Earlier, we have studied the motion of an object along a straight line. In this chapter,
we will study the motion of an object in two dimensions (in plane) and in three

dimensions (in space). As a simple case of motion in a plane, we shall discuss motion
with constant acceleration and treat it in details as projectile and circular motion.

MOTION IN
A PLANE

|TOPIC 1|
Scalars and Vectors

A study of motion will involve the introduction of a variety of quantities that are
used to describe the physical world. e.g. Distance, speed, displacement, velocity,
acceleration, force, mass, momentum, work, power, encrgy, ctc.

In order to describe the motion of an object to be in two-dimensional and in
three-dimensional, we need to understand the concepr of vectors first.

Many quantities that have both magnitude and direction need a special
mathematical language i.c. the language of vectors to describe such quantities.
On the basis of magnitude and direction, all the physical quantities are classified
into two groups as scalars and vectors.

SCALAR QUANTITIES

These are the physical quantities which have only magnitude but no direction.
It is specified completely by a single number, alongwith the proper unit.

c.g. Temperature, mass, length, time, work, ctc.

Note

« The rules for combining scalars follow simple rules of algebra. Scalars can be added,
subtracted, multiplied and divided just as the ordinary numbers.

« The quantities with same units can be added or subtracted, but the quantities of
different units can be multiplied or divided to make sense in scalars.
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VECTOR QUANTITIES

These are the physical quantities which have both
magnitudes and directions and obey the triangle/
paralldagram laws of addition and subtraction.

It is specified by giving its magnitude by a number and
its direcrion, c.g. Displac:m:nt, acceleration, w:lncir}r,
momentum, force, etc. A vector is represented by a bold
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ie. F.a,b or F,a,b
The l:ngth of the line gives the magniru.d: and the

arrowhead gives the direction.

Note

The magnitude of a vector is often called its absolute value,

indicated by |v| =v.

e.g. Suppose a body has a velocity 40 m/s due East. If 1 cm
is chosen to represent a vclocit}r of 10 m/s, aline OPof 4 cm
in |cngth and drawn towards East with arrowhead at P will
completely represent the velocity of the body.

The point P is called head or terminal point and point O is
called tail or initial point of the vector OP.
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Representation of vector OP

Vectors are classified into two types such as

1. Polar Vectors

Vecrors which have a starting point or a point of applicatiun
are called polar vectors. c.g. Force, displacement, etc.

Note

The physical quantities which have no specified direction and have
different values in difierent directions are called tensors. e.g. Moment
of inertia, siress, surface tension, pressure, etc.

Important Definitions
Related to Vectors

(i) Modulus of a Vector

The ma.gnitu:lc of a vecror is called modulus of thar vector.
For a vector A, it is represented by |A]or A

(ii) Unit Vector

A vector having magnitude equal to unity but having a
specific direction is called a unit vector. A unit vector of A
is written as A and read as A cap. It is expressed as

A= A i Vector

|A| A Magnltudt of the vector

A=|A|A

Hence, any vector can be cxpn:sscd as the magnitudc times
the unit vector along its own direction.

In cartesian coordinates, i, jand kK are the unit vectors
:-1|nng x-axis, y-axis and z-axis.

The magnitude of a unit vector is unity and has no unit or
dimensions.

(iii) Null Vector

A vecrtor with magnitude zero and having an arbitrary
direction is called a null vector.

This vector is also known as zero vector and denoted h}r
0 (zero). e.g. The \rclaciry vector of a stationary ubjci:t, the
acceleration vector of an object moving with uniform velodity.

2. Axial Vectors

Vectors which represent the rotational effect and acts along
the axis of rotation are called axial vectors.

c.g. Angular velocity, angular momentum, torque, ctc.

The axial vector will have its direction along its axis of
rotation depending on its anti-clockwise or clockwise
rotational effect.

Axnal vector Ans of rotation
Anu-dockwnse Clockwise
rotation rotanon
rotatlon Ax:al vector

Axial vectors

(iv) Equal Vectors

Two vectors are said to be equal if they have equal
magnitude and same direction.
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A and B are equal vectors

Consider two vectors A and B which are represented by
two equal parallel lines drawn in the same magnitude and
direction.

Thus, OP=SQ or A=B

Vectors do not have fixed locations. When we displace a
vector parallel to itself, then the vector does not change,
such vectors are known as free vectors.



c.g. The velocity vector of a particle moving along a straight
line is a free vector.

(v) Negative Vector

Two vectors are said to be the negative of cach other if their
magnitudes are equal but direcrions are opposite.

The negative vector of A is represented as —A.

A

=A
—
Negative vector

(vi) Collinear Vectors

The two or more vectors are said to be collinear, when they
act .ﬂang the same lines or paraﬂ:l lines. e.g Tug of war.
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Collinear vectors

If A and B are two collinear vectors, then tl'u:],-r can be
represented along a line in the same direction [Fig, a] or
along the parallel lines in same direction [Fig. b] or along
parallel lines in opposite direction [Fig. ¢]. Two collinear
vectors having the same directions are called parallel
vectors. In this case, the angle berween those two vectors
will be zero. Similarly, the two collinear vectors having the
opposite directions are called anti-parallel vectors. In this
case, the angle berween those two vectors will be 180°,

(vii) Coplanar Vectors

The vectors lying in the same plane are called coplanar
vectors. | hree vecrors A, B and C are lying in the same
plane of paper as shown in figure, hence they are coplanar
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Coplanar vectors

(viii) Co-initial Vectors
The vectors which have the same initial point are called
co-initial vectors.

© A

Co-initial vectors

Two vectors A and B have been drawn from the common
initial point O, Therefore, A and B are called co-initial

veCctors.

(ix) Orthogonal Unit Vectors

If two or three unit vectors are perpendicular to each other,
they are known as orthogonal unit vectors.

The unit vectors along x-axis, y-axis and z-axis are denoted
hy i., iand 12 These are nrrhogcl-nal unit vectors.
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(x) Localised Vectors

Those vectors whose inital point is fixed are known
as localised vectors. e.g. Positon vector ofa particlc {initial
point lies ar the origin).

(xi) Non-localised Vectors

Those vectors whose initial point is not fixed are known
as non-localised vectors. c.g. Velocity vector of a particle
moving alnng a straight line.

POSITION AND
DISPLACEMENT VECTORS

Position Vector

A vector which gives position of an object with reference to
the origin of a coordinate system is called position vector. It
is represented by a symbol r.

Consider the motion of an object in xy-plane with origin at
0. Suppose an object is at point A at any instant 7.

Then, OA is the position vector of the object at point A.
re. OA=r

Position vector representation



The position vector provides two informartions such as

(i) It tells us abour the minimum distance of an object
from the origin O.

(11) It tells us about the direction of the uhjl:cr W.LL
origin,

Displacement Vector

The vecror which tells how much and in which direction an
nhj:ct has chang:d its position in a given interval of time is
called disp]acemcnt vector.

Displacement vector is the straight line joining the initial
and final positions and does not depend on the actual path
undertaken by the object berween the two positions.
Consider an Dhjcct moving in the x_].r-plan:. Suppose it is at
point A ar any instant r and ar point B at any later instanc¢”.
Then, vector AB is the displacement vector of the object in
time ¢ to ¢,
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Displacement vector representcation

If the coordinates of points A and B are (xy, 1) and
(x5, ¥4, then the position vecror of the CII'.'erCI.' at point A,

r, =x,i+ yjand the position vector of the object at point
Br =x2E + _}Izj
». The displacement vector for AB can be given as

Ar=r,-r

[Displac:m:nt vector, Ar=(x, —x,) : +(y =¥ }i ]

(1) Magnitudc of the r.lisplaccmcnt vector is given |:|_1,r
|Ar|=Ar =\l[{x2 %)+ (3= )’

The magnitude of displacement is either less or
equal to the path length of an object between two
points.

(11) Magnitudc of vectors for three-dimensional is

given by
&r=\{{x}_ —x]}:+{_}l2—_}r|}2+[z}_ —z]}lz

MULTIPLICATION OF A
VECTOR BY A REAL
NUMBER (OR SCALAR)

When we multiply a vector A by a real number A, then
we get a new vector along the direction of vector A. Its
magnitudc becomes A times the magnimd: of the given
vector.

Similarly, if we multiply vector A with a negative real
number = A, then we get a vector whose magnitude is A
times the magnirude of vector A but direcrion is opposite
to that of vecror A.

| (A)=2AA|and FA(A)=-2A]

Hence,

e.g. (i) Consider a vector A is mulriplied by a real number

A=3or =4, wegetdAor —4A
A A X
A =4 A

Multiplication of a vector by a
real number

(11) If we mu|tip|:-,r a constant vr:locit]..r vector h}r time,
wee will gera displaccm:nt vector in the direction of
vc|acir}«' VECtor.

RESULTANT VECTOR

The resultant vector of two or more vecrors is defined as the
single vector which produces the same effect as two or more
vectors (given vectors) combinedly produces.

There are two cases

Case I When two vectors are acting in the same direction.

Consider the vectors A and B are acring in the
same direction as shown below

A

Then, the resultant of these two vectors s given h}r
a vector having direction as same as that of A or B
and the magnitude of the resultant vector will be
equal to the sum of respective vectors i.e. (A + B).

Thus, [ Resultant vector, R=A+B ]

R=A+B



Case I When two vectors are acting in mutually
opposite directions.
Consider the vectors A and B are acting in
mutually opposite direction as shown below.
A

 —————

Then, the resultant of these two vectors 1s given b}r a
vector having direction same as that of vector with larger
Inagnitudc. The ma.gnirudc of the resultant vector will
be equal to | A - B|.

A

Thus, [Rl:sultant vector, R=A—-B J

(i) If B> A, then direction of R is along B.
(i) If A > B, then direction of R is alnng A.

Conditions for Zero Resultant
Vector

If three vectors acting on a point object at the same time
are represented in magnitude and direction by the three
sides of a triangle taken in the same order, their resultant
is zero. The object is said to be in equilibrium.

Consider the three vectors A, B and C acting on an
object at the same time represented by OP, PQ and QO,

r:spccti\-'cl}r.

A B C
Then, —_——=—
or PQ QO
0
c
A Q
B
P‘

Wectors A, B and C acting along OP, PQ
and QO respectively

Similarly, if number of vectors acting on an object at the
same time are r:prcs:ntcd in magnirud: and direction
by the various sides of a closed polygon taken in the
same order, their resultant vecror is zero and the ubjcct
will be in equilibrium.

Vectors represenced by a
closed polygon

Resultant vecror, R=0A + AB+ BC + CD
+DE+EF+FG+GO=0

3 Conditions for Equilibrium of an Object

« There is no linear motion of the object i.e. the resultant force on
the object is zero.

* There is no rotational motion of the object i.e. the torque due to
forces on the object is zero.

* There is minimum potential energy of the object for stable
equilibrium.

ADDITION OF VECTORS
(GRAPHICAL METHOD)

Two vectors can be added if both of them are of same narure
c.g. A displacement vecror cannot be added to a force but can
be added to displacement vector only.

Graphical method of addition of vecrors hclps us in visualising
the vectors and the resultant vectors.

This method contains following laws

1. Triangle Law of Vector Addition

This law states that if two vectors can be represented both in
magnitude and direction by the two sides of a triangle taken
in the same order, then their resultant is represented
mmph:'tcly, both in ma.gnitudc and direction, by the third side
of the triangle taken in the opposite order.

Consider two vectors A and B that lic in a plane as shown in
Fig. (a). Drraw a vector OM :qu:ﬂ and par.'l[|c| to vector A as
shown in Fig. (b). From head of OM, draw a vector MN equal
and p:.r.'l"cl to vector B. Then, the resultant vector is given |J:-,r
ON which joins the tail of A and head of B.
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Triangle law of vector addition

The resultant of A and B is ON =OM + MN
or [ Resultant vector, R = A + BJ

EXAMPLE |1| Displacement of Vectors
A boy travels 10 m due to North and then 7 m due to East.
Find the displacement and direction of the body.

Sol. Let the boy start moving from point O as shown in figure.

0A =10 m, due North
AB =7 m, due East

where,



According to triangle law of vector addition, OB is the
resultant displacement.

N
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The magnitude of the resultant displacement,

|OB= 0B = \[(0A)* +(AB)? = {J(10)* +(7)?
=100+49 =1221m

Since, the resultant displacement makes an angle 8 with
the North direction. Then,

A= t:m_l[ﬁ)= tan” '(1] =135°
OA 10

2. Parallelogram Law of Vector

Addition

This law states thar if two vectors acting on a particle at the
same time are reprcsentcd in magnitudc and direction by
wo adjal:,ent sides of a pa.ra]le]ngram drawn from a point
their resultant vector is represented in magnitude and
direction by the diagonal of the parallelogram drawn from
the same point.

Consider two vectors A and B that lic in a plane as shown in
Fig. (a). From a common point ), draw a vector OP equal
and paralll:l o A and vector OR cqual and paraﬂ:l to B.
Complete the parallelogram OPQR as shown in Fig. (b).
Then, the resultant vector is given by 0Q.

A
(a)

Parallelogram law of vector addition

According to parallelogram law of vector addirion,
0Q =0P+O0R

or [Rcsulrant vector, R=A+B ]

EXAMPLE |2| Velocities in Different Directions

A body is simultaneously given two velocities of 30 m/s due
East and 40 m/s due North, respectively. Find the resultant
velocity.

Sol  Let the body be starting from point O as shown.

40mis m
L=
0

m

B [==)
e
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v, =30m/s, due East; vy =40m/s, due North

According to parallelogram law, OC is the resultant

velocity. Its magnitude is given by
V= VAz +1|.|'52

= Jﬁuf +(40)°
= -Jemn + 1600

=50m/s

Since, the resultant velocity v makes an angle 8 with the

East direction. Then, 8 = tan™ C—A

= t:m“[%) =538

3. Polygon Law of Vector Addition

This law states thar when the number of vectors are
represented in both magnitude and direction by the sides
of an open polygon taken in an order, then their resultant
is rcprcscntccl in both ma.gnirudc and direction by the
clusing side of the polygon taken in opposite order.
Consider four vectors A, B, C and D be acting in different
directions that lie in a plane as shown in Fig. (a). Draw a
vector OP parallel and equal to vector A. Move vectors B, C
and D parallel to themselves, so that the tail of B touches
the head of A, the tail of C touches the head of B and the
tail of D rouches the head of C as shown in Fig. (b).

According to the polygon law of vector addition, the closing
side OT of the polygon taken in the reverse order represent
the resultant R.

Thus, R=A+B+C+D

(@) (b)

Polygon law of vector addition



Properties of Addition of Vectors
(i) It follows commurarive law, i.ec. A+B=B+ A
(ii) It follows associative law,
A+B)+C=A+(B+C)
(iii) It obeys distriburive law, A(A + B) = AA + AB
(iv) A+0=A
EXAMPLE |3| Displacement in Different Directions

A particle has a displacement of 12 m towards East and 5m
towards the North and then 6 m vertically upwards. Find

Properties of Subtraction of Vectors

(1) Subtraction of vectors does not follow commurtarive
law, i.e. A-BB-A
(11} It does not follow associative law, 1.e.
A-B-C)2(A-B)-C
(iii) It follows distributive law, A(A = B) = AA = AB

EXAMPLE |4| Forces Act in Different Directions

Two forces of 5 N towards East and =7 N towards South acts
on a particle. Find the resultant force.

the magnitude of the sum of these displacements.

Sol. Suppose initially the particle is at origin O. Then, its

displacement vectors are

b N
C
6m
s
» _‘..--""" ar /5m
[=] 12m A i
5

0A=12m, AB=5m,  BC =6m

According to polygon law of vector addition, OC is the

resultant displacement.
. From A OARB, have

OB = JOA® + AB* = J12)* +(5) =13m
Again from A OBC, we have
OC = OB + BC? = J13)* +(6)* =205=1432m

SUBTRACTION OF TWO
VECTORS (GRAPHICAL METHOD)

If a vector B is to be subtracted from vector A, then we have
to invert the vector B and then add it with vector A
according to laws of addition of two vectors.

Hence, the subtraction of vector B from a vector A is
defined as the addition of vector (=B) (i.c. negative of
vector B) to vector A,

It is expressed asR=A +(-B)=A -B

Parallel translation
of inverted

B B
Addition of

.
-B

Graphical method of subtraction of two vectors

M

Sol. The two forceshbe A=5Nand B=-TN

Then, the magnitude of the resultant force is given by

F= A" +(=Bf = 45" +(-7)"

F=+25+49=1/74 =86N

RESOLUTION OF VECTORS IN

PLANE (IN TWO DIMENSIONS)

The process of splitting a single vector into two or more
vectors in different directions which collectively produce
the same effect as produced by the single vector alone is
known as resolution of a vector.

The various vectors into which a single vector is splitted are
known as components of vectors. Resolution of a vector
into two component vectors along the directions of two
given vectors is unique.

To understand the resolution of vector in the components
vectors, let us discuss the vector as a combination of unit
vectors.

Any vector r can be expressed as a linear combination of two
unit vectors i and jatrightangleic.r=xi+ yj

The vectors xi and 'y‘,: are called the perpendicular
components of r. The scalars x and y are called components
or resolved parts of r in the directions of x-axis and y-axis.

LRcsultan( vector, r= Jxl 4 _le




If B is the inclination of r with x-axis, then

e -o(2)

Resolving a Vector into Two Component
Vectors Along Given Directions

MNow, draw OQ to represent the resultant vector R in
m:;gnitudt and direction. From point 0, draw a line OP
parallel to the vector A and from point P, draw a line PQ
parallel to vector B.

Then, these two lines intersecr at point P as shown below.

From triangl: law of vecror addition, we have

0Q=0rP+PQ
But OP and PQ are two component vectors of R in the
direction of A and B rc.sp:ctiud}r. Let OP=AA and
PQ =uB, where A& and | are two real numbers. This is also
illustrared in the figure as shown below.

Mow, the resultant vector becomes
R=AA+UuB
Rectangular Components of a Vector in a Plane

When a vector in a p|anc 1s splitrcd INto two component
vectors at right angle to each other. Then, the component
vectors are called rectangular components of that vector.

The resultant vector is given b]r

X
al F
Rectangular components
of A

A=A i+ A]

where, E\f[a.gnitudc of vector, A= .|||Af + A; J

We can also find the angle () berween them.

AJ
From tanB=| —
Ar
=1 A.T
= Angle, 8 = tan —_
Ax
Where, A, and A, are the splitted vectors component of A

in the direction of j and E, respectively.

EXAMPLE |5| Resultant of Two Vectors
The greatest and the least resultant of two forces acting at a
point are 29 N and 5 N, respectively. If each force is
increased by 3 N. Find the resultant of two new forces acting
at right angle to each other.

Sol. Let Pand Q be the two forces.

Greatest resultant, R, = P+ =29N

Least resultant, R, =P-(=5N
P+Q=29 A1)
P-Q=5 (i)

Solving Eqgs. (i) and (ii), we get
P=17TN Q=12N
When each force is increased by 3N, then
PP=P+3=17+3=20N
=» Q'=12+3=15N
The resultant of new forces is

R =200 +(15) = Ja00 + 225 = 25 N

Let the resultant R, makes an angle 8 with A, then

tanB =22 = 0.75
20
= 8 = tan™' (0.75)=36°52'

Thus, the resultant of two new forces P* and 0 are 23 N
and angle between them is 36%52°.

EXAMPLE |6] Person Walks in Different Directions

A person walks in the following pattern 3.1 km North, then
2.4 km West and finally 5.2 km South.

(i) Sketch the vector diagram that represents this motion.
(ii) How far the person will be from its initial point?
(iii) In what direction would a bird fly in a straight line
from the same starting point to the same final point?
‘)= Label the displacement vectors A, B and C
¥ {and denote the result of their vector sum as r)
now, choose East asthe i direction (+x direction)
and Morth as the j direction (+ ydirection). All
distances are understood to be in kilometres.
The vectors B and C are taken as negative because

according to our assumption, person walks in-x and —
directions.



Sol (i) The vector diagram representing the motion is shown
below.
B
Narth
A= 317
A B=-247
c West East Cwm 527§

South

(i1) The final point is represented by
r=A+B+C= 3_11 qu—izl

= —2.4| - 2.1]

whose magnitude is |r|= -,JI{—Z 4P +(-21)" =32km

Hence, the person will be 3.2 km away from the initial
point.
(iii) There are two possibilities for the angle.

af A o —31
f=tan™'| =L |=tan™"| — | = 41" or 2217
A, -24

~* ris in the third quadrant, hence 6 = 2217

Resolution of a Space Vector
(In Three Dimensions)

Similarly, we can resolve a general vector A into three
components along x, y and z-axes in three dimensions
(i.e. space). Let o, E anr:[v'y' are the angles berween A and the
X ¥ and z-axes, rC!PC‘CI.’i\"CI.}' as shown in ﬁgurc.

Let i, j, k be the unit vectors, along x, y and z-axes,
r:spccti\-'cl}r.

A

¥
cosfl= ————ous=m
ﬁfJA,f+Af+Af
AZ
=n

cosYy =—Z S S
.,|||Ax + A+ A]

Here, /, m and »n are known as direction cosines of A,
Putting the values of Ax, Ay and Az in Eq. (i), we ger
A*=A%cos’ o+ A cos? P+ A cos? y
A’ = A*(cos™ ct + cos’ P+ cos” )
or mszﬂ.+cnsl['_’l+msz'f=]
It means, sum of the squares of the direcrion cosines of a

VeCTor 15 alwa}rs unity.

MNote
The angles o, B and y are angles in space. They are between pairs
of lines, which are not coplanar.

EXAMPLE |7| Three Components of a Vector
The figure shows three vectors 0A, 0B and 0C which are
equal in magnitude (say, F). Determine the direction of
0OA + 0B - OC.

Sol. Given, |0A |=|0OB|=|0C|=F
Angles are 30°, 457 and 60°.
Resolve all the vector components individually

¥ ¥ Bros&0°

]

#

!
;-

4
/i

While resolving, we have,
A, = Acosu, AJ = Acosp, A, = Acosy
. Resultant vector, A = Ari + A;j"' Azl;.

Magnitude of vecror A is 4 = 1||j‘1_: + Af + Azz .1

Position vector r is given hy r=axi+ J.rj+ F k

Remember thar

A
X =1;

,liAf + A+ A}

cosil =

PRSI =¥

Csind5®

3
=
o
=T

33

Ccos45®

(-yve

R, =R, +R,,

Acos30°

(+)ve

+R,,

Sum of vectors in x-direction (i.e. R,) and sum of vactors

in y-direction

(ie R,)

R, = Acos 30°+Bcos 60°F-C cos 45°

Ffi F F
" TR

=m{‘\£+ﬁ—2]‘

Ry =Asin30®+ Ccos45%—

iFFuE
EEE

A

[+A=B=C=F]

B sin 60°

Pz +2-46)



Determination of magnitude,

R=.,/Ri+R2
leJ—{JE+~J'_ Z}J [ ——(2+2- J-}J

2

= JF2{0_435} + F*(0116)
= 1|ﬁ'F‘(nﬁEru]l = Ffoss0
= R=074 F

Determination of direction

R, Je+4f2-2)
z
=E=ﬂ524
185
0 =27.65

This is the angle which R makes with x-axis.

EXAMPLE |8| Resolution of Forces
Can the walk of a man be an example of resolution of forces?

— Ground
reaction

Forca acting
Fon the feat

S0l Walking of a man is an example of resolution of forces.
A man while walking presses the ground with his feet
backward by a force F at an angle 8 with ground, in
action.

The ground in reaction exerts an equal and opposite
force R (= F) on the feet.

Itz horizontal component H = Recos 8 enables the person
to move forward while the vertical component

V' = RsinB balances his weight because R is resolved into
two rectangular components.

Application of resolution of vector

It is easier to pull a lawn mower than to push.

Addition of Vectors (Analytical Method)

Consider two vectors A and B inclined at an anglc B be
acting on a particle at the same time. Let they be
rcpr:scntcd in ma.gnimd: and direction b}-’ two sides OP
and PQ of AOPQ, taken in the same order (take from

above). Then, according to triangle law of vector addition,

the resultant (R) is given by the dlosing side 0Q), taken in

opposite order.
Q

a

Draw QN perpendicular to OF produced.
PN

From AQNP, — =cost
PQ

= PN = P() cost = B cosb [~ PQ =E] ..
and —=sin b

rQ
= QN =P} sinfl = BsinB L. lu)

In right angh:d AONGQ, we have
0Q*=QN” + NO* =QN* +(OP + PN)?

or R?*=(Bsin0)? +(A+ Bcos0)?
=B sin0+ A+ B cos’ B+ 2 AB cos®
=A*+B*+2A Bcosh

= [R:suhant, R= JAZ + B+ 2AB cos ﬂ']

This represents the magnitude of resultant vector R.

If the resultant vector R makes an anglc (B) with the
direction of vector A, then from right ang|c AQNO,

QN _ QN Bsin®

an = ON OP+PN A+ Bcosh

Bsin®
or Direction of resultant R, tan f= ———
A+ BeosB

Regardingﬂle Magnitm:le of B
(i) When® =0° then R = A+ B (maximum).
(ii) When® =90 then R=4 A" + B”.
(iii) When 0 =180%, then R = A = B (minimum).

This can be extended to any number of vectors if vectors
a, b and ¢ are gwcn, then

a=a_i+a ]+a k

b=bit+b,j+b.k
E=fxi+':']i+r:§k
where, r, =a:+!3x+rr,r_,=dj+£'_' +-’_'J
rn=az+bn+‘|x



Determination of magnitude,

R=,}R§+R2
\(lw,—{fw’_ z}J [ —=(2+2- -J'-}J

= F*(0435) + F*(0116)
= [F%(0550) = Ff0550
= R=074 F

Determination of direction

P2 +2-45)
_R o
RI -

This is the angle which R makes with x-axis.

EXAMPLE |8| Resolution of Forces
Can the walk of a man be an example of resolution of forces?

— Ground
reaction

Force acting
an the feat

F
Sol. Walking of a man is an example of resolution of forces.
A man while walking presses the ground with his feet
backward by a force F at an angle 8 with ground, in
action.
The ground in reaction exerts an equal and opposite
force R (= F) on the feet.
Its horizontal component H = Rcos 8 enables the person
to move forward while the vertical component
V' = Rsin® balances his weight because R is resolved into
two rectangular components.
Application of resolution of vector

It is easier to pull a lawn mower than to push.

Addition of Vectors (Analytical Method)

Consider two vectors A and B inclined at an anglc B be
acting on a particlc at the same time. Let tl'u:?_,r be
rcpn:scntcd in ma.gnirudc and direction b]r two sides OP
and PQ of AOPQ, taken in the same order (take from

above). Then, according to triangle law of vector addition,

the resultant (R) is given by the closing side O, taken in

opposite order.
Q

=

Draw QN perpendicular to OF produced.
PN

From AQNP, — =cost
PrQ

= PN = P(Q) cos8 = B cost [+ PQ =B8] ...00)
and %:sinﬁ

P
= QN =P()sinB = Bsin@ ... (i)

In right angh:d AONG, we have
0Q*=QN?*+ NO* =QN* +(OP + PN)*
or R*=(Bsin0)? +(A+ Bcos0)?
=B sin?0+ A%+ B cos’ 0+ 2 ABcosO

=A*+B*+2A4 Bcos®

= [R:su|tant,R:JAl+Hz+ EABcasﬂJ

This represents the magnimdc of resultant vector R.

If the resultant vector R makes an angle (B) with the
direction of vector A, then from right angle AQNO,

QN QN Bsin®
tﬂ.l'lﬁ=—= =
OP+ PN A+ BcosB

o BsinB
or Direction of resultant R, tan f = ———
A+ Beost

Regarding the Magnitude of R
(i) When0 =05, then # = A+ B (maximum).
(i) When® =90°% then R = Ar+ B,
(i11) When 6 = 180°%, then R = A = B (minimum).

This can be extended o any number of vecrors if vecrors
a, b and ¢ are gwcn, then

a=a, i+ a ]+d k

b=bi+b,j+b.k
c=c,ite, jteck
where, 1, =a, +b, +c.,1,=a, +b,+c,
r,=d, +|53+1"3



EXAMPLE |9| Law of Sine and Law of Cosine

Find the magnitude and direction of the resultant of two
vectors A and B in terms of their magnitudes and angle B
between them.

B which are at angle 8 with each other as shown in
figure.

As we know the magnitude of the resultant vector R is

R=+A%+ B + 24Bcos B
This is known as law of cosine.
If the resultant vector R makes an angle ¢ with the
direction of vector A. Then,
In AOSN, SN = 05 sintt = Rsinot and
In A PSN, SN = PScinfl = BzinB
R B

Thus, =
sinfB  sing
Similarly, PM = Asinet = Banfi
A B
sinﬁ - sin o

From Eqs. (i) and (ii), we get
R A B

sinf  sinf  sino

This is known as law of sines.

EXAMPLE [10| Resultant of Two Vectors

Two vectors € and D having magnitude 5 units and angle
B = 30° with each other. Find the resultant vector.

Sol We have to find the resultant of given two vectors C and
D. For the magnitude of resultant vector

R=|R|=|C+D|= JC2 + D%+ 2CDcosB

=..frjs}’+r:5}2 +2X5K5% cos30°

=25+ 25+25~\E
= 5~J2+ '\E units

[NCERT)]
Sol. Let the vectors OP and OQ represent two vectors A and

..A1)

i)

[ cos 30° =ﬂ
2

Mow, for the direction of resultant vector

DsinB 5 x 8in30°
tanc = =
C+DcosB 545 cos30°
5x1/2 1
tana = “r'ﬁ= 5 =2-+3 =0.268
2+
545%—
2
= o = tan~'(0.268)=15"

EXAMPLE |11| Resultant of Three Vectors
Three vectors are given by
A=Ai+Aj+AL
B=Bi+B j+Bk
C=Ci+C,j+Ck
Determine the magnitude of resultant vector.
Sol Given, A= A,;+ Ar}"' A,I;.
B=B,i+B,j+Bk
C=C,i+C,j+C.k
We can add these easily by analytical method.
The resultant of these three vectorsare R=A+B+C
A:i + Ayi‘+ A,I:; + B,I+ BJ,} + Bzﬂ +C,I+Cy} +Czl‘(.
=(A, +B, +C,)i+(A, +B,+C,)j+(A +B+C,)k

The magnitude of R is given by,

R=J{AJ+ B,+C,) +(A,+B, +C,)* +(A,+B,+C,)*

EXAMPLE |12| Resultant Velocity of a Boat

A motor boat 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 to South. Find the resultant velocity of the boat.

[NCERT]

Sol. Given, velocity of motor boat, v, = 25 km/h (towards

Morth)

Velocity of water current, v, =10 km/h (towards East to
South)

Direction, 8 =180° — 60° =120°

We know that,

I 2
v—J‘ub+u: +2v,v_cos B

v =4/(25) + (10)° + 2 % 25 % 10 x cos 120°

1
U=J625 +1E]El+5[]l](— E), v = 218 km/h

Suppose the resultant velocity v makes angle ¢ with the
Morth direction. Then,

v sinl20P mx{\E I2)
W+ V. cos120F  25+10x(-1/2)
¢ = tan ~'(0.433)= 23.4°

tan § = =0.433




Subtraction of Vectors
(Analytical Method)
There are two vectors A and B at an angh: 0. If we have to

subtract B from A, then first invert the vector B and then
add with A as shown in ﬁgun:.

Addition of
inverted
B B
Pa—————"
—
A

Subtraction of vectors

The resultant vectorisR=A+(-B)=A -B
The magnitude of resultant in this case is

R=|R|= /A% + B* + 2 ABcos(r - 0)

[R:suh:-mt, R= ‘JAI +BY = ZABCDSH]

Here, 8 = anglc between A and B
Rega.rding the magnitude of R
(1) When® =09, then R = A = B (minimum).

(ii) When® =902, then R=+/A” + B*.

(iii) When 8 =180 °, then R = A + B ({maximum).

EXAMPLE [13| Finding the Subtraction of Vectors
Two vectors of magnitude 3 units and 4 units are at angle
60 ° between them. Find the magnitude of their difference.
Sol Let the vectors are A and B.
Given, |A|=3unit, |B|=4 unit and 8 =a&0"
The magnitude of resultant of A and B

R=|R|= A% + B — 2ABcos 0

= 3% +4% —2x3x4cos 60°

R=425-12 = \|'r1_3= 3.61 units
EXAMPLE |14| Sum and Difference Together

Consider vectors A and B having equal magnitude of
5 units and are inclined each other by 60°. Find the
magnitude of sum and difference of these vectors.

Sol Given, A =5units, B =35units, 8 =&a0"

A+B=? and A-B="

The magnitude of the resultant vectors of the sum,
R= JAQ +B* +2ABcos B

= /5% +5% + 2X5X 5% cos 60° =5+/3 unit
The magnitude of the resultant vector of the difference,
R=+[A? +(=B) + 2ABcos 8

R=‘j52 +5% 4+ 2% 5% 5c0s 120°,
R = 5 unit

DOT PRODUCT OR SCALAR
PRODUCT

It is defined as the pmduct of the magnitudcs of vectors A
and B and the cosine of the .'mgh: 0 between them. It is
represented by

A-B = ABcosB

[a]l B cos @ is the projection of B onto A.
[b] A cos & is the projection of A onto B.

Case I When the two vectors are parallel, then 8 = 0°,
We have, A -B= ABcos0°= AB

Case II When the two vectors are mutua”}r pcrpcndicular.
then @ =90°,

We have, A -B= ABcos90°=10

Case III When the two vectors are anti-parallel, then
6 =180°.

We have, A -B= AB cos 180°=—-AR

Dot Product of Two Vectors in
Terms of Their Components

It is defined as the product of the magnitude of one vector
and the magnitude of the component of other vector in the
direction of first vector.

a=a|E+ﬂzi+a5£ and h=frltl+52'i+ z’.ij];

then a- |:|=(sr]i+ ﬂ2}+53fd- [b]i+ 52}+bil;]

=(ay )i+ (ay - by)i-j+(a,-by)i-k
Hay b)) j-i+(ay-b,) ] +(ay-by)j-k
+(ay - bk -i+(ay - by)k- j+ (a; - by) k.



where, -
1

—_
|-|
o
-
=
3
—

Pmpertle'an
(i) a-a=(a)’
(i)a-b=b-a
(i) a-(b+c)=a-b+a-c
{ivl (c-a)-b=c-(a-h)
(v) a~|:r=|a|||:|cnsﬁ

EXAMPLE |15| Dot Product of Two Vectors
Find the angle between the vectors
A= i—z]‘—iam:lﬂ =-i+ ]‘—Eft
Sol The angle between two vectors is included in the
expression of dot product or scalar product.

A-B=ABcos(Q A1)

The magnitude of A is given by
A=q0) +(=27 (1) =6 i)

The magnitude of B is given by
B=f(-1)* +(1)* +(=2)* =6 (i)

We can separately evaluate the left side of Eq. (i) by
writing the vectors in unit vector notation and using the
distributive law.

A-B=(i+2j-k)(=i+j-2k)
= (1-=1)(i-1)+ (1) - )+ =2)(i k) +(2-=1)
(G-i)+ (20 j)+(2-=2) k) +(=1--1)
(ki) + (=1 1)(k )+ (~1--2)(k k)

E k=1k-i=0k-j=0

Substituting the values of A from Eq. (ii) and B from

Eq. (1ii) and A -B = 6in Eq. (i), we get
3=(f6)(+/6)cos®

1

= casH=E=—=} H=ms_1[l]=ﬁl}“
6 2

EXAMPLE |15| Application of Dot Product Method

A force of [?1 - ﬁk} N makes a body move on a rough plane
with a velocity of [31 + 4k} ms . Calculate the power in W.

Sol Using k-k=l.l-]=ﬂ
-, Power, P=F-v=(7i +6k)-(3i + 4k)

=21424=45W [

VECTOR PRODUCT
OR CROSS PRODUCT

It is defined as the pru-ducr of the ma.gnirud:s of vectors A
and B and the sine of the angltﬁ' between them.

It 1s rcprc.scnn:d as

Cross product of vectors A and B, A xB = ABsinfn

where n is a unit vector in the direction of 1.

Lt

A= B

B xA
(a) (©

Right hand rules for dlr‘EEtan of vector product

Cross Product of Two Vectors in
Terms of Their Components

Ifa=a,i+a,j+ask and b=bi+b,j+ bk, then

i ]k
axhb= @ dy dy
by b, b

=(a, .trr -d'jir }J-Lsrlb —Hib }]+{a .d'_,_.érl}f:

where, l)(l—]X]—ka 0
and |><]=]c,]>(k=1,k><|=},
ik xjm i ixh o
Case | Cross Eraducr of two parallel or anti-parallel
VECTors is Zero.

Case Il Cross pmducr of two mumall}r pcrptndicular
VECTOT 15 :qua] to pmducr of the magnimd: of two
Vectors.

1
If A and B are two sides of A, then area of A= Elﬁt b Bl

Representation of vectors A and B




As, arca of A= 21 X base X height = 21()5 x PQ
PQ

* sin =—

or
= PQ=0PsinB=BsinBandOS = A

1
=L Ax Bsin0 =~ ABsin® =~|A xB|
2 2 2

Properties of Cross Product
(i)axb=-bxa
(i) ax(b+c)=axb+axc
(ii1) (axb) + (cxd) =(a X ¢) + (ax d) + (bxc) +(bxd)
(iv) maxb=axmb
(v) (b+cla=bxa+cxa
(vi) axa=0
(vii) ax(b=c)=axb—-aXxc
(viii) |a x b|* =|a|*|b|*~|a-b|?
(ix) ax(bxc)=(c-a)b=(b-a)c

EXAMPLE |17| Cross Product of Two Vectors

The vector A has a magnitude of 5 unit, B has a magnitude
of 6 unit and the cross product A and B has the magnitude
of 15 unit. Find the angle between A and B.
Sol. If the angle between A and B is 0, then cross product
will have a magnitude,
|A xB|=ABsin0
= 15=5%6sin0

sin6=% = 0=30°

Representation of Unit Vectors in a Circle

Unit vectors along three axes of cartesian coordinate system

-

(i.e. 1, j, k) can be represented on a circle in such a way thar

if we rotate our cyes in anti-clockwise product of two
consecutive vector will produce the third unit vector.

~ -~

c.g. ixj=kand }Xi=-k

and similarly for other possibilities.

Scalar Product of Vectors

The scalar product of vectors produce pseudo scalars, such as
volume, power etc. The vector product of two vectors produces
a pseudo vector. It is also called axial vector. The direction of
this vector is perpendicular to the plane containing the multiple
vectors.

TOPIC PRACTICE 1 |

OBJECTIVE Type Questions

1. Which one of the following statements is true?
[NCERT Exemplar]
(a) A scalar quantity is the one that is conserved in a
process
(b) A scalar quantity is the one that can never take
negative values
(c) A scalar quantity is the one that does not vary
from one point to another in space
(d) A scalar quantity has the same value for observers
with different orientation of the axes
Sol. (d) A scalar quantity is independent of direction hence
has the same value for observers with different
orientations of the axes.

2. Consider the quantities, pressure, power, energy,
impulse, gravitational potential, electrical charge,
temperature, area. Out of these, the only vector
quantity/ies is/are [NCERT Exemplar]
(a) impulse, pressure and area
(b) impulse
(c) area and gravitational potential
(d) impulse and pressure

Sol. (b) We know that, impulse, ./ = F. At = Ap, where F is

force, At is time duration and Ap is change in
momentum. As Ap is a vector quantity, hence only
impulse is also a vector quantity.

3. The relation between the vectors A and -2A is

that,
(a) both have same magnitude
(b) both have same direction
(c) they have opposite directions
(d) None of the above

Sol. (c) Multiplying a vector A by a negative number A gives
a vector AA, whose directions opposite to the direction
of A and it’s magnitude is — A times | A |

4. A and B are two inclined vectors. R is their sum.
Choose the correct figure for the given
description.




The object is said to be in equilibrium.
o
(d)

=]

10. What is the property of two vectors A and B
suchthat A+ B=Cand A+ B=C?

P Sol The two vectors are parallel and acting in the same
direction Le. 8 =0°

Sol (d) Correct figure is

A B - -
11. What is the value of min i + m j + k to be unit
8 & vector?
R=A+B Sol. For unit vector |;+m:i+|.(|=-||ﬁ+m2 +1=1
2
5. The component of a vector r along X-axis will m"+3i=1
have maximum value if [NCERT Exemplar] mi=-1=m=4+-1
(a) r is along positive y-axis S m is imaginary.
(b) r is along positive x-axis . . 12. Two equal forces having their resultant equal to
(c) r makes an angle of 45 with the x-axis either. At what angle are they inclined?
(d) r is along negative y-axis Sol. A=F.B=F R=F.0="

Sol (b) Letr makes an angle § with positive y-axis.

Component of r along X-axis R= -ull-"’-2 + B +2ABcos ©

Iy =|f|cos B = R*= A + B* + 2AB cos ©
. =|r B .
L —— (cos ) imum F*=F*+F*+2F%cosB
=|r cos 7 = Irl
(- cos B is maximum of 8 = 07) 1=2(1+cos8)
AsB =0°, =3 CGSE‘=1—1=_—1
r is along positive x-axis. 2 2
8= cos™ [~ L|=120°
VERY SHORT ANSWER Type Questions N 2]
6. Three vectors not lying in a plane can never end 13. What is the angle made by vector, A = 2i +2j
up to give a null vector. Is it true? [NCERT] with r-axis?
Sol. Yes, because they cannot be represented by the three Sol F
' the tor, A, =2, A,=2
sides of a triangle taken in the same order. of. Torthevector, A, ¥
We know that angle is given by
7. When do we say two vectors are orthogonal? 5
—tan | Z2¥ 1= tan | =2
Sol. If the dot product of two vectors is zero, then the B ta ["":) b (2]

vectors are orthogonal. _
& A =tan~'(1) = 45°

8. The total path length is always equal to the
magnitude of the displacement vector of a 14. The magnitude of vectors A, Band C are12, 5and

particle. Why? [NCERT] 13 units respectively and A + B = C, find the
Sol. 1t is only true if the particle moves along a straight line angle between A and B.
in the same direction, otherwise the statement is false. Sol We know that, C* = A* + B* or 13 =12" 4+ 5

9. Under what condition, the three vectors give Thus, the angle between A and B is 90°

zero resultant? 15. What are the minimum number of forces which
Sol. If three vectors acting on a point object at the same time are numerically equal whose vector sum can be

are represented in magnitude and direction by the three zero?

sides of a triangle taken in the same order, their Sol Two only, provided that they are acting in opposite

resultant is zero. directions



16.

Sol.

17.

Sol.

18.

Sol.

19.
Sol.

20.

Sol.

21.

Sol

22,

Sol.

23.

Sol

Under what condition the three vectors cannot
give zero resultant?
When the three vectors are not lying in one plane, they
cannot produce zero resultant.
If|A + B|= |A — B|, what is the angle between
A and B?
|A+ B|=|A - B|

JA?+B* +2ABcos® =4 A’ + B? - 24B cos 0
= 4ABcosB=0 = cosB=0
Hence, cos@ = cos®0° or 6 = /2

Can the scalar product of two vectors be
negative?

Yes, it will be negative if the angle between the two
vectors lies between 907 to 2707

If|[A=B|=A-B,what is the angle between Aand B?

As we know, A xB = ABsinf
A-B= ABcosB
According to the question
ABszint = ABcos8

sinfl _

=1 = tanB=1 = 6 =45"

—
cos

What is the angle between Aand B, if Aand B
denote the adjacent sides of a parallelogram
drawn from a point and the area of the
parallelogram is 1/2 AB?

1
Area of parallelogram | A x B|= AB sinfl = EAB [given]
sinf = 1. sin30F or B = 307
2

If A -B =|A x B| find the value of angle between A
and B.

As A-B=|A xB

. ABcosB = ABsin @ or tanfl =1 or@ = m/4

Can the walking on a road be an example of
resolution of vectors?
Yes, when a man walks on the road, he presses the road

along an oblique direction. The horizontal component of
the reaction helps the man to walk on the road.

When the sum of the two vectors are maximum
and minimum?
The sum of two vectors is maximum, when both the
vectors are in the same direction and is minimum when
they act in opposite direction.
As, R=+A" + B* + 2ABcos®
(i) For R to be maximum, cos® = +1

8=0

R..=VA*+B +24AB=A+B
(ii) For R to be minimum,
cosB =—1 or B =180°

R = A® + B® + 2AB(-1) = A—B

SHORT ANSWER Type Questions

24.

Sol

Sol.

26.

Sol.

27.

We can order events in time and there is no
sense of time, distinguishing past, present and
future. Is time a vector?

We know that time always flows on and on ie. from
past to present and then to future.

Therefore, a direction can be assigned to time. Since, the

direction of time is unique and it is unspecified or
unstated. That is why, time cannot be a vector though it

has a direction.

Two forces whose magnitudes are in the ratio
3: 5give aresultant of 28 N. If the angle of their
inclination is 60 % Find the magnitude of each
force.

Let A and B be the two forces.
Then, A =3x, B=5x, R=28Nandf =60°
Thus, i = 3

B 5

Now, R=+A%+ B’ +24Bcos 0

=

~Forcesare A =12Nand B=20N.

23=,j9x2 +25x% +30 x° cos 60°=Tx=>x=4

Suppose you have two forces Fand F. How
would you combine them in order to have
resultant force of magnitudes?

(i) Zero (ii) F
(1) If they act at opposite direction, resultant is zero.
(ii) For the resultant to be F,
F*=F*+F*+2F'cos ©
-1

= cosB=—
2
=5 8 =120"

Determine that vector which when added to the
resultantof A=3i-5j+Tkand B=2i+4 j-3k

gives unit vector along y-direction.

Sol. We are given, A =3i—-5j+7k and B=2i+4j-3k

Thus, the resultant vector is given by

But

R=A+B=(3i-5j+7k)+(2i +4j-3k)
=5i-j+4k

the unit vector along y-direction = ]

.. Required vector = j—(5i — j+4k)

=-5i+2j-4k



28. Explain the property of two vectors A and B if
|A+B|=|A-B|.

Sol  As we know that, |A + B| = JAQ +B* +2AB cos B
and |A - B = /A + B? — 2AB cos 0
But as per question, we have
JAZ + B® + 2ABcos @ = /A” + B — 2 AB cos ©
Squaring both sides, we have (4 AB cos 8) =10

= cos =0 or 8=90°
Hence, the two vectors A and B are perpendicular to
each other.

29. Two forces 5 kg-wt. and 10 kg-wt. are acting with
an inclination of 120° between them. Find the
angle when the resultant makes with 10 kg-wt.

Sol Given, A =5kg-wt, B=10kg-wt, 0= 120° then i =7

t:mﬁ— Bsin® _ 10sin120° _ 5sin 607
A+Becos® 5+10cos 120 10-5 cos 60°
sx3/2 1 A

= e =tan30
10-5/2 3
p=30°

30. The sum and difference of two vectors are
perpendicular to each other. Prove that the
vectors are equal in magnitude.

Sol  As the vectors A+B and A—B are perpendicular to each
other, therefore

(A+B)-(A-B)=0
A-A-A-B+B-A-B-B=0

or A-B=0
= A=B

[ AB=B-A]

31. The dot product of two vectors vanishes when
vectors are orthogonal and has maximum value
when vectors are parallel to each other. Explain.

Sol. We know that, A -B = AB cos 8, when vectors are
orthogonal, 8 = 90°,
So, A -B = AB cos 90% = 0, when vectors are parallel,
then, & = 0°.
So, A -B= AB cos 0% = AB (maximum)

32. The angle between vectors A and B is 60° What
is the ratio of A-B and |A = B|?
Sol The dot product, A-B = AB cos 8 and cross product

|A = B|= ABsin 8.
A-B =A.Bcosﬁ=

. Ratio is cotB
|A=B| ABsin®
=mt6ﬂ“=i-
1
J‘!!.S, B =6|:P. Cﬂtﬁoﬁ=T
3

33. Can aflight of a bird, an example of
composition of vectors. Why?

Sol. Yes, the flight of a bird is an example of composition of
vectors. As the bird flies, it strikes the air with its wings
W, W along WO. According to Newton's third law of
motion, air strikes the wings in opposite directions with
the same force in reaction. The reactions are OA and
OB. From law of parallelogram vectors, OC is the
resultant of OA and OB. This resultant upwards force
OC is responsible for the flight of the bird.

Q

LONG ANSWER Type | Questions

34. Can you associate vectors with?
(i) The length of a wire bent into a loop
(ii) A plane area

(iii) A sphere [NCERT]

Sol (i) We cannot associate a vector with the length of a wire

bent into a loop.

(ii) We can associate a vector with a plane area.
Such a vector is called area vector and its direction is
represented by outward drawn normal to the area.

(iii) We cannot associate a vector with volume of sphere,
however, a vector can be associated with the area of
sphere.

35. On a certain day, rain was falling vertically with
a speed of 35 m/s. Awind started blowing after
sometime with a speed of 12 m/s in East to West
direction. In which direction should a boy
waiting at a bus stop hold his umbrella? [NCERT]

Sol. In figure
Velocity of rain, V; = OA = 35 m/s,
[vertically downward]

Velocity of wind, Vy, = OB = 12 m/s, [East to West]

Uﬂﬁicalb\ L
W, E




36.

Sol.

37.

Sol.

38.

Sol.

The magnitude of the resultant velocity is

v=yf(ve) +vy)

= 1|i{ss}nz +(12)* =37 m/s

Let the resultant velocity, v(= OC) make an angle 8 with
the vertical. Then,

8 = tan~' (0.343) =19°

There are two displacement vectors, one of
magnitude 3 m and the other of 4 m. How
would the two vectors be added so that the
magnitude of the resultant vector be (i) 7 m

(ii) 1 m and (iii) 5 m?

The magnitude of resultant R of two vectors A and B is
given by, R= \‘IAQ +B +2ABcos

=3 +4* +2x3x4 cos 0
(i) Ris 7m, if 6 =0°
(if) Ris 1 m, if @ =180°
(iii) Ris 5 m, if 6 = 90°

If unit vectors a and b are inclined at angle 8,

then prove that |a— b|= 25in 2,
2 [NCERT]

For any vectora = |a°=a-a
o li-bPP=(ai-b)-(i-b)
=a-i—i-b-b-d+bh-b
=1-24-b+1 [vi-d=1%1%cos0P=1]
=2-2x1x1xcosf
=2(1—cos0)

A , 28
= ?.Zsi.nzz = 451|12? [-1-cos 20 = Zsin“8)]

Hence, |a —I:.-|= Zsm%.
Show that vectors A = 2i- 3] -k
and B=-6i+9j+ 3k are parallel.
The given vectors are
A=2i-3j-k
and B=—6i+9j+3k
Then, the vectors are parallel, if A x B=0
i J ok
A=B=[2 -3 -1
-6 9 3

=i(-9+9)— }{6— 6) + k (18 —18)=0
But|A = B|=0
or ABsin@ =0 [ A #0and B # 0]
sinB=00orf =0
Hence, the vectors A and B are parallel.

LONG ANSWER Type Il Questions

39.

Sal.

40.

Sol

State with reasons, whether the following
algebric operations with scalar and vector
physical quantities are meaningful.
(i) Adding any two scalars.
(ii) Adding a scalar to a vector of the same
dimensions.
{iii) Multiplying any vector by any scalar.
(iv) Multiplying any two scalars.
(v) Adding any two vectors.
(vi) Adding a component of a vector to the same
vector. [NCERT)]
(i) No, adding any two scalars is not meaningful because
only the scalars of same dimensions i.e. having same
unit can be added.
(ii) No, adding a scalar to a vector of the same dimensions
is not meaningful because a scalar cannot be added to
a vector.
Yes, multiplying any wector by any scalar is
meaningful. When a vector is multiplied by a scalar, we
get a vector, whose magnitude is equal to the product
of magnitude of vector and the scalar and direction
remains the same as the direction of the given vector.
e.g. A body of mass 4 kg is moving with a velocity
20 m/s towards East, then, product of velocity and
mass gives the momentum of the body which is also a
vector quantity.

p = mv =4 kg « (20 m/s) (East) = 80 kg-m/s, East
Yes, multiplying any two scalars is meaningful.
Density p and volume V both are scalar quantities.
When density is multiplied by volume, then we get
p =V =m, mass of the body, which is a scalar
quantity.

(iii)

(iv)

(v) Mo, adding any two vectors is not meaningful because
only vectors of same dimensions i.e. having same unit
can be added.

Yes, adding a component of a vector to the same
vector is meaningful because both vectors are of same

dimensions.

(vi)

On an open ground, a motorist follows a track
that turns to his left by an angle of 60" after
every 500 m. Starting from a given turn, specify
the displacement of the motorist at the third,
sixth and eighth turn. Compare the magnitude
of the displacement with the total path length
covered by the motorist in each case.

0 As motorist is taking turn to his left at an angle 60°
v after every 500 m, therefore, he is moving on a
regular hexagon.
The distance after which motorist take a turn = 500 m
As motorist takes a turn at an angle of 60° each time,
therefore motorist is moving on a regular hexagonal

path. Let the motorist starts from point A and reaches at
point [ at the end of third turn and at initial point A at



the end of sixth turn and at point C at the end of eighth
turn.

Displacement of the motorist at the third turn = AD
= AQ + 0D = 500 + 500 = 1000 m
Total path length = AB + BC + CD
= 500 + 500 + 500 = 1500 m
Magnitude of displacement _ 1000 _2_ -
Total path length

T1500 3
At the sixth turn motorist is at the starting point A.
- Displacement of the motorist at the sixth turn =0
Total path length = AB+ BC +CD + DE + EF + FA
= 500 + 500 + 500 + 500 + 500 + 500 = 3000 m
. Magnitude of displacement _ 0
"7 Total pathlength 3000

At the eighth turn, the motorist is at point C.
- Displacement of the motorist = AC
Using triangle law of vector addition,

AC=1/AB? + BC? + 24B- BCcos 60°

=10

1
= J{snﬂ}‘ +(500)° + 2 x 500 x 500 x 3

= J3x (5000 =50043m

AC =500 x1.732 m = 866 m
If it is inclined at an angle [} from the direction of AB,

. 500 ® —
S00sin 60 ©
then tanf = — - = - -
500 + 500cos 6l 500 + 500 % —
wl £
=— = = = taniP
3\
50001+= -
2
or p=30°

. Displacement of the motorist at the end of eighth turn
is 866 m making an angle 30° with the initial direction of

motion.
Total path length = 8 ¥ 500 = 4000 m
. Magnitude of displacement _500v3 _ 3 _
Total path length 4000 ]

41. Establish the following inequalities
geometrically or otherwise.

(i) A+ BI<|Al+ [B] (ii) |A+ B|z]|A]-|B]|

(iii) |A - B <|A|+ |B| (iv) |A-B|z||A|-|BII
When does the equality sign above apply?
[NCERT]
Sol. Consider two vectors A and B be represented by the
sides OF and 0Q of a parallelogram OPSQ. According to

parallelogram law of vector addition, { A + B) will be
represented by 08 as shown in figure.

Thus, OP =|A|, OQ=P5=|B|
and 05=|A + B|
(i) To prove |A + B|<|A| +|B|
We know that the length of one side of a triangle is

always less than the sum of the lengths of the other
two sides. Hence from A OFS, we have

OS<0P+PS
= 05 < 0P + OQ
or |A+ B| <|A]+|B| -1}

If the two vectors A and B are acting along the same
straight line and in the same direction.
or |A+B| =|A|+]|B| A1)

(= J—

Combining the conditions mentioned in Eqs. (i) and
(ii), we have |A +B|<|A|+|B|
(ii) To prove |A+ B| =||A|+|B||
From A OPS, we have
OS5+ PS=0P or OS5 =|0OP - PS|
or 085 = 0P - 00| <o (i)
[ PS5 =0Q]
The modulus of { OF — PS) has been taken because the
LHS is always positive but the RHS may be negative if
OP < PS. Thus, from Eq. (iii) we have
|A+B| >|A|-|B| Aiv)
If the two vectors A and B are acting along a straight
line in opposite directions, then

|A+Bl=]A|-|B| Av)

Combining the conditions mentioned in Eqgs. (iv) and
(v) we get |A+B|Z|A|-|B|
(iii) To prove |A-B|<|A|+|B|
In figure, A=(0P) -B=0T=PR
and (A -B)=0R



42,

From AORP, we note that OR < OPF + PR

or |A —B| <|A|+|-B|

or |A - B| <|A]+|B]| wi)

If the two vectors are acting along a straight line.

But in the opposite direction, then

|A - B| =|A|+|B| .- vii)

Combining the conditions mentioned in Eqgs. (vi) and

(vii), we get |A - B| =|A|+|B|
(iv) To prove  |A —B|Z|A|+|B]

In figure from A OPR, we note that

OR+ FR= 0P or OR=|OP - PR|

or OR = |OF — OT)| . wiii)

The modulus of (OF — OT) has been taken because
LHS is positive and RHS may be negative if OF < OT.

From Eq. (viii) , we have

|A - B| >|A|-|B| .(ix)
If the two vectors A and B are acting along the same
straight line in the same direction, then

|A - B| =|A|-|B| (%)
Combining the conditions mentioned in Eqs. (ix) and
(x), we get |A-B| z|A|-|B|

iand ] are unit vectors along X and Y-axes,

respectively. What is the magnitude and

direction of vectorsi + _] andi- j? What are the

components of a vector 4 =2i+ 3] along the

direction i + ] and i - j ? (You may use

graphical method). . )

",D The modulus of a vector A= A,i + A, j is given by

" A=|A|=[A% + A% If vector is inclined at an angle

0, from x-axis, then tanf= —L

Ay

[: OT = PR

Sol. (i) Magnitude of (i + j)= /1) +(1)* =2

If vector I{i+i} makes an angle 8, with the x-axis, then

A}, 1
tanfl = —===1=tan45" or 6 = 45°
1

x

(i) Magnitude of

(i-j)= ) +(-1)* =2

If vector {i - j} makes an angle 8, with x-axis, then

tm3=ﬂ=ﬂ=—
A 1

=—tand45 = B =-45 withi

Hence, vector {E - j} makes an angle of 457 from x-axis
in negative direction.

(iii) To determine the component of A = 2i + ‘_’-j in the
direction of (i + j).

Let B=(i+])
A-B=ABcosB =(Acos8)-B
or Atnsﬂ=ﬂ

- Magnitude of the component of A in the direction of
A-B_(2i+3))-(i+])
B Jup +qy

B= AcosB=

_2ii+3j)
2
_2+3_

{iv) Unit vector along {; + i], r; = u = (i+J)
55

Component of A along (i+ j}
= Magnitude of the component of A along {i+ j}- n

5 (i+j)_ 5
= T {Tj—} ==(i +__]}
Magnitude of the component of A in the direction of
(20 +3))-(i-]) _
|i_j| VY + (1)
_ 2= 3

Unit vector along {i - j}

. 2ii-3jj
(i-j = —

s _(i-))_(-d)

Tz

s Component of A along (i- j}

[i=il

= Magnitude of the component of A along (i— j}ﬁ

1= 1 .

=% Y



Seb SN YOUR TOPICAL UNDERSTANDING

OBJECTIVE Type Questions

1. Choose the correct option(s).
{a) To represent two-dimensional motion we need
vectors
(b) To represent one-dimensional motion we use
positive and negative signs
{c) To represent 3-dimensional motion we need
vectors
(@) All (a), (b) and (¢)
2. | A A|=4|Al,if
a) A=0 (b) =0
(€) A=0 (d) =0
3. If A is a vector with magnitude |A|, then the unit
vector 4@ in the direction of vector A is

(a) AA (b) A-A
A
(c) AxA (d) —
| Al
4. Given,|A +B|=P,|A - B|=0. The value of P* +0°
is
(a) AA* +B*) (b) A* -B*
(c) A®+B* (d) AA* =B
5. Choose the correct option regarding the given
figure.
(a) B=A (b) B=- A
() |B|=[A] (d) | Bl=|A]
Answer
L@ | 2@ | 36| 4@ | 5@

VERY SHORT ANSWER Type Questions
6. How is a vector represented?

7. What is a zero vector? Explain the need of a zero
vector.

8. State parallelogram law of vector addition. Show
that the resultant of two vectors 4 and B inclined at
an angle 6 is

R=4A% + B> +24B cos 0.
9. Is the working of a sling based on the parallelogram

law of vector addition, why?

SHORT ANSWER Type Questions

10. A vector A of magnitude A is turned through an
angle . Calculate the change in the magnitude of
vector.

[Ans. 24 sino/2)
11. A hiker begins a trip by walking 25.0 km South-East
from her base camp. On the second day she walks

40.0 km in direction 60.0° North to East, at which
point she discovers a forest ranger's tower?

(i) Determine the component of the hiker's
displacements in the first and second days.

(ii) Determine the component of the hiker's total
displacement for the trip.

(iii) Find the magnitude and direction of the
displacement from base camp.
[Ans. () A, =17.7 km, A, = —17.7 km,
B, =200km, B, = 34.6 km
(i) R, =37.7 km, R, = 16.9 km,
(iii) R = 41.3 km and § = 241°]

12. Is A + B and A —B lie in the same plane?

LONG ANSWER Type | Questions
13. Is finite rotation of a vector?
14. Find the angle made by vector, A =2i + 23 with
X-axis.
[Ans. 8 = 45°]
15. It is easier to pull than to push a lawn roller. Why?[2]
16. Determine a unit vector which is perpendicular to
both A =2i+j+ kandB=i-]+k
3i —3j -3k |

7 |

{f\ns.

LONG ANSWER Type 1 Questions

17. A car is moving along a straight road with a uniform
speed v. At a certain time, it is at a point Q-marked
on the road. Suppose point 0 is taken as a fixed
point, then show that 0Q x v is independent of the
position Q.

18. If A and B are two vectors such that
|A xB|=+3 A-B. Then,

(i) Find the angle 0 between A and B
(ii) Also, find the value of | A x B].

[Ans.. (i) 61)"., (ii) v A? + B + AB|



| TOPIC 2|
Motion in a Plane

Here, we will discuss how to describe motion of an object in
two dimensions using vectors.

POSITION, DISPLACEMENT
AND VELOCITY VECTORS

Position Vector

A vector that extends from a reference point to the point at
which particle is located is called position vector.

Let r be the position vector of a particle P located in a plane
with reference to the origin O in xy-plane as shown in

figure.

Y
¥4 d
0 t 4 &
Representation of position vector
OP=0A +0OB

[Position vector, r=xi+ }'J]

In three dimensions, the position vector is represented as
r=xi+ yj+zk

Displacement

Consider a pa.rriclt moving in :g.l-planc with a uniform
velocity v, Suppose 0 is the origin for measuring time and
position of the particle. Let, the particle be at position A4 at
time £, and at position B at time t,, respectively. The
position vectors are OA = and OB = ;.

g X

Representation of displacement vector

Then, the displac:m:nt of the particlc in time interval
(£, — ;) is AB. From triangle law of vector addition, we have

OA+AB=0B = AB=0B-0A

AB=r,-r I 1]

If the position coordinates of the particle at points A and
B are (x,, y,) and (x,,_y,) then
N =x i+ N ]
and r, =x,| + 7, j
Subsntuung the values of ry and r, in Eq (i), we have

(x,l+_y,j) (x||+ylj)

(Displaccmcnt, AB=(x, - x,) i+ (y2=n) }]

Similarly, in three dimensions the displacement can be
represented as

Ar=(x, = x) i+ (y, = y)i+(z, -2 k

Velocity

The rate of change of displacement of an object in a
particular direction is called its velocity.

It is of two types

Average Velocity
It is defined as the ratio of the displacement and the
corresponding time interval.

displ
T
time taken

Ar

. n-n
Average velocity, v, = s —

]

=k

Velocity can be expressed in the component form as

where, v_ and v are the components of velocity along
x-direction and y-direction, respectively.

2 2
'*';'”"_,

The magnitude of v, is given by v, =

and the direction on“ is given by anglc 5]

v
tanf =L

yx

= {Dirﬁcriun of average velocity, 8 = tan ot {




EXAMPLE |1| Average Velocity of Train

A train is moving with a velocity of 30 km/h due East and a
car is moving with a velocity of 40 km/h due North. What is
the velocity of car as appear to a passenger in the train?

Sol Given, v; =30 km/h due East
v =40 km/h due North

Ve =28="7
According to question,
I
o v
‘"i:ii " €
I
i}
Wk E
vr o
5

In the figure,
= 0D = OB : _ f2 2
Ver = 0D =+0B + BD —:q'lv,-+v£-

Then, v = 4/(30)* +(40)* = 4000 +1600 =50 km/h

Vy

0= t:m'{%) = 36°52" West of North

Instantaneous Velocity

The velocity at an instant of time (¢) is known as
instantaneous velocity.

The average w:locir_',r will become instantaneous, if Ar

approaches to zero. The instantancous velocity is
expressed as
. . Ar dr
Instantancous velocity, v, = lim —=—
Ar—0 A f Eii‘

The limiting process can be casihr understood with the h:lp
of figure.

Limiting processes of instantaneous velocity

In the above figure, the curve represents the path of an
object. The object is at point P on the path at time ¢, P, P,
and P; are the positions of the object after dme intervals
Ary, Ary and Aty, where Aty = Ary = Arg.

As the time interval Ar apprazu:hcs zero, the average v:lncity
approaches the velocity v. The direction of v is parallel o
the line tangent to the path.

Note

The direction of instantaneous velocity at any point on the path of an
object is tangential to the path at that point and is in the direction of
miotion.

EXAMPLE |2| Instantaneous Velocity of a Particle
A particle starts from origin at t = 0 with a velocity
5§ m/s and moves in xy-plane under action of a force which
produces a constant acceleration of (3i + 2j) m/s?.

(i) What is the y-coordinate of the particle at the instant

its x-coordinate is 84 m?
(ii) What is the speed of the particle at this time?
[NCERT)]
Sol. (i) Given, vy = 5i mfs, a= 30+ 2] m/s’
(i) yit)=7, x(t)=84 m (i) Speed v="

Then, y{r]=vu1+1—araa.nd ve= 1..':4-1-':_
2
- 1 - -
}r{r}=5if+5{3i+2j}i‘2
'3 - -
=[Sr+—r2Ji+r2j
2
) 3 a2
On comparing, x{f}=5r+zr

= y(t)=1¢*
(ii) The speed of the particle can be find by differentiating
the position vector w.r.t. time.
Ifx(t)=84 m, thent=6s
yi6)=36m
dy d(sr+312}i+r“j L
2 . N
Ve = (5431)i 42
dt dt ( nzy
At t=6s, v=23i+12]

v= ,ﬁ'{ 23)° +(12)* = 26 m/s

Acceleration

It is defined as the rato of l:hangc in w:lu-cir_',r and the

corresponding time interval. It can be expressed as
Cl‘ungc n vclaciry _Av
Time taken T A

Acceleration, a =

. Va=V,
Acceleration, a = ————
fy =1




Average Acceleration
It is defined as the changc in vclnciry (Av) divided b}' the

corresponding time interval (Ag). It can be expressed as

¥

-
o
Vil
o X
Components of velocity

) _a‘,_.&uri+.-ﬁu}j
Average acceleration, a,, =—=—"—"—"—

Ar At

- Av, .

=—i+—]j
Ar A

{ ﬂwcrag: accelerarion, a, =a,.l+ a,) ‘

Which is :xpn:.sscd in component form.

[l'l rerms afx J.I'I'I:I _].", ﬂ: and.ﬁ}c:-l.nh: ﬂPICSSCCI. as
a'(dx] dix ddy) d’y

a, =—|—|= and @ =—|=—|=
Toode\ de dr? Toodel dre de?

EXAMPLE |3| Average Acceleration of Particle

A particle is moving Eastwards with a velocity of 5 m/s in
10 second, the velocity changes to 5 m/s Northwards. Find
the average accelaration of the particle in this time interval.

Sol

N

2%

Wy

According to triangle law of vector addition,

0OA +AB=0B
AB=0B-0A =v, —v,
= Change in velocity

v, — vy|= AB = J(0A)? + (OB)?
= J(5)* + (5 =52 my/s

. Va3 —W
Hence, average acceleration = va—wl
i

V2 _ 1

= =—mfs?

0 2

Along North-West direction.

Instantaneous Acceleration

It is defined as the limiting value of the average acceleration
as the time interval appra:u:h:s to ZEro.

It can be expressed as

[ Instantaneous acceleration, a,=a i+ a_'j 1

dv dv
where, a_=—= =2

T T

The mnﬁnitud: of instantaneous acceleration is given h}r

— 2 2
a;,= 1““’1 +a_r

The limiting process can be casily understood with the hclp
of figure.

The object is at point P at time ¢. P}, P, and P represent
the positions of the ahjcct after time intervals Ary, Aty and
.&rj , Icsp:ctivd}r. The time interval at the different
positions in such way that Af) > Ar; > Aty

The velocity vectors at points P, P, P, and Py are also
shown in figures.

In each case of Az, the changc n vc|acit)r Av is obrained h}r
using triangle law of vector addition. The direction of the
average acceleration is also shown as parallel to Av.

¥, Y,
& |
d\ Py
W
0 =X 0
AV
1o
v
(a)
¥, Y,
P2
S F
o
Py N
W
o x{m X o P o
Av
S -\
(c) (d)

Limiting processes of instantaneous acceleration

The average acceleration for three intervals (a) Aty (b) Aty
and (c) ‘5‘3’ (Ary = Ar, = ﬂu‘j ). (d) In the limit Ar — 0, the

average acceleration becomes the instantaneous acceleration

ca]|:dusimp|y acceleration.



From the given Egur:s, it can be evaluated as the dme
interval Ar decreases from (a) to (d), the direction of Av and
hence that of a changes. In Fig. (d), the dme interval
At =0, hence, the average acceleration becomes the
instantancous acceleration having direction as shown in

Egl.ll':.

Note

In two or three-dimensions, velocity and acceleration vectors can
have any angle between 0° to 180° whereas in one dimension, the
velocity and acceleration of an object are always along the same
straight ine (may be in same direction or in opposite direction).

EXAMPLE |4| Position Vector

The position of a particle is given by
r=30ti+20t*j+50k

where, t is in seconds and the coefficients have the proper

units for r to be in metres.

(i) Find w(t) and a(t) of the particles.
(ii) Find the magnitude and direction of v(t) att = 2.0 s.
[NCERT]
Sol Position of particle, r =3.0¢ i + 20t%j + 5.0 k
(i) vit)="anda(t)="7
(i) wit)=2ift =10s.8 =7

. dr d a 2% ~
tl=e—=—(30ti+20t°j+50k
(1) wit) - dr{ i ] )

=30i+4.0t]

dv n g
aftj=—=—-40jms
® dt ]

(ii) At t=20s
v(t)=30i-80j

v=alvi+v) = -J(z.u]’ +{-8) =73 =854ms™

Vi

v
8= tan"{—“'] tan™! (E] = — 2667 = —tan 69.5°
3
8 = 695° below X-axis

Motion in a Plane with
Uniform Velocity

A body is said to be moving with uniform velocity, if it
suffers cqual :lisphccmcnts in cqual intervals of tme,
however small. Consider an object moving with uniform
velocity v in ay-plane. Letr r(0) and r(f) be its position
vectors at £ =0 and £ = ¢, respectively.

_ rlf) = ()
=0

In terms of rectangular coordinates, we get

Then, v rif) = r(0) + wi .. (1)

e - r

- ,'z 2
v= ux+:-r_'

r(0) = x(0)i + y(0)j and () = x()i+ y()j

Y=r, 1+ ”_l' Is

On substituting these values in Eq. (i), we have
x(@)i+ y(e)j=x0)i+ yO0)j+ (v, i+v,

x(@)i+ y(e)j=[x(0)+ v )i +[ yO) + v ¢]j ...()

By equaring the coefficients of i and i. we have

x(t) =x(0)+ v .t and y(t) = y(0)+ vt
These two equations represent uniform motion along
X -axis and ¥ -axis, rcspl:ctiw:ly.
Eq. (i1} shows thar the uniform motion in two dimensions
can be expressed as the sum of two uniform motions along
two mutually perpendicular directions.

Motion in a Plane with
Constant Acceleration

A bnd}r is said to be moving with uniform acceleration, if its
v:lncit}r vector suffers the same changc in the same interval
of time, however small.

Let an nbj:ct is moving in Jg.l-plan: and its acceleration a is
constant. At dme ¢ =, the velocity of an object be v, (say)
and v be the velocity at time ¢.

According to definition of average acceleration, we have
V=V, V-V,

a=
t=0 3

=

In terms of rectangular components, we can express it as
v, =v, +a,tand vy Svg, ta,t

It can be concluded that each rectangular component of

velocity of an object moving with uniform acceleration in a

plane depends upon time as, if it were the velocity vector of
one-dimensional uniﬁ:l-rmh«' accelerated motion.

Now, we can also find the position vecror (r). Let ry and r
be the position vectors of the particll: attimer=0andr=1¢
and their velocites ar these instants be v and v. Then, the
average vclacir}r is given h}r
v, +V
v av = g 2

Displaccmtnt is the prnduct of average ‘|-1:lv|:n-|:ir_',r and time

interval. It is l:'xpr:ss:d as

(v+vﬂ] |:{vﬂ +a.r}+vu:|‘
r—1y = 3 t= 5

1
== r=1r, =1|-rﬂ1‘+5=1.rZ

1
= [r:rﬂ+vnr+iarj




In terms of rectangular components, we have
a A 2 A 2 - 1, = PN
xityj=x, i+ y03+(u0xl+vo,j)t+5(axl+ a,j)t

Now, equating the cocfficients of iand ] :

1
[x=xo+v0,t+ E”x'l]

1
[)'=)'o+u0]t+5ay'2]

Note

Motion in a plane (two-dimensional motion) can be treated as two
separate simultaneous one-dimensional motions with constant
acceleration along two perpendicular directions.

EXAMPLE |5| Particle Starts from Origin

A particle starts from origin at t =0 with a velocity

15i m/s and moves in xy-plane under the action of a force
which produces a constant acceleration of 15i + 10j m/s? .
Find the y-coordinate of the particle at the instant.

Its x-coordinate is 125 m.
Sol. The position of the particle is given by

a1 A
r(t)=v,t +I;at2 =15it +;(151 +10j)t*

= (15t +75t%)i+5j1°
x(t) =15t +75t* = y(t) =5t
If x(t)=125m,t=?
125=15t +75t% = 15t* +3t-25=0
t=32s

Wt)=5x%(3.2)* =51.2m

PROJECTILE MOTION

Projectile motion is a form of motion in which an object or
particle is thrown with some inital velocity near the carth’s
surface and it moves along a curved path under the action of
gravity alone. The path followed by a projectile is called its

trajectory.

An object that is in flight after being thrown is called

projectile.
(i) A tennis ball or a bascball in a flight.
(i1) A bullet fired from a rifle.

(iii) A body dropped from the window of a moving train.
(iv) A jet of water flowing from a hole near the bottom of

water tank.
(v) A javelin thrown by an athlete.

Assumptions before the Study
of Projectile Motion

(i) There is no frictional resistance of air.

(ii) The effect due to rotation of earth and the
curvature of the carth is negligible.

(iii) The acceleration duc to gravity is constant both in
magnitude and direction, at all points during the
motion of projectile.

Mathematical Analysis

of Projectile Motion

Let OX be a horizontal line on the ground, OY be a
vertical line perpendicular to ground and O be the origin
for XY-axes on a plane. Suppose an object is projected
from point O with velocity («), making an angle (0) with
the horizontal direction OX, such that x, =0 and y, =0
when ¢ =0.

A projectile motion

While resolving velocity (1) into two components, we get
(a) # cosB along OX and (b) #sin 0 along OY

As the horizontal component of velocity (#cos0) is
constant throughout the motion, so there is a constant
acceleration and hence force is in the horizontal direction,
if air resistance is assumed to be zero. As the vertical
components of velocity (usin ) decreases continuously
with height, from O to H, due to downward force of
gravity and becomes zero.

At point H, the object has only horizontal component
velocity (1 cos 0) . It attains a maximum height at AH. OB
is the maximum horizontal range.

Note
The horizontal and vertical components of projectile motion was
stated by Galileo.

Equation of Path of a Projectile

Suppose at any time #,, the object reaches at point

P (x, y).

So, x = horizontal distance travelled by object in time z.
y = vertical distance travelled by object in time 2.

Motion Along Horizontal Direction (0X)
The \rcluciry of an nbic\cr in horizontal direcrion i.e. OXis

constant, so the acceleration a, in horizontal direction is
zero.



. Position of the Dbjc::t at time ¢ alnng horizontal direction

is given hyx=x1}+u_tr+5a‘xrz

Butx,=0,u,_=wucosB,a_=0andt=1¢

x=ucusﬂ.r

x .
1 cosB ] -+ @)

Motion Along Vertical Direction (0Y)

The vertical velocity of the object is decreasing from O to H
due to gravity, so acceleration a, is g

= Time, ¢t =

.. Position of the object at any time ¢ along the vertical
direction 1.e. OV is given h}r

L
_y—_yﬂ+u_rr+5a t

¥
But _yﬂ=[}.u_r=usinﬂ,d1=—g
and t=t
1
So, jr=usinﬂr+5|{—g:lr2
. 1 5 .
=usmﬂ.r—3‘gr ... A1)

Suhstituting the value of ¢ from Eq. (i) in Eq. (i1), we ger

2
y=usinﬂ ad —lg d
ucosB 2 wcosB

o1 < )

=xt R

RTS8 cosh

Total wrticaldismncc,_}r=xtanﬁ— lL x?
2wl cos’B

This equation represents a parabola and is known as
equarion of trajectory of a projectile..

Note
The path of a projectile projected at some angle with the honizontal
{i.e. ground) is a parabolic path.

Time of Flight

It is defined as the total time for which prujcctﬂc 1s 1In ﬂight
Le. time during the motion of projectile from O o B. It is
denoted b}r T.
Total time of flight consists of two parts such as

{a) Time taken h}r an abjl:ct o go from point Qo H. It

is also known as time of ascent (7).

(b) Time taken by an Dhj:ct o go from point H w B. It
is also known as time of descent (7).

Total time can be :xprcss:d as
T
T=t+et=2t = r=3

The vertical component of velocity of object becomes zero

at the higl‘u:st point H.

Let us consider vertical upward motion of an object from O
to H, we have

", = i sin H,a‘} =—g,r=?anduf =0

.. . T
Since, v,=u,ta = [}—usmﬂ-g?

2usinf
[Tn-t:] time afﬂight, = v ]
g

MNote
For a projectile, time of ascent equals time of descent.

Maximum Height of a Projectile

It is defined as the maximum vertical height atrained by an

object above the point of projection during its flight. It is
denoted by H.

H
O ¥ X
Maximum height of motion

Let us consider the vertical upward motion of the object
from O to H.

We have, sin B

T
ﬂ'_r=u5iﬂﬂ,d_}.=—E,_}|u=ﬂ,_}l=H,r:?= . )
2

1
Using this relation, ¥y=pypt qu+ 5 a

in® 1 in0)
We have, H = 0+ 1 sin 6 —— +—{-g}["sm )
g 2 g
=£,nzﬁ_lulsinzﬁ

£ 2 g

2. 2
. . u sin” B
Maximum height, H = ——
2g




Horizontal Range of a Projectile

The horizontal range of the projectile is defined as the
horizonral distance covered h:,r the pmjccrilc during its time of
Right. It is denoted by R.

If the uhjcct having uniform \r:lacity ucosB (Le. horizontal
component) and the total time of ﬂight T, then the horizontal
range covered by the objective.

R=nucosOxXT =ucost x Zusmﬂ
g
HI
=—2sinH cosB
£
w’ sin 20
[Hurimntaj range, K = T ]

[+ sin2 8 =2sin 8 cosB]
The horizontal range will be maximum, if
sin 28 = maximum = 1

sin 20 =sin 90° or B = 45¢

2
B [Maximum horizontal range, R = L \‘
£

EXAMPLE |6| Motions of a Soccer Ball

A soccer player kicks a ball at an angle of 30° with an initial
speed of 20 m/s. Assuming that the ball travels in a vertical
plane. Calculate (i) the time at which the ball reaches the
highest point, (ii) the maximum height reached, (iii) the
horizontal range of the ball and (iv) the time for which the ball
is in the air. g = 10 m/s® .

Sol Given, 8= 30°u=20m/s, g=10 m/s’

(i t="7 (i) H="7
(i) R=7 (ivy T=7?
mt=l=umn8=2ﬂxnn‘jﬂ°=2xl=ls
2 g 10 2
1 .2 .2
(ii) H.:u gin B={20} X gin 30"=5m
2g 2x10
- 3 .
(iii) R=u su129={2[]} xsm2x3T=34_Mm
14 10
(iv) T=2usmﬁ=2>< 2ﬂl><nsu131}“=zs

EXAMPLE |7| A Pace Bowler

A cricket ball is thrown at a speed of 28ms ™" in a direction 30°

above the horizontal. Calculate
(i) the maximum height
(ii) the time taken by the ball to return to the same level and

(iii) the distance from the thrower to the point where the ball
returns to the same level.

[NCERT]

Sol. (i) The maximum height attained by the ball is

" =wugmaﬂf
s 2
_(28sin3)" _1axu4 o
2(9.8) 2% 98

(it} The time taken by the ball to return the
same level is

T =(2v,sinB )}/ g =(2x 28xsin30°) /98

=28/98=295%
{11} The distance from the thrower to the point where
the ball returns to the same level is

_(visin28,) 28 x 28 xsin60°
E 9.8

R =69 m

Projectile Fired at an Angle

with the Vertical

Leta partidc be prujccn:d ‘I-'t]'l‘il::-l”}’ with an a.ngl: 8 with
vertical and its muzzle speed (i.c. speed of projection) is
. The prujcctilc has rwo components of its w:lncir_t,r ar all
the points during its motion.

The COmponents are a|ung X-axis (horizontal) and
along ¥-axis (vertical). Clearly, the angle made by the
v:lncir}r of pmj:ct"c at point of projection is (90°=8)
with the horizontal. In this case

Qusin (90%=8) 2y

(i) Time of ﬂight: =—cosB
4 £
2. 2 o
00°-0
(i) Maximum  height =2 007=0)
2z
_ w'cos’ 0
2g
Y
H using
umsﬂt |
8y | i
| !
| :
0 uging A B X

Angle after projection

(iii) Horizontal range
2
=2 §in2(90°-0)
g
' w
=—3in (180°=20)=—sin 20
g g



(iv) Path of projectile )

1 &
=xmn(90°-0)-————
d 2 42 cos® (90 = 8)

5

=xcoth - —
2utsin’ 0

{v) Velocity at any time, ¢

= Jlucos(90 = 8)] + [usin(90 - 0) - gr]?

= \Ju’ + g = 2ugt sin (90°-0)

= :.l:?'+g2 rZ—Q:JgrcusE

This velocity makes an angle B with the horizontal
direcrion, then

_ msin (90°=0) = g
a i cos (90°=8)
B wcosB = gt

tan

usin O

EXAMPLE |8| Projection of a Particle

A particle is projected horizontally with a speed v from the
top of a plane inclined at angle 6 with the horizontal. How
far from the point of projection will the particle hit the
plane?

Sol To solve this problem, we take X and ¥ axes as shown in
figure.

Consider the motion of particle from A to B.
Motion of particle along X-axis is given by

x=ut A1)
where, t = time to reach the particle from A to B.
Motion of particle along Y-axis is given by

L .
=—gt s} 11
y=3& {ii)
Eliminating t from Eqs. (i) and (ii), we get
y= : 512
2 ua
and ¥ = x tanf
v 2u’ tanf
Thus, §_2= xtanf, giving, ¥ =0 or ——— x =0 at
2u g
2
point A and point B correspond to x = M, then
4

2u’ tan®0

g

y=xtanf =

Now, AR= -|||_1;:2 + }.-2

2ut 2u?
= Lta.nﬂ 1+ tan’@ =Llanﬁlse«:3
E g

v Effect of Air Resistance on Projectile Motion

+ As we have seen that in projectile motion, we assume that air
resistance has no effect on its motion. Friction, force due to
viscosity, air resistance are all dissipative forces.

+ A projectibe that traverses a parabolic path would slow
duration its idealised trajectory in the presence of air
resistance. It will not hit the ground with the same speed with
which it was projected.

+ In the absence of air resistance, it is only the y-component
that undergoes a continuous change. However, in the
presence of air resistance, both of X and Y-component
would get affected.

UNIFORM CIRCULAR MOTION

When an object follows a circular path ar a constant speed,
the motion of the uhj:ct is called uniform circular motion.
The word uniform refers to the speed which is uniform
(constant) throughout the moton. Although the speed does
not vary, the particle is accelerating because the velocity
changc.s its direction ar every point on the circular rrack.

The figure shows a particle P which moves along a circular

track of radius r with a uniform sp::d .

r e
A circular motion
Examples

(i) Motion of the tip of the second hand of a clock.

(ii) Motion of a point on the rim of a wheel rotating
unifurmly.

Terms Related to Circular Motion

Angular Displacement

It is defined as the the anglc traced out by the radius vector
at the centre of the circular path in the given time. It is
denoted by AB and l:xprcsscd in radian. It is a dimensionless

quantity. Its a vector quantity, direction is given by
Right-hand rule.

Angular Velocity

It is defined as the time rate of change of its angular position,
denoted by ® and is measured in radian per second. Its

dimensional formula is [ML"T "), It is a vector quantity.



If a point object moving along a circular path, with centre
(i.c. axis of rotation) at 0. Let the object move from Pro )
in a small time interval Az, where ZPOQ = AB .

Angle traced
Now, angular velocity @ = ZngTe fraced

Time taken
i A0 _d0
_mu—nm&r T
o
AN
L Q
@) “|

Time Period
It is defined as the time taken by a particle to complete one
revolution alnng its circular path. It is denoted 'l:ry T and is
measured in second.
Frequency
It is defined as the number of revolutions complctcd per
unit tme. It is denoted h}r f and is measured in Hz.
Angular Acceleration
It is defined as the time rate of changc of angu.lar vclocir_l,r of
a particle. It is measured in radian per second square and
has dimensions [M O o2 ].
It is denoted by o, where
AW 4w
a=lim —=—
Ar—0 Ar At

Relation between Time

Period and Frequency
Let f be the f'r:qucnq«' of an abjccr in circular motion, then

the ohjcct will complctc one revolution in — second

which is known as time period (7).

Time period, T = i
f

Relation among Angular Velocity,
Frequency and Time Period

Suppose a point object illustrating a uniform circular
motion with Frcqu:n::y {f} and time pcn'ud (T'). Then, the
nbjcct complctcs one revolution, the anglc traced art its axis
of circular morion is 2 7 in radian.

If time # = 7,8 = 21 radian.

Thus, the angular velocity @ is given by

[ﬂngular velocity, = E = Z?'J't = ziltf]
¥

Relation between Linear Velocity (v)
and Angular Velocity (w)

Suppose the particlc moving on circular track of radius r is
showing angular displacement A8 in Az time and in this time
p:riad, it covers a distance As alang the circular track, then

¥z

Bt=it+Af)
<) vy

Alt=1)

Representation of linear velocity and angular velocity

A .

m—; ..(1)

and HZ% ]
But As=rAD .. (1ii)

(Since, angle = arc/radius)

From above three equations, we get

. . A8
Linear vclumty. v=r—=rm
Ar

Centripetal Acceleration

The acceleration associated with uniform circular motion is
called a centripetal acceleration. Consider a particle of mass
(m) moving with a constant spl:l:d (¢} and uniform
angular velocity () on a circular path of radius (r) with
centre at 0. Suppose at any time ¢, the particle beat P,
where OP = ry and at time ¢ + Ay the particle be at Q. where
0Q=r; and £POQ =A8 as shown in the figure. But
Ini| =|ra|=r

Angular speed of the particle, w= %ﬁ LD

Ler v, and v, be the w:|uciry vectors of the partil:l: at
locations ” and () respectively. The magnitude and direcrion

of v, and v, is represented by the rangent PA and QB.

Since the particle is moving with 2 uniform speed (v), the

l:ngtl'l of tangents at and () are cqu.al
Le. |PA|= |QB|= |\=|



Centripetal acceleration

TI.'ICSC wWo vectors hav: IJEEI'I SCPH.IEICI.Y SI.'ID'W'H in tl'lf

ﬁ:r"uwing ﬁgu res

AV A

vy AB

P
A triangle made of vectors

From triangl: law of vectors, we have
PA'+A'B'=P'B’
A'B'=PB'-P'A’
=vy—v; =Av
If At = 0, then A’ lies close to B”. Then, A'B* can be taken

as an arc A'B’ of circle of radius P4 = |T|

=

) _A'B’_|Av|
PA" v
From Eq. (i), we have
| Av|
At = ——
Iv|
Av
= mn|1v|:u
Av
= u:l:l‘.l.l:r_‘]|‘.|.l=|‘.|.l‘1'11' [ v =wr]
Ar

|Av
As Ar =0, then
At

c:ntrip-:ra| acceleration ar P which is given b}r

Ay 2 2
=2 [ -2
At

IE‘PICSCHIS l'h: magnitudl: DIF

2
- . . v
[‘(.Eﬂl’l’lp:tﬂ] accc|cratlun, ia = _]

r

It is towards the centre of circle.

o

Radius of Curvature

« Any curved path can be assume to be a part of circular arc.
Radius of curvature at a point is defined as the radius of that
circular arc which fits at the particular point on the curve as

shown in figure.
v
7 e

-
+ In the expression, 4. = v3IR, the term R is known as radius
of curvature.

X £y

v f
Ko Lo
- r. N, g

T
e E—

i
,

EXAMPLE |9]| Trapped Insect
An insect trapped in a circular groove of radius 12 cm moves
along the groove steadily and completes 7 revolutions in 100 s.
(i) What is the angular speed and the linear speed of the
maotion?

(ii) Is the acceleration vector, a constant vector? What is
its magnitude? [NCERT]
The given question is based on uniform circular
motion. Here, radius R =12 cm.

The angular speed  is given as
w=2n/T =21 x7 /100 = 044 rad/s
and linear speed visv=w0R=044 x12=53cm s~

Sol

1

The direction of velocity v is along the tangent to the
circle at every point. The acceleration is directed
towards the centre of the circle. Since, this direction
changes continuously acceleration, here is not a
constant vector.

However, the magnitude of acceleration is constant.

a=wR=(044) %12 = 2.3 cms ™

EXAMPLE |10| Centripetal Acceleration of a body
A body of mass 10 kg revolves in a circle of diameter 0.4 m
making 1000 revolutions per minute. Calculate its linear
velocity and centripetal acceleration.

Sol m=10kg d=04m,r=02m,

1000
Revolutions per min, v =1000/min = — s,
60

Linear velocity, v = 7, centripetal acceleration, a =7
1000 100 7

W= 2Av =20 X —= rad/s

i1l 3

Wwom 207

v=ro=02x% =—m/s

3 3

wonY 2000 n°
a=rw =ﬂ.2x[—) = m/s®

3



Sol. (b) When a body is projected at an angle 6 with the
horizontal with initial velocity u, then the horizontal
u® sin 20

TOPIC PRACTICE 2|

OBJECTIVE Type Questions &
Clearly, for maximum horizontal range sin 20 =1
1. In a two dimensional motion, instantaneous or 20 = 9(° or O = 45°. Hence, in order to achieve
speed y, is a positive constant. Then, which of the maximum range, the body should be projected at 45°.

following are necessarily true? |NCERT Exemplar] 25

(a) The acceleration of the particle is zero In this case R, = ?

(b) The acceleration of the particle is bounded

(c) The acceleration of the particle is necessarily in the
plane of motion 4. The ceiling of a hall is 30 m high. A ball is thrown

(d) The particle must be undergoing a uniform circular with 60 ms™ at an angle 6, so that maximum
motion horizontal distance may be covered. The angle of
Sol. (c) As given motion is two dimensional motion and projection 6 is given by
given that instantaneous speed v, is positive constant.
Acceleration is rate of change of velocity (instantaneous
speed) hence it will also be in the plane of motion.

Hence, ranges of A and C are less than that of B.

(a) sinf =7l_8- (b) sin® =71_-

6

1
(c) sinB = — (d) None of these
N

2. Figure shows the orientation of two vectors u

and v in the xy-plane. [NCERT Exemplar] Sol. (b) Given, u = 60 ms-"
Y4 ’
2, .2
~. Maximum height, H= wHey
2g
\4 2 oin 2
Y = 30 = M
2g
: x - -
X
Ifu=ai+ bjand v= pi +gj = e 4
Vo

Which of the following is correct?

(a) a and p are positive while b and g are negative

(b) a, p and b are positive while g is negative

(c) a, g and b are positive while p is negative

(d) a, b, pand g are all positive

Sol (b) Clearly from the diagram, u = ai + bi accelerations is

Asuis in the first quadrant, hence both components a (a) myr, :myr, (b) m, :m,
and b will be positive. fc) rary (d) 1:1
Forv = #T +4q i as it is in positive x-direction and
located downward, hence x-component, pwill be positive

5. Two cars of masses m, and m, are moving in

circles of radii r; and ry, respectively. Their speeds
are such that they make complete circles in the
same time t. The ratio of their centripetal

2
Sol. (c) As, centripetal acceleration is given as, a, =¥
r

and y-component, g will be negative. B
For the first body of mass m;, a, = I
3. Three particles A, B and C projected from the L
same point with the same initial speeds making v
angle 30°, 45° and 60", respectively with the For the second body of mass m,, 4., -

horizontally. Which of the following statements
is correct?

(a) A, Band C have unequal ranges

(b) Ranges of A and C are less than that of B

(c) Ranges of A and C are equal and greater than that
of B

(d) A, Band C have equal ranges

Also time to complete one revolution by both body is
same.

2mr,  2mr,
Hence, =2
vy Vi
v r §
= L= i)
Vg K



Sl |__<~

r;
X =2
2
V2

ie, a, :a, [from Eq. (i)]

r, r,
xl=_L=rI ir,
h n

VERY SHORT ANSWER Type Questions

6.

Sol.

Sol.

Can a body move on a curved path without
having acceleration? Why?

No, a body cannot move on a curved path without
acceleration because while moving on a curved path, the
velocity of the body changes with time as the direction
changes at each point.

A particle cannot accelerate if its velocity is
constant, why?

When the particle is moving with a constant velocity,
there is no change in velocity with time and hence, its
acceleration is zero.

The magnitude and direction of the acceleration
of a body both are constant. Will the path of the
body be necessarily be a straight line?

No, the acceleration of a body remains constant, the
magnitude and direction of the velocity of the body may
change.

9. Give a few examples of motion in two

dimensions.

Sol. A ball dropped from an aircraft flying horizontally, a

gun short fired at some angle with the horizontal etc.

10. Afootball is kicked into the air vertically

Sol.

i1

upwards. What is its (i) acceleration and
(ii) velocity at the highest point?

[NCERT Exemplar]
(i) Acceleration at the highest point 1.[‘“9‘93' point

(11) Velocity at the highest point = 0.

Can there be motion in two dimensions with an
acceleration only in one dimension?

Sol. Yes, in a projectile motion, the acceleration acts

12.

vertically downwards, while the projectile follows a
parabolic path.

A stone is thrown vertically upwards and then it
returns to the thrower. Is it a projectile?

Sol. No, it is not a projectile, because a projectile should have

3.

two component velocities in two mutually perpendicular
directions but in this case, the body has velocity only in
one direction while going up or coming down.
At what point in its trajectory does a projectile
have its

(i) minimum speed and (ii) maximum speed?

Sol. (i) Projectile has minimum speed at the highest point of

its trajectory.

(i) Projectile has maximum speed at the point of projection.
The direction of the oblique projectile becomes
horizontal at the maximum height. What is the

14.

cause of it?

At the maximum height of projectile, the vertical
component velocity becomes zero and only horizontal
component velocity of projectile is there.

Sol.

15. Two bodies are projected at an angle
6 and (n/2 - 0) to the horizontal with the same
speed. Find the ratio of their time of flight.

Sol. The times of flights are

Tiw 2u sinf

14

2usin (Z!— - B) 2 o
and T,= 2 _ 2ucos
4 g

ﬂ = $inh = tanf
T, cosB

16. Is the rocket in flight is an illustration of
projectile?
Sol.

No, because it is propelled by combustion of fuel and
does not move under the effect of gravity alone.

17. Why does a tennis ball bounce higher on hills

than in plains?

Sol. Maximum height attained by a projectile = 1/g. As the

value of g is less on hills than on plains, so a tennis ball
bounces higher on hills than on plains.

18. Galileo, in his book “Two new sciences’, stated

that for elevations which exceed or fall short of
45°by equal amounts, the ranges are equal.
Prove this statement. [NCERT]

Sol. For a projectile launched with velocity v, at an angle 0,

2 .

the range is given by R = 1951"—2%. Now, for angles,
g

(45°+0)and (45°~), 20, is(90°+ 20t )and (90° -2 ),
respectively. The values of sin (90°+ 2 ot) and
sin(90° — 2« ) are the same, equal to that of cos 2 .
Therefore, ranges are equal for elevations which exceed
or fall short of 45° by equal amount ct.

19. Astone tied at the end of string is whirled in a

circle. If the string breaks, the stone flies away
tangentially. Why?

Sol. When a stone is going around a circular path, the

instantaneous velocity of stone is acting as tangent to
the circle. When the string breaks, the centripetal force
stops to act. Due to inertia, the stone continues to move
along the tangent to circular path. So, the stone flies off
tangentially to the circular path.



20. Abody is moving on a circular path with a
constant speed. What is the nature of its
acceleration?

Sol. The nature of its acceleration is centripetal, which is
perpendicular to motion at every point and acts along
the radius and directed towards the centre of the curved
circular path.

21. What will be the net effect on maximum height
of a projectile when its angle of projection is
changed from 30° to 60°, keeping the same
initial velocity of projection?

Sol. As, H esin’0
H, (sin30°)* 1_4 1
= =——=ix===
H, (sin60®) 4 3 3
or H, =3H,
The maximum effect of a projectile is three times the
initial vertical height.

SHORT ANSWER Type Questions

22. Anaircraft is flying at a height of 3400 m abaove
the ground. If the angle subtended at a ground
observation point by the aircraft positions 10 s
apart is 30°, what is the speed of the aircraft?

[NCERT]

Sol Infigure, O is the observation _____A € B

point at the ground, A and B

are the positions of aircraft for

which ZAOB =30°. Draw a 152

. 3400m

perpendicular OC on AB. Here a0

OC = 3400 m and £AOC =

ZCOB =157 Time taken by J_

aircraft from A to Bis 10 5. [1/2]

In AAOC, AC =0C tan15*
= 3400 ® 0.2679
=910.86 m
AB = AC + CB= AC + AC = 2AC
= 2% 91086 m
Speed of the aircraft
= distance AB _ 2x 910.86
time 10

1 1

=182.17ms™ = 1822 ms"

23. Apassenger arriving in a new town wishes to go
from the station to a hotel located 10 km away
on a straight road from the station. A dishonest
cabman takes him along a circutious path
23 km long and reaches the hotel in 28 min.
What is (i) the average speed of the taxi and (ii)
the magnitude of average velocity? Are the two

equal? [NCERT)
Sol Given, shortest distance between the station and the
hotel = 10km

- Displacement of the taxi = 10 km

Distance travelled by the taxi = 23 km

Time taken by the taxi = 28 min = A, lh
60 15
(i) Average speed of the taxi

_ Total distance travelled

Total time taken
= b= 93 kmi
(715 7

(ii) Magnitude of average velocity
_ Magnitude of the total displacement

Total time taken

=10 10 vh = 2143 km/h

(7hs) 7

Mo, the average speed of the taxi is not equal to the

magnitude of the average velocity of the taxi.

24. Abullet fired at an angle of 30° with the

Sol.

Sol.

26.

horizontal hits the ground 3 km away. By

adjusting its angle of projection, can one hope
to hit a target 5 km away? Assume the muzzle
speed to be fixed, and neglect air resistance.

[NCERT]
Horizontal range,
2 .
gl sin 20
4
2. o 2
or 3= W SING0T W F
4 4
2
or % . 3
4

Since, the muzzle velocity is fixed
Therefore, maximum horizontal range,
2
Ryue =—=2+3 = 3.464km
g

nEx

So, the bullet cannot hit the target.

Find the angle of projection at which horizontal
range and maximum height are equal.

Horizontal range = Maximum height (given)

2. 2
U L op LUosin a8
g 2g
sin’®
= 2sinf cosB= [ sin 26 =2 cos 6 sin 8]
tan B =4
= B =75°58"

A football is kicked 20 m/s at a projection angle
of 45°. Areceiver on the goal line 25 m away in
the direction of the kick runs the same instant
to meet the ball. What must be his speed, if he
has to catch the ball before it hits the ground?



Sol.

27.

Sol.

28.

Sol.

Given,u=20m/s, 8=45°,d= 25m
Horizontal range is given by

2 2
R= £ sin20 = )
9.8

sin 2(45°)

io£x1=4o_32m

2usin® _2x20

Time of flight, T= in 45°
9.8

= 2886s

The goal man is 25 m away in the direction of the ball,
so to catch the ball, he is to cover a distance

=40.82— 25 = 15.82m in time 2.886 s.
. Velocity of the goal man to catch the ball,

15.82

v= =548m/s
6

How does the knowledge of projectile help, a
player in the baseball game?

In the baseball game, a player has to throw a ball so that
it goes a certain distance in the minimum time. The time
would depend on velocity of ball and angle of throw
with the horizontal. Thus, while playing a baseball
game, the speed and angle of projection have to be
adjusted suitably so that the ball covers the desired
distance in minimum time. So, a player has to see the
distance and air resistance while playing with a baseball
game.

Abiker stands on the edge of a cliff 490 m above
the ground and throws a stone horizontally with
an initial speed of 15 m/s. Neglecting air
resistance, find the time taken by the stone to
reach the ground and the speed with which it
hits the ground. Consider g = 9.8 m/s”. [NCERT]

Given, h =490 m, u_ =15m/s,
a, =98 m/s,a_ =0,uy =0

(o] X

y=1490m

Ground

Time taken by the stone is

i _2£= ’2)(490:105
g 98

v, =utat =15+0x10=15m/s
vy =u, +a,t=0+98x10 =98m/s

v =afvi +v; =-J|52 +98° =99.14 m/s

29.

Sol.

Sol.

31

A cricketer can throw a ball to a maximum
horizontal distance of 100 m. With the same
speed, how high above the ground can the
cricketer throw the same ball? [INCERT]
@ Horizontal range is maximum when angle of
projection is 45°.
Let u be the velocity of projection of the ball. The ball
will cover maximum horizontal distance when angle of
projection with horizontal, ® =45°. Then, R, =u’/g.

Here, u’/g=100m

In order to study the motion of the ball along vertical

direction, consider a point on the surface of Earth as the

origin and vertical upward direction as the positive

direction of Y-axis. Taking motion of the ball along

vertical upward direction, we have
uy=u.ay=—g.vy=0,l=?.yo=0.y= ?

As, v

,=u,+a,r

O=u+(-g)t =t=ulg

1
Also, y=y,+uyt+ ant2

y=0+u(u/g)+§(-g)uz/gz

A stone tied to the end of a string 80 cm

long is whirled in a horizontal circle with a
constant speed. If the stone makes 14
revolutions in 25 s, what is the magnitude and
direction of acceleration of the stone? [NCERT)]
? In uniform circular motion, a centripetal

acceleration, g, = ﬁ =re?® acts on the body
r

whose direction is always towards the centre of the
path.

Here,r =80cm = 0.8 m, f=14/255""
22 14
W=2nf =2X —x—=—rad/s
7 25 25

The centripetal acceleration
38 )
a=o'r=|—| x080
25
=9.90 ms™*
The direction of centripetal acceleration is along the

string directed towards the centre of circular path.

An aircraft executes a horizontal loop of radius
1 km with a steady speed of 900 kmh™.
Compare its centripetal acceleration with the
acceleration due to gravity. [INCERT]



Sol Here, r=1km =1000 m,

v =900 kmh ™" =900 x (1000 m)/(60 * 605) = 250 ms ™"
2 2
Centripetal acceleration, a = v (20
o 1000
2
Now, .E: ﬂxL:ﬁjE

32. A skilled gun man always keeps his gun slightly

tilted above the line of sight while shooting.
Why?

Sol. When a bullet is fired from a gun with its barrel directed
towards the target, it starts falling downwards on
account of acceleration due to gravity.

Due to which the bullet hits below the target. Just to
avoid it, the barrel of the gun is lined up little above the
target, so that the bullet after travelling in parabolic
path hits the distant target.

?a}‘f_"-_ of by deor

-
-~

#  __Lineofsight

Gun

Target

33. Prove that the horizontal range is same when
angle of projection is
(i) greater than 45° by certain value and
(ii) less than 45° by the same value.

Sol. The horizontal range of the projectile is given by

u® sin 20

£
(i) If angle of projection @ =45 + o and R = R,
then, R, = w =£ cos 20 .A1)
4 4
(i) If angle of projection
6= 45" cand R= R,
vl sin 2(45° —a) u?

R=

Ry = ——=—0s 20 .. [ii)
£ 14
Comparing Eqgs. (i) and (ii), we have
R =R,
Hence proved.

LONG ANSWER Type I Questions

34. The position r_'ufa particle is given by
r=3.0ri—-2.0¢ J+ 4.0 k where, ris in seconds
and the coefficients have the proper units for r
to be in metres.
(i} Find the v and a of the particle.
(ii) What is the magnitude and direction of

velocity of the particle at f =257 [NCERT]

dr d - 17 -
Sol. (i) Velocity, v=—=—(3.0ti -20t"j+40k
(i) Velocity, v - { i i )
=[3.0i-40tj] ms™
d d - -
Acceleration, a = === (3.0i—401¢j)
drdt

=0-40j
=—4.ﬂims_2
(ii) Attime, t =25, v=30i-40x2j=3.0i-80]

v =1,' 3.0)° +(—-8)° =73 =854 ms ™"

If @ is the angle which v makes with X-axis, then
i —_

tan 0= 2L = 22 = 2667 =—
v, 3

8 =69.5% below the X -axis.

tan 69.5%

35. The position vector of a particle is
(r =20i +1%j+ 3.0k)

where,  is in seconds and the coefficients have
the proper units for r to be in metres. What will
be the value of v(f) and a(r) for the particle and

the magnitude and direction of v(t) att =2.0 s?

[NCERT]
Sol. The position vector, r = 2.0it +1° j+3.0k
{t}—d—r——{z.ﬂlf+t ]+’.uk}
dt
\-{t}=2.ﬂl+ zrl
d\'{t}

a(t)= d{2ﬂ1+2r1}—2]

Att = 2.0 s, the magnitude of the () can be given as

V(1) =20i+2x2j=20i+4]

V= J4 +16 = 420 and direction is

v
A =tan™ [—")= mn_'(i] =63"
v, 2

36. A vector has magnitude and direction
(i) Does it have a location in the space?
(ii) Can it vary with time?

(iii) Will two equal vectors a and bat different
locations in space necessarily have identical
physical effects? Give examples in support of
your answer. INCERT]

Sol (i) A vector in general has no definite location in space
because a vector remains unaffected whenever it is
displaced anywhere in space provided its magnitude
and direction do not change. However, a position
vector has a definite location in space.

(ii) A vector can vary with time e.g. the velocity vector of
an accelerated particle varies with time.



(iii) Two equal vectors at different locations in space do
not necessarily have same physical effects. e.g. two
equal forces acting at two different points on a body
which can cause the rotation of a body about an axis
will not produce equal turning effect.

37. Read each statement below carefully and state
with reasons, if it is true or false.

{i) The magnitude of a vector is always a
scalar.

(ii) Each component of a vector is always a
scalar.

(iii) The average speed of a particle (defined as
total path length divided by the time taken to
cover the path) is either greater or equal to the
magnitude of average velocity of the particle
over the same interval of time. [NCERT]

Sol (i) True, because magnitude is a pure number.
(ii) False, each component of a vector is also a vector.

(iii) True, because the total path length is either greater
than or equal to the magnitude of the displacement
vector.

38. Figure shows a pirateship 560 m from a fort
defending a harbour entrance. A defence
cannon, located at sea level, fires balls at initial
speed, u, =82 m/s.

¥,

Either launch angle

A pirateship under fire

(i) At what angle, 8, from the horizontal must a
ball be fired to hit the ship?
(ii) What is the maximum range of the cannon balls?
737 A fired cannon ball is a projectile. We relate angle

¥ and the horizontal displacement i.e. range as it
moves from cannon to ship.

Sol (i) A fired cannon ball is a projectile and we want an
equation that relates the launch angle 8 to the ball
horizontal displacement ie. range as it moves from
the cannon to the ship.

au=lgin" % _Ll. maxs:-n
2 ul] 2 (82)

1. _
= —sin~' (0.816) = 27°
2

If one angle is 27%, then other angle (90°-0,) is
=90° - 27° =637

39.

Sol.

40.

(1) Maximum range at 8, = 45°

2 2

R=""sin 20, = 2 x sin 00
£ 8
= 686m

A boy stands at 78.4 m from a building and
throws a ball which just enters a window 39.2 m
above the ground. Calculate the velocity of
projection of the ball.

Consider a boy standing at P throw a ball with a velocity
u at an angle B with the horizontal which just enters
window W.

As the boy is at 78.4 m from the building and the ball
just enters the window 39.2 m above the ground.

—

u W

39.2m
o |
P
|+—78.4m —=|
u’sin’@
2g
2 . 2
)
= 3gp=4 S0 7 i)
2g

u’sinz@

-~ Maximum height, H =

and horizontal range, R =

ul sin28
B
Dividing Eq. (i) by Eq. (ii), we get
usin® @ N £ _ 392
2 u’ 2sinf cos B 2% 78.4
= lt:m 8= L}
4 4
= B =45°
Substituting @ = 45° in Eq. (ii) , we get
F-a -]
¥ sn%_ 2% 78.4
98

= H=42x T84x 9.8=1392m/s

= 2% 784 = i)

An aeroplane is flying in a horizontal direction
with a velocity of 600 km/h and at a height of
1960 m. When it is vertically above the point A
on the ground, a body is dropped from it. The
body strikes the ground at point B. Calculate
the distance AB.
-r7- Find the time taken by the body to fall at the given
W height

1 .2
=h= E
¥ Ugd 291

But initial vertical velocity is zero. Then, find the
horizontal distance travelled by the body x.



Sol.

41.

Sol.

Velocity of the aeroplane in the horizontal direction is
ug,, = 600 km/h = 600 x i=-Sﬂm/s
18 3
Velocity remains constant throughout the flight of the
body.
Uy, =0and y = h=1960 m
Let t =time taken by the body to reach the ground

1
Now, =uy bt +—gt
y oy 28
Here, y=h=19%0m,u,, =0
! 2
1960=;x9.8xt
9
= t= #=J400=205
4.

Distance travelled by the body in the horizontal direction,
AB=x=v“t=%x20

= —‘0(;00 =3333m =333 km

A clever strategy in a snowball fight is to throw
two snowballs at your opponent in quick
succession. The first one with a high trajectory
and the second one with a lower trajectory and
shorter time of flight, so that they both reach
the target at the same instant. Suppose your
opponent is 20.0 m away.

You throw both snowballs with the same initial
speed v, but 8, is 60.0° for the first snowball and
30.0° for the second. If they are both to reach
their target at the same instant, how much time
must elapse between the release of the two
snowballs?
We need to find the time of flight for each snowball. The
time f yis determined by v, the vertical component of
initial velocity, then
2Vy0 _ 2vysin B,

4 g
To find t ; we need to know, in addition to the initial
angle 8, (as given), the initial speed v, which is not
given. We can find v, by applying the range equation

R=

R ___vf sin 20,
b4
Solving for v,, we obtain v, = _|— Re
sin 26,

We obtain the same value for v, whether we use,
0, =300° or 0, =600°

Since, sin 2 (30.0°) = sin 2(60.0°)

y = =150m/s
sin 60.0°

B J{zu.u m) (9.80m /s%)

42.

Sol.

43.

Now, we can find ty for each snowball

=2V!o = t =2V!$in9!!
I3 £
4 4
For the first snowball,
a o
= 2(15.0mls(su:60.0 )=2.65$
980m/s
For the second snow ball,
. i °
o 2(15.0m/s)(su1230.0 )= 153
980m/s

Thus, you should wait a time At before making your
second throw, where At is the difference in the times of
flight, At=t,—ty=265s—153s=112s

The ceiling of a long hall is 25 m high. What is
the maximum horizontal distance that a ball
thrown with a speed of 40 m/s can go without
hitting the ceiling of the hall? INCERT)
¢ Maximum height attained by a projectile is given

2gin2?
H < UZsin L&)
by e
2.1
and horizontal range is givenbyl‘?=“s;)—"26

Given, initial velocity (1) = 40 m/s
Height of the hall(H) = 25m

Let the angle of projection of the ball be 8, when
maximum height attained by it be 25 m.

Maximum height attained by the ball

2. 2 2. . 2
u-sin“0 40)°sin” 0
H= = 25=()—
2X98
or sin’@m22X2X9B _ 4063
1600
or sinf =0.5534 =sin336°
or 0=336°
3'ie
0
. Horizontal range (R) = s

_ (40)*sin2x33.6° _ 1600 X sin67.2°

9.8 9.8
1600 0.9219

9.8

=150.5m

Read each statement below carefully and state,
with reasons, if it is true or false.

(i) The net acceleration of a particle in circular
motion is always along the radius of the
circle towards the centre.

(ii) The velocity vector of a particle at a point is
always along the tangent to the path of the
particle at that point.

(iii) The acceleration vector of a particle in

uniform circular motion averaged over one
cycle is a null vector. [NCERT)]



Sol

44.

Sol

45.

(i) False, because the net acceleration of a particle is
towards the centre only in case of a uniform circular
maotion.

(ii) True, because while leaving the circular path, the
particle moves tangentially to the circular path.

(iii) True, because the direction of acceleration vector in a

uniform circular motion is directed towards the
centre of circular path. It is constantly changing with
time. The resultant of all these vectors will be a zero
vector.

A cyclist is riding with a speed of 27kmh™. As he

approaches, a circular turn on the road of
radius 80 m, he applies brakes and reduces his
speed at the constant rate of 0.5 ms™. What is
the magnitude and direction of the net
acceleration of the cyclist on the circular turn?

[NCERT]
Here, v = 27 kmh™ = 27 x (1000 m) x (60 % 60 s~
=75ms ", r=80m
vi _(@s) 2
Centripetal acceleration, a, = — = = 0.7 ms

r 80
Let the cyclist applies the brakes at the point P of the
circular turn, then tangential acceleration a; will act
opposite to velocity.
Acceleration along the tangent, a; = 0.5 ms
Angle between both the accelerations is 90
Therefore, the magnitude of resultant acceleration

a=+al +at =4/(07) + (05)° =0.86 ms™

=2

Let the resultant acceleration make an angle f with the
tangent i.e. the direction of net acceleration of the

cyclist then, tan f =:T_f= E

=14 or f}=54°28
0.5

A particle starts from the origin atr =0 with a
velocity of 10.0 ] m/s and moves in the
xy-plane with a constant acceleration of
(80i+20] )ms™
(i) At what time is the x-coordinate of the
particle 16 m? What is the y-coordinate of the

particle at that time ?

{ii) ;Nhat is the speed of the particle at that time?
[NCERT]

Sol

46.

Sol

Here, u = ll].l]j msatt=0,

dw - - 2
a=—=(801+20]))ms
- ( i

S0 dv =(8.0i+ 20 ])dt

Integrating it within the limits of motion ie. as time
changes from 0 to t, velocity changes fromu to v, we have

v—u=(80i+20j)t
v=u+80ti+20t]

—J
As, v = ﬂ:b:;i' r=v dt
dt
So, dr=(u+80ti+ 2.0tj)dt

Integrating it within the conditions of motion i.e. as time
changes from 0 to ¢, displacement is from 0 to r, we have

1 g7 1 2%
r=ut+5x8.ﬂr 1+5x2.ﬂr1

or  xi+yj=10jt+40tii+e? ]
=40 i+(10t+1%)]

Here, we have, x =401" and y=10t+ t*
1

t=(x/4)?
1
(i) Atx=16m, t=(16/4)% =25
y=10x%2+2"=24m
(ii) Velocity of the particle at time t is
v=10j+8.0¢t 1+ 20t ]
When t = 25, then,
v=10j+80x2i+20x2])=16i+14]

s Speed =) v =

The maximum height attained by a projectile is
increased by 10% by increasing its speed of
projection, without changing the angle of
projection. What will the percentage increase in
the horizontal range?

6% +14% = 2126 ms ™"

2
As, maximum height, H = "—:inz a
2g

Consider AH be the increase in H when y changes by
Auw, it can be obtained by differentiating the above
equation, we get

_ uAu sin® @ _ZAu

AH
2 u

AH 2Au

= - =
H u

Given, % increase in H is 10%, so
E:i:ﬂ_l _— 2‘1":3_1
H 100 u

As _ u’sin28

E



47.

Sol.

2u Au AR 2Au
sin20 = —= =
I R i

AR= 0.1

~.% increase in horizontal range = % = 100
=0.1x 100=10%

The range of a rifle bullet is 1000 m, when 6 is

the angle of projection. If the bullet is fired

with the same angle from a car travelling at

36 km/h towards the target, show that the

range will be increased by 142.9 +/tanf m.

3 When the bullet is fired from the moving car, the
¥ harizontal component velocity of the bullet increases

with the velocity of car. But the vertical component
of the velocity remains uneffected.

Given, R = 1000 m

. Horizontal range of the bullet fired at an angle © is

2

_u” sin 28 u® 2sinB cos®

= 1000= —————— i)
g £

Bullet is fired from the car moving with 36 km/h

iL.e10 m/s, then horizontal component of the velocity of

bullet = u sin® + 10

Vertical component of the velocity of the bullet = usinB
Then, new range of the bullet is

R

R =2 (usinB)(u cos +10)
g

2 20
=Zy" sin® cosB + —u sin@

g g
- R, =R+2Zusing
g
— R -R=2usin0 (i)
g

...{1ii)

From Eq_ {i], we haveu = M
25inf cos B

Now, substituting the value of u in Eq. (ii), we get

20 1000 = 500 x sinf
R - RaZ [1000X8 g 5 [00xsin0
£ | 2sinB cos B FcosB
=20 1!% tanf =142.9 4ftan @l

LONG ANSWER Type 11 Questions

48.

A fighter plane flying horizontally at an altitude

of 1.5 km with speed 720 km h™ passes directly

over an anticraft gun. At what angle from the

vertical should the gun be fired from the shell

with muzzle speed 600 ms™'to hit the plane?

At what minimum altitude should the pilot fly

the plane to avoid being hit? (Take, g =10 ms™)?
[NCERT]

Sol. From the figure, let O be the position of gun and A be

49.

Sol.

the position of plane.

¥,
A . B
11
1.5km o
1
L7
I
(o u:,"l X
The speed of the plane,
720 % 1000 i
v=—————= 200 ms
60 = &0

The speed of the shell, u = 600 ms ™

Let the shell hit the plane at B after time ¢ if fired at an
angle 8 with the vertical from O. Then, the horizontal
distance travelled by shell in time { is the same as the
distance covered by the plane during the same period.
ie u,®t=vtorusinBr=w

or sin®=Y=2%_033333 = sin 19.5°
u 600
ar 8 =19.5" with the vertical

The plane will not be hit by the bullet from the gun if it
is flying at a minimum height which is the maximum
height ( H) attained by bullet after firing from gun.

2 . 2 poa 2 2
Here,H=u sin” (90 B]-:u cos B
lg 2g
_ (600)° x (cos 19.5° )°
2x10

[-sin® =1/3, cos B =/ /3]
_ (600)" x (+/BR)*
20
A projectile is fired horizontally with a velocity
of 98 ms™ from the hill 490 m high. Find (i) time
taken to reach the ground (ii) the distance of
the target from the hill and (iii) the velocity
with which the body strikes the ground.
Let OX and OY be two
perpendicular axes and
YO =490 m. A body projected
horizontally from O with
velocity u (= 98 ms~ ymeets the
ground at A following a
parabolic path shown in figure.

(i} Let T be the time of fliht of

=16000 m = 16 km

Y

the projectile i.e. time taken by projectile to go from O
to A,

Taking vertical downward motion (i.e. motion along
OY axis) of projectile from O to A, we have

Yo=0,y=4%m,u, =0 a, =9.8 m/s’ t=T

1 a
As,  y=y tugt +Sayt



50.

Sol.

490=0+0XT +L%08x T? =497T?
2

or T=,—=10s
4.9

(it) Taking horizontal motion (i.e. motion along OX axis)
of projectile from O to A, we have
X, =0 x=Risay)u, =98 mfs, t=T=10s ,a_ =0

1
As, x=x, +u bt +—at’
2

R=0+98%10+—x0x10° = 980 m
2

(iii) Let v, vy, be the horizontal and vertical component
velocity of the projectile at A.

Using the relation,
v, =u, +ad=98+0x10="98 m/'s
Represented by AB
Using the relation,
vy =ty +a,l=0+98x10=9m/s
Represented by AC.
. Resultant velocity

v=‘l|"u: +ui=~j932+ 98" = gsﬁm.fs

If p is the angle which v makes with the horizontal

v 98
direction, then tanfl = £ = — =1 or f = 45° with the
v 98

horizontal.

A hunter aims his gun and fires a bullet directly
at a monkey in a tree. At the instant, the bullet
leaves the barrel of the gun, the monkey drops.
Will the bullet hit the monkey? Substantiate
your answer with proper reasoning.

Let the monkey stationed at A, be fired with a gun from

O with a velocity u at an angle 8 with the horizontal
direction OX.

Draw AC, perpendicular to OX. Let the bullet cross the
vertical line AC at B after time t and coordinates of B
{x, y)be w.r.t. origin O as shown in figure.

oc x .
t= = i)
ucos B wcosB
[where, OC = x]
In ACAC, AC =0 tan = x tan 6 _.ii)

Clearly, CB = y = the vertical distance travelled by the
bullet in time t.

Taking motion of the bullet from O to B along Y-axis, we

have y,=0 y=yu,=usinb a,=-gt=t

1 1
o Y=ntuttoat

}r=ﬂ+usmﬂi‘+%{—g}r2
=uﬂnBr—igt2 ..{1ii)
2
LAB=AC-BC=xtanB — y
=rtanﬂ—[usin9t—l—gi'2)
2

ucosB 2

[from Eq. (i)]
,J!.B=Jct:mlB'—Jrt:mlB'+lgi'2=lgr2
2 2

=xtanﬁ—(usi.nﬂx

It means the bullet will pass through the point B on
vertical line AC at a vertical distance lzgtz below point A.

The distance through which the monkey falls vertically
in time t = lgrz = AB. It means the bullet and monkey
2

will pass through the point B simultaneously.
Therefore, the bullet will hit the monkey.

51. Amarble rolls along a table at a constant speed

of 1.00 m/s and then falls off the edge of the
table to the floor 1.00 m below. (i) How long

does the marble take to reach the floor? (ii) At
what horizontal distance from the edge of the
table does the marble land? (iii) What is its

velocity as it strikes the floor?

Sol. Projectile motion of the marble begins as it leaves the

table as shown. Since, the marble is initially moving
horizontally, v, =0and v, = 1.00 m/s. We must
consider the origin to be at the edge of the table, so that

X, =y, =0

-1 3

(1) =?,if}r=—1.ﬂﬂm;y=?g1' [ v, =0]
= t= J_ 2y =J{—2};1_m} = 0452
g N

(ii) x=7whent=04523

s x=v, =100 0452 5= 0452 m



(li)v=2,0=7att =0452s
The x-component of velocity is constant throughout
the motion, v,=v, =100m/s

The y-component of velocity
Vy=v, —gt=0-98X 452=—443m

aov=dvie vf, = \{(1.00)2 +(-443)° =454 /s

¥y

=3
v, 1.00

As the velocity hits the floor, its velocity is 4.54 m/s
directed 77.3° below the horizontal.

52. Aquarterback, standing on his opponents 35-yard
line, throws a football directly down field, releasing
the ball at a height of 2.00 m above the ground with
an initial velocity of 20.0 m/s, directed 30.0° above
the horizontal. (i) How long does it take for the ball
to cross the goal line, 32.0 m from the point of
release? (ii) The ball is thrown too hard and so
passes over the head of the intended receiver at the
goal line. What is the ball's height above the ground
as it crosses the goal line?

Sol. To better visualise the solution described here, we first
sketch the trajectory as shown in figure.

0 =tan™

y t=?

y=2

4
320m

(i) The problem here is to find t when x = 32.0 m. We can
use(x = Ve t), if we first find v_,. From figure, we see
that v, = v, cos 8= (20.0 m/s) (cos 30.0°)

=173 m/s
Using the relation and solve for t.

(ii) We want to find y when x = 32.0 m, or since we have
already found the time in part (a), we can state this,
find y when t =1.85 s. Using the relation,

, T
y=v, t——gt
v g

s = Vo Sin 0, =(20.0 m/s) (sin 30.0°)
=10.0m/s

Thus, y=(10.0 m /s)(1.85 s)—% (9.80 m/s*)(1.85s)”

=173 m

Since, y= 0is 2.00 m above the ground, this means the
ball is 3.73 m above the ground as it crosses the goal line
too much high to be caught at that point.

53. (i) Show that for a projectile, the angle between

the velocity and the X-axis as function of
time is given by

(Vo Bt
=tan™| 2SS
8 [ Ve ]
where, the various symbols have their usual
meanings.
(ii) Show that projection angle 8, for a projectile
launched from the origin is given by

8 = :an-'(“—”'a)
R

where the symbols have their usual meanings.
[NCERT]
Sol. (i) Letv,, and Vg, be the initial component velocities of
the projectile at O along OX direction and OY direction
respectively, where OX is horizontal and OY is vertical.
Let the projectile go from O to Pintime tandv_, v_ be
the component velocity of projectile at P along
horizontal and vertical directions as shown in figure.

Y
Voyl wo 3
o
using X

Then, v, =y, —gtandv, = v,
If 8 is the angle which the resultant velocity v makes
with horizontal direction, then

GG e Lty B

v! v‘!
- 0 = tan™ [_Lx']
vﬂ
(ii) In angular projection,
2 .2
0
Maximum vertical height, h,, =%ﬁ
Horizontal range, £
2. 2
RS0 1,6, cos 0,
g g
So, ﬁ:m—ne_oortanﬁ():ﬂ
R 4 R

h
or 0, = tan™ (4—R"'—



SRR BRT YOUR TOPICAL UNDERSTANDING

OBJECTIVE Type Questions

1.

In a two dimensional motion, instantaneous speed
vy is a positive constant. Then, which of the
following are necessarily true?  [NCERT Exemplar]
(a) The average velocity is not zero at any time

(b) Average acceleration must always vanish

(c) Displacements in equal time intervals are equal

(d) Equal path lengths are traversed in equal intervals
A particle starts from origin at t = 0 with a velocity
5.0i ms™' and moves in XV -plane under action of

force which produces a constant acceleration of
(3.0i + 2.0 j) ms™2. What is the y-coordinate of the
particle at the instant when its x-coordinate is 84 m?
(a) 36m (b) 24m
(c) 39m (d) 18 m

. Two projectiles A and B thrown with speeds in the

ratio1: 42 acquired the same height. If A is thrown

at an angle of 45° with the horizontal, then angle of
projection of B will be
(a) 0*

(c) 30°

(b) 60°
(d) 45°

. If a person can throw a stone to maximum height of

h metre vertically, then the maximum distance
through which it can be thrown horizontally by the
same person is

h
- h
(a) > (b)

(c) 2h () 3h

The displacement of a particle moving on a circular
path of radius r when it makes 60° at the centre is
(a) 2r (b)r

(c) Jor (d) None of these

What is the position vector of a point mass moving
on a circular path of radius of 10 m with angular
frequency of 2 rads™ after m /8 s? Initially the

point was on Y-axis.

(a) 5:(i+]) (b) 5/2(i + j)
- -~ 1 -~ -
(© i+ d) —(i+]
c) i+j ( N i
Answer
1. (@ ‘ 2 {a) ‘ 19 4 © 5. (b)
6. (b)

VERY SHORT ANSWER Type Questions

7. Show graphically the displacement vector for a
motion in two dimensions. Also, write an expression
for displacement vector in terms of its rectangular
components.

8. Abody is projected with speed u at an angle 8 to the
horizontal to have maximum range. What is the

velocity at the highest point? [ Ans. X ]
2

9. Is the maximum height attained by projectile is
largest when its horizontal range is maximum?

SHORT ANSWER Type Questions

10. A boy can jump on the moon six times as high as on
the earth. Why?

11. What will be the effect on maximum height of a
projectile when its angle of projection is changed
from 30° to 60°, keeping the same initial velocity of
projection?

12. A glass marble slides from rest from the top most
point of a vertical circle of radius r along a smooth
chord. Does the time of descent depend upon the
chord chosen?

13. A railway carriage moves over a straight track with
acceleration a. A passenger in the carriage drops a
stone. What is the acceleration of the stone w.r.t.

the carriage and the earth? [Ans. Illdz + &)

14. When a rifle is fired at a distant target, the barrel is
not lined up exactly on the target. Why?

LONG ANSWER Type I Questions

15. The speed of a projectile u reduces by 50% on
reaching maximum height. What is the range on the

horizontal plane ? z
orizontal plane [Ans.u—xé}
r 2
16. When a knife is sharpened with the help of a
rotating grinding stone, the spark always travel
tangentially to it. Why ?
17. An aircraft flying horizontally at a height of 2 km

with a speed 200 m/s passes directly over head an
anti-aircraft gun. At what angle from the vertical



should the gun be fired so that a shell with muzzle
speed 600 m/s may hit the plane ? Calculate the safe
height of the plane so that the shell may not hit it.

B 2
(Take, g =10m /5°) (4,0 6= 19.5°, H =16 kn]

18. A projectile is fired at an angle 6 with the vertical

with velocity u as shown in the figure.
Write the expression for

LONG ANSWER Type II Questions

21. Derive an expression for horizontal range of a

22.

projectile. Also, show that there are two angles of
projection for the same horizontal range.

A particle is projected in air at an angle p to a
surface which itself is inclined at an angle ¢ to the
horizontal as shown in figure.

¥ Find (i) time of flight (ii) expression for the range
on the plane surfacei.e. L and (iii) the value of p at
u which range will be maximum.
2u; sin i cos(ct +p)
geos® o
now
and (iii) p = T E]

[Ans. i) T = 220508 G0 g =
L) Foosdl

O X

(i) maximum height
(iii) horizontal range
Also, write equation of the path of the projectile.

19. At what angle should a body be projected with a
velocity 24 m/s just to pass over the obstacle 16 m
high at a horizontal distance of 32 m?

(Take, g =10m /s%)

(ii) total time of flight 23. What is the angular velocity of the hour hand of a

clock ?

24. Derive an expression for centripetal acceleration of
an object in uniform circular motion in a plane.
What will be the direction of the wvelocity and

acceleration at any instant?

[Ans. 67°54" or 487 40°]

20. The velocity of a particle, when it is at the greatest
height is , [2 /5 times its velocity when it is at half of fo /"L

its greatest height. Determine its angle of projection.
[Ans. 8 = 607

SUMMARY

= Scalar quantities are guantities with magnitudes only. Examples are distance, speed, mass and temperature.

* Vector quantities are quantities with magnitude and direction both. Examples are displacement, velocity and acceleration.
They obey special rules of vector algebra.

= A null or zero vector is a vector with zero magnitude. Since the magnitude is zero, we don’t have to specific its direction.

= Megative vector Two vectors are said to be negative of each other if their magnitudes are equal but directions are opposite.
= Collinear vectors The vectors which either act along the same line or along parallel lines are called collinear vectors.

* Coplanar vectors The vectors which act in the same plane are called coplanar vectors.

* Paosition vector A vector which gives position of an object with reference to the origin of a coordinate system is called position
vector. It is given by r = xi + yj

= Displacement vector It iz that vector which tells how much and in which direction an object has changed its position in a given
time interval.

* Multiplication of vector by a real number When a vector A is multiplied by a real number 4, we get A(A)= AA and
—AAy=—2A

* Addition of vectors Veclors can by added by using Triangle law / Parallelogram law / Polygon law

= Properties of vector addition



(i) Vectors representing physical guantities of same nature can only be added.
(i) Vector addition is commutative A+B=B+ A
(iii) Vector addition is associative (A+B)+C= A+ (B+C)
Subtraction of vectors The subtraction of a vector B from vector A is defined as the addition of vector —B to A.

Thus, A-B=A+(-B)
Resolution of a vector The process of splitting a vector into two or mare vectors is known as resolution of the vector,
Avector A can be expressed as A=Ai+A,j

where A,, A, are its components along x-axis and y-axis. If vector A makes an angle 8 with the x-axis, then A, = Acos 6,

A
A, =Asin® and A=|A|= JAS + A2, tanﬂ:A—’.

Any vector in three dimensions can be expressed in terms of its reclangular components as

A=A T+AJ+Ak
lts magnitude, A=1r‘,-q.f + A+ A

Scalar or dot product The scalar or dot product of two vectors Aand B is defined as the product of the magnitudes of Aand B

and cosine of the angle 6 between them. Thus A-B = |A| |B |cos 6= ABcos @

It can be positive, negative or 2ero depending upon the value of &

Vector or cross product For two vectors A and B inclined at an angle g, the vector or cross product is defined as
AxB=ABsinti

where fi is a unit vector perpendicular to the plane of A and B and its direction is that in which a right handed screw advances

when rotated from A to B.

Equations of motion in vector form. For motion with constant acceleration,
) " 1
(i) v=wp+at (i) r=q,+vui‘+5m2 (i) v —vi =2a.(r-ny)

The motion in a plane with uniform acceleration can be treated as the superposition of two separate simultaneous
one-dimensional motions along two perpendicular directions.

An object that is in flight after being projected is called a projectile.
2

g«
2{v, cos &, F

Projectile fired at an angle with the horizontal Suppose a projectile is fired with velocity v at an angle Bwith the horizontal.
Let it reach the paint (x, y)after time{. Then

The path of a projectile is parabolic and is given by y = (tan ) —

(i) Components of initial velocity u, =ucosd,u, = using
(i} Components of acceleration at any instanta, = 0,a, = -g

(i)} Position after timet, x = (u cosB)t, y = (U sin@)t _215“2

(iv) Equation of trajectory: y = x tanf — m ‘
() Maximum height, H = %
(vi) Time of flight, T = 245

(vil) Horizontal range, A =

iii) Maximum horizontal range is attained at 6 = 45° and its value is =
ili) Maxi horizontal range i ined at 6 = 45° and its value is A,

u:-|‘1,

(ix) Velocity after timet, v, =ucos8, v, =usind—gt



v
ve R+ andtanﬂ=1—lri-

(x) The velocity with which the projectile reaches the horizontal plane through the point of projection same as the velocity of
projection.
Uniform circular motion When a body mowves along a circular path with uniform speed, its motion is said to uniform circular
mation.
Angular displacement It is the angle swept out by a radius vector in a given time interval.

B{Rad) = gro_ 8

Radius r

Angular velocity The angle swept out by the radius vector per second is called angular velocity.

o=dora=t=%
ta—1,

Time period and frequency Time taken for one complete revolution is called time period (T).

The number of revolutions completed per second is called frequency.

m=2—“=2m.'
T

Relationship betweenvand w. Itis given by v = fw

Angular acceleration and its relation with linear acceleration. The rate of change of angular velocity is called angular
acceleration. It is given by Linear acceleration =Radius x Angular acceleration
Wo — 0,

o= L da=ra

E:.? _E1

Centripetal acceleration A body maving along a circular path is acted upon by an acceleration directed towards the cenltre
along the radius. This acceleration is called centripetal acceleration. It is given by

Yz —Vy

[l = =——— =
r

2



CHAPTER
PRACTICE

OBJECTIVE Type Questions

1. The angle between A= i+ jand B=i- jis
[NCERT Exemplar]|
(a) 45° (b) 90° (c) —45° (d)180°

2. The quantities A, and A, are called x and

y-components of the vector A. Note that A, is
itself not a vector, but A, iisa vector, and so is
A )j Using simple trigonometry, we can express
A, and A, in terms of the magnitude of A and the
angle it makes with the x-axis
A, = Acosb, A,. = Asin@

Choose the correct figure on the basis of given
description.

y

(a) Asin@j

(c) Acosj (d) None of these

Asingi

3. The direction of instantaneous velocity is shown

by
'\of‘°w
y 0’“90\ -

(a) &

(©) ) (d) None of these

4. The speed of a projectile at the maximum height
is 1/2 its initial speed. Find the ratio of range of
projectile to the maximum height attained.

4 V3
7—; (c) VY (d) 6

5. The horizontal range of a projectile fired at an
angle of 15° is 50 m. If it is fired with the same
speed at an angle of 45°, its range will be
(a) 60 m (b) 71 m (c) 100 m (d) 141 m

ORI )

6. Two cars Aand B move along a concentric
circular path of radius r, and rz with velocities v,

cnndicy x Vy .
and v maintaining constant distance, then - is

Ve
equal to
T, r fz rz
@2+ o2 © -2 @2
ra g g r:‘

ASSERTION AND REASON

Direction (QQ.Nos. 7-13) In the following questions, two
statements are given- onc labelled Assertion (A) and the
other labelled Reason (R). Select the correct answer to these
questions from the codes (a), (b), (c) and (d) as given below

(a) Both Assertion and Reason are true and Reason is
the correct explanation of Assertion.

(b) Both Assertion and Reason are true but Reason is
not the correct explanation of Assertion.

(c) Assertion is true but Reason is false.
(d) Assertion is false but Reason is true.

7. Assertion Force and area are vectors.
Reason Pressure is a vector.

8. Assertion Displacement vector is defined with
respect to origin.
Reason Position vector is defined with respect

to origin.

9. Assertion The value of a, depends on -Z—:

Reason Acceleration means rate of change of
velocity.

10. Assertion When a body is dropped or thrown
horizontally from the same height, it would
reach the ground at the same time.

Reason Horizontal velocity has no effect on the
vertical direction.



11. Assertion The maximum horizontal range of
projectile is proportional to square of velocity.

Reason The maximum horizontal range of
projectile is equal to maximum height
attained by projectile.

12. Assertion The range of a projectile is maximum
at 45",
Reason At = 45° the value of sin 8 is maximum.

13. Assertion Speed is constant in uniform circular
motion.

Reason Acceleration is constant in uniform
cireular motion.

CASE BASED QUESTIONS

Directions (Q. Nos. 14-15) This questions is case study
based guestion. Attempt any 4 m&-pam ﬁnm given question.

i4. Projectile Motion

Projectile motion is a form of motion in which
an object or particle is thrown with some initial
velocity near the earth’s surface and it moves
along a curved path under the action of gravity
alone. The path followed by a projectile is
called its trajectory, which is shown below.

While resolving velocity (u) into two
components, we get (a) u cost along OX and (b)
u sin B along OY.

(i) The example of such type of motion is
(a) motion of car on a banked road
(b) motion of boat in sea
(c) a javelin thrown by an athlete
{d) motion of ball thrown vertically upward

(ii) The acceleration of the object in horizontal
direction is
(a) constant
(c) increasing

(b) decreasing
(d) zero

(iii) The vertical component of velocity at point H
is
(a) maximum
(b) zero

{c) double to that at O
(d) equal to horizontal component

(iv) A cricket ball is thrown at a speed of 28 m/s
in a direction 30" with the horizontal.

The time taken by the ball to return to the
same level will be
{a) 2.0 s (b)30s
(c)d0s (d)29s

(v) In above case, the distance from the thrower
to the point where the ball returns to the
same level will be

{a) 39 m (b) 69 m {c) 68 m (d) 72 m
15. Uniform Circular Motion
When an object follows a Qa
circular path at a constant
speed, the motion of the r wp

object is called uniform

circular motion. The word uniform refers to the
speed which is uniform (constant) throughout
the motion. Although, the speed does not vary,
the particle is accelerating because the velocity
changes its direction at every point on the
circular track.

The figure shows a particle P which moves along
a circular track of radius r with a uniform speed v.

(i) A circular motion
(a) is one-dimensional motion
(b) is two-dimensional motion
(c) it is represented by combination of two
variable vectors
{d) Both (b) and (c)

(ii) The displacement of a particle moving on a
circular path when it makes 60" at the centre
is
(a)2r (b r
() Jf2r (d) None of these

(iii) Two cars A and BE move along a concentric

circular path of radius r, and ry with
velocities v, and vy maintaining constant

. V.
distance, then - is equal to
Vg
F r 2
B
(d) —

@2 b2 ()= -

2
f_d r_,, rH !A

e b

(iv) A particle is moving with a constant speed v
in a circle. What is the magnitude of average
velocity after half rotation?

{a) 2v (b) L (c) = (d) —
n 2

2n



(v) What s the centripetal acceleration of a point 25. Arabbit runs across a parking lot on which a set

mass which is moving on a ci:‘cular path of of coordinates axes has been drawn. The
radius 5 m with speed 23 ms™? coordinates (in metres) of the rabbit’s position
(a) 106ms™ as functions of time t (in seconds) are given by
(b) 90 ms™ x=-031t>+72t+28and y=022¢2-9.1¢+ 30
(c) 60 ms™ ; . -
At =15s, what is the rabbit’s position vector r
(d) None of the above ; : f : :
in unit vector notation and in magnitude angle
Answer notation?
1. (b) 2. (a) 3. (@ 4. (b) 5 (9
6. (b) 7. © 8 (@ 9. (d) 10. (a) P :,:’g:.f@g
1. (0 12. (0 13. (0 7 oas .‘
14 () (9 (i @ @) (® (v (d v) (@ rd \
15 ) (@ @) @® @) ® (v (b) v @ 140 |
P 2 . Archer fish
VERY SHORT ANSWER Type Questions
16. when_the co m_pﬂnem of a vector A along the (i) Draw a graph for rabbit’s path for t =0to 25 s.
direction of B is zero, what can you conclude (ii) Find the rabbit's velocity v at time t =15s.
about the two vectors? (iii) Find the rabbit's acceleration a at timef =15s.

[Ans. (i) v =33 m /s, 8 = —130°

17. Displacement vector is fundamentally a ,
(ili) @a=0.T76m /5", 8 = —1457]

position vector. Comment on this statement.

18. Isit necessary to mention the direction of 26. When a large star becomes a supernova, its
vector having zero magnitude? core may be compressed so tightly that it
becomes a neutron star, with a radius of about
19. Does the nature of a vector change when it is 20 km. If a neutron star rotates once every
multiplied by a scalar? Explain with example. second, (i) what is the speed of a particle on the
20. Draw the conelusion about Bif A- B= A+B. star's equator and (ii) what is the magnitude of
the particle’s centripetal acceleration? (iii) If the
21. For what angle between Pand Q, the value of neutron star rotates faster, do the answer to (i)
P +Qis maximum? and (ii) increase, decrease or remain the same?
22. Can the walk of a man be an example of [Ans. ()a=13x 10" m/s, (i) 7.9% 10° m/s*
resolution of vectors? If yes, how? and (iii) increase|
23. Can there be two vectors, where the resultant is 27. Awoman rides a carnival ferris wheel at radius
equal to either of them? 15 m, completing five turns about its horizontal
axis every minute. What are (i) the period of the
SHORT ANSWER Type Questions motion, (ii) the magnitude and (iii) direction of

her centripetal acceleration at the highest point
(iv) magnitude and (v) direction of her
centripetal acceleration at the lowest point?
[Ans. (i) 12s, (i) 4.1 m/s”, (i) down and (iv) up)

24. Suppose you are driving in a convertible car
with the top removed. The car is moving to the
right at a constant velocity. As the figure
illustrates, you point a toy rifle straight upward

and trigger it. In the absence of air resistance, 28. Aboy whirls a stone in a horizontal circle of
where would the bullet land (i) behind you, radius 1.5 m and at height 2.0 m above level
(ii) ahead of you or (iii) in the barrel of the rifle? ground. The string breaks, and the stone flies
e -, off horizontally and strikes the ground after
,*"/ ‘\\ travelling a horizontal distance of 10 m.
;’j ‘*\1 What is the magnitude of the centripetal

/ : acceleration of the stone during the circular




29.

30.

31

Around 1939-1940, Emanuel Zacchini took
human-cannon ball act to an extreme. After
being shot from a cannon, it soared over three
Ferris wheels and into a net as shown in figure.
Assume that it is launched with a speed of
26.5 m/s and at an angle of 53.0°. (i) Treating it
as a particle, calculate its clearance over the
first wheel. (ii) If he reached maximum height
over the middle wheel, by how much did he
clear it? (iii) How far from the cannon should
the net's centre have been positioned (neglect air

drag)?
Vy _l_
3.0m 18m Met
s | st
[e—— 23 m t
- R >

[Ans. (g) 5.3 m, (5) 7.9 m and (c) 69 m]

Upon spotting an insect on a twig overhanging
water, an archer fish squirts water drops at the
insect to knock it into the water as shown in

figure. Although the fish sees the insect along a

straight-line path at angle ¢ and distance d a

drop must be launched at a different angle 8. if
its parabolic path is to intersect the insect.

If = 36.0° and d = 0.900 m, what launch angle

8 is required for the drop to be at the top of the

parabolic path when it reaches the insect?
[Ans. 8 = 5557)

A dart is thrown horizontally with an initial
speed of 10 m/s toward point P, the bull’s eyes
on a dart board. It hits at point Q on the rim,
vertically below P, 019 s later. (i) What is the
distance PQ? (ii) How far away from the dart
board is the dart released?

[Ans. (i) 18 cm and (ii) 1.9 m]

LONG ANSWER Type I Questions

32.

33.

A rifle that shoots bullets at 460 m/s is to aim at
a target 45.7 m away. If the centre of the target
is level with the rifle, how high above the target
must the rifle barrel be pointed so that the
bullet hits dead centre? [Ans. 4.84 cm]|

Water from a sprinkler comes out with a

constant velocity u in all the directions. What is
the maximum area of the grassland that can be
watered at any time? |Ans. ﬂu‘,"g“]

34.

35.
36.

37.

What is the speed of an aircraft if the pilot
remains in contact with the seat, even while
looping in vertical plane?

Prove that the path of one projectile as seen
from another projectile is a straight line.

A bullet Fis fired from a gun when the angle of
elevation of the gun is 30°. Another bullet Q is
fired from the gun when the angle of elevation
is 60°. The vertical height attained in the second
case is x times the vertical height attained in the
first case. What is the value of x 7 [Ans. 3)

Two billiard balls are rolling on a flat table. One

38.

has the velocity components v, = 1 ms™,

v, =3 ms™ and the other has components

vy =2ms™ and v} = 2ms™". If both the balls start
moving from the same point, what is the angle

between their paths? [Ans. 157)

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

projectile, show that the maximum range is
2

. R
iven by — + 2h.
g YS.\‘!

LONG ANSWER Type II Questions

39.

40.

41.

42.
43.

414.

A hunter aims his gun and fires a bullet directly
at a monkey on a tree. At the instant, the bullet
leaves the barrel of the gun, the monkey drops.
Will the bullet hit the monkey? Substantiate
your answer with proper reasoning.

While firing, one has to aim a little above the
target and not exactly on the target. Explain.

A ball rolls of the top of a stairway with
horizontal velocity of 1.8 m/s. The steps are
0.24 m high and 0.2 m wide. Which step will the
ball hit first? Take, g= 9.8 m/s” [Ans. Fourth step]

Justify that a uniform circular motion is an
accelerated motion.
A particle is thrown over a triangle from one
end of a horizontal base that grazing the vertex
falls on the other end of the base. If ¢ and i be
the base angles and @ be the angle of projection,
then show that tan 8 = tan « + tan f§
A machine gun is mounted on the top of a tower
100 m high. At what angle should the gun be
inclined to cover a maximum range of firing on
the ground below? The muzzle speed of the
bullet is 150 m/s. Take, g = 10 m/s?
[Hint R=u_x t =150 cos 8 (15sin8 + 1;'225 sin® @ + 20)]
[Ans. 8 =447





