Mathematics Exercises for Brilliancy 2 (2nd edition)

Unit 15 Introduction to
trigonometric ratios

/N Important facts

1. Key terms
¢ sine ratio (1E5%), cosine ratio (§55%),
tangent ratio (1EY])
¢ opposite side (3}32), adjacent side (#fi&), hypotenuse

(FhHz)

2. Basic knowledge "
pud ]

(a) Trigonometric ratios 5
sin 0 :M=ﬁ, a=c-sinb , ¢ = .a
hyp. c sin0
cosezadJ'SIdezé, b=cse0s8, c= b
hyp. c cosf
tan0 =M=ﬂ, ai=.b-tanb , b= d
adj.side b tan0

(b) The above ratios are applied to right-angled triangles only.

3. Find the unknown marked values in
the given figures

@ g s tan6=%, S0=248 34

13
8cm y

b
®) cos 34° =%, y=28cos 34°=6.63 cm

20¢cna
©) sin71°=§, x sin 71° =20,

x¢m X
71° 20

=21.2

x: .
sin’71°
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(a)

(b)

(©)

Mathematics Exercises for Brilliancy 2 (2nd edition)

Trapezium (1)

Given a right-angled trapezium, divide it into a rectangle
and a right-angled triangle. Then the unknown angle(s) or
length(s) can be found.

Examples: ,
[ ] []

Isosceles triangle (Z[E =f41F)

Draw a perpendicular line from the vertical £
angle to the base of an isoscelesdniangle.
This perpendicular line bisects theWwertical
angle as well as the base. Then the unknown
hcm ;

iR
L

angle(s) or length(s) can be found.

Areas of plane/figures

Question: Find the area of the given 7 em
parall¢logram. 52¢
Solution: theheight 72 =7 x sin 52° 9 cm

. area of thd parallelogram = 9 x 7 x sin 52° = 49.6 cm”

Question: /Find the area of the given heml N\UJ5cm
trangle.
Solution; ,the height # =15 x sin 34° 12 cm

7

AN

arca of the triangle = %x 12x(15sin34°)

=50.3 cm® (3 sig. fig.)
Question: Find the area of the given

A
isosceles triangle. (3,40°
Solution: ZBAM = 4;) =20°
AM =12 x cos 20°, BM =12 x sin 20°
, B M C

area of AABC =2 x (%XBMXAM)

/ 20112

=12 cos 20° x 12 sin 20° = 46.3 cm® (3 sig. fig.)
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In this exercise, give the answers to 3 significant figures
or 1 decimal place when appropriate.

J:‘"III
(I) Warm-up items, No.1-26 o

1. Find the values of 6 in the following.

(a) tan9=% (b) 3cos6=2 (c) S5sinb6-4=0

2. Inthe following figures, find the values ¢t the unknown
marked angles.

(a) - (b) 2! © N
. 25

10

3.  In the following figures, find the values of the unknown
marked lengths.

@ < (b)

13 O

L7755,
(c) 37 (d) 26°
610 8
X
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4.  Find the unknown marked lengths and angles in the
following figures.

(a)

(c)

5. Find the u@own marked lengths and angles in the

following trapeziums.
(a) ?z B (by P Q
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6.  Find the unknown marked lengths and angles in the
following i1sosceles triangles.

(a) R (b)
50°
P yem 8cm
17 cm A —om C
Q
(c) K
0
15cm
D 9cm F

7. Find the areas of the following figurés.

(a) 7 (b) £
°c>C§Q Sem
- 110°
CA D P 7cm R
) R AN
10cm
A
12cm B /\
1l
L " Tem N
(e) B (D P 4dem S
465 3cm
10cm 5g0
5
A C Q R

8.  The base angles of an isosceles triangle are both 30°.
If the base is 7 cm, what is the area of the triangle?
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10.

11.

(b)
(©)

12.

13.

Mathematics Exercises for Brilliancy 2 (2nd edition)

The area of the given parallelogram P Q
is 160 cm”. Find £Q. 14cm

ST 26em R
(a) Find the areca of AABC. B

0 b
(b) Find the values of a, b CZBO

In the figure, ABCD is a trapezitmt

Find ZB to 2 decimal places:. D_Sem C
8cm 13cm
Find AB. o
A >4 B
Find the area of ABCD»

Find the area of a regular octagon of
sides 6 cm. 6cm

The tops of two vertical poles of heights 2.5 m and 4 m
are joined by a rope which makes an angle of 72° with the
vertical poles. Find the length of the rope.
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14.

15.

16.

17.

18.

The legs of a pair of compasses are
each 10 cm long, and they are used to
draw a circle of radius 8 cm. Find the
angle between the legs.

In the figure, O is the centre of the circle
whose radius is 3 cm. If the distance from
O to the chord PQ is 2.6 cm, find the

angle at the centre to the nearest degree. P<_ _Q

A pendulum 24 ¢m long swings through
an angle of 28° on each side of the
vertical. Find the greatest height that'the
tip rises above its lowest positions

A man walks 450 m up a'slepe
of 11° and then 200 mauip a
slope of 34°. Find the vertical
distance he has rise¢n/

Two tight/topes are tied from the top of a church to the
opposite sides of the ground.

If the €hurch is 19 m high, and
the/fopes make angles of 38°

and'48° with the horizontal, .
find the distance between the <38°
two ends of the ropes. A
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19.

20.

21.

22.

(a)
(b)
(©)

23,

Mathematics Exercises for Brilliancy 2 (2nd edition)

A model plane takes off at a fixed angle }’(
of 32° to the horizontal. If the speed of

the model plane i1s 900 m per minute, 32°

find the time it takes to reach a vertical

distance of 1.5 km.

(Correct the answer to 2 decimal places.)

The shadow of a vertical post is 3.8 mseng when the sun
makes an angle of 40° with the horizontal. What is the
length of the shadow when the angle becomes 28°?

When the sun makes an angle of 27°
with a slope, the shadow ofia
vertical pole is 4 m on theslope. If
the slope makes an angle of 15°
with the horizontal, find/the length
of the vertical polg!

ABCD is afsquare. Find: B

the areafof ACDE, A

the area of square ABCD, C
the vertical distance from A to DE. . \ 30° Ecm

ABCD is a rectangle with sides 20 cm
by 30 cm and AB makes an angle of 30°
with the horizontal. Find the vertical
distance from C to the horizontal.
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24. A conical funnel (F£/EF-=}) is placed
over a cylinder such that their circular
bases are parallel to each other. The
cylinder is 15 cm long, and it base radius
1s 6 cm. If the vertical angle of the funnel
1s 50°, how far is its vertex from the
bottom of the cylinder?

25. In the figure, there is a big box near the door, and so'the
door, which is 0.8 m wide, can only be opened up to 50°.
Later, the box is pushed x cm away from the/door, and the
door can just be opened completely (see the figure). Find
the value of x.

2| N\ Box| oy !  Box’
Ss0° N
26. Find the unknown marked Jengths and angles in the
following figures.
@ (b) S
2 12 9 6
R h
(c) o D (d) E_ G - 13 F
138 5 7 12
350 H
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(I1) Stimulating items, No. 27-54

217.

(a)

(©)

28.

29.

(a)

(b)

(©

Mathematics Exercises for Brilliancy 2 (2nd edition)

9%

Find the values of 6 in the following.
sin 30 =0.9 (b) tan (0 +,18%) = %tan 70°

5cos(206-15°)=1

In the figure, is it correct that 2 7
8 . 8
X = ? Explainfyour answer.
tan37°

The figure shgws a quadrant of a circle whose radius is
1 unit.

Find from the graph 1 —
the values of sin 20°, Fa
sin 38°, sin 64°. /

Find from the graph
the values of cos 20°, 0.5 7 2 N
cos 38°, cos 64°. a 47

If cos 0 > sin 0, find e aAmn T
the range of values of 267 )
0. Explain your
answer. 0.5 1

':‘\\ ~ «J
N\
AY
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30. Using the given right-angled triangle, find B
the value of cos 45° without using the

calculator. (Leave the ./ sign in your
answer when appropriate.)

31. PQR is an equilateral triangle, and

QL L PR. Making use of APQR,
find the values of sin 30° and tan 60°
without the calculator. (Leave the

N sign in your answer when

appropriate.)
32. IfAC=12,BC=20andCD=DB, A __ D 4 B
find the value of £ DCB.
12
20
C

33. The figure shows a cléek face in the shape of a square of
sides 15 cm. Whatds the distance between the 11-0’clock
mark and the 12-0"¢lock mark?
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34.

(a)

(b)
(©)

35.

(a)
(b)

36.

Mathematics Exercises for Brilliancy 2 (2nd edition)
In the figure, a chair leans against a
vertical wall.

Find the vertical distance from E to
the ground.

Find the vertical distance from D to the ground.

Find the horizontal distance from D to the wall.

In the figure, AB is a rod leaning against a vertical wall
and it touches a rectangular block at,P. The dimensions of
the block is 20 cm x 16 cm, and the¢ rod makes an angle of
30° with the horizontal.

Find the length of the rod. A

Now the rod slides down P

until its angle with the | Q

horizontal becomesy20°. 16cm 300
How far does tip‘B(slide? R— 20cm —S B

A sphere i§put inside a sealed right ﬂc
cone sothat the highest point of the ‘AY
sphere‘tguches the base of the cone. w
The'height of the cone is 8 cm and its V

vertical angle 1s 52°. Find the radius
of the sphere.
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37.

(a)
(b)

38.

(b)

39.

40.

In the figure, QS is an altitude of APQR, and it makes an
angle of 24° with PQ. T is a point on QS such that
QT =3cm, TS=5cmand TR =13 cm.

Find the area of APQT. 242

Find ZQRT. 3em
Scm
P R

In the figure, AD =12, DC =4, ZABD =90°,
and ZA =48°.

B
Find BD. /\
) 48
Find the value of 0.

A

Find CD 1n terms of x and"6.

0
12 D 4 C
In the figure, B
/BAC = /BCD = /ADC =40°. M\
ZBCA =60 and BC =x. A\GJC
D

In the figure, ABCD is a trapezium in which AB // DC,
ZC=/4D=0¢D=pand AB=gq. If p* =¢° +12, find
the area of the trapezium in terms of 0.

A 9. B
)
D iig C
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4].

(a)
(b)
(©)

42.

43.

44.

Mathematics Exercises for Brilliancy 2 (2nd edition)

ABCDEEF is a regular hexagon with sides 6 cm.

Find /F and AE. B (
Prove that ABE is a right-angled triangle. 4 D
Find the area of AABE. 5 E
(a) Prove that AABD ~ ABCD. 5

(b) Find the value of 6.
0

K 22 D 27 C

If AB =15, CD = 18 and.BC= 56, find the value of 6.

D
0
B
I/ C
A
If AB # €D, find the value of x in the figure.
D
4
B
N x40c 70 o
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45. AABC isright-angled at A. PQLBC, A p (\‘,‘SOB
ZB=45° and AP:PB=2:1.
Find ZCPQ. Q
C

46. In the figure, ABCD is a rectangle, P

and BC is produced to P. PC = CB, 1 { %

and ZPAB = 56°. c O™ p
(a) Find 6, correct to 2 decimal places. 1

56°

(b) IfPD =10 cm, find PA. B A
47. 1In the figure, ZC = 90°, ZA = 30 3

D and E are points on AC suchrthat

AE =ED =DC.
(a) Find ZBDC.

30°

(b) Prove DA =DB. At
48. In AABC, BD=DE = DA = 10, B

and AB =12. 10
(a) Prove ZBAC= 90°. 12 .
(b) Hencesfind £C.

Al 10
C
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49.

(a)

(b)

50.

(a)

(b)

51.

(a)

(b)

52.

53x

(@)

(b)

Mathematics Exercises for Brilliancy 2 (2nd edition)

In the figure, QP = 10.5, PR = 14.5 and RQ = 10.

Show whether PQR is a right-angled Q
triangle. 10.5 10
Find /P, /Q and /R. P =5 R
In the figure, AB =13, BC =15 and CA'=u8.

Show whether ABC is a right-angled
triangle.

From B, draw BP 1. AC. Let AR=4.
Find the values of x and ZA.

In the figure, BD L AC. 3
Express AD and CD interms mo

of h. A 5 C

Hence find thevalue of 4.

In the figure, find AB in terms of B
x and . y

In the figure, QR L PR.

If PS : SR =n: 1, find the value of
n, correct to 4 significant figures. P S R

If the area of AQRS is 30 cm?, find the area of APQS.
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54.

(a)

(b)

A rectangular tank with dimensions 50 cm x40 cm x 120 cm
was originally filled with water. The tank was tilted ({tH#&})
up so that only one of the base edges touched the ground,
and the water poured out slowly.

C
4
0
@ X

Figure A Figure/B

When half of the water had poured out, the edge AB made
an angle of x° with the ground (see Figute A). Find the
value of x.

When one third of the water remained‘in the tank, the edge
AB made an angle of y° with thedgronnd (see Figure B).
Find the value of y.
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?
4

(1l1) Exam Practice, No. 55-58 |

55.

Figure (a) Figure (b)

(a) Figure (a) shows an isosceles‘triangle AABC with
AC=BC= /cm and ZACBw= 26.

(1) Let N be a point'on,AB such that AB 1 CN.
By considering AACN and ABCN, prove that
AN = BN.

(11) Hence, prove that AB = 2/sinf cm.

(b) In Figure (b), a kite 1s tied by a string to point P on the
horizontallgfound. When the kite is at position R, which
is 20 mabove the ground, the string is taut and makes an
angle 6£50° with the horizontal.

()" #Find the length of the taut string PR.

(11)  The kite is then raised to a new position S and the
string 1is still taut. If the angle between the string
and the ground becomes 68°, using the results of (a),
or otherwise, find the distance between R and S.

[Give the answers correct to 3 significant figures. |
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56. The figure shows part of a map. A, B, C, D and E are five
cities. A, C and D lies on the same straight line.

65 km E

(@) (1) Determine whether ZACE is a right angle.
Explain your answer.

(11) Find the distance between C and D.
(111) Find the distance between D and E.
[Give the answers correct to 3 signifieant figures. |

(b) Morris drives at an average speed of 90 km/h from city A
to city D via city B and city C. On'the other hand, Nick
drives at an average speed of 84 km/h from city A to city
D via city E. Morris and Nick leave city A simultaneously.
Nick claims that he would arrive at city D first. Do you
agree? Explain your answer.
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57. Figure (a) shows a decoration on a horizontal table. The
decoration 1s composed of a revolving circular ring and a
triangular stand OPQ. Laser light can be emitted from
point A on the ring. The diameter of the ring is 18 cm,
and O 1s its centre. OP = OQ = 13 cm and PQ =40,cm.

18 cm

P. 10 cm—Q

Figure (a) Figure (b)
(a) Find the vertical distancefrom the centre O to the table.

(b) At the beginning, A ig'tight below the centre O. Then the
ring is rotated 140° anti#clockwise, and the height that A
rises above its original position is y m [see Figure (b)].

(1)  Find themalue of y.
(1i1) Find the distance from A to the table.

[Give the answers correct to 3 significant figures.|
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58. Figure (a) shows the top view of a room. AB and BC are
vertical walls perpendicular to each other, and PQR is a
triangular table right-angled at R. PQ =235 cm and

QR =141 cm.
A
(a) Find ZPQR. ®
P
Q
B C
Figurexa)
(b) The table will be placed in the room such’that it has to
touch the wall BC.
A A
P
R
R
| /Q\ | ]
B P Q 4.9 B Q C
Figure (b): Positiof, 1 Figure (c): Position 2

(1) Figures (b)rand (c) show two possible positions of
the tableéadind the distances from R to the wall BC
in each of these two positions.

(11) Howshould the table be placed so that the distance
from R to BC would be the greatest? And what is
the greatest distance.

[Give the answers correct to 4 significant figures.|
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