Chapter 22. Heights and Distances

Ex 22.1

Answer 2.

60°
C B
— 3m ———

Let AB be the cliff and angle of elevation from point C {(on ground) is 30 °,

In 8B C
%= tan&C?
AR
-5
AB=3043 m

So, height of tower i5 303 m.

Answer 3.

S0m| \

B 90Z m C

Let &AB be the pole and BC be its shadow,

In AARC,
tanf = AB
BC
Q0 1
= tand = m = E
But, tan30° = 1
. B= 309

Thus, the angle of elevation is 307,



Answer 5.

60m

30°

Let AB be the tree of height 60 m and BC be its shadow.

In AABC

@ = tan 30"
BC

w1
BC .5
BC =603 m

So, height of tower is 6043 m.

Answer 6.

The plane takes off from point C on the ground. Let & be the final position

of the plane.

In AABC

%= sin30e
B 1
386 2

h=%=193
2

Thus, the required height of the asroplane above the ground is 193 m.



Answer 7.

!
i

Let K be the kite and the string is tied to point P on ground,
In AKLF

%= sl n a0
gl

B

250 2

h - 252“@ _ 12543

Thus, the perpendicular height of the kite is 12543 m.

Answer 8.

A G

The topmost branch of the tree is at point B and C is the point on the
ground to which the topmost branch is tied.

In ARBC,

% = cog 450

1
200 B

200 2002

b= - 1002 = 100x 1.414 = 141.4

Thus, the required distance is 141.4 m.




Answer 9.

30°

B C

Here, AC is the ladder and AB is the point which is 5 m above the ground.
In ARBC,

=

sin 307 = —
Ac

5
T AC

=

P =

= AC =10
Thus, the length of the ladder is 10 m.

Answer 10.

10 m

40

B C

Let AB be the pole and AC be the wire which runs from the top of the pole
to the point on the ground where its other end is fixed,

In ARBC,

sin 400 = E
A

= 06428 = L)
AL

10
06428

= AC= =156

Thus, the length of the wire is 15.6 m.



Answer 11.

* 60 m

Lat AB and CD be two trees and P be a point on the street AC between i+
two trees,

PD and PB denotes the |adder at the bwo instants.
In APCD,

PC
n:nsSU'-ﬁ

0.642E8 = E

B0
= PC=0.6<428 x60 = 38,568

In AABP,

AP
csdP = —
BP

AP
=:1rll:).i"'t':':ﬁﬂl-ﬁ

=bﬂp- D?Eﬁﬂxﬁﬂ- 45%

JAC=AP + PC=38.568m + 4596m = 84.528 m m 84,53 m,

Thus, the width of the street is 84.53 m.



Answer 12

] 45

l 15 rn—n""

Let AC was original tree. Cue o storm it was broken into two parts. Tt
broken part &' B is making 45° with ground.

In AA"BC

BC
ﬁ-tmdl&'
BC
51

BC =15
AC

— Ill-..
AB
15 _ 1
AB b
A'B= 152

Helght of rtee = A'B+BC = 15+ 15J2 = 151+ ,f2) = 15x 2414 = 36.21

Hence, the height of tree was 36.21 m.



Answer 13.

F‘-:

i A
— g ———™

Let AC was original tree. It was broken into two parts. The broken p¢
A' B is making 60° with ground.

In AA'BC

BC
A'C
BC _

BC = 543
AC
ﬁ-ED"
9 1

AB 2
A'B = 18

= tan 6P

Height of ree = A'B+ BC

=93+18=9x1.732+ 18 = 15.588+ 18 = 33.588
Hence, the height of tree was 33.588 m = 33.6 m (approximately).



Answer 14.

Let AB be the pillar. Let the angle of depression be &,

A

140 m

B 200 m c
In triangle ABC,
tang =E
BiZ
= tand = £= l=IC?|.?‘
200 10
We hawve: tan 35° = 0.7
Thus, the angle of depression is 8 = 35°,
Answer 15.
e o v e s e e
"'-..__)3:]”
180 m
30°
B C

X
Let AB be the tower and Che the position of the ship.
Let the distance of the boat from the foot of the cbservation tower be x,

In triangle ABLC,

tane =22
BC
= tan30° =@
x
1 18
= =
3 ox

=X = 1EIOJ§= 180 =x1.7232=311.76

Thus, the distance of the boat from the foot of the cbservation tower is
F11.76 or 311.8 m.



Answer 16.

A

H D

Let AB be the building and CD be the tower.

In AABD

AB
— = tan30P
B

CE
12:5"5
CE=128x/3=12x3=36

CD=CE+ED =36+ 12= 48
So, height of the tower is 48 m and its distance from the building

128m = 12 x 1,732 m= 20.78 m{approxi mately).



Answer 17.

Let AB be the flagstaff, BC be the pole and D be the point on ground frc
where elevation angles are measured.

In ABCD

BC
oo @an30F

BC 1
@ B
J3BC -CD o (1)

In AACD

AB +BC
o - tan60r

AB +BC

5 -3
AB+25=CD3=BC [Using (1)]
AB +2.5=3x2.5
AB+2.5=7.5

AB =5
Thus, the height of the flagstaffis 5 m.




Answer 18.

ke30
[ C

Let AB be the flagstaff BC be the tower and D be the point on grou
from where elevaton angles are measured.

In ABCD

Be . @an30°

CD
BC 1

X B
J3BC = CD

In AACD

AB +BC

cD
AB +BC

JBc
7+BC=J8C
Bcl-ﬁ—il-?
i (7)(+3+ 1)
- %1)
_ 7[B+1)
(B -y

7[VB+1
= @- 3.5{4B+1)=3.5x2.732 = 9.562
Thus, the height of the tower is 9.562 m = 9.56 m.

= tan 4P

BC



Answer 19.

Let BC be the length of unfinished tower. Let the tower be raised uf
point A so that the angle of elevation at point A is 60°. D is the point
ground from where elevaton angles are measured.

In ABCD

BC
E-t&l‘lﬂ]“

BC 1
o B
D

BC-E

BC - 120

E‘ [N} 1
( )
In AACD

AB+BC _ tan60°

AB + BC
CD -3

AB+150
5% =3 ...(usingi))

=m_150ﬁ_%_ 150::; 150

300 300

=

Thus, the required heightis 300 m.



Answer 20.

Let the position of the boy be at paint T.
BR =TQ =50m

RQ=BT=15m

[n APRB

PR
— = tan60P
BR

PR
ﬁ-'ﬂg
PR = 5043

Helght of the tower
=PQ=PR+RQ=50/2+1.5=50%1,732+1.5= 66,6 +1.5=66.1m

Thus, the height of the tower is approximately 88 m.



Answer 21.

4.54 m

Let the pasition of the boy be at point T and P be the position of the sur
BR=TQ=3m

PQ =4.54 m

BT =1.54m

tPR=454 m-154m=3m

In APRB

PR
ﬁ-tﬂnﬂ

3
E-tana
tane=1

We know that tan 45° = 1,
Thus, the angle of elevation is 8 = 4%,



Answer 22.

A

B E
Jil.':-m

g 28.5m D

Here, ED iz the height of the observer and AC is the tower.
BE=CD=285m
AB=AC-BC=30m-15m=28Sm

In AABE,

tan <ABE = PB

BE

Z8.5m -1

= tan SABE =
n >8.5m

But, tan 45° = 1
- £ABE = 450

Thus, the required angle of devation is 459,



Answer 23.

i !

Let C be the position of the first boy and D be the position of the secor
boy who is standing on the rocf of a 10 m high building.

Let B be the position of the kites of both the boys.
Let AB = h and CA = x.
In AABC,

= h= 50 (1)

tan45°= BE

BD

=:»1-ﬂ
x

= x = (h-10) . (2)
From (1) and (2),
*»x=580-10=40

. BE
sindSP = B

1 h-10
=F"BC
=5 BC = Z(50 - 10) = 40,2

Thus, the required length of the string that the second boy must have 402
m



Answer 25.

50‘7 50"

/;

/ N
80 m

/ \

/ 60" [y

D C

A

Let the position of the two persons be A and C. Let BD be the tower
height 80 m.

In ABAD,

BD
tan6(F = A0

80
=H§'E
80

=AD-E

=AD-3°3“§-3°“;'?32-46.19 (1)

In ABDC,

tan50° = D2

bC

=1.1918 = g0

DC
80

1.1918

= DC =

= 57.13 o (2)

CAC=AD +DC=46,19m +67.13 m=11332m

Thus, the horizontal distance between the two persons is 113.32 m.



Answer 26.

0 0
75 /| \oU

r'/ 42 m \
/ N,
L 4
[ o™

D C

Let the position of the two cars be A and C. Let BD be the building
height 42 m.

In ABAD,

BD
tan/75% = D

42
=> 37321 = D

42
=2 AD = o==57
= AD = 11.25 (1)

In ABDC,

tan60F = B2

DC
42
»¥3-5¢

42
=>DC = = 24,25 2
1.732 2

CAC=AD +DC=11.25m + 2425 m=355m
Thus, the distance between the cars is 67.63 m.



Answer 27.

]
a5 N 60°

L
/ 200 \ h
/'& 45° t‘uj“\_

‘ c

Let AD be the height of the asroplane and BC = x m be the width of the
river,

Given: AD=200m

In AABD

AD
ﬁ-tﬂnﬂs'

AD
255!

= AD = BD

= BD = 200m (- AD = 200m)
MNowy,

In AACD

AC
E-tﬂnﬁﬂ'

AC
>z =B

AC 200
>cp-BC

BB
:Bc-smcn-zom%m-200+1154?
= BC = 315.4m

Thus, the width of the river is 315.4m.



Answer 28.
Case 1: When the boats are on same side of the observation point.

Let the position of the two ships be T and D. Let A be the point o
observation.

AB = 500 m
In ABAC,

AB
tﬂnﬂ-ﬁ

500
]-="=
=B

=» BC =500 (1)

In AABD,

tan30° = E

BD
500

i
> F B0
= B0 = 50043 (2
From (1) and (2),
CD = BD - BC =500 ( 3- 1) = 500x 0.732 = 366

Thus, in this case, the distenoe between the boatsis 366 m.



Case 2: When the boats are on different side of the observation point.

500 m \

N\
Jag® 30°\
C

D

-1

Let the position of the two ships be A and C. Let B be the point o
cbservation.

In ABAD,

= AD = 500 (1)

=DC = 5003 o (2)
From (1) and (2),
AC=AD +DC =500 (1+ J3) =500x 2732 = 1366

Thus, in this case, the distance between the boatsis 1366 m.



Answer 29.

/48° U
-1 I:' \;

150 m

Let the position of the two boats be at points A and C. Let BD be t
lighthouse of height h.

Let AD = x, Then, CD = 150 — x
In ABAD,

BD
tandsP m —
AD

»1-1
X

=h-x w(1)

In ABDC,

tan30° = B2

DC
1 h

= F " 150-x
= 150- X = w(2)

From (1) and (2),

150-h = Fh

150 = (43 + 1h
150 J3-1

h- Bl PB-1

_ 15043 1)
3-1

= 753-1)

= 75x0.732=54.9

Thus, the height of the light house is 54.9 m.



Answer 30.

— T e——

ey, S [‘l-

Let AB be the buildng. Then, AB = 60 m.
Let the height of the lamp post (CD) be h.

Let the distance between the building and the lamp post be x.
In AACB,

AB
tan 60° ===
BC

60

b SB=2
f3==

b x= %- 20,3 = 20" 1,732 = 34.64... (1)

Thus, the distance between the building and the lamp post is 3464 m.
In AADE,

tan3]“=£

m

D
1 _ 60-h

"E' =

b x=+3(60-h) ..(@

From (1) and (2):
J360- hy= 205

60- h= 20
h= 40

Fe



Answer 31.

968 m

In the figure, TO is the light house and A and B are the position of the two

ships.

In AAOT,

E = tano

G

" 96 1
08 4

= 08 =384

In ABOT,

OT

e =iy

oB - onP

o1
OB~ 7

= 0B =672

~.Distance between the two ships = AB = OA - OB = 384 - 672 = 288m



Answer 32.

&, B 1zo0m ©
200 m

Let OT be the tower.

A and B be the two points from where the angle of elevation to the top of
the tower is measured.

In AAOT,

~ h =580 (D

Thus, the height of the tower is 80 m.

In ABOT,

T

ﬁ—tanda
=0 .

= "7 — tan sing (1
= h [Using (1)]
=

= — = tan
3 ¢

From the table, we get ¢ = 34°.



Answer 34.

Let B be the position of the man, D the base of the diff, x be the distan
of diff from the ship end h + 10 be the height of the hill.

£LABC = 45° and £DBC = 30°

Therefore, £BDE = 3C°

=

#_//'FH\"
..f"; h
e -
B 45 x e
30" -
10 m
0
E - 0
In AABC,
tan 45° = E
BC
L
x
=>h=x (1)
In ABED,
BE
tan 30° = —
ED
LL1.0
B x

=X = 1043 = 10x 1.732 = 17.32
Thus, the distance of the diff from the ship is 17.32 m.

From (1),
h=x=17.32

= Height of the diff = 17.32 + 10 = 27.32
Thus, the height of the diffis 27.32 m.



Answer 38.

Let AB be the mwer,

Inital position of car Is €, which changes to D after 720 seconds,

In AADB
AB

o~ [an4s®
AB

—_—m]

DB

DB = AB

In ABBC
%-mnam
_AB 1
BD+DC 5
AB3 = BO +DC
AB-f3= AR +DC

DC - .&Bﬁ—ﬁa-ﬁa(ﬁ—q
Time taken by car to travel DC distance (I.e.ﬁﬂ[-.ﬁ—l” = 720 seconds

Time taken by car to travel DB distance (.e.A8)
o720 L p._ 720 B+l
AB(J5—1) B-1) H5+1

- w = 3E0(3 +1) = 360 % 2732 = 96252

Thus, the required time taken Is 983.52 seconds = 984 seconds = U
mins 24 secs,



Answer 40.

4000 m

Let points A and D represent the position of the aercplanes.
Aeroplane Ais flying 4 km = 4000 m ahowve the graund.

ZACE = 60°, £DCB = 45°

In AABC,
AB _ tan 60°
BC

In ADCE,

E = tan 45°
BC

4000
=Db =BC = —‘E—

~AD =AB -BD

_ _ 4000 _ 1), B-1 0.732 _
= 4000 75 44:::0[1 ?3.] 4000::_\5_ 4000x === = 1690.53



Answer 41.

6077\ 450/

X C 100 m D

Let A be the postion of the parachutist and € and D be the tw
observation polnts.
In AABC,

AB
0
tan 80° = Te

h
ﬁ'ﬁ-;

= h = 0%

In ARBD,

tan 48° =

ol&

1=
==X+ 100
=X+100=h

= X + 100 = f3x
=x(-¢§-1)-1un

1 B+l
=X =100x »
-\5-1 J§+1

— X = 100 xWE_"'ll) =505 +1)= 50%2 732 = 136.6

Thus, the distance of the polnt where he falls on the ground from t
nearest observation peoint {C) Is 136.6 m.

Helght from which the parachutst fell



Answer 43.

_-'---H-
z] \lm:” I
gom| ™ 60° 60 m
a ~ B

EI

Let C be the cloud and D be Its reflecion. Let the helght of the doud is h
meires. BC=BD=h

BQ=AP= 60m
- €Q = h-60 and DQ = h+80
In ACQP,

= PQ = ~fath-60) ... (1)
In ADGP,

PY .
5 = OO

PQ 1

“h+e0 B
=PQ = :L.(h +60) .{I)

From (1) and {II),

=5 nf3(h — 60) = :}g(m 60)

=3h-180 = h+ &0
=2Zh =240
=h=120

Thus, the helght of the cloud Is 120m.



Answer 44.

180 m

Let AB be the lighthouse.
Initdal pesition of boat Is C, which changes to D after 2 minutes.
In AADB

AB
5B - taneo*
180
-~ -
180

**F

In AABC

E = tan=30°

BC
180

1
X+y 3
1803 =+ ¥
1Bm§-1:ﬂ,33+v

y -180(6 - 5 - 190 5] - 252

Time taken by car to travel DC distance [I.e.%sgn-]= 2 minutes = 1
seconds
360
_Distance 3 3 8B 38
speed of the boat = = % F 1_?:u::"s. = J3 =1.732

Thus, the speed of the boatls 1.732 m/sec.

Answer 45.



Let AB be the cliff. Then, AB = 450 m

Initial position of boat is C, which changes to D after 3 minutes.

In AADB

In AABC

E = tan30°
BC
450 1

BD+DC -5

450,73 =BD + DC
450

45043 = 3 & B
DC = 4505 - % = 450[@— %]
9;?_[:' 9;?_[:' g 30043
Time taken by car to travel DC distance (i.e.1300£)= 3 minutes
Time taken by car to  travel DB  distance [i.e %J

3 45[] 45[]

3@0\6 .‘f_ =15
Thus, the time it will take to reach the shore is 1 min 30 secs.
Speed of the boat = Dlgﬂ
Time
30043

= = 10043 = 100x 1,732 = 173.2 m/ min




Answer 46.

Let AB be the tower.

Initial position of ship is C, which changes to D after 3 minutes.

In AADB

E = tan&l"
OB

A6

2% B
B]5] V3
a8
Ne

DE =

In AABC

E = tan30°

BC
AB 1

BO+DC 5

ABJ3 =BD +DC
,&BI=@+DG

NE]

Dc:=,&5f_%=,&5[\,§_%]
o R
N

Time taken by car to travel DC distance [i.e.%} = 3 minutes

Time taken by car to travel DB distance [i.e.EJ
NE
3 AR 3 _
=EXE =55 1min Z0secs
NG

Thus, the total time taken is 3 minutes + 1 minute 30 seconds=
minutes 30 seconds.



Answer 47.

In the figure, AB is the tower. A is the pcsition of the man. Cand D ¢
the two positions of the truck,

Let the speed of the trudk be x m/sec
Distance CD = speed x time = 600x

In right triangle ABC,
tena = J_
BC

Itis given thattan a = ._1%

BC =hy5 o (1)
In right triangle ABD,

tanB=L
BD

Itis given thattan B = &
h= J5BD

MNow, CD =BC -BD

600x = 5BD -BD

BD = 150x

150x
X

Time taken = = 150 seconds

Thus, the time taken by the truck to reach the tower is 150 sec =2
30 sec,



Answer 48.

B C
3000 m
M
L M

Let A be the point of observation on the ground and B and C be the two
positions of aeroplane. Let BL=CM = 3000 m.

In AALB,

tan 4% =BL
Al

3000

1=

= AL = 3000
In AAMC,

tan 3¢ =M<
AM

- 1. 300
J3 3000+LM

= 300043 = (3000 +LM)
=LMa 3000({3-1)

- BC =3000(/3 - 1)

MNow, time taken to travel distano: BC = 15 seconds

- Speed of the aercplane = Di;":ﬂ:? - 3“’3&‘5‘ 1) 200x0.732- 146.4

Thus, the speed of the aeroplane is 146.4 m/sec
1

- 146.4x %km Jhr = 145.4x 3.6km /hr = 527.04m/hr
3600



Answer 49.

40 m

In the figure, PQ is the tower.
In APQX,

2- tan6CP = A3

=h = 3x (1)

In AQRY,

@- t5n45‘-" - 1
=:*|'I-40+H --:(2)
From (1) and (2),

JBx =40 + x

={J3- 1)x =40

_ 40 4003 +1) 40
P BT B0 2P UG

2 h=40 +20(3+1) = 20,f5+ 60 = 20(3 + 3) = 20 x 4,732 = 94.64

Thus, the height of the tower PQ is 94.64 m.

Again, in APOA,

—h . 1
..ﬁ-anﬁﬂﬂ-q—ﬁ

= ¥Q = Jh=1.414x94.64- 1090.3m



Answer 50.

\‘_ sdh

Let AB be the surface of the lake and let P be an polnt of observation st
that AP = h meters. Let ¢ be the positdon of the cloud and C’ be Its
reflecion In the lake. Then ZCPM = c and ZMPC = B, Let CM = X,
Then, CB=CM +MBE=CM+PA=X+h

In A CPM,

M
tﬂnﬂ-—m

X
tan o =— =*PM = AR
= o 2B [ ]|

= AB = % cota w (1)
In A PMC’,

C'M
tant = —

PM

= tanB = X+2n
=>AB=(x+2h)cotB ..(2)

From (1) and (2),
Xoote=(X+ 2h) cot B

x( 1 1 ]_ 2h
tane tanp) tanp
=x(tanﬂ—tﬂnu.)_ 2h

tanetang ] tanp

_ Zhtanc
tanp- tana

=X

Agaln, In & CPM,



Answer 51.
LetPQbeh
QB be x
Given : AB =1 mile
QB=x
AQ=(l1- x)mile
in APAQ
PQ

Tan gt=s —
AQ

h
Tanaa= —
l=x

h

o
| = N —

Tana

In APQB

/
Tan B = 2
X
h
Tanpg

Substitute for x in equation (1)
h h

+
Tanfi Tana

Fo 1
1= h +

([Tw;r{f Tana
1 _Tanf +Tana

h  TanpTana

Thus, the height in miles of aeroplane above the road is

tanctanp
tenc + tanp



Answer 52.

a O n

Let CF and DW be the two positions of the ladder such that CP = DW =
(say).

CD=a,PW=>b ZACP =asand ZADW =B

In AAPC,

AC = cosa = AC = xcosa well)

CP
1N AADW,

AD
ﬁ-n::l::uSB::»

=cosB

AC+CD
Dy

- X005+ &

28 - cosp [using (D]

a
= X= e cosa (1

Agaln In AAPC, g =sina

_ _ asine
= AP =xsna= (eos8 — o5 ) LD [Using (D]

AW
Again InasDw, A% _ g
Dw TP

_ _ asinp
=AW =xsnB = {cosh —cosa) 1%




Answer 53.

E B F
e e ,l'r # N.-'«.I‘ -
o | 1 [
V4 I N B
| h ",
i “,
| oy
|
\ | /
ral 2 Iil I:II.I! Y
C A ¥ L

Let AB be the lighthouse of heighth m. Let AC = x and AD =y.
In ACAR,

E-tﬂnq
AL

tanu—h
1

h
tana

X w (i)

In ADAB,

AB _
25 wnk

h

tan g =—

._h_
tang

w (i)

Cistance betwesn the ships = x+vy

__h ., h
tana hnB

h[t&nﬁ+ mnu]

tana tanpf





