Motion in a
Plane

When a rocket leaves for mars, it is not directed towards the direction of mars but instead
it is directed towards a position where the mars will be after time taken for the rocket
to reach its destination. As the planet revolves around the sun, its position constantly
changes. For a rocket to reach mars. By considering the angular speed of mars, frequency,
angle of rotation the calculations are made for fueling of the rocket and angle at which
the rocket will be launched.

Topic Notes

B Vector Analysis
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VECTOR ANALYSIS

TOPIC 1
SCALAR AND VECTOR QUANTITIES

There are number of physical quantities, but all these
are grouped in two categories:

(A) Scalar quantity
(B) Vector quantity

Scalar Quantities

A physical quantity that can be described completely
by its magnitude only and does not require a direction
is known as a ecalar quantity.

It obeys the ardinary rules of algebra.

Example: Distance, Time, Speed. Density, Volume,
Temperature, Electric current, etc.

Vector Quantities

A physical quantity that requires magnitude and a
particular direction when it is expressed is known as
vector quantitu.

Vector quantities must obey the rules of vector
olgebra arrows.

Example: Velocity, acceleration, force, etc

It is always represented by a line headed with an
arrow.

Asif A is vector

p
Magnitude of R=|K|DrA

So, a vector is represented by magnitude and
direction. as in figure. paint P is called tail and point Q
is called head.

So _A’ = P_Q,
Types of Vector
Vector quantities are clossified into two categories.
(A) Polar vector
(B) Axial vector

Polar Vector

A vector quantity whose direction is along the
direction of motion of a body or particle is known as
a polar vector.

Example: Displacement. Velocity, Linear momentum,
Farce, etc.

Suppose a bike is moving eastward and covers 1 km
The digplacement ig 1 km due east, which meanas the
direction of displacement of the car and ita direction
of maotion, are the same.

Axlal Vector
A vector quantity whoee direction is along the axis of
rotation of the body or particle is called as axial vector.

w
Example: Angular velocity (), angular acceleration

(a). torque (7).

Suppose a top is moving anticlockwise about an axs
of ratation under the action of force, then the tarque
(turning effect of the force) acting on the body is
along the axis of rotation.

TOPIC 2
POSITION AND DISPLACEMENT VECTOR

Position Vector

A vector drawn from the origin to the positon of
a particle at any instant is called o position vector.
Consider a particle at point P at a distance from the
aorigin along the x-axs. then the position vector of the

- .
particle = OP= x as in figure.

0O P X

< 5
T X -

Now consider thaot particle is placed in Plane at

bar -
time, then OP=a which is the position vector of the

particle at the instant t.

@’g www.studentbro.in
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Displacement vector

The displacement vector of o moving particle in a
given interval of time is a directed line segment from
the initial to the final position of the particle.
It represents the change in the position of a moving
particle in the given time interval.
Suppose, a particle is moving in plone, at any instant &,
its position is P.

- .
So its position vector is OP=r.

After time ty, porticle moves to the new position P,
% el

now its position vector is OP, =r,

—)
So. the displocement vector of the particle is PP, .
Y
M P({)
v P.®
n
o > X

Some Important Definitions

Unit Vector: A vector having a magnitude of 1 (unit)
is known as o unit vector. It's used to specify the

A
direction and represented as P.

A A
W

The unit vectar in the direction of A is.

. vector
unit vector = -
magnitude of vector
A=AA=|A|A

Null or zero vector: A vector having zero magnitude.

.{ﬁ Important

= A unit vector Is used to spedfiy the direction of a vector.

ACaution

= Students should know that sum of two vectors la always

avector p + [—PJ =0 . Here, 0 Is a zero vector or null vector.

Equal vector: These vectors have equal mognitude
and same direction.

A=B
Angle between equal vector is 0°.

-3
A

g

Negative vector: These vectors have equal magni-
tude but opposite direction.
AB and BA are negative vectors. They have opposite

directions are also called antiparallel vectors. The
angle between them is 180°

[ 5 > 5
A
-
B < @
AB = — BA
A B
—
o >
< —e
A B

Collinear vectors: Vectors lying in the same line are
collinear vectora. Angle between them is 0° or 180°

Co-planar vectors: Vectors located in the same plane
are called co-planar vectors.

Co-initial vector: Vectors which have the same initial

-1 - -

point as shown in figure a.baondc are co-initiol

vectors.

2 v

_)E’
Parallel vector: Vectors which have the same
direction are called parallel vectors.

Angle between two parallel vectors is always 0°.

-
A

v

[ —
g
[ & >

Concurrent vector: Those vectors which pass through
a common point are concurrent vectors. In the figure

— = -3

a, b and c are concurrent vectors.

L L L o o o o
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Example 1.1: For satisfying the vectors to be
equal, what conditions must exist.
Ans. Two vectors are equal. if they have equal

magnitude and are parallel to each other,
which means their directions must be the same.

Example 1.2: State whether the following
statements are true or false:

(A) The magnitude of a vector is always a scalar.
(B) Each component of a vector is always a scalar.

(C) Three vectors not lying in a plane can never
add up to give a null vector.

Ans. (A) True, the magnitude of a vector is a
number. So, is it a scalar. Hence, the total
path length is always greater than the
magnitude of displacement. It becomes
equal to the magnitude of displacement
only when a particle is moving in o straight
line.

(B) False. the vector is the sum of its
components as the magnitude of each
component is a scalar.

(C) True, the resultant of two vectors must have
the same magnitude and opposite direction
os that of the third vector to have a null
vector.

TOPIC3 |
MULTIPLICATION, SUBTRACTION AND ADDITION OF TWO VECTORS

Vector addition con be performed by using the
following methods:

(A) Graphical methods.
(B) Analytical methods.

The addition of two vectors is quite different from a
simple algebraic sum of two numbers.

Triangle Law of Addition of Two
Vectors

If two vectors are represented by two sides of a
triangle in the same order, then their sum or resultant
vector is given by the third side of the triangle taken in
the opposite arder of the first two vectors.

Consider a triangle directed from the tail of A, the

head of ﬁand resultant R

The Sum of two vectors ia called the resultant vector
of these two vectors.

= "~ BCosb

Resultant, R=A +B = IE+E

Length of R is the magnitude of the vector sum.,

ie. . IEI=I;\'+§I = J(A+Bcos€]):+(8 sin Ei)J

IR} = JA’+B’+2AB cos 0

Let the direction of R make an angle a with A
Bsin 0

Parallelogram Law of Addition of Two
Vectors

If two vectars are represented by two adjacent sides
of a parallelogram which are directed away from
their common paoint, then their sum (Le, resultant vec-
tor) is given by the diagonal of the parallelogram par-
ing away through that common point.

- 2 -
AB +AD=AC

- —

A+B=R

R= JA’+B“+2ABOO58

L L L o o o o
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Bsin 0
A+Bcos9

tana =

Example 1.3: Two forces of magnitude 3 N and
4 N, respectively, are acting on a body. The resul-
tant force, if the angle between them is 0°:

(@ 7N
(b) 3N
() 0
(d 4N
Ans.(@ 7N
Explanation: As 6 = 0° both forces are parallel,
R=A+B
Net force or resultant force
R=3+4
=7N

Direction of resultant is along both force,

————>3N

>4 N

Example 1.4: Two vectors have equal magnitude
of 5 units, have an angle of 60° between them.
Find the magnitude of their resultant vector and
its angles from one of the vectors.

5

Ans. A =B = 5unitand 6 = 60°

R= JA’+B’+2AEC058

= /57457 +2x5x5 cos 80°

=5J§um‘t

~tonge _58IN60° 5 _1
A+Bcos60° 3 3
2
= tan 30°
Or a=30°

Example 1.5: In a heavy storm, rain is falling

with the speed of after some time the speed

45 ms™ of wind becomes 12 ms™ in the west to

east direction. To save himself from the rain in

which direction should the boy take his umbrella?
VI’J’

>
rd

Vv, R
v S
Aneg. Let, velocity of rain = v,

velocity of wind = v,,

According to rule of vector addition, R repreaent
the aoddition and its magnitude is:

R=
2 2 2 2
J2+v? = (45) +(12)
= 4657 ms™
and angleis, tan® = Em-=£= 0266
v, 45
or, 0 = tan™! (0.266) = 14.89°

Therefore, the boy holds the umbrella in vertical
plane at an angle about 15° (approx) with the
vertical towards the west

Polygon Law of Vector Addition

When the number of vectors are represented in both
magnitude and direction by sides of an open polygon
taken in an order, then their resultant is represented in
both magnitude and direction by the closing side of a
polygon taken in opposite order.

N

e
(@) (b)

- = = -3

This, R=A+B+CsD

Subtraction of Two Vectors

If ;ﬁt and é are two vectors, their difference A—é and

-

be treated os sum of vector A and | =B | vector

ie.

AP [a]

L L L o o o o
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According to low of triangle
A-B = JA’ +B” +2AB cos (1-0)

= JA’-!-B’-:-ZAB cos 0

Bsin 6

tanag = ——
A-Bcos®

Where. 0 is the angle between AandB .

_—
B
/ Iy
g ]
// a 1l
// a}'
- -
L// A_B 1’
i
e %

(fﬂ’ Important

we \fectar subtraction doean't follow

- - - -

0 Commutatlvelaw A B=B A
@ Assodaivelaw [E_E]_EJ_[E_E)

Example 1.6: A ball having linear momentum
strikes a rigid wall in a direction normal to its
surface and rebounds with the same momentum
in a direction normal to the surface of the wall.
Calculate the change in momentum of the ball

Ans. Let Kl =R.
the linear momentum of the ball striking the
wall

Change in momentum

A=A

AA:-A—A:—QA

Negative sign implies that changes in
momentum of the ball is in the direction of
rebound.

- -
A =R
® >

——™
N

Wall

-
A: =

Multiplication of a Vector

By a real number - multiplication of a vector by a
number n gives a new vector whose magnitude is n
times the magnitude of the given vector and direction
is same a8 that of the given vector when n is a positive
real number.

(1) Let a the vector be multiplied by a real number

'n’, then the new or resultant vector is, A=na-

(2) By a scalar - when a vector quantity is multiplied
by o scalar quantity, then the new physical
quantity obtained is also a vector quantity whose
magnitude is the product of scalar quantity and
vector quantity ond direction is the same as
that of the vector quantity with which a scalar
quantity is multiplied.

TOPIC 4
RESOLUTION OF VECTOR

In plane [two-dimensional]

When a vector is split into components which are at
right angles to each other then the components are
called rectangular or orthogonal components of the
vector.

Let A, and ;Ly be two components of ;\.fundj be
the unit vectors along OX and OY respectivelu, then,
A= AJandA, =A ]
A, = mognitude OFA,-?
A, = magnitude of A,
Then,
A=AT+A ]

x ¥

A, = A cos0; ﬂ\,:AsinB
Then magnitude of resultant vector |A] = |/A] +A7
If 0 is the inclination of A with x-axis, then angle 6;

L L L o o o o
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In Three-dimensional

AY
N M
LY
2
g
._’
PAL P i
%o /L
Q

z

Consider a vector represented by A in space. The
components of QP along OX, OY and OZ are

OL=A ON=A, OR=A,

Ac=Aj Av=A] Ac=Af

A=A +AJ+Ak
Resolution vector,

|Al= (A +A7+A?

Magnitude of vectar,

COSU = x|
,fAJ’ +Au’ +A"

A

cosfp= ————=m
,IARJ +)'3\yJ +A:’

A

£

cosy = =n
:EA,’ +A+A,]

L m and n are directions.
Prm?+ni=1

Example 1.8: Case Based:
The resolution of a vector is the splitting of a single
vector into two ar more vectors in different directions,

which together produce a similar effect as is produced
by a single vector itself The vector formed after
splitting is called component vectors

YA

'
'
1l
i

A
a, = (3sin 8)

e

2. = [@Blsin a)?f

(A) A force of 4 N is indeed at an angle of 60° from
the vertical Find out its components along
horizontal and vertical directions.

(B) Determine that vector when added to
-+

the resultant of P=2/+7]-10k and

5= i +2] -3k gives a unit vector along x-axis.

(C) The sum of 3 vectors shown in the figure is
zero, what is the magnitude of the vector

OB and OC?

@ 5N
(b) 10N
€ 20N
@d) 15N

(D) Addition of 3 vectors ;.. é and E, which, have

an equal magnitude of 50 units and are
inclined at angles of 45° and 135° respectively
is:

(@) 100 units

(b) 75 unit

(c) 50 unit

(b) 25 unit

(E) A force of 4 N makes an angle of 30° with the
x-axis. Find the x and y components of the

force.

Ane. (A) Here F=4Nandb6 = 60°
So. vertical component.
Foos0=4cosB80°=2N
Horizontal component,

Fain®=4sin60°=2y3 N
(B) P=2; +7J‘_10E andQ=E+2j+3E

When P and Q added. it gives the resultant
vectar is,

Resultant, E: l; +(5
= (2 +7] ~10k)+( +2] +3k)
= 3i+9) -7k

Now the obtained vector is along x — axis
which means

=i-R

I-(31’+9j-712)

21 -9} +7k

(©) (b) 10N
Explanation: According to the figure,

resolving OCin two rectangular

components.

L L L o o o o
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OD = OC cos 45° and OE = OCssin 45°
For zera resultont

OE =0A
or OCsin 45° =10N

1
OCx == =10N
2
= |&| =102 N

and
OD =08B
= OC cos 45° =0B

1
= 10,2 x == =0B
25
So, OB =10N
(D) (c) 50 unit

Explanation: The angle between B and E,
is equal to 315° - 135°=180°
So, they balance each other.

So, the sum of these three is ,K ie. 50 units
at 45° from x-axis.

(E) F=4Nand @ =30°
x-component of force,
F, =Fcos®
= 4 x cos 30°

=28 N

=4 x

w|&

y-component of force,
Fy=Fsin®
=4 x gin 30°

=4 x 2N

N
1l

;f‘ﬁ Important

=+ Scalar product or dot product of bwao vectors
AB =ABcoso

= \fector product or cross product of two vectors

" TOPICS5 |
POSITION VECTOR AND DISPLACEMENT IN PLANE

The position vector } of a particle P, located in a

plane with reference to the origin of on x y-coordinate
system is given by,

r=xi+yj

A

| -

o > >

x1 *
Now, if the particle moves along the path as shown to

a new position P with the position vector r,,

-

r=xi+yj

Change in position of the particle is nothing but its
displacement ig given by

From the figure. it can also be seen that.

reAr=r O Ar+r—r.
which is nothing but the triangle low of vector
addition.

Example 1.9: The position coordinates of a
particle in a plane are (1, 1) and (2, 3) at time t;
and t; respectively. What are the position vectors
of the particle at t; and t;, and displacement of the
particle during this interval of time?

-1 -

Ane. Position \ector at ty is, =X, i+y, j=

g
1 J

—-a -3 -

Position Vector at tyis, =X, i+y, j=2i+3j

Displacement of particle

—-a -3 =3

Ar:g—q
- (2?+3])—(T+})=?+2}

The magnitude of displacement of the particle
is given by,

Ar

- [+ @7 = 5 unit

L L L o o o o
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' TOPIC 6
AVERAGE, INSTANTANEOUS VELOCITY AND ACCELERATION

Average Velocity - B Av,
qm'g=_v=—l-;+—2-j

The average velocity (v) of an object is the ratio of the AE At At

displacerment and the corresponding time interval

yp = » .
Ogqyg = Gn.l' + UyJ
r
cdon of v ’
J/ Quem s =" & Instantaneous Acceleration
Ay [T R = Instantaneous acceleration is given by,
i Y = :
| : > d dv,
T ! ! a =E"-]'|-i=———‘”rJr l? + j
v : dt dt dt
r ‘ = - -
: :I = 0=a,i+0a,j
E L Example 1.10: A cyclist starts from the centre O
: : —> of a circular park of radius 1 km, reaches the edge
— A —> P of the park, then cycles along the circumference
. R . and returns to the centre along OQ as shown in the
v wDr AQ+AY figure. If the round trip takes ten minutes, calculate
o9 At At the net displacement, average speed and velocity
of the cyclist.
Vaug =Vl +V,J Q
Instantaneous Velocity
Instantaneous velodty is given by the limiting value of p
the average velocity as the time interval approaches
zero.
= . Av _dr
v=lim —=— NCE
ar—0 At dt . . N o ) [ .
Ans. Since the initial position coincides with the final
= e position.
= v=v i+v,j
So, the net displacement of the cyclist = zero
dx dx .
Here, Vy = s and v, = - Average veloci = Displacement
Time taken
IVI= .fvf +Vj The net displacement of the cyclist is zero.
so ita average velocity Is also zero.
v
Also, tanB= £ Total distance covered
v Average speed = -
g Total ime taken
8 =tan-l| Ju _ OP+Arc(PQ)}+0Q
2 10
; 60
Average Acceleration
Average acceleration is given bu, r+2—m+r 25
. = —4 _ Z-2143kmh™
8=tan~}{ £ 1 1
v, 6 6

Get More Learning Materials Here : & m @\ www.studentbro.in
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Example 1.11: A stone, tied to the end of a
string of B0 cm long, is whirled in a horizontal
circle with a constant speed. If the stone makes 14
revolutions in 25 sec, then what is the magnitude

o=2nv=2x 314 x 056 =13.52 rads™!
The acceleration of stone is;
a=rw?=80x352x352=991.2cms™2

The acceleration is directed along the rodius

of acceleration of the stone. [NCERT]
o of the circulor path towards the centre of the
Ane. Given.r=80cm,v= E rpa = 0.56 rps circle.
" TOPIC7
PROJECTILE MOTION
When an object is projected obliquely close to the g
surfoce of the earth, it moves simultaneously in y = (tan Bg)x -

horizontal and vertical directions. Motion of such an
object is referred to as projectile motion

[o==

6o

~
T -
X

0;<—vcoos 8,
Here, an object is projected at an angle with an initial
velocity 'v.
Suppose that the projectile is launched with velocity
vg that makes an angle 8g with the x-axds

After the object has been projected, the acceleration
acting on it is that due to gravity which is directed
vertically downward.

a=-g]
ax =0,ay=-g
The components of initial velocity vq are,
Vge = Vg CO8 Og
Vay = Vo sin @g

if, xo0 =0,yp=0
Then. X = Vgt = (vg cos Bg)t
1
and, y = (vp &in Bg) t—[E] gt?
v
And 8 =tan™ L
v

Equation of Path of a Projectile

The shape of the path followed by the projectile
is obtained by eliminating the time between the
exprassions for x and y in the above equations -

2(v,cos 6,

Now, since g, 8g and vp are constants, and equation
is in the form of y = ax + bx?, in which a and b are
constants. This is the equation of a parabola, ie, the
path of the projectile is a parabola.

A
y

(@]
&
i)
-

Time of Maximum height

The time taken by the projectile to reach the
maoximum height can be denoted by t,,.

Since. at this point. v, = 0.
vy =Vp8inBp-gt,m=0
v, sinBO

g

Or, tn =

The total time tpduring which the projectile is in flight
can be obtained by puttingy =0

2(v,sinB )

e =

d g
tr is known as the time of flight of the projectile.
As tr = S

which is expected because of the symmety of the
parabalic path.

L L L o o o o
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Maximum Height of a Projectile

The maximum height h,, reached by the projectile
can be calculated by substituting, t = t,, in above
equation,

y = hm = (vo sin B¢)

v,8in8, | g|v,sinB, ¥
g 2\ g
v,sin 6
Or. hii= [—9—2]

Horizontal Range of a Projectile

The horizontal distance travelled by a projectile fram
its initial position (x = y = 0) to the position, where
it passes y = 0 during its fall is called the horizontal
range, R It is the distance travelled during the time of
flight te
Therefore, the range R is,

R = (vg cos 0g) (tp

e (vo cos Ga)(2vo sin 90)

J -
v, 8in 290
g

The equation shows that for o given projection
velocity vg, R is mamdmum when sin 28q is maximum,
Le, when 8g = 45°.

aor, R =

The maximum horizontal range s,

Therefore,

an=

Lﬁ Important

= At maximum helght angle between velociy and
acceleration [s 90°

Q o

Example 1.12: Suppose a particle is moving
in x-y plane. Now can there be motion in two
directions with an acceleration in only one
dimension?

Ane. Yes, the projectile motion is @ mation in two
dimensions with acceleration in only one
dimension Le. vertical direction only.

@Related Theory

= There's no acceleration In the horizontal directlon since
gravity does not pull projectiles sldeways. only downward.
Alr reslstance would cause a horlzontal acceleration, slowing
the horlrontal motion, but since we're only going to consider
coses where alr reslstance ls negliglble, we can assume that
the horizontal veloclyy la constant for a profectile.

Example 1.13: Case Based:

A projectile is an object upon which the only force is
gravity. Gravity acts to influence the vertical mation
of the projectile, thus causing a vertical acceleration.
The horizontal motion of the projectile is the result
of the tendency of any object in maotion to remain in
motion at constant velocity. Due to the absence of
horizontal forces, a projectile remains in motion with
a constant horizontal velocity. Horizontal forces are
not required to keep a projectile moving horizontally.
The only force acting upon a projectile is gravity.

(A) When a projectile is projected at an angle with
the horizantal, then which of the components
of the velocity remains constant throughout
the trajectory?

(B) Is the speed of a projectile zero at the highest
point of its trajectory, when thrown at some
angle with the horizantal

(C) An airplane is flying at a constant height of
1960 m with speed 600 km h™! above the
ground towards a point directly over a person
struggling in flood water. At what angle of
sight with the vertical should the pilot release
a survival kit if it is to reach the person in
water? (g = 9.8 ms™)

(a) 30° (b) 60°
(c) 90° (d) 120°
(D) Assertion (A): When a body is dropped or
thrown horizontally from the
same height, it would reach the
ground at same time.
Reason (R): Horizontal velocity has no
effect on the vertical direction.
(a) Both A and R are true and R is the correct
explanation of A.
(b) Both A and R are true and R is not correct
explanation of A.
(c) Aistrue butR is false.
(d) Ais false and R is also false.
[Delhi Gov. QB 2022]
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(E) Three projectiles A, B and C are thrown from
the same point in the same plane. Their
trajectories are shown in the figure. Then
comment on time, launch speed and horizontal
velocity of the particle.

Ane. (A) The horizontal velocity of a projectile
remains constant throughout the trajectory
because no acceleration due to gravity acts
on the horizontal component velocity of
a projectile. Thus, no force to change its
velocity. That's why the horizontal velocity
remains constont in a projectile motion.

(B) At the highest point of trajectory of a
projectile, the vertical component of the
initial speed is zero, while the horizontal
component of the initial speed remains
unchanged. Thus at the highest point of
the trajectoruy. the speed of the trajectoru.
the speed of the projectile is equal to the
horizontal components of the initial speed.

© ® 60°
Explanation: Plane is flying at a speed

=600 % —

18
= 2 m/s horizontally

(at a height 1960 m)
Time taken by the kit to reach the ground,

2h

| | [t

g

_ [2x1960 _
9.8
In this ime the kit will move harizontally bu,

X =ut

5(3)0 20 = 10,000

m

So. the angle of sight

X
tanB = —
an h
10,000 10
" 3x1960 588
=17=3
or B8 = 60°

(D) (a) Both A and R are true and R is the carrect
explanation of A.

Explanation: For both the cases, the vertical
component of the velocity is zero ie. u, = 0

; 1
U = —at?
sing Sy uyl: + 2ayt

2

f'.'=0+hL

2
2h
= t= |—
g

Hence the body will reach the ground at
the same time.

Also from the equation used. the horizontal
velocity has no effect on the vertical
direction.

(E) The time of flight only depends on the
vertical component of velocity and if A
B. C have the some maximum height
that means they have the same vertical
component of velocity ie, same time of
flight If C covers maximum horizontal
distance at the same time as all three that
means it has maximum horizontal velocity.
If all of them have the same vertical velocity
and C has maximum horizontal velocity
that implies C has highest total velocity.

. TOPIC 8
UNIFORM CIRCULAR MOTION

When a point object is moving an a circular path with
a constant speed, ie., it covers equal distances on the
circumference of the circle in equal intervals of time,
then the motion of the object is said to be a uniform
circular motion.

Let us consider a point abject moving along a circular
path. For uniform circular motion, when the object
completes one revolution, the angle traced at its axis
of circular motion is 2 radians, which implies,

when t =T, 0 = 2 radians.

. Angular velocity
e
T n

Where, n = frequency of a point object. T = time period.

Relation between linear velocity and angular
velocity: =
¥

where ris the radius of circular path.

w = angular velocity

v = linear velodty
Angular acceleration of an object in drcular motion is
defined as the rate of change of its angular velocity.
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If Aw be the change in angular velodty of the object
between the time interval At the angular acceleration,

The SJ. unit of angular acceleration is rad. s™2

Relation between linear acceleration and angular
acceleration:

-3 - -

a=axr
The occeleration of an object moving with speed v in
a circle of rodius r has a magnitude -Vi and is always
directed towards the centre. This Gccerlerution is called

centripetal acceleration a.

Centripetol acceleration. g, = ﬁ
7
= w?r = r(2r)?
1
= 4]"[2 !'Vz = 4n’r

T:'

Example 1.14: An aircraft executes a horizontal
loop of radius 1.00 km with a steady speed of 900
km/h. Compare its centripetal acceleration with
the acceleration due to gravitu.

Ane. Radius of the loop, r= 1 km = 1000 m
Speed of the aircraft. v = 900 km/h

=900 x >

18
=250 mfs

Centripetal acceleration, g. = —
r

- 259¢
"~ 1000
=625 ma™2

Acceleration due to gravity, g = 9.8 m/s?

625
98

a.=638¢g

Qe =

g

(OBJIECTIVE Type Questions)

[1mark]

Multiple Choice Questions

1. The resultant of two vectors ; and E

is perpendicular to the vector (A) and its
magnitude is equal to half of the magnitude

—b

of the vector B The angle between A and

B is:
(a) 120° (b) 150°
(c) 135° (d) None of these
Ans. (b) 150°
Explanation:
R 1
Cosf= ===
sf 53
1
|Al = -IBI

This means, fi= 80°

The angle between A and B =90° + 8

=90° + 80° = 150°
A Caution

Students should know that when you write R= A + B,
thenltla true r.hai: Rla greal:er than A and B but while

wrlting R A + B the meaning s eomp!el:eiy
different Le. R ls not always greater than A + B

2. Two forces, each equal to F act on the shown
figure. Their resultant is:

F
60°
3 >
F
- F
(a) 7 (b)
© V3 F @ s F
Ans. (b F
Explanation: The angle between the force,
0 =120°
and a =180°-0 =60°

So, resultantis, R = JAJ +B?-2AB cos a

= J(F? +F? ~2Fcos 60)

= | 2 1
= 2F2—2Fx2

EP Wk

@ Related Theory

=+ During an equllbrium, there Is no lnear matlon of
tne obfect Therefore, the regultant Rree I8 zera
There Is minimum potential energy of the object for
stable equillbrium.
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3. A unit vector along the incident beam of
light is i . The unit vector for the related

refracted beam of light is . nis a unit vector

normal to the boundary of the medium. If
be the refracted index of the medium, then
Snell's Law of Refraction is:

@ ixhA=p(h+?)
®) iA=p(7.A)
(C) ;xﬁ=|l(F Xﬁ)

(CD 'l.(f xﬁ).-..? x A

Ans. () | x A= (F x A)

Explanation: As we know that. Snell's low is

sini
—
sinr
i %A =|j||ﬁ|sinf

A A mllal .
|l' unl=|r"n|8m r

gini=psainr

fxﬁi:u P x A
Since
ixn||fxn
‘f‘xﬁ=p(?xﬁ)
@Rﬂlﬂtﬂd Theory

= Unlt vector has no unit and dimenalona It Is used to
speclfy a direction only.

4. A body moves 6 m North, 8 m east and
10 m vertically upwards, the resultant
displacement from its initial position is:

(@) 10{2 m (b) 10 m
(c) % m (d 20m

Ans. (@) 10 o m
Explanation: According to the question.

F=xf+g}+z£
r= x*+y*+2
= \6?+8%+10°

=102 m

& Caution

= Students should always label the displacement

vectors and denote the result of thelr sum as
regultant vector. If the value of direction Is In negatlve,

the person has walked In negative direction The
value Is not alwaya supposed to be subtracted In
such cases.

5. A vector Is not changed if:
(a) it is rotated through an arbitrary angle
(b) it is multiplied by an arbitrary scalar
5? it is cross multiplied by a unit vector
) it is displaced parallel to itself.

Ans. (d) it is displaced parallel to itself.

Explanation: A vector hos both magnitude
and direction. A vector is changed if it is
through certain angles as its direction has
been changed, if a vector is multiplied by scalar
quantity its magnitude is changed, a vector
does not change if it is displaced parallel to
itself.
A Caution
=+ Students must know that only similar quantities

can be added or subtracted Quantities with same
unit can be added and It doean't not make any
sense wnen we talk of adding mass of body to
temperature of the body.

6. Vector K is 2 cm long and is 60° above the
x-axis in the first quadrant. Vector E is 2
cm long and is 60° below the x-axis in the
fourth quadrant. The sum ; +§ is a vector

of magnitude:
(a) 2 cm along +y-axis
(b) 2 cm along +x-axis
(c) 2 cm along -y-axis
(d) 2 cm along -x-axis
Ans. (b) 2 cm along +x-axis.
Explanation: From given dato,

A = 2c0s60] + 2¢in60

B =2cos(-60)/ +2sin(-60)
=2c0s60i - 2sin60 ]

A+B=2x2cos60i +0]

-

=4-]=2

N | =

|A+Bf=2
7. ABCDEF is a regular hexagon with point O as
centre. The value of AB+AC+ AD+ AE+AF is:

(@) 250 (b) 44{0
© 6AO @ o

Ans. (c) 6A0
Explanation: In Hexagon;

AB +AF=AO
AB = AO— AF

AC = AB-AO

L L L o o o o
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AD=2A0
AE = AO+ AF
Now,

— — —

AB+AC+AD+ AE+ AF = SAO+ AB+ AF
= 5A0+AO=6A0

8. In going from one city to another, a car
travels 75 km North, 60 km North-west and

20 km east. The magnitude of displacement
between two cities is (take \/_ =0.7):
(a) 170 km (b) 137 km
(c) 119 km (d) 140 km
Ans. (c) 119 km
Explanation: Displacement of car

=75 ] (75 km North)- 60 cos 45 i + 60sin45 J
(60 ke North — west) + 20 (20 km east)
Final Location

—-B60 ~ [ 60 a

% 20| 75|
[F)i ()

= (80 x 0.7 +20)] +(42+75) ]

w99l +117]
So. displacement is

= J(=22Y +(117)
= 14173 =119km
A Caution

w Students should remember that dimenslon of new
vectors quantity = Dimension of scalar quantiy

x Dimenslona of vector quantity.

w [n above case. If the final value la negabwe, It would

not mean that dlzplacement ls negative as it would

be Imposslble. In such cosea always take modulus of
the final answer and write the anawer In positive.

9. 0On a horizontal flat ground, a person is
standing at point A. At this point he installs
a 5 m long pole vertically. Now he moves
5m towards east and then 2 m towards
pole to the top of the second pole. Find the
displacement and magnitude of the bird.

(@) 5i +2j-2k, V33 m
(b) 6i +2j-2k, V23,
© 5i +3j-2k, V23 m
(d) 5i +2j-2k, V23m
Ans. (@) 57 +2 -2k, 33 m
Explanation:

A man install pole
AP=5m

another pole of 3 m be install at point B,
BQ=3m

AP= 5k

AQ="5! +2]+3k

AQ=AQ - AP
=5i+2j+3k -5k

displacement vector; PEQ: 5 + 2} + 2k
PQ| =V5"+2" 42

10. An athlete throws a javelin with velocity
of 20 ms™! at an angle of 15° with the
horizontal. How far the Javelin would hit the
ground from the point of projection:

(@) 20m (b) 20.2 m
(c) 204 m (d) 20.6 m
Ans. (c) 204 m

Explanation: Range of javelin,

For mognitude

_ Usin20
g
(20)” sin 2x15
98
_ 400xsin 30°

98
=204 m

R

@ Related Theory

= Horlzontal and vertical components In projectile
motion were stated by Galilea. He Is also responsible
for discovery of time In projectlle motlon. time of
ascent la equal to the tme of descent

1i. At the upper most part of a projectile,
velocity and acceleration are at an angle of:
(a) 0 degree (b) 30 degree
(c) 180 degree (d) 90 degree
[Delhi Gov. SQP 2022]
Ans. (d) 90 degree
Explanation:
Velociyy

rd

Acceleraton

LY
rd

As seen in the diagram, velocity impacts
horizontally. whereas grovity's acceleration

acts vertically. As a result. the angle between
them is 90°.
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12. A soldier fires a bullet horizontally from the
top of a cliff with a velocity of 10 ms*, If the
bullet strikes the ground after 2 s. Find the
height of the cliff, also calculate the velocity
with which the bullet strikes the ground.

(@) 19.6 m, 22.01 ms™}
(b) 22.01 m, 19.6 ms™*
(¢) 19 m, 22 ms™!

(d) None of the above

(a) 19.6 m, 22.01 ms™!
Explanation: The height of the cliff, using

Ans

y=vgt+ % ayt2

1

y=0+ 5 9.8 x(4)?=19.6 m

Sa, the height of cliff is 19.6 m.
And for velocity, we know that.

v= \u’+2gh

= J(10) +2x98x19.6

= \/484.16

=2201 mg™!
A person aims a gun at a bird from a point
at a horizontal distance of 100 m. If the gun
can impart a speed of 500 ms*! to the bullet,
at what height above the bird he must aim
his gun in order to hit it?
(@) 10 cm (b) 20 cm
(c) 30cm (d) 50 cm
(b) 20 cm
Explanation: Time taken by bullet to cover

13.

Ans.

horizontal distance = m =0.2 sec
500

Distance covered by bullet in same time
=05x10x02x02=02m=20cm
Person should aim 20 an above to hit the bird.

i4

A particle is projected at an angle of 45°,
8 m away from the foot of a wall, just
touches the top of the wall and falls on the
ground on the opposite side at a distance
4 m from it. The height of wall is:

(a) ®) 2

2
- M - m

3

© 5m @2
[NCERT Exemplar]
Ans. (© % n

Explanation: At 45° range of projectile,

P

45°

xwBm ¥, =4 m-

R=B+4=12m

Get More Learning Materials Here : i

o’

2u’cos’d

y=(xtan 9)[1—%]

Height of woll y = x tan ©

=Bx1x 1—i

==m

15. An arrow is shot into the air. Its range
is 200 m and its time of flight is 5 s.
f g = 10 ms*%, then the horizontal
component of velocity of the arrow is
(@) 25 m/s (b) 40 m/s
(c) 31.25m/s (d) 12.5m/s

Ans. (b) 40 m/s

Explanation: The time taken by the projectile
to reach the ground is calculated above. During
this time the projectile moves in the horizontal
direction ond covers a certain distance. This
distance is called range. The harizontal range
covered is given by the equation,

R= U,T
3

il
20

—0=40 m/s
5

u

@ Related Theory

=+ In real life, alr causes reslztance on projectile motion.
Not only alr, but force due to viscosity and friction
also act as dissipative forces.

16. Two vectors, both equal in magnitude have
their resultant equal in magnitude of either.
The angle between these vectors will be :

(a) 90 degree (b) 0 degree
(c) 120 degree (d) 180 degree
[Delhi Gov. SQP 2022])

Ans. (c) 120 degree
Explanation: This is an important result to
remember. Two vectors at 120 degree produce
a vector equal to their maognitude. Let their
magnitude be g,

Resultant = a = \/(aJ +a? +2xaxaxcos)

= a\/(242cos0)

= cosB =—l
2
= 0=120°

47. A stuntman plans to run along a roof top
and then horizontally off it to land on the
roof of the next building. The roof of the
next building is 4.9 m below the first one
and 6.2 m away from it. What should be his

@ www.studentbro.in
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is

i9

minimum roof top speed in m/s, so that he
can successfully make the jump?

(@ 31 (b) 4.0
(c) 4.9 (d) 6.2
.(d) 62

s

Explanation: Time taken to cover the depth 409,

JE
m= .|—xu
g
A

98
2x49

=6.2 mfs

A boy wants to jump from building A to
building B. Height of building A is 25 m and
that of building B is 5 m. Distance between
buildings is 4 m. Assume that the boy jumps
horizontally then minimum velocity with
which he has to jump to land safely on
building B is:

=6.2x

(a) 6m/s (b) B8 m/s
(c) 4m/s (d) 2m/s
.(d) 2m/s
Explanation: t= 2580 =25
a
x=vlt
4
v, =—
- 2
=2m/s
Preeti reached the metro station and found

that the escalator was not working. She
walked up the stationary escalator in
time t;. On the ather days if she remains
stationary on the moving escalator, then
the escalator takes her up in time t;. The
time taken by her to walk up on the moving
escalator will be:

B tt
@ gk O ey
t
© ti-ts @ 222
T e
£ +t,

Get More Learning Materials Here : i

Explanation: Let, v; = velocity of Preeti,
v = velocity of escalator,
[ = distance

20. At what angle, do the forces (P+Q) and (P-Q)
act so that the resultant is 3P +Q*?

(a) 60° (b) 120°
(c) 180° (d) 0°
Ans. (o) 60°

Explanation: A=P+Q B=P-Qand
R=\3p? +Q?
And R= |A?+B?+2ABcos 0
So. [P +Q’) =(P+Q?+ (P-Q)?
+2(P+Q) (P - Q)cos 0

cos B= ._EFJ—.;Q:..—. =i
27 -Q") 2
Q=cos™ [%} =60°

Assertion-Reason Questions

Two statements are given one labelled Assertion

(A) and the other labelled Reason (R). Select the

correct answer to these question from the codes

(a), (b), (c) and (d) as given below:

(a) Both A and R are true and R is the correct
explanation of A.

(b) Both A and R are true and R is not the carrect
explanation of A.

(c) Aistrue butR is false.

(d) Aisfalse and R is also false.

21. Assertion (A): Minimum number of non-
equal vectors in a plane to
give zero resultant is three.

S

Reason(R): I A+B+C=0, then they
must lie in one plane.

[Delhi Gov. QB 2022)

Ans. (b) Both A and R are true and R is not the
correct explanation of A
Explanation: For a zero resultant, the provided
vectors must be arranged along the sides of a
closed polygon, and the least number of sides
of a polygon is three.

22. Assertion (A): A physical quantity cannot
be called as a vector if it has
zero magnitude.

Reason (R): A scalar has both magnitude
and direction.

[Delhi Gov. SQP 2022]
Ans. (d) A is false and R is also false.
Explanation: A physical quantity with no
magnitude is known as a vector, and more
specifically, a null vector.

A scalor quantity just has magnitude and no
direction. For instance, speed. time, and 8o on.

@ www.studentbro.in
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23. Assertion (A): The magnitude of the sum of

two vectors is always greater
than the magnitude of their
subtraction.

Reason(R): At 0 = 90° addition and
subtraction of vectors are
unequal

Ans. (d) Ais false and R Is also false.

Explanation:
The addition of two vectars is.

|A+B|=JA’+B’+2ABC05 ]

Its subtraction is,

|A-Bl= /A’ +B7 —2ABcos 6

So. when then 80° <8 < 270°

Then, |A + B| < |A-B|
Thus, the vector addition of two vectors is not
always greater than their vector subtraction
Also 8 = 30°

|A+B[=|A-Bl= yA»+p

24. Assertion (A): When a particle moves

with uniform velocity, its
displacement may increase
or decrease.

Reason (R): In successive time intervals,
if the average velocities of a
particle are equal then the
particle are equal then the
particle must be moving with
constant velocity.

Ans. (c) Ais true but R is false.

Explanation: For a moving bodu, velodty is
non-zero. If velocity is constant, displocement
will keep increasing and hence, average
velocity cannot be zero for a body under
uniform motion. For average velocity to be
zero, the body should either be at rest which
is false as per the statement of the reason or
it should be able to return to its initial position
which requires a change in velocity.

Average velocity is given by the ratio of change
in displacement to change in time.

When a paorticle is thrown upwards, it is
under a uniform acceleration equal to the
acceleration of gravity. After some time, it
returns to its point of projection. In this time
interval. net displacement is zero and hence
average velocity is zera.

25. Assertion (A): Horizontal range is same

for angle of projection 6 and

(90 - 0).

Reason (R):  Horizontal range is
independent of angle of
projection.

[Delhi Gov. SQP 2022)

Ans. (c) A is true and R is false.

26

Ans.

27

Ans.

Explanation: Range of projectile is given by:

g
R = U sin26
g
5 s
By u” 8in26
g
g u’ 8in2(90°-6)
g
_ u’sin20
g
= Rl = Rg

Horizontal range depends upon angle of
projection and it is same for complementary
angles Le,, 8 and (90° - 6).

Assertion (A): A man cross river of width
d in minimum time. On
increasing the river velocity,
the minimum time to cross
the river by man will remain
unchanged.

Reason (R): As velocity of a river is
perpendicular to its width,
so time to cross the river by
man will remain unchanged.

(a) Both A and R are true and R is the correct
explanation of A.

Explanation: If the direction of river flow and

direction of swimming is perpendicular to each

other, the component speed of the swimmer

will be maximum and it would be V gin 90°.

Assertion (A): Two balls of different masses
are thrown vertically upward
with the same speed. They
will pass through their
point of projection in the
downward direction with the
same speed.

Reason(R): The maximum height and
downward velocity attained
at the point of projection are
independent of the mass of
the ball.

[Delhi Gov. SQP 2022]
(a) Both A and R are true and R Is the correct
explanation of A.
Explanation: Let the balls be thrown vertically
upward with speed v.

Using S=ut+ % at’,

where a=-g

- The maximum height. H = ut - %

L L L o o o o
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28

Ans.

Also using v2 - u? = 2aS

V2 - u? = 2(-5)(0)
= v=u
Thus, the balls will pass through the point of
projection in downward direction with same
speed (v).
Also, from the equation used, the maximum
height and the downward velocity attained are
independent of massg of the ball

Assertion (A): If a body is dropped from the
top of a tower of a height h
and another body is thrown
up simultaneously with
uniform velocity v from the
foot of the tower then both
of them would meet after a

time —.
u
Reason(R): For a body projected
upwards, the distance

covered by the body in the
last second of its upward
journey is always 49 m
irrespective of velocity of
projection
(b) Both A and R are true and R is not the
correct explanation of A
Explanation: A body thrown upwards will
decelerate downwardsat 1 g = 9.8 m/s?
When it reaches the apex of the throw, it
will be at rest. During the last second. it
decelerated at 1 g for 1 second.
To calculate how far it travelled in the 1 second
at 1 g deceleration, we can calculate how far it
would travel from rest in 1 s at 9.8 m/s? using
the formula:

s=ut+ l at?
2

s = distance travelled, u = start speed (0).
a = acceleration = 9.8 m/s?, t = time = 1 sec

which gives value of,
<O 1+ 2 w8812
2

=49m

29, Assertion (A): The

magnitude of the
rasultant of two vectors may
be leas than the magnitude of
either vector.
Vector addition is
commutative.

Reason (R):

Ans. (g) Both A and R are true and R is the correct

30.

explanation of A.

Explanation: The resultant of two vectors is:

If 6 is an obtuse angle, then the magnitude
of R will be less than the magnitude of
efther vector A or B. If vectors are in opposite
directions and are equal in magnitude, then
also the magnitude of R will be less than the
magnitude of either vectors A ar B. And vector
addition is always commutative in nature.

R=\/A?+B” + 2AB cos 0

Assertion (A): In projectile motion, when the
horizantal range is n times
the maximum height, the
angle of projection is given by

4

tan 0= —.
n

In the case of horizontal
projection the magnitude of
vertical velocity increases
with time.

Reason (R):

Ans. (b) Both A and R are true and R is not the

correct explanation of A.

-5

Explanation: u=u I+uj
vt=ui +(0—-g(t))]
= ui =g(t)j
2v’sin Bcos 8
Ronge = ——
g
o
Maximum height = v sinfg
29
2v’sin @ cos 8  n(v’sin’ 6)
g 2g
tan @ = i
n

@ASE BASED Questions (CBQSD

[4 &5 marks ]

Read the following passages and answer the
questions that fallow:

31.

Get More Learning Materials Here : i

A projectile is projected from a point O on the
ground with an initial velocity u at an elevation
angle 8 from the horizontal direction as shown

in the figure. It just crosses two walls A and B of
same height h situated symmetrically at times
t; = 2s and t; = 6 s respectively. The horizontal
distance between the two walls is d = 120 m.
(take g = 10 m/s))

L L L o o o o
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—
120m —_—
[Delhi Gov. QB 2022)

(A) The projectile mation is an example of:

(a) one dimensional motion
(b) two dimensional motion
(c) three dimensional motion
(d) cannot say, precisely.
(B) The total time of flight of the projectile:
(a) 8s (b) 10s
(c) 4s (d) 12s

(C) The value of angle of projection 0 of the
projectile is:

(a) tan™ {%] (b) tan™! [%)

(¢) tan™ [g‘] (d) tan™! [%]

(D) The projectile velocity u of the projectile
is:

(a) 30 m/s (b) 40 m/s
(c) 50 m/s (d) 20v3 m/s
(E) The height h of either of two walls is:
(a) 120 m (b) 30 m
(c) 15m (d) 60 m
Ans. (A) (b) two dimensional motion
B) (@8s

Explanation: If a projectile posses a certain
height h at two times t; and t; then,
ty + ty = total time of flight =T

T=f1+tg
=2+6=8sgec

© (c) tan™ [%]

Explanation: We know that

T=2usir18
g
= usinbB = 2-[
2
o 10x8 4%
2

horizontal distance between the walls d
Then, d = (u cos 8)(t; - t3)

_tl
120 56
“
in@
— usin® _ 40
ucos® 130
- tan D= i
3
0 = tan™ i
3
(D) () 50 m/s
Explanation:
£ 4 4
tanB = — , ginB= ——
5~ 7=v4: =i
u 8ind = 40
4
ux§=40=> S50 m/s
(B) (d)60m
Explanation:

: 1
h=(usin®)t; - =
( )ty 29‘;’

1
h=40x2-5x10(2)2
=60m

32. Farallelogram law of vector addition-
states that if two vectors are represented in
magnitude and direction by two adjacent sides
of a parallelogram drawn from a point then
their resultant is represented in magnitude and
direction by the diagonal of the parallelogram
drawn from the same point

B

5 -
B -)i’ + B
g
-+ " =y
A A
0]
_’
A
-B. -
B +A
-- ...:’_ - ’
A
(iii) (iv)
(A) State whether the statements are true or
false.

M i the angle between two-unit
vectors is 120° then, their resultant le
another unit vector.

(i) A scalar quantity is one that has
values for observers with different
orientation of the axis.
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(B) Four forces are acting on a point. The
first force is 200 N acting due north, the
second is 100 N acting due south, the
third force is 500 N acting due east and
the fourth force is 300 N acting due west.
What is the magnitude and direction of
the resultant force?

(C) Rain in falling vertically with a speed
of 30 ms™'. A woman on a bicycle is
travelling with a speed of in the north to
south direction. In what direction should
she hold an umbrella in order to protect
herself from rain?

Umbnrella
5]
\(—
‘\ ?B
8 A - B
S “= 5 >® N
Vg 5
L —p
! Ve
\f _______ i
A G

Ans. (A) () True

Explanation: let |A|=x and|B]=x
AR x

Using,. R?=A%+B%+2ABcos®
=P+l 2(x)(x) cos 6
1
cos@ = —5
So, 0=+120°
() False,

Explanation: The value of scalar quantities
(for example- body of a man) measured by
observers with different orientation of axes
remain unchanged.

(B) Resultant of OA and OB.

F, =200 - 100
= 100 N, along the north.
A
A
3
200N
- /r—}- ]
F, R 7
D “ B\: Y C E
'v 2 - e
300N F, SOON
J 100N
B
S

Get More Learning Materials Here : i

Resultant of OC and OD,

F, =500-300
=200 N due east

Now F, ondF, are at right angles to each

other and its reaultant Fis,

F = (F+F +2FF,cos 8

= \/(100)’ +(200)” +2(100)(200)cos 90°

F =253 N
Angle made by F with F5
tﬂﬂﬁ:i:@:(}_s
100

2
o
B=tan 5 =26°34.
the direction is narth of east.

(C) Velocity of rain (;R) =30 ms™

Velocity of bicycle (;ﬂ) =10 ms™

To protect herself, the direction of umbrello
should be in direction to relative velocity

-8 -3 -4
Le. Vg =Vpt| =V,

Then angle that v,, makes with the
vertical

Then women hold her umbrellas in a
vertical plane containing N-S direction at
an angle of about 18° with the vertical
towards south.

33. During a take-off. a plane has to attoin a
specific speed before it can lift off the runway.
Every plone has a different speed to achieve
depending on their shape, size and total mass.
On smaller airports, the runway is smaller
therefore, the acceleration is the key. For
theoretical purposes, we just consider the
length of the runway, initial and final velocity
and acceleration but in real world, there are

other factors which affect the take-off of a
plane like temperature, wind speed, etc

@ www.studentbro.in
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(A) Suppose forces of 12 N and 3 N are
exerting on a body and its resultant is
13.74 N, then the angle between two
forces to get the resultant of 13.74 N is:
(a) 30° (b) 60°
(c) 90° (d) 120°

(B) A car moving at the speed of 40 km/h
can be stopped by applying brakes after
at least 2 m. The same car is moving
with the speed of 80 km/h. What is the
minimum stopping distance?

(a 2-32 m (b) 20 m
(©) 60m (d) 180 m

(C) The initial velocity of a particle is u
(at t = 0) and the acceleration is given by
f = at, which of the following relations
are valid?

at’

(@) v=u +at? (b) v=u+-2—
(c) v=u+at (d) v=u

(D) The velocity of a particle moving with
constant acceleration at an instant t; is
10 m/s. After 5 seconds of that instant,
the velocity of the particle is 20 m/s. The
velocity at 3 second before t; is:
(a) 8my/s (b) 4 m/s
(c) 6m/s (d) 7m/s

(E) A helicopter dropped rations, medicines,
and other goods in a flood-stricken
region. At a height of 98 meters above
the surface, the helicopter was flying.
Authorities were assisted in evacuating
the victims by students from a local
school. They noticed a toddler who was
drowning. They ran to the boy with the
lifeboat and saved him. What is the time
taken by the objects dropped from a
helicopter to reach the ground?
(a) 455 (b) 5.2s
(c) 255 (d) 5.0s

Ans. (A) (b) 60°

Explanation: We know,

R = \/A’+B"+2A8 cos 0

Here.R=1374,A=12N,B=3N.0="?

So. (13.74) =(12%+(3)% + 2(12)(3)cos 0
(13.74)2- 153 =72 cos

c=x

35.70 =72cosB
35.70 =72cosB

cos@ = 3
2
Or omeos| 1
2
=60°
(B) (d) 180m
Explanation: We know that, s «”,
sS4
s, 4
20 10°
s, 30’
s;=180m

© ) v= u+5';—’

Explanation: As given f =ar=-j—v
t

jdv = j'atdt
[+]

(D) ()4 m/s

Explanation: The acceleration of the
particle is,

_20-10

a

For 3 secaonds before tp,
v=10ms S t=3sa=2ms? u="?
v=u+at
10=u+2(3)
Or u=10-(2)(3)=4 m/s
(E) (@)45s

Explanation: The time taken by the objects
dropped from helicopter to reach the
ground is:

=2 l'r‘l/El2

h=u;-t+-;»gt2

If w:O,

g

[2x98
t=
98

=\[2_0=4.SE
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(VERY SHORT ANSWER Type Questions (VSA))

[ 1 mark]

34. A gunman always keep his gun slightly tilted

above the line of sight while shooting. Why?
[Delhi Gov. QB 2022)

Ans. When a bullet is shot from o gun with the

barrel aimed at the target. it begins to descend
downward owing to gravity's acceleration. As
a result, the bullet misses the target To avoid
this, the gun's barrel is aligned slightly above
the target, so that the bullet, after travelling in
a parabolic route, strikes the far target.

35. (A) What is the angle between A x B and

B x A?
(B) Can the resultant of two vectors of
different magnitudes be zero? Justify.
[Delhi Gov. SQP 2022)

Ans. (A) (A x B) = - (B » A) which are equal and

opposite in direction.

Hence, it will have angle in between 180°.
(B) Let two vector AandB of different

magnitude.

Their resultant is given by

E=J|KF+[§|=+2|K||E|cose
s [Al#IB|

Thus, |AP +|Bf==2|A|+|B|coss

Thus, the resultant of two vectors of
different magnitude cannot be zero.

Three vectors are added to get resultant
zero.

The essential condition for resultant of
three vector to be zero is that they must be
coplanar.

36. A body moves in a straight path for a period

of time before returning to its original
position. What is the average velocity of the
body if the total time it takes to complete
this course is 20 seconds and the total
distance travelled is 40 metres?

Ans. When the body returns to its starting point

then its displacement is zero, so average
velocity is also zero.

37. When a vector is multiplied by a real positive

number, a new vector is obtained and its
magnitude and direction are also obtained.
Deduce what is the value of obtained
magnitude and direction of the new vector.

Ans.

38.

Ans.

39

Ans.

40.

The magnitude of the new vector which is
the result of multiplication by a real positive
number is equal to the product of the real
positive number and magnitude of the ariginal
vector. However, the direction is the same as
that of the direction of the original vector.

Three girls are skating on a circular ice
ground of radius 200 m start from a point
P on the edge of the ground and reach a
point Q diametrically opposite to P following
different paths as shown in Fg. What is
the magnitude of the displacement vector
for each? For which girl is this equal to the
actual length of the path skate?

Q

p
[Delhi Gov. SQP 2022)

The shortest distance between a particle's
starting and final locations  defines
displacement. In the aforementioned case in
question, all of the girls begin at point P and
work their way to point Q. Their displacement
magnitudes will be equal to the diameter of
the ground.

The radius of the ground = 200 m
Diameter of the ground = 2 x 200
=400 m
As a result, the magnitude of displacement for

each girl is 400 m. This is the exact length of
the path skated by girl B.

Suppose two vectors are placed in such a
way that they are parallel to each other,
then the effect on the values of magnitude
and direction of both the vectors?

The value of the magnitude of both the vectors
which are parallel to each other is always
equal and bath are in some direction.

Does a vector have a location in space in
addition to the magnitude and direction?

L L L o o o o
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Ans.

41.

Ans.

42.

43.

Ans

Ans.

Get More Learning Materials Here : i

Can two vectors PandQ at a different
location in space have an identical physical

effect?

Yes, each vector has a location in space in
addition to magnitude and direction. Two
equal vectors having different locations may
not have the same physical effect

An athlete runs along the circular path of
radius r. He starts running from a point and
reaches just opposite to his starting point on
the circular path. What is the magnitude of
displacement of the athlete?

[NCERT Exemplar]

Let the poth covered by an athlete is fram

Ato B,
8

A

The distance travelled = 1 x circumference af

circular path

== x2ur=1r

Magnitude of displocement = |;_\‘B| =2r

Can two vectors quantities be added in such
a way that their resultant is zero? [Diksha]

. Only under one condition, the two vector

quantities can be combined to give zero
resultant, only if they have equal magnitude
and direction, are opposite to each other.

What is the maximum number of component
into which a vector can be resolved?

[Delhi Gov. QB 2022)

. This vector is made up of any number of

vectors whose outcome is the original vector.
As a result. we have an endless number of
options.

When a vector is multiplied by a scalar
physical quantity, then its nature changes.
Prove the statement with an appropriate
example. [Diksha]

When an acceleration (vector) is multiplied by
a body (scalar) of a man it gives a farce (vector)
quantity whose nature is different from
acceleration, this proves that when a vector
quantity is multiplied by a scalar quantity its
nature changes.

45,

Ans.

Can the magnitude of the resultant vector
of two vectors be less than the magnitude of
any of the given vectors?

Yes, if the angle between the vectar is more
than 90°.

46. There are two displacement vectors, one of

Ans.

47.

Ans.

magnitude 3 metres and the other 4 metres.
How should the two vectors be added so
that the magnitude of a resultant vector be
7 meters, 1 meter and 5 meters.

For 7 metres, 8 = 0° i.e, ig in same direction,
R= JA’ +B” +2AB cos 0
= /3 +47 +2(3)(4) cos 0°
=7m

For 1 metre, 180° i.e., is in opposite direction,
R = JA?+B?+2AB cos 6

= /3’ +47 +2(3)(4) cos 180°
=-1m
For 5 metre, ©® = 90°

R = /3’ +4° +2(3)(4) cos 90°

=5m

What is the angle between velocity vector
and acceleration vector in uniform circular
motion? [Delhi Gov. QB 2022]

Because it is induced by centripetal force, the
acceleration of the body in uniform circular
maotion is known as centripetal acceleration
Because the centripetal force is constantly
directed towards the circular path's centre,
the centripetal acceleration is likewige directed
along it. In circular motion. the body's velocity
is always along the tangent to the circular
raute. As a result, the angle formed by velocity
and acceleration for an object travelling in
uniform circular motion is 90 degreea.

48. The x and y coordinates of the particle at

Ans.

any time t is given by x = 8t + 2t? and y = 15¢
where, x and y are in meters and t in seconds.
What is the acceleration of the particle at

367 [NCERT Exemplar]

We know that the total acceleration of the
particle is,

a= %+,

So, v =M-—)-=8+4t and
¥ dt
g 9B+,
5 dt
_ d(15c) _ 5
And ay— s =0ms

L L L o o o o
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49.

Ans.

50.

Ans

51

Ans

52

Ans.

57.

Get More Learning Materials Here : & m

So. the acceleration of the particle ot 3 s, 53, If the magnitude of two vectors is kept
B i unchanged and the angle between them
= \J4240? =4 ms is changed, then what will be the effect on

their resultant vector?

What is the unit vector perpendicular to the Ans. If their magnitude is same. but angle is

plane of vectors A and B2 f A=i+ 2] -k changed of two vectors. The resultant vector'’s

= . magnitude and direction will change
and B=2+k , find a unit  vector

54. What is the average value of acceleration
vector in uniform circular motion over one
cycle?

perpendicular to plane of Aand B,
[Delhi Gov. QB 2022]

£ IE VeEter p?{pfndlcul.crto plane: Ans. The average acceleration vector will be a

AxB 2}‘_3}_4E null vector because the displacement is a

Ai=——, A= null vector in one complete round. which

|AxB| 329 implies that the average velocity is also a null

vector, which further implies that the average

A stone dropped from a fixed rail line acceleration will be a null vector for a particle
carriage's window takes 2 seconds to reach moving in a uniform circular motion.

the ground. When the carriage is going at a

constant pace, when will the stone hit the 55. A bob suspended from a room's ceiling by

a cord is set into oscillations. If the rope is

ground? : % s
_ . pulled when the bob is at its mean position,
The time taken blg ﬂl'le freely folling stone to what is the bob's trajectory? [Diksha])
reach the ground is given by, Ans. When the bob is at its mean position, it has
2h velocity parallel to horizontal direction. The
b= = bob is also acted by a force of gravity in the
g downward direction. This situation is equivalent
In both the cases. the stone will foll through the to a prajectile thrown horizontally from the top
same height as it is folling when the railway of the tower. So, when the string is cut in this
carriage is stationary. Hence, the stone will position, the bab will follow the parabolic path.

reach the ground after 2 seconds. : ; ;
56. Two girls run from point A to point B on

ls the speed of the projectile zero at the the circular tracks. One runs along the
highest point of its trajectory, When a t.r_acka and the other runs directly ulonq the
projectile is launched at an angle to the diameter of the track. Calculate the ratio of
horizontal. magnitude of their displacement.

Ang. As the initial and final positions of both the
girls are same, so the magnitude of their
displacement are equol e, equal to the radius
of a circular track.

No, at its highest point of the trgjectory of a
praojectile, the vertical component of the initial
speed is zero, while the horizoantal component
of the initial speed remains unchanged. Thus,
at the highest point of the trajectory, the speed
of the projectile is equal to the horizontal
component of the initial epeed.

What will be the effect on horizontal range Py A
of a projectile when its initial velocity is
doubled and keeping angle of projection

same? [Delhi Gov. QB 2022]
B o’ Etin29_RmuJ
g Then. the ratio of magnitude of displacement
Range becomes four times. ig 1.

(SHORT ANSWER Type-I Questions (SA—ID

[ 2 marks ]

. . Ang. Acceleration of the freely folling block is
Wi lakoi. T6. el acil biein: the g Ix g whilsthat: of the: black diding dawn the

slides down a smooth inclined plane, while smooth inclined plane is where 0 is the angle of

another ball falls freely from the same inclination. On the other hand, the acceleration

ition. Which of th il fall to th of the freely falling body is g. Since, g > g sin B,
PG e em W @ so the block falling freely will reach the ground
ground first? earlier.
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58. A particle is moving in a straight line. It
travels a total distance of 4 m. A student
says that the displacement of the particle
is (4 m) or (-4 m) | . Another student B says
that the displacement of particle is zero. Do
you agree with the statement made by both
the students? Justify your answer.

Ans. If o particle moves along positive x-oxis and
starts its journey from the origin to travel a
total distance of 4 m along paositive x-axis, the
displacement of particle = (4 m) | .

On the other hand, if a particle starts its
journey from origin and travels a distance of 4
m along negative x-axis then displacement of
particle =(-4 m) j .

if a porticle starts its journey from origin
ond travels 4 m towards from origin, then
displacement=(4m) j + (-4 m) i=0

Thus, statements made by both students are
correct

£9. Can there be two vectors where the resultant
is equal to either of them? [NCERT Exemplar]

Ans. Yes, when two vectors of same magnitude
inclined at an angle of 120° then their
resultant is equal to either of them.

Let x be the magnitude of each of two vectors
which make an angle of 120° with other than

their resultants is:

R= \/x’ +x? +2x xcos120°
i sz: o

=XJ=X

60. Show that there are two values of time for
which a projectile is at the samae height. Also
show that the sum of these two times is
equal to the time of flight.

[Delhi Gov. QB 2022)

Ans. U &ng
N
u
0 Z

u cosb

From figure, uy = usinB, gy =~-g
: 3 1

y-direction : Sy = uyt + 5 oyg

2
h = (usinB)t - QTT

= t"—[z—usinﬁ}i-l-&:o
g g

Get More Learning Materials Here : i

61.
Ans.

62. The rotation of a body can be specified by

Ans.

63.

Ans.

64.

Ans.

65.

Equation (i) has two roots t; and ty, thus there
are two values of time for which a projectile is
at the sume height

Sum of roots of (1) t; + &3 = _—b—=M
a g
= T(Time of flight)

[Diksha]

Yes. a vector con vary in time. For example,
when a particle moves, its position vector
continuously changes with time.

Can a vector vary with time?

the direction of the axis of rotation and the
angle of rotation about the axis. Does that
make any rotation a vector?
Rotation, which is also called angular
displacement, does not add like vectors. Two
successive rotations are ¢, and ¢, that is,

G1+ 922 Q2+ 0y.
Thus, finite rotations do not obey the
commutative law of vector addition ond so
they are not vectora.
As rotations are made smaller, the result of
operation ¢1 + ¢, approaches that of operation
Q1+ 92
If they are made infinitesimal then the
order of addition no longer affects the result

(ddy + dda= doy+ doy).

Hence, infinitesimal rotations are vector.

Can the flight of a bird be an example of
composition of vector?

Yes, when a bird has to fly, it preens air with
its two wings along the oblique directions. The
resultant of the reactions on the two wings of
the bird enables it to fly up in the sky.

When the components of a vector A along

the direction of B are zero. Then what do the
two vectors depict?

Consider two vectors A and B such that the
angle between them is 0. The component of

vector ;\olung the direction of B is A cos 0.
Where A cos 8 = 0, which is possible only

when 8 = 90°% Thus, vectors A and B are
perpendicular to each other.

A motorboat is racing towards north at
25 km/h and the water current in that
region is 10 km/h in the direction of 60° east
of south. Find the resultant velocity of the
boat. [Delhi Gov. SQP 2022]

@ www.studentbro.in
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Ans.

66.

67.

Get More Learning Materials Here : i

Given,

Velocity of the water current v, = 10 km/s
Velocity of the matorboat v, = 25 km/s

Angle between north and south east is 120°

Resultant velocity

vR= (V24V} 42, cos120°

= J(ZS)’ +(10) +2(25)(10)[_2—1]
=22 kmmh™
The resultant velodty of the boat is 22 kmn/h™

If the angle subtended at a ground
observation point by the aircraft positions
10 s apart is 30° the aircraft is flying at a
height of 3,400 m above the ground. What is
the plane's top speed? [NCERT Exemplar]

N

OA is the height of the aircraft In 10 s the
aircraft covers a distance AB.

In triangle AOB,

tan 9=£
OA

or AB=0Axtan@

By substituting the given values in the above
expression, we get
AB= 3400 x tan (159
=811m
The distance covered by aircraft in 10 s is,
0OB=2AB=2x911
=1822m
The speed of the aircraft is given as.

_ distance _ 0B

time  t
By substituting the given values in the above
expression, we get

v= . 1822 ms™
10

v

Thus, the speed of the aircraftis 182.2 ms=*.

Standing on the edge of a cliff, a person
throws a ball straight up at a specific speed
and then throws another ball straight
down at the same speed. If air resistance is
minimal, which is the case, When the ball
hits the ground below, which one has the
faster speed?

Ans. If air resistance is negligible, both balls will

68.

Ans

strike the ground with the same speed. It is
because the ball thrown upwards reaches its
maximum height with zero speed and again
falls down with an increment of 10 m/s in the
speed each second. Thus, it reaches the point
from where it was thrown up with the same
initial speed of throw. In this wau, both the
balls, in a way, are thrown downward from the
same point with the same initial speed. Hence,
both of them will strike the ground with the

same speed.

Consider a parabolic path taken by a batted
baseball on a day when the sun is directly
overhead. What is the relationship between
the speed of a ten ball's shadow across
the field and the horizontal component of
velocity of the ball?

The speed of boll shadows across the field with
the horizontal component of velocity of ball

have the same velocities because the shadow
will move along with the ball

@ Related Theory
= |f an object follows a parabolic path, then at each

Instant there will be two components of velocity -
Horlzontal and vertical components and shadow Is
Just the reflection. A ball follows a parabolic path,
movement of the ball shadow Isnt affected by
frictlon and also there will be no loss. So, the shadow
of the ball will move along the ball. when the sun I8
overhead as It will not be consldered by any other
factor.

69. The sum of the magnitudes of two

forces acting at a point is 18 N and the
magnitude of their resultant is 12 N. If the
resultant makes an angle of 90° with the
force of smaller magnitude, what are the
magnitudes of the two forces? [Dikshal]

Ans. Let the magnitude of smaller force is P, the

magnitude of larger force is Q and resultant
force is R

As the resultant force makea 90° with the
smaller force P then Q

Thus. 0*-p2=R?
Q*-P?=(12)’
Q%-P? =144 0
Sum of magnitudes,
P+Q=18
Q=18-P (D)

On substituting the value for eqn (i) in (). we get
(18 -P)? -P? = 144

P=5N
Then. Q=18-5
=13N

Thus, the magnitude of the forces are 5 N and
13 N.
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70. Establish the following vector inequalities:

() lasbl<lal+|b]  (B) |a+b|2|a]+|b]
[Delhi Gov. QB 2022)

|a-+bl=+f(a+b)(@+b)

=+Ja?+b? + 2abcos®
=\laP +|bF +2|a||b|cose

Ans. We know,

For maxdmum cogs 8 = + 1
For minimum cos 8 =-1

eg
Jlaf +1bP +2]allbl(-1)
<l|la+bls .Jlal’+|b|’ +2|al|b|(+1)

~ Jlal-1bl? < la+bls (lal+|b]’

(la| + |b]) > O for all real number

So. J(Qa|-|b})’ =|a|+|b]|

But, (a| - |b[) may be positive or negative

So. \(al|-|bD*=|a|-|b|

Hence,
lal = |bl s la + b| < af + |b|

(A) la + b| € |g + |b], this equality appliea
If 'a’ and 'b’ are acting in same correction
eg. angle between them =0

(B) When, |a| > |b] then. |a + b| > |qg| - |b]. this
equality applies. If a and b are in opposite
directions and magnitude of 'd’ greater
than magnitude of 'b’.

@HORT ANSWER Type-Il Questions (SA-IID

[ 3 marks ]

71. Prove that the maximum horizantal range is

four time the maoximum height attained by
the projectile, when fired at an inclination so
as to have maximum range.

[Delhi Gov. QB 2022)

Ans. The horizontal range is maximum when the

angle of projection is 45°.

u?sin20
So. R =
g
_Usin(2x459) 0
g g
Maximum height for angle of projection 45° is.
2.2
H= U8 0
29
_u'sin’45° @
=—= (i
29 49
Therefore, from equation (i) and ().
R =4H

That is, range is 4 times the momdmum height
attained by a projectile.

- -3 -8

72.If a,band c are represented by three sides

of triangle taken in same order.

- -3 - =

Proove that: g+ b + ¢=0.
[Delhi Gov. QB 2022])

- - —

AnE- LE'.'. A_B=U. EC: b. CA =

Then, by triangle law of vector addition
AB +BC + AC

73.

Ans.

74.

Ans.

AB+BC -AC=0

AB+BC+CA=0 (AB=-BA)

a+b+ec=0

A sling has a small cradle in the middle of
two cords. A projectile is placed in the pouch.
By its double pendulum kinetics, the slings
enable stone to be thrown much farther
than they could be by hand alone. Can this
working of sling justifies the parallelogram
law of addition of vectors?

A sling consists of a Y-shaped wooden or
metallic frame, to which a rubber band is
attached. When a stone held at the point on
the rubber band is pulled, the tensions T, and
T, are produced in two segments of the rubber
band now. According to the parallelogram
Lows of forces, resultant T of the tensions
Ty and T, acts on the stone. As the stone is
released, it moves under the action of the
resultant tension T in forward direction with a
large speed.

A man moving in the rain holds his umbrella
inclined to the vertical even though the
raindrops are falling vertically downwards.
Why? [NCERT Exemplar]

When the man mowes in the rain, falling
vertically downwards. the roin drops appear
to fall in a direction inclined to the vertical So.
to protect himeelf from the rain, he holds the
umbrella inclined to the vertical in the direction
of apparent velocity to the rain with respect to
himself.

L L L o o o o
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75.

Ans.

76.

Ans.

Get More Learning Materials Here : i

A bullet fired at an angle of 30° with the
horizontal hits the ground 3 km away. By
adjusting the angle of projection, can one
hope to hit the target 5 km away? Assume
that the muzzle speed to be fixed and
neglect air resistance. [Delhi Gov. QB 2022]

Given Range,R=3 km
Angle of projection = 30
Acceleration due to gravity, g = 9.8 I'T'II52

Horizontal range for the projection veloaty up.
is given by the relation:

ug 8in26
g
- o
- u- 6inB0
g
%ﬂ@ 0

The maximum range (Rmay) is achieved by the
bullet when it is fired at an angle of 45 with
the horizontal that is,

s 2 @
g
On comparing equations (i) and (i), we get
Rmax=2 x 1.732
=3.46 km

Hence, the bullet will not hit a target 5 km
away.

A man follows the following route-from his
house, he travelled four blocks east, three
blocks north, three blocks east, six blocks
gouth, three blocks west, three blocks south,
two blocks east, two blocks south, eight
blocks west, six blocks north and finally two
blocks east. If all the blocks are of the same
length, how far and in what direction will he
be from his house?

Starting from the paint O. The house of the
man, the route followed by him as shown in
figure. The man finally reaches the end point K.

I

& a Y

It follows that the man is now two blocks south

of his house and his total displacement is also
two blocks south.

77.

Ans.

78.

Ans.

A river is flowing from west to east at a
speed of 5 m per min. A man on the south
bank of the river capable of swimming at
10 ms™! in still water, wants to swim across
the river in the shortest time. In what
direction should he swim?

Let the man start swimming from point O to
swim across the river in shortest time. If he
reaches the point P on the other bank directly
opposite to the starting point O. Then the
men should strike in a direction making an
angle with OP, so after being drifted by water
current. he swima along OP as,

The resultant of velocity of man in still water

-:M =(C;A) and velocity of water v, =(0B) is

along OP is given by, v =(O‘.C)

P’ P
\\ ;
LY 1
\ ]
\ ]
\\ :
"\ iC
/|
A X
LY
A Y
‘\
— \
Uﬂ a ‘\\
.
.
A Y
] S
—
(@] v R

In right-angled triangle, OAC,

‘ AC_0B
Sine= 53 "0A
Ve o 1
v, 10 2
Or a=30°

Therefore, the man should start swimming at
an angle 30° + 80° = 120° with the bank of the
river (or with the direction of flow of the river).

An aircraft is flying at a height of 3400 m
above the ground. If the angle subtended at
a ground observation point by the aircraft
position 10 second apart is 30° what is the
speed of the aircraft? [Delhi Gov. QB 2022]

P A

T h=3400m

30° X

L L L o o o o
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In right angled triangle OAB. tan 30° = -h-
X
h
We get, =
=3 tan30°
- 340043
=5889 m
Time taken, t=100s
Thus speed of the aircraft,
X
v=—
t
V= 5885’ =5889 m/s

79. A body is simultaneously given two velocities
on 30 ms™! due east and other 40 ms™! due
north. Find the resultant velocity.

Ans. Given, va =30 ms™ due east, vg = 40 ms™ due
north
Its resultant
v= v, 4y,
30° +40° =50 ms™*
vg = 40 ms™!
N

Ground

| reaction

]

0 h=30ms" A

| A —

v
m

The velocity v mokes 0 with east direction,

So.
tang'= 20 . 193
OA 30
0 =tan! (1.33) = 53°

80. Can the walk of a man be an example of the
resolution of vector? [Diksha]

Ans. While walking a person preens the ground
with his feet slightly slanted in the badground
direction. Ground exerts upon him an equal
and opposite reaction R Its horizontal
camponent is H = R cos 8 enables the person
ta move forward while the vertical component
U =R sin 0 balonces his weight.

Get More Learning Materials Here : i

Bi. (A) If l:r‘.'.lﬂlﬂ:i are unit vectors along x and y
axis respectively then what is magnitude

and direction of (i +j)and (i -7
(B) Find the components of
a =2i:+3j along the directors of vectors
(+j)and (i-).  [Delhi Gov.QB 2022
Ans. For j + j

Magnitude = -\/1’ +12 =J§

For Direction = tan™ [%] =+ 45° to the x-axs

-~

i-J

vector

Magnitude = /1 +(=1)’ =2

Direction = tan™ (—%] =-45°to the x-axis

Let, ‘3=2f+3}- b=f°+j- -] to get
component of a along directon of b.

We need £ between the two

2+3

cosf=
lallb| e T

= badlongbi me(iea]
,component of a along b is T
26

Similarly, for component of a along direction of ¢,

a-c -1

cosf= =
IOIICI V5

So. component = [j%}(z; + 3})

B2. Reader is an electronic system which
measures the range and bearing of objects
by transmitting an electromagnetic pulse
at object then at what range will a radar
set show a plane flying at 10 km above the
ground and what distance of 18 km from the
radar station?

A displacement of 18 km from the radius
station ond then another displacement of

Ans.

@ www.studentbro.in
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10 km up gives the displacement of the plane Initial velocity v making angle 6
from the radar station. v, = vcos 0

Therefore, range = magnitude of displocement vy = vein 0
of plane from radar station.

= V18?+10° =206km
Harizontal range, R = velocdty is x x time of

83. On a straight road, a police officer in a flight
jeep is hunting a pickpocket. The jeep is ST
travelling at maximum speed (assumed X

v= Vj +V2
X L)

uniform). When a pickpocket rides on the ST -0

motorbike of a waiting friend when the jeep Now. weknowv=u+at

is d kilometres away and the maotorcycle vy = vy(0) - gt

accelerates at a constant rate of a, what will Acceleration = - g, motion upward,

be the velocity of the jeep to catch the thief? and gravity downward
Ans. Suppose the pickpocket is caught at a time - —ve

t ofter the motorcycle starts. The distance

So, at highest point
travelled by the motorcycle during this interval atighest pain

g 0=v,-gt
is.s= =at?, v sin®
2 t=

During this interval the jeep trovel a distance s g

+d=ut Total time of flight.

So. by using both the equations we have: v sing
5 0[2— vt+d=0 9

vcos0—-2vsind

vim Now. R= g

a R = v sin20
The pickpocket will be caught if t is real and

Or t=

positive. This will be possible if 4
B5. An anti-gircraft cannon is passed directly
v’z 2adorvz V2ad overhead by a fighter plane flying
84. A body is projected at an angle 8 with the horizontally at 1.5 km altitude and
horizontal. Derive an expression for its 720 km/h. What angle should the gun be
horizontal range. Show that there are two fired from in order for the muzzle-speed
angles 0; and 0, projections for the same shell to impact the plane? To prevent being
horizontal range, such that 64 + 8, = 90°. hit, what is the least altitude at which the

pilot should fly the plane?
Ans. Height of the fighter plane

[Delhi Gov. QB 2022]
Ans. Let the two angles be 84 + 6, and velocity v,

. =15km=1500m
Horizontal Range,
Speed of the fighter plane.
v?sin(20,) v?sin(26,) v = 720 kmnjh
9 9 =200 m/s

- _ v?sin(180-26,) Let 8 be the angle with the vertical so that the

g shell hits the plane. The situation is shown in

Using sin(m - 6) the given figure.
= 26y =180°-20, 200 ms~!
0y + 6, =90° + 1

v 1500 m 1

A

=

Vi
v

- ———————-——-—--—--—-——--_—---—._.r_-—----:kG--rm--—-—-----—---""""1
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86.

Ans.

Get More Learning Materials Here : i

Muzzle velocity of the gun, u = 600 m/s

Time taken by the shell to hit the plane = ¢t
Horizontal distance travelled by the shell = u t
Distance travelled by the plane = vt

The shell hits the plane. Hence, these two
distances must be equal

u,t =vt
usgind =v
sing=Y
u
oW oLk
600 3

8 =gin"! (033)=195°

In order to avoid being hit by the shell. the pilot
must fly the plane ot an altitude (H) higher
than the maximum height achieved by the
shell

u’sin’(90-6)
2g

H =

6007 cos’®
S T
=18000 x (0943)2
=16006.42 m
or =16 km.

Q.ONG ANSWER Type Questions (LAD

[4 & 5 marks ]

A particle P is in equilibrium on a smooth
horizontal table under the action of four
horizontal forces of magnitude 6 N, 5 N,
P (in N) and F (in N) acting in the directlon as

shown in figure. Find the values of « and F.
6N

5N

F

As the particle P is in equilibrium, the resultant
of forces F and F is equal and opposite to the
resultant of forces of 6 N and 5 N.

F=JP+F
=\,||83--|'-5nl

F=78B1N

The resultant of the forces of F and Fis inclined
at 45° with the horizontal Since the resultant

of forces of 6 N and 5 N is directed opposite
to that of forces F and F, the resultant of the
forces of 68 N and 5 N makes an angle of 45°

with the horizontal or an angle of (z - 45
with the forces of 6 N. As the forces of 6 N and
5 N are perpendicular to each other.

tan (a - 459 = g =083333

or a-45°=398°
a =848°

B7. A projectile is fired at an angle 6. Find

expression for:

(A) Maximum height

(B) Total time of flight

(C) Horizaontal range [Delhi Gov. SQP 2022)

Ans. (A) Let H be the moximum height reached by

the projectile in time t; for vertical motion,
The initiol velocity = u sin 8
The final velocity =0
Acceleration =-g

" using, v2 =u? + 2as
0 = u? sin20 - 2gH
2gH = u?sin20
He u’ §in26
2g

(B) Let t, be the time taken by the projectile to
reach the maximum height H.

For vertical motion.
Initial velocity = usin®

Final velocity at the maximum height = 0
Acceleragtiona=-g

Using the equation

vV=u+aty
0 = usinb - gt;
gty = usind
usin®
1 =
aq

Let t; be the time of descent.
But tij =t

ie. time of ascent = time of deacent

L L L o o o o
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BB.

Ans.

Get More Learning Materials Here : i

. Time of flight
T=tj+t3=20
2usin®
T g

(O Let R be the range of the pragjectile in a
time T. this is covered by the projectile with
a constant velocdity ucos0.

Range = horizontal component of velocity
x time of flight

Le., R =ucos0.T
Rsii mge‘mslne
g
U’ sin20
R =
g

. 28inB coeh = sin20

A room has dimension 6x5x4 m. A
fly starting at one comer, ends up at a
diametrically opposite comer. What is the
magnitude of displacement? Could the
length of its path be less than or greater
than or equal to the distance? If the fly does
not fly but crawls, what is the length of the
shortest path it can take?

z
G
D
D
E
5 (0] Sam C ______
i y
A, B
v

The side of the rooms are;
OA =6 cm (along x-axis)
OC =5 cm (along y-axis)

0‘.(3 =4 cm (along z-axis)
Suppose fly starts from comer O and flies at
the diometrically opposite comer E,

Then displacement of fly is
OF = OA+ AB+BE
=6i+5]+4k
And magnitude is
ot - e

wl77 =807 m

a8s.

Ans.

As displocement between two points is the
shortest path, the length of any path followed
by the fly will be greater than or at least equal
to 877 m.

In arder to find the length of shortest path
along which fly can reach corner E by crawling,
Imagine the wall BCDE.

z

G
D
4 cm
D
E
O Sem C
San S il 7 Y
o
A, By
b E

has laid down as BCD'E besides the floar OABC
of the room.

The shortest path between the carners OE, the
fly has to crawl along OK on the floor and then
along KE on the wall BCDE.

The length of shortest path
OE' = JOA’ + AE’

OA=6f and AE' = (5+4)]=9)

OF'= J6?+9° =117 = 10.82

If R is the horizontal range for 6 inclination
and h is the maximum height attained by

the projectile, show that the maximum
s R?

range is given by — 4+ 2h.

g g Y 8h

[Delhi Gov. QB 2022)

4h
Fig. 2
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Hmw = h Rj

Madmum height at the projectile =  Rmam= 2h+'8_h
usin’@
h = 29 -0 90. Five vectars are represented by the side of a
Pai closed pentagon taken in same vector order.
RangeR = u 520 (i) Find their resultant. [Diksha)
9 D
Dividing equation (i) and ()
h_ sin’ @
R 2sin26 E c
sin? @ tan@

=2x23in90039= 4

% = tan@ —(iii) A :
From equation (ii) [Refer Fig. 2] Ans. AB=AO + OB=-0A + OB
4h BC=BO+0C=-0B+0C

8ind = 77 () iy
16h +R? CD=CO + 0D
Step 2: Calculations

For maximum range 0 = 45° DE=DO + OF
= Rmac = i —(v) EA=EO + OA
From equation (1), (iv) and (v) Afid:ng all

. AB + BC+ CD +DE +EA =0
R 16h

T 216k +RY)
( NUMERICAL Type Questions )
91. An aeroplane takes off at an angle of 60° . Time for the upward journey
to the horizontal If muzzle velocity of
plane is 200 Kmh™, Calculate horizontal and =(t -t)= G
vertical componentas. (2m) o= = y
Ans. Given, v=200km h™! and 0 = 60°
. u
Horizontal component e s QI:__tl]
=vcosB g
- 0
=200'e08.60 93. A stone is dropped from the top of a tower
= . -1 of height h. After 1 second another stone is
=20 o= 100 anb dropped from the balcony 20 m below the
Vertical component top of the tower. Both reach the bottom
—valne simultaneously. What is the value of h?
200 sin 60° [NCERT Exemplar](2m)
1
- 200 x % Ans. h = 5’ gt?
=L m
=100 /3 km h! h=20'= £ il
1 1
92. A body is praojected upwards with a velocity 5 gt? - 20 = 5 gtl-gt+ %
u. It passes through a certain point above t =204+ 9
the ground aofter t; second. Then at what gt = 5
time after which the body passes through 10t =20 + 52 [ g =10 m/s?
the same point during the return journey?
= t =25sec
(2m)
y h=Lg2=1 10«52
Ans. As we know, tyge= — ) gt = 2 '
g h=5x625=3125m

- ———————-——-—--—--—-——--_—---—._.r_-—----:kG--rm--—-—-----—---""""1
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94.

Ans.

95.

Get More Learning Materials Here : i

A car is moving around a circular track with
a constant speed of v of 20 ms™!, At different
times, the car is at A, B and C respectiveluy.
Find the velocity from A to C and from A to B.

(3m)

Change in velocity, car move from A to C
A

A vg= v =v,=20-(-20)=40 ms™

Av,= 40 ms™! in direction of B?_':
/A

[

b g

Change in velocty as car moves from A to B.

Avy, = AB-v, =v,+(-v,)=20- (-20)=40 ms™

Avg, =v207+20" =\B0OO ms™ = 2828 ms!

20
Also, tan B = 20 =1
s 0 =45°

This is the required direction of change in
velocity.

Goli, a game played with small glass balls
is a popular game in Indian communities.
The goli of one player is located 2.0 meaters
apart from the goli of the other player.
This second player must project his goli by
keeping his left hand’s thumb at the goli's
location, holding the goli between his two
middle fingers, and throwing it. The second
plaver wins if the projected goli hits the
first player's goli. f the goli is projected
horizontally from a height of 19.6 cm
above the ground, what speed should it be
projected at so that it hits the stationary
goli directly? (3m)

Ans.

96.

Ans.

The goli move like a projectile,

F 3 = -

0196 m ~

" .
T Ll

Here,h = 0.196 m
Horizantal distance, x =2 m
Acceleration, g = 9.8 m/s?
Time to reach the ground

- 2h _ [2x0.196 — 0.2 sec
g 98

Let horizontol velocity with which it is projected
be u m/s

X =utoru=

| x

=10 m/s.

i

A cyclist is travelling at a speed of
27 kilometres per hour. As he approaches a
circular turn on a road with a radius of 80
metres, he hits the brakes and slows down
at a steady pace of 0.50 metres per second.
What is the magnitude and direction of the
cyclist’s net acceleration during a circular
turn? (5m)
54.46° with the direction of veloaty.

Speed of the cyclist, v= 27 km/h =75 m/s
Radius of the circular turn, r=80 m

Centripetal acceleration is given as:

2 3
a. = V_= E='0.7 mng.
r 80

The situation is shown in the given figure:

Suppose the cyclist begins cycling fram point
P and moves toward point Q. At point Q. he
applies the brakes and decelerates ot the rate
of 0.5 m/s®.

This acceleration is along the tangent at Q
and opposite to the direction of maotion of the
cyclist. The resultant acceleration a is given by:

L L L o o o o
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97.

Ans.

Get More Learning Materials Here : i

a= \a?+a =\(07) +(05) =\074

=086 m/s?
Since the angle between a. and g, is
tan 0 = a—==£ =14
a 05

0 = tan™! (1.4) = 54.46°

The greatest height to which a boy throws
a ball is 50 m. What will be the greatest
distance along the horizontal up to which
the boy can throw the ball with the same
speed? [NCERT Exemplar](5m)

It is given that the boy can throw a stone to a
maximum height of 50 m.

To throw a stone to moximum height. the boy
has to throw the stane vertically upwarda

Third equation of motion: v? = u? + 2as
Final velocity of the ball v=0
Acceleration of the ball

= -Acceleration due to gravity = —-g
Displacement of the ball s = 50 m

Putting all these values to the third equation of
motion,

we get,
0=u?-2g x 50
= 0=u’-2gx50 -0
u? = 100g

Maximum range,

er:w i 'U_J

g

Putting values in above equation, we get

B 209 400 m

g

Now, maximum height for maximum range.

2
u

Amax = E gin B

Putting values in above equation, we get
38 = 45°,
for maximum range
By .52_0 =98

Hence, Maximum range of the ball is 100 m
and greatest height for maximum ronge is

25 m.
R 4
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