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Chapter 8: Introduction to Trigonometry

ey 8: Pl &1 uiR=a

Section 1: Detailed Concepts, Standard Ratios & Identities

g 1: fAga SauRuNy, A& AT UF Taaiaang

8.1 Trigonometric Ratios in a Right-Angled Triangle / 8.1 g9aIv1 Xyt # Bartvif@da srqura

[English Theory]: The word 'Trigonometry' is derived from Greek words 'tri' (meaning three), 'gon' (meaning
sides) and 'metron’' (meaning measure). It is the study of relationships between the sides and angles of a triangle.
In a right triangle ABC, right-angled at B, with reference to acute angle A:

« sine of ZA (sin A): Side opposite to LA / Hypotenuse = BC / AC.

« cosine of LA (cos A): Side adjacent to LA / Hypotenuse = AB / AC.

« tangent of ZA (tan A): Side opposite / Side adjacent = BC / AB = sin A/ cos A.

« cosecant of ZA (cosec A): 1/ sin A = Hypotenuse / Opposite = AC / BC.

» secant of LA (sec A): 1/ cos A = Hypotenuse / Adjacent = AC / AB.

« cotangent of LA (cot A): 1/ tan A = Adjacent / Opposite = AB / BC.

Important Property: The trigonometric ratios of an angle do not depend on the size of the triangle, but only on the
angle itself.

[&& Rgial: e ‘Brartvifafa’ & sgafx fies el 'grg' (), T4 (o) 3R A (H19) & g3 81 I8 Tob st i yomai ik
o & offar & et o1 srez gl

GHehtoT RSt ABC & @lvT B = 90° g WR, =IAhIUT A & de #:

o sin A = 8@ Y1 (&d) / &of = BC / AC

o cOS A = el YT (STTYR) / whof = AB / AC

etanA=vda/3MYR=BC/AB=sinA/cos A

e cosec A=auf [Fig=1/sinA

e sec A =ehuf / 3TeR =1/ cos A

ecotA=3MYR/da=1/tan A

fashy fAgH: fnelt ahtor & Brertorfd srgura Brfst & SehR R =81, dhaet 39 hivr & AT WR AR & 8l

8.2 Values of Trigonometric Ratios for 0°, 30°, 45°, 60°, and 90° / 8.2 fafaxe wiuif (0°, 30°, 45° 60°,90°) &
RrertorfRry sruTal & AT

[English Theory]: Geometric Derivations:

e For 45°: In an isosceles right triangle ABC with AB = BC = a, AC = av2. Thus sin 45° = a/(av2) = 1/¥2, cos 45° =
1/v2, tan 45° = 1.

» For 30° and 60°: In an equilateral triangle of side 2a with altitude AD = av3: in right AABD, sin 30° = BD/AB =
a/(2a) = 1/2, cos 30° = v3/2, tan 30° = 1/¥3. Similarly sin 60° = v3/2, cos 60° = 1/2, tan 60° = v3.

e For 0° and 90°: As £ZA approaches 0° side BC > 0 and AC > AB = sin 0° =0, cos 0° =1, tan 0° = 0. As LA
approaches 90° AB - 0 and BC - AC = sin 90° =1, cos 90° = 0, tan 90° is Not Defined.

[} Rigia): sofada A

* 45° & forg: gAfgaTg THentor RS (ST a) # &of = av21 3@: sin 45° = cos 45° = 1/¥2, tan 45° = 11

* 30° 31k 60° & fArg: 2a o< aret GHaTg st & fifeda (av'3) &: sin 30° = 1/2, cos 30° = v3/2, tan 30° = 1/¥3; T sin
60° = v3/2, cos 60° = 1/2, tan 60° = V3I

« 0° 3flR 90° & forg: dmig AT & sin 0° = 0, cos 0° = 1; AT sin 90° = 1, cos 90° = 0, tan 90° 3rURMIRT &1
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8.3 Fundamental Trigonometric Identities / 8.3 ey Berivifadg gdafasmd

[English Theory]: An equation involving trigonometric ratios of an angle is called a trigonometric identity if it is

true for all values of the angles involved.

Derivations from Pythagoras Theorem in AABC (AB2 + BC2= AC?):

1. Dividing by ACZ: (AB/AC)? + (BC/AC)2 = 1 = cos2 A +sin? A =1 (True for 0° < A < 90°).

2. Dividing by ABZ 1 + (BC/AB)? = (AC/AB)2 = 1+ tan? A = sec? A (True for 0° = A < 90°).

3. Dividing by BC2: (AB/BC)2 + 1 = (AC/BC)2 = cot?2 A + 1 = cosec? A (True for 0° < A = 90°).

[6& Rgia]: Prertufada srgurdl @ Heifda 3ar IHtenzur Sit Tag il o gt A1 & forg I g1, Brentorfadta adafienT sgemar

gl

uTgYTIRE Wi (AB? + BC? = AC?) & fm:

1. ACZ @ 9T 3A RR: sin? A + cos2 A =1 (0° < A = 90° & forg @) |

2. AB @ qmT 33 WR: 1 + tan? A = sec2 A (0° = A < 90° & forg Ta) |
3.BC2¥ umT 33 w: 1+ cot? A = cosec? A (0° < A < 90° & frw Ta) |

Ex 8.1 Q2: APQR (tan P - cot R = 0)
Ex 8.1 Q10: APQR (PR + QR = 25 cm)

Ex 8.1 Q1: AABC (4B = 90°) P
A R
= PR=13cm PR=13cm
AB =24 cm AC =25 cm PQ=12cm QR =12cm N
B BC=7cm c
Q PQ=5cm P
Q QR=5cm R

Fig 8.1: Right-Angled Triangles for Ex 8.1 Q1 (24, 7, 25), Q2 (12, 5, 13), and Q10 (5, 12, 13) — TYBA Coaching Centre

Section 2: Textbook Solved Examples with Step-by-Step Bilingual Solutions
T 2: UEIYEaE & Ot gt forg g 3Iqreron (fasga wRuteg &)

Textbook Example 1: Given tan A = 4/3, Find Other Ratios / 3&1g<uT 1: tan A = 4/3 fRar g9 W= 3= srgurd

[Problem - EN]: Given tan A = 4/3, find the other trigonometric ratios of the angle A.
[w21 - HI]: af tan A = 4/3, at @lur A & sr=g Rpivifadia srqura aira fifsgl

Step-by-Step Solution (English):

Let AABC be a right triangle with £B = 90°.

tan A = BC/AB = 4/3. Let BC = 4k and AB = 3k, where k > 0.

By Pythagoras theorem: AC = v(AB2 + BC?) = v[(3k)? + (4k)2] = v(9k? + 16k?) = v(25k?) = 5k.
Therefore:

esinA=BC/AC=4k/5k=4/5

ecosA=AB/AC =3k/5k=3/5

ecotA=1/tanA=3/4

ecosecA=1/sinA=5/4

esecA=1/cosA=5/3.

WU g (fF4):

AT FHRI0T Bt ABC | £B = 90° 81

tan A = BC/AB = 4/3 = BC = 4k, AB = 3kl

UISUNIRE TAT &: AC = V(9k? + 16k?) = 5kI

31d: sin A =4/5,cos A =3/5,cot A=3/4,cosec A=5/4,sec A=5/3|
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Textbook Example 8: Evaluating sin(A - B) and cos(A + B) / 3&1g<u1 8: sin(A - B) 3iR cos(A + B) &1 A4
[Problem - ENI: If sin (A-B) =1/2,cos (A +B) =1/2; 0° <A + B =90° A > B, find A and B.
[ors1 - HI1: afE sin (A-B) =1/2, cos (A + B) =1/2; 0° < A + B = 90° A > B, at A 3fR B ird Qi

Step-by-Step Solution (English):

Since sin (A - B) =1/2 =sin 30° = A-B =30°—(1).

Since cos (A + B) =1/2 = cos 60° = A+ B =60°—(2).

Adding (1) and (2): 2A = 90° = A = 45°,

Subtracting (1) from (2): 2B = 30° = B = 15°.

Hence, A = 45° and B = 15°.

Rt g (f5d):

iﬁ?sin (A-B)=1/2=>A-B=30°

?iﬁ?cos (A+B)=1/2=>A+B=60°I

Sfed oR: 2A = 90° = A = 45°| geH WR: 2B = 30° = B =15°|

Textbook Example 10: Proving (sec A + tan A)(1-sin A) = cos A / I&1guT 10: 9d9flaT (sec A + tan A)(1-sin
A) = cos A kI JHTUT
[Problem - ENJ]: Prove that (sec A + tan A)(1-sin A) = cos A.
[r%1 - HI]: f&rg hifSiw &6 (sec A + tan A)(1-sin A) = cos Al
Step-by-Step Solution (English):
LHS = (sec A + tan A)(1 - sin A)

= (1/cos A + sin A/cos A)(1 - sin A)
=[(1+sinA)/cosA]l(1-sinA)

= (1-sin? A) / cos A

= cos? A/ cos A (using sin2 A+ cos2A=1)

= cos A = RHS. Hence Proved!

WRoTer & (fad):

LHS = (1/cos A + sin A/cos A)(1 = sin A) = [(1 + sin A)/cos Al(1 - sin A)
=(1-sin2A)/cos A = cos?A/cosA = cos A =RHSI (zfa fRgm)

Section 3: Exercise 8.1 & 8.2 Complete Step-by-Step Solutions
g 3: UsEet 8.1 Ud 8.2 & HYuf TRUEg &

Exercise 8.1 — Complete Solutions (Q1to Q11) / usa«it 8.1 — &yquf g«
[EN] Detailed solutions for Exercise 8.1 Q1 to Q11.
[HI] wsrraret 8.1 & wst 19 11 & Hyof wRUrEg &e:
« Q1(InAABC, £LB=90°, AB=24 cm, BC=7 cm — Fig 8.1 Left):
AC = V(242 + 7%) = v625 = 25 cm.
(i) sin A =7/25, cos A = 24/25 « (ii) sin C = 24/25, cos C =7/25.

» Q2 (Fig 8.13 / Fig 8.1 Middle: PQ=12 cm, PR=13 cm): QR = v(169-144) =5cm = tan P - cot R = 5/12 - 5/12 =
0.

e Q3 (sinA=3/4): AB=v(16-9) =v7 = cos A=+v7/4,tan A = 3/VJ7.
e Q4 (15cot A =8 = cotA=8/15): AC = v(64+225) =17 = sin A=15/17, sec A =17/8.
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Q5 (sec 8 =13/12): Opp = V(169-144) = 5 = sin 8 = 5/13, cos 6 = 12/13, tan 6 = 5/12, cot 8 = 12/5, cosec 6 =
13/5.

Q6 (cos A =cos Binright a): AC/AB = BC/AB = AC =BC => LA = LB.

Q7 (cot 8 = 7/8): (i) (1-sin? 6)/(1-cos? 8) = cot? 6 = 49/64 « (i) cot? 6 = 49/64.

Q8 (3 cot A = 4): LHS = (1-9/16)/(1+9/16) = 7/25; RHS = cos? A - sin? A = 16/25 - 9/25 = 7/25 = Yes (aRTeR
2).

Q9 (tan A =1/v3): LA =30° LC =60° = (i) sin A cos C + cos A sin C = sin(A+C) = sin 90° = 1 e (ii) cos A cos
C-sinAsinC =cos 90°=0.

Q10 (PR + QR = 25 cm, PQ = 5 cm — Fig 8.1 Right): QR = 12 cm, PR =13 cm = sin P =12/13, cos P = 5/13, tan
P =12/5.

Q11 (True/False): (i) False (tan 60° = v3 > 1) e (ii) True (sec A = 1,12/5 = 2.4) « (iii) False ¢ (iv) False ¢ (v)
False (sin8 = 1).

Final Answer / 3<R: All 11 questions of Ex 8.1 solved and verified.

Exercise 8.2 — Complete Solutions (Q1 to Q4) / usiasft 8.2 — &yquf ge
[EN] Detailed solutions for Exercise 8.2 Q1 to Q4.
[HI] fafre sttt & 7T or seRRa usiaet 8.2 & usr 19 4 & dquf ga1:

Q1t:
(i) sin 60° cos 30° + sin 30° cos 60° = (V3/2)? + (1/2)? = 3/4 + 1/4 =1.

(ii) 2 tan? 45° + cos? 30° - sin? 60° = 2(1) + 3/4 - 3/4 = 2.

(iii) cos 45° / (sec 30° + cosec 30°) = (1/v2) / (2/v3 +2) = (3¥2-6) /8.

(iv) (sin 30° + tan 45° - cosec 60°) / (sec 30° + cos 60° + cot 45°) = (43 - 24v3) /11.
(

v) [5 cos? 60° + 4 sec? 30° - tan? 45°] / (sin 30° + cos? 30°) = [5(1/4) + 4(4/3) - 11 /1 = 67/12.
Q2 (MCQs): (i) 2 tan 30° / (1 + tan? 30°) = v3/2 = sin 60° (Option A) « (i) (1 - tanZ 45°) / (1 + tan? 45°) = 0 =

Option D « (iii) sin 2A = 2 sin A holds for A = 0° (Option A) « (iv) 2 tan 30°/ (1 - tan? 30°) = v3 = tan 60°
(Option C).

Q3: tan(A+B) = v3 (A+B=60°), tan(A-B) = 1/¥v3 (A-B=30°) = A = 45° B =15°.

Q4: (i) False o (ii) True o (iii) False ¢ (iv) False ¢ (v) True.

Final Answer / 3<1%: All parts of Ex 8.2 solved and verified.

Section 4: Exercise 8.3 Complete Step-by-Step Solutions (All 10 Identity Proofs)
T 4: e 8.3 F WYY WG, 7 (Wt 10 werathen suufan)

Exercise 8.3 — Complete Solutions & Proofs (Q1 to Q4) / usira«it 8.3 — dyvf g« g Suufvar
[EN] Detailed solutions and complete algebraic proofs for Exercise 8.3 Q1 to Q4 (including all 10 identities of Q4).
[HI] wstraet 8.3 & w3t 10 wdafawa afga wsr 19 4 & dgof g=:

Ql:sinA=1/v(1+cot?A), sec A = v(1+cot?A)/cotA, tan A =1/cotA.

Q2: cos A = 1/sec A: tan A = v(sec? A - 1); cot A = 1/¥(sec? A - 1); sin A = v(sec? A - 1)/sec A; cosec A = sec
AJV(sec? A - 1).

Q3: (i) 9(sec? A - tan? A) = 9 (Option B) « (i) (1 + tan 6 + sec 8)(1 + cot 8 - cosec 8) = 2 (Option C) « (iii) (sec
A + tan A)(1 - sin A) = cos A (Option D) « (iv) (1 + tanZ A)/(1 + cot? A) = tan? A (Option D).
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« Q4 (Al 10 Proofs):

(i) LHS = [(1-cos 8)/sin 6]2 = (1-cos 6)2/(1-cos? 8) = (1-cos 8)/(1+cos 8) = RHS.
(i) LHS = [cos? A + (1+sin A)?2] / [cos A(1+sin A)] = 2(1+sin A)/[cos A(1+sin A)] = 2 sec A = RHS.

(iii) LHS = tan 6/(1-cot 6) + cot 8/(1-tan 8) = (sin36-cos30)/[sinBcosh(sinB-cosB)] = 1+ sec B cosec 8 = RHS.
(iv) LHS = (1+sec A)/sec A = 1+ cos A = (1-cos2 A)/(1-cos A) = sin? A/(1-cos A) = RHS.

(v) Dividing by sin A: (cot A - 1 + cosec A)/(cot A + 1 - cosec A) = cosec A + cot A = RHS.

(vi) V[(1+sin A)/(1-sin A)] = (1+sin A)/cos A = sec A + tan A = RHS.

(vii) [sin 8(1-2sin? 6)] / [cos B(2cos? B-1)] = tan B(cos 26/cos 26) = tan 8 = RHS.

(viii) sin? A + cosec? A + 2 + cos? A + secZ A + 2 = 5 + (1+cot? A) + (1+tanZ A) = 7 + tan? A + cot? A = RHS.
(ix) LHS = (cos2 A/sin A)(sin2 A/cos A) = sin A cos A; RHS = 1/(sin A/cos A + cos A/sin A) = sin A cos A = LHS

= RHS.

(x) (1+tan? A)/(1+cot? A) = sec? A/cosec? A = tan? A: and [(1-tan A)/(1-cot A)]? = tanZ A = RHS.

Final Answer / 3<1%: All questions of Ex 8.3 and all 10 identity proofs completed.

Section 5: Chapter Summary & Master Values Table
WS 5: TeATT AR T AL Fioii <l dAlferesr

LA 0° 30° 45° 60° 90°

sin A 0 1/2 12 v3/2 1

cos A 1 v3/2 1v2 1/2 0

tanA 0 1v3 1 V3 Not Defined
cosec A Not Defined 2 V2 2/V3 1

sec A 1 2/¥3 V2 2 Not Defined
cotA Not Defined V3 1 13 0
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