\
§\ Some Applications of
Trigonometry

In the Chapter

In this chapter, you will be studying the following points:
® () Thelineof sightisthelinedrawnfrom the eye of an observer to the point in the object viewed by the
observer.
(i) Theangleof elevation of an object viewed, isthe angleformed by theline of sight with the horizontal
level whenitisabovethe horizontal level, i.e., the case when we rai se our head to look at the object.
(i) The angle of depression of an object viewed, is the angle formed by the line of sight with the
horizontal level whenitisbelow the horizontal level, i.e., the case when welower our head to look at
the object.
® Theheight or length of an object or the distance between two distant objects can be determined with the
help of trigonometric ratios.

NCERT TEXT BOOK QUESTION (SOLVED)

[EXERCISE 9.1 |

Q.1 Acircus artist is climbinga 20 mlong  ground making an angle 30° with it. Thedistance
rope, whichistightly stretched and tied fromthetop  between thefoot of thetreetothepoint wher ethetop

of avertical poleto touchesthe ground is8 m. Find the height of the
theground. Find the tree
height of thepole, if Ans. Let the initial ¢
the angle made by 20m height of the tree be AC.
the rope with the When the storm came, the
ground level is 30° 30° . treebrokefrompointB.The g
(seeFig.). B ~  broken part of the tree BC \
Ans. Let height of thepole AB behm. touchesthe ground at point
D, makinganangle30°on 40 30
sin30° = % the ground. fe—m—°
Also, givenAD =8m
1 h Inright AABD,
N -
2 20 tan30° = AB
20 AD
- h= > =10. N 1 _AB
Height of thepole=10m V3 8
Q.2.Atreebreaksduetostorm and thebroken 8
part bends so that the top of thetreetouchesthe =~ AB = @m

(178)
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Againin AABD

AD_3_8
BD 2 BD

cos 30° =

16
= BD= ﬁ
AC=AB+BC=AB+BD (BC=BD)

s 16 2 5
“BR TR

Hence, the height of the treeis 8,/3 m.

Q.3.Acontractor planstoinstall two slidesfor
thechildrentoplay in apark. For thechildren below
theageof 5years, shepreferstohaveasidewhose
topisat aheight of 1.5m, and isinclined at an angle
of 30° totheground, whereasfor elder children, she
wantsto have a steep slide at a height of 3m, and
inclined at an angleof 60° totheground. What should
bethelength of theslidein each case?

Ans.
D -
A I
3cm
/ 1.5 cm
~"30° - 60°
c B E

AB
Incasel : Fromfig., sin30° = — ,whereACis

AC
dide
115
= 2 AC
= AC=3cm

BD
Incasell : Fromfig.,Sn60° = DE ,whereDE isdide

3 3
= —_
2 DE
_ 6 43 63
= DE—\/§ 3 3
= DE=2/3cm

Q.4. Theangleof elevation of thetop of atower
from apoint on theground, whichis30 m away from
thefoot of thetower, is30°. Find the height of the
tower.

Ans. Let height of tower AB be h and C be the
point whichis30 m away from thefoot B.

- ZACB=30°

INAABC,

AB
tan 30° = E
1_h
= J3 30

=10,/am

Height of thetower AB = 10,/3m.

Q.5.Akiteisflyingat aheight of 60 m abovethe
ground. Thestringattached tothekiteistemporarily
tied toapoint on theground. Theinclination of the
stringwith theground is60°. Find thelength of the
string, assumingthat thereisno slack in thestring.

Ans. Let C bethe portion of thekite. AC be the
length of the string which makes, an angle of 60° on
the ground. The height of the kite on the ground is
BC=60m.

Inright angled AABC
c
60m
60°
A B
sin = AC
V3_60
- 2 AC
60x2 V3

= AC= \/§ ﬁ
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= —120*/§=4m/3 m
3

Hence, length of the string is 40,/3 M

Q.6.A1.5mtall boyisstandingat somedistance
from a 30 m tall building. The angle of elevation
from his eyesto thetop of the building increases
from 30° to 60° ashe walkstowar dsthebuilding.
Find thedistancehewalked towar dsthebuilding.

Ans. Here, AE isabuilding of height 30 m and

FD isaboy of height 1.5 m. A
AB =AE-BE 1
=AE-DF
=30m-15m
=285m 5
*G 3 T ad l_15
1.5m
r E‘
Now inAABC, t 60°—E
owin ,tan =AC
28,5
= =5
28.5
= BC—_ﬁ m

In AABD, tan 30° = AB
’ " BD

1 285

= J3 BD
= BD=285.3m

285
CD=BD-BC=285,/3 - N

Hewalked 19,/3 m towardsthe building.
Q.7. From apoint on theground, theanglesof

elevation of thebottom and thetop of atransmission
tower fixed at thetop of a20 m high building are45°
and 60° respectively. Find the height of thetower.

Ans. Let BC =20 m bethe height of the building
and DC = h metre be height of the tower, which is
standing on the building. A be a fixed point on the
ground. From afixed point A, theanglesof elevation
of the bottom and the top of the transmission tower
are

Z BAC=45°and /BAD =60°

D

h metre
Tower

20m
Building

o

45°
Ae—m——s

Also, letAB=xm
Inright angled AABC,

20
tan 45 _Ejl_ " = x=20m

Again, inright angled AABD,

tan 60° = 02
" AB

20+h
L E

20+h
3:
= V3 -0

= 20+h=20\V3= h=20(v3-1)m
Hence, the height of thetower is20(N3—1)m.
Q.8.Astatue, 1.6 mtall, standson thetop of a
pedestal. From a point on theground, theangle of
elevation of thetop of thestatueis60° and from the
same point the angle of elevation of thetop of the
pedestal is45°. Find the height of the pedestal.
Ans. Let AB be the pedestal of height h, BC be
the statue of height 1.6 m.
Z/ADB =45°and Z/ADC =60°
INnADAB,

[FromEq. (i), x=20m]

tan 45° —ﬁ
~ AD
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- 1=
AD
= h=AD
INACAD,
an60° = 116
- AD
h+1.6
= J3 = -

= ﬁ h=h+16
= h({3 -1)=15
16 3+1

— X

T J3-1 4341

_16(+/3+1)
T 3-1

=0.8x (v3+1)

Height of pedestal = 0.8 (y/3+1) m.

Q.9. Theangleof devation of thetop of abuilding
from thefoot of thetower is 30° and the angle of
elevation of thetop of thetower from thefoot of the
buildingis60°. If thetower is50 m high, find the
height of thebuilding.

Ans. Let AB istower of height 50 mand CD bea
building.

INnAABD tan 60° = E
’ " BD
50 50
3=gp = =EBD=EM
Now, inABDC,
CD
tan30° = —

BD

A
4

50m

L)
o

1.¢co
= 3 0

V3

50 2
= CD 3 3m

2
Height of building = 165 m

Q.10. Two polesof equal heightsarestanding
oppositeeach other on either sideof theroad, which
is80mwide. From apoint between them onther oad,
theanglesof elevation of thetop of the polesar e 60°
and 30°, respectively. Find the height of the poles
and thedistancesof the point from thepoles.

Ans. Let AB = 80m bethewidth of theroad. On
both sides of the road polesAE = BD = h metre are
standing. Let C be any point on AB such that point C
makesan elevationand £BCD =60° and ZLACE =30°

LetBC=x,thenAC=AB-BC=(80—x) m
Inright angled AACE,

SOO—E
tan = AC
1__h
= J3 80-x
= 80-x=h,3
= h /3+x=80
Again, inright angled ABCD,
t 600_2
ey = Be

h
= @:;:h:\/éx (i)
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Putting h = /3 in Eq. (i), we get
J3xx%(4/3)+x=80

= 3x+x=80

= 4x= 80

= x=20m

Puttingx=20min Eq. (ii), we get
h=20,3m

Also, AC=80-x
=80-20=60m

Hence, height of the poles be 20@ m and the

distances of the point from the polesare 60 m and 20
m

Q.11.ATV tower standsvertically on abank of
a canal. From a point on the other bank directly
oppositethetower, theangleof eevation of thetop of
thetower is60°. From another point 20m away from
thispoint on thelinejoing thispoint to thefoot of
the tower, the angle of elevation of the top of the
tower is30° (seeFig.). Find theheight of thetower
and thewidth of thecanal.

A

3¢ 60

< 20m > C B

D

Ans. Let AB be the tower of height h metres
standing on abank of acanal. Let C beapoint onthe
opposite bank of a canal, such that BC = x metres.

Let D be the new position after changing the
elevation. Itisgiventhat CD = 20m

The angle of elevation of the top of the tower at
Cand D arerespectiely 60° and 30°.

i.e, Z/ACB =60°and LADB =30°
Inright triangleABC, we have
AB
tan60° = BC
h
= J3 = <
h
= X =73 0)

Inright triangleABD, we have

tan 30° = 2=
~ BD
1 h
= J3 T x+20
= x+20 =.,3h
= X =,3h-20 ..(ii)
Comparing (i) and (ii), weget
h
Nel \3h-20
= h = 3(+/3h+20)
= h =3h-20,3
= h-3h =-20,3
= —2h=-20./3
= h =10\/§
Putting thisvaluein (i), we get
_h_ 103
X = @ \/§ =10m.

Hence, the height of tower = 10./3 metre and

width of the canal = 10.

Q.12. Fromthetop of a7 m high building, the
angleof elevation of thetop of acabletower is60°
and the angle of depression of its foot is 45°.
Determinetheheight of thetower. E

|

c ) 60° v

A 45° A

7m
7m

v v
A B

Ans. Let AC bethebuildingwhoseheightis7m
and BE bethe cable tower.

It is given that the angle of elevation of the top
E of the cable tower from C and the angle of
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depression of its foot from C be 60° and 45°

respectively.
ie, Z/DCE = 60°and ZBCD=45°
Also, AC = BD=7m
Let DE = hm
Inright triangle DCE, we have
t 600 —_— E
avt = b
h
= B o
h _
= D = 3 (D)
Now, inright triangle BCD, we have
i - BD
tan = D
A
- - D
= = 7 (D)
Comparing (i) and (ii), we get
h
\/5— 7
Hence, h = 7/3m

Total height of the cabletower (BE)
=BD+DE=7m+ 7,/3 m=7(1+,3)m

Q.13. Asobserved from thetop of a75m high
lighthouse from the sea-level, the angles of
depression of two shipsare 30° and 45°. If oneship
isexactly behind the other on thesamesideof the
lighthouse, find thedistance between thetwo ships.

Ans. Let CD = 75m betheheight of thelighthouse
fromthesealevel AC. Let A and B bethe position of
two ships on the sea-level.

From point D of a lighthouse the angle of

At—)y—» Bdt—— ¥ —p

depression of two shipsA and B are
Z/0ODA =30°and #ODB =45°
= /CAD=30°and ZCBD =45°
(Alternate angle)
L et distance between two shipsAB =y metreand BC
=xmetre
Inright angle DACD

CD 1 75

0 —m D> — =
@n30°="Ac™ /3 AB+BC
1 75
——=——=X+Yy=75V3
S Srraiat el
Inright angled ADBC
t 45°—9
M= ge
75
= =
X
= X=75m
Puttingx=75minEq. (i), weget
75+y=75,/3
= y=75(4/3-)m
Hence, the distance between two ships is 75
(¥3-Dm

Q.14.A 1.2m tall girl spotsa balloon moving
with thewind in ahorizontal lineat aheight of 88.2
m from the ground. Theangle of elevation of the
balloon from the eyes of the girl at any instant is
60°. After sometime, theangleof elevation reduces
to 30° (seeFig.). Find thedistancetravelled by the
balloon duringtheinterval.

®
©

-
-
A}

:

-~ E 88.2m
|
:

&P

Ans. LetAB bethegirl (AB=1.2m)andEand F
be the two positions of the balloon.
Clearly,
HH =

%‘\.
.
s
)
[
o
-
]
]
1
]
]
1
]
]
]
]
]
]
1]
]
]
]
1
]
]
:

88.2m=FD
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and B =(882-12)m
=87m=FC
Inright triangle EAG, we have
t 600 —_— E
av = aG
87
= B a6
8
= AG = \/5 ,
87 3 a3
BNV I
87x1.732
= Tm:SO.ZS metres
Inright triangle FAC, we have
FC
tan30° = E
1 &7
- V3~ AC
= AC = 87,3
= AC = (87x1.732) metres
= 150.68m
= Distance travelled by the baloon
EF = GC=AC-AG
= (150.68—50.23)m
=100.45 metres

Q.15. A straight highway leadstothefoot of a
tower. Aman standing at thetop of thetower observes
a car at an angle of depression of 30°, which is
approaching thefoot of thetower with auniform
speed. Six secondslater, theangle of depression of
thecar isfound tobe60°. Find thetimetaken by the
car toreach thefoot of thetower from thispoint.

Ans. Let CD bethetower of heighthm. Let A be
theinitial position of the car and after 6 sec. thecaris
found to be at B.

It is given that the angle of depression at A and
B from thetop of atower be 30° and 60° respectively.

L et the speed of the car be v second per minute.
Then,

AB = distancetavelled by the car in 6s.

=(6x V) sec. (Dist = speed x time)
=6V sec.

A
>

30°

30° A 60° v

A e ——>pe—w—>C

L et the car takest minutesto reach thetower CD
fromB.
Then,
BC =distancetravelled by car int minutes
= (v x t) metres = vt sec.
Inright triangle BCD, we have

600 —_— C_D
tan = B’C
h
= \/é = W
= h =.,3u ()
Inright triangleACD, we have
t 300 —_ C_D
NG
1 h
= V3T bv+ut
= v+vt = ,/3h
6v+ vt B
= h = NE (i)
Comparing (i) and (ii), we get
6V + vt
3wt =T
= J3x3vt = 6Bv+vt
= 3t = 6vtwvt
= vt—wvt = 6v
= vt(3-1) = 6v
= tx2= 6
= t = 3 seconds.

Hence, the time taken by the car to reach the
foot of the tower in 3 seconds.
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Q.16. The angles of elevation of the top of a
tower from two pointsat adistanceof 4mand 9m
from thebaseof thetower and in thesamestraight
linewith it arecomplementary. Provethat theheight
of thetower is6 m.

Ans. Let CD =h metrebethe height of thetower.
AC beahorizontal line on aground. A and B be the
two points on the line at a distance of 9 mand 4 m
from the base of the tower.

D

4

/ hm
90° -0 /J \

A B+—4m—C
-+ 9m >

b3

Let Z/CBD =0,then ZCAD=90°-0
(The complementary means the sum of two angles
are90°)
Inright angled ACAD,

CD
tan (90° -0) = C

to= h i
= coto="g (i)

Andinright angled ACBD,

tan6=E
h .
t =—
= an 0 2 (i)
Onmultiplying Egs. (i) and (ii), we get
0 0 h h
X = — X—
cot 0 x tan 9%
h2
= 1=£
= h?*=36=h=6m

Hence, the height of the tower is6 m.
Hence proved.

Additional Questions

Q.1.1f aman standing on aplatform, 3m above
the surface of a lake observes a cloud and its
reflectionin thelake, then theangle of elevation of
the cloud isequal to the angle of depression of its
reflection.

Ans. Weknow, if Pisapoint abovethelakeat a
distance d, then thereflection of the point in the lake
would be at the same distance d. Also the angle of
elevation and depression from the surface of the lake
issame.

Here, themanisstanding on aplatform 3mabove
the surface, so itsangle of elevation to the cloud and
angle of depression to the reflection of the cloud is
not same.

S0, the statement isfalse.

Q.2. If thelength of the shadow of atower is
increasing, then the angle of elevation of a sun is
alsoincreasing.

Ans. We know, if the elevation moves towards
thetower, it increase and if its elevation moves away
the tower, it decreases. Hence, if the shadow of a
tower is increasing, then the angle of elevation of a
Sun is not increasing.

S0, the statement isfalse.

Q.3.Aladder 15mlongjust reachesthetop of a
certical wall. If the ladder makes an angle of 60°
with thewall, find theheight of thewall.

Ans. LeeBC=hmetre
/ C

be the height of the wall
16m

and AC = 15 m be the I
/ Im

ladder AC makesan angle
of elevation /BAC =60°.

length of the ladder. The
Inright angled AABC,
A B

Sin60° =~ =

3_h
2 15

153

=——m

2

Q.4. An observer 1.5 metretall is 20.5 metre
away from atower 22 metreshigh. Determinethe

angleof elevation of thetop of thetower fromtheeye
of theobser ver.

= h
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Ans.Fromthefigure.

p
E T
o
i u
¢ e 205m E o l
A 205m B
AB = CD=205m
AC = BD=15m
PD = 205m

Now t B—E—l 0 =45°
owtan0 = = =1=0=45".

Henceangleof elevation=45°,

Q.5.Avertical stick 10 cm long castsa shadow
8cmlong. At the
sametime, atower
casts a shadow
30m long.
Determine the
height of the
tower.

Tuwer

Ans. As
shown in the
figure AC is the
stickandAC =10 4
cm. Its shadow “0m >
OA=8cm.

10 5 :
Now, tan6= 8 2 (D)

Againlet BD bethetower andlet BD =hmandit
shadow OB =30m.

L }
tan6 = 20 ..(ii)

From (i) and (ii), we get
5 h

4 30
5 150
= h= 4><30 2 365 m
Hence height of tower = 37.5m.

Q.6. A boy isstanding on ground and flying a
kite with 150 m of string at an elevation of 30°.
Another boy isstanding on theroof of a 25m high
buildingand flyingakiteat an elevation of 45°. Find

thelength of string required by the second boy so
that thetwokitesjust meet, if both theboysareon
oppositesideof thekites.

C
25m
30°
A D E
Ans.N D _4 30°
ns. Now, 150 =3sn
e _1
= 150 2
= CD=75
: D =75-25=50m
N CF . 45°
ow, BC =4gn
5 1
BC V2
BC =502

=50x1.4142=70.71
Hencerequired length of string =70.71 m.

Q.7. A vertically straight tree, 15 m high is
broken by thewind in such away that itstop just
touchestheground and makesand angleof 60° with
theground, at which height from thegroun did the
treebreak?

Ans. Letthetreeisbroken at B and Cisthetop of
it and after breakage it isas shown infigure.

B

Ny x

60°

in60° = —
SNOY = 15"x
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ﬁ_ X
= 2 15-x
= 15V3—3x = 2x
= (2+\3)x=15V3
153 (2-+3)

= X (2+\/_ (2-+/3)

_ 15/3(2-43)

- 4-3
= X =15\3(2-1.732)

=15x1.732x0.268
= X =6.96m

Q.8. Ifthelength of atower and thedistance of
the point of observation from its foot, both, are
increased by 10%, then theangleof elevation of its
top remain unchanged.

Ans. When both length of the tower and distance
of observation from its foot, are increased by 10%,
then we get the adjacent figure.

tan 0, =

tan0,=

><|:r x | >

S 0,=0
Whichl ShO\ZNS that AD || BC and angle of elevations
areequal.

Hence the statement is true.

Q.9. Find thethe angle of elevation of the sun
when theshadow of apoleh metreshlghIS\f_h metres
long.

Ans. Inright angled AOAB,

h_h
tan 0 = x/éh @

B

3h A

6=30°

Henceangle of elevation = 30°

Q.10. An observer 1.5 m tall is 28.5 m away
from achimney. Theangleof elevation of thetop of
thechimney from her eyesis45°. What istheheight
of thechimney?

Ans. Here, AB isthe Al
chimney, CD the i
observer
and ZADE theangleof
elevation (see Fig. ). In
this case, ADE is a
triangle, right-angled at
Eandwearerequiredto % i
find the height of the C B
chimney.

WehaveAB=AE+BE=AE+15

and DE=CB=285m

To determine AE, we choose a trigonometric
ratio, which involvesboth AE and DE. L et uschoose
the tangent of the angle of elevation.

Now, tan45° = E
’ " DE
_ . PE
ie, 285
Therefore, AE=285

So the height of the chimney
(AB)=(285+1.5)m=30m.

Multiple Choice Questions

Q.1. Theangleof eevation of thetop of a15mhigh
tower at apoint 15maway from thebaseof the

tower is:

() 30° (b) 60°

(c)45° (d)75°
Ans. (c)

Q.2. Ataningtant,thelength of theshadow of apole
isV3timestheheight of thepolethen, theangle
of elevation of thesunis:

(8)30° (b) 60°
(c)45° (d) 75°
Ans. (a)

Q.3. Aladder 10minlength touchesawall at height
of 5m. Theanglemadeby theladder with the

horizontal is:
(8 30° (b) 90°
(c)45° (d) 75°

Ans. (a)



188 | Lifeskills' Complete NCERT Solutions Class-X Mathematics

Q.4. Ifthelength of theshadow of apoleisequal to
theheight of pole, then theelevation of sunis:

@0 (b) 60°
(c)45° (d)75°
Ans. (c)

Q.5. A pole6m high castsashadow 2V3m longon
theground, thethesun'selevationis:

(8)30° (b) 60°
(c)45° (d)75°
Ans. (b)

Q.6. Iftwotowersof height h, and h, subtendsangle
of 60° and 30° respectively at themid-point of
thelinejoiningtheir feet, thenh, : h,is:

@ 3:1 (b)V3:1
(b)1:V3 (d)1:3
Ans. ()

Q.7. Theheight of atower is50 m.Whenthesun's
altitudechangefrom 30° to 45°, the shadow of
thetower becomesx metresless. Thevalue of

Xis:
(@50m__ (b)50v3m
(c)50(\3-1)m (d)50/\3m

Ans. (c)

Q.8. A polesubtendsan angleof 30° at apoint onthe
samelevel asitsfoot. At asecond point h metres
abovethefirg, thedepression of thefoot of the
poleis60°. Theheight of thepoleis:

(@ h/2m (b)3m
(©)h/3m (d) h\3m
Ans. (c)

Q.9. Theangleof elevation of thetop of atower from
apoint ontheground, whichis30m away from
thefoot of thetower is45°. Theheight of the
tower (in metres)is:

@15 (b) 30
(©) 303 (d) 10V3
Ans. (b)

Q.10. The height of a tower is 200m. When the
altitude of the sun is 30°, the length of its

shadowis:

(3) 100V3m (b) 200\3m

(c)300\3m (d) 200m
Ans. (b)



