Coordinate Geometry

Students’ learning outcomes

At the end of the unit, the students will be able ,;:“)

»

»
>

»
»
»

"1

Quadrant I; All points (x, ) with x> 0, y > 0 X
Quadrant I1; All points (, ) with x < 0,y>0
Quadrant I1; Al points (x, ) withx <0,y <0

Q“adrant_lv: All points (x, ) withx >0, y <0 Lo 18

S

Derive distance formula by locating the position of tw

in coordinate plane

Calculate the midpoint of a line segment

Find the gradient of a straight line when coordinates of two

points are given

Find the equation of a straight line in the form Y =mx +c

Find the gradient of parallel and perpendicular lines S(\
e

0 points

“Apply distance and midpoint formulas to solve
_situations such as physical measurements o h{stances between

lpcations. | 9\ ,
Apply concepts from coordinate G@ ry to real world
problems (such as, aviation a igation, landscaping, map

. reading, longitude and lati@. '
Derive equation of a. line in

* slope- interc@@nn - point-slope form
°*  two-pojaf{¢ e intercepts form

° syny form ¢ normal form.
Shovs%a a linear equation in two variables represents a

straight line and reduce the géneral form of the equation of a
straight line to the other standard forms.

’
S

i (A%
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P

ts Note:
p0||n"‘| P—Bl stands for

’-——_—‘
The Distance Formula
Let 4 (v, and B (2 y2) be two
To find the distance
mAwn‘
AV
: RL\\,.\;)

in the plane.
a horizontal line fro

irectly below B,

point € lies di
forming a right triangle ABC.

So that [¢] ==~ ¥] and
Bc| =1 -l : Fosa)

3y using Pythagoras
Theorem, we have e
@ =| 48] =[ 4c| +[Bc|
=(x, - X )3 +(v, _.‘,I)z

m:l—B-

. we draw

V=

S

)
ve. Itisnotadi

The distance is always taken t0 be non-negati

distance from A to B.
If A and B lieon aline parallel to one of the coordinate

the formula (i), the distance AB is absolute val

distance AB.
The formula (i) shows that any of two@ be taken as first

point.
Example 1: Find the A@ en the points:
(i) A(G5,6). B, - m  C(4,-2), D(,9)

Solution: By the dis formula, we have

W d=[18= J5-57 +(C2-6F (i) d=|ﬁ)i=m
d=[18}= J[07 + 87 d=[c‘—l)‘=m)_:’
d=[4B|=J0+ 64 =8 d=‘ﬁ’i=m

d =[cB| = i6=121 =137

l3)(,,mple 2: Show that tW
. 2), B(7, 5

are vertices of a right triangle, »9)and 0y ¢
Solutlon. Let a, b and ¢ denote the 2 )
engths of the sides BC,CAand 4B i
,-espectlvely.
Bi7.s)

By using the distance
formula, we have

z—l-ib’l \F (=) +(5- 7)

C2.-n)

(il (&
' /’?|C“’| = (2= (FDN -2)'={n3 J""
O '
. ABC is a right triangle with right angle at 4.

~2) lies on the circle. What is the radius of the circle?
Solution: The radius of the circle | g

@ : The point C (=5, 3) is the centre of a circle and

is the distance from the points C'to |

P. By the using distance formula,

we have X \
|
Radius = IZ‘T’] yh
\/(7-(—5)2 +(-2-3)2)
= [iaa+25 =169
=13 units

L x-Coordmate of the Midpoint
The x-coordinate of the midpoint is the average

x—coordinates of points 4 and B.
' - +X,
e, -y

. 2

of the
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- of the Midpoint
y-coordinate dinate of the mid

Qimilarly. the y-c0OT
::’??jl}c‘oordi)mles of points 4 and B.
reoe
Thus. the coordinates of the midpoim' M(x, y) are:
x,+X _J_’:_fll_
M(I’y)=(~_2—" 2
the liné segment jOining the

point is the average

iLe.

Example 4: Find the midpoint of
points A(2, 3) and B(8, 7)- :
Solution: Using the midpoint formula:
xt+x Kty
M(x,y)=( - = =

Substitute x,=2, ;= 3, %, = 8 and y, =7 into the midpoint

formula _
2+8 3+7
(5% 7) <
10 10) - 6
=l—. —|=(,5
Mx,y) (2,2) 5,5) ‘b‘
EXERCISE :

1. Describe the locationg ane of the point P(x, y),
for which \ '
(i x>0 6 (ii) x>0andy>0
(i) x=0 v) y=0 .

(v) x>0andy<0 (vi)- y=0,x=0"
(vii) x=y (viii) x> 3
(ix) y>0 ‘

(x) xandy have oppbsite signs.

Solution: Here is a description of th

. e location of the point
P(x,y) in the plane for each condif Aeoc

x>0

\

int lies in the right half of (. plane

is includes Quadrants I and [V by, exclud
points 10 the left of it. -

@
‘,l.hcrc x l Pervets?
- 2 PULIL i+
¢s the y.gyi, and

(i) x>0andy>0

e point lies in Quadrant I, whére@d Y are positi
positive,

The point lies on the y&, WHICh is the vertical line where -
: = L ’
(i) y (b‘

y= \ »
The @he x-axis, which is the horizontal Jine where

y=
0 x>0andy<0

e point lies in Quadrant IV, where x is positive and yis
negative. - '

(vii y=0andx=0 -

The point lies at the origin (0,0), where both x and ¥ are zero.
Vi) x=y - .

The point lies on the line x = ¥, which is a diagonal line passing
through the origin at a 45° angle in Quadrants I and IIL.

(viii) x> 3

The point lies on or to the right of the vertical line x = 3. This
Includes all points where x = 3 or greater, regardless of y.

(x) y>o

The point lies in the upper half of the plane, where y is positive.
This includes Quadrants I and II but excludes the x-axis and
welow it. <
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. —
N X and y have opposite signs
‘he point lies in Quadrants [and IV
o InQuadrantIL.X <0andy >0
s 0andy <0

o InQuadrant IV, x
2. Find the distance betwéen the points:
i) 0-5,-2,03,2)

0] A4(6, 7, BO,-2)
i) LOIHMELD @) P-3-1 20,0

Solution: The formula to find the distance be
A(x;, ) and B(x,yy) ina2D plane is:

Distance = y (x2 = x)2+ 02— ;) 2 N

tween two points

(i) - Points A(6,7) and B(0,-2):
Distance = /(0 — 62 + (-2 - N> =y (-6)* + o

— V36781 =117 = 3V13.

(i)  Points C(—5,—2) and D(3,2): E e

Distance:J(?— (—5))2+(
=JG+52+ 2 +27

Distance = /(-2
| =4 +49 = V53.
(iv)  Points P(—8,~7) and Q(0,0):

(iii)  Points L(0, g _ 3 '_4): : . 1 ;
o 0)2 + (—4 — 3‘)’2 = J(iZ)Z + (_7)2

‘/

Di =
istance J(O -~ (—8))2 *+ (0 L3 (_7))2 = (3)2 + (7)?

= 64+49=ﬁﬁ

Find in each of the following.
(i) The distance between u..e two oi
(a) AG,1),B(-2,-4) b) :;"esn ;inh.
B )v 3(2 ~1
»=1)

© A(—ﬁ,-%), B335,
Sol. O&

@ Points A(3, 1) and{B(42,=4):
o Distange: 1\, g

Di c&ﬁz + (-4
-4-1 2= il
‘g\ M=m=;ﬁ. ¥ i
()  Points A(—8,3) and é(z, ~1):
. 'Distapcéf , .

Distance = J (2= (-8)) + (-1-3)2 = J(10)7 + (-4

=100 + 16 = V116 = 2v29.

(¢) Points A (-\/g, - §) and B(-3v5,5):

¢ Distance:

Distance = \/(iSJg - (—‘/g))z + (5 —.(— -;—))-

Simplify each term:

_3\[5_.}- J§ = —2\/§.

~ x-difference =
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1 15 " 1 lf
)'~\11{]Cl\‘n\'l‘ =354 :} " ...3- 3 .3 ,
Subsutute:
/
5" 256
2 16
28 4 (= 4 X5+—
Distance = j(-x\g) + ( 3 ) " 9
256
204 -—9-"
Convert to a comman Jdenominator:

_ 180 256_ 436_\/436;_2\/109
Distance = —9-+ 9 = |79 3 3

(i)  Midpoint of the line segment joining the two pomts-

@ AG1,B2—49) (b ACS3).E )

© -5 B(-365. S)Q 7\

@ AG,1),B(-2,-4)

Mldpomt A (—4)) = (.;. ...§.)
’ 2 d
(b)  AC8,3), B( Wik

Midpoint =

8+23+(—1) -6 2
£ .3 ) (= E)'(’“)

() A( J'——) B(-3v5, 5)

ey .
Midpoint = ‘ﬁ‘*(;f_{i) -ty
2 T —
[4
: simplify cach term:
x-coordinate = — 5-3/5 2
2 = «2v¥5,
—=+ Ql’ 1
. 2 5 u
y-coordinate —%@ I 1 7
S N 3

Wl.nch of the following points are at a distanee of 15
~ units from the origin? )

® (V176,7)

4 ‘.(iii)’ 1, 15)

(i) (10,-10)

Solution:
@ (v176,7):
Substitute x = V176 andy = 7:

. 2
- Distance = [(V176) +7?= V176 + 49 = V225 = 15 unit

This point is at a distance of 15 units from the origin.
) (10,-10):
S\lbstltute x= 10 and y = —10:

D]stCC = .J10? + (_10)2 =+/100 + 100 \/20 = 10\/—2-unlt
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at a distance of 15 units fron,

the origin.
(i) (1,15):
situe x = 1and Y = 15:

Sub.
Distance = m oy ‘/—1—2_2— V226.
Since V226 # 15, this point is not at 2 distance of 15 units fro,
the origin.
S Show that:
(i) the points A(0, 2), B(\/— 1)and C(0, —2) are Vemces of
a right triangle.

(i) the points AG3, 1), B(-2,-3) and C(2, 2) are vertlces of

an isosceles mangle

(iii)

vertices of a parallelogram

Solution: .
(i) Show that A(0, 2), B(3, 1), and C(0, -2) form Qang,e

¢ Distance AB: 6
AB \/(Xz - xl) + (yz &- 0)2 + (1—- 2)2

Distance BC: é

B2 (320" + (1- (0 = V3T - ViZ =23

* Distance AC:

AC:J(O—O)ZA-I-((—Z-)__Z)Z='m=\/rﬁ_=4.

___./

the points A(5, 2), B(-2, 3), C(-3, —4) and D(4 =5) are &

W ythagorean theF
AB*+B(? = 42,
values:
(2)* + (2\/'5)2 = (4)2.
4 +12= 16

nce the Pythagorean eoren‘E p :
Slrm aright tnangle € points A, B, and ¢

fo
| @) Show tl& B(-Z -3), and C(2, 2) form an

,soscele
To " angle is isosceles, we calculate the distances
a pall‘S of pomts ;

. Dlstance AB.

AB = f (—2) 3) +((-3)-1)' = {5+ - ~4)

Substitute the

=25+ 16 = V41.
‘Distance BC: ; ‘
= @ -2)'+ (2~ (-9)' = VAT P
—Vi6+25= «

¢ Distance AC:
AC = @=37 + @- 17 =07+ A7 =VI+1

. =42 ‘ .

Since AB = BC = V&1, two sides of the triangle are equal, and

the triangle is isosceles.
e
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e —
(iii) Show that A(So 2)\ B
a parallelogram

(2,3, CC3

rallelogram, W€ check if the

s form & pacalcuh‘w the distances:

. 2 int

opposite sides are equa

o Distance AB:

p=(0-9) +6 =D~ Tt (O = VBT
. AB= - : |

=50
Distance CD: | A
o= Ja-9) + (- 9) =P+ Dt
— V39 +1 = V50. sl

o ‘Distance BC:

Be = (3 - 0 + (<9 -3)" = VD + 7
=1+ 49 = V50.

o -Di;tanceAD: ' “H : ée
+ (=7)?

AD = J(4 -5+ ((-5)-2)- 4 EZ'(,%

= T+ 55 = V3

Since AB = CD and BC {4}
length. Thus, the p% , ByC, |

6. Find A such

opposite sides are equal in
d D form a parallelogram.

at the points A(v/3 , ~1), B (0, 2) and C(h,
~2) are vertices of a right triangle with right angle at
the vertex A. -

Solution:

C(h, ~2) form a right triangle with a right angle at A, we need 0

-4), and D(4, -5) f°l‘n,

To find h such that the pdints A(ﬁ,‘ ,-—1), B(O,Z), and

1

V (rify that the dot product ot'thm\

v : diﬁ on ensures the angle at 4 is 90°, and AC g 2e10. Thig
co .

step |: Vectors AB and AC

£ . Vector AB:

48 = (s = Xa Vs ~ya) = (0 ¥ ‘1)) =(-33).
2. Vector A-.C : | O&
= (e = XN .Q; (h=v3,-2- -1))

= 1),
Shnd: l%l\cofAB adAC
@ product of AB and AC is:

- -

AB-AC = (t,-x) + (5 - y3).
Substitute the cbmpoﬁents: .

AB - AC = (~V3)(h = 3) + (3)(-1).
Simplify: * AB - AC = —V3h + 34 (=3).
' AB-AC = =3n

Step 3: Set the Dot Product to Zero
For A to be the right angle:

~V3h=0.
Solve for h: - ~V3h=0.
h= 0.
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o 1. ), B@, 2) and €0 3) ar

7. Find & such that A(-

. o the value of such t -
- dcwrzmmcd (7,3) arc collinear, we us¢ tl?e conditiop
A(=1,h), B(3,2),and EA% ed by the points must be

for collincarity: the arca of the triangle form

Zer0.
Formula for the
The area of @ triangle forme
B(x3,y2),and € (x3,73) 1s:

—y3) + 0203~ )’1) +x301 = 2) |

Area of a Triangle:
d by three points A(x1, Y1),

1
Area =7 | X1()’2
If the points are collinear, the area is 0.

Substituting the Coordinates:
(3,2), and C(7,3) into the formula:

Substitute A(—l,h), B(@3,
Area = -I -1(2-3)+3B@-mN+ 7(h=2)1=0

Slmphfy the terms

Area == | -1(-1) + 3(3 h) + 7(h - Zibz

Area=—|1+9 3h+7h-14

Area = —|—4+75—G)

Solving for h:

4h —-4=0
4h =4
h=i
Final Answer:
The value of h is:
_

Tl

— B

dabaitvly

[ The pOlntSA(—S —2) an(N
8. (5,~4) ar ends of 4 g

circle. Find the centre ap
; To find the cent d radiug of the cirgl, Hmeter
0 er and radiys of the ¢ire| h
¢ Where 4(~g, _

" 3 (5 —4) are the endpoints of the dnameter
fep 1: Centre of the Circle

The center of the circle is the midpoj
mi dpomt formula, the mxdpomt
A(x1 y;) and B(x3,y,) is:

d\ 2 nt }’z
Gubstitute A( B (5, ~ 4)
Xltre ( 2t5 "2+( 4))

2

O ' Centre = (9 _—6)
\ 4 2

: Centre = (0,-3)
tep 2: Radius of the Circle
The radius is half the length of the diameter. The length of the
diameter is the distance between A and B, calculated using the
distance formula: d = /(x, — )2 + (y, — y,)?
Substitute A(—5, —2) and B(5, —4):

= Ji5- o'+ o=
4= [ETTTCHTD
d={107+(2?

 d =100 + 4 = V104 = 2V26

The radlus is half of the diameter:
d \/ 104

'Radlus—-2-=——2——

Final Answer: o (0,—3)  Radius: V26

We Proceeq o

ameter Usln
g the
h segment i Joining

Centre:
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’/-——-—__\
), B(2,7) and C(=6, =)

. points AU
Find h such that (h; |::"n-in““h‘ with right angle at g,

are vertices of anl
vertex A
Sol.  Step 1: Slopes ©

§LOPE OF AB:

{ the sides

7 B L -
et UL ek T
Mae Xp = XA 2 h

ALOPE QFAC
Yo=Y _ o~
Y- —h 6+h
g ° 2
icularity condition
Step 2: Perpendicularity condit ..
ForpAB 1 AC, the product of their slopes must satisfy:
-1

My =

Mmyp ' Mac - -

Substitute the slopes:
6

. N

2-h 6+h

Step 3: Solve for h

Simplify the equation: 8

S 6
(2-h)(6+h) )
o °

(2-h)( | ,
Multiply through by (2 ~ h)z

2
Expand the right-handssfde: '

48="h" +4h-12
H +4h-60=0
(h+10)(h-6)=0
h=—10 or h=6 .

uming h # 2 and h # —6):

A quadrilateral hag ghe o
1), B

d D(5, -5
:I'(‘lcﬂ (S'I’mw) :;: :“ ':'e"ice’l- Find ¢y, (3 )
. at the ﬂgu" midp“i !
form.d A Nty of i“

midpoints consecutively jy , Parallelog Joining g
Fam,

sol Let's solve it step by step without using coq
. Code,

giep 1: Caleulate Midpoints of gjge,

The formula for the midpoing of alifds
poinlﬂ (%1, 1) and (x2,,) is:

CEMEnt joining tw

Midpaint =
U\
e Mid \ A

m 3+7)=(2 10)

Neey ——
7 3 7 =(1,5)

;. Midpoint of BC:;

| M, = (—”(—3) THED (1000
2 T )=(T'z)=<f5'°)

X +x2 }'1+y2)

e Midpoint of CD:

.M3 ( 2 | 2 ):(5’-—2—)=(1,_6)

® Midpoint of DA:
=Y
2 2 -t ¥
Step 2: Verify Opposite Sides Are Eqﬁal and Parallel
To confirm the figure is a parallelogram, we need to check:

2 Opposite sides are equal in length.
s, R
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ides are pard rallel (equal slopes)- ~

o Opposite st
es
Distance Between Opposite Sid

between TWO points (*1.
)7+ 02— 9’

1) and (x2,¥2) is:
The distance

Distance =V (¥2

. Distance M Ms:

MM; = }(1 12+ (5- (—-6)) \/02+(11)2._11
3=

4. Distance MoMy:

577 +(0-(D) =V IO

M2M4 =
| :
Slopes of Opposite Sides |
The slope between two points (%4, 1) and (?cz, ¥z) is:
Yo=Ys. C\
Slope = -, Y\
L Slope MIMZ:
045" -5 5
Slope of My M, NPT
5. Slope MzM,:
‘ -1-(-6) 5,
| Slope of MM, = 7-(1 =2
o Slope M;M,
clull i’
Slope.of MM, &= e = a2 =1
P I S | =

—

\
Slope Mz M5: T e
-6-0 -6
Slope of MM, = =™ ¥ T
=68 ¢ -
Ry aritnchien

o Opposite sides (M;M; and MM,) are €qual in length
o Opposite sides (M, M, and M3M,, as wel] o MM, and

M,M3) have equal slopes, confirming they arelpa:allel

Thus, the figure formed by joining the midpoints is a
p,,mllelogram

Example 5:
are collinear.
Solution: We know that the points 4, B and C are collinear if .
the'line. 4B and BC have the same slopes.

Show that the points  4(-3, 6), B(3,2) and C(6, 0)

2-6- -4 -2
Here Slope of .48:3_(_3)--3+3 —64 — and slope of
0-2 =2
C=—t="=
B : 3

Slope of AB = Slope of BC
- Thus 4, B and C are collinear.
Example 6: Show that the triangle with vertices A(1, 1), B(4, 5)

and C(12, —1) is a right triangle.

5=1

4 and Slope of
F o R

3

Solution: Slope of 4B =m,

Since ni,. m, = G)[-%) = -1, therefore, AB L BC

S0 A4BC is a right triangle.
Example 7:  Find an equation of the straight line if

@ its slope is 2 and y-mtercept is 5

(b)

\’

4
it is perpendicular to a line with slope -6 and its y-mtemept |s
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| and p-intercept of the line ape
ope and

Solution: (@ The s
eneciTv \l\':
R:\pc\—“\" 9 m= 2 “nd = S . c) i
Thusy = 2¢ +3 (Slnpc-inlcrccpt form: y = b c)is the
usy = 20 3 :

ired equation.
required eq ®) The slope of t

m =-6

he given line is

| .

I — I —

The slope of the required line 1 7, - v W

The slope and y-intercept of the required line are respectively:
c 53

1 4
mzzg and C=-3_

Thus, y= _1. .4 5 6y=x+8 is the required equation.

Example 8: ~ Write downan equation of the straight line passing

through (5, 1) and _ :

parallel to a line passing through the points (0,—1.), (7,.—15).

Solution: Let m be the slope of the required straight line, then , -
m =-—1%‘()_—1) (- Slopes of parallel linesare equal)

1

As the point (5, 1) lies on the required lin€ having slope —2 so, by
point-slope form of equation of the straight line, we have
-2 |
or y=-2 +11 -
or +y-11=0
is an equation of the required line.

Example 9:  Find an equation of line through the.points 21

anq (6,-4).
Solution:
line, the required equation is:

~4s)
6— (_2) [x ik (_2)] or

—ifi=

Using two-points form of the equation of straight -

g = il \
{22 (x+2) or Sx+8y+2=(

il |
gxample 10: Write down an equation of ,
4-axis at (2, 0) and y~axis at (0, -4),
So]ution: As 2 and -4 are respective|
required line, so by two-intercepts fo
ine, we have

X,V _
274" TygT-y=4=0

¢ line which cuts the

Y xand y=intercepts of the
M of equation of 5 straight

Which is the required equation.
Example 11: Find an equation
of thedine through the point P(2,
3) ‘which' forms an isosceles
triangle with the coordinate axes
in the first quadrant.

Solution: Let OAB be an ©
isosceles '

triangle so that the.line 4B passes through 4(a, 0) and B(0, a),
where a is some positive real number. ‘

Slope of AB= g_ 2 =—1. But 4B passes through P(2, 3).
: ey

- Equation of the line through P(2, 3) with slope -1 is
y-3=-1(x-2) _or x+y-5=0

Example 12: The length of perpendicular from the origin to a line
is 5 units and the inclination of this perpendicular is 120°. Find the
slope and y-intercept of the line. .
Solution: Here p =5, a = 120°.

Equation of the line in normal form is

x €05120° + y sin120° =5

>y
A(a,0)

o x—\By+l0=0 @)
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/’/?

pcoﬁhclme “crevmc(l)as y= f f

To find the slo
which is slope-mlcrccpl form ofl :)he equation
aege G0l C*°F
Here m= \/_ an 7
- 2y+39=0int0
b the equation Sx-1
Example 13: Transform
(i)  Slope intercept form (i) Two-mtercept form
(iii) Normal form (iv) Pomt-slope form
(v) Two-point form (vi) Symmetnc form
Solutlon 5 39 e+ |
(i)  We have 12y= sx+390r y—ﬁ-x+ 5 12’5"mtercept-
39
c=—.
12

0.

5¢ 12y _ .
i oy s ——y =1 —— =1
(i) Sx-12y=-390r 39+ 9 orA__39/5 39/12 is the

required equation.

(iii)
~ Since RH.S is to be positive, we have to take negative
sign. '
5x 12y
Hence —= +-2 =3is the normal form of the equanon

-13
; ; - . (=39 ? 5 5D
(iv) A point on the line is —;—,0 and its slope is—.
. . 2 TN\ 12
Equation can be-written as: y—0=i(x+§2)
gal- s

(v)  Another point on the line 1s(0 —) Line through( 2 )
12

‘ 39 x+3—9ll
and (0—)15 y——o= 5 N
12 0_3_9 -39 . :
R, &

5x —12y = =39. Divide bqth sides by_'i 52 41252413,

of the lice is (’T”oj

Equation of the line in symmetric form is

39
x+—

5 _y-0 .

2 3 =r(say)
13 13

| EXERCISFZE

1. Find the slope-and inclination of the line joini
pomts: . ] ¢ line joining the

M 2,49;611) (ii)

(i) - 4,6); (@4, 8) '

(39 "2) ’ (2’ 7)

: Squtzon
| i) Points (—2,4) and (5 11)
FIND THE SLOPE:
= Yi- =4 F
' Cn-x 3-(=2) 7
FIND THE INCLINATION:
: o @ =tan™'(m)=tan™'(1)=45"
Sketch of the Lines:

o This is a line with a slope of 1, which means it
rises 1 unit for every I unit it moves to the right.
This line will have an inclination of 45°, making
it a diagonal line at a 45° angle to the x-axis:

(i)  Points (3,—2) and (2, 7)

l’lND THE SLOPE:
N W ) A
X, — % 2-3 -l
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'FIND THE I\CLI\ ATION:
an”(m)=tan” (-9

ga calculator:

g =~ —83.6°
from the positive x-axis, we add -

Calculating the angle usin

Since inclination is measured
180° (1o convert to  positive angle):
g =~ 96.4°

Sketch of lines:
Thisisa
falls steeply as we move t
- 96.4°, so it is slightly more than vertical.

i) Points (4,6) and (4,8)

FIND THE SLOPE:

Since the x-coordinates are the same (X; = X; = 4), the lme is

vertical. The slope of a vertical line is undefined.

FIND THE INCLINATION:

The inclination of a vertical line is always 90°.

Sketch of lines:

This is 2 vertical line since the x-coordinates are the same. Its

inclination is 90°. '

2 By means of slopes, show that.the followmg points lle
on the same line:

®  ACL-3)3B(,5); €2,9)
@  P45);50(7,5); R0, 15)

(i) L4, 6)5 M(3,8) ; N(10, 10)

(iv) X(a, Zb); Y(C, a+ b); Z(2c_ a, 20)

Sol. (i) Points: A(—1 ,—3),B(1,5),C
Slope of AB: e 9)

line with a negative slope (=9), which means i
o the right. The inclination g

5-(=3)

\

Slope of AB =
= §=1)

8
2

T —

9~
-y
gince Slope of AB = Slope of BC = 4, the Points are collinez
) Peints: P(4,-5),Q(7,5),R(10,15) |

slope o BC:

w

Slope of BC =

|

4
7=4

[\S]

slope of PO
SlopeofPQ=m=1_Q
_ s het
Slope of QR:
15-5 10
Slope of QR = —— =
B 10-7 -3

. Since Slope of PQ = Slope of QR = 2, the points are collinear.
| i) Points: L(—4,6),M(3,8), N(10,10)

| Slope of LM:
8-6 2
Slope of LM = ——— =
- 3-(4) 7
| Slope of MN:
' 10-8 2
SI S—=c
ope of MN g T

Since Slope of LM = Slope of MN = ;, the points are collinear.

)  Points: X(a,2b),¥(c,a + b),Z(2c - a,2a)
Slope of XY -

(a+b)—2b_a-b
c—a T c—a

Slope of XY =
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Slope of YZ:

2a—((l+b)=ﬂ"b
Slope of YZ = '('2‘[:'};7:: c—a

2= the points are colline
- ;

a
Y = S‘OPC of YZ = o ar, .,

Since Slope of X

Find k so that the line joining A(7,3); B(k, ~6) and ¢,
n : :

line joining (-4, 5) ; D (‘6’_ 4) A "

i)  parallel (i)  perpendicular,
Sol Sg) find k such that the line joining pomt§ .t.l(.7,3) and
B‘El; —6) is parallel or perpendicular to the line joining points
C(-'4 5) and D(—6,4), we will use the concepts of slope.
Step l, Find the slope of the line joining points C(—4, 5)
and D(—6,4) o |
The slope mp of the line joining points C(xy,y;) and D(x,, )
is given by: :

7]
b

2l |
e X2—x
Substitute the coordinates of C(—4,5) and D(=6,4):
4=5 - vig~>o)

hrraant s S M0

()  To make the lines parallel

For two lines to be parallel, their slopes must be ‘equal. The _
slope of the line joining 4(7,3) and B(k, —6) is:

Myp = me > —_9
kn? k<7
For the lines to be’ parallel, we set m,, = Mep:
.
k=773

Now, solve for k:

-9X2=1x(k_7)

4_—_\\

"18=k_7 ~——
k=-18+7=_y,
50 for the lines o be parallel, f = -11.

——

“To make the lines Perpendicular
flor tWO lines to be perpendicular, the

Product of thej; slopes
must be —1. Therefore, we require: )

mAB X mCD ==1
. 1 C
SUbStltute Mep = 3 and myy=—;

k-7
_9 1
. p—7%7="1
Now, solve fork:
. L] 5 _9
=9
Multiply both sides by 2(k — 7) to eliminate the denominator:
=9 ==2k~=1
Simplify: |
; o -9=-2k+14
Solve for k:
: -9-14=-2
—23=-2k
k= 23
ey

- ) 23
So, for the lines to be perpendicular, k = =

4, - AUsing slopes, show that the triangle wi.th its vertices
A(6, 1), B2, 7) and C(-6,-7) is.a.right triangle. .

Sol.  To show that the triangle with vertices A(6, 1),‘119t (zc'hZEk

and C(—6,—7) is a right triangle using slopes, w; nceT w‘c; -

iftwo of the sides of th tiangle re perpendicalar. Two in

e perpendicular if the product of their slopes 1s €q

\
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e L e,
N Find the slopes of the sides of tl;elt)r::;ge.
Z;f(l))PlE OF SIDE AB (BETWEEN POINTS A(6,
gf(lz'zo)r)r;lula for the slope of @ line joinirig two points (x1,y,)
e

and (x2,y2) i: e .

a0 X2 — X1
For points A(6,1) and B(Z,;/) _ . 3

- S e =

Ms=3_"6 —4 2
SLOPE OF SIDE BC (BETWEEN POINTS B(2,7) AND
c(-6,-7)):
For points B(2,7) and C (-6,-7):

~7-7 _

Mec="g—2 -8 4 |
SLOPE OF SIDE AC (BETWEEN POINTS A(6,1) AND

C(-6,~7)): |
For points A(6,1) and C(—6,~7):
=7-1_ =8 2
Muc=Tg—%. =iz 3
Step 2: Check if any two sides are perpendicular.

Two lines are perpendicular if the product of their slopes is —1.
We check the slopes of different pairs.of sides:
CHECKING AB AND BC:
'- ' Y\ 7 21
e x made{ ) x = -5
Siqce this is not equal-to.—1, the lines AB and BC are not
perpendicular.

CHECKING AB AND AC:
3, 2
myp X Myc = (— E) X §'= -1
Since this is equal to —1, the lines AB and AC a;é

perpendicular.

e right angle at vertex A.

be —_1:

Conclusion:

since the linies AB and AC are Perpendicular, ¢p,

Jertices A(6,1), B(2,7), and C(~g, ~Misarigh triangle wig,

Utriangle, with
§. Two pairs of points are given, p
" lines determined by these points
(i) parallel (ii)
(iii)  none.
- (a) 1,-2), (2, 4) and 4,1), (=8, 2)
®  3,4),(6,2) and (4,5), (-2, -7)
Sol. (a) Points: (1,-2),(2,4) and (4, 1), (-8,2)
SLOPE OF LINE L(BETWEEN (1,~2) AND (2,4));
€ X=X 2-1 1+ 1
SLOPE OFLINE 2 (BETWEEN (4,1) AND (-8,2)).
Y.~
X-x -8-4 -12 12
CHECK FOR PARALLELISM: _
For the lines to be parallel, their slopes must be equal. Since

ind Whether the fwo
are:

Perpendicular

m, =

1 ;
my=6and my, = ~ P the lines are not parallel.

CHECK FOR PERPENDICULARITY:
For the lines to be perpendicular, the product of their slopes must

: 1 ..
mixm2—6x—-ﬁ— 273
Since the product is not —1, the lines are not perpendicular.

Conclusion for (a): The lines are neither parallel nor
Perpendicular. . '
(b) Points: (—3,4), (6,2) and (4,5),(=2,~7)

SLOPE OF LINE 1 (BETWEEN (~3,4) AND 2(6,2))-'
‘ ; 94 =2 -
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-12 3_

— o2 (BETWEEN (4

SLOPE OF LINE 2 (F g K
m="3-4 =6

CHECK FOR I‘ARALUZLISM:

For the lines to be parallel, their slopes

- i ot parallel.
m, -—-'—;,Eandm, = 2. the lines are not p

‘CK CULARITY:
CHECK FOR PERPENDICULA .
For the lines to be perpendicular, the product of their slopes myg

be -1:

must be equal. Since

-2 -4
mlxmz=—§—x2=—9_—

Since the product is not ~1, the lines are not perpendicular,
Conclusion for (b): “The lines arec neither parallel g,
perpendicular.
Final Answer: :
e For (a): The lines are neither parallel nor
perpendicular. )
¢ For (b): The lines are neither parallel nor
perpendicular. ‘
6. Find an equation of: ' ® %
-(a)  the horizontal line through (7, ~9)
(b)  the vertical line through (-5, 3)
(c)  through A(-6, 5) having vslope 7
(d)  through(8, ~3) having slope 0
(¢)  through (8, 5) having slope undefined -
(O  through(-5,-3) and (9, -1)- '
(8)  y-intercept: -7 and slope: -5
(fl) x-intercept: -3 and y-intercept: 4
()  x-intercept: -9 and slope: —4 »

Sol.  To find the equations of lines, we use the general forms:

° H . . =
orizontal line: y = ¢, where ¢ is the y-coordinate. _

i
i

o Verticalline: x = ¢ whep, »

o Line with slope m througp, :
point-slope form: v

he x-coordinatc.

nt (x,,y,): Use the

Y=y = m(x~xl)
¢ Line through two points (x,

Y1) an :

it e shoos 1y = Bk 1) and (x0.y,): First
F— thenuse the point-s|

form' ¥ llpe

@) Horizontal line through (7, -9);
A horizontal line has constant.y-vajye.
= -4
ory+9=9
(b)-. Vertical line through (-5, 3):
Awertical line has constant x-value:
=-5
or x+5=0
()~ Through A(—6,5) having slope 7:
Using point-slope form:
y=5=7(x+6)
Simplify:
y=Tx+42+5 = y=Tx+47
or 7x-y+47=0
@ Through (8, -3) having slope 0:

A slope of 0 indicates a horizontal line:

y=—3

i, Y
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' o y+3=0
slope:
Through (-8,5) having undefined slqp
N o , ertical line:
An undefined slope indicates @ vertical
x=-8
or x+8=0
® Through (-5, -3) ap_d o, —-}); _
- First, find the slope: o
-1-(-3) _ 1+3-=_2_=_1_
m=——C5 ~9+5 14 7

Now, use the point-slope form with point (=5 —3)

y - (—3)-—(x (-5))

Simplify:
1
y+3=z(x+5)
N A LY
=—x+ooiyR 'y=lx—§
; i
or x=7y=16=0

(g y-intercept:‘ -7, Slope: ~5:
Use the slope-intercept form y = mx + b:
=—5x-7
orSx+y+7=0,

ﬁ x-intercept: —3, }’m

Using the two intercepts, we can find the slope:

,m = i - f
0-(-3)"3
Using slope-intercept form:

4
}'—3x+f
Jordx-3y+12=0

@  x-intercept:~9,slope: —4:

At the x-mtercept ¥ = 0, so the point is (—9,0). Use the point-
slope form:

y—0=-4(x+9)

* Simplify: y=-4x-36

or 4x+y+36=0

7. . Find an equation of the perpendicular bisector of the
segment joining the points A(3, 5) and B(9, 8).

Sol.  To find the equation of the perpendicular bisector of the
segment joining points A(3,5) and B(9,8), follow these steps:
Step 1: Find the midpoint of the segment AB
The midpoint M of the segment joining two points (xy,y,) and
(x2,¥,) is given by the formula: ‘

X3 X3 J’1 + )’z)

e ( 2 2

SUbstntute A(3,5) and B(9,8) into the formula:

(3 +9 5+ 8) ¥ (122 123) (6,6.5)

— —

2 ' 2
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/_/

pe of the lin¢ AB

Find the slo o AQx ) and B(x2,¥2) is

Step 2:
y pe MaB of the line join

The slo
given by: X;}ﬁ_
Mag — Xy = Xy

s of A(3,5) and B(98):
g-5_3

_.__-——-—'—"‘i'

Mg =g -3

Step 3: Find the slope of the perpendlcular bisector

The slope of the perpendlcular bisector is the negative reciprocal

Substitute the coordinate:

of the slope of AB. Since the slope of AB is 3, L the slope of the
perpendicular bisector is: i
Mperp = —-:1.- ==-2
2

Step 4: Use the point-slopc form to find _the qqqation of the
perpendicular bisector . :
The point-slope form of the equatlon of a line is:
 y-p=mE-x)

Where m is the slope, and (x3,1) is the point thro'ugh which the
line passes.
Substitute m = —2 and the mldpomt ‘M(6,6.5) mto the pomt-
slope form:

y-65= -2(x 6)
Simplify the equatlon

y-65=-2x+12

ot —2x +12 4.6.5 -

y=-2x+185
Final Answer:
- The equation of the perpendicular bisector is:
=-2x+18.5

ordx+2y-37=0

g s

/}Tl:d an equatlo
. n of the line througp, (~4,

perpcndlcular to a line haying slope = 3

gol. To find the equation of the Jine 1hrough (~4,
pcrpcndxcular to a line with slope m = 23 follow th

gtep 1: Slope of the perpendicular Jine

The slope of a line perpendicular to a
reciprocal of the original slgpe;

1
Mpempendicular = —— = — l— = E
m 23
’ 2
Step.2: Equation of the line
Use the point-slope form of a line:
| Y=y =mx-x)
Here, (x1,¥1) = (—4,—6)and m = g
~ Substitute these values:
2
y=(-6) =5 (x - (-4)
2
y+6= 3 (x+4)
Step 3: Simplify the equation
. 3
Distribute =:
3
2 8
y+6=3% +3
2 8 _
Subtract 6 from both sides: ¥y = + ==5

R e R g I

given line is the negative
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-;t-:-r'ﬁ s 3¢ 3 Saction with 2 Jemorunate? of 3
o 2 8 18
y=3**373
Combeme the constants:
2 10
\'=§x—3

or Xx-3y-10=0

9.  Find an cquation of the line through (11, -5) 5pg
parallel to a line with slope -24.

Sel. To find the equation of the line through the point

(11, —5) and parallel 10 2 line with slope —24, follow these

s '

Step 1: Find the slope of the parallel line

Since the lines are parallel, they have the same slope. Therefore, the

- slope of the new line is the same as the given slope, which is —24,
Step 2: Use the point-slope form of the equation

~ The point-slope form of the equation of a line is:

| Y=y =mlx—x;) _

where m is the slope and (x,,y,) is a poinit on. the line.

Substitute m = —24 and the point (11;~5) into the point-slope

form: ,

¥ —(=5)= ~24(x — 11)
Simplify: |

y+5=-24(x - 11)
Now, expand the right side:

Y +5=-24x + 264
Subtract 5 from both sides to solve for y:

Y =-24x+264-5
Y= -24x 4+ 259

._:. TS

/'——__—\

Final Answer:

| he equation of.lhe line through (11,,5) 0 s

| withslope =24 is: Porlle] 12 g
'i

Yy=-24x 4 259
or 24x+y-259=9

. 10.  Convert cach of the follgwipg €quations
intercept form, two intercept form o slgpe
{ and normg) form
(@ x-4y+11=9 () +lyoaeg
() 15y-8+38=9 -
Sol.  To convert the givenequations into slope-intercep:

3 rm. foliow these stene
for each equation: : these steps

1.Forms of the Equation:

. _Slope-lntercept Form:

A =

Rearrange to solve for y.

. Two-Intercept Form:

£ ¥
a-l-b._1

Divide Sy the constant to expfess the intercepts.
¢ Normal Form:
' ~ xcosf + ysind =p
Normalize the equation so that the coefficient of x2+ytisl.

(@)  Equation: 2x —4y+11=0

(i) Slope-Intercept Form:

111

) p==X+
3y —dyli=0 = ~dy=—2MMAEEE 4.
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T ——

Form
i) Two-InterceP! 0

eXpIess
< Divide the equation py 1110€ P

it in intercept form:

Re..«ting:

Normal Form:

(iif)
Rewrite the equation in standard form AX + By+C =0, Where .
A,B,and C are divided by VAZ + B%:

IO VAT 6=V = 2

Normalize:

2x—4y+11
25

:0:>;—-

<9 g
xcosa =——<0 and sing=—=>0
25

25

1 1
xcos(1 16 57°) +ysin(116.57°) =—=
25
(b) Equation:4x+7y-2=10
(i) Slope-Intercept Form:

4x+7,}"2=0:7y=.4x+2:yz_ix_i_i
7

i) Two-]nterccpt Form:

\

Di vide by 2 to express intercepts:

(iif) Normal Form:

Normalize:
4x+Ty~ 2 4x 7y
i i
- or xcos(60.26") + ysin(60.26") = 2

65
©) Equation: 15y —8x+3 =0
(i Slope—lnteréept Form:

15y—8x+3=0:>15y=8x-3:>y=%x-lg

B i), Two-Intercept Form: (i+%=l)
\ o =

—8x+15y=-3
Divide both sides by -3 -

-8x 1_§l - 3
o
8x
—-5y=1
3 y=
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(iii)

11.

8_";+(-5,\') =1

w
n
o

oo | W =
'Jl' ___\'1

Normalize
15y-8x+3=0

—8x+15y=-3
o O (15) =264+ 225£289 = £17

To make R.H.S positive :

Dividing both sides by “17”

-8x 15y -3 '
—————

-17 =17 -17

8x 15y 3

—_—t =

17 -17 17

Comparing it with xcosa + ysina = p

= cosa=£>0 and .sina=<——15<0,
: 17 17

= Angle @ lies inA4‘_h quadrantand-a =298.070
= xc0s298.07"sin298.07" =% |

In each of the'following check whether the two lines are

(i)  parallel’ (i)  perpendicular

(iii)  neither parallel nor perpendicular
@ 2x+y-3=0 s dx+2p+5=0
b) 3p=2c+5 s 3x+2y-8=0

(C) 4}’+2x—1=0 3 x_‘.2y—7‘=0

Solution: To determine whether the given lines are 'para“d’

perpendicular, or neither, we compare their slopes-

__/

fcy Steps:

Rewrite each line in slope.
identify the slope m.

Check:
o Parallel lines: Slopes are equ;il m
1 = mz.

o Pcl:pendicular lines: Slopesare .
reciprocals m; - m, = +q Negative

- o Neither: If neither.conditiop, is satis

im"c%pt fo
+cto

; fied.
(@) Lines:
e 2x + Y= 30
Rewrite in slope-intercept form:
=-2x+3 (slope: m; = ~2),
o 4x+2y+5=0
| Rewrite in slope-intercept form:
Yy =—dx=5=> y=—Syes
y=—4x-5=y= 2x—5 (slope :m, =-2).
Comparison:
Since my = m, = —2, the lines are parallel.
(b)  Lines:
"~ e 3y=2x+5 .

Rewrite in slope-intercept form:

y_-§x+3 (59pe.m1—3 3

3x+ 2y —-8=0
Rewrite in slope-intercept form:

: w8 3
2Y=—3x+8=>y§—-5x+4 (slope.mz— 2)
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(¢)  Lines:
« 4y+2x-1= 0' ;
Rewrite in slope-intercepl form:

§:= 8 N
4,\'=—2x+l=>.\'=—51+; (S'OPC-”'.—-E)

o x-2y-7=0
Rewrite in slope-intercept form:

7 ( dope:m <
e slope: m, ==
Compr 4

Sincr =myandmy Xm, F-1

']‘ =

b |

» ¢ parallel nor perpendicular.

Find an equation of the line through (—4,7) and parallel

to the line 2x — 7y + 4=0.

Sel. To find the eguation of the line through (—4,7) and

parallel 1o the line 2x — 7y + 4=, follow these steps:
Step 1: Find the slope of the given Tine

Rewrite the given equation2x — 7y + 4 = O in slope-intercept

fomy=m+c,whaemistheslopc.

2-Ty+4=0=-Ty=2x-4= y=%x+-§-

Thus, the slope of the given lineism = 2.
7

Step 2: Use the same slope for the parallel line

: ve aslope of m = 2

qop Use the point-slope form 1 fing the equation g ...
1 b nt-slope form of the equation ;.. '

Y=Y1=mlx - ¥

= (- 2
where (x1,Y1) = (=47) and m =2

gubstitute these values:

y=7=2
=3 (x+4)
Step 4 Simplifi-the equation

P o 2
A!'ismbm the slope =

Add 7 to both sides:

Express7as?:

2 .8 49
b i BT

3 "
Combine the constants:y = X+

Final Answer:

The equation of the line through (-4,7) and parallel to the line
~7y+4=0is

\

lines have the same . ‘
il same g i
> PE, the line throuy)

- 4‘7/
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- Example 14: On a map, Town 4 is at coordinates (2,3) and ToW"

y =;7-x +—7—
or 2~\"‘7J’+57=0

Find an equation of the line through (5, -8) - 1
perpendicular to the join of A(-15, 8), B(10, 7).
Solution: A(=15,-18), B(10,7) : 7‘ o

% =B
Slope of AB = T015)

13.

b Nt
_1-8 15
Pals 2B |
The Slope of line perpendicular to- 4B = m, We know thyt
for perpendicular lines,
myxmy =—1
3
Fxm == 1
=5
iy, =
273

Whe values:

Since line passes through point (5, —8),'so-we cgn,'take
(x1,y1)=(5,-8) : | ’
The point — slope of equation is: :
Y=y =m(x-x).
4 N '
y-(-8)= ?(1-5)
3(y+:8) ==5(x-5)
3y+24=—5x_+25 :
= 3y+24+5x-25=0 '

= Sx+3y-1=0 .~

Bis at (—4,~1). What is the distance between the two towns?
Solution: Use the distance formula:

A d=\/(xz-x|)+(yz—y,)2

/

\
e

2. 3 y
{I= V(-4—2) +(-1 -3) = (”6)' +(~4)2 :\/36\
Thus, th‘e distance between Town A and Toyy ) + 16= 5 %72
7_2[ units. . 1 approximately
prample 15: Suppose two cities, Cify 4,00 .
represent.ed b)f the coordinates (3, 4) and A nd City B, ape
straight-line distance between the-yo,ciq » Y ORamap. Find e

: ies.
Solution: We apply the distance formy]a:

. d=[aB= |(7~3)" +(1—ay
A Bl (o) + (3
de |- T6+9 = 5 -

: 'Thu_s’ the straight line distance between City 4 and City B is 5
units. . ’

Example 16: An Engineer is building a bridge between two points
on a riverbank. Suppose the coordinates of the two points where

the bridge will start and end are (2, 5) and (8, 9). Find the _

cbordin'ates of the midpoint, which will represent the center of the
bridge. ‘

‘ Solution: We appIy the midpoint formula:

= (2822)
2 2

10 14 :
===l
( 272 ) " ,
Thus, the centér of the bridge is at the point (5, 7)

Example 17: A landscaper is designing a triangular garden with
corners at points A(2, 3), B(5,7), and C{6, 2). Calculate the lengths

of the sides of the triangle.
Solution: Use the distance formu

la to find the length of each

Side:

N —
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=
|"BI \/;;T’ f—Stllllls
= (6= +(3=7)

-

jac|= (6~ 2)' +(2-3)

[acl= Jar
|—‘| Ji6+1 = Jit= 4.12 units

Thus, the lengths of the sides of the tr1angular garden are:
mAB = 5units, mBC =55.10 units mAC 4.12 umts

Example 18: A pilot needs to wravel from city 4(50, 60) 10 city
'B(120, 150). Determine the heading angle the plane should 1ake

relative to the-east direction.
Solution: The heading angle can be calculated using the slope:

150-60_90_9

m™=120-50 70 AJ ()
Let @be the required-angle, then
tan()=’m=2

9

o= (7)

6=tan™' (1.2857)

0= 52.13°

Thus, the plane should take a heading angle of 52.13° north

of east.

Py

-

—

/ e ——
gample 19: Abdul Hadi iy trave ling fie —

o ——

N [Long “Udb 50" /)t() p(nm Bl atitude I’(r)r { ,[v' 1]t

Find the midpoint of his journey in terrms o . Nyt
golution: Given that

Point A(Latitude 10° ¥, Longitude 507

Point B(Latitude 20° N, Longitude 6

10° + 20
i

e i) /,,

altude and |,

) /

Midpoint latitude = SNV
- . _ 0% %60"
Midpoint longitude = S =55°N

Thus, the midpoint of Abdul Had;’
Latltude 15 N Long]mde 550 E S JOUva 10_‘1 l.
Example 20: A landscaper is designing a straight pathwa: frorm
P(2 3) to. Q(s 9) What is the length of the path ka‘pl? way from

Solutlon. The length of the straight pathway can be fo
the dxstgmpe formula:

Distance = \/(x2 ) +(n-n)
= J(8-2)" +(9-3)’

und ..l,l" 4

: 36+36 =62
So, the lgngth of the pathway is approximately 6,/2 units.

EXERCISEE

L If the houses of two friends is represented by
coordinates (2, 6) and (9, 12) on a grid. Find the straight
line distance between their houses if the grid units

‘represent kilometres?
Sol.  To find the straight-line distance between two points on

grid, use the distance formula:

d=J0 -1+ 0 -n)?

Here, the coordmates of the two points are:
(x1,71) = 2 6) (x2,y2) = O 12)

i
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.’” = s——— . » ‘\
/Imit yte the \‘I\l"ll'n“j'“(‘_ — ,).‘
Step 1: so _‘,',iﬁw‘ T - 6)

1.’ = N \ -
fferences

3. Simplify the di

St =73 (6)
* d= V(N4

are the values

step 3 Squ :
—— d=Vv49 + 36
Step 4: Add and simplify -
d= \"85
i 3 oot
Step §: Approximate the square I
T F d =922

Final Answer:

The straight-line d
9.22 kilometresl

2 Consider a straight trail (represented by coordinate

plane) that starts at point (5, 7) and -ends at point -

(15, 3). What are the coordinates of the midpoint?
Sol.  To find the midpoint of a line segment with endpoints
(x,,7:) and (x,¥,). we use the midpoint formula:
X +X Y112
vy
Given the endpoints are (5,7) and (153)}
Step 1: Substitute the coordinatés into.the midpoint formula

S 19 N3
=T)
Step 2: Simplify
20 10
(77)= a0

Final Answer:
The midpoint of the trail is:

(10,5)

.stance between their houses is approximately:

I R

e e ——

1, An architect iy ""'ﬂ"iﬂz * park w"»';..-
located at (10, 8) and (4, 3) ok two building,

' ' " rd. (.

straight-line distance hetween 1y, ‘:ml'd‘.alculale the
the coordinates are in metery ES. Assume

ot To calculate the straight-|ine distance bt

» HNCE betwee

- two Wy
(0, 1) and (2, ¥2), we use the distance formuty. |

d =l =) ¥ G,y
step 1: Identify the coordinates
The coordinates of the buildings are:
(x, 1) = (10:8) and (Iz,yz) =(4,3)
Step 2: Substitute the coordinates into the fonﬁula
d=1/(4-10)7+ 3-8y

d = y(-6)% + (-5)2

Step:3: Square the differences

d =V36+25
Step 4: Add and simplify

‘ d =61
Step 5: Approximate the square root
d=~781
Final Answer:
The straight-line distance betveen the buildings is
approximately: '

4. . A delivery driver needs to calculate the distance
between two delivery locations. One location is at (7, 2) and the
other at (12, 10) on the city grid map, where each unit
represents kilometers. What is the distance between the two
locations?

Sol.  To calculate the distance between two points (¥1,Y ;) and

(xy, ¥2) on a grid, we use the distance formula:

S
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—_—

2
d___M‘”)

the coordinates

. 3 \arc:
The coordinates of the two locations S
) = (72) and (xpy2) = (12
. _inates into the formula

" Step 1: 1dentify

Step 2: Substitute the coordin
d=y(12- 7)?% + (10 - 2)?

d=J)?*+ (8)?

Step 3: Square the differences

Step 4: Add and simplify

d =89

Step 5: Approximate the square root
d=9.43 "

Final Answer: ' \
The distance between the two locations is approximately: -
[9.43 kilometers|

- 8 The start and end points of a'race track are given by

coordinates (3, 9) and (9;13). What is the midpoint of

the track. -
Sol. To find the midpoint of the race track, we use the
midpoint formula, which gives the point halfway between two
given coordinates (xy,y;) and (x5, y,): o
(x1 +x y1+Yy2\
B Tag )
Step 1: Identify the coordinates
The start and end points of the race track are:

(xlryl). = (3:9) and (xz,yz) - (9113)

_/

6. . Thecoordinates of two points on a road are A

step 2 Substitute the com
(3 +9 9413 dpoint fory,

zZ "I

. 2
Step 3 Simplify the calculations
12 22
(73)= 6w

Final Answer:
The midpoint of the race track is;

(6,11)
B (7, 10). Find the midpoint of the road. "
Sol. To find the midpoint of the road between the two poi
A(3,4).and B(7,10), we use the midpoint formula: pos
; ' (xl +X ity
| )
Step 1: Identify the coordinates

"' The coordinates of the points are:

A(34) and B(7,10)

~ Step 2: Substitute the coordinates into the formula

(3+7 4+10
77 )

. Step 3: Simplify the calculations

Final Answer:

_The midpoint of the road is:

| % &)

7. A ship is navigating from Port A located at (12°N,
65°W) to Port B at (20°N, 45°W). If the ship travels along the
shortest path on the surface of the Earth, calculate the straight

line distance between the points.
Sol. Location of port A(12°N, 65°W) = (- 7)

———
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00N’ 450W) & (-\‘2) yz)

Location of port B(‘?. )
By using Jistance formuld
! : -

d =%~ %) +( —)I)
R

4B |=J20-12)" +(45- 65)

| 4B |=®) +(20)* = J64 +400

= J464 = 21.54 units

8 Farah is fencing around a rectangular field with corners
. fencing material wij|
,(8,5) and (8, 0). How much i
AR O ter of the field?

she need to cover the entire perime

Solution: To determine how much fencing material Farah wil]
need, we first need to calculate the perimeter of the rectangular

field. _
Step 1: Use the distance formula to find the lengths of the sides

The coordinates of the four corners of the rectaﬁgular field are;
| (O'O): (0,5), (8,5),(8,0)
Length of the first side: ‘

From (0,0) to (0,5), the horizontal distance is 0 = 0 = 0 and the
vertical distance is 5 — 0 = 5. Thus, the length of this side is 5
units. g :

Length of the second side:i

From (0,5) to (8,5), the horizontal distance is 8 — 0 = 8 and the

vertical distance is 5 — 5 = 0. Thus, the length of this side is 8
units.

Length of the third side:
From (8,5) to (8,0), the hOdzoﬁtal distance is 8 — 8 = 0 and the

vertical distance is 5 — 0 = 5, Thus, the length of this side is 5
units. , .

/

' The perimeter P of the rectangle is the su;n of the le

l. 10. A land surveyor is marking out

agth of the fourth side:

From (810) fo (010), the hOI’iZontal diStanc
yertical distance is 0 =0 =0. Thus, the |e

units.

ei38—0»=8and
th
ngth of this gide is 8 e

Gtep 2¢ Calculate the perimeter

ngths.
four sides: ..g s of al]

P=2x(5+8)=2x13=26
anal Answer:

Farah will need.26 .units of fencing material to cover the entire
perimeterof the field. ; .

9. An airplane is flying from City X at (40° N,100° W) te

City Y at (50°N,80° W). Use coordinate geometry,

~ calculate the shortest distance between these two cities.

~ Sol: By using distance formula -

d =06, %)+~ »)’
~ Putting the values ]
- | XY [= /(50 - 40)? +(80-100)?
: =\/(10)’+(—20)2 )

=/100+400

=500

=+/100x5

=10J§ zZi.4 units -

a rectangular plot

fa:
land with corners at (3, 1), (3, 6)» (8, 6), and (8, 1). Caleuf-e

__ the perimeter.
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3, 1), B3, 6). CB,6),

Al
Soi Let coordinates of corner aré (

D(. 1) oth and width of rectangular plot by

First we find len 1
using the distance formula. -

d =(x -x)+ (0 -
Finding length 4B

8] = G- +6-V

= Jor+r

_ 5775 =35 = sunits
Finding width BC
 [Bc] = 8-37 +(6-6

= J57 +(0) =425+0 =/25 =0 units
We observe that rectangular plot is a square
Finding perimeter
Perimeter = 4]5‘
= 4(5 units)
=20 units
11. A landscaper needs to install a fence around a
rectangular garden. The garden has its~corners at the
coordinates: A(0, 0), B(5, 0), C(5, 3) and D(0, 3). How much
fencing is required?

- Sol.  First we find the lengthand width of rectangle using
distance formula.

(- P=4)

d Eflr, =)+ (o, -y,
Length of side 4B : A(0, 0), B(5, 0)

- L=[aB]= J5-0y+ -0y
= J(5)* +(0)?

= 5+0=25
=5 units

/Lc ngth of side BC ; B(s, 0), cgs, 3)

w=[BC| = =57 +Goy

= J(0) +(3)?
= \’0"-9 =\/§-=3

We know that fencing requireq ; .
iy & required is equal to the perimeqe;
Perimeter =2(L +
P =2[5+3]
P =2(8)
P =116 units

REVIEW EXERCISE

"' Choose the correct option.
The equation of a straight line in the slope-intercept form
is written as:
@ y=mx+c) ®)  y-yi=m(x-xi)
© y=c+ms @) a+bytc=0
- The gradients of two parallel lines are:
(a) equal . (b) zero
(c) negative reciprocals of each other
(d) always undefined - :
(iii) If the product of the gradients of two lines is —1, then the

lines are: _
- (a) Parallel (b) perpendicular
() Collinear (d) coincident

(V)  Distance between two points P(l, 2) and O(4, 6) is:
@ 5 ®6: © VI3 @4

™)  The midpoint of a line segment with endpoints (-2, 4) and
(6,-2)is:"

@ 42 o) e ¢H @60
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> 1V \Siﬂ .
i) A Ilm‘l f‘ \ (» \, o
. 3 -2 - (" m is:
(© ¥7TT i point-slope form 1S:
: aline i P e
iy The Cqummn,i' ; n b y- )»,l - m(A: x1)
(@ Vv :_ ’f’t\”,\" (d) ax +‘ by +‘ c=0
(«© 3- - ; ) o-in the slope-intercept form 1s:
(vii) 2o+ , =2x—2
(a) y=—x+2 ™ 7%
| - K2
o yelet @ 075
e ic form is:
. ion of a line in symmetric
(ix) Theeq:an:ﬂ ®) X=X Y=Y _z-g
gy =ooel 1 m 1
a
©) ax+by+c=0(d) | y—y,=m.(x—x,)
(x) The equation of a line in normal form is:
b Z+Z=1
(a) y=mx+c 2. b
() ﬁ:l_-_—y—‘ (d) xcosa+ysina=p
cosa sina '@ 15
Answers: , _| -
@ | ¢ | Gi)y| a | Giy] ® (fv) ) b
vi)| a [(vii)| b |(uii)|va | (ix)| c.| ¥
(vi) ,
Solve the following:
2. Find the distance between two points A(2, 3) anld B(,
8) on a coordinate plane.
Sol.  Step 1: Use the Distance Formula

The coordinates of the two points are:

The distance formula is given by:

* Point A: (2,3)
* PointB: (7,8)

d = (xzm

where (x1,¥1) and (x3,y;) are the Coordinates of

giep 2 Substitute the Coordinates jng, t

‘Subsﬁwte the coordinates of points A angd

WO poings,
Bi )
Into the f()rmu] :
d=(7-2)? 4+ (g3 a
d=+5%452 = 25+25=m
tep 3 Simplify the Expression
d=\/—56='\¢25x2=5\/§
Find the midpoint of the Jjne $
(4,-2) and (-6,.3).
sol.  Step 1: Use the Midpoint Formula
The midpoint M (xp, ¥,) of a line segment joining two points
(xy, y1)-and (%2, ¥2) is given by the formula:

: X +x +
MG, ) = (H 52 22 22)

he Formy

€gment joining the points

2
' Step 2: Substitute the Coordinates of the Points

| The coordinates of the two points are:
o Point 1: (4,-2)
e Point 2: (—6,3)

Substitute the values into the formula:

4+(-6) -2+3
M(xm')'m)ﬁ( ; )' 2 )

-2 1
MGim ) = (33)
M(xp, ¥m) = (=1,0.5) or (—L%)

Final Answer: ' :
The midpoint of the line segment joining the points (4,—2) an

(~63) s or ("’%)

\
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la
1. Tlse the Slope Formd! :
st Eslfne passing through two POIRS (x1,31) ang

he formula:

4.

Seol.
The slope m of
(xpy2) is @IveN byt 1
m= :
i 4. S X1

bstitute the Coordinates of the Points

: Su
Step2 points are:

The coordinates of the two
e Pointl: (1.2)
e Point2: (4.6)

Substitute the values into the formula:

6—-2 4

m=3"1" 3

Final Answer: - .
The slope (gradient) of the line passing

and (4,6) is .

5. - Find the equation of the line in the form y= mx+ c that
passes through the points (3,7) and (5, 11):
Sol. Step 1: Find the Slope (Gradient) of the Line
The coordinates of the two points are: ~
e Point 1: @3.7)
e Point2: (5,11) .
The slope m of the finie passing through these points is calculated

through the points (1,2)

using the formula:
o Nl
Tx—x
Substituting the values:
AR=T B
= ST3. 5T 2

So, the slope m = 2.

: : 2 .
| Given .hat the gradient of one line is e the gradi

Ilne&ance between these W0 cities. . ;

giap, -+ Use the FoiutSlape Formuta to Fing gro p————

. d -
The poinl-slopc form of the equation of 3 line the EQUa(lon

1S;
Y=V1=m(x-x)
we know the slope m = 2 and we can use gne of th
(3,710 substitute into the formula:
y=7=2(x-3)
step 3¢ Simplify the Equation
Now; simplify to get the equation in slope-intercept form y=

€ points, say

mx+c:’
¥—-7=2(x-3)
' W-=7=2x-6
y=2x+1
Final Answér:

The equation of the line in the form y = mx + c that passes

.through the points ‘(3,7) and (5,11) is:

y=2x+1
6. - If two lines are paralle_l'and one line has a gradient of
2 . ‘
3’ what is the gradient of the other line?

Sol. : Parallel Lines:
When two lines are parallel, they have the same gradient (slope).

ent of the other

25 A
Paralle] line will also be T
2

the other line is =

Answer for parallel lines: The gradient of
» ty A at coordinates

% An airplane needs to fly from ci

. te the straight-
(l 2,5) to city B at coordinates (8, —4). Calculate g
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, craight-line distance between two pojp, caf Answer:
Sol. To calculate the straigt L, alotmact qormule: 8 Fin Y s
ona coordinate planc_ we use the dF . ,l-hc m[dp()ln[ ol the gdnlcn path is 'E?
d=J@x2— Wi+ 02~ Y1) 9, A drone is flying from p"int"(izﬂ'
Step 1: Identify the coordinates of the two citics the grid. Calculate the gragien 10 point (1, 15,
e City A (xp.01) = (12,5) the drone is flying and the total :r‘he line """E;hi::
o CityB: (x2.72) = (8,—4) " sol. To find the gradient (slope) ang thlﬂta'nce traveleq,
Step 2: Substitute the values into the distance formula (he drone, we'll use the fOllOwing fol’mulu: distance 1., ., 2
d=@8-12)%+ (-4-15)? 1. Gradient (Slope) Formula: ’ '
d=J=4*+ (-9)? | The grad.ienf m of the line between 1w poinits (
i=JI6+81 : ‘ (x2,Y2) is given by: ¥\ X1.71) and
a=Vvo7 | m=22"%
: ; : By o
Step 3: Calculate the resul:i e i . 2. Distancé Formula: 27X
- ; = :he’dxstance d between two points (x,,y,) and (23.7.) is given
The straight-line distance between City A and City B is ()™ e ‘
: mi =Vl — 12+ (0, -3,
approximately [9.85| miles. : _ R : ) 274 2= Y1)
s - . B , o Step 1: Identify the coordinates of the two points
8. In a landscaping project, the pgth starts at'(2, 3) and o Starting point: (x5,y;) = (2,3)
ends at (10, 7). Find the midpoint. -\ =" | o Ending point: (x ) (A
Sol. To find the midpoint of a line segment with endpoints - Step 2: Calculate the gﬁ;dim (slo ' ) )
(x,,y,) and (x3,y2), we use the midpoint formula: i 15-3 plez 3
Midpoim=(1;x2,y1;y2) . : | 0-2 8 2
; g o, the gradient of the line is >.
Step 1: Identify the coordinates of the two endpoints Ste 3.g(1:' . .me 53
o Strting poigf DY = (23) ‘ : p 3: Calculate the distance traveled
» Ending point:(x,,y,) = (10,7) d=(10-2)*+(15- 3)?
Step 2: Substitute the values into the midpoint formula _ d =8 +12°
; - ikl - d = V208 = V16x13
Midpoint = (E 19) =4+/13 units
N2
Midpoint = (6,5) B e
/ S ———
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‘Final Answers:

10.

Sol.

(@)

The gradient of the line i .

o traveled by the drone is approximately
stanc

The di

units..

For a line with a !
write the equation of the lin

i ept form : |
83 ls’::pn:r:;:cf:m (using the point (1, 2)
(© Two-point form (using the points (1, 2) ang

(4'!"7)' :

(@) Intercepts form
() ~ Symmetric form
(  Normal form F
We are given the following information about the line:
Gradient (slope), m = =3 .
y-intercept, b = 2
Slope-Intercept Form: .

gradient of -3 and a y-intercept of
e in:

The slope-intercept form of a line is:

y=mx+b

Substitutingm = —3and b =2:

(b)

y==3x +2 -
Point-Slope Form: '

The point-slope form of the equation is:

Y=y =m(x—x)

- Using the point (x;,y;). = (1,2) and m = —3, we substitute int0
the point-slope form: '

©

y—2=-3(x-1)
Two-Point Form: . :

The two-point form of a line is:

y_}’1 ¥ x—x1 =
Y2— ) Xy = X1

~ Wherea and b are the X-intercept and y-

found by setting y =10 iin the slope.

Eins - ,pOimS Ceuyn) = (1,2 and ( \
qubstitute into the formula: 2Y,) = (4‘\7) i
. » We
Yy=3
@ Intercepts Form;

The intercept f9m of the equation js.

X y .
a+z=1

intercept respectiy
o L ) el
The y-Intercept is given ash =2, and the X-intercept 4
" €pt can be
intercept form y==3x42
S0z -

=—3x+2 = '.x=g

Thus, @ =7 and b' = 2, so'the equation becomes:

X
¥

St gk

w i)

(é) - ‘Symmetric Form:

The symmetric form of a line is:

y=-3x+2 .
'3x.+y=_2 .
Divide both sides by V3’ +1’ = \/1_0
£ e I
10 V10 10

or y 3x
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0 Norﬁml Form:
‘The normal form of a line is given by:
xcosb + ysinf = P,

“Where 6 is the angle the line makes with the positive 3-§xis, ang
p is the perpendicﬁlar. distance from the ~o.rvigii'1‘ to the line.

The sl.'obe of ihe lihe is m = 'A'—-3, so the angl¢ 0 is:

| 5 \ tan@ = =3 = 6= tan‘l(-—3)
-For the normal form, we also need the perpendncular distance p. The
»perpendmular dlstance from the ongm to the line Yy ==3x+2

is
calculated as:

121 2 -

Ve Vi

Thus, the equati'on of the line in norma] f_orm is:

| g
- xcos(8) + ysin(f) = ———
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