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Physics

(Single Correct Choice Type)
This Section contains 20 multiple choice questions. Each question has four choices (a), (b), (¢) and (d) out of
which ONLY ONE is correct.

1. Two stones are thrown up simultaneously from the edge of a cliff 240 m high with initial speed

of 10 m/s and 40 m/s, respectively. Which of the following graphs best represents the time

variation of relative position of the second stone with respect to the first? (Assume stones do not

rebound after hitting the ground and neglect air resistance, take g =10m / s2)

040 rz2-yIm
t(s)
(b) (©) 2 (d)

2. A small block slides without friction down an inclined plane starting from rest. Let s, be the

distance travelled from t=n-1 to t=n. Then, 5n_ s

Sn+1
2n-1 2n+1 2n-1 2n

a b c d

@ 2n (®) 2n-1 © 2n+1 @ 2n+1
3. The vernier scale used for measurement has a positive zero error of 0.2 mm. If while taking a

measurement it was noted that 0 on the vernier scale lies between 8.5 cm and 8.6 cm, vernier

coincidence is 6, then the correct value of measurement is ................ cm. (least count = 0.01 cm)
(a) 8.54 cm (b) 8.36 cm (c) 8.56 cm (d) 8.58 cm
4. A person standing on an open ground hears the sound of a jet aeroplane, coming from north at

an angle 60° with ground level. But he finds the aeroplane right vertically above his position. If

v is the speed of sound, then speed of the plane is

J3 2v \%
a) —vV b C) = d) —
@ ®) v © 7 @5
5. A particle is moving Eastwards with a velocity of 5 m/s. In 10 s, the velocity changes to 5 m/s

Northwards. The average acceleration in this time is

1

a) zero b) ——m /s’ towards North-East
(@) z (b) zm/s” tow
(c) %m / s? towards North-West (d) %m / s? towards North



10.

A projectile is given an initial velocity of (i+2j)m /s, where, i is along the ground j is along the
vertical. If g =10 m / s2, then the equation of its trajectory is
(@) y =x—5x> (b) y = 2x - 5x> (c) 4y =2x—5x> (d) 4y =2x—-25x>

In the cube of side a shown in the figure, the vector from the central point of the face ABOD to

the central point of the face BEFO will be

i
IR
ol
(@) ya(k-) (v) Sai-k) © a(-D (@ Za(-k)

A girl standing on road holds her umbrella at 45° with the vertical to keep the rain away. if she
starts running without umbrella with a speed of 15v2 kmh™!, the rain drops hit her head

vertically. The speed of rain drops with respect to the moving girls is
30
b) — C) =
OR= © 75

A particle P is sliding down a frictionless hemispherical bowl. It passes the point A at t = 0. At

(a) 30kmh ™ kmh 1 kmh 1 (d) 25kmh ™

this instant of time, the horizontal component of its velocity is v. A head Q of the same mass as P
is ejected from A at t = 0 along the horizontal string AB, with the speed v. Friction between the
bead and the string may be neglected. Let tp and tq be the respective times taken by P and Q to

reach the point B.
Then
A—9 s
v
C
(a) tP < tQ (b) tP _ tQ
(© tp>tg d) tp _ length of arc ACB

to ~ length of chord AB

A boat which has a speed of 5 km/h in still water crosses a river of width 1 km along the shortest
possible path in 15 min. The velocity of the river water in km/h is

(a)1 (b) 3 (c) 4 (d) V41



11.

12.

13.

14.

15.

Two blocks A and B of masses my =1kg and mp =3kg are kept on the table as shown in

figure. The coefficient of friction between A and B is 0.2 and between B and the surface of the

table is also 0.2. The maximum force F that can be applied on B horizontally, so that the block A

does not slide over the block B is [Take, g=10m/ sz]

(@) 12N (b) 16 N (c)8N (d) 40N

Given in the figure are two blocks A and B of weight 20 N and 100 N, respectively. These are
being pressed against a wall by a force F as shown in figure. If the coefficient of friction between
the blocks is 0.1 and between block B and the wall is 0.15, the frictional force applied by the wall
in block B is

(a) 100 N (b) 120 N (c) 80N (d) 150 N

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

(a) V2 Mg (b) V2 mg © gyM+m)?+m?  (d) gy(M+m)>+M>
A block of mass 0.1 kg is held against a wall applying a horizontal force of 5 N on the block. If
the coefficient of friction between the block and the wall is 0.5, the magnitude of the frictional
force acting on the block is

(@) 25N (b) 0.98 N (c)49N (d) 0.49 N

A block of mass 2 kg rests on a rough inclined plane making an angle of 30° with the horizontal.
The coefficient of static friction between the block and the plane is 0.7. The frictional force on the
block is

(a) 9.8 N (b) 0.7x9.8x~3N (©) 9.8x+/3N (d) 0.7x9.8N



16.

17.

18.

19.

An insect is at the bottom of a hemispherical ditch of radius 1 m. It crawls up the ditch but starts
slipping after it is at height h from the bottom. If the coefficient of friction between the ground
and the insect is 0.75, then h is (g = 10 ms_z)

(@) 0.20 m (b) 0.45 m (c) 0.60 m (d) 0.80 m

Two masses m =5kg and mj, =10kg connected by an inextensible string over a frictionless

pulley, are moving as shown in the figure. The coefficient of friction of horizontal surface is 0.15.

The minimum weight m that should be put on top of m, to stop the motion is

(a) 23.33 kg (b) 18.3 kg (c) 27.3 kg (d) 43.3 kg

A disc with a flat small bottom beaker placed on it at a distance R from its center is revolving
about an axis passing through the center and perpendicular to its plane with an angular velocity
o. The coefficient of static friction between the bottom of the beaker and the surface of the disc is
p. The breaker will revolve with the disc if

(a)Rs% (b)Rgi—g (c)RZ% (d)Rzi—%

System shown in figure is in equilibrium and at rest. The spring and string are massless, now the
string is cut. The acceleration of mass 2m and m just after the string is cut will be

(a) g/2 upwards, g = downwards b) g upwards, g/2 downwards

(
(

(c) g upwards, 2g downwards d) 2g upwards, g downwards



20. For a free body diagram shown in the figure, the four forces are applied in the x and y directions.
What additional force must be applied and at what angle with positive X-axis so that the net

acceleration of body is zero?

Ya7N
6N 5N
8N
(a) V2N, 45° (b) V2N, 135° @)5%Nﬁm° (d) 2N, 45°

(Integer Type Questions)

This Section contains 5 Questions. The answer to each question is a single digit integer ranging from 0 to 9. The
correct digit below the question number in the ORS is to be bubbled.

1. A ball is dropped from the top of a 100 m high tower on a planet. In the last %s before hitting

the ground, it covers a distance of 19 m. Acceleration due to gravity (in ms_z) near the surface
on that planet is ............

2. The distance x covered by a particle in one dimensional motion varies with with time t as

x? =at? + 2bt+c. If the acceleration of the particle depends on x as x™ ', where n is an integer,

the value of nis ..............
3. A projectile is fired from horizontal ground with speed v and projection angle 6. When the
acceleration due to gravity is g, the range of the projectile is d. If at the highest point in its

trajectory, the projectile enters a different region where the effective acceleration due to gravity is

__8

8=081’ then the new range is d'=nd. The value of nis ................

4. When a body slides down from rest along a smooth inclined plane making an angle of 30° with
time horizontal, it takes time T. When the same body slides down from the rest along a rough
inclined plane making the same angle and through the same distance, it takes time aT, where a

is a constant greater than 1. The coefficient of friction between the body and the rough plane is

1 (a2—1j
Ix| o2



5. A system of 10 balls each of mass 2kg are connected via massless and stretchable string. The
system is allowed to slip over the edge of a smooth table as shown in figure. Tension on the

string between the 7th and 8th ball is .............. N when 6th ball just leaves the table.

101 ball

O1 ball

Chemistry

(Single Correct Choice Type)

This Section contains 20 multiple choice questions. Each question has four choices (a), (b), (¢) and (d) out of
which ONLY ONE is correct.

1. The pollution of SO, in air is 10 ppm by volume. The volume of SO, per litre of air is:
(a) 10°mL (b) 10°mL (©) 10~4mL (d) 10°mL
2. A compound possess 8% sulphur by mass. The least molecular mass is:
(a) 200 (b) 400 (c) 155 (d) 355
3. 1000 g calcium carbonate solution contains 10 g carbonate. The concentration of solution is:
(@) 10 ppm (b) 100 ppm (c) 1000 ppm (d) 10,000 ppm
4. In the standardization of Na;S,03 using K,Cr,Oy by iodometry, the equivalent weight of
K2C1'207 is
1. wt.
(a) Same as mol. wt. (b M
Mol. wt. Mol. wt.
c) — d) —
© = (@) %
5. From the complete decomposition of 20 g CaCO5 at STP the volume of CO, obtained is:
(@) 224 L (b) 448 L (c) 44.8L (d) 48.4 L
6. When a mixture of Na,CO3 and NaHCO;3; was heated at 423 K, 112 ml of CO, was formed

only. What is the % of Na,CO3 here in the mixture:
(a) 84% (b) 16% (c) 32% (d) 68%



10.

500 mL of NHj3 contains 6.0x10%% molecules at STP. How many molecules are present in 100
mL of CO3 at STP?

@) 6x10% (b) 1.5x10% (€) 1.2x10% (d) None of these
In the reaction,

4NHj3(g) +50; (g) ——4NO(g) + 6H,O(1)
When 1 mol of ammonia and 1 mole of O, are made to react to completion then:
(@) 1.0 mol of H,O is produced (b) 1.0 mol of NO will be produced

(c) All the ammonia will be consumed (d) All the oxygen will be consumed

Match list-I with list-II and select the correct answer using the codes given below the lists:

List-1 List-11
(Metal ions) (Magnetic moment)
L crt (1) J35
2, Fe2* (i) V30
3. Ni2* (iii) J24
4. Mn2+ (iv) J15
(v) J8
The correct matching is:
1 2 3 4 1 2 3 4
@ @ @) (v) (@) (b) () @) (v) @
©  (@v) @) (v) () d  @Gv) (v) (@) ()

Energy levels A, B, C of a certain atom corresponds to increasing values of energy, i.e.,

Ep <Eg <E.. If X;,X, and Xj are the wavelengths of radiations corresponding to the

transitions C to B, B to A and C to A respectively, which of the following statement is correct?

3T ¢
XZ‘F X‘S\F A
2 2 2 X1Xp
(a) X1+X2+X3=0 (b) X3=X1+X2 (C) X3 =X1 +X2 (d) X3

T X1 Xy



11.

12.

13.

14.

15.

16.

If the electron of a hydrogen atom is present in the first orbit, the total energy of the electron is

() —e?/2r (b) —e?/r ©) —e2/r? d) —e?/2r?

The number of nodal planes in a p, orbital is

(@ 1 (b) 2 (c) 3 (d) 0
The quantum number 'm' of a free gaseous atom is associated with:

(@) The effective volume of the orbital

(b) The shape of the orbital

(c) The spatial orientation of the orbital

(d) The energy of the orbital in the absence of a magnetic field

Which of the following species have undistorted octahedral structures?

(1) SF (2) PFg (3) SiFZ~ (4) XeFq

Select the correct answer using the codes given below:

(@) 1,3and 4 (b) 1,2and 3 (c) 1,2and 4 (d) 2,3 and 4
Consider the given statements about the molecule (H3C),CH-CH=CH-C=C-CH=CH,.

1. Three carbon atoms are sp3 hybridized
2. Three carbon atoms are sp2 hybridized
3. Two carbon atoms are sp hybridized Of three statements
(@) 1 and 2 are correct (b) 1 and 3 are correct
(c) 2 and 3 are correct (d) 1, 2 and 3 are correct
Match the following:
List-I (Species) List-II (Bond Order)

1 03* (1) 1.0

2. Oy 2 2.0

3 F (3) 25

4. 03 4) 3.0
The correct matching is:

1 2 3 4 1 2 3 4

(a) 4 1 2 2 (b) 2 3 1 4

© 4 2 1 3 d) 3 4 1 2



17.

18.

19.

20.

According to molecular orbital theory which of the following statement about the magnetic

character and bond order is correct regarding O3 ?

(a) paramagnetic and bond order < O, (b) paramagnetic and bond order > O,

(c) diamagnetic and bond order < O, (d) diamagnetic and bond order > O,

Pick out the isoelectronic structure from the following:

1. CHj 2. H30* 3. NHj 4. CH,

(@) Tand 2 (b) 3and 4 (c) Tand 3 (d) 2,3 and 4

If the molecules of HCI was totally polar, the expected value of dipole moment was 6.12 D but

the experimental value of dipole moment calculated was 1.03 D. Calculate the percentage ionic

character.

(@ 0 (b) 17 (c) 50 (d) 90

Specify the coordination geometry and hybridiza-tion of N and B atoms ina 1 : 1 complex of BF;
and NHj.

(@) N: tetrahedral, sp; B : tetrahedral, sp3 (b) N : pyramidal, sp3 ; B : pyramidal, sp3
(c) N : pyramidal, sp3; B : planar, sp2 (d) N : pyramidal, sp3 ; B : tetrahedral, sp3

(Integer Type Questions)

This Section contains 5 Questions. The answer to each question is a single digit integer ranging from 0 to 9. The
correct digit below the question number in the ORS is to be bubbled.

1.

The equivalent weight of phosphoric acid (H3POy) in the reaction:

NaOH + H3PO ; ——>NaH,PO, + H,O is

A monoenergetic electron beam with a de Broglie wavelength of x A is accelerated till its
wavelength is halved. By what factor is its kinetic energy changed?

In hydrogen atom, an orbit has a diameter of about 16.92 A. What is the maximum number of
electrons that can be accommodated?

Ratio of radii of second and first Bohr orbits of H atom is

The atomic number of an element is 35. What is the total number of electrons present in all the p

orbitals of the ground state atom of that element?



Mathematics

(Single Correct Choice Type)

This Section contains 20 multiple choice questions. Each question has four choices (a), (b), (c) and (d) out of
which ONLY ONE is correct.

1.

Let the range of the function f(X)= . ! ,XelR be [ab]. If « and S are
2+5In 3X+C0s 3x

respectively the A M. and G.M. of aand b, then % is equal to:

(a) V2 (b) 2 © V7 (@7
2 J—
If the domain of the funciton f(X) :(—“Ixf)5+ log,,(X* +2x-15) is (—,a)U[B,»], then
a’+ B is equal to
(a) 140 (b) 175 (c) 125 (d) 150

1
Let f:R—{0,1}— R be a functoin such that f(x)+ f [1—j21+ X. Then f(2) isequal to

9 7 9 7
a) — b) — c) — d) —
() > (b) 2 (©) 2 (d) 3
] log, x, x>0 X, x>0
Let f:R—>R and gR — Rbe defined as f(x)=7 and g(x)=q . Then
e, x<0 e’, x<0
gof 0:R—>Ris:
(a) one — one but not onto (b) neither one — one nor onto
(c) onto but not one — one (d) both one — one and onto
x—1, xiseven . 3
Let f(X)= . Xxe N .If forsome aecN, f(f(f(a)))=21, then lim ﬂ_[i} ,
2X, xisodd x-a~ | a a
where [t] denotes the greatest integer less than or equalto t, is equalto:
(a) 169 (b) 121 (c) 225 (d) 144

Let r and 6 respectively be the modulus and amplitude of the complex numbers

z=2—i[2tan %Tj, then (r,#) is equal to
(@) (Zsecm,ﬁj (b) (Zsecs—ﬁ,s—”j () (25ec3—ﬂ,5—ﬁj (d) (25ec3—ﬂ,3—”J
8 8 8 8 8 8 8 8

If Z=%—2i is such that | z+1|=az+ S(L+1),i =J-1 and a,feR ,then a+ f isequal to

(@)-1 (b) -4 () 2 (d)3



10.

11.

12.

13.

14.

15.

16.

17.

18.

If 2 and 6 are the roots of the equation ax’+bx+1=0, then the quadratic equation, whose roots
1 1

are and ,1s:
2a+b 6a+b
(@) 2x* +11x+12=0 (b) 4x*+14x+12=0 (c) x*+10x+16=0 (d) x* +8x+12=0
X2 —4 X2—4
Let Sz{X:XeR(\/§+\/§) +(\/§—\/§) =10}. Then n(S) is euqal to
(a) 4 (b) 0 (©)6 (d)2

If & and S are roots of the equation X* + px+:iTp:O, such that |a — f |=\/E , then p belongs to

the set:

(@) {2, -5} (b) {-3,2} (©) {-2,5) (d) {3,-5}
Let a, B be two roots of the equation X* +(20)"*x+(5)"*=0. Then a® + f° is equal to
(a) 10 (b) 100 (c) 50 (d) 160

Let ¢ and S be the sum and the product of all the non-zero soltuoins of the equation
(7)2 +|2|=0,z €C. Then 4(c” + ) is equal to :

(@) 6 (b) 4 ()8 (d)2

If a,b, and u,v,w are copmplex numbers representing the vertices of two triangles such that
c=(1-r)a+rb and w=(1-r)u+rv, where r is a complex number, then the two triangles

(a) have the same area (b) are similar

(c) are congruent (d) none of these

The inequality | z—4|<| z—2| represents the region given by

(a) Re(z)=20 (b) Re(z)<0 (c) Re(z) >0 (d) None of these

The 20th term from the end of the progression 20,19% ,18% ,17% yeens —129% is:-

(a) -118 (b) 110 () -115 (d) -100

Let S, denote the sum of the first n terms of an arithmetic progresson. If S;;=390 and the ratio
of the tenth and the fifth terms is 15 :7, then S; —S; is equalto

(a) 800 (b) 890 (c) 790 (d) 690

1
If each term of a geometric progression a,,a,,a,,... with a, = 3 and a, #4a,, is the arithmetic

mean of the next two terms and S, =a, +a,+...+a,, then S,, —S;; is equal to

(a) 218 (b) 215 (C) _218 (d) _215
Let f(X) be a function such that f(Xx+y)=f(x).f(y) for all x,y,eN. If f(l)=3and

Z f (k)=3279, then the value of n is
k=1

(@) 6 (b) 8 (€7 (d) 9



19.

20.

Let a and B be the roots of the quadratic equaiton

x> sin@—x(sin@cos@+1)+cos@=0(0< O <45°), and a < B. Then Z[a" + (;L) j is equal to :

n

n=0

1 1 1 1

(@) -—— (b) +—
1-cos@ 1+sind@ 1+cos@ 1-sin@

1 1 1 1

(c) +— ) -
1-cos@ 1+sin@ 1+cos@ 1-sin@

If 2tan? #—5secd =1 has exactly 7 solutions in the interval [O, n?ﬁ} , for the least value of neN

then th is equal to :
12

(a) 2—}5(214 -14) () i(zﬁ ~15) (€ 1-=

214

(d) 2—}3(214 —15)

(Integer Type Questions)

This Section contains 5 Questions. The answer to each question is a single digit integer ranging from 0 to 9. The
correct digit below the question number in the ORS is to be bubbled.

If S={aeR:|2a-1|=3[a]+2{a}}, where [t] denotes the greatest integer less than or equal to t

and {t} represents the fraction part of t, then 722 a is equal to .

aeS

For X € R, then number of real roots of the equation 3x* —4|x*—1|+x-1=0 is .

The least positive value of ‘a’ for which the equation 2x° +(a—10)x+3—23: 2a has real root is

The smallest value of k, for which both the roots of the equation X* —8kx+16(k*—Kk +1)=0 are
real, distinct and have values at least 4, is

Suppose that all the terms of an arithmetic progression (A.P.) are natural numbers. Ifthe ratio of
the sum of the first seven terms to the sum of the first eleven terms is 6:11 and the seventh term
lies in between 130 and 140, then the common difference of this A.P. is
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(d)
10m/Is OTm/s

Let us first find the time of collision of
two particles with the ground

S=ut ~¢-—l—at2
2

-240=104 —%x 10x £
Solving, we get positive value of #, = 8s
Similarly, — 240 = 40z, — % x 10 12

On solving this equation, we get
positive value of #, =125

From 0 to 8 s, both particles are
moving under gravity. Their absolute
accelerations are same (equal to g). So,
relative acceleration is zero or relative
motion is uniform. So, relative position
will change (or increase) linearly. At 8
sec, first particle strikcs with ground.
Its acceleration has become zero. The
second particle has reached its initial
position and is moving downwards so,
relative position will now decrease. The
particle is still in air. So its acceleration
is g, or relative acceleration is g.

Hence, graph is parabola.

(©
Distance travelled in n™ second is,
S, =u+an- 4 a
2
Given, u =0
5, _ T34 am-1
2n+1

Sn+1 a(n+1)—%a

.. Correct option is (c).
(a)
Correct measured value

=MSR + (VSD x LC) — Zero error
=85+ (6x 001)-02x 10" =854 cm

PHYSICS

4.

(d)
Let B be the position of plane at
t =0, when sound waves started towards
person A and P, is the position of plane
observed at time instant t as shown in
the figure below.

P, vp P2
----- South
60° B

North

Av Vo=V v+ (=)

A =
At At At
Av = 5y2m/s in North-West direction.
a,, =ﬂ =L s
10 2

(in North-West direction)
(b)
Initial velocity = (i + 2j)m/s
Magnitude of initial velocity,
u =\fuf + ui =\/(1)2 + (2)2
=5 m/s '
Equation of trajectory of projectile is

. 2
y=xtan® - £ (1+tan’ 0)
2u

u

tan@ =2 = 2 =2
u, 1
Substituting the values, we get

10(x)* 2
25y [1+(2)]

y=xx2 -

or y=2x—5;c2



7. (o) 11.
From figure, the position vector of G,
o =21+ 2k |
“72 2
the position vector of H,
r, =25+ 2k
#=31"
s ap a
-1 =|—j+=k|-|-i+=k
{31385 55)
a.~ ¢
==(j-1
;-0
8 (©
In AABC
Clearly, tan 45° = [m|
Vil

where, v,,, is velocity of rain w.r.t. girl,
v,, 18 velocity of girl w.r.t. ground,
v, is velocity of rain w.r.t. ground. -
= VSV A
2
= Vo =152 £ v

V2 Y

=—=km/h. B Vm C

NA
9. (@)

_ For particle P, motion between AC
will be an accelerated one while between
CB a retarded one. But in any case
horizontal component of its velocity will

be greater than or equal to v. On the 12

other hand, in case of particle Q, it is
always equal to v. Horizontal
displacement for both the particles is
same. Therefore, 15 < ty.

10.  (b)

Shortest possible path comes when
absolute velocity of boatman with respect
to ground is perpendicular to river current
as shown in figure.

' vV, — River
current

vgr - VS
w=width (1 km)

z=15min=%h:>l: !

4 J25-4?

Solving this equation, we get
v, =3km/h

(b)
. Acceleration a of system of blocks 4

and B is
0= Net force

" Total mass
Y et
my +mg
where, f; =friction between B and the
surface

=p(my +mg)g
So, a=F—n(my +mg)g o)
(my +mg)
Here,p =02,

m, =1kg, my =3kg, g =10 ms™

Substituting the above values in Eq. (i), we
have 5
" _F-0201+3)x10

1+3
F-8 -
a= 7 ...(i1)
Block 4 moves due to friction between 4
and B (say f;).
We consider the limiting case,
mya=f

= mya=p(m,)g

=  a=pg=02x10=2ms7.. (i)
Putting the value of a from Eq. (iii) into
Eq. (ii), we get

?:2 = F=16N

(b)

NOTE It is not given in the question,
but assuming that both blocks are in
equilibrium. The free body diagram of
two blocks is as shown below,

RES 8

1 wg=200N
Reaction force, R = applied force F
For vertical equilibrium of 4;
Ji =friction between two blocks
=W, =20N
For vertical equilibrium of B;
J =friction between block B and wall
=Wy + =100+ 20=120N



13.

14.

15.

16.

(d)
Free body diagram of the pulley (in
equilibrium) )
Resultant F,; of these three forces is

F. =gy(M+m) +M>

res
Therefore, the reaction force R is equal
and opposite to F, as shown in figure.

R
T=Mg /

Mg + mg

R=((M+m) + M*)g
(b)

N=5N
(auax =1 N =(0.5)(5)=2.5N
f

W=098N
For vertical equilibrium of the block,

f=mg=0.98N < (f)ax

(@)

Since, the block is at rest
Thus, /> mgsin 0
.. Force of friction is f =mg sin 6

2% 9.8% l =98N
2

(@)

For balancing,
mgsin @ = f =umgcos 0

=tanO=p =% =075
f=pmg cos@

h=R —RcosB=R_—R[i]=£
5 5

h =% =02m [. radius, R =1m]

None of the four options are correct.

mg
Substituting, m =5kg and m,=10kg
We get, u(10+m)g =5g

10+m 2i
15
m=2333kg
18.  (b)

Static friction f, = mo’R
So, R will be maximum, when £, = f;;,
Therefore,

me?R

Jim = ma)sz = umg = mcosz

Hg
Rm=—2
[0}
So, "R su_g
(02

19. (@)

Initially under equilibrium of mass m
T=mg
Now, the string is cut. Therefore,
T = mg, force is decreased on mass m
upwards and downwards on mass 2m.
a, = L g (downwards)
m

and a,, = rzn_g =—§— (upwards)
m



20. (a) B dx ¥ (at+b ?
o Px_ \a =a B

For net acceleration; @, =0

F dr? x x
Hereane,=7““=0,Fm=0 ax? —(at +b)?  ac-b?
= =
Let addition force required be = F x* 2
F+5i-6i +7j-8j=0 = gy
= F=i+]}[Fl=yP+12=V2N Hence, n =3
Angle with X-axis :
tan © = ycomponent _ 1 3. (0.95)
x component 1 After entering in new region,
So,0 = tan~! (1)=45° tl.me taken by projectile to reach ground
’ 1§ given as
Integer Type i [Phom _ [22081xusin’0
gx2g.
1. (8) =09usin9 l:._g,=_]
Given, Tower height = 100m T e ’ 081
Let the ball take time ¢ to reach the So, horizontal displacement done by
ground projectile in the new region is given by
. 1 i
Using, § =ur+;£'2 x=09x usme ucosB=O.9(%J
-~ 4
=  S=0xft+ %gﬂ [u=0] [ d is the range of projectile in gravity g]
- . N =— =
= 200=g [+ 25 =100m] . _0w, new range 5 + 2 0954
‘ 200 . [As on'heightest point of projectile, range
= t= ? L) will be half]

In last% s, body travels a distance of

19 m, so in[r - %] distance travelled

=81m
1 1y
Now, —g|t—=| =81
" 2g( 2)

1 2
= t—-=| =81x2
g( ZJ *

( 1 81x 2
= === |—
2 ‘g

€)
Acceleration on smooth inclined
plane a =gsin30° =g /2

Using S =ut + %arz

lg 2 _8p2 (e
===2T*==7° _(D(u=
§ 22 4 @) Cru=0)

Accelerations on rough inclined plane

1_1 . s . g _ueV3
—=—=(~200-81x 2 a=gsin30°-pgcos30° == —-—=—
2 JE( <) T2 2
(> pg cos 30° due to friction)
Using Eq. (i) 2
=>a=-(1—|.1\/§)
= Jg=21042-%2) 2 1
= \/E =22 Using again § :ut+5at2
' g =8m/s’ =5 =%g(1—\/§u)(uT)2 e i)

(©)
Distance X varies with time ¢ as
F=at* +2bt+c¢

= ng=20t+2b:> xg=at+b
dt dt

dx _(at+b)

dt X

d% (de}
= x—+|—| =a
de?  \ dt

By (i) and (ii)

= %gTz =%g(1-~/3u)a2T2




(36)

We have, acceleration of system as
F, net
total mass

a— T

T=3ma=3mx3?g

_3x2x3x10
5
=36N

- N W s O o N

Mathematics

Sol.(a)

1
f(x)=
® Ix) 2 +sin3x + cos3x

) ZF z(f ( )

_@- J‘)+(2+~f)
2x\/— J—

Sol.(d)

1 1
€ 5 ,VxeR
[2+J§ 2-~/§]

@ fx)=——

for domain: x2 25>0:x e (—0,-5)U(5, ©)
4-x220 =>x#{-2,2}
and x2+2x—15>0=(x+5)(x-3)>0
:>xe(—oo, -5)uU(3,

“Xe (wo,5U[5, oo)lsthedomam
Hence a.=—5; B=5=a?+p*=150

Sol.(c)

+ log,, (x> +2x —15)

(© Given equation s f(x)-+ f(lL) P
EeD &

Put,x=2= f2)+f{-1)=3 ()
1
Put,x=-1 = fi-1)+ f(g) =0 (i)
Now; x=§=f(%)+f(2)=% i)
After solving (i), (ii) and (iii) we get
9
f2)= P

4 Sol.(b)

g (f(x)) can be written as,

- f(x), f(x)20
g(f(x))={ef(x), f(x)<0

e, —-o<x<0

= g(f(x)=1e"™
Inx,

0<x<l1
1<x<ow

i(1,0)

From graph of g (f(x)). it is cleér that
g (f(x)) is many one into function.

5. Sol(b)

x-1;
fx)= 2x;
Case 1. Ifais even.
f(a)=a- 1 (odd), f{f(a)) =2(a—1) (even)
f(f(f(a)))=2a-3=21=a=12
Case 2. Ifaisodd
f(a)=2a(even)

f(f{a))=2a—1=(odd)

23
f(f(fla)))=4a-2=21=a= *
Which is not possible because a ¢ N.

X =even

<= odd - @) =21

Hencea=12
IxP | x|}.
Now, [ 3»’5‘2(7 2
= e g e =
T xol2 12 x-127| 12 =144-0=144



Sol.(d)

. Sn
a z=2_,(2tan?) =x+iy(let)

Sn
= -2tan—
o 8

Sol.(d)
@ o=3-2i ()
z-1/=0z+B(1+i) ()

Sunstutute (i) in (i)

——21

2 =%—‘2ai+ﬁ+ﬁi

é-:i!=[%+pj+(ﬁ—2a)i

cwan Eops R gld

5-uand2+[3 4+4 2

Tz solving, wegeta =1, =2

z-B=3

Sol.(d)

Som =8= b

Product =12=—
1 2

a=—,b=-=

=0 3

2a+b—£—z——l=>—l =
123 27 24p

CYRT NN S SR P
2.3 67 6a+b

sum=-8

Product=12

X2+ 8x+12=0.

9. Sol.(a)
Let (3+v2)" =t, (V3-42)" =%

1
+;=10:t2—10t+1=0 =t=5+2/6

= (B+402)7 =5424/6,5=26

= x2-4=2,20rx2=6,2 = x=+/2,%6
There are total 4 solutions

10. Sol.(c)
Given quadratic eqn. is

x2+px+37p=0

3
So,a+B=—p,ap= _p

Now, given |a.—f | = «/E =a-p=+/10
= (0-B)P=10 = o2+ p2-20p=10
= (a+B)2-4ap=10

3
= p?—4x Tp =10 = p>-3p-10=0
= p=-2,5 = pe{-25}

11. Sol.(c)

- 1
s 5 1 2
\'+52=—(20)4x:(x2+«/_) =/20x?

= x —5+2J_x =25x2 =xt=-5=3x8=25

= x2—y2 —2ixy+\/x2 +y2 =0

=>x=0 or y=0
2+ y|=0 x2+|x|=0
=y =x=0
[yl=1yl
y=0,£1
Hence, z = +i are the non-zero solution of the given
equation

=2>a=i-i=0
B=i(-)=1
402 +BH)=4(0+1)=4.



13.

14.

15.

16.

Sol.(b)

_= 4ABC be the A whose vertices are represented by
e numbers a, b, ¢ and PQOR be the A with whose

-: are represented by complex numbers u, v, w.

c=(l-r)a+rb
35) Cle) QW) R(w)

= :-a=rb-a c-a=" ssil
no-a) = — 0)

w—u

=r ..

w—u

= »=(1- H
(1-Nut+rv= -

v—
c—a
S 1) and (i), b—a
L (c—a] (w—u)

Eg | — |Farg
b-a v—u
4C PR

= —=——-oand ZC4AB=/RPQ
4B P

—= A4BC ~ APQR

Sol.(d)
o—-4|<jz-2|

= =)ty |<|(x=2)+iv|

= r-4)+yr<(x-20+)?

v—u

= -8x+16<-4x+4 = 4x-12>0
= x>3 = Re(z)>3

Sol.(c)

2019 18 3 ...,—129-1—

4 4

ThisisA.P. w1th common difference
1 3

. PR (5.
4 4

1 3
F a=-129—andd==
rom end n 2

1
T =—129—+(2o—1)(§j = 129-L 15— Dnn 1S
4 4 477

Sol.(c)

=S =390= 1—29[2a+(m—1)d] =390

also,tﬂ=2:>a+9d=gz>8a=3d

t, 7 a+4d 7
Solving (i) and (ii), we have
a=3&d=8

: d
Now, S5 —S; =—2§(6+14x8)—§(6+4x8)=790

(i)

17.

18.

19.

Sol.(d)

_=r'th term of the GP be ar™".

wem =220 term is arithmetic mean of next two terms.
B =-: —a_
2
B =i +ar! o —=1+r1
r
-2=0

w2 get, r=-2 (asr#1)

e i~
. -S .= (Sum upto 20 terms) — (Sum upto 18 terms)
=ar’®(1+1) (D)
1
Summe the valuesa = 3 andr=-21n (i)
= T .t T:(‘:—le
Sol.(c)

fix+y) =00 fy) Vx,y €N, f{1) =3 So, fix) =a*
Since, f{l) =3 =a=3=f(x)=3*

3£k = 32795 1)+ A2) +3) ... £6) =3279
i=1

33k -1
34324334 3K=3279, ‘3 1 )2 1093
3K 1=2186 = 3k =2187 = k=7
Sol.(c)

x2sin@—x(sin®.cos @+ 1)+ cos 6= 0.
=x2sinO—xsinO.cos@—x+cos O=0.
=xsinB(x—cos0)—1 (x—cos0)=0.
= (x—cos0) (xsin0—-1)=0.

x=cos 6, cosec 0, 0e (0, 45°)

o = cos 0, B =cosec 6
1

(g 2 oo =
g) l1+cosB+cos“0+... T
oo 1 n 1
Z Ll l & l 29 3 *
ot B cosecO cosec”© cosec” 0

=]-sinB+sin?@—sin® O+ ... 00
1
" 1+sin®

J zw+z(w

n=0 n=0

Z[Q’
n=0
1 1
= - ——,
1-cos® 1+sin®




20. Sol.(d)
Given, 2tan® 8 —5secf-1=0

=  2sec’0-5secH-3=0
= (2secB+ 1) (secO0-3)y=0

= secez—l,f&
2
nrw

1
— c058=—2,§:>0059:§ {-.-ee{o,--

For 7 solutions n = 13

13 Kk
So, ZT=S(533’)
k=12
Lo B, 15
S—2+22+2—3+...+2T3
T 12 13
ZS—E{+2—3+....+—2'§+2]—4
Subtract (ii) from (i), we get
=1
S 1 213 13
= —=—, e
2 2 3.1 o
2
ol g A8 1 ik
Integer Type
1. Sol. (18)

Given that |2a-1|=3[a]+2{a}
|2a—1| =[a]+2a

Case-1: a >%

2a-1 =-[a]+2a = [a] =-1
-.a€[-1,0) Hence Rejected

1
Case-2;: a <—

—2a+1=[a]+2a %'.’a=l+f]
—2(I+t)+I =I+2}+ f
I=0,f=— fa=—

4 4
Hence a =—

72Y a="72 x% =18

ae$S

i

Sol. (4)
- - =+

Gl | l ]
=i | | T
—00 —1 0 l [e¢]
3 +x—1=4|x2-1|
Case 1: Ifx € [-1, 1],
3 +x—1=—4x2+4
= Tx2+x—5=0 - D=141>0 .. Equation has two roots
Case 2: If x € (—0,-1] U [1, )
3I2+x—1=4x*-4
= x(-x-3=0D=13>0
Equation has two roots
So, total 4 roots.

Sol. (8)

: 5 33
Since, 2x~ + (a—10)x + 7 = 2a has real roots,

D3>0 = (a-10) -4(2)[%—%)20

= (a-102—-4(33-4a)>0 = a®—4a-3220
= (@-8)(a+t4)20 > as-4uva=8
= ae(—w©,-4]U[8,0)

Sol. (2)
The given equation is
X 8k +16(k* —k+1)=0
Both the roots are real and distinct.
s D>0 = (8k)?—4x16(k*-k+1)>0
= k>1
-+ Both the roots are greater than or equal to 4
o a+B>8 and f(4)=0
= k>1
and 16-32k+16(k> —k+1)>0
= k*-3k+220 = (k-1)(k=2)20
= ke (-n,1]u[2,x)
Combining (i), (ii) and (iii), we get f > 2
Smallest value of k = 2.

Sol. (9)
T 120 +6d]
5_7=_6_:>ﬁ——-—=3:>a=9d
Su 11 Upgii0e Y
a7=a+6d=15d

Given 130 <a; <140

= 130<15d<140=d=9

[Since d is a natural number because all terms are natural
numbers. ]
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