cHAPTER 11

EXERCISE 11

1. Let AC (= I m) be the height of the pole and let B be a

point on the horizontal ground at a distance of 2v/3 m

from the foot of the tower. The angle of elevation of the
top A of the tower AC at point B is 60°, i.e. ZABC = 60°.

Also, ZACB =90° A
and BC=2J3 m
In right AACB,
AC
t 60° = — hm
an BC
h
= V3 = — 60°
23 B I

_—.C
= h=6m F—23m

Hence, the height of the pole is 6 m.

2. (i) Let AB (= y m) be the length A

of the string and let B be
a point on the horizontal
ground. Let AC be the height
of the kite from the ground. $

N 90 m
The angle of elevation of the
top A of the kite from the
point B is 60°. 60°
ie.  ZABC = 60" B c
Also, ZACB=90° and AC=90m
In right AACB,
- AC
sin 60° = AB
__AC
= sin 60°
~ 90m  2x90m
- (BT s
%)
180 m
= ﬁ =103.92 m

Hence, the length of the string is 103.92 m

(i) Let AB be the horizontal ground, KT the position of
the kite and KT = /1 m is the vertical height of the
kite so that ZKTA = 90° and ZKAT = 0. Given that
the length of the string is 85 m from a point A on the
ground so that AK = 85 m.

3. (i

Some Applications of Trigonometry

Now, from AAKT, we have

tang= S - 15 _
AT 8 /852—}12

where by Pythagoras’” theorem,
AT? = AK? - KT?
=852 — )12

= 64h? = 152 (85% — h?) = 225(85% — ?)
= (64 + 225)1% = 225 x 852
= 289 h? = 152 x 852
= 17h =15 x 85
15x85
= =7
= h 1 5

Hence, the required height of the kite is 75 m.

Let AC be the height of the vertical tower and let BC
be the length of the shadow of the vertical tower.

=

Let the angle of elevation of the A
Sun be 6.
Then, ZABC = 6.
ZACB = 90°
and BC = V3 AC.
In right AACB, we have B c
tan 6 = AiC
BC
= tan 0 = AC
J3 AC
= tan 0 = L
J3
= tan 6 = tan 30° [Using tan 30° = L]
J3
= 6 = 30°

Hence, the angle of elevation of the Sun is 30°.
(if) Height of pole = 6 m
Length of shadow = 2 J3 m

Let the angle of elevation = x

P
tan x = —
B
tan x = L
23
tan x = \/3
x = 60°

(ifi) Let PQ be the vertical pole of height & m standing on
the horizontal ground QA. Let QL =/ m be the length
of the shadow of the pole on the ground.
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Let ZPLQ = 6 be the angle of elevation of the sun S.

It is given that tan 0 = % = ?

. 6 = 60° which is the required angle of elevation of
the sun.

= \/5 = tan 60°

4. (i) Let BC be the distance of the foot of the ladder from

the wall and AB (= x) be the length of the ladder.
The angle of elevation of the top A from the point B

is 60°. A
ie. ZABC = 60° /
Also, AB=xm
ZACB = 90° <&
and BC = 2.5 metres.
In right AACB, we have 60°
BC
cos 60° = — B C
AB [¢—2.5 m—]
1 25
= - = —
2 X
= x=25x2=5m

Hence, the length of the ladder is 5 m.

(if) Let AB be the ladder, B be the top of the vertical
wall BC standing on the horizontal ground AX. Then
ZBCX = 90°.

B
oS o h
90°
A c X
Here AB = 15 m [given] and ZABC = 60°
Let the height of the wall be i m.
Now, from AABC, we have
I
15
I
15
I
15

15
== =7
) 5

Hence, the required height of the wall is 7.5 m.

cosZABC =

= cos 60° =

= N|—

=

5. Let AB (= x metres) be the height of the tree.

Suppose the tree breaks at point P and then part AP
assumes the position CP, meeting the ground at point C.

Let PB = y metres
Then, AP = AB-PB

= (x — y) metres.
and PC = AP
= - A
= (x — y) metres : _|_ _
ZPCB = 30°, L
1
1
and /PBC = 90° =
In right APBC, we have :P xm
tan 30° = PB
an = BC ym|
1 Y 30° l
= —_— = —— C 4
J3 10 m b——10m——B
10
= y=3m . ()
g~ LB
and sin 30° = PC
1
= S
2 x-y
= X-y=2
= x =3y (2
From equation (1) and equation (2), we have
1
x=3y=3x ﬁm

=10v¥3m=10%x1732m=1732m
Hence, the height of the tree is 17.32 m.

. Let AB (= x metres) be the height of the tree. Suppose the

tree breaks at point P and then part AP assumes the
position CP, meeting the ground at point C.

Let PB = y metres. A
Then, AP = AB - PB T
€
= (x —y) metres. D=
=
and  PC=AP T
1
= (x — y) metres P |xm
/PCB = 30° P
/PBC = 90° ym
and BC=25m A l
In right APBC, we have C|_ 25 m B
S
an 30° = - -
1 Y
= J3 T 25m
25m 1)
= = —=
N
PB
and sin 30° = E
1 y
- = —y=2
= 2"y = x-y=2y

= x=3y ... (2



9.

From equation (1) and equation (2), we have

25
x=3y=3x \/%n =25V3m

=25x1732m =433 m
Hence, the height of the tree is 43.3 m.

Let AC be the length of the bridge and AB be the width
of the river. Now, A and C are the ends of the bridge.

Then, ZACB = 30°
AC =60 m
AB = y metres
and  ZABC = 90°. / A
In right AABC, N L
AB & 5
sin 30° = — g
AC / r
1 y 30°
- 2~ 60m © B
60 m
= y= N =30m

Hence, the width of the river is 30 m.

Let AB be the tower and CB be its shadow when the
Sun’s elevation is 45°.

Then, ZACB = 45°
Let D be a point x metres away from C.

Then, the length of the shadow of the tower when the
Sun’s elevation is 30° is

DB =x + CB
Also, ZADB = 30°, ZABD = 90°, AB = 50 m.
A
L m
30° 45° \
D C B
P—x—A
In right AABC, we have
tan 45° = AB = 1= AB = CB=50m
CB CB
In right AABD, we have
tan 30° = ﬁ = L = S0m
DB J3  x+CB
= x=50v3m-CB=50v3m-50m

=(1.732-1) 50 m = 0.732 x 50 m
=36.6 m = 36 m 60 cm
Hence, the value of x is 36 m 60 cm.

(i) Let AB (= h metres) be the height of the tower and let
CB (= x metres) be its shadow when the sun’s elevation
is 60°.

Then, ZACB = 60°.
Let D be a point 40 m away from C.

Now, the length of the shadow of the tower when the
Sun’s elevation is 30° is

DB = (40 + x) m
and ZADB = 30°
Also, ZABC = ZABD = 90°

30° 60°
D C
I 40m }

5 —

xm—

In right AABC, we have

tan 600 = 2B
an = CB
h
= V3 ==
x
h
= = — (1
SNE W
In right AABD, we have
t 300_ ﬁ
an = DB
. 1k
J3 T 40+«
= 40 +x=+/3n
h
= 40+ G- J3n [Using equation (1)]
1
=h J_——) =40
(575
= h= %m:ZOﬁm

Hence, the height of the tower is 2043 m .

(i) Let AB be the vertical tower standing on the horizontal
ground BX so that ZABD = 90°.

Let BC be the shadow of the tower when the Sun’s
angle of elevation is 60° so that ZACB = 60°.

Let BD be the shadow of the tower when the Sun’s
angle of elevation is 30°.

S,¥
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So that ZADB =30°. Let S, and S, be the two positions 3043
of the Sun. It is given that h = T\/— = 153
CD =BD -BC =50 m ..(1)

=15 x 1.732 = 25.98.
Hence, the required height of the tower is 25.98 m.
10. (i) Let AB (= h metres) be the tower and let BC (= x

Let  m be the height of the tower.
Then from AABC, we have

o tan 60° = /3 metres) be the distance from B when the angle of
BC elevation is 60°.
h A
= BC= — .2
NG )
Also from AABD, we have
ho o_ 1 h
ﬁ = tan 30° = \/g
= BD = h/3 ...3) 45° 60°
From (1), (2) and (3) we have, D= 80 m ? X —i B
50 = I3 — % - h(‘}" N _ % Then, Z/ACB = 60° and CB = x.
3 3 3 Let D be the point when the angle of elevation is 45°.
= h= 253 Then, ZADB = 45°, DB = (80 + x) m
and Z/ABC = ZABD = 90°

The required height of the tower is 25v/3 m.

(iii) Let AB be the vertical tower standing on the horizontal In right AABC, we have

ground BX, so that ZABD = 90°. tan 60° = AB - J3 = h ~ x= e
Let BC be the shadow of the tower when the position CB * V3
of the Sun is S; and BD be the shadow of the tower In right AABD, we have
when the Sun’s position is at S,. AB
It is given that ZACB = 60°, ZADB = 30° tan 45° = DB
and CD =30 m ...(1) - AB
S, - ~ DB
s, Y = DB = AB
A = 80 ; x=h
= 8m+—~—==h
m 73
hm
J3-1
° S h =80
60 30 - = ( NE m
B (¢} D X
F—30m— 804/ 3 80x1.732
= h = m = m
Let  m be the height of the tower. J3-1 1.732 -1
Then from AABC, we have 138.56 18928
= —IN = . m
ho_ tan 60° = /3 0.732
BC Hence, the height of the tower is 189.28 m.
= BC = h .2 (if) Let AB of height & m be the vertical tower standing
V3 on the horizontal base BX. Hence, ZABX = 90°.
Also from AABD, we have Let P, be the 1st position of the observer and P, be
ho 300 = 1 the 2nd position of the observer so that ZAP,B = 30°,
Bp ~ =g ZAP,B = 30° + 15° = 45° and P,P, = 20 m.
BD = i3 ..3) A
From (1), (2) and (3), we have T
30 = BD - BC hm
h 3-1 2h ° °
=3l — 22| = 2L : 30 45 l
NG ( J3 ) NG X Py Py B
—20m—



Then from AAP,B, we have

h 1
—— =tan 30° = —
PB J3
= PB= /3 (1)
Also, from AAP,B, we have
h
—— =tan45°=1
P,B an 45
= P,B=h ...(2)

From (1) and (2), we have
P,B-P,B = h(\3-1)

= PP, = h(\3 1)
N 20 = h(v3-1)
20
- "= 3 -1
20(V3 +1)
-
=10(v3 +1)

Hence, the required height is 10(\/5 + 1) m.

(iti) Let DB (= h metres) be the height of the tower.

D

|

h
30° 60° \
C B

A
I 20 m }

x—o

Let A be the point of observation of the top D when
the angle of elevation is 30°.

Then, /DAB = 30"

Let C be the point on moving a distance 20 m from
A towards the foot of the tower.

Then, CB=x, AC=20m
AB = (20 + x)m
ZABD = ZCBD = 90°,
Z/DCB = 60°
In right ADBC, we have
DB

fan 60° = ——
an CB

h h
= J3== = x= =
X 3

In right AABD, we have

@n3=%B T U3 T 204x

= 20m+x=h/3

h h
=20m+ —— = h/3 [Usin xz—}
RV SN
1
= 20 =h\/———)
" ( J3
2
= h:OT\/gmzloxl.732m:17.32m
h 2073
Now, x_ﬁ_bu/g_lom
Thus, AB=AC+BC=20m + x
=20m + 10 m
=30m

Hence, the height of the tower is 17.32 m and the

distance of the tower from the point A is 30 m.

11. Let AB be the height of the hill and let C and D be the

positions of the kilometre stones.
A

h
30° 45° \
B

D C
—1 km— X |

Then, CD=1km,AB="h

The angles of elevation of A at D and C are 30° and 45°

respectively.
Then, ZADB = 30° and ZACB = 45°.

CB = x, ZABC = 90° = ZABD = 90°.
In right AABC, we have

t 450_ ﬂ
A== B
h
= 1l=— = x=h (D
X
In right AABD, we have
t 300_ ﬂ
an = BD
L h
- NERETS!
= 73~ hel sing equation
= h+1=+3"h
1
= h= ——
J3-1
= 1 =1.366 km = 1366 m
1.732-1

Hence, the height of the hill is 1366 m.

12. (i) Let AB be the height of the mountain. Let D be the
point from the foot of the mountain at which the angle

of elevation is 30°.
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A
h

30° 60° \
C B

D
— 900V3m ——x—

Then, AB = h and ZADB = 30°.

Let C be the point from D at which the angle of
elevation to the point A is 60°.

Then, BC = x, ZACB = 60°
and Z/ABC = ZABD = 90°.
In right AABC, we have
h
tan 60° = —
X
h
= V3 ==
X
- h
X = —=
J3
In right AABD, we have
t 300 — @
A= Dp
1 h
= —_— = —
J3 7 900V 3 +x
1 h
= —_— =
J3 h
900/ 3 + ——
J3
h
= h—g:900 = h=1350 m

Hence, the height of the mountain is 1350 m.

(i) Let AB be the height of the tree and C be the point
on the bank of the river. Thus, the width of the river
is x metres. The angle of elevation at the point C to
the top of the tree at the point A is 60°.

A
h
30° 60° \
D C B
[ 40m t x—
Then, CB =x, AB=h, Z/ACB = 60°.

On moving 40 m away from the point C, the angle
of elevation at the point D to the top of the tree at A
is 30°.
Then, ADB = 30°, DB =40 + x,

ZABC = ZABD = 90°
In right AABC, we have

AB i 60°
cg "

- LNE
x
h
= X = ﬁ .. (D
In right AABD, we have
AB = tan 30°
DB
= 40]1x = % [Using (1)]
1 __
- V3 4O+L
J3
40 h
= ﬁ + 3 =h
= h - E -4
3 V3
b 40%x3
= 2h = \/3
= h=20+3 =20 x 1.732 = 3464 m

Hence, the height of the tree is 34.64 m.
From equation (1),
o 20J3
EEENE
Hence, the width of the river is 20 m.

(iii) Let B be the base of a tower AB and BX be the horizontal
ground so that ZABX = 90°.
D and C are two positions of the observer on the
ground so that BD =20 m and CB =5 m.
Let AB=hm, BC=5m, BD =20 m, ZACB = 6 and
ZADB = 90° - 6.

=20m

A
hm
X 90° — 0 0
D C B
F—5m—
I 20 m |
Now, from AABC, we have
AB h
=42 _ 7 (1
tan 6 BC 5 (@)
and from AADB, we have
o_gy= AB _
tan(90° - 0) = BD ~ 20
- cot§ = L )
20
From (1) and (2), we have
hoh _ _ tan® _
gxﬁ =tan 6 x cot O = P =1
. h? =100
= h=10

The required height of the tower is 10 m.



13. (i) Angle of depression of two cars 45° and 60°

Distance between the cars = 100 m
A

60° 45°

B C D
=100 m—

In AABC, we have

tan 60° = ﬁ
BC
AB
3 =—
V3 BC
AB = /3 BC
Now, in AABD
tan 45° = ﬁ
BD
= AB [*- BD = BC + 100]

BC+100

BC + 100 = AB

BC + 100 = /3 BC
(+/3-1)BC= 100

100
J3-1

_ 100 X(\/§+1)

(V3-1) (V3+1)
100(v/3+1)

2
=50(V3+1)
Height of balloon = AB = /3 BC
=50(V3+1) x V3

=50 (3+J§) m

(i) Let A be the top of the light house AB standing on
the horizontal sea level BX. Let P, and P, be the two
positions of two ships on the sea level on the same side
of the light house such that ZHAP, = 30° = ZAP,B
and ZHAP, = 45° = ZAP,B, AH being a horizontal
ray through A.

H A

30°\45° T

& 30° 45° I_J
Py P, B

Given that AB = 150 m.

[- AB = J3B(C]

BC =

(i)

Now, from ZAP,B, we have, tan 30° = %
1
. 1 _ 150
/3 DB
= P,B = 1503 .1
Also, from AAP,B, we have
o_ AB
tan 45° = P,B
_ 150
= 1= %38
= P,B = 150 .2
PB-P,B = 150V/3 - 150
= (¥3-1)150

=150 x (1.732 - 1)

=150 x 0.732 ~ 109.8
Hence, the required distance between the two ships
is 109.8 m.

Let AB be the height of the lighthouse. The angle of
depression of a ship as observed from the top of the
lighthouse at the point D and C are respectively 30°
and 60°. Then, CD is the distance travelled by the ship
during the period of observation.

Then, ZEAD = 30° and ZEAC = 60°.
Now, AE || BC.

Thus, /EAD = Z/ADB

= ZADB = 30°

and /EAC = ZACB

100 m

= ZACB = 60°
Then, AB=100m,CD =d, CB = x.
ZABC = ZABD = 90°
DB=d+x
In right AABC, we have
tan 60° = AB
CB
- J3 - 100 m
X
100 m
= X = e (1)
In right AABD, we have
tan 30° = AB
DB
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- 1 100m
J3 T d+x
= d+x=100v3
= d=100V3 —x [Using equation (1)]
100
=100v/3 - =
J3
_100x2 200
- V3 V3
_ 200
T 1732

= 115.47 (approx.)
Hence, the distance travelled by the ship is 115.47
(approx.).

(iv) Let A be the top of a light house AB standing on

the horizontal sea level BX. Let P; and P, be the two
positions of two ships on the same side of the light
house such that ZHAP, = 30° = ZAP,B and ZHAP,
= 45° = ZAP,B, AH being horizontal ray through A.

Given that P,P, = 200 m. Let i m be the height of the
light house.

M A
s0°\ 45
hm
X 30° 45° O
P, P, B
— 200 m—

Then from AAP;B, we have

. _AB
tan 30° = P,B
= L = h
J3 DPB
= PB=3h .1
Also, from AAP,B, we have
o_ h
tan 45° = P,B
_h
= 1= 55
PB=h ...(2)
. From (1) and (2), we get
PB-PB=(V3-1)h
= 200 = (V3-1)h
200(+/3 +1)
= h= — 7
3-1
=100(v3 +1)
=100(1.732 + 1)
=273.2

Hence, the required height of the light house is
273.2 m.

(v) Let A be the top of a hill AB and let P; and P, be the
positions of two consecutive kilometre stones due
east of the hill such that ZHAP, = 45° = ZAP,B and
£HAP, = 30° = ZAP,B, AH being a horizontal ray
through A. Given that PP, = 1 km.

A H
45°

>

30°

h km

= 45° 30°
B P, P,
— 1km —
Now, from AAP,B, we have
AB
BP,
_h
BP,
= BP, =h (D)
Also, from AAP,B, we have
AB
BP,
1 _
V3 BDR,
= BP, = /3 )
From (1) and (2), we have

BP, - BP, = h/3-h

= PP, = h(~3-1)

PP,

>
>

tan 45° =

= 1=

tan 30° =

h =

Hence, the required height of the hill is

14. (i) Let ABDbe the height of the A
tower and C be the point b B
at which the enemy boat 30
is observed. The angle of
depression made at the
point C from the point
A is 30°. Let CB be the 30°
distance of the boat from  C B
the point B. —x—A
Then, ZCAD = 30°.

Now, AD || BC.
Then, /DAC = ZBCA = 30°
AB = 200 m, BC = x metres.

ZABC =90°




In right AABC, we have

ﬁ t 300
BC = tan

N 200 m B L
x /3

= x=200V3 m

=200 x 1.732 m = 3464 m

Hence, the distance of the boat from the foot of the
observation tower is 346.4 m.

(if) Let 6 be the angle of depression at which the boat is
200 m from the foot of the observation tower.

D A
e -‘V

200 m
0
C
——200 m—
Then, /DAC =0
Now, AD || BC.
Then, /DAC = ZACB =6,
BC = 200 m,
AB =200 m,
ZABC = 90°.
In right AABC, we have
tan 0 = AB
BC
200 m
= tan 6 = 200m
= tan 0 =1
= 0 = 45°

Hence, the angle of depression is 45°.

15. (i) Let AD be the height of the vertical flag staff and x be
the height of the tower. The angles of elevation from
the point C to the top and bottom of the staff are 60°
and 45° respectively.

T
7m
D —_
X
60°\ 4%’ -
[ X | B
Then, AD =7m,BD =xm
tan 45° = X
BC

1= %
" BC
BC =x
Now, tan 60° = AB
BC
x+7
3 =
\/— X
x/§x=x+7
x(\/§—1) =7
o 7 N3+l
J3-17 J3+1
7(v3+1)
- 2
_ 7x(1.732+1)
- 2
_ 7x2.732
2
=9562 m
=~ 96 m

(if) Let AB be the height of the statue and BC be the height

of the pedestal. Let D be the point on the ground at
which the angles of elevation at the top of the statue
and pedestal is 60° and 45° respectively.

A
J46 m
B —_
h
60°\ 4°° -
t X | c
Then, AB =146 m,BC =h,CD =y,

ZADC = 60°, ZBDC = 45°,
ZACD =90° = ZBCD.
In right ABCD, we have

t 450 — E
M= b

h
= 1=—
X
= x=h
In right AACD, we have
t 600 —_ Aic
an =D
146+h
= V3 =
X
= xVv3 =146 +h
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= V3h=146+h

1.46 1.46
3.1 1732-1
=1.994 m = 2 m (approx.)

= h

Hence, the height of the pedestal is 2 m.

16. Let BC be the height of the pole and CD be the height of

the tower. From the point A, the angle of elevation of the
top of the pole is 60° and the angle of depression from
the point C to the ground at the point A is 45°.

1T
5m
< 5T
h
60°\ 4%’ d |
t X | D
Then, <ZECA =45°
Now, CE || DA.
Thus, <ZECA = ZCAD = 45°
Also, BC=5m,CD =5,
AD = x, ZBAD = 60°,
/BDA = ZCDA = 90°.
In right ACDA, we have
CD
tan 45° = ——
an )
h
= 1=—
X
= h=x ()
In right ABDA, we have
t 600 J— @
an = AD
5+h
= J3 =
X
= xv3 =5+h
= W3 =5+h [Using equation (1)]
5
= h=
J3-1
-0 6.83
T732-1 ol

Hence, the height of the tower is 6.83 m.

17. (i) Let BC be the vertical tower standing on a horizontal

plane CX, C being the foot of the tower.

The tower is surmounted by a vertical flag staff AB of
height i m. Let D be a point on the horizontal plane
such that CD = 70 m.

It is given that ZBDC = 45° and ZADC = 60°.

hm

xm

J 60°
H 459

>

G 7om—ipP X
Let BC = x m.
Now, from AADC, we have
o_ AC _ h+x
@n60°= &5 = 75
_ h+x
- B=55
= h+x= 703 (1)
Also, from ABCD, we have
o BC _ x
tan 45° = b - 70
= X
= =%
= x =70 ...(2)
From (1) and (2), we have, x = 70 m
and h+70 = 7043
= h =703 - 70
= 70(v3-1)
=70 x (1.732 - 1)
=70 x 0.732
=51.24

Hence, the required height of the flagstaff is 51.24 m
and that of the tower is 70 m.

(i1) Let AD be the height of the flagstaff say x and BD be
the height of the tower. Tower is at a distance of 120
m from a point C. The angle of elevation of the top
and bottom of the flagstaff is 60° and 45° respectively.

:

xm

Lo

A

45°

60° c
By 120 m i
Then, AD =x, BC=120m
. In ADBC, we have
tan 45° = @
BC



_ BD
T 120
BD =120 m
In AABC,
tan 60° = ﬁ
BC
x+120
3 =
V3 120
1204/3 = x + 120
x= 120(J§ -1)
=120 x 0.732
=8784m

(iti) Let AD (= x m) be the height of the tower. The angle
of elevation of the bottom and top of a tower fixed at
the 20 m high building are 45° and 60° respectively.

r

xm

A

+D

20m

45°
60°
1.0 c

Then AD = x m, BD =20 m
In ADBC, we have

tan 45° = @
BC
L 20
BC
BC=20m
In AABC,
tan 60° = &
BC
20
\/E _ X+
20
2043 =x+20
x =20 (V3-1)
=20 x 0.732
=14.64 m

18. Let BC be the height of the unfinished tower and AB be
the remaining part of the building need to be raised. The
angle of elevation at the points B and A are respectively
45° and 60°.
Then, AB =h, BC =120 m,

ZADC = 60°, ZBDC = 45°,

CD =x, ZACD = ZBCD = 90°

19.

hm
B L
120 m
45° 60°
| xm G
In right ABCD, we have
tan 45° BC
an = —
CD
120 m
= 1=
X
= x =120 m .. (D
In right AACD, we have,
AC h+120
tan 60° = — V3 =
an CD X
= xv3 =h+120
= h=x+3 =120
=120v3 - 120 [Using (1)]
=120(v3 - 1)

=120 x 0.732 = 87.84 m

Hence, the height of the building should be raised to
87.84 m from the unfinished part.

Let BC be the height of the tower.
Then, BC = h.

It is given that the height of the flagstaff fixed on the
tower is DB.

or DB = 2h.
D
2h
B -
0 h
30°
A c—

I X i

A is the observation point on the ground having a distance
x from the foot of the tower.

The angle of elevation of the point B at A is 30°.

Let 0 be the angle of elevation of the top of the flagstaff
at A.
Then, ZDAC =6, ZBAC = 30°,

DB =2h, BC=h,CA =x,

Z/DCA = ZBCA = 90°.
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In right ABCA, we have

tan 30° = E
CA
I U
J3 T ox
= x=+3h .. (D)
In right ADCA, we have
tan 6 = D—C
CA
2h+h
= tan 6 =
X
= tan 0 Sh [Using (1)]
an 0 = ——— sin,
NEY, &
= tan 0 = V3
= tan 6 = tan 60°

Hence, the angle of elevation of the top of the flagstaff at
the point A is 60°.
20. (i) Let A and B be the positions of the two aircraft from
the ground. The angles of elevation of the points A
and B at D are 60° and 45° respectively.

45°
60°
1 .0 c

Then, AD = x m, BD = (3000 — x) m

. In ABDC
tan 45° = @
BC
BD = BC
In AABC
tan 60° = @
BC
3000
3 = — - BC = BD
J3 D ( )
V3 BD = 3000
V3 (3000 - x) = 3000
30003 - +/3x = 3000
J3x= 3000(\/3—1)
3000(v3-1) 3
X= ——F x —
J3 J3
3000(J§ - 1)J§
= =12629m

(if) Let A and B be the positions of the two aeroplanes
from the point C. The point of observation of the
aeroplane is the point D. The angles of elevation of
the two aeroplanes at D are 60° and 30° respectively.

A

30°

60°
| X m ,C

Then, AB =h, BC = 3125 m, ZADC = 60°,
ZBDC =30° CD =«

ZACD =90° = Z/BCD.

The distance between the two aeroplanes is 1 or AB.

In right ABCD, we have

BC
tan 30° = —
an CD
. 1 3125
J3 T x
= x = 3125 \/3
In right AACD, we have
a0 = A
an = CD
h+3125
= J3 = 2F
X
= J3x=h+3125
= h=+3x-3215
= V3 x3125V3 - 3125
= 6250 m

Hence, the distance between the two aeroplanes at
that instant is 6250 m.

21. (i) Let the two boats be at B, and B, in the horizontal
sea B,B,. Let LM be the light house in mid-sea and
let h m be the height of the light house.

L

hm
30° 45° B
M 2
I—xm—l

I—(100—x)m—|

Let MB = x m. Then B,M = (100 — x) m.

B4

B,B, =100 m [Given]
Now, from ALB,M, we have
o LM _  h
tan 30°= g1 = T00-x



N 1k
J3 100-x
= 100 - x = 31 (1)
Again, from ALB,M, we have
o LM
tan 45° = —MBZ
= 1= 1]
x
= x=h ...(2)
From (1) and (2), we have
100 — i = /3h
= h(¥3+1) =100
100
= h=
V3 +1
100(v/3-1)
T 3-1
=50(1.732 - 1)
=50 x 0.732
= 36.6

Hence, the required height of the light house is
36.6 m.

(i1) Let AC be the height of the lighthouse. Let the positions
of the two ships on the opposite sides of the lighthouse
be B and D. The angles of depression of the points B
and D are 30° and 60° respectively.

E < & > F
30° 60°
h
B L3 m 9N\,
800
V3
Then, ZEAB = 30°, ZFAD = 6(°
Now, EF || BD, ZEAB = ZABC
And ZFAD = ZADC
Then, AC = h, ZABC = 30°, ZADC = 60,

ZACB = ZACD = 90°.
Thus, the distance between the two ships is BD which

. 800 m
is ——m,
J3
In right AACB, we have
AC 1 h
= — —_— = = BC=+v3h
tnd"= 5 = = =ge = BC J3
In right AACD, we have
AC h h
° = — 3 = — = —F .
tan 60° = =5 V3 @ = P=73

Now, BD =BC + CD

800
- N3
800
- V3

h
J3h+——
J3
3h+h 00
h=—— =2
\/E n 00 m

Hence, the height of the lighthouse is 200 m.
22. Let AD be the height of the building. The positions of the

two men on the opposite sides of the building are B and
C respectively. The angles of elevation of the top of the
building A at points B and C are 60° and 30° respectively.

A

75 m

Then, ZABD = 60°, ZACD = 30°,
AD =75m, ZADB = ZADC = 90°.
BD=xand CD =y

In AABD, we have

tan 60° = AD
BD
75
3 = —
\/— BD
75
BD = —=—=253
J3
In AACD,
tan 30° = AD
CD
1
J3 CD
CD =753
Distance between two men = BD + CD
=253 +753
=100/3
=100 x 1.73
=173 m

23. (i) Let AC be the height of the lighthouse. Let B and D

be the positions of the two ships on the opposites
sides of the lighthouse. The angles of depression of
the points B and D at A are 30° and 45° respectively.

Then, ZEAB = 30° and £ZFAD = 45°

Now, EF || BD.
Then, /EAB = ZABC and ZFAD = ZADC
Thus, AC =250 m, ZABC = 30°,

ZADC =45°, BC=x,CD =y,
ZACB = ZACD = 90°
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E < - F
30° 45°
€
o
[Te)
N
B 30° 11 45° D
C
f x + y {
In right AACB, we have
tan 300 = 2C
e
1 250 m
= —_ =
J3 x
= x=250v3m
In right AACD, we have
tan 45° AC
an = —
CD
250 m
= 1=——
Y
= y =250 m

Now, the distance between B and D is
BD = x +y=250v3m + 250 m
=250(v3 +1)m
=250 x 2.732 =683 m

Hence, the distance between the two ships on the
opposite side of the lighthouse is 683 m.

(if) Let AD be the altitude of the tower from the ground.

Let B and C be the points on the opposite side of the
tower. The angles of depression of the points B and
C at A are 45° and 30° respectively.

A
E< 45° 30° ~F
100 m
B 45° M 30° c
D
| x : y |
Then, ZEAB = 45° and ZFAC = 30°.
Now, EF || BC.
Thus, /EAB = ZABD
and /FAC = ZACD
Now, AD =100 m, BD =x, DC =y,

ZABD = 45°, Z/ACD = 30°.
ZADB = ZADC = 90°.
In AABD, we have

tan 45° = @
BD

1= 100 = BD =100 m
BD

In AACD, we have

tan 30° = @
CD
1 _ 100
J3 CD
CD = 100V 3
BC = BD + CD
=100 + 1003
=100 (1+ \E)
=100 x 2.73
=273 m

(iii) Let A, the aeroplane, flying along the horizontal line

BC through A, P, and P, be two points on two banks
of a horizontal river.

The angles of depression of the points P, and P, from
A are 45° and 60° respectively.

B A C .
45° 60°

w

o

o

3
) 45° 1 607 R
X P, M P, Y

ZBAP, = LZAPM = 45°
and ZCAP, = ZAP,M = 60°
Let the height of the aeroplane at A be AM L P,P,.

o AM = 300 m [Given]
Now, from AAP,M, we have
o AM _ 300
tan 45° = —PlM = —PlM
- 1= 300
M
= P,M =300 ...(1)
From AAP,M, we have
o AM
tan 60° = 7P2M
300
= V3 = M
300
= PM=—F
2 V3
_ 30043
3
= 10043
=100 x 1.732
=1732 .2

Hence, the required width of the river = P;M + P,M
= (300 + 173.2) m = 473.2 m.

24. (i) Let A be the point at which the aeroplane is above

the ground. Then, AD is the altitude of the aeroplane.



The angles of elevation of points A and B at E are 60°

and 30° respectively. 1
A B
15004/3 1500+/3
1 km 30°
60° 15
P D C
\30°
g £\ v : x : y |
D C
I x I y I In right AADP, we have
Thus, the aeroplane moves from A to B in 10 seconds. tan 60° = AD
Then, BC = 1 km, ZAEC = 60°, /BEC = 30°, PD
ED=x,CD=y - J3 - 15004/ 3
Z/ADE = /BCE = 90° x
In right AADE, we have = x = 1500 m (@)
AD In right ABCP, we have
tan 60° = ﬁ BC
tan 30° = —
= = —
x 1 150043
- e Lm J3 X+y
3 = x +y=1500 x 3

In right ABCE, we have = y = 1500 x 3 — 1500 [Using (1)]
B _
fan 30° = 2C = 3000 m
EC =3 km
- 1 _lkm Distance covered by the jet plane from A to B,
J3 xX+y y = 3 km and the time taken by the jet plane, t =
N cty- 3 15 seconds. .
1 2 Speed of the jet plane = Distance
= =J3-x =J3-— = —— km " time
/ NERNE
Let t be the time taken by the aeroplane to move from = %
A to B. Then, the uniform speed of the aeroplane is -
m
2 =
—— |km 15 seconds
U_y_Lﬁ)
- - 3 x 60 x 60
t 10s o 2x ooy km /hour
_ 2x60x60 15
- J3x10 /hour = 720 km/hour

= 415.70 km/hour

Hence, the speed of the jet plane is 720 km/hour.

(iii) Let A and D be the positions of the bird from the
ground. The angle of elevation of A and D at C are
30° and 45° respectively.

Hence, the uniform speed of the aeroplane is
415.70 km/hour.

(i) Let A and B be the positions of the jet plane from the
ground. The angles of elevation of A and B at P are A D
60° and 30° respectively. Let AD = BC be the altitude
of the jet plane.
Then, ZAPD = 60°, ZBPC = 30°,
AD = BC = 1500v/3 m,
PD=x,CD=AB=y.
ZADP = ZBCP = 90°.

80m 80m
45°

30°
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In AABC, we have

tan 30° = ﬂ
BC
1 _8
J3  BC
BC =80v/3 m
In ADEC, we have
tan 45° = DE
EC
1= 80
EC
EC=80m
Distance travelled by bird = BC — EC
=803 -80
=80(V3-1)
=80 x 0.732 = 58.56 m
We know
Speed = dlsltance
time
_ 58.56
2
=2928 m/s

25. (i) Let E and D be the positions of the jet plane from
the ground. The angles of elevation of E and D at A
are 60° and 30° respectively. Let BE and CD are the
altitude of the aeroplane which is a constant.

E D

A

30°
60°

Then, ZEAB = 60°, ZDAC = 30°, BE = h = CD,
ZEBA =90°, ZDCA = 90°,
AB =x, BC=ED =y.
In right AEBA, we have

t 600 p— E
an = AB
h
- N
X
h
= = — (1
SNE W
In right ADCA, we have
CD
tan 30° = —

AC

L L
J3 T x+y
= x+y=x/§h

= y=\/§h—x
h
=3n - NEl [Using (1)]
2
:ﬁh

Distance covered by the aeroplane from E to D is

2
y= ﬁh and time taken by the aeroplane to move

from E to D is t = 10 seconds. It is given that speed
of the aeroplane is 900 km per hour.

Dist.
Now, Speed = ﬂ
time
2
——h
(\/ 3 )
900 km/h = -
= /hour 10 seconds
2 10
= ﬁh =900 km/hour x S0x60 hour
J3x900x10
= h= ————
2 x 60 x 60

=2.165 km = 2165 m.

Hence, the constant height at which the jet is flying
is 2165 m.

(if) Let E be the point of observation of the position of

the jet fighter. Let A and B be the positions of the jet
fighter from the ground which is at a constant height.
The angles of elevation of the two positions A and B
at E on the ground are 60° and 30° respectively.

A B

A

E v
D C

I x I y I
Then, ZAED = 60°, Z/BEC =30°, AD=BC =#h
ED=x,CD=y, CE=x+y,
ZADE = 90°, ZBCE = 90°.
In right AADE, we have

wan 60 = 2P

an —ED

h

= J3 ==

X

h
= = — (1
SNE W



In right ABCE, we have
BC

tan 30° = —

an CE

. 1k
J3 T x+y
= x+y= J3h

= y:\/gh—x

=J3h —% [Using (1)]

2h

A
Now, the distance covered by the jet fighter in moving
from A to Bis y.

Th 2h
en, y= T .
3

Also, the time taken in moving the distance y is t.
Then, t = 15 seconds. It is given that the speed of the
jet fighter is 720 km/h.

Distance
d= ————
Spee Time
( 2h
J3
720 km/h = ———
= / 15 seconds
2 720 km/h x 15 d
- — = x 15 seconds
J3
J3 15
= h= > ><720><6O><60

1.732 15 km
=1. X —
10

= 2.598 km = 2598 m

Hence, the constant height at which the jet fighter is
flying is 2598 m.

26. (i) Let AB and DC be the two vertical poles of different

heights. Let the height of pole AB is greater than pole
DC. Then angle of elevation of the point A at the point
C s 60°. Also, the angle of elevation of the point D at
the point B is 45°.
Also, ZACB = 60°, ZDBC = 45°,

ZABC = 90° = Z.DCB
Distance between the two poles,

BC =25m

Let AE (= h) be the difference between the heights of
the two vertical poles.

Then, DC =y =BE
AB=h+y
In right ADBC, we have
DC Y
45° = — = 7
tan 45 BC = 1 B m
= y=25m ... (1)

(if) Let TM be the vertical X C_

A Yy
h
x D E ¥
y y
5 60° 45° i
X C B X
¢ 25 m >
In right AABC, we have
AB h+y
o - 22 3 =
tan 60 BC - J3 5 m
= h+y=253
= h=25v3 -y
=253 -25 [Using (1)]

=(V3 -1)25m=183m

Hence, the difference between the heights of the two
vertical poles is 18.3 m.

tower and CN, the vertical 60°
chimney, M and N being
their feet on the horizontal
ground MN. CX, and TX,
are horizontal rays from

C and T respectively so hm
that T X,
ZX,CM = ZCMN l 0
= 60° Q
and ZX,IN = ZTNM | |[/\60° 30° 1
=30° M|— xm —|N
™ =40 m [Given]
Let CN =/ m and MN = x m
Now, from ATMN, we have
™ 40 1 40
t: °= ——— = L = =
an 30 MN x J3 x
= x = 4043 .1
Also, from AMNC, we have
,_ CN
tan 60° = MN
= N
X
= h=+3x=+3 x 40§3 [From (1)]
=120

Hence, the required height of the chimney is 120 m.
Since the minimum height of a smoke-emitting chimney
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is 100 m according to the pollution control norms and
the height of the present chimney to 120 m > 100 m,
hence, this chimney meets the pollution norms.

Value: Responsibility towards environment.

27. (i) Let AB and DC be the height of the two poles. Let

BC be the width of the road. P is the point on the
road way between the poles. The angle of elevation
of A is 60° and the angle of depression from the top
of another pole is 30°.

L 80m ]

Then, AB=DC =h, BC =80 m,

ZAPB = 60°, ZDPC = 30°

ZABP = Z/DCP = 90°, BP = x, CP = y.
In right AABP, we have

tan 60° = L = = E
Aot = Bp Ty
h
= X = ﬁ e (1)
In right ADCP, we have
t 300 —_— E
an =Cp
1 h
= —_— = =
3 Ty
= y=+3h . (2)
Now, the distance between the two poles is
BC=x+y
h
= 80m= =+ J3h [Using (1) and (2)]
h+3h

= 80m=
N

= h:Mﬂo\/@

4
Hence, the height of the poles is 20 V3 m
ho_20J3
Now, X=—— ="+ =20m
NEENE)
and y=~3h=3%x20J3 =60m

Hence, the point P is 20 m from the pillar AB and
60 m from the pillar DC.

(if) Let AB and CD be two pillars each of height  m,

standing on the horizontal ground AC.

Let P be the position of a point from where the angles
of elevation of B and D are 60° and 30° respectively.
Let AP = x m. Then PC = (100 — x) m.

30°
A xm p (100-x)m  C
From AABP, we have
tan 60° = L
X
= 3=k
x
= h= \/gx ..(D)
From APDC, we have
o h
tan 30° = 100 —x
1 h
- 5 T 100—«x
= 100 — x = I3
= 100 - x = V3 x(+/3) [From (1)]
= 100 — x = 3x
= 4x =100
100
= U _ o
= X 1 5
From (1),
h=3x25 = 253
=25 x 1.732
=43.3.

Hence, the required distance of the point from the
1st pillar AB is 25 m and (100 - 25) m = 75 m from
2nd pillar.

Also, the required height of each pillar is 43.3 m.

28. (i) Let AB and DE be two opposite walls of the same

room. So, the heights of the two walls will be the
same. BE is the horizontal ground and C is a point
on it between the two walls. A ladder standing at C
leans against the wall ED making an angle 45° with the
ground. The same ladder standing at C leans against
the wall BA making an angle 60° with the ground.

B c E
—x—— Yy —

Hence, ZDCE = 45°, ZACB = 60° and ZABC =90° =
/DEC. Also, AC = CD = 6 m (given).

Let BC = x m and CE = y m.
Now, from AABC, we have

BC

cos 60° = AC



1 X A T

= §=€=x=3 ...(1)
From ADCE, we have P, 30° M
_ - -
cos 45° = % = % hm
1L _Y 10
- — =< m 10m
J2 6
= y = % = 32 .2 60°
2 TP, xm B~
From (1) and (2), we get .
5 It is given that P,P, = 10 m
¥+y=3+3V2 . BM =10 m
= 3(14+2) =3(1 + 1414) Let AB =/ m.
=3 x 2414 Then AM = (h —10) m. Let P;B = P,M = x m.
= 7.242 (approx.) Now, from AAP;B, we have
Hence, the required distance between the walls is tan 60° = h
7.242 m approximately. X
(i) Let CA be the length of the ladder which is leaning = J3 = h
against the wall AB. Let C be the point between the x
two walls AB and ED on the ground. The angle of = h= J3x
elevation of A at C is 60°.
= X = *E 1
3
[ [ From AAP,M,
o AM _ 1 _h-10
h 90 m tanSO_PzM_\/g_ "
\ a5° 60° \ = x = \/3(h-10) .2)
D C B From (1) and (2), we have
Then,  ZACB = 60°. % = J3(h-10)
The angle of elevation of E at point C is 45°. 3
Then,  ZECD = 45" = i =3h-30
Let ED (= /) be the length of the other wall. = 2h = 30
= h=15

Now, ED =h, AB=90 m,
Z/ABC = ZEDC =90°, AC=EC = 1.
In right AABC, we have

Hence, the required height of the tower is 15 m.

(if) Let height of the tower PQ be x m. The angle of
elevation of the top Q of tower PQ from a point X is

sin 60° = AB = ﬁ _ 9% g 180 60°. From a point Y, 40 m vertically above X, the angle
~AC 2 1 NE) of elevation of the top Q of tower is 45°.
In right AEDC, we have _Q
450 — @
ST R
1 h 180
= = = —— =7347
= 72 ( 180 ) = h 76 347 m .
J3 o 45N,
Hence, the height the ladder have reached on the
second wall is 73.47 m. 40m
29. (i) Let AB be a vertical tower standing on the horizontal 10O 60°
ground P, B, P, being a point on the ground such that P X
ZBPA = 60°. Then OP = XY =40 m, PQ =x m
P, is a point 10 m vertically above P, such that ZAP,M . In right AQPX, we have
= 30° where P,M is a horizontal line segment through QP
P, cutting AB at M. tan 60° = X
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x Then, /FAE = 45° and ZFAD = 60°.

V3 = PX Now, AF | BE.
pPX= X Then, /FAE = ZAEB = 45°
NE) Again, AF|| CD.
In AQOY, we have Then, ZFAD = ZADC = 60°.
., QO Let CD be the distance between the tower and the
tan 45°7= =0 building.
QO Then, BE=CD =x, AC = 60 m,
=5y AB=y, ZABE = 90° = ZACD
QO =0Y ED=h
Since Y is vertically above. In right AABE, we have
Therefore, OY = PX , AB
tan 45°= —
Qo= L BE
V3 = 1= ¥
X x
QP—OP—ﬁ N x=y . (D
. In right AACD, we have
x-40= ——
Al
V3 tan 60° = AC
X CD
x—- ——= =40
J3 N Nl
x
1
X (1 - —) =40 60
3 = = =
Vs s
_ 403 V341 60
SN E TN = V=73 [Using (1)]
i 40V3(V3+1) = y=20Y3 m
2 Now, the height of the tower is
=20(3+/3) h=60m- 203
=20 x 4.732 = 94.64 m =20(3-+/3)
Height of tower = 94.64 m =2536 m
Now Px= X = 94.64 _ 5464 m Hence, the height of the tower is 25.36 m.
J3 1.732 (if) Let ED (= 50 m) be the height of the building and AC
30. (i) Let AC be the height of the building and ED be the be the height of the tower. Let CD be the horizontal
height of the tower. The angle of depression of E at distance between the tower and the building.
A is 45° and the angle of depression of D at A is 60°. F < 0 A ¢
— A . F 60°
I 45°
60° 7
y
l x E 30 B ¥
B 45° E o
60 m
50 m 50 m
h
A 4 600 y
X D ; X X
I« X >
v 60° v

The angle of depression of E at A is 30° and the angle
of depression of D at A is 60°.

¢ X >



Then, /FAE = 30° and ZFAD = 60°.

Now, AF || BE.
Thus, /FAE = ZAEB = 30°
Also, AF| CD.

Thus, ZFAD= ZADC = 60°
Then, Z/ABE =90° = ZACD,
ED=BC =50m, AB =y.

CD=BE =x
In right AABE, we have
t 300_ ﬁ
an = BE
Ly
— = — = 3 P 1
= 73 x = X \/—y (1)
In right AACD, we have
t 600_ Aic
an =D
50
- J3 -
X
= x/gx:y+50
= V3 x J3y=y+50 [Using (1)]
= y=25m

Now, height of the tower is
AC=AB+BC=y+50
=25+50=75m.
and distance between the building and the tower is
x=v3y=+3 x25m=433m

Hence, the height of the tower is 75 m and the horizontal
distance between the building and the tower is
43.3 m.

(iti) Let ED be the height of the building and AC be the
height of the multi-storeyed building. Let CD be the
distance between the building and the multi-storeyed

building.
F < A
30¢
45°
y
E 30 B
8m
45° _l_
D C

¢ X >

The angle of depression of E at A is 30°.
Then, /FAE = 30°
The angle of depression of D at A is 45°.
Then, ZFAD = 45°

Now, AF || BE.
Then, /FAE = ZAEB = 30°
Also, AF || CD.

Then, ZFAD= ZADC = 45°

Thus, ED=BC=8m, AB =y,
CD=BE =y,
ZABE = ZACD = 90°.
In right AABE, we have

t 300_&
an = BE
1 ¥
- J3 o«
= x=+3y
In right AACD, we have
t 4\50_A7Cj
ME= b
- 1o y+38
x
= x=y+8
= ﬁy—y+8
. 8 8(W3+
ST T 2
=43 +1)m
Now, AC=AB+BC=y+8m
=43 +1)+8=4(3 +1+2)
=43+ V3)m
and x=\/§y=\/§><4(\/§ +1)
=43+ V3)

Hence, the height of the multi-storeyed building is
43 + V3 ) m and the distance between the buildings
is 43 +v/3) m.

31. (i) Let ED be the height of the first tower and AC (= 160

m) be the height of the second tower. Let C and D be
the horizontal distance between the two towers.

F < Ax 7
45°

y

i 160 m
E B x
h
cY x

e 75m >

The angle of depression of E at A is 45°.
Then, /FAE = 45°.

Now, AF || BE.

Thus, Z/FAE = ZAEB = 45°
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Also, AB =y, AC =160 m,
BC=h=ED,CD=BE=75m
ZABE = 90°
In right AABE, we have
tan 45° = AB
BE
= 1= 75Lm
= y=75m
Now, ED = BC
= h=AC-AB=160 m -y
=160 m -75m
=8 m

Hence, the height of the first tower is 85 m.

(i1) Let CD and AB be two poles standing vertically on
the horizontal ground DB. The distance between these
two poles is DB = 15 m.

Let AX be the horizontal ray through A so that the
angle of depression of the top of the smaller first pole
CD is ZCAX = ZACE = 30° where CE is L to AB.

DB=CE=15m

Let the height of the 1st smaller pole be & m so that
CD =/ m and that of the taller pole AB be 24 m.

X A
30° T
24—h) m

gl

2nd pole

O
w
o
°
A L\ ]

T ------- 15m -1--

h m| 1st pole hm

b

by 15m

ve

———-w

=

‘W

AE = AB - EB = AB - CD = (24 - h) m.
From AACE, we have

AE _ 24-h

CE 15

1 24 —h

N I

J3 15
= U-h=12 - 5/3.

V3
= h=24- 53
=24-5x1732
=24 - 8.66
=15.34
Hence, the required height of the 1st tower is 15.34 m.

32. Let AB be the vertical building of height 15 m and CE be
the vertical tower, both standing on the horizontal ground
BE so that ZABE = ZCEB = 90°. Let AF be the horizontal

tan 30° =

line through A cutting CE at F so that ZCFA = 90°. Let
BE =xmand CF =y m.

Given that ZCBE = 60° and ZCAF = 30°.

Now, from ACAF, we have C'|'
tan 30° = % ym
__A 300 '_ F__
= 1 _y
3 x
= x=3y..Q) UE) E
From ACBE, we have T T
,_ CE o
tan 60° = BE 1 60 FE__
- 3= By —
X
= 15+y= 3 x
= 15 +y = V3 -3y [From (1)]
= 15 +y =3y
= 2y =15
= y=75 ...(2)
.. From (1) and (2), we have
x=+3x75
=1732x75
=12.99
and CE = CF + FE
=y+15
=75+15
=225m

Hence, the required height of the tower is CE = 22.5 m
and the distance between the building and the tower is

12.99 m.
33. (i) Let ED (= 7 m) be the height of the building and AC
be the height of the tower.
A -
Y
60°
.
E 1S
[ 30° B
7m 7m
J 30°




The angle of elevation of the point A at E is 60°.
Then, /AEB = 60°

The angle of depression of the point C at E is 30°.
Then,  ZBEC = 30°

Now, EB| CD.
Thus, /BEC = ZECD = 30°.
Also, AB =y, ZABE = ZEDC = 90°,

CD=BE=x, ED=BC=7m
In right AABE, we have
AB

tan 60°= —
an BE

= x/—z% :x:% .. (1)

In right AEDC, we have
t 300 — E
M= op

7m

1
= —_— = —
3 ox
= x=73

= %=7\/§

= y=2lm ... (2)

Now, AC = height of the tower
= AC=AB + BC
=y+7m
=2lm+7m
=28 m
Hence, the height of the tower is 28 m.

(ii) Let W be the window, 10 m E
high, of a building, above the

horizontal ground BD, in a hm

street.

Let ED be the height of another
building on the other side of
the street BD. Let WC be the
horizontal line through W,
cutting ED at C.

Then WB = CD =10 m. D
Let BD = WC = x m. F——xm—
It is given that ZEWC = 30° and ZDWC = 45°.
Let EC = h m.

Also, ZWBD = /BDC = ZECW = 90°.

To find the height ED of the 2nd building.

Now, from AEWC, we have

Z _3_0:xm _{,__C

45°

o 45°

w——10m—is

. _ EC

tan 30° = WC
= L_h
J3 o x

x= /3

[Using (2)]

Q)

Again, from AWBD, we have

._ WB
tan 45° = BD
= 1= 10
X
= x=10 ...(2)
.. From (1) and (2),
p- 10 _ 1043
J3 3
_ 10x1.732
3
~ 10 x 0.5773
=5.773

Hence, the required height of the 2nd building is
DE=DC+CE=10m + 5773 m = 15.773 m.

(ifi) (a) Let ED (= 60 m) be the height of the building and

AC be the height of the lighthouse. The distance
between the building and the lighthouse is x metres.

The angle of elevation of the top of the lighthouse A
at E is 30°.
Then, Z/AEB = 30°

The angle of depression of the bottom of the lighthouse
C at E is 60°.

Then, /BEC = 60°

Now, BE || CD.
A T
y
¥ E 30 L ¥
60°
60 m 60 m
¥ D 60° k2

e x >
Then, /BEC = ZECD = 60°.
Also, ED =BC =60m, CD = BE =x,
Z/ABE = ZEDC = 90°

Let AB (= y) be the difference of height between the
building and the lighthouse.

In right AABE, we have

t 300_ ﬁ
an = BE
1 y
= 73 " x
= X = \/gy (1)
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In right AEDC, we have

t 600_@
ams = oo

60 m 60 m

= \/gz = =

X SN

60 m
V3y= —— =20
= y 73 EN m

Hence, the difference between the height of the
lighthouse and the building is 20 m.

(b) From equation (1),
x=+3y=+V3 x20m
=1732 x 20 m = 34.64 m

Hence, the distance between the lighthouse and the
building is 34.64 m.

(iv) Let CD be the water level. Let ED (= 12 m) be the

height of the deck of the ship above the water level.

Let AC be the height of the cliff. The distance between
the man and the cliff is x metres.

The angle of elevation of the top of the cliff A at E is
60°.
ZAEB = 60°

The angle of depression of the bottom of the cliff C
at E is 30°.

/BEC = 60°
Now, BE || CD.
Then, /BEC = ZECD = 30°.
A x
y
60°
E ¥
T 30° B 7'y
12m 12m
i o 4
¢ x >
Also, BE=CD=x, ED=BC=12m,

AB =y, ZABE = ZEDC = 90°
In right AABE, we have

AB y
© = - 3 = -
tan 60 BE = .

- x= % (1)
In right AEDC, we have
tan 30° = Eb
CD
1 12m
= 73 x

= x=12v/3
= % =123 [Using equation (1)]
= y =36 m
Now, height of the cliff = AC
= AB + BC
=y+12m
=36m +12m
=48 m

In equation (1), the distance between the ship and the
cliff is

36
X = —y_3 = 73 m [Using y = 36 m]
_30m  o7ss
T 173 oM

Hence, the distance of the cliff from the ship is 20.785
m and the height of the cliff is 48 m.

34. (i) Let EF be the surface of the lake and A be the point

of observation 20 m above the lake such that AB =
20 m.

The distance of the cloud above sea level is equal to
the reflection of cloud below sea level.

o CD = DF

Now, In AAEF

AE

EF
20+ x

V3 = EF
20+ x

J3

tan 60° =

EF =

A
20 mI \4300
D
B

60°
E F
In AACM, we have
tan 30° = ™M
AM
1 CM
— === " AM = EF
J3  EF ( )
1 _J3cm
J3 20+x



3CM =20 + x
We know CD = DF
CD=x
CM + MD =x

20+ x 420 = x

20 + x + 60 = 3x

80 = 2x
x =40 m
- oM = 2 o
3
Now we have
In AACM,
sin 30° = ™M
AC
1 20
2 AC
AC=40m

Distance of cloud from point A is 40 m.

(i) Let MN be the surface of the lake and let P be a point
of observation, 60 m above the lake vertically above
M such that PM = 60 m. Let A be the position of the
cloud and A’ be its reflection in the lake. Let the height
of the cloud above the lake be /1 m.

A___
hm
30° [
f B
- _;__ xm _______
G !
o o
3 3
i nL L
hm
AL

Then AN =A'N=hm [ object distance = image

distance on a plane reflecting surface]
We draw PB 1L AA".
Then ZABP = ZA'BP = ZANM = ZA'NM = 90°,
ZAPB = 30° and ZBPA’ = 60° [Given]
Now, Let PB = MN = x m
Then, from AAPB, we have

AB 1 _h-60

tan30=ﬁ—ﬁ: o

= x = (h - 60)+/3 (1)

From APBN, we have

s A'B _ h+60
tan 60° = B -«
= x=h+60 .2

.. From (1) and (2), we have
(h—60)3 =h + 60

= 3 -1 = 60 + 180
- oh = 240
N h:%ozlzo

Hence, the required height of the cloud from the
surface of water is 120 m.

(iil) Let QC be the surface of the lake and P be the

point of observation 200 m above the lake such that
PQ =200 m.

Let A be the position of the cloud and D be its reflection
in the lake. Let AC be the height of the cloud above
the lake.

Then, CD =AC=AB+BC=h+200
A

h
p 230 Lp
60°
200 m 200 m
Q c

1
i
h+200 | h + 200
1
1
1
60° l
RI D
¢ x >
Draw PB 1L AD.

Then, ZABP = £ZPBD = 90°.

The angle of elevation of the point A at the point P
is 30°.

Then, ZAPB = 30°.

The angle of depression of the point D at the point P
is 60°.

Thus, «BPD = 60°.

Now, BP || DR.
Then, /BPD = /PDR = 60°.
Also, AB =h, BC =200 m, CD = h + 200,

PQ =200, QR = i + 200
DR = CQ =BP = x, ZDBP = 90° = ZPRD.
In right AABP, we have
tan 30° = AB = L =
BP 3
In right APRD, we have
PR

tan 60° = ﬁ

= x=+/3h

==
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= \/—:PQ+QR
X
= V3 x =200 + h + 200
= V3 x=h+400
=3 x V3h=h+400
= h =200 m
Now, AC = AB + BC
=h+ 200 m
=200 m + 200 m
=400 m

Hence, the height of the could from the surface of the
lake is 400 m.

(iv) Let EF be the surface of the lake. From a point
100 m above the lake (A), angle of elevation of helicopter
in 30° and angle of depression of reflection of the
helicopter in the lake is 60°.

Let shadow be x m below sea level

C
30°
A M
100 mI \<60°
B D
60°
E F
DF = «x
BE =DF =xm
CD = DF
CD=x
.. In AAEF, we have
tan 60° = AE
EF
100+ x
3 =
\/— EF
100+ x
EF =
J3
In AACM, we have
tan 30° = M
AM
1 J3eM
—_— = .~ AM = EF
J3 0 100+x [ ]
3CM =100 + x
We know
CD = DF

CM + MD = DF

100+ x

+ 100 = x
3
100 +x + 300 = 3x
2x = 400
x =200
CM = 1003+x - 100
Height of helicopter above lake = CM + MD
=100 + 100
=200 m

35. (i) Let ED be the height of the man and AC be the height
of the tower. C is the foot of the tower. The distance

of the man from the tower is 2073 m.
A 5

30° =

TE
1.7m

lD Cl

o——20/3 m—

The AB (= h) be the difference in the height of the
man and the tower.

The angle of elevation of the top of the tower A at
the point E be 30°.

Then, Z/AEB = 30°

Now, AC=xm,BC=17m,
CD = 20V3 m, ZABE = 90°.
BE = CD = 203 m
AB=xm-17m=(x-17)m

In right AABE, we have

. AB
tan 30° = m
. 1 _ _AB
J3 0 20J3
= AB=20m
= x=20+17)m
= x=217m

Hence, the height of the tower is 21.7 m.

(if) Let E be the eye of the observer EG, 1.5 m tall, standing
vertically on the horizontal ground GB, 30 m away
from a verticaly chimney AB, A being the top of the
chimney. We draw EC L AB, so that EC = GB = 30 m.
Also, EG = 1.5 m, the height of the observer.



ZAEC = 60° (given).

Let AC = hm. A
From AAEC, we have
. AC
tan 60° = BC
h
=20 hm
- B 30
= h= 3043
=30 x 1.732
=51.96 g /\60° .
AB=AC+CB | EF---30m----1 CT
b+ 15 1.5m 1.5m
= + .
~ 5196+ 15 Lo ujil
= 51. . G 5
b——730m ——
= 53.46

Hence, the required height
of the chimney is 53.46 m.

(i1i) Let OD be the height of the man and AC be the height
of the tower. Let C be the foot of the tower. Then, CD
is the distance between the man and the tower.

Let AB (= y) be the difference between the height of
the man and the tower.

The angle of elevation of the top of the building A at
the point O is 45°.

Then, ZAOB = 45°

40 m

45° .

vy]
l¢
I«

D C B
je—— 385m —

Now, CD=OB=385m, AB =y,
AC =40 m, ZABO = 90°.

In right AABO, we have

tan 45° = 20
MW= B0
Y
1=
- 38.5m
= y=385m

Thus, the height of the man is
OD =BC = AC - AB
=40m-y=40m-385m=15m
Hence, the man is 1.5 m tall from the ground.

For Standard Level

36.

37.

Let AB (= I metres) be the height of the tower.

Let P be the point from the foot of the tower when the
angle of elevation is 0.

Then, AB=h CB=x
ZAPB = 6.
A
h
0 [0) \
P C B
t d t X—

Let C be the point when a distance of d is moved from
the point P. It is the point at which the angle of elevation

is ¢.

Then, PB=d+CB=d+x,
ZACB = ¢
and ZABC = ZABP = 90°.

In right AABC, we have

; L]
an ¢ = .
h
= X =
tan ¢
= x=hcot¢ (D

In right AABP, we have

tan 6 = 7B
h=PBtan 0

= h=(+x)tan 0
= hcot®=d+hcot¢
= h(cot © —cot ¢p) =d [Using (1)]
= P

cot 6 —cot ¢

. . d
Hence, the height of the tower is ———.
cot O —cot ¢

Let AB be the height of the tower. At the point D on the
ground, the angle of elevation at the top of the tower is o.

A_

h

o B I___

D C—Xx—8B
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Then, AB =h, ZADB = o. h _
Let C be the point from D such that the angle of elevation = p ~ oot 0... (D[Using tan (90° - 0) = cot 0]
at the top of the tower is B. In right AABD, we have
Then, CD =4, CB=x, ZACB = 3, AB I
/ABC = ZABD = 90° BD =tan 0 = A =tan 0 ... (2
and DB=a+x From equation (1) and equation (2), we have
In right AABC, we have hecotO =atan 0
ab b . 1
pC ~ an B = g —Atan 0 |:Usmg tan 0 = P
h
= — =tan b
x P = tan?0 = -
h
= X = .. (D b
tan B = tan 6 = \/;

In right AABD, we have
39. Let AB be the height of the building. The angles of

= _tno = L = tan o depressions of the two vehicles at the point D and C are
BD a+x y° and x° respectively.
h .
= 3 = tan o [Using (1)] -
a+
tan B
= h:tanoc[a+ h ) 96 m
tan B
htan o
= h= atan o+
tan B 1
atan o tan B+ tan o D C B
- h= tan B
ZEAC= x° and ZEAD = y°.
= h({an B -tan o) = a tan o tan B Now AE || BC
- _ atanotanp Then, ZACB = ZEAC = x°
tanp—tan a and ZEAD = ZADB = y.
. Let AB be the height of the tower. Let C be the point from Thus, AB =96 m
the foot of the tower at which the angle of elevation is CD = d
90° - 6. B
A__ BC =x
ZABC = ZABD = 90°
In right AABC, we have
tan xo = 2B
) - CB
N 3 9%m
4 CB
= CB =128 m
6 90°-0 | = x=128m
D: Cﬂ b | B In right AABD, we have
Then,  AB =/, BC = b, ZACB = 90° - 6. tan y° = g
Let D be the point from the foot of the tower at which 1 96 m
the angle of elevation is 6. = 3 d+x
Then, ZADB =6, ZABC = ZABD =90°, BD =« 1
In right AABC, we have = 3 (d+x) =96 m
ﬁ—tan(90°—6) = d=96m x3-x

BC =9% m x 3-128 m = 160 m.



Hence, the distance between the two vehicles is 160 m.

40. Let T be the top of the vertical tower TG of height 1 m
and standing on the horizontal ground GX.

T

T

hm

DN

G 0O, 0,

>
L

<9

Let O, and O, be two objects on GX, such that Z/TO,G =
B and ZTO,G = o where B > a. We have ZTGX = 90°

. From ATGO,, we have

h
- = ...(1
GO, tan B = GO, = h cot B 1)
Also, from ATGO,, we have
h_ _ _
GO, =tana = GO, =h cot a ...(2)

0,0, = GO, - GO,
= h(cot o — cot B) [From (1) and (2)]
Hence, the required distance between two objects O, and
O, is h(cot o - cot B ) metres.

41. Let A be the top of the vertical cliff AB standing on the
horizontal ground BX,,. Let P, and P, be the two positions
of the boat moving from P, to P, away from the point B.
Let AX, be the horizontal through A, so that Z/X,AP, =
ZAPB = 60° and /X,AP, = ZAP,B = 45°.

_A X,
45° 60°
IS
o
©
__B—I 607 457 5 o>
P
le m— 2 X
Now, given that ZABX, = 90° and AB = 150 m.
Let PP, = x m.
Now, from AABP,, we have
o_ AB
tan 60° = BP,
_ 150
- V3 = BP,
150
= BP, = —
NG
= 504/3
=50 x 1.732
= 86.6 ...(1)
Again, from AABP,, we have
o AB _ 150
tan 45° = BP, = BP,

150

= 1= BD,
= BP, = 150 ...(2)
: x=PP,

= BP, - BP,

=150 - 86.6 [From (1) and (2)]

=634 m
The boat describes a distance of 63.4 m in 2 min, i.e., in
1y
30

.. Speed of the boat is % m/h =634 x 30 m/h

30
= 1902 m/h.
Hence, the required speed of the boat is 1902 m/h.

42. (i) Let AB be the height of the tower. From the top of
the tower at point A, the angle of depression is 30° at
the point D and 45° at the point C.

Then, ZEAD = 30° and ZEAC = 45°.
Now, AE || BD.

Thus, ZADB = ZEAD = 30°.

and /ACB = ZEAC = 45°.

Let t be the time taken to travel from D to C.
Then, t = 12 min.

CD=d,DB=d+x,
ZABC = ZABD = 90°,
AB=h=BC=x

Let v be the uniform speed at which the car moves
from D to C.

—- |

Then, v= . (D)

In right AABC, we have

AB = tan 45°
BC
= AB 1
BC
= AB = BC
= h=x ... (2)
In right AABD, we have
AB = tan 30°
DB
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h 1
= d+x 3
_ho 1
= i+h I3
= J3h=d+n
= d=(3 -1k .. 0)

Let T be the time taken by the car to move from C to
B.

X X .
Then, T = P ?) [Using (1)]
t
xt ht
A e A— ing (2
7 (\/5 “On [Using (2) and (3)]
12 min _ 12min

1.732-1 "~ 0.732

= 16.39 min (approx.)
Hence, the time taken by the car to move from the
point C is 16.39 min (approx.).

(if) Let AB be the height of the multi-storeyed building.
The angle of depression as observed from A to the
point D is a.

Then, Z/EAD = o and AB = / metres.
The angle of depression of C at A is B.
ZEAC =8
Thus, the car moves from D to C as the angle of
depression changes.

Now, AE || BD.
Then, /ADB = ZEAD = a
and Z/ACB = ZEAC = 5. ()
Also, CB =x, DC =4,
/ABC = ZABD = 90°,
DB =d + x.

Let t be the time taken by the car to reach from D to
C. Thus, the speed of the car is

d
0= ? .. (1)
In right AABC, we have
AB
tan B = 6
= J5-1
X

h
= X = ﬁ (2)

In right AABD, we have

tan o = 2B
an(x-DB
N 1k
J5  d+x
= d+x=+5h
h
= d:ﬁh-x:ﬁh-ﬁ
4
= —h ..
75 ©

Let T be the time taken by the car to move from C
to B.

X
Thus, T= —
v

[Using (1)]

[5)
xt JE
== 1 p
J5
[Using (2) and (3)]
t 10 min

Hence, the time taken by the car to reach the base of
the building is 2.5 minutes.

Let AB be the height of the cliff. The angle of depression
observed by the man from the point A to the boat at
the point D is 30°.

E < - A
30°160
h
30° 60° ol
t d t X {
D C B
Then, AB = h, ZEAD = 30°.

After 3 minutes, the boat moves from D to C and the
angle of depression is observed to be 60°.

Then, Z/EAC = 60°.

Now, AE || BD.

Then, ZADB = ZEAD = 30°
and /ACB = ZEAC = 60°
Also, BC =x, CD =4,

ZABC = ZABD = 90°.



Let t be the time taken by the boat to move from D
to C. Then, the speed of the boat is

4
t
In right AABC, we have

U=

. Q)

t 600 J— ﬁ
an = CB
h
- N
X
h
= X = ﬁ (2)
In right AABD, we have
t 300 p— ﬁ
an = DB
1L h
= J3 T dvx
= d+x=~3"n
= d=V3h- 2o Xy 3)
- 3T U3
Let T be the time taken by the boat to move from C
to B.
X X .
Then, T = ; = ?) [Using (1)]
t
xt (%)t
=72 [Using (2) and (3)]
—h
J3
_t _BZmin . .
7="5 = min

Hence, the time taken by the boat to move from C to
B is 1.5 minutes.

(if) It is given that the height of the cliff is 500 m.
Then, h =500 m.
Using equation (3), we have

2
d=—=Xxh=—x500m =
3 N 3

Now, the speed of the boat is

1000 m
4 U J3 ) 1000
Tt 3min  180x+/3

= 3.207 m/s (approx.)

2 1000 m
3

m/s

[

Hence, the uniform speed of the boat is 3.207 m/s
(approx.)

44. Let AC (=h) be the height of the lighthouse. Let B and D
be the positions of the ships on the opposite sides of the
lighthouse. The angles of depression of the points B and
D at A are a and B respectively.

Then, ZEAB = a and ZFAD = f.
Now, EF || BD.

45.

Then, ZABC = ZEAB

= ZABC = a

and ZADC = ZFAD

- ZADC = p.

Also, AC =h,BC=xand CD =y.

E < A > F

« p

[ x | y |
In right AACB, we have

tano = —=

BC
= tano = —
X
h
= X =
tan o
In right AACB, we have
AC
tan B = D
= tan f3 h
an B = —
Y
- _h
Y= Yan B

Now, the distance between the two ships is BD.
Thus, BD=x+y

__h h h(tan 0.+ tan B)
" tano  tanp ~ tanotanP
h(tan o + tan )

Hence, the distance between the ships is

tan o tan B
Let A be the point of observation. Since the aeroplane is
flying with a uniform speed, it will cover equal distances
in equal intervals of time. Let it cover x metres after each
observation. Suppose the aeroplane is flying at a height
of /1 metres.

—xm xm t X m— X m—

1

1

|

1

hm hm

1 1

| .9

1 1

1 1 1 1

a 1 1 1

E D C B A

F— X M ——X M ——Xx M ——x M—
X X

Then, cota= —,cotB=—,

h P h
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&3 | Ssome Applications of Trigonometry

X 4x
coty= —,cotd=—

h h
LHS = 3 (cot? B — cot?y)
4x>  9x? ~15x2
:3["2—’;] o ()
h h h
RHS = cot? a. — cot? §
x> 16x2 -15x2
R @

From (1) and (2), we get
3 (cot? B — cot? y) = cot? o — cot? &

46. Let AC be the height of the tower. The angle of elevation

of the top of the tower at P on the ground is 6.
A

TS

a
lp 0 ¢ Cl"

[ x >

Then, ZAPC = 0.

E is the point which is ‘a metres’ vertically from P. The
angle of depression of C at E is ¢.

Then, ZBEC = ¢.
Now, EB || CP.
Then, ZBEC = ZECP = ¢.
Also, EP=BC=a, AC =1},
/ACP = Z/EPC =90°, CP = x
In right AACP, we have
tan 6 = £
CcP
h
= tan 0 = —
h
= X = tan 0 . (2

In right AEPC, we have

an ¢ = cP = tan ¢ = .
= a
X =
tan ¢
= X =a cot ¢ Using cot ¢ =
tan ¢
= ane - a cot ¢ [Using (1)]
= h =a tan 6 cot ¢

Hence, the height of the tower is a tan 8 cot ¢ metres.

47.

48.

Let AB (= h; m) be the marble statue on pedestal BD.

Let BD, the height of pedestal =  m.

Let E be the point of observation at a height of 1, m above
the ground.

Then, EF = h, m.
From E, draw EC || FD, meeting AD at C.

T 1
IS
=

]
(h_;j_z) m % o
1 1
Lc T Er
J h,m
ul 1
Q F

ym |

The angle of elevation of the top A of the statue AB at
E is o and the angle of elevation of the bottom B of the
statue AB at E is f.

ie. Z/AEC = o and ZBEC = B.
Let DF = y metres.

Then, CE = DF = y metres
BC=BD-CD=BD-EF=(h-h)m
and AC=AB+BC=( +h—-h)m
AC
In rt. AACE, tan o = a
= tan o = M
y
hi+h—hy
= Y= T ano . (D
In rt. ABCE, tan f = BC
CE
h—h,
= tanf= —
Y
= y= =t @
tan B o
On equating the values of y from (1) and (2), we get
hy+h—hy h—h,
tano.  tan B

Solving this equation, we get
(hy —hy) tan B + h, tan o

h=
tan o0 — tan

Hence, the height of the pedestal is
(hy —hy) tan B + 1, tan o
tan o — tan 3

Let ED be the height of the window from the ground in
the street.

Let AC be the height of the another house. Then, the
distance between the two houses is x.



49.

The angle of elevation of A at E is 60°.

Then, ZAEB = 60°
Also, the angle of depression of C at E is 45°.
Then, ZBEC = 45°.
Now, BE || CD.
Thus, ZBEC = £ZDCE = 45°.
Also, ED=BC =60m,CD =BE =z,
AB = y, ZABE = ZEDC = 90°.
A ry
y
E A% B ¥
T 45°
60 m 60 m
l D 45° c X
e x >
In right AEDC, we have
tan 45° = ED
CD
- 1= 60 m
X
= x =60m .. (D
In right AABE, we have
tan 60° = AB
BE
= J3 =<
X
= y= NEY"
= V3 x60m [Using (1)]
= 60v3m
Now, height of the opposite house
=AC = AB + BC
=y+60m
=603 m + 60 m
=60(1 + V3)m

Hence, the height of the opposite house is
60(1 + J3 ) metres.

Let W, and W, be the tower and upper windows of a
vertical house standing on the horizontal ground G,G,.
The heights of W, and W, from G, and W, respectively
are 2 m and 4 m respectively, so that GW, = 2 m and
WW, =4m.

50.

Let B be the position of the balloon and let W X, and
W, X, be horizontal rays from W, and W, respectively
cutting the vertical line-segment BG, at C and D respectively.

Then CD = W,W, =4 m and G,D = W,G, =2 m,
ZBW,X, =30° and ZBW, X, = 60°. Let BC = h m.
Now, ZW,G,G, = ZDG,G, = ZCDW, = ZBCW, = 90°.
Let G,G,=W,D=W,C=xm.

. From ABW,C, we have

. _ BC
tan 30° = W,C
Ho o __ B
S r T
V3 X i hm
! 30° X
= x= /3 (1) W, . _1__C| >
Also, from ABW,D, we have i
BD i
tan 60° = i
WD 4m 4m
I
I
- V3 = h+4 :
X :
= x= hj_‘l @) w0 X,
3 e — D| >
From (1) and (2), we have om 2m
i
3 = h\%‘} 1 ]
G1|_ xm _|Gz
= 3h=h+4
= 2h =4
= h=2

Hence, BC =2 m.
BG, = BC + CD + DG,
=2+4+2)m=8m
Hence, the required height of the balloon is 8 m.

Let EC be the surface of the lake and O be the point
of observation vertically above the lake such that
EO = h metres. Let A be the position of the cloud and A’
be its reflection in the lake. Let AC be the height of the
cloud above the surface of the lake.

Then, AC=AC=AB+BC=y+h
Draw OB L AA'.
Then, ZABO = 90°.
A T
y
o
(@] B
h b h
E C
h+y h+y
l D o P A l
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a1
—_

Then angle of elevation of point A at the observation point
Ois o

Then, Z/AOB = a

The angle of depression of point A’ at the observation
point O is .

Then, Z/BOA’' =
Now, BO || AD.
Then, /BOA’' = ZOA'D =
Also, AB=y,BC=h,
CA'=ED=h+y, AD=BO =x
Z0ODA’ = 90°
OD = OE + ED
=h+h+y
=2h+y

In right AABO, we have

t. = —
an o BO
= tanon:z
x
Y
= (1
= x tan o ™

In right ODA’, we have

t B_ @
an B = —=5
2h
= tan f = 2ty
X
= xtanB=2h+y
ytanf .
= o =2h+y [Using (1)]
= y(tanB—tanoc] —on
tan o
2h tan o
= y=

tan B — tan o

Now, the height of the could above the surface of the lake
is
AC=AB+BC=h+y
2h tan o
Ll
tan B — tan o

htan B —htan o + 2h tan o
tan B —tan

h (tan B + tan o)
tan § — tan o

Hence, the height of the cloud above the surface of the
h (tan o + tan B)

lake is
tan B —tan o

. Let AB (= h metres) be the tower and let C be the point

of observation.

52.

hm

[90-6) 45 5

|B—xm—Eo—q m_D._p m_|C

Then, ZACB =06

Let D be the second point of observation.
Then, DC = p metres and ZADB = 45°.
Let E be the third point of observation.

Then, DE = g metres and ZAEB = (90° - 0).
Let BE = x metres.
In right AABC, we have
h
tan = —— ... (D)
xX+q+p

In right AABD, we have

h
tan 45° = ——
x+q
= Xx+q=nh
= x=h-gq ... (2
From (1) and (2), we get,
h
tan 0 = m ... (3)
In right AABE,
h
t °—-0)= —
an (90 ) .
h h .
= cotb=— = — [Using (2)] ...(4)
x h-g
Multiplying equation (3) and equation (4), we get
tan 0 x cot O = m X m
= (h+p)(h-gq) =h
= B2+ ph - gh — pg = h?
- he P11
pP—q

Let A be the position of the bird from the ground. Let F
be the position of the boy and AC be the altitude of the
bird from the ground.

A
B 45° ET
20m
30° ,_ Dl
F c



53.

The angle of elevation of A at F is 30°.
Thus, ZAFC = 30° and ZACF = 90°.

Let E be the position of the girl and ED be the height of
the roof. The angle of elevation of A at E is 45°.

Then, ZAEB = 45° and ZABE = 90°.

Also, CD =BE =y,
ED =BC =20 m,
AF =100 m
In right AACF, we have
sin 30° = AC
AF
1 AB +BC
- 2~ 100m
= AB=50m-BC =50 m -20 m = 30 m.

In right AABE, we have
, AB
sinds*= = = AE= 30v/2m = 4242 m

Hence, the distance of the bird from the girl is 42.42 m.

Let A P, be the initial position of the ladder of length I
standing at an indication o with the horizontal ground
P,G. Let A,P, be the second position of the ladder making
an angle g with P,G. When the foot of the ladder sides
on the ground from the position P, to P,, let its top A,
slides down the vertical wall A;G to the position A, so
that A|A, = g and P,P, = p (given).

It is given that ZAP,G = o, ZA,P,G =

and ZA,GP, = 90°.

Let AJG=yand P,G =x
Now, from AA,P,G, we have

_ PG _x
cos o = AP 1 ...(D)
. _AG  g+y
sin o = AP T ..(2)
and from AA,P,G, we have
_ DG _x+p
cos B = AP, T ...(3)
a_ MGy
and sin B = AP, ...(4)
.. From (1), (2), (3) and (4), we have
X+p—x
cosP—cosa ] _p

sina—sinf  g+y-y g
)

Hence, proved.

CHECK YOUR UNDERSTANDING

— MULTIPLE-CHOICE QUESTIONS ———

For Basic and Standard Levels

1. (c) angle of elevation.

2. (b) 2043 m
Let AB (= h) be the height of the tower and CB be the
distance of the point of observation.
The angle of elevation of A at the point C is 60°.
Then,  ZACB =60° BC =20 m

and ZABX = 90° A
In right triangle ABC, we have -‘V
. AB
tan 60° = E h
: J
- V3= m c &
F—20m—B
= h=20v3 m
3. (@) 49 m

Let BC be the length of the bridge and AB be the
width of the river.

A

1
i
1
1
1
1
i
1
C 1
'
Then, ZACB = 30°, ZBAC = 90°

AB = x and BC =98 m
In right ABAC, we have

in 30° = ——
S 98 m
1
= x:§><98m:49m
4 () 165m

Let A be the position of the kite from the level ground
and AC be the length of string of the kite.
Then, AC = x metres, AB = 825 m,
ZACB = 30°, ZABC = 90°
In right AABC, we have

A
.o AB /T
snr130=A7C .
1 85 82.5m
= 27 % / J
x=165m €& =

=
5. (a) 45°
Let AB be the length of the vertical pole and BC be
the length of its shadow.
Then, AB = BC
and ZABC =90°
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6. (b)

7. (0)

Let 0 be the angle of elevation of the Sun’s altitude.

Thus, Z/ACB =0 A
In right AABC, we have
o= A8
MU= BC
= tan 0 =1
= tan 0 = tan 45° c B
= 0 = 45°
60°
Let AB the height of the A
tower and C be the point
which is at a distance of -‘V
75 m from the foot of the
tower. 7543 m
Let 6 be the angle of J
elevation of the top of ¢ £ [] 5
tower A at the point C 7_m
is 0.
Then, ZACB = 0, ZABC = 90°,

AB =753 m and BC = 75 m
In right AABC, we have

an 0 = BC
om0 753 m
= = —
an 75 m
= tan 0 = /3
= tan 0 = tan 60°
= 0 = 60°

10 m

Let AB (= h) be the height of the tower and BC be the
length of its shadow on the level ground. The angle
of elevation of A at C is 30°.

A
h
30° 60° l
C D

B
—x—
f 30 m !
Then, ZACB = 30°, BC = 30 m, ZABC = 90°
and AB = h metres.
In right AABC, we have
 AB
tan 30° = E
1 h
- J3 ~ 30m
= h= 30 m
J3

8. (b)

9. (b)

Now, let D be the point on the level ground and is
correspond when the Sun’s altitude is 60°. Then, the
angle of elevation of A at D is 60°. Let BD (= x) be
the length of the shadow.

Then, ZADB = 60°, BD = x metres
and ZABD = 90°
In right AABD, we have

tar160°=ﬁ
BD
= 3=t
X
h 30
= xzﬁzmmzlom
45°

Let ED (= 1.4 m) be the height of the observer and
AC (= 30 m) be the height of the tower. Let CD = BE
be the distance of the observer from the tower. Let 0
be the angle of elevation of A at the point E.

A x
28.6m
£ () i 30 m
1.4m
D C X

l— 286 m —»
CD =BE =286m,
/AEB=0,ED=BC=14m
AB=AC-BC=30m-14m=286m
In right AABE, we have

Then,

AB
tan 0 = BE
= tan @ < 28.6 m
28.6 m
= tan 0 =1
= tan 6 = tan 45°
= 0 =45°
30°

Let AD be the line extending from A to D such that
AD is parallel to BC.

< A
D o T

2m

c¥
f—— 2y/3m —»

B

Let 0 be the angle of depression of C at A.
Then, /DAC = 0.



10. (¢)

11. (b)

Now, AD | BC.
Thus, /DAC = ZACB =0
Also, AB =2 m,
BC =2v3m
In right AABC, we have
AB
tan 6 = BC
2m
= tan 0 = m
= tan 0 = L
V3
= tan 6 = tan 30°
= 0 =30°
1m

Let AD be the line extending from A to D such that
AD is parallel to BC. The angle of depression of point
C at A is 45°

Then, ZDAC = 45°
Now, AD | BC.
Thus, @ #Z/DAC = ZACB = 45°
Also, BC=1m
In right AABC, we have
tan 45° = AB

BC

AB
= 1= H
= AB=1m
150/3

Let AB be the height of the tower and C be the position
of car parked. The angle of depression of C at A is
30°.

A > D
30°

150 m

\ n 30°

Bt

Then, ZDAC = 30°

Now, AD || BC

Thus, ZDAC = ZACB = 30°

Also, ZABC =90°, AB=150m, BC = xm
In right AABC, we have

tan 30° = A—B
BC
L1 _1%0
3 o«
= x = 1504/3 m

Hence, the distance of the car from the tower (in m)

is 1504/3 .

12. (a) 150 m
Let AB be the height of the vertical stick and BC be
the length of its shadow.
1
30m
e |
C B
I 15 m i
Let 0 be the angle of elevation of point A at C.
Then, ZACB =9 P
Also, ZABC = 90° [
AB=30m
and BC=15m h
In right AABC, we have \
tan 0 = % R . 0
t 75 m {
= tan 0 = 30m
15m
= tan 0 = 2 o (D)
At the same time, a tower casts a shadow on the level
ground. Let PQ be the height of the tower and QR be
the length of its shadow.
Then, PQ = & meters,
QR =75, ZPQR = 90°
The angle of elevation of the point P at R is 6.
Thus, ZPRQ = 6.
In right APQR, we have
PQ
tan 6 = @
= = i [Using (1)]
75m
= h =150 m
13. (2) 100 m A

Let AB (= h metres)

be the height of the

Qutub Minar and BC h
be the length of its

shadow on the level \
ground. Let 6 be the o

angle of elevation of C B
the point A at C. 150 m

Then, ZACB = 0, P

AB =1, [
BC =150m
and ZABC =90°
Let PQ (= 80 m) be \
the height of the other 0

minar and QR be the R Q
length of its shadow f 120 m {
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on the level ground. As the measurement is done at
the same time, the angle of elevation of P at R is also
equal to 6.

Then, /PRQ =0, ZPQR =90°, PQ = 80 m
and QR =120 m
In right AABC, we have

tan 0= —
an 0 BC

. (D)

= tan 0 = 7150m

In right APQR, we have
PQ
tan 0 = —
an OR
h B 80 m
150m ~ 120 m

= h =100 m

= [Using (1)]

For Standard Level

14. (¢)

15. (b)

1 m/s A

Let AC be the length of the

ladder and AB be the height 307
of the wall. It is given that
the ladder is inclined to the D, E
wall at an angle of 30°.

Then, ZCAB = 30°

and ZABC =90° 60°

In right AABC, we have c B
/ABC + ZCAB + ZACB = 180°

= 90° + 30° + LACB =180° = ZACB=60°

Let us draw a line DE which is parallel to BC and cuts
AC and AB at D and E respectively. Also, let DA be
the distance covered in 1 second.

Then, DA=2m
Now, DE || CB.
Thus, /ADE = ZACB = 60°

and ZAED = 90°
In right AAED, we have

cos 60° = DE
DA
1 DE
= E:E = DE=1m

Thus, he approaches the wall at the rate of 1 m/s.
25 m

Let EC be the height of the girl and AB be the height
of the lamp post. The distance between the girl and
the lamp post is BC (= 3 m). Let CD be the shadow
of the girl.

Let 0 be the angle of elevation of the point E and A
at D.

Then, ZEDC =6 = ZADB.

16.

Also, EC = 1.5 m, AB = h metres,
BC=3m,CD=45m,

ZABD = ZECD = 90°

=

1.5m
0
D C B
F—45m ———3m—

In right AECD, we have

tan 0 = ——
an D
tan 0 < 1.5m 1
= an 0 = i5m .
In right AABD, we have
t e — ﬁ
Y= BD
1.5m AB
= =
45m 45m+3m
AB 1.5m 75
= X /.
= 45m m
=25m

(1) 45°, 30°

Let O,D be parallel to ABC passing through O,. Let
0, and 0, be the angles of depression from O, and O,
respectively at A.

O, O,
D o] 3
15 | E
0.1% ]
A 1 .
1m
Now, DO, Il AC.
Then, /DO,A = /BAO, = 0,

and  ZDO,A = ZCAO, =0, =0, - 15°

Also, Z0,A0,=15, AB=1m,OB=1m
In right AO,BA, we have
tan 6, = %
1~ AB
Im
= tan 0, = im
= tan 0, = tan 45°
= 0, = 45°
Now, 62 = 6] - 15°
=45° - 15° = 30°



17. (a) 1 m, 45°

In right ADBC, we have
tan 45° = DB
BC
= 1= bB
Im
= DB=1m
From the figure,
/HAC = Z/ACB
ZACB = 60°

ZACD + ZDCB = 60°
15° + ZDCB = 60°
ZDCB = 60° — 15° = 45°
Thus, the angle of depression of D at C is

U4y U

ZEDC =6
Now, ED | BC.
Thus, /DCB = ZEDC
= ZEDC = 45°
18. (b) 50(+/3 —1) units A
In right ADCB, we have
tan 45° = be ’
BC
DC
- 1= 50 units ‘/ e0”
= DC = 50 units B S0unis €
In right AACB, we have
tan 60° = AC
BC
AC
- V3 - 50 units
= AC =503 units
= AD = AC-DC =503 units - 50 units
=50 (V3 - 1) units
19. (¢) 8 m

Let AB be the height of the tower. Let 6 and 90° — 6 be
the angles of elevation of A from D and C respectively.
A

0 90°-6
D Z g+

F—4m—
} 16 m !

Now, 8 and 90° — 6 are the complimentary angles.
Then, AB =h, ZADB = 0,

ZACB =90°-6
BD =16 m, BC =4 m,
ZABC =90° = ZABD
In right AABD, we have

tan 0 = AB tan 0 = —— (1)
an@= o = tn= ..
In right AABC, we have
tan (90° — 0) = AB
an = BC
h )

= cot = —— [Using tan (90° — 6) = cot 0]

4m

.. (2
Multiplying equation (1) and equation (2), we have

h
tan 6 x cot 0 = HXE
= W2 = 64
= h=+8m
=8m [Neglecting — 8 m]

Hence, the height of the tower is 8 m.
20. (d) 60(3+1)m
In right AADB, we have

A
60 m
30° 45°
B D C
t 300 —_ Q
an = BD
= i _ 60 m
J3 ~ BD
= BD = 60v3m
In right AADC, we have
tan 45" = 22 - om
mB=cp T T b

= CD =60 m

Now, the distance between the two men is

BC=BD +CD =60v3m +60m

=60 (V3 +1)m
21. (b) 60°
In the figure, we have
DH = BD + HB
= ﬂerﬁ =3v3m
2 2
AH=3m

Now, the angle of depression of point A when observed
from point D is ZEDA = 6.

8 | Anawouo3ii] jo suonedljddy sawos



& | some Applications of Trigonometry

22. (b)

E ~ D__
) 0
c < BT
0 01
A H
F——3m—
Also, ED || AH.
Thus, <EDA = Z/DAH
In right ADHA, we have
tan 0 DH
an 0 = ——
AH
33
= tan 0 = ——
3
= tan 0 = /3
= tan 0 = tan 60°
= 0 = 60°
6(5+2vV2)m

In the figure, we have
CB=12m, ZACB =45° BD =5m
In right AABC, we have

tan 45° AB A
an = —
CB
1 AB
= = —
12 m
= AB=12m
AB 45°
Also, sin 45° = — c 12m B
AC
5m
1 12 m o
= —_— = —
J2  AC
= AC=12V2m

In right ACBD, we have

CD = +/ CB? + BD?

= J(12m)? + (5 m)?
= \/144+25m =13 m

AD=AB+BD=12m+5m=17m
Now, the perimeter of AACD
=AC+CD + AD

=12V2m+13m+17m
=30+ 12¥2)m=65G+2vV2)m

23. (c) 90°

In the figure, we have
CD=x,DO=+3x

24. (b

~

£COD = 0, 2zDOC = ¢, OA = x
C

o 3x

In right ACDO, we have
tan 6 = DO
X
= tan 0 = m
= tan 0 = tan 30°
= 0 = 30°
Now, CB=CD +DB=CD + OA
=x+x=2
Also, CB=CB
= CB =2x
Thus, CD=DB+CB

=0OA+CB=x+2x =3x
In right AODC’, we have

tan ¢ = ¢D

OD

= tan ¢ = 5
J3x

= tan ¢ = J3
= tan ¢ = tan 60°

= ¢ = 60°

Now, the sum of the angle of elevation () and angle
of depression (¢) is

0 + ¢ =30° + 60° = 90°
remains unchanged

Let AB be the height of the tower and CB be the
distance of the point of observation and foot of the
A

tower.




Then, AB=hand CB =x

The angle of elevation of the point A at C is 6.
Then, ZACB =6, ZABC = 90°

In right AABC, we have

an o= 1)
an = X

Now, if the height and the distance of the point of
observation from its foot are increased by 10%, then
the height and distance are respectively given as

10
"= 10% of h = —h=11
h=h+10% of h h+100h h

10
X =x+10%ofx=x+ —x=11x

and 100
In right APQR, ;
. PQ
tan 0" = @ I

= tan 0’ = h*: \

x o
= tan 0’ = L1k R Q

1.1x ' X j
= tan 0’ = tan 0 [Using (1)]
= 6 =6

Thus, the angle of elevation remains unchanged.

25. (c) Vab

Let AB be the height of
the tower. Let D and C be
the observation points. The
angle of elevation of A at
D and C are 6 and 90° - 6

respectively.
Then, ZADB =0,
ZACB =90° - 0
Also, AB =1,
DB =g,
CB =5,

ZABC = ZABD = 90°
In right AABC, we have

fan (90° — 6) = 20
an =B
h .
= cot O = 7 [Using tan (90° — 6) = cot 6]

...(1)
In right AABD, we have

t e_Ai.B
aT= Dp
h
= tan@zg ... (2)

Multiplying equation (1) and equation (2), we have

h h
cotO xtan B = —X—
b a

26. (D)

27. (b)

h2

1=—

= ab

= h=+lab
2x

Let AC be the height of the tower and ED (= x metres)
be the height of the cliff. The angle of elevation of A
at Eis 0.

Then, Z/AEB = 0.

Also, the angle of depression of C at E is also 6.
Then, /BEC = 0.

Now, EB || CD.

Thus, ZBEC = ZECD.

Also, ED = BC = x metres,

AB = I metres,
ZABE = 90° = ZEDC.

A x
h
E o B Y

( 0
X X
l D 9 cx

In right AABE, we have

tan 0 = AB
EB
h
= tan 0 = ﬁ (1)
In right AEDC, we have
tan 0 = ED
DC
x
= tan 0 = DiC
= e [Using (1]
= h=x

Now, height of the tower
= AC = AB + BC
=h+x=x+x=2x

«3-1x

V3
Let A and B be the positions of the two aeroplanes
from the ground at point C. Then, AB is the vertical
distance between the aeroplanes.

ﬂ | Anawouo3ii] jo suonedljddy sawos



& | Some Applications of Trigonometry

28. (b)

A -
h
B
X
x—nh
60°
45° ]
D C
I y ]

Let D be the point of observation on the level ground.
The angles of elevation of A and B at D are 60° and
45° respectively.

Then, ZADC = 60°, ZBDC = 45°,
AC = x metres, AB = h metres,
BC = x - h, CD = y metres,
/BCD = ZACD = 90°.
In right ABCD, we have

nase- 20 X7l
y
= y=x-h (1)
In right AACD, we have
tan 60° = AC
CD
= J3 ==
y
x
= y= 7
x .
= x-h= 7 [Using (1)]
= h= (\/g_l)x
J3
3x

Let CD (= x) be the height of the tower and AB (= h)
be the height of the hill. The angle of elevation of A
at C is 60°.

A

600 300

29. (c

Then, Z/ACB = 60°
and the angle of elevation of the point D at B is 30°.
Then, /DBC = 30°
Also, ZDCB = ZABC =90°,
CD=x, AB=h,BC=y
In right AABC, we have

t 600_ ﬂ
an = BC
h
- N
y
h
= — (@1
= Y /3 )
In right ADCB, we have
t 300_ Q
ot = e
1 X
= —_— = —
J3 Ty
= y: \/gx
h
- Vil J3x [Using (1)]
= h=3x
«3-1
) — ¥

Let AB be the height of the tall tree. The angle of
elevation of A at P is 30° and the angle of elevation
of A at Q is 45°

A

30° 45°
P B Q
X=y f Y

X

Then, ZAPB = 30° and ZAQB = 45°,
ZABP = ZABQ = 90°
PQ = x metres, BQ =y,
AB = hh metres, PB = x — .

In right AABQ, we have

tan 45° = AB
BQ
= 1= E
y
= h=y
In right AABP, we have
tan 30° = AB
PB



. 1k
V3 ox-y
= X-y= J3n
= x-h=+3h
= h il t
= —=—— metres
J3+1
x(\3-1)
= — - metres
2
30. (c) 60°
Let BC be the height of the tower and AB be the height
of the flagstaff.
Then, BC = h and AB = 2h
A
2h
B -+
h
)
30° [

D c
I X {

Let D be the point of observation on the ground and
x metres be the length of the distance from the foot

of the tower.
The angle of elevation of B at D is 30°.
Then, /BDC = 30°

Also, CD = x metres,
ZACD = ZBCD
=90°, AC =3h
In right ABCD, we have
tan 30° = LS
CD
1 h
= ﬁ = ;
= x=+3h
In right AACD, we have
AC
tan 6 = 6
= tan 0 = —
X
= tan 0 = 3
J3h
= tan 0= /3
= tan 0 = tan 60°
= 0 = 60°

. (D)

[Using (1)]

SHORT ANSWER QUESTIONS

For Basic and Standard Levels
1. Let BC be the level of the water. Let AB be the height of

the road and C be the position of the boat. The angle of
depression of C at A is 30°.

>

30°

——100m——+

q 30°

Then, ZDAC = 30°

Now, AD || BC.

Thus, «DAC = ZACB = 30°
Also, ZABC =90°, AB =100 m,

BC = x metres
In right AABC, we have
, AB
tan 30° = E
1 100 m
= ﬁ = »

x =100 m x 1.732 = 1732 m

Hence, the distance of the boat from the base of the rock
is 173.2 m.

AD =254m
AB=6m
AB = AD + DB
DB = AB- AD
=6-254=346m
Now, in ADBC
sin 60° = bB
DC
V3 _ 346
2 DC
6.92
DC = NES
6.92
T 173
=4m

Length of ladder =4 m

3. Let AB (= h) be the height of the tower. Let D and C be

the point of observation of the Sun’s elevation. The angle
of elevation of A at D is 30° and the angle of elevation of
A at C is 60°.
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Fo

=

D 430 £ 60" .|
F—50m—+—x—
ZADB = 30°, ZACB = 60°,
ZABC = ZABD = 90°
CD=50m,BC=x, AB=h
In right AABC, we have
2 = V3=
= X = % .. (D)
In right AABD, we have
AB

o 1
tan30—BD = 73

Then,

tan 60° =

==

h
50 + x

1
J3

= 50+i=\/§h
J3

[Using (1)]

1
hV3-—=| =50
- ( JEJ
= h=25V3 m
Hence, the height of the tower is 25 J3m.

Standard Level

. Let AC be the height of A

the pole and let B be the
position of the electric fault
down from the top of the
pole.
Then, AC=5m

AB=13m

Now, the distance of the i
electric fault on the pole 60 c
from the ground is D

BC = AC - AB
=5m-13m=37m

Let D be the observation point on the ground. The angle
of elevation of B at D is 60°.

Then, «BDC = 60°
Also, «BCD = 90°.
Let BD (= I) be the length of the ladder.
In right ABCD, we have
BC

in 60° = ——
sm BD

= ﬁ _37m
2 l
= I= 37x2 m = 4.27 m (approx.)
J3

Hence, the length of the ladder is 4.27 m.

5. (a) True. As E is moved closer to B along EB, it is observed

(1) 6 increases (as 0, > 0,, 0, > 0, ...) and
(i) BE decreases (as BD < BE, BC < BD...)

Thus, as 6 increases, the perpendicular AB remains
constant but the base BE decreases.

(\ 20N 30N
B C D E

perpendicular ) )
So, tan O = Tse increases as 0 increases.
sin 6
(b) True. tan 6 =
cos 0

We know that sin 0 increases as 0 increases but cos 0
decreases as 0 increases.

So, as 0 increases, the numerator increases and the
denominator decreases. Hence, tan 0 increases. But in

0
, only the

sin
case of sin O which can be seen as

numerator increases but the denominator remains
fixed at 1. Hence, tan 0 increases faster than sin 0 as
0 increases.

VALUE-BASED QUESTION

1. (i) Let GF represents the tower and B the position of the

boat. Let ZAGB be the angle of depression of the boat
from the top of the tower.

200 m

Then, GF =200 m
and ZGBF = ZAGB = 30°
In right triangle GBF, we have
tan 30° = GF
FB



1 200 Then, ZDAC = 30°.

= V3 T FB Now, AD || BC.
= FB = 200 \/3 (1) Thus, /DAC = ZACB = 30°
Hence, the distance of the boat from the foot of the Also, AB=75m,
tower is 200/ 3 m. BC = x metres,
(if) Let C be the new position of the boat. ZABC = 90°.
Then, BC = 200(\/5 ~1)m In right AABC, we have
_ AB
NOW, FC =FB - BC tan 30° = —
BC
= [200v/3 —200(v3 - 1)l m [Using (1)] L 75m
= (2003 —200+/3 +200) m = 73
=200 m ... (2) N =753 m
In AGFC, we have 5. () 30°
tan Z/GCF = GF - 200 m =1 [Using ()] Let A be the position of the kite vertically from the
EC 200 m ground at point C.
= ZGCF = 45° [ tan 45° = 1] Let AB be the length of the string of the kite.
. New angle of depression = ZAGC = ZGCF = 45° Let 0 be the angle of elevation of A at B.
(iii) Responsibility and decision-making. Then,  ZABC =6,
ZACB = 90°, AT
UNIT TEST 1 AB =60 m
For Basic Level and AC=30m 30m
1. (d) 45° In right AACB, we have
Let AB be the height of the tower and BC be the length sin 0 = £ 0
of its shadow. AB B c -
Let 0 be the Sun’s altitude at the time of observation. = sin O = zgim
Then, ZACB = 6 N m
Also,  ZABC = 90° - sin 0 = %
The length of the shadow is ) ] R
equal to the height of the tower. = sin 0 = sin 30
Thus, AB = BC = 8 =30
In right AABC, we have 5 4 (912m
AB B Let ED and AC be the heights of the two towers
tan 0 = — c respectively. Let CD = EB be the distance between
BC the two towers. Let AE be the length of the string.
= tan 6 =1 A
= tan 0 = tan 45° [Using tan 45° = 1] £
= 0 =45°
6m
2. (c) 75v3
Let AB be the height of the car and C be the position g 30° Og
of the car on the ground. The angle of depression of 16 m
C at A is 30°.
_ 10
D 30° A J‘m
75m D c *
Then, ED=10m, AC=16m
30° Now, AB = AC - BC
c B = AC-ED
P x —

=l6m-10m=6m
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5. (d)

ZAEB = 30°,

ZABE = 90°
In right AABE, we have
.  AB
sin 30° = AR
1 6m
- 2~ AE
= AE =12 m
Hence, the length of the string is 12 m.
V3
2

Let AB be the height of the chimney. Let D and C be
the points of observation. The angles of elevation of
A at D and C respectively are 30° and 60°.

A ——
h
30° 60°
D ¢ [] B+
P—x——y—
Then, Z/ADB = 30° and ZACB = 60°
Also, AB=hBC=y, CD=x,

ZABC = ZABD = 90°
In right AABC, we have

t 600_&
sy = B
h
= V3 ==
y
h
= y:ﬁ .. (D)
In right AABD, we have
t 300_&
A= Bp
Lo h
- 3~ BC+CD
. 1
J3 T x+y
= x+y—\/§h
h
= x+ﬁ=\/3h
1
= h(\/g—szx
3
3
= h:Txmetres

3
Hence, the height of the chimney is % X metres.

6. Let CD (= x) be the height of the tower and let AC be the
horizontal to distance between the first point of observation
A and tower CD.

D [e—
30°
B M
40 m
60°
A [] ct
AB=40m=CM, CD = x m.
.. In AADC, we have
tan 60° = be
AC
X
3 =—
V3 AC
X
AC= — .1
73 M
In ABDM, tan 30° = bM
BM
1 DM
—_— = —— " BM = AC
J3  AC ( )
AC = J/3DM .2
From equations (1) and (2), we get
X \/—
— =+ 3DM
J3
x=3DM
x = 3(DC - MC)
x =3(x — AB) [~ MC = AB]
x = 3(x — 40)
x =3x-120
+2x = +120
x =60m

Height of tower = 60 m
Horizontal distance from the point of observation

X
AC= ——
V3

_ 60
J3
=20/3 m

Hence, height of the tower is 60 m and horizontal distance
from the point of observation is 20+/3 m.



7. Let P and Q are two points on the two banks of a river

of width 100 m. AM is a vertical tree standing on a small
island in the middle of the river such that ZAPM = 30°
and ZAQM = 45°.

Also, ZAMP = ZAMQ = 90°.

Q
(100 — x) mH

Let PM = x m.

Then MQ = (100 — x) m

Let AM = i m be the height of the tree.
Then from AAPM, we have

- AM
tan 30° = M
. 1 _h
3 x
= x=-Bh (D)
From AAQM, we have
o AM
tan 45° = M—Q
- 1= 100h— X
= h =100 - x ...(2)
. From (1) and (2), we get
h=100- 3h

= h(l++/3)=100
L 100 ~ 100(v3 - 1)
B3+l (\/3)2—12

= 50(v3 -1
~50(1.73 - 1)
=50 x 0.73
=365
Hence, the required height of the tree is 36.5 m.

. Let AB and CD be two towers standing vertically on the
horizontal ground BD where BD = 150 m.

Let CE L AB and ZACE = 30°.

TA
hm
L P
SRR 150 m------ T
1
1
60 m 60 m
| |
1
B— D

f 150 m !

Then CE = BD = 150 m.

Given that the height of the smaller tower CD is 60 m.
We have ZAEC = ZABD = ZCDB = 90°.

Let AE=hm.
Then from AAEC, we have
AE
tan 30° = ==
an 30 EC
1 _h
3150
150
= h=>"=
7
_ 1503
3
= 504/3
~50 x 1.732
= 86.6 ...(1)

Hence, AB = AE + EB
=h+CD =86.6 + 60
= 146.6
Hence, the required height of the 1st tower is 146.6 m.

. Let BP, be the horizontal road, B is the foot of the vertical

lamp post AB standing on the one side B of the road such
that ZAP,B = 45°, P, is a point 10 m away from the point
P, such that BP,P, is on the same line and ZAP,B = 30°.
Let AB =/ m and P,B = x m.

Now, given that P,P, = 10 m, ZABP, = 90°.

Now, from AAP,B, we have

o AB
tan 45° = P,B
- 1=n
X
= x=h (D)
Also, from AAP B, we have
o AB
tan 30° = P,B
- 1 __h
J3 x+10
= x+10=3h
= x+10=3x [From (1)]
= x(¥3-1) =10
10
= X =
V3 -1
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10.

= 5(v3+1)
=5x (1 +1.732)
=5x2732
= 13.66.
() Hence, the required width of the road P,B is 13.66 m.

(it) If the speed of the hedgehog is 1 m/s, then the required
time taken by the hedgehog to cross the road of width
13.66 m is

Distance
Speed
_ 13.66 S
1
= 13.66 seconds

Let ED (= h) and AC (= 150 m) be the heights of the first
and second vertical poles respectively. Then angle of
depression of E at A is 30°.

Time =

Then, /FAE = 30°
A
F 30° ¥
150 - h
g 30 Lp *
150 m
h
D C l A
f—— 60m —
Now, AF | BE.
Then, <ZAEB = ZFAE = 30°
Also, ED = h metres,
AB = AC - BC
=150 -h

CD = EB = 60 m, ZABE = 90°.
In right AABE, we have

t 300 —_— ﬁ
an v kg
1 150-h
- J3 60
= 60 = 1503 — 13
X 15043 -60 10 (15v3 —6)
= = =
J3 J3
_10(15x1.732 - 6)
- 1.732

= 115.36 m (approx.)
Hence, the height of the first vertical tower is 115.36 m.

UNIT TEST 2

For Standard Level

1. (b) 464 m

=

Let AB be the vertical tree of height 10 m standing
on the horizontal ground BG. Hence, AB = 10 m and
ZABG = 90°. Let C be the point on the tree where it
broke and touched the ground at a point G so that
ZCGB = 60°.

Let AC = x m. Let BC = m and CG = x m.

Now, from ACBG, we have

e CB _
sin 60° = G o
V3 _h
2 X
= J3x=2h ...(1)
Also, AB = AC + BC
2h
= 100=x+h="—=+h From (1
7 o [ M
0= 24P,
= =
V3 xm
1043
= =
2+43 1€
10V3(2 - 3) 1om
- 4-3
= 2043 - 30 hrm
=20 x 1.732 - 30
=34.64 - 30
= 4.64. + -+

Hence, the required height from the ground at which
the tree got bent is 4.64 m .

720 km/h
Let A be the initial position of the jet plane at a constant
height of 1500/3 m from the horizontal ground PG

so that the angle of devotion of A from an observer
P on the ground is 60° so that ZAPG = 60°.

Let AN L PG and BM L PG.
Then AN = BM = 150043 m. After 15 s, let the jet
plane come to the point B, so that ZBPM = 30°.

A B
'
!
1500V3 m
i 1500V3 m
i
60° !
80" .
P N M G

Now, from AAPN, we have



tan 60° = S8
- 73 - 152(1)\IJ§
PN = 1500 (1)
Again, from ABPM, we have
tan 30° = 2
N 1 _ 150043
J3 PM
PM = 150043 x~/3 = 4500 Q)
AB =NM =PM - PN
= 4500 - 1500 [From (1) and (2)]
= 3000
Now, 3000 m =3 km
and 15s = 601><560 h = io
Hence, required speed = % km/h =720 km/h.
240
(\/5 + l)x
3. (d ———

2

Let CS be the vertical statue which stands on the top
of a pedestal, TC standing vertically on the horizontal
ground PT, so that ZPTC = 90°.

Given that ZCPT = 45° and ZSPT = 60°. Let PT = h m.

Then from APTC, we have S
e |
tan 45° = PT .
C
= CT=h..Q1)
.. From APTS, we have
°o_ ST 607
tan 60° = PT /
- J3 = Sc+CT @ .
h ——hm—A
- L [From (1)]
= % +1
X = —
3= J3-1
L x(V3+1)  x(V3+1)
S B-1 3-1 2
x(\/g + 1)
Required height of the pedestal is ———— m.

2

4. (d) 40 m

Let O be the point of observation of the cloud at C, at
a height of 1 m from the horizontal ground GT and let

the distance of the cloud from the point of observation
be d m, then OC = d m.

Let I be the image of the cloud so that CT = TIL.

C—

Now, from ACMO, we have

oM _ oM
CcO d

Cos a =

= OM =d cos a .1

eV
d

= CM =dsin a ...(2)

: MI = MT + TI
=h+TC
=h+CM + MT
=2h +dsin a

Now, from AMOI, we have

_ Ml
tan B = oM

_ 2h+dsina
= T dcosa [From (1) and (3)]

Also, sin o =

[From (2)] ...(3)

%seca + tano

=Stanpf-tan a = %seca

d
2hseco.
d= —"—— ...(4
- tanf — tan o @)
Now, when a = 30°, p = 60° and d = 80 m,
_ 2h sec30°
then d= tan 60° — tan 30°
2
2xX-"=h
= 80 = 3 - 4h =2h.
SB-L 2
J3
80
h=— =4
> 0

The required height of the point of observation
above the lake is 40 m.

. x
cot6 — cot

Let T be the top of the vertical pole TG standing on
the horizontal ground PG. Let P and Q be two points
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on the ground such that Z/TPG = 0 and TQG = ¢
Let TG = h m where TG L PG.
I
hm

4 d]

P Q G
F—xm—
Now, from ATPG, we have
_
tan 0 = e
= PG =h cot 6 ...(1)
and from ATQG, we have,
tan ¢ = &
= QG =h cot ¢ ... (2)

.. From (1) and (2), we have
PG - QG = h (cot 6 — cot ¢)
= x = h(cot 0 — cot ¢)

X

h= ————
= cot® — cotd

6. Let TG be the vertical tower standing on the horizontal

ground AG at a distance 25v/3 m from a point A on the

ground so that AG = 253 m, ZAGT = 90° and
ZTAG = 30°.
Let WT be the water tank lying on the top of the tower
TG so that WT is the depth of the water tank and
ZWAG = 45°.

W

30° =

A G
—— 25V3m ——

Now, from AATG, we have

o 1IG
tan 30° = AG
1 TG
= — = ==
V3 2543
= TG =25 ..(1)

Hence, the required height of the tower is 25 m.
Again, from AWAG, we have

WG WG

tan 45° = — = ——
AG ~ 2543
WG

1= &
2543

WG =25 x 1.732 = 43.3 .(2)
The required depth of the tank is

WT = WG - TG
=(433-25m [From (1) and (2)]
=183 m

7. Let FE and GE be the heights of windows of the third

floor and fourth floor respectively. Let AD be the height
of the building where the pigeon is sitting.

The angles of elevations of A at the point G and F are
respectively 30° and 60°.

Then, ZAGB = 30° and ZAFC = 60°
Let x be the distance between the two building.
Also, FE=9m,GE =12 m,
ED = FC = GB = x metres,
AB=y,BC=3m,
CD =9 m, LZABG = ZACF = 90°.
A

30°

I
[
=l
w
g—*—%—ﬂ

(¢}
f—

60°

€L D
e X »|
Now, AC=AB+BC=y+3.
In right AABG, we have
t 300 —_ ﬁ
an =GB
1 y
- J3 T x
= X = \/Ey .. (1)
In right AACF, we have
fan 60° = =
oy = Cr
3
— J3 = 42
X
- V3 x J3y=y+3 [Using (1)]
3
= Y= > =15m

Height of the pigeon above the ground = AD
=AB + BC + CD
=15m+3m+9m=135m

Hence, the height of the pigeon above the ground is
13.5 m.



8. The given figure is shown below:
= E(1 +4/3)m
A 2
- I 3
- ¢ b3 Hence, the height of the building is E(l +/3)m.
P -=m
Phe 2
E 950 I J 9. Let AB and FE be the heights of the two lamp posts which
<3 1Tttt B are equal in heights.
3 R
5 m] L S~ . A F
. 0 [~ 7 c—L —‘V -‘V
—— 3V3 ,, ——
2
h h
Let ZECD =6 J J
In right AEDC, we have 45° 45/ 60°
B C D E
3 —x
tan 6 2 20m x-20m
an 0 =
3 \/5 - e— X —
2 Let C be the position of the boy midway between the
lamp posts. The angle of elevation of A and F at C are
1 o
= tan 0 = — 45° each.
E Then, ZACB = ZFCE = 45°.
= tan 6 = tan 30° After walking 20 m closer to the lamp post EF, the angle
= 0 =230° of elevation of F at D is 60°.
In AEDC, we have Then, ZFDE = 60°
ZCED + ZEDC + 6 = 180° Now, AB=EF=h, CD=20m, BC=CE =y,
= ZCED + 90° + 30° = 180° ED = x - 20, ZABC = ZFEC = 90° = ZFED
= ZCED = 60° In right AFEC, we have
Now, ED || BC ., FE
Then, ZCED = /ECB tan 45"= CE
= ZECB = 60° h
= ZECA = 60° = =7
Let ZEAC = ¢ = h=x (D
In AAEC, In right AFED, we have
ZAEC + ZECA + ZCAE = 180° FE
= 75° + 60° + ¢ = 180° tan 60° = =&
= ¢ = 180° — 135° = 45° h
In right AABE, we have = J3 = Y20
CD
tan ¢ = [ EB=CD] = J3h-20=h [Using (1)]
(3J§ ] = J3r-203 =h
—m
o 2 203 20J3(/3+1)
= tan 45° = ~———=— = h= =
h-> J3-1 2
2
=103+ V3)
3J3
o m =10 (3 + 1.732)
= 1= 3 =4732m
h- 2 Hence, the heights of the lamp posts are 47.32 m.
3 3J3 10. Let AB and CD be two vertical poles standing on the
= h— o = 2 horizontal ground BD where PQ = 30 m, ZAQB = 60°,
ZAPB = 30°, £CQD = 45°, ZCPD = 60°, ZABQ = ZCDP
3J3 3 — 900
= h = T + E =90°.
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A
5° 60° =
B Q P D
F—30m—
Now, from AABQ, we have
tan 60° = %
_ AB
= V3 = 50
AB
BQ=—+
V3
From AABP, we have
AB
tan 30° = ==
an 30 BD
- 1 _ _AB _ _AB
J3  BQ+PQ  BQ+30
= BQ + 30 = ABY3
From ACPD, we have
CD
tan 60° = ==
an 60 D
- ¢
= =55
CD
= PD = =—
J3
and from AQCD, we have
o_ €D
tan 45° = QD
b _ Cb _
= 1= pQ+pD ~ 30+PD
= PD + 30 =CD
From (1) and (2), we have
AB 30 = ABV3

V3

()

)

..0)

()

= AB(\/E—lj =30

J3
- AB = % - 153
From (1) and (5), we have
BQ =15
Again, from (3) and (4), we get
%wo - D
N CD[l—ng =30
= CD(v3-1) = 30\3
- 303 (3 +1)
- (BB
30(3+3)
- —=—
= 15(3+43)
. From (3) and (7), we get
15(3+/3)
PD= —/
NE)
_ 45+15V3
V3
_ 453
= =5 +15
=15+ 15V3

BD = BQ + QP + PD
=(15+30+ 15+ 15J/3) m

.05

..(6)

.7

[From (1), (6) and (7)]

= (60 + 1543 ) m.

Hence, the required height of the poles are 15v/3 and

15(3+ V3 ) and the required distance between the pole

is BD = (60 + 15+/3 ) m.





