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Graphical approach CAPS:

Step 1: Write the inequality in a standard quadratic form:

ax*+ bx+c¢<0 or ax’+ bx+c¢>0

ax’+ bx + ¢ <0 or ax’+ bx +¢2>0

Step 2: Ensure that the coefficient of x* is positive (remember the change of sign when
multiplying or dividing by negative)

Step 3: Factorise to determine the critical points (zeroes of the inequality)

Step 4: Sketch the graph of the parabola, focusing on the x-intercepts,

Step 4: Determine the values of x for which the inequality holds.

For y<0 and y <0, For y >0 and y >0,

the values are at the x-intercepts and below the x — the values are at the x-intercepts and above the x —
: axis

axis

\ / \ Above /
A~ w YL

EXAMPLES
Solve for x:
1 x*—=x=20<0
Solutions: ,\ /

x?—x-20<0

4 5
(x—5)(x+4)<0

Critical values :x =—4 and x =35 Solution: —4<x<5 or x e[-4;5]
2. x*+4x>21 \

2 —

X +4x-21>0 <

-7 3
(x+7)N(x—-3)>0

Critical values:; x=—7 and x=3 Solution: x<-7 or x>3

3 X2 +2x +3<0
x-3)x+1)>0 B

Critical values: x=-1 andx=3 T 3
x<=1 or x>3 OR (—0;-1) or(3; «)
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Solve for x:

I | 2-2r-350 (Nov 2024) 12 [ -3(:+7)(x-5)<0 [(Nov2013)
2 o W [ (Nov 2023) 13 (x+1D(x—3)>12 (Feb/March 2012)
3 [ 2_905 (Nov 2022) T o (Nov 2015)
4 | 2 sz (Nov 2021) 15 | x(4-0<0 (Feb/March 2016)
5 (1-x)(x+2)<0 (Nov 2020) 16 (x+1)(4-x)>0 (Feb/March 2013)
6 | 4x>_1<0 (Nov 2019) 17 | < —2¢+15 (May/June 2023)
7 ¥ =3x=10>0 (Nov 2018) 18 ¥2<3x (May/June 2022)
8 | 827 >2x (Nov 2025) e (May/June 2026)
9 x*(x+4)<0 (NW Trial 2025) | 20 (x=8)(x+2)=<0 (May/June 2025)
10 | (x+4)(5-x)>0 (FS Trial 2025) | i |

28 [—J (B3-x)<0 (KZN Trial 2025)
11 | 3x-2)’ >3x (L Trial 2025) 22 | x> +5x <0 (MP June 2025)
15 1 Given: f(x)=x"+8x+16 solve for x if f(x)>0 (Nov 2017)

‘ CALCULLUS:
FIRST PRINCIPLE
. [T
First principle: f*(x) =lim fla+ z /(%)
= — 2
L S =2x+1 2 | fx)==2x"-3x+2 |3 f(x):%
4| F =22 51 f(x)=—4x? 5 | Fo=4—Tx

Using the rule 4 (ax”): anx™

,for ne R
dx f
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QUESTION 1 (Nov. 2014)

1.1 Determine the derivative of: f(x) = 2x’ +%x4 -3
_ (6 _1\2 d_y _ 5 p
1.2 If y=(x"=1)", prove that i 125> it =]
QUESTION 2 (FEB/MARCH 2015)
1 2
2.1 Differentiate: f(x) =—3x" + 5vx 2.2 Differentiate : p(x) = (—3 + 4x]
X

QUESTION 3 (Nov.2015)

Determine:

2 2_
3] 2 pye|pat 32 D, E—
dx a | x—id

QUESTION 4 (Gauteng Sept.2016)

2x-3
4\/;

QUESTION 5 (Nov.2022)

4.1 Ditermine 2. i e 4.2 D‘_(f —2x+%]
i _

X
5.1 Determine f'(x) if, f(x)=2x" —3x" +8x

5.2 The tangent to g(x) = ax’ +3x* + bx + ¢ has a minimum gradient at the

point (—1;—7). For which values of x will g be concave up?

QUESTION 6 (Nov.2021)
Determine:
3 2
6.1 & if y=4x’ —6x*+3x 6.2 D, £+(L]
dx 2 3x

QUESTION 7 (Nov 2023)
Determine: 7.1 f'(x)if f(x)=2x"-3x 7.2 D, [?.3\/37 + 2x‘5J

QUESTION 8 (Nov 2024)
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1. %[3;;—5;;2]

7

2. g'(x)if g(x)= x—22—3 X

QUESTION 9

Determine:

1' d l 3 ].
g =l 3
D,[#* +t ] dx[zx”‘/;*J

§, Wl o Jof Bl
dx x 2

dy . 5
4 L y="wxfilx
de 7 x

da

8 % if ﬁ:x—Z 6. @ifyzax%ra

7 9 if
da
xp—yp=2x*—2x

QUESTION 10 [DBE NOV 2025]

10.1 Differentiate f(x)from the definition of derivative (i.e, first principles) if

F(x)==x*+4x+2
10.2 Find the derivatives of the following functions:
10.2.1 f@=x

X +8.
x+2°

5 2 N*
1023 D2 4| =
{4\!.\:2 [3J‘] :l

QUESTION 11 [LP Trial 2025]

1022 vy x#-2

11.1 Determine f’(x) from first principles if f(x)=x" —3x
11.2 Determine:

11.2.1 D f(x+1)5x+9)]

11.2.2 @ffvzls—xS
b

Jx

11.2.3 f’(x)fff(x)=”%

)

2

3)

4

&)

3)

3)

4)
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12:1
122

Determine f*(x) from first principle if it is given that f’(x)=x* -2
Determine:

12.2.1 %[3;;2 —4x]

1222 ()it g(x)=—2vx (x -1}

QUESTION 13 [KZN Trial 2025]

13.1
13.2

Determine f*(x) from first principle if it is given that f '(x)=5x2

Determine the following:

3----
521 Pgp g ¥ =41
dx x-=3

1322 D%ﬂ

QUESTION 14 [NW TRIAL 2025]

14.1

14.2

Given: f(x)=x"-x+3

Determine f'(x) from first principles
Determine f”(x) if:

142.1 f(x)=5x" —7x+2

_2x+1

14.2.2 f(x)—T

QUESTION 15 [GP TRIAL 2025]

15.1

Given: f(x)=—2x"+1

15.1.1 Determine f’(x) from first principles.

15.1.2 Hence, calculate the gradient of the tangent to fat x=— i

()

2)

4)

(5

3)

3)

&)

)

4

4

(1)
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| FUNCTIONS AND INVERSES |

Definition: A function is a relation between a set of input (domain) and a set of permissible (range) with the
property that each input is related to exactly one output. In other words, it is a set of ordered pairs where, for
every value of x there is one and only one value for y. However, note that for the same value of y there may
be different values for x.

Functions may be a one-to-one relation or many-to-one relation

One-to-one relation: A relation is one-to-one if for every input value there is only one output value.
Many-to-one relation: A relation is many-to-one if for more than one input value there is one output value.
One-to-many relation: A relation is one-to-many if for one input value there is more than one output value

To test whether a given graph is a function or not, we use a vertical line test. If any vertical line intersects
the graph of f'only once, then f'is a function; and if any vertical line intersects the graph of f more than once,
then /is not a function.

Horizontal line test: If the line cuts the graph once, the function is a one-to-one (the inverse will also be

function). If the line cuts the graph at more than one point, the function is a many-to-one (the inverse will NOT
be function)

DEFINITIONS AND CONCEPTS

Function A relation for which each element of the domain corresponds to exactly one
element of the range. For every x-value there is only one possible y-value

To test for a function on a graph, use the “vertical line test” run a ruler from left to
right. If your ruler only ever touches the graph in one spot, it is a function
Increasing function | As x-values increase, the values of y also increase. It is a function that is going
“uphill” when looking at it from left to right.

Decreasing function | As x-values increase, the values of y decrease. It is a function that is going
“downhill” when looking at it from left to right.

Horizontal shift A translation of the graph either to the left or the right
Vertical shift A translation of the graph either up or down
Asymptote A straight line that a curve graph gets closer and closer to but never touches

Axis of symmetry A line that cuts the graph exactly in half

A parabola with y = ax? + bx +c has a vertical line of symmetry
A hyperbola has 2 axes of symmetry

INTERPRETATION OF GRAPHS

Given: Graphs of f(x) and g(x). Tips on determining graphically the values of x for which:

fix)=>0 Here we need to determine the values of x for which y-values of the parabola are
positive. (where the parabola is above the x-axis)

fix)<0 Here we need to determine the x-values for which the y-values of the parabola are
zero or negative. (where the parabola cuts or is below the x-axis).




fix) ?ghm loa d e;l‘ Qg}@@eﬁig‘g&:ﬁnwéﬁg%% Eaggsrhe.g, the parabola and the line intersect

Jf(x) = g(x). x-values where f'is above g (that is, g is below he graph of f. Consider the points of
intersection.
fx) < g(x) x-values where f'is below g (that is, the graph of g is above that of ). Point of
intersection not included
fx). g(x)>0 x-values where both graphs are above the x-axis OR are both below the x-axis.
fix). g(x)<0 x-values where one graph is above the x-axis and the other one is below the x-axis.
Graph Turni | Asymptot | Domain(x); Range(y) Axis of
ng es symmetry
point
f(x):a_xz-kbx-f-c (p,q) None XeER xX=p
— alx— D)2 yzp, a>0 =k
.f(x)_a(x p) +q ygp;a‘(o x“‘za
J(x)=a(x—x)(x-x,) £ =0
a None |y=g¢ X€ERx#p y=@-p)tgq
X—p xeR y#q ] prr4q
f(x)=ab™™ +g¢ None |y=g¢ xeR,y>q(ifa>0)y<gqg(ifa<0) | None

FUNCTIONS AND INVERSE FUNCTIONS

Use a vertical line test (which must cross the graph once) to determine whether a graph is function, but the
definition of the function must be given as a reason for it being a function or not.

The inverse of a function 1s the graph obtained by reflecting the function about the line y = x.

This means swapping the x and the y values: (x;y) — (¥ x)
f"is used to represent the inverse of f{x).

The inverse of many to one function will not be function, unless its domain is restricted.

Exponential and logarithmic functions.

Exponential graphs have the form y=a",a>0,a#1.

The y-intercept is (0;1); The x-axis is a horizontal asymptote.
The domain is x € R the range is y > 0.
If @ > 1, the graph increases and 0 < a < 1, the graph decreases; It is a one-to-one function.

The logarithmic function is defined as y =log, x; a>0, a#1, xeR

The x-intercept is (1; 0); The y-axis is a horizontal asymptote.
The domain is x > 0 and the range is y € R.

If a > 1, the graph increases and 0 < a < 1, the graph decreases.
The graph is a one-to-one function.



¥ =logiyhih pbﬁ%? YPREH sgmﬁméwgw&?%mns in the x-axis.

If f(x)=y=a",a>0,a#1thenfor f:x=a"and f'(x)=y=log, x.

a

Iff(x)=y=(i) ,0<a<1 then for f_':x=(i]- and /' (x)=y=log, x.
; 1

a

ACTIVITIES

QUESTION 1 (NW Sept 2025)

Given: f(x)=log, x
3

Ll Write down the equation of the asymptote of f. (1)
1.2 Determine the equation of f'in the form y=... (2)
1.3 If g(x)= f""(x —3)—2,determine the x-intercept of g. 3)
1.4 Write down the equation of the asymptote of g. (1)
1.5 Sketch the graph of g. Clearly show ALL the intercepts with the axes and the asymptotes. (4)

QUESTION 2

Sketched below are the graphs of  f(x) = —%xz +bx+c and g(x) = . ¢q - The axis of symmetry of f,
X+ P

x =—1, is the vertical asymptote of g. The line % is an axis of symmetry
fand g. B(2;0)is a x-intercept of f and A.

of g. A is the y-intercept of
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2.2 Write down the coordinates of the y-intercept f. (2)
2.3 Determine the coordinates of the turning point of f. (2)
2.4  Determine the equation of 4. (3)
%5 Determine the equation of g. (4)
2.6 Determine the coordinates of the x-intercept of g. (3)
2.7 For which values of x will it be: g(x). f'(x)<0? 3)
2.8 Determine the equation of k(x)if k is the reflection of g about the line x = 4. (3)
2.9 For which values of p will both x-intercepts of f(x)+ p be greater than —27? (4)

QUESTION 3 (FS Sept 2025)

The diagram below shows the graphs of the functions of f(x)=5"+¢ and g(x)= LI q
xX+p

B(—6:;0)1s the x-intercept of g

The graphs of f and g have a common y-intercept.

B(—6;0)is a point on f.

JJ

@;5)

3.1 Write down the values of p and gq. (2)

10
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3.3 Determine the equation of the inverse of the axis of symmetry of g for m <0. 4)
3.4  Write down the equation of the asymptote of f. (1)
3.3 Determine the equation of f. (3)
3.6  Determine the equation of & if A(x)= f(x)+4 (2)
3.7  Determine the equation of /', the inverse of 4, in the form y=... (2)
3.8  For which values of x is f(x) > g(x)? (2)

QUESTION 4 [NW Sept 2025]

Sketched below are the graphs of f(x) = —%xz +bx+c and g(x) = c
X+

+ ¢. The axis of symmetry of f.
P

x =—1, is the vertical asymptote of g. The line % is an axis of symmetry of g. A is the y — intercept of f and
g. B(Z;O) is a x—intercept of f and A.

F
4.1  Show that the equation of f is f(x)= —% x> —x+4. (2)
4.2  Write down the coordinates of the y — intercept of f. (2)
4.3  Determine the coordinates of the turning point of f. (2)

11
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4.5 Determine the equation of g.

4.6 Determine the coordinates of the x —intercept of g.

4.7  For which values of x will it be: g(x).f (x)<0?
4.8 Determine the equation of k(x) if & is the reflection of g about the line x = 4.

4.9  For which values of p will both x—intercepts of f(x)+ p be greater than —27?

QUESTION 5 (GP Sept 2025)

The graphs of the functions f(x) = a
X+p

+ ¢ and h(x) =mx+c are sketched below.

x=—2§

5.1 Write down values of p and g.

5.2 Calculate the value of a.

5.3 Write down the range of f.
5.4 Determine the equation of the line of symmetry of f for m <0 in the form y =...

5.5 Write down the equations of the asymptotes of f[x + 4%) ;

12

3)
4
3)
3)
3)
4)

2)
(1)
(M
)

(2)
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QUESTION 6 [KZN Sept 2025

a

The graphs of f(x) = %(x + p)2 +¢g and g(x)= +t are sketched below. The line A(x) =—x+3 is an axis
X

+r
of symmetry of g. C is the y — intercept of both g and 4. E(—2;w) is the turning point of f. B, is a point on

f, is the point of intersection of the asymptotes of g.

ALJ;
h
&
g
________ - e
(@]
D
E(=2:w)
6.1  Write down the coordinates of C. (1)
6.2  Show that the coordinates of B are(2;1) (2)
6.3 Determine the values of a, r and t. (4)
6.4 Determine the equations of the asymptotes of the graph of ;j if j(x) = g(x+3)-1. (2)
6.5 Show that the equation of f is given by f(x)= %xz +2x-35. 3)
6.6 If f(x)=k, determine the values if k£ for f(x) has TWO negative roots. 3)

6.7 Determine the values of d such that %(x +d) +2(x+d)-5=—(x+d)+3 will have

one positive and one negative root. (4)
13
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QUESTION 7 [KZN Sept 2025]

The graphs of f(x)=Ilog, x and k(x) = mx —3 are drawn below. A(%;l) isapointon f and D is the x—

intercept of both f and .

F
g
7.1  Write down the coordinates of D. (1)
7.2 Determine the value of 5. (2)
7.3 Determine the value m. (2)
7.4 Write down the domain of f. (1)
7.5 Determine the equation of /', the inverse of f in the form of y =... (2)
7.6 Determine the values of x for which %s f(x)<16. (3)

7.7 Sketch the graphs of /' and k' on the same system of axes. Clearly indicate

intercepts with the axes. 4)

14



Downloaded from Stanmorephysics.com

QUESTION 8 [DBE NOV 2022]

8.1 Sketched is the graph of A(x)= +¢ . The asymptotes of / intersect at (1;2).

X+ p
YN
h
2
< \ >
0 1 X
\

8.1.1 Write down the values of p and q.

8.1.2 Calculate the coordinates of the x-intercept of A.
8.1.3 Write down the x-coordinate of the x-intercept of g if g(x) = h(x +3).

8.1.4 The equation of an axis of symmetry of 4 is y = x+¢. Determine the value of 7.
8.1.5 Determine the values of x for which —2 < Ll
x—

8.2 The graphs of f(x) =x"—4x-5 and g(x) = a.2" +¢q are sketched below.

e E and H are the x-intercepts of f.
e C is the y-intercept of f and lies on the asymptote of g.
e The two graphs intersect at D, the turning point of f.

y
8.2.1 Write down the y-coordinate of C.

\ / 8.2.2 Determine the coordinates of D.
E H

8.2.3 Determine the values of @ and g¢.

8.2.4 Write down the range of g.

15
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8.2.5 Determine the values of £ for which the value of f(x) — k will always be positive.

QUESTION 9 (DBE MAY/JUNE 2022)
The graph of g(x)= a[%) + 7 passes through point E(~2; 10).

9.1 Calculate the value of a.

9.2 Calculate the coordinates of the y-intercept of g.

9.3 Consider: A(x) = (%J

9.3.1 Describe the translation from g to A.

932 Determine the equation of the inverse of £, in the form y=.......
QUESTION 10 (DBE NOV 2022)
The graph of g(x) =2x+6 and g™' , the inverse of g, are shown in the diagram below.

e D and B are the x- and y-intercepts respectively of g.
e Cis the x-intercept of g

e The graphs of gand g~ intersect at A.

< — X

16

(€)
2

()
(2)
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Determine the equation of g in the form g =mx+n. (2)
10.3 Determine the coordinates of A. (3)
10.4 Calculate the length AB. (2)
10.5 Calculate the arca of AABC (5)

QUESTION 11 (DBE Nov 2021)

The graph of f(x)=log, x is drawn below.

B(k;2) isapointon f . i ° .

/ B(k:2)

11.1  Calculate the value of k& px

11.2 Determine the value of x for

which —1< f(x)<2

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

11.4  For which values of x will x./'(x)<0 ?

QUESTION 12 [DBE FEB/MARCH 2017]

12.1  The sketch below shows the graphs of f(x)=x"—2x-3 and g(x)=x-3.
A

e A and B are the x— intercepts of f. Y

e The graphs of f and g intersect at C and B.

e D is the turning point of f.

L]

12.1.1 Determine the coordinates of C. 0 B X

12.1.2 Calculate the length of AB.

12.1.3 Determine the coordinates of D.
12.1.4 Calculate the average gradient of f

between C and D.

12.1.5 Calculate the size of OCB D
12.1.6 Determine the values of & for which f(x) =k will have two unequal positive roots.

12.1.7 For which values of x will f/(x).f"(x)>0?
12.2  The graph of a parabola f has x-intercepts at x=1 and x=5. g(x) =4 is a tangent
17
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intercepts with axes and the coordinates of the turning point. (%)
QUESTION 13

In the diagram, the graphs of
f(x)=log, xand gare drawn.
Graph g is the reflection of f in
the line y = x . Graph f passes
through the point P(4 ; 2).

Q is the x-intercept of f and R is R
the y-intercept of g.

i

S
P(4:2)
X

o Q

13.1 Write down the coordinates of P’, the image of P on g.
13.2 Show that a = 2.

13.3 Write down the equation of g in the form y=...

134 Tisapointon f in the first quadrant where TR is parallel to x-axis. Calculate the area of ARTP’,

QUESTION 14 (DBE NOV 2024)

Sketched below is the graph of f(x)= +¢ having the domain (=031 ) (1;0)

X+

The graph of f cuts the y-axis at (0 ; 1). A line of symmetry of f is given by g(x)=x —3.

18
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14.2 Determine the equation of the horizontal asymptote of f.
14.3 Calculate the value of a.

14.4 For which values of xis f(x)>0?

14.5 Graph fundergoes a transformation to # where:

e The domain and range of /4 are the same as that of f
e /'(x), the derivative of h, is negative on its domain

Describe a possible transformation that f* could have undergone to result in 4.

QUESTION 15

f(x)=ax’ +bx’ + cx +d has the following properties:

a<0 d=0
7(3)=0 en f(8=0 F(—)=0 en ['(5)=0
Draw a sketch graph of fusing the information given above. (5)

QUESTION 16

The following information about a cubic polynomial, y = f(x) is given:

e f(2)=0
¢ f(1)=-4
o f(0)=-2

.« f-D=fD)=0
e If x<—1thenf'(x)>0
e If x>1 thenf'(x) >0

Use this information to draw a neat sketch graph of f.. (5)
16.1 For which value(s) of x is f strictly decreasing? (2)
16.2 Use your graph to determine the x-coordinate of point of inflection (2)
16.3 For which value(s) of x is f concave up? (2)

19
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QUESTION 17
Given: flx)=x=4x*—11x+ 30

17.1  Determine the y-intercept of /. (1)
17.2  Calculate the x-intercepts of f. (4)
17.3  Calculate the coordinates of the turning points of f. (5)

17.4 Draw a neat sketch graph of f, showing clearly all intercepts with the axes and
turning points (3)

17.5 Determine the x-coordinate of the point of inflection of the graph of /. (2)

QUESTION 18

Given f(x) =ax> +bx’> +cx+d :

The gradient at any point (x; f(x))is given by (18x> +14x—8), and f(0)=-7.

Determine the values of «,b,c and d. (5)

QUESTION 19

In the diagram, the graph of f(x)=—-x"+10x" —17x—28 intersects the y-axis at A.

Ay
B and C are the turning points of /.
C
0 *X
A
19.1 Write down the coordinates of A. B
19.2 Calculate the coordinates of B and C.

19.3 For which value(s) of x is f concave up?

20
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AY
QUESTION 20
The diagram shows the graph of B(0:4)
f(x)= x5 + ax? +bx + 4.
B and C are turning points of f (x)
(-1;0)0 C > %

20.1  Show that the values of a and b are —3 and 0 respectively.
20.2  Determine the coordinates of C.
20.3  Determine the equation of the tangent to the curve at A.

204  For which values of k will x> —3x% +4 =Kk have 3 distinct roots.

20.5  Write the values of x for which ' (x) >0

(4)
@)
()
)
)

| TRIGONOMETRY

USING DIAGRAM TO DETERMINE THE NUMERICAL VALUES OF RATIOS FOR ANGLES

1. Write the given equation in a form of a simple trig ratio, for example, if 5cosx + 3 = 0, then:
3
SCOSX=-3 .. cosx:_g

2. Draw the sketch in the correct quadrant, using the interval/restriction given and also

the CAST rule for example

A
A A

Jd AR

00

IF,

0° ’Ja

21
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4. Use Pythagoras theorem to calculate the value of the unknown side. Decide whether it is
positive or negative.

5. Use the diagram to answer the questions

ACTIVITIES

1. Iftang = —% and S <[180°;360] Calculate without the use of a calculator
and with the aid of a diagram the value of:

1.1

+sin2p 1.2 cos(180° - f3) 1.3 cos2p
cosf

2.1 If 4tanA=-3 where 0°< A< 180°and 13cosB—-12=0 where 180°< B < 360°
Calculate the value of
2.1.1 sin AcosB
2.1.2. sin2AcosB

2.2 1f90°< A <360%andtan A :g , determine without the use of a calculator.

22.1 sinA
2.2.2 cos 2A —sin 2A

3. Inthe diagram, P (6 ; k) is a point in the

first quadrant. POT =6 and OT =2 4y
P (6; k)
It is further given that v/5cos@—2=0

Determine, without the use of a calculator:

3.1 tan @interms of k

3.2 The value of k

4. Given that +/13sin x +3 =0, where x <(90°; 270°)
Without using a calculator, determine the value of:
4.1 sin(360° + x) 4.2 tan X 4.3 c0s(180° + x)
5. If cosa=4+/t, where o is an acute angle, express each of the following in terms of t:
51 tana 5.2 sin(180° - «) 5.3 sin2a

6. Itis known that 13sina —5=0and 4tan # =-3 where a € (90°;270°) and
22
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Determine, without using a calculator, the values of the following:

6.1 cosa 6.2 cos(a + f)

7. If sin36° = p, expresssin 66° in terms of p

8. Given:sin36° = ﬂ
Determine, without using a calculator, the values of the following in terms of p:
8.1 tan 36°

8.2 cos 108°

9. Inthe Cartesian plane alongside, &

the point B(3;-3\/§) and the

reflex angle, « , are shown. 0[(—;\

Determine (without using a calculator) ) \_ o

the value of: -

9.1 OB

9.2 cos (a+30°) * B(3;-3\/§)

v
10. If sin34° =k, determine the value of the following in terms of k:

10.1 cos68°
10.2 cos34°.cos(—22°) +sin 34°.sin 202°
11. In the diagram, reflex TOP = o 4

and P(-5; —12) is a point on the Cartesian plane.

Determine the value of each of the following tf \

trigonometric ratio WITHOUT using a calculator - [9) T
11.1 cosa 3)

112 tan (180°—a)  (2)
P(-5;-12)

113 sin(30°-a) (3

23
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13. If sin40° = p, write EACH of the following in terms of p. v

14.

15.

16.

I BRI e oS AR BT cs . com

OP=,/34 and H 6 P= fis reflex angle.

Ya

Without using a calculator, determine the value of

121 t

7o

A

122 tan B \_

12.3 cos2p

13.1 sin 220°

13.2 cos®50°
13.3  cos(-80°)

If sinp :% and B e(90°;270°) Calculate without the use of a calculator

and with the aid of a diagram the value of:

14.1 cosp

14.2 sin 2p

14.3 cos(450°-B)

It is given that tan 50° = k. Express EACH of the following in terms of k :
15.1.1 cos40°

2sin 25°.cos 25°
—2+4sin?25°

15.1.2

15.1.3 sin10°

If cosd= 1—: where 180° < 8 < 360°, determine, without using a calculator,

the value of:
16.1.1 sin?é
16.1.2 tan(360°—6)

16.1.3  cos(6-135°)

24
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With the aid of a diagram, and without the use of a calculator, determine the value of sin 2.

IDENTITIES

GRADE 11 CONTENT

sin? @+cos? f=1

sin?0=1 - cos’ @ cos?’@=1—sin? @

tang=""9 9+ k.90°, k an odd integer
cosé

1 cosd

tand siné

GRADE 12 CONTENT

cos(a + ) =cosa cos f—sinasin S

cos(a — ) =cosacos B +sinasin S

sin(a + ) =sin a cos B+ cosasin S

sin(a — ) =sina cos g —cosasin S

cos2a =cos’ a —sin a

cos2a =2cos’a —1

cos2a =1-2sin’ «

sin 2a = 2sin a cos

EXAMPLE:
Prove that: sin @ +sin 20 _ sin@
cos280 —cosd cosd -1
LHS — sin @ +sin 20
c0s260 —cosd

_ sin @+ 2sin @cosO
2c0s° @ —1—cosé

_ sin@(1+2cos0)
(2cosé +1)(cosd -1)

_ sind
cosd -1

Exercise

Prove that

cos* X +sin? X.cos® X i
1. - =1-sinx
1+sin X

11
sin®2x  tan?2x

(use sin 2« = 2sin arcos B and cos2c = 2cos” a —1)

(factorise and simplify)

25
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C0S 2X +C0S” X +3sin* x =2

REDUCTION FORMULA

The trigonometric reduction formulas help us to “reduce” a trigonometric ratio to a ratio of an acute angle.

Any angle in a form of 90° 6, 180° +4 and360° £ can be written simply in terms of &

(90° - )

(180° - 0)

(180° +6)

sin(90° — @)=+ cosd
cos(90° - @)= +sin @
sin(90° + @)= +cosO

sin (180° — #)=+sin @
cos(180° — 8)=—cosé
tan(180° — #)=—tané

sin (180° + @)=-sin @
cos(180° + #)=—cosé
tan(180° + #)=+tand

c0s(90° +0)=—sin @
(360° —0)

sin (360° — @)= —sin 6

c0s(360° —#)=+cosd

tan (360° — 9)=—tané

(=9)

sin (-0)=-siné@
cos (-0) =+ cosé
tan (-8)=-tan@

(360° +0)

sin (360° + #)=sin 6
c0s(360° + #)=coséd
tan (360° + #)=tan@

ACTIVITIES
QUESTION 1
Prove each of the following:
1 sind  cosd_ 1 18  cos2x+cos®x+3sin*x 1
' 1-cos@ sind sinéd 2-2sin?x " cos? X
sin 2x 1.9  sin x—sin Xcos X
12— —=2tanx " =tanx
C0S2X+Ssin” X cosX—1+sin* x
—2sin? 1.10 sin2x+cos2x+1
13 2sin X+COSX+1=ZCOSX—1 : —2C0SX
1—-cos(540° - x) Sin X+Cos X
- —Si 111 i 0 i ° _x)=
14 1 _cost SINX _ onx sin(30° +x) +sin(30° —x) = cos X
Sin 2X—Ccos X
L5 Sin2x_cos2x _ 1 1.12 ¢os(90° —2x) tan(180° + x) +sin?(360° —x)=3sin’ x
' sinX  COSX COSX
L6 cos2x+cos’ X+3sin’x 1 113 1-tanA _ cos2A
' 2—2sin? x " cos? x l1+tanA 1+sin2A
i 1.14 2(45° =1-si
Lo Sin 2x+cos2x+1_, 2c0s°(45° + x)=1-sin 2x.

Sin X+ C0S X

26
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2.1 Consider the following identity: 1-2sin ACOSA:sin A—cosA

sin A—cos A

(1) Prove the above identity
(if) For which values of A will the above identity not be defined?
2.2 Prove that:

2.2.1cos(x—y)—cos(x+y)=2sinxsiny

2.2.2 Hence find without the use of a calculator the value of cos15°—cos75°

2.3 Prove that:
2.3.1 sin(45°+6).sin(45°-0) :%00520

2.3.2 Hence determine the value of sin 75°.sin15°
2.4 Prove that:

2.4.1 cos(x+Yy).cos(x—y)=1-sin*x—sin’y

2.4.2  Hence determine the value of 1—sin? 45° —sin®15°
2.5 Simplify to a single term: cos(x — 360°).sin(90° + x) +cos® (—x) —1
2.6  Consider sin(2x + 40°),cos(x + 30°) — cos(2x + 40°) sin(x + 30°)

Write as a single trigonometric term in its simplest form

QUESTION 3

(d—sin B) (L+sin B) 1

3.1 Prove the following identity: >
cos” S

sin o —sin a cosa 5
— =tan“ «
cosa—(1-sin‘ a)

3.2 Prove the following identity:

8 4 4

3.3 Prove that: ——— =
sin“A 1+cosA 1-cosA

3.4 Using the identity in Question 3.3, determine the values of A in the interval 0° < A <360° for
which the identity is undefined

(sin x +cosx 1—sin xcosx)
CosX

Given: tan x(l—cos2 x)+ cos? X =

35.1 Prove the above identity. (5)
3.5.2 For which values of x, in the interval x e[-180°;180°], will the identity be undefined? (3)

27
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3.6.1 Without using a calculator, simplify the expression given above to a single

trigonometric term in terms of cos 2x.

sin150°+cos* x-1 1

3.6.2 Hence, determine the general solution of 5 >
QUESTION 4
4.1 Determine the value of the following expression:
411 c0s(360° — ) (sin(90° + ) sin(—6)
o sin(6+180°)
412 sin(180° + @) tan (720° + &) cos(—6)
o c0s(90° +6)

413 tan(180° + x) cos(360° — x)

T sin(x—180°) cos(90°+ x) + c0s(720° + X) cos(—X)

414 co0s(—250%)cos120° . sin 315° tan® 240°

sin 20° cos 405°
4¢0s(—x).cos(90° + x)

415 — .
sin(30° — x).cos x +cos(30° — x).sin X

4.1.6 sin (180°-x).cos(— x)+ cos(90°+x).cos(x — 180°)

417 2¢0s(90°—x) y €0s(60°—x) cos x — sin(60°—x) sin x

7 sin(180°-2x) tan(—x)
i o 210 _
418 sin104 (2c_os2 15°-1)
tan38°.sin- 412°
419 cos(—180° — x) tan (360° — x) cos® (90° — x)
o sin(180° — x).sin(=Xx)
4110 .cose. tan(180° — #)sin 8
sin(540° + 8).cos(90° — )
4.2 Prove that:

42 . tan(180° + x) cos(360° — x) _sinx
sin(x—180°) cos(90°+ x) + cos(720° + X) cos(—X)
sin190°.cos225°.tan 390° 1

422 =——

sin135°.c0s100° J3

28
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4sin10°cos10°

QUESTION 5

5.1 Determine, without using a calculator, the value of
cos(A+55°).cos(A+10°) +sin(A+55°).sin(A+10°)

1-sin(—0) cos(90° + 0)

5.2 Simplify:
Pl os0—3607)
QUESTION 6 [DBE NOV 2025]
6.1  Prove that: [tan(180 + x)J1 - cos? x)+ cos® x = (sin x —cos X)L+ sin x.cosx) (6)
—COS X
6.2 Itis given that sin® x; cos® x and %sin 2x are the first three terms of an arithmetic
sequence. The constant difference of the arithmetic sequence is NOT zero. @)
QUESTION 7
2 o
Calculate without the use of a calculator: cos 298
tan118°.sin124°
QUESTION 8 [DBE NOV 2025]
61 Given: sin(540 +x) cos(90° + x)
sin(-x)
8.1.1 Simplify the expression above fully to a single trigonometric ratio. 4
8.1.2 Hence, determine the values of X in the interval X [O°;360°] for which
\/sm(540 + x).cos(90° + x) will be real. @
sin(-x)

QUESTION 9 [DBE May/June 2025]

2¢0s(180° — x)sin(- x)

9.1 Simplify the expression to a single trigonometric term:
plity P Jetrs 1-2c0s*(90° - x)

(6)
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9.2 Calculate the value of the following expression without using a calculator:

(tan 92°)(tan 94°)(tan 96°)...(tan 176°)(tan 178°)

QUESTION 10 [May/June 2025]

Consider the expression: sin(A—B)-sin(A+B)

10.1  Prove that sin(A—B)—sin(A+B)=—2cos Asin B.

10.2  Simplify the following expression to a single term: sin 4x —sin10x

10.3  Hence, determine the solution for x [0°;30°].

QUESTION 11 [GP Trial 2025]

11.1  Given: cos(a — @)= cosa cos @ +sin asin @
11.1.1 Use the above identity to deduce that sin(c —8) = sin a cos 3 —cos asin 6.

11.1.2 Hence , or otherwise, evaluate sin 76°.sin 44° —sin14°.sin 46°.

11.2  Given: f(x)=sinx

Show that f (X * hh)_ f (X) can be written as sin x( COS: _lj +CO0S x(%)

QUESTION 12 [GP Trial 2025]
12.1  Simplify the following to a single trigonometric term, without the use of a calculator:
tan(180° — x)cos(180° — x)

(")
c03240°[tan2 y— 12 j
cos’y

sin3x  4cos’ x—1

12.2  Prove the identity: —
Sin X COS X COSX

()

12.3  Determine the general solution of cosx+1=sin x (7

30
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QUESTION 1 [DBE Nov 2022]

In the diagram, A(4 ; 2), B(6 ; -4) and C(-2 ; -3) are vertices of AABC . T is the midpoint

of CB. The equation of line AC is 5x-6y = 8. The angle of inclination of AB is a.

ADCT is drawn such that CD//BA. The lines AC and DT intersect at S, the y-intercept of AC.

P, F and R are the x-intercepts of DC, AC and AB respectively.

y
1.1

A(4:2)

1.2

C(-2;-3)
1.3

B(6;-4)

QUESTION 2 [DBE Nov 2022]

Calculate the:

1.1.1 Gradient of AB 2
1.1.2 Sizeofa (2)
1.1.3 Coordinates of T 2
1.1.4 Coordinates of S 2
Determine the equation of CD in
the form y = mx+c. (3)

Calculate the:

1.3.1 Size of DCA (4)

[15]

In the diagram, M(3; -5) is the centre of the circle having PN as its diameter.

4

KL is a tangent to the circle at N(7 ; -2).

y

2.1  Calculate the coordinates of P. (2

2.2  Determine the equation of:
2.2.1 Thecircleinthe form (x—a)* + (y—b)*=r? (3)

2.2.2 KL inthe form y = mx+c (5)

31
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In the Diagram, A(-2;10), B(k;k)and C(4;-2) are the vertices of A ABC. Line BC is produced to H and cuts
the x—axis at E(12;0). AB and AC intersect the x —axis at F and G respectively. The angle of inclination of

line AB is 81,87 .

A(-2;10) 4y
31,87 >
F MUZO) >
C(4;-2)
B(k k)

QUESTION 4 [DBE SC 2021]

3.1

3.2

3.3

3.3.1

3.3.2

Calculate the gradient of :

3.1.1 BE )
3.1.2 AB )
Determine the equation of BE

in the form y=mx+c @)
Calculate the:

Coordinates of B, where k <0 (2)
Size of A (4)

[12]

In the diagram, the circle centred at N(—1;3) passes through A(-1;-1) and B(-4;2), C, D and E are joined to
form a parallelogram such that BE is parallel to the x—axis. CD is a tangent to ne circle at C and CD = 6 units.

32

4.1 Write the length of the radius of the circle.
Calculate the:

4.2.1 Coordinates of C.
4.2.2 Coordinates of D.

4.2.3 Areaof ABCD.
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In the diagram, S(0 ; 16), L and Q(4;—8) are the vertices of ASLQ having LQ perpendicular to SQ. SL and SQ
are produced to points R and M respectively such that RM||LQ. SM produced cuts the x —axis at N(8 ; 0).

QM = MN.T and P are the y — intercepts of RM and LQ respectively.

QUESTION 6 [DBE SC 2021]

Y
0
M
Q(4;-8)
S(0;-16)

5.1 Calculate the coordinates of M. (2)
5.2 Calculate the gradient of NS. (2)

5.3 Show that the equation of line LQ

. 1
ISy=——X-6 3
y=-3 3)

In the diagram, P(—3; 4) is the centre of the circle. V (k ; 1) and W are the endpoints of a diameter. The circle
intersects the y —axis at B and C.BCVW is a cyclic quadrilateral.CV is produced to intersect the x —axis at T.

OTC=¢

W

6.1 The radius of the circle is ~/10 .
Calculate the value of k if point V is to
the right of point P. Clearly show ALL
calculations. 5)

6.2 The equation of the circle is given as

x* +6x+ y? —8y +15 = 0.Calculate the

length of BC. 4)
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6.3.1 a (2)
6.3.2 VWB 2)
[13]

QUESTION 7 [DBE NOV 2017]

In the diagram, A, B(—6;—5) and C(8;—4) are points in the Cartesian plane. F(B;B%j and G are points

online AC such that AF = FG. E is the x -intercept of AB.

v

X
C(8;-4)
B(-6;-5)
7.1  Calculate:
7.1.1 The equation of AC in the form y =mx+c 4
7.1.2 The coordinates of G if the equation of BG is 7x—-10=8 3
7.2 Show by calculation that the coordinates of A is (2;5) 2)

7.3  ABCD is a parallelogram with D in the first quadrant. Calculate the coordinates
of D. 4)

[13]
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In the diagram, P(—4;5) and K(0;-3) are the end points of the diameter of a circle with centre M. S and R

are respectively the x - and y -intercept of the tangent to the circle at P.

@ is the inclination of PK with the positive x -axis.

4
¥
R/

[

S /)E'

0;-3)

O

~

8.1 Determine:
8.1.1 The gradient of SR

8.1.2 The equation of SR in the form y=mx+c
8.1.3 The equation of circle in the form (x—a)2 +(y—b)2 =r?

8.1.4 The size of PKR

8.1.5 The equation of the tangent to the circle at K in form y =mx+c

35
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In the diagram, Q(3;0),R(10;7),S and T(0;4) are vertices of parallelogram QRST. From T a straight line

drawn meet QR at M (5;2). The angles of inclination of TQ and RQ are «and S respectively.

Ar S

QUESTION 10 [DBE FEB/MARCH 2017]

9.1 Calculate the gradient of TQ Q)
9.2 Calculate the length of RQ.
Leave your answer in surd from. (2)
9.3 F(k;—-8)is a point in the Cartesian plan
such that T, Q and F are collinear.
Calculate the value of k. 4)
9.4 Calculate the coordinates of S. 4
9.5 Calculate the size of TSR. (6)

[17]

In the diagram, the circle, having centre T(0;5), cuts the y -axis at P and R. The line through P and S(-3;8)

intersects the circle at N and the x-axis at M. NS = PS. MT is drawn.
A

)]

P

T(0;5)

36

=y

10.1 Give areason why TS L NP.

10.2 Determine the equation of the
line passing through N and P
in the form y=mx+c

10.3 Determine the equations of the
tangents to the circle that are
parallel to the x-axis. (4)

10.4 Determine the length of MT.
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NOTE:

The following proofs of theorems are examinable:

The line drawn from the centre of a circle perpendicular to a chord bisects the chord;

The line drawn from the centre of a circle that bisects a chord is perpendicular to the chord.

The angle subtended by an arc at the centre of a circle is double the size of the angle subtended by
the same arc at the circle (on the same side of the chord as the centre);

The opposite angles of a cyclic quadrilateral are supplementary;

The angle between the tangent to a circle and the chord drawn from the point of contact is equal to
the angle in the alternate segment;

A line drawn parallel to one side of a triangle divides the other two sides proportionally;

Equiangular triangles are similar.

WHAT SHOULD NOT BE DONE WHEN SOLVING RIDERS

Never attempt to prove a theorem without a construction (if a construction is required).

Do not assume information, e.g. that lines are tangents unless given or proved. The examiner may ask
candidates to prove that the line is a tangent

When solving a rider, never presume the results and use the reason required in the conclusion as a reason for

the statement(s) that are written for the proof. That is, do not use means that assume that the proof in
concluded. For example, the reasons: opp s quad supplementary or ext £ = int opp £ or line subtends =
/s cannot be used when proving the same cyclic quad.

Do not write random, correct or incorrect statements that do not lead to the solution

Do not confuse similarity (///) with congruency (=). The conditions are not the same although all
congruent triangles are also similar

BASIC HINT

Read the statement first. Useful information is in the statement, if used correctly,
most questions will be easily answered

When writing a reason for a statement, WRITE based on what IS GIVEN using 0
The correct theorem, refer to the acceptable reason. For example, In the diagram,
OM bisects PR or M is the midpoint of PR. P M 7R

We deduce that OM L PR, the reason is: Line from centre to midpt of chord.

We do not write perpendicular to chord!

Do not write random, correct or incorrect statements that do not lead to the solution

Know what is associated with each key word, for example, Centre, tangent, parallel, diameter, etc.
37
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QUESTION 1 [DBE Nov 2025]

In the diagram, O is the Centre of the circle of the circle. POF is the diameter of the circle and MF is a tangent
to the circle at F. OM cuts the circle at L. P =32°

42 Calculate, with reason, the size of:
11 0, 2
1 12 M
o ©
2
L
M F

QUESTION 2 [DBE Nov 2025]

In the diagram, PQRS is a cyclic quadrilateral. T is a point on the circle such that QT is perpendicular to SR at
V. PT and ST are drawn. Q =35° And R =§,

2.1 Calculate, with reason, the size of QTS. (3)
2.2 Prove that PQ || SR. 3

2.3 Prove that PT is a diameter of the circle (2)
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QUESTION 3 [DBE Nov 2025]

3.1 In the diagram, AABC is drawn. BA is produced to E. F and D are points on BC such that AC and EF

intersect at G. CF :g and EZE

FB 5 GA 2

E A B

Calculate, with reasons, the value of

311 2 @)
G 5 CF
312 BA (@)
EA
F
313 Area of AGCF @)

Area of AGFDA
C

3.2 In the diagram, WVZR is a cyclic quadrilateral. RZ is produced to Q. A tangent is drawn from Q to touch

the circle at S. WV is produced to E, a point on ZQ. RW produced meets ZV produced in P. PQ||WE. RS

and ZS are drawn.

39
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321 PR=WOR )
QE
3.2.2 If APQZ ||| ARQP, then PQ* = RQ.QZ (1)
3.23 AQSZ|||AQRS ?3)
324 PQ=QS ()
E.PZ
325 PW= ﬁ (4)

QUESTION 4 [MP SEPT. 2026]

4.1 In the diagram below, O is the centre of the circle. AB is a diameter. AOC =104°and DAB = 32°

D
B
Calculate the size of:
411 D )
412 C, (1)
413 A, ©)
A c 414 C, 3)

40



4.2 I%Wﬁqgg&gmﬁ%?ﬂd §% arﬁ Fﬁ@?@bﬁ% I%)éntitgl‘wd B respectively to the circle with centre

O and TQ=TB. The radius BO produced meets the circle at A and RQ produce at P.

p
421 Prove that RBOQ is a cyclic quadrilateral. 4)
4.2.2 Prove that RB is a tangent to the circle passing through T, O and B 4
423  Express Pintermsof B, (3)

41
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DG 3 BE 1

In the diagram below — =—, — == and AG|| DE.
GC 2 EA 2
A
Determine, with reason, the value of:
51 =H @)
E HC
9 Areaof ABAG (3)
Areaof ACAG
B
D E e C

QUESTION 6 [MP SEPT. 2026]

In the diagram alongside, RS|IQT and PR is a tangent to the circle at R. SMP is a straight line.

6.1 Whyis R, =T,? (1)
6.2 Prove that ARTS ||| ARQM (@)
6.3 Prove that RQ.TS=QM.RT (1)

6.4 Calculate the numerical value of

PQ if it is given that PM_2

RT ST 3

and oM _ 1 (4)
SM 2
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In the diagram below A, B, C, D, and E lies on the circle. BA is produced to F. B =27° and C =88°.AE, ED,
DC, BC, BE and BD are drawn.

7.1 Calculate, with a reason, the size of E, . 2)
7.2 If itis given that ED=DC, write down, with a

reason, the size B,. (2)

7.3 Calculate, with reasons, the size of A2 : (3)

QUESTION 8 [DBE MAY/JUNE 2026]

In the diagram, O is the centre of the circle. Chord AS is perpendicular to diameter BOD at . OR is drawn with

R on BS. AB, AD and OS are drawn. B, = x

8.1 Calculate the following theorem statement:
The angle subtended by a chord at the circumference of
the circle, on the same side of the chord are......

8.2 Determine, with, the size of the following angles in

terms of x: 3
8.2.1 B, (3)
8.2.1 §, 2)
8.3 It is further given that BR=RS. Prove that OKSR is a
cyclic quadrilateral 3

43



QUESTWA IBEGAM I BBnmorephysics.com

9.1 In the diagram below, A ADE is drawn. Line GH intersect DF and EF at G and H respectively such that

GH || DE and GF = E
DG

E
H
: : HF F
9.1.1 Write down, with a reason, the value of ER’ 2
9.1.2 If EF =21cm, calculate the length of EH. (2)
9.1.3 Write down a triangle which is similar to AFGH . (@D)]
GH
9.1.4 Hence, calculate the value of EH (2

9.2  In the diagram, POL is a diameter of the larger circle with centre O. TRM is a diameter of the smaller
circle with centre M. The two circles intersect at L and R respectively. PLK is a tangent to the smaller
circle at L and TR is a diameter to the larger circle at R. OM intersect the smaller circle at N. Straight lines
LT, LR, LN and PR are drawn

Prove, giving reasons that
921 LT||PR 4)
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9.2.3 LN bisects OLR ()

QUESTION 10 [DBE MAY/JUNE 2025]

10.1 In the diagram below, O is the centre of the circle. Points D and B lie on the circle. Points A and C lie
outside the circle such that side AC of A ADC passes through B.

F is a point on BC such that FO || BD . DR = RB and RO is drawn.

A B F C
<
D

10.1.1 Prove, with reasons that ACFO ||| ACBD 3
10.1.2 If it is given that RDO = FCO, show, with reasons, that OF.CD = CO.BC 2

. . . . RO 3
10.1.3 Ifitis further given that DC =19,2 units, BD =12 units and RD -2’

: 75
Prove, with reasons, that BF = TR (6)

10.1.4 Calculate the size of ABD (3)
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In the diagram below, a circle is drawn passing through A, B, D, E and F. The tangents at B and D meet at C

BFD=xand E=y

Express the following in terms of x or y, giving
reasons:
C 111 B, 2)
112 D, )
113 D )
114 A 2)
115 B, (2)

QUESTION 12 [FS SEPT 2025]

In the diagram below, two circles touch internally at A.

AB is the diameter of the larger circle, and AL is the diameter of the smaller circle.
S and L are the centres of the circles.
D is the point on the smaller circle, and C is a point on the larger circle. ADC is a straight line.

M is a point on LB such that MN |ILC.

12.1 Prove DLI|ICB. 4)
12.2 Prove that 2SD = LC 3

12.3  Determine the value of % (2)

12.4  Determine the length of LM, if AB is

30 units and BN = ! (3)
NC 9
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In the diagram below A PQT is drawn. O is the centre of the circle, and OD bisects PQ. PT L QT.

P

47

Prove the following:

131 O,=QPT (5)
132 AOPD /// APQT (4)
133  0Q.QT=2PD? (6)
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In the diagram below, PQBR is a cyclic quadrilateral
e BP is a diameter of the circle. PR is produced to S, and PBto T.
e PBT intersect QR at A and the circle at B

e RT bisect QRS, TS L SP
e PQ=PR

14.11f Q, = 55°, calculate with

reasons the size of:

1411 R, 2)
1412 B, (2)
1413 BRP )
1414 A, (3)

14.2 Give areason why AQ = AR
14.3 Provethat AT =TS (4)
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QUESTION 15 [NW SEPT 2025]

In the diagram below, ABCD is a cyclic quadrilateral. EF ||BD . ACG and DCE are straight lines

A

Prove that:

151 E =A, (3)
15.2 EFis atangent to the circle EAC. (1)
15.3 AABC ||| AEDF (4)
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In the diagram below, AB is a diameter of the circle. CB is a tangent to the circle at B.

AC intersect the circle at D
e DC=x

J DC:EAD
2

B C

16.1 Prove that @ = «/5
DC

16.2  Calculate the perimeter of AABC if AD = 10cm
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THEOREM STATEMENT

| ACCEPTABLE REASON(S)

LINES

The adjacent angles on a straight line are supplementary.

Zsonastrline

If the adjacent angles are supplementary, the outer arms of these angles form a
straight line

adj Zs supp

The adjacent angles in a revolution add up to 360°.

Zsround apt OR zsinarev

Vertically opposite angles are equal.

vert opp £s =

If AB // CD, then the alternate angles are equal.

alt Zs; AB || CD

If AB || CD, then the corresponding angles are equal

corresp £s; AB || CD

If AB || CD, then the co-interior angles are supplementary.

co-int £s; AB || CD

If the alternate angles between two lines are equal, then the lines are parallel.

Alt /s =

If the corresponding angles between two lines are equal, then the lines are parallel.

corresp /s =

If the co-interior angles between two lines are supplementary, then the lines are
parallel.

coint Zs supp

TRIANGLES

The interior angles of a triangle are supplementary

Z sumin A OR sum of Zsin A
OR Int £Ls A

The exterior angle of a triangle is equal to the sum of the interior opposite angles

Ext Z of A

The angles opposite the equal sides in an isosceles triangle are equal.

/s opp equal sides

The sides opposite the equal angles in an isosceles triangle are equal

sides opp equal £s

In a right-angled triangle, the square of the hypotenuse is equal to the sum of the
squares of the other two sides.

Pythagoras OR Theorem of Pythagoras

If the square of the longest side in a triangle is equal to the sum of the squares of
the other two sides then the triangle is right-angled.

Converse Pythagoras OR Converse
Theorem of Pythagoras

If three sides of one triangle are respectively equal to three sides of another SSS

triangle, the triangles are congruent

If two sides and an included angle of one triangle are respectively equal to two SAS OR S/S
sides and an included angle of another triangle, the triangles are congruent.

If two angles and one side of one triangle are respectively equal to two anglesand | AAS OR /S
the corresponding side in another triangle, the triangles are congruent.

If in two right angled triangles, the hypotenuse and one side of one triangle are RHS OR 90°HS

respectively equal to the hypotenuse and one side of the other, the triangles are
congruent

The line segment joining the midpoints of two sides of a triangle is parallel to the
third side and equal to half the length of the third side

Midpt Theorem

The line drawn from the midpoint of one side of a triangle, parallel to another side,
bisects the third side.

line through midpt || to 2nd side

A line drawn parallel to one side of a triangle divides the other two sides
proportionally.

line || one side of A OR prop theorem;
name || lines

If a line divides two sides of a triangle in the same proportion, then the line is
parallel to the third side.

line divides two sides of A in prop

If two triangles are equiangular, then the corresponding sides are in proportion (and | /// As OR equiangular As
consequently the triangles are similar)
If the corresponding sides of two triangles are proportional, then the triangles are Sides of A in prop

equiangular (and consequently the triangles are similar)

If triangles (or parallelograms) are on the same base (or on bases of equal length)
and between the same parallel lines, then the triangles (or parallelograms) have
equal areas.

same base; same height OR equal
bases; equal height
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The tangent to a circle is perpendicular to the radius/diameter of the circle at the tan L radius OR tan L

point of contact.

diameter

If a line is drawn perpendicular to a radius/diameter at the point where the
radius/diameter meets the circle, then the line is a tangent to the circle.

line L radius OR converse tan L
radius OR converse tan L diameter

The line drawn from the centre of a circle to the midpoint of a chord is
perpendicular to the chord

line from centre to midpt of chord

The line drawn from the centre of a circle perpendicular to a chord bisects the
chord

line from centre L to chord

The perpendicular bisector of a chord passes through the centre of the circle;

perp bisector of chord

The angle subtended by an arc at the centre of a circle is double the size of the
angle subtended by the same arc at the circle (on the same side of the chord as the
centre)

Z at centre = 2 x/ at circumference

The angle subtended by the diameter at the circumference of the circle is 90°.

Zs in semi circle OR diameter

subtends right angle OR Zin %@

If the angle subtended by a chord at the circumference of the circle is 90°, then the
chord is a diameter.

chord subtends 90° OR converse £s in
semi circle

Angles subtended by a chord of the circle, on the same side of the chord, are equal

/s in the same seg

If a line segment joining two points subtends equal angles at two points on the
same side of the line segment, then the four points are concyclic.

line subtends equal £s OR converse
/s in the same seg

Equal chords subtend equal angles at the circumference of the circle

equal chords; equal Zs

Equal chords subtend equal angles at the centre of the circle.

equal chords; equal /s

Equal chords in equal circles subtend equal angles at the circumference of the
circles

equal circles; equal chords; equal s

Equal chords in equal circles subtend equal angles at the centre of the circles.

equal circles; equal chords; equal s

The opposite angles of a cyclic quadrilateral are supplementary

opp «s of cyclic quad

If the opposite angles of a quadrilateral are supplementary then the quadrilateral is
cyclic

opp Zs quad supp OR converse opp
/s of cyclic quad

The exterior angle of a cyclic quadrilateral is equal to the interior opposite angle.

ext £ of cyclic quad

If the exterior angle of a quadrilateral is equal to the interior opposite angle of the
guadrilateral, then the quadrilateral is cyclic.

ext Z =intopp £ OR converse ext £
of cyclic quad

Two tangents drawn to a circle from the same point outside the circle are equal in
length

Tans from common pt OR Tans from
same pt

The angle between the tangent to a circle and the chord drawn from the point of
contact is equal to the angle in the alternate segment.

tan chord theorem

If a line is drawn through the end-point of a chord, making with the chord an angle
equal to an angle in the alternate segment, then the line is a tangent to the circle.

converse tan chord theorem OR
Z between line and chord

QUADRILATERALS

The interior angles of a quadrilateral add up to 360°.

sum of /s in quad

The opposite sides of a parallelogram are parallel.

opp sides of ||m

If the opposite sides of a quadrilateral are parallel, then the quadrilateral is a
parallelogram

opp sides of quad are ||

The opposite sides of a parallelogram are equal in length.

opp sides of ||m

If the opposite sides of a quadrilateral are equal , then the quadrilateral is a
parallelogram

opp sides of quad are = OR converse
opp sides of a parm

The opposite angles of a parallelogram are equal.

opp Zs of |[m
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parallelogram

opp £s of quad are = OR converse opp

angles of a parm

The diagonals of a parallelogram bisect each other.

diag of ||m

If the diagonals of a quadrilateral bisect each other, then the quadrilateral is a
parallelogram.

pair of opp sides = and ||

If one pair of opposite sides of a quadrilateral are equal and parallel, then the
quadrilateral is a parallelogram.

pair of opp sides = and ||

The diagonals of a parallelogram bisect its area.

diag bisect area of |m

The diagonals of a rhombus bisect at right angles.

diags of rhombus

The diagonals of a rhombus bisect the interior angles

diags of rhombus

All four sides of a rhombus are equal in length.

sides of rhombus

All four sides of a square are equal in length

sides of square

The diagonals of a rectangle are equal in length

diags of rect

The diagonals of a kite intersect at right-angles diag of kite
A diagonal of a kite bisects the other diagonal diag of kite
A diagonal of a kite bisects the opposite angles diag of kite
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