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Solutionbank C2

Edexcel Modular Mathematics for AS and A-Level

Graphics of trigonometric functions
Exercise A, Question 1

Question:

Draw diagrams, as in Examples 1 and 2, to show the following angles. Mark in the acute affenth&es with thex-
axis.

(@) -80°
(b) 100°
(c) 200°
(d) 165°
(€) - 145°
(f) 225°
(9) 280°
(h) 330°
(i) - 160 °

() - 280°

3
k) 7

T
Ulre

5r
(m) - 7%

57
(n - %

197
(0) 5

Solution:
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Edexcel Modular Mathematics for AS and A-Level

Graphics of trigonometric functions
Exercise A, Question 2

Question:
State the quadrant th@P lies in when the angle th@ makes with the positive-axis is:
(a) 400°
(b) 115°
(c) —-210°
(d) 255°
(e) -100°
n

() 5

11z
9 - 5

137
(h) =~

Solution:

(@) A ¥

1T .-r*i
—40°)
3%

+400°

First

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Core Maths 2

Ay

L +115°
1 ‘-\

Second

(©)

B0°

AV

-210°

Second

(d)

+255°

AV
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Edexcel Modular Mathematics for AS and A-Level

Graphics of trigonometric functions
Exercise B, Question 1

Question:

(Note: do not use a calculator.)
Write down the values of:
@sin (-90) °

(b) sin 450 °

(c) sin 540 °

(d)sin ( -450) °
(e)cos ( —-180) °
(fcos ( -270) °

(g) cos 270 °

(h) cos 810 °

(i) tan 360 °

(Ytar ( —-18C) °

Solution:
(a)
Ay
r
O ._/ x
—9(°
P ¥(0,-r)
sin (—90) ez = -1
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(b)

AY

P

(0.r)

A
Q

X

N
J

sin 450° =— =1

r

(©)

540°

0
sin 540 ° =7 =0

(d)

S

O

S
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sin ( —450) e == = -1
(e)
AV
P(-r,0)
-180°
cos —180) s =T = o1
()
AY
Px(0,r)
o
-270°
cos ( —270) =r2 =0
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(9)

AY
+270°
\9] B
P}: (Da_r}
0
cos 270 ° =7 =0
(h)
AY
P (0,r)
S\
Q% x
810°

0
cos 810 ° =7 =0

(i)

N
L/

360°

Q—)X.}x
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0
tan 360° =7 =0

)
AY
P(-r0)
-180°
tan ( —180) °=—_, =0
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Edexcel Modular Mathematics for AS and A-Level

Graphics of trigonometric functions
Exercise B, Question 2

Question:
(Note: do not use a calculator.)
Write down the values of the following, where the angles are in radians:

3z

(@ sin

(=)
(b) sin -5
N
(c)sin 3
. T
(d) sin =~

(e)cos O
(f) cos =

3

(g) cos 7,

(h) cos ( —37”)

() tan =
()tar ( —-27)

Solution:
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(@)

P:‘: (Da_r}

>x
()J T
2
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o

sin 3r = r_:0

(d)

=
g
a0
p—
=

I

=~

il

P(r,0)

—

0

]

cos 0° =7 =1
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®
AY
T
S I .
P(-1,0) O *
cos = — = -1
(9)
AY
3
2
\9] B
P): ({Ja_r}
3r 0
cos 5, =7 =0
(h)
AY
Px (0.r)
_3m
2 /,
oy
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we [ =) 2
O A
(i)
AY
T
N
P(-r0) O *
tan7z=_ir=0
()
AY
-2n
AL
o
[ ) _o._
tan \ Zr} =7 =0
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Edexcel Modular Mathematics for AS and A-Level

Graphics of trigonometric functions
Exercise C, Question 1

Question:

(Note: Do not use a calculator.)
By drawing diagrams, as in Example 6, express the following in terms of trigonometric ratios of acute angles:
(&) sin 240°

(b)sin ( -80) °

(c)sin ( —200) °

(d) sin 300 °

(e) sin 460 °

(f) cos 110°

(g) cos 260 °

(hycos ( —-50) °

(icos ( —-200) °

() cos 545 °

(k) tan 100 °

() tan 325°

(mtan ( -30) °

(ntan ( -175) °

(o) tan 600 °

In

(p) sin

(q) cos 5

(r) cos

A~/
|

(s)tan =
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(2
() tan k 3)

150
(u) sin ¢

8z
(v) cos

(w) sin ( - 67”)
157
(x) tan —5~
Solution:
@ AY
240°
LN
60°/(0 *

60° is the acute angle.
In third quadrant sin is - ve.

Sosin 240° = - sin 60°
(b)
AY
r o
01 80° :

-80°

©

80° is the acute ang
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In fourth quadrant sin is — ve.
Sosin ( -80) ° = -sin 80°

(©)
AV

®

20°

20° is the acute angle.
In second quadrant sin is +ve.
Sosin ( -200) ° = +sin 20°

(d)
AY

G 60° X

300°

©

60° is the acute angle.
In fourth quadrant sin is — ve.
Sosin 30C° = -sin 60°
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(€)

g :—\460“
o

80° is the acute angle.
In second quadrant sin is +ve.
So sin 460 ° = +sin 80 °

(f)
AY

®
110°
700 )
- o

0] X

70° is the acute angle.
In second quadrant cos is - ve.
Socos 110° = —cos 70°

(9)

AV
260°
AR N
O X
80°
O
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80° is the acute angle.
In third quadrant cos is - ve.
Socos 260° = —cos 80 °

(h)
AY

0N50°

50° is the acute angle.
In fourth quadrant cos is +ve.
Socos ( -50) ° = +cos 50°
(i) |

AV

®
b
NIl

ol/ T

-200°

20° is the acute angle.
In second quadrant cos is — ve.
Socos ( —20C) ° = —cos 20°
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()

]

.~
@

5° is the acute angle.
In third quadrant cos is - ve.
Socos 545° = —-cos 5°

(k)
AY

®

100°
80° —\
*x

O

80° is the acute angle.
In second quadrant tan is - ve.
Sotan 100° = —tan 80 °

()

PhysicsAndMathsTutor.com

Page6 of 12



Heinemann Solutionbank: Core Maths 2 Page7 of 12

35° is the acute angle.
In fourth quadrant tan is - ve.
Sotan 325° = —tan 35°

(m) |
AY
r
0 0° *
-30°
30° is the acute angle.
In fourth quadrant tan is - ve.
Sotan ( -30) ° = —tan 30°
() |
AV
*x

k.g
\_Q

(1)  75°

5° is the acute angle.
In third quadrant tan is +ve.
Sotar ( —178) ° = +tar 5°
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(0)
AY

600°

N
%

6 oﬁ o B
4

60° is the acute angle.
In third quadrant tan is +ve.
Sotan 600 ° = +tan 60 °

(P)
AV
n
_ ) .

®

T -
& Is the acute angle.

In third quadrant sin is - ve.
T T

So sin o = —sinyg
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(@)
AY
431:
N
O X

%
@®

T .
3 Is the acute angle.

In third quadrant cos is - ve.

A T

So cos 3 = —COST

(r)
AY

0 X
.- 3
(™ 37

+ |32

T .
7 Is the acute angle.

In third quadrant cos is - ve.

3 ) v

So cos - r = —-Ccos
L) ‘
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(s)

A

N

0

@

2r
5 is the acute angle.

In third quadrant tan is +ve.

I 2=
So tan 5 = ttanTg

(t)
AV

0

S
Ll

©

T .
3 Is the acute angle.

In fourth quadrant tan is - ve.

(=) -

So tan k _3] = —-tan7y
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(u)

i@
»

0

T
16 1S the acute angle.
In second quadrant sin is +ve.

157 T

So sin 16 = tsin g

(v)
AY

8 n
5

5
N

2
sz is the acute angle.
In fourth quadrant cos is +ve.

8 2
So cos 5T= +tCOS 7
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(w)

1A
-
|
=}
Y

® 7"

T
7 Is the acute angle.
n

In third quadrant sin is - ve.

[ e ) .

So sin K —7) = -sin7
(x)
AY
15
8/\

T -
s Is the acute angle.

In fourth quadrant tan is - ve.

157 T

So tan 5 = —tan;
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Edexcel Modular Mathematics for AS and A-Level

Graphics of trigonometric functions
Exercise C, Question 2

Question:

(Note: Do not use a calculator.)
Given thaty is an acute angle measured in degrees, express in termgof sin
@sin ( -0)

(b) sin (180° +9)

(c)sin (360° —0)

(d)sin - (180° +9)

(e)sin ( —180° +)

fHsin ( —360° +0)

(g)sin (540° +0)

(h) sin (720° -9)

(i)sin (6+72C° )

Solution:

(@)

o~

sinis — ve in this quadrant.
Sosin ( -0) = —-sin @
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(b)
AV
/_\\ 180°+6
9 ) X

sinis — ve in this quadrant.
Sosin (180° ) = —sin @

(©)
AV

N

N
\2

360°-6

©

sinis — ve in this quadrant.
Sosin (360° 9) = —sin @

(d)

sin is +ve in this quadrant.
Sosin - (18C° +6#) = +sin 0
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(€)

(T) -180P+6

sinis — ve in this quadrant.
Sosin ( —180° 4) = -sin g

(f)

sin is +ve in this quadrant.
Sosin ( -360° #) = +sin 6

(9)

A

@

sinis — ve in this quadrant.
Sosin (54C° +0) = —sin #
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(h)

(R
QAL
©

sinis — ve in this quadrant.
Sosin (720° ) = —sin @

(i) & + 720 ° is in the first quadrant withto the horizontal.
Sosin (0+72C° ) = +sin 6
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PhysicsAndMathsTutor.com



Heinemann Solutionbank: Core Maths 2 Pagel of 2

Solutionbank C2

Edexcel Modular Mathematics for AS and A-Level

Graphics of trigonometric functions
Exercise C, Question 3

Question:

(Note: Do not use a calculator.)
Given thatf is an acute angle measured in degrees, express in termsjajrciasg:
(@ cos (180° )

(b) cos (180° +9)

(c)cos ( —-0)

(dycos - (180° 9)

(e)cos (@#—-360°)

(fcos (6-540°)

(9 tan ( -0)

(htan (180° 9)

()tan (180° +6)

(Dtan ( —180° +0)

(k)tan (540° -6)

(Dtar (6-36C°)

Solution:

(a) 180 ° —#is in the second quadrant where cos is — ve, and the angle to the horizénsal is
cos (180° -9) = —cos¥d

(b) 180 ° +@is in the third quadrant, &tto the horizontal, so
cos (180° +9) = —coséd

(c) —0isin the fourth quadrant, étto the horizontal, so
cos ( —-9) = +cosd

(d) — 180 ° +@isin the third quadrant, &tto the horizontal, so
cos ( —180° H) = —cosé@

(e)6 — 360 ° is in the first quadrant, ato the horizontal, so
cos (0-360° ) = +cosd

() @ — 540 ° is in the third quadrant, @to the horizontal, so
cos (#-540° ) = —cosd

(g)tar ( —0) = —tar fas - Oisin the fourth quadrai
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(hytan (180° -¥) = —tanfas (180 ° —#) isinthe second quadrant.
(Ytan (180° +9) = +tanfas (180 ° +9) isin the third quadrant.
(Jtan ( —180° +9) = +tanfas ( —180° +9) isinthe third quadrant.
(kytan (540° -#) = —tandas (540° -0) isinthe second quadrant.
(Dtar (#-36C° ) = +tar Has (0 -36C° ) isin the first quadrar
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Solutionbank C2

Edexcel Modular Mathematics for AS and A-Level

Graphics of trigonometric functions
Exercise C, Question 4

Question:

(Note: Do not use a calculator.)

A function f is an even function iff ( 8) =f(6) .

A function fis an odd functioniff ( 9) = - f(9)

Using your results from questions 2(a), 3(c) and 3(g), state whettd, cosé and taré are odd or even functior
Solution:

Assin ( -8) = - sin 6 (questiorn2a)
sin @ is an odd function.

Ascos ( —-0) = + cos 0 (question3c)
cos @ is an even function.

Astan ( —-0) = - tan 0 (questiorn3g)
tar 0is an odd functiol
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Solutionbank C2

Edexcel Modular Mathematics for AS and A-Level

Graphics of trigonometric functions
Exercise D, Question 1

Question:

Express the following as trigonometric ratios of either 30°, 45° or 60°, and hence find their exact values.
(8 sin 135°

(b) sin ( -60° )

(c) sin 330 °

(d) sin 420 °

(e)sin ( —300°)

(f) cos 120 °

(g) cos 300 °

(h) cos 225 °

(cos ( —210°)

() cos 495 °

(k) tan 135°

(Dtan ( —225° )

(m) tan 210 °

(n) tan 300 °

(o)tar ( —12C° )

Solution:

(8 sin 135° = +sin 45 ° (135°is in the second quadrant at 45° to the horizontal)

) N2
So sin 135 ° =

(b)sin ( —60) ° = —sin 60° (—60 ° isin the fourth quadrant at 60° to the horizontal)

() . s

So sin -60 = -
\ J ?

(c) sin 330 °

—sin 30 ° (330°is in the fourth quadrant at 30° to the horizontal)

1

So sin 330 ° -3

(d)sin 42C° = + sin 6C° (on second revolutio
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) V3
Sosin 420 ° =7~

(e)sin ( —300) ° = +sin 60° (—300 ° isin the first quadrant at 60° to the horizontal)

( AR E

So sin K _300] =7

(f)cos 120° = - cos 60 ° (120° is in the second quadrant at 60° to the horizontal)
1

Socos 120 ° = -3

2

(g) cos 300 °

+ cos 60 ° (300° is in the fourth quadrant at 60° to the horizontal)

1
So cos 300° =3

(h) cos 225 ° = —cos 45 ° (225°is in the third quadrant at 45° to the horizontal)
V2

Socos 225° -

(cos ( —210°) —cos 30° (- 210 ° isin the second quadrant at 30° to the horizontal)

( \ﬁ
)

Socos\ -210° = 2

() cos 495° = —cos 45° (495°isin the second quadrant at 45° to the horizontal)
V2

Socos 495° = -

(k) tan 135°
Sotan 135°

= —tan 45 ° (135°isin the second quadrant at 45° to the horizontal)
=-1
(Dtan ( —225° )

Sotan ( —225°)

= —tan 45° (- 225° isinthe second quadrant at 45° to the horizontal)

= -1

(m)tan 210 ° =
\/

+

tan 30 ° (210° is in the third quadrant at 30° to the horizontal)

w

Sotan 210°

@ |

(n) tan 300 °
So tan 300 °

—\}an 60 ° (300° is in the fourth quadrant at 60° to the horizontal)
-V 3

(o)tan ( —120° ) = +tan 60 ° (- 120 ° isin the third quadrant at 60° to the horizontal)
Sotar ( —-12C° ) = 3

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Core Maths 2 Pagel of 1

Solutionbank C2

Edexcel Modular Mathematics for AS and A-Level

Graphics of trigonometric functions
Exercise D, Question 2

Question:

1
In Section 8.3 you saw that sin 30 ° =cos 60 °, cos 30 ° =sin 60 °, and tan 6Q,° 35~ . These are particular

examples of the general results: sin (909 =cosd,andcos (90° ¥) =sin §,andtan (90 ° ¥) =

an o » Where the anglé is measured in degrees. Use a right-angled trigkig(®to verify these results for the case

whené is acute

Solution:

With zB=6, zA= (90° -0)

sin 0= %,cos (90"‘9) =%
Socos (90° ) =sin 6
cos 0 = %,sin (90"—9) =%
Sosin (90° ) =cosé
)
b a 1 L
tan 0= 7, tan | 90° 4 | =p T ~ tan o

\ ) (7)

© Pearson Education Ltd 2C
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Solutionbank C2

Edexcel Modular Mathematics for AS and A-Level

Graphics of trigonometric functions
Exercise E, Question 1

Question:
Sketch the graph vy = cos dintheinterva -z < 6 < .

Solution:
Y

Vv =cosb

| _|
\i
k-
|
- )
/
ﬁ_
T
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Edexcel Modular Mathematics for AS and A-Level

Graphics of trigonometric functions
Exercise E, Question 2

Question:
Sketch the graph (y =tar #° intheinterva —18( < # < 18C
Solution:

YA
¥ = tang"®

T | | T -
~180°  —90° 90° /180° ©

© Pearson Education Ltd 2C
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Solutionbank C2

Edexcel Modular Mathematics for AS and A-Level

Graphics of trigonometric functions
Exercise E, Question 3

Question:
Sketch the graph y =sin 8 ° intheinterva-90 < 6 < 27C

Solution:

VA
y=sinb

_dy“ 90° |3?>\:1?{r4 [}
1

© Pearson Education Ltd 2C
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Solutionbank C2

Edexcel Modular Mathematics for AS and A-Level

Graphics of trigonometric functions
Exercise F, Question 1

Question:

Write down (i) the maximum value, and (ii) the minimum value, of the following expressions, and in each case give the
smallest positive (or zero) value xfor which it occurs.

(a) cosX °
(b) 4 sinx°
(¢)cos ( -x) °
(d) 3 + sin x °
(e) -sinx°®

(f) sin 3x °
Solution:

(a) (i) Maximum value of cox ° =1, occurs wher = 0.
(i) Minimum value is - 1, occurs when= 180.

(b) (i) Maximum value of sinx ° =1, so maximum value of 4 sir° = 4, occurs whex = 90.
(i) Minimum value of 4 sinx ° is — 4, occurs wher = 270.

(c) The graph of cos ( x) ° is a reflection of the graph of cos® in they-axis.
This is the same curve; cos (x) ° =cosx° .

(i) Maximum value of cos ( x) ° =1, occurs wher = 0.

(ii) Minimum value of cos ( «x) ° = -1, occurs wher = 180.

(d) The graph of 3 + sirx ° is the graph of sinx ° translated by +3 vertically.
(i) Maximum = 4, whernx = 90.
(ii) Minimum = 2, whernx = 270.

(e) The graph of - six° is the reflection of the graph of sin° in thex-axis.

(i) Maximum = 1, whernx = 270.
(ii) Minimum = - 1, whenx = 90.

1
(f) The graph of sin 8° is the graph of sinx ° stretched by, in the direction.

(i) Maximum = 1, whernx = 30.
(i) Minimum = - 1, whenx = 90.

© Pearson Education Ltd 2C
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Solutionbank C2

Edexcel Modular Mathematics for AS and A-Level

Graphics of trigonometric functions
Exercise F, Question 2

Question:

Sketch, on the same set of axes, intheintd < 6 < 36(C°, the graphs of ccd and cos 6.

Solution:

© Pearson Education Ltd 2C
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Solutionbank C2

Edexcel Modular Mathematics for AS and A-Level

Graphics of trigonometric functions
Exercise F, Question 3

Question:

Sketch, on separate axes, the graphs of the following, in the interval 00 < 360 ° . Give the coordinates of
points of intersection with the axes, and of maximum and minimum points where appropriate.

(ay= —-cosé
1
(b)y= 73 sind
1
(cy=sin 30

(dyy=tar (#-45°)
Solution:

(a) The graph of = - cos 6 is the graph of = cos 6 reflected in thé&-axis.

VA
I

f=-1 J

0 0° 180° 2708 3607

Meets6-axis at (90°, 0), (270°, 0)
Meetsy-axis at (0°, — 1)

Maximum at (180°, 1)

Minima at (0°, — 1) and (360°, - 1)

1 1
(b) The graph of = 7 sin ¢ is the graph of = sin ¢ stretched by scale factgr yrdirection.

0 a0 180N_270° 60 O

3

Meets6-axis at (0°, 0), (180°, 0), (360°, 0)
Meetsy-axis at (0°, C

PhysicsAndMathsTutor.com
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Maximum at 90 ° ,

w |
N—

Minimum at 270° , -

TN /TN
W |-
N

1
(c) The graph of = sin 3¢ is the graph of = sin ¢ stretched by scale factor 3drdirection.

0 | T T >
a0° 180°  270° 360° 0

Only meets axes at origin
Maximum at (270°, 1)

(d) The graph of =tan (6 — 45 ° ) is the graph of ta@d translated by 45° to the right.

VA

0 | T | >
I/ a0° 18 270% ¢ 3607 0

Meets6-axis at (45°, 0), (225°, 0)
Meetsy-axis at (0°, — 1)
(Asymptotes af = 13£ ° andd = 31£° )

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com

Page2 of 2



Heinemann Solutionbank: Core Maths 2 Pagel of 3

Solutionbank C2

Edexcel Modular Mathematics for AS and A-Level

Graphics of trigonometric functions
Exercise F, Question 4

Question:

Sketch, on separate axes, the graphs of the following, in the interval —480® < 180. Give the coordinates of
points of intersection with the axes, and of maximum and minimum points where appropriate.

(@y=-2sing°
(b)y=tan (6+180) °
(c)y=cos #°
(dy=sin (-6)°
Solution:

(a) This is the graph of=sin 0 ° stretched by scale factor — 2 in thdirection
(i.e. reflected in thé@-axis and scaled by 2 in tlyedirection).

I}»'.lt

2 .
y=-2smnb

¥

~180° —9p° O 90°  160°

Meets6-axis at ( — 180°, 0), (0°, 0), (180°, 0)
Maximum at ( — 90°, 2)
Minimum at (90°, - 2)

(b) This is the graph ¢y = tar 8 ° translated by 180° to the I¢
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v =tan(8 + 180°)

i T >
—180° —90° 9p° 180° O

As tan 6 ° has a period of 180°
tan (#+180) ° =tan@°
Meets@-axis at ( — 180°, 0), (0°, 0), (180°, 0)

1
(c) This is the graph of = cos ¢ ° stretched by scale factgr horizontally.

Va
V= cos 46°

\ANAL

Meetse—axisat( —157‘ ° 0) ( —11% °,(3 ( —gli °,a ( —%2 °,\}) ( 22

v ) (et o) (o) [oud e

Meetsy-axis at (0°, 1)
Maximaat ( -180° 1), ( - 90° 1), (0° 1), (90°, 1), (180°, 1)
Minima at ( - 135°, - 1), (- 45°, - 1), (45°, - 1), (135°, - 1)

l\)lH

(d) This is the graph of = sin 6 ° reflected in the-axis. (This is the same gs= - sin 6 ° )

_1»' A

V' =sin(-4)

=¥

—180° —9p° 0 90° 0°
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Meetsf-axis at ( - 180°, 0), (0°, 0), (180°, 0)
Maximum at ( — 90°, 1)
Minimum at (90°, - 1)
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Graphics of trigonometric functions
Exercise F, Question 5

Question:

In this questior® is measured in radians. Sketch, on separate axes, the graphs of the following in the interval
-2n < 6 < 2m=n.Ineach case give the periodicity of the function.

1
(@y=sin 70

1
(b)y= - Scosd

(c)y =tan (9— % )

(d)yy=tar 20
Solution:
(a) This is the graph of= sin 6 stretched by scale factor 2 horizontally.
Period = 4
P )
L y= Slﬁé 0
1 T -
n T in 1 3]

. . 1 .
(b) This is the graph of = cos ¢ stretched by scale factor 5  vertically.

1
(Equivalent to reflection, if-axis and stretching vertically by £ )

Period =z
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(c) This is the graph of = tan 6 translated byZ’ to the right.

Period =n

1
(d) This is the graph of = tan 6 stretched by scale factgr horizontally.

3)

- _
Period =7
Vi
Ly =tan20
T | 0 -
~2m o fan T T =% i in T B
2 2 4 2 2
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Graphics of trigonometric functions
Exercise F, Question 6

Question:

(a) By considering the graphs of the functions, or otherwise, verify that:
(i)cos@=cos ( -0)

(i) sin 6= —sin ( —-@)
(ii)sin (6-90° ) = - coséd
(b) Use the results in (a) (i) and (iii) to show that sin (90 & }-=cos 6.

(c) In Example 11 you saw that cosé ¢ 90 ° ) =sin @ . Use this result with part (a) (i) to show that cos ( 90 °
-60) =sing.

Solution:

(@ ()y=cos ( —-0) isareflection off = cos 6 in they-axis, which is the same curve, so dbds cos ( —-6) .

VA

y=cosf”

| T >
180° 270° 360° 450° ©

(i) y=sin ( —6) isareflection of = sin 4 in they-axis

VA

y=sin(-0)°

y= —sin ( —68) isareflection off =sin ( —6) inthe#-axis, which is the graph ¢f= sin 4, so —sin ( -0)
=sin 6.
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= —gin(—0)°

(i) y=sin (6-90° ) isthe graph of = sin 4 translated by 90° to the right, which is the grapl of — cos 6, so
sin (#—-90° ) = - cosé.

VA :
¥ =sin(B —90%)

»

0° 180° 270 360° O

(b) Using (a) (i), sin (90° ¥) = —=sin [ - (90° -0) ] = —sin (6—-90° )
Using (a) (iii)), —sin (@—-90° ) = — ( —cos#) =cos b
Sosin (90° ) =cos§é.

(c) Using (a)(i)cos (90° —@) =cos (#-9C° ) =sin @, using Example 1
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Graphics of trigonometric functions
Exercise G, Question 1

Question:

Write each of the following as a trigonometric ratio of an acute angle:
(a) cos 237 °

(b) sin 312 °

(c) tan 190 °

(d) sin 2.3

(=)
(e) cos \ 15)

Solution:

(a) 2377 is in the third quadrant so cos 237 ° is - ve.
The angle made with the horizontal is 57°.
Socos 237 ° = —cos 57°

AY

~

(b) 312° is in the fourth quadrant so sin 312 ° is - ve.
The angle to the horizontal is 48°.
Sosin 31z2° = —sin 48°
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i
Y

312°

(c) 190° is in the third quadrant so tan 190° is +ve.
The angle to the horizontal is 10°.
Sotan 190° = +tan 10°

AV

190°

LN
(1) C

(d) 2.3 radians (131.78 ... °)isin the second quadrant so sfris2:@e.

The angle to the horizontal isz(- 2.3 ) radians = 0.84 radians (2 s.f.).
Sosin 2.8= +sin 0.84

IS +ve.

Sl
N S

(e) - ( % ) is in the fourth quadrant so CO{

The angle to the horizontal 1%

(=

Socosk _15j =+cos(15
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Graphics of trigonometric functions
Exercise G, Question 2

Question:

Without using your calculator, work out the values of:
(a) cos 270 °

(b) sin 225 °

(c) cos 180 °

(d)tan 240 °

(e)tan 135°

(f) cos 690 °

-
(@) sin 73

(h) cos ( - 2?”

(i) tan 2r

. ( T \\

() sin -
N

Solution:

(a) sin 270 ° = -1 (see graphyf sin 6)

[ \ V2

(b) sin 225 ° =sin \ 180+45} ° = -sin45° = =~

(c) cos 180 ° = -1 (see graphyE cos 0)

(dytan 240° =tan (180+60) ° = +tan 60 ° (third quadrant)
Sotan 240° = +V3

(e)tan 135° = —tan 45 ° (second quadrant)
Sotan 135° = -1

(f)cos 690° =cos (360+330) ° =cos 330° = +cos 30 ° (fourth quadrant)

V3
So cos 690 ° = 5
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5z
(9) sin 5~ = =sin 7 (fourth quadrant)
5t s
Sosin 5 = -7,
( 2z \ LA
(h) cos k -3 ] = —cos 7 (third quadrant)
( 2r \ 1
So cos - = -7
N ?
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Graphics of trigonometric functions
Exercise G, Question 3

Question:

Describe geometrically the transformations which map:

1
(@) The graph of = tan x ° onto the graph of tan7 x ° .

1 1
(b) The graph of =tan 7 x° onto the graph of 3 + tar; x °

(c) The graph of = cos x ° onto the graph of — cox °.

(d) The graph oy =sin (x-10) ° onto the graph ¢sin (x+1C) ° .
Solution:

(a) A stretch of scale factor 2 in thelirection.

(b) A translation of + 3 in thg direction.

(c) A reflection in thec-axis

(d) A translation o + 2C in the negativi direction (i.e. 20 to the lef
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Edexcel Modular Mathematics for AS and A-Level

Graphics of trigonometric functions
Exercise G, Question 4

Question:

1
(a) Sketch on the same set of axes, in the intervak0 x < =z, the graphs of = tan k X= 4 ] and

y = — 2 cosX, showing the coordinates of points of intersection with the axes.

1)

(b) Deduce the number of solutions of the equation t{nx - ) +2 cosx =0, in the interval

0 < x < =

Solution:
4 (a) y = _n
VA y=tan(x T ) |
2
- § ¥ = -2 cosx
i >
(r T 3 T A
r 4
_] —
by /

-
(

T
(b) There are no solutions of tanK X= 7 } +2 cosx=0intheinterval0 < Xx < 7, sincey=tan
T
n ] andy = — 2 cosxdo not intersect in the interval.
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Graphics of trigonometric functions
Exercise G, Question 5

Question:

The diagram shows part of the graptyeff ( x) . It crosses the-axis atA(120, 0) and3(p, 0). It crosses thg-axis at
C(0, g) and has a maximum valueltas shown.

VA
D

{“f-,// E_\ p

\4 .

AN

Giventhatf (x) =sin (x+k) ° ,wherek> 0, write down:

(a) the value op
(b) the coordinates @
(c) the smallest value &f

(d) the value oq

Solution:
(a) As it is the graph of = sin x ° translated, the gap betwearandB is 180, s@ = 300.

(b) The difference in the-coordinates ob andA is 90, so the-coordinate oD is 30.
The maximum value ofis 1,saD = (30, 1) .

(c) For the graph of = sin x °, the first positive intersection with tixeaxis would occur at 180. The poi@tis at 120
and so the curve has been translated by 60 to the left.
k=60

(d) The equation of the curveyis= sin (x+60) ° .

. V3 V3
Whenx =0,y =sin 60 ° = = .s@= .
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Graphics of trigonometric functions
Exercise G, Question 6

Question:
Consider the function fX) =sin px,pe £0 < x < 2r

T
The closest point to the origin that the graph »f éfosses thg-axis hasx-coordinate .

(a) Sketch the graph ofx
(b) Write down the period of ff.

(c) Find the value cp.

Solution:

(a) The graph is that f= sin x stretched in th& direction.

Each ‘half-wave’ has intervai’

Vi

NANANN

2n
(b) The period is a ‘wavelength’, i.g5

E—

1
(c) The stretch factor ig

2n 1 1
As 2z has been reduced 1§z Ras been multiplied by ~ which 1§ = p=5.

The curve iy = sin 5x, there are “wave? in 0 to .
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Graphics of trigonometric functions
Exercise G, Question 7

Question:

The graph below shows=sin 4,0 < 6 < 360°,withonevalued (6=a° ) marked on the axis.

—1-

(a) Copy the graph and mark on theaxis the positions of (180e) °, (180 +a) ° ,and (360 u) ° .
(b) Establish the restsin  ° =sin (18(-a) ° = —sin (18C+a) ° = —sin (36C-a) ° .
Solution:

(a) The four shaded regions are congruent.

VA
1 ' =sin 0
_____________ 180+
(360 —on)°
I A II* / =
O e 000 |18 oe 0
(180 —)°® e
_|_

(b) sina ° and sin (180 w ) ° have the samgvalue (call itk).

Sosina® =sin (180 -a) °

sin (180 +a) ° andsin (360 w) ° have the samgvalue, which will be k.
Sosin a® =sin (18(-a) ° = —sin (18(+a) ° = —sin (36(-a) °
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Graphics of trigonometric functions
Exercise G, Question 8

Question:

(a) Sketch on separate axes the grapysofos ¢ (0 < 6 < 360° ) andy=tan @
(0 < 6 < 360° ) ,andon eadhaxis mark the point ¢° , 0) asin question7.

(b) Verify that:
(cosa°® = —cos (180 —u) °

-cos (180+n) ° =cos (360-u) ° .

(itar a® = —tar (18C-a) °© = —tar (18(+a) ° = —tar (36C-a) ° .

Solution:
(@) VA
=cosh®
(360 —w)°
360° 0
............. I|III
—1- (180 + )°
_1»'.“
“EFJ—'D'.JD y=tanH
) asorop
_ .
0 270° I 360° 0
{3&[} —)®

(b) (i) From the graph of = cos 6 ° , which shows four congruent shaded regions, ifthelue atz° isk, theny at
(180 -a) °is -k yat (180 +a) ° is —kandyat (360 —a) ° is+k
Socosa® = —cos (180 —w) ° = —-cos (180+n) ° =cos (360 -wu) °

(if) From the graph oy = tan @ ° , if they value at° isk, thenat (180 =w) ° itis —k,at (180 +a) ° itis +kand
at (360 -a) ° itis —k.
Sotar ° = —tar (18C-a) ° = +tar (18C+a) ° = —tar (36C—-a) °
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