1. A particle is moving with speed y = p./x along positive
x-axis. Calculate the speed of the particle at time ¢ = t (assume
that the particle i1s at origin at t = 0).
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(b) Given,v= p[x
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Differentiating w. . t. time, we get
dx b x2 =1

— I:
a4 ‘

b1

or v=-—

2



2. A particle located at x = 0 at time ¢ = 0, starts moving
along with the positive x-direction with a velocity 'v' that

varies as v = a~/x . The displacement of the particle
varies with time as

(a) £ (b) ¢ (c) 1172 d)



@ v=avx:

dx dx
= —=0NX = —=qdt

dt NE

Integrating both sides,



3. The velocity (v) and time (¢) graph of a body in a straight
line motion 1s shown in the figure. The point S1s at4.333
seconds. The total distance covered by the body 1n 6 s 1s:
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4. The position of a particle as a function of time ¢, is given
by
x(t)=at+ bt*— ct’
where, a, b and c are constants. When the particle attains
zero acceleration, then its velocity will be:
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b) x=at+bt—cr

: dx d
Velocity, v = ?

= —(at+bt* +cr)
(dt

=a+ 2bt—3ct*

dv

d
Acceleration, — = — (a + 2bt —3ct %)
dt dt

or 0=2bh—73cx 2t :(_}
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> An automobile, travelling at 40 km/h, can be stopped at a
distance of 40 m by applying brakes. Ifthe same automobile
is travelling at 80 km/h, the minimum stopping distance, in
metres, 1s (assume no skidding)

(@) 75m (b) 160m (c¢) 100m (d) 150m



(b) According to question, ;=40 km/h, v, =0ands, =40m
using v —u? =2as; 02 —402=2a x 40 ..(J)

Again, 0% — 802 =2as ..(ii)

From eqn. (1) and (11)

Stopping distance, s =160 m



A man in a car at location Q on a straight highway is moving
with speed v. He decides to reach a point P in a field at a
distance d from highway (point M) as shown in the figure.
Speed of the car 1n the field 1s half to that on the highway.
What should be the distance RM, so that the time taken to
reach P is minimum?
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(a) Let the car turn of the highway at a distance 'x' from
the point M. So, RM =x

And if speed of car in field 1s v, then time taken by the car
to cover the distance OR = OM — x on the highway,

M —
-2 2y : eee(1)

Time taken to travel the distance 'RP' in the field

2 2
vd© +x ..
) :T (11)

Total time elapsed to move the car from Q to P

OM —x d*+x?
t=t)+1t) = +
2v v

. dt p
For't' tobe minimum — =0

dx T
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7. Which graph corresponds to an object moving with a
constant negative acceleration and a positive velocity ?
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(¢) According to question, object 1s moving with
constant negative acceleration 1.e., a=— constant (C)

vdv
=
dx
vdv =— Cdx
V2 vi k

—=-Cx+k x=-—+—
2 2C C
Hence, graph (3) represents correctly.



The distance travelled by a body moving along a line 1n
time ¢ is proportional to £

The acceleration-time (a, t) graph for the motion of the
body will be
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(b) Distance along a line 1.e., displacement (s)

=1 (" 5 oc /3 given)
By double differentiation of displacement, we get
acceleration.

dv _d3t’ _

3
dS:dt —3t2 and g = — =
dt dt dt dt
a=6tor goct

V = 6t

Hence graph (b) 1s correct.



0.

A passenger train of length 60 m travels at a speed of 80
km/hr. Another freight train of length 120 m travels at a
speed of 30 km/h. The ratio of times taken by the
passenger train to completely cross the freight train when:
(1) they are moving 1n same direction, and (11) in the
opposite directions 1s:

11 5 3 25
(a) 3 (b) ) (¢) B (d) T
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10. A caris standing 200 m behind a bus, which is also at rest.
The two start moving at the same instant but with differ-
ent forward accelerations. The bus has acceleration 2 m/s?
and the car has acceleration 4 m/s*. The car will catch up
with the bus after a time of :

(a) 1105 (b) 1205
) 10v/2s d 15s



() —> 4 m/sec’ —> 2 m/sec?

Car Bus

200 m
Given,u_=u,=0,a.=4m/s> a,=2m/s’
hence relative acceleration, a_, =2 m/sec?

|
Now, we know, s =ut+ Eat2

200:%x2t2 u=0
Hence, the car will catch up with the bus after time
t =10~/2 second



11.

A helicopter rises from rest on the ground vertically up-
wards with a constant acceleration g. A food packet i1s
dropped from the helicopter when it 1s at a height 4. The
time taken by the packet to reach the ground 1s close to
|g 15 the accelertion due to gravity] :

@) 1=2 (ﬁ] () z:l.g\/i
3\g g

(c) t=34 [ﬁj @ = |2
g



(¢) Forupward motion of helicopter,

v =u? +2gh = v =0+2gh = v=1[2gh

Now, packet will start moving under gravity.

Let 'f' be the time taken by the food packet to reach the
ground.

I 5
S=ut+—at
2

= -h= Zghz‘—%gi‘2 j%gtz— 2ght-h=0

,/2ghi\j2gh+4x%xh

2xg
2

or, t = fzih(uﬁ):»z:\jz:h(nﬁ)
g g
or, t:3.4\ﬁ
g

or, t =



12. Two stones are thrown up simultaneously from the edge
of a cliff 240 m high with 1nitial speed of 10 m/s and 40
m/s respectively. Which of the following graph best
represents the time variation of relative position of the
second stone with respect to the first ?

(Assume stones do not rebound after hitting the ground
and neglect air resistance, take g = 10 m/ s)

(The figures are schematic and not drawn to scale)
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39. ®) y,=10t—5t;y,=40t— 5t
for y,=-240m,t=8s
W Y,—y,; =30t for t <8s.
for t>8s,

1
Y, ~y; =240 - 40t - — g’



13. A particle is moving with a velocityy =K (y;+x /),
where K 1s a constant. The general equation for its path
1S: + ca
(a) y =x*+ constant (b) y*=x+ constant

(c) y*=x*+ constant (d) xy = constant



(¢) From given equation,

V:K(yi+x])
i—?zkyandi—fzkx
dy
de _x _dy
Now dx y dx .= ydy
dt

Integrating both side
y2 — XE 4 C



14.  The co-ordinates of a moving particle at any time ‘f’are
given by x = o’ and y=0 > The speed of the particle
at time ‘¢’ 1s given by

(@) 3r\/a2+[32 (b) 3t2\/(12+[32
(¢) t2\/a2+[32 ()] \/0,2 +B2



(b) Coordinates of moving particle at time ‘¢’ are
x=of andy=p#

vy =— =3’ and v, = %:3{31‘2

dt l
SV = 1/1{,26 +v)2, = \/9(121‘4 +9l32:4

:31,*2\/(12 +p?




15. The trajectory of a projectile near the surface of the earth
I1s given as y = 2x — 9x°. If it were launched at an angle 0
with speed v, then (g= 10 ms™):

1 5

(a) 6,=sin" NG and v, = 3 ms”™'

2
il 3
(b) 6,=cos™ (\/5] and v, = 3 ms™

1 9
(¢) 6,=cos™ (E] and v, = 3 ms™!

2]
—qin! | ——= == ms"!
(d) 6,=sIn [\/5 and v, < ms



(¢) Given,y=2x—9x?

On comparing with,
2
X
y=xtan0— 2g 5
2u“ cos“ 0
We have,

|
tan O =2 or cos 0 = ﬁ

g 10

— 9 —
2u? cos? 0 o 2u2(1 / \/5)2
; u=>5/3m/s

9

and



16. A plane isinclined at an angle oo = 30° with respect to the
horizontal. A particle is projected with a speed u=2 ms™,
from the base of the plane, as shown in figure. The distance
from the base, at which the particle hits the plane s close to
. (Take g=10 ms)

(@) 20cm (b) 18cm (c) 26cm (d) 14cm



(@) On an inclined plane, time of flight (T) 1s given by
2usin 0

T =
gcosa

Substituting the values, we get
T (2)(2sin15°)  4sinl5°
g cos 30° 10cos30°

1 .
Distance, § = (2¢0s15°)7 -~ —¢ sin30°(T)?

4
= (2c0s15°)—

—x10s1n 30°

sin15° [1

] 16sin215°

10 10cos30° 100cos® 30°

2

= 16\/2—0—16 =0.1952m = 20cm



17. When a carsit at rest, its driver sees raindrops falling on
it vertically. When driving the car with speed v, he sees
that raindrops are coming at an angle 60° from the hori-
zontal. On furter increasing the speed of the car to (1 +
B)v, this angle changes to 45°. The value of B 1s close to:

|
(a) 0.50 (b) 0.41
(¢) 0.37 (d) 0.73



Hence, average acceleration is of the order of 1072,

(d) The given situation 1s shown in the diagram. Here v,
be the velocity of rain drop.
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When car 1s moving with speed v,

P

1
tan 60° = —
v

A1)
When car 1s moving with speed (1+B)v,

‘)I' o
B+ v i
Dividing (1) by (11) we get,

Bv=B+DHv=B=+3-1=0.732.

tan45° =



18.

The stream of a river 1s flowing with a speed of 2 km/h.
A swimmer can swim at a speed of 4 km/h. What should
be the direction of the swimmer with respect to the flow
of the river to cross the river straight?

(@) 90° (b) 150°

(c) 120° (d) 60°



sinp=" =21
© v 4 2

or 0=30°

with respect to flow,

=90°+30°=120°



19.

Ship A 1s sailing towards north-east with velocity km/hr
where points east and , north. Ship B s at a distance of 80
km east and 150 km north of Ship A and 1s sailing towards
west at 10 km/hr. A will be at minimum distance from B in:

(a) 4.2 hrs. (b) 2.6 hrs.
(¢c) 3.2hrs. (d) 2.2 hrs.



> 1 (East)

v, =30i +50 km/hr

Vg = (—107) kmv/hr
re, = (807 +150) km

Vgy =V —V, = —10i —30i —50i =40i —50;

B _ ‘(FBA (V. )|
()
_ |(807 +150)(—40i - 50)
- (10+/41)?
10700 107

t = - — 2.6 hrs.
1041 x10/41 41



20. A shell is fired from a fixed artillery gun with an initial
speed u such that 1t hits the target on the ground at a
distance R from 1t. If 7 and 7, are the values of the time
taken by 1t to hit the target in two possible ways, the
product 7 7, 1s :

@ RAg (b) Rlg (0 R2g  (d) 2R



(d) R will be same for 6 and 90° — 6.

Time of flights:

2usin 9
5, = and

4

2usin(90°—-0) 2ucosO

f= =
: g 4
2usm® ) ( 2ucosO
Now, ¢,t, =
g g

2(u®sin20) 2R

_ngJg




21. The position of a projectile launched from the origin at =
0 1s given by 7 = (40f + 50)‘)111 at ¢ = 2s. If the projectile

was launched at an angle 0 from the horizontal, then 0 1s
(take g= 10 ms™)

@ tan'2 (b) tan”!

nlh o w

3
(c) tan”! % ) tan ™"



(c¢) From question,

Horizontal velocity (initial),
40

U, —?= 20m/s

1
Vertical velocity (initial), 50 = u, 1 + = gt?

— uy><2+é(—10)><4

or, 50=2uy —20
70
or, uy—7—35m/s
u
tan@ =2 =22 _7
u, 20 4

7
= Angle 6 =tan! 1



22. A particle starts from origin O from rest and moves with a
uniform acceleration along the positive x-axis. Identify all
figures that correctly represents the motion qualitatively
(a = acceleration, v = velocity, x = displacement, = time)

T
(A) a B) v
O t O t
zx/’i A
X X
(©) (D)
O T O t
(a) (B), (C) (b) (A)

(©) (A),(B),(C) (d) (A),(B), (D)



(d) For constant acceleration, there 1s straight line

—>
parallel tot-axison a—¢.

— -
Inclined straight line on v—7,and parabolaon x—¢.



23.

A particle starts from the origin at time t = 0 and moves
along the positive x-axis. The graph of velocity with
respect to time 1s shown 1n figure. What 1s the position
of the particle at time t = 5s?

VA

(m/s)

|
L L L Lo
|
|
|
|




(d) Position of the particle,
S = area under graph (time t= 0 to 5s)
1

=§><2><2+2x2+3x1:9m



24.

Abodyisatrestatx =0. Ats=0, 1t starts moving in the
positive x-direction with a constant acceleration. At the
same 1nstant another body passes through x = 0 moving
in the positive x-direction with a constant speed. The
position of the first body 1s given by x,(¢) after time “7’;
and that of the second body by x,(¢) after the same time
interval. Which of the following graphs correctly
describes (x; —x,) as a function of time “#’? R

(x,—x,) (¥, —x,)

A

(x,—x,) (] —x3)

(a)

O

() —gE— (d) :




. (b) For the body starting from rest, distance travelled For the body moving with constant speed

(x,) is given by

1 y)
x120+5ar

2
= Xxi=—al
179

X=Xy
N

via

Xy = VI

1
X —Xn =—dadl™ — Vvt
1 2 7

at 1=0,x,-x,=0
This equation is of parabola.

04 . .
For < = the slope is negative

v .
For t = — ; the slope is zero

sl

v . iy
For ¢t >— ; the slope is positive
a

These characteristics are represented by graph (b).



25. The relation between time t and distance x is £ = ax? + bx
where a and b are constants. The acceleration 1s
@) 2bv: (b)) 2abv? (c) 2a* (d) 2av?
An automobile travelling with a speed of 60 km/h, can



(d) Given, 1= ax*+ bx;
Diff. with respect to time (7)
d d dx 7h

2
—(t)=a— b—=a2x—+b.v.
dt() adt(x ) dt ¢ xdt+ Y
= 1=2axv+ bv=v(2ax + b)(v=velocity)
2ax+b—l.
v
Again differentiating, we get
2&£+0=—L@
dt Vv dt
— @ — 2 3 (" ﬁz‘u‘]
= a 7 av T



26 A person climbs up a stalled escalator in 60 s. If standing
on the same but escalator running with constant velocity
he takes 40 s. How much time 1s taken by the person to
walk up the moving escalator? |
(@) 37s (b) 27s (c) 24s (d) 45s



1 "escalator"

(¢) Person’s speed walking only 1s
60 second

Standing the escalator without walking the speed 1s

1 "escalator"

40 second
Walking with the escalator going, the speed add.

1 N 1 I5 Tescalator"
60 40 120  second

So, the person’s speed 1s

So, the time to go up the escalator t = % = 24 second.



27 From a tower of height H, a particle 1s thrown vertically
upwards with a speed u. The time taken by the particle, to
hit the ground, is n times that taken by it to reach the
highest point of its path. The relation between H, u and n
1s:

(a) 2gH=n?u? (b) gH=(n-2)%*u?d
(¢) 2gH=nu?(n-2) (d) gH=(n—2)u?



(c) Speed on reaching ground

V:\/u2+2gh UI
Hl -
Now, v=u+ at :|_I_

Time taken to reach highest point 1s = —,

_u+\/u2 +2gH _ nu

4 8
(from question)

= 2gH=n(n-2)?

— u2+2gh=—u+gt

m— |



28. A ballisreleased from the top of a tower of height h meters.
It takes 7T'seconds to reach the ground. What 1s the position

T
of the ball at ? second

8h

(@) Y meters from the ground
Th

(b) ) meters from the ground
h

(©) Yy meters from the ground
17h

(d) —— meters from the ground

18



1
(@) Wehave s = ut+5gt2,

= —oT?
= h 5 g
. . o T .
Vertical distance moved 1n time E 1S
1 (T)* 1 oT? i
h'=—g(—] —p=—x& 1
2°\3 2 9 9

.. Position of ball from ground = /4 —g _38n

9



