Chapter 3

Motion in a Plane

Very Short Answer Type Questions :

1.

Sol.

Sol.

6.
Sol.

. Displacement and velocity.

. If three vectors form

Solutions (Set-1)

Which of the following is a scalar quantity?
Work is a scalar quantity, others are ve

Name two vector quantities.

Can three vectors of diff

ector is a null vector.

If |A+B|=|A

= A? + B2 + 2ABcoso = A?
= 4ABcos6 = 0
0 =90°

What is the average value of acceleration of an object in uniform circular motion in one complete revolution?

|

av
At

Q|

In one complete rotation Av=v-v=0.0n reaching the same point, the object has same velocity.

=0

Qi

Electric current has both magnitude and direction, so is it a vector?

No, electric current does not obey vector laws of addition.
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7. Can the sum of two vectors be a scalar?

Sol. No, sum of two vectors is always a vector.

8.  What is the magnitude of j+ ] ?

Sol. The vector is i+ }

Its magnitude = 12 + 12
=2

9.  What is the direction of A+B for parallel vectors AandB

Sol. It is along either Aor E, both have same direction.

10. When can the sum of two vectors be minimum
Sol. Minimum, when two vectors are in opposite
Maximum, when two vectors are parall

Short Answer Type Questions :

11. Two vectors having magnitud e between their

resultant and A ?

Sol. Let R be their re

= sinf= @xsingm
2A

NG

sinG=—
2
06 = 60°

12. Find the angle of the vector A=3j+6]—k with y-axis.

Sol. Here | A|= /32 + 6% + (-1
= V9+36+1
= /46
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13.

Sol.

14.

Sol.

15.

Sol.

16.

Sol.

17.

Sol.

Motion in a Plane Solutions of Assignment (Level-l) (Set-1)

Let A make angle 6 with y-axis, then

| A|cosO =6

= C0s0O= i =0.88465

Va6
= 0 =cos™" (0.88465)
0 =27.79°

A boy sitting in a train moving with constant velocity, throws a ball vertically upwards. How does the ball appear
to move to an observer, (i) inside the train, (ii) outside the train?

(i) To an observer sitting inside the train, the ball will ap
downwards.

0 move straight vertically upwards and then

(i) To an observer sitting outside the train, the ball along the parabolic path.

Rain is falling vertically with speed 20 m/s. A s towards east. In which direction

should he hold his umbrella?

Velocity of rain with respect to man

rm = Yrain ™ Yman
= tan6= ﬂ
20
_ 1
T2
Or 6 = 26.562

Are the same?
No, (2 kg) (4 antity i.e., mass of 2 kg with a velocity
vector. So it is a owards east.

2 (4 m/s, towards e . Hence, the two are not same.

If A+B=C and |C|>| |A|+|B|?

No, In above case, Z,—B andC
of the other two.

s of a triangle. And no side is ever greater than the sum

Hence, |C|<|A|+|B]|

Show graphically that subtraction of two vectors is not commutative.

The two figures given show that A-BandB-A are two different vectors.

—

—A

v

>

B-A\ /B

Hence, subtraction of vectors is not commutative.
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18.

Sol.

19.

Sol. (i

20.

Sol.

21.

Sol. ..

22.

Sol.

23.

Sol.

A projectile is fired with kinetic energy 4 kJ. If its range is maximum, what is its K.E. at the highest point of
its path?

Since the range is maximum, the angle of projection is 45°.

If velocity of projection = v

1 2
4kd=—mv
= 2

v
Velocity at the highest point = v cos45° = E

2
1 v
K.E. at highest point = -m| —
at highest poin 5 [\Ej

= akd_ 2kJ
2
For a given velocity in projectile moti have maximum values

when the maximum height attain

(i) Angle of projection
(iii) Time of flight

Give a few exa

(i) Projectil

(i) Unifo

(i) Non-unifo erent speeds at different points. For
example, A

Find the angle of pr ximum height of a projectile are equal.

Hmax =R

vg sin? @, _ v2 sin26, _
29 g

= tan6, =4 or 6, = 75.96°
Why is centripetal acceleration called so? Is it a constant vector?

Centripetal acceleration always acts towards the centre of the circular path at every point. Hence, it is called
centripetal acceleration which in Greek means “center seeking”. Since its direction changes continuously, it
is not a constant vector.

What do you mean by resolution of a vector and components of a vector?

Splitting a vector into two or more component vectors is called resolution of the vector. A vector can be resolved
into infinite number of components. However a vector can have only two rectangular components in a plane.

Components of vector : If vectors Z,E and 5, when added using vectors laws, result into vector D, then they

are said to be component vectors of D along directions A, Band C .
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24.

Sol.

25.

Sol.

26.

Sol.

27.

Sol.

Find components of vector addition of 2 + 4]’ —k and 3i- 2}' +2k.
Resultant R = (2i + 4] — k) +(3i — 2 + 2k)
R =(5i+2] +k)

Hence, rectangular components of R are
R, = 5 along x-axis
Ry = 2 along y-axis

R, = 1 along z-axis

If the position of particle at time t is given by 7 = (2t2f+ . Find the component of velocity along z-

axis attime t =4 s.

r=2t%1+6t] +8k

|

- d
v=—
dt

=4t?+6)'+0f<

= 4t/ +6]

v,= 0, here. Th

An object is proj its vertical velocity?
0, = 30°

v,cosb, =

VySing, = ?

50

Vo 8in, = XS
cos30°

50% 1 km/h

NE

28.86 km/h

What is the relative velocity of a man swimiming downstream with speed 12 km/h (in still water) with respect
to a child running towards the river with speed 4 km/h in direction perpendicular to water flow? Speed of water
flow = 4 km/h.

Velocity of man in still water = 12 km/h = Vm

Velocity of water flow vy, = 4 km/h
Net velocity of man w.r.t. ground = Vmn =16 km/h |

Velocity of child = v, =4 km/h |

Velocity of man w.r.t. child
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\7(mn)c = 16? - 4}

V—

w
j—aund

v vmn
| Vimme | =/(16)% +(4)? = 4J17 km/h S
<—I—>o X

Ve
0=tan"’ [_—1)
4

= —14.04° with x-axis (i.e., direction of flow of river).

28. What do you mean by angular speed in uniform circular motion? How is it related to time period and centripetal
acceleration?

Sol. Angularspeed (o) : The time rate of change of the angular dis entofan objecthaving uniform circular motion

is called angular speed ().

_2n _
CU—? ora,=wr

29. A cyclist going round a circular path wi revolutions in 30 minutes.

Find its centripetal acceleration.

42
30x 60

Sol. Frequency v =

Time period T =

Given that v=10 km

10x£x@
= R=#m=
2><g 33
7
ac=41?v?R

—4x£x£x ! X 7 ><625 : ti . d (i
- 7 777300 300 33 [using equation (i) and (ii)]

L

C 27
0.41 ms=2
30. Find time of flight of an object projected at angle 30° with speed 60 m/s. [take g = 10 m/s?]

m/s

N6,  2x60x1
Sol. T=20SiNGy _ 2XOXA _ g
p 10x2
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Long Answer Type Questions :

31. State and prove the law of cosines.

Sol. Law of cosines : The resultant R of two vectors P and Q inclined at an angle 6 is given by

‘K" = JP? + Q2 + 2PQcos6 .

Let the two vectors P and Q are inclined at an angle 6 with each other. Then, the resultant of their vector addition
can be obtained by using parallelogram method as shown below.

Here, AB=P +Q

From B, draw a line perpendicular to AC which
meets it at E when extended.

Now in AABE
AB? = AE? + BE? [Pythagoras theorem]
= AB? = (AC + CE)? + BE?
From ABCE, we can have

CE = CBcost = Qcosb6  [CB =
Also BE = CBsin6 = Qsinf

Substituting these values i
AB? = (P + Q cos0)? +
AB?=P? + @@ +

32. Defineau

Sol. Avectorhavingu ng the direction of vector 4 is denoted by

A Ais given by 2\=|

It does not have any unit.

Let A =6i+8]+10k

= | A|=+62 +8% +10

= /200

=102
. ~ A e 8 1tk _ 3 4 1tk
Unitvector A=—=——+—_+ — = —=+—=+—F
Al 10v2 1042 2  5v2 5J2 2

33. (i) Derive expression for the horizontal range of a projectile,

2
(i) The maximum range of a projectile is ﬁ times the actual range for a given velocity of projection. What

is the angle of projection for the actual range?
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Sol. (i) The maximum horizontal distance travelled by the projectile during its flight is called the horizontal range of

. Avector having

the projectile. This is the straight distance OP as shown in figure. It is denoted by R.
R can be calculated by using equation

x = (v,c080,)t

When x =R, t = Time of flight, T, = 2/05%

(2v,sin®,)  2v(sin®; )(cosB,)

R =(v,cos6,)
9

_ v2 sin26,
9

R

[+ 2sin6, cosb, = sin(20)]

(i) Rmax =—

8 N and 3 N acting on a particle

alled a null vector. Itis denoted by (.
Examples of null vect
(i) Zerodisplacement
(if) Zero change in velocity

(iii) Resultant of two equal and op
Properties of null vector 0.

+0=A

|

|
I
ol
I
>

0=0

>

A0=0

Vector sum of three non-parallel and coplanar vectors will be zero only when the given vectors are represented
by three sides of a triangle. From geometry, the sum of any two sides of a triangle must be greater, than
the third side. Here in given problem (4 + 3) N < 8 N. The forces can not be represented by the side of a
triangle. Hence their resultant can not be zero.
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35. (i)

Show that a projectile follows a parabolic path.

(i) Find the horizontal distances travelled by a projectile projected at an angle 30° with horizontal with speed

Sol. (i)

(ii)

15 m/s, at the time it is at height 2.5 m above the point of projection. [take g = 10 ms—]
Consider a stone projected with velocity v, at angle 6 with x-axis.

Vox = Vo C0sO  [Horizontal speed at the time of release]

Voy
Along horizontal :

=v,sind  [Vertical speed at the time of release]

= Vx =Vox =V, Cosbi

If we take the time at which the stone is projected as t =0,

then its horizontal displacement at any time tis

Xi = (vo coso} A |

or x = v,cosot

Along vertical : The stone mov

acceleration a = —g]‘. The velocit
given by

v, J=Vo, J+(-g)tj

Its vertical displace

y =V, sinot

f trajectory of the projectile.

y = (v sind)t —%gt2 =2.5m (vertical height)

2.5 = (15sin30°)¢t —%x10t2

25= 1—5t - 5¢t2
2

= 10 —15t+5=0

= t=05s,1s
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Horizontal distance travelled x = v,cos0,t

= 15c0s30°x 0.5 [Taking t = 0.5 s]
25m

=15x§x0.5=6.5m 25m

v

& >

1299 m

Similarly fort =1s,x =12.99m

36. Prove the commutative and associative properties of vector addition. How do we specify the position of an object
using vectors?

Sol. (i) Commutative Property : To obtain A+ B, we shift B parallel to itself so that its tail coincides with the

head of A. The line segment joining the tail of A tot ad of A represents A+ Band its direction is

as shown in the figure (ii).

e
—_>>
A

(i)

If instead of B, we shj of B, the vector

obtained by joining

If we compar iii), we find the two vectors are equal

ie, A+B=B+A.

(ii) Associative Property : Th

|

We can describe the position of an object using position vector. The position vector of a point P is the
vector joining origin O to the point P. Thus it is the line OP having arrow at P.

37. The position of an object is described by the vector r= t2f+2t}'—tl? at any time . Find its position, velocity
and acceleration at time t = 6 s.

Sol. 7 =t%i+2t] -tk
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7= _otii2j-k
dt
5= _ 2 0j+0k
dt
att=6s,
() Positon:  F=6%+12j-6k = 36i+12j -6k
(i) Velocity :  v=2x6i+2j—-1k=12i+2j—k

|V ]=\12% +22 + (-1)? = V149 m s~

(iii) Acceleration : & = 2i

A constant acceleration of 2 m s~2 along posi

38. If A=2i—jand B=i-2], find the scal

(ii)
(iii)
Sol. (i)

(ii)

Direction of B with x-axis

0 =tan"" (‘sz = _63.43°

(iy A+B=(2-])+(i —2]) = (37 -3))

. Magnitude of A+ B = /3% +(-3)? = 3V2

Direction of A+ B with x-axis.

o = tan™! (_—3) =_45°
3
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39. Show that a two-dimensional uniformly accelerated motion is a combination of two one-dimensional motions
along perpendicular directions.

Sol. Abody s said to be moving with uniform acceleration if its velocity vector suffers the same change in equal interval
of time, however small. For this case the average acceleration of the object is same as its instantaneous
acceleration over a given time interval.

The motion in a plane with uniform acceleration can be treated as two separate simultaneous one-dimensional
motions with constant acceleration along two perpendicular directions. This can be shown as follows.

Let a constant acceleration @ act on an object moving in a plane. This acceleration changes its velocity from %
attimet=0 to v attime t=t. Then
v-vy

a=
t-0

= V=yy+at

As we have studied in the last chapter, that for a leration, average velocity is given

as
A
gLt
2
_ _ -1
From the definition of average v v = 0

Writing in component form
=3 xf+y)' = x0f+y0]'+(voxf+v0y}')t+5 axf+ay]')t2
Rearranging

soA ¢ 1 23 ¢ 1 2 3
— Xi+yj=|Xg+Vpy +§ax I+| Yo + Vo, +§ay J
Comparing two sides

X = X +Vout +%axt2

...(iii)

along x-axis}

1 .
Y =Yo+Vo,t+ an,& along y-axis
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Thus we see that the motions in x and y-directions can be treated independently from each other. This result
simplifies our study of motion in a plane.

A similar result can be obtained for the three-dimensional motion of an object. So for this case, we get a set of
three equations as follows.

X =

y:

Z=

40. Define the following, (i) Relative velocity (ii) Average velocity

Sol. (i)

(ii) 4

(iif)

Xo +Voyt +laxt2
2
t+ta
Yo +Voy +§ay

Zy + Vot + %azt2

rage acceleration (iv) Centripetal acceleration

Relative velocity : Let two objects A and B are ith velocities vV, and Vg measured with

respect to ground. The relative velocity of A wi
Similarly relative velocity of B with re
Vg =Vg —V, . (i)
Comparing (i) and (ii)
VAB = _VBA

And|‘7A3|=|‘7

tand the corresponding time

as that of Ar .

The instantaneous velo
interval approaches zero.

limiting value of the average velocity when the time

Average Acceleration : The leration a is the ratio of the change in velocity and the

corresponding time interval. If the v of an object changes from v to v, in time interval At, then the
acceleration of the object is given by the relation

= _ V’—\;
At

5 -2V [where AV=V-v]
At

From the above relation, we can see that a is along the direction of Av. The direction of Av is different

from that of v and v as long as the object moves along a curve and not along a straight line. Or we say

that for the motion along a curve, the direction of average acceleration is different from that of the velocity
of the object. They may have any angle between 0° and 180° between them.
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(iv) Centripetal Acceleration : Consider a particle moving on a circular path of radius r and centre O, with a

(ii)

uniform speed v, as shown in the figure below. Let the particle be at point P at time ¢, and at Q at time t + At.

Let v, and Vv, be the velocity vectors at P and Q directed along the tangents at P and Q respectively.

To find the change in velocity,

This is the change in velocity during this time interval At.

By definition, the average acceleration is given by

i

av
At

Q|

ie., ais along Av.

As At — 0, the average acceleration becomes the i leration and A also approaches zero.

Thus Av and hence, a is perpendicular to
so acceleration a,, acts along the radius

is directed along tangent at point P,
why this acceleration is called

centripetal acceleration which

Using graphical method

Express the unit ve

Angle that i+

Similarly, the a

tanez = _%

0, = —45°
Required angle =90°

|i+]|=VP+P
=2

A A A oA 1 i
Therefore unit vector along j + j, is = E(I +j) ==/t

Similarly |7-j|=+2

A A

oA 112 A 1~ 14
Unit vector along i — j, is =E(I_1) - E,_EJ
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42.

Sol.

The ceiling of a long hall is 30 m high. What is the maximum horizontal distance that a ball thrown with a
speed 45 ms~! can go without hitting the ceiling of the wall? [take g = 10 m/s?]

Vo=45ms™
Let 0, = angle for projection

2 02
Taking maximum height reached H.,,, = %

Taking maximum height =30 m

2 2
v, sin© 0
We have —2——2 =30
29

30x2x10
Vo

—, sin? 0y =

30x2x10

— sin? 0 = 45545

2 _ 600 _ 8
45x45 27

= sing,

Horizontal range R for 65 =s
_ v§sin26,
g
2

= v—°2$in60 cos0,
9

= v° X 2% %X\g [Using equation (i) and (ii)]

_ 45><45X2><2\/_ 5
10 93

=164.3 m
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43.

Sol.

44.

Sol.

A body of mass 10 kg revolves in a circle of diameter 0.8 m completing 420 revolutions in a minute. Calculate its
(i) Angular speed (ii) Linear speed (iii) Time period and (iv) Centripetal acceleration
Given,

Diameter = 0.8 m

Radius R=0.4m

- Number of revolutions 420
Time taken T 60

Frequency (v) rev/s =7 s

22
(i) Angularspeed o =2nv =2 X=X 7 =44 rad/sec

2R
(i) Linearspeed Vv = %

T =time period=l=1s
v 7
v_2X22><0.4= ﬂ
7x7 49
1 -

(ii) Time period T = 7

A bird is flyi velocity v. If bird is initially at
A, and a y of bird with respect to ground.
Given that velocity of bird with re

Velocity of wind w.r.t. ground v, = v}'
NOW V,,, = V5 — Vg (i)
5/ +6] = Vg ~ Vg

= Vg =5?+6]‘+v)'

VpG is shown by the vector AB in figure. Since velocity vV, Makes angle 30° with y-axis, itis inclined at 60° with
x-axis. Hence
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tan60°=6ﬂ
5
6+

S V3=t

= v=266ms’
Velocity of bird with respect to ground

Voo =5/ +6j+2.66]

=5/ +8.66]
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Chapter 3

Motion in a Plane

Solutions (Set-2)

The resultant of any number of vectors can be det tail fashion. The closing side of

the figure taken in opposite order gives the res

In the figure,

If the vectors form a

ctors required whose sum is zero, is

@ 5

1. The minimum numb
1 2

Sol. Answer (3)
Minimum number of non coplanar m is zero is four.

2. The minimum number of vectors with di agnitude required whose sum is zero is

1 2 @ 3 @3) 4 4) 5

Sol. Answer (2)

a

a+b+c=0
Hence three vectors.
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3.

Sol.

Sol.

Sol.

Sol.

The minimum number of vectors required whose sum is zero is
(1) 2 @ 3 @) 4 @) 5

Answer (1)

o
Pa
v
|

Given that 0.4/ + 0.8]' + bk is unit vector. What is the value of b?

(1) 0.2 @) +J02 @) +/0.8
Answer (2)
We have,

J(0.47 +(0.8) + (b)? =1

= b=10.2

The position vector of particle verage velocity
of the particle?
0
] ms™
2

(1) 20 ms™

Answer (3)

&
avg_rt

Two forces each n in the following figure, then the resultant is

10 d;/nes
(1) 10dynes (2) 20dynes (3) 104/3 dynes (4) 5dynes
Answer (1)
|F1=1F,1=10

6 =180 -60 =120

| F. |=\/(‘I0)2 +(1O)2—2><(1O)(10)%

= 10 dynes
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7.

Sol.

Sol.

Sol.

10.

Sol.

A person moves 30 m North, then 20 m east, then 30\/5 m south west, his displacement is
(1) 14 m south-west (2) 28 m south (3) 10 m west (4) 15 m east

Answer (3)

D=D,+D, +D,
=30/ + 20/ +30v2cos45(—i )+ 30+/2 sin45 (—))

=-107

The position co-ordinates of an object are given by x = 22, y = 2 — 4t, z = 3t — 5. The average velocity of

the particle during the interval 0 — 1 s is

(1) 10 unit ) 12 unit @) 8 unit

Answer (3)

AX _ Displacement
t Time

V=

_ X1-Xo
At

=./22 unit

If two vectors @ a

@) m
Answer (3)
la+bP=|a-b

= co0s0=0

p=2
2

At what angle the two vectors of magnitu + Q) and (P — Q) should act so that their resultant is \/P2 +Q%*?

4 P?P-Q° 4P+ Q° P?-Q° P? +Q?
1) cos™! 2) cos™ 3 X 4) cos——
g P?+Q° @ P*-Q° ) cos 2(P* +Q?) @ 2(Q*-P?)
Answer (4)
Let |A|=(P+Q)
|B|=(P-Q)

Given |A+B|=P*+Q@*
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1.

Sol.

12.

Sol.

13.

Sol.

14.

Sol.

15.

= JP?+Q@* =\| A +|BF +2|A||B|cos®

P?+Q@

= Cose=ﬁ
2(Q°-P9)

Which of the following pair of displacement cannot be added to produce a resultant displacement of 2 m?
(1) 1Tmand1m (2 Tmand2m B) Tmand3m 4) 1Tmand4m

Answer (4)

If A and B are two vectors, then

IA1-1B|<|A+BI<|A|+|B]

Maximum and minimum magnitudes of the resultan
Which of the following relations is true?

(1) p=2q 2 p=q

Answer (1)

agnitude p and q are in the ratio 3 : 1.

(4) None of these

Given,w=3 = p=2q
p-q

The directions of three for;
triangle taken in order.

of an equilateral

(1) 5V3N 10v3N

Answer (4)

We can write A B and ¢ in n we can find |A+B+C|

A particle is thrown with the speed u
with the horizontal, its speed will be

e a with the horizontal. When the particle makes an angle

(1) u cosa (2) u cosa secp (3) u cosa cosp (4) u seca cosf

Answer (2)
u cosa = v cosf
= v = (u cosa) secP

A projectile has same range for two angles of projection. If times of flight in two cases are t, and t, then the
range of the projectile is

1
-9 t1t2 (2)

1 1
2 _gt1t2 (3) gt1 t2 (4) ggt1t2

1) 4
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Sol. Answer (1)
IfR, =R,

= Angles of projection will be o and (90 — o)

2u sina
t =
g
2u sin(90 - o)
T

16. A particle is projected with velocity 50 m/s at an angle 60° with the horizontal from the ground. The time after
which its velocity will make an angle 45° with the horizontal 4

(1) 25s (2) 1.83s
Sol. Answer (2)

@) 3.72s

u cos60° = v cos45°

= 50><l=

1
5 (V)\/——2

use v, =u, + ayt to find t.

= v=252

17. A projectile can have the sa
then velocity of projection

s are t, and t,

1
(1) Eg(l‘1 +t,) Eg(t12 +1,%)

Sol. Answer (3)

sin® o+ cos®a =1

12

= u=2g(f+£)

18. A particle is projected from point O with velocity v, at an angle 30° with the horizontal and another particle is
projected from point P which is vertically below the highest point with velocity v, in vertically upward direction

v
as shown. For the two particles to collide the ratio v_1 will be
2

Vi

Av,

30°
O P
(1) 1 @) 2 3) 05 @) 15
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Sol. Answer (2)

19.

Sol.

20.

Sol.

V.V1 = VYz

= v,sin30=v,

A particle projected at some angle with velocity 50 m/s crosses a 20 m high wall after 4 s from the time of

projection. The angle of projection of the particle is
(1) 30° (2) 45°

Answer (1)

(4) 53°
Att=4s
y=20m

1
y=ut +§ayt2

20=(u,)(4)+ %(—1 0) (4

Angle of

A projectile projecte making an angle % with the horizontal at a

height 40 m. Its initial v gle of projection is

at h=40m
u? = v — 2g (40) ...(i)
Also, u? + v? = (50)? ...(ii)

From (i) & (ii) find angle of projection.
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21.

Sol.

22.

Sol.

23.

Sol.

24.

Sol.

Two bullets are fired simultaneously from the same level and in the horizontal direction over a lake. The speed
of one bullet is 196 ms~'. Assume that air friction is negligible and the lake is still. The bullet which is faster
will, compared to the slower one, fall in the water

(1) In half the time of the other (2) At the same time
(3) In twice the time of the other (4) None of these
Answer (2)

Since vertical velocity is zero hence both will fall at the same time.

An aeroplane is moving horizontally with a velocity of u. It drops a packet from a height h. The time taken
the packed in reaching the ground will be

TR

Answer (4)

A body of mass m thrown horizo
ground at a distance 250 m fro
the velocity from a tower of

(1) 250 m

eight h touches the
izontally with half

Answer (1)
t= |22

g

2h
t, = ?! t, =
R=v_t
Ry =(v),|—

From the top of a tower of height 40 m a ball is projected upward with a speed of 20 ms~' at an elevation
of 30°. The ratio of the total time taken by the ball to hit the ground to its time to come back at the same
level is (g = 10 ms™)

(1) 2:1 @) 3:1 @) 3:2 @) 4:1

Answer (1)

1
220 })
10

T=
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20 m/s
30°.
40 m
T =2 sec

Total time (T,)

s, =u,t+ %ayt2

~40 = (20) GjT +(-10NT,Y

Find value of T,

0 cm wide then the minimum
st plane directly is

25. A stair case contains three steps having
horizontal velocity of a ball moving off th

(1) 4 mis (2) 2 m/s
Sol. Answer (2)

.....

.,
N
.
N
10 ~~~
.
.
S
S
.

‘e /(2)20 _(
(100)g
40

2
UX—>——
Now, 10 100

10

= u=2m/s

inclined plane (of inclination 45° with horizontal) with
asured along the incline is

26. A projectile is fired horizontally f
speed 50 m/s. If g = 10 m/s?, the range

(1) 500 m (2) 50042 m (3) 200v2 m (4) 500/+2 m
Sol. Answer (2)

(2)(50)%}

~ gcos45

For range
1. 72
x=uT+—-aT
2
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27. At what angle with an incline plane of inclination 30° a particle should be projected to have maximum range
on the inclined plane?

(1) 30° (2) 45° 3 15° @) 75°
Sol. Answer (1)

0

o (90-30)
2

=30

28. If time taken by the projectile to reach B is T, then

(1) Tvsino
Sol. Answer (4)

2v

r=[ ,
gco

29. Asmall marble is projecte
wadge. Calculate the mag
in inclined plane of the wedge)

¢ from the horizontal y-direction, along the smooth
ds. Take g =10 m/s2. (Note that the particle is moving

(1) 20 m/s (2) 15 m/s (3) 103 mis (4) 10 m/s
Sol. Answer (4)

v=d+at
= (%(—’) + %]’J +(gsin45)(-i)2
|V|=10m/s
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Paragraph for Q. Nos. 30 to 32

A particle is projected horizontally with speed u from point A, which is 10 m above the ground. If the particle hits the
inclined plane perpendicularly at point B. [g = 10 m/s?]

31.

5° from horizontal.

u=10\/Z
3

Find the length OB along the inclined p

10

M 7 ) 203 &)

&8

Sol. Answer (4)

32.

OB is the displacement along inclined plane in time t=g

Speed at point B will be

() % @) 203 @) % @) 1043
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Sol. Answer (1)

Paragraph for Q. Nos. 33 to 35

When a boat travels in a river(strictly in a straight line), it can go eit
or in the direction opposite the flow of river (i.e., upstream). Th
move in stationary water while travelling downstream (as ri
upstream (as the boat moves against the flow of river). B

in the direction of flow of river (i.e., downstream)
's actual speed is more than by which it can
is added to it) and less while travelling
ation answer the following questions

A boat going downstream in a flowing river overca
passed the raft at a distance 6 km from point P.

urned back and after some time

33. After reversing its direction, how much fi
(1) 2h ) 1

34. Findthe speed of river.
(1) 4 km/h

35. Now, if instead of 6
(1) 1 km/h

in (i.e., 2" time)?

Solution of Q.

Since speed of boat is constan
Hence,
33. Answer (2)
T (time when it will meet again the raft
=2hr
34. Answer (3)

v, =§=3 km/hr
2

35. Answer (4)

v =%=4 km/hr
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36.

Sol.

37.

Sol.

38.

Sol.

Three ships A, B & C are in motion. The motion of A as seen by B is with speed v towards
north - east. The motion of B as seen by C is with speed v towards the north - west. Then as seen by A, C will be
moving towards

(1) North (2) South (3) East (4) West
Answer (2)

- 1+ 1

Vig=V|—i+—]j

AB ( > 2/)

N

- -

Voo =V| —=+—F—

\7AC = —A _\70

\7Ac =\7A,B _VBC
Men are running in a line along a ro er at equal distances of

20 m. Cyclists are also riding along th
speed with which an observer must
he also meets a cyclist is

(1) 9 km/h

er he meets a runner

Answer (1)

_>V

—> 18
Cyclists

Let observer must travel w

We must have

20 _ 30
9+v, 18+v,

= Vv, =9km/hr

A man holding a flag is running in North-East direction with speed 10 m/s. Wind is blowing in east direction with
speed 5./2 m/s. Find the direction in which flag will flutter.

(1) South (2) East (3) West (4) North
Answer (1)

We know

VA,B = VA - VB
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Paragraph for Q. Nos. 39 to 41

Raindrops are falling with velocity 10./2 m/s making an angle 45° with the vertical. The drops appear to be falling vertically to
a man running with constant velocity. The velocity of rain drops change such that the rain drops now appear to be falling
vertically with /3 times the velocity it appeared earlier to the same person running with same velocity.

39. The magnitude of velocity of man w.r.t. ground is
(1) 10v2 m/s 2 10V3 m/s 3) 10 m/s (4) 20 m/s

Sol. Answer (3)

Rain
10 m/s

W,

Ea
10 m/s
V,=10m/s
40. After the velocity of rain drops change th ect to ground is

(1) 2043 m/s @) 10

Sol. Answer (4)

Given, v; =10+/3

VRain =
41. The angle respect to ground
(1) 15° @) 3r°

Sol. Answer (1)

v
tano = [—YJ
VX

42. A boy standing in a trolley car pro
car moves with a constant velocity u,

rpendicular to the trolley car with a speed v. If the trolley
of flight of the stone is

12 22—u 3M 4) N f th
M @ 5 O (@) None of these

Sol. Answer (1)

2v ) )
T= ? vertical motion

"4
S
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43.

Sol.

44,

Sol.

45.

Sol.

46.

Sol.

Rain is falling vertically with a speed of 4 m/s. After some time, wind starts blowing with a speed of 3 m/s
in the north to south direction. In order to protect himself from rain, a man standing on the ground should hold
his umbrella at an angle 6 given by

(1) 6 =tan~'3/4 with the vertical towards south
(2) 06 =tan~'3/4 with the vertical towards north
(3) 6 = cot'3/4 with the vertical towards south
(4) 6 = cot'3/4 with the vertical towards north

Answer (2)

Using relative motion we get

(3
v =tan 1(Z] with vertical towards north.

A gun fitted on the top of a moving car is aime
If the muzzle velocity of the bullet fired from
comes out vertically is

t an angle 60° with the horizontal.
of the car for which the bullet

(1) 2 m/s (2) 4 m/ J2 mis
Answer (2)
Speed of car will be 4 m/s

A particle is moving in speed is decreased

by a factor of [ entripetal acceleration

factor of 2p2

A train 1 moves from east to we another train 2 moves from west to east (anticlockwise)

a
ground. The ratio of their centripetal acceleration — relative to

on the equator with equal speeds relati 3
2

centre of earth is

1) >1 2 =1 3) <1 “4) >1

Answer (3)

v
a=—
R

When R is the radius of circular path.

i <1
Hence
az
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47. Two particles A and B are revolving on two coplanar circles with time periods 4 second and 6 second
respectively. Time period of particle A with respect to B will be

(1) 6 second (2) 12 second (3) 18 second (4) 24 second
Sol. Answer (2)

o ()

Hence T = 12 sec.

48. Speed of a particle moving on a circular pa with time as v = (2f2) m/s. Net

acceleration of the particle at t = 2 second i

(1) 817 m/s? (2) 4 m/s? 4.3 m/s?

Sol. Answer (1)

a, = av =4t
dt

a =L

R
atotal =

49. What is the ma le moving with a uniform speed v, in a

circular path of lengt s a particle
(1) |Av|=? 2v, @) |av|=v,

Sol. Answer (4)
Maximum magnitude of change in velocity“Can be v,

50. A disc of radius 1 m is rotating about central axis with angular velocity 2 rad/s. If a point P lying on

its circumference as shown is moving with velocity 4]‘ m/s, then velocity of centre of disc is

L.

X

P

(1) (2 +4j)mis (2) (4i +2j)m/s (3) (=2i +4))m/s 4) (2i-4j)mls
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Sol.

51.

Sol.

52.

Sol.

53.

Answer (3)
V= Voo +V;
4j=2i+V,

V. =(4j-2i)ym/s

A particle is performing motion whose position vector is given by r =15 (cospt f+sinpt f) m, when p is in
rad/s and t is in seconds. The magnitude of centripetal acceleration att = 3 s, is

(1) 30p? m/s? (2) 15p? m/s? (3) 45p? m/s? (4) 90p? m/s?
Answer (2)

y-ar

dt

(V)

vy
A particle is performing circular m that at every moment
maghnitude of its tangential and r, icle is v, then time

(VOR)In[R—VOtoj

2nR =~ V.

0

R
A particle is performing circular motion in a circle of radius R with variable speed, v = Kt (K > 0). Time

. . . T
when angle between acceleration vector and its velocity vector becomes a1 is

R 2R R R
() 25 @ @) 4\/; @)\
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Sol. Answer (4)

54.

Sol.

= ag = a

2
iy \
R a\

A particle moves along a curve y = x2 with const
then the radius of curvature of path is

(1) 0.5 m (2) 20 m
Answer (1)
Y = x2

V, =2x V,

10 m/s. When the particle is at origin,

@) 1.0 m

a, =2V} +2xa,
a, = 200 m/s?

2
R= V_ =05m

ay
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