introduce a rectangular coordinate system in the plane.
Represent vectors as directed line segment.
'Efétpressa vector in terms of two non-zero and non-; parallel ~oplz

Express a vector in terms of a posmonbect @
Express translation by a vector. @

Mults _

Solve geometncal problems involving the use of vectors.

Apply concepts from geometrical problems involving the use of vectors (such as
parallel and perpendicular lines in geometrical shapes, vector projectile motion,
crosswinds aviation, military usage and designing roller coasters).

Y ¥V V9 VVV VYV

(1 tgl .4
135 i !

non-zero, non-parallel coplanar vector:

finding the magmtude ) ector-dddition and subtraction and scalar
multlpllcatlon to solve both abstract and practical problems.
Emphasis is p on applymg vector concepts to real-world scenarios, including

geometrical analysis, projectile motion, navigation in crosswinds, military applications
and engineering designs like roller coasters, equipping students with the tools to interpret
and model physical phenomena using vectors.

B - ——
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" UNIT 6

A rectangular ¢ WA rmed O O 8 e R B
by the intersgﬁm of a horizontal PR AR R

number line called the axis of x or t-1
shortly x-axis and a wvertical number T TR
line called the axis of y or shortly y-axis. '
The axes meet at a point called the
origin and divide the coordinate plane
into four quadrants. :
Points in a coordinate plane are ! e

Bmeh i

represented by ordered pairs. The first HQ&-E&-: t
clement is the x-coordinate and the '
second eclement is the y-coordinate.

In the given figure, point P is represented by the

Wri nates of the following points from the given figure:
4 e ok R St
@) B SHE e R
S SN RE e %
Gi)) D 4B 70 ] 2.3:4
’ e ..;_ 4= ']"“"l"' : _, = = o

8B i DA AR A

(i) Point 4 is 3 units to the right of the origin and 1 unit up. So, the x-coordinate is 3
and the p-coordinate is 1. The coordinates of 4 are(3,1). m
(ii)  Point B is 3 units to the left of the origin and 2 uniW@&@@mnﬂinaw
K i

is -3 and the y-coordinate is —2. codrdi @

s —2).
gm and 4 units down. So, the
mmate is —4. The coordinates of D are (3, - 4).

(i)  Point D is 3 units to

There are two types of physical quantities that are used in Physics and Mathematics.
Scalar: A scalaris a quantity having magnitude but no direction. Mass, time, volume
and power are the examples of scalar quantities.




G

A vector has a tail and a tip. Consider the diagram in Figure 6.1. B
The tail point 4 is called the initial point and the tip point B is

called the terminal point of the vector AB . The initial point of a
vector is also taken as origin of the vector.

=

We can also represent a vector with g, @ or a.

() A vector that has the same magnitude as the @ ©)
o i)/
negative of a vecto inFigure 6.2,
At g
O

(i) Two v a and b are equal if they

A  Figure 6.1

a

have the same magnitude and direction Figure 6.2
regardless of the position of their initial
points. Thus a=b in Figure 6.3.

(iii) A vector whose initial and terminal points
are coincident is called a zero or null vector.
Zero vector has zero magnitude and it is
parallel to every vector.

=

b
Figure 6.3

dial) A1 T

R T s‘ﬂ‘ = ﬂ T i) st

WA Vectors and Coordi ates @@@K@
. - - 0
When a Cartesian coordinate syste @@@

vector diagram, it bec assign ©.1)
coordinates to both the ' t erminal points (tail P
and head) o *@jﬁ vector. This allows vectors to be I
expressed in terms of their coordinates, which can then (1,0)
be used effectively in calculations. To simplify this O 5

—p X

Figure 6.4

(Ll

%



BTNl b Vectors in Plane

P(x, y)

Let O (0, 0) be the origin and P(x, y) be any point in
theplane. Thenthe vector OP = (x-0)i+(y-0) j=xi "'},’l
is called the position vector of P with respectto O.

x and y are horizontal and vertical components o
respectively.

Let P(x,, y;) and xz, y) be the giv oints as
shown in figure 6.6.

I_'QEI = 'yz o J”1' ¥
PRQ is a right angled triangle.

[PO| = J(PRY + (OR)?

= \/(xz g xl)z'.*'(yz =N )z
— L
or  |PO|=(x,~x,7 + (-3

If P(x, y) be any point in the plane as shown in Figure 6.7
then the magnitude of position vector OP = xi+yj

from the origin is [OF| = /x* + y? o

gmple &) |1 P(2 4) and@
() PQ in e fo j PQ|

=00-0P=(-5-2)i+(3- —4)=-7i-j

(i) IPQI J(—?) +(-1y —J49+1-J_0 52




number), then multiphcatwn of a ¥

vector g with scalar 4 is scalar

multiplication and it is written as Aa .

Ag is a new vector that has its

magnitude scaled by [Al.

(i) If A > 0, then both a and
Aa are in the same direction.

(i) If A <0, then both g and Ag are in opposite directions.
Example 4 value of k.

?‘
N

Two vectors are equal, if their horizontal and vertical components are equal.
k=36

Show that g = 5i — 2j and b = —10i + 4j are parallel.

Given that:
a=5i-2
b=-10i+4j
b=-2(5i-2))
b=-2g

This shows that g and b are parallel with A = -2

A unit vector is a vector whose magnif

is represented as g (read as

ind a unit vector in the direction of a=-5i+2].
@SEREGED G ven that a =512
la| = -5 +27




EXERCISE
Name the quadrant in which each point lies.
(1) (4,3) (i) (5,-4) (i) (-6,2) (iv) (-4,-4)
Plot the following points on the coordinate plane:

(i) AB3,-3) ()  B(3,3) (i) " CG5, 7 (v D(-2,-9)
Name the tail and tip of the following vectors: :

(@) (i) (iif) (iv) (v(i:;
Write the vector 4B in the form of xi+y il
(1) A(1,-7), B(-2,4) (i)  A(8,9),B(12,3)
Find the magnitude of the g :
(1) a=-3i+2j (i) a=4i-3j (iii) g—*—%;}%z
Find a unit vector in the direction of the vector given below:
(i) a=-4i+5j (i) -~ a=6i+8; @@W@

3a-2c+4b.




?. Xhich of the‘foquﬁ :

)
a =12iw2j b= 6i
(i) d=5i-4j,b=6i-3j (iv) a=3i-7j. b=6i-14j

10.  Find a vector thrice in length of 3i—2/, but opposite in direction.

11. Find two vectors that are double in magnitude of 3i —5j, one in the same
direction of it and other in its opposite direction.

(i) Trmngle Law of Addltion'

le
adjacent sides 4B and BC of a triangle such that the W@ @@ =

terminal point of z coincides with the ¥ -’;.
of v, then the third side AC -‘\
(o]

vector sum

If two vectors u 2 and y 8re represented by the two By head to

— — — ——
AB+BC=AC = u+v=AC

(ii) Parallelogram Law of Addition:
If two vectors g and v are represented by two

adjacent sides 4B and AC of a para]lelogram as
shown in the Figure 6.10, then dlagonal D gives
the sum or resultant of AB and Tl

—_— —> —
AD=AB+ AC

—(2+4):+(3 6);
=6i—-3j
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The vector sub

MWO gCto gand b is represented by a—5 and defined as
a+(-b). s

B

If(_z=x1!°+y1={', l_’=x2!.+y2i

Then g,"'("é)z(xli"'yl!:)"’(-xzf_.}”:i) /
=(x—x,)i+ 62 =) i

e &) Ifa=6i+13; and b=-4i+7; , then find g—l_).
n Dao-b-= (6i +13))- (—4i+7))
=(6+4)i+(13-7)j =10i+6;

a+(-b)

, b and ¢ such that thelr
Calor

-
-
".'!‘\‘_

Let ¢ be any vector lying in t% AN€
initial points comw

‘Construct lines pardllel to the vectors aand b
from the terminal point £ of ¢. Complete the
parallelogram ODEC by extension of aand b if O
necessary.

—_— — ¢
OC=mOA=ma, where misa scalar.
— —

=nOB =nb , where n is a scalar.

By the parallelogram law of vector addition
S, — el

OE=0C+0D or c=ma+nb
Where ma and nb are vector components of c.

Ifa=2i- -3jand b=3i+4

3a+4b “}
=3(W
=6i-9j+12i+16/ =18i+7;

Thus, the vector components of 3 a+4p are 18i and 7j.




i s b e (iii) 3a+1Q

% Y.
(iv) b-a (v} - 4b=5a ), ‘—a-b
2 If a=6i—}, b=i+5j and ¢=3i+5/, then find the magnitudes of the
following vectors:
(b —c (i) a-2b+c (i) c-b-a
3. Find the values of x and y in each of the following equations:

@) (xi+ y )+ (2i+3j)=7i+6, () (xi- 5j)§+©© -i-yj

(111) (y:+31)+(-51+2xj) 91+7J Kéjw
4, Ifa=i+ 3_},9—2;+_b i\ @@
ind the vector components of g + 5.

5. Ifa=-2i+7an \\,
6. Ing'.—'a'_j— )y +n(4_1:—31), then find the values of m and ».

A translation vector is a vector that describes the movement of a point, a body, a system
from one position to another without rotation or deformation. The translated figure is
called the image of original figure. The image is congruent to the original figure.

To translate a figure with translation vector in a coordinate plane, we change the
coordinates of its points. If v =ai + bj is the traslation vector and g, b are constants, then
we can use the guidelines below:
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Let us translate point P(2.

R= (@pr

B = (2i+ ) +Gi+0)) 2
=4 {_5-*' 1.0}
P, = (2i+ j)+(0i-3j) A i
P,
P,= (2i+ j)+(-5i+0))

New i+2))+(7i+2)) |
=3i+4j=(,4) |
New vertex B’ = (=i +2))+(7i+2})
= 6i+4j=(6,4)
New vertex C' = (=3i+4j)+(7i+2j) {# |
= 4i+6j = (4,6) B¢

03 If A(1,2), B4, 6)
whether triangle ABC is an

w@@@%

Remember
i+(6-2)j =3i+4)
BC =(1-4)i+(2-6)j = 3i-4j
AC =(T-1Di+@-2)] = 6i-0j

%‘b
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Shows
So,

e
|4B|=|BC| =5
AABC is an isosceles.

Use vector method, to show that the points A(1, 2), B(4, 6),

AB=(4-1)i+(6-2)=3i+4
DC=(7-4)i+(@4-0)=3i+4j

\ )
it a target located 24 met_res_ away horizontally?

ven that v, = 12i + 16§/
Honzontal velocity =v, =12
Vertical velocity = v, = 16
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therefore x=vy ¢ “‘: \
@M_ 2s

AF) A tank fires a shell with velocity vector v, = 30i + 40/ at a moving

Horizontal velocity is con

target heading east at v, = 10; + 0j. Find relative velocity and its magnitude.

Relative velocity = Shell velocity — Target velocity
Ve = (30— 10)i + (40 - 0)
=20 +40j

V.| = V207 +407
= 1400+ 1600

bl = \i’& @“
WW?WX -

1 Plot A(-5, 4), B(-6, 1) and C(-3, 1) to form a AABC. Also translate A4BC to
AA'B'C" by translation vector 8i — 6j.

2 Plot A(-6,-2), B(-6, -5), C(-3, -5) and D(-3,-2) to form a square 4BCD.
Also translate square 4BCD to square 4'B'C'D' by translation vector 9j + 7.

3. Plot A(-6, 3), B(-4, 0), C(-2, 3) and D(—4, 4) to form a kite ABCD. Also
translate kite ABCD to kite A'B'C'D’ by translation vector 6j — 6.

4. The coordinates of 4, B and D are (1,2), (6,3) and (2,8) respectivel
coordinates of C by using vector method if ABC ' & alle Hﬁ( .
o)

D is- y
5 In paralle!ogram ABCD, the vecto -:- Vo opposite sides are
AB= 6i+2J, DC @ e opposxte sides are equal in

magnitude an
6. Points (4 6) and C(7, 2) form a triangle. Check whether triangle

ABC is an 1sosceles by using vector magnitude.

. Find the

7. Use vectors to show that PORS is a parallelogram, where the points P, O, R
and § have coordinates (1, 2), (5, 2), (7, 6) and (3, 6) respectively.




10.

11.

ANSWEeT.

@)
(i1)
(ii1)
(iv)
(v)

(vi)

O Wi
1. Four possible answers are %l% vitle ¢ sti. Choose the correct

Use vectors to show thas

have the coordina ,O&}; and (1, 3) respectively.
A ball is with an initial velocity vector v, = 10i + 20j. The

horizontal component is in the x-direction and gravity is g=0i - 10).

Find the maximum height and horizontal range.

A car enters a loop with velocity vector v=30j and exits with velocity

v"=30i. What is the change in velocity vector?

An acroplane has airspeed v, = 20 and there is a crosswind v, = 50 J. Find the
resultant velocity and its magnitude.

1 REVIEW EXERCISE

x-axis Wﬂ@e a coordinate plane into parts.
e (b) two (c) three (d) four

(a) on

P(4.-4) lies in quadrant.

(a) first (b) second (c) third (d) fourth
A vector having magnitude 1, is called:

(a) equal vector (b) parallel vector

(c) unit vector (d) zero vector

What is the value of [31’ =47 | ?

(@) 3 , (b) 4 ()5 (d) 7

If a=Ab, then g and b are:

(a) equal (b) parallel (¢) perpendicular g I@Wel

i — —_

If OA=a,0B= b then AB is: o @w

(@) b-a (6) a—b gn @ b+a
(vi))  Translation vector sh m :

(a) deformati tation (c) movement (d) enlargement
(viii) Sum of two vectors is:

(2) a triangle (b) a vector (c) a scalar (d) a length

The position vector of point P(3, —2) with respect to Ois:

(ix)

(@) 3i+2) (b) 3i-2j () -3i+2j (d) 2i-3j
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10.

UNIT 6

Vector from point P(3, 4) to origin is: :
@ 3i+4j O Bitd  © Bi-4 (@ 3i-4

Find magnitude of the AB: ©©m

@) A0, 7),B-12,0) o Ay ﬂ
Find a unit vecmrmm%%ﬁ@m S+
Ifa=2i M @nd ¢ =4i+ j , then find the following vectors:

(i) Sb-a+¢ (i) 8a+b+5c (i) ¢+b-4a
Find the values of x and y in the following equation.

@i+ y)+ (-i+5))= 78]
Plot 4(=5, 3), B(-2, 3) and C(-4,5) to form a triangle ABC. Also, translate
AABC to AA'B'C' by translation vector 5i — 2/.
Use vectors to show that ABCD is a parallelogram, where the points are

A2, 3), B(6, 3), C(7, 6) and D(3, 6).
Use vectors to show that triangle 4BC is an isosceles triangle, where the

points 4, B and C have coordinates (I, 2) (4 6) and é@@@twely
A ball is projected with velocity vec@r itude of

velocity?
An aircraft is flyin gw alrspeed of 200 km/h. There is a wind
blowing Find the resultant velocity and its magnitude.




