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SECTION 1:

FUNCTIONS

POLICY GUIDELINES & OUTCOMES

GRADE 12

. Definition of a function.

. General concept of the inverse of a function
and how the domain of the function may
need to be restricted (in order to obtain
a one-to-one function) to ensure that the
inverse is a function.

. Determine and sketch graphs of the
inverses of the functions defined by
y=ax+g y=a’
y=b5b=0b=1)
Focus on the following characteristics:
domain and range, intercepts with the axes,
turning points, minima, maxima,
asymptotes (horizontal and vertical), shape
and symmetry, average gradient (average
rate of change), intervals on which the
function increases /decreases.

. Revision of the exponential function and the
exponential laws and graph of the function
dafined by ¥ = b* whers b >0 and b =1

. Understand the definition of a logarithm:
ve=log,x < x=5b"
where b>Qand b= 1.

. The graph of the function define V = ]ugbx
for bath the cases 0<b<l and h>1.

Examples:
1. Consider the function [ where f(x) = 3x-1.
1.1 Write down the domain and range of [ .

1.2  Showthat [ is a one-to-one relation.
1.3 Determine the inverse function f_l .

1.4  Sketch the graphs of the functions [, f_l and )} = x line on the same set of axes.
What do you notice?

2. Repeat Question 1 for the function f(x) = - andx=0.
Caution:

1. Do not confuse the inverse function fl with the reciprocal ﬁ . For example,

for the function where f{x) = Jx , the reciprocal is :}= while f](.t) =x*for x 20.
x

2. Note that the notation f_l(x} =... is used only for one-to-one relation and must not be
used for inverses of many-to-one relations, since in these cases the inverses are not functions.

Comment:
The four logarithmic laws that will be applied, only in the context of realife problems

related to finance, growth and decay, are:
log A" = rlog 4

They follow from the basic exponential laws (term 1 of grade 10).
= Manigulation involving the legarithmic laws will not be examined.
Caution:

1. Make sure learmers know the difference betwean the two functions defined by
b : .
y= bh' and y=x whara bisa positive (constant) real number.

2. Manipulation involving the logarithmic laws will not be examined.
Examples:
1. Solve forx : 75(L025)" = 300 (R)
2 Let fix)=a", a=0.
2.1 Determine a if the graph of [ goes through the paint mﬁ). (R}
2.2 Determine the function j'_l . 16 (R)
2.3 For which values of x s JI’_l(Jt'}l =-17 (%]
2.4 Determine the function & if the graph of & is the reflection of the graph of [
through the v -axis. {C)
2.5 Determine the function & if the graph of & is the reflection of the graph of [
through the x -axis. {C)
2.6 Determing the function p if the graph of p is obtained by shifting the graph of ©
two units to the left. (C)
2.7 Write down the domain and range for each of the functions
fof \h kand p. iR
2.8 Reprezent all these functions graphically. (R)

(SOURCE: CURRICULUM AND ASSESSMENT POLICY STATEMENT (CAPS) FET PHASE
GRADES (10 - 12) MATHEMATICS)
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KEY CONCEPTS

WORD

DESCRIPTION / DEFINITION

Relation

Is described by a rule that links any 2 set of variables
(x and y), by linking each element in the first set to at least
one element in the 2" set.

Function

Is a relation that links each element in the 1% set (domain) to
only one element in the 2" set (range).

v One to one mapping

v' Many to one mapping

Domain

The elements of the 1% set (the x -values) in a relation.

Range

The elements of the 2" set (the y -values), called the images
of the relation.

Vertical line test

Is a line (ruler) moved parallel to the y-axis, from left to
right, it helps to determine if a relation is a function; if such
a line intersects /cuts the graph at one place at a time, it is a
function. If it cuts the graph more than once, the relation is
not a function.

Horizontal line test

Is the line (ruler) moved parallel to the x-axis, up and down.
If such a line intersects/cuts the function at one place at a
time, then the graph is a one-to-one function. If the ruler at
any stage cuts the graph in more than one place, the graph is
a many-to-one function.

Asymptote

Is a vertical or a horizontal straight line on a graph, which
represents a value which is excluded from the graph, as it
makes the value undefined.

A graph never intersects its asymptotes

Axis of symmetry

Is a straight line, around which a graph, or part of a graph,
forms a mirror image/ reflection of itself. A parabola and a
hyperbola have an axis of symmetry.

Translation

Move point up and down by adding or subtracting the y-
value; or move graph left or right by adding or subtracting
the x-value

Zero points of
function

Where the y=0 (x—intercepts) and
x=0 (y-—intercept)

Minimum

The lowest possible y-value of the function

Maximum

The highest possible y-value of the function

Increasing

The function is increasing when the value of y increases as x
is increasing.

Decreasing

The function is decreasing when the value of y decrease as x
is increasing.
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SUMMARY NOTES
CHARACTERISTICS OF EACH FUNCTION

Straight Line Parabola Hyperbola Exponential

y=mx+c v=a(x+p)+gq - a.. q v=ab""+q
m ... gradient and Axis of symmetry with | Y+ P b>0 and b#1
C... y-intercept equation x =-p Vertical asymptote with Horizontal asymptote with
Maximum or minimum | €quation x=-p equation y =g

value Horizontal asymptote

(—p:q) Tuming point with equation y =g

m<0 ... graphis a <() ... graph faces a <0 ... graphis on the a <0 ... graph is below the
decreasing downwards(concave second and the fourth asymptote

m >0 ... graphis down) and has a quadrant a>0... graph is above the
increasing minimum turning point | ; () oraph is on the asymptote

a >0 ... graph faces first and the third
upwards (concave up) quadrant

and has a maximum
turning point

Domain: x € R Domain: x € R Domain: xe R, x#—p Domain: x € R
Range: ye R Range: v>¢g if a>0 Range: yeR, y#¢q Range: y>gif a>0

yv<qif a<0 y<gif a<0

y=y,=m(x-x,) Y= ax’ +bx+c Axis of symmetry/lines of
< symmetry:
Axis of symmetry:

y=x+c
substitute
y==x+c

point of intersection of
asymptotes

X, and x, are x- - {\. =(x-p)+q JL

y=alx—x)(x-x,)

intercepts y==(x-p)+q

TRANSFORMATIONS
IChange Effect

hix) = f(x) + k  [Vertical shift up by k units

h(x) = f(x) — k  [Vertical shift down by k units

hix) = f(x-k) Horizontal shift to the right by k units

h(x) = f(x + k) [Horizontal shift to the left by k units

hix) = —f(x) Reflection in the x - axis, values of x remain unchanged and

s change in the sign of y values

h(x) = f(—x) Reflection in the y - axis, values of y remain unchanged

s change in the sign of x — values

Page 6 of 48
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GRAPH INTERPRETATION

[Notation

Region

();<or >

denotes excluding critical / end values.

[];<0r 2

denotes including critical / end values.

f(x)>0

where the graph is above the x — axis.

f(x) <0

where the graph is below the x — axis.

f(x).g(x)>0

where both graphs are either below or above the x — axis.

f(x).9(x) <0

Where both graphs are in different sides of the x —axis.
fi.e One graph above the x — axis and the other one below

the x — axis.

f(x) = g(x)

where the graphs of f and g intersect.

f(x) > g(x)

where the graph of f is above the graph of g.

f(x) < g(x)

where the graph of f is below the graph of g.

f(x)
m>0

where both graphs are either below or above the x — axis. But in t}
icase, always remember that g(x) # 0.

fl(x)=0

where the graph has a local minimum/ local maximum

fi(x)>0

where the graph is increasing

fl(x) <0

where the graph is increasing
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LINEAR FUNCTION (STRAIGHT LINE GRAPHYS)
QUESTION 1

Sketch the graph of ¥ = 2x — 4 and determine the domain and range of the function, and state if the
function is increasing or decreasing,

QUESTION 2

Determine the equations of the following graphs:
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RATIONAL FUNCTIONS (HYPERBOLA)

QUESTION 1

1. The sketch below shows the graph of f(x) = —-_—9]—- 2
x —

A is the point of intersection of the asymptotes of f

-~

y

Write down the coordinates of A.
Determine the coordinates of the x- and y-intercepts of f.

Write down an equation of the axis of symmetry of f that has a negative
gradient.

Hence, or otherwise, determine the coordinates of a point that lies on f in
the fourth quadrant, which is the closest to point A.

The graph of f is reflected about the x-axis to obtain the graph of g.
Write down the equation of g inthe form y=..
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QUESTION 2
. 8
Given: f(x)=——+3
x=2

2.1 Write down the equations of the asymptotes of f.
22 Calculate the x- and y-intercepts of f
23 Sketch the graph of f. Show clearly the intercepts with the axes and the asymptotes.

24 If y=x+k is an equation of the line of symmetry of f calculate the value of £.

QUESTION 3

The diagram below represents the graph of f(x) = s q.
x=-p

T(5; 3)is a point on f.

e

ewseververvesrrrervssrrrsrrrrdrdececrvrnsew

Determine the values of a, pand g.

If the graph of f is reflected across the line having equation y = — x + ¢, the new
graph coincides with the graph of y=/(x). Determine the value of c.
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QUESTION 4

x+3
Given: f(x)= s
x+1

4.1 Calculate the x- and y-intercepts of £
2
42 Show that f(x)=——+1
x+1

4.3 Write down the equations of the vertical and horizontal asymptotes of f.

44 Draw a sketch graph of f(x) showing clearly the intercepts and asymptotes on the
axes.

Use your graph to solve: . 2-1
x+1
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QUESTION 5

Given f(x) =—2 4 g. The point A(2 ; 3) is the point of intersection of the asymptotes of f.
X=p

The graph of f intersects the x-axis at (1 ; 0).
Dis the y-intercept of f.

5.1

52

5.3

5.4

5.5

\n : 0)

Write down the equations of the asymptotes of f.
Determine an equation of f.
Write down the coordinates of D.

Write down an equation of gif g is the straight line joining A and D.

Write down the coordinates of the other point of intersection of fand g.

QUESTION 6

6.1

Consider the function: f(x)=— 63 =]
X -

6.1.1 Calculate the coordinates of the y-intercept of f.
6.1.2 Calculate the coordinates of the x-intercept of f.

6.1.3 Sketch the graph of f in your ANSWER BOOK, showing clearly the
asymptotes and the intercepts with the axes.

6.1.4 For which values of x is f(x)>07?

6.1.5 Calculate the average gradient of f between x=-2 and x= 0.
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QUESTION 7

The graph of a hyperbola with equation y = f(x) has the following properties:

¢« Domain: xeR, x=35
e Range: yeR, y=I1
e  Passes through the point (2 ; 0)

Determine f(x).

QUESTION 8

Sketched below is the graph of g(x)= LI q.
X=p
C(2 ; 6) is the point of intersection of the asymptotes of g.

B(%; 0) is the x-intercept of g.

—

Y

8.1 Determine the equation for g in the form g(x)= g +q
X=p

8.2 F is the reflection of B across C. Determine the coordinates of F.
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QUESTION 9
. ; 3
Consider the function f(x)= T 2.
x —

9.1 Write down the equations of the asymptotes of f.

9.2 Calculate the intercepts of the graph of f with the axes.

9.3 Sketch the graph of f on DIAGRAM SHEET 1.

9.4 Write down the range of y = = f(x).

9.5 Describe, in words, the transformation of f to g if g(x)=—-2.
x

+1

QUESTION 10

Consider:  f(x) = 5 +3
x=2

10.1 Write down the equations of the asymptotes of the graph of f
10.2  Write down the domain of f

10.3  Draw a sketch graph of £ in your ANSWER BOOK, indicating the intercept(s) with
the axes and the asymptotes.

The graph of f is translated to g. Describe the transformation in the form
(x; )= ... ifthe axes of symmetry of g are y=x+3 and y=-x+1.
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QUADRATIC FUNCTIONS (PARABOLA)
QUESTION 1
The graph of f(x)=ax” +¢ is sketched below.

Points A(2 ; 0) and B(- 3 ; 2,5) lie on the graph of f

Points A and C are x-intercepts of £
‘b)‘

B(-3;2,5)

Write down the coordinates of C.

Determine the equation of f.

Write down the range of f.

Write down the range of A, where A(x)=-f(x)-2.

Determine the equation of an exponential function, g(x) = 5 + g, with range y > - 4
and which passes through the point A.

QUESTION 2

Given: fi)=ax’ +c
f passes through the x-axis at (d—5) and (d-1), where deR.

2.1 Determine the value of 4.

2.2 Determine the values of @ and ¢ if itis also given that f(1) ==09.
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QUESTION 3
3.1  Give the equation of the quadratic function if it is given that:

e Therangeof fis: y > —4
e Domain: x € R
e Zeropointsare (3 ;0), (-1 ;0)and (0;-3)

Draw a sketch graph of y=a.x'2 +bx+c, where a<0, b<0, ¢<0 and
ax® +bx+c¢ =0 has only ONE solution.

QUESTION 4

The sketch below represents the graphs of two parabolas, f and g
f(x)= _%x: -8

The turning point of g is C (2; 9) and the y-intercept of g is A (0;5).
B and D are the x-intercepts of f and g respectively.
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Show that g(x)= ~x*+4x+5.

Calculate the average gradient of g between A and C.
Calculate the length of BD.

Use the graphs to solve for x, ifi

4.4.1 f(x)20

442 f and g are both strictly increasing

QUESTION 5

Sketch the graph of f(x) =ax® +bx +¢ ifitis also given that:

The range of f is (~<0;7]

ax0

h<0

One root of f is positive and the other root of f is negative.
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EXPONENTIAL FUNCTIONS

QUESTION 1

Given: h(x)=a.2"" +g. The line y = -6 is an asympiote o the graph of A T is the
y-intercept of & and T is the x-intercept of A.

}:

Write down the value of q.

If the graph of # passes through the point {nl ;"SE]’ calculate the value of a.

Calculate the average gradient between the x-intercept and the y-intercept of j.

Determine the equation of p if p(x) = h(x = 2) in the form p(x)=a.2"" +g.

QUESTION 2
Given: h(x)=4[2)+1
2.1 Determine the coordinates of the y-intercept of A.
22 Explain why /£ does not have an x-intercept.

23 Draw a sketch graph of 4, clearly showing all asymptotes, intercepts
with the axes and at least one other point on 4.

2.4 Describe the transformation from & to g if g(x)=4(2" +2).
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QUESTION 3
Consider the function f(x)=47"-2.

3.1 Calculate the coordinates of the intercepts of f with the axes.

3.2 Write down the equation of the asymptote of f.

3.3 Sketch the graph of f.

34 Write down the equation of g if g is the graph of f shifted 2 units upwards.

3.5 Solve for x if f(x)=3. (You need not simplify your answer.)

QUESTION 4
4.1 Consider the function f(x)=3.2" =6.
4.1.1 Calculate the coordinates of the y-intercept of the graph of f.
4.1.2 Calculate the coordinates of the x-intercept of the graph of f.
4.1.3 Sketch the graph of f in your ANSWER BOOK.
Clearly show ALL asymptotes and intercepts with the axes.

Write down the range of f.

AR

JEM MarematoU Page 19 of 48

A Division of Marematlou Group Holdings




QUESTION 5

The sketch below shows the graph of f(x) =2 X a* — 1. The point A(1;5) is a point on
the graph.

Show that a = 3.

Determine the y-intercept of f.

Write down the range of f.

Determine f(0,23), rounded off to three decimal places.

Write down the equation if fis reflected about the x-axis followed by a translation of
2 units to the left.
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INVERSE FUNCTIONS
QUESTION 1

The graph of A(x)= a* is sketched below.

A[-l - -;-) is a point on the graph of #.

O

Explain why the coordinates of Q are (0; 1).
Calculate the value of a.
Write down the equation for the inverse function, 2™, in the form y= ...

Draw a sketch graph, on  ANSWER BOOK, of /™. Indicate on this graph the
coordinates of two points that lie on this graph.

Read off from your graph the values of x for which log, x> =1.

If g(x) =(100).3", determine the value of x for which 4(x)= g(x).
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QUESTION 2

The graph of f(x) =3" is drawn below.

B4

2.1 Write /™' inthe form y =...
2.2 Sketch the graphs of y=f"'(x) and y=f"'(x-2)

23 Use your graphs to solve for x if log,(x=2)<1.

QUESTION 3

X
Consider the function f(x)-{-;-) :
\

3.1 Is f an increasing or decreasing function? Give a reason for your answer.
3.2 Determine f~'(x) in the form y= ...
3.3 Write down the equation of the asymptote of f{x)—5.

34 Describe the transformation from f to g if g(x)=log,x.
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QUESTION 4

Sketched below is the graph of f(x) ==log,x.

}P

B

Write down the domain of f.

Write down the equation of f~' in the formy = ...

Write down the equation of the asymptote of £,

Explain how, using the graph of f you would sketch the graphs of:
4.4.1 g(x) =log, x

44.2 Mx)=2"=5

Use the graph of f to solve for x where log, x <3.
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QUESTION 5

Sketched below are the graphs of f(x)=2* and g(x)= ~(x=1)*+b, where b is a constant.

The graphs of f and g intersect the y-axis at C. D is the turning point of g.

Write down the coordinates of the turning point of g.

Write down the equation of f~'(x) inthe formy=...

Sketch the graph of f~'
Indicate the x-intercept and the coordinates of one other point on your graph.

QUESTION 6

The graph of f(x)=ax*, x<0 is sketched below.
The point P(- 6 ; — 8) lies on the graph of f

AR
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Calculate the value of a.
Determine the equation of f™', in the form y= ...
Write down the range of f .

Draw the graph of f~' on DIAGRAM SHEET I. Indicate the coordinates of a point
on the graph different from (0 ; 0).

The graph of f is reflected across the line y = x and thereafter it is reflected across
the x-axis. Determine the equation of the new function in the form y= ...

QUESTION 7
The graph of f(x)= -f27x for x > 0 is sketched below.
The point P(3 ; -9) lies on the graph of £

-~

}'

Use your graph to determine the values of x for which f(x) >-9.
Write down the equation of £ in the form y=... Include ALL restrictions.

Sketch £~', the inverse of £, in your ANSWER BOOK.
Indicate the intercept(s) with the axes and the coordinates of ONE other point.

Describe the transformation from f to g if g(x)= V27x , where x > 0.
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QUESTION 8

Given the graph of g(x)=1log, x

3 P('/s;2)

e Ais the x-intercept of g.

1 5 g
e P (3;2) is a pointon g. A 4\;

R

indicating an intercept with the axes and ONE other point on

8.1 Write down the coordinates of A,

1

8.2 Sketch the graph of g~
the graph.

8.3 Write down the domain of g™'.

QUESTION 9

Given: f(x)=3"

9.1 Determine an equation for £~ in the form f™'(x)=...

9.2 Sketch, in your ANSWER BOOK, the graphs of f and ™', showing clearly ALL
intercepts with the axes.

Write down the domain of f™.
For which values of x will f(x).f'(x)<07?

Write down the range of A(x)=37% -4

Write down an equation for g if the graph of g is the image of the graph of f after
f has been translated two units to the right and reflected about the x-axis.
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QUESTION 10

The graph of f(x) = (%) is sketched below.

-~

¥

Write down the domain of oA

Write down the equation of the asymptote of f

Write down the equation of /' in the form y=...

Sketch the graph of £ in your ANSWER BOOK. Indicate the x-intercept and ONE
other point.

Write down the equation of the asymptote of f™'(x +2).

Prove that: [f(x)]* =[f(=0)] = f(2x) = f(=2x) for all values of x.

QUESTION 11

11.1  Considerthe function f where f(x)=3x-1.

11.1.1 Write down the domain and range of f .
11.1.2 Determine the inverse function f-l :

11.1.3 Sketch the graphs of the functions f , f and y = x line on the same set

ofaxes.
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COMBINATIONS

QUESTION 1

Given the following two functions:

1
h(x) =;+5 and g(x) =x+5
1.1 Determine the x-intercept of h.

Sketch neat graphs of h and g on the same set of axes. Clearly show all intercepts
with the axes as well as asymptotes.

Write down the equation of the vertical asymptote of h.

Determine the coordinates of the points of intersection of h and g. Show all
calculations.

Write down the equation of f if f is the reflection of g about the line y = 4.

Write down the equation if & is translated so that (—2; 3) is the new point of
intersection of the asymptotes.

QUESTION 2

The sketch below shows the graph of the function f(x) = ax? + bx +¢.

The straight line with equation 3y = x — 5 intersects f at B. The points A(=2;0) and B
are the x-intercepts of f. Point D(—1;3) is a point on f.

Y
M
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Determine the coordinates of 8.
Determine the equation of f.
Determine the coordinates of the turning point of f.

Point £ is a point on the straight line so that DE is parallel to the y-axis. Determine
the length of DE.

2.5 Calculate the average gradient between B and D.

2.6 Forwhich value(s) of x isx X f(x) = 07

QUESTION 3
Given f(x) = 2.3* ~1land g(x) = 2_35
3.1  Write down the equation of the asymptote of £

3.2 Determine the y-intercept of £ (Give your answer in co-ordinate form)

3.3  Find ONE other point on the graph of £
3.4  Sketch the graph of £.
3.5  Whatis the range of /7

3.6 Write down the equations of the asymptotes of g.

3.7  Determine the y-intercept of g.

3.8 Write down the equation of the axis of symmetry of g.
3.9  Sketch the graph of g on its own set of axes.

3.10 Determine the average gradient of g between the points x = -2 and x = 1.

QUESTION 4

4.1 41.1 Find the equation of the parabola that cuts the x-axis at -2 and 3, and the
y-axis at the point, (03 -12).

4,1.2 Write your answer in QUESTION 4.1.1 in the form v = a(x —p)? +g.
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4.2 Inthe diagram below, flx) = x*+x+ 12 and g(x) = mx + ¢

4.2.1 Determine the coordinates of C and D.

42.2  Determine the values of m and ¢ and hence determine the equation of g(x).
423 IfOB= %, find the length of AE.

42.4  For which values of x is f{x) decreasing?

4.2.5  Write down the range of f{x).

QUESTION 5

The graph of f(x)=x"+&x+c and the straight line g are sketched below. A and B are the

points of intersection of f and g. A is also the tuning point of £ The graph of £ intersects
the x-axisat B(3; 0} and C. The axis of symmetry of f 15 x=1.

]
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Write down the coordinates of C.
Determine the equation of £ in the form y=x*+bx+c.

Determine the range of f
Calculate the equation of g in the form y =mx + c.

For which values of x will:

5.5.1 f(x)=0

pACY] >0
g(x)

552
553 xf(x)>0

For what values of p will x*=2x=p have non-real roots?

T is a point on the x-axis and M is a point on f such that TM L x-axis.

TM intersects g at P. Calculate the maximum length of PM.

QUESTION 6

The sketch below shows the graphs of f(x)=2x+3 and g(x)=-2x" +14x+£.
C isany pointon f and D any pointon g, such that CD is parallel to the y-axis.

k 1s a value such that C lies above D.

¥

6.1 Write down a simplified expression for the length of CD interms of x and £.

6.2 If the minimum length of CD is 5, calculate the value of 4.
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QUESTION 7
flxy==2x"+2 and g(x)=2"+1 are the defining equations of graphs f and g respectively.
7.1 Write down an equation for the asymptote of g.

7.2 Sketch the graphs of f and g on the same set of axes, clearly showing ALL
intercepts with the axes, turning points and asymptotes.

7.3 Write down the range of f.
7.4 Determine the maximum value of h if A(x)= 3",

7.5 What transformation does the graph of y = f(x) undergo in order to obtain the
graph of y=2x*-27

QULESTION 8

Given: h(x)=4" and f(x)=2(x—1)"-8.

8.1 Sketch the graphs of & and  on the diagram sheet provided. I[ndicate ALL
intercepts with the axes and any turning points.

82 Without any further caleulations, sketch the graph of y =log, x = gi{x) on the same
system of axes.

The graph of [ is shifted 2 units to the LEFT. Write down the equation of the new
graph.

Show, algebraically, that .F{x-:%] = 2h(x).
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SECTION 2: ANALYTICAL GEOMETRY

POLICY GUIDELINES & OUTCOMES
GRADE 10

Represent geomelric figures on a Carteslan Example:
co-?rdmate gystam. Consider the points P(2:5) and @(—3;1) in the Cartesian plane.
Derive and apply for any two polnts 1.1. Calculate the distance PQ.

1.2 Find the coordinates of R if M {(—1;0) is the mid-point of PR.

{.l.‘l:}'l Vand (x_:v_) the formulae for
-7 1.3 Determine the coordinates of S if PQRS is a parallelogram.

caleulating the:
2 7
1. distance between the two paints: 1.4 13 PQRS a rectangle? Why or why not?
2. gradient of the line segment connecting the
two points (and from that identify parallel
and perpendicular lines); and

. coordinates of the mid-point of the line
segment joining the two poinis.

GRADE 11

Derive and apply: Example:
1. the equation of a line though two given Given the points A{2;5) : B(-3;-4) and C{4:-2) determine:

points, 1. the equation of the line AB; and
2. the equation of a line through one point and ) .
parallel or perpendicular to a given line; and | 2. the size of BAC .

3. the inclination (8) of a line, where m = tan
is the gradient of the line (0° = 8 < 180%).

GRADE 12

. The equation (x— a)* + (y - b = * defines Exnmples:

acircle with radius » and centre (a;h) . . Determine the equation of the circle with centre (~1,2) and radius N (K)

. Determination of the equation of a tangent . ) ) .
to a given circle. . Determine the eguation of the circle which has the line segment with endpoints (5.3)

and {-3;6) as diameter. (R)
. Determine the equation of a circle with a radius of & units, which intersects the y -axis at

(=200 and the 1 -axis at (0:3) . How many such circles are thera? (2]
. Determine the eguation of the tangent that touches the circle defined by

12—2::+y2+4_v=5 at the point (-2;-1). (C)
. The line with the aguation v = X + 2 intersects the circle defined by s yz =20at Aand B.

5.1 Determine the co-ordinates of 4 and B . (R}
5.2 Determine the length of chord AB. {K)
5.3 Determine the co-ordinates of Af, the midpaint of AB. (K)
5.4 Show that OM L AB, where () is the origin. (C)
5.5 Determing the equations of the tangents to the circle at the points

Aand B . (C)
5.6 Datermine the co-ordinates of the point C where the two tangents in 5.5 intersect. (C)

5.7 Verify that CA = CB. (R}
5.8 Determine the equations of the two tangents to the circle, both parallel to the line

with the equation y = -2x+4. (P

(SOURCE: CURRICULUM AND ASSESSMENT POLICY STATEMENT (CAPS) FET PHASE
GRADES (10 - 12) MATHEMATICS)
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STRAIGHT LINES
QUESTION 1

In the diagram, A and D are the x-and y-coordinates of line AD respectively. Line BE cuts
the x-axis at B and the y-axis at C. The equations of AD and EB are y= 2x + 10 andy =

—x + 6 respectively. M is the midpoint of line BE, AE = % 5 . CB and AD intersect at
E(—4;8).

—

Write down the coordinates of C.

Calculate the angle of inclination of line BC.

Calculate the length of line CD.

Determine the equation of line through M, parallel to AD, in the form y = ...
Calculate the size of AEB.

Calculate the coordinates of G, such that ABGE is a parallelogram.
Calculated the area of parallelogram ABGE.

If it is given that CD is a diameter of a circle passing through C and D,

determine how many units must M be translated so that it becomes the center of
the new circle.
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QUESTION 2
In the diagram, ABC is an isosceles triangle with A(2 ; 1) and B(—4 ; 9).

AB =BC, and BC is parallel to the y-axis.

The length of AB.

The coordinates of C.

Coordinates of K, the mid-point of AC.
The equation of AC in the form y = mx + ¢
The size of 6.

The area of triangle ABC.

The coordinates of D if ABCD is a rhombus.
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QUESTION 3

In the diagram below, the points A (0; 7), B (10; 2), C (7; — 4) and D (x: y) form
quadrilateral ABCD. AB || CD, with AC joined. The angle of inclination for AC and BC are
@ and a respectively.

Determine:
3.1 The length of AB (leave your answer in simplest surd form.)
3.2 The gradient of AC.

3.3 The Size of @, the angle of inclination of AC.

34 The magnitude (size) of BCD.
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QUESTION 4

Consider AKLN drawn below. KL has the equation y = 5x + 9, while KN has the
equation 5y +x — 19 = 0.

L

*Q(3:-2)

Show that the coordinates of K are (— 1; 4).

Show that KL 1 KN.

Hence, or otherwise, determine the Area of AKLN.
Determine the equation of the perpendicular bisector of LN.
If L, N and P (7; y) are collinear, find y.

Explain with reasons, why LKNQ is a square.
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QUESTION 5

In the diagram, the equation of line AF is y=—x—11. B, a point on the x-axis, is the
midpoint of the straight line joining A(—1 ; #) and C. The angles of inclination of AF and
AC are o and 63,43° respectively. AF cuts the x-axisin E. D is a point such that

DE || AC.

Calculate the:

5.1.1 Value of ¢

5.1.2 Sizeof a

5.1.3 Gradient of AC, to the nearest whole number

Determine the equation of AC in the form y =mx+k.

Calculate the:

5.3.1 Coordinates of C

5.3.2 Size of FED

G 1is a point such that EAGC, in that order, is a parallelogram.
Determine the equation of a circle centred at G and passing through the
point B.

Write your answer in the form (x - a)2 + (y - b)2 =r.
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QUESTION 6

In the figure, L(—4 ; 1), S(4 ; 5) and N(—2 ; —3) are the vertices of a triangle having
SLN=90°. LN intersects the x-axis at K.

N(=2;-3)

Calculate the length of SL. Leave your answer in surd form.
Calculate the gradient of SN.
Calculate the size of @, the angle of inclination of SN.

Calculate the size of LNS .

Determine the equation of the line which passes through L and is parallel to
SN. Write your answer in the form y=mx+c.

Calculate the area of ALSN.

Calculate the coordinates of point P, which is equidistant from L, S and N

Calculate the size of LPS.
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QUESTION 7

In the diagram, A(3 ; 4), B and C are vertices of AABC. AB is produced to S.
D and F are the x- and y-intercepts of AC respectively. F is the midpoint of AC and the
angle of inclination of AC is a. The equation of AB is y =kx+3 and the equation of AC

s y=2x-2.

Show that k£ = % .

Calculate the coordinates of B, the x-intercept of line AS.
Calculate the coordinates of C.

Determine the equation of the line parallel to BC and passing through
S(—15 ; —2). Write your answer in the form y=mx+c.

Calculate the size of BAC )

If it is further given that the length of AC is 6/5 units, calculate the
Area of AABD
Area of AASC

value of
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QUESTION 8

In the diagram below, AACD has vertices A, D(3 ; -9) and C(-9 ;0), where A is a point
in the second quadrant. B(—1 ; k) lies on side DC.

Calculate the gradient of DC.
Determine the equation of DC in the form y =mx + c.

Show that k=-6.

Calculate the length of DC.

Calculate the ratio of @
DC

If M isapointon AD such that AC || MB, calculate the ratio of
Area AMBD

Area AACD

If it is further given that the gradient of AD is —4 and the length of AD is
\/612 units, calculate the coordinates of A.
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CIRCLES
QUESTION 1

Drawn below is the BIGGER circle centered at M and SMALLER circle centered at K. ATE
is a tangent to the bigger circle at T. TN is a diameter of the bigger circle and NK is a radius

of the smaller circle. The coordinates of T (—1;8),M (3;4)and L (3;-15)

T(—1;4 ++/65

Determine the equation of the circle in the form (x — a)? + (y — b)? = r2.
Determine the equation of the tangent through point T.
Does point P(7; 3) lie inside, outside or on the circle. Show all calculations.

If it 1s further given that KL is a tangent at L, to the circle centered at M.
Determine the coordinates of K, the center of the smaller circle.
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QUESTION 2

In the diagram, the equation of the circle centred at N(—12 ; 5) is
x* 4y’ +24x-10y+153 =0. The equation of the circle centred at M is
(x+6)° +(y+3)* =25. PS and PR are tangents to the circle centred at M at S and R

respectively. PR is parallel to the x-axis. K(-17 ; —5) is a point on PS. The straight line
joining N and M cuts the smaller circle at T and the larger circle at S.

Write down the coordinates of M.

Calculate the:

2.2.1 Length of the radius of the smaller circle
222 Length of TS

Determine the equation of the tangent:

231 PR

232 PS, in the form y=mx+c

Quadrilateral PSMR is drawn. Calculate the:
2.4.1 Perimeter of PSMR

2.4.2 ) area of ANPS
Ratio of -
area of quadrilateral PSMR
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QUESTION 3

In the diagram, the circle centred at C(2 ; p) is drawn. A(5;1) and B(—3;-3) are

points on the circle. E is the midpoint of AB.

Calculate the coordinates of E, the midpoint of AB.
Calculate the length of AB. Leave your answer in surd form.

Determine the equation of the perpendicular bisector of AB in the form
y=mx+c.

Show that p=-3.

Show, by calculation, that the equation of the circle is
¥+ —dx+6y—12=0.

Calculate the values of ¢ for which the straight line y = + 8 will not
intersect the circle.
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QUESTION 4

In the diagram, the circle with centre O has the equation x”+y* =20. G(7 ; 0) is the

centre of the larger circle. A common tangent touches the circles at D and F respectively,
such that D(p ; —2) lies in the 4" quadrant.

(.
N

Given that D(p ; -2) lies on the smaller circle, show that p =4 .
E(6 ; 2) is the midpoint of DF. Determine the coordinates of F.

Determine the equation of the common tangent, DF, in the form y=mx+c.

Calculate the value of . Show ALL working.

Determine the equation of the larger circle in the form
ax’ +by’ +ex+dy+e=0.

The smaller circle must be translated by % units along the x-axis to touch the
larger circle internally. Calculate the possible values of £.
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QUESTION 5

In the diagram, M(1 ; 3) is the centre of the circle. The circle cuts the x-axis at N. ST is
a tangent to the circle at P(3;9). R(d; 1), with d>0, and L lie on the circle. O and V
are the x-intercepts of PL and RL respectively.

Write down the coordinates of L.
Determine the equation of tangent ST to the circle at P.

Show that the equation of the circle with centre M is
X’ +y°—2x-6y-30=0.

Show that d=7.

Calculate the size of L.

TR 1is a tangent to the circle at R. Prove that PT L RT.
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INFORMATION SHEET

—b+~b* —4dac
2a
A= P(1+ni) A=P(1-ni) A=P(1—i)"

X =

n

T,=a+(n—-1)d Sn:§[2a+(n—l)d]

S :CI(L_I) ;ril
" r—1

P=x1—(1‘+i)_"|

fv(x): lim f(x+h)—f(x)

h—0 h

d=\(x,~x)* + (=)’

M(xl "2'x2 ;yl +y2j

y=mx+c y—y1=m(x—x1)

(c-af +(r-bf =r°

madgc 4 - b _ ¢
smd smB smnC

a* =b>+c* —2bc.cos A

area AABC = %ab. sin C

sin(a + ) =sina.cos f+cos a.sin 8 sin(a — ) =sina.cos B—cos a.sin

cos(a + f3)=cosa.cos B—sina.sin cos(a— f8)=cosa.cos B +sina.sin B

cos’a—sin’a
- 2 . .
cos2a =<1-2sin" « sin 2 = 2sin a.cosa

2cos’a—1

i('xi - f)z

2 _

(o)
n

P(A or B) = P(4) + P(B) — P(4 and B)

y_ 2 =F)r =)
> (x-%)
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