
upated: Feb 2005

Course: SPH4U1

Unit: Mechanics

Lesson 6: Title: Relative Motion PRoblems

Puzzle Problem:
You are canoeing up a river at 5 m/s. The river is flowing at 1 m/s. You accidentally drop you hat in the water, but don’t notice it for half an hour. How long does it take you to canoe back to get it?

* Note: make sure that students have the concept that the x and y velocities are independent. 
e.g. if you lay a gun flat on the table and shoot it the bullet will hit the ground at the same time as if you just dropped it!!!!
Demonstrate with projectile launcher – it works!

Lesson:

New method ( start with stationary water, then add some current): 

1. a body of water is 20 m wide. How long does it take to cross the water if you are in a motor boat that goes at 3 m/s ?
<work out problem>

2. same problem: now the water is a river flowing at 4 m/s
How long to cross?  How far downstream do you end up?
* x and y are independent
* draw a diagram
** This can be solved using similar triangles since V and dY are in the same direction.

3. same problem, except that the boat sets off in a direction upstream at 30o from the bank.
( this one can be solved with components, cosine law, similar triangles.

4. same problem – except what angle does it have to travel at to end up exactly opposite the starting point (NOTE: this won’t work unless the speed of the boat is increased).

NOTE: do NOT change this so that the boat ends up a specified distance down stream (e.g. exactly 10 m). This makes the problem a LOT harder.

· now assign HW. 

· now hand out small assignment (due Wed.)




I. River Crossing Problems

1. You swim across a 300m wide river that is flowing at 3 m/s. Your swimming speed is 2 m/s
a) How long does it take you to get to the other side?

b) How far downstream do you end up?








Can set up x and y axes, for more complicated problems.

 






(as in problem #2)


Solution:
a) Since you are going directly across, at right angles to the bank, the speed of the river doesn’t matter.
Just use  t = d/v
t = 300m ( 2 m/s = 150 s

b) You will be pushed downstream for 150 seconds (at which point you will reach the other side). The distance downstream is  d = v t 
d = 3 m/s ( 150 s = 450 m.

2. A canoeist paddles upstream at 4 m/s at an angle of 50 degrees from the bank. The river she is crossing is 150 m wide and flows at 3 m/s.
a) What is his velocity relative to the bank?
b) How far downstream does she end up?
c) At what angle must she go in order to end up directly across from his starting point?

Solution:








a) METHOD 1:  cosine law. (this method works o.k. with 2 vectors, but not more)

Terminology (used in textbook) – you can modify it a bit.
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c2  = a2 + b2  – 2abcos(
 
  50o 


c2 = 16 + 9 + 2(3)(4)cos(50)
        vcr
        c

c = 3.1 m
 
    a


Find angle B:  sinB / 3 = sin50 / 3.1
 






B = 47.8o
Use a bit of simple geometry to find that the angle of c to the bank is 82.8o (downstream).

Answer: 
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cb = 3.1 m/s downstream at an angle of 82.8o from the bank.

METHOD 2: using vector components

v cx = – 4 cos 50


v cy = 4 sin 50

Note that the directions (signs) of the canoe 
v rx = +3



v ry = 0           _ 
and river are opposite.
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cbx = 0.43
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cby = 3.06

(combine… ) 
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cb = 3.1 m/s [82o]

b) METHOD 1: using vector components (requires x- and y- components of  speeds from above)


* find the time to cross the river

<sketch again – labeling x and y distances and speeds>

vy = dy/t

3.06 = 150 / t 



now vxtotal = dx/t
t = 49 sec 




dx = vx ( t
 





    = 0.43 m/s x 49s
 





    = 21 m

( she ends up 21 m downstream.

METHOD 2: geometry (this method is not always obvious)









     150m 
tan 7.8o = x / 150 m   ( x = 21 m
(very cool!)
c) At what angle must she go in order to end up directly across from his starting point?

By looking at the problem we can see that is must be slightly less than 50o . 
(50o makes her end up 7.8o too far downstream)

 
Aha!  We need vx total = 0  i.e. all of the motion is in the y direction.

vcx + vrx = 0
vcx + 3 = 0
– 4 cos( + 3 = 0
cos( = ¾
( = 41.4o 

Alternative geometric solution:


 


       3
 

           50o
 





cos50o = ¾ 
(( = 41.4o
 


  4


II. Relative Motion Problems

<<notation>>

A plane heads North at 150 km/hr (speed relative to the air). A wind is blowing at 25 km/hr NE. Where does the plane end up 1/2 hour later? [looking for a vector quantity called displacement (distance + direction)]
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This is a vector addition problem. 
1. sketch and label vectors
2. add them up (can use cosine law here – only ever two vectors)
3. multiple this speed by 1/2 hour to find the magnitude of the displacement. The direction will be the same as the total velocity.

Solution:

(using scale diagram)

......

(using components)

vpax = 0


vpay= 150 km/hr

vagx = 25cos45 = 17.7
km/hr
vagy = 25sin45 = 17.7 km/hr

===================
====================

vpgx = 17.7 km/hr

vpgy = 167.7 km/hr

vpg = ((17.7)^2 + (167.7)^2

( = arctan(167.7 / 17.7) = 84.0(
      = 168.6 km/hr

(using cosine law)

......

d = v * t
   = 169 km/hr  *  0.5 hr =  84.5 km

The plane will be 84.5 km [84.0(]

Homework:  p53-57 covers this section – read it for extra help.
p56 # 4
p57# 2, 3 (#4 - optional)

Evaluation: This took the whole period, and they have a small test tomorrow, so no homework was assigned.

Another method: consider teaching this:

	vx = 
	dx = 
	t = 

	vy = 
	dy =
	t = 


Add up all of the x (or y) components of the velocities to get vx (or vy).
Use vx = dx/t and vy = dy/t  to find time, then you can find out the other variables.
Do not mix x and y quantities.
(boat moving, … river, gust of wind – three different velocity vectors – add them up)

III. A more complicated problem: 

1. Here is a real life problem that pilots of small planes have to determine (e.g bush pilots).

You want to go to a small airstrip at a displacement of 320 km [50o]. Your plane can fly at 200 km/hr. There is a wind blowing at 55 km/hr at an angle of [10o]. 
a) Which direction do you need to fly in? (obviously ( > 50o)  -- need sine law
b) How long will you be in the air (for fuel calculations)? – need cosine law to find ground speed.

2. A ship is traveling due east at 10 km/hr. What must be the speed of a second ship heading [N 30o E] if it is always due north from the first ship? (25 km/hr)

3. You observe a Dash 8 jet flying overhead at 265 km/hr. You know that the maximum speed of the plane is 240 km/hr and the wind is blowing at 50 km/hr. How far is the plane being blown off course?

Types of relative motion vector problems

1. Add vectors 
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2. You know vectors 
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.  You have to subtract them to get 
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3. You know 
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This is what the airplane problem above is. It is easiest to solve using the sine and cosine laws.

x





7.8o





in Nelson: do p57 #3,4,5�do review questions, self quiz on p63-66





** similar triangles
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