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Chapter 8: Introduction to Trigonometry




INTRODUCTION TO TRIGONOMETRY

Introduction to Trigonometry
1. Meaning (Definition) of Trigonometry

The word trigonometry is derived from the Greek words ‘tri’ meaning three, ‘gon’
meaning sides and ‘metron’ meaning measure.

Trigonometry is the study of relationships between the sides and the angles of the
triangle.

2. Positive and negative angles

Angle measured in anticlockwise direction is taken as positive angle whereas the angle
measured in clockwise direction is taken as negative angle.

3. Trigonometric Ratios

Ratio of the sides of a right triangle with respect to the acute angles is called the
trigonometric ratios

of the angle.

Trigonometric ratios of the acute angle A in right triangle ABC are given as follows:
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i. sinzA = PP ===2
hypotenuse AC h
.. side adjacenttozA  AB b
ii. CoszA = =—=-
hypotenuse AC h
side opposite toZA BC
jii. tanczA =>—°PP ===
side adjacent toA AB b
. hypotenuse AC h
iv. cosecsA = —2220 =—==
side opposite toA BC D
hypotenuse AC h
v. seczA=—>">2 ===
side adjacent to/A AB b
. side adjacent to/A AB b
vi. cotzA = ) =—=-

side opposite tozA " BC D
4. Important facts about Trigonometric ratios

e Trigonometric ratios of an acute angle in a right triangle represents the relation
between the angle and the sides.

e The ratios defined above can be rewritten as sin A, cos A, tan A, cosec A, sec A and
cot A.
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INTRODUCTION TO TRIGONOMETRY

Each trigonometric ratio is a real number and it has not unit.

All the trigonometric symbols i.e., cosine, sine, tangent, cotangent, secant and cosecant,
have no literal meaning.

(sinB)"is generally written as sin” 8, n being a positive integer. Similarly, other
trigonometric ratios can also be written.

The values of the trigonometric ratios of an angle do not vary with the length of the sides
of the triangle, if the angles remain the same.

Pythagoras theorem:

It states that “in a right triangle, square of the hypotenuse is equal to the sum of the
squar es of the other two sides”.

Pythagoras theorem can be used to obtain the length of the side of a right angled
triangle when the other two sides are already given.

Relation between trigonometric ratios:

The ratios cosec A, sec A and cot A are the reciprocals of the ratios sin A, cos A and tan A
respectively as given:

i. cosecO =

sin @

.. 1
ii. secH =

cos @
sin @
iii. tan@ =

cos @
. 1 cos @
iv. cotf = =

tanf  sin

7. Values of Trigonometric ratios of some specific angles:

ZA 0° 30° 45° 60° 90°
1
sin A 0 1 — E 1
2 V2 2
1
Cos A 1 \/_§ — l 0
2 V2 2
1
tan A 0 — 1 V3 | Not defined
V3
A | Not defined 2 V2 2 1
cosec ot define —
V3
2
sec A 1 Nei V2 2 | Not defined
tA | Notdefined | /3 1 - 0
co ot define —
V3

e The value of sin A or cos A never exceeds 1, whereas the value of sec A or cosec A is

(2)



INTRODUCTION TO TRIGONOMETRY

always greater than 1 or equal to 1.
The value of sinB increases from 0 to 1 when 0 increases from 0° to 90°.
The value of cosO decreases from 1 to 0 when 0 increases from 0° to 90°.

If one of the sides and any other parts like either an acute angle or any side of a right
triangle are known, the remaining sides and angles of the triangle can be obtained
using trigonometric ratios.

8. Trigonometric ratios of complementary angles:

Two angles are said to complementary angles if their sum is equal to 90°. Based on this
relation, the trigonometric ratios of complementary angles are given as follows:

i
ii.
jii.
iv.
V.

Vi.

sin (90°—A) =cos A
cos (90°—A) =sin A
tan (90°—A)=cot A
cot (90°—A)=tan A
sec (90°— A) = cosec A

cosec (90°—A) =sec A

Note: tan 0° =0 = cot 90°, sec 0° = 1 = cosec 90°, sec 90°, cosec 0°, tan 90° and cot 0° are
not defined.

9. Definition of Trigonometric Identity

An equation involving trigonometric ratios of an angle, say 6, is termed as a
trigonometric identity if it is satisfied by all values of 6.

10. Basic trigonometric identities

e sin?0 +cos’6 =1

e 1+tan’B =sec?20;0<0<90°

e 1+cot?0=cosec’8;0<6<90°

11. Opposite & Adjacent Sides in a Right Angled Triangle

In the AABC right-angled at B, BC is the side opposite to £A, AC is the hypotenuse and AB
is the side adjacent to £A.

3)
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12. Trigonometric Ratios
For the right AABC, right-angled at 4B, the trigonometric ratios of the £A are as follows:
sin A = opposite side/hypotenuse = BC/AC
cos A = adjacent side/hypotenuse = AB/AC
tan A = opposite side/adjacent side = BC/AB
cosec A = hypotenuse/opposite side = AC/BC
sec A = hypotenuse/adjacent side = AC/AB
cot A = adjacent side/opposite side = AB/BC
13. Visualization of Trigonometric Ratios Using a Unit Circle

Draw a circle of the unit radius with the origin as the centre. Consider a line segment OP
joining a point P on the circle to the centre which makes an angle 6 with the x-axis. Draw
a perpendicular from P to the x-axis to cut it at Q.

SinB = PQ/OP=PQ/1=PQ
cosB = 0Q/0P=0Q/1=0Q
tan® = PQ/0Q=sinB/cosO
cosecB = OP/PQ=1/PQ
secB = OP/0Q=1/0Q
cotb = 0Q/PQ=cosB/sind

(4)
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14. Relation between Trigonometric Ratios
cosec©=1/sin O
sec®=1/cos 6
tan 6 = sin 6/cos 6
cot®=cosB/sinB=1/tan 6

15. Range of Trigonometric Ratios from 0 to 90 degrees
For 0°=8=90°,

= (=s5inB=1

O=cosg=1

O=tanB<w=

1=sech<w

O=cotB<w=

* 1=cosecH<wx
tan® and secb are not defined at 90¢°.

cotB and cosecO are not defined at 0°.

()



INTRODUCTION TO TRIGONOMETRY

16. Variation of trigonometric ratios from 0 to 90 degrees
As B increases from Qo to 900
sin B increases from0to 1
cos O decreases from 1to 0
tan B increases from 0 to o
cosec O decreases from o= to 1
sec B increases from 1 to oo
cot O decreases from e to 0

17. Standard values of Trigonometric ratios

LA 0° 30° 45° 60° a0°

sin A 0 1/2 1/2 3/2 1

cos A 1 N3/2 1/+2 1/2 0

tan A 0 1/43 1 3 not defined
cosec A not defined 2 2 2/43 1

sec A 1 2/3 V2 2 not defined
cot A not defined V3 1 1/43 0

18. Complementary Trigonometric ratios

In Mathematics, the complementary angles are the set of two angles such that their sum
is equal to 90°. For example, 30° and 60° are complementary to each other as their sum
is equal to 90°. In this article, let us discuss in detail about the complementary angles and
the trigonometric ratios of complementary angles with examples in a detailed way.

If B is an acute angle, its complementary angle is 90° — 8. The following relations hold
true for trigonometric ratios of complementary angles.

sin (90° - 6) =cos B
cos (90°-06) =sin O
tan (90°-06) =cot B
cot (90°-06)=tan 6
cosec (90° - B) =sec B
sec (90° - 6) = cosec B

Finding Trigonometric Ratios of Complementary Angles

(6)
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C

Perpendicular(p)
or side opposite
to angle A

Hypotenuse(h)

sl

Base(b) or side
adjacent to angle A

£A and £C form a complementary pair.
= LA+ 4£C=90°

The relationship between the acute angle and the lengths of sides of a right-angle
triangle is expressed by trigonometric ratios. For the given right angle triangle, the
trigonometric ratios of £A is given as follows:

sin A =BC/AC
cos A = AB/AC
tan A =BC/AB
csc A=1/sin A=AC/BC
sec A =1/cos A =AC/AB
cot A=1/tan A = AB/BC

The trigonometric ratio of the complement of £ZA. It means that the £C can be given as
90° — £A

Hypotenuse(h)

- 506 03 juacelpe apis 1o (g)aseg

B

Perpendicular(p) or side opposite to 90°-A

As £C =90°- A (Ais used for convenience instead of £A ), and the side opposite to 90° —
Ais AB and the side adjacent to the angle 90°- A is BC as shown in the figure given above.

(7)
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Therefore,

sin (90°- A) = AB/AC

cos (90°- A) = BC/AC

tan (90°- A) = AB/BC

csc (90°- A) =1/sin (90°- A) = AC/AB

sec (90°- A) = 1/cos (90°- A) = AC/BC

cot (90°- A) = 1/tan (90°- A) = BC/AB

Comparing the above set of ratios with the ratios mentioned earlier, it can be seen that;
sin (90°- A) = cos A ; cos (90°- A) =sin A

tan (90°- A) = cot A; cot (90°- A) =tan A

sec (90°- A) = csc A; csc (90°- A) =sec A

These relations are valid for all the values of A that lies between 0°and 90°.
Trigonometric Identities

Trigonometric Identities are useful whenever trigonometric functions are involved in an
expression or an equation. Trigonometric Identities are true for every value of variables
occurring on both sides of an equation. Geometrically, these identities involve certain
trigonometric functions (such as sine, cosine, tangent) of one or more angles.

Sine, cosine and tangent are the primary trigonometry functions whereas cotangent,
secant and cosecant are the other three functions. The trigonometric identities are based
on all the six trig functions. Check Trigonometry Formulas to get formulas related to
trigonometry.

Trigonometric Identities are useful whenever trigonometric functions are involved in an
expression or an equation. Trigonometric Identities are true for every value of variables
occurring on both sides of an equation. Geometrically, these identities involve certain
trigonometric functions (such as sine, cosine, tangent) of one or more angles.

Sine, cosine and tangent are the primary trigonometry functions whereas cotangent,
secant and cosecant are the other three functions. The trigonometric identities are based
on all the six trig functions. Check Trigonometry Formulas to get formulas related to
trigonometry.

sin®8+cos@=1
1+cot’B=coesc’d

1+tan®B=sec’@

(8)
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Chapter- 8

: Introduction to Trigonometry

( Class : 10th mathematics

tan A =
an cosA /1 = sin?A

: Express tan A, cos A in terms of sin A
Solution : Since, cos® A + sin? A = 1
cos?A =1 —sin® A i.e. cos A = /1 —sin?A}
sinA_ sinA

cos? A + sin? A =1
1+tan®? A =sec? A;0 <A <90° :
cot? A + 1 = cosec? A;0 < A < 90°:

Trigonometric
Identities

—

Complementary
Angles

.

sin (90° - A) = cos A Note: How to learn the relation
cos(W°-A)=sinA ;g0 e people have” sin0 = = -
tan (90° - A) = cot A

cot (90° - A) =tan A
sec (90° — A) = cosec A
cosec (90° — A) = sec A“through proper Brushing”tan0 =%

mwm

“Curly Brown Hair” cos =—

aw ' enay

. Study of relationships between -
'the sides & angles of a right tnangle.

Introduction

to )
Trigonometry : \ Trigonometry |
N\ Ratio

,»‘ Trigonometry l

Side opposite to «C

- BC ‘
- Sineof Z/A = — .
: 11 £ AC :
. ’ _ AB “
. Cosine of <A = aC E
- Tangent of A= B¢ B
. AB .
- Cosecant of 2ZA= oC ’
. BC .
- Secant of zA = AC >
E AB 3
. Cotangent of <A=— e
. ngen 2 BC -
- C .
. < .
: & Side -
M ‘&Q° opposite 1
- to <A ®
¢ B .
r .
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Important Questions

Multiple Choice questions-

1. If cos (a + B) =0, then sin (a — B) can be reduced to
(a) cos B

(b) cos 2B

(c) sin a

(d) sin 2a

2. If cos (40° + A) = sin 30°, the value of Ais:?

(a) 60°

(b) 20°

(c) 40°

(d) 30°

3. If sin x + cosec x = 2, then sin*®x + cosec?x =
(a) 2%°

(b) 2%°

(c)2

(d) 2%°

4. If cos 9a = sin a and 9a < 90°, then the value of tan 5a is
(a)

(b) V3

(c)1

(d)o

5. (1 +tanB + secB) (1 + cotB — cosecB) is equal to

(a)0

(10)
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(d)-1

6. Ratios of sides of a right triangle with respect to its acute angles are known as
(a) trigonometric identities

(b) trigonometry

(c) trigonometric ratios of the angles

(d) none of these

7. The value of cos 8 cos(90° — 8) — sin 0 sin (90° — 8) is:
(a)1

(b)O

(c)-1

(d) 2

8.1f x=acosBandy=bsin 0, then b?x? + a’y? =
(a) ab

(b) b? + a2

(c) a%b?

(d) a*b?

9. If x and y are complementary angles, then

(@) sinx=siny

(b) tanx =tany

(c) cosx=cosy

(d) sec x = cosecy

10. sin (45° + 6) — cos (45° — 8) is equal to

(a) 2 cos O

(b)O

(c)2sin®

(d) 1

(11)
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Very Short Questions:

1. Find maximum value of L, 0°< 6 <90°.
secB

2. Giventhatsin 6= %, find the value of tan 6.

3. If sin B =cos B, then find the value of 2 tan 6 + cos?6.

4. |Ifsin (x—20)° =cos (3x—10)°, then find the value of x.
5. Ifsin2A= %tan2 45°, where A is an acute angle, then find the value of A.

6. Ifx=acos®,y=bsin0, then find the value of b>x* + a%y? — a’b?.

7. Iftan A =cot B, prove that A+ B =90°.
8. Ifsec A =2xand tan A = 2x, find the value of 2(x2—x—12) .
9. InaAABC, if £C=90° prove that sin? A +sin?B=1.
10. If sec 4A = cosec (A —20°) where 4 A is an acute angle, find the value of A.
Short Questions :
1. |IfsinA= %, calculate cos A and tan A.

2. Given 15 cot A =8, find sin A and sec A.

3. InFig. 10.5, find tan P —=cot R.

P

12 cm 13 cm

Fig. 10.5

4. Ifsin O+ cosB=v3,then prove thattan 0+ cot8=1.

—sin@
5. Prove that ——v = (sec 8 —tan 8)?
1+siné

sec’ 54° — cot® 36°
6. cosec’ 57° — tan® 33°

+ 2sin” 38° . sec® 52° — sin” 45°,

2sin 68° 2 cot 15° B 3 tan 45°. tan 20°. tan 40°. tan 50° . tan 70°
7. cos 22° 5 tan 75° 5

(12)
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sin® 20° + sin® 70° 4| 5in (90° - 6) .sin 0 4 €08 (90° - ). cos B
cos® 20° 4+ cos® 70° tan O cot 0

9. Evaluate: sin 25° cos 65° + cos 25° sin 65°.

10. Without using tables, evaluate the following:

3 cos 68°. cosec 22° —% tan 43°. tan 47°. tan 12°. tan 60°. tan 78°

Long Questions :

1. In APQR, right-angled at Q, PR + QR = 25 cm and PQ = 5 cm. Determine the
values of sin P, cos P and tan P.

2. Intriangle ABC right-angled at B, if tan A = % find the value of:

(i) sin A cos C + cos A sin C (ii) cos A cos C—sin A sin C.
3. IfcotB= g, evaluate:
(i)

(1+sin 6)(1-sin 68)
(1+ cos 8)(1-cos )

(ii) cot? B

1—tan? A

———, =cos’ A—sin* Aor not.

4. If 3 cot A=4,check whether

5. Write all the other trigonometric ratios of £A in terms of sec A.

6. Prove that

(e om

1+cot® 4 1-cot 4

7. Prove that:

cos’ B-cos® A N sin® 4 —sin® B

cos’Bcos'd cos’Acos’B °

tan 4 —tan’ B =

8. Prove that:

cosec A N cosec A
cosec A-1 cosecA+1

=2 +2tan’ 4 = 2 sec’ A.

(13)
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9. Prove that: (sin 8 + sec 8)% + (cos 8 + cosec 8)% = (1 + sec 8 cosec 0)>.
10. Prove that:

1 11 1

(cosec x + cot x) sin x sin x (cosec x — cot x) °
Assertion Reason Questions-

1. Two aeroplanes leave an airport, one after the other. After moving on runway, one flies
due North and other flies due South. The speed of two aeroplanes is 400km/ hr and
500km/ hr respectively. Considering PQ as runway and A and B are any two points in the
path followed by two planes, then answer the following questions.

,1.6 km
N

L

(14)
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i Find tan @ if ZAPQ = 6.

a.

=
Wi | o t\:||":». -fs_l|'_ b | =

Ll

d

ii. Find cot B.

- ool — |
'3‘°|r.n | "“|r.n |

ii. Find tan A.
a 2
b V2

4
E'E

2
V3

d.

iv. Find sec A..

al

b.

o
Lajen La|de o]k

(15)
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v. Find cosec B.

.
o &

2. Three friends - Anshu, Vijay and Vishal are playing hide and seek in a park. Anshu and Vijay
hide in the shrubs and Vishal have to find both of them. If the positions of three friends are
at A, B and C respectively as shown in the figure and forms a right angled triangle such that

\/gmand ZB = 90°

AB=9m,BC=+3M and

" then answer the following questions.

B 9m A

(16)
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i. The measure of £ A is:

a. 200
b. 450
C. 600
d. None of these.
ii. The measure of 2 C is:
a. 200
b. 450

C. 600
d. Naone of these.

ii. The length of AC is:

a 2v/3m

b. /3 m

c.44/3m
d 63 m

iv cos 2A =
a0

b.

Assertion Reason Questions-

(17)
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. Directions: Each of these questions contains two statements: Assertion [A] and Reason [R].
Each of these questions also has four alternative choices, any one of which is the correct
answer. You have to select one of the codes [a], [b], [c] and [d] given below.

a. Aistrue, Ristrue; R is a correct explanation for A.
b. Aistrue, Ris true; R is not a correct explanation for A.
c. Aistrue; Ris false.

d. Ais false; R is true.

Assertion: The value of each of the trigonometric ratios of an angle does not depend on the
size of the triangle. It only depends on the angle.

~ AABC| /B =90%nd /A = 6° S:i]:lfi':E < 1 and cos 8 = AB <1
Reason: In right AC AC as

hypotenuse is the longest side.

. Directions: Each of these questions contains two statements: Assertion [A] and Reason [R].
Each of these questions also has four alternative choices, any one of which is the correct
answer. You have to select one of the codes [a], [b], [c]'and [d] given below.

a. Aistrue, Ris true; Ris a correct explanation for A.

b. Aistrue, Ris true; R is not a correct explanation for A.
c. Aistrue; Ris false.

d. Ais false; R is true.

Assertion: Sin 60° = Cos 30°

Reason: Sin 20 = Sin OB where 0 is an acute angle.

Answer Key-

Multiple Choice questions-
1. (b)cos 2P
2. (b)20°
3. (c)2

4. (o)1

(18)
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5.

(c) 2

(c) trigonometric ratios of the angles
(b) O

(c) a’b?

(d) sec x = cosecy

(b) O

Very Short Answer :

1
secO

, (0°£06<90° (Given)
" sec B is in the denominator

) ) 1
~ The min. value of sec 8 will return max. value for —.

sec@
But the min. value of sec © is sec 0° = 1.
1 1
Hence, the max. value of =-=1
secB° 1
. a
sin © _E
— & r;*z a2 bﬂ _{12
= cosﬂ=1||']’.—51nzﬂ= lrl—a—i,=J} .,a =J
Vb E b
. a
tan @ = sir9 = ’h = = a .
c{}sﬂ Jﬁ.’ _ EI'J Jb“.’ _ H.{
b

sin 6 = cos 6 (Given)

It means value of 6 = 45°

Now, 2 tan 8 + cos® 8 = 2 tan 45° + cos? 45°

sin (x—20)° = cos (3x — 10)°

= cos [90° — (x — 20)°] = cos (3x — 10)°

By comparing the coefficient

90° —=x*+20°=3x°-10°=110°+ 10° = 3x* + x°

120° = 4x°

(19)
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120° .
$T=3O

5. sin’A =12tan?45°

= sin2A = % (1)2 [+ tan 45° = 1]
=sin2 A==
2
= sinA=—
SN _\/E

Hence, £A =45°
6. Givenx=acos0,y=bsin6
b2? + a%y? — a’b? = b?(acos 8)% + a%(b sin 8)? — a’b?
= a%b? cos?0 + a%b? sin? 8 — a%b? = a%b? (sin? B + cos? B) — ab?
=a’b?-a%b?’=06(~sin20+cos’H=1)
7. We have
tan A=cot B
= tan A=tan (90° - B)
A=90°-B
[* Both A and B are acute angles]

= A+B=90°

2 2
2 x”——l— =g =< A_tan 4 =E{SEC2A—T.31’12A}=1K1=1
) 1 4 2 2

9. Since £C=90°
~ LA+ 2£B=180°-242C=90°
Now, sin? A +sin? B =sin? A + sin? (90° = A) =sin? A+ cos’A=1
10. We have
sec 4 A = cosec (A—20°)

= cosec (90° -4 A) = cosec (A —20°)

(20)
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~90°-4A=A-20°
=>90°+20°=A+4A

= 110°=5A

_ 110

A 22°

Short Answer :

1. Letusfirstdraw aright AABC in which £C =90°.
Now, we know that
) Perpendicular _ E_(_I B § 5
sinA = Hypotenuse AB 4
Let BC = 3k and AB = 4k, where k is a positive number.
Then, by Pythagoras Theorem, we have 3
AB* = BC*+ AC? = (4k)* = (3k)* +AC?
= 16k* - 9k* = AC® = W =AC c
AC = ik
AC Tk VT an 4= BC_ 3k _ 3
cosd= 5= -4 U
2. Letus first draw a right AABC.in which 2B =90°.
Now, we have, 15 cot A=8
Lo BLAB__ Base
©otd = 157 BC Perpendicular
Let AB = Bkand BC = 15k
Then, AC = (AB)' +(BC)’ (By Pythagoras Theorem)
= J8K)? +(15k) = J64K" + 225k =289k =17k
_ Perpendicular BC 15k 15
sinAd = = = ==
Hypotenuse  AC 17k 17
4 Hypotenuse AC 17k 17
and, secd = e AB 8k 8
3. Using Pythagoras Theorem, we have

PR? = PO? + QR?

= (13)2 = (12)% + QR?

Ak

_ - A

¥k
Fig. 10.3

A

Bk 17k

B c

154

Fig. 10.4

(21)
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= 169 = 144 + QR?

= QR?=169 — 144 = 25

= QR=5cm
R
Now,tanP=Q—R =iandcotR QR _ 5
PQ 12 PQ 12
tan P—cotR=i—i=0
12 12

4. sinB+cosB=V3
= (sin®+cos B)>=3
= sin?0+cos?0+2sinBcosB=3
= 2sincos 0 =2 (~sin20+cos’0=1)
= sin 0. cos 0 =1=sin’0+cos*H

sin® B + cos® @

1 = -
= sin B cos B

=>1=tanB+cotb=1

Thereforetan®+cotB8=1

5.
] —sin6
LHS = 1+sin®
l-sm@ 1-sn@
= ?n X an [Rationalising the denominator]
l+sin® 1-snB
B (1-5sin0)* _(I*Sinﬂ)z_( 1 sinﬂf
B 1 —sin’@ cosB cosB cosB,
= (sec ®-tan 8)° = RHS
6.

(22)
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sec” 54° — cot® 36°

) . 200 2 pgo 2 qpo
We have, cosec? 57° — tan® 33° + 2 sin” 387 . sec” 52° —sin” 45
sec’ (90° - 36°) - cot® 36° + 9 sin? 38° . sec? (00° - 38°)  sin® 45°
= . in ; 90° — 38%) — sin” 4f
cosec® (90° — 33°) — tan® 33° vee >
cosec” 36° — cot® 36° . . 1Y
= Teec 3%°—tan® 33° T 2 sin” 38° . cosec” 38° - E
SO R N
1 2 2 2
2s5in 68°  2cot15°  3tan 45°. tan 20°. tan 40° . tan 50°. tan 70°
We have, - -
cos 22°  5tan 7H° 5
~ 2sin (907 - 227) ~ 2cot 15°
cos 22° 5 tan (90° - 15%)
$tan 45° . tan 20° . tan 40° . tan (90° - 407) . tan (90° — 20°)
5
— 2cos22° B 2 cot 15° _ 3tan 457 (tan 20° . tan 407 . cot 40° . cot 20°
cos 22° heot15° _ 5
_ 9 2 3tan 45°. (tan 20°. cot 209). (tan 407 . cot 40°)
5 5
= Eué-é.l.l+1=2—gw§=2—l=l
5 5 55

We have

sin® 20° + sin® 70° ; sin (90° = 0).sin B , o8 (90° -0).cos 0
cos® 20° + cos® 70° tan 6 cot ©

sin® 20° +sin”(90° — 20°) . {msﬂ. sin O N cos8.sin 9}
cos* 20° + cos® (90° - 20°) tanB cotB

sin® 20° + cos® 20° N c0s0.5in8 cos0.5inB
cos® 20° +sin” 20° sin® cosB
cosB sin B

1+[c0'29+ inf@l=1+1=2
" 5 sin” B] = = 2,

sin 25°. cos 65° + cos 25° . sin 65°
=sin (90° — 65°). cos 65° + cos (90° — 65°). sin 65°
= cos 65° . cos 65° + sin 65°. sin 65°

=c0Ss2 65° +sin2 65° =1.

(23)
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10. We have,

3 cos 68°. cosec 22° —%tan 43°. tan 47°. tan 12°. tan 60°. tan 78°.

=3 cos (90° — 22°). cosec 22° —% .{tan 43° . tan (90° —43°)}. {tan 12°. tan (90° —
12°). tan 60°}

=3 sin 22°. cosec 22° —% (tan 43° . cot 43°). (tan 12°. cot 12°). tan 60°

B _ o 3 _ 63
=3x1-x1x1xV3= 3 5=

Long Answer :

1.

5cm

Q

We have a right-angled APQR in which £Q =90°.
LetQR=xcm

Therefore, PR = (25— x) cm

By Pythagoras Theorem, we have
PR> = PQ’ + QR’

(25-x)?=52+ x>
=(25-x)2—x*=25

(25—-x—x) (25—x+x) =25
(25-2x) 25=25

25-2x=1

25-1=2x

=24 = 2x

~x=12cm

(24)



Hence, QR=12 cm

PR=(25-x)cm=25-12=13cm

08 INTRODUCTION TO TRIGONOMETRY

PQ=5cm
. QR 12 PQ 5 QR _12
P= =—=—; P=—=—: tanP= = cm
- PR 13° 7" PR 13 PQ 5
2.
We have a right-angled AABC in which £B =90°.
d, tan A =—
and, tan A = —=
1
Now, tan A = el BCAB
Let BC =k and AB = V3k
= By Pythagoras Theorem, we have
= AC? = AB? + BC?
= AC? = (V3k)? + (k)= 3k? + k?
= AC? = 4k?
N w Perpendicular _ & 1 A= Base N E
oW SIS “Hypotenuse 2k 2’ o84 = Hypotenuse 2k 2
: " Base ko1
SinC = Perpendicular _ J3k _ ﬁ . cos C = = % = 5
Hypotenuse 2% 2 Hypotenuse
1.1 43 V3 1 3 4
1 1 . , 5l = “¥—F—K——=—F—=—=] ,
(1) sinAd.cosC + cosA.sinC 2>(2 s X9 ~371" 1
(#) cosA.cosC—-sinA.sinC = ﬁxl—lxﬁ = ﬁ-ﬁ =0 .
2 2 2 2 4 4
3. Letusdraw aright triangle ABCin which £B =90° and £C = 6.

(25)
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Base BC . A
We have, cot 6 = 3 = m = 1B (given)
Let BC = Tk and AB = 8k 8k 113k
Therefore, by Pythagoras Theorem
AC? = AB® + BC? = (8k)* + (Th)* = 64k° + 40k* -
AC = 113 . AC= Ik ® 7 ¢
sin @ = Perpendicular _ AB _ 8k _ 8 Fig- 109
Hypotenuse AC 113k 113
Base BC Tk 7
and cos 6 = —_Hypntenuse = A = —m = ﬁ
| | 1_( i]
0 (1+sin8)(1-sin0) _ 1—sin®0 _ J113
(1+cosB)(1 -cosB) 1-cos*B . 7 5
[
_ 64 113-64
__ 113__113 _49
49 113-49 64
118 113
Alternate method:
, (L+sinB)(1-sinB) 1-sin’® cos’@ _ 29— 7 E_E
¢ (1+cosB)(1-cosB) 1-cos’® sin*@ cor 9= (3) 64
§ o (7Y _49
(22) cot” 0 = [E] e

Let us consider a right triangle ABC in which £B =90°

Base _AB _4
Perpendicular BC 3

Now, cotd =

Let AB = 4k and BC = 3k

(26)
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. By Pythagoras Theorem
AC? = AB? + BC?

AC = (4k)% + (3k)? = 16k? + 9k?

AC? = 25k?
=~ AC = 5k
Perpendicular BC 3k 3
, A — = = —_—=
Therefore, tan Base 1B 4k 4
_ Perpendicular _ BC 3k _3
and,  sin4 = Hypotenuse  AC 5k 5
4 = Base _AB _4k _4
cosa = Hypotenuse AC 5k 5
oW ~ l+tan®A4

1 4) (3Y _16
RHS = cos’A-sin"d = [E] —[-5-) =§-E:—
Hence, %%22: = cos® A —sin® A.
5.
A
C [g

Let us consider a right-angled AABC in which 2B =90°.

For £A we have



Hypotenuse  AC

secA = Base - AB

— secA _ AC — AC = AB sec A

1 AB

Let AB =k and AC =ksecA
. By Pythagoras Theorem, we have
AC* =AB* + BC* = k'sec® 4=k + BC*

. BC?=ksec? A -k? — BC = kvsec’ A-1

BC kvsec? A-1 ~sec® A-1

snd = T kseca sec A
4 = AB &k _ 1
COSA= "AC  ksecA secA
[ a
tan A = E-M=JS&2A—I

AB k

1 1
cotd = @nd  Jeec® A-1
AC _ ksecd _ sec A
BC  ksec?A-1 Asec? A=1

cosec d =

1+tan’ A sec” A
LHS =

1+cot? A | cosec’ A

1
oA _sin*A
- 1 cos® A

=tan’ A

2

RHS =

LHS

Il
=
ar
o

08 INTRODUCTION TO TRIGONOMETRY
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7.

LHS

Also =

sin? A—sin’ B

LHS =

sinA sin’B

tan* A —tan’B =

— -
cos’A cos'B

sin® Acos® B - cos® Asin® B _ (1-cos® A)cos® B—cos® A(l - cos® B)

cos® Acos® B

cos® Acos’ B

. .
cos® B—cos® Acos® B—cos® A+cos® Acos! B cos® B—cos® A

cos” Acos’ B

" cos® Acos’ B

cos’ B—cos’ A _ (1-sin® B)— (1 —sin® A)

cos® Acos® B

cos? Acos’B RHS.

cosec A N cosec A
(cosec A—-1) (cosec A+1)

cos® Acos* B

cosec A (cosec A +1) + cosec A (cosec A-1)

(cosec A —1)(cosec A +1)

cosec” A+ cosecA + cosec® A—cosec A _ 2cosec* A 2cosec’ A

(cosec® A-1)

=2 cosec’ Atan? A=2(1+ cot?A). tan’ A

l+cot?A-1

=2tan’A+2tan’A.cot?A(*tanAcotA=1)

=2+2tan? A=2(1+tan?A) =2 sec’ A=RHS.

LHS = (sin 8 +sec 8)% + (cos 6 + cosec 6)?

2 2
sin B + 1 + cnsﬂ‘+_—1- =
cos B sin 6

(sin O cos 8 + 1)* , (cos 0 sin 0 + 1)°

cos® 0 sin” 0
(sin 8 cos 6.+ ¢ | SO+ cos” ©
cos® Osin’ B

sinBcosB+[2_ 1+ 1
cosOsin B cos Osin O

(1 + sec 6 cosec 8)° = RHS.

T

sinBcosB+1

cos @

= (sin B cos B + 1)* +
) [l:l:ua2 B sin’@

J:(sinﬂm&ﬂirlf [

cot® 4

: cosBsinB+1
+
sin 6

1

1

1

cos® Bsin® @

|

|

|

(29)
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= (1 + sec B cosec 8)? = RHS.
10. In order to show that,

It is sufficient to show
' 1 1 1 + 1
cosecx+cotx CosecCx—cotx sinx sinx

1 1 2
=5 + ==
(cosec x + cot x) (cosec x—cotx) sInx

Now, LHS of above is

1 1
+
(cosec x + cot x) (cosec x — cot x)

(cosec x — cot x) + (cosec x + cot x)
(cosec x — cot x) (cosec x + cot x)

2 cosec x
cosec® x — cot® x

2cosec x _ 2

= 1 = itk X = RHS of {I}
1 1 1 1
Hence, =—+—
(cosec x + cot x}) (cosec x—cotx) simx sinx
1 1 1
or (cosecx+cotx) sinx sinx (cosec x —cot x) °

Case Study Answers:

1. Answer:

(@)

[ (@ + b) (@a—b) =a®-b%)

(30)
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i (d) %

Solution:

n AAPQ, tanf = 22 — 12 _

PQ ~ 16
i. () 22

Solution:

in APBQ,cotB = 22 — 3 _

PQ — 16
i, (<) %

Solution:

in AAPQ,tan A — -2 — 18 _

AQ — 12

v (d) 3
Solution:

we have, tan? A + 1 = sec? A

2
4
-3
— 16 _ 25 5
R VA R VA N
v. (a) %
Solution:

since, cosecB = 1/cot?B + 1

=(#) "+

17

8

2. Answer:

W |

15

8

o | =

(31)
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I. (a) 300
Solution:
We have, AB = 9 m, BC = \/E m in &ABC we have
' 3.3
tan A = BC — v _ 1

AB _T_ﬁ
= tan A =tan 30° = /A = 30°

Ii. (c) 600

Solution:

similarly, tan C = A—B v,_ =+/3

= tan C = tan 60 = /C = 60"

i (d) 64/3 m
Solution:
| : BC - _ BC
Since, sin A = A = sin30° = AD

:;»%: 3v3 :}Ac—ﬁﬁm

V. (b) 3

Solution:

LA =307

. cos2A = cos(2 x 30°) = cos60° = %
v.(b) 3

Solution:

- /ZC = 60°
" sin(%) = 5111( 55 ) = sin30° = %

Assertion Reason Answer-

1. (b) Ais true, Ris true; R is not a correct explanation for A.
2. (c) Ais true; R is false.

(32)
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