Unit 7 Coordinate Geometry

1. Define coordinate plane (Cartesian plane). y-axis

The plane formed by two straight lines perpendicular to each Qusdebiit B ™Y Quadrent]
uadran 14 uadran
other is called coordinate plane and the lines XOX' and
YOY'are called coordinate axes. (-, %) ST (+,4)
e
2. Define order pair. origin
: ; . 2 o B 2 | 0(0,0) x
An ordered pair of real numbers x and y is a pair (x,y) inwhich % ) U 7 St o peiiia
< . S \ L Ll Ll . Ll v Ll L s , .
elements are written in specific order. - =3 =2 — l] 1 2 9% 4
Note: (x,y) # (¥, x) - §) 1 e
3. Define origin. Quadrant Il =31  Quadrant IV
The point of intersection of two coordinate axes is called origin. —+
vy

4. Differentiate between abscissa and ordinate.
The x-coordinate of the point is called abscissa of the point P(X, V)and the y-coordinate is called its
ordinate.

5. What are the coordinates of points lying on the axes?
e Onthe x-axis: (a,0)

e Onthe y-axis: (0,b)

6. Define distance formula.
If A(x1,y1) and B(x5,y,)are two points and d is the distance between them, then

Muhammad-Ffayyal{EHS Christian Daska)

Note: |AB| stands for mAB

7. Define midpoint formula.
If A(x1,y,) and B(x,,y,)are two points in the plane, then the mid-point M (x, y) of line segment AB is

X1+ X +
M(x,y):< 1 " 2 ’}’1 23’2)

8. What is the inclination of a line?
The inclination of a line is the angle & (0° < a < 180°) measured counterclockwise from the positive x-axis
to a non-horizontal straight line .

y Y ¢
K 14 A 4 A
a=0°
< >
o =90°
a Ls =i Lo
> X s X X
oy ' TR R 0 :
/ O ¢y x-axis £ y-axis
e Ifthe line £ is parallel to the x-axis, thena = 0’
« If the line £ is parallel to the y-axis, then a = 90°
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9. What is the slope or gradient of a line?
Slope or gradient of an inclined path is a
measure of its steepness, denoted by m. It

is defined as the ratio of rise to run:
rise y
m=——===tana
run  Xx
In analytical geometry, for a non-vertical
line with inclination «,

m = tana

10. What are the special cases of slope?

(i) If is horizontal, its slope is zero.
(i) If € is vertical, its slope is undefined.

(i) If0°<a<90° then mis positive.
(iv) 1f90° < a < 180° then mis negative.

11. What is the formula for the slope of a line passing through two points?
Theorem: If a non-vertical line [ with inclination a passes through two points P (x4, y;) and Q (x5, y5), then
the slope or gradient m of the line is given by:
Yz =M1
X2 —X1
Proof: Let m be the slope of the line [. Draw

m = =tana

perpendiculars from the points:
e PM from P to the x-axis
e QM from Q to the x-axis
Muhammerd Tayyab (¢
ow:
e MLRPQ =«
e MmPR=1x,—x;

_ > X
e MQR=y,—»
Using the definition of slope from the right triangle
PRQ:
Y2—W1
m=tanqg = ——
X2 — X1
Casel: When 0 < a < g
In the right triangle PRQ,
V2—WM1
m =tana =
X2 — X1
Case ll: Wheng <a<m
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In the right triangle PRQ

y2 — N1
% — X
Yo.— Vi

tan(m —a) =

—tana =

X2 —X1
Thus, if P(xq,y1) and Q(x;,y,) are two points on a
line, then the slope of<P_Q) is given by:

Y20
X2 — X1
Vi~ Y2
or =
X1~ X2
Theorem 2: Let two lines [; and [, have slopes m, ne symbol:
and m,, respectively: (i) || stands for “parallel”.
(i) Lines are parallel if and only if m; = m, (ii)) J stands for “not parallel™.
(ii) Lines are perpendicular if and only if m; = ;1—1 or (iii) 1 stands for “perpendicular”
2
m1 - m2 - _1
Note:
) mq,__)’z 3710rm¢ —V2
X1—X2 X2~

Muhammac 'ffm'y'm LAGHE Christian Daska)

(iv) Ifslope of AB = slope of BC then the points 4, B, and C are collinear.
12. Show that the points A(—3,6), B(3,2), and C(6, 0) are collinear.

- _Y2— N1
Sl AB =
ope of P
_ 2—6
- 3—(-3)
=
G
2
E
and
. d2 N
Sl BC
ope of o
0-2
6—3
—2
3

~ Slope of AB = Slope of BC
Hence, the points 4, B, and C are collinear.

13. Show that the triangle with vertices A(1,1), B(4,5), and C(12, —1) is a right triangle.

Y2—N1
Slope of AB =m, =
X2 — X1
5-1
4—-1
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m1:

3
and
— Yo — ¥
Sl BC = —
ope of m, rr——
_ —-1-5
12-4
—6
8
_ -3
m, = 2
Since

mm = ()5

ml-m2=—1

Therefore, AB L BC. So AABC is a right triangle.

14. What is the equation of a straight line paralle
A line that goes left to right (horizontal) is called a |
to the y-axis. The equation of this line is:

| to the x-axis (or perpendicular to the y-axis)?
ine parallel to the x-axis. It is also said to be perpendicular

y=a
Ay Ay
‘
< , > Ay
I 5 3 x & | a-0 X
0 £ || x-axis ! o 4!1 a<0 3 o ¢ || x-axis =
Muhe [ eipems |t £ or ¢ 1yais ASKQ)
£ || x-axis
or ¢ 1 y-axis

14. What is the equation of a straight line paralle

| to the y-axis (or perpendicular to the x-axis)?

A line that goes up and down (vertical) is called a line parallel to the y-axis. It is also said to be perpendicular

to the x-axis. The equation of this line is:

XxX=25b
£ y
A A A X
b —b—
b=0
b>0 = b<0
» X o > X > x
0 l £ || y-axis B ¢ || y-axis if) OI ¢ || y-axis
(i) or £l x-axis (i) or £1 x-axis 7 or £1 x-axis
15. What are the intercepts of a straight line?
The x-intercept of a line is the point where it crosses the x-axis. If the line oy
crosses the x-axis at (a, 0), then x-intercept = a. (0, b)
The y-intercept of a line is the point where it crosses the y-axis. If the line b
crosses the y-axis at (0, b), then y-intercept = b. a (a, 0)
€ > X
: , S 0 A
16. What is the slope-intercept form of a straight line? !
The equation of a non-vertical straight line with slope m and y-intercept c is:
y=mx+E
Prepared By: M. Tayyab, SSE (Math) Govt Christian High School, Daska. Mobile: 03338114798
Website: https://hira-science-academy.github.io Page 4 Of7




Note: If the line passes through the origin, then ¢ = 0. So, the equation becomes: y = mx

17. What is the Point-Slope Form of the Equation of a Straight Line? ; 4
If a non-vertical line with slope m passes through a point Q (x4, y;), then

~

its equation is:

y—y1 =m(x —xq)
A& .

18. What is the Symmetric Form of the Equation of a Straight Line. D
If a line passes through a point (x4, ;) and has inclination @, we know

from trigonometry:
Y—N»
X — X1
sina  y—y;
cosa X —x;

tana =

Rewriting:

X—X2 Y— M
= — =r (say)
cosa sin a

This is called the symmetric form of the equation of a straight line.

19. What is the equation of a non-vertical straight line passing y ¢
through two points Q (x4, y1)and R(x4,y1)? 1 Plx. v)
The equation of the line passing through two given points is: B i
B _yZ_yl _ }Q‘:/ Q(xwyl)
¥ J’1—x2_x1 (x —x1) .
- O
or Y=y, =2 (x—xy) «

X2 — X1

Muhammad.Tavyah(GHS. Ghristian Daska)

The equation of a line with non-zero x-intercept a and y-intercept b is:

x Yy

—+==1

a b
21. What is the equation of a non-vertical straight line €, where the length 2
of the perpendicular from the origin to € is p, and « is the inclination of B
this perpendicular? P(x, )
The equation of the line is: P R

. _ QQ/ Q
xcosa+ysina=p 4 A ”
0

22. How can the general equation of a line ax+by+c =0 be \f

transformed into standard forms?
The general form of a straight line ax + by + ¢ = 0 can be converted into different standard forms as

follows:
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i. Slope-Intercept Form:

b =0 -
BE=FEg v @ How do we get the point (—£, 0)?

by = —k —E
—ax — ¢ From the line equation:
= —
a c ar+by+e=0
p=—ph—3
a c Set y = () to find the x-intercept:
y=(-5)*+(-3) ¢
. . _ ar+c=0=2=—-
By comparing with y = mx + ¢4 a
a
m=-—-z So, the pointis (—=<, 0)
c
Cl = _E

ii. Point-Slope Form: We already Zound @ How do we get the point (0’ _;_;)?
slope from general form: m = ——

b Set 2 = () to find the y-intercept:
Take a known point on the line:

Let Q ( ) Using point-slope form: by+ec=0=>y= b
=m(x—x o 2
y=n= gl 1) c So, the point is (0. —;)
y=0=-3x=(-7)]
a c
— ——x—_
4 b a

ili. Symmetric Form: We know from slope: m = tana =

Nt tevsathit e dieed: T(&yﬁfab (GHCS-@th"IStIan Daska)

Using point Q (—;, 0) e r (say)

cosa sina

c
X +‘Z _ y —0

5 =g =r (say)
Ny R AN

iv. Two-Point Form: Choose two points on the line: A (—2, O) and B (O, —%)

Use two-point form:

y—y1 =22 (x — x))
1 Xy — Xy 1
Yz— Y1
= xX—Xx1)+
P ( 1)+ Y1
_% -0 .
y= 5 (x + —) +0
0+= a
a
-
y=—(x+)
a
—ca( " C)
= X
Y cb
—a( L C)
x —
Y b a
—a + —ac
= —x + —
Y= * " ha
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v. Intercept Form:
ax+by+c=0

ax + by = —c
ax by —c
—c —-c¢ —c
* ¥y
—_—t=—=1
“la "p
Where x-intercept = ¢/, and y-intercept = _C/b

vi. Normal Form:
ax +by+c=0
ax " by _ —C
tVa?+b? Va2 +b? +£Va?+b?

a b —C
x| ——=| + =
(i\/az + b2> y <i\/a2 + b2> ++va? + b2

xcosa+ysina=p

a . b —C
Where, cosa = sin andp =
! +Vaz+p2’ +Vaz+b? p +Va2+b2
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