Objectives:





Using the Food Energy aplet, the student will investigate the energy content of some common foods.  The energy released when small samples of food are burned will be calculated.








Equipment:





PLDL100 Data Logger + aplet


HP38G calculator


Cable (HP to Data Logger)


Vernier probe (Std oC Temp)





Apron and safety goggles





Food samples (2 per student):


Suggestions are peanuts & cashews (high fat), marshmallows & popcorn (high carbohydrates).


�



Scales/Balance (for measuring mass)


Base,  support rod, 10cm ring and utility clamp.


One hole rubber stopper.


Can, small.


Food holder.


Graduated cylinder (100ml).


Stirring rod (2).


Wooden splints.


Matches.�
�



Functionality:





When the student presses  START  , they will find themselves in the NUMeric view. If this is not empty then the student should erase the data by pressing BLUE CLEAR and choosing the ‘All Columns’ option.














The aplet is set up to expect that the temperature measurements will be made with a Vernier Standard Celcius Termperature probe attached to Port 1.  If the student wishes to check that the connection is functioning then the first option in the views menu can be used.  Press BLUE VIEWS and choose the ‘Check Connection’ option.  If the words ‘Timeout’ appear then the connection is not correct.  It may be that the PLDL100 Data Logger  has not been turned on or has been left on and has flat batteries.




















Just before the start of each experiment (prior to the lighting of the food under the water) the user should choose the ‘Collect data’ option from the VIEWS menu.  This will place them in the view shown right.  Pressing START will initiate data collection by the Data Logger.








The aplet has been set to measure the temperature of the water at 3 second intervals for a total of 100 readings. (This interval can be changed in the NUM SETUP view if necessary.)  





This setting allows for the possibility of the food burning for 5 minutes which will probably be far longer than is required.  Allow at least 45 seconds after the food has finished burning, and then press the HALT button.





Don’t forget that the data must be transferred from the Data Logger  to the HP38G.  Pressing the ®38G button will do this.





NOTES:  	1.  Once the data for each food sample has been collected the user will need to record the relevant details in the worksheet.  When data collection is initiated for the next sample the current data will be automatically deleted.


		2.  One way of suspending the can in the ring bracket is to punch two holes on opposite sides of the can.  A stirring rod can then be threaded though the can and used to suspend it by resting the stirring rod on the ring bracket.
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Final Notes:











Additional Exploration:





  �
�



Ideas can be applied to:			


	Biology, Human Biology					





Programs associated with this aplet:


none





Aplet & documentation copyright ©1997, C. Croft, Applications in Mathematics.


				<ccroft@sthildas.wa.edu.au>�
Food Energy





All human activities use energy which comes from the “burning” of food for fuel.  In this experiment you will investigate the energy obtained from the “burning” of fuel, looking for patterns in the types of foods.





When food is burned and used to heat a known quantity of water, the amount of heat given off is theoretically equal to the amount of heat gained by the water.





				� EMBED Equation.2  ���





where � EMBED Equation.2  ��� is the amount of heat, � EMBED Equation.2  ��� is the mass of the water, � EMBED Equation.2  ��� is the specific heat of the water and  � EMBED Equation.2  ��� is the change in temperature of the water.


The specific heat of water is:





			� EMBED Equation.2  ���





In this activity, samples of different foods will be burned and used to heat a measured quantity of water.  A temperature probe will be used to measure the change in temperature of the water as it is heated by the burning food.  The Data Logger  will be used with your HP38G calculator to measure these changes.





Equipment setup (Part I)


�





Load the Food Energy aplet onto your calculator.  Change to the NUM view and erase any data using BLUE CLEAR.





Connect the cable from the HP38G to the PLDL100 Data Logger.  





Connect the Vernier Temperature probe to Port 1 of the Data Logger.  





�


Test your connection by running the Food Energy aplet and choosing the ‘Check Connections’ option from the VIEWS menu.  Pressing the START button (shown right) should result in temperature data appearing in the calculator’s window.  A message of ‘Timeout’ can occur if the probe is attached to the wrong port.  This can also result if the Data Logger  is not turned on, or has a flat battery.





If your teacher requires it, you should calibrate the probe.  Instructions for this are given in a separate sheet which your teacher will supply.





Equipment setup (Part II)





Weigh the can, recording the mass.  Add a measured 50ml of water to the can and record the mass of the can plus water in the Data Table.





� EMBED CDraw5  ���


Set up the equipment as shown right.  There should be sufficient space between the food holder and the can to allow the food to burn freely, while still allowing as much as possible of the heat to reach the can.  The sensor should not touch the bottom of the can.











Data Recording





Record the type of food and the initial total weight of the food and food holder in the table in the Analysis section.





Use the VIEWS menu to begin recording by choosing the ‘Collect data’ option and then pressing the screen button labeled START.





Your teacher will have given you two food samples. Light a wooden splint and use it to light your first sample.  Quickly place the burning food sample under the centre of the can.  Wait while the burning food heats the water in the can.  Pressing the screen button labeled INFO will tell you how many records have been stored in the Data Logger.





Caution:  Keep hair, clothes and any other flammable articles away from the flames.





Leave the temperature sensor in the can for at least 1 minute after the food stops burning, stirring the water with the stirring rod.  Press the HALT button to stop recording data.





Press the ®38G button to transfer the records from the Data Logger to the HP38G.  Change to the NUM view to view the data.  Choose the ‘Auto Scale’ option from the VIEWS menu to graph the data.





Weigh the final combined mass of the food holder and what remains of the food.  Record this in the table in the Analysis section.





Use the VIEWS, ‘Auto Scale’ option to graph your data.  Check that the data which is recorded in the PLOT window appears correct.  Discuss any questions with your teacher.





Change to the NUM view and press the ‘2VAR’ button to change it to ‘1VAR’.  Press the ‘INFO’ button and record the maximum and minimum values for the temperatures in the Data Table.  Now hit the ‘1VAR’ button to change back to ‘2VAR’. 





Replace the water in the can (and re-measure the mass of the can and the can + water), choose a new food sample and repeat the experiment.











Analysis of Data





Calculate the mass of water heated for each sample and record it.





Calculate the change in temperature � EMBED Equation.2  ��� and record it.





Using the equation � EMBED Equation.2  ���, calculate the heat absorbed by the water.  Use the value of c given earlier of 4.18 J/goC.  Convert the value to kilojoules (kJ) and record it.





Calculate the change in mass of the food sample during the burning.  Record it.





The energy content of the food is the ratio of heat (in kJ) divided by mass (g) for each food sample.





Your teacher will direct the recording of the results of other groups in the second and third tables in your Data section.








�
Data Table					Sample 1		Sample 2


�
( ___________ )�
 ( ___________ )�
�



mass of empty can�
�
�
�



mass of can + water�
�
�
�



mass of water�
�
�
�



initial mass, sample + holder�
�
�
�



final mass, sample + holder�
�
�
�



change of sample mass�
�
�
�



initial temp.�
�
�
�



final temp.�
�
�
�



change in temp � EMBED Equation.2  ����
�
�
�



heat � EMBED Equation.2  ����
�
�
�



energy content�
�
�
�



Class Results Table: Food Energy


Marshmallows (kJ/g)�
Peanuts (kJ/g)�
Cashews (kJ/g)�
Popcorn (kJ/g)�
�



�
�
�
�
�



�
�
�
�
�



�
�
�
�
�



�
�
�
�
�



Average Energy for each Food Type





�
�
�
�
�



�
�
�
�
�






Questions





Which food had the hightest energy content?





Which food had the lowest energy content?





Food energy is usually expressed in units of Calories.  One calorie is the amount of heat energy required to raise one gram of water by one degree Celcius.  Using the conversion of:





calorie = 4.18 kJ





							together with your value for the energy content of peanuts, calculate the number of calories in a 50g packet of peanuts.





Peanuts and cashews have a high fat content.  Marshmallows and popcorn have a high carbohydrate content.  From your results, what are your conclusions about the relative energy contents of fats and carbohydrates?








� EMBED CDraw5  ���


��Food Energy			       For the Teacher
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��Food Energy		          Student Worksheet














