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Task/Assessment Name: As the Bow Turns

Unit or Course: Force and Motion (Friction and Temperature)




Michael T. Quinn
Developers: 

Purpose:  Instructional Task Can friction affect the temperature of a material? 
Vermont Framework Standards: 
7.1 
Students use scientific methods to describe, investigate, and explain phenomena and raise questions in order to: 

· Generate alternative explanations - hypotheses - based on observations and prior knowledge

· Design inquiry that allows these explanations to be tested; 


· Deduce the expected results; 

· Gather and analyze data to compare the actual results to the expected outcomes; and 

· Make and communicate conclusions, generating new questions raised by observations and readings. 

· 7.12 
Students understand forces and motion, the properties and composition of matter, and energy sources and transformations. This is evident when students:

Vermont GEs:
S 7-8: 2                                                   

Students demonstrate their understanding of PREDICTING AND HYPOTHESIZING by…

Predicting results (evidence) that support the  hypothesis.

 S7-8:4                                                            

Students demonstrate their ability to CONDUCT EXPERIMENTS by…

Accurately quantifying observations using     appropriate measurement tools.

S 7-8:5                                                         
Students demonstrate their ability to REPRESENT DATA by…

Representing independent variable on the 
“X” axis and dependent variable on the “Y” axis.

                             AND
Determining a scale for a diagram that is
appropriate to the task.
S7-8:7                                                             
Students demonstrate their ability to EXPLAIN DATA by…

Using scientific concepts, models, and terminology to report results, discuss relationships, and propose new explanations
S7-8:21                                                  
Students demonstrate their understanding of Force by…

Diagramming or describing, after observing a moving object, the forces acting on the object before and after it is put into motion (Students include in their diagram or description, the effect of these forces on the motion of the object.)  The force is friction.

S7-8:23                                             
Students demonstrate their understanding of Heat Energy by…
Creating a diagram, model, or analogy to

explain differences among conduction, convection, and radiation, and using their visual to explain how heat energy travels in different directions and through different materials by each method of energy transfer.
Science Concepts:

a. Heat energy is the motion of molecules.
b. Temperature is a measure of the rate of motion of the molecules in a substance.
c. Increased motion of molecules,  increases the heat energy of they system and therefore increases the  temperature

d. Heat energy is transferred by:    Conduction—Collision of molecules in solids.

Teacher Materials and Administration Notes: 
Teacher must provide Bow Drill apparatus for students to use. Bow Drill may be built or purchased by the Teacher from several on-line sources addressing wilderness skills.
Have students practice using the bow drill in advance. SEVERAL TIMES before conducting the experiment. DO this to minimize the chances of the bow drill malfunctioning or falling apart during the experiment due to students’ lack of familiarity with the equipment. 
Key to Picture:  Top: Bow   Middle Left:  Hand Hold  Middle Right: Spindle (rounded end is inserted into fireboard depression and the more pointed end fits into the hand hold)  Bottom: Fire Board  with depression            
Scenario:
Patrick and Marley are practicing outdoor survival skills before they enter a “Student Versus Wild” competition. Today the topic is how to create fire. They want to be prepared for a situation in which they may need to build a fire without the aid of matches or lighters or steel or flint. They remembered that they learned in Science class that ”Friction generates Heat.” They want to learn how to use a technology called a “Bow Drill” to create fire. A Bow Drill is a tool that can be constructed in the “wild” using materials found in Nature. 
Marley reports that the friction occurs when the bottom end of the spindle rotates back and forth on the base, or “fire board.” Patrick wonders if the number of rotations of the spindle, driven by the number of strokes with the bow, affects the amount of heat energy created by the Bow Drill. They decide to test this question by doing an experiment with a bow drill to see if the number of strokes of the bow affects the temperature of the fire board. 
Watch the video of the system before proceeding.
http://www.youtube.com/watch?v=m0bEoVhxFJ8&feature=related    

Bow Drill Demo.
Question 1.Predict what will happen to the temperature of the board when the number of strokes is increased, and explain why. 

1.  Depth of Knowledge :               Webb Level 2       
2.  Part of the GE(s) most strongly elicited by the question. 

S 7-8: 2                                                   

Students demonstrate their understanding of PREDICTING AND HYPOTHESIZING by…

Predicting results (evidence) that support the  hypothesis.

.
3.  Pre-requisite skills and knowledge students need to be successful:
a) Write a prediction.

b) Use previous experience to support prediction.
4.  Expected (correct) Student Response:

“The amount of heat will increase or decrease when the number of strokes is increased. 

Because:

Explanation should be based on science, logic and experience. 

5.     Score Points:

 Score Points:

    Key Elements of Expected Student Response:
1 Prediction stated clearly and explanation connected to prediction.                                                                                                                                                                                           

Question 2.To test your prediction, use the bow drill provided.
Follow the directions for proper bow drill use demonstrated in the bow drill movie.
Create a Data chart to record data on number of strokes and temperature of fire board. To operate the bow, place the spindle at the end of the bow farthest from you, then push the bow away from you until the spindle is now at the end of the bow closest to you; count this as ONE turn of the bow. 

Measure AND RECORD the temperature of the depression of the fireboard BEFORE you begin to get what is called a “Baseline” temperature. 
Operate the bow for TEN turns, then immediately measure the temperature of the depression in the fire board beneath the bottom of the spindle. Record the temperature data onto your data sheet.  Let fire board cool for one minute. 
Repeat operation of the bow for TWENTY turns, measure temperature of fireboard, record data. Let board cool. Repeat procedure for thirty turns, forty turns, then  fifty turns, letting the board cool between each interval, in ten turn intervals until you have completed the fifty turn test. Record temperature data immediately, let board cool between intervals.  
1.  Depth of Knowledge :        Webb Level 1          
2.  Part of the GE(s) most strongly elicited by the question. 
S7-8:4                                                            

Students demonstrate their ability to CONDUCT EXPERIMENTS by…

Accurately quantifying observations using     appropriate measurement tools.

3.  Pre-requisite skills and knowledge students need to be successful:

a) Read a Celsius thermometer accurately. 
b) Follow a written and video procedure. 
c) Create a data table. 
4.  Expected (correct) Student Response:

	Number of Bow Strokes
	Temperature Celsius

	0
	

	10
	

	20
	

	30
	

	40
	

	50
	


5.     Score Points:

 Score Points:

    Key Elements of Expected Student Response:

1




Accurately records temperature in data table.

Question 3. Use the data on temperature and number of strokes to create a line graph showing the relationship between these two factors.

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	


1.  Depth of Knowledge (circle):        Webb Level 1          Webb Level 2       Webb Level 3

2.  Part of the GE(s) most strongly elicited by the question. 

S 7-8:5                                                         
Students demonstrate their ability to REPRESENT DATA by…

Representing independent variable on the 
“X” axis and dependent variable on the “Y” axis.

                             AND
Determining a scale for a diagram that is
appropriate to the task.

3.  Pre-requisite skills and knowledge students need to be successful:

Understand how to enter data onto an X-Y Coordinate graph. 
Understand Dependent and Independent variables. 
Know how to label a graph correctly. 
4.  Expected (correct) Student Response:

Student lables X-Axis as Number of Strokes. Student labels Y-Axis Temperature in Degrees Celsius.
Student correctly plots coordinates on correctly labeled graph from the data chart.

Graph contains proper title, axis labels and units, line of best fit. 

5.     Score Points:
 Score Points:

    Key Elements of Expected Student Response:

       1                                                Title on graph. 

1                                               X-Axis, y-axis correctly labeled, including units
       1                                                Coordinate points plotted correctly

Question 4.What is the relationship, if any, between number of bow turns and temperature?  Use evidence to support your thinking.

1.  Depth of Knowledge:                 Webb Level 2      
2.  Part of the GE(s) most strongly elicited by the question. 

S7-8:7                                                             
Students demonstrate their ability to EXPLAIN DATA by…

Using scientific concepts, models, and terminology to report results, discuss relationships, and propose new explanations
3.  Pre-requisite skills and knowledge students need to be successful:

Read graph and interpret
Use data to explain

4.  Expected (correct) Student Response:

As the number of bow turns increases, the temperature of the wood increases as seen in the increase in the line graph and the data numbers.

5.     Score Points:

 Score Points:

    Key Elements of Expected Student Response:

1                  
Number of turns increases, the temp increases 
1 Actual numbers used as evidence
Question 5.Explain WHY number of strokes affects temperature. 

       Here are some words you might like to use.



1.  Depth of Knowledge:                  Webb Level 2       
2.  Part of the GE(s) most strongly elicited by the question. 

S7-8:21                                                  
Students demonstrate their understanding of Force by…

Diagramming or describing, after observing a moving object, the forces acting on the object before and after it is put into motion (Students include in their diagram or description, the effect of these forces on the motion of the object.)  The force is friction.
S7-8:23                                             
Students demonstrate their understanding of Heat Energy by…
Creating a diagram, model, or analogy to

explain differences among conduction, convection, and radiation, and using their visual to explain how heat energy travels in different directions and through different materials by each method of energy transfer.
Science Concepts:

a. Heat energy is the motion of molecules.
b. Temperature is a measure of the rate of motion of the molecules in a substance.
c. Increased motion of molecules,  increases the heat energy of they system and therefore increases the  temperature

d. Heat energy is transferred by:    Conduction—Collision of molecules in solids.

3.  Pre-requisite skills and knowledge students need to be successful: 
Friction is a force that can be transformed into heat energy and transferred through materials by conduction.
Heat energy is the increase of molecular motion.

With increased molecular motion a temperature increase can be detected.
4.  Expected (correct) Student Response:

As the bow turns, the increased motion of the wood molecules creates friction.  This friction generates heat energy which is conducted by the bottom of the spindle and the top of the depression to the wood surface.  The increased molecular motion is detected through the increase in temperature measurement.
5.     Score Points:

 Score Points:

    Key Elements of Expected Student Response:

          1            Increased motion of bow creates friction, friction   generates heat energy

1            Heat can be transferred between materials by conduction
   1            Increased molecular motion produces heat energy, Increase in motion of molecules can be measured by temperature

Question 6. Marley says it is a lot of work to do a large number of bow strokes. She suggests adding oil or wax or another lubricant to the bottom of the spindle to make it easier to move the spindle when the bow is stroked. Explain why you think doing this will help or not help increase the temperature of the wood more easily. 

1.  Depth of Knowledge :               Webb Level 2       
2.  Part of the GE(s) most strongly elicited by the question. 

S7-8:21                                                  
Students demonstrate their understanding of Force by…

Diagramming or describing, after observing a moving object, the forces acting on the object before and after it is put into motion (Students include in their diagram or description, the effect of these forces on the motion of the object.)  The force is friction.

S7-8:23                                             
Students demonstrate their understanding of Heat Energy by…
Creating a diagram, model, or analogy to

explain differences among conduction, convection, and radiation, and using their visual to explain how heat energy travels in different directions and through different materials by each method of energy transfer.
Science Concepts:

a. Heat energy is the motion of molecules.
b. Temperature is a measure of the rate of motion of the molecules in a substance.
c. Increased motion of molecules,  increases the heat energy of they system and therefore increases the  temperature

d. Heat energy is transferred by:    Conduction—Collision of molecules in solids.

3.  Pre-requisite skills and knowledge students need to be successful:

Friction is a force that acts in opposition to an objects movement.  Friction can be reduced by adding a lubricant.
Friction can be transformed into heat.

Heat can affect the movement of molecules in a substance.

Movement of molecules can be measured through temperature.
4.  Expected (correct) Student Response:

Adding of a lubricant would not help because it would reduce friction and therefore not help to increase heat generation so the temperature would probably not increase also.
5.     Score Points:

 Score Points:

    Key Elements of Expected Student Response:

1                                           Lubricant reduces friction, therefore less heat and then less temp increase
Teacher Guide
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