SINGLE CORRECT CHOICE TYPE
A E

1.

ach of these questions has 4 choices (a), (b), (¢) and (d) for its answer, out of which ONLY ONE is correct.

A particle P is projected from a point on the surface of smooth
inclined plane (see figure). Simultaneously another particle
Q is released on the smooth inclined plane from the same
position. P and Q collide on the inclined plane after = 4
second. The speed of projection of P is

P
0
60°
(@) Sm/s (b) 10m/s
(c) 15m/s (d) 20m/s

The figure shows the velocity and acceleration of a point
like body at the initial moment of its motion. The acceleration
vector of the body remains constant. The minimum radius
of curvature of trajectory of the body is

6=150° vF8m/s
a=2m/s?
(& 2m (b) 4m
(c) 8m (d 16m

A stone projected at an angle 0 with horizontal from the roof
of a tall building falls on the ground after three second. Two
second after the projection it was again at the level of
projection. Then the height of the building is

(a) I5m (b) 5Sm
() 25m (d) 20m

Two particles A and B separated by a distance 2R are moving
counter clockwise along the same circular path of radius R
each with uniform speed v. Attime =0, A is given a tangential
722

25mR

acceleration of magnitude a =

6mR
(a) the time lapse for the two bodies to collide is

(b) the angle covered by Ais 117/6
. 11y
(c) angular velocity of A is SR

(d) radial acceleration of A is 289v*/5R

A cannon ball has the same range R on a horizontal plane
for two angles of projection. If 4, and /4, are the greatest
heights in the two paths for which this is possible, then

(b) R = 4«}}11 h2

1
(d) R=(lyhy)a

@ R=h h,

(C) R= \3} l’ll l’l2

A passenger in an open car travelling at 30 m/s throws a ball
out over the bonnet. Relative to the car the initial velocity of
the ball is 20 m/s at 60° to the horizontal. The angle of
projection of the ball with respect to the horizontal road will
be

(@) tan’! (%}
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The height y and the distance x along the horizontal plane

o ) ) i 13.  Abody is thrown horizontally with a velocity /2gh from
of a projectile on a certain planet (with no surrounding
atmosphere) are given by y = (8¢ — 5/2) meter and x = 6t the top of a tower of height 4. It strikes the level ground
meter, where 7 is in second. The velocity with which the through the foot of the tower at a distance x from the tower.
projectile is projected is The value of x is
(a) 8m/sec @ h (b) A2
(b) 6m/sec () 2h (d) 2n/3
() 10m/sec 14. A particle is projected at angle 37° with the incline plane in
(d) Not obtainable from the data upward direction with speed 10 m/s. The angle of incline
8. A particle is projected at an angle of elevation o and after ¢ plan.e is given 53 o Then the max?mum height attained by the
seconds it appears to have an angle of elevation B as seen particle from the incline plane will be
from point of projection. The initial velocity will be (@ 3m (b) 4m
ot gt cosp (c) 5Sm (d) =zero
(a) m (b) m 15. From the given position, as shown in the figure, the plank
starts moving towards left with initial velocity zero and
sin (o — B) 2sin (o —B) acceleration 8 m/s2. The rod flies in the air and falls back on
(c) Z—gt (d) W the plank. With all surfaces smooth, what should be the
. least possible length ¢, so that the rod doesn’t fall on the
9. It’was calcu‘lated tha't a shell when fired from a gun plank?
with a certain velocity and at an angle of elevation _
5n/36 rad should strike a given target. In actual
practice, it was found that a hill just prevented the N
trajectory. At what angle of elevation should the gun &y W
be fired to hit the target
5w 1Bl
—rad b) —rad ° \10.75 m
@ 36 &) ¢ 37
m 13n < ! >
(c) grad (d) grad (a) 4.84m (b) 3.84m
. C . . e .62 4.62
10. A cricket ball is hit at 30° with the horizontal with kinetic © 562m @) 462m )
energy K. The kinetic energy at the highest point is 16. For a stone thrown ﬁom a llower of unknown helght,. the
@ 0 (b) K4 maximum range for a projection speed of 10 m/s is obtained
© K2 d) 3K/4 for a projection angle of 30°. The corresponding distance
11. A body of mass m is projected at an angle of 45° with the between the foot of the lower and the point of landing of the
horizontal with velocity u. If air resistance is negligible, then stone 15
total change in momentum when it strikes the ground is (@ 10m (b) 20m
(@) 2mu (b) N2 mu
©) mu ) mun2 © (20/43)m @ (10/+3)m
12. Aballis projected horizontally with a speed v fromthe top 17, A particle moves with a constant speed u along the curve

of a plane inclined at an angle 45° with the horizontal. How
far from the point of projection will the ball strike the plane

»y = sin x. The magnitude of its acceleration at the point
corresponding to x = 1/2 is

V2 V2 2
@ — () V2— W w
g g (@) 2 (b) NG
2° 207
© 5 d V2 {?} © 12 A V2u?
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18. A skier travels with a constant speed of 6 m/s along a  23. A boat B is moving upstream with velocity 3 m/s with respect
2 to ground. An observer standing on boat observes that a
parabolic path y = 20 Find the acceleration of the skier swimmer S is crossing the river perpendicular to the
irection of motion of boat. If river fl locity is 4
when he is at (10, 5). Neglect the size of skier. dlréc 10T OTMOtOn o l?oa r1yer oW Ve 901ty is4m/sand
swimmer crosses the river of width 100 m in 50 sec, then
(@ 0 units (b) —— units
2 10
(¢) 1 unit (d) none of these
19. A swimmer can swim in still water with a speed of V5 s,
While crossing a river his average speed is 3 m/s. If he
crosses the river in the shortest possible time, what is the
speed of flow of water?
(a) 2m/s (b) 4m/s
(c) 6m/s (d) 8m/s . . .
20. A particle starts from rest and moves with an acceleration of (@) velocity of swimmer w.r.t ground is V13 m/s
a={2+r-2|} m/s?, the velocity of the particle at =4 sec is (b) drift of swimmer along river is zero
(a 2m/s (b) 4m/s . . . .
(©) zero ) 12m/s (c) drift of swimmer along river will be 50 m
21. A car accelerates from rest with a constant acceleration o (d) velocity of swimmer w.r.t ground is 2 m/s
ona straight road. Afte? gaining a Velo‘flty v the carmoves 34 Foran observeron trolley direction of projection of particle
with the same velgmty for so.me—tlme. Then the car is shown in the figure, while for observer on ground ball rise
decelerated to rest with a retardation . If the total distance cticallv. Th . heicht reached by ball from troll
covered by the car is equal to S, the total time taken for its Ye teatly. The maxumum height reached by batl Ifom trotiey
motion is s
(a) s + X[l + l} b =+ r.r v (w. . t. trolley)
v 2\a B a 0 =60°
(v v) S viv ) ’ 10 m/
c —+— d ———|—+= S
© La BJ @ % 2LOL BJ O O
22. A disc having plane parallel to the horizontal is moving @ 10m () 15m
such that velocity of point P with respect to ground on its
. () 20m (d Sm
peripheryis 2m/s j as shown in the figure. If radius of disc 25. A particle is projected with a velocity u at an angle 6 with

is R = 1 m and angular speed of disc about vertical axis
passing through disc is ® = 2 rad/s, the velocity of centre of
disc in m/s is

b) 2i+2)

(d) none of these

the horizontal. After some time velocity of particle becomes
perpendicular to initial velocity when the particle is still
above the horizontal. The angle of projection may be
(choose the most appropriate option)

pd

u

(@) 30°
(b) 60°
(c) any value except 6 =0°

(d) possible for no value of 6
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26.

27.

28.

29.

30.

AB is an inclined plane of inclination 30° with horizontal.
Point O is 20 m above point A. A particle is projected
horizontally and it collides with the plane AB,
perpendicularly. Speed of the particle must be (g = 10 m/s?)

<00
20m
A Horizontal
() 13m/s (b) 8m/s
© 4J/5m/s d) 2+/5m/s

A boy is standing on a cart moving along x-axis with the
speed of 10 m/s. When the cart reaches the origin he throws
a stone in the horizontal x-y plane with the speed of 5 m/s
with respect to himself at an angle © with the x-axis. It is
found that the stone hits a ball lying at rest at a point whose

co-ordinates are ( \/gm, Im ). The value of 0 is (gravitational
effect is to be ignored)

(@) 30° (b) 60°

(c) 90° (d) 120°

A particle is moving with a constant speed of © m/s on a

circular track of radius 12 m. The magnitude of its average
acceleration for the time interval of 6s is

2
T 2 T 2
(a) —m/s (b)) ——m/s
2 g
() %m/s2 (d) 0m/s?

A particle, of mass m, is falling under the influence of gravity
through a medium whose resistance equals p times the
velocity. If the particle were released from rest, the distance
fallen through in time ¢ is

2 m2 _ t
@ gl |etimip By gl et B
2 2
H m K m

m’ —ut/m 2pe m’* —ut/m e
(©) gF e —1+—|(d) gﬁ e -1+

m m

A ball thrown down the incline strikes at a point on the incline
25m below the horizontal as shown in the figure. If the ball
rises to a maximum height of 20m above the point of projection,
the angle of projection a (with horizontal x-axis) is

&

31.

32.

-~

75m

(b) tan”'

14
a t. —
(a) tan 3

tanf1

Wi AW

13
(c) tan 3 (d)

A person throws vertically z balls per second with the same
velocity. He throws a ball whenever the previous one is at
its highest point. The height to which the balls rise is

(a) g/n? (b) 2gn

(c) g/2n® (d) 2gn®

The velocity-displacement graph of a particle moving
along a straight line is shown

1%

Yo

X0

The most suitable acceleration-displacement graph will be

" \
F———— X
(a) (b)
X
a A
—» )
© [ > (d) '
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33. A point moves in x-y plane according to the law x =3 cos 4¢

and y =3 (1 —sin 4f). The distance travelled by the particle 14.0
in 2 sec is (where x and y are in meters) g 12.0 Car A
(@) 48m (b) 24m > a0
g 4
= 6.0
(c) 48/2m (d 24/2m E —
34. Two particles 1 and 2 are projected with same speed v as § 20 —e_g Cars
shown in figure. Particle 2 is on the ground and particle 1 0.0

0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0

is at a height 4 from the ground and at a horizontal distance Time (s)

s from particle 2. If a graph is plotted between v and s for
the condition of collision of the two then (v on y-axis and

5 on x-axis) Which of the following is correct?
(a) Only statement 1 is true
1 y (b) Only statement 2 is true
(c) Only statement 3 is true
h

(d) Only statements 1 and 2 are true

37. Two dragracers accelerate from rest down a drag strip. The
< 92 engine of each car produces a constant forward force of

§ 1200 N on the car. Car 4 has a mass of 1.25x 103 kg, while
car B has a mass of 1.20x 103 kg. When car 4 has gone
1.00 x 102 m, car B will be

Nn<

(2) It will be a parabola passing through the origin
(b) It will be a straight line passing through the origin and

(a) 2mbehind car 4 (b) 2mbehind car 4
. / g
having a slope of 0 (c) 2maheadofcar4 (d) 4 mahead ofcar4
(¢) Itwill be a straight line passing through the originand ~ 38. A particle starts from rest at time 7 = 0 and moves on a
straight line with acceleration as plotted in figure. The speed

) 8h of the particle will be maximum at time
having a slope of E
(d) None of these A
35. A particle of unit mass is projected with velocity u at an -~ 104
inclination o above the horizon in a medium whose §
resistance is k times the velocity. Its direction will again E 0 5 4 >
make an angle o with the horizon after a time © 0 (in seconds)
1 2ku 1 2ku .
(@) —logyl-——sina; (b) —log{l+——sina
k g k g
(@ s (b) 2s
1 ku . 1 2ku .
(c) ;log {1 + X sin oc} (d) ;log{l +3—usm oc} (©) 3s (d) 4s
g
g 39. A car moves with a speed of 60 km/hr from point 4 to point
36. The graph shown illustrates velocity versus time for two B and then with the speed of 40 km/hr from point B to point

cars A and B constrained to move in a straight line. Both
cars were at the same position at ¢ = 0s. Consider the
following statements.

C. Further it moves to a point D with a speed equal to its
average speed between 4 and C. Points 4, B, C and D are
collinear and equidistant. The average speed of the car

(1) Car 4 is travelling west and Car B is travelling east. between 4 and D is
(2) Car4 overtakes CarBatt=S5s. (a) 30km/hr (b) 50km/hr
(3) CarAovertakes CarBatt=10s. (c) 48km/hr (d) 60km/hr

&
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40.

41.

42.

43.

44.

Two particles start moving from rest from the same point
along the same straight line. The first moves with constant
velocity v and the second with constant acceleration a.
During the time that elapse before the second catches the
first, the greatest distance between the particles is

2 v 22 Vv

@ ® = © @

If a particle is projected with speed u from ground at an
angle with horizontal ,then radius of curvature of a point
where velocity vector is perpendicular to initial velocity
vector is given by

u® cos’ 0 u® cot? 0
@ g gsin6

ﬁ u? tan” 0
© gcosHo

Rishabh of Raxaul skated the 10,000m race in Salt Lake City
in 12min, 58.92 seconds. The oval track is made up of two
straight 112.00m sections and two essentially identical
semicircular curves. There are two lanes, each 5.00m wide.
The 400m lap starts at 4 on the inner straightway, rounds
the inner curve, crosses over in the next straight section in
the shortest diagonal path to the outside lane (the other
skater crosses over the other way), and rounds the outer
curve, ending up on the adjacent lane at B (see dotted line).
The measurement is made Scm out from the inner edge of
the lane, and is exactly 400m for one lap. What is the radius
of the inner curve, R, in m?

Scm

4 5m
@) 2423 (b) 2547
(c) 2531 (d) 2544

A particle starts sliding down a frictionless inclined plane.
If §, is the distance travelled by it from time =7 — 1 sec to

t = n sec, the ratio S, /S, ,, is
2n—1 2n+1
a b
@ 2n+1 ®) 2n
2n 2n+1
(© (d)
2n+1 2n-1

A particle is projected from a horizontal plane (x-z plane)
such that its velocity vector at time ¢ is given by

V =ai +(b—ct) j . Itsrange on the horizontal plane is given
by

2ab b e
@ = ®)

3ba
(c) — (d) None of these

c
The greatest range of a particle, projected with a given
velocity on an inclined plane, is x times the greatest vertical
altitude above the inclined plane. Find the value of x.

@ 2 (b4 c 3 (d) 12

An object has velocity v, relative to the ground. An

45.

46.
observer moving with a constant velocity v, relative to the

ground measures the velocity of the object to v, be (relative
to the observer). The magnitudes of these velocities are

related by
(a) VO < Vl + V2 (b) Vl < Vz + VO
(€) vy <vy+W (d) All the above are true

47. A particle is projected with speed u at an angle 0 from
horizontal at = 0. Its horizontal component of velocity (v, )

varies with time as following graph :

A

()
N i) !
A
(b)
: o
72 T
v\'
A
()
2 T > !
VX
A ;
@
i e
72 T

#
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48.

49.

50.

51.

52.

An airplane flies from a town 4 to a town B when there is no
wind and takes a total time T, for a return trip. When there is
a wind blowing in a direction from town 4 to town B, the
plane’s time for a similar return trip, T, , would satisfy

(@ T,<T, b)) T,>T,

© T,=T,

(d) the result depends on the wind velocity between the  53.

towns
A bird flies with a speed of 10 km/h and a car moves
with uniform speed of 8 km/h. Both start from B towards
A (BA =40km) at the same instant. The bird having reached
A, flies back immediately to meet the approaching car. As
soon as it reaches the car, it flies back to 4. The bird repeats
this till both the car and the bird reach 4 simultaneously.
The total distance flown by the bird is
(@) 80km (b) 40km
(c) 50km (d) cannot be determined.
A block B moves with a velocity u relative to the wedge A. If
the velocity of the wedge is v as shown in figure, what is the
value of © so that the block B moves vertically as seen from
ground ?

ol el
(© sin_I(%] (@ sin”! [5}

A hunter tries to hunt a monkey with a small, very poisonous
arrow, blown from a pipe with initial speed v,. The monkey
is hanging on a branch of a tree at height A above the
ground. The hunter is at a distance L from the bottom of the
tree. The monkey sees the arrow leaving the blow pipe and
immediately loses the grip on the tree, falling freely down
with zero initial velocity. The minimum initial speed v, of the

arrow for hunter to succeed while monkey is in air is 56.

_gH”

g (H2+ 1) g
@ & ®
D /ﬂ
: H+ @ NH?>+ 17

Ship A is moving with velocity 30m/s due east and ship B
with velocity 40m/s due north. Initial separation between
the ships is 10km as shown in figure. After what time ships
are closest to each other ?

&

©

54.

5S.

30m/s 40m/s
e mmmmmmmmnnnnnn =
<—— 10km ———»
(a) 80sec (b) 120sec
(c) 160sec (d) None of these

A particle is projected from a tower as shown in figure, then
the distance from the foot of the tower where it will strike
the ground will be

y
g 300 g
S 3
S
h
(a) 4000/3m (b) 2000/m

(c) 1000/3m (d) 2500/3m

If a boat can travel with a speed of v in still water, which of

the following trips will take the least amount of time ?

(a) travelling a distance of 2d in still water

(b) travelling a distance of 2d across (perpendicular to)
the current in a stream

(c) travelling a distance d downstream and returning a
distance d upstream

(d) travelling a distance d upstream and returning a
distance d downstream

A body 4 is thrown vertically upward with the initial velocity

v,. Another body B is dropped from a height 4. Find how

the distance x between the bodies depends on the time ¢ if

the bodies begin to move simultaneously.

@ x=h-vt (b) x=(h-v)t

Vl h
() x=h77 (d) x=77v]

Two swimmers start from point 4 on one bank of a river to
reach a point B on the other bank lying directly opposite to
point A. One of them crosses the river along the straight line
AB while the other swims at right angles to the stream and
then walks the distance which he has been carried away by
the stream to get to point B. What was the velocity (assumed
uniform) of his walking if both the swimmers reached point
B simultaneously ? Velocity of each swimmer in still water is
2.5 km/hr and the stream velocity is 2 km/hr.

(@ 4km/hr (b) 3km/hr.

(¢) Skm/hr (d) 8km/hr
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57.

58.

59.

60.

61.

A body A4 begins to move with initial velocity 2 m/sec and
continues to move at a constant acceleration a. At = 10
seconds after the body 4 begins to move a body B departs
from the same point with an initial velocity 12 m/sec and
moves with the same acceleration a. What is the maximum
acceleration a at which the body B can overtake 4 ?

(@ 1m/s? (b) 2m/s?

() 12m/s? (d) 3m/s?

A person travelling eastward finds the wind to blow from
north. On doubling his speed he finds it to come from north-
east. If he travel his speed, the wind would appear to him to
come from a direction making an angle

(@) ©=tan"! (1/2) north of east
(b) 6=tan! (1/2) south of east

() ©6=tan"! (1/2) north of west

(d) None of these

A train moving at 30 m/sec reduces its speed to 10 m/sec in
adistance of 240m. At what distance will the train come to a
stop? Ifthe brake power is increased by 12'2%, the train will
stop in a total distance of

(@ 120m (b) 240m

(c) 360m (d) 420m

A truck has to carry a load in the shortest time from one
station to another station situated at a distance L from the
first. It can start up or slowdown at the same acceleration or
deceleration a. What maximum velocity must the truck attain
to satisfy this condition?

@ <La
(©) +3La

A body starts from rest at time ¢ = 0, the acceleration time
graph is shown in the figure. The maximum velocity attained
by the body will be

(b) V2La

(d) none of these

63.

64.

65.

A man travelling in a car with a maximum constant speed of
20m/s watches the friend start off at a distance 100m ahead
on a motor cycle with constant acceleration ‘a’. The maximum
value of ‘a’ for which the man in the car can reach his friend

Lo

1 m/s?

100m
(@) 2m/s? (b)
() 4m/s? (d) None of these
Three ships 4, B and C are sailing at constant speeds on
steady courses. B is sailing due east at 12 km/hr and C is
sailing in a direction N 30° E at 8 km/hr. To an observer on C,
the direction of A appears to be S30° E and to an observer on
B, A appears to be sailing due south. Find the speed of 4.

(a) 83 km/hr (b) 4+/3 km/hr

(©) 23 km/hr (d) 343 km/hr

A ball is dropped vertically from a height d above the ground.
It hits the ground and bounces up vertically to a height d/2.
Neglecting subsequent motion and air resistance, its velocity
v varies with the height # above the ground as

d
() 3?—”1 (b)

\4

A
id_)h

S
7

1% \%
A A
Acceleration
(m/s") 10 © y_)h @ j_)h
R 66. A body is projected vertically upwards with a velocity u,
1T Time after time ¢ another body is projected vertically upwards
(sec.) from the same point with a velocity v, where v < u. If they
@ 110m/s (b) 55mis meet as soon as possible, then choose the correct option
(c) 650m/s (d) 550m/s u—v+ul + > u— v+ u? -2
62. The velocity of an object moving rectilinearly is given as a @ t=—————— (b = T
function of time by v = 4¢ — 3£2, where v is in m/s and ¢ is in &
seconds. The average velocity of particle between t=0to =2 [ 2 3 [2_ 2
seconds is () = MFVINUTZVE gy S HTVINE TV
@ 0 (b) —2m/s g 2g
(c) —4m/s (d) None of these

#
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67.

68.

69.

70.

A man in a row boat must get from point 4 to point Bonthe  71.

opposite bank of the river (figure). The distance BC = a.
The width of the river AC = b. At what minimum speed u
relative to still water should the boat travel to reach the
point B ? The velocity of flow of the river is v,,.

C B 72.
b
(04 —s
y
@ _ob b) _2b
Va? +b? Va? +b?
© b @ b

Va? -b? \/(12+2b2
A particle has initial velocity 10m/s. It moves due to a

constant force along the line of velocity which initially
produces retardation of 5m/s2. Then

(a) the distance travelled in first 3 seconds is 10.0m

(b) the distance travelled in first 3 seconds is 7.5m

(c) the distance travelled in first 3 seconds is 12.5m

(d) the distance travelled in first 3 seconds is 17.5m

A particle is moving in a plane with velocity given by

. A A A i 73.
u=uy +(wacosot) j, where jandj are unit vectors
along x and y axis respectively. If the particle is at the origin
o - . 3n
at =0, find its distance from the origin at time P
74.

77[21/{5 )
+a
@ |

A shot is fired with velocity /2gh from the top of a

mountain which is in the form of hemisphere of radius ». The

farthest points which can be reached by the shot are at a 75.

distance (measured in a straight line) from the point of

projection is
(b) (+ N 4rh)

(@) (r—r*—4rh)
© (r=r?+4rh) d) (=~ —2rh)

&

When a shot is projected from a gun at any angle of elevation,
the shot as seen from the point of projection will appear to
descend past a vertical target with

(a) uniform velocity (b) uniform acceleration
(¢) non-uniform velocity (d) None of these

The drawing shows velocity (v) versus time (#) graphs for
two cyclists moving along the same straight segment of a
highway from the same point. The first cyclist starts at =0
min and the second cyclist starts moving at #= 3.0 min. The
time at which the two cyclists meet is (Both velocity-time

curves intersect at # =4 min)

VA
0 30 40 r
(a) 4.0min (b) 6.0min
(¢) 8min (d) 12min

A sandbag ballast is dropped from a balloon that is
ascending with a velocity of 40 ft/s. If the sandbag reaches
the ground in 20s, how high was the balloon when the bag
was dropped? Neglect air resistance.

(a) 5200ft (b) 6000 ft

(c) 5000 ft (d) 5600 ft

A particle is projected with speed 10m/s at an angle 60° with
the horizontal. Then the time after which its speed becomes
half of initial is

1 3
(a) Esec (b) —sec

(c) 1 sec (d) %SGC

An arrow is shot into the air on a parabolic path to a target.
Neglecting air resistance, at its highest point

(a) both velocity and acceleration vectors are horizontal
(b) the acceleration vector is zero but not the velocity
(c) the velocity and acceleration vectors are both zero

(d) the upward component of velocity is zero but not the
acceleration
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76.

77.

78.

79.

For a particle moving along x-axis, which of the velocity
versus position graphs given in options below is possible
(position is represented by x-coordinate of the particle)

14

(a) / (b)

| *
© T

Two fixed points 4 and B are 20 metres apart. At time =0,
the distance between a third point C and A4 is 20 meters and
the distance between C and B is 10 metres. The component
of velocity of point C along both C4 and CB at any instant
is Sm/s. Then the distance between A4 and C at the instant all
the three points are collinear will be

(a Sm (b) I5m

(¢) 10m (d) None of these

A ball is thrown upward with initial velocity v, =15.0 m/s at
an angle of 30° with the horizontal. The thrower stands near
the top of a long hill which slopes downward at an angle of
20°. When does the ball strike the slope ?

(a) 249s (b) 1.13s

(c) 2.12s (d) S5.12s

A small ball is thrown from a height of 15m above the ground
and at a horizontal distance d from a vertical wall. The ball
first hits the wall and then strikes the ground and then it
flies back to its initial position of throwing. Take both
collisions to be perfectly elastic and neglect friction. The

1
A

/ \ > (d) None of these

initial speed of the ball is (/2 m/s and angle of projection
is 45° with the horizontal as shown. Find the horizontal
distance of point of throwing from the wall ‘@’ in meters.
(Neglect air resistance and take g = 10 m/s?)

u=102m/s
45°
d
15m
(@ 20m (b) 10m
(c) 40m (d) 30m

80.

81.

82.

The velocity-time graph of a particle moving along a straight
line in a given time interval is as shown in figure. Then the
particle (with increase in time starting from ¢ = 0 sec)

v (m/s)
A

> 1 (S)

(a) speeds up continuously

(b) first speeds up and then speeds down

(c) speeds down continuously

(d) first speeds down and then speeds up

A body is projected horizontally from the top of a tower
with initial velocity 18m/s. It hits the ground at angle 45°.
What is the vertical component of velocity when it strikes
the ground ?

(a) 18\/§m/s
© 9V2m/s d) 9m/s

A bomber plane moving at a horizontal speed of 20 m/s
releases a bomb at a height of 80m above ground as shown.
At the same instant a Hunter starts running from a point
below it, to catch the bomb at 10 m/s. After two seconds he
realized that he cannot make it, he stops running and
immediately holds his gun and fires in such direction so
that just before bomb hits the ground, bullet will hit it. What
should be the firing speed of bullet.

(Take g =10 m/s?)

(b) 18m/s

80m
>
10m/s Ground
@ 10m/s () 20810 m/s

(0 lom m/s (d) None of these
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83. A particle is projected from the ground with an initial velocity ~ 88. Two stones 4 and B are projected from an inclined plane
of 20m/s at an angle of 30° with horizontal. The magnitude such that 4 has range up the incline and B has range down
of change in velocity in time interval of 0.5 sec starting from the incline. For range of both stones on the incline to be
instant of projection is equal in magnitude, pick up the correct condition. (Neglect
(Neglect air friction and take g= 10 m/s?) air friction). A )

(@) Sm/s (b) 2.5m/s
(¢) 2m/s (d) 4m/s B
84. Abulletis fired from horizontal ground at some angle passes
3R R
through the point (Taz) , where R is the range of the 0
[TTTTT77,
bullet. Assume point of the fire to be origin and the bullet (@) Component of initial velocity of both stones along the
moves in x-y plane with x-axis horizontal and y-axis vertically inclinF: should be equal and also component Of init'ial
upwards. Then angle of projection is velocity of both stones perpendicular to the incline
(a) 30° (b) 530 should be equal. o )
© 37° (d) None of these (b) Compopent of 1n1F1a1. velocity of both stones
85. A swimmer crosses a river with minimum possible time 10 perpendlcular to the lnch.n.e .should b,e equal and also
horizontal component of initial velocity of both stones
second. And when he reaches the other end, he starts should be equal
Swimming in t}.le d1rect19n towarfls th.e point from Where he (c) Horizontal component of initial velocity of both stones
started swimming. Keeping the direction fixed the swimmer should be equal and also vertical component of initial
crosses the river in 15sec. The ratio of speed of swimmer velocity of both stones should be equal.
with respect to water and the speed of river flow is (Assume (d) None of these
constant speed of river and swimmer) 89. Anengineer works at a factory out of town. A car is sent for
2 3 him from the factory every day and arrive at the railway
(a) E (b) 5 station at the same time as the train. One day the engineer
arrived at the station one hour before his usual time and
9 \/g without waiting for the car, started walking towards factory.
) — d — On his way he met the car and reached his factory 10 minutes
4 2 before the usual time. For how much time (in minutes) did

86. A man throws a ball making an angle of 60° with the the engineer walk before he met the car ? The car moves
horizontal. He runs on a level ground and catches the ball. If with the same speed everyday.
he had thrown the ball with speed v, then his average velocity (@) 55min (b) 35min
must be (¢) 45min (d) 60min
(a v (b) 2v 90. A particle is thrown up inside a stationary lift of sufficient
© @ w2 heighF. 'T'hT timedof ﬂigﬁt is T. Nov; ;tt 1: t};]rovyn ag?in witg

87. The acceleration versus time graph for a particle moving same 1r11t1'a speecvy Wlt respe?t o it Atthe time o seeon

‘ S > . throw, lift is moving up with speed Vo and uniform
along a straight line is shown in the figure. If the particle acceleration g upward. The new time of flight is
starts from rest at # = 0, then its speed at # = 30 sec will be () T4 (b) T © T2 d) 21
91. A stone is projected horizontally with speed v from a height
a (m/ s)2 h above ground. A horizontal wind is blowing in direction
opposite to velocity of projection and gives the stone a
41— constant horizontal acceleration f (in direction opposite to
initial velocity). As a result the stone falls on ground at a
10 2030 { (sec) point vertically below the point of projection. Then the value
' P of height h in terms of £, g, v is (g is acceleration due to
4 gravity)
2 o2 2
@ 3 Oy
(a) 20m/sec (b) O0m/sec ' '
(c) —40m/sec. (d) 40 m/sec. gv? J2gv?
© 2 @

&
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92. A particle moves along x-axis with initial position x = 0. Its

velocity varies with x-coordinate as shown in graph. The 93,

acceleration ‘a’ of this particle varies with x as —

1%

94.

>
>Q

(@) >x (b) >

>
A
>

@) >X  (d) > x

#

Velocity of a stone projected, 2 second before it reaches the
maximum height, makes angle 53° with the horizontal, then
the velocity at highest point will be (Neglect air friction and
take g =10 m/s?)

(a) 20m/s (b) 15m/s

() 25m/s (d) 80/3m/s

You calculate that to throw an object vertically to a height h
it needs to be launched with an initial upward velocity v,
assuming no air resistance. The dashed lines in figure show
the motion according to this calculation. Which of the
velocity-time graphs shows the motion of an object tossed
with initial upward velocity v, that will also rise to height 4,
but this time with air resistance ?

D S,
(a) \" t (b) o, t
S,
. ~
~ .
.~ 28
S
~ <
. .
oN .
~ ..

C O t(d <
.~ S,
. .
N .
. .
N .
. .
. N
. .
. N
s‘ ~~
‘5
N
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COMPREHENSION TYPE

This section contains groups of questions. Each group is followed by some multiple choice questions
based on a paragraph. Each question has 4 choices (a), (b), (¢) and (d) for its answer, out of which ONLY

ONE is correct.

PASSAGE-1

We know how by neglecting the air resistance, the problems of
projectile motion can be easily solved and analysed. Now we
consider the case of the collision of a ball with a wall. In this case
the problem of collision can be simplified by considering the case
of elastic collision only. When a ball collides with a wall we can
divide its velocity into two components, one perpendicular to the
wall and other parallel to the wall. If the collision is elastic then the
perpendicular component of velocity of the ball gets reversed
with the same magnitude.

Vcos Vcofe
«——
Vsing Vsing

Velocity just ~ Components of velocity ~ Components of velocity
before collision  just before collision just after collision

The other parallel component of velocity will remain
constant if wall is given smooth.

Now let us take a problem. Three balls A, B & C are projected
from ground with same speed at same angle with the
horizontal. The balls A, B and C collide with the wall during
their flight in air and all three collide perpendicularly with
the wall as shown in figure.



0
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1.  Which of the following relation about the maximum height
H of the three balls from the ground during their motion in
air is correct
(@) H,=H.>H, (b) H,>Hy=H,
(© H,>H.>H, (d) HA=H,=H_.

2. If the time taken by the ball A to fall back on ground is 4
seconds and that by ball B is 2 seconds. Then the time
taken by the ball C to reach the inclined plane after projection

will be
(a) 6sec. (b) 4 sec.
(c) 3sec. (d) 5 sec.
3.  The maximum height attained by ball A from the ground is
(a 10m (b) 15m
(c) 20m (d) Insufficient information

PASSAGE-2

There is an orange tree at which there is an orange hanging at a
height 5 m from ground. Two persons 4 and B each standing at a
horizontal distance of 100 m from the orange starts running towards
the orange. B is standing on a platform at the same level as that of
orange. B runs with a constant speed of 20 m/s towards orange. A
starts running first horizontally with a constant acceleration and
then gets a vertical impulse so as to reach the orange. If the
maximum height that 4 can jump due to this impulse is just equal
to the height of orange from the ground then.

(Take g =10 m/s?)

4.  The vertical component of velocity of 4 at the time when he
got the impulse is
(a 10m/s (b) Sm/s
() lm/s (d) None of these

5. What should be the minimum constant acceleration 4 should
have to catch the orange before B catches it
(a) 8m/s?
(b) 26/3m/s?
(c) 25/3m/s?
(d) none of these

6.  The horizontal distance from the base of orange tree from
where 4 has to gain impulse to just catch the orange before

Bis
200 100
—_ b _
(a) ;™ ® —m
() 400 m (d) None of these

9

PASSAGE-3

Two particles A and B are projected in same vertical plane as
shown in the figure. Their initial positions (¢ =0), initial speed and
angle of projection are indicated in the diagram.

U= 60m/s
%430 v%\@
A< »B
100 m

7.  Ifinitial angle of projection O = 37°. What should be initial
speed of projection of particle B, so that it hits particle A
(a 80m/s (b) 75m/s
(c) 40m/s (d) 45m/s

8.  Suppose that the speed of B is such that an observer on
particle A observes that particle B is moving at angle 8° with
horizontal in downward direction. Initial angles of projection
of each particle remain same as previous question. Speed of

particle B may be
(a 80m/s (b) 75m/s
(c) 60m/s (d) 40m/s

9. In the situation of previous question, when observer on
particle A, observes that particle B appears to be moving at
8° below horizontal (05 = 37°). After how much time (in
second) distance between A and B is minimum? (t = 0
situation is shown in figure)

32 .

(@ TsmSO (b) 2

——cos8&°
5

(d) icosSO

32

5 .
(©) ——sin8°

32
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PASSAGE-4

An observer having a gun observes a remotely controlled balloon.
When he first notices the balloon, it was at an altitude of 800m
and moving vertically upward at a constant velocity of 5 m/s. The
horizontal displacement of balloon from the observer is 1600m.
Shells fired from the gun have an initial velocity of 400m/s at a
fixed angle 6.

(sin© = 3/5 and cos 0 = 4/5). The observer having gun waits (for
some time after observing balloon) and fires so as to destroy the
balloon. Assume g = 10 m/s2. Neglect air resistance.

oy

400m/s 5m/s

pd

+«—1600m —
10. The time of flight of the shell before it strikes the balloon is

/
Ground

(@) 2sec (b) 5sec
(c) 10sec (d) 15sec
11. The altitude of the collision above ground level is
(@ 1075m (b) 1200m
() 1250m (d) 1325m

12. After noticing the balloon, the time for which observer
having gun waits before firing the shell is
(a) 45sec (b) 50sec
(c) 55sec (d) 60sec

PASSAGE-5

A ball is thrown at an angle of 53° with the horizontal from the
centre of a well with the speed of 50 m/s. The ball collides elastically
with the vertical wall of the well. The total number of collision on
both walls is 12.
13. The minimum height of the wall so that the ball may not
come out of the well (Take g = 10 m/s?), is
(@ 80m
(b) 7945m
(c) 4025m
(d 81.5m
14. The diameter of the well so that the particle fall back to the
initial point of projection
(@ 10m (b) 20m
(¢) 30m (d 4m
15. The impulse provided by the wall during the 3rd collision
with the wall if the mass of the ball is 1 kg is

PASSAGE-6

The graph given shows the position of two cars, 4 and B, as a
function of time. The cars move along the x-axis on parallel but
separate tracks, so that they can pass each other position without
colliding.

; i i i > ;

4 h 4 1
16. At which instant of time is car-4 overtaking the car-B ?
(@ ¢ ® ¢,
() ¢ 3 (d ¢ 4
17.  Attime #;, which car is moving faster ?
(a) card (b) carB

(c) same speed (d) None of these

18. At which instant do the two cars have the same velocity ?

(@ ¢ 1 (b) ¢ 2
(©) 13 d 1t
PASSAGE-7

Two particles are simultaneously projected in the same vertical
plane from the same point with velocities « and v at angles o and
[ to the horizontal.

19. The line joining them moves
(a) parallel to itself
(c) 30°toitself

20. The time that elapses when their velocities are parallel is

(b) perpendicular to itself
(d) none of these

uvsin (o +P) uvsin (o —f)

()

g (vecosP—ucosa) g (veosB—ucosa)

uvsin (o — B) 2uvsin (OL - ﬁ)

(@) 60N-s (b) 70N-s © g (vcosB+ucosa) g (vcosB—ucosa)
(©) 80N-s (d) 90N-s

10.@OOO | 1. @O
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21.

22,

The time that elapses between their transits through the
other common point is

2uvsin (o — ) 2uvsin (o + )

a b
® g (ucoso+vcosf) ®) g (ucosa+vcosp)
2uvsin (o — ) uvsin (o —p)
() (d)
g (ucoso—vcosf) g (ucosa+vcosp)
PASSAGE-8
An object has the acceleration v/s time graph as shown.
a(m/s?)
2 e m e —m—— e ———————————
14
or—t i ) ; t t — «(s)
1 2 3 4 5 6
14+
-1.5
94
When does the object return to it’s initial velocity ?
(a) Att=4s (b) Atr=7s
(c) Att=38s

23.

(d) Impossible to determine from the given information
When is the object at rest ?
(a) Att=0s

(c) Atr=4sandz=8s
(d) Impossible to determine from the given information

(b) Att=4s

PASSAGE-9

The velocity-time graph of a car moving on a straight track is
given below. The car weighs 1000 kg.

Velocity (m/s)
A
10
H » time
2 7 10 (sec)
24. The distance travelled by the car during the whole motion is
(@ 50m (b) 75m
(c) 100m (d) 150m

25.

26.

The braking force required to bring the car to a stop within
one second from the maximum speed is

10000

(@ —3 N (b) 5000N
(c) 10000N (d) @N

Correct acceleration-time graph representing the motion of
car is

@ ~r—>
1073 -
a(m/s?)
A
7
(b) - > (s)
TV | S— /
a(m/d¢?)
A
S H
© 5 )
a(m/s?)
A
5
T : » £(S)
2 T :
A —10/3 L1
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PASSAGE-10

With reference to figure, the projectile is fired with an initial velocity
Vo =35 m/s at an angle 0 = 23°. The truck is moving along X with
a constant speed of 15m/s. At the instant the projectile is fired, the
back of the truck is at

x=45m.
Y
15m/s
Vo —>
Truck
» P
e I
/ . | O O Y
< ) >]
27. Find the time for the projectile to strike the back of the truck,
if the truck is very tall.
(a) 0.614s (b) 3.614s
(c) 1.614s (d) 2.614s
28. Find the total time if the truck is only 2.0m tall
(a) 1.123s (b) 3.614s
(c) 2.635s (d) 2.614s

29. Find a value of vy, all other conditions remaining the same,
for which the projectile his the truck at y =3m.

(a 353m/s (b) 50.3m/s
(c) 253m/s (d) 27.2m/s
PASSAGE-11

A physics tutor launches a home-built model rocket straight up
into the air. At ¢ =0, the rocket is at y = 0 with
vy (t=0)=0. The acceleration of the rocket is given by
4
— - 1/4
g+og—Pri,0<t<y, (ch\

is the time at which fuel burns out. o is a positive dimensionless

number (> 1).

30. The expression for the velocity vy(t) valid at all times in the
interval 0 <<t is—

(a) v, =(a—1) gt%lits (b) vy :(a—l)gt—%ﬁts

(c) vy = (a+1)gt+§ﬁt5 (d) vy =(a+1) gt—éBtS

#

31. The expression for the velocity v, (¢) valid for the time
interval £ >, is —

1
(@ v, = gocgtb + gt (b) v, =—8 (t-1)

4
© v,=g(t-1,) @ v, =508~
32. The time taken for rocket to reach its maximum height is —
Eott b i()Lt
@ Sat ®) S
lott d z()Lt
© 59 @ ot
PASSAGE-12

The plot of velocity versus time graph for a particle moving along
a straight line is shown. Answer the following three questions
based on given information.

v (m/s)

> ¢ (sec.)

| /t': 3sec.

v
33. [Ifwvisvelocity at any time ¢, then the value of o att=2sec

is
(a) 1m/s2 (b) —1m/s?
(c) 21m/s? (d) —2m/s?
34. The value of dot product of velocity and acceleration of
particle at 7 =2 sec is

(a) 1 m%s3 (b) —1 m?s3

() 2m%s3 (d) —2m?s3
t=5

35. If v is velocity at any time ¢, then the value of I vdt is

=2

(where v is in m/s and ¢ is in seconds)

(a) zero (b) 2.5m

(¢c) 1.5m (d 2m

PASSAGE-13

For aparticle moving along x-axis, the acceleration ‘a’ of the particle
in terms of its x-coordinate x is given by

a=-9x, where x is in meters and ‘o’ is in m/s2. Take acceleration,
velocity and displacement in positive x-direction as positive. The
initial velocity of particle atx =0 is u =+ 6m/s.
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36. The velocity of particle at x =2m will be

(@ +672m/s () —6v2m/s
(c) 72m/s d o
37. The maximum distance of particle from origin will be
(@ Im (b) 2m
(¢) 3m (d) 4m

38. The plot of velocity versus x-coordinate of particle in
the duration it moves from origin towards the positive

x-direction, is best represented by —
\

—» <

(@)

> x(b) 1 > X

<

PASSAGE-14

A particle moves in x-y plane with constant acceleration
G=6i —8] (in m/s*).Attime =0, the particle is at point having
coordinates (0, 20 m) and its initial velocity is
i =—12{ +16] (in m/s)

39. The instant of time when speed of the particle is zero will

be—
(@) 1sec (b) 3sec
() 4sec (d) 2sec

40. The speed of the particle at the instant position vector and
velocity vector of the particle are mutually perpendicular

will be
(a) 12x/§m/s (b) 4\/§m/s
(c) 20m/s (d) None of these
41. The instant of time when the particle crosses x-axis is
(a) 5sec (b) 3sec
() 4sec (d) 6sec
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REASONING TYPE

In the following questions two Statements (1 and 2) are provided. Each question has 4 choices (a), (b), () and
(d) forits answer, out of which ONLY ONE is correct. Mark your responses from the following options:

(a)  BothStatement-1and Statement-2 are true and Statement-2is the correct explanation of Statement-1.
(b)  BothStatement-1and Statement-2 are true and Statement-2is not the correct explanation of Statement-1.

© Statement-1is true but Statement-2is false.
(d) Statement-1isfalse but Statement-2 is true.

1. Statement-1 : A body can have acceleration even if its

velocity is zero at a given instant of time.

Statement-2 : A body is numerically at rest when it

reverses its direction.

2. Statement-1 : Retardation is directly opposite to the

velocity.

Statement-2 : Retardation is equal to the time rate of

decrease of speed.

3. Statement-1 : If a body is thrown upwards, the
distance covered by it in the last second
of upward motion is about 5 m

irrespective of its initial speed.

: The distance covered in the last second
of upward motion is equal to that
covered in the first second of downward
motion when the particle is dropped.

Statement - 2

&

2. @O
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A particle is projected in vertical plane from horizontal
surface, with speed of projection u and angle of projection
0 above the horizontal.

A

&
<

S
rd

Statement - 1

Statement - 2

Statement - 1

Statement - 2

Statement - 1

.
.

Range

: The horizontal range must be the

farthest displacement of the particle from
point of projection along the horizontal.

: The projectile is farthest distance from

the point of projection, when its
instantaneous velocity vector and
position vector (w.r.t. point of
projection) are mutually perpendicular.

: Two projectiles are launched from the

top of a cliff with same initial speed with
different angles of projection. They
reach the ground with the same speed.

: The work done by gravity is same in

both the cases.

¢ A projectile, launched from ground,

collides with a smooth vertical wall and
returns to the ground. The total time of
flight is the same had there been no
collision.

e Py
-
-
s

s
-
-

Statement - 2

Statement - 1

Statement - 2

Statement - 1

: Two

: The collision changes only the

horizontal component of velocity .
stones are simultaneously
projected from level ground from same
point with same speeds but different
angles with horizontal. Both stones
move in same vertical plane. Then the
two stones may collide in mid air.

: For two stones projected simultaneously

from same point with same speed at
different angles with horizontal, their
trajectories may intersect at some point.

: A body is thrown with a velocity u

inclined to the horizontal at some angle.
It moves along a parabolic path and falls
to the ground. Linear momentum of the
body, during its motion, will remain
conserve.

Statement - 2

9. Statement - 1

Statement - 2

10. Statement - 1

Statement - 2

11. Statement - 1

Statement - 2

12. Statement - 1

Statement - 2

13. Statement - 1

Statement - 2

14. Statement - 1

Statement - 2

15. Statement - 1

Statement - 2

: Throughout the motion of the body, a

constant force acts on it.

: Three projectiles are moving in different

paths in the air. Vertical component of
relative velocity between any of the pair
does not change with time as long as
they are in air. Neglect the effect of air
friction.

: Relative acceleration between any of the

pair of projectiles is zero.

: The magnitude of velocity of two boats

relative to river is same. Both boats start
simultaneously from same point on the
bank. They may reach opposite bank
simultaneously moving along different
straight line paths.

: For above boats to cross the river in

same time, the component of their
velocity relative to river in direction
normal to flow should be same.

: A particle having zero acceleration must

have constant speed.

: A particle having constant speed must

have zero acceleration.

: Two projectiles having same range must

have the same time of flight.

: Horizontal component of velocity is

constant in projectile motion under
gravity.

: During a train journey, tree outside

appear to move backwards (opposite to
the train’s motion)

: Rest or motion depends on choice of

frame.

: For a particle undergoing rectilinear

motion with constant acceleration, the
average velocity cannot be equal for
two different time intervals.

: The average velocity of particle moving

with constant acceleration in a time

Uu+v

interval is , Where z; is the initial

velocity and 7 is the final velocity.
Acceleration of a particle in motion
always depends on its velocity.

av
: Acceleration of a particle is e where

vy is velocity of particle at any time ¢.

MARK YOUR
RESPONSE

4. OOW |5 OO®OO

6. @O | 7

@OOG | 8. @OOWG

12.

9. @O

10.@®OW

11.OE®OW

OO®OW

13. @O

14.O®OO

15000




16.

17.

18.

19.

Statement-1

Statement-2

Statement-1

Statement-2

Statement-1

Statement-2

Statement-1

: Letvbe the speed of particle at any time

dv
t. If E 1S a non-zero constant then

speed of particle may be minimum at
some time.

: The speed v of a moving particle may be

minimum at time ¢ = ¢, when v = 0. The
speed v of a moving particle may also be

. . dv
minimum at time /= £, when E =0 and

2

F=+V€,
t

: The velocity of a point sized observer in

motion as measured by himselfis always
Zer0.

: The velocity of a particle A as measured

by another particle B is v, —v; , where

;A and \:B are velocities of 4 and B

respectively.

: A stone is projected from ground and

moves on a parabolic path. Then the
magnitude of displacement of particle
from point of projection may increase
with time over the entire time of flight.
(Neglect air friction)

: The horizontal component of velocity

of projectile remains constant for the
duration of time of flight. Hence the
horizontal component of displacement
of particle from point of projection keeps
on increasing with time. (Neglect air
friction)

: A man projects a stone with speed u at

some angle. He again projects a stone
with same speed such that time of flight
now is different. The horizontal ranges
in both the cases may be same. (Neglect
air friction)

Statement-2

20. Statement-1

Statement 2

21. Statement-1

Statement-2

22. Statement-1

Statement 2

23. Statement-1

Statement-2

: The horizontal range is same for two

projectiles projected with same speed if
one is projected at an angle 6 with the
horizontal and other is projected at an
angle (90° — 0) with the horizontal.
(Neglect air friction)

: A particle starts from rest under action

of (nonzero) variable acceleration such
that direction of acceleration is always
fixed (or constant). Then this particle
moves in a straight line.

: The motion of particle starting from rest

is always along a straight line.

: The rate of change of velocity with time

for a projectile in motion depends on
direction of its velocity. (Neglect air
friction)

: Acceleration 4 of a particle is defined

as rate of change of velocity y with time

.. dv
t,thatis, a =—.
di

Two stones are projected with different
velocities from ground from same point
and at same instant of time. Then these
stones cannot collide in mid air. (Neglect
air friction)

: If relative acceleration of two particles

initially at same position is always zero,
then the distance between the particles
either remains constant or increases
continuously with time.

: In a given time interval, the average

speed of a particle may be equal to
magnitude of average velocity.

: The magnitude of instantaneous

velocity is equal to instantaneous speed
of a particle in motion.
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MULTIPLE CORRECT CHOICE TYPE

Each of these questions has 4 choices (a), (b), (c) and (d) for its answer, out of which ONE OR MORE is/are correct.

ABCD is a wire frame of identical wires in which point Dis 4. A particle has an initial velocity of 60m/s up to the right ata
given velocity v as shown in figure. Choose the correct slope of 0.75. The components of acceleration are constant
statement (s) ata,=-3.6 m/s? and a, = - 6 m/s2. Choose the correct
(a) velocity of point A along x-axis will be v/2 option(s).
(b) speed of point A will be v (@) The radius of curvature at the start of the path is
(c) speed of point A along y-axis will be v/2 1363.64m
(d) velocity of point A will be equal to velocity of point C (b) The radius of curvature at the top of the path is 384m
(¢c) The radius of curvature at the start of the path is
323.64m
Y (d) The radius of curvature at the top of the path is 184m
* A 5. A particle is moving along X-axis whose position is given
_ 3
byx=4-9¢+ 3 Mark the correct statement(s) in relation
B 3000\ to its motion.
D v (a) Direction of motion is not changing at any of the
instants
(b) Direction of motion is changing at = 3s
C (c) For 0 <t<3s, the particle is slowing down
(d) For 0 <1< 3s, the particle is speeding up
A particle moves uniformly with speed v along the parabolic 6.  The upper end of the string of a simple pendulum is fixed
pathy =k x2. Taking k as a positive constant, the magnitude to a vertical z-axis, and set in motion such that the bob
of acceleration of the particle atx = 0 is given by moves along a horizontal circular path of radius 2m, parallel
(a) 2kv?inmagnitude  (b) alongx-axis to the x-y plane, Sm above the origin. The bob has a speed
of 3m/s. The string breaks when the bob is vertically above
Vo ) ] the x-axis, and it lands on the xy plane at a point (X, y). Then
(c) > inmagnitude (d) along y-axis
z
L 2m i
A man can swim with a velocity v relative to water. He has to N
cross a river of width d flowing with a velocity u (z>v). The 1 i
distance through which he is carried downstream by the
river is x. Which of the following statements are correct? Sm
(a) Ifhe crosses the river in minimum time, x = du/v
(b) x cannot be less than du/v 0o Y
(¢) For x to be minimum, he has to swim in a direction
making an angle of 7/2 + sin! (v/u) with the direction
of the flow of water. X
(d) x will be maximum if he swims in a direction making an (@) x=2m (b) x>2m
angle of n/2 — sin™! (v/u) with the direction of the flow © y=3m d) y=5m
of water.
VNSt | @O0 | 2. @O0 |3 @O | 4 @O |5 @®OW
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An imperfectly elastic ball is projected with velocity +/gh

at an angle a with the horizontal, so that it strikes a vertical
wall distant ¢ from the point of projection, and returns to the
point of projection. If e is the coefficient of restitution, then

A
ol
O, ¢ N
(@) Time fromdto 0= ————
\Jghcosa
(b) TimefromAtoO=—"F——"—
e Jgh cosa
(¢) Time from Oto A= ————
\Jgh cosa
. . . c —
(d) The coefficient of restitution = (hsin 20— ¢)

A particle is projected with velocity V along a smooth
horizontal plane in a medium whose resistance per unit of
mass is W times the cube of the velocity. Choose the correct
options(s).

(a) The distance it has described in time t is

! [V +2uV ) —1]

na

V
(b) Velocity at time ¢ is ———.
J+2ur%)

(c) The distance it has described in time ¢ is

! [+ 2uV %) +1]

na

14
(d) Velocity at time ¢ is ————
Ja=2ur?)

Two shells are fired from a cannon with speed u each, at
angles of o and P respectively with the horizontal. The time
interval between the shots is 7. They collide in mid air after
time ¢ from the first shot. Which of the following condition(s)
must be satisfied ?

10.

11.

(@ >
(b) tcosa=(t—T)cosp
(¢) (t—T)cosa=tcosp

(d) (usino)t— %gt2 =(usinB) (t—T)— %g (t-T)°

A stunt man is to drive an auto across the water-filled gap
shown in figure. Choose the correct option(s).

(In FPS g =32.2 ft/s?)

[T

rd

N

40ft

(a) The auto’s minimum take-off velocity is 16.76 ft/sec
(b) The angle o of the landing ramp is 45°

(c) The angle o of the landing ramp is 30°

(d) The auto’s minimum take-off velocity is 32.76 ft/sec
A ball is projected from a building of height 20m at a speed
of 30m/sec making an angle of 30° with the horizontal. Then

30m/s

20m

< D

:\JB

(a) time after which ball strikes the ground is 4sec
(b) ball comes to a height of 20m again after 3 sec

(543)

(c) value of B is tan! LTJ

(d) Valueof Dis 60+/3m

&

8. @O

MARK YOUR
7.
©000

9. @O

10.@®OG | 1. @O




12.

13.

14.

A trapezium with parallel sides of length 2a and 4a and non-
parallel sides each of length 2a is placed on the ground with
its plane vertical and with the longest side in contact with
the ground. A ball is projected from the corner lying on the
ground so as just to graze the other three corners of the
trapezium. Choose the correct options

(a) The greatest height reached by the ball is 2a /3

32a

b) The total ti f flight i .
(b) e total time of flight is g\/g

(c) The greatest height reached by the ball is 4a /3

d) Th 1ti f flight i _\/g
e total time of flight is .
@ 8 g\/g

A battle ship is streaming ahead with velocity u. A gun is
mounted on the ship so as to point straight backward and is
set at an angle of elevation a. If v be the velocity of
projection relative to the gun, choose the correct option(s)
(@) The range is (2v/g) sin o (v cos o — u).

(b) The angle for maximum range is

1 u+u’ +8v°

4y

COoS

(¢) The range is (2v/g) sin a (v cos o + u)
(d) The angle for maximum range is

1 u+u’ +8v°

2v

COoS

The figure shows the (v, f) graph for a miniature train as it
moves along a straight track. At time 7= 0 the train passes a
point 4 and is moving at 3m/s. The farthest point from 4
reached by the train in the 120 second period is P. Choose
the correct option(s)

v(m/s)

A

3 h

0 50 80 120
30 40 = > 1)

D e el

15.

16.

17.

(a) The value of t at the instant when the train reaches P
is 40 sec.
(b) The magnitude of the acceleration of the train in the

1
time interval 50 <¢ <80 (¢in sec) is T /s?

(c) The distance of the train from 4 at the end of the 120
second period is 35m.

(d) The distance of the train from A at the end of the 120
second period is 105m.

A particle moves in a straight line, its acceleration directed

towards a fixed point O in the line and is always equal to p

(a>/x*)13 when it is at a distance x from O. If it starts from

rest at a distance ‘a’ from O. Choose the correct option(s)

(a) Particle will arrive at O with a velocity a./6p
(b) Time in which particle will arrive at Ois (8/15) 4/6p
(c) Particle will arrive at O with a velocity a\/3u

(d) Time in which particle will arrive at Ois (4/15) \/6p

Which of the following statement(s) is/are true

(a) The magnitude of the sum of two vectors must be
greater than the magnitude of either vector

(b) If the speed of a moving particle is constant, the
acceleration must be zero

(c) Distance travelled by an object must be greater than or
equal to magnitude of displacement vector

(d) If a particle is moving along a circle it must be
accelerating

Two small balls 4 and B are launched in the same vertical

plane simultaneously, with same speed of 20 m/s at ¢ = 0.

Ball 4 has an initial horizontal velocity and ball B has initial

velocity at an angle 0 above the line joining 4 and B as

shown. If the projectiles collide in mid-air at time ¢, then

100m
20m/s
 / ~L\p
h 10043 m -
@ 0=30° (b) 0=60°
20 10
() t=—f¢s d t=—F7s
NE NG

MARK YOUR
RESPONSE

120000 | 13.-@HOG

14.@®OW

15000 | 16. @®OW

17.@®OO




18.

19.

20.

21.

22.

A car starts from rest at # = 0 and for the first 4 second of'its
rectilinear motion the acceleration ‘a’ (ms~2) at time 7 (sec)
after starting is given by a = 6 — 2¢. Choose the correct
option(s).

(a) The maximum velocity of the car is 6 m/s

(b) The velocity of the car after 4 seconds is 8 m/s

(c) The distance travelled up to 4 seconds is 80/3 m

(d) The maximum velocity of the car is 9 m/s

A velocity-time graph of a particle moving rectilinearly can
give which of the following quantities with time

(a) Change in speed (b) Change in velocity
(c) Distance covered (d) Change in position

A row-boat is observed travelling downstream on a flowing
river at a speed of 8 m/s with respect to the shore. A motor-
boat comes from the opposite direction at a speed of 10m/s
with respect to the water. 10 seconds after meeting each
other they are at 160 meters from each other. Choose the
correct option(s)

(a) Speed of the river flow is 2 m/sec

(b) The speed of row-boat in still water is 4 m/sec

(c) Speed of the river flow is 3 m/sec

(d) The speed of row-boat in still water is 6 m/sec

As a car passes the point 4 on a straight road, its speed is 10
m/s. The car moves with constant acceleration a m/s2 along
the road for 7 seconds until it reaches the point B, where its
speed is V' m/s. The car travels at this speed for a further 10
seconds, when it reaches the point C. From C it travels for a
further T'seconds with constant acceleration 3a m/s? until it
reaches a speed of 20 m/s at the point D. Choose the correct
option(s).

[Given that the distance between 4 and D is 675m]

(@) Valueof Vis 12.5 m/sec(b) Value of a is 1/8 m/sec?
(c) ValueofTis10sec  (d) ValueofTis 20 sec

A stone is thrown vertically upwards with an initial velocity
of 25 m/s from a point 30 meters above the ground.

Choose the correct option(s). [Given g = 10 m/s?]
v

25m/s

6sec

| 2.55ec\4§ !

23.

24.

(a) The maximum height of the stone (above the ground)
is71.25m

(b) The time when the stone hits the ground is 6 sec

(¢) The (v, t) graph for the motion of the stone up to the
time when it hits the ground is

(d) The (4, ¢) graph showing the height of the stone as a
function of time is

71.25m p---== ;

30m

L t
2.5sec 6sec\

If a point moves with constant acceleration and u; and u,
are the initial and final velocities then choose the correct
option(s).
(@) The space average of the velocity over any distance is
2 ulz +uuy + u%
3

u; +u2

U +M2
2

(b) The time-average is

(c) The space average of the velocity over any distance is

1 ulz +uuy + u%
3w tuy
(d) The time-average is
U + Uy

Two particles are projected from a horizontal plane with the
same initial velocity v at two different angles of projection

6; and 0, , such that their ranges are the same. The ratio of

their maximum heights reached is/are
(a) tan?e,

(b) cot?0,

(c) sin% @, cosec? 0,

(d) sin%6, cos?,
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25.

26.

27.

In figure for the motion of an object along the x-axis, choose
the correct options (approximately)

xX,m
15 . Mo
— 1
- | \\\ D
Co s
0= AN
- 1 AN
- | ~
s G N
— |
- | E
C/ | <
0 1 1 1 1 I 1 1 1 1 I 1 \\l 1 1 I
J 10 20 H Ls
(a) The instantaneous velocity of the object at point D is

Zero

(b) The instantaneous velocity of the object at point C is
1.3m/s

(c) The instantaneous velocity of the object at point £ is
—0.13m/s

(d) The instantaneous velocity of the object at point £ is
—1.3m/s

Figure shows the velocity of a particle as it moves along the
X-axis.

v (m/s)

N
P -

=

Lo

(a) The acceleration at 4 is —9.6 m/s2

(b)
©
(d)

The acceleration at C is zero
The acceleration at 4 is zero
The acceleration at C is 9.6 m/s?

Each of the three graphs represents acceleration versus time
for an object that already has a non-zero positive velocity at
time ¢;. Which graph shows an object whose speed is
increasing for the entire time interval between ¢, and ¢, ?

#9

28.

29.

@ |

~ |
N femmmmmeem e —————

(b)
5 > 1 Ly
4 2 1 5]
a a
A A
¢ h t t
— — ¢ , —> 1
() (d)

Two balls are projected with same speed from a point on
ground at same moment. For the horizontal range of both
balls to be same, the angles of projection for both balls
respectively is/are

(a) 40°,60° (b) 57°,33°

(c) 53°,37° (d) 45°,45°

An inclined plane as in the figure makes an angle 8 with the
horizontal. A groove OA cut in the plane makes an angle o
with OX. A short smooth cylinder is free to slide down the
groove under the influence of gravity, starting from rest at
the point (xy, ). Let 0 =30°, xq = 3m, y, = 4m.

Choose the correct options —

l 2=9.8m/s?

Yo
Short
cylinder ﬁ

X

(a) Downward acceleration along the groove is 3.92 m/s2

(b)
©
(d

The time to reach O is 1.597s
Velocity at O'is 6.26 m/s
Velocity at Ois 3.12 m/s
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30.

31.

32.

33.

A stone is projected from level ground at time #= 0. Let v,
and v are the horizontal and vertical components of velocity
at any time ¢ ; x and y are displacements along horizontal
and vertical from the point of projection at any time 7. Then
(@ v, —t graph is a straight line

(b) y— ¢ graph is a straight line passing through origin
(¢) x—tgraph is a straight line passing through origin
(d) v, —¢graphis a straight line

Two stones are projected from level ground. Trajectories of
two stones are shown in figure. Both stones haves same
maximum heights above level ground as shown. Let T} and
T, be their time of flights and » and u, be their speeds of
projection respectively (neglect air resistance). Then

Y

1 2
»~ X
@ T,>T, by T,=T,
©) u;>u, d uy<u,

If a particle moving along a straight line under uniform
acceleration covers successive equal distances (s each) in
time intervals ¢, #, and 5 respectively. Then the expression
for average speed of particle in covering the given distance
3s is (Assume the particle is speeding up for the entire
journey)

S S S S S
(@ —+—+— by ———+—
h L 14 h B [
© @ S+i-2
c s, 5 5
hti+0 h b &

v-t graph of an object of mass 1 kg is shown

:}(m/ s)

10 20 30 f(sec)

34.

35.

36.

(a) network done on the object in 30 sec is zero

(b) the average acceleration from 0 to 30 sec of the object
is zero

(c) the average velocity from 0 to 30 sec of the object is
ZEero

(d) the average force from 0 to 30 sec on the object is zero.
A ball is released from rest at the edge of a deep ravine.
L4
dt’
where y is measured positive downward. (This negative

Assume that air resistance gives it an acceleration of —b

d
acceleration is proportional to its speed, 71}, the positive

constant b can be found by experiment.)

d
The ball has a total acceleration of —bi + g ,and so

2
4y,
dr* dt

is the differential equation of motion. Choose the correct
options
(a) Solution to differential equation (1) is
y=k(e? 1)+ (g/b)t
(b) Atr=0, k=g/b?*
(c) Assumingbh=0.1 s, the distance fallen and the speed
reached after 10s are 360m and 62 m/s.

(d) After 1 min the ball will have essentially reached its
terminal velocity of 9.8 m/s.

A person, standing on the roof of a 40m high tower, throws

a ball vertically upwards with speed 10m/s. Two seconds

later, he throws another ball again in vertical direction (use

g =10 m/s?). Both the balls hit the ground simultaneously.

(a) The first stone hits the ground after 4 seconds

(b) The second ball was projected vertically downwards
with speed Sm/s

(c) The distance travelled by the first ball is 10m greater
than the distance travelled by the second ball.

(d) Both balls hit the ground with same velocities.

A particle is projected vertically upwards in absence of air

resistance with a velocity u# from a point O. When it returns

to the point of projection

(a) its average velocity is zero

(b) its displacement is zero

(c) its average speed is u/2

(d) its average speed is u
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37. A helicopter is trying to land on a submarine deck which is
moving south at 17 m/s. A 12 m/s wind is blowing into the
west. If to the submarine crew the helicopter is descending

vertically at 5 m/s, choose the correct options

//;rlx i

AT

~.> ¥
~

X

(a) Speed of helicopter relative to the water is

(17} -5k) m/s

ﬁs

38.

39.

(b)

(@)

(b)

Speed of helicopter relative to the air is
(—12{ +17] = 5k) m/s

Speed of helicopter relative to the water is
(=127 +17] = 5k) m/s

Speed of helicopter relative to the air is

(17} =5k) m/s

A particle is moving rectilinearly so that its acceleration is
given as a = 372 + 1 m/s. Its initial velocity is zero —

()
(b)
©
(d)

The displacement of the particle in 1 sec will be 2m
The velocity of the particle at t =1 sec will be 2m/s
The particle will continue to move in positive direction
The particle will come back to its starting point after
some time

A ball of small size is rolled off the edge of a horizontal table.
The ball has an initial speed v, and lands on the floor at
some distance from the base of the table. Which of the
following statements concerning the fall of the ball is/are
true ?

(a)
(b)

©
(d)

The time of flight depends on the height of the table
The horizontal component of average velocity for the
duration of flight will be v,,.

The bat will accelerate for the duration of flight

The ball will have a longer flight time if v, is increased.

fea)
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MATRIX-MATCH TYPE

Each question contains statements given in two columns, which have to be matched. The
statements in Column-I are labeled A, B, C and D, while the statements in Column-II are
labelled p, q, r, s and t. Any given statement in Column -1 can have correct matching with ONE
OR MORE statement(s) in Column-II. The appropriate bubbles corresponding to the
answers to these questions have to be darkened as illustrated in the following example:

If the correct matches are A—p, s and t; B—q and r; C—p and q; and D-s and t; then the correct
darkening of bubbles will look like the given.

P ar s t

V0600
®OOGO®
®OOOO
OO0

o ow»

1. Match the situation given in column I with the possible curves in column II
Column IT

Column I

(A) Particle moving with constant speed

(B) Particle moving with increasing acceleration

®)

(@

| Position

| Position

N

RN

—>
time

ECEDS

time




24
(C) Particle moving with constant negative acceleration (r) §
>
time
&1
(D) Particle moving with zero acceleration (s) é
time

2. Figure shows arigid solid hemisphere of mass m and radius R and a wall in y-z plane in a gravity free space. The velocity of centre

of mass of body is uxf + uy}' before collision and vxf + vy}' after an elastic collision with the wall. Consider that the wall is

frictionless and the body had zero angular velocity before the collision.

y
0
X

Column I Column I1
(A) 1£0=45%u #0,u,#0 ) u,#v,
(B) If6=45°%u #0, uy:0 (@ U, v,
© It6=90°u #0, u,# 0 () Body will rotate after collision
(D) If6=90°u #0, u,=0 (s) None of these

3. Abody is projected with velocity v and angle of projection is 6.

Column I Column II
(A) Variation of kinetic energy (K) with respect (p) Linear

to horizontal position (x) is
(B) Variation of potential energy (U) with respect to (q) Parabolic

horizontal position (x) is
(©) Kinetic energy at the highest point is () Minimum

(s) Maximum
£
1. P qQr s 2. P qQr s 3. P qQr s
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4. A particle is projected vertically upwards with speed 20 m/s from the top of a tower of height 20m as shown in figure. Given B is
top most point of trajectory and C is at same height as 4.

59
: I
20m/s |
4 ¥
|
20m :
)
Column I Column IT
(A) Ratio of maximum height from ground (BD) ® 1/42
to the initial height from ground (4D) is
(B) Ratio of distance travelled in 15! second to (@ 1
the distance travelled in 2nd second is
(C) Ratio of initial speed at 4 to the final just before @ 2
reaching to ground (D) is
(D) ratio of time taken from 4 to C and time taken (s) 3
from 4 to Bis
5.  Column I shows the position-time graph of particles moving along a straight line.
Column I Column IT
X
A
TN
(p) Accelerationa>0
9 Q (qQ) Accelerationa <0
() Speeding up
> 1 (s) Speeding down
6.  Match the columns.
Column I Column II
(A) Particles are projected at same speed from same (p) Time of flight will be same
point on level ground such that their ranges are same
(B) Particles are projected from same point on ground (q) Speed just before reaching ground will be same
such that maximum heights reached are same.
(C) Particles are projected horizontally from same (r) Vertical component of velocity just before reaching
point at a height with different initial velocities ground will be same
(D) Particles are projected from the same point at a height (s) Minimum kinetic energy during the flight will be equal.

with same initial speed, direction of velocity makes
equal angle with horizontal one below and the other
above horizontal

#

4 BPd TS 5. 23 °rs 6. 231 °°
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7.  For aparticle moving in x-y plane initial velocity of particle is i = u]f + uzj' and acceleration of particle is always g = alf + azj'

where u |, u,, a,, a, are constants. Some parameters of motion is given in column I, match the corresponding path given in

column II.

Column I Column IT
(A) Ifu; #0,u,=0,a,#0,a,#0 (p) path of particle must be parabolic
B) Ifu;=0,u,#0,a,#20,a,#0 (q) path of particle must be straight line
© Ifu;=0,u,=0,a,#0,a,#0 (r) path of particle may be parabolic
D) Ifu;#0,u,#0,a,#20,a,#0 (s) path of particle may be straight line

8. A truck is moving on a straight horizontal road towards east with a constant speed 10m/s. In each situation of column I, a ball is
thrown in different ways. Match each situation of column I with the nature of trajectory of ball as seen by different observers as
given in column II.

ColumnI Column IT
(A) Ballis thrown vertically upward from the truck (p) Motion of ball as seen from ground is straight line.
(B) Ballis thrown at 60° to horizontal from ground (@) Motion of ball as seen from truck is

with a speed of 20m/s in east direction straight line.
(C) Ballis thrown vertically upward from ground () Motion of ball as seen from ground is parabola
(D) Ballis thrown at 60° with horizontal towards west (s) Motion of ball as seen from truck is parabola.

at a speed of 20m/s from the truck

&
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MARK YOUR B|{®@OE B|{®O@O®
RESPONSE cl®@OG) cl®@O®
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NUMERIC/INTEGER ANSWER TYPE

The answer to each of the questions is either numeric (eg. 304, 40, 3010, 3 etc.) @X@ @Y@ @Z@
or afraction (2/3,23/7) or adecimal (2.35,0.546). QOO QOO Q 00O O
. . . . OIOIOIOf |DIOIDIO] [OIOIOIO!
The appropriate bubbles below the respective question numbers in the [DIOJO]D] [DIOIOID] [DIDIDID
response grid have to be darkened. %%%% %%%% %%%%
For example, if the correct answers to question X, Y & Z are 6092, 5/4 & 6.36 [QIOIO|0] [DIDIGI®] [BID|MID
respectively then the correct darkening of bubbles will look like the %%g% %g%% 888%
following. OIDIOIO] IDIOIOIOD [DIDIOID
Forsingle digitinteger answer darken the extreme right bubble only.




Three particles A, B and C are situated at the verticesofan 6. A body is projected downwards at an angle of 30° to the
equilateral triangle ABC of side d =50 cmat #=0. Each of the horizontal with a velocity of 9.8 m/s from the top of a tower
particlles mO\l’eS WXh cons{ant Speled v= 2C m/Sd/é allwaysch/is 29.4 m high. How long will it take before striking the ground?
its velocity along AB, B always along BC and C alon . . . . . .
At what tii]ne( ingsec), will all i]he partgicles meet each fther? 7. A.par‘ucle having a mass 0.5 kg is projected under g?awty
Two cars started simultaneously towards each other from with a speed of 98 m/s at an angle of 60°. What is the
towns A and B which are 480 km apart. It took first car magnitude of the change in momentum in kg m/s of the
travelling from A to B 8 hours to cover the distance and particle after 10's ?
second car travelling from B to A 12 hours. Determine the 8. A stair case contains three steps, each 10 cm hlgh and 20 cm
distance (in km) from town A where the cars meet. Assuming wide. What should be the minimum horizontal velocity
that bO.th the cars travelled with constant speed. (in m/s) of a ball rolling off the uppermost plane so as to hit
Two tra%nsA aqd B, 100 km. apart, are travelling toward§ eac'h directly the lowest plane (take g = 10m/s).
other with starting speeds of 50 km/hr. for both. The train 4 is
accelerating at 18 km/hr? and B is decelerating at 18 km/hr>.
Find the distance (in km) from the initial position of 4 of the
point when the engines cross each other.

A—> P <

S x——> B

< 100km —
A ball is thrown upwards from the ground with an initial 9. A particleis projected froma point O with an initial speed of
speed of u. The ball is at a height of 80m at two times, the 30 m/s to pass through a point which is 40m from O
time interval being 6s. Find u (in m/s). Take g =10 m/s2. horizontally and 10m above O. There are two angles of
Two swimmers leave point A on one bank of the river to projection for which this is possible. If these angles are o
reach point B lying right across on the other bank. Qne of and P then find the value of tan[—(c. + B)].
them crosses the river along the straight line AB while the 10. Two boys stationed at A and B fire bullets simultaneously

other swims at right angles to the stream and then walks the
distance that he has been carried away by the stream to get
to point B. What was the velocity u (in kph) of her walking if
both swimmers reached the destination simultaneously ? The
stream velocity is 2km/hr and the velocity of each swimmer
with respect to water is 2.5 km/hr.

at a bird stationed at C. The bullets are fired from A and B at
angles of 53° and 37° with the vertical. Both the bullets fire
the bird simultaneously. What is the value of v, if
vp =60 units? Given : tan 37° = 3/4
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N

/_ ” [ -] A »
SINGLE CORRECT CHOICE TYPE
1lwml1un]lwml|210l@ 31| @41l ®]51]@]61|®]71] @] 8 [ ®] 91] (a
2 l@|lR2|l@|[2]@|32|@|402]W@]|52|0]62|@|72[0®]|8]C]| 92| @)
3l@|l1B3l@]l23]l@ 33|43 @]53[@|63]@]73]|W] 8] @] 93] ®
4 |b)| 14| @24 )| 34| )| 44| @ | 54| @ |64 @] 74|®)]| 8] )| 94| @)
5| |15l @[25] |35 |[45] ) |55|@]|65] @] 75| @] 8] (a)
6 | |16|@d|[26]@]|36]|@]|46]|@]|56|®]|66] ®B| 76| ] 8 |
71Ol 17l@©27|@|[37|W@|47| |57 @]|67]|@]| 77| ®)]| 87| (¢
8 | )| 18| )28 ()| 38| ()| 48| (a)| 58| ()| 68 ] (c)| 78 | (a) | 88 | (b)
9 || 19| @[2]®)|39|@|[49] @) |59|®)]|69]| @] 79| @] 8| ()
10|@]|20{@[30]@]|40|®)]|[50]@]60]|@]|70] @] 8| ®]9%]@
COMPREHENSION TYPE
1@ 6 | |11 @]|16]@]|21] @] 2] @] 31| @] 36]| ]| 41] (a)
2 @Ol 7]l@| |||l 2|27 @]|32]®]|37] ®
3@ 81| B3| | 18w | 23[@] 28] @] 3] @] 3] @
4 @l 9l @|14a]l ] 19]@ |24 ] 29 @] 34| ®] 39| @
sl @l1o)lwmi1s]@[20]m]25]@]30]0®] 3] ] 4| (2
REASONING TYPE
1 |l@| 4l 7l@l1wo]@]l13]l@]16]@]|19]@]2]@
2 l@ s |l@] 8|l@|nn]l@|1al@]17l@] 20 @] 23] ®
3@l e l@|9ol@]|n2l@]15l@] 18] ®]| 21] @
IEIE MULTIPLE CORRECT CHOICE TYPE
1](a,b)]| 6 (a, c) 11 |(a, b, c, d)| 16 (c,d) 21| (a,b,d) | 26| (a,b) | 31 (b, d) 36 |(a,b, )
2 (@ d]| 7 |[(b,c,d) |12 (b, ¢) 17| (a,d) 22 |(a,b,c,d)| 27| (a,b) | 32 (b, ¢) 37| (a,b)
3[@c)| 8| @ab) [13] (@b) |18]|(b,c,d) |[23| (a,b) |28|(b,c.d)f33] (a,b,d) |38] (b,¢c)
4 |(a,b)] 9 |(a,b,d)| 14| (a,b,c) | 19 |(a,b,c,d)| 24| (a,b,c) | 29 |(a,b,c)]| 34 [(a,b,c,d)]| 39 [(a, b, )
5|10 b,d) |15] (ab) 20| @d) |[25]| (@ab,c) [30]@c d|35] (ac d)
IEIE MATRIX-MATCH TYPE
1. A-q,8;B-r;C-p;D-s 2. A-p,r;B-p,r;C-p;D-p
3. A-q;B-q;C-r 4. A-r;B-s;C-p;D-r
5. A-q,s;B-q,r;C-p,r;D-p,s 6. A-q;B-p,r; C-p,r;D-q,r
7. A-p,B-p,C-q,s;D-rs 8. A-q,r;B-q,r; C-p,s;D-p,s
IEIE NUMERIC/INTEGER ANSWER TYPE
1 0.83 2 288 3 59 4 50 5 3.0
6 2 7 49 8 2 9 4 10 80




sl_iplut"gns T

SINGLE CORRECT CHOICE TYPE

L ® .
L
N u
o
a=gcoso u,
a=gsin@
a:;gsine 1, . 1 )
Now y = uyt+5ayt = —-h= uSln9x3—ng3
It can be observed from figure that P and Q shall collide
if the initial component of velocity of P on inclined — —h=10x3 1 %109 = —h = 30— 45
planei.e., along incline u; = 0 that is particle is projected 2
perpendicular to incline. — h=45-30=15m
Time of flight on an inclined plane of inclination a is
iven b 1 72v*
g Y 4. (b) Aswhen they collide vt+— Y > —mR = vt
. u 2\ 257nR
T 2usin(0— o)
=, 9
gcosa ,)‘ . STR
. B 6v
4= 205090 10 s vi
10 x % Now, angle covered by 4 =7+ 2
2.  (¢) The acceleration vector shall change the component 11m
of velocity Y along the acceleration vector. Putz, .. angle covered by A = 6
2
v 22
r=a_ 5. ) hlzu sin” o
n 2g
Radi.us of curvature Vmin EANS is minimum and a, is 2 sin(00°—a) o costa
maximum. Thus at point P when component of velocity hy = =
parallel to acceleration vector becomes zero, that is 2g 2g
=0 2
“l i _l(uzsinacosa\ _1[5]2
u= 8 cos 30° e 4( g 412
K
’ R = 4 hlhz
6. (b) (Vbc)x = (vb)x _(vc)x
20c0s 60° = (v, ), —30
(Vp), =40
(vbc)y = (‘_;b)y - ({;c)y
2 2 : o_ (3 _
" R:u_J-:4_:8 metres. 20sin 60° = (v,),, —0
a —_
3. @ T,o=2scc. (), =10§3
Dusi . %)y 1043 3
So, usm9=2:>usm9=g=10m/s tan0 = 2 — Izi

g )y 40 4



7.

10.

11.

12.

13.

14.

15.

©

(b)
@

@

b)

@

©

@

@

x=6t v,=—=6
dt
y=8t—5¢,
d
v, =2 =g-101
dt

Initial (1=0) v, =8

v=\v2 402 =62 +82 =10 m/s

[ 2usin (@) gtcosf
gcosp 2sin (a—P)
Ranges for complementary angles are same

. n St 13w
.. Required angle= ———=

2 36 36
1 5 5 1 (3
KEhighestpoint: Emu cos O:Emu Z
3
="K
4

D; = mucos 45° + mu sin 450}'

m . | s
2R
. mu ., mu »

=] ——
Py NG \/51

Py—Di :_\/Em“j

Use o.=f =45° in the formula for range down the

incline plane.

u=[2gh

(*h,X)
X
117717 7777777777777777777777

Using equation to trajectory

2

gx
—h=xtan(0°)-—=———— = =
O gy costo) = *=2h
e u N g7 10sin37°x10sin 37°
2g, 2xgcos53°
= H:L}:f}m
2x10x—
5

Speed of plank when the rod leaves the plank
V=2x8x1=16=>v=4m/s

By constraint relation speed of the rod.

u/4 =tan 37° = u =3 m/s (vertically upwards)

. . o 2x3
Time period of its flight = o =0.6s

16.

17.

18.

19.

20.

1
¢ =1+4x(0.6) +5><8x(0.6)2 =4.84m

<+l m—»
2 2
1 1
d tanG:u—:R:u—zﬁz_o
Rg gtan® 10x\3 3

(¢) Say at any instant, the velocity makes an angle 0 with

the x-axis.

=u :u(cos9;+sin6}')

d
Now, tan0 = Y _ cosXx
dx

= sec? eﬁ = —sinx[@]
dt dt
= @ = —cos’ Gsinx(ﬁ)
dt dt

dx

Now, atx=m/2,0=0°, — =y
dt
do
=>—=-u
dt
Putting this in (1), we get
(@) =u’
2
v 36
:0’ =
b) ar R=H TR
1 d*y/dx? 3/2
E=—§=1ox(2)
[1+ (dy/dx)*]2
d
b _x 44y
dx 10
%2
R0

(v, 0)* + (v, 1)°

(@) Avg speed= 3= ;

:>Vr2+5:9 =v,.=2m/s
@ a=2+t-2

For¢<2

a=2—-t+2

a=4-t

m

d\j _ . de’\ de’\
:aZZ _u[—smezwrcosezj (1)



dv=>@4-1)dt
v=4t—1£/2
att=2,v=6m/s
Fort>2
a=2+t-2=t

v t
jdv=jzdt
6 2

v76:[t2/21

12

v=—+4
2
attr=4,v=12m/s
21. (@) Fromv=u+ at, wehave

\%

V:0+(Xt1 :>t1 =v/a
OZV*B% :>f3 :V/B

2

1 v
Now, §=—vtj +vty + =iz = —+Vip +
2 2 2a

S v(1 1)

DRI

vl 1)

S
H Htty+t3=—+—| —+—
enee, AT T T ZLoc BJ

22, (©) Veg=Vep+Vp,
:—Ro);+2}'
=2i+2j

23. @ v, =vj=vg+3i

Ao 100
Ve =vj-3i and v=—- =2m/s
50

|vg| =2 +3)?
=22 +9 =13 m/s

Drifi=50x3=150m
24. () 10-vcos60°=0
v=20m/s

2 .2/ n0
_v7sin 60 —15m
2g

(a4

2p

25. (b) Itis possible only when 6 > 45°

26. (o)
27. (@
28. ()
29. ()

g cos 309 gsin 30°

30°

¥

X-direction
= V.= ux+ at .
0=wucos30°—gsin30°.¢

= u\3= gt
Y-direction

= x = Lo
xy—uyt + Zay
1
20 cos 30°=u cos 60° t + Eg cos 30° 2

20\/§=ut+%gt2\/§

2 2
2043 =2 3 +£g.3L

g 2 g2
oo 3
= 2
u= \/% m/s = 4\/5 m/s.
From figure,
tan9=?=«/§ = 0=30°
e (3,1
\3m
1m
O e > : \X
Vpc
Ay = \/5 T
At=06s.
a= Av_ L _m/s.
At 32

Resistance = pv

.. Equation of motion is
d’x

m —2 =mg — v

dt

..(@)



30.

@

d2
ie. _2x =g _Ey
dt m
This may be written as

dv dv

_:g_iv or _+£V:g

dt m dt m

This is a linear differential equation in v and ¢, so the
integrating factor is "/, hence its solution is

et/ m =Ige”t/mdt+C

. m
ie. vet/m =—gé'"m4C

Initially, when =0, v=0,

Hence eq. (1) becomes

Integrating it, we have

( )
xzﬂgtt+ﬂe m J+D
i)

m
Initially, whent=0,x=0, D = -—8
u

Hence eq. (2) becomes

3 u? sin® a
2g
For total time of light

20 = usina =20

1
—25=usinot —Egt2

52 -20t-25=0
P—4t-5=0

‘e 4++16+20
2

In 5 sec, horizontal displacement =75m.

Nowucosax5=75= ucosa=15

From(1)and (2)

=5sec

31.

32.

33.

©

@

b)

20 4 1 [ ]
tano=—=—=o=tan | —

15 3 3
n balls are thrown per second.

1
Time interval between two balls thrown =—sec
n

In this time it reaches highest point
= v=utat

Ozu—g(lj:uzg
n n

2
v —u? :2as:>02—[§) =2x(-g)h
n

= h= iz
2n
The equation for the given v-x graph is
) .
y=——""X+V ...(1)
X0
Differentiating the above equation w.r.t x, we get

dv _ )

dx X

Multiplying the above equation both sides by v, we
get

dv v v v
v ==Ly =0 Dy,

dx X x| % From (i)
2 2
) 0 . v
a=—yX-—— (i) a=v—
X0 X0 dx
VA
VD

»
»

X X
On comparing the equation (ii) with equation of a
straight line
y=mx-+tc
2
Yo . . .
we getm= —-=+Ve, i.e.tan O =+ ve, i.e., O isacute.

xg

2
V . . . .
Also ¢ = ——02, i.e., the y-intercept is negative
X0

The above conditions are satisfied in graph (a).

v= V2402 =\(-12sin40)? + (-12cos 41)?

=v=12m/s
Speed is constant.
Distance = speed x time =12 x 2 =24m



34. (b) Assuming particle ‘2’ be at rest

35. M

36.

©

g’
2u? cos 0

2
S
2 x4y 8h

which is a straight line passing through the origin with

slope £
Pe \3p -
ds

Resistance = kv [= k—)
dt

Substituting in y = x tan —

= —h=-

Equations of motion are

dzx_ kdx
_dt2 =ck— (1)
d*y dy
?Z_kz_ ............. )

Integrating (1) and (2) and using the initial conditions,
we get

ﬂ—ucosaefkt 3

" e, 3)
d

and k%+ g = (kusina+g).e ™

.oody 1 . —kt

e. —=—[(kusino+g)e " —g] ... 4

ie, — k[( g) gl 4)

dy dy/dt [(kusinoc+g).efkt—g]

—_— = kt ...-(5)

dx dx/dt

Direction of projection was o with the horizontal, when
the direction of motion again makes the angle o with
the horizontal, it really makes the angle (1 — o) with the
horizontal in the sense of the direction of projection. If
this happens after the time ¢, we have from (5),

kucoso.e”

(kusina+g)e ™ — g

kt

tan (T —a) = —
kucosa.e

_ (kusina.+g)— ge_k’

ie., —tana
kucosa

ie., —kusina = kusino + g — g.eikt

kt

2ku .
or e’ =l+——sina

g
Lo 2k )
or t =—log Ll+—smaJ
k g

The distance travelled by each car is equal to the area
under the graph. These areas are equal at 10.0 s.

37.

39.

40.

41.

42.

@

b)

©

b

b)

@

1200
ay=——==0960m/s,
1.25x10
12
ag :%: 1.00 m/s?
1.20x10

1
1.00 x 102 =5(0.96O)t2 =1=144s

1
dy=~(1.00) (14.4)*> =104m

Car B will be 4 m ahead of Car 4.

Area under a-f curve gives change in velocity. Between
0 to 2 second speed will increase and between 2 to 4
second speed will decreases.

Let the points 4, B, C and D be separated by 1 km.
Then

1 1
= —hl”, tBC =—hr

t
4B 60 40
1+1 1
<VAC>:ﬁ:48km/hr :>tCD4_8h’"
7+7
60 40
1+1+1
Now <y > = T 1 1 =48 km/hr
60 40 48

Initial relative velocity, v p=v—-0=v
Acceleration a,z=0-a=-a
For max. separation v ;, =0

2

0=1v2-2as = s= r
2a

P,

90°-0
0 gsing 5 \

o
Horizontal components of velocity at O and P are equal.
. vcos(90°—0)=ucos O
or v sin 6 =u cos 0
orv=ucot0

2 2 .2

v u-cot” 0
AtP, - =a,; —— =R

R gsinb

This is a straight forward problem in calculating the
total distance. The only trick is to make sure that in the
cross-over lap you use the hypotenuse. The total
distance must be precisely 400 m, so we must have
400=112+1(R+0.05)+ (R +5.05)+ (1122 +52)112,
Solving for R gives 25.44 m.



a 47. () v, =const. No acceleration.
43. @@ s,= 3 2n-1);
48. @ —=1T,

a a
K =—-[2(n+1)-1]1==(2n+1)
ntlo2 2 T K s 2v _2s v2
s 2n-1 Yyt +v+v I D T2
n W Ve —v ye—v

Sp+l 2n+1

1
o TT{_}
44. (a) vnyatth, T=7, 1-(v, /v)
2ab
Range=aT= =0 49. () o 40km i
c

45. () P be the point where the tangent is parallel to the v, =8km/h, s=v,x ¢

inclined plane. If PN =z be perpendicular from P on the

inclined plane and PM the vertical altitude of P then {= 40 —5h

evidently for all points on the path, P is the point where 8 ’

z is the greatest and consequently PM is greatest. Total distance flown by the bird=10 x 5 =50 km.

P - -

50. (@ Ve =V, Y,
p usin 6
u
u
z
A
v M N < < >V, =V
> ucosg =/ 0 4
Now for the point P, velocity perpendicular to the Gf‘ .
inclined plane is zero. Now the velocity and acceleration 7777
perp. to the plane at O is u sin (o — ) and g cos 3 and ucosO=v = 0=cos [K)
this velocity becomes zero at P. u
0 =u? sin? (a— p)—2g cos B.z
2H
u?sin®(a.—B) 51. @) r=-rd g2 |22
Zz=—-—
2gcosP Vrel g
52. () y
For max. range o :£+E or a—f _r P
4 2 4 2
Hence, z = sin? [——Ej D
2gcosP 4 2 000N\ 4 40m/s
_ u? |:1 cos [ T ]:| ."'/ )
= _ = 3
4gcos 2 o > x
geosp A 30m/s
2
u
= 1—-sin =
4gcos[3( B) orPM=zsecp
2 2
u u 1
= 1—-sinf) = ———— = — (max. range
4g00525( 2 ag(rsinp) 4" &) L . 40
) Vpy =vp—V,=407-30{ ; tan®=—
= Maximum range =4 x PM
46. (d) By definition of relative velocity | Vpy | =50m/s
V=V Reauired i _ BD  ABcos®
= Ty 4+, + (7)) =0 equired time = Vas = Vas
= v, v; and v, will be sides of a triangle and we know
that the sum of any two sides is greater than third side 10°m 3 120
—=120sec.

of the triangle. " 50ms~! 5




53. (@
54. (a)
55. (@
56. (b)

100m/s y

A
\ 4

1500:100;%1012 ;=10 sec.

400 4000
X=——I=——m
3
In a, b, ¢ and d time taken are respectively
2d  2d d d 2du  2du

VIS w2 T usy w2222
[u = stream speed]
The distance travelled by the body 4 is /, given by

2 2
t t

vt —E— and that travelled by the body B is , = £—
2 2

The distance between the bodies = x = h — (h + h,).
Since /| + hy = v, the relation sought is x =h —v,¢
The swimmer who wants to cross the river along the
line AB should swim in such a direction such that his
velocity along the direction of stream is zero.

His velocity along the direction AB =v cos 0

Time taken by the swimmer to reach B = where

v Cos
/ is the width of river.

Now the second swimmer crosses the river in a direction
perpendicular to the stream.

1
Time taken to reach the opposite bank = —.
v

But during this time the swimmer is carried away by
stream with velocity w and he reaches the point C.

wl
Distance CB = velocity X time = — .
v

C B
o o
—
w
h
V=V cosQ
v
, v,= v sinf

57. (a
58. (@
59. ()

If the swimmer walks this distance with uniform velocity

. w
w’, then time taken= —.
vw

Since both the swimmers reach B simultaneously, we
have
0 l wl
+

vcos® v ww

k cosO w
We have w=2 km/hr and v= 2.5 km/hr.

050 =2 = V2 —w? _ V2.52 -2 L
v

v 25 25
L5 __w
25 w+2
Velocity of walking of the second swimmer
w'=3 km/hr.
q=20""%
At

On substituting
viy=2m/s, v"y =12 m/s and Ar= 10 sec.
we get, a=1m/s2.

Let the unit vectors towards east and north be ; ,} and
the true velocity of the wind be ai +bjA' and the man’s

velocity be ui . Now the relative velocities of the wind
in the 3 cases are :

(ai +b))—ui, (ai +bj)—2ui, (ai +bj)—3ui

From the given conditions they are of the form

A

ai+bj-ui=-% e 1)
a2 =i L5)

J = HL\E \/EJJ ........... )
ai +bj —3ui =—y (cosef+sin6}) ,,,,,,,,,,, ©))

On the RHS of (1), the i component is 0. So also on the
LHS.So,a—u=0 ora=u

On the RHS of (2), the { and}' component are equal.

So also on the LHS. Therefore a —2u=5 or b=-u
From (3), we get
—ycosO=a—3u,0—ysinO=>b
;. tan0 = b — =l
a-3u u-3u 2
In the first and the second cases let the retardations be
a m/sec?, a' m/sec?.
Now, for the first phase of the first case, we have
u=30,v=10m/s,s=240 m
So, by v = u? — 2as, we get a from
100=900—2a x 240 as a=5/3.




60.

61.

@

b)

Let s be distance travelled by the train in the second
phase. In that phase the initial velocity is 10 m/s and
the final velocity is 0 and therefore 0 = 102 — 2as 1 or

100 100x3
17 2a  2x5
In the second case, the retardation is

12% 9a 9 5 15

30m

= X — = —
8§ 8 3 8
If 5, is the distance in this case

a'=a+ax

15
0=30 —z[—j 5y or 5,="240

8
Let v be the maximum velocity attained and t the total
time of journey. #' is the duration of acceleration and

retardation. Then v=0+at’.

1 1
L==at"” +v(-2t")+—at’”
2 2

2
v 2v V2 2v? V2
—a|—| +v[t-= = —w-T— = ——
a a a a a

L v
t==+—
v o a
a L 1
dv v ooa
L dt
When tis minimum, — =0
dv

" Vmax =VLa

Change in velocity = area under the graph

1
Area under the graph = Exlell =55m/s

Acceleration (m/sz)
10

| 1T Time (s)

Since, initial velocity is zero, final velocity is 55 m/s.
Alternatively :
From the given graph, a — ¢ equation is

a=(—%}t+(10)

T ﬂ: (—&)H(IO)
dt 11

or dv= (#} tdt+(10)dt

Integrating,

jw%-%}jmnojm
V= [—%} .%-HOI

For v to be maximum,
dv
-0
dt

= —-10t+110=0
t=11s

~10) 11x11
" Vmax:(—oj. ; +110 = (=55 + 110) m/s=55 m/s

11
62. (@) v=4r-37

t

N
§=4,_3,2; [ds=[ -3y di
t

0 0
4 3
=———; 5=212-71
2 3
5@ ~ S0 _ _
vangT [S(2)78—8*0]
0-0
Ve =——=0
avg 7
63. (@ v2=u’+2as
400>24a(100) ; a<2
64. (a) Letv=velocityof4atS 0°E

The velocity triangles for the two cases are,




VB

S

65. (@

66. (b)

>

12 kmv/hr

V4,B

By sine rule for triangles,

v 8
sin60°  sin (6—30°) e )]

v 12 5
sno0° _sno )

sin®
Eq. (1) and Eq. (2) give

B

sin©=30) oo 8 W3 2 1
sin 0 12 2 3

= sin 0 cos30° — cosOsin 30° _ﬁ_l

cotO =

R
NG

sin 6

1
= 3_ =2 =>cotb=— . 6 =60°
3 \/gcote 2 \/5

2
N

.. Speed of 4 = 8\/5 km/ hr , Direction=S60° E

—12x 83 km/hr.

F 2),V=—
rom (2), sin 60°

Before hitting the ground, the velocity v is given by
v2 =2 gd (quadratic equation and hence parabolic path)

Downwards direction means negative velocity. After
collision, the direction become positive and velocity
decreases.

Further, v' = 2g x (%} =gd;

()it v

As the direction is reversed and speed is decreased
graph (a) represents these conditions correctly.

Let the two bodies meet each other at a height / after
time T of the projection of second body. Then before
meeting, the first body was in motion for time (¢ + 7)
whereas the second body was in motion for time 7.

67.

@

The distance moved by the first body in time (¢ + 7)

1
“u(t+D- g+ T)%.
And the distance moved by the second body in time T’

1
=vT— 5 gT? = h (supposed above).

- The two bodies meet each other,
.. They are equidistant from the point of projection.

1 1
Hence, u (¢t+T7)— Eg(¢+ T2 =vT— 5gTz

1
oru(t+ T)fzg(t2+2tT)=VT

org?+2t(gT—u)+2(v—u)T=0

1
Also from (1) we get, h=vT— EgT2

o —=v—-gT
ar ¢
.. h increases as T increases
.. Tis minimum when / is minimum i.e., when
dh_ 0,i h 7=0 T=v/
pra ,i.e. whenv—gT'=0 or T=v/g.
Substituting this value of T'in (2), we get
g +2t(v—u)+2 (v—u) (v/g)=0
or g22 —2gt (u—v)+2v(u—v)=0

2g (u—v)+4g>(u—v)* +8vg> (u—v)
g
u—v+ \)u2 _V2

g
neglecting the negative sign which gives negative

value of 7.
Let £ CAB=oq.

ort

or t=

b

Then cos o4 = ———
\/a2 +b°

To reach B, the resultant velocity must be along 4B.
Take the river bank as X-axis and line perpendicular to

itas Y-axis. Then ¥, . =v,i

river

Let the boat start at an angle  with river bank.
Then iy, =ucosPi+usinp ;.
“. y (resultant velocity of boat)

= (vy +ucosP)i +usinf j
0 J

[n j usinP
tan| ——o | =——
2 Vo +ucosp
u sin
cotoc:—B
vy +ucosf

Vo cot o+ u cos B cot o = u sin B



68.

69.

©

@

Differentiating,

0+cota[j—§cosﬁ—usinﬁ} =Z—Esinﬁ+ucos[3

du
] dB
—ucotasinB=wucosf or tana=-tanf
tan (t— o) =tan

at+tp=mn

If uj, be the minimum value of u, then

When u is minimum

usin (T —a)

cota=
Vo +ucos (m—a)

vocosafucoszoc=usin2(x
vob
U=vycos o= —
a +b

y=0att=2sec.

s=10 (2)—%(5)(2)2 =10m

S5 = %(5)(1)2 =2.5m

The velocity of the particle is

=1 +(0acosor) j e Q)

Writing ¢ in terms of Cartesian components in XY

A

plane as u =u, i tuy,j

Comparing coefficients of § and}' , the components of

velocity along X and Y axes are

y dx .
=—"=Uy e
X dt 0 ( )
du b ma cos ot 3
=——=acoswl ..
an y dt ( )
Integrating (2) and (3) with respect to ¢, we get
x=ut+C, L 4
in of
and y:m+czzasin0)t+cz ........ o)
where C,; and C, are constants of integration.
Att=0, the particle is at originx =0,y =0
SoC;=0and C,=0
Eq. (4) and (5) take the form
x=uyyt andy=asinet ... 6)

_ X . X
Substituting ¢t = —, we get y = asin—.
Ug U

This is the required equation of the trajectory.

Substituting ¢ = ;_n in eq. (6), we get
®

3n . 3n
x:uog and Y =asmaw % =—a

. . . 3n .
.. distance of the particle from the originat ¢ = o is
0)

2
s =x> +y? _\/(”0-;_:)] +(-a)’

9n2u§ 2
5= S-+a
4o

To solve the problem you should have knowledge of
conic section-parabola.
The enveloping parabola is x2 = — 4k (y — h) where

ol

2g
Its focus is the point of projection O, vertex is 4 where
04 = h and directrix is XM.
Let this enveloping parabola cut the sphere at P so
that OP is the max. range. Draw PM perp. to directrix
and PN perpendicular to CO, C the centre of the sphere.
Since O is the focus, PO=PM=XN=XO+ ON=2h+
PO cos9.

P
Also, PO =2rcos0 . Hence, PO (1 ——0] =2h

2r

or R [1—£] = 2h where R = PO

7

X M

0]
0
N P

C

or R2-2r+R+4rh=0

Rzri\/r2—4rh

The plus sign corresponds to the second point where
the parabola cuts the sphere again hence the minus
sign is to be taken

S R=r—~rt—4rh



71. (a)

72. ()

From this result is follows that the max. value of 4
possible is 7/4 when the two values of R become same
and equal to 7. In this case the parabola touches the
sphere and the velocity of the projection is

r 1 : .
\2gh =, {Zg.z = /5 gr . The particle will then clear

the sphere and the least value of the velocity of

fl
projection must be Eg?’ .

BQ s the vertical target, OB =d. P is the position of the
shot at any instant, OP is the line of sight cutting BQ at
0. We have to find the velocity of Q.

Let BQ=z and £ QOB =¢

Then 2= d tan § = d. o
en z=dtan ¢ = “OM

. 1 5
usinot ——gt
g leg— 2

X

ucosaot

. 1
usino—— gt
—2g _ d(

1
=d. tano —— g .tj
ucosa. 2 ucosa
1 gd )
zZ=-—— = constant since u cos o. = const.
2 ucoso

From the slopes of the graph, we can obtain the ratio of
accelerations of the two cyclists :

()
G _N4-37 _,
a [v’ —0)
4
The distances travelled by the two cyclists must be
equal

ar’ _ay(t-3)°

a t 2 t
_22[_] = ——=2=¢f=6min.
t-3

73. () Take downward as positive. Then a =g =32 ft/sZ and
vy =—40 f/s.

1, 1 5
s =t +ar® =-40(20)+ 7 (32)(20)

=-800+ 6400 =15600 ft.
The balloon was 5600 ft above the ground.
74. (b) Let the required time be t. Then
v, =ucos 60°=5m/s, v, =u sin 60° — 10¢

v2 = (u sin 60° — 10£)2 + (u cos 60°)2

Butv= “
utv= 2
Ya
v, 4 V)
u=10m/s
vx
60°
1, X

2 2 9
u—:[uﬁ—mt\ + L :>10t=M:t=£
4 L 2 J 4 2 2

75. (d) At the highest point, the vertical component of the
velocity is zero but acceleration acts vertically
downwards.

Vv=1ucos©

a=g

76. (d) Itis clearly visible from all graphs that as x-increases
velocity change sign. Since this is not possible, no
graph represents the possible motion.

77. () The length of side CA at any time t is =20 — 5¢
The length of side CB at any time ¢is =10 — 5¢

At the instant 4, B and C are collinear
B

20 m

Sm/s
s5mis C(E=0)

(20-55)+ (10— 5¢)=20.

Solving we get = 1.

Therefore, length of CA att=11s20-5=15m.

78. (a) We choose the launch point at the origin (figure). The

equations of motion of the ball are
x=v,co0s30°=(13.0m/s) ¢

1
y=vysin30°— 2 gt =(7.5 m/s) t— (4.9 m/s2) 2



82. (¢) In 2 sec, horizontal distance travelled by bomb
=20x2=40m
In 2 sec, vertical distance travelled by bomb

1
=3 10 x22=20m

In 2 sec, horizontal distance travelled by Hunter
=10x2=20m
Time remaining for bomb to hit ground

/2
= ><80—2:2560
10

Let v, and v, be the velocity components of bullet
along horizontal and vertical direction.
Thus we have,

2y

The equation of the straight line incline is
y=—xtan20°=-0.364x.

We want the time at which the (x, y) values for the ball
satisfy this equation. We thus substitute the time

. —2 -2=v =10m/sand =2
expression for y and x. g y v, —20
(7.5m/s) t— (4.9 (m/s?) 2 =—0.364 [(13.0 m/s) £] = v.=30ms
or122=49¢.
The solutions are ¢ =0 (corresponding to x = y = 0) and Thus velocity of firing is v = | Vi + V;Z/ =103/10 m/s
t=2.49s. 83. (a) Ashorizontal component of velocity remains constant.
79. (a) Assume the wall to be absent. Let C and E be two Hence, magnitude of change in velocity = magnitude

of change in vertical component of velocity

oints lying on trajectory at same horizontal level as
P e jectory :|vy—uy|:gt:10><0.5:5m/s

point of projection.
R R R

u B 84. () y=xtan6(l—£):>—:3—tan6[1—3—j
R 4 4 4R

= 1:3tan6[%) :tan6:§36:53°

85. (a
. AE B
Then the wall must be placed a distance d = By from A
v
A. 0 . —>,
The maximum height of ball above ground at B is d u _—>
102
H=15+22 — 20m "o
x8 v
.. Time taken to fall from B to C is given by 4 ¢
| v=velocity of man w.r.t. river
5= nglz or t;=1sec. u = velocity of river
d d
30 A_Z)B:::HO:;:d:IOV ........ (1)
Time taken to fall from Bto Dis t, = 0 2 sec.
t d
.. Time taken by projectile to move from 4 to £ =4 sec. B—>C= vcosO
Hence 2d=ucos 6 x4=40 or d=20m. d
80. () From =0 sec to = 1, second, the speed decreases = 15= oS0 =d=15vcos6 .. 2
and after ¢ = £, second the speed increases. Hence
. 2 3
part%cle first dece}erates and then accelerates. Eq. (1)and (2) = c0s0 == = secO =~
81. (b Horizontal velocity v, =u =18 m/s 3

tanezz \/secze—l:z

o _ Vy
Now, tan45°=—

%<
<
<



86.

@

Vo = (V)pay = v €0s 60° = v/2

87. (¢) For a—t curve, area under the graph gives change in
velocity at =10 sec, v=40 m/s
For 10-30 sec, Av =—80, v3(q..—40=-80
Speed at 30 sec =—40 m/s
88. (b) If component of velocity normal to incline are equal,
time of flight is same. Also if horizontal components
are equal, range on inclined plane will be equal for both.
89. (a) In the figures S — Station, F' — Factory and P is the
place where he meets the car.
Usual day :
T t=0
§ | = station F | =Factory
2T
Car starts from F at ¢ = 0, reaches station at 7’and again
reaches at the factory at time 27.
This day :
t=0
T—-60
VO . «— C
S T—-60+1¢
F
C —@r-10)
Person reaches S at 7— 60. Car starts at =0 from F.
Person walks for time t and reaches point P at time
T—60 + t. At this time car also reaches P. Car comes
back at F at time (27 — 10). That means car takes
time 7—5 from F'to P.
That means car reach at P at time 7— 5.
Now 7'-5=T-60+t=¢t=55min
90. (c) With respect to lift initial speed = v,
a=-2g, displacement=10
1 5, 1 )
Los=utt Eat = 0=y, I'+ 5 x2g xT"
. lev_():lxzﬂle
g 2 g 2
91. (a)

f

e

/

Time taken to reach the ground is given by

1 5
h=—gt© .. 1
58 )

92. (a)
93. ()
94. (b)

Since horizontal displacement in time t is zero

>

t T e )
Fromeq. (1) and (2)
2
h= 2?2

The linear relationship between v and X is
v =—mx + ¢ where m and c are positive constants.

. dv
. Acceleration, @ =v—=—m (-mx+c)
dx
. a=m2ix—me
Hence the graph relating a to x is

a

T > X

y
'
Vy
v
53°
VX
S X
\%
tan53°:_y
vx
T
usin0 — [—— )
tan 53° i 2
an =
ucos0o
usine—lo[usme— j
= —= g
3 ucos0O
4 in 0 — u si 20
:_:usmﬂ usin 0+ — 4y c0s0 = 60

3 ucos0

60
= u0089:T:15 =ucos0=15

At maximum height vertical component of velocity is
zero so velocity at maximum height =u cos 6 = 15m/sec
Initial velocity v, must be greater than v if it has to
reach same height and finally while coming back it will
approach a terminal velocity.



COMPREHENSION TYPE

1. (@ H,=H.>Hpy 60 v |
Obviously A just reaches its maximum height and C - el S
has crossed its maximum height which is equal to A as sin37°  sin33
u and O are same. But B is unable to reach its maximum

4
60 x—

height. 5
2. (0 = ‘VB|:W:801’1’1/S.
8. (¢) Velocity triangles
T T T T T T TTTT T T 7T T 7T T T T T T T T 777777

0 R
Time of flight of A is 4 seconds which is same as the . B _ y 60
time of flight if wall was not there. sin45°  sin45°

Time taken by B to reach the inclined roofis 1 sec. vg=60m/s.

Top =4 9. @
Tor=1 -
TOQ =Tor— TQR =3 sec.
2usin®
3. (¢) Fromabove T = W - 4s
g

“ usin®=20m/s [vBal _ 60

= vertical component is 20 m/s sin90°  sin45°

for maximum height = |vgal= 602,

2,2 2—-902
vi=utt+2as = 0°=20"-2x10xs Particle B has to travel 100 cos 8° (w.r.t. A)
= s=20m 100 cos8° 5
4 @ 5@ 6. (b) t= " = > _c0s8° second
| 60\2 32
T = 100 _ 5 sec.
20 1 1
10. b (= Sx 600 600 =5sec

X

= = 4
v=y2gH =/2x10x5 =10 m/sec. Uy 400cosd 400 <

T4 2H 2x5 | 1 5
—t=,[—= ‘f =1 sec. _ _
g 10 11. (a) H= (sy)bullet - Vyt N ant

t=4 sec. 3 1
= 400x=x5-—x10x 5

1 5 25 5 2

—at"+at(T-t)=100 = a=—

2 3 =1200-125=1075m

7. (@) Velocitytriangle 12. () Let¢,be the waiting time.
[Vgal 5(tyt)
800




1600
t=————=>5sec
400cos6
800+5 (1, +5)

3 1
=400 x §><5—5><10><52 =1200-125=1075m.

800+ (4, +5)*x5=1075
(L, +5)5=275;
ty=55-5=50sec

13. (b) 14. (b) 15. (a)
d 11d
dx:5+(d+d+d+d+d):7 .......... 1
u? sin 20
Total ¢, =12d =———,d =20m
g
11d 11x20
NOW,T: o =110m =ucos0O.t
110 11
t=——=—sec
30 30
So Hof wall
. 1 , 11/40x6-110
=H =usin@t——gt"=—|——
max 2 3 6
=79.44m
3
m (ucos® — (—ucosB)) =2 x50 x 3 = 60N-s
16. (a) 17.(b) 18.(b)

At ¢, car 4 overtaking car B
B has more slope than 4
Same slope.
19. (@) LetObe the pointof projection, P (x,,y,) and O (x,,»,)
be the two particles at time ¢.

) 1
Then,x, =ucosat, y =usinaf- Egt2

_ 1
y2=vsth75gt2

xy=vcosPt,

YA

o

usino —vsinf3

.. Slope of PO = N=J

X —X, ucoso —vcosf

independent of ¢, hence same for all times i.e., PQ
remains parallel to itself.

20. () If @,, 0, be the angles that directions of motion make

attimet,
usino — gt
tan@lz—g and
ucosa
vsinf3— gt
tan0, = P-g
vecos

Hence, when 6, = 0, we have

usino—gt vsinB—gt

ucoso veosf

uvsin (oo —P)

B g (vcosP—ucosa)

21. (a) The paths of the two particles are

g’
y=xtano———5>——
2 y”cos” o

1 gx2
and y=xtanf-——=""——
2 u? cos’ B

If R (a, b) be the common point then

2
gx
2

——=—— and
u” cos” o

b=atano— —

b=atanf— ~ ga”
=qtanf - ——5>—5—
212 cos? B

1 ga2
Hence atano,———————
u” cos” a

2
a
= atanﬁ—%
2v- cos” B

1 1

u?cos>a 2 cos? BJ

. 1
Le,tana —tanf} = —gak

If ¢,, ¢, be their times to pass through the common
point then a = u cos a.z;; also a = v cos B ¢,

Lt=h -t = ( ! ! ] )
SLlIl=EhTh =al T~ | e

ucosa vcosf

Hence dividing eq. (1) by eq. (2), we get

tano—tanf 1 (1 N 1)

t 28 ucosa vcosBJ

g (ucosa+vcosf)

2uvcosa.cosf3

2uv sin (o —B)
g (ucoso+vcosf)
23. (d)

Hence, ¢ =

22. (b)
A,=4x15=6,
A, =2xt'=21
t'=3;t=3+4=7s



24.

25.

26.

27.

28.

29.

b)

Distance travelled by the car in 10 seconds is equal to
displacement in 10 seconds and it is same as area under
the v-¢ curve.

1 1
. Distance = EX2X10+10X5+EX3X10

©

=10+50+15=75m.

-1
=10ms ™2

10
Retardation = m

.. Braking force =ma

@

@

©

@

=1000 x 10=10000 N
From v-f graph we can analyze in# =0 to =2 sec slope
is positive and constant. Hence acceleration is positive
.. 10 )
and constant and it is 5= 5 ms™.
Between ¢ =2 to =7, slope is zero, so the acceleration

is zero. Between ¢ =7 to ¢ = 10, slope is negative and
constant. Hence acceleration is negative and constant

. .10 2
and its value is — ?m /s”.

In this case, the projectile hits the back of the truck at

the moment of overtaking it, which is the moment at

which the distance of the back of the truck, x, = 45 +

15¢, equals the horizontal distance of the projectile,
x=(vycos 0)r=32.221.

Thus = =2.614s.

32.22-15

At t = 2.614s, when the projectile overtakes the
back of the truck, faster its height is, noting
vy sin 0= 13.67 m/s,

1
y=(13.67)(2614)- 7 (9.8)(2.6147=225m, i.e. 25em.

above the top of the truck. Since the projectile travels
horizontally than does the truck, it is clear that thereafter
the projectile remains ahead of the back of the truck,
and so never hits the back.

The projectile will reach (for the second time) a height
of 2m in a total time ¢, given by

1
2=(13.61 1y~ 5 (98) 1,2, orty=2.635s, thatis

2.635—-2.614=0.021s after overtaking the back of the
truck. Thus the projectile hits the top of the truck of a
distance of (32.22 - 15) (0.021) =0.36m = 36¢cm. in front
of the rear edge.

The time taken to overtake the back of the truck is
given by

45+15t=(vycos 0) ¢

45

or t=—————
vy cosO—15

30.

31.

32.

33.
34.

3s.

b)

@

(b)

@
(b)

©

At this time

1
y=3=(ysin0)1-—(9.8) ¢

2
(45 )
( vy cosf—15 J
Inserting the numerical values of sin 6 and cos 6 we
obtain the following quadratic equation for
Vg !
Vo2 (4.55)—v,(60.3)—3532=0.
Solving, v, =35.3 m/s

dv

45 )

o
= (% sm@)(vo cos@—lSJ

1
- 08)

—_ Y _
a, —7: dvy = aydt
vy th th .
dv, = [aydt = [ (-g+og—pr*) di
0 0 0
—-0= —1 Z—lBl‘S .o —0) =
vy ~0=la-1] g1~ [ v, (t=0)=0]
1.5
v, =(a-1) gt—gﬁt .......... Q)
vy ¢
[ dv=[aar
vy (t=tp) tp
t
v =)= [ (g di=-g (t-1,)
th
" vy:vy(t:tb)—g(l—tb)
Los
=(0c71)gtbf§[3tb —g(t—1)
[Using (1)]
—i(xt —gt
=3 8lp — 8
For maximum height, v, = O(atz= > ty)

-0—40ct t
S 5 8l — 8Ly
=1 —40Lt

f 5 b

dv
From v-f graph i =tan45°=1

From v-t graph velocity at =2 sec., v=— 1m/sec
acceleration at =2 sec is a = 1 m/s2

so do not product of v and a = — 1m?%/s

From v-¢ graph

e 1 1 1

[ vdt=—(-D+=x2x2=-=+2=1.5 metre
2 2 2 2



36.

37.

38.
39.

@

)

@
@

@

@

@

©

@
@

@

vdy . 2
—= 9x:J.vdv :J.—9x dx
dx
6 0
v —6°

=—18 orv=0

Sincev=0atx=2

Hence maximum distance of particle from origin will be
x=2m.

Quadratic relation hence parabola.

40. (a) 41. (a)
The velocity vector at time ¢ is
V=ii+at=—12+16j+(6i =8))t ... (1)

Solving for y = 0 we get =2 sec.

The position vector at any time t is

- 1,
r=rn +ut+5at

A ~ 1 A
= (120 +16]) t+ (61 =8)) i

Solving for 73y =0 we get ¢t =

8
35-5
Putting tin eq. (1) we get
15 |=12N5m/ s
The x-coordinate as function of time is

1
X =X +uxt+5axt2 =121 +3¢*

Solving for x =0 we get =15 sec.

REASONING TYPE

When a body is thrown upwards vertically, at the
highest point its velocity becomes zero but gravitational
force continuous to act on it so it has acceleration in 8,
downward direction even at the highest point. So
statement-1 is true. 9.
A body is numerically at rest but it reverses its direction
due to acceleration present in it. Statement-2 is true &

it supports statement-1. 10.

decrease in velocity

Retardation = -
time

It acts opposite to velocity.

The distance covered in the last second, final velocity
becomes zero. So if we drop an object with zero velocity
it will cover the same distance in one second while
going downwards.

Now distance travelled in the later case

1 1
S=ut+—gt’ =0+—x10x1
2 2

S=5m
Statement — 1 is true and Statement — 2 is false because

it is also possible that when position vector and velocity 13-

vector are perpendicular, the distance from the point of
projection not a maximum.

Since W = A K implies that the final speed will be same. ~ 14-

The time of flight depends only on the vertical
component of velocity which remains unchanged in

collision with a vertical wall. 15.

16.

11.

12.

@
@

@

(©)

@

@

@

@
@

Trajectories may intersect at some point but not at the
same instant

Linear momentum during parabolic path changes
continuously.

Acceleration of all three projectiles =g

Relative acceleration =0

L
t= ,
vcosO

0 angle between boat velocity relative to river and
normal.

In uniform circular motion speed is constant but
acceleration exists due to change in direction of
velocity. So that statement-2 is wrong. If acceleration
is 0 then velocity is constant. Hence the magnitude of
the velocity will be constant. Hence speed will be
constant.

Statement-1 is false because angles of projection g and
(90° —p ) give same range but time of flight will be
different. Statement-2 is true because in horizontal
direction acceleration is zero.

Statement-1 is true on the basis of our personal
experience, statement-2 is true and explain statement-1
properly.

Average velocity of particle moving with constant
acceleration in time interval (¢; + ¢,) is equal to the
average velocity in time interval (¢, + A?) to (¢, + A?).

For aprojectile, acceleration is constant and hence does
not depend on velocity.

For a stone projected vertically upwards, the speed v

dv
is least at highest point even though m is constant.

Hence statement-1 is true.



17. (a) Both statements are true and statement-2 is a correct
explanation for statement-1.

18. (b) Statement-1 is True, Statement-2 is True; Statement-2
is NOT a correct explanation for Statement-1.

19. (a) In statement-2, if speed of both projectiles are same,
horizontal ranges will be same. Hence statement-2 is
correct explanation of statement-1.

20.

21.

22.

23.

(¢) Themotion of particle starting from rest is always along
a straight line if and only if direction of acceleration is
fixed (constant).

(d) Statement-1 is wrong because on earth, the acceleration
is g which is downwards. Statement-2 is true.

(a) Both statements are true and statement-2 is a correct
explanation for statement-1.

() Both statements are correct and independent.

@E MULTIPLE CORRECT CHOICE TYPE

1. (a,b) v, =v/2
V=V, cot 30°

B 30°CN

C

2. (a,d) Atx=0,v =0
v.=vanda =0 [--particle moves uniformly)

v =2kxv
y X
a, = Zk[v)zc +xax]
soa =2kv?

y
a= 2kv2j

d
3. (a0 t=
vcosH

x=(u—-vsin0)t

= ﬂsec@—dtan@
\%

For x to minimum

ﬂ=0:> sin =2
do u

(a,b) vo=60m/s at 36.87°
" v, =48m/sand Voy = 36 m/s

" y=48 +36]+0k and a=-3.6/ — 6] +0k

ik
" yxa=| 48 36 0|=(-158.4)k
36 -6 0
" |vxa|=158.4
60
|lvxa| 158.4

.. R=1363.64m at the start.
3 2 v2

[ R=—="— isbasically R="— ; g, =]

lvxal ac R
Now at the top, v, = v, =48 m/s, vyZO

L v=481+0j+0k . v=48m/s

ik
vxa=| 48 0 0|=(-288)%
-36 -6 0
3 3
- - v 48
=288 .. R=———=—=384
vl vxa| 288 "
~. R=384m at the top
(b,¢) v=0-9+7
a=0-0+2¢
Att=3,v=0,a#0
(a, 0 Time taken to reach x-y plane is given by

1
Egt2:5:>t:lsec

Initial horizontal velocity of bob is 3;

y=3x1=3m
Sox=2m,y=3m



7.

8.

(b, c,d)

(a,b)

N \/g75
o
'gh cosoL
T=2 ghsinoz= c N c
g Jghcosa eyghcosa
2(gh)si 1
N (g )smoccosoc_lz_
gc e
c
= e=—-"-—"
hsin2o —c¢

Equation of motion is
dv

3. dv
—=-uv ie. ——=pdt
dt W

Integrating it, we have viz =2ut+ 4 ... (1)
Initially, when =0, v=V

-
Hence, equation (1) becomes

1 1 1+2uV?
RIS S LV
v V V

. dx V
ie. v=—=

dt Ja+2ur?)

This proves the second option.
Integrating it, we have

x=V[@+2u’ty " 2de+ D

= LV\/(I+2qut) +D
p

Initially when#=0,x=0

1
. D=——

wv

1
So that, we have x = —V[ (A+2uV?) —1]
il

9. (ab,d)

10. (b,d)

11. (a,b,c,d)
(@

(b)

©

(d)

x=ucosot=ucosP (t-T)

cosa<cosfp=>a>p

1 1
y=usinott—5gt2 =usinB(t—T)—Eg (t—T)2

0=tan"' [l) =28.56°
2

Let v, = initial velocity of auto
sx = vOX X t
40=v,c0s28.56° x ¢
‘e 45.54
T €))

1 2 : o 1 2
Also s, = voyt—Egt = v, sin28.56 Xt_Egt

2
1 (45.54)

54
" —EXSZ.ZXL " J

— M o
8, = Vosin 28.5° %

=—10 (given)

Solving this, vy = 32.76 ft/sec.

Vo = 32.76 cos 28.56° =29.3 ft/sec
v,,=32.76 5in 28.56° = 15.66 ft/sec
Also

Vﬁ = ng +2a,s,=(15.66)*~2(32.2) (-10)

A%
v, =293 ft/s,v.=29.3 f/s; o=tan" = =45°
y X v,

—20=15¢—57

t=—1,t=4

0=15t-5; 0=5t(3-1)=0;
t=3

v =(15)" +2x10x20
v, =(625)"2=25 ;v =15x+/3;

v 25 5

tanB:—yz :—Xﬁ
v, 15x3 33 43

tanB:% : B=tan‘1{%J

x=v,xt; D=153x4=60\3m



12. (b,¢)

Let ABCD be the given trapezium whose sides are
as follows :

AD=4a,AB=BC=CD=2a.

From B and C draw BB’ and CC' perpendiculars
to AD. Then B'C'=2a

1
L AB'=C'D= E(Za) =a

BB' =\ AB* - 4B =\4a> —a® = a\3

Let u and a be the velocity and angle of projection
of the ball from the point 4. Take A4 as origin and
the horizontal line 4D and vertical line through 4
as coordinate axes. Then the coordinates of B are

(a,a3).

N

2a 2a

4a >

Also the equation of the trajectory of the ball is
g’

2

y=xtano ——————
2u” cos” o

B= (a,a\/3) lies on it, so we have

2
ozx/gzatanoc—L (D
Also horizontal range = AD

2u” sino.cosa

g

or

u? sinocos o
or T =2a . 0)

Substituting the values of #2 from (2) in (1) we get

gasino cos o 1
\/E:tana——:tana——tana
4agcos” a 4
4 4
or tano = —+/3 =—= .. 3)
3743

.. From (1), we get

4 a
VR A
\/_ 2u? cos® o

13. (a,b)

ga _4 3= 1
T2 cos’o. 3 NG
1
or u” cos? o = Ega\/g .......... 4
2 2
2 .2 u Ccos o 2
From (2), we have (#” sin” a) ;  —4a

[squaring both sides of (2)]

. 4 8 8
or u?sin o = —o a 298
u® cos” o ag\/_ \/_
. . 2usina 4u® sin® a
. Time of flight= = 3
g g

4x8ag \/ﬁ
VB Vg3
Maximum height attained by the ball

u? sin® o 8ga 4a
T2 23 B

As the ship is moving horizontally with a velocity
u in a direction opposite to that of the projection
from the gun and the horizontal and vertical
components of velocity of projection relative to
the gun are v cos a and v sin a respectively, so
initially the actual horizontal components of
velocity = v cos a — u and the vertical component
of velocity = v sin a..
Also we know that horizontal range of a particle
= (2/g) (horizontal comp. of velocity)

x (initial vertical comp. of velocity)

". If R be the required range, then

R=(Q2/g)(vcosa—u)(vsina)......... (1)
Now if R is maximum, then dR/do. = 0 and
d’R/da? = —ve.
From(1),

E =2g)[(vcosa—u)(vcosa)+

(vsina) (—vsin a)]

= (2/g) [v* (cos? o — sin%a) — uv cos o]
If R _ 0, th
da 0m
v2 (cos? o — sinZa) — uv cos .= 0

or v(2cos?a—1)—ucosa=0,

COS2

or 2v cos

o — sina = 2cos? o, — 1

20 —ucoso—v=0

u i\/u2 +8v?

4y

orcosa =



14. (a,b,c)

15. (a,b)

The negative sign before the radical renders the
value of cos a negative i.e. a is obtuse which is
against the problem.

u +\/u2 +8v2

4y

Hence, coso =

Train reaches the farthest point at # = 40 sec.
Acceleration in the interval 50 <z <80 (¢in sec) is

A —
L s S
At (30

Area under curve from ¢ = 0 to 40 sec.

a

1
:30X3+E x10x3=90+15=105m.

1
Area from¢=50to 120 sec.= E x 70 x2="70m.

Distance from 4 =[105-70]=35m.
The equation of motion is

d2x (a5\1/3
Y
dr’ szJ
dv na’’3 . dzx_vﬂ
or Vi x2/3 Coar dx
5/3
orvdv:—iaZde

1,

Integrating, 27 = 3ua®3 X3

+C, where C is
constant.
Initially, x=a, velocity=0,
. C= 3ua5/3 a1/3
v2 — 6ua5/3 (a1/3 7x1/3)
or (dx/dfy? =6pa> (@B —x13) ............ (1)

dx
or 4= _\/6“615/3.\/(11/3 _x113)

or dt =

dx
3_,13

1
- \/61405/3 '\/al/
Required time from x =a to O, where x =0,

0

_ 1 _[ dx
B \/6W5/3 RN EENIE

3 1 ]1' dx
- \/6%5/3 RN AIENNIE

n/2

1
’6pa5/3 .e'L)

6asin® OcosO d0

\/am cos0

16. (c,d)

17. (a,d)

putting x = a sin®Q

sin> 0 d0 = ——

6_j 6 Fz}
\/6ua2 0 \/a 5'3

Ll

Also v, the velocity at O i.e. at x =0 is given by
v2=6pa>? (al3), puttingx=0in (1)

(a) is wrong because a — b < | i+b |<a+b,(b)is
wrong because in uniform circular motion, speed

is constant but there exists acceleration, (c) is
correct because by definition distance >

‘ displacement ‘ ; (d) is correct because a,, exists.

20 m/s

Condition for collision in mid air

a4p =0 and ¥, should be directed from A4 to B.

" Vgyp = V4 — VB

= 207 —[-20cos (0 +30°) i +20sin (8+30°) /]

= [20+20cos (0+30°)] 7 —20sin (6+30°) ;

Vyp),  20sin (0+30°)

tan@ = =
20+20cos (6+30°)

VAB )x
1+cos (0+30°) =+/3sin (0+30°)
1=+/3sin (8+30°) —cos (0+30°)

1 = ﬁsin (6+30°) —lcos (6+30°)

2 2 2

L 0+30-30 sin[ﬁ)—sinG
5= sin (0+30-30) ; sin| :

p="_300
6



A A +al=V
" ¥,5 = (20+20c0s 60°) i — 20sin 60°; 10+ar=Vy M)

10+4a7=20 ... )
=307 —10:/3] From (1) and (2),
V=12.5m/sec
[Vg 1= V302 +( 0\/5)2 =10:/9+3 =203 ms™! Distance between 4 and D = 675 m = Area under
th
relative distance ¢ curve
Time to collide = l—d 1 1
relative spee S TA0+V)+10V+ 5 (V+20) T=675
200 10 =
: e ———— = — T=20sec.
Time to collide = 2053 B bsto
Hence, answers are (a) and (d). Fromeq. (1), a= 2—0 = gm/ sec?
dv

18. (b,c,d) a=6-2¢ 22. (a,b,c,d)

) dt T25m/s

O

. . dv
For maximum velocity, o =0

6—2¢t=0, t=3 sec.

/
v t

D6y . [av=[(6-20) Ground
dt 0 0 Height above ground
v:6t—t2:18—9:9m/s u2 25 %25 125
After4sec, v =6/—2=6x4—16=24—16=8m/s =30+— =30+ =30+—
) . 2g 2x10 4
IdXZJ.(6t—t2)dt =30+41.25
0 0 =71.25m.

» £ 80 h=ut—tg?  30=251- L x102
x =3t —?:?(puttmgt=4sec.) u 2g ’ 2

) 5(2-25t-30=0
o r 2-5t-6=0
19. (a,b,c,d) Area of v-t graph = I v dt =J dr=rp—r, (t-6)(t+1)=0=1=6
4 i
Hence area of v- graph gives change in positive ¢
vector. Hence (d) is correct. 25m/s
.. |change in position | = | displacement |
= distance 6sec
We can read data v on the v-axis. So we can get | 3 5500 !
change in speed and velocity. \
Hence (a) and (b) are correct.
20. (a,d) 8x10+(10-v,) 10=160

v,=2 m/sec. h

8:Vb/r-i_vr
vy =8—v,=8—2=6m/sec.

21. (a,b,d) v

i t
2.5sec 6530\

0 =D
23. (a,b) If v be the velocity at a distance s from the starting
C point and S be the total space covered, then
S

1
Space-average of velocity = E‘[v ds
0

and if T be the total time,
T

’ 1
: - i ity=—|vdt
7410 (27-20) time average of velocity T {



Now if fbe the constant acceleration,
v=u, +frand v> =u? + 2

1
So that space-average = EJ- ulz +2fs ds

_ 3,15 (6 +2157"?]

S
0

1
= V—S[(M12+2f5)3/2—uﬂ,but us =ul +2f S

2 u;—u]3 :E u]2+u1u2 +u%
3u%—u]2 3 u; +uy

T
1
and time-average = FI (uy + ft) dt
0

_ L
T

= gl e ],

but u, =u, +fT

T
0

[+ 7]

1u§—uf Uy +uy

2 uy -y 2

24. (a,b,c) 6, =90°-9,
)
L = _sin76 =tan” 0, = cot” 0,
hy  sin® (90°—6,)
25. (a,b,¢)

(a) Point D is a maximum of the x vs ¢ curve. Therefore v
= dx/dt = 0.

(b) Without the exact equation for x as function of # one
cannot get a precise answer. The best we can do is to
draw the tangent line at point C and get the slope.
This yields the answer.

= ? ~1.3m/s
ale
(c) We proceed as in part (B), but here the tangent line has
a negative slope and the answer should be

Ve

d.
vp =2 ~-0.13m/s
dt|g
26. (a, b) The acceleration at any time is the slope of the v vs ¢

curve.
(a) At A the slope is, from where the tangent line through

A cuts the coordinate axes, a =—7.0/0.73 =-9.6 m/s.
(b) The slope and therefore a is zero.

27. (a,b) v> 0 initially and a > 0 always
= v> 0 always and increasing.
28. (bed) Itis known that range is same for complementary

angles of projection
. 0, +0,=90°is satisfied by (B, C, D)

29. (a,b,¢)
(@) The downward component of g parallel to OYis gsin 6,
hence the downward component along the groove is a
= g sin 0 sin a. Since

A
lgﬁ9.8m/s2
Yo
Short
cylinder ﬁ
o X

sina=——20__-08

2 2.1/2

(xg + %)

and sin 6 =0.5.

a=(9.8)(0.5) (0.8)=3.92 m/s?
! 2
(b) s=vyt+ Eat , where

s=(x§+y§)”2 =5m and v, =0.

1
Thus, s =5(3.9z)z2 ort=1.597s

() v=0+(3.92)(1.597)=6.26 m/s.
30. (a,c,d)Letu, and u, be horizontal and vertical components
of velocity respectively at 1 = 0.
Then, v, =u,—gt
Hence, v, —t graph is straight line.
x=vt
Hence, x—¢ graph is straight line passing through origin.

1
The relation between y and tis y = Uyl — Egt2

Hence, y-t graph is parabolic
v, = constant
Hence v -t graph is a straight line.
31. (b, d) Since maximum heights are same, their time of flight
should be same
~ T =T,
Also, vertical components of initial velocity are same
.. Since range of 2 is greater than range of 1.
.. Horizontal component of velocity of 2 > horizontal
component of velocity of 1.
Hence, u, > u,.

3s
32. (b, c) By definition average speed= ———
(b, ¢) By ge sp PR
u u u u
! 1 3 4
T T T T
S,tl 7~ S,t2 Cd ~ S,t3 Cd



33.

34.

4

Fortl:i=u]+u2 .......... 1)
Fort,: e e ¥))
S u3 +M4
Forty: —=——— ... 3
i 3)
3 +
For t1+12 +f3: 5 :ul u4 ........ (4)
Hh+t,+14 2

Fromeq. (1), (2) and (3)

(c) Ifh=0.1/sand using g =9.8 m/s2,
we have k= g/b? =980m. Then at = 10s,
y=(980m) (¢! — 1)+ (98 m/s) (10s) = 360m.
,Q, . -1 2 —
v= = =(-98m/s)e” +(9.8m/s7)(0.1/s)=62m/s
(d) Atr=60s,

%z (-98m/s) e +98m/s

e ~0.0025,

dy
—~98m/s
S0 ”

S_s S _ Mty
hoty t 35. (a,c,d)
The first ball is in air for 4 seconds and second ball is in
. s s s air for 2 seconds.
Hence average speed is also= ———+— ) .
h L 4 36. (a, b, ¢) When the particle returns to same point,
(a,b,d) displacement is zero, therefore average velocity is also
Work by F, , = Change in KE Zer0.
In our case it is zero. Total distance 2 /2g) u
Ve—V; Average speed = r o ime 2ulg) 2
Ayverage = A— =0 - ViT Vf
t 37. (a,b)
v = displacement = area Of v-f curve 0 (a) vhel/water = vsub/water + vhel/sub
average time time R R A
(a,b,c,d) =17]+(—5)k=(17]—5k)m/s
dy —bt ) Viwrar = Vietrwater + Visater tair = Viet rwater ~ Vair twater
= _bke + /b . hel | atr hel | water water | air hel | water air / water
@ - g o ) o
= (17j-5k)—12i =(-12i +17j - 5k) m/s
d? _ a2
Differentiating once more 7; =b%ke™ 38. (b,c)a=3"+1
d v 1
dy o34l [dv=[Gr+) ar
Multiplying our expression for i by —b and adding g dt 0 0
yields bZke . v=>{E+1) =2m/s=>v="> +1
Thus (1) is satisfied. Substituting ¢ = 0 and recalling
that e¥ =1, we get y = 0. [ £ 1 1
(b) Since the ball is released from rest, y =0 at £ =0. J.ds - J(t thdi=s= 175" 0.75
0 0
Using our expression for d—y from (a) 39. (a, b, ¢) The time of flight is independent of horizontal
dt ’ component of velocity of sphere. Hence whatever be
we have 0 = —bk + g/b, which yields k = g/b>. the value of v, the time of flight shall remain same.
EE MATRIX-MATCH TYPE
(A) = (q,9); (B) = (r); (C) = (p); (D) > (5) 1 5 5
A)— (p,1); B) = (p, 1); (C)— (p); (D) — (p) © KEy = o cos 6 = Min. KE
A)—-q;B)—>q; (C)—>r
4. A)->r;B)—-s;(CO)—-p;sD)—>r

(A) K= %muz —mgy, y=Ax— Bx? = Parabolic

(B) U=mgy=mg (Ax— Bx?)

2
2020
(A) AB=maximum height= Yy _2xXA
2a 2x10

20m



EE NUMERIC/INTEGER ANSWER TYPE

1.

BD 20420

AD 20
20x1- L x10x12
(REAC N
s (2" 20-[15] 5

w2 2
© J202 +2x10x20 V2

tac _2ap _,

® -

Ly l4n

A)—q,s;(B)—>q,r;(C)—p,r; (D)—>p,s

(A) Slope is positive and decreasing = a <0

(B) Slope is negative and its magnitude is increasing
(C) Slope is positive and increasing

(D) Slope is negative and its magnitude is decreasing
A—=>q;B)—=p,r; (O—=p,r; (D)=q,r

(A) For same range, angles of projection are 8 and (90°— 0)

R =Ry, 1 #Tp,l # hz:Vyl #Vy, , same speed
(B) Forsame height, vy, =V, =T,

2h
© t= ?,v§=2gh

D) v? =u®+2gh

2 2
vy =uy, +2gh

0 above horizontal
—h =usin @t—(12)g*  ...(1)
0 below horizontal
~h=—usin @ 1—(12) g ...(2)
From (1) and (2), ¢ will be different.
(A)-p,(B)-p,(C) q,s; (D) 1,8
If angle between constant acceleration vector g and velocity v
is zero or 180° then path is straight line otherwise path must be
parabolic.
(A)-q,r;B)-q,r; (C)—p,s;(D)-p,s
(A) Since truck is moving, as seen from ground the ball will
have a horizontal component of velocity hence the path
of the ball seen from ground will be parabola.
(B) In for the truck, the horizontal component of velocity
will be zero, hence straight line w.r.t. truck.
(C) Ball will have a horizontal component with truck hence
parabola as seen from truck.
(D) As seen from ground, the horizontal component of the
velocity will be zero.

0.83

Figure shows the motion of the particles. These particles
will meet at the centroid O of the triangle. At any instant the
particles will form an equilateral triangle ABC with the same
centroid O. Let us fix our attention on the motion of any one
particle, say A. At any instant, its velocity makes an angle
30° with AO. The component of this velocity along AO is v
cos 30°. This component will represent the rate of decrease
of the distance AO.

Initially, AO = 2 a2 (ijz -4
3 2 3
Therefore, the time taken for AO to become zero
d
_ B3 2d 2 _2x05
ve0s30° Byx3 3v  3x2
288

=0.83s

Velocity of car from A= % =60 km/hour

Velocity of car from B = % =40 km/hour

Let the two cars meet at ¢ hour

480
t= =4.8 hours
60+40
The distance s= v, Xt=60x4.8=288 km.

59

Such problems can be tackled by keeping in mind, that for
any event, to occur, time remains same for both bodies.

Let P be the point, where the two engines cross each other.
If ¢ hr be the time to occur this event, then total distance
covered by the two trains should be equal to 100 km.(fig.)



ie, AP+BP=100

1 1
= 50;+Ex18z2 +50t—5x18t2 =100

= 100r=100

A—> P <
—— B

< 100km —

= t=1hr

1
x=AP=50(1)+ 5 x18(1) = x=50+9 =59 km.

50
Here, u=um/s,a=g=—10 m/s? and s = 80m.
Substituting the values in

1
s=ut+ 5 at?, we have, 80 = ut— 5>

u++u? -1600

10

or 52—ut+80=0 or t= and

u—\u? 1600

10
Now it is given that,

u+Nu? -1600  u—+u*-1600

10 N 10

Vu? 1600

Y =% =6

5

Vu? ~1600 =30

or u?—1600=900

- u?=2500

or u=+50m/s

Ignoring the negative sign, we have, u = 50 m/s

3.0

Let us take velocity of swimmer with respect to water is vand
that of river current is v,. The swimmer which crosses the
river along the straight line AB, has to swim in upstream
direction such that its resultant velocity becomes toward
AB as shown in figure. If the width of river is assumed to be
d, then

=6

or
or

Resultant velocity of first swimmer is v, = V2 — vf
Time taken by her to cross the river is
d d d

t= = = —
v —v,2 \/2.52 2?2 L5

Second swimmer if swims along AB, she is drifted towards
point C, due to river flow as shown in figure and then she
has to walk down to reach point B with velocity .

Here crossing velocity of second swimmer is v, as its is
swimming along normal direction.

Time taken to cross the river by her is,

hr.

t, = d_d h
Iy 1S :
Her drift due to river flow is,
d

X=v, X —
roy

Time taken to reach point B by walking is,
x vd 2xd d

Iy —=—— =—"7"-= r
2w owv ux25 12.5u
Given that both the swimmers reach the destination
simultaneously, so we have
d d

—_— = — 4+
1.5 25 12.5u

t=t,+1t, or

or u=23.0kph.
2
The situation is shown in fig.

'y (]
< 30
— ~~*~
.,
.
. u
3
+ \
N,
,
S
A

294 m

A B

The time taken by the body is equal to the time taken by the
freely falling body from the height 29.4 m with initial velocity
u sin 0 =9.8 sin 30°. This is given by

Z=£=4.9 m/s
2 2

1
Applying the formula, s =u ¢ + 58 2, we have

1
294=491+ - (98)7

or 49£+4.9¢-294=0

(because s, u & g are all in downward direction)
£+t-6=0

or t=2s or —3s

.. Time taken to reach ground = 2 second

49

Vertical velocity after 10s is,

3

V= (985in60°)—(9.8)><10=98><7—98

=98{§—1} =98x(0.866—-1)

=98 x(-0.134).

Vertical momentum of the ball after
10s=mv =0.5 x (-98 x 0.134) kg m/s;
Initial vertical momentum of the ball

= 0.5><98><g =0.5x98x0.866

Change in vertical momentum
=0.5x98x0.866—(—0.5x98 x0.134)
=0.5x%x98[0.866+0.134]=0.5 x 98 =49 kg mv/s;



Horizontal component of velocity remains same, so there is
no change in momentum along horizontal direction.

.. Change in momentum =49 kg m/s.

2

For body to hit the lowest plane with minimum velocity, it
should be able to just clear the second step

Let R =range for minimum velocity

h = height for minimum velocity

© = minimum velocity

¢t=time of motion

R=uxt=t=R/u (1)
1 o
h=—gt (2
-8 @
From (1) & (2),
R? gR?
h=—gx=5=h= e
u? 2u? ®)

R=2x20cm=40cm=0.4m
h=2x% 10cm=20cm=0.2m

2
uz 1 R 2:l><10><0.4><0.4=

4
2 h 2 0.2

Let the angle of projection of the particle be ©.

\
A 30

0
0 <

<

=

TX

The path of the particle has to pass through the point where
x=40,y=10.
Using the equation of the path of the projectile in the form

\ 4

2
y= xtanoc—%(1+tan2a)
2v

2
. X 2
=xtan0———(1+tan” 0
gives Yy 180( )

The point (40, 10) lies on this path so

10=4Otan6—%(l+tan2 0)

= 8tan’H-36tan0+17=0 D)

10.

This is quadratic equation in tan 6 with two positive roots.
Therefore there are two values of 0 less than 90°, so there
are two possible angles of projection.

Now we are asked to calculate tan(a + ) which is equal to

tano + tan
I-tanatan3

where tan o and tan 3 are the roots of equation (1).

36
Hence tano +tanf = 3 = % (sum of roots)
17
and tanotanf} = ry (product of roots)
9/2
Thereft tan(ot + )= ————=—
erefore (a+B) —a7/8)

:>tan[—(0c + B)]

= —tan (o + )

= —(4)

=4

80

The vertical components must be equal.

. v, €08 53°=vpcos37°

cos 37°
T VA= VB cos (90°—37°)

60
or vA:6Ocot37 = tan 37°
60 x4 .
= 3 = 80 units

S



