Unit

INTRODUCTION TO TRIGONOMETRY

easurement of an Angle
Angle:

An angle is defined as the union of two
non-collinear rays with some common end
point. The rays are called arms of the angle
and the common end point is known as vertex
of the angle.

Clockwise or Anti—clockwise angle:

[t 1s easy if we make an angle by
rotating a ray from one position to another.
When we form an angle in this way, the
original position of the ray is called initial side
and final position of the ray is called the
terminal side of the angle. If the rotation of the
ray is anti-clockwise or clockwise, the angle

has positive or negative measure respectively.
Initial side

Initial side
Anti - clockwise rotation
positive measure

Clockwiserotation
Negative measure

We divide the circumference

Degree:
of a circle into 360 equal arcs. The angle
subtended at the centre of the circle by one arc
is called one degree and 1s denoted by [°.

J

The symbols 1°, 17 and 17 are used to

denote a degree, a minute and a second
respectively.

Thus 60 seconds (60”) make one minute (1”)

60 minutes (60") make one degree (1°)
90 degrees (90°) make one right angle.
360 degrees (360°) make 4 right angles.
An angle of 360° denotes a complete
circle or one revolution. We use coordinate
system to locate any angle to a standard
position, where its initial side is the positive
X—axis and its vertex is the origin.
Locate
(a) —45° (b) 120°
(c) 45°  (d) -270°

Solution:

Example:

The angles are shown in figure.
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(1. Convert 25°30” to decimal degrees.

(1) Convert 32.25° to D°M’S” form.

Solution:

(1) 25°30°=25° ¢ 59 =25°+0.5°=25.5°

o

25
100

(11) 32.25° =32°+0.25°=32° +

=32° + r =32°+ l><60
4 4

= 32°15°
Convert 12°23'35” to decimal degrees correct
to three decimal places.
Solution:
23° 35°

+

60  60x60

23";F e
60 3600

12°23'35” = 12° +

= 12°+

12°+0.3833°+ 0.00972°

12.3930°
= ]2.393°

Example 3:

Convert 45.36° to D°M’S” form.
Solution: (45.36)°

45° + (0.36)°

45° + _‘Eg_x()()
100

— 45° 4 21.6'
= 45° + 21"+ (0.6 x 60)”
= 45°2136”

Radian measure of an angle

(circular system,

Radian: The angle subtended at the
centre of the circle by an arc, whose length is

equal to the radius of the circle is called one
Radian.

Consider a circle of radius r whose centre is O.
From any point A on the circle cut off an arc
AP whose length 1s equal to the radius of the
circle. Join O with A and O with P. The

ZAQP is one radian. This means that when
Length of arc AP = length of radius OA then

mZAQOP = 1 radian

Relationship between radians and degrees
We know that circumference of a

_circle is 27tr where r is the radius of the circle.

Since a circle is an arc whose length is 27r.
The radian measure of an angle that form a

: .21
complete circle is — =2x
"
y
A

27 radians

360° /1 o
7 o

From this we see that 360° = 27 radians

or 180° = mwradians.......... .. (1)



Using this relation we can convert degrees into
radians and radians into degrees as follows:
180" = mradian

19 = ln radian,
= x. 10
X = x 2 radian......(ii)
180
| radian = @
T
180

yradian =y —— degrees.....(iii)
T

Some special angles in degree and radians
180° = 1(180°) = mradians

! 180%) = T radiaus

2 2

60° = L(180°) = “radians
3 3

90° =

45° = l(180"): Eradians
4 4

30° = L(180°) = Zradians
6 6

270° = —%(1800): 3—Tcradians
2 2

Yy  gpe="
900 =T 1 T,
2 4
=2
6
180°=x 0°
X € > X
360° =21
in
2700 =%
2

~
~

Convert the following angles into radian
measure:

(a) 15° (b) 124722
Solution:

‘ T . .
a) 15°=15 ——rads by using (1)
(a) ™ y g

159 = —Eradians

22 °

(b) 124°22=  124+=
60

124°22" = (124.3666) —— radians
180

124°22" = 2.171 radians

Example 5:

Express the following into degree.

(a) 2—; radians (b) 6.1 radians

Solution:
(a) 2n radians = < Loy degrees
3 s B
= 120"

(b) 6.1 radians = (6.1) 180 degrees
e

= 06.1(57.295779)
= 349.5043 degrees
Remember that:

| radian = _180 "= 57.295795° = 57°17'45”
3.1416

o=~ 31416 _ 00175 radians
180




EXERCISE 7.1

Q.L. Locate the tollowing angles: (v) -60° ~270°¥%
. -\\%“\\'\C Inttial Side —3ﬂ’0
2()° ‘\‘i‘“\\\\‘ o O 0°x
§) itial Side X “,,
"2,
/('/(‘
-90°
270°
(vi) =120° Y _270°
(i) 22~° 20
\ 5 )
—180 Initial Side —360°
180° S0 / o 0°x
O|  IitialSide X & -120
<&
-90°
270°
“ee - s YA
(1ii) 135° Terminal Side y“goo (V“) -150° _2700‘ )
135°
180° —w | 02 —-180° Inital Side —36(}:
e LA 0°x
0 Initial Side X l\\\\;,\\ 0/_1500
,gc’\@\\
270° -90°
. ~0 y“ - s ° y \
(iv) 225 90 (viii) - 225 o P
[ermnal Side
180° 223(\ 0° -180° Initial Side —360°
%'\b“' 5 Initial Side ’X | 2250 ()/ 0 x
P
270° -90°



Q.2.  Express the following sexagesiml
measures of angles in decimal form.

(1) 453°30°

Solution: 43°3(

0

= 45° + 30
60
45° 4+ 0.5°

45.5°

(i) 60°30°30”

Solution: 60°30730”
= 60°+ 30 + 30

60 6060

= 60°+0.5° + 0.008°
= 60.508°

(iii) 125°22’50”

Solution: 125°22°50”

22 ° 50 °

= 125°+ — +

- 60 60x% 60
= 125°+0.367°+0.0139°
= 125.3808°

Q.3. Express the following in D°M’'S”:
(i) 47.36°
Solution: 47.36°
= 47°+0.36°
= 47° +(0.36 x 60)
= 47°+21.6’
= 47°+ 21" + (0.6 x 60)”
= 47°+ 21"+ 36"
= 47°2136”
(ii) 125.45°
Solution: 125.45°
= 125°+0.45°
= 125°+(0.45 x 60)’
= 125°427
= 125°27°0"
(iii) 225.75°
Solution: 225.75°
225°+0.75°
125°+ (0.75 x 60)
225°+45’

225°45°0"

(iv) —22.5°
Solution: -22.5°
= —[22° + 0.5°]
= —[22°4+(0.5 x 60)" ]
= —[22°+30"]
= —22°3(0’

(v) —67.58°
Solution: — (67° + 0.58°)
=-[67°+(0.58 x 60)" ]
= —[67°+34.8"]
= —[67°+34"+0.8"]
= —[67°+34" + (0.8 x60)” |
= —[67°+34" + 48" ]
= —67°34’48”
(vi) 315.18°
Solution: 315.18°.
= 315°+0.18°
= 315°+(0.18 x 60)
= 315°+ 10.8’
= 315°+ 10"+ 0.8
= 315°+10" + (0.8 x 60)”
= 315°+10" + 48"
= 315°10"48”
Q.4. Express the following angles into

radians.

(i) 30°

Solution: 30°

= 30 iradians
180

= ,36 dd radians
30 %6

= i radians

6
(ii) 60°
Solution: 60°

T .
= 060 —radians

= 60

radians

p/a
60 %3

b .
= — radians
3



v

(1i1) 135°
Solution: [35°

_ T .
= [35 e radians

4 .
= ;1”5><3 radians
45 x4
3T )
= — radians
(1v) 225° .

Solution: 225°

= 95 e radians
30

T ;
= ,45/ X5 radians

;kS/x4

57

= — radains
(V) - 150°
Solution: - 150°
= -~ 150 2 radians
= —SX}G 4 radians
30 %6
= —5—7[ radians
(vi) —225°

Solution: — 225°

= -225 T radians

' T .
= —SX}VJ/ radians

%xcl

~57C .
= —— radians

(vii)  300°
Solution: 300°

= 300 % radians

= 60 %5 T radians
ﬁ()x?)

St )
= —— radians

3

(viii) 315°
Solution: 315°

= J15 7 radians

T .
— }1{5 X7 radians

}1‘5/><4
17

— —— radians

Q.5. Convert each of the following to degrees.

37
@ —
) 4
Solution: 3—472 radians
3z 180
= — —— degrees
4
45
3 180
= 7]{ 7 degrees
= 3x45 degrees
= 135°
Sr
[ —
6
Solution: ==
6
S5z 180
= — —— degrees
6 7z '
30
54 )80 S
7 —7 cgrees
=5%30 degrees -
= 150°
17
(iii) —
8
Solution: radians
7z 180
= —— degrees
8 /3
3 () 180 d
= —— egrees
g /{ grees
_ 7x180
= degrees
1260
= degrees
= 157.5°



[SRe
16

-~

- ‘ 37 .
Solution: —— radians

(1v)

137 180
= : degrees
16 /4
137 180
- — degrees
16 i
13x180
= degrees
16
234
= ; Y degrees
= 146.25°
(v) 3 radians
Solution: 3 radians
1
= 3 —89 degrees
V4
= iﬁi(—) degrees
7%
= 171.887°
(vi) 4.5

Solution: 4.5 radians
= 45 180 degrees

V4
= 810 degrees

;T &

= 957.831°
iy =&
8

T )
Solution: ——— radians

8
- lg—{ 189 degrees

7
_—1260

= degrees

8
= —157.5°

(viii) 137[
viii) —-—
16

) 13 .
Solution: —— 7z radians

®]
13180

= — degrees
6 i

-2340

16
= - 146.25°

Sector of a Circle
(i) Arc of a Circle |
A part of the circumference of a circle 1s

called an arc.
: :B
A

an arc

(ii) Segment of a circle

A part of the circular region bounded by an arc
and a chord is called segment of a circle.

a

a segment
(iii)  Sector of a circle
A part of the circular region bounded by the two
radii and an arc is called sector of the circle.

radius

a sector

To estabish therule =r6:

(where r is the radius of the circle, |l the

length of circular arc and 0 the central
angle measured in radians).

Let an arc ABdenoted by | subtends an angle
0 radian at the centre of the circle. It 1s a fact
of plane geometry that measure of central
angles of the arcs of a circle are proportional
to the lengths of their arcs.

3

mZAOB mAB

mZAOC mAC
Oradian

1 radian r



IR [noa circle of radius 10m,

(a)  Find the length of an arc intercepted
by a central angle of 1.6 radian.

(b)  Find the length of an arc intercepted
by a central angle of 60°.

Solution:

(1) Here 6 = l.6radian,r=10m and | ?=

Since

| =rH | = 10x1.6 =16m
) 6=60° = 60x — = Z 1ad
180 3
| =18 = IOXE: 10—nm
3 o

/ Find the distance travelled by a
cyclist moving on a circle of radius 15m, if
he makes 3.5 revolutions.

Solution: 6 =1 revolution = 2mradians
3.5revolution = 271 x 3.5radian
Distance traveled = | =19

= 15if X 2% % 3.5
HL

Area of circular sector;

Consider a circle of radius r units and an arc of

length | units, subtending an angle 0 at O.

Secror area
T |
A i
3)

@)

2

2T

Area of the circle

Angle of the circle

Angle of sector = O radian

Then by elementary geometry we can usc the
proportion.
rea of sector AOBP _ Angleol sector
Area of Circle

- Angleof circle
o Area of Sector AOBP 6
I B
nr? 2

0
Area of Sector AOBP = 7)—><7tr2
27

Area of Sector AOBP = %1‘29

e ulKy Find area of the sector of a

circle of radius 16 cm if the angle at the
centre is 60°.

1Genr &
- Bl
~ l(:ym>
Solution:
Here central angel = 6 = 60°
Now 0= 60° x ——
180
8= r rad
3
r=16cm
Area of Sector = é 120
) | T
Area of Sector = 5 (16 cm)? —
2 3
. )
= —(256cm)” x
2 Tx3

= [341.1 cm?



