Relative Velocity
1.

Two motor vehicles A, B move at velocities 50ms-1 and 20ms-1 respectively
towards north.
i. Find the velocity of A relative to B.
ii. Find the velocity of B relative to A.

2.

Two trains P, Q move at velocities 75√3 ms −1 each towards east and west
respectively.
i. Find the velocity of Q relative to P.
ii. Find the velocity of P relative to Q.

3.

Two trains A, B move at velocities u ms-1, 3u ms-1 towards north and south
respectively.
i. Find the velocity of B relative to A.
ii. Find the velocity of A relative to B.

4.

Two motor vehicles A, B move at velocities 25ms-1, 25√3 ms −1 towards east
and north respectively.
i. Find the velocity of B relative to A.
ii. Find the velocity of A relative to B.

5.

Two motor vehicles A, B move at velocities 100ms-1, 50√3 ms −1 towards
north and 30° to the west from south respectively.
i. Find the velocity of B relative to A.
ii. Find the velocity of A relative to B.

6.

Two objects A, B move at velocities u and 2v √3 towards east and 30° to the
south from east respectively.
i. Find the velocity of B relative to A.
ii. When v = u/6, find the velocity of B relative to A.
iii. If B moves towards south relative to A, show that v = u/3.

7.

Two motor vehicles A, B move in a horizontal road starting from junction O
towards north and east at velocities u ms-1, u √3 ms-1 respectively. A balloon
C moves vertically upwards with a uniform velocity 3u ms-1.
i. Find the path of B relative to A.
ii. Find the path of A relative to B.
iii. Find the path of C relative to A.
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iv.

Find the path of B relative to C.

8.

An attack vessel moves towards north. At 12 noon the radar of the attack
vessel shows that there is an enemy boat at a distance of 10km to the south
from the attack vessel. At 2 pm the radar shows that the enemy boat is at a
distance 10√3 km to the east from the attack vessel.
i. Find the velocity of the enemy boat relative to the attack vessel.
ii. If the attack vessel moves in the direction of north with a velocity 20
kmh-1, find the velocity of the enemy boat.

9.

Two particles A, B are projected vertically upwards with velocities 2u, u at
points P, Q which are on a horizontal line at time t=0. Find the,
i. Path of B relative to A.
ii. Path of A relative to B.

10.

A ruggerite runs towards north at a velocity 4ms-1. A ball is thrown by the
player at a constant velocity of 10ms-1 towards tan-1 4/3 from west to the
south.
i. Find the velocity and direction of the ball relative to a spectator A
sitting in the audience.
ii. Show that velocity of the ball is 2 ms-1 relative to the referee C who is
running at velocity of 4√2 ms-1 to the southwest.

11.

Velocity of A is 𝑖 + 2𝑗. The velocities of B and C relative to A are 3𝑖 + 𝑗 and
2𝑖 − 3𝑗 respectively. Find the velocities of B and C. The unit of velocities is
ms-1. Take the earth as E.

12.

A train T moves in a road which is inclined α to the horizontal at a velocity of
u ms-1. Rain droplets drop vertically downward at a velocity of v ms-1.
i. Find the velocity of a rain drop relative to the train and mark the locus
of a raindrop.
ii. If u = v sinα, show that the rain droplets hit perpendicularly, relative
to the train.

13.

A child runs along the edge of a river in a straight line at a velocity of u ms-.
The child sees a boat moving to a direction α inclined with the edge of the
river with a velocity of 2u ms-1.
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i.
ii.

14.

15.

Find the velocity of the boat relative to a person M sitting on a tree in
the edge of the river.
The person M sees the boat moving perpendicular to the edge of the
river. Find the moving direction of the boat relative to the child. Draw
the velocity triangle for that situation.

A wind blows from a direction θ from north to the east with a velocity of v
ms-1. A person on a motorcycle moves to the east with a velocity u ms-1. He
feels the wind from the direction α from north to the east.
i. Show that tanα = (u + vsinθ)/vcosθ.
ii. When the motorcyclist moves to west with the same speed as before,
he feels the wind blowing from the direction 𝛽 from north to the west.
Show that 2 tan 𝜃 = tan 𝛼 − tan 𝛽.
A train moves to the north with a velocity of u. A wind blows from the
direction θ from north to the east. The train driver feels the wind flowing
from the direction α from north to the east. If cotα = 4cotθ, show that the
velocity component of the wind relative to the train is u/3.

16.

A motor vehicle moves to the east with a velocity u. The driver feels the wind
blowing from the direction 600 from east to the south. When the motor
vehicle moves to the west with a velocity of 2u, the driver feels the wind
blowing from south. Find the magnitude and the direction of the wind.

17.

A person moves vertically downwards using a parachute with a velocity of u
ms-1. The person sees the raindroplets dropping α inclined with the vertical.
When the velocity of the person is v ms-1 (v > u), he sees the raindroplets
dropping β inclined to the vertical. If the actual direction of the raindrops is
θ inclined to the vertical, show that (v – u) cotθ = vcotα – ucotβ.

18.

When a child moves towards north with a uniform velocity, the child feels a
wind is blowing to the direction α from east to the north. When the child
moves to the east with the same velocity as before, he feels the blowing to
the direction β from north to the east. Wind blows from the direction θ from
1+tan 𝛼

west to the south, show that tanθ = 1+tan 𝛽.
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19.

20.

Two ships A, B move with velocities 2 ums-1 and u ms-1. The bearings of A, B
are θ and 90 + θ respectively. The constant velocity of C is v ms-1 and its
bearing is ɸ. An observer in B sees the ship C moves towards north. Show
u
v
that sin ɸ = cos θ.
Unit vectors towards east and north are 𝑖 and j respectively. A motor vehicle

A moves towards west with a constant velocity 20 kmh-1. A cyclist B moves
in the direction represented by the vector −4𝑖 + 3𝑗 with a velocity of 16

kmh-1. At noon B is 1.2km away in the south relative to A. Taking the position
of A as the origin at this moment, find the position vectors of A and B at time
t. If the position vector of A relative to B at time t is r km, show that 5r = 6[6ti + (1 – 8t) j]. If the distance between A and B is d km, deduce that 25d2 =

36 (100t2 – 16t + 1). Show that the minimum distance between A and B is
720 km and find the time to reach it.
21.

A train moves in a straight horizontal road at a velocity of u ms-1. A child
siitting on the train sees a ball moving perpendicular to the direction of the
train with a constant velocity of u√3 ms-1. Find the velocity and the direction
of the ball relative to a child sitting near the railway line and mark the path.

22.

A motor vehicle A moves towards north with a velocity v ms-1. A motor
vehicle B starts from a point which is in west and d m away from A. It moves
towards north east at a uniform velocity of v√2 ms-1. Find the velocity and
direction of B relative to A and mark the locus of B relative to A.

23.

A balloon moves vertically upwards with a uniform velocity of u ms-1. Wind
blows to a direction α inclined with the direction of the balloon. An observer
in the balloon sees the wind blowing to the direction θ inclined with the
direction of the balloon. Find the value of θ. If the observer in the balloon
sees that the direction of the wind is perpendicular to the direction of the
balloon, find the actual direction of the wind.

24.

A ship moves towards west at a velocity of 30 kmh-1 and the second ship
moves towards south at a velocity of 20 kmh-1. A seafarer in ship one sees a
ship three moving towards south east and a seafarer in the ship two sees a
ship third moving towards the direction 600 from north to the west. Show
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that the ship three moves towards the direction 750 from south to the west
and find its speed.
25.

The unit vectors to north and east directions are 𝑗 , 𝑖. A motor vehicle moves
at a constant speed –u𝑖 ms-1. The driver sees a wind blowing at a velocity

u√3𝑗 ms-1. Show that the actual velocity of wind is 2u ms-1 and find the

direction. When the motor vehicle moves in the opposite direction the
magnitude of velocity of the vehicle does not change. Find the velocity of the
wind relative to the vehicle when the vehicle moves in the opposite direction.
26.

The unit vectors to north and east directions are 𝑗 , 𝑖. The unit is ms-1. A
person moves with a velocity of 3𝑖 + 6𝑗 . He feels the wind blowing to the
direction 𝑗 + 𝑖. When the velocity of the person is three times, he feels the

wind blowing to the direction 𝑗. Find the actual velocity of the wind. The

person changes the velocity, because of the the roadblocks. The person feels
the wind blowing from the direction 3𝑗 + 𝑖. Find the velocity of the person
and show that its magnitude is 27√5/5 ms-1.
27.

The unit vectors to north and east directions are 𝑗 , 𝑖. The unit is kmh-1. An
aeroplane moves at a velocity u𝑖. The velocity of the helicopter relative to the

aeroplane is u( 𝑖 + √3𝑗 ). Find the velocity of the helicopter and find its

magnitude and direction.
If the velocity of the aeroplane is 3u𝑖, show that the magnitude of velocity of
the helicopter relative to the aeroplane is 2u kmh-1.
28.

Raindrops which drop at a velocity of u ms-1 with 300 inclined to the vertical
drops on to a person who is standing on the edge of a lake. The person walks
in the horizontal direction at a velocity of v ms-1. Find the magnitude and the
direction of the velocity of a raindrop relative to the person.
5√3

i.

If v = 3u, show that the raindrops hit the person with tan-1

ii.

inclined to the vertical.
If v = u/2, show that the person sees the raindrops dropping
vertically.
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29.

30.

31.

32.

33.

A ship starts from a point A which is 10km away in the south to the
lighthouse L. The velocity of the ship in still water is 10 kmh-1. The ship
travels to a point B which is 10km away in the east to the lighthouse. A water
current flows in the direction 150 from east to the north at a velocity of 5
kmh-1 in the area where the ship moves. If the ship moves to the direction θ
from east to the north, show that 4sin(θ - 45) = 1.

A motor vehicle moves to the north at a velocity of v1 ms −1. A wind blows to
the direction θ from east to the north at a velocity of v2. The driver feels the
wind blowing from the direction α from east to the south. Show that tan α =
(v1 − v2 sin θ)/ v2 cos θ . Another motor vehicle moves to south with the
same velocity. The driver feels the wind blowing to the direction β from east
to the north. Show that 2tanθ = tanβ – tanα. If tanα = tanβ, show that the
direction of the motor vehicle is perpendicular to the direction of the wind.
A player runs with a velocity of u ms-1 to the north during the practice
session. The player feels that the direction of the wind is θ from north to the
east. Here 00 < θ < 450. The player turns back and moves to the south with
the same velocity. The player feels the wind blowing from the direction θ
from east to the south. Show that the actual velocity of the wind is u ms-1 to
the direction 2θ from south to the west.
Waterdops drop vertically. An observer on the train which is moving
horizontally at a velocity 30 kmh-1 sees raindrops dropping at an angle 600
inclined to the direction of train. Find the velocity of rain.
When the train moves at a velocity of 45 kmh-1, show that the speed of the
raindrops seen by the observer on the train is 15 √21 ms-1 and find its
direction.
A child moves to the north along a straight road at a constant velocity. The
child feels the wind blowing from the direction 600 from west to the south.
The child turns right and moves along a crossroad with the initial velocity.
He feels the wind blowing to the direction 600 from south to the west. If the
constant velocity of the child is 10 kmh-1, show that the wind blows to south
west. Show that the magnitude of velocity of the wind is 5√2(√3 + 1)kmh-1.
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34.

Three particles A, B, C are projected from the same point at the same time
from the same horizontal plane. A is projected to the horizontal direction at
a velocity of u ms-1, B is projected to a direction θ inclined to the horizontal
at a velocity of v ms-1, C is projected vertically upwards at a velocity of w ms1.

35.

If

cos θ
u

+

sin θ
w

1

= v, show that A, B, C are always collinear.

A ship A moves to west at a velocity of 20 kmh -1. A person on the ship feels
1°

the wind blowing from the direction 22 2 from west to the south. When the
ship moves to south with the same velocity, the person feels the wind
1°

blowing from the direction 22 2 from south to the east. Find the velocity and
direction of the wind.
36.

A boat A moves to east at a velocity of 2u ms-1. A boat B is moving at a velocity
of u ms-1 and the bearing is 0300. At a certain moment an observer in A sees
the boat C moving to south. An observer in B sees the bearing of C as 1500.
Show that the velocity of C is u√7m𝑠 −1 and find its direction.

37.

An observer in the ship A which is moving to north at a velocity of 20 knots,
sees an enemy boat moving towards northeast. An observer in the ship B
which is moving to south at a velocity of 20 knots, sees the enemy boat
moving to a direction 300 from north to the east. If the enemy boat moves to
a direction α from north to the east, show that tanα = √3 – 1.

38.

i.

ii.

39.

A person moving towards east feels the wind blowing from the
direction α from north to the west. When the person moves to north
with the same speed, he feels the wind blowing from the direction β
from west to the north. Show that the actual direction of the wind is
to the direction θ from north to the west taken from the equation tanθ
(1- tanβ) = 1 + tanα.
When the person moves to north, the person feels the wind blowing
to the direction α from east to the south. Show that the actual
direction of the wind is same as that.

Two roads south to north and west to east meet at the junction O. The
velocities of the two motor vehicles A, B travelling at the two roads are v1
7
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kmh-1 and v2 kmh-1 respectively. Motor vehicle A moves towards north. The
direction of the velocity of A relative to B is α from east to the south. Here
3

tanα = 4. When the velocity of A is increased by u kmh-1, the direction of

velocity of B relative to A is to the south east. Show that the values of v1, v2
are 3u, 4u respectively.
40.

A helicopter moves to north at a constant velocity of u kmh-1. The helicopter
driver sees a train moving on the ground to south east. The driver found that
the railway line is to north east by searching the map. Find the speed of the
u
train. When the velocity of the helicopter decreases to 2 kmh-1, show that the
direction of the train relative to the driver is to the east.

41.

A wind blows from the direction 300 from east to the north at a constant
speed of u kmh-1. A person rides a bicycle to the south. He feels the wind
blowing from the direction 300 from east to the south. Show that the speed
of the cyclist is 2u kmh-1. The cyclist rides the bicycle with a speed two times
the initial velocity to a direction 300 from west to the north. Find the
magnitude and the direction of velocity of the wind relative to the bicycle.

42.

A ruggerite runs to south with a velocity of u ms-1. He throws the ball to a
direction 300 from north to the east at a velocity of 2u √3 ms −1 relative to
him.
i. Find the velocity and direction of the ball relative to the refree
standing at the lines and mark the path.
ii. The refree who is running to north at a velocity of v ms-1, sees the ball
moving to east. Find v.

43.

A child rides a bicycle to north at a velocity of v kmh-1. He feels a wind
blowing from the direction 600 from west to the north. When he rides the
bicycle to south at a velocity of 2v kmh-1, he feels the wind blowing from the
west. Find the actual direction of the wind. Show that the actual velocity of
the wind is v√7 kmℎ−1 .

44.

When a parachutist comes down with a velocity v ms-1, he sees the raindrops
dropping at an angle α inclined to the vertical. When the velocity of the
parachutist becomes 2v ms-1, he sees the raindrops dropping at an angle β
8
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45.

46.

47.

48.

inclined to the vertical. If the raindrops are dropping at an angle θ inclined
to the vertical relative to the earth, show that cotθ = 2cotα – cotβ.

A boat moves on still water at a velocity of 4v ms-1 to the north along a
straight path. The person in the boat feels the wind blowing from the
direction 600 from north to the west. When the boat moves at a velocity of
2v ms-1, he feels the wind blowing from west. Show that the velocity of wind
is 4v ms-1, find its direction.
A motor vehicle moves to south at a velocity of u ms-1. Driver feels the wind
blowing to the direction α from west to the north. When the motor vehicle
moves to north with the same velocity, the driver feels the wind blowing to
the direction θ from west to the north. When the motor vehicle moves to
north at a velocity of 2u ms-1, the driver feels the wind blowing to the
direction ɸ from west to the north. Show that 2tanɸ = 3tanθ – tanα.

Ship one moves to north east at a speed of 24 knots, ship two moves to north
west at a speed of 16 knots. The sailors in the ship one sees the ship three
moving to the west and the sailors in the ship two sees the ship three moving
to the direction 150 from east to the north. Find the direction and magnitude
of the velocity of the ship three.
The velocity of the fuel ship is 10(2𝑖 + 3𝑗). An observer in the ship sees an
inspection boat moving with a velocity of 4(−12𝑖 − 5𝑗). An observer in the

inspecting boat feels the wind blowing at a velocity of 4(𝑖 − 3𝑗). Find the
velocity of the wind. Show that its magnitude is 2√5 kmh-1 and find its
direction. 𝑖 , j are unit vectors to the directions east and north respectively
and the unit is kmh-1.
49.

An aeroplane A moves at a velocity 30(𝑖 + 𝑗 + 2𝑘) kmh-1. The pilot sees a
bird moving at a velocity -20 (𝑖 + 𝑗 + 𝑘) kmh-1. Find the velocity of the bird
and show that its magnitude is 30√2 kmh-1.

50.

A sailing boat can only move in the lengthwise direction in the still sea. A
steady uniform wind blows across the sea. Assume that the sea is still even
when the wind blows. Wind blows from a direction θ inclined with the
9
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lengthwise direction of the boat at a velocity of v relative to the boat. Boat
moves at a speed of kv cosθ. Here k is a constant. The velocity of the wind
u
relative to the still sea u, gives by the equation v =
1 . If u is a
[(k2 +2k)cos2 θ+1]2

fixed quantity, find the minimum and maximum values of v.
51.

Two roads west to east, south to north intersect at the junction O. Two motor
vehicles A, B move in the first and second roads at velocities 30 ms-1 and
30√3 ms-1 respectively towards O. At 12 noon, A is situated at the point P
which is 100 √3 m away in the west from the point O. B is situated at the
point Q which is 100m away in the south from the point O. Mark the path of
B relative to A and find the shortest distance between A and B and the time
taken to reach that.

52.

A horizontal road and a vertical line intersect at the point O. A motor vehicle
A moves towards O on the horizontal road at a velocity of u√3 ms-1. A balloon
B moves down along the vertical line towards O at a velocity of
u ms-1. At t = 0, A, B are a m away from the point O. Find,
i. The path of B relative to A.
ii. The shortest distance between A and B and time taken to reach it.
iii. Position of A and B at the shortest distance.

53.

Two straight lines intersect at the point O which are inclined 450 with each
other. Two particles A, B start from the points P, Q which are at 200 m and
100 √2 m away from the point O and move towards O. The velocities of A, B
are 150 ms-1 and 100 √2 ms-1 respectively. Find the,
i. Path of B relative to A.
ii. Shortest distance between A, B and time taken to reach it.
iii. Position of A when A, B are at the shortest distance.

54.

The distance between objects A, B at t = 0 is d. The velocity of B relative to A
is W. The components of velocity W along the line AB and along the line
perpendicular to AB are u, v respectively. Find the shortest distance between
the points A, B and the time taken to reach it.

55.

The position vectors of P, Q relative to O are 8𝑖 + 𝑗, 2𝑖 + 5𝑗. The unit of
displacement is meters. At time t = 0, two objects A, B start at the points P,
10
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Q with velocities √2u ms −1, 2u ms-1and move in the directions 𝑖 + 3𝑗 and 𝑖 +
2𝑗.

i.
ii.

56.

57.

58.

59.

Find the path of B relative to A.
Find the shortest distance and time taken for the shortest distance
when u=√5.

An attacking boat D moves to east at a velocity of u√3 ms-1. A ship S moves
to the direction α from east to the south at a velocity of u ms-1. At t = 0, the
radar of the attacking boat shows that the ship is am away to the north from
the attacking boat. Mark the locus of the attacking boat and find the shortest
distance between them. Find the time taken to reach the shortest distance
when α = 300.

Two straight lines AOB and COD intersect at the point O making an angle 600
with each other at the junction. Here AO = 20 km, CO = 10 km. At 9.00 a.m,
a motor vehicle P passes A at a velocity of 30 kmh-1. It moves towards AO
with an acceleration of 5 kmh-2. At that moment, motor vehicle Q passes C at
a velocity of 60 kmh-1. It moves in the CD direction with an acceleration of 10
kmh-2. Find the velocity, acceleration and path of Q relative to P. Show that
the shortest distance between the two vehicles is 15km. Find the time taken
to reach the shortest distance.
Two tennis balls A, B are projected from the points P, Q which are ‘a’ distance
away from each other on the same horizontal line above the ground. They
are projected under gravity at t = 0. The ball A is projected vertically
upwards at an initial velocity of u. The ball B is projected to a direction α
inclined to QP at a velocity of u.
i. Find the velocity of B relative to A.
ii. Find the acceleration of B relative to A. Hence show that the velocity
of B relative to A is constant.
iii. Find the shortest distance between the points A, B and show that the
𝑎
𝜋
𝛼
time taken to reach it is tan ̅̅̅̅̅̅̅
+ .
2𝑢

4

2

Two objects A, B are projected from the points P, Q which are above the
horizotal plane, at velocities 2u ms-1, u ms-1 respectively. PQ is horizontal and
PQ = dm. The angle of projection of A is 450 inclined with PQ. The angle of
projection of B is 450 inclined with QP. Find the path of B relative to A, the
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shotest distance between A,B and the time taken to reach the shortest
distance.
60.

Two railways meet at a junction inclined α with each other. Two trains
move towards the junction on separate railways at velocities u, v. The
distances between the junction and the trains at the beginning are a, b
respectively. If the two trains come close to each other, (av > bu). Then
show that the shortest distance between the two trains is (av – bu) sinα /
√u2 + v 2 – 2uv cosα. Hence show that the value of v for the two trains to
collide is

bu
a

. (𝑣 cosα < u)

61.

Two horizontal and vertical lines intersect at the point O. Two particles A, B
move towards O at velocities 10ms-1 and 10√3 ms-1 respectively. At t = 0, A
and B particles are initially at 100√3 m and 100m distances respectively
away from O. Find the,
i. Velocity and direction of B relative to A.
ii. Path of B relative to A.
iii. Shortest distance between A, B and time taken to reach it.
iv.
Time taken for B to position in east relative to A.

62.

Two roads south-north and west-east intersect at the junction O. At t = 0,
two motor vehicles A, B are 10km away from O in west and south directions
respectively. The velocities of A, B towards O are 20 and 20 √3 kmh-1
respectively. Find the,
i. Velocity and direction of B relative to A.
ii. Path of B relative to A.
iii. Shortest distance between A, B and time taken to reach it.

63.

Two roads west-east and south-north intersect at the junction O. At t = 0,
two motor vehicles A, B are at the points P, Q which are in the directions
west and south respectively. A, B move towards O at velocities u√3 kmh-1
and u kmh-1 respectively. Here OP = a km, OQ = b km. (b>a)
i. Find the magnitude and direction of the velocity of B relative to A.
ii. Mark the path of B relative to A.
iii.

Show that the shortest distance between A, B is

12

b√3−a
2
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64.

Two straight lines are perpendicular to each other and intersect at the point
O. Two particles P, Q are a m distance from the point O. P, Q move towards O
at velocities v√3ms −1 and v ms-1 respectively.
i. Find the magnitude and direction of velocity of the particle Q relative
to P.
ii. Mark the path of Q relative to P.
iii. Find the shortest distance between P, Q.

65.

Two lines l1, l2 intersect at the point O. The angle between the two lines is
450. Two particles A, B are initially at 500m and 200m away from the point
O and move towards O at velocities u ms-1 and u√2 ms-1. Find the,
i. Magnitude and direction of the velocity of B relative to A.
ii. Path of B relative to A.
iii. Shortest distance distance between A, B.
iv.
Time taken to reach the shortest distance.

66.

A ship moves to north at a uniform velocity

144
13

kmh-1. An enemy boat is

13km away from the ship in the east and the enemy boat shoots the front
side of the ship. The enemy boat moves in uniform velocity. So, as a result
of the motion of the ship and boat they reach a shortest distance of 5 km.
They reach the shortest distance after 20 minutes. Find the velocity of the
enemy boat relative to the ship. Show that the velocity of the enemy boat is
540
13

kmh-1 and show that in order to hit the ship the boat must shoot to a

direction cos-1 (4/3) from north to the west when moving at the velocity
given above.
67.

Two motorboats A, B move at velocities 16 kmh-1 and 20 kmh-1 respectively.
B moves to east. At t = 0, the position of boat A is 2km away in the south
relative to the boat B. Find the moving direction of A, as the two boats A, B
come close to each other. Find the shortest distance between A and B and
show that the time taken to reach it is 8 minutes.

68.

The unit vectors for east and north directions are 𝑖 , 𝑗. At 12 noon the ships
A, B are at the points represented by position vectors −4𝑖 + 3𝑗 km and 12𝑖 +

3𝑗 km respectively. They are moving at velocities 6(𝑖 + 4√3𝑗) kmh-1 and
2(2𝑖 + 11√3 𝑗) kmh-1 respectively.
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i.
ii.
iii.

69.

Find the distance between the ships at 12 noon.
Show that the shortest distance between the ships is 8√3 km and find
the time taken to reach it.
Find the position vectors of A, B when they are at the shortest
distance.

A, B are two ships. At 9.00 a.m, the position vector of B relative to A is
(4𝑖 + 8𝑗) km. The velocities of A, B are (6𝑖 + 9𝑗) kmh-1, (-3𝑖+ 6𝑗) kmh-1
respectively.
i. Find the path of B relative to A.
ii. Show that the shortest distance between A, B is 2√10 km.
iii. Find the time taken to reach the shortest distance.

70.

The velocities of the two ships A, B are 8(2√3 𝑖 + 𝑗) kmh-1, 2(√3 𝑖 − 3𝑗)

kmh-1 respectively. The position vectors of them at 12 noon are 4(−𝑖 + 2𝑗)
km and 12(𝑖 + √2 𝑗) kmh-1.
i.
ii.

71.

Find the path of B relative to A.
Show that the shortest distance between the points A, B is 4 (√6 – 2)
km and find the time taken to reach it.

At 11.00 a.m ship A is at the point −2𝑖 + 3𝑗 km. It’s velocity is −2𝑖 + 2𝑗

kmh-1. At 12.00 p.m ship B is at the point (11𝑖 + 5𝑗) km. The velocity of it is
−3𝑖 +(2-√3) 𝑗 kmh-1.
i.
ii.
iii.
iv.
72.

At 12.00 p.m, find the distance between A and B.
Find the path of A relative to B.
Find the shortest distance between A and B and find the time taken
to reach it.
Find the time taken for A to position in the north relative to B.

Particles A, B move at velocities 4𝑖 + 2𝑗 kmh-1 and −2𝑖 + 5𝑗 kmh-1

respectively. At 9.00 a.m, the particle A is at a point P represented by the
position vector −2𝑖 + 𝑗 km. At 10.00 a.m, the particle B is at a point Q
represented by the position vector 4𝑖 + 5𝑗 km.
i.
ii.

Find the position vector of A at 10.00 a.m.
Find the distance between A, B at 10.00 a.m.
14
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iii.

Show that the shortest distance between A, B is
time taken to reach the shortest distance.

73.

6√5
5

km and find the

At t = 0, the position vectors of the two ships A, B are 3𝑖 + 5𝑗 km and 4𝑖 +
3𝑗 km. The velocities of A, B are 𝑖 − 𝑗 kmh-1 and 2𝑖 + 𝑗 kmh-1 respectively.
i.
ii.

Find the position vectors of A, B at time t.
At time t, find the distance between A, B in terms of t.

iii.

Show that the shortest distance between A, B is
time taken to reach it.

74.

4√5
5

𝑘𝑚, and find the

Two particles A, B are at the points represented by position vectors −2𝑖 +
𝑗 km and 3(𝑖 + 2𝑗) km respectively. The velocities of the particles are 𝑖 +
2𝑗 kmh-1 and −𝑖 + 3𝑗 kmh-1 respectively.
i.
ii.
iii.
iv.

75.

At t = 0, find the position of B relative to A.
At t = 0, find the displacement of B relative to A.
Hence show that the shortest distance between A and B is 3√5 km.
Find the time taken for A, B to come very close to each other and find
the position vectors of A, B at that time.
1

1

Two ships A, B are moving at speeds 18 kmh-1 and 20 2 kmh-1. Ship A
2

moves towards south, and ship B moves in an unknown straight line. An
observer in ship A sees the ship B 3km away in the south. After n hours the
observer sees ship B 9km away in the east. Find the actual path of ship B and
show that n = 2. Find the shortest distance between the ships and show that
the time taken to reach it after the first observation is 12 minutes.
76.

An attacking boat moves to north with a constant speed of u kmh-1. On a
certain midnight, the attacking boat sees an enemy boat d km away in the
east. The enemy boat moves to a direction θ(v cos θ > u) from north to the
west at a velocity of v kmh-1. Find the velocity of the enemy boat relative to
the attacking boat and mark the path of it. Show that, after time
d v sin θ

, the enemy boat and the attacking boat are at the minimum

√u2 +v2 −2uv cos θ

d (v cos θ−u)

distance √u2

+v2 −2uv cos θ

km.
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77.

Two straight lines l1, l2 inclined an acute angle α with eachother intersect at
the junction O. At t = 0, the vehicle A which is a km away from point O in the
l1 line moves towards O at a speed of 2u kmh-1. At the same time, the vehicle
B which is a km away from point O in the l2 line moves towards O at a speed
of u kmh-1. Find the path of B relative to A and show that the shortest
distance between A and B is

78.

𝑎 sin 𝛼

√5−4 sin 𝛼
a

. If the angle between l1 and l2 is 600,

show that the shortest distance is 2.

At 9.00 a.m two boats A, B are 10 km away from each other. At that time, the
position of B is in the west relative to A. The velocities of A, B are 12kmh -1
and 13kmh-1 respectively. B moves to north. Show that in order to move boat
A very close to boat B, the boat A must move to a direction θ from north to
5

the west. Here sinθ = 13. Find the closest distance between the boats and find
the time taken to reach it.
79.

An attacking boat moves in a straight line at a constant speed. The maximum
speed of it is v1 kmh-1. At t = 0, the radar of the attacking boat recognizes that
an enemy boat is a km away in the north. The enemy boat moves at a velocity
of v2 kmh-1 to the east. Show that the direction that the attacking boat needs
to be turned in order to reach the closest distance between the two boats is
cos-1 (v1/v2). Hence find the closest distance and time taken to reach it. When
v1 = v2, describe the motion.

80.

The distance from the edge of the pavement to the straight line 𝑙 is a m. A
motorcycle C moves along the line 𝑙 at a speed of u ms-1. At t = 0, a pedestrian
P is at the point A and the motorcycle is at the point O. The pedstrian is b m
distance infront of the bicycle. The pedestrian cross the road at a direction
600 inclined with the road at a velocity v ms-1. If the pedestrian crosses the
road infront of the bicycle, find the path of P relative to C and show that the
shortest distance is

v (a+b√3)−2au
2√u2 +v2 −uv

can cross the road without facing an accident.
81.

2au

. Hence show that if v > a+b√3, the pedestrian

A motor vehicle moves in a straightline l at a velocity of 2u ms-1. At t = 0, the
motor vehicle is at the point A. B point is d m distance infront of the point A
along the straight line l, and point C is at h m distance away from the point B,
where CB is perpendicular to AB. The child is at the point C. The child is
16
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running towards B at a speed u ms-1. Find the direction that the child should
move in order to move away from the motor vehicle as much as possible and
mark the path of the child relative to the motor vehicle. Find the shortest
distance between the child and the motor vehicle. Hence show that if d > h
√3, an accident will not occur.

82.

At t = 0, the boat A is 130 m away in the north relative to boat B. The boat B
moves to east at a velocity of 13 ms-1. The velocity of the boat A is 5 ms-1.
Find the direction that the boat A should be turned in order to get close to
the boat B as much as possible and find the shortest distance and the time
taken to reach the shortest distance.

83.

The bearing of a fielder relative to the batsman is 0600 and the distance
between them is 30m. A shot is played by the batsman and the ball moves to
the direction 300 from north to the west at a velocity of 20 ms-1. The
maximum velocity of the fielder is 10 ms-1. Find the direction that the fielder
should run in order to catch the ball by moving the shortest distance. Find
the shortest distance.

84.

A pirate boat Q moving at a velocity of u knots is at the point A. An inspection
boat P is ‘a’ shipping miles away in the south to the pirate boat. The
inspection boat moves at a velocity of v(>u) knots to the north. If the moving
direction of P does not change, find the direction that Q should turned in
order to move away from P as much as possible. In that situation, find the
shortest distance.

85.

The navy ship A moves to north at a velocity of 16 nautical miles per hour. A
captain in the ship A sees an enemy boat in the west moving at a velocity of
8 nautical miles per hour to the direction 300 from south to the east. The
actual velocity of B is to the direction 600 from south to the east.
i. Find the magnitude of the actual velocity of B.
ii. Find the magnitude of the velocity of B relative to A.
iii. When they are closest to each other, find the bearing of A from B.
iv.
If the maximum range that the ship A can shoot is 7 nautical miles,
show that the boat B is at risk for

17

5√3
2

minutes.
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86.

Write the relative displacement, velocity and acceleration theories briefly.
The straight roads AOB and COD intersect at the junction O by making an
angle 600 with each other. Here AO = CO = 10 km. At noon a vehicle passes
the point A at a velocity 20 kmh-1 and moves towards O at an acceleration 5
kmh-2. At the same time a second vehicle passes the point C at a velocity 40
kmh-1 and moves towards O at an acceleration 10 kmh-2. Find the velocity,
acceleration and the path of the second vehicle relative to the first vehicle.
Hence show that the shortest distance between the vehicles is 5 km and find
the time taken to reach it.

87.

Two straight roads OA and OB incline α (< 𝜋/2) with each other. A motor
vehicle one moves along OA towards O at a uniform velocity u kmh-1 and a
motor vehicle two moves along OB startng from O at a uniform velocity 2u
kmh-1. When vehicle two is at O, vehicle one is c distance away from O. Find
the path of one vehicle relative to the other and find the shortest distance
between them. Show that the time taken to reach the shortest distance is
c(1+2 cos α)

88.

u(5+4 cos α)

hours.

The position vectors of ships S1, S2 relative to the OXY plane are 𝑟 1 , 𝑟 2 where
𝑟 1 = (1 + 4𝑡)𝑖 + 7𝑡𝑗 , 𝑟 2 = 6𝑡𝑖 + (1 + 8𝑡)𝑗 . Here t gives the time in hours
and the distance is given in km.
i. Find the position vector of S2 relative to S1.
ii. Find the velocity of S2 relative to S1. Show that the shortest distance
between S1 and S2 is

89.

3√5
5

km.

Two roads west-east, north-south intersect at the junction O. At t = 0, the
motor vehicle A is 100√3 m away in the west from the point O. The motor
vehicle B is 100 m away in the north from the point O. The velocities of A, B
are 25 ms-1 and 25√3 ms-1 respectively. Both the vehicles A, B move towards
the point O. Find the,
i. Path of B relative to A.
ii. Time taken to position B in the east relative to A.
iii. Time taken to position B in the south relative to A.
iv.
Time taken to position B in 600 from east to the south relative to A.
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90.

Two particles A, B move in a horizontal road and a road inclined 600 to the
horizontal respectively. The two particles move towards the intersection
point O at velocities u and 15 ms-1 respectively. When the particle B is in the
horizontal direction after having a displacement of 5√35 m at √5 seconds
relative to A, find the equation indicating the velocity of A. Find the values
that the velocity u can have. Show these velocities geometrically by drawing
velocity triangles.

91.

An attacking boat moves to north at a velocity of 2u kmh-1. At t = 0, an enemy
boat which is d km away in the east to the attacking boat moves at a velocity
of √2u kmh-1 with a bearing of 3150.
i. Find the path of enemy boat relative to the attacking boat.
ii. If the radar of the attacking boat shows the bearing of the enemy boat
as 2100, find the time that the enemy boat has travelled.

92.

A ship moves to north at a steady speed of u kmh-1. A helicopter leaves from
the ship and moves to an island and comes back. During the full time of the
journey, the helicopter moves along a straight line which is to the direction
α from north to the east at a steady velocity of u kmh-1 relative to the ship.
Draw velocity traingles in the same figure for the journey towards the island
and the journey towards the ship. Show that the velocity of the helicopter is
turned by a right angle when observed from the island. If the distance
between the path of the ship and the island is d km, show that the total time
2d

93.

94.

spent by the helicopter for the full journey is u sin α.

An aeroplane moves at a velocity of v ms-1 in still air. The aeroplane moves
in a direction which is β inclined with direction of the wind. The wind is
blowing at a velocity of u ms-1. If the direction that the pilot should turn is α
inclined to the moving direction, show that v sin α = u sin β. If the distance
to which the aeroplane should move is a m, the time taken for going and
coming back are t1, t2 respectively. Show that,
i. a (t1 + t2) = 2vt1t2 cos α
ii. a (t2 + t1) = 2ut1t2 cos β
iii. a2 = t1t2 (v2 – u2)
The maximum velocity of the boat in still water is v kmh-1. A river having
parallel banks and width a km flow at a steady velocity of u kmh-1. The right
19
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opposite of the point A in one bank is point B in the other bank. The boat
starting at the point A is directed towards ⃗⃗⃗⃗⃗
AB and the boat moves at the

maximum velocity. The boat reaches the opposite bank and moves along the
bank to reach the point B. Find,
i. Path of the boat relative to water.
ii. Path of the boat relative to the earth.
iii. Displacement of the boat parallel to the bank relative to the earth.
iv.
Time taken to move from A to B.
95.

96.

The banks of a river are parallel. The width of the river
is 75 m. Water flows at a constant velocity of 10 ms-1.
The velocity of the boat in still water is 15 ms-1. If the
direction that the boat should be turned to move from A
to the opposite point B on the other bank is α inclined to
the bank, find the value of α and the time taken to move
from A to B.

B
75 m
10 ms-1
A

A river of width 50 m and having parallel banks flows at a velocity 4 ms -1. A
and B are two points on the two banks. The line AB is inclined 600 with the
upstream. A child who can swim at a velocity of 4√3 ms-1 in still water, starts
to move from the point A and swims to the direction θ from the the upstream.
The child moves from A to B. Find the value of θ and show that the time taken
to move from A to B is

25√3
3

𝑠.

97.

The city B is 100 km in the east from the city A. A wind blows at a velocity of
10√2 kmh-1 to the north east. The velocity of the aeroplane in still air is 50
kmh-1. Show that the direction that the aeroplane must be turned in order to
move from A to B is sin-1 (1/5) and find the time taken.

98.

A child expects to move across a river of width 60 m at a minimum time.
Water flows at a velocity of 3 ms-1. The velocity of the child in still water is 4
ms-1. Show that the minimum time that the child can take to move across the
river is 15 seconds. How far does he move downstream of the river.

99.

A plane moves from an airport A to an airport B which is 500√2 km away in
the east relative to the airport A. The velocity of the plane in still air is
150kmh-1. A uniform wind blows from north at a velocity of 150kmh-1. Find
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the direction that the plane needs to be turned in order to move from A to B.
Show that time taken to move from A to B is 5 hours.
100.

An aeroplane departs from the airport O to move to an airport A where A is
d km in the north relative to O. A wind blows from west at a velocity of u
kmh-1. The aeroplane moves at a velocity of 5√2 u kmh-1 in still air. Find the
direction that the plane should be turned in order to move from O to A and
d

101.

show that the time taken to reach is 7u ℎ.

A river having parallel banks flows at a velocity of v kmh-1. A child can move
at a velocity of V√3 kmh-1 in still water. A child wants to move downstream
from a point P on a bank to a point Q which is on the other bank. The line PQ
makes an angle 600 with the bank. In which direction should the child swim
in order to move from P to Q. If the width of the river is d km, show that the
time taken to move from P to Q is

d√3
3u

ℎ.

102.

A person can swim at a velocity of 5ms-1 in still water. A river flows at a
uniform velocity of 3ms-1. The distance between the parallel banks is 75m.
Find the time taken by the person to move across the river in the following
situations.
i. When moving in the shortest path.
ii. When moving at the minimum time.

103.

An aeroplane leaves the airport O to to move to an airport A which is a km
away. The velocity of the aeroplane in still air is v kmh-1. A wind blows to a
direction 600 inclined to the line ⃗⃗⃗⃗⃗
OA at a velocity of u kmh-1. Show that the
direction that the aeroplane needs to be turned in order to move from O to

104.

√3 u
) inclined
2v

A is sin-1 (

to ⃗⃗⃗⃗⃗
OA. Find the time taken to reach it.

A person can move at a maximum velocity of u ms-1 to the downstream of a
river. The maximum velocity that the person can swim to the upstream is v
ms-1(u > v). Show that the maximum velocity that the person can swim in
still water is

u+v
2

.

If the width of the river is d m, show that the minimum time that the person
2d

takes to swim across the river is v+u. When moving across the river within
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the minimum time, show that the distance that the person moves towards
downstream is
105.

d(u−v)
v+u

.

A river of width d m flows at a uniform velocity of u ms -1. A person who can
swim at a velocity of v ms-1 relative to the river, swims perpendicular to the
bank. Find the time T in seconds that the person takes to move across the
river. Show that the time taken for the person to move d m distance along
2vT

the bank to the upstream and swim back to the initial point is √v2
Find the reason for v to be higher than u?
106.

−u2

seconds.

A river flows from north to the south at a velocity of 5 ms-1. The unit vectors
towards east and north directions are 𝑖 , 𝑗 respectively. A child starts from

the point A in the western bank in order to move towards the opposite point

B in the eastern bank at a velocity

10√3
3

𝑚𝑠 −1 to the direction α inclined to the

north. Show the above velocities in the form 𝑥𝑖 + 𝑦𝑗, hence find the actual
velocity of the child. Show that α = 300. If AB =
taken to move from A to B is 20 seconds.

107.

100√3
3

, show that the time

A, B are points on the same bank of a river which is flowing uniformly. A boat
takes t1 hours to move from A to the point B. The time taken by the boat to
move from B to A is t2(t2 > t1). Show that the time taken by a wooden block
2t1 t2

which moves freely on water to move from A to B is t
108.

2 − t1

.

Four airports are located at the points A, B, C, D of a square ABCD of length a
km. The velocity of the aeroplane in still air is u kmh-1. A uniform wind blows
at a velocity of v kmh-1 parallel to a side of a square. Show that the time taken
2a

109.

by the aeroplane to move in the path ABCDA is u2 −v2 (u + √u2 − v 2 ) hours.

A swimmer takes t seconds to move a m distance towards upstream of a
river. The time taken to move the same distance downstream is √3t. Show
that the velocity of water is

√3(√3−1)𝑎
6𝑡

ms-1. If the width of the river is a m,

show that the time taken to across the river from the shortest path is (3)¼ t
seconds.
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110.

The velocity of an aeroplane in still air is v kmh-1. A wind blows to the
direction α from east to the north at a velocity of w kmh-1. Here AB = a km.
B is in the east relative to A. Show that the time taken to move from A to B is
a

v2 −w2

(√v 2 − w 2 sin2 α − w cos α) hours. Assuming the time taken by the

aeroplane to turn is negligible, Show that the time taken to move in the
horizontal square path ABCDA is
hours.
111.

2a

v2 −w2

[√v 2 − w 2 sin2 α + √v 2 − w 2 cos 2 α]

A, B, C are three airports that are on the vertices of an equilateral triangle.
The maximum velocity of an aeroplane in still air is v. When a wind blows to
the direction AB at a velocity of u (<v), show that the minimum time that the
v+√4v2 −3u2

aeroplane take to move in the path ABCA without stopping is 𝑎 (

v2 −u2

).

If the aeroplane needs N litres of fuel to move along the path ABCA in still air,
find the amount of fuel that is needed in the presence of wind.

112.

A person at the point A in a riverbank expects to move to the point B in the
other bank which is upstream. Assuming the velocity at every point between
the parallel banks are constant, find the direction that a boat should be
directed by the person in order to move from A to B.
The person directs the boat in the AB line and comes near a point C on the
other bank. After coming to the point C, the boat moves to the point B along
the bank. Show that the time taken in that situation is same as the time taken
to move directly from A to B across the water flow.

113.

A river flows at a uniform velocity of u kmh-1 between two parallel banks. A
person can ride a boat at a velocity of v ms-1 relative to water. Find the
direction that the boat should be directed in order to ride the boat in the
shortest direction across the river. The width of the river is a m. If v > u,
show that the length of the road is a m and if v < u, show that the length of
au
the road is v .

114.

An aeroplane moves along a straight path from A to B and returns from B to
A. The velocity of the aeroplane in still air is u. The time taken for the two
journeys is T. At a certain day the velocity of the wind is v and the direction
is θ inclined with AB. For the two journeys show that the aeroplane should
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be directed to a direction sin-1 (

v sin θ
u

time taken for the two journeys is

) inclined with AB. Show that the total

Tu√u2 −v2 sin2 θ
u2 −v2

. If the full path of aeroplane

is along a horizontal square ABCD, and the direction of the wind is parallel
to one diagonal, find the total time taken for the journey.
115.

The velocity of an aeroplane is v kmh-1. The aeroplane can move a distance
of d km in still air without filling any fuel and without stopping. on a windy
day, wind blows at a uniform velocity of u kmh-1 from north. On that day the
aeroplane moves from airport O to the airport R. R is at a direction θ from
north to the east relative to O. The aeroplane moves back to the airport O
without stopping. Show that the maximum distance that OR can have is
d(1−k2 )

1
2(1−k2 sin2 θ)2

116.

u

km where k = v . Find the ratio of fuel that is consumed by the

aeroplane when moving from O to R and R to A in following situations.
i. θ = 0
ii. θ = 𝜋/2
iii. θ = 𝜋

Airports A, B, C are around the airport O where OA = OB = OC = a m and
AÔB = BÔC = CÔA. An aeroplane can move at a maximum velocity of u ms -1
in still air. A uniform wind blows to the direction ⃗⃗⃗⃗⃗
OA at a velocity of v ms-1 (v
< u). Show that the minimum time that the aeroplane takes to move in the
path OAOBOCO is 2a[

117.

u+√4u2 −3v2
u2 −v2

].

The water in a river of width 2d ,having parallel riverbanks flows parallel to
the riverbanks. The velocity at the edge of the river is zero and the velocity
increases to u when moving towards the center of the river. The velocity of
the swimmer relative to the river is 2u. The swimmer crosses the river right
perpendicular to the banks. Find the velocity of the water flow when the
swimmer is x distance away from the bank which he left. Draw the velocity
dx 2

u2

triangle. Hence show that ( dt ) = d2 (4d2 − x 2 ). Integrate this differential
118.

πd

equation and deduce that the swimmer crosses the road at a time 3u .

The distance between two airports A and B is d km. A steady wind blows to
the direction θ inclined with the line AB. Two planes X and Y start at the
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airports A and B at the same time and move in a straight path. The velocity
of the planes in still air is v kmh-1.
i. If v > u, show that the planes X, Y can move along the paths ⃗⃗⃗⃗⃗
AB and
ii.

⃗⃗⃗⃗⃗
BA and the time taken to meet the two planes is

hours

after departing from the respective airports.
Find the directions that the planes need to be directed in order to
meet each other and show that they meet at a point which is
ud sin θ

119.

d

2√v2 −u2 sin2 θ

2v

km distance away from AB.

Airport B is a km away in the east relative to the airport A. A wind blows at
a uniform velocity of u ms-1 to the north east. An aeroplane starting at the
point A moves in the direction ⃗⃗⃗⃗⃗
AB at a velocity of v1 kmh-1 and comes to the

point B. Then it moves in the direction ⃗⃗⃗⃗⃗
BA at a velocity of v2 kmh-1 and
reaches A. The velocity of the aeroplane in still air is v kmh-1. Show that v1 v2 = √2u, v1v2 = v2 – u2 and the time taken to move in the path ABA is
a√2(2v2 −u2 )
v2 −u2

.

120.

A ship S moves to north east at a constant velocity of u kmh-1. The maximum
velocity of the attacking boat D is v kmh-1. At a certain moment, the ship S is
a km away in the north relative to an observer in the attacking boat D.
i. If the attacking boat meets the ship S, find the path of the attacking
boat relative to the earth.
ii. The time taken for the attacking boat to meet the ship S.
iii. Find the distance that the attacking boat has moved from the starting
point to the point where it meets the ship.

121.

The point P is h m vertically upwards relative to the point O on the earth.
Two balls A, B are projected vertically at velocities 2u ms-1 and u ms-1 from
the points O, P at the same time. Find the time taken for the two balls to meet
by drawing v-t graph of A relative to B.

122.

The two points P, Q are h distance apart on a straight line. Two particles A, B
are projected to the same direction at velocities 3v, v respectively. After that,
the particle A moves with an acceleration f and B moves at a uniform velocity.
Find the time taken for A, B to meet.
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123.

At t = 0, a particle A is projected vertically upwards from the point O on the
earth at a velocity v. When the particle A is at the highest point, another
particle B is projected from the point O at a velocity 3v. Find the time taken
for the particles A, B to meet, by considering the motion of A relative to B.

124.

A bird flies to the sky along the direction α inclined to the horizontal at a
uniform velocity u ms-1. When the bird is at the point A, a shot is fired at a
point h m above the point B in the direction θ inclined to the horizontal at a
velocity v. If the shot hits the bird, according to the relative velocity
theorems. show that,
i. vcosθ = u cos α
ii. θ > α
iii.

v > √2gh cos α cosec (θ - α)

125.

A person can swim at a uniform velocity of u ms-1 in still water. A dog can
swim at a uniform velocity of v ms-1 in still water. The person and the dog
are at two points a m apart on a riverbank. The river flows at a velocity of w
ms-1. At t = 0, the person jumps to the river and swims in a perpendicular
direction to the river relative to the earth. At the same time the dog also
jumps to the river and swims upstream. The dog and the person meet at a
point in the river. Find the time taken for them to meet and the distance from
the riverbank to the point where they meet.

126.

A pirate boat moves along a line l, p km away from the security checkpoint P
at a uniform velocity of v kmh-1. The base of the perpendicular drawn from
the point P to the line l is N. Here PN = p. S is a point on the line l behind N.
Here SP = d km. When the boat reaches the point S, two boats B1, B2 departs
from the security checkpoint at uniform velocity u kmh-1 (<v). If the two
boats meet the pirate boat at time t1, t2, show that t1 - t2 =

127.

1

2(d2 u2 −þ2 v2 )2
v2 −u2

.

Two railway lines AB and CD intersect at the point O. Here AÔC = θ. A train
and a motor vehicle move in the directions AO and CO toward O at uniform
velocities v1, v2 kmh-1. Find the magnitude and the direction of velocity of the
motor vehicle relative to the train. If the distance between O and the motor
vehicle is d2 km, and the distance between O and engine is d1 km. The length
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d

of the train is 𝑙. If v2 <
2

collide with the train.
128.

d1
v1

2

d1 +1
v1

, deduce that the motor vehicle does not

A motorcyclist moves at a uniform velocity of u ms-1 along a straightline 𝑙
which is d m away from the edge of the pavement. At t = 0, when the
motorcyclist is at the point A, a pedestrian starts to move from the point B
infront of the motorcycle on the edge of the pavement at a velocity of v ms-1
(v < u). The base of the perpendicular drawn from B to the line 𝑙 is N where
AN = h and BN = d.
i. Mark the path of the pedestrian relative to the motorcycle.
ii.

ud

show that if v > √h2
without colliding.

129.

d

or v2 >

+d2

, the pedestrian can move infront of the bicycle

At t = 0, a football player A moves u ms-1 velocity with the ball to the north
along a straightline 𝑙 starting from the point O. at the same moment two
players B, C start to run in order to meet A from the point P which is a m
away from O in the direction 600 inclined with 𝑙 at the same velocity v
ms-1(<u). If they meet A after moving in two different directions, show that

the time difference between the times B, C take to meet A is 𝑎√4v 2 − 3u2 /(u2
- v2).
130.

The velocity of an aeroplane in still air is 250 kmh-1. A uniform wind blows
at a velocity 50√2 kmh-1 from south west. An airpoirt B is 500 km in the
north relative to the airport A. Find the ratio of the time taken for the
aeroplane to move from A to B and the time taken to return back to A from
B. Take the wind as W, aeroplane P, and earth E.

131.

Four airports A, B, C, D are on the vertices of a square ABCD of length a. The
velocity of the aeroplane in still air is u. The wind blows in the direction
parallel to AB at a uniform speed of v(<u). Find the time taken to move in
the path ABCDA by neglecting the time taken to turn the aeroplane.

132.

The distance between two airports is d km. A steady wind blows to the
direction θ inclined to AB at a velocity u kmh-1. Two aeroplanes X, Y depart
from the airports A, B at the same time and move in straight lines. The
velocity of the aeroplanes in still air is v kmh-1.
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i.

ii.

If v > u, show that the aeroplanes X, Y can move in the paths AB, BA
and that time taken for the two aeroplanes to pass each other is
d/2√v 2 − u2 sin2 θ.
Find the directions that the two aeroplanes should move in order to
meet in the minimum time and show that the distance from the point
that they meet to the line AB is ud sinθ / 2v km

133.

A crow sitting on a branch P of a jack tree flies to a branch Q of a bread fruit
tree. The branch Q is 100 m horizontally away from the branch P. The wind
blows at a velocity of 10 ms-1 perpendicular to PQ at a velocity of 5√3 ms-1.
The velocity of the crow in still air is 10 ms-1. Find the time taken to move
from P to Q.

134.

Three points A, B, C on the branches of a mango tree are three vertices of an
isosceles triangle. Here AB = AC = a and ∠BAC = 900. ABC is a horizontal
plane. A wind blows to the direction of the median AD at a uniform velocity
of U. Two parrots are on the points A, C. The velocity of the parrots X, Y in
still air is u√2. The parrot X flies from A to B.
i. Find the time taken t1.
ii. If the time taken for the parrot Y move from C to A is t2, find t2. Show

135.

that t2 – t1 =

𝑎√2
𝑢

.

An express train moves to north at a velocity of u ms-1. There are two signal
posts P, Q on the roof of the train in west and east d distance apart. A bird
who can fly at a velocity of u√3 relative to the earth move from P to Q in a
straight line. Show that the time taken for the bird is

136.

d

.

√2u

A train moves to north at a velocity of u ms-1. A child who is sitting near the
window sees a bird which flies a distance of √2d m to the north east direction
at a velocity v ms-1 and returns back to his hand.
i. Find the time taken by the bird to return back to the hand of the child.
ii. If the velocity of the bird relative to earth is v, show that the total time
taken by the bird to return back to the hand of the child is 2d
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137.

Two particles A, B move at velocities 7𝑖 + 6𝑗 ms-1, 3𝑖 + 6𝑗 ms-1. 𝑖 and 𝑗 are

unit vectors to the directions east and north respectively. At t = 0, B is 80 m
away in the east relative to A. Show that A and B collide, and thet the time
taken for collision is after 20 seconds.
138.

Two ships A, B move at velocities 10√3 kmh-1 and 20 kmh-1. At t = 0, B is 20
km away in the east relative to A. The ship A moves to south and the ship B
moves to the direction 600 from west to the south. Show that the two
particles A, B collide, and that the time taken for collision is 2 hours.

139.

At 9.00 a.m the ship B is 90 km away in a direction 600 from north to the east
relative to A. The ship A moves to the direction 300 from north to the east at
a velocity of 20√3 kmh-1. The ship B moves to the direction 300 from north
to the west at a velocity 10√3 kmh-1. Show that the ships A, B collide and the
time that they collide is 12.00pm.

140.

The unit vectors to east and north directions are 𝑖 , 𝑗 respectively. The unit is
kmh-1. At t = 0, the position vectors of the two ships A, B are 5𝑖 + 7𝑗 and 3𝑖

+ 13 𝑗 . The velocities of them at that moment are 𝑖 + 12𝑗 and 4𝑖 + 3𝑗

respectively. Show that the ships A, B collide, and that the time taken for the
collision is 40 minutes.
141.

Two horizontal roads meet perpendicularly at a junction O. At t = 0, two
motor vehicles A, B are at points P, Q which are 2a m and 2a√3 m distance
away from the point O. The motor vehicles move towards O at velocities u
ms-1 and u√3 ms-1 respectively. Show that the two vehicles collide, and that
the time taken for the collision is

142.

2a
u

seconds.

Two ships A, B move in the roads west- east and south-north respectively.
The velocity of A is u ms-1. At t = 0, ship A moves towards O from a point a m
away from O, where O is the intersection point of the two roads. At the same
time the ship B moves towards O from a point b m away from the point O. If
A, B collide, show that the velocity of B is
collision.
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143.

At 11.00 a.m a ship A starts from the point indicated by the position vector 6𝑖 + 12𝑗 and moves with a velocity of 16𝑖 – 4𝑗 kmh-1. At 12.00 p.m a ship B

starts from the point indicated by the position vector 18𝑖 – 12𝑗 and moves

with a velocity of 8𝑖 + 16𝑗. Show that the ships A, B collide, and that the time
taken for them to collide is 1 hour. Find the position vector of the point that
they collide.
144.

The unit vectors to east and north directions are 𝑖 , 𝑗. The units are km and

hours. At 1.00 p.m three ships A, B, C are at the points represented by the
position vectors 4𝑖 + 3𝑗 , 7𝑖 + 7𝑗 and 3𝑖 + 7𝑗. The velocities of them are 5𝑖 +
6 𝑗 , -7𝑖 - 10𝑗 and 𝑖 + 2𝑗. Show that A and B collide, and they collide at 1.15
p.m.
i.
ii.

145.

Show that position vector of the point that the ships A, B collide is (7𝑖
+ 6𝑗).

Soon after knowing about the collision through radar, the ship C
changes its velocity to 2√13 kmh-1 and comes to the place of collision.
Show that this moment occurs at 1.45 p.m.

The unit vectors to east and north directions are 𝑖 , 𝑗. The units are km and
hours. At 9.00 a.m the position vectors of the three ships P, Q, R are -6𝑖 + 3𝑗 ,

4𝑖 + 5𝑗 and 8𝑖 + 6𝑗. The velocities of them are 5𝑖 + 4𝑗 , -5𝑖 + 2𝑗 and 𝑖 + 3𝑗.
Show that the ships P, Q collide and that time they collide is 10.00 a.m. Show
that the position vector of Q at the point of collision is (-𝑖 + 7𝑗) and find the
position vector of R. Soon after receiving the signal about the collision, the
ship R changes its velocity and moves to the point of collision at 10.30 a.m.
Show that the magnitude of the velocity of the ship R is 4√26 kmh-1.
146.

Two straight lines AOB, COD intersect perpendicularly at the point O. At t =
0, two particles P, Q move towards O along two lines at velocities u ms-1 and
av
v ms-1. Here OL = a m. If the two particles P, Q collide, show that OM = u m.
a

Show that the time taken for collision is u seconds. Find the position of P,
when they collide.
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147.

At 9.00 a.m two ships A, B are 30√2 km apart. At that moment, B is in the
north relative to A. The ship A moves to north east at a velocity of 20 kmh-1,
the ship B moves to east at a velocity of 10√2 kmh-1. Show that the ships A,
are B collide, and that they collide at 12.00 p.m. Find the position of B when
they collide.

148.

Two ships A, B move at a velocity of 30 kmh-1. At 11.00 a.m, the ship B is 60
km away and at a direction 600 from north to the east relative to A. The ship
A moves to the north. Find the direction that the ship B should be directed
for the two ships to collide. Show that they collide at 1.00 p.m.

149.

A ball that was hit by the bat of a batsman moves at a velocity of 30 ms -1 to a
direction 300 from west to the south. A fielder is 25 m away at a direction 300
from south to the west relative to the batsman. Show that there are two paths
and that the fielder can run to catch the ball by running at a maximum
velocity of 20 ms-1. Show that the respective times that the fielder take to
1

150.

A boat departs from a harbour to meet a ship which is moving at a velocity
of u kmh-1 in a straight path. The shortest distance between the harbor and
the path of the ship is a km. The boat departs when the ship is on the way to
the shortest distance point. The distance between the ship and the boat at
that time is b km. Show that the minimum uniform speed of the boat in order
to meet the ship is
au

au
b

. If the boat can move at a velocity of v kmh−1 (u > v >

), show that within a time period of
b

path that the boat comes to meet it.
151.

1

catch the ball by moving in two paths are 4 (3√3 - √7) and 4 (3√3 +√7).

2√b2 v2 − a2 u2
u2 − v2

the ship moves in the same

Two aeroplanes move at a velocity of 500 kmh-1 at the same height. The
aeroplane B moves to the east. At t = 0, the position of B is 100 km away in
the direction 600 from south to the west relative to A. Show that the direction
that the aeroplane A should be directed in order for the two aeroplanes to
collide is 300 from south to the west. Show that the time taken for the
√3

collision is 15.
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152.

An attacking boat moves to north at a velocity of 25√3 ms-1. At 12.00 p.m an
enemy boat is 500 m away in the east relative to the attacking boat. The
enemy boat moves at a velocity of 25 ms-1 to the direction 300 from north to
the west. The attacking range of the boat is 475 m. Find the time period that
the enemy boat is in danger.

153.

An attacking boat moves to north at a velocity of u kmh-1. A submarine moves
close to the surface of water in a straight path at a velocity of v kmh-1(vcosθ
> u) to the direction θ from north to the west. At a certain moment the
submarine is d km away in the east relative to the attacking boat. Mark the
locus of path of the submarine relative to the attacking boat.
i. If the shortest distance between the attacking boat and the submarine
is S, show that S =
ii.

d(v cos θ - u)

√u2 + v 2 - 2uv cos θ

.

If the attacking range of the boat is R (R > S), show that the submarine
(R2 - S2 )

154.

is in danger for 2√(u2 + v 2 - 2uv cos θ) hours.

An attacking boat moves at a uniform velocity along a straight path. In a
certain day, the attacking boat sees an enemy ship d km away in the east. The
enemy ship moves at a uniform velocity of u kmh-1. The maximum velocity
of the attacking boat is v kmh-1 (v < u) and the attacking range of the guns in
d

the attacking boat is R km. If R < u √u2 − v 2 , show that the enemy ship is not
in danger.
155.

156.

The velocity of an aeroplane in still air is v kmh-1. A steady wind blows from
north at a velocity of kv kmh-1 (k < 1). The maximum distance that the
aeroplane can travel in still air is d km. Show that the attacking range of the
aeroplane to the direction α from north to the east is d(1 – k2) /
2√(1 – k2 sin2 α) km.

An aeroplane moves horizontally at a velocity of 25√3 kmh-1in air 2√3 km
above the horizontal ground. At t = 0, a balloon moves up in a vertical
straight line at a constant velocity of 25 kmh-1 from a point which is 2 km
horizontally away from the starting point of the aeroplane. The electric
signal of the aeroplane can be sent up to 3 km. Find the time period that the
observer in the time receives the signal.
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157.

A ship A moves to north at a velocity of 2u kmh-1. An observer in the ship
sees a huge ice block floating 4 km away in the path of the ship. At that
moment, the message regarding the block is sent through the radio signals
of the ship. A ship B moving at a velocity of u√2 kmh-1 to the northwest is a
km away from the ship A. The maximum range of the radio signals of the ship
A is 10 km. After how much time can the signal operator of B receive the
signal sent by ship A. If a = 14 km and u = 12 kmh-1, show that the message
can be received by the ship B for a time period of 10 minutes.

158.

An elephant moves to north in a straight line at a velocity of u√3 kmh-1 by
trumpeting. At 9.00 p.m a farmer moves from the point B which is 4√3 km
distance away in the west relative to the point A. Point A is the position of
the elephant at 9.00 p.m. The farmer moves at a velocity of u kmh-1 to the
direction 600 from east to the north. If the trumpet of the elephant is heard
to a maximum distance of

13
2

km, find the time period that the farmer hear

sound. If u = 10 kmh-1, show that time period is 1/2 hours.
159.

The velocity and the displacement of a A warship and a B ship carrying
containers are V, 𝑟 respectively. The velocities and displacements at
12.00 p.m are given below.
rA = 13𝑖 + 5𝑗 km 𝑉 A = 3𝑖 – 10𝑗 kmh-1
rB = (3𝑖 – 5𝑗) km 𝑉 B = 15𝑖 + 14𝑗 kmh-1

Find the path of the container ship relative to the warship and find the
shortest distance between them. If the attacking range of the war ship is 5
km, find the time period thet the container ship is at danger.
160.

A ship travels along a straightline 𝑙 at a uniform velocity of v kmh-1. At t = 0,
the ship is at the point A. There is a boat which has get lost is at a point B
where its position is on a line 300 inclined to 𝑙. The maximum velocity of the
boat is u kmh-1 (u < v). The red flag of the boat can be seen upto a range of r
km. Show that the observer in the ship sees the red flag, only if r >
AB

161.

2v

(√v 2 − u2 − u√3).

A warship moves to north at a velocity of 25 kmh-1. At t = 0, an enemy boat
is 10 km away in the east relative to the warship. The enemy boat moves at
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a velocity of 10√3 kmh-1 to the direction 600 from west to the north. The
shooting range of the enemy boat is 5 km. Show that the enemy boat will not
be subjected to an attack.
162.

The velocities of two ships A, B are 25√3 kmh-1 and 25 kmh-1 respectively.
At t = 0, the position of ship B is 10 km away in the south relative to the ship
A. The ship A moves to east and the ship B moves to a direction 600 from
north to the east. If the shooting range of the ship A is 9 km, show that the
shortest distance between A and B is 5√3 km and that the time period that
the ship B is in danger is

163.

25

hours.

An attacking boat moves to north at a uniform velocity of 2u kmh-1. At t = 0,
an enemy boat is seen by the attacking boat a km away in the east. The enemy
boat moves at a velocity of ukmh-1 to a direction 300 from west to the north.
Mark the path of the enemy boat relative to the attacking boat. If the shooting
range of the attacking boat is b/2 km, show that the time period that the
enemy boat in danger is

164.

2√6

√3b2 − 9a2
3u

hours.

The unit vectors to the east and north directions are 𝑖 and 𝑗 respectively. The
unit is km and hours. At t = 0, a warship B is at a point indicated by the
position vector 11𝑖 + 4𝑗. At the same time a ship C carrying containers is at

a point indicated by the position vector –𝑖 – 8𝑗. The velocity of the ships B, C
are 6𝑖 – 2𝑗 and 6𝑖 + 3𝑗 respectively. The shooting range of the guns in the
warship is 13 km. Show that the container ship is in danger for 2 hours.
165.

A warship moves at a velocity of u kmh-1 to the east. A coast guard boat is a
km away in the south relative to the warship. The coast guard boat is moving
at a velocity of v kmh-1 (u>vsin α) to the direction α from north to the east.
Find the velocity w kmh-1 of the boat relative to the warship and mark the
path. If the shortest distance between them is r km, show that r =

𝑎(𝑢−𝑣 sin 𝛼)
𝑤

.

If the shooting range of the guns in the warship is s km, show that the time
period that the boat in danger is

2√𝑠2 − 𝑟 2
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166.

An aeroplane carries sufficient fuel to travel for T hours. The velocity of the
aeroplane in still air is u kmh-1. Assuming time taken to change the direction
of the aeroplane is negligible show that the active range (departing and
T

(u2 − v2 )

returning) of the aeroplane is R = 2 √u2

− v2 sin2 θ

when a wind is blowing to

the direction θ° from north to the east. What is the value of θ, for R to be
maximum. Find the bearing that the aeroplane needs be turned during
departing and returning process in order to take maximum range.
167.

168.

A jet has a steady speed of v kmh-1 in still air and an active range (departing
and returning) of R0 km. When a wind of velocity w (< v) kmh-1 blows to the
north, the active range of the jet moving to the direction θ° from north to the
east is R km. Assuming the jet carries fuel sufficient for T hours, show that
R =

. Deduce that R ≤ R 0 (1 −

v √v2 − w2 sin2 θ

1

w2 2
v2

).

An attacking plane starts from a security camp and moves a distance of R
km to the direction α from north to the west. After moving R km the plane
executes the attack and returned back to the security camp. A wind blows
to south at a velocity of u kmh-1. The velocity of the plane in still air is ku
kmh-1(k > 1). Show that the time period that the plane takes for the for the
attack is

169.

(v2 − w2 )

R0

2R√k2 − sin2 α
.
(k2 −1)u

At 12.00 p.m a cargo ship is d km away in the west relative to the attacking
boat. The cargo ship moves at a velocity of 2u kmh-1 to the direction 300 from
north to the east. The maximum speed of the attacking boat is u kmh-1. If the
shooting range of the guns in the attacking boat is
d

5

3d
4

km, show that the

maximum time period that the ship in danger is 2u √3. If the attacking range
d

of the ship at this moment is 2 km, show that the attacking boat will not be
in danger.
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170.

Water in a straight river of breadth d flows with uniform velocity u. A man
capable of swimming at a speed v relative to the water swims so that he
moves right across the river perpendicular to the bank. Find the time T
taken by the man to cross the river. Show that the time he takes to swim a
distance d parallel to the bank, upstream and back to the starting place is
2𝑣𝑇

√𝑣 2 −𝑢2

171.

Why should v be greater than u?

2000 A/L
A motorboat whose speed is u km
is to intercept a ship which moves
-1
with constant velocity v (< u) km h in the North-West direction. Initially,
the ship is located at a distance d km north of the motorboat. Draw a
velocity triangle and find the direction in which the motorboat should
move in order to intercept the ship. Show that the interception takes place
h-1

after a time
172.

173.

√2𝑑[√2𝑢2 −𝑣 2 +𝑣]
2(𝑢2 −𝑣 2 )

hours.

2001 A/L
A motorcyclist is riding due east with constant speed V along a straight
level road, and to him a wind blowing with constant velocity appears to
blow from the south. When the cyclist doubles his speed, without change of
direction, the wind appears to blow from the south-east, draw velocity
triangles for the two situations and find the actual velocity of the wind, in
magnitude and direction.
2002 A/L
A ship A sailing with uniform velocity v in the direction of the North
observes a steamboat B approaching it from the direction 𝛼 degrees east of
North. At the same instant, the ship A also observes another steamboat C
approaching it from the direction 𝛼 degrees West of South. Each of the
boats B and C moves with uniform speed U in still water, and the boat B
steers in the direction ∅ degrees West of South while the boat C steers in
the direction 0 degrees East of North. If 0° < 0 < 𝛼 < ∅ < 90° , draw in the
same diagram, the velocity triangle for A and B and the velocity triangle for
A and C.
Using the diagram, show that
i.

𝑈

sin 𝛼

𝑉

𝑉

= sin(𝛼−0) = sin(∅−𝛼)

ii. The velocity of B relative to C is of magnitude 2√𝑈 2 − 𝑉 2 𝑠𝑖𝑛2 𝛼
2003 A/L
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174.

A motor car of width w moves uniformly along a straight road, parallel to
the pavement almost touching it. A pedestrian on the edge of the pavement
at a distance 𝑙 ahead of the car begins to walk uniformly to cross the road. If
v is the speed of the car and u is the speed of the pedestrian relative to the
road, show that the pedestrian can cross the road safely in front of the car if
𝑤

u > v sin 𝛼, where 𝛼 = 𝑡𝑎𝑛−1 ( 𝑙 ).

If 𝑢 = 𝑣 sin 𝛼, show that the pedestrian can cross the road just in front of
𝜋
the car, by walking relative to the road in a direction making an angle 2 − 𝛼
175.

176.

with the direction of the motion of the car relative to the road.
2004 A/L
A ship sails with uniform velocity having components u and v eastward
and northward respectively, relative to water. When the ship is at a
distance d north from a submarine, a torpedo is fired from the submarine,
with the intention of destroying the ship. Assuming that the torpedo moves
uniformly with velocity w relative to water, show that, if the torpedo
strikes the ship, then w > u, and find the time taken by the torpedo to move
from the submarine to the ship.
2005 A/L
-1
Water flows in a river, with constant velocity U ms , between two straight
parallel banks which are d metres a part. A boat moving with speed 2U ms-1
relative to water, is required to take a straight course from a point A on one
𝐴𝐵 makes a certain acute
bank to a point B on the other bank and back to A. ⃗⃗⃗⃗⃗
angle 𝛼 with the upstream direction of the river and the time from A to B is
twice that from B to A.
Draw velocity triangles for the journey from A to B and the return journey,
and show that
i.

5

sin 𝛼 = √ ,
8

ii. The velocity of the boat in its journey from A to B, relative to the
3

banks, is of magnitude 𝑈√ .
2

177.

Deduce the total time taken by the boat to complete the two
journeys.
2006 A/L
A motorboat sights a ship travelling due north with constant velocity U km
h-1. The coordinates of the ship at the time of sighting are (6d, 2d), with
respect to Cartesian axes Ox, Oy in the east and north directions
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respectively, where the origin O is taken at the boat and distance are
measured in kilometers. The boat immediately begins to move with
constant velocity V km h-1 in a direction making an acute angle 𝛼 north of
3

east, so as to intercept the ship. Given that 𝛼 = 𝑡𝑎𝑛−1 (4), sketch the path of

the boat relative to the ship.
Hence, find the value of V, in terms of U, and show that the time taken for
5𝑑

the interception is 2𝑈 hours.
178.

2007 A/L
A helicopter, whose speed relative to wind is v km
flies around a square
track ABCD of side a km, in the sense indicated by the order of the letters. A
wind blows with velocity w (<v) km h-1 in a direction making an acute
angle θ with the side AB. Assuming that no time is lost in turning round the
corners of the track and drawing velocity triangles, show that the sum of
the time taken from A to B and the of the track and drawing velocity
triangles, Show that the sum of the time taken from A to B and the time
h-1

taken from C to D is

179.

2𝑎√𝑣 2 −𝑤 2 𝑠𝑖𝑛2 𝜃
(𝑣 2 −𝑤 2 )

hours.

Hence calculate the total time T taken for one complete path and find the
value of 0 which makes T a maximum.
2008 A/L
-1
A submarine which travels at a speed u kmh sights a ship at a distance d
km in a direction 30° West of South, in the sea. The ship is travelling due
North with velocity v km h-1, where u<v<2u.
By considering the motion of the submarine relative to the ship, show that,
in order to intercept the ship the submarine may precede in one of two
directions, and find the angle between these two directions.
Show further that the corresponding times differ by

180.

𝑑√4𝑢2 −𝑣 2
𝑣 2 −𝑢2

hours.

2009 A/L
A man can swim with speed u in still water. A river of width d flows with
speed v (<u) relative to the ground. The man is at a point P on the bank of
the river and wishes to swim to a point Q upstream on the other bank of the
river and swim back to the point P. If the banks are straight and parallel to
𝜋

each other, and PQ makes an angel 𝛼 (0 < 𝛼 ≤ 2 ) with upstream, drawing
the velocity triangles of relative velocities on the same diagram or
otherwise, show that the time taken by the man to swim to the point Q and
then back to the point P is

2𝑑√𝑢2 Cos 𝑒𝑐 2 𝛼−𝑣 2
𝑢2 −𝑣 2
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Deduce that
i. There is no change in the total time taken if the point Q is
𝜋
downstream of the point P and PQ makes an angle 𝛼, 0 < 𝛼 ≤ 2

181.

With downstream,
ii. The total time is minimum when the point Q is directly opposite to
the point P on the other bank.
2010 A/L
The top-most points A, B and C of three lamp-posts lie in a horizontal plane
at the vertices of an equilateral triangle of side a. A wind blows in the
direction of ⃗⃗⃗⃗⃗
𝐴𝐶 at a steady speed u. A bird, whose speed relative to the
wind is v (> u), flies from A to B along AB and then from B to C along BC.
Draw the velocity triangles of relative velocities for both parts of the
journey in the same figure.
Hence, show that the total time taken for the journey from A to C through B
is

182.

183.

184.

4𝑎

𝑢+√4𝑣 2 −3𝑢2

2011 A/L
A boy running due south along a straight road with speed u km h-1, feels a
wind blowing due west. When he is running due north along a straight road
with the same speed, he feels the wind blowing due south-west. Draw the
velocity triangles of relative velocities for the motions of the wind in the
same figure. Hence find the true speed and the direction of the wind.
2012 A/L
A van of width b is moving with uniform velocity u along a straight road
parallel to the pavement almost touching it. A boy steps onto the road from
the pavement at a distance d in front of the van and walks with uniform
velocity v (<u sec 𝛼 ) in the direction which makes an acute angle 𝛼 with
the direction of motion of the van. If the boy just escapes without being hit
by the van,
Show that bu = (𝑏𝑐𝑜𝑠 𝛼 + 𝑑𝑠𝑖𝑛 𝛼)𝑣.
2013 A/L
A river with parallel straight banks flows with uniform velocity u. Two
points A and B on either bank are situated such that ⃗⃗⃗⃗⃗⃗
𝐴𝐵 makes an acute
angle 𝛼 with u. A boy starts at A and reaches B, swimming in a fixed
direction with a constant velocity of magnitude 2u relative to water, where
u= |𝑢| He then starts at B and swims in such a fixed direction with a
velocity of the same magnitude 2u relative to water to return to A. Sketch
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the velocity triangles for the motion from A to B and for the motion from B
to A, in the same diagram.
Hence, show that for the motion from A to B and for the motion from B to A,
⃗⃗⃗⃗⃗
his velocity relative to water must make the same angle 𝜃 with ⃗⃗⃗⃗⃗⃗
𝐴𝐵 and 𝐵𝐴
1

respectively, where sin 𝜃 = sin 𝛼. If the time taken to swim from B to A is
2

𝑘(1 < 𝑘 < 3) times the time taken to swim from A to B, show that
1 𝑘+1

cos 𝜃 = (

) cos 𝛼

cos 𝛼 =

√

2 𝑘−1

Using the above expressions for sin 𝜃 𝑎𝑛𝑑 cos 𝜃. Show also that

185.

(𝑘−1)
2

3

𝑘

2014 A/L
A ship S sails due North with uniform speed u. Its straight line path is at a
perpendicular distance P Eastward from a port P. At a certain instant when
the direction of ⃗⃗⃗⃗
𝑃𝑆 makes an angle 45° South of East, two supply boats B1
and B 2 , each moving with uniform speed 𝑣 (

𝑢

√2

< 𝑣 < 𝑢) start from port P

at the same instant in two different directions so as to intercept the ship S.
These boats reach the ship S at times T1 and T2 (<T1), respectively. Given
further that

𝑣

𝑢

2

= √3, sketch the two relative velocity triangles for the

motions of the boats B1 and B2 relative to the ship S, on the same diagram
and find the actual directions of motion of boats B1 and B2 as they move
from the port P to the ship S.

186.

Show further that 𝑇1 − 𝑇2 =

2√3 𝑃
𝑢

2015 A/L
A straight river of breadth a flows with uniform speed u. The points A and C
are situated on opposite banks of the river such that the line AC is
perpendicular to the direction of flow of the river. Also, a stationary buoy B
is fixed in the middle of the river, on the upstream side of AC such that ABC
is an equilateral triangle. (See the
adjoining figure.) A boat moving with
speed v(>u) relative to water starts off
from A and moves until it reaches B.
Then it moves from B to C. Sketch the
velocity. triangle for the motions of the
boat from A to B and from B to C.
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1

Show that the speed of the boat in its motion from A to B is 2 (√4𝑣 2 − 𝑢2 −

√3𝑢) and find its speed in the motion from B to C.
Hence, show that the total time taken by the boat for the paths AB and BC is
𝑎√4𝑣 2 −𝑢2
𝑣 2 −𝑢2

187.

2016 A/L
A ship S is sailing due East with uniform speed u km h-1, relative to earth. At
the instant when the ship is at a distance 𝑙 km at an angle 𝜃 South of West
from a boat B, the boat travels in a straight line path, intending to intercept
the ship, with uniform speed v km h -1 relative to earth, where 𝑢 sin 𝜃 < 𝑣 <
𝑢. Assuming that the ship and the boat maintain their speeds and paths,
sketch, in the same diagram, the velocity triangles to determine the two
possible paths of the boat relative to earth.
Show that the angle between the two possible directions of motion of the
𝑢 sin 𝜃

boat relative to earth is 𝜋 − 2𝑎, where 𝛼 = 𝑠𝑖𝑛−1 (

𝑣

).

Let 𝑡1 hours and 𝑡2 hours be the times taken by the boat to intercept the
188.

ship along these two paths. Show that 𝑡1 + 𝑡2 =

2𝑙𝑢 cos 𝜃
𝑢2 −𝑣 2

.

2017 A/L
A ship is sailing due North with uniform speed u km h-1, relative to earth. At
a certain instant a boat B1 is observed at an angle 𝛽 East of South, from the
ship at a distance p km from the path of the ship. At the same instant, a boat
B2 is observed Westward at a distance q km from the ship. Both boats sail
in straight line paths, with uniform speed v (> u) km h-1 relative to earth,
intending to intercept the ship. Sketch in the same diagram, velocity
triangles to determine the path of the boats relative to earth.
Show that the path of the boats B1 relative to earth makes an angle 𝛽 −
𝑠𝑖𝑛−1 (

𝑢 sin 𝛽
𝑣

) West of North and find the path of the boat B2 relative to

earth.
𝜋
Let 𝛽 = 3 and 𝑣 = √3𝑢. Show that if 3𝑞 2 > 8𝑝2 , then the boat B1 will
intercept the ship before the boat B2.

2018 A/L
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189.

A river of breadth a with parallel straight
C

D

𝛼

banks flows with uniform velocity u. In
the figure, the points A,B,C and D lying on
the banks are the vertices of a square.
Two boats B1 and B2 moving with
constant speed v (> u) relative to water

A

B

𝛼

𝛼

begin their journeys at the same instant from A. The boat B1 first travels to
C along ⃗⃗⃗⃗⃗
AC and then to D in the direction ⃗⃗⃗⃗⃗
CD upward along the river. The
boat B2 first travels to B in the direction ⃗⃗⃗⃗⃗
AB downward along the river and

then to D along ⃗⃗⃗⃗⃗
BD. Sketch the velocity triangles for the motions of B1 from
A to C and of B2 from B to D in the same diagram.

Hence, show that the speed of the boat B1 in its motion from A to C is
1

√2

(√2𝑣 2 − 𝑢2 + 𝑢) and find the speed of the boat B2 in its motion from B

to D. Further, show that both boats B1 and B2 reach D at the same instant.
2019 A/L
190.

A ship is sailing due west with uniform speed 𝑢 relative to earth and a boat
𝑢

is sailing in a straight-line path with uniform speed 2 relative to earth.
𝜋

At a certain instant, the ship is at a distance d at an angle 3 east of north
from the boat.
a.

If the boat is sailing relative to earth in the direction making an
𝜋

angle 6 west of north, show that the boat can intercept the ship and
that the time taken by the boat to intercept the ship is
42

2𝑑

√3𝑢

.
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b.

If the boat is sailing relative to earth in the direction making an
𝜋

angle 6 east of north, show that the speed of the boat relative to the
ship is
𝑑

2√7

.

√7𝑢
2

and that the shortest distance between the ship and the boat is

2020 A/L
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