmmmrm''YTmrrrgrY'UYYssmUry/y/ UTUTUTTTUT’sUT’s’TU’T’Ts’TTMmmITrTTrTrTrTTrrymTymehrTrTT'&éy/]/]YYey



Ans. (D)

Sol. For 5kg block the equation is
mg-T=ma=5g-T-=56a (i
For 4kg block the equation is

T=ma=T=4a (i)
Solving (i) and (ii)
a-28

9

36. A string of negligible mass going over a clamped pulley of mass m supports a block of mass M as
shown in figure. The force on the pulley by the clamp is given by

(A) N/(M +m)> +m’
(8) V2Mg
(C) yM+m)y +M g

(D) V2 mg
Ans. (C)
Sol. Substituting the values:

F_. = MgV +[(M+m)gP

gyM? + (M+m)?

T=Mg

g(yﬁ'm)g
The horizontal force acting on the clamp is the tension developed in the wire due to the weight of
mass M.
Fn = Mg

The Vertical force on the clamp is the mass of the weight acting downward and the weight of the
pulley itself.

Fv=(M + m)g

Therefore, the resultant force on the clamp is

Substituting the values:
F o = V(M) +[(M+m)g]’

= gJyM+(M+m)?




37. Three blocks A, B and C are vertically stagged at rest as shown in the figure. Magnitude of contact

force between blocks B and C will be equal to

(A) 20 N
(B) 70 N
(C)30 N
(D) 50 N
Ans. (D)
Sol. Conceptual

38. A block is kept on a frictionless inclined surface with angle of inclination a. The incline is given an
acceleration a to keep the block stationary. The a is equal to
(A g
(B) g tan a
(C) g/tan
(D) g cosec «
Ans. (B)

Sol. Analysing from inclined surface frame, FBD of block is

ma Cos a
.

mg sin «
mg cos «

mg

For block to remain stationary,
mg sina = ma cosa

= a =g tana

39. A block is dragged on a smooth plane with the help of a rope which moves with a velocity v as

shown in figure. The horizontal velocity of the block is

(A) v

Y
(B)m
(C)vsinod

\"
cos 0

(D)



Ans. (B)

Sol.

Component of velocity along string must be same,

So, Velocity of m along string = v

. Y
S0, Vmsing =v= v_=——
sin®

40. Reading shown in two spring balances S; and S, is 90 kg and 30 kg respectively when lift is
accelerating upwards with acceleration 10 m/s% The mass is stationary with respect to lift. Then
the mass of the block will be

10nv/s’

!

(A) 60 kg

(B) 30 kg

(C) 120 kg

(D) None of these
Ans. (B)

N
Sol.

F:+ lmg

As lift is accelerating upwards from FBD of mass

Fi+ F2 — mg =ma
- _F+F,
(g +a)
Here F; is force acting on spring balance S.. So, F; = 90g and F; is force acting on spring balance S..
So, F, = 30g.

Given that a = 10m
SQ

o (90+30)g _ 120x10
(g+2a) 10+10

= 60 kg



a1.

Ans.
Sol.

42,

Ans.
Sol.

43.

A body of mass 8 kg is hanging from another body of mass 12 kg. The combination is being pulled
up by a string with an acceleration of 2m/sec? The tension T, will be

(A) 260 N

(B) 240 N

(C) 220 N

(D) 200 N

(B)

Ti = (M1 + my)(g) = (M + my)a
T,- (8 +12) (10 + 2) = 240N

A solid cube of mass 5 kg is placed on a rough horizontal surface, in xy-plane as shown. The friction
coefficient between the surface and the cube is 0.4. An external force F = 6i + 8] + 20k N is applied

on the cube. (Use g = 10 m/s?)

(A) The block starts slipping over the surface.
(B) The friction force on the cube by the surface is 10 N.
(C) The friction force acts in xy-plane at angle 127° with the positive x-axis in clockwise direction.

(D) The contact force exerted by the surface on the cube is 10«/EN.
(B)

Normal reaction is (50 — 20)N so max friction available is 0.4*30 = 12N
But net for acting along x-y plane is

{62 + 82 = 10N

=10N, so only 10N friction will act and body will be on equilibrium.

A block of mass m slides on the wooden wedge, which in turn slides backwards on the horizontal
surface. The acceleration of the block with respect to the wedge is:

Given m = 8 kg, M = 16 kg Assume all the surfaces shown in the figure to be frictionless.

30°




Ans. (D)

P
Sol. &

N cos 60° = Ma; = 16,

= N=32 g

1 to incline

N = 8g cos 30° - 8a; sin 30° = 32a, = 44

3g — 4a

na 2

9

Along incline

8 g sin 30° + 8a; cos 30° = ma, = 8a,

1 3.3 o2g
a = — 4+ — — =
2= X5t 585

44. In the figure shown the relation between acceleration is

(A)a1+a2+2a3=0

(B) a1 + a; = 2a3

(C) a1+ a; = as

(D)aj+az+as;=0
Ans. (B)

Sol. Let we consider displacement of ms is x; and displacement of m, is x, and vertical displacement of

m; is 'y
X, +X
Y=



differentiate this 2 dy = % + dx,
dt dt dt

. X . 2 dX2 dX2
differentiate again 2d_y S B

dt> dt dt
= 2a-3 = a; +ta,

a, — =2,

45. A block of mass m lying on a rough horizontal plane is acted upon by a horizontal force P and
another force Q inclined at an angle to the vertical. The minimum value of coefficient of friction

between the block and the surface for which the block will remain in equilibrium is

P+Qsind
mg + Qcos 6

(A)

Pcos6 +Q

By ——>-"" =
()mg—QsinG

P+Qcos6

©) mg+Qsin6

©) Psin6—Q
mg - Qcos 6
Ans. (A)

Sol. Correct option is A. _(P+Qsinb)
(mg + Qcos0)
f =P+ Q sin 0, where f is the frictional
force
UN =P + Q sin 6
p(mg + Q cos ) = P + Q sind

_ P+Qsin®

H (mg + Qcos0)

AN

» Qsinb




46. All surface are frictionless and pulley and strings are light. Acceleration of block of mass 'm' is

) =

o 2

Ans. (B)
Sol. Let acceleration of m, 2 m and 4 m are a;, a, and a; respectively.
By constraints;
ar + a; = 2az ...(1)
onm=T=ma...(2)
on?2m =T =2ma, ...(3)
on4dm=4mg - 2T = 4mas ...4)
dividing (2) and (3);
a, = 1/2ay
putting values:

4mg - 2 (may) = 4m[%)a1

47. A block of mass m is on inclined plane of angle 6. The coefficient of friction between the block and
the plane is p and tan 6 > y. The block is held stationary by applying a force P parallel to the plane.
The direction of force pointing up the plane is taken to be positive. As P is varied from P; = mg
(sin ® — u cos 0) to P, mg(sin B + u cos 8), the frictional force f versus P graph will look like

(A)

(B)



Ans.

Sol.

48.

Ans.
Sol.

©

(D)

As tanB > p, the block has a tendency to move down the incline. Therefore a force P is applied
upwards along the incline.

Here, at equilibrium

P+ f=mgsind = f=mgsind - P

N
£ N

0
mgsin 6 mg cos 6 mg sin 0

mg

Now as P increases the value of f decreases linearly with respect to P.

When P = mg sin, f = 0

When P is increased further, the block will have a tendency to move upwards along the inclined
plane.

Therefore the frictional force acts downwards along the incline in this case.

Here, at equilibrium P = f + mg sine

~f=P - mgsind

Now as P increases, f increases linearly

w.r.t P.

If you consider upward friction as positive and downward negative, this is represented by graph (A).

A force of 6.00 N acts on a 3.00-kg object for 10.0 s. What is the object’s change in momentum?
(A) 60 Ns

(B) 30 Ns

(C) 15 Ns

(D) 120 Ns

(A)

To calculate the change in momentum, we use the formula:
Change in momentum = Force x Time

Given:

- Force (F) =6.00 N

-Time (t) =10 s



- Mass (m) = 3.00 kg

Plugging these values into the formula:

Change in momentum = F x t

=6.00N x10 s

=60N-s

Therefore, the object's change in momentum is 60 N - s.

49. A block of mass 15 kg is resting on a rough inclined plane as shown in figure. The block is tied up
by a horizontal string which has a tension of 50 N. The coefficient of friction between the surfaces
of contact may be (g = 10 m/s?)

(A)
(B)
©

(D)

Ans. (A)
Sol. In horizontal direction,
IF, = 0 given
mg sinB = f + TcosH (f= frictional force)
= f=puN =mg sind — T cosb ...(1)
and Fy = 0 given: -
mg cosO + T sinB = N ...(2)
Divide (1) by (2) to get, Put values :-
_ mgsin6—-TcosB 150sin(45°) —50cos(45°)
mgcosO+Tsin® 150cos(45°) + 50sin(45°)

0 = 45°
T = 50N

Nl DMNlw win N—

50. In the system shown if the inextensible string connecting 2 m and m is cut, the accelerations of
mass m and 2 m are



Ans. (B)

Sol. Immediately after cutting, the below mass m will be free falling. so the acceleration of mass m is
g. But mass 2m goes to upward direction.
for mass 2m, 2ma = 2mg - mg = mg

a=2
2

SECTION-II

51. A force F is applied to a block of mass 2\/§ kg as shown in the diagram. What should be the
maximum value of force (in newton) so that the block does not move?

Ans. (40)
Sol. F force will be having 2 components: Horizontal component will be F cos 60° and the veritical
component will be F sin 60°
Balancing vertical forces, we have
N = F sin 60° + mg (1)
Balancing Horizontal forces
For the block not to move, we must have
F cos 60° = pN
taking value of N from equation 1
i.e., F cos 60° = u(F sin 60° + mg)
F[lj - L{F (E} + (Q\E)(‘IO)]N
2) 23| | 2

orF=4x10=40N

52. Find tension in string 2 (in newton), when system is released. (g = 10 m/s?)

String 1

(2]

String 2

3kg



Ans. (40)

Sol.
10g-5¢ ¢
15 3
g
T-3g=3x=2
g 3
T = 4g = 40N

53. Assuming that the block is always remains horizontal, hence the acceleration (in m/s?) of B is

Ans. (2)

Sol.

By Constraint
6Tag — 12T =0

ag = 2m/s?

54. A block of mass 1 kg lies on a horizontal surface in a truck. The coefficient of static friction between
the block and the surface is 0.6 If the acceleration of the truck is 5m/s?, then what is the frictional
force (in newton) acting on the block? (Take g =10 m/s?)

Ans. (5)

Sol. As the truck is accelerating, let it be in the forward direction the block will experience a pseudo
force in the backward direction. In order to oppose the motion of acceleration of the block, the
frictional force acts on the block.

Let us take g = 10m/s2
Fs = UN where p is the coefficient of friction and N is the normal force = mg.
Therefore, Fs = ymg = 0.6 x 1 x 10 = 6N.



Also, Fs=ma =1x 5 = 5N.
As 5 N is required to oppose the motion of the block, so the frictional force acting on the block is
5 N.

55. A man of mass 60 kg is standing on a weighing machine (2) of mass 5kg placed on ground. Another
similar weighing machine is placed over man's head. A block of mass 50kg is put on the weighing

machine (1). Calculate the readings of weighing machines (2) (in newton) (g = 10 m/s?)

50 kg

I weighing machine ]

(1)

Ans. (1150 N)

Sol.
N,= 50q

weighing machine 1
N, lm‘g

R1=N1=50xg=500N

where R1 = reading in weighing

machine1

R1=N1=50xg=500N
=115 x 10 = 1150N
where R, = reading in weighing

machine 2

56. System shown in figure is in equilibrium. What is the magnitude of change in tension (in newton) in
the string just before and just after, when one of the spring is cut? Mass of both the blocks is same
and equal to m = 3 kg and spring constant of both springs is k. (Neglect any effect of rotation)
(g =10 m/s?)



Ans. (15)
Sol. Ti=mg
2kx = 2mg
kx = mg
One kx force (acting in upward direction) is suddenly removed. So net downward force on system
will be kx or mg. Therefore net downward acceleration of system,
a-"T€_¢
2m 2
Free body diagram of lower block gives the equation,

mg—Tf:ma:mTg

mg "
Te= —= ..(ii
> )
From these two equations we get,
AT = mg
2
kx kx Ti
2mg mg

57. In the arrangement shown in figure, what should be the mass of block A in kg, so that the system
remains at rest (g = 10 m/s?)

Ans. (3)
Sol. Given,
2Blocks having mass = 2kg, Angle = 30°
So,
T, = T; + mgsin30°
=20 x 1 +20
2
T, =30

So the mass of the block is M = % = 3 kg




58.

Ans.
Sol.

59.

Ans.

Sol.

Two blocks A and B of mass 10 kg and 40 kg are connected by an ideal string as shown in the figure.

Neglect the masses of the pulleys and effect of friction. If the value of tension in larger string

is T newton then what is the value of \/ET (g =10 m/s?)

(150)

As per constant relation if acceleration of block B is ‘a’ then acceleration of block A
is ‘2a’

Now as per force equation of B

mp Sin 45 — 2T = mpa ...(i)

T — mag sin45 = m, x 2a ...(ii)

now solving above two equations for acceleration of the blocks

Mp Sin 45 — 2m, sin 45 = (M, + 4m,) x a

g (m,sin45 —2m _sin45)g
m, +4m,

now plug in all values

., _ (20v2 -10v2)

40+ 40

Put a in equation (ii)

T=75J2

A trolley of mass 8 kg is standing on a frictionless surface inside which an object of mass 2 kg is
suspended. A constant force F starts acting on the trolley as a result of which the string stood at
an angle of 37° from the vertical (bob at rest relative to trolley) Then what is the tension in string

in Newton.

(25)
We know that the angle made by string is 6 = tan™ (2]

where a is the acceleration of the frame in which the string is hanging in our case it is a trolley.
. 3
putting 8 = 37° or tan37° = 2

we get a = :%g = 30/4 = 7.5m/s?

2

T=mg’>+a
T = 25N



60. System is shown in the figure. Assume that cylinder remains in contact with the two wedges. Find

the velocity of cylinder in m/s if u = 2xﬁm /s.

Cylinder

Ans. (14)

Sol. Whose x and y components are Vx and V, respectively.
As cylinder will remain in contact with wedge A and B
= V, = 24

30°(\ ("

. .
u sin 60 v
-

B
‘30
V, cos 30°
W

And, from the FBDs
ucos60° = V,co0s30° - V,co0s30°
= ucos60° + V,co0s60° = V,cos30°

= ucos60° + 2ucos60° = V,cos30°
= 3ud) =V,(D)

V. =43u
y
V:JVX2+VY2 ={J7u=14

PART-C: CHEMISTRY
SECTION-I

61. The molecule which contain both polar and non-polar covalent bond present in its structure?
(A) HoF>
(B) OsF2
(C) Os
(D) All of these
Ans. (B)

Sol. OF,: o—0©0 has both polar and non polar bond.

62. Which of the following ion do not have bond order of 2.5?
(A) O,
(B) O,
(C) N}

(D) N,



Ans. (A)
Sol. O, = No. of e =17

B. O. of O, =15

63. Which of the following molecules/species has the minimum number of lone pairs on central atom?
(A) ICL3
(B) BF,
(C) SnCL,
(D) XeF,
Ans. (B)

Sol. BF, = (No. of lone pairs on B = O)

64. Which of the following molecule involve d, orbital in it's hybridisation

(A) XeF4
(B) XeOF,
(C) XeO,F,
(D)ALU of these
Ans. (D)
XeF, = sp’d?
Sol. XeOJF, = sp’d® |} Allthemoleculeinvolved dz’ orbitalinit's hybridisation
XeO,F, = sp’d

65. Correct order of melting point is :-
(A) NaF < MgF, < AlF;
(B) AlF; > NaF > MgF,
(C) MgF, > NaF > AlF;
(D) None
Ans. (A)
Sol. Melting point depends on lattice energy.

hence, correct order of melting point is NaF < MgF, < AlF,.

66. Which of the following molecule have zero dipole moment:-
(A) BF3
(B) CH.Cl»
(C) NF;
(D) SO,
Ans. (A)

Sol. BF; = Mpet = O



67. The pair of species with similar shape is?
(A) XeF4 & SF,
(B) PFs & IFs
(C) XeO,F, & SeF,
(D) All pairs are iso-structural
Ans. (C)

Sol. XeO,F, = sp’d = see — saw

SeF, = sp’d = see — saw

68. Hybridisation of ClF;, SF4 & SOF, respectively will be
(A) sp®, sp°d, sp®
(B) sp®, sp®, sp®
(C) sp?®, sp3d?, spid?
(D) All sp®d
Ans. (D)
sol. CIF, = sp’d

SF, = sp’d
SOF, = sp’d

69. Choose the incorrect order of bond strength :-
(A) 3pTt - 3pTT < 2pTT — 3dTT
(B) 3p1t — 3pTT < 3dT1t - 3dTUT
(C) 3pm - 3dm < 2pTT - 3dT
(D) 3p1t — 3dTt < 3pTT - 3pTT
Ans. (D)

Sol. Bond strength «
(n, +n,)

All the options are correct except (D).

70. What is the order of boiling point of the following compounds? HF, NH3;, H,O, CH,
(A) CHs > NH3 > H,0 > CH4
(B) HF > H,0 > NH;3 > CHy4
(C) H,0 > HF > NH3 > CH4
(D) H20 > NH3 > HF > CH4
Ans. (C)
Sol. Correct order, of boiling point is H,O > HF > NH; > CH4 due to presence of Hydrogen bond.

71.  Which of the following have maximum dipole moment?

Cl
Cl
(A)
Cl
Cl
Cl

(B)



Cl

Cl Cl
©
Cl Cl
Cl
Cl
Cl
(D)
Cl
Ans. (A)
Cl
Cl
Sol. Net dipole moment of is maximum.

Cl

72. The number of | — F bonds having the longer and shorter lengths are respectively in IF;
(A) 5 and 2
(B)2and 5
(C)5and 5
(D)2 and 2
Ans. (A)
Sol. IF; has 5 equitorial bond & two axial bond. In sp®d® hydridisation pentagonal bipyramidal has longer

equitorial bond.

73. Electron geometry of the molecule XeF, &ICL] are respectively?

(A) square bipyramidal, tetrahedral
(B) linear & linear
(C) Trigonal bipyramidal & tetrahedral
(D) Both Trigonal bipyramidal

Ans. (D)

Sol. ICl; & XeF, = sp’d = trigonal bipyramidal

74. CORRECT order of bond length is
(A)Si-0,<P-0<S-0<Cl-0
(B)ClL-0<S-0<Si-0<P-0
(C)Cl-0<S-0<P-0<Si-0
(D)Ss-0O0<P-0<xCl-0<sSi-0

Ans. (C)

Sol. Correct order of bond strengthisCl-0<S-0<P-0<Si-0.

Bond st thoe ———
onastrengtn = Bondlength



75. |If x is internuclear axis, 6 (delta) bond can be formed by
A d, .+d, .
XS -y X -y
(B) d, +d,,

(C) dyz + dye
(D) diz + dyy
Ans. (C)
Sol. If x is the internuclear axis ____ dy, + dy, from a delta bond.

76. Which of the following molecule have all atoms sp? Hybridised ?

O\\N : ye
W ¥ Ny

H\(' =C= (“/H
® o

(C) Benzene

(D) None of these
Ans. (C)
Sol. Conceptual

77. Conditions for ionic bond formation is/are:
(a) Small cation, large anion
(b) Low IP of cation, high electron affinity of anion
(c) Large cation, small anion and less charge
(d) Less lattice energy
Correct answer is:
(A) a, d
(B) b,cand d
(C)bandc
(D) a, b

Ans. (C)

Sol. A —» A" +e (lonisation energy should be low)

B+e" — B (electron affinity should be high)
& for lonic bond, cation should be large & anion should be small.

78. A sigma bond is formed by the overlapping of:
(A) s-s orbital alone
(B) s and p orbitals alone
(C) s-s, s-p or p-p orbitals along internuclear axis
(D) p-p orbital along the sides
Ans. (C)
Sol. Conceptual



79. Which of the following cation is having maximum polarizing power?
(A) Mg
(B) AL®*
(C) Nat
(D) Ca?
Ans. (B)
Sol. Polarizing power « charge = Al* have maximum polarizing power.

80. Which one is only V-shaped molecule or ion?
(A1
(B) N,
(C) SO,
(D) Cy
Ans. (C)

Sol. sp, 0 V-shaped

n ]

7\

SECTION-II
81. How many of the given compound (s) is/are not having zero dipole moment?
BF3, CO,, BeF,, BeCly, SO,, H,O
Ans. (2)
Sol. SO, and H,0 are polar molecule they are not having zero dipole moment.

82. How many of the following compound(s) is/are lonic in nature?
NaCl, AlFs, KCL, KF, MgF,

Ans. (5)

Sol. All the given compounds are lonic in nature.

83. Total number of molecules which contain any F-X-F bond angle which is less than 90° ?
(X = Central atom)
IF7, BrFs, PFs, SF4, XeOF4, SFe

Ans. (4)

Sol. Except PFs & SFg, All the molecules have bond angle less than 90°.

84. How many sets of given orbitals can from 1 bond?
(z - axis is internuclear axis)
Px+ Py, Py + Py, Pz + Pro Pz + Pz, diP-y? + do
Pz + dyy, Pz + dus, Pz + dyz, Az + dys, dys + dys,
Oy + dyy, iy + 0h® -2

Ans. (2)

Sol. On z-axis, (py +py)and (dyZ +dyz) formed = - bond.



85.

Ans.

Sol.

86.

Ans.

Sol.

87.

Ans.

Sol.

88.

Ans.
Sol.

89.

Ans.
Sol.

90.

Ans.
Sol.

Find the number of molecules having sp3d hybridisation
I, , SFa, BeCly, XeF,

()

l; — sp’d

SF, — sp’d

BeCl, — sp

XeF, —» sp>d?

Number of species having bond order 2 will be:
03 N N;*, O3 NS, G, By?

(4)

03 B-O

N3

N3~

0y 25

Ny 2.5

G

B3

Number of molecules having all bond angles equal are
CHayF,, BHF,, NF3, XeF;

(2)

NF, & XeF, have all Equal bonds.

Find total number of orbitals in which electron density is observed along any of the axis (x, y or z).
pX, py, pZ’ dxy, dXZ, dyz, dZ2, dx2—y2
(5)

Except dyy, dx. and dy,, All the orbitals have electron density along the axes.

The number of unpaired electron present in O, molecule according to M.O.T. is
(2)

According to M.O.T, O, is paramagnet & It has two unpaired electron.

In the molecular orbital diagram for the molecular ion, N;, the number of electrons in the o,,

molecular orbital is:
M

Conceptual
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Answer Key

Que. 1 2 3 4 5 6 7 8 9 10
Ans. A A B D D C C C A D
Que. 1" 12 13 14 15 16 17 18 19 20
Ans. A C B D B C B A D C
Que. 21 22 23 24 25 26 27 28 29 30
Ans. 4 4 11 7 25 3 2 1 8 1

Que. 31 32 33 34 35 36 37 38 39 40
Ans. B B B A D C D B B B
Que. a1 42 43 44 45 46 47 48 49 50
Ans. B B D B A B A A A B
Que. 51 52 53 54 55 56 57 58 59 60
Ans. 40 40 2 5 1150 15 3 150 25 14
Que. 61 62 63 64 65 66 67 68 69 70
Ans. B A B D A A C D D Cc
Que. 4 72 73 74 75 76 77 78 79 80
Ans. A A D C C C C C B C
Que. 81 82 83 84 85 86 87 88 89 20
Ans. 2 5 4 2 2 4 2 5 2 1
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