GRADE 12 - WORKSHEET 12
ANALYTICAL GEOMETRY 1 - GRADE 10 & 11 REVISION

OUTCOMES:

1. Pythagoras, Distance, gradient, midpoint, inclination formula. If

lines L, then product of their gradient is -1

2. The equation of a line through two given points;

3. The equation of a line through one point and parallel or
perpendicular to a given line; find the perpendicular bisector.

4. The inclination (0) of a line, where m = tan® is the gradient of
the line (0" < 6 <180")
5. Properties of quadrilaterals.

IMPORTANT TERMINOLOGY

1. If two lines AB and DC are parallel, then their gradients are equal
- gradient,gs = gradientpc if AB//DC.

2. If two lines AB and DC are perpendicular, then the product of the
gradients equal —1.
~gradient,g X gradientpc = —1 if ABL DC

3. Points that are collinear lie on the same line. The gradient
between each pair of points is the same. For example, if points
A, B and C are collinear, then:
gradient,g = gradientsc = gradient,c

4. The inclination of a line is the angle formed with the horizontal in
an anti-clockwise direction. On the Cartesian plane, the inclination
of a line is calculated by finding the angle formed at the x-axis
measured in anti-clockwise direction.

5. Bisects means to divide (a line, angle, or shape) into two exactly
equal parts

6. A diagonal straight line joining two opposite corners of a square,
rectangle, or other straight-sided shape
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A median is a line from vertex to
midpoint of opposite side.

L

An Altitude is a line from any
vertex perpendicularto ——
theopposite side.

v

A perpendicular bisector is a line
passes through the midpoint and is |
perpendicular to the line it is
passing through.

>

IDENTIFY AND CLASSIFY QUADRILATERALS

A quadrilateral is a 2D plane with four straight lines, joined together to
form FOUR corners. Quadrilaterals can be identified by the SIZES of
their ANGLES OR LENGTHS of their sides. The SIX different

quadrilaterals are summarised below.

Classification
of
Quadrilateral

Properties

Drawing

Parallelogram

e Both pairs of opposite sides

parallel and equal

e opposite angles equal
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e Diagonals bisect each other

e Diagonals bisect at right
angles (90°)

e Diagonals bisect the
opposite angles

Rhombus

e All sides are equal in length

e Diagonals bisect each other

e Both pairs of opposite sides A Rﬂ-‘lilﬂngle .
parallel and equal "

. . E
e Diagonals are equal in -— -+

Rectangle
& length

e All interior angles equal to
90°

e Both pairs of opposite sides
parallel

e All sides equal in length

e Diagonals bisect at right
angles (90°)

e All interior angles equal to
90°

e Diagonals bisect interior
angles (each bisected angle
equals 45°)

Square
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e Adjacent pairs of sides are A

equal in length PN

e The longer diagonal bisects L N\,

the opposite angles N
Kite e The longer diagonal bisects » f.,{";

the other diagonal “\1’ o/

e The diagonals intersect at Y

right angles(90°)

e One pair of opposite sides -
Trapezium parallel / \

INTRODUCTION - OVERVIEW OF BASIC CONCEPTS

DISTANCE BETWEEN TWO POINTS:

d= \/(xz —x1)%+ (y2 — y1)?

THE COORDINATES OF THE MIDPOINT OF A LINE SEGMENT:

THE GRADIENT OF A LINE:
V2=
X2 — X1

THE EQUATION OF A LINE:

y=mx+cory—y;=m(x—xq)
THE INCLINATION OF A LINE:
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WORKED EXAMPLE 1:

ABCD is a quadrilateral with vertices A(5; 1), B(-3; 5), C(-1; -5) and
D(9; -7).

WFH

D(9:-T7)

a) |Calculate the gradient of AC.

m z}’c—J’Am =_5_1m =—_6

AC T T x, AC T Ty —5Mc T g
—-5-—-1 —6

mAC=1mAC=_1_5mAC=__6mAC=1

b) | Determine the equation of ACinthe formy = mx + ¢
Y=y =m(x —xq)

y—1=1(x—5)

y—1=x-5

y=x—4

c) |Hence, or otherwise, show that the midpoint M of BD lies
on AC.

Midpoint of BD = (xB:xD ; yB:yD)

—3+9_5—7)

2 2

Midpoint of BD = (

)
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Midpoint of BD = (3; —1)

The line ACis y = x — 4 [substitute midpoint of BD into
equation, if LHS = RHS, then point lies on AC]

Midpoint of BD = (3; —1)

LHS: y = —1

RHS:x —4=3—-4=-1

LHS = RHS, - point M lies on line AC.. M lies on AC

d)

Show that AMB = 90°.

If the my;; X mpg,, is equal to negative one, then the
AMB = 90°.
5-3

May = 1—(=1) =1

[You can also use the gradient of AC because AC is a
straight line.]

~1-5
3+3
Mapy = Myc (CO”inear)

Mmuyp =

mAM X mBM - _1, o AMB = 900.

Calculate the area of AABC.
A= 1 blh
2

Distance AC =172
Distance BM = 72

Area=§ X\72 X772

Area=36 units?

AC =1 - (-5))2+ (G- (-1)2=6V2
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BD =,/(5-(=7))2+(=3-9)2=122
s~ BM = %(12\/7) = 6v2 (M is the midpoint)

1
~ Area = E.AC.BM

an

1
. Area = > (6\/5) 6

= 36 units?
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f) | Find the equation of the perpendicular bisector of CD.
STEP 1: Determine the midpoint of CD
M(4; —6)
STEP 2: Determine the gradient of CD
1
Mep =~ %
STEP 3: Determine the gradient of Bisector
Mep X Mgy = —1
smgr =5
STEP 4: Give the answer in the formy = mx + ¢
—5—-(-7) 2 1
Mo =719 TZ10 5
Mep X Mgy = —1
1
—z Xmpg = —1
“Mmg; =5
y _(—1—5.—7+9)
N2 72
Midpoint of CD = (—=3;1)
y —y; = m(x — x;) Substitute midpoint into formula
y+6=5x—4)
y+6=>5x—20
y =5x—26
g) | Find the coordinate of the points K such that BCDK is a

parallelogram (i.e. if opposite sides are parallel to each other)

Let K= (xk;yk)
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BCDK is a parallelogram]

- Mpc = Mpg
YB — Yc _ Yk — Yp

XB—XC xK_xD
5+5 yg+7
—34+1 xx—9
+ 7
_5=3’K
XK—9

—5x +45 = y + 7 equation 1

“+ Mpc = Mpg
YC—YDZ)’K—J’B
Xc —Xp Xk — XB
—S5+7 yg—5
—1-9 xx+3
1 yrg—5
_§=XK+3
—1(x+3) =5(y—05)

—x — 3 = 5y — 25 equation 2

Make x the subject of the formula of equation 2. You can use

equation 1 also.
—x =5y — 22
x = 22 — 5y equation 3

Substitute x = 22 — 5y into equation 1

—5(22—-5y)+45=y+7
—110+ 25y +45 =y +7
24y =72
“Yg =3

Substitute y, = 3 into equation 3

x =22 —5(3)

h)

Find the size of the angle CBD correct to one decimal place.

Triangles have two important properties which are true for all

triangles:

e The sum of the interior angles is equal to 180°.
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e The exterior angle of a triangle is equal to the sum of the
two interior opposite angles.

Use gradient of BC

Mpe = YB — Yc
Xp — Xc
5—(-5)

e 31
10

Mpc = )

Mpec = _5

Use gradient of BD

e = YB — YD
BD Xp — Xp
5—(=7)
M0 =3
12
man = 25
mpgp = —1

Angle of inclination
tan 8 = mp,

RA = tan~1(5)
RA = 78,69°

6 = 180 — 78,69°
6 =101,31°

Angle of inclination of BD
tana = mgp

RA = tan~1(1)

RA = 45°

a = 180 — 45°

a = 135°

CBD=a—6

CBD = 135° — 101,31°
CBD = 33,69° . CBD = 135 — 10,31
. CBD =135 — 10,31

The exterior angle of a triangle is equal to the sum of the two
interior opposite angles.
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~ CBD =3
,69°

HOMEWORK ACTIVITY

1

In the diagram below, A(—5; 3), B(—5; —4),C(2; —1) and
D(5;y) are points in the Cartesian Plane.

=
A(-5; 3)

T~
oo <

c(2; -1)

D(5;y)

a) | Determine the gradient of BC.

b) | Determine the length of AB.

c) | The co - ordinates of M, the midpoint of BC.

d) | Calculate the gradient of CD is — %, determine the value of y.

e) | Prove that ABCD is a right angled triangle.

f) | Determine the co - ordinates of E'(x; y) if quadrilateral AECB is a
parallelogram.

2 M(—% ; ¥) is the midpoint of a line segment AB. The co - ordinate
of A and B are (k; —4) and (5 ; 10) respectively. Determine the
values of k and y.

3 | The points A(5;4), B(-1,7) and C(—2;5) are shown below.
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i

A

B(—1;7)

—2:9)

h 4

a) | Find the value of g if D is the point (8;a) and AB | | CD.

b) | Find the equation of AB.

c) | Find the coordinates of E, if C is the mid-point of BE.

d) | Prove that CB | AB.

e) |Determine what angle a line drawn through BA makes with the
positive x-axis.

4 | The points A(—4,0), B(0;2), C(1,0) and D(0;-2) form the
qguadrilateral shown below.
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a) | Prove that AABC is right-angled.

b) | What kind of quadrilateral is ABCD? Use the lengths of the sides
to justify your answer.

5 |A(0; 4), B(3; 1), C(—3; —=5) and D(—6; —2) are the vertices of a
qguadrilateral in a Cartesian plane.

a) | Prove that ABCD is a rectangle. (Show ALL the calculations.)

b) | Hence determine the coordinates of the point of intersection of
the diagonals of rectangle ABCD.

7 | ABCD is a quadrilateral with vertices A(-1; 4), B(—2; —1), C(3; —2)
and D(4; 3). M is the midpoint of AC.
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YA
A(-1; 4)
D(4; 3)

w
y L .
B(-2; -1)

C(3;-2)
Y

a) | Show that AB//CD and AD//BC.

b) | Show that the midpoint of AC and BD coincide (i.e. they are the
same points).

c) | Show that 45Cis a right angle.

d) | Calculate the area of AABC

e) | Prove that ABCD is a square.

f) | Determine the equation of AB.

g) | Find the x-intercept of AB.

h) | Find the angle of inclination of AB (i.e. the size of 8) correct to one
decimal place.
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