Science 20 - Unit B

Chapter 1 – Motion

B1.1 - Average Speed
· Uniform motion

· Motion is the movement of an object from one position to another
· Motion is considered uniform when an object is traveling in a straight line (no change of direction) at a constant speed (no +/ –  acceleration)
· An “ideal” situation – rarely occurs for long periods of time
· Other forces such as 
as friction or air resistance interfere with uniform motion
· Also, most objects will speed up, slow down or turn  while in motion
· Why most objects in the natural world move in non-uniform motion
· When an object is stopped, it is still considered to have uniform motion because it still is at a constant speed (0m/s)
· Speed

· Average speed (v)

· [image: image1.png]


Represents distance traveled, where
· (d = total distance traveled
· (t = time elapsed
· You do not need to specify direction
· Measured in m/s (metres per second)

· Instantaneous speed
· Unlike average speed which averages out any fluctuations, instantaneous speed is the speed an object is traveling at an instant of time
· Calculating distance traveled
· If the speed of the moving object is known and the time of travel, the distance can be found by rearranging the speed formula
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· Calculating time elapsed
· If the speed of the moving object is known and the distance the object travels, the time elapsed (gone by) can be found
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B1.2 - Conversion Factors
· Converting between units
· Conversion factors allow you to convert from one unit to another (e.g. 100cm/1m, 60s/min)

· In science, most speeds are listed in meters per second, whereas in driving we use kilometers per hour
· To convert between m/s and km/h:

1 km
= 
1000 m
=
1000m
=
1000 m
=
  1   


 1 h

   1 h


60 min

3600 s


3.6

Bottom line:  to convert from km/h to m/s ( divide by 3.6




to convert from m/s to km/h ( multiply by 3.6
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B1.3 - Average Velocity
· Scalar vs. Vector quantities

· Scalar quantities are amounts that simply answer the question “how much”
· E.g. temperature, distance traveled, average speed
· Vector quantities not only describe “how much”, but also “in what direction”
· e.g. velocity, acceleration, displacement
· Distance traveled vs. displacement

· The distance traveled (d) of an object 
· Answers the question “what is the total distance the object traveled?” 
· Is found by adding up the distance of each leg of the trip, regardless of direction
· Describes the position or location of the object
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) of an object
· Answers the question “how far away is the object from its starting point?”
· In this case, the direction the object traveled does matter
· If the object returns to its starting point, its displacement would be zero
· If a journey has more than one leg, the resultant displacement is the vector sum of the individual legs (take the displacement along each leg and add them together)
· Sign convention
· Because direction matters in displacement or velocity calculations, typically one direction is assumed to be positive and the other, negative

· Sign convention is an agreement about which direction is positive and which is negative

· Typically:
· The following directions are positive: North, East, Right, Up
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The following directions are negative: South, West, Left, Down
Example #4: Suppose a trucker drives from Calgary to Edmonton, a distance of 360km, then turns around to make a delivery in Red Deer.  What is his distance traveled?  What is his displacement?

·  Velocity ([image: image2.png]<,
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Represents the displacement over time, where
· ([image: image3.png]al



 = total displacement
· (t = time elapsed
· Velocity is a vector quantity, you do need to specify direction

· Measured in m/s (metres per second)
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Example #5: A ball rolls 10.0m in 4.00s, bounces against a wall, then rolls 5.0m in 2.00s.  What is the average speed of the ball?  What is the velocity of the ball?
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B1.4 - Using graphs to analyze motion
· Position-time graphs
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The slope of a position-time graph gives you the velocity of the object  
Calculating slope:

(1) Choose two points that are on the line
(2) To find the rise, find the difference in position between point B and point A
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To find the run, find the difference in time between point B and point A

(4) The formula is:
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Example #6:  A cyclist leaves home (Point A) traveling at a constant speed.  After 10s, (Point B), she has traveled 100m.  What is the slope of her position-time graph?  What information does this give you?
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· Three possible shapes for the position-time graph

B1.5 – Graphical Analysis of uniform motion
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· Describes an object in motion that is not traveling at a constant speed

· Three pieces of information are given by the acceleration of the object (e.g. -9.81m/s2)

· Magnitude ( the amount the velocity is changing per second (e.g. 9.81 m/s per second)

· Direction ( acceleration is a vector quantity – you need to list direction

· Positive or negative ( the + or – sign before the acceleration tells you if it is + or – acceleration

	Change in velocity
	Direction
	Positive or negative acceleration

	speeding up (+ change)
	up, right, N or E (+ direction)
	

	speeding up (+ change)
	down, left, S or W (- direction)
	

	slowing down (– change)
	up, right, N or E (+ direction)
	

	slowing down (– change)
	down, left, S or W (- direction)
	


· Because acceleration describes a change in velocity over time, it is measured in m/s2 (metres per second per second)

· Anytime you have a falling object, acceleration due to gravity is -9.81m/s2
· In Science 10, most questions involving acceleration had the object starting from rest, or coming to a stop. 

· The change in velocity is equal to the value for velocity given in the question (e.g. from 0m/s to 10m/s, the change is 10m/s)

· Example #1:

When the traffic light turns from red to green, a car accelerates to a speed of 12.0m/s in 10 seconds.  What is the acceleration of the car?

· Example #2:

It takes 10.0s to stop a particular car that was traveling at 15m/s.  What is the acceleration of the car?

· Example #3:

A skydiver steps out of a plane and accelerates toward Earth.  If the skydiver freefalls for 15.0s what velocity did reach when her parachute opens?
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**In Science 20, questions may involve calculating the change in velocity first

· Example #4: 

A car accelerates from 60km/h to 100km/h in 10.0s.  What is the acceleration of the car?

· Example #5:

A rock is thrown off a cliff and reaches a final velocity of 118m/s after falling for 10s.  At what velocity was the rock thrown downwards?

B1.6a – Calculating displacement during accelerated motion
· Displacement-time graphs
· Recall, there are three shapes for a displacement-time graph depending on the kind of motion

(1) NO MOTION
(2) UNIFORM MOTION
(3) ACCELERATED MOTION
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· The slope of a position-time graph gives you the speed of the object
· Velocity-time graphs
· A velocity-time graph also has three lines for the three different kinds of motion
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(1) NO MOTION
(2) UNIFORM MOTION
(3) ACCELERATED MOTION

· no motion - the velocity of the object stays at 0m/s as time passes ( straight line along x-axis
· uniform motion - the velocity of the objects stays the same as time passes ( horizontal line
· accelerated motion - the velocity of the object changes as time passes ( slanted line
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Slope calculation:
slope =
rise
=
change in velocity
=
∆v


run

change in time

∆t
Notice that you already know a formula that looks at the change in velocity over the change in time 
(a = ∆v/∆t)

The slope of a velocity-time graph gives you the 












· So, by studying the slope of a velocity-time graph, you can find the acceleration
· The other piece of information that can be found from a velocity-time graph is the distance traveled.  That is done by finding the 
area under the line
Example #1: A car left home (Point A) and traveled at 10m/s to a store a few blocks away (Point B).  The trip took 45s.  How far away is the store from home?

(1) Draw a velocity-time graph for this scenario.

(2) Draw a vertical line up from 45s, and shade in the area under the motion line.
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(3) Find the area of the shaded region. 

area of a rectangle = base x height


area = (45s)(10m/s) = 450m



       The store is 450m away from home.
Example #2: An athlete trains by starting from rest and steadily increasing his speed.  After two minutes (120s), he is moving at 6m/s.  Sketch a velocity-time graph, and use it to calculate his acceleration and his distance traveled after a minute.

(1) Draw the graph, plot the two points, draw the line and shade in the area below the graph.
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· Velocity-time graphs for objects not starting from rest
· The examples we’ve looked at so far have all been objects accelerating from rest

· On a graph, that means the line started at the corner of the two axis

· Just as often, an object will be traveling at one speed and accelerate to another

· On this graph, the line will still start on the y-axis but not on the x-axis

Example #3: A car turns off a residential street with a speed limit of 60km/h (17m/s) to a highway with a speed limit of 110km/h (31m/s).  While in the merge lane, it takes the driver 12s to accelerate to the highway speed.  Draw a graph, and use it to find the acceleration of the driver.  Find the area under the line to determine the distance of the merge lane.

(1) Draw the graph, plot the two points, draw the line and shade in the area below the graph.

[image: image63.wmf]
(2) Use the slope to calculate the acceleration.
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(3) Use the area under the line to calculate the distance traveled.

for this calculation, you’ll have to divide the shape into two sections

area 1 = base x height = 

area 2 = base x height / 2 = 

total area = 


The driver traveled 



 in the merge lane.

B1.6b - Using formulas to calculate displacement

· Sometimes using graphs is not practical, so displacement is calculated using formulas instead.

· When would you use this formula to calculate displacement?

· When you are not given any distances in a question

· And you are given two velocities (initial and final) and a time.

· This formula finds the average between the two velocities, then multiplies it by the time it takes
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Example #4: A car accelerates from 17m/s to 28m/s in 10s.  What is the displacement of the car?

[image: image66.jpg]



∆t  = 10s



∆d = (17m/s + 28m/s) x  10s = 225m
vi = 17m/s





2

vf = 28m/s

∆d = ?

Example #5: A car driving at 40m/s sees a radar van and slows down to 30m/s in 8.0s, just in time to pass the van and avoid a ticket.  How far was the radar van away when the driver spotted it?

∆t  =





vi = 








vf =  

∆d = ?

· A second displacement formula is available if the final velocity of the object is not known

· When would you use this formula?

· When you are given an initial velocity, but no final velocity

· And you are given the acceleration of the object and the time interval
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Example #6: A ball traveling a 1.75m/s starts rolling down a ramp, which causes it to accelerate at 0.5m/s2 for 1.5s.  How long is the ramp?
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vi = 1.75 m/s


    ∆d 
= (vi)(∆t)  +  (1/2) (a) (∆t)2
a = 0.5 m/s2



= (1.75m/s)(1.5s) + (1/2)(0.5m/s2)(1.5s)2
∆t  =
1.5s



= (2.625m) + (0.5625m)
∆d = ? 


 
= 3.2m

Example #7: A rock is dropped off a cliff and falls for 7.0s before hitting the ground.  How tall is the cliff?

[image: image69.wmf]
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∆d 
= (vi)(∆t)  +  (1/2) (a) (∆t)2
a =


∆t  =



∆d =



B1.7 – Determining Stopping Distances
· Some implications of physics principles in driving

· Headlights

· Conventional headlights allow a driver to see about 60m ahead

· At highway speeds, this does not give the average driver enough time to react

· New HID (high intensity discharge) headlights light up to 100m of the road ahead

· HID headlights are dangerous for drivers of oncoming traffic because they are very glaring

· Merge lanes

· Based on the speed limits of the two roads (e.g. the residential road and the highway)

· By using the displacement formula, engineers can calculate the length of the merge lane needed to safely accelerate from one speed to another

· Yellow traffic lights

· The higher the speed limit on a road leading up to a traffic light, the longer the yellow light will have to be in order for drivers to safely slow to a stop.

· Reaction distance
· Reaction time can vary from person to person, but it is also affected by driving distractions such as cell phone use and loud music

· A typical reaction time for drivers is 1.50s 

· The reaction distance is the distance traveled by the car between when the event occurs and when the driver reacts (how far does the car go during the reaction time)

· CALCULATE IT: multiply the velocity the car is going by the reaction time.

· Example #1:  A car is traveling at 20m/s (this is about 10km/h over the limit) when the driver sees a pedestrian in a crosswalk ahead.   If the driver has a typical reaction time of 1.50s, how far does the car travel before the driver reacts?

∆d 
= 
v∆t


=
(20m/s)(1.50s)



=
30m
· Example #1b: Suppose the driver is intoxicated, and his reaction time is slowed to 3.00s.  If the pedestrian was 65m away, would the driver react in time?
· Braking distance
· The distance a vehicle travels from the moment the brakes are applied until the car comes to a complete stop

· Traffic safety engineers use a deceleration value of -5.85 m/s2 for the rate at which a car can slow safely to a stop

· CALCULATE IT: Braking distance involves two calculations

· Calculation #1 - calculate the amount of time needed to brake, based on the initial velocity of the car and the rate of deceleration (typically -5.85m/s2).

· Calculation #2 - based on the time you calculated, find the displacement using the formula that takes the average of the two velocities

Example #2:
If a car decelerates at the typical rate of -5.85m/s2, what distance will the car travel while slowing from 20m/s to a stop?

a
=
vf – vi

but vf = 0m/s
so
a =    - vi 
and 
∆t = - vi



   ∆t






∆t


a

∆t
=
- vi /a

∆t
=
- 20m/s
=  3.42 s




-5.85m/s2
∆d
=
(vi + vf) ∆t
=
(20m/s + 0.0m/s)(3.42s)
   =
34.2m

2



     2

· Stopping distance
· The distance the vehicle travels from the event until the car comes to a complete stop

· The stopping distance is equal to the reaction distance plus the braking distance

· CALCULATE IT: Stopping distance is equal to the reaction distance + the braking distance

· Therefore, to calculate stopping distance, there are four separate calculations that must be accomplished

Example #3: 
Determine the typical stopping distance for a car traveling at 110 km/h (30.6 m/s).  Assume the reaction time of the driver is 1.50s, and a deceleration of -5.85m/s2
Step #1 - Calculating reaction distance
∆d 
= 
v∆t

=
(30.6m/s)(1.50s)

[image: image71.wmf]
=
45.9m
Step #2 – Calculating braking time:
a
=
vf – vi / ∆t
but vf = 0m/s


=
- vi /∆t
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∆t
=
- vi /a

∆t
=
- 30.6m/s
=  5.22 s



-5.85m/s2
Step #3 – Calculate braking distance
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∆d
=
(vi + vf) ∆t
=
(30.6m/s + 0.0m/s)(5.22s)
   =
79.8m

2



     2

Step #4 – Calculate stopping distance
∆dstopping = dreaction + dbraking
[image: image74.wmf]
   = 45.9m + 79.8m = 126m.

Example #4: Using the typical driver reaction time of 1.50s and deceleration rate of -5.85m/s2, what is the minimum stopping distance for a car traveling at 20m/s.

Step #1 - Calculating reaction distance
[image: image75.wmf]
∆d 
= 
v∆t

=
(20m/s)(1.50s)


=
30.0m
Step #2 – Calculating braking time:
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a
=
vf – vi / ∆t
but vf = 0m/s


=
- vi /∆t

∆t
=
- vi /a


=
- 20m/s
=  3.42 s 
-5.85m/s2

Step #3 – Calculate braking distance
[image: image77.png]



∆d
=
(vi + vf) ∆t
=
(20m/s +0m/s)(3.42s)
   =
34.2m

2



2
Step #4 – Calculate stopping distance
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∆dstopping = dreaction + dbraking

   = 30.0m + 34.2m


   = 64.2m

Practice problem #5: 
Using the typical driver reaction time of 1.50s and deceleration rate of              -5.85m/s2, what is the minimum stopping distance for a car traveling at 39m/s.


Step #1 - Calculating reaction distance
∆d 
= 
?


∆d 
= 
v∆t
v
=
39m/s 



=


∆t
=
1.50s



=
          
Step #2 – Calculating braking time:
vi
=
39m/s


∆t
=
- vi /a

a 
=
-5.85m/s2


=
   

∆t
=
? 






Step #3 – Calculate braking distance
∆d
=
(vi + vf) ∆t
=


   2

Step #4 – Calculate stopping distance
∆dstopping = dreaction + dbraking = 

1.8 – Braking
· Reaction distance is affected most by the person driving the car

· Braking distance is affected by other factors:

· weather
· road conditions
· the vehicle
· The average vehicle can slow to a stop at a deceleration rate of  5.85 m/s2
· Force of friction
· A contact force between two surfaces that oppose the motion of one surface past the other

· In the case of driving, the force of friction occurs between  the tires and the road
· The bigger the force of friction, the better the grip of the tires on the road and the faster the car will stop

· Too small of a force of friction (e.g. on icy roads) and the car will likely slide through the intersection

· Like all forces, friction is measured in newtons, and is a vector quantity
· At slow speeds, the friction between the tires and the road is enough to slow the car down without applying the brakes

· At faster speeds, additional friction will occur between the brakes and the wheels

· Net force
· The vector sum of all forces acting on an object

· In driving, the net force is the force moving the car forward, minus the forces of air resistance, road resistance and the force applied by the braking system

· Because we are dealing with vector quantities, the signs (+ or – ) of the forces are important

 
· Effect of mass
· The mass of a vehicle (a scalar quantity measured in kg) also affects the rate of deceleration

· e.g. a transport truck has a greater contact with the road than a motorbike

· Newton’s second law of motion
· An object will accelerate in the direction of the net force

· In this case, the object will slow down as a result of the net force acting on the vehicle

Fnet = m a
· Example: A vehicle traveling at 12.5m/s and a mass of 1250kg brakes to stop at an intersection.  Assume it has a typical deceleration of -5.85m/s2.  What is the net braking force acting on the vehicle?
· Example: page 227 #3
1.9 – Newton’s Laws of Motion
FORCES RESISTING THE MOTION OF A CAR:

· Force of friction 
· Force resisting the motion of one surface past another
· Includes the friction between the tires and the road, and the friction between the brakes and the wheels
· Air resistance 
· Also called “drag force”
· The force resisting the motion of an object through the air
· To minimize air resistance, cars are designed to be aerodynamic
· That means the surface area of the vehicle in contact with the air is reduced
· Photos – the sports car to the right is designed to be aerodynamic, while the school bus is not
· At highway speeds, air resistance is the main force opposing the motion of the vehicle
FORCES MAINTAINING THE MOTION OF A CAR:
· Applied force: any external force applied on an object
· The applied force is the force applied to the car to make it move forward
· The larger the applied force, the faster the car will travel
· With no resistive forces, an object that is moving would continue on that path indefinitely
· Newton’s First Law of Motion
· An object in motion will remain in motion unless acted upon by a net force
· An object at rest will tend to remain at rest

· Example: once in motion, the space probe Voyager 2 requires no engines.  This is because there is no air or gravity in space, therefore, no resistive forces or applied forces to change its speed.  The probe will simply maintain its speed indefinitely.

NET FORCE:

· The sum of all forces acting on an object
· All forces are vectored quantities ( direction matters
· We assume that the direction of the applied force is the + direction
· We assume that air resistance and friction are in the – direction
· Example #1: The engine of a motorcycle supplies an applied force of 1880N east, to overcome the frictional forces of 520N west.  The motorcycle and rider have a combined mass of 245kg.  What is the acceleration of the motorcycle?


Fnet =  Fapplied + Ffriction





= 1880N [E] + (-520N [W]) = 1360N






 

Fnet =  ma

a =  
F  =  
1360N
   = + 5.55m/s2 [E]
m
245kg 
· Example #2: A car with a mass of 1075kg is traveling on a highway.  The engine of the car supplies an applied force of 4800N west to overcome frictional forces of 4800N east.  What is the acceleration of the car?

· Example #3: A car with a mass of 995kg is accelerating away from a traffic light.  The frictional forces on the car are 2400N, while the engine supplies 3000N of applied force.  What is the acceleration of the car?

Chapter B1 - Review

· Concepts / theory:
· Scalar vs. vector quantities
· Uniform motion vs. accelerated motion
· distance traveled vs. displacement
· Interpreting graphs
· Displacement vs. time
· Velocity vs. time
· Applied, frictional, and net forces
· Quantities (units) to know:
· d = distance traveled (m)
· d = displacement (m)
· v = average speed (m/s)
· v = average velocity (m/s)
· vi = initial velocity (m/s)
· vf = final velocity (m/s)
· a = acceleration (m/s2)
· ∆t = time elapsed (s)

· Fnet​ = net force (N)
· Fapp = applied force (N)
· Ffric = force of friction (N)
· m = mass (kg)
· Formulas to know & be able to manipulate:
 


· Formulas for analyzing grap

Science 20 - Unit B

Chapter 2 - Impulse & Momentum
B2.1 – Momentum

· Recall Newton’s first law of motion: Objects at rest tend to stay at rest, and objects in motion tend to stay in motion
· Changing an object’s motion requires a force to be applied

· Since F = ma, the amount of effort required to change an object’s motion depends on two factors:

· the mass of the object
· the degree of change in speed (ie - the acceleration)
· A car going 100 km/h has more of a tendency to stay in motion then a tennis ball going 100 km/h.  The more mass and the more velocity an object has, the harder it will be to stop that object.

Practice Example 1:  Give two reasons why it is harder to stop a semi truck traveling at 100 km/h then a small bird traveling at 45 km/h

· This “quantity of motion” is referred to as momentum.  Momentum is measured in kg•m/s and is denoted by the letter p.
· The formula for momentum is:                
· where 
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Practice Example 2:  Solve the momentum formula for both mass and velocity.
Practice Example 3: An airplane has a momentum of 8.3 x 107 kg•m/s [N].  If the airplane is flying at a velocity of 230 m/s [N], determine its mass.

· Picture the type of equipment that is worn by athletes in three different sports: soccer, hockey and tennis
· A soccer ball weighs about 3 times as much as a hockey puck
· A hockey puck can reach velocities of over 160km/h, but a tennis ball can reach velocities of over 200km/h
· Given this fact, you would expect that soccer and tennis players would require more protective equipment than a hockey player
· What makes hockey the most dangerous of the three sports is the combination of velocity and mass ( it has the greatest momentum
· In addition, a hockey puck is usually frozen and therefore  its impact is not cushioned as it is with a soccer or tennis ball

B2.2 – Change in Momentum
· Recall, the formula for momentum is 
   p=mv
· If changes can occur in momentum, that means either the mass of an object is changing, or the velocity of an object is changing
· Because mass doesn’t usually change, a change in momentum is usually as a result of a change in the object’s velocity

· Recall, an object that is changing velocity is exhibiting accelerated motion

· We can amend the formula:
∆p = m∆v
or 
∆p = m(vf - vi)
· If velocity is changing, 
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(changes in momentum) must be caused by acceleration
· Changing an object’s motion requires a force
· In order to understand the connection between force and momentum, three formulas need to be combined into one:


 
[image: image12.wmf]Fma

=

r

r



m = ∆p/∆v

∆t = a /(∆v)
·  It can be shown that the formula 
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 can also be written as: 
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Where,
· 
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· During a collision between two objects, we can use this formula to calculate the force exerted by one object onto another, based on the time it takes for a change in momentum to occur

Practice Example 1

A 2.1 kg barn owl flying at a velocity of 15 m/s [E] strikes head-on with a windshield of a car traveling 30 m/s [W].

a) Calculate the change in momentum of the owl.

b)  If the time interval for the impact was 6.7 x 10.-3 s determine the force that acted on the owl

c) Predict the effects of the collision on the owl and on the car.

Factors Affecting Change in Momentum
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· By rearranging the force equation, we get 
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· The factors that affect change in momentum are 
· The force exerted on an object, 
· The time it takes for that change to occur
· Think back to the example we looked at with the three sports: tennis, hockey and soccer

· What made hockey the most dangerous of the three sports was the large change in momentum of the hockey puck, compared to a smaller change in momentum for either the soccer ball or the tennis ball.

·  A collision refers to the impact of one object with another (in this example, the collision of the puck with the hockey player)

· The greater the change in momentum,  the more serious the damage of the collision
· Vehicular Accident Applications: 
· Since change in momentum is affected by force and time, one of those two things has to be reduced in order to make cars better able to handle collisions

· Changing the force:

· The only way to reduce the force in a collision is for the driver to be traveling at a slower velocity – this is not in the manufacturer’s control
· If we can not change the force in which a car hits another car, we must try to maximize the length of time it takes for the collision to occur
· Changing the time:

· Automotive manufacturers have created ‘crumple zones’ in vehicles.  
· this crumple zone increases the time it takes for a car to stop when it hits another object, therefore reducing the force and minimizing the damage

B2.3 – Impulse
· You have seen how force equation can be solved for the change in momentum:
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· Change in momentum is such an important concept, it receives its own name: impulse
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· 
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Practice Example 1
A raw egg drops to the floor.  If the floor exerts a force of 9.0 N over a time interval of 0.030 s, determine the impulse required to change the egg’s momentum.

· Recall that
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or,
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therefore,
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Practice Example 2

A raw egg with a mass of 0.065 kg falls to the floor.  At the moment the egg strikes the floor, it is traveling 4.2 m/s.  Assuming that the final velocity of the egg is zero after impact, determine the impulse required to change the momentum of the egg.

· Large Force vs. Large Time Interval
· Think about throwing a baseball straight up into the air, and then catching it in your hands. 
· If you hold your hands ‘rigid’ when the ball hits your hands it will stop almost instantly (small 
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), but will strike with greater force (large
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), hurting your hand.

· If you let your hands ‘give’ when the ball hits your hands it will take stop over a greater time period (large 
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), but will strike with smaller force, and will not hurt your hand

· The impulse to stop the baseball in both cases is the same, however by increasing the time period of the change in momentum, we therefore decrease this force
Large force, short time interval



Smaller force, longer time interval


· Applications to car accidents:
· If we can make part of the car ‘give’ (i.e. a crumple zone), we can increase the time it takes to stop the car, and decrease the force exerted on both the car and passengers
· PRACTICE EXAMPLE 3 - take this quiz to assess your understanding of impulse & momentum
1. True or False?     Momentum= Mass x Velocity
2. The symbol for momentum is?
a. km/h
b. N
c. p
3. True or false?  Impluse equals change in momentum.
4. If a truck is at rest it has...
a. More velocity
b. Less mass
c. No momentum
5. Why does a moving truck have more momentum than a car moving at the same speed?
a. the truck has less mass
b. the truck has more mass
c. the car has more force
6. What does crumple zones increase in a car accident?
a. The velocity of the car.
b. The force of impact.
c. The time of impact.
7. What is impulse equal to?
a. Time of contact.
b. Force of contact.
c. Change in momentum.
8. How do airbags help you in a car accident?
a. They increase the force and decrease the time.
b. They reduce the force of impact by increasing the time of impact.
c. They provide you with oxygen to breathe.
d. They make the car lighter.

B2.4 – Newton’s Third Law and Collisions
· Collisions involving a vehicle include three classes of collisions:

· Primary Collision: Vehicle collides with another object

· Secondary Collision: Occupant collides with interior of vehicle

· Tertiary Collision: Organs of occupant collide within the body

Practice Example 1

The technologies identified in the following table are designed to reduce injury in a motor vehicle collision.  Identify the class for which each technology is designed.

	SAFETY TECHNOLOGY
	CLASS OF COLLISION

	Shock-absorbing bumpers
	

	crumple zones (in the frame)
	

	padded dashboard, steering wheel, etc.
	

	Seat belts
	

	Air bags
	


· Think about what would happen if a car driving down the street loses control and hits a pedestrian.  

· The car will apply an enormous force on the pedestrian, causing injury

· The person will also apply a force on the car, most likely causing some minor front end damage to the vehicle (denting the hood or windshield)
· This concept is summarized in Newton’s third law of motion: whenever one object exerts a force on a second object, the second object exerts an equal but opposite force on the first object.

· You may have heard this before as:  for every action, there is an equal and opposite reaction
· This can be shown by the following equation

· 
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Practice Example 2

Identify the action and reaction forces when two students (sitting on rolling chairs) push and pull on each other.

Forces for ‘pull’





Forces for ‘push’

Practice Example 3

In an interaction between a large vehicle and a smaller vehicle, state whether or not the following quantities must be the same for each vehicle. (circle one)

Mass:



Same
Different
Velocity:
Same
Different


Acceleration:


Same
Different
Force:

Same
Different

Time:



Same
Different
Impulse:
Same
Different

Change in Momentum:
Same
Different


Science 20 - Unit B

Sections B2.1 - B2.4 Review

Show work on a separate sheet of paper.
1. A boy and the bike he is riding have a total mass of 50kg.  They are initially gliding on a smooth concrete surface at a velocity of 2.5m/s [E].  They crash into a bush, coming to a stop in 0.35s.  Assuming that the boy stays on the bike, calculate the following:

a. initial momentum

b. final momentum

c. change in momentum

d. impulse provided by the bush on the boy & bike

e. force provided by the bush on the boy & bike

f. acceleration of the boy & bike

g. force provided by the boy & bike on the bush

2. A 1050-kg car is traveling 20 m/s [N].

a. Calculate the initial momentum of the car

b. The car crashes into the rear of a 1500-kg truck traveling 5.0 m/s [N].  After the collision, the car remains at rest.  Calculate the final velocity of the car.

c. Determine the change in momentum of the car.

d. If the time of the impact during the collision was 0.15s, calculate the force exerted by the truck in stopping the car.

3. A 0.500 kg ball is thrown against a wall with a velocity of 6.00m/s.  If the ball rebounds with a velocity of 5.00m/s, calculate

a. The change in momentum of the ball

b. Force provided by the wall on the ball if the time of the impact was 0.25s.

4. A 1500-kg car traveling at 25 m/s [N] collides with a 1200-kg minivan traveling at 18 m/s [S].  After the collision, the two vehicles stick together.

a. Calculate the initial momentum of the car and the minivan

b. Which direction will the two cars travel after they stick together?  Explain.

5. When a pregnant woman in the later stages of pregnancy is involved in a collision, there is a significant danger to the unborn child.

a. Use Newton’s laws of motion to explain the motion of the driver in the fraction of a second immediately after impact

b. List at least three technologies that will act to reduce the mother’s injuries

c. Describe what will protect the baby from the tertiary collision 
6. A television sitting on a moving car is initially at rest.  A constant pushing force is applied to TV and cart, which have a combined mass of 20.0kg.  The situation is depicted in this force vs. time graph.

a. Determine the area under the line of the graph

b. What does this quantity represent (hint: what do we measure in N•s?)

c. Calculate the final speed of the mass after 7.00s.

7. Suppose a driver has a mass of 58.5kg and is traveling 20.0 m/s east.  The car collides with a post and comes to a stop.

a. Calculate the momentum of the driver in kg•m/s

b. Determine the driver’s momentum after the collision.

c. Determine the impulse required to decelerate the driver from 20.0m/s to rest.

d. Calculate the force required to stop the driver’s forward motion if she comes to a stop in 0.900s.

8. A truck with a mass of 1200kg and a velocity of 20.5 m/s[E], rear-ends a 900-kg car traveling 8.90 m/s [E].  After the impact, the two vehicles stick together and travel forward at 11.75 m/s [E].

a. Calculate the initial momentum of the truck and the car

b. Calculate the final momentum of the truck

c. Calculate the change in momentum of the truck

d. Determine the impulse on the truck

e. If the time of impact was 1.30s, calculate the force of the truck.

9. A 1350kg truck traveling at 19.5m/s [E] rear-ends a 970-kg car.  At the moment of impact, the car was traveling at 7.20 m/s [E].  After the impact time of 1.30s, the truck slows to 12.0m/s [E] while the car is propelled forward by the collision.

a. Determine the change in momentum of the truck.

b. Calculate the impulse of the truck on the car

c. Determine the force of the truck on the car

d. Determine the force of the car on the truck

10. If a force of 65N changes the momentum of a ball by 12 kg•m/s

a. Determine the time interval that the force acts on the ball

b. Determine the impulse required to change the motion of the ball

11. A 1.00kg softball flying at 8.0m/s strikes the windshield of a parked car.  The time interval of the impact for the softball is 0.050s.

a. Calculate the force of the softball against the window

b. Calculate the force of the window against the softball

c. Calculate the change in momentum of the softball

12. A dog sled team consisting of four dogs is pulling a sled.  If each dog provides a pulling force of 7.5N, the total pulling force provided by the team is 30N.  

a. Determine the change in momentum of the sled if the dogs pull for a minute.

b. If one dog drops out, how long would the other three dogs have to pull to match the previous impulse?

B2.5 Conservation of Momentum

Momentum is conserved:  Σp(before) = Σp(after)
· In all cases the Law of Conservation of Momentum is conserved: 
· The total momentum gained by one object is equal to the total momentum lost by the other

· Use prime (‘) symbol to indicate conditions AFTER the collisions 

· You can assume the mass of the vehicles doesn’t change, so there’s no need to distinguish between m and m’

· We use v1 and v2 to represent the speed of each vehicle before the collision

· We use v1’ and v2’ to represent the speed of the vehicles after the collision


Σp = Σp’

((( 
m1v1 + m2v2 = m1v1’ + m2v2’ 

Three basic types of collisions:

· HIT AND REBOUND
· The two vehicles  collide and bounce back, often in the opposite direction
· In these questions you will be given three of the four velocities (v1, v2, v1’, and v2’) and you will be asked to find the fourth, using this formula:  m1v1 + m2v2 = m1v1’ + m2v2’
· HIT AND STICK
· The two vehicles collide, then travel together as one combined mass
· Because the two vehicles are traveling as one unit after the collision, v1’ and v2’ can be simplified to v’

· The formula for hit and stick collisions is therefore:
       m1v1 + m2v2 = (m1 + m2)v’
· EXPLOSION 
· In an explosion, the mass starts as one contained object (m1 + m2) at rest (v1 and 2 = 0m/s)
· After the explosion, the solid object has broken up into two separate masses (m1 and m2), each with their own separate momentum
· The formula for explosions is (m1and2 )(v1and2)= m1v1’ + m2v2’

Example #1: HIT AND REBOUND  
A 3.0kg ball strikes a stationary ball with a mass of 6.0kg.  The first ball is moves at 1.5m/s until the collision, but bounces back going -0.50m/s. Determine the velocity of the second ball after the collision.
m1 =




m2 =


v1 =



v2 =


v1’ =

v2’ = 

Example #2: HIT AND STICK  
A 1000-kg car is traveling at 12m/s when it strikes a 2000-kg truck that is stopped at a red light.  After the collision, the two vehicles stick together.  What is the speed of the two vehicles after the collision?
m1 =


m2 =




v1 =


v2 =



v’ =


Example #3: EXPLOSION  
A 50-g firecracker at rest explodes into two pieces, a 15-g piece which flies to the right at a velocity of 3.50m/s, and a 35-g piece.  Determine the velocity and direction of the 35-g piece.

m1and2 = 
m1 =






m2 =




v1and2 =




v1’ =







v2’ =







B2.6 - Work & Energy
Work

· Recall from Science 10, work is defined as  the energy transferred to an object when a force is applied that causes the object to move
· In order for work to be done, there are three conditions that must be satisfied:

· (1) there must be a force applied
· A push or pull must be applied to the object

· An object that is coasting is not having work done it

· (2)  there must be movement
· If the force is not large enough to change the object’s motion, there is no work being done

· (3) the direction of the force and the direction of movement must be the same
· The movement has to be as a result of the force, so they must be in the same direction

Energy 

· Energy is  the ability to do work
· When a certain amount of work is done on an object, that object gains that much energy

· If an object is lifted up, the energy gained is gravitational potential energy
· Energy due to the position of an object above the Earth’s surface

· Potential energy is  energy stored in readiness
· Gravitational potential energy is energy stored in an object that has the potential to fall
· Epgrav is affected by the mass and the height of the object

Epgrav = mgh

g = -9.81m/s2
· If an object is moved, the energy gained is kinetic energy
· Energy of movement

· Ek is affected by the mass of the object and the speed at which it is traveling

Ek = ½ mv2
Conservation of Energy 

· In any energy transformation, the Law of Conservation of Energy must be held true

· This means that 
when energy changes from one form to another, the total energy of the system remains constant
· In the case of a object that is rising straight up in the air, or falling, there is a transfer between potential and kinetic energy

· When the object is at maximum height,  it has maximum potential energy
· When the object is about to hit the ground, or just as it leaves the ground, it has maximum kinetic energy
· Example:  
· At the top of the diving board, the diver has a maximum amount of gravitational potential energy, but as he is not yet falling, no kinetic energy
· As the diver falls, his height above the Earth decreases, so as he nears the water, his potential energy decreases
· As he falls, his velocity is increasing because gravity causes objects to accelerate as they fall.  As he speeds up, his kinetic energy increases
· The moment the diver strikes the water’s surface, he is at “ground level” and no longer has potential energy.  However, he has reached his maximum velocity, so his kinetic energy is at a maximum.  
· Because energy is conserved, in a question involving a falling or rising object, the two formulas (Ep and Ek) can be set equal to each other

Ep(top) = Ek(bottom)

  mgh    =    ½ mv2 
( notice mass is on both sides of the equation, so it will cancel out

  mgh    =    ½ mv2

gh   =  ½ v2
Example: if the diving platform is 10m high, what will be the diver’s velocity when he reaches the water?


h =



Ep(top) = Ek(bottom)


g = 9.81m/s2


mgh    =    ½ mv2

v =



gh = ½ v2
so
v = 




· Pendulums

· Another example of a conversion between Ep and Ek
· At position A, the pendulum is not moving, but is at a maximum height ( maximum Ep, minimum Ek
· At position B, the pendulum is moving at a maximum speed, but is the closest to the ground (  minimum Ep, maximum Ek
· At position C, the pendulum is  at the same position as position A

Chapter B2 Review – 

Formulas to know:
Other concepts:
· Effect safety mechanisms in cars

· Primary, secondary and tertiary collisions

· Newton’s three laws of motion

· Energy conservation
Example #1: A driver talks on the phone for 36.0s while she is driving at 100km/h.  How far does she travel in this time?








Example #2: Standard headlights allow a driver to see up to 60m ahead of the car.  If a car is traveling at 120km/h, how many seconds does a driver have between when they see a person on the side of the road, and when they pass the person?








Example #3: Use the appropriate conversion factor to find out:


a) How many meters in 5.7cm?	b) How many m/s in 100km/h?	c) How many minutes in a week?








Assignment:


Pg 185 #1-5





(2) Use the slope to calculate the acceleration.


slope =	rise	=	∆v	=	


		run		∆t		





(3) Use the area under the line to calculate the distance traveled.


	


area of a triangle = base x height / 2 = 








Assignment:


Pg 208 #32


Pg 209 #33


Pg 211 #34, 35


Pg 213 #3a-f





Assignment:


Pg 216 #38


Pg 218 #39


Pg 220 #1-4





_





=





POSITIVE FORCES





move the car forward





-  the force of the engine on the wheels





NEGATIVE FORCES





oppose the car’s forward motion





brakes


air resistance


road resistance





NET FORCE





Assignment:


Pg 226 #45a-b


Pg233 #8


Pg 234 #3-4
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Assignments:


Page 244 # 1, 2, 3	


Page 245 # 1, 2, 3, 4, 5, 6, 8








Assignments:


Page 251 


Practice questions # 7,8


Section 2.2 questions # 2,3,4,5,6,7








Assignments:


Page 254 # 9,10,11,12,13,14


Page 256 2.3 Questions # 1,3,5,6,7,8,9,12








Assignments:


Page 259 # 16


Page 262 # 1,2,4,5,6








Assignments:


p. 271 #1-8





Assignments:


Review example on page 275-276


page 277, #23 - 24
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