Trigonometry

C HAPTER

SYNOPSIS

Systems of Measurement of Angle

(i)

(iif)

Sexagesimal system: In this system, the angle is
measured in degrees(°®).

1 revolution = 360° = 1 right angle = 90°

1°= 60" (minutes) and 1' = 60" (seconds)
Centesimal system: In this system, the angle is
measured in grades.

1 revolution = 400 grades = 1 right angle = 1008
18=100" (minutes) and 1' = 100" (seconds)
Circular system: In this system, the angle is meas-
ured in radians. The angle subtended by an arc of
length equal to the radius of a circle at its centre is said
to have a measure of one radian. It is written as 1<

*. 1 revolution = 27

>

@

Relation between the Units of the
Three Systems

When a rotating ray completes one revolution, the mea-
sure of angle formed about the vertex is 360° or 400¢ or

27¢ so,

360° = 400¢ = 27° (or) 90°
ch
2

= 1008 =

Note:
1) 1°= %80 radians = 0.0175 radians (approx)

(i) 1°= 18% degrees = 57°17°44” (approx)

Relation between the Ratios

1
(i) cosech =——-, secO = and cotO =
sin cosB tan0
(ii) tan6 = sin® and cot6 = ! = cos®
cos0 tan © sin®

Values of Trigonometric Ratios for
Specific Angles

Ratid 0 0° 30° 45° 60° 90°
sind | 0 | 12 | 1/V2 | a2 1
cos® | 1 [Nz | 2| o
tan©® 0 1/ \/5 1 \/5 0

cosec | o 2 2 2/ V3 1
secO 1 2/ NG 2 2 0
cotd e NE) 1 1/ V3 0




From the above table, we observe that

(i) sin® = cosH, tan6 = cotO and secO = cosecO if 6 = 45°
(ii) sin® and tan® are increasing functions when 0° < 6
<90°
(iii) cosO is a decreasing function when 0° < 6 < 90°.

Trignometric Ratios of Compound Angles

(i) sin(A + B) = sinA cosB + cosA sinB and
sin(A - B) =sinA cosB - cosA sinB.

(ii) cos(A + B) = cosA cosB - sinA sinB and
cos(A - B) = cosA cosB + sinA sinB.

tanA +tanB

1-tanAtanB
_ tanA —tanB

" l+tanAtanB
Also, by taking A = B in the above relations, we get,
(i) sin2A =2sinA cosA
(i) cos2A = cos?’A - sin*A = 2cos?A — 1 =1 - 2sin?A.
2tan A
l1-tan’ A

(iii) tan(A + B) = and tan(A - B)

(iii) tan2A =

Signs of Trigonometric Ratios

(i) If O lies in the first quadrant, i.e., 0 < 6 < /2, then
all the trigonometric ratios are taken positive.

(ii) If O lies in the second quadrant, i.e,, /2 < 0 < 7,
then only sin and cosec are taken positive and all
the other trigonometric ratios are taken negative.

(iii) If O lies in the third quadrant,ie,m <0< 3%, then

only tanf and cot6 are taken positive and all the
other trigonometric ratios are taken negative.

Solved Examples

1. What is the sexagesimal measure of angle measur-

c

and 3008?

ing

& Solution: .. — = =60°

9
3008 = — x 300 = 270°
10

s
Hence, the sexagesimal measure of Y is 60° and

3008 is 270°.

(iv) If O lies in the fourth quadrant, i.e., 3T co<on

2
then only cos and secf are taken positive and all
the other trigonometric ratios are taken negative.

Heights and Distances

Let AB be a vertical line and PA and P'B be two horizontal
lines as shown in the figure.

Let ZAPB = a.and ZPBP' = f3.

Then,

o is called the angle of elevation of the point B as seen
from the point P and

B is called the angle of depression of the point P as
seen from the point B.

A

Note: Angle of elevation is always equal to the angle of
depression.
Important notes:
(i) sin%0 +cos’0=1
(ii) sec?® -tan?0 =1
(iii) cosec?0 — cot?0 =1
(iv) sin(—0) = —sin0, cos(-0) = cosO and tan(-0) = —tan®
(v) Maximum value of a sinf + b cosf = va* + b*

Minimum value of a sin6 + b cosf = —+/a> + b’

2. Find the value of sin75°.

&b Solution: We have, sin75° = sin(45° + 30°)

= sin45° c0s30° + cos45° sin30°
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. 8in75° =




3.

&

&

Find the relation obtained by eliminating 0 from
the equations x =r cos0 + s sinf and
y =1 5in0 - s cosO.

Solution: Given, x =1 cos0 + s sin0
= x’= (r cos0 + ssine)2 =r?cos%0 + 2rs cos0.sinb +
s? sin%0
Also y =r sin - s cos® = y* = r* sin’0 + s* cos?0 -
2rs sin6.cosO
= x’+y*=r*(cos’0 + sin’0) + s*(sin’0 + cos*0)
=r*(1)+s*(1) [ sin?0 + cos?0 = 1] =1’ + &?

Hence, the required relation is x* + y* = r* + s

If cos (A + B) = 1/2 and sec B =\/E, then find
A and B.

Solution: Given, cos (A +B) =1/2

cos (A + B) =cos 60°= A + B=60°— (1)
sec B = «/5 =sec45° = B =45°— (2)
From (1) & (2), we have A = 15° and B = 45°

If ABCD is a cyclic quadrilateral, then find the
value of cosA cosB - cosC cosD.

Solution: Given, ABCD is a cyclic quadrilateral
A+C=180°andB+D=180° ... (1)

—-cosC cosD = cosA cosB - cos (180° - A)
cos (180° - B)

= cosA - cosB - cosA (-cosA) (-cosB)
= cosA cosB - cosA cosB =0

Express V3 cos0-sinBasa single trigonometric
ratio.

( )
Solution: \/5 cosO-sinf=2 Lécos@ —%sin@)

=2 (cos 0.cos30° - sin 0.sin30°) = 2 (cos (0+30°)

= 3 cos 0 -sin 0 =2cos (0 +30°

. Simplify the following expression. sin1°.sin2°.......

sin181°

Solution: We know that, sin 180° =0
sin 1°.sin 2°.sin 3° ........ sin 181° = sinl°.sin 2° .....
sin 180°.sin 181° =0

. From the top of a building 100 m high, the angles

of depression of the bottom and the top of another
building just opposite to it are observed to be
60° and 45° respectively. Find the height of the
building.

E __

45 60°

45°
D B

100 m amis
h mts
] 60°

C d mts A

Solution: Let the height of the building be
h metres. Let AC = BD = d metres

From ABDE, tan 45° = E
BD
100-h
= 1=
d
= d=100-h e (1)

From A ACE, tan 60° = CE/AC

ﬁz%:ﬁ d =100
= /3 (100 - h) = 100 (using (1))
100(3—@)

Hence, the height of the tower is,h = fm.



PRACTICE EXERCISE 5 (A)

Directions for questions 1 to 45: Select the correct alterna- 10. sec*® - sec’0 in terms of tan® is .
tive from the given choices. (1) tan'0 — tan%0
1. The value of 144° in circular measure, is . (2) tan0 + tan’0
31 21 (3) tan®0 - tan’d
1) 4 @) 3 (4) None of these
3) 4’ (4) St 11. If A + B = 60°, then the value of sinA cosB + cosA
5 6 sinB is .
2. The value of 608 in circular measure, is . 1 1
) ) @ - @) —=
b 3n 2 \/E
1n — )
10 10 3
e o (3) BN 4 1
3) (4)
> 2 12. The value of sin30°. sin45°. cosec45°. cos30° is .
3. The value of 60° in centesimal system, is . 1
100¢ 200¢ SNE @ 5
M == ) 5 ;
3 3
140° 160° @ — 4) —
3 — 4) 2 4
3
4. The angle measuring z when expressed in centesi- 13. Iftan® = 2 and tan ¢ =L, then 0 + ¢ = )
mal system, is . 6 i
(1) 30° (2) 45°
(1) 508 (2) 608 3) 60° (4) 90°
(3) 75¢ (4) 1008
71 14. If cosecO - cotB = x, then cosecO + cotf =
5. The value of in sexagesimal measure is
(1) x (2) 2x
(1) 120° (2) 130° (3) 1/x (4) 1/2x

(3) 140 (4) 150 15. The value of (sinA - cosA)? + (sinA + cosA)? is

6. A wheel makes 240 revolutions in one minute. The 1 1 Q) 3
measure of the angle it describes at the centre in

3) 2 4) 4
15 seconds is . 3) 5 )
(1) 60ne (2) 120 & 16. Ifsin A = N3 and A is an acute angle, then find the
(3) 8n 4 = . ZA A
anA —co
7. Iftan (89° 16’) = x, then tan (269° 16") = . value of —=———.
3 +cosecA
(1) x/2 (2) x/3
(3) x (4) 2x m = @ 3
8. The value of 45° in centesimal system, is . 5
() (4) -2
(1) 25¢ (2) 50¢ 3+2\/§
(3) 75¢ (4) 1008
§in36° 17. The simplified value of
9. = .
cos>4 cosec’al [1+ ! j[l— ! ) is
1) o Q) 1 secol seco.
2 3 1) 1 2) 0

3 2 (3) 2 4) -1



18.

19.

20.

21.

22.

23.

24,

25.

26.

If cosa = % and sinf} = %, then find sin(a + B).

63 58
(1) P (2) P
47 39
(3) © 4) P

Eliminate 6 from the equations, x = 2 cosf and
y =-2sinb.

(1) x*-y*=4
(3) x*+y*=4

(2) x*-y*=2
(4) x*+y*=2

If 3cos?A = cos60° + sin’45°, then find the value of
sec?A.

(1) 1 (2) 0

(3) 2 4) 3

If 1+tan® = \/g, then find the value of 0.
1—tan

(1) 15° (2) 30°

(3) 45° (4) 60°

Find the value of sin18° cosec54° cosec36° sec72°
€c0s854° c0s36°.

1) 1
(3) 2

(2 o
4 -1
Find the relation obtained by eliminating 6 from
the equation x = acos® + bsin® and y = asin -
bcosO.
(1) x¥*+y*=a’-b?
(2) x¥*-y*=a’+b?
(3) Xz_yzzaz_bz
(4) X*+y*=a’+b’
The simplified value of
(l—sina coso j ( 1)
+ sec oL +
cosol k
(1) o 2) 1

(3) 2 4) 3

is

1+sino cota

If cosec O — cot O = 2, then find the value of
cosec? 0 + cot? 0.

8 15
1) — 2) —
(1) T (2) s
8 17
3) — 4) —
(3) T (4) s
2
Solve for O: ﬂ—i=
1-sin® 2
(1) 30° (2) 45°
(3) 60° (4) 90°

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

If 25sin%0 + 10cos?0 = 15, then find cot?0.

1 1 () 2
(3) 3 (4) 4
If cosO +[%} sin0O :%, then find 0 in circular
measure.
n’ n’
(l) 7 (2) ?
o o
(3) T (4) ?
cosec (7m + 0) sin (8 T+ 0) =
(1) o 2) 1
(3) -1 (4) 2

If A and B are two supplementary angles, then sec?
A -tan’B =

(1) 0 (2 1

(3) -1 (4) 2
The possibility among the following is
(1) sin’0=4 (2) cos’0=38
(3) sin0=-8 (4) cosec’0=4
sin 25° + cos 115° = .

1) 1 () 0

3) -1 ) 32
Find the value of cos 420°.

1 1 (2) 0

1
3) -1 4) —
(3) (4) 5

Which of the following statements are false?
(a) sin’0=1.44 (2) cos*0=1.69
(c) cosec’® =0.25 (4) All of these

If x = tanl® + tan2°® + .......... + tan45° and y = -
(cot46° + cotd7° + ........ + cot89°), then find the
value of x +y.

1) 1 (2) 0

3) -1 4) B2

If sin 53° 21’ = 0.8, then cos 36° 39’ =

(1) 02 (2) 0.4

3) 0.6 (4) 0.8

A tower subtends an angle 0 at a point P on the same
level as the foot of the tower, and from a point h m
above P, the depression of the foot of the tower is a.
The height of the tower is (in m)



38.

(1) htan6 tana
(3) htan® cota.

(2) h cotB cota
(4) h cot6 tana

A vertically straight tree 12 m tall, is broken by wind
in such a fashion that its top just touches the ground
making an angle with the ground such that the cosine
of the angle is 0x6. At what height from the top did
the tree break? (in m)

40.

are 30° and 45° respectively. Find the height of the
tower. (in m)

(1) 20+ 5v2 (2) 12+ 10v2

(3) 15+ 53 4) 18+ 33

The angles of depression of two points from the

top of the tower are 30° and 60°. If the height of
the tower is 30 m, then find the maximum possible

(1) 20/3 (2) 10/3 . . .
3) 16/3 4) 8/3 distance between the two points. (in m)
39. The angles of depression of the top and the bottom of (1) 20V3 @ 3043
a 10 m tall building, observed from the top of a tower (3) 40 3 (4) 50 J3
PRACTICE EXERCISE 5 (B)
Directions for questions 1 to 40: Select the correct alterna- (1) 8m° (2) 16m°
tive from the given choices. (3) 24rc (4) 32m
1. Iftheanglesofaquadrilateralareintheratiol:2:3:4, 7. The value of 108° in circular measure is
then the smallest angle in the centesimal system is (1) 513 ) 3n/5
’ (3) =c/5 (4) 6mn/7
(1) 308 (2) 408
(3) 508 (4) 608 8. 1°= (approximately).
. (1) 0.0175¢ (2) 57¢
2. ry in sexagesimal measure, is (3) 45° (4) 1.75°
(1) 18 (2) 36 9. The value of tan29° +tan31 is
(3) 54° (4) 72° 1—-tan29°tan31°
3. 1608 in circular measure, is (1) 1 2) %
3
27 3n°
(1) (2) 3) V3 ) 0
¢ 10. sin85° + sin?5° =
3) 4n @) nc sin + sin
5 (1) 0 2 1
4. 30° in centesimal measure, is (3) 172 (4) 2/3
508 1008 11. If cosec (20° +x) = sec(50° + x), the value of x is
W5 @ 7 M 10 @ 20°
160 200° (3) 30° (4) 40°
(3) (4)
3 3 12. If sinf = 1/2 and 0° < 6 < 90°, then c0s20 =
5. The value of in sexagesimal measure is (1) o 2) 1
(1) 144° ) 216° G) + () NE)
(3) 2408 (4) 1208 2 2
6. 13. ABC is a right isosceles triangle, right angled at B.

A wheel makes 12 revolutions per hour. The radians
it turns through in 20 minutes is

Then sin’A + cos*C =



14.

15.

16.

17.

18.

19.

20.

21.

1

(1 o 2 =

1 2
3) —= 4) 1

N2
The value of .sin20°cos70° +€0s20°sin70° :

sin23°cosec23° + cos23°sec23°

(1) o 2) 1
(3) 2 (4) 12
The value of 4(sin*30° + co0s*30°) — 3(cos®45° +

sin?90°)is .
(1) -1/2 2) -2
(3) 2 4) 12

1
If sin*0 + cos*0 = E , then the value of sin 0 cos0 is

1 =+ (2) +

| —
N N

(3) =1 (4)

H+

If sin® = % and O is acute, then find the value of

tan0 —2cos0O
3sin0+secO
(1) 15/61
(2) 17/61

(3) -15/61
(4) -17/61

Ifsin (A + B) = g and cot (A - B) = 1, then find A.

1° 1°
1) 27— 2) 35—
(1) 5 (2) 5
1° 1°
3) 52— 4) 55—
(3) 5 (4) 5
Find the value of cos15°.
o B @ B
22 22
3 V2o @ 22
PNE) PNE)
If tanO - cot® = 7, find the value of tan®0 — cot®0.
(1) 284 (2) 296
(3) 345 (4) 364
If tan0 + cot = 2, find the value of tan'%?°0 + cot'?>°0.
(1 o 2 1
(3) 2 4) 12

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

If sinO + cosecO = 2, find the value of cot0 + cos0.
(1) 0 2 12
(3) 1 (4) 2

If sin (A + B) =~/3/2 and cot (A — B) =+/3 , then find
the value of

(1) 15° (2) 30°
(3) 10° (4) 20°
cotA + cosecA—1
cotA —cosecA+1
1—cosA 1+sinA
(1) ; (2)
sin A COsA
1-sinA 1+ cosA
(3) (4) ,
COsA sinA

If secO + tanO = 2, then find the value of sin0, where
0°<6<90°
(1) 2/5
(3) 4/5

(2) 3/5
4) 1
sinf - \/g cosO =

(1) sin (0 + 60°)
(3) 2sin (6 + 60°)

(2) sin (0 - 60°)
(4) 2sin (6 - 60°)

Find the value of tan (22'/.°).

1) V2-1 @ 2+1
(3) V3-1 @ 3-1
[sin (x - ) + cos (x - g)]. cos (x - 2m) =
(1) o 2) 1
1 3
3) — 4) —
(3) 7% (4) 5
If ABCD is a cyclic quadrilateral, then tan A + tan C
is
(1) o ) 1
(3) -1 4) 2

[sin o + sin (180° - &) + sin ( 180° + )] cosec o =

(1) o
(3) 2

2 1

4 3

Which of the following functions is never negative?
(1) sinx’+ cosy?

(2) sinx! + cosy*

(3) sin |x| - cos |x |

(4) (sinx + cosx)?



32. Ifcosec = —~/2 and tan0 = -1, cos0 is
1 L o B
2 2
1
3) 1 4) —
3) 4) 5
33. Ifsin A = 3/5 and A is not in the first quadrant, then
find cosA +sin2A
tan A +secA
(1) 16/25 (2) 17/25
(3) 22/25 (4) 19/25
34. If cos®, + cosO, + cosb, = 3, find sinO, + sin6, + sin0,.
(1) o 2 1
(3) 2 4) 3
35. sin?5° + sin?10° + sin?15° ...... +sin?90° =
(1) 1772 (2) 19/2
(3) 21/2 (4) 23/2
36. sin? (43° 24) + sin? (46° 36’) =
(1) 0.3 (2) 0.5
(3) 12 4 1
37. From a point at a height h m above a lake, the angle
of elevation of a cloud is o and the angle of depres-
sion of its reflection in the lake is 8. The height of the
cloud above the surface of the lake is
hcos(oc+[3) hsin(oc+[3)
——m ———m
cos(oc—B) cos(a—B)
hsin(a — hsin(a +
o hon(e) infa )
cos((x + B) sm(B - (x)
ANSWERKEYS
PRACTICE EXERCISE 5 (A)

1. 3 2. 2 3.2 4. 1 5.3
11. 3 12. 4 13. 2 14. 3 15. 3
21. 1 22. 1 23. 4 24. 3 25. 4
31. 4 32, 2 33. 4 34. 4 35. 1

PRACTICE EXERCISE 5 (B)

1. 2 2. 2 3.3 4. 2 5. 2
11. 1 12. 3 13. 4 14. 4 15. 2
21. 3 22. 1 23. 1 24. 4 25. 2
31. 4 32. 1 33. 3 34. 1 35. 2

38.

39.

40.

16.
26.
36.

16.
26.
36.

A man on the top of a rock observed a boat coming
towards the rock with a uniform speed. It takes
15 minutes for the angle of depression to change
from 30° to 60°, then what time will the boat take to
reach the shore?

(2) 10 minutes
4) 2 %minutes

(1) 5 minutes
(3) 7% minutes

If the sun ray’s inclination increases from 45° to 60°,
the length of the shadow of a tower decreases by
50 m. Find the height of the tower.

(1) 25(J§+1)
(2) 25(3++3)
(3) 50(v3+1)
(4) 30(3++53)

AB isavertical pole. The end A is on the level ground.
C is the mid point of AB. P is a point on the level
ground such that the portion BC subtends an angle 6
at P. If AP = nAB, then the value of cot0 is

2n® +1
(1)
n
n
(2) 5
2n° +1
2n’ +1
(3)
2n
2n
4) ——
2n° +1
2 7. 3 8. 2 9. 2 10. 2
2 17. 1 18. 1 19. 3 20. 4
1 27. 2 28. 4 29. 3 30. 2
4 37. 3 38. 1 39. 3 40. 3
1 7. 2 8. 1 9. 3 10. 2
4 17. 4 18. 3 19. 1 20. 4
4 27. 1 28. 1 29. 1 30. 2
4 37. 4 38. 3 39. 2 40. 1




