Chapter 9. Some Applications of Trigonometry

Question-1

From a point 20 m away from the foot of a tower, the angle of elevation ot
the top of the tower is 30°. Find the height of the tower.

Solution:
F.

a0°

Let AB be the height of the tower and C be the point.
Inrt. A ABC,

tan 30° = AB/BC

AB = BC tan 30°

_20 _ 2 A
IRV - S -
=11.56mM

Therefore the height of the tower is 11.56 m.

Question-2

A ladder is placed against a wall such that it just reaches the top of the
wall. The foot of the ladder is 1.5 m away from the wall and the ladder is
inclined at an angle of 60° with the ground. Find the height of the wall.

Solution:
A
a0”
B 1.5m iz
Let AC be the ladder and B be the foot of the wall.
Inrt. & ABC,

tan 60° = AB/BC
AB = BC tan 60°
=1.5.,5m
=2.598 m
Therefore the height of the wall is 2.598 m.



Question-3

An electric pole is 10 m high. A steel wire tied to the top of the pole is
affixed at a point on the ground to keep the pole upright. If the wire makes
an angle of 45° with the horizontal through the foot of the pole, find the
length of the wire.

Solution:
o

10m

45°

=] Lo

Let AB be the height of the electric pole and AC be the length of the wire.
Inrrt. & ABC,
cosec 459 = AC/AB
AC = AB cosec 45°

=102 m

=10x1.414m

=14.14m
Therefore the length of the wire is 14.14 m.

Question-4

A balloon is connected to a meteorological ground station by a cable of
length 215 m inclined at 60° to the horizontal. Determine the height of the
balloon from the ground. Assume that there is no stack in the cable.

Solution:
o
215 m
1 &0”
B o
Let A be the position of the balloon.
Inrt. A ABC,

sin 60° = AB/AC
AB = 215 sin 60°
AB=215x £
=216x =12
=186 m
Therefore the height of the balloon from the ground is 186 m.



Question-5

A bridge across a river makes an angle of 45° with the river bank (fig.). If
the length of the bridge across the river is 150 m, what is the width of the
river?

Solution:
o

1S0m

45"

=] L
Let AB be the width of the river.

Inre. A ABC,
s5inds5% = AB/AC
AB = AC sin45°

_ 1
—150><E

=150x§

=106.05m
Therefore the width of the river is 106.05 m.

Question-6

The angle of elevation of the top of a hill at the foot of a tower is 60° and
the angle of elevation of top of the tower from the foot of the hill is 30°. If
the tower is 50 m high, what is the height of the hill ?

Solution:

307

B xm

Let h be the height of the hill and x m be the distance between the foot of
the hill and foot of the tower.



Inrt. A ABC,

cot 60° = =
x=hcotb0%............... (1)
Inrt. A DBC,

cot 30° = =
x=560cot30°............... (1)

Equating (i) and (ii)
h cot 607 = 50 cot 30°
h = 50 cot 30° / cot 60°

B
h=50x T=50x3=150m

r3

Therefore the height of the hill is 150 m.

Question-7

There is a small island in the middle of a 100 m wide river and a tall tree
stands on the island. P and Q are points directly opposite each other on the
two banks, and in line with the tree. If the angles of elevation of the top of
the tree from P and Q are respectively 30° and 45°, find the height of the
tree.

Solution:
=3
30 <5
P = S (100-=)rm
100 ———————————

Let PQ be the width of the river and RS be the height of the tree on the
island.

Inrt. A PRS,

* = RS cot 30°

x=RS.5

x=SERS ... (i)

Inrt. & RSQ,

SQ = RS cot 45°

(100 — x) = RS

X=100-RS .......ccceeine.. (ii)

Equating (i) and (ii) we have:

RS =100 — RS

273 RS =100

RS =36.63m

Therefore the height of the tree is 36.63 m.



Question-8

A flag-staff stands at the top of a 5 m high tower. From a point on the
ground, the angle of elevation of the top of the flag-staff is 60° and from
the same point, the angle of elevation of the top of the tower is 45°. Find
the height of the flag-staff.

Solution:
Cr
i
Em
o B

Let BC be the height of the tower and DC be the height of the flag-staff.
Inrt. & ABC,
AB = BC cot 45°

Inrt. A ABD,

AB = BD cot 60°

AB=(5+CD) oo (i)

Equating (i) and (ii)

(5+CD) =5

(5+CD)=54
CD=545-5=5(1.732-1)=5x0.732 = 3.66 m
Therefore the height of the flag-staff is 3.66 m

Question-9

A vertical tower stands on a horizontal plane and is surmounted by a flag-
staff of height 7 m. From a point on the plane, the angle of elevation of the
bottom of the flag-staff is 30° and that of the top of the flag-staff is 45°.
Find the height of the tower.

Solution:

7m

o
A B

Let BC be the height of the tower and DC be the height of the flag-staff.




Inrt. A ABC,

AB = BC cot 30°

AB=BC.E ... (i)
Inrt. & ABD,

AB = BD cot 45°

AB = (BC + CD) cot 45°
AB=(BC+T7) ... (ii)
Equating (i) and (ii)
(BC+7)=BC.=

BC(.5-1)=7

BC =7/0.73=9.58m

Therefore the height of the tower is 9.58 m.

Question-10
Determine the height of a mountain if the elevation of its top at an
unknown distance from the base is 25° 10" and at a distance of 5 km

further off from the mountain, along the same line, the angle of elevation is
15°20. Give the answer in km correct to 2 decimals.

Solution:

In the figure, A is the mountain top. C and D are points of observation.
In rt. & ABC, tan 25° 10" = 2B

B

BC tan 25°10" = AB

15= Z20
=] 5 km =] B

ap
- = —
tanzs 10

BC =

In re. & ABD. tan 15° 20" = 2B

In rt. A ABD, tan 15° 20' = %

tan 15°20' = _*2_ [BD = BC + 5|

BCZ+5

0.2742 = A5

BCZ+5

Substituting BC = 25

04699

AE
Asxz.3a95 = 0.2742

0.45699

0.4699 AB = 0.2742(AB + 2.3495)
0.4699 AB - 0.2742 AB = 0.644
0.1957 AB = 0.644

AB = 284 - 399 km

0.1957
~ The height of a mountain is 3.29 km.



Question-11

The angle of elevation of a cliff from a fixed point A is 8. After going up a
distance of k metres towards the top of the cliff at an angle «, it is found
that the angle of elevation is a. Show that the height of the cliff in metre is

Elcosg — sing cota)
cotg® — cots -

Solution:
In rt. & FED,

FE = km

=0
FE

~ ED=FE sing =k sing

Again, cos @ = 2

sing =

~FD=FEcos@=kcosf ........ccocceeeet. (1)
Inrt. AAFC, 7=~ =cot®
FC=ACCOLQ oo (2)
FC-FD=DC
But, DC = EB
~EB=FC-FD

Thus,EB=ACcotB8-kcosf (from(1) and (2))
Now, AB = AC - BC

But, BC=ED =ksing

~AB=AC-ksing

. _ EB
Inrt. A AEB, cota = 25

cotg — ACcotd - kcos
AC -k sing

ACcotB-kcos @ =ACcota-ksin@cota
ACcot8-ACcosa=kcos@-ksingcota
AC (cotB8-cota)=kcos¢-ksin @ cota

_ #f{cosg —sing cote)
'AC - cobg — cote
Hence proved the height of the cliff in metres is X{cos¢ —sing cota)
cote — cota
Question-12

The length of a string between a kite and a point on the roof of the building
10 m high is 180 m. If the string makes an angle 8 with the level ground
such that tan 8 = 4/3 how high is the kite from the ground ?

Solution:



120m

eo
[+ s} L

In&KPH.¢KPR=B.KF’=180mandtane=%

ite sid . e cid
tan 8 = 2= 2BROSHE SIY8  _, Hypotenuse = Ji2.32=5=sin0= opposite side

3 adjacent side hypotenuse
:iﬁ'Sine:E:i;\-ﬂzi,-_ KR = 4x18|3:-|44m
5 KPP 5 180 5 5

In rectangle PQLR, PQ = RL = 10 m (Opposite sides of a rectangle) . KL =
KR+RBL=(144+10) m

=154 m
-~ The height of the kite from the ground is 154 m.

Question-13

If the angle of elevation of a cloud from a point h metres above a lake is a
and the angle of depression of its reflection in the lake is g, prove that the

H - Aitancu+ tan B
height of the cloud is . 0 .

Solution:

o

f

T 0

o

Let AB be the surface of the lake and let P be the point of the observation
such that AP = h metres. Let C be the position of the cloud and C’ be its
reflection in the lake.

Then, CB = C'B. Let PIM be perpendicular from P on CB. Then » CPM = a and
s WIPC" = B. Let CM = x.

ThenCB=CM+MB=CM+ MB =CM + PA = x + h.

In & CPM, we have

tan o = CMM /PM = tan a = x/AB [Since PM = AB] = AB = x cotd ———-- (i)

In A PMC', we have

tan B = C'M /PM = tan B = x+2h/AB [Since C'M = C'B+ BM =x+ h + h] = AB
=(x+2h)cot B —————- —(iii)

From (i) and (ii),

xcota=(x+2h)cotBx(cota-cotB)=2hcotp =x(1/tana-1/tan3) =

2h /tan B = X = gmenen®_ - The height of the cloud = x + h = a2 =t® -+ h

— Altana+ tan £
(tarnf -tanch ~

—tana)



Question-14

An aeroplane flying horizontally at height of 2500+/3 mts above that
ground; is observed to be at angle of elevation 60° from the ground. After a
flight of 25 seconds the angle of elevation is 30° . Find the speed of the
plane in m/sec.

Solution:
P Q

\

25003 mts

=10

=0
C W om B ® m 2,

Let P and Q be the two positions of the aeroplane.
QB = 25003 mts
Let the speed of the aeroplane be s m/sec.

tan 60° = 2500./3
b

_ 2505«.-5: 45 X = 2500./3 _ 2500 m

NE)

tan Soe-: EEDD"JE I 2500@: % =)}{+y=2500@ x '\E

Bt BoE
= 2500 x 3
= 7500 - y = 7500 — 2500
= 5000 m

To travel 5000 m the aeroplane takes 25 seconds. - The speed of the plane
= 227 = 200 m/sec.

Question-15

In the figure below, some dimensions of a hut have been marked. Find the
other dimensions (marked ?) of the hut correctly up to one place of

decimal.
Solution:
P
3 o
. o i E

3 o135

7 B2 z T

A =] ]
Inrt, APQR, 2P = 90°
sPQR = 20°

o _OR

sec 20° = )
1.0642 = &

QR =1.0642 =3 =3.1926
QR = ST = 3.2 units



Inrt. A ACD, 2CAD = 42° €'
cot42°6' = %

1.1067 = A2
- AD = 1.5 x 1.1067 = 1.66 units

Question-16

A ladder rests against a wall at an angle o to the horizontal. When its foot
is pulled away from the wall through a distance a, it slides a distance b
down the wall and makes an angle B with the horizontal. Show that a/b =
(cosa - cos )/(sina - sing ).

Solution:
E
b
)
[ [’
A a B =
Let the length of the ladder be | units.
In rt.& ACD,

H — DC _ DT —_a+bZ _a+BC H
sin 3 = -5 -7 -Cos B = R EEET TR (i)
Inrt.s EBC,
sina=b5+0bc _b+DC "pogg=BE =B .. .. (ii)

BE | BE |
From (i) and (ii)
E_ a+BC
_ Coso-cosp _ | | _BC-a-BC _ -3 _a_
R.H.S sinp-sine DC _b+DC pDC-b-DC -b b LHS.

Question-17

The line joining the top of a hill to the foot of the hill makes an angle of
30° with the horizontal through the foot of the hill. There is one temple at
the top of the hill and a guest house half way from the foot to the hill . The
top of the temple and the top of the guesthouse both make an elevation of
32° at the foot of the hill. If the guesthouse is 1 km away from the foot of
the hill along the hill, find the heights of the guest house and the temple.

Solution:
In the figure, GB is the hill. AG is the temple. EF is guesthouse. C is foot of
the hill.
To find EF and AG.
CE=1kmor 1000 m

D = Ccos 207

Im 1rt. aceo, ==

e ]
e = 372

CD = 1000~/3/2 = 866 m

DE _ .- a
= = Sin 30

DE _ 1

10 2



527
C e

O B

DE = 5 x1000 = 500 m

In rt. ACFD,

DF o

rols] =tani3z

DF

TEE =0.6249

\DF =0.6249 x 866 = 541.16 M
DE = 500 m.

\EF =541.16-500=41.16 m
Since E is midpoint of CG. (given halfway)

~ CG=2000m.
% = zin30"

BS =i

2000 2
"BG =1000m
In t. A CBG,

S8 =cos 30°
CB =13
2000 2
~CB=1732m

In A CDF and A CBA,
+«CDF = .CBA = 90°
< DCF = « BCA (common)

-~ A CDF ~ A CBA
D _DF

"CB AB
866 54116

1731 AB

541.16=1732
— ARz TS
266

~ AB=1082.32m
\VAG =1082.32-1000=82.32m
-~ The height of guest house is 41 m and the height of temple is 82 m

Question-18

A man standing 'a’ metres behind and opposite the middle of a football goal
observes that the angle of elevation of the nearer cross-bar is a and that of



the further crossbar is B. Show that the length of the field is, a(tana cotp +
1).

Question-18

A man standing 'a’ metres behind and opposite the middle of a football goal
observes that the angle of elevation of the nearer cross-bar is a and that of
the further crossbar is B. Show that the length of the field is, a(tana cotp +

1).

Solution:
B [}

o R
& am Oi{l-aim C

Let AB and CD be the cross bars of the football goal.

Let O be a point, 'a’ metres behind and opposite the middle of the football
goal.

Let 'I' metres be the length of the field.

Let AB = CD = p m since AB and CD are the cross bars of the football goal.
In rt.ABAO,

2B —tana=tanaa= _F
8] tano
In rt.ADCO,
CD _ _ = _P
a—tanﬁ—tanﬁl a= orE
Length of the field = AO + OC
=a+(l-a)
- P 4P

tano tanp
By replacing p = a tan a we get,

atano
_ atanm_+

tane  tanp
atano
tan
_ aitanp + tane)
tanp
a(l +tanacotp)m

:E_+

Question-19

The angle of elevation of the top of a tower from a point A due south of the
tower is a and from B due east of the tower is B.

If AB = d, show that the height of the tower is m .



Solution:
e}

P _,}hﬂ

\“‘i‘:i;’

Let OP be the tower and let A and B be two points due south and east
respectively of the tower such that ~0OAP = a and ~0OBP = 3. Let OP = h.

In AOQAP, we have
h

‘[al"l o = ﬁ

OA=hcota ................ (n
In AOBP, we have

tan B = Ao

OB=hcotp .................. (ii)

Since OAB is a right angled triangle. Therefore,
AB? = 0AZ + OB?
d? = h? cot?a + h? cot? B

d

h = eyt [Using (i) and (iD)].

Question-20

A tower subtends an angle a at a point A in the place of its base and the
angle of depression of the foot of the tower at a point b ft. just above A is
B- Prove that the height of the tower is b tana cotp.

Solution:
Let x be the distance of the point A

from the foot of the tower and h be
the height of the tower.

In A APQ, a
h=xtana...... (i) e Rh'h
In A PRB . - )
b=xtanp ...... (i) P d

From (i) and (i),

h = b.tana /tanp = b.tana cotp
Therefore the height of the tower is
b tana cotp.



