Energy - Topic 12 
LABORATORY
MATERIALS


toy truck
newton scale


2 - .060 Kg masses
mass to be pushed



toy car - battery powered
string for mass




device to change height of inclined plane 
.0355 Kg mass



Meter stick
balance or pre-massed objects



inclined plane - ramp
stopwatch with sensors

PROCEDURE

Part A   Energy Conversion

    How can one form of energy be converted to another form of energy?

1.
In the chart, in the data sheet, write the name of a device that converts the form of energy listed along the left of the chart to the form of energy listed along the top of the chart. For example: the conversion of light energy to mechanical occurs using a device called the Radiometer.

2.  List all of the steps in an energy chain beginning with the sun’s energy and ending with the energy needed to light a light bulb.

Part B   Measuring  Energy

NOTE:
Parts B and C can be done using two different sets of equipment. One set we will call the Large Truck set-up and the other we will call the Small Truck set-up. The experiment is done the same whichever set-up you are using except for certain measurements. These measurements will be provided in a table. You will have to select the correct set of measurements for the equipment you are using.

Large Truck Set-Up

1.
Set-up the equipment as indicated in the figure. 

a.
 place a post-it flag for the Start Timed distance (STD) starting point on the table.

b.
 measure 0.140-m from the STD and place the end of the ramp at this point.




c. 
place the strip with two magnets at the end of the ramp. The distance between the magnets is 0.500-m.

d.
adjust the height of the support block to the height indicated in the table.

 e.
place the support block at the 1.00-m position.

 f.
place the electronic sensor and stopwatch on the truck

[image: image1.wmf][image: image2.png]


[image: image3.wmf]Stair height

Height

[image: image4.wmf]Table

mass

pulley

ramp



Small Truck Set-Up

1.
Set-up the equipment as indicated in the figure. 

a.
connect the two pieces of the ramp together.

b.  connect the electronic sensor to the stopwatch

c.
place one of the sensors in the t1 position and the other sensor in the t2 position. The distance is 0.400-m.

d.
adjust the height of the support block to the height indicated in the table.

e.
place the support block at the .380-m position.


Section 1 - Does Energy Depend On Height (Force)?

While keeping the release position constant we will vary the force (height)

	Variables
	Large Truck
	Small Truck

	  Truck Height (h)
	Measure & Record
	Measure & Record

	Force on truck (f):
	Measure & Record
	Measure & Record

	Mass of truck (m):
	Measure & Record
	Measure & Record

	Timed Distance (d):
	0.50-m
	0.40-m

	Position from Start:
	1.00-m
	0.38-m

	Independent Variable
	
	

	     Block Height: 1
	0.05-m
	0.03-m

	     Block Height: 2
	0.10-m
	0.06-m

	     Block Height: 3
	0.15-m
	0.09-m


1. 
Set-up the equipment as indicated previously. In this experiment we will keep the release position constant while varying the height of the support block that will change the force on the truck.

2.
Determine and record the mass of the truck. 


3.
Measure and record the truck height(h) from the top of the table to the top of the ramp, at the starting point.


4.
Measure the force of the truck using the newton scale. When measuring the force exerted by the truck, hook the Newton scale on the truck and hold the body of the scale in your hand parallel to the ramp so the weight of the scale does not pull on the truck.


5.
Release the truck and measure the time needed to travel through the timed distance. 


6.
Repeat the experiment changing  the support block height. Remember to measure the height and the force for each new support block height.


7.
Calculate the average time, velocity, potential and kinetic energy. Formulas are provided in the chart.


8.
Does the change in height (force) on the truck effect time and energy, explain?

9.
Explain why potential energy and kinetic energy are not numerically equal. 

Section 2 - Does Energy Depend On Mass ?

While keeping the starting point and height constant we will vary the mass.

	Variables
	Large Truck
	Small Truck

	Truck Height (h):
	Measure & Record
	Measure & Record

	Force on truck (f):
	Measure & Record
	Measure & Record

	Position from Start:
	1.00-m
	0.38-m

	Timed Distance (d):
	0.50-m
	0.40-m

	Block Height:
	0.05-m
	0.03-m

	Independent Variable
	
	

	     Mass of truck (m): 1
	Truck  
	Truck 

	     Mass of truck (m): 2
	Truck + 0.204-kg
	Truck + 0.060-Kg

	     Mass of truck (m): 3
	Truck + 0.408-Kg
	Truck + 0.120-Kg

	     Mass of truck (m): 4
	Truck + 0.612-Kg
	Truck + 0.180-Kg


1. 
Set-up the equipment as indicated. In this experiment we will keep the support block position and starting position constant while varying the mass the truck. 


2.
Measure and record the truck height(h) from the top of the table to the top of the ramp, at the starting point.


3.
Place the indicated mass on the truck and determine the mass of the truck and load. Measure the force of the truck  and load using the newton scale.


4.
Measure the time taken to travel the timed distance.


5.
Repeat varying the mass placed in the truck.


6.
Calculate the average time, velocity, potential and kinetic energy. Formulas are provided.


7.
Does the change in mass affect time and energy?

8. Explain why potential energy and kinetic energy are not the same.  

Part C  Measuring  Work

       Section 1 - Does Work Depend On Kinetic Energy (Force)?

	Variables
	Large Truck
	Small Truck

	Force to Move Block (f):
	Measure & Record
	Measure & Record

	Mass of truck (m):
	Measure & Record
	Measure & Record

	Distance Barrier Moved (d):
	Measure & Record
	Measure & Record

	Position from Start:
	1.00-m
	0.38-m

	Independent Variable
	
	

	     Block Height: 1
	0.05-m
	0.03-m

	     Block Height: 2
	0.10-m
	0.06-m

	     Block Height: 3
	0.15-m
	0.09-m



1.
Set-up the equipment as indicated. Pease notice that this is the same set-up used in B-1 which investigated whether energy depended on force. In this experiment we want to determine how much work can be done with the available energy we measured in B-1. If you do not maintain the exactly the same set-up previously used in B-1, you will not be able to compare the energy and work data.


2.
Hook the newton scale on the barrier of wood and pull the barrier as smoothly as possible along the surface where the speed of the truck was measured. You should obtain constant reading of the newton force, which you should record.


3.
Place the wooden block at the beginning of the timed distance labeled “Start t1”. Release the truck and measure the distance the truck pushes the wooden barrier.  Repeat this procedure for three trials.


4.
Repeat changing the height of the support block. (This will affect the force of gravity acting on the truck.) 


5.
Copy your kinetic energy from B-1 and record it in your data chart (C-1). Review your data collected in part B section 2 concerning force and observe how force relates to the height.

6. 
Calculate the work done on the wooden barrier.  Work = force x distance. Use the force needed to move the wooden block and the distance the wooden block moved due to the application of the trucks kinetic energy.


7. 
Does the change in height (force) on the truck affect work done on the wooden barrier?



Note: the change in force on the truck was measured in part B-1. The movement of the wooden barrier indicated the amount of  work. To answer the questions compare these two measurements.


8.
Compare the work done by moving the wooden barrier to the amount of kinetic energy the truck had before the collision (from part B-1).


9.
 Was energy conserved? Explain.

       
Section 2 - Does Work Depend On Mass?

	Variables
	Large Truck
	Small Truck

	Force to Move Block (f):
	Measure & Record
	Measure & Record

	Distance Barrier Moved (d):
	Measure & Record
	Measure & Record

	Position from Start:
	1.00-m
	0.38-m

	Block Height:
	0.05-m
	0.03-m

	Independent Variable
	
	

	     Mass of truck (m): 1
	Truck  
	Truck 

	     Mass of truck (m): 2
	Truck + 0.204-kg
	Truck + 0.060-Kg

	     Mass of truck (m): 3
	Truck + 0.408-Kg
	Truck + 0.120-Kg

	     Mass of truck (m): 4
	Truck + 0.612-Kg
	Truck + 0.180-Kg


  1.
Set-up the equipment as indicated. Please notice that this is the same set-up used in B-2 which investigated whether energy depended on mass.  In this experiment we want to determine how much work can be done with the available energy we measured in B-2. If you do not maintain exactly the same set-up previously used in  B-2, you will not be able to compare the energy and work data.


  2. 
Measure the force needed to drag the wooden barrier using the Newton scale.


   3.
Measure the force of the truck using the newton scale. When measuring the force exerted by the truck, hook the Newton scale on the truck and hold the body of the scale in your hand parallel to the ramp so the weight of the scale does not pull on the truck.


  4.
Place the wooden barrier at the starting position (T1). 


  5.
Release the truck and measure the distance the truck pushes the wooden barrier.


  6.
Repeat, varying the mass placed in the truck. This should affect the force of gravity acting on the truck. Measure these forces using a newton scale.


  7. Calculate the work done on the wooden barrier.  Work = force x distance.


  8. 
Does the change in mass of the truck affect work done on the wooden barrier?

Note: The change in force was investigated in part B-2.  Work was measured by the movement of the wooden barrier. To answer the question compare these two measurements.

  9. 
Compare the work done on the wooden barrier to the initial kinetic energy of the truck.  (from part B-2).

10.
Compare the work done on the wooden barrier to the potential energy of the truck as calculated  in part B-2.

Part D     Measuring  Power

    Section 1 - Determining the horsepower needed to lift an object


1.
Determine the horsepower of a small battery powered car as it lifts a load (force) through a timed distance. Set-up the equipment on the table top as indicated in the above figure. If the wheels spin you will need to wash them with soapy water and possibly even the tabletop to get the best traction. To calculate Horsepower you will need to determine force, work, and  power.


horsepower
=      



power (watts)
= 
work (joules) / time (seconds)

work (joules)
=
f (newtons)  x   d (meters)

2.
To determine force, obtain the mass (in Kilograms) of the object to be lifted by the battery powered car. Convert the mass to newtons by multiplying by 9.8 m/sec2. (You may wish to try other masses, but you will need a mass that the car can pull.) 






Force (newtons) = mass in Kg  x  9.8 m/sec2
3.
To determine work done by the car measure the distance, in meters, that  your car pulls the load and multiply it by the force of the load being lifted.






work (in joules) 

w =   f  x  d

4.
To determine power obtain the work and then divide it by the average time needed to lift the load.






power (watts) 

 p =   w / t

5. 
To determine the horsepower divide the power, in watts, by the number of watts in a horsepower (746). 






horsepower   =    


Section 2 - How Can You Determine Your Horsepower?

1.
Determine your horsepower by timing yourself walking up a flight of stairs.


horsepower
=    



power (watts)
= 
work (joules) / time (seconds)

work (joules)
= 
f (newtons)  x   d (meters)

2.
Distance is determined by measuring the height of one stair (in meters) as shown in the illustration and counting the number of stairs, you climbed, then multiply the height of one stair by the number of stairs.






distance  =   stair height   x   number of stairs


3.
To determine the force that moved up the stairs take your weight, in pounds, which reflects the pull of gravity, and convert this pull (force) to newtons. Since one pound is approximately 4.5 newtons, multiply your weight by 4.5 newtons/pound to calculate the force in newtons.






force  =   your weight  x  4.5 newtons/pound


5.
 The energy used in climbing the stairs can be determined by measuring the amount of work done. (Work = Force X Distance). Note: the force is in newtons and the distance in meters producing an answer with a label of newton- meters. Another name for a newton-meter is called a joule. Express your work done in joules.






Work  =  Force x Distance


6.  Determine the power that was exerted as you walked up the flight of stairs. 






Power = work / time



Note: the answer will have a label of joules / second. This is the definition of a unit of power called the watt. Express your power in watts.


7.
Finally, let's see how we compare to our friend the horse by determining our horsepower. 

    


 

horsepower  =  
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