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INSTRUCTIONS AND INFORMATION

Read the following instructions carefully before answering the questions.

I This question paper consists of 2 questions, question one in part 1 and question 2 in part
2.

2. Answer the question assigned for eachday.

3 Answer the questions. in the space(s) provided.

4. Clearly show ALL calculations, diagrams, graphs, etc. which you have used in
determining your answers.

5. Answers only will NOT necessaxily be awarded full marks.

6. You may wuse an approved scientific calculator (non-programmable and

non-graphical), unless stated otherwise.
7. If necessary, round off answers correct to TWO decimal places, unless stated otherwise.

8. Read the notes supplied for your use.

Investigation aim: Derive and use reduction formulae.

Notes:

e Any trigonometric function whose argument is 90°t6; 180°£#0; —6&;and 360°+ 6 can be
written in terms of &, where @ is an acute angle.

e Reduction formulae are used to reduce the trigonometric ratio of any angle to the
trigonometric ratio of an acute angle.

e In the Cartesian plane, we measure angles from the positive x-axis to the terminal arm, which
means that an anti-clockwise rotation gives a positive angle.

e We can therefore measure negative angles by rotating in a clockwise direction.

e For an acute angle @, this implies that —@ will lie in the fourth quadrant.

e Sine and cosine are known as co-functions. Two functions are called co-functions if
f(A)=g(B) whenever 4+ B=90°(that is, A and B are complementary angles).
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QUESTION 1 (DAY 1- PART 1)

1.1 Function values of 180°—&

In the figure P(\@;I) and P'lie on the circle with radius 2. OP makes an angle € =30° with the x-axis:

Ya

1.1.1 If P and P’ are symmetrical about the line x=0 (y-axis), write down the coordinates of P’ (1)
1.1.2  Use the coordinates of P, to write down the values of: (3)
a) siné
b) cosd
c) tan @
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1.1.3 Use the coordinates of P’ to determine the values of: 3)
al) sin(180°-0)
.fbi- ~cos(180°-0)

3 tan (180°—0)

1.1.4 From your results in 1.1.2: .3 ab determine a relationship between function values (3)
of (180°-0) and 6

2) sin(180°—6)=
b) cos(180°—6')=

o  tan(180°-0)=

1.2 Function values of 180°+6

In the figure P(s/g : 1) and P'lie on the circle with radius 2. OP makes an angle & =30° with the x-axis:

y
— :j ; i.’\f;:',,;,_- —
ﬁe«; +6)
) 0 o\
2 ifj e e/
P = I "
1.2.1 If Pisrotated through 180° to get point P', write down the coordinates of P’ 0
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1.2.2 Use the coordinates of P’ to determine the values of: (3)
a) sin (180°+6)
b) cos(180°+0)
£) tan (180°+0)
1.2.3  From your results in 1.1.2 and 1.2.2 above, determine a relationship between function values (3)

of (180°+0) and 0

) sin(180°+6)=

b) cos(180°+60)= _—

C) tan(180°+t9)=

1.3 Function values of 360°—@ and - &

In the figure P(\/g;l) and P'lie on the circle with radius 2. OP makes an angle & =30° with the x-axis:
Y,

i

131 If P and P are symmetrical about the line y =0 (x-axis), write down the coordinates of P’ (1)
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1.3.2 Use the coordinates of P’ to determine the values of:

cos (360°~6')

o  wn(360°-0) _

1.3.3 Use the coordinates of P’ to determine the values of:

a) sin (—9)
b) cos(—0)
c) tan(~0)

1.3.4 From your results in 1.1.2, 1.3.2, a%l 3.8
values of { -

a)
b)
¢)
d) sin(—0)=
) cos (-6)-
f) tan(—0)=
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1.4 Function values of 90°—-§@

In the figure P (\E : l) and P'lie on the circle with radius 2. OP makes an angle &= 30° with the x-axis:

3

Y

14.1 If P and P are symmetrical about the line y = x, write down the coordinates of P’ (1)
1.4.2 Use the coordinates of P’ to determine the values of: (2)
2) sin(90°—6)
b) cos(90°—0)
1.4.3 From your results in 1.1.2 and 1.4.2 above, determine a relationship between function values (2)
of (90°—8) and 6

) sin(90°—6)=
b) cos(90°-0)=
Copyright Reserved
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1.5 Function values of 90°+ 68

In the figure P (\E : l) and P'lie on the circle with radius 2. OP makes an angle &= 30° with the x-axis:

Y|
P!
. !
ol b
[)
° 4O\ 2 !
- o -
(0] .
1.5.1 If Pisrotated through 90° to get point P’, write down the coordinates of P’ (1)
1.5.2  Use the coordinates of P’ to determine the values of: 2)

a) sin(90°+6)

b) c0s(90°+0)

1.5.3 From your results in 1.1.2 and 1.5.2 above, determine a relationship between function values (2)
of (90°+6) and &

sin(99°’+ 9) -

a)

b) cos(90°+8)=
[40]

END OF PART 1
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NAME & SURNAME OF LEARNER:

(DAY 2 - PART 2)

Notes: We can also have angles that are larger than 360°. The angle completes a revolution of 360° and
then continues to give an angle of @ . From working with functions, we know that the graph of y =sin@

has a period of 360°, therefore , one complete wave of a sine graph is the same as one complete revolution
for sin@ in the cartesian plane.

4 st ond | rd - {th
il 1 2 | 3 g 4
! . 90°
| =
pos.
0 ? 180° 0° /360°
90° qrd 4th
neg. neg.
270
= o oich I 3 .
4+ positive positive | negative negative
We can also have multiple revolutions. A complete sine or cosine graph is completed in 360°.
Yy = cost

WINWASWAN YN /
A\ AT

If kis an integer, then

sin (k.360°+0) = sin®
cos(k.360°+86) = cos@
tan (k.360°+6) = tan@
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QUESTION 2
2.1 Function values of 360°+ 8

Complete the following reduction formulae:
3)
211 sin(360°+6’) =

21.2 COS(360°+9):

5 1.3 tan(360°+9)=

2.2 Function values in quadrants

Notes & Examples

To simplify expressions using reduction formulae, determine:
e quadrant

o the sign of the function value and reduce.
Example
Simplify the following as far as possible:

tan ( 180° + 9) .sin (360° - B]
tan (360°-6)

Solution
3!'(1 4lh
tan (180°+6).sin (360°-6) Determine the quadrant
tan (360°-6)
4lh

_ (+1tan 0)(—sin 6)
—tanB

Determine the sign of the function value and reduce

=sinB

Simplifying expressions with negative angles:

Example

sin(—=0 -90°)

= sin(—(6 +90°)) Take out a negative sign
= —sin(6 +90°) sin(—angle) = —sin(angle)
= -sin(90° + 0)

=—cosB sin(90° + 0) = cos O
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Simplifying angles greater than 360°:
Example
cos(540°+B)
= cos(360° +180° + ) 540° = 360° +180°
=cos(360°+(180° +B))
= cos(180° + ) cos((l)360+6‘)=c058

=-—cosB

2.2.1 From what you have discovered, determine which trigonometric function(s) are positive after

reduction.
1%t Quadrant 2" Quadrant 34 Quadrant 4™ Quadrant 4)
(90°-0) (90°+8@ Yor (180°-6) (180°+0) (360°—0)
a) b) c) d)

2.2.2 Use reduction formulae to simplify the following expressions to a single trigonometric ratio of &

a)  sin(180°+8).cos(180°—0) 5
cos(180°+0).sin (180°—0)
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b) tan(360°—6).cos(180°+0) ()
cos(360°—0)—cos(180°+0)
©)  sin(360°-8).sin(90°+6) (5)
cos(90° - 0).cos(360°—6)
2.2.3 Write each of the following as a function value of &
a) sin(0—180) (2)
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b) tan (—6—180") (2)
c) cos(0=90°) (2)
d) cos(360°+0) (1)
€) tan (720°+6) (3)
f) cos(540°-0) 3)
[35]
END OF PART 2

TOTAL: 75 marks
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PART 1
QUESTION 1
1.1.1 Pr(ﬂjg;l) AV both values correct (1)
1.1.2 | a) 1
5 AAA V VYV
b) | 3
2
| 1
B 3)
.13 1a) | 1 AAA VYV
2
b) | 3
2
c) 1
_f3 3)
1.1.4 |a) | sin@ AAA vV VYV
b) | —cos@
c) | —tan@
3)
1.2.1 P'(hﬁ;—l) AV both values correct (1)
122 [a) ] =1 AAA VY
2
b
2
| 1
Nz 3)
123 [a) | —sin@ AAA VYV
b) | —cos@
c) | tan@
3)
1.3 P’(\/?:;—l) AV both values correct (1)
132 |a) | -1 AAA V V'V
2
b | /3
2
c)| -1
J3 3)
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1.3.3 | a) JLF); AAA VVV
2
b) -3
2
o) |z
V3 3)
1.3.4 |a) | —sin@ AAA AAA VvV VY'Y
b) | cosd
c) | —tan@
d) | —sind
e) | cos@
f) | —tan@
(6)
L4l | pr (1; NG ) AV both values correct (1)
14.2 |a) | 43 AA VYV
2
b) |1
2 2)
1.4.3 | a) | cos@ AA VY
b) | sin@
2)
L& ~1;4/3 AY both values correct (1)
1520048 1308 AA VY
(2)
.53 cos@ AA VYV
b) [ =sin@
2)
[40]
END OF PART 1
PART 2
QUESTION 2
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2.1.1 | sin@ AV
(1)
2.1.2 | cosé AV
(D
2.1.3 | tané@ AV
@)
2.2.1 |a) | All AAAA YV V V'V
b) | Sin
c¢) | Tan
d) | Cos
(4)
222 a) 3l‘d ql.lﬂd 2
_ sin(180°+@).cos(18
cos(180°+6).sin(180°=6)
3rd quad 2nd quad
_ —sinf.—cos @ A Y —sinf A YV —cos@
B —cosf.sinéd A v —cosf® A V +sinf
=4 CA v Answer
(5)
b) 4th quad 3rd quad sl
_ tan(360°—6).cos(180° +0) ChECk Errata Be[OW
cos(360°—@)—cos(180°—-8)
4th quad 2nd quad
~ —tan#.cosf A VY —tanf A Y +cosé
cos@ —(—cos0) A Y +cosf A v —cosd
_ —tanf.cos@
cosf+cos
_ —tané.cosd
2cos@
__tan@ CA v Answer
2 (5)
c) 4th quad 2nd quad
_ sin(360°—).sin(90° + 0)
c0s(90° —6&).cos(360°—-0)
1st quad 4th quad
(5)
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_ —sinf.cosf A Y —sin@ A Y +cosf
~~ sinf.cosf A vV +sinf A VY +cosé
Dry CA v Answer
2.2.3 | a) | =-sin(180°-6) A ¥ taking out a negative sign.
g v
-—cosd . Check Errata Below| ¢4 7 Answer
b) z,-@n(lggug) /. g o A v taking out a negative sign.
e - CA ¥ Answer
=—sit S elow
i (2)
¢) | =—cos (90“—9) A ¥ taking out a negative sign.
] _ CA v Answer
elow )
d) | =cos@ A ¥ Answer
(
e) | =tan (360°+360°+9) A v 720°=360°+360°
= tan (360°+6) A v cos(180°-0)
1t 0 CA v Answer
3)
f) | =cos(360°+180°—0) A ¥ 540°=360°+180°
=COS(180°"-9) AV 005(1800"*9)
s el CA ¥ Answer
3)
[35]
END OF PART 2
TOTAL: 75
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2.2. 20

223

L) I dthquad  3rdquad =
Yor : tan(360° — @).cos(180° + @)
: cos(360°— @) —cos(180° - 8)
4th quad 2nd quad
_ —tan#.—cos@ A vV —tanfd A v —cosf
~ cosf—(—cos) A ¥ +cos® A v —cosd
_ —tanf.—cosd
cos@+cosf
CA v Answer
(5)
A ¥ taking out a negative sign.
CA v Answer
A ¥ taking out a negative sign.
CA v Answer
(2)

A v taking out a negative sign.

CA v Answer

(2)




