Student Workbook
Who built 

the electric car?
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Name
:
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Building the car
[image: image4.emf]speed vs time showing acceleration

0

2

4

6

8

10

12

14

16

0 1 2 3 4 5 6

time (s)

speed (m/s)

Materials you need:
[image: image5.wmf]1 photo of a car

2 MDF pieces for sides

1 MDF slab for the chassis

A drinking straw

1 bamboo kebab skewer

4 wheels

Some masking tape

Some 25mm panel pins

4 fencing staples

Instructions:

You can cut out the profiles or attach the straws first.

Making the profiles
· [image: image6.jpg]


Tape the two 5mm-thick MDF pieces together.

· Cut out the car in the photo.  Cut through the wheels so that the bottom of the car is flat.

· Draw around the car on the MDF.

· Clamp the MDF to the desk securely and use a coping saw to cut out the profile of the car. Undo and remove the tape.
Attaching the straws
· On the 18mm slab of MDF, measure and mark where you want the axles to be. (use the photo to tell you how far apart they should be and make sure they are square!)

· Cut the drinking straw so that each piece is 10mm longer than the width of the slab.

· Use fencing staples or masking tape to secure the straws to the MDF slab.
Finishing off

· Nail the profiles onto the slab with panel pins.

· Cut bamboo skewers to the right length with scissors.

· Pass the skewers through the straws and push the wheels onto the ends.

Customising

· Get a tube of paint and squeeze out a tiny bit onto a palette (card or plastic).
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Get a brush and paint away!

· Make a cardboard number plate:
· Got a shoe box? Cover it, paint it, make a door and you have a garage.

· Want grippy wheels? Stretch a piece of bicycle inner tube over the wheels.

· Want a driver? Bring a doll from home.
· You may want to make other changes for performance or aesthetics.
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Registration Paper
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Car Name: 
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Registered owner:
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Make  





Model:

Date of first registration: 22 August 2007
Specifications:
1. Weight and Mass
	Mass (kg):

Measured with the electronic balance
	
	Weight (N):
Measured with the spring balance
	


There is 1 Newton of weight for each ____________ grams of mass.

2. Dimensions 
	Length (m):
	
	Width (m):


	

	Height (m):
	
	Wheel base (m):

( distance between axles)
	

	Wheel diameter (m):


	
	
	


All dimensions are measured in metres because ____________________________.
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3. Performance: Roll the car down the ramp set up by the teacher.
	Roll distance from base of ramp (m):
	

	Time to roll down ramp (s):
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Find the 
time for the 

measure to
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back wheels to

here
cross here
Extra: Compare the roll distance and ramp time with your friends.  Whose car has the best performance?  Is there a link between ramp time and roll distance? Why?
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Predict, Observe, Explain experiment 1

Acceleration and Force

Introduction:

A falling mass is used as the force to accelerate a car, but then the force is increased.  

Aim:

How will the acceleration of the car be affected by changing the force?
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Prediction:

Instructions:

· Attach a string about 1 metre long to the front of your car as shown.

· Tie the other end of the string to a small mass hanger.

· Hang the mass hanger over the end of the desk so that it pulls the car as it falls to the floor. (remember to catch the car!!)

· Measure and record the time it takes for the car to reach the edge of the desk.

· Add 10g at a time to the mass hanger and repeat.

Observation:

	Mass (g)
	20
	
	
	
	

	Weight force
	 ( 0.2 N)
	
	
	
	

	Time

(s)
	
	
	
	
	


Was your prediction correct? I bet it was!

Explanation:

Explain your results in terms of Acceleration and Force.
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Extra

Plot a line graph with “Weight Force” on the x axis and “Time” on the y axis. 

Predict, Observe, Explain experiment 2
[image: image21.jpg]


Acceleration and Mass
Introduction:

A falling mass is used as the force to accelerate a car, but then the mass of the car is changed.  

Aim:

How will the acceleration of the car be affected by changing the mass of the car?
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Prediction:

Instructions:

· Attach a string about 1 metre long to the front of your car as shown.

· Tie the other end of the string to a small mass hanger.

· Hang the mass hanger over the end of the desk so that it pulls the car as it falls to the floor. (remember to catch the car!!)

· Measure and record the time it takes for the car to reach the edge of the desk.
· Add 20og at a time to the car and repeat.
Observation:

	Mass

(g)
	Just the car
	Car +200g
	
	
	

	Time

(s)
	
	
	
	
	


Was your prediction correct? I bet it was!
Explanation:

Explain your results in terms of Acceleration and Mass.
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Extra

Plot a line graph with “Added Mass” on the x axis and “Time” on the y axis. 

Push my car!    1 Acceleration
When you push a car it starts from rest (0 m/s) and accelerates until you stop pushing it.

Then the car decelerates until it stops.  Lets investigate acceleration…

When the velocity of an object is changing it is accelerating.  An acceleration of 10 m/s/s means that the speed changes by 10 m/s each second.
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The acceleration of an object can be found by the slope of the line on the  speed vs time graph.
Here the acceleration is:

Rise = 15 – 0 = 15 m/s

Run = 5 – 0 = 5 s

Slope = rise =  15  = 3 m/s/s

             Run     5

The total distance travelled is the area under the line. Show that it is 37.5m.

Average speed  = distance travelled . Show that it is 7.5 m/s.

                                  Time taken

Assume the final speed is double the average speed.
Our data:    (complete the table)
	Pusher
	Distance (m)
	Time (s)
	Average speed (m/s)
	Final speed (m/s)
	Acceleration

(m/s/s)

	
	
	
	Distance/time
	2 x average speed
	Final speed - 0

   time

	example
	10
	5.66
	10/5.66 = 1.767
	2 x 1.767 = 3.534
	3.534/5.66 = 0.624 m/s/s

	
	10
	
	
	
	

	
	10
	
	
	
	

	
	10
	
	
	
	

	
	10
	
	
	
	


Push my car!    2 Force

Newton’s first law of motion 

If the forces on an object are balanced then it will stay still or move with constant velocity.

Newton’s second law of motion 

If there is an unbalanced force then the object will accelerate in the direction of the force.  The bigger the unbalanced force, the bigger the acceleration.

PUSHING 





__________force                        The vertical forces are _________
                                                                                             so the car won’t accelerate 

                                     vertically.

Draw in the horizontal force(s)

 when the car is being pushed.




_____________force           

SLOWING DOWN





__________force                        The vertical forces are _________

                                                                                             so the car won’t accelerate 

                                     vertically.

Draw in the horizontal force(s)

 when the car is slowing down.





_____________force           

Calculating the net force…. Force = mass x acceleration     F = ma
Net force of (example):

Acceleration = 0.624 m/s/s        Mass of the car = __________

F = mass x  acceleration

   = _______ x 0.624

   =           Newtons

Complete the table

	pusher
	Acceleration (m/s/s)
	Mass of car(kg)
	Net Force (N)

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


Push my car!    3 Push Force

The net force is the result of the push in one direction and the friction against the motion.  If we find the friction force then we can find the push force.  For example if the push force is 1200 N and the friction is 300 N then the unbalanced force (or net force) will be :

1200 – 300 = 900 N.

                 Friction force = 300N Push force = 1200 N
 

Calculating the friction force on the car as it slowed down… (example)

Acceleration =      change in speed     = 0 – 3.534 = 0.191 m/s/s

                            time taken to stop          18.5        

friction force = mass x acceleration = __________ x 0.191 = ___________ N

The net force was _____________ N… What was the push force?
Complete the table to find how hard each group pushed.
	pusher
	Time to stop (s)
	Final speed (m/s)

from page 1
	deceleration (m/s/s)
	Mass of car(kg)
	friction Force (N) 
	net force (N)

from page 2
	push   Force (N) 
(net+friction)

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	


Push my car!    4 Who did the most work??

Work = Force x distance.  

Each pusher pushed for 10 m.  Calculate the work done by each pusher.

Predict, Observe, Explain experiment 3
Gravitational potential energy and mass 
Introduction:

The gravitational potential energy of the car at the top of the ramp is converted into kinetic energy as it rolls down.  

Aim:

How will the kinetic energy of the car be affected by changing the mass of the car?

Prediction:

Instructions:

· Prop up one end of a desk to make a ramp.
· Place a wooden block at the bottom of the ramp.
· Roll the car down the ramp straight into the block.
· Measure and record the distance moved by the block.  
· Add 20og at a time to the car and repeat.

Observation:

	Mass

(g)
	Just the car
	Car +200g
	
	
	

	distance
(cm)
	
	
	
	
	


Was your prediction correct? I bet it was!

Explanation:

Explain your results in terms of Gravitational potential energy, kinetic energy and Mass.


Extra

Measure how much height your car lost and calculate how much gravitational potential energy your car lost as it travelled down the ramp.

Predict, Observe, Explain experiment 4
Gravitational potential energy and height 
Introduction:

The gravitational potential energy of the car at the top of the ramp is converted into kinetic energy as it rolls down.  

Aim:

How will the kinetic energy of the car be affected by changing the slope of the ramp?

Prediction:

Instructions:

· Prop up one end of a desk to make a ramp.

· Place a wooden block at the bottom of the ramp.

· Roll the car down the ramp straight into the block.

· Measure and record the distance moved by the block.  

· Change the slope of the ramp by making the top higher and repeat.

Observation:

	Slope

	
	
	
	
	

	distance

(cm)
	
	
	
	
	


Was your prediction correct? I bet it was!

Explanation:

Explain your results in terms of Gravitational potential energy, kinetic energy and height.


Extra

How does the acceleration of the car on the way down the ramp compare with the acceleration of the car as it hits the block?
Predict, Observe, Explain experiment 5

Elastic potential energy and distance 
Introduction:

The elastic potential energy of the stretched rubber band is converted into the kinetic energy of the car.  

Aim:

How will the distance travelled by the car be affected by changing the stretch of the rubber band?

Prediction:

Instructions:

· Connect three rubber bands together.

· Pin one end to a desk and connect the other end to a stool as shown.
· Place metre rules in place to measure the distance rolled by the car.

· Pull the car back and release!

· Measure and record the distance moved by the car.  

· Change the distance you pull the car back and repeat.

Observation:

	Distance pulled back
	
	
	
	
	

	distance

travelled
	
	
	
	
	


Was your prediction correct? I bet it was!

Explanation:

Explain your results in terms of Elastic potential energy and kinetic energy .


Extra

If the rubber band accelerates the car, what force slows it down again, and which force does more work?
Adding lights and a motor to the car


Materials you need:

1.5V light bulbs x2
3V motors x2
Some masking tape

Some aluminium foil 

Pieces of insulated wire
paper clips x2

Cells x2 (AA batteries)

Instructions:

Your task will be to plan how to attach the motors and lights so that your car runs by itself and has lights that work.  You will start by investigating how to make each component work best. 
Connecting wires
· Strip the plastic off the ends of your wires.
· Why?

Testing a lamp
· Wrap the stripped wire around the threads of a lamp (light bulb).
· The knob on the end of the thread is the other contact.

· Now connect the other end of the wire to a cell.

· Tape a piece of aluminium foil to another stripped wire and attach it to the other end of the cell. 

· If all your connections are tight you should be able to touch the foil to the lamp to make it light.  Is it bright?

Testing a cell
· Try testing the ends of an AA cell with a voltmeter.  It should read about 1.5V

· Now put 2 cells together as shown to make a battery pack for the car.  What is the voltage when you test it ?
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The more mass I add to the car…











The more force there is pulling the car …
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