OCR AS Mathematics Trigonometry 0

Section 1: Trigonometric functions and identities

Exercise level 1
Do not use a calculator in this exercise.

1. Triangle ABC is right angled at B. AB = 10 cm and AC = 26 cm.

(i) Calculate the length of BC.

(i) Write down the values of sin A, cos A, and tan A leaving your answers as
fractions.

(iii) Write down the values of sin C, cos C, and tan C leaving your answers as
fractions.

(iv) Write down three separate equations connecting the trig ratios for angle A to
those for angle C.

(v) In general, what conclusions can you draw from your answers to (iv)?

2. (i)  Sketch the curve of y =tanx for angles between 0° and 360°.
(i)  Add the line y =1 to your sketch and mark the points where the graphs
intersect. Find the values of x between 0° and 360° for which
tanx=1.

(ilf)  Without using a calculator, find the values of x in the interval 0° to 360° for
which tanx=-1.

3. Using a sketch of y =sin x, write down all of the angles between 90° and 540°

(i) that have the same sine as 40°;
(if) that have the same sine as 160°.

4. Find all of the values of x between 0° to 360° such that
(i) cosx=cos?25°
(if) sinx=sin50°
(iii) tanx=tan120°
(iv) sinx=-sin60°
(v) cosx=-cos20°
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OCR AS Mathematics Trigonometry 0

Section 1: Trigonometric functions and identities
Exercise level 2
Do not use a calculator in this exercise.

1. Write the following as fractions or using square roots. You should not need your
calculator.
(i) sin120°
(if) cos(—120°)
(iif) tan135°
(iv) sin300°
(v) cos270°

2. In the following give your answers as fractions
(i) @isacute and sin@ =3 . Write down the value of cosé.

(if) @is obtuse and sin = % . write down the values of cos@ and tan@.
(iii) @is obtuse and tan @ =—= . Write down the values of sin@ and cosé.

3. Using the identities sin® x+cos* x =1 and/or tan x = six simplify
COS X

V1-cos® x (i) sin x Gii) cos® X
tan x J—sin?x 1+sinx

4. Find exactly:
(i) sin120°-sin150°
(if) tan 225°+ cos(—30°)
Giii) L0540
sin135°
(iv) 2tan60° —2tan(-60°)
V) sin50°

\J1-cos?50°

(i)
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OCR AS Mathematics Trigonometry 0

Section 1: Trigonometric functions and identities

Exercise level 3 (Extension)

1. Inthe following diagrams, find the sine, cosine and tangent of the marked angles «, £ and
0.
(i) (i)

(iii)

2. [Make sure you use degree mode on your calculator throughout this question.]

An engineer is testing a new design of spring component to be fitted in a sports car, in
order to find its ability to withstand vibration. The component is fixed vertically so that
the end A of the spring is at a point where y = 0.

(i) Initially, the end A of the spring is forced to oscillate according to a function
y =3sin(1060)° —1 , where 6 is measured in seconds, and y is measured in

millimetres. Sketch the graph of the position of end A during the first 50 seconds of
the test.

(if) Find the times during the first 50 seconds of the test when the end A is displaced by
exactly 1 mm from the original point where y = 0.

(iii) In a second test, the engineer forces end A to oscillate according to the function
y = 2sin’(106)° . Again, sketch the graph of the position of end A during the first
50 seconds of the test.

(iv) Find the times during the first 50 seconds of each test when the position of end A is
exactly the same for both tests.
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OCR AS Mathematics Trigonometry 0

Section 3: The sine and cosine rules

Exercise level 1

1.

2.

Solve the triangle ABC in which A =66°, B =42°and ¢ =12 cm.

Find two possible values of c in triangle ABC given that a =16 cm, b =10 cm,
and B = 30°.

Solve the triangle ABC in whicha=6.cm,b=9 cmand C = 97°.
Solve the triangle PQR in whichp=8cm,g=9cmand r = 10 cm.

In triangle XYZ, X =100°, Y =30° and XY = 10 cm. Calculate the area of the
triangle.

The area of a triangle is 12 cm?. Two of the sides are of lengths 6 cm and
7 cm. Calculate possible lengths for the third side.

A ship S is 6.8 km from a lighthouse on a bearing of 310°. A second ship T is 8.4
km from the lighthouse on a bearing 075°. Calculate ST and the bearing of T from
S correct to the nearest degree.

Find all the lettered edges and angles in the figures in the following diagrams:

(i) (i)

50

(iv)
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OCR AS Mathematics Trigonometry 0

Section 3: The sine and cosine rules

Exercise level 2

1.

A golfer hits a ball B a distance of 170 m on a hole that measures 195 m from tee to hole.
If his shot is directed 10° away from the direct line to the hole, find how far his ball is
from the hole.

Calculate AB in the diagram below given that CD is 15 m, angle BCA = 50° and angle
BDA = 20°.
A

C D

A tower stands on a slope inclined at 18° to the horizontal. From a point lower down the
slope and 150 m from the base of the tower, the angle of elevation of the top of the tower
is 27.5°, measured from the horizontal. Find the height of the tower.

A barge is moving at a constant speed along a straight canal. The angle of elevation of a
bridge is 10°. After 10 minutes the angle of elevation is 15°. After how much longer does
the barge reach the bridge? Give your answer to the nearest second.

Find all the lettered edges and angles in the figures in the following diagrams:

(i)

(i)
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OCR AS Mathematics 0
Trigonometry
Section 3: The sine and cosine rules

Exercise level 3 (Extension)

1. A surveyor walks 40 metres from the base of a vertical radio mast PQ across
horizontal ground to a point A. She then measures that the foot of the mast is on a
bearing of 030°, and the angle of elevation of the top of the mast is 42°. She then
walks due East to point B, where she measures the new angle of elevation as 31°.

(i) Draw a diagram to show the configuration.
(i) How far has she walked from A to B?
(iii) What is the bearing of the foot of the mast from her at point B?

2. Arailway bridge is to be built at an angle across a canal
as in the diagram. The railway runs in a straight line in
a direction 040°, and the ends of the final support
columns of the bridge are to be built at X and Y, each
10 metres along the railway from the banks of the
canal. A surveyor walks 40 metres due South from
point X to point Z, and the bearing of point Y is now
022°.

(i) What is the length of the bridge from X to Y?

(if) The canal flows in the direction 155°, and where
the bridge crosses it, the banks are straight, and parallel. What is the width of
the canal?

(iii) The highest point of the bridge structure is above H, exactly half-way
between X and Y. What is the bearing of that point from the surveyor at Z?
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OCR AS Mathematics Trigonometry

O

Section 1: Trigonometric functions and identities

Solutions to Exercise level 1

1}

(©)

(it)

(LiL)

(iv)

V)

C

26

B 10

A

BC? = AC? - ABR® =267 —10° =576

BC =24 e
, 24 12
sinA4A=—=—
20 1=
10 o)
COS A =—=—
20 1=
24 12
tainAA=—=—
10 5
, 10 o)
s =—=—
26 1=
24 12
cosC =—=—
20 1=
10 5
tawng =—=—
24 12
st A = ¢cos C
oS A =sin
tan 4 =
tan

Stnce C = 90" - A, this can be generalised to

st x = cos (90" - x)
cos x = st (90" - x)

1
timx=———"—+
tan( joo —X)
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OCR AS Maths Trigonometry 1 Exercise solutions

2 ©
[y

P N W b

90 180 270 360

(i) tamx=1
X =45° por 180° + 45°
X =45° pr 225°

(lil) BY symmetry, angles are 120° - 45 = 135
and 360° - 45" = 315

90 18 270 60 450 540

2+

L) 1g0°-40 =140
B360° + 40° = 400°
54.0° - 40° = 500°

(it) =e0" + 20° = =g0°
54.0° - 20° = 520"

4, (1) x=360"-25 =335
(it) x =1g0°-50°= 120"
(i) x =1R0° + 120° = 300°
(iv) x =180+ e0° = 240° and X = 360° - 60° = 300°

(V) X =180 -20° = 160" anil x = 180° + 20° = 200°
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OCR AS Mathematics Trigonometry o

Section 1: Trigonometric functions and identities

Solutions to Exercise level 2

” , , N
1, (1) sin120° =sineo® = —
2

” 1
(it) cos(—120°) =c0s120° =—cos60° =——

(i) tan1zs5°=—tan45°=—1

‘ , , 3
(iv) sinzo0°=-sineo®= _£
2
(V) cos2F#0° =—cos 90° =0
2. () cosO=%
13
12
0
=

(i) since Ols tn the second quadrant, cos @ and tan & are both negative,

25

7
0
24
cosd =—-2
tanld=—-Z

(iil) since Ols ln the second quadrant, sin Ois positive and cos Ois

negative,
1
% g
0
15
stnf =%
cosf =—3

7
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OCR AS Maths Trigonometry 1 Exercise solutions

2,

()

(it)

(L

(©)

(LiL)

J1 —cos? x B Jsin? x
tan x tan x

Cos X

= st x x —
st x

=CcosS X

st x _sinx

Ji—sin® x  +Jeos x

_sinx

cos X
=tan x

cos® x  1—sln”® x

L)

1+slnx  1T+sinx
_ (2 +sinx) (2 —sinx)

1+sin x
=1 —slnx

gy

|
Nn

Sln120°—sin150° =+

:§<«/g—1)
() tan225°+cos(—20°) =1+ %
=1(2++3)
c0s45° _(%)
sin1z5° %)
=1

(v) 2taneo’ —2tan(-60°) = 2@—2(—\/::)

%

sins0°  sins0°
J1—cos*50°  sin50°
=1
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OCR AS Mathematics Trigonometry

O

Section 1: Trigonometric functions and identities

Solutions to Exercise level 3

1. (L) The third side of the triangle is /40 =210

a
7
2+10
3
So sina =2
_ 2410
cosa ==
tan a = 271—0

(i)

n B =cl —0) = cln O = 2
sin f =sin(1g0 6’)—5Lw0—ﬁ

cos B =cos(180 —0) = —cos 0 = ——=

9l

tan f=tan (180 - 0) = -tan 0 = -

o\

(1il) The triangle is isosceles and h = [g1— 9 =\/72 = 2

lofl
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OCR AS Maths Trigonometry 1 Exercise solutions

/N / N\

2 (1)

(it) zsin(100)—1 =1
= sin(100) =2 = sin41.8°
= 100 ~ 41.8°, 138.2°, 401.8°
= 0~4.18° 12.82° 40.18°
so end A is 1 e from the origin after 4.1 seo, 13.8 sec, 40.2 sec.

(iit)

(v)

lofl
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OCR AS Maths Trigonometry 1 Exercise solutions

3sin100 —1 =2sin* 106
= 2sin* 100 -3sin1060+1 =0
= (2sin100—-1) (sin100-1) =0
=sim1o00=%  or stn100 =1
=sinz0° =sin 90’
=100 = 20°, 150°, 390°, 510°, ...... or  90° 450°, ...
=0=3° 9° 15° 35° 39° 45°
so the positions ave ldentical after 3, 9, 15, 35, 39, and 45 seconds.
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OCR AS Mathematics Trigonometry

Section 3: The sine and cosine rules

Solutions to Exercise level 1

1» c

66°

A
12

Angle C =180° - 66

Using the sine rule:

using the sine rule:

2. uUsing the sine rule:

C=180°—20°— 4 =

using the sine rule:

Mathematics @
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B

°—42°=#2°
a 1]

sina  sine
a 12

sinee®  sin #2°

. 12sinee’

- =11.53 cm
stn #2°
b ¢
SInB  sine
b 12
sin42°  sin #2°
12sin42°
b="""T" - 244 om
sin #2°
sinA  sing
a b
sin A4 sinzo°
16 10
, 16siln30°
sinA="————7"7""=0.8
10

A =53.1° or 126.9°
96.1° or 23,1°

c b
sine  sine
e 10
sine  sinz=o°
10stn e
c=———"—=19.9 cmor F.9 cm
stn=20°

lof4
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OCR AS Maths Trigonometry 3 Exercise solutions

= c

S /)IOF é

A B

using the cosine vule:  ¢* =a* +6* —2abcosc

= 9% +6" —2% 9x6eos 97°
c=11.4 cm

sinA4A  since

using the sine rule:

a c
sin.4  sin 97
2 11.4
sin A4 = esin 97
11.4
A =31.5°

B=180°— 97°-31.5°=51.5°,

10

q2+r2_P2_‘92+102_82
:qu 2><j><10
P=4j.5°

usting the costne rule:  cosP =

/Z>2+I’2—q2 _82+102—_92
2pr 2LXEXI10

Using the cosine rule:  cos@ =
R =58.8°

R =180°—49.46° — 58.75° = 71,8°
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OCR AS Maths Trigonometry 3 Exercise solutions

5. X

10 /100°

0°

Y Z

Awngle Z, = 180° - 100° - 30° = 50°

. . 4
using the sine rule: AN

sin X  sinz
X 10
sin1o00°  sins0°

10sin100°
X=———=12.86
sin 50°

Aven of triangle = £ xzsiny
= £ xX12.86x10sln30°

=321 cm”

6. Leta=cand b=3#
Aven of triangle = Labsine
12 =%4x6xFsine
C =34.85° or 145.15°

Using the cosine rule:  ¢* =a* +4* —2abcosc
=6+ F*—2X6XF0sC

=85 —84cosC
IfC = 34.85, ¢ = 4.01 ot
f C = 14514 ¢ = 12,41 cm

s
50

6.8

L

ustng cosine rule: ST2 =6,.8% +8.4° —2X6.8 XR.400s125°
ST =13.5km
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OCR AS Maths Trigonometry 3 Exercise solutions

sins  sini125°

using sine rule:

.4 13.5
, .4 sln125°
simnsS=——1-——
13.5
S =30.6°

Bearing of T from S = 180° - 50° - 30.6° = 099.4°

sin1o  sinf

g (@

&
=>sinf=0.13
= [~ F48°

= a =180°—-10°— #48° ~ 162.52°
=4 =6" +8% —2(6) (R)c0s 162.52° * 191.57
> a4~13.8

(it) 6 =& + #* —2(6) (#) cos 50° = 31.009
= b=~ 557
stin B stn50°

¥ 557
= [ = F4.3°

= sin f~0.933

((il) ¢* =20 +157% —2(15) (20)c0s20° * 6118
= e~ F.82
a? =207 +10° —2(10) (20)cos 20° ~ 124,12

>d=111
stnd  stn20°
10 11.1
=0 ~17#.9°
= &~ 180°—20°—17.9°=142.1°
=>n~180°—142.1°=38.9°

= sind = 0.308

sin@  sin110°
10
= 0 =~ 28.0°

= ¢~ 42.0°

(iv) = sinb = 0.470

X —
sing  siné

= xR F13
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OCR AS Mathematics Trigonometry 0

Section 3: The sine and cosine rules

Solutions to Exercise level 2

4 B
170
10°
T H
195
using the cosine rule:  £* =1370% +195° — 2 X 1F0 X195 cos10°
t =404
It is 40,4 w from the hole,
2.
P . , c a
Using the sine rule on triangle ACD:  — =—
sine  sin A4
¢ 15
sin130°  sinz0°
15 sin130°
L=——"—=2298%
sinz0°
For triangle ABD: AR = AD oS F0° = 22.9800s 70° = #&6wm (3 s.f.)
3.

Ustng the sine rule d 50
Y e rule: =
g stn 9.5°  sine2.5°
150stn 9.5°
h == 2 . m
sine2.5° 79
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OCR AS Maths Trigonometry 3 Exercise solutions

4.

10° 15°
00V vt

h
tan10° = ﬁ = h =v(600 +t)tan10°
600 +t)W

tan15° = i = h=vttan15°

V(600 +E)tan10° = vt tan 1.5°
600tan10° +ttan10° = ttan 15°

600tan10°
t= =14155 seconds

tan 15° —tan 10°
Time taken = 19 mins 15 secondls

h=(10+)tan15°
© h = xtan 40° }

= (10+ x)tan15° = xtan 40°

= 10tan15°+ xtan 15° = xtan 40°

10tan 15°
= x=
tan 40° —tan 15°
R 4.69

= h = xtan40°
z3ﬁ4

stin20°  sin B
12

=sin f =0.684,.,

= f=4316...°

= o =180°—43.16...° —20° = 116.84°
0=180°—- f =126.84°, ¢=180°—-30°-0=13.16°

= x? =62 4+12° —2(6) (12)cos116.24°

(i)

=> X =15.65
a [—
sinf sing

= =4F.02
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OCR AS Mathematics Trigonometry 0

Section 3: The sine and cosine rules

Solutions to Exercise level 3

1, ()

(il) P =40tan42° =~ 26.02

L ppa 3602 _ 59.95
tan =21° :
LPARB = &0°
, sima  stneo’
so ln APAR, =

40 59.95
= sina = 0.578

=>a~353°% andso f~g4.7°

AB* =40 +(59.95)* —2(40) (59.95) cos 84.7°
~ 4750.99
= ABr 689
so she has walked approximately 68.9 wetres from Ato B

(liL) The bearing of the mast from B Ls approximately 324 .7,
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OCR AS Maths Trigonometry 3 Exercise solutions

2. () Lyxs=140°= LXys =18°
a 40
sin22°  sin1g°
= d = 4249
so the bridge is approximately 42.5m long.

—

40 m /
I o//
122/
I/
I/
1/
1/
!
S
(it) PR =48.49—20 =22.49 A
LRPD = L RPE — LDPE i North
|
= 500_:250 : o
155
=25°
= PD =PrRcos5°
R 25.8

so the canal is 25,2 m wide,

({ih) xXH =% Xy =24.25
HR = (24,25 )sin 40°

~ 15.59
RX =(24.25)c0s40°

~ 18,58
15.59

40 +18.58
x 0.266

tana =

> a~14.9°
so the bearing of H from the surveyor is 0157,
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