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Chapter 9: Some Applications of Trigonometry

e 9: Pl & F srguait

Section 1: Detailed Concepts, Optical Definitions & Geometric Theorems

Tz 1: faega staurony, gfe Yar ud Bettadig am

9.1 Line of Sight, Angle of Elevation and Angle of Depression / 9.1 gf® ¥@r, IA4 10T Q& 3G+ hioT

[English Theory]: « Line of Sight (gf@ ¥@T): The line drawn from the eye of an observer to the point in the object
viewed by the observer.

« Angle of Elevation (3344 ahtur): The angle formed by the line of sight with the horizontal line when the point
being viewed is above the horizontal level (i.e. when we raise our head to look at an object).

o Angle of Depression (/=84 ahiuT): The angle formed by the line of sight with the horizontal line when the point
being viewed is below the horizontal level (i.e. when we lower our head to look at an object).

« Crucial Geometric Property: The angle of depression of an object on the ground as seen from an elevated point
is equal to the angle of elevation of that elevated point as seen from the object on the ground (since alternate
interior angles are equal for parallel horizontal lines).

» Fundamental Right Triangle Trigonometric Relations in Applications:

1. tan 6 = (Opposite Side / Height) / (Adjacent Side / Distance) — Used in 90% of surveying problems where
vertical height and horizontal distance are related.

2. sin 8 = (Opposite Side / Height) / (Hypotenuse / String / Rope / Slide) — Used when length of an inclined rope,
ladder, kite string, or ramp is involved.

3. cos 6 = (Adjacent Side / Ground Distance) / (Hypotenuse) — Used when horizontal distance and slant length
are related.

[f&& Rrgial: « gf® 3@t (Line of Sight): e &I it T Netes gRT 35t 8 axg & fig Y et arelt @1 &t gf® a1 wgd &1

« 379 IV (Angle of Elevation): STa ¢& ST arelt a¥g &Aoot TR & SR Bidl & (374 a¥g il 3@ & fag R 5w 31
ggar 8), at 3f® ¥ ofk &fast ¥ & g 97 ot Bt I FivT e &

* G5 ST (Angle of Depression): STd a&g &fds TR @ A gt & (RR - g usar @), ot 3P ¥ ofk &fasr Far &
ST §9) hIUT ! TTH <hivT Shed ¢l

o GHIaR FIUT fA7: Sfast [asit &t FHiaRdT & ST, fRet $arg § ag 1 ST hivT 6ed 39 a%g ° $aTs aTd fog & I99+ il
o SRIeR glaT 8

« g Ratufad srqura:

1. tan 6 = &9 (Fa18) / STER (32 2. sin 6 = &a/ Hof (T &gl e Ht s » 3. cos 6 = e/ Hfi
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Ex 9.1 Q7: Tower on 20 m Building

Ex 9.1 Q13: 75 m Lighthouse & 2 Ships

N Ex 9.1 Q10: Two Poles on 80 m Road
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Fig 9.1: Mathematical Models for Heights & Distances: Transmission Tower on 20m Building (Q7), Two Poles on 80m Road (Q10),
and 75m Lighthouse & Two Ships (Q13) — TYBA Coaching Centre

Section 2: All 7 Textbook Solved Examples with Step-by-Step Bilingual Solutions
YT 2: UGS & 9T 7 & fohg 71T Sgreren (fasga <Rveg &)

Textbook Example 1: Height of a Vertical Tower / 3g1gvur 1: Seafer #9R Y =g

[Problem - ENI: A tower stands vertically on the ground. From a point on the ground, which is 15 m away from
the foot of the tower, the angle of elevation of the top of the tower is found to be 60°. Find the height of the
tower.

[51%1 - HI]: eReft R Uah H9R Seafer @@ 81 exedt & gan foig @, it fi9R & urg-fig 9 15 m R 8, faR & 1@ &1 3=9g+= &t
60° g1 fi9R &Y F=ar Fra AifSgl

Step-by-Step Solution (English):

Let AB be the tower of height h m, and C be the point on the ground at distance BC = 15 m.
In right 2AABC, £C = 60°.

tan 60°=AB/BC = v3=h/15= h=15v3 m (approx. 25.98 m).

IUTAE g (BN):
AT H9R T SIS AB = h m 971 3R BC = 15 m &1
AR AABC H: tan 60° = AB/BC = v3=h/15= h=15v3 mI

Textbook Example 2: Electrician on 5 m Pole / 321801 2: 5 m 33 ©@9 R faoreh fAash

[Problem - ENI: An electrician has to repair an electric fault on a pole of height 5 m. She needs to reach a point
1.3 m below the top of the pole to undertake the repair work. What should be the length of the ladder that she
should use which, when inclined at an angle of 60° to the horizontal, would enable her to reach the required
position? Also, how far from the foot of the pole should she place the foot of the ladder? (Use v3 = 1.73)

[us1 - HI]: Tah fastelt RS &t 5 m 33 @9 ur 3 1€ @RIef Y 737d il & | A7d ohl &hH o & forg 3@ @ & fAer @
1.3 m 2 g fiig ek uga=n 81 gt a& agam & o ugaa i it dard farait g+t anfag e i dfdsr @ 60° F Al wr
FF R a8 rafdia fafa ae uga sme? ok ag ft garsy fs @3 o1 ure-fag @ & ure-fig @ farasi & = g =nfag? (v3
= 1.73 #ifSg)

Step-by-Step Solution (English):

Height of pole AD = 5 m. Required repair point Bis 1.3 m below A= BD =5-13=3.7m.
Let BC be the ladder of length L inclined at 60°.

In right ABDC:
sin60°=BD/BC=>+v3/2=37/L=>L=(3.7%x2)/v3=74/173=4.28m.

Also, cot60°=CD/BD=>1/v3=CD/37=>CD=3.7/v3=3.7/173=214m.

Hence, ladder length is 4.28 m and distance from foot is 2.14 m.
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UG g (fEd):

AR FAEAD = 5 mIfigBH FAEBD = 5 - 1.3 = 3.7 mI

AT ABDC #: sin 60° = BD / BC = v3/2 = 3.7 /L = L = 4.28 m (& Fr warrd) |
duTtan 60°=BD/CD = v3=3.7/CD = CD =214 m (s & g)|

Textbook Example 3: Chimney & Observer (1.5 m tall at 28.5 m distance) / 3&1gzur 3: 5= vd 1.5 m «ia1 Qe

[Problem - EN]: An observer 1.5 m tall is 28.5 m away from a chimney. The angle of elevation of the top of the
chimney from her eyes is 45°. What is the height of the chimney?

[&121 - HI]: 1.5 m a1 Qah Weteh Tah R & 28.5 m fil g8 = g1 3uht ittt @ Rt & fAer &1 335+ &lor 45° g1 R &
&S ga1Sq|

Step-by-Step Solution (English):

Let AB be the chimney and CD be the observer (1.5 m). Horizontal distance DE = CB = 28.5 m.

In right AADE: tan 45° = AE /DE = 1= AE / 28.5 = AE = 28.5m.
Height of chimney AB = AE + EB = AE + CD = 28.5 +1.5 =30 m.

WU g (fEd):

famt AB Jar Beres CD = 1.5 m1 &fdst gt DE = 28.5 m|
AADE #: tan 45° = AE / 28.5 = AE = 28.5 m|

R i ot F=€ AB = 28.5 + 1.5 = 30 m|

Textbook Example 4: Flagstaff on 10 m High Building / 3&Tg<0T 4: 10 m 3@ Y IR tasiEs

[Problem - EN]: From a point P on the ground the angle of elevation of the top of a 10 m tall building is 30°. A flag
is hoisted at the top of the building and the angle of elevation of the top of the flagstaff from P is 45°. Find the
length of the flagstaff and the distance of the building from the point P. (Use v3 = 1.732)

[&121 - HI]: 4fA & gk g P @ gah 10 m 33 wa=1 & AR a1 3991 &iur 30° g1 Wa- & fAeR WR Ueh o< ol oig=man mam g Sk
P & a1 & fARER T IATA FI0T 45° g1 eas1és &l dars o foig P & wa= Y gt 7ma hifSigi (v3 = 1.732 ifSig)

Step-by-Step Solution (English):

Let AB be building (10 m), BD be flagstaff (h m), and P be ground point.

In right APAB: tan 30° = AB/AP = 1/v3 =10/ AP = AP =103 =17.32 m (Distance of building).
In right aPAD: tan 45° = AD / AP = (10 + h) / (10¥3) = 1= (10 + h) / (10¥3) = 10 + h = 10V3.
Therefore, h =10(v3 - 1) =10(1.732 - 1) = 7.32 m (Flagstaff length).

WU g (fEd):

g AB = 10 m, €918 BD = h m|

a0 APAB #: tan 30° = 10 / AP = AP =10v3 =17.32 m (§f)|

THERIUT APAD #: tan 45° = (10 + h) / AP = 10 + h = 10¥3 = h=10(v3 - 1) = 7.32 m (asiés &l da1d) |

Textbook Example 5: Tower Shadow Lengthens by 40 m / I&1geur 5: Hi-IR &t BT & 40 m 6 gig

[Problem - EN]: The shadow of a tower standing on a level ground is found to be 40 m longer when the Sun'’s
altitude is 30° than when it is 60°. Find the height of the tower.
[51%1 - HI]: Tk S9ad s iR @ gl fiar 6 srar 39 [RDfa 7 40 m sifde &6t gt sirelt & Sstafes g o 3=ier 60° @ geaw
30° g Sirar g1 fi9R h F=r 79 hifSig)

Step-by-Step Solution (English):

Let AB be tower of height h m. Let BC = x m (shadow at 60°). Then BD = x + 40 m (shadow at 30°).

Inright AABC:tan 60°=h/x=v3=h/x=x=h/V3.

In right AABD:tan 30° =h / (x + 40) = 1/v3=h/ (x + 40) = x + 40 = hv3.
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Substituting x: (h / v3) + 40 = hv3 = 40 = hv3 - h/¥3 = (2h) / V3.
Therefore, h = (40v3) /2=20v3 m.

ot & (fad):

AT HAR A SIS AB = h m I BC = x mI da BD = x + 40 m|

AABC #: tan 60° = h/x = x = h/v3lI

AABD #: tan 30° = h/(x + 40) = x + 40 = hv3 = h/v3 + 40 = hv3 = 2h/v3 = 40 = h =20V3 m!|

Textbook Example 6: Multistoreyed Building & 8 m Tall Building / S&Tgx0T 6: Igfoidt Waa @ 8 m S Waa &
STGH hIUT

[Problem - EN]: The angles of depression of the top and the bottom of an 8 m tall building from the top of a
multi-storeyed building are 30° and 45°, respectively. Find the height of the multi-storeyed building and the
distance between the two buildings.

[5%1 - HI]: T& agafaiet wa & AR @ 3@ uR g 8 m $& Wad & fAar ofik ug & sra=ra ahior shwar: 30° 3R 45° €1
TgrifSiet g i Fard ik 2t waat & dfia i g wra Hifdg

Step-by-Step Solution (English):

Let PC be multi-storeyed building of height H, and AB be 8 m building. Let distance AC = BD = d.
Height PD=PC -DC =H - 8.

In right APBD: tan 30°=PD/BD = 1/v3=(H-8)/d = d=v3(H-8)—(1).

In right APAC: tan 45°=PC/AC=>1=H/d=d=H—(2).

From (1) and (2):H=v3(H-8) = H=Hv3 -8v3 = H(V3 - 1) = 8V3.
H=8v3/(¥3-1=8V3(¥3+1)/2=4v3(¥3+1)=4(3+v3)m.

Both the height and the distance are 4(3 + v3) m (approx. 18.93 m).

Wutag & (f5dh):

JgHfSIT e PC = H, ¥aT AB = 8 m, g AC =BD = dIPD = H - 81
APBD #: tan 30° = (H - 8)/d = d = v3(H - 8)1

APAC #: tan 45° = H/d = d = HI

T H=v3H-8)=>H=8vV3/(¥3-1=4(3+V3)miI

IgHfSIet e dr Farg aur A1 et & ffT B g S 4(3 + v3) m E)

Textbook Example 7: Bridge across a River (Height 3 m) / 318301 7: &} & SuR 3 m $& e § 31a=16+ o
[Problem - EN]: From a point on a bridge across a river, the angles of depression of the banks on opposite sides
of the river are 30° and 45°, respectively. If the bridge is at a height of 3 m from the banks, find the width of the
river.

[5121 - HI]: ek 16} & g & Qo foig @ 7 & wwga fRart & sra=a=1 ot shAen: 30° 3k 45° 81 aft gt friRi & 3 m &Y
Fard i g, at 78 H Dz wra AR

Step-by-Step Solution (English):

Let P be the point on bridge at height PD = 3 m. A and B are the two banks.
In right APAD: tan 30°=PD/AD = 1/v3=3/AD = AD = 3v3 m.

In right APBD: tan 45° = PD /BD = 1=3/BD = BD = 3 m.

Width of the river AB = AD + DB = 3v3 + 3 = 3(¥3 + 1) m (approx. 8196 m).

WutEg & (f5h):

g1 a1 faig P (18 PD = 3 m) | A duT B &1 R 81
APAD #: tan 30° = 3/AD = AD = 3v3 ml

APBD #: tan 45° = 3/BD = BD = 3 m|

T Fr e AB = AD + BD = 3(v3 +1) mI
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Section 3: Exercise 9.1 Complete Step-by-Step Solutions (All 15 Problems)
g 3: weArEet 9.1 & et 15 weHl & Hquf wRuEg '

Exercise 9.1 — Questions 1to 5 / Uit 91— U185
[EN] Complete solutions for Q1 to Q5.
[HI] usmaeft 9.1 & ust 19 5 & d@quf ga:

Q1 (Circus rope 20 m at 30°): In right 4ABC, sin 30° = AB/ AC = 1/2 = h / 20 = Height of pole (h) =10 m.

Q2 (Broken tree 8 m away at 30°): In right AABC, tan 30° = AB/8 = AB = 8/¥v3 m; cos 30°=8/AC = AC =
16/v3 m. Total tree height = AB + AC = 24/v3 = 8¥3 m.

Q3 (Park Slides): (i) Age < 5yrs: h =1.5m, 8 = 30° = Length = 1.5/ sin 30° = 3 m « (ii) Elder children: h = 3 m,
8 = 60° = Length = 3/sin 60° = 6/v3 = 2vy3 m.

Q4 (Tower 30 m away, 30°): tan 30° =h /30 = h=10v3 m.
Q5 (Kite at 60 m height, 60°): String length L = 60 / sin 60° = 120/¥3 = 40¥3 m.

Final Answer /3W: Q1: 1T0m *Q2: 8v3m+*Q3:3m,2v3m*Q4:10v3 m*Q5:40Vv3 m

Exercise 9.1 — Questions 6 to 10 / UTaeit 91 — U416 & 10

[EN] Complete solutions for Q6 to Q10.
[HI] wstraret 9.1 & w21 6 | 10 & Hygof g=:

Q6 (1.5 m tall boy walking to 30 m building, 30° - 60°): Effective height = 30 - 1.5 = 28.5 m. Initial distance
= 28.5 cot 30° = 28.5V3; final distance = 28.5 cot 60° = 28.5/v3. Distance walked = 28.5(v3 - 1/¥3) =19v3 m.
Q7 (Tower on 20 m building, 45° & 60° — Fig 9.1 Left): Base distance = 20 / tan 45° = 20 m. Total height = 20
tan 60° = 20v3 m. Tower height = 20v3 - 20 = 20(v3 - 1) m.

Q8 (1.6 m statue on pedestal, 60° & 45°): Base = h. (h + 1.6)/h =tan 60° = v3 = h(v3-1) =1.6 = h=0.8(v3
+1) m.

Q9 (50 m tower at 60°, building at 30°): Distance d = 50 / v3 m. Building height h = d tan 30° = (50/v3)(1/¥3)
=50/3 m =16% m.

Q10 (Two equal poles on 80 m road, 60° & 30° — Fig 9.1 Middle): h = xv3 = (80 - x)/v3=> 3x=80-x = x =
20 m, other = 60 m; Height h = 20v3 m.

Final Answer /3<R: Q6: 19v3 m ¢ Q7: 20(v3-1) m * Q8: 0.8(v3+1) m * Q9:16%: m » Q10: 20v3 m,20 m, 60 m

Exercise 9.1 — Questions 11 to 15 / usiasit 9.1 —u21 11415

[EN] Complete solutions for Q11 to Q15.
[HI] usmastt 9.1 & st 11 & 15 & w@quf ge:

Q11 (TV tower across canal, 60° & 30° from 20 m away): h = xv3 = (x + 20)/¥3 = 3x = x + 20 = Canal width
x =10 m; Tower height h =10v3 m.

Q12 (From 7 m building, cable tower top is 60° elevation, foot 45° depression): Base = 7 [ tan 45° = 7 m.
Tower height = 7 + 7 tan 60° = 7(v3 + 1) m.

Q13 (75 m lighthouse & two ships at 30° and 45° — Fig 9.1 Right): Distance of ship 1 = 75 m; ship 2 = 75v3
m. Distance between ships = 75(v¥3 = 1) m.
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* Q14 (1.2 m girl & balloon at 88.2 m height, 60° - 30°): Effective height = 88.2 - 1.2 = 87 m. Distance = 87(cot
30° - cot 60°) = 87(2/v3) = 58v3 m.

» Q15 (Car approaching tower, 30° to 60° in 6 seconds): Distance 1 = hv3, Distance 2 = h/v3. Distance
covered = 2h/¥3in 6 s. Remaining distance h/v3 takes 6 / 2 = 3 seconds (3 @s).

Final Answer /3<R: Q11: 10v3 m, 10 m* Q12: 7(v3+1) m » Q13: 75(v3-1) m * Q14: 58v3 m * Q15: 3 seconds

Section 4: Chapter Summary & Key Trigonometric Formulas
T 4: AT RN T4 9@ G

Scenario Trigonometric Relation &t fRrearor

Angle of Elevation tan 8 = Height / Base Distance AT PIUT TR SHaATS-g4 Tael

Angle of Depression Bdepression = Selevation (Alternate Interior Angles) STTAHT IUT = IAT 10T (YeRIR ThioT)
Two-Angle System X = h(cot 8; - cot 8,) A $a18 W & fageil & Sa dr gd
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