Heights and Distances

Exercise 22 A

Question 1.
The height of a tree is v3 times the length of its shadow. Find the angle of elevation of

the sun.

Solution:

Let the length of the shadow of the tree be x m.
.. Heightofthetree= ,f3 xm
If 8isthe angle of elevation of the sun, then
\6 x o
tan & = = -,E = tan &0
X
5= 60

Question 2.
The angle of elevation of the top of a tower from a point on the ground and at a distance
of 160 m from its foot, is found to be 60°. Find the height of the tower.

Solution:

&0

160 m



Let the height of the tower be hm.
Given that angle of elevation is 607

h
tan 60°% = ——
an 160
G-

160

h=160J3 = 277.12 m
So, height of the tower is 277.12 m.

Question 3.

A ladder is placed along a wall such that its upper end is resting against a vertical wall.
The foot of the ladder is 2.4 m from the wall and the ladder is making an angle of

68° with the ground. Find the height, upto which the ladder reaches.

Solution:

68°

2.4m
Let the height upto which the ladder reaches be h m.
Given that angle of elevation is 68°

tan 689 = l
>4

~ 2475
' 2.4

h=2475x2.4=594m
%o, the ladder reaches upto a height of 5.94 m.

Question 4.
Two persons are standing on the opposite sides of a tower. They observe the angles of

elevation of the top of the tower to be 30° and 38° respectively. Find the distance
between them, if the height of the tower is 50 m.



Solution:

I50m
3g° 30°
B v Q x A
Let one person A be at a distance x and the second person B be at a distance of v from the foot of the tower.
Given that angle of elevation of Ais 30°

tar‘|3[]':'=E
%

-, 1 _=0
NE] %

% = 50,3 = 8660 m

The angle of elevation of B is 38°

tan 38" = =0

Y

= 07815 = =0

Y
W o 54 m
S0, distance between A and Bis x +v = 1506 m

Question 5.

A kite is attached to a string. Find the length of the string, when the height of the kite is
60 m and the string makes an angle 30° with the ground.

Solution:
Kite
0%

B0 m
30°

Let the length of the rope be xm.
Mow,



®» o= 120 m

5o, the length of the rope is 120m.

Question 6.
A boy, 1.6 mtall, is 20 m away from a tower and observes the angle of elevation of the
top of the tower to be (i) 45°, (ii) 60°. Find the height of the tower in each case.

Solution:

Let the height of the tower be h m.

[ijHere g = 450"
h-1.6
tan 45”7 =
an =0
bh-1.6
— 1=
20
h=21.& m
So, height of the toweris 21.6 m.
[ii)Here g = &0O°
h-1.6
tan 60 =
an =5
b-1.6
— o=
f 20

h=20x 1732+ 1.6 = 36.24 m

So, height of the tower is 346.24 m.

Question 7.

The upper part of a tree, broken over by the wind, makes an angle of 45° with the ground
and the distance from the root to the point where the top of the tree touches the ground
is 15 m. What was the height of the tree before it was broken?



Solution:

Let the height of the tree after breaking be hm.

Here g = 45"

h

tan 45”7 = —

an 1S

h

= 1=—
15
h=15m

15
Mow, length of the tree broken by the wind = _—450 -15f2-21.21m
=N

So, height of the tree before it was broken is (15 +21.21) m=36.21 m.

Question 8.

The angle of elevation of the top of an unfinished tower at a point distance 80 m from
its base is 30°. How much higher must the tower be raised so that its angle of elevation
at the same point may be 60°?

Solution:
-
B
30°
P 80 m A

Let AR be the unfinished tower and C be the top of the tower when finished. Let P be a point 80 m from the foot A.
In A BAPR,

tan 30° = AB
AP
1 AR
= ==
5 80
= AR = @ =45.19m
N
In & CAPR
tana0" = AL
AP

AT
= \E=%

=  AC = 8043=138.56m
Therefore, the tower must be raised by (138.56 - 456.1%)m = 9237 m



Question 9.

At a particular time, when the sun’s altitude is 30°, the length of the shadow of a vertical
tower is 45 m. Calculate

(i) the length of the tower.

(ii) the length of the shadow of the same tower, when the sun’s altitude is

(a) 45° (b) 60°

Solution:

Let the length of the tower be hm.
(i} Here g = 30
0 g
tan 307 = 75
i h
5 45
= h=2592m

Hence the length of the tower is 25.98 m.
[ii) Let the length of the shadow be xm.

(a) Here, g = 450

=

25,98
"

tan 459 =

| 2298

 x

= ¥ o= 25,98 m

Hence the length of the shadow is 25.98 m
(b} Here, g - g0P

= 1

25,92
"

tan &60° =

L 5.5
x

£5.98
¥ = =

NE

Hence the length of the shadow is 15 m.

= 15m

Question 10.

Two vertical poles are on either side of a road. A 30 m long ladder is placed between the
two poles. When the ladder rests against one pole, it makes angle 32°24' with the pole
and when it is turned to rest against another pole, it makes angle 32°24' with the road.
Calculate the width of the road.



Solution:

Let AB be the ladder and »~ ABP = 32°24
BF .
— = sin32 24"
AB
= BF = 30x0.536 = 16,02
When rotated, let the ladder be AC and .~ CAQ = 32°24",
BQ ] 1
—~ = cos32724
BC

= B = 30x0.844 = 25,32
Hence, width of theroad = (16,08 + 25.32) =414 m

Question 11.

Two climbers are at points A and B on a vertical cliff face. To an observer C, 40m from
the foot of the cliff, on the level ground, A is at an elevation of 48° and B of 57°. What is
the distance between the climbers?

Solution:

Let P be the foot of the cliff on level ground.
Then, »~ ACP=48%and .~ BCP =577

EP _ tans70

P
= BF = 40x1.539=61.57 m
Also, g= tan 48"

= AP= 40¢ 1.110= 44.4m
Hence, distance between the climbers = AB=BP-AP=17.17m



Question 12.

A man stands 9 m away from a flag-pole. He observes that angle of elevation of the top
of the pole is 28° and the angle of depression of the bottom of the pole is 13°. Calculate
the height of the pole.

Solution:
P
28°
A R
13°
13
B _______________ I!: _____ Q
Let AB be the man and PQ be the flag-pole.
Given, AR =2 m.
Also, »~ PAR=28%and ~ QAR =137
PR tan 2a-
AR

= PR = 9x 0,532 =4.788 m

RO
Also, = - tan13°
o mp T H

= R)= 9x 0.231= 2.079m
Hence, height of the pole = PR+ RO = 48567 m

Question 13.
From the top of a cliff 92 m high, the angle of depression of a buoy is 20°. Calculate, to
the nearest metre, the distance of the buoy from the foot of the cliff.

Solution:

92m

Let AR be the cliff and C be the buoy.
Given, AB =92 m,
Also, »~ ACB =207



AB _ a0
BC
-
0.3640

Hence, the buoy is at a distance of 253 m from the foot of the cliff,

= = 252.7m = 253m

Exercise 22 B

Question 1.

In the figure, given below, it is given that AB is perpendicular to BD and is of length X metres. DC=30m, ~ ADB=30%and 2~ ACB =
45°. Without using tables, find X.

30° 45°
D 30m C B
Solution:
300 A45° ]
D 30m C B
In AABC,
AB &
£ = tan45® = 1
= BC=AB=X
In AABD,
AB _ tan30°
BD
X 1
= T el
30+ X 3
=  30={L3- 1)><
-0 40.98m
173204
Question 2.

Find the height of a tree when it is found that on walking away from it 20 m, in a
horizontal line through its base, the elevation of its top changes from 60° to 30°.



Solution:

Let AB be the tree of height b m.
Let the two points be C and D such that CD = 20 m, .~ ADB = 30°and o~ ACB = &0°
In ARBC,

AR
=E _tanen? = 3
BC V3
= pc-fB_N
NERNE
In A8BD,
AR g
E_EHBD
_ h 1
20+BC 3
h
=  Fh=20+—
J3
he 2~ Y y73om
J__i 1,154
J3

Hence, height of the treeis 17.32 m.

Question 3.
Find the height of a building, when it is found that on walking towards it 40 min a
horizontal line through its base the angular elevation of its top changes from 30° to 45°.



Solution:

30° 457 m
D a4om C B

Let AR be the building of height h m.
Let the two points be C and D such that CD =40 m, .~ ADB =30°and .~ ACB = 45°
In ARBC,

BB anase Z1
BC

= BC=h
In AABD,
E=tar'|3[]':'
BD
h 1
— -
40+ h ﬁ
= J3h = 40+ h
40 40
= - - 54.64m
-1 0732

Hence, height of the building is 54.64 m.

Question 4.

From the top of a light house 100 m high, the angles of depression of two ships are
observed as 48° and 36° respectively. Find the distance between the two ships(in the
nearest metre) if:

(i) the ships are on the same side of the light house.

(ii) the ships are on the opposite sides of the light house.



Solution:

36° @ 48°

Let AB be the lighthouse.
et the two ships be C and D such that 2~ ADB =36%and ~ ACB =48°

In AABC,
AB = tan48°
BC
=~ Bo= 199 _g004m
1.1106
In AABD,
AB _ tan 36°
BD
N o 1000 _gmsied m
0.7265

(i) If the ships are on the same side of the light house,
then distance between the two ships=BD-BC=48m

(ii) If the ships are on the opposite sides of the light house,
then distance between the two ships=BD +BC=228m

Question 5.

Two pillars of equal heights stand on either side of a roadway, which is 150 m wide. At a
point in the roadway between the pillars the elevations of the tops of the pillars are
60° and 30°; find the height of the pillars and the position of the point.



Solution:

B (]
P
Let AB and CD be the two towers of height h m.
Let P be a point in the roadway BD such that BD = 150 m, »~ APB = 607 and .~ CPD = 307
In &8BF,

aB _ tan &0°
BF
=~ Bp-_nN__N
tan&0” 3
In ACDP,
% = tan 30"

= PD=43h
Mow, 150=BP + PD

h
=  150=+Gh+ =
3
" 15[:11 _ 150 caoepy
e L 2309

I3

Hence, height of the pillars is 44.95 m.

The point is % from the first pillar.

That is the position of the point is % M from the first pillar.

The position of the point is 37.5 m from the first pillar.



Question 6.

From the figure, given below, calculate the length of CD.

A
20
D (3
47°
c 15m
Solution:
A
D 4E
47°
c 15m
In AAED,
AE o
OoE = tan22
= AE =DEtan22° = 15x0.404=6.06 m
In AABC,
AB o
BC = tan 47

= AB = BC tan47° = 15 x 1.072= 16.09m
CD =BE = AB - AE=10.03 m

Question 7.

The angle of elevation of the top of a tower is observed to be 60°. At a point, 30 m
vertically above the first point of observation, the elevation is found to be 45°. Find:
(i) the height of the tower,

(i) its horizontal distance from the points of observation.



Solution:

30 m

Let AB be the tower of height h m.
Let the two points be C and D such that CD =30 m, .~ ADE =45%and .~ ACB = 60°
In ARDE,

AE

E=tar—|450
=  AE=DE
In A8BC,
AB 0
— = tan60° -
BC 3
=  AE+30= 43 BC
= BC+30=43BC [- AE = DE = BC]
8- 22 - Y _4098m
-1 0732

AB = 30+ 40,928 = 70.98m

Hence, height of the tower is 70.98 m
(ii)
The horizontal distance from the points of observation is BC = 40.98 m

Question 8.
From the top of a cliff, 60 metres high, the angles of depression of the top and bottom

of a tower are observed to be 30° and 60°. Find the height of the tower.



Solution:

~—60m

Let AB be the cliff and CD be the tower.
Here AB=60m, 2~ ADE =30°and ~ ACB = 60°

In AABC,
AB
— = tan60” =
BC 3
= BC = £0
J3
In AADE,
AE 5
o = tan 30
= AE = DE tan 30"
60 1
i g ane --DE =BC
F5E [ ]
=20m
CD = EB = AB - AE= {(60-20) = 40m

Hence, height of the tower is 40 m.

Question 9.

A man on a cliff observes a boat, at an angle of depression 30°, which is sailing towards
the shore to the point immediately beneath him. Three minutes later, the angle of
depression of the boat is found to be 60°. Assuming that the boat sails at a uniform
speed, determine:

(i) how much more time it will take to reach the shore.

(ii) the speed of the boat in metre per second, if the height of the cliff is 500 m.



Solution:

307 [—
D 3xm—fctxm——>

Let AR be the cliff and C and D be the twao positions of the boat such that .~ ADE = 30% and .~ ACE = 60°
Let speed of the boat be x metre per minute and let the boat reach the shore after t minutes more.
Therefore, CD =3xm ;BC=tum

In AABC,
AB
= = tane0” =3
BC V3
h
i _— =
==
In 4508,
2B _ tan300
OB
g 1
= -
Sx+tx 3
R
3+t 3
= Jt=3+t
t _3. 1.5 minute
2
Alzo, if b =500m, then
500
1.5x
= W o= ﬂ = 192,455 mefre per minute
1.5x1.732

=321 m/sec

Hence, the boat takes an extra 1.5 minutes to reach the shore.
And, if the height of cliff is 500 m, the speed of the boat is 3.21 misec

Question 10.

A man in a boat rowing away from a lighthouse 150 m high, takes 2 minutes to change
the angle of elevation of the top of the lighthouse from 60° to 45°. Find the speed of the
boat.



Solution:

A
150 m
45° o°
D«é—— meﬁ-c .

Let AB be the lighthouse and C and D be the two positions of the boat such that AB = 150 m, .~ ADB =45 and ~ ACE = 407
Let speed of the boat be x metre per minute.
Therefore, CD = 2xm;

In A480B,
AR o
OB = tan 45

= BD = 150 m

In AABC,
AB
T —tanel® =3
BC J_
150

= i
BC "B

= BC=@=E=86.605m

J§ 1.732

CD=BD - BC

= 150- 86,605 = 63,395 m
= 2w = 63,395

= ¥ o= 63395 =31.6975 m/min
= %m/’sec=0.53 m /fsec

Hence, the speed of the boat is 0.53 m/isec

Question 11.

A person standing on the bank of a river observes that the angle of elevation of the top
of a tree standing on the opposite bank is 60°. When he moves 40 m away from the
bank, he finds the angle of elevation to be 30°. Find:

(i) the height of the tree, correct to 2 decimal places,
(i) the width of the river.



Solution:

30° &0°
D a0m C B
Let AB be the tree of height 'h' m and BC be the width of the river. Let D be the point on the opposite bank of tree such that CD = 40 m. Here ~

ADE =30%and »~ ACBE=60°
Let speed of the boat be x metre per minute.

In AABC,
AB
T — tanél® =43
BC J_
h

= -
BC \E

= h=BCS

In AADE,
E=tan30°
BO

-~ _h _ 1
A0+BC 53

L BeE 1
A0+BC 3

= 3 BC = 40+ BC

= BC =20m

i b= 20x 1.732 =34.64 m
Hence, height of the tree is 34.64 m and width of the river is 20 m.

Question 12.

The horizontal distance between two towers is 75 m and the angular depression of the
top of the first tower as seen from the top of the second, which is 160 m high, is 45°.
Find the height of the first tower.

Solution:

160 m—

Let AB and CD be the two towers

The height of the first tower is AB=160m

The horizontal distance between the two towers is
BD=75m



And the angle of depression of the first tower as seen from the top of the second tower is .~ ACE = 45°,

In AACE,
AE

E=t.5m45° =1
= AE = EC=BD =75m
CD = EB = AB - AE= {160-75)=85m

Hence, height of the other tower is 85 m

Question 13.

The length of the shadow of a tower standing on level plane is found to be 2y metres
longer when the sun’s altitude is 30° than when it was 45°. Prove that the height of the
tower is y(v3 + 1) metres.

Solution:

c 2y D B

Let AR be the tower and C and D are two points such that CD = 2ym, .~ ADB =45%and .~ ACE = 30°
In &880,

AB o
g = Bn4s” =1
= h = BD
In A8BC,
AB o
ﬁ-taHBD
., h_1
BC .3
=  BC=.3h
= CD + h = +3h
= 2y=[ﬁ—1)h
_ =2y[f+1)=v[«f§+1}m
BBy

Hence, height of the tower is v [ql'g + 1) m.



Question 14.

An aeroplane flying horizontally 1 km above the ground and going away from the
observer is observed at an elevation of 60°. After 10 seconds, its elevation is observed
to be 30°; find the uniform speed of the aeroplane in km per hour.

Solution:

1000 m 1000 m

Z0° 30°

B C 10x m E

Let A be the aeroplane and B be the observer on the ground. The vertical height will be AC = 1 km = 1000 m. After 10 seconds, let the aeroplane be
at point D.
Let the speed of the aeroplane be x m/sec.

. CE=10x
In ARBC,

AC _ tanso?

BC

1000
= fnlinkintiniy

BC &
~ Bo-i9W0
Nc

In ABDE,

DE _ tan30"

BE
=  BE = 10003
: CE = BE - BC
=  10x = 100043 - 1000

N
1
= %x=100| 43 - = |=100% 1.154
5 &)
= 1154 m/sec

115.4% 1—58km/hr - 415.67 km/hr

Hence, speed of the asroplane is 415.67 km/hr.

Question 15.
From the top of a hill, the angles of depression of two consecutive kilometer stones, due

east, are found to be 30° and 45°rrespectively. Find the distances of the two stones from
the foot of the hill.



Solution:

30° 45°
C 1km D B

Let AB be the hill of height 'h' km and C and D be the two consecutive stones such that CD = 1 km, »~ ACE =30%and ~ ADB = 45°.
In A8B0,

— = tan 45" =
BD
= BD =h
In AABG,
2B _ tan 300
BC
o1
= =
BC B
h 1
= = —
b+l =
ot =\G+1=2.?32=1.366km
N 2 2

BD = 1.366 km

L BC=BD+ DC=1366 + 1= 2.366km
Hence, the two stones are at a distance of 1.364 km and 2.366 km from the foot of the hill.



Exercise 22 C

Question 1.

Find AD:
(i)

32

5m

(ii)

20m

Solution:
() In AAEB,

aE_ tan 327

BE
= AE = 20x 0.6249 = 12,50 m

. AD=AE+ED=1250+5=17.50m
(i)  InaABC,

ZACD = ZABC+ £BAC

and ZABC= ZBAC (- AC=BC)

]
ZERBC= ZBAC = 4’% = 24"

Mo,

Al )

= _ zip 24"
AR

= AD = 30x0.4067 = 12,20 m




Question 2.

In the following diagram, AB is a floor-board; PQRS is a cubical box with each edge = 1 m and ~ B = 60°. Calculate the length of the
board AB.

A
P _'Q
/é
B S R
Solution:
A
P IQ
60°
B S R
In APSB,
PS : 0
B = sinel
2
= PB= —=1.155m
B
In AAPQ,
ZAPQ = 60°
Pl oos 607
AP
|

AB =AP + PB =2+ 1.155=3.155m



Question 3.

Calculate BC.
A
A
42°
20m
35°
[ V
B o D
Solution:
A
A
42°
20m
35°
(1
B C D
In AADC,
D tan 42°
AD
= CD = 20x 0.9004 = 18.008m
In AADB,
AD 0
B0 - tan 35
= AR = =28.563 m

D - -
tan 35° 0.7002
BC=BD-CD =10.55m



Question 4.
Calculate AB.

a?

Solution:

A o 8
In AAMOB
A0

cos30° = —
MO

= A0 =5.20m

INABNO
sin47° = o8,
NO

= 0.73 = a5,
5

= 0B =3.65m

AB = 0A +0B
= AB = 5.20 + 3.65
= AB = 8.85m

Question 5.
The radius of a circle is given as 15 cm and chord AB subtends an angle of 131° at the



centre C of the circle. Using trigonometry, calculate:
(i) the length of AB;
(i) the distance of AB from the centre C.

Solution:

4D

Given,CA=CB=15cm, LACB=131°
Drop a perpendicular CP from centre C to the chord AB.
Then CP bisects 2/ ACB as well as chord AB.

ZACP = 65.5°
In AACP,
? = S|n(65 50)
=% AP =15x0.91= 13.65 cm
(i) AB=2AP = 2x13.65=27.30cm.

(i) P = AP cos(65.57)
= 15x0.415= 6.22 cm,

Question 6.

At a point on level ground, the angle of elevation of a vertical tower is found to be such
that its tangent is 5/12. On walking 192 metres towards the tower, the tangent of the
angle is found to be 3/4. Find the height of the tower.



Solution:

(3] o ]
C 192 m D B
Let AB be the vertical tower and C and D be two points such that CD = 192 m. Let #ACBE=98 and ~ADB = .
Siven, tan &= i
~ AB_-
BC 12
5 .
= AB = —_BC - - {I]
iz

Alzo, tano = 3
4

- AB_3
BD 4
5
2 BC
-~ 12 "~ _3
BD 4
— 192+BD _3 12
BD 4 5

= BD-240m
BC = {192+ 240) - 432m

By (i), AB - %x«ﬁz: 180 m

Hence, the height of the tower is 180 m.

Question 7.
A vertical tower stands on a horizontal plane and is surmounted by a vertical flagstaff of height h metre. At a point on the plane, the
angle of elevation of the bottom of the flagstaff is = and at the top of the flagstaff is . Prove that the height of the tower is
htana
tanf - tano



Solution:

[+ 8
C B

Let AR be the tower of height x metre, surmounted by a vertical flagstaff AD. Let C be a point on the plane such that ZACE = o, ZDCB = and
AD = h.
In AABC,

E—tana
BC

= BC=-_— -——())
tano

In ADBC,
% =tan @
_*

= BD = [
tan o

]tams [From {i}]

fh+x) tano =x tanp

U

= xtanp-xtano=htana
htano
tanp - tanco

b tan o

Hence, height of the tower is ————
tanp - tan o

Question 8.

With reference to the given figure, a man stands on the ground at point A, which is on
the same horizontal plane as B, the foot of the vertical pole BC. The height of the pole is
10 m. The man’s eye s 2 m above the ground. He observes the angle of elevation of C,
the top of the pole, as x°, where tan x° = 2/5. Calculate:

(i) the distance AB in metres;
(i) angle of elevation of the top of the pole when he is standing 15 metres from the
pole. Give your answer to the nearest degree.



Solution:

D XD’
2Zm T
A A

Let AD be the height of the man, AD = 2 m.

0

CE - (10-2)=8m

In ACED,
EE _tanx®- 2
DE 5

SN — DE-20m
DE S
Here AB=0DE.
L AB=20m

(i) Let A'D' be the new posiion ofthe
man andé be theangle of elevaton
of the top of the tower,
So, D'E=15m
In ACED,
tane- = - 2 _ 0533

O'E 15
= g = 28"
Question 9.

The angles of elevation of the top of a tower from two points on the ground at
distances a and b metres from the base of the tower and in the same line are
complementary. Prove that the height of the tower is vab metre.

—10'm




Solution:

* [

D C b metre B

4 metres

Let AR be the tower of height h metres,
Let C and D be two points on the level ground such that BC = b metres, BD = ametres, £ACB = o and £ADB = f.

Given, o+ B = 907
In AABC,

E—tar‘lu
BC

= E=tanu ---{i)

In AABD,

2B _ tanp
BD

- tan{90° - o) = cot o - - i)

a
Multiplying (i) by (i), we get,

by b

FE)-
= h?-éb

h = fab metre
Hence, height of the tower isEb metre

Question 10.

From a window A, 10 m above the ground the angle of elevation of the top C of a tower is x°, where tan x° = g and the angle of

depression of the foot D of the tower is y°, where tan y° = % . Calculate the height CD of the tower in metres.

o
¥ 1
A
7 E
B D




Solution:

c
A
A
Tad E
B D

Here, ABE = DE = 10 m

In AADE,

% =fany = l

AE 4
= AE = 40E =4x 10=40m
InAREC,

E = fan x = E

AF 2

= CE=4ng=1DDm

ChO=DE+EC= [1D+ lDD} =110m
Hence, height of the tower CD is 110 m.

Question 11.

A vertical tower is 20 m high. A man standing at some distance from the tower knows
that the cosine of the angle of elevation of the top of the tower is 0.53. How far is he
standing from the foot of the tower?



Solution:

20 m

C =
Let AB be the tower of height 20 m.
Let & be the angle of elevation of the top of the tower from point C.

Given, cost = 0,53

= 6 = 58"
In AABC,
AB _ tan 58"
B
= E =1.6
BC
20

EC=_—=125m
1.6

Question 12.

A man standing on the bank of a river observes that the angle of elevation of a tree on
the opposite bank is 60°. When he moves 50 m away from the bank, he finds the angle
of elevation to be 30°. Calculate:

(i) the width of the river;
(ii) the height of the tree.



Solution:

D som C A

Let AB be the tree and AC be the width of the river. Let D be a point such that CD = 50 m. Given that ~/BCA = 60° and ZBDA = 30°,
In ABAD,
BA,

_ ]
E_t.5|r13l3
A0 .
=  BA=-Z= -
=
InABAC,
BA _ taneon
AC
=  BA=ACY3 ---i))
From (i) and (i}, weget
AD
— = ACY3
“l% '\f_
=  [50+AC)=3AC
. AC=25m
Thus, width of the riveris 25 m,
From (i),

BA=25x1732=433m
Hence, heightof the tres is 43.3 m,

Question 13.

A 20 m high vertical pole and a vertical tower are on the same level ground in such a
way that the angle of elevation of the top of the tower, as seen from the foot of the pole
is 60° and the angle of elevation of the top of the pole, as seen from the foot of the
tower is 30°. Find:

(i) the height of the tower ;
(i) the horizontal distance between the pole and the tower.



Solution:

Let AB be the tower and CD be the pole,

Given, C0' =20 m, £ADB =607 and

£CBD = 307
In ABDC,
Lo tan 30
ED
=  BD =203 m
In ADBA,
% - tansl® = .3

= AB=-203x3=60m
Hence,
(i} height of the tower = 60m

(i) horizontal distancebetweenthe pole and tower

=20 % 1.732=34.64 m

Question 14.

A vertical pole and a vertical tower are on the same level ground in such a way that from
the top of the pole, the angle of elevation of the top of the tower is 60° and the angle of

depression of the bottom of the tower is 30°. Find:

(i) the height of the tower, if the height of the pole is 20 m;
(ii) the height of the pole, if the height of the tower is 75 m.

Solution:

30°




E S ’ C
30°
20 m
B D

Let AR be the tower and CD be the pole,
Then ZACE = 60" and ZBCE = 30°

fijIn ABEC,
BE _ tan 30
EC
=0 i
= == _ -
EC 3
= EC=20/2 m
In AREC,
% = tan 607

=  AE=203 x-f3=60m
Height of the tower = AB = AE + EB
- {60+ 20) = 80m
[iijLet heightof the pole bexm.

S Ch=BE==x

In ABEC,
%=tar‘| 30"
EC

= EC=A3x

In &AAEC,
%=tan6DD
Fh-x

= =43

EC \'F

= 75— w=10x

¥ = E= 12.75m

- Height of the pole is 18.75m.



Question 15.

From a point, 36 m above the surface of a lake, the angle of elevation of a bird is
observed to be 30° and the angle of depression of its image in the water of the lake is
observed to be 60°. Find the actual height of the bird above the surface of the lake.

Solution:
B
30= H-‘Hh m
A E
o0=
36 m 36 m

C D

BJ‘

Let A be a point 36 m above the surface of the lake and B be the position of the bird. Let B' be the image of the bird in the water.
Here, AC = DE = 36 m, £BAE = 307 and
ZB'AE = 60",
LetBE=hm
Thern, B'D=BD =36 +h
(~-B'isimage of B about D)
SB'E=B'D+DE=36+36+h=72+h---1{i)
In AABE,
BE _ tanz0n
AE
=  AE=3h -—-{i)
In AAB'E,

B'E

~E- tan 607

72+ h .
?=J§ [from (i}]

=  72+h= {ﬁh)q@ [ from (ii]]
= 72+ h="h
b =236 m
Hence, the actual height of the bird
above the surface of the lake = 36436=72m

Question 16.

A man observes the angle of elevation of the top of a building to be 30°. He walks
towards it in a horizontal line through its base. On covering 60 m, the angle of elevation
changes to 60°. Find the height of the building correct to the nearest metre.



Solution:

60m N X B

Let AB be a building and M and N are the two positions of the man which makes angles of elevation of top of building as 30° and 60° respectively.
MM =60m
let AB=hand NE=xm
Mowe in right AANMB,
tan30°=ﬂ
B
h

&0+ x
i h

==
N3 B0+ x
=60+ x = 3h

=¥ =G -60...01)
Similaraly in right A&NB,

= tan30° =

AB
tane0’= —
an B

A

O+ x

:>J_=E
X

tanel® =

=X =

(2)

Jand (2], we have,

\@7—6[]=i

N3
= 3h-60J3 = h
= 3h - h = 6043
= 2h = 6043
603
2
= h =303 =30x1.732
= Hh=51.96m
. Height of the building = 51.96=52 m (approx)

From {

=h=



Question 17.
As observed from the top of a 80 m tall lighthouse, the angles of depression of two
ships, on the same side of a light house in a horizontal line with its base, are 30° and 40°

respectively. Find the distance between the two ships. Give your answer corrected to
the nearest metre.

Solution:
<1
AP 3&%;"
;-”JH ff
.-'"'H ";f
o
yays
VN
i / 80m
f,,f" S
.__,-f l_'__f
f___f"-f J__f
___l'
e
l-f__.l' x.l"r’..
- #
_.-"ﬁ i ;ﬁ e
o x C B

Let AR represent the lighthouse.,

Let the two ships be at points D and C having angle of depression 307 and 40° respectively.
Let % be the distance between the two ships.

Clearly, mZACB = 40° and mZADB = 30°

InAACE
20

tan 40® = —
cB

= B = 80 _ 0L.24m
0.84

InAaDE

tan 30 = ﬂ
B
a0

= DB = ——=137.92m
058

CC=D0B-CB

=¥ =137.92-9L5. 24

=¥ =4269=43m

The distance between the two ships is 43 m.



Question 18.
In the given figure, from the top of a building AB = 60 m high, the angles of depression of the top and bottom of a vertical lamp post CD
are observed to be 30° and 60° respectively. Find :
(i) the horizontal distance between AB and CD.
(ii) the height of the lamp post.

Solution:
A
' 30°
(il
30F
I D,
=
S
.1.
LAE] 60° C v
——————————

X

Given that AB is a building that is &0 m, high.
Let BC=DE=xand CO=BE=vy
=AE=AB-BE=60-y

(i1 In right AAED,

AE
tan30° = ==
ar e
-1 _%0-y

N %
= x=60y3-yy3  ..(1)
In right AABC,
2B

tanslr = ——
BC

$f=6—f

S
V3



NN E
jx=@
3
= w = 2043

= w=20x1732=34.64m
Thus, the horizontal distance between AB and CD is 34.64 m.

(ii) From (i), we get the height of the lamp post =C0 = v
X = 603 - a3
= 2043 = 6033 - 3
= 20=60-y
=y =4d0m
Thus, the height of the lamp postis 40 m.

Question 19.
An aeroplane, at an altitude of 250 m, observes the angles of depression of two boats

on the opposite banks of a river to be 45° and 60° respectively. Find the width of the
river. Write the answer correct to the nearest whole number.

Solution:

B X D ¥ =

Let A be the position of the airplane and let BC be the river. Let D be the point in BC just below the airplane.
B and C be two boats on the opposite banks of the river with angles of depression 60% and 45° from A.

In A800C,

AL

oC

=1-220

Y
=y =250 m=DC
In AADB,

tan 45° =



AD
tan 607 = —
an =18
= f5-20
o 230 _ 25&5: 250x1.?32=144l3 = BD
Ve 3 3

LBC=BD+DC = 144323+ 250=394 2= 394 m
Thus, the width of the river is 394 m.

Question 20.

The horizontal distance between two towers is 120 m. The angle of elevation of the top and angle of depression of the bottom of the

first tower as observed from the top of the second tower is 30° and 24° respectively. Find the height of the two towers. Give your
answers. Give your answer correct to 3 significant figures.

A
E C
B D
Solution:
A
‘ 30 Z c
120m 24
B D
In AAEC,
AE

tan30° = —
EC



J3 120
Loapo 120 120 43
3 > >
In ABEC,
EE
tan24e = —
an EC
EB
:}DIMSE:E

= EB =53.424 m

_1208 0B 40x1.732- 69.28 m

Thus, height of first tower,
AB=AE+EB =6928+53.424= 122704 =123 m (correct to 3 significant figures)

And, height of second tower,
CD=EB =53.424 m =534 m (correct to 3 significant figures)

Question 21.

The angles of depression of two ships A and B as observed from the top of a light
house 60m high, are 60° and 45° respectively. If the two ships are on the opposite sides
of the light house, find the distance between the two ships. Give your answer correct to
the nearest whole number.

Solution:

60° 450

60°

459

A o)

In the above figure
OT=tower = 60m

A and B are the respective positions of ship

In ATAO



In ATBO
TO

tan45° = ——
an OB
60

1= =
OB
OB =60 m

AB=AQ-0B =203 +60=20(1.732)+-60=94.64 ~ 95 m



