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2. CONCEPTS & FORMULAS &5

1.1) ANGLE: Angle is the measurement of rotation of a given ray about its initial point (vertex).

In the adjacent diagram, for the angle ZAOB =6, e
. _— LA\ Sy

O is the vertex, OA is the initial side & OB is the terminal side . Q&““:

* Angles are denoted by 6, o, B, v.....; X, ¥, z;.....A, B, C, D; .... (\)7ertex Initial side A

* Angle measured in anti clock orientation is taken as positive and clockwise is negative.
1.2) MEASUREMENT OF ANGLES:
i) A basic unit of measurement of angle is one complete rotation.
i) One half of a complete rotation is called a straight angle.
iii) One fourth of a complete rotation is called a right angle.
iv) Degree Measure: A right angle is divided into 90 equal parts called degrees;
each degree is divided into 60 equal parts called minutes and
each minute is divided into 60 equal parts called seconds.

Notation: One degree = 1°, one minute = 1'; one second = 1"
Ex : 1 Right angle = 90°; 1 Straight angle = 180°; 1 Rotation = 360°

v) Radian Measure (Circular Measure): A
Radian: The angle subtended by an 'arc of length' equal to /)
radius of the circle at its centre, is called a radian.
Notation: One radian is denoted by 1€ or 1 rad

~

Conventionally, x radians is denoted simply by x.
C

+ 1 right angle = nz =90°; 1 straight angle = ¢ =180°; 1 revolution =27°=360°

e As anirrational T= - =3.14; as an angle in radians we write 1 =180°

+ 1 Radian=1°=57°17'45" = 57.2958°=206265 seconds. Also 1°=0.01745¢
Conversion of Radians into Degrees and vice-versa:
180 ¥
« mradians = € = 180°. Hence, 1°=|— |; I°= I
T 180
* To convert x° into equivalent radian measure, multiply x by /180
* To convert radian measure into degree measure, replace © by 180°

Exl: gradzl?(’:goo;%:%;"_
Ex2: 60°=(ﬁ6><%)c =(§)C =§;45°=[ x%]:%; 720°=[726><%]=4n

@ If / is the length of an arc of a circle, r is radius and ‘@

0 rad is the angle made by / at the centre then /= r6.
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1.3) TYPES OF ANGLES:

2)

3)

4)

i) Acute angle: If 0°< 0 < 90° then 0 is an acute angle. Ex: 30°, 45°,60°.........
ii) Obtuse angle: If 90°< 6 < 180° then 6 is an obtuse angle. Ex: 120°, 135°,150°.........

iii) Complementary angles: If the sum of 2 angles is a right angle then the two angles are
called complementary angles to each other. 6 and 90°-6 are complementary angles.

Ex: 30° & 60°, 45° & 45°.........

iv) Supplementary angles: If the sum of 2 angles is a straight angle then the 2 angles are
called supplementary angles to each other. 6 and 180°-6 are supplementary angles.

Ex: 30° & 150°, 60° & 150°.........

v) Quadrantal angles: The angles 0°, 90°, 180°, 270° or integral multiples of these angles are
called quadrantal angles. Ex: 90°, 180°,270°,360°,450°, 540°, 720°,900°,1080°, 1440°, .........

vi) Allied angles: Two angles are said to be allied angles to each other if their sum or difference
is a multiple of a right angle.

Ex: 90°+6, 180°+ 6,270°+ 0, 360°+ 6.
TRIGONOMETRIC FUNCTIONS of angle x (T-Ratios):

Y-axis
Consider a circle with centre O and radius r in the xy plane.

Let P(a,b) be point on the circle such that LPOX = x P(a,b)

r
The 6 trigonometric functions of x are defined as follows: X

o a M .
X-axis
(l)sinX:Oletemde:E (2)CSCX:M=£ KJ
Hypotenuse r Opposite side b

(3) cosx = Adjacent side _a @) secx = H}‘lpotenu‘se _r
Hypotenuse r Adjacent side a

. ¥ Adi .
(5) tanx = OpPosne s%de _ b (6) cotx = dJace'nt s.1de _a
Adjacent side a Opposite side b

RECIPROCAL PAIRS OF T-RATIOS:

1
(il)) cosx=—— (iii) tanx =

(i) sinx=
CsCX Secx cotx

(iv)sinx.cscx =1 (v)cosx.secx=1 (vi)tanx.cotx =1 (vii) tanx =X Sinx = tanx.cosx
COSX

TRIGONOMETRIC IDENTITIES:

1) sin2x + cos?x = 1; sin2x =1 —cos?x ;  cos?x = 1 —sin2x, (¥ x€R)
2) sec2x — tan2x = 1; sec?x =1+ tanzx; tanZx = sec?x — 1,[VxeR—{(2n+1)n/2,ne Z}]
3) csex — cot?x = 1; cse?x = 1 + cot?x ; cot?x = csex — I,[ VxeR—nm,neZ |

22

(sinx)?= sin?x (read as sine square x). But (sinx)? should not be written as sin®x? or sinx?

Generally, in degree measure of angle we use 6 and in radian measure we use X.
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5) Determination of Trigonometric Ratios for Allied angles of 0 (acute):
Y-axis
QZ Q1
(90°+6,180°-6) (360°+6, 90°-0)
sin, csc are only positive All ratios are positive
0 X-axis
Q3 Q,
(180°+0,270°-0) (270°+6,360°—0)
tan, cot are only positive cos, sec are only positive

3 STEPS:
STEP 1: Locate the quadrant in which the given angle lies.
STEP 2: Use the Tip “All Silver Tea Cups” to attach the correct sign(+) for the given T'ratio.
STEP 3: Apply the following conversions:

For 180° £ 6 (or) 360° + 6 the Trigonometric ratios do not change .

For 90°+ 6 (or) 270° £ O the Trigonometric ratios change as: sin&cos; tan < cot; csc < sec
Ex: Simplify (i) sin(180° — 6), cos(180° + 0), tan(360° + 0), cot(360° — 0).

(i) sin(90° — 6), cos(90° + 6), tan(270° + 0), csc(270° — 6),

(iii) sin(— 0), cos(-0), tan(-0), sec( — 0)

Sol : i) sin(180°—0) = sin 6, cos (180° + B)=—cos O
tan(360° + 0)=tan 0, cot(360° — B)=—cot O
ii) sin(90°—0) = cos0 , cos(90° + B)= —sin 6

tan(270° + B)= —cot 6,  c¢sc(270° — 0)= —secH
iii) sin(—0) = —sin 0, cos(—0) = cos 0, tan(-0) = —tan6, sec(— 0) =secO [. -0 Q4]

Angle— | 90°-0 | 90°+6 | 180°—6| 180°+0| 270°-6| 270°+6| 360°—0 | n.360°+6 | n.360°-0
Qq Q, Q, Q3 Q3 Q4 Q4 | =360°+0 | =(-0)

Ratloi, Ql Q4
sin coso coso sin@ —sin® | —cosO | —cosO® | —sinO sin® —sin@
cos sin® —sin® —cosO | —cosO | —sin6® sin® coso coso coso

tan coto —cot —tan® tan® cotd | —cot® | —tan® tan0O —tan®
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6)

Values of Trigonometric ratios for certain STANDARD ANGLES:

Angle—| 0° [30°] 45°| 60° | 90° | 120°| 135° | 150° | 180°| 210° | 270°| 300° [ 360°
Ratiod 0 n/6| m4| m/3 n/2) 2m/3| 3m/4| 5n/6 T Tn/6 | 3n/2| Sn/3| 2m
- 1| 1| 3 NN I 1 —J3
BL 1 1| s /3 1
cos 1 2 N 2 0 2 h - -1 > 0 3 1
. I T
tan 0 - 1 —too| — -1 Tz 0 o | >Feo| — 0
a 7 3 NG NE NE V3
1 1 1
cot —teo| f3| 1 ﬁ 0 ﬁ -1 -3 || 3 0o |~ ﬁ —>Feo
2 2 -2
esc ol 2 | o | TE | 1| V2| 2 | oted 2 | -1 N G
2 -2 -2
2 - 2 1

sec 1 7 NG S| 2 | =2 Nl Yl NE —5tod

7

Ex:
Sol :

Notel : Algebraically tan 90° is undefined. But graphically tanx —+e when x—90°
Note2 : To find the value of the given T'C ratio first write the given angle as a sum or difference of

the nearby Quadrant angle and apply the 3 steps given in the previous page.

Find the values of all the 6 Trigonometric ratios for 120°.
120° € Q, (Quadrant II) 5
in120° =sin(90° +30°) = cos30° =—
sin120° =sin(180° —60°) =sin60° =% - sin( ) =cos 2
1

12 (0} — (0} + (0} — i (0} -
c0s120° = cos(180° —60°) = —cos60° :—% cos1207 =cos(90" +307) ==sin30" =——

tan120° = tan(90° +30°) = —cot30° = —/3

1
cot120° = cot(90° +30°) =—tan30° =——
3

tan120° = tan(180° —60°) = —tan60° = —/3
1

cot120° = cot(180° —60°) = —cot60° = ——

J3

2

o _ (o) 0y _ o__ <

cs0120°=csc(180°—60°)=csc60°=i csc120” =c¢sc(90° +307) =sec30 \/§
NG

sec120° =sec(90° +30°) = —csc30° =2

sec120° =sec(180° —60°) = —sec60° =2

Practice Problems: Find the values of all the 6 trigonometric ratios of the following angles

30°, 135°, 240°, 330°, 450°, 540°, 2m/3, -n

PYTHAGOREAN TRIPLETS (3 sides of a Right angled Triangle in Integers): P 17
(3,4,5); (5,12,13); (7, 24, 25); ... S 4 15
(6, 8,10); (8,15,17); (10, 24, 26); ... T M A 3 B

(" TitBits )
{ TitBits |

180 ¢
* Length of Arc /=18 LS e F S * CoS(—X) = cosX; sin(—x)=-sinx
T 180
= 180°, 2me = 360°, 3nc=1540°  4mnc="720°, 5m¢=900°, 6mc= 1080°
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| FORMULAE PAGE | ~

1) TRIGONOMETRIC IDENTITIES

2 2 2 2 2 * Length of Arc / =10

X +cos2x=1; sin

1. sin X =1 —c0s“x ; cos“X = 1—sin“x
2 2, — 2, 2 2y = cop2 e (180) o (m¥
2. secex —tan“x=1; sec“x =1 +tan“x; tan“x = sec“x—l1 o I'=|—|; I°=|—
1L 180
3. cscZx—cot?x =1, cse?x =1 + cot’x ; cot?x = csc?x—1 * §in(—x) =—sinx; cos(—x) = cosx
2) COMPOUND ANGLES

4. (i) sin(xty)=sinxcosy + cosxsiny (i1) sin(x—y) = sinxcosy—cosxsiny
5. (i) cos(xty)=cosxcosy — sinxsiny (i1) cos(x—y) = cosxcosy-tsinxsiny

tanx +t tan x —tan
6. (i) tan(x+y)=—mXTHAY (i) tan(x — y) = —n X “ 1Y

l-tanxtany l+tanxtany

t ty—1

7. () cot(x+y)=2tXeoty -1 (i) cot(x — y) = SR Oty 1

cotx +coty coty —cotx
8. (1) sin(x+y)+ sin(x—y) = 2sinxcosy (i) sin(x+y)— sin(x—y) =2cosxsiny
9. (1) cos(xty) + cos(x—y) = 2cosxcosy (il)) cos(x+y)— cos(x—y) =—2sinxsiny
10. (i) sin(x+y)sin(x—y)= sinzx—sinzy (i) cos(xty)cos(x—y)= coszx—sinzy

3) MULTIPLE & SUB MULTIPLE ANGLES

2
11.1. sin2x = 2sinx cosx =2ta—n;< 11.2. cos2x = cos?x—sin?x 11.3. tan2x = ta_n;
1+tan” x 1—-tan” x

12. cos2x = 1-2sin’x ; COS2X = 2cos?x—1 13. 1—cos2x = 2sin2 Xx; 14cos2x = 2082 x

14. Sinzle—COSZX; Coszx:1+0052x 15. sinX =+ /1—cosx; cosX -+ 1+cosx
2 2 2 2 2 2

3tan A —tan> A
1-3tan’ A

16. (i) sin3A=3sinA—4sin3A (i) cos3A=4cos’A—3cosA  (iii) tan 3A =

4) TRANSFORMATIONS

. . (x4 — + —
17.1 smx+smy=251n(x2y)cos(x—2y) 17.2. sinx—siny=ZCos(X2y)sin(xzy)

18.1 C05X+COSY=2COS(XJ2ry)cos[xgy) 18.2. cosx—cosY:—Zsin(X;y)sin(X;y)
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