SPH3U1

Velocity and Relative Motion

Velocity vectors can be added much like displacement vectors.  We add vectors when an object is moving in a substance or object that is also moving.

Eg. 

1. Throwing a baseball to the front of a school bus as the bus travels down the highway.

2. Swimming in a river that has a current

3. Flying an airplane in a wind.

The general formula for relative motion is:

vog  = vom  +  vmg


vog is the velocity of the object relative to the ground.


vom is the velocity of the object relative to the medium

vmg is the velocity of the medium relative to the ground.

River Crossing problem

Example problem #1

Assume Bob can swim in still water at a speed of 4.0 m/s and suppose a river is 1.00 km wide and has a current of 3.0 m/s [E].  Calculate Bob’s velocity relative to the river bank (the ground) in each of the following scenarios.

a. Bob swims with the current

b. Bob swims against the current

c. Bob swims so that he is always heading north, however he is being dragged downstream.  Also calculate the time to cross the river.

d. Bob swims so that he is heading upstream so that he lands directly across from his starting position.  Also calculate the time to cross the river.

Airplane Problems

Airplane problems are no different than river crossing problems.  Just change the subscripts a little to match the situation.

vpg  = vpa  +  vag
Example Problem #2

An aircraft, able to fly at 750 km/h needs to fly from Moscow to London.  London is 2500 km due west of Moscow.  A wind blows at a constant velocity of 50 km/h due south. Calculate:

a) The heading the plane must take

b) The overall velocity of the plane

c) The time it will take to get to London

Practice Problems

1) Ted can swim in standing water at a speed of 3.25 m/s. He tries to swim across a 750 m wide river that flows south at a speed of 1.50 m/s:

a. How long will it take to swim if Ted aims directly across the river but ends up being pushed downstream? How far downstream will he land?

b. How long will it take if Ted aims slightly upstream so that he lands directly across from where he started? What heading should Ted swim upstream at?

2) A small aircraft is flying from Toronto to Kingston (which is 250 km directly east of Toronto). If there is a 30 km/h wind blowing north and the planes airspeed is 80 km/h, find:

a. The ground speed of the plane

b. The heading the plane must take

c. The time it will take

