
Appendix 1—Assessment 
 

1.A.  Sample Examination Questions 
 
1. A block of metal is held halfway down in a container of water and 

then released. It is observed that the block barely floats as shown 
in Figure 1 to the right.  A very small chip is then carved out of 
the block and held halfway below the surface and released.  In 
Figure 2 to the right, which letter best describes the final position 
of the chip after it is released?  Explain your answer. 

 
2. Consider circuits I and II in the diagrams below:  

    
A. Draw a standard circuit diagram for each circuit and label the light bulbs A – D. 
B. For each circuit, state whether the circuit is open, closed, or short when the switch is open.  

Briefly explain the reason for your choice.   
C. Repeat the process from part B for the case with the switch closed. 
 

 
1.B.  Sample “Making Connections” (Homework) Questions 

 
1. The following question is from an assignment given to students after their investigations of heat and 

temperature by means of hot- and cold-water mixing experiments: 
A.  While working on Exercises 1 B (8 g of water at 30˚C) and 1 C (4 g of water at 40˚C) in the 

previous activity (3.4.2-Part II), a student is confused.  She disagrees with the solutions reached 
by her partners and she argues that: 

 
In exercise 1B, since 1 calorie raises the temperature by 1ºC, 19.2 calories will raise the 
temperature by 19.2ºC making the final temperature 49.2ºC, not 2.4˚C, which is what her 
partners claimed.  Also, in exercise 1C, a 15ºC temperature drop should result from a loss of 15 
calories, not 60 calories as agreed to by her partners.   

 
If you were one of her partners, how would you clarify this issue for her?  

 
B. After receiving clarification from her partners in A above, the student makes the following claim: 

 
“It seems as though there is a relationship between the total amount of heat gained or lost by a 
sample of water and the temperature change of the sample.”  
 
However, she is having some difficulty figuring out what that relationship is.  Use Exercises 1B 
and 1C from Activity 3.4.2 to help her state the relationship between the total heat gained or lost 
by a water sample and its temperature change. 

 
2. The following question is taken from a “Making Connections” assignment about the greenhouse 

effect, after students have studied the solar input and the infrared radiative output components of the 
Earth’s thermal equilibrium and the effect of greenhouse gases such as CO2 in the atmosphere:  
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Our studies in the Global Warming unit focused on Earth, but the physics we discussed is also 
relevant to other planets.  Robotic spacecraft that have landed on Venus have given us a great deal of 
information about the planet.  The following table summarizes some of the things that we know about 
Venus, compared to Earth: 

 
 
 
 
 
 

A. Scientists have suggested that Venus has experienced a "runaway greenhouse effect".  Using the 
information given in the table, explain why you think that scientists have made this suggestion. 

 
B. Why do you think the equilibrium temperature for Venus is so much higher than that of Earth? 

 
 

Appendix 1. C—MERIT Essay 
 

Annotated MERIT Essay on Density 
 
Note:  No errors in spelling and/or grammar are noted here but would be part of the evaluation of the 
MERIT Essay under the “Writing Mechanics” component of the evaluation rubric.  

 
A topic we have learned about this semester is about density. I thought I understood density when 

I started this unit but I was wrong.  [Can she document her preliminary ideas and show her poor initial 
understanding?]!

In Chapter 1 I learned by doing the experiments [Which experiments? Although this may be 
clarified later, avoid these general statements] that the density of an object determines if  
it will sink or not. [Not really correct.  The density of the object relative to that of the liquid it is in 
determines if the object will sink or float in that liquid.]  Before starting this unit we were given a pretest 
where we are supposed to figure out which block make the water level rise higher. I stated that, "the water 
level in the graduated cylinder containing block B will be higher because block B is heavier." [This is 
good that the student quotes directly what she had written.] After doing the experiment [What 
experiment? The student does not describe anywhere what was done and how he/she learned from it.] in 
class I learned that although block B is heavier, the water level raised exactly the same for both cylinders 
[Both cylinders? Again very confusing references to what was done.] because mass does not matter, 
density does.  [The experiment that the student is talking about is the measurement of volume by water 
displacement. It is correct that “mass does not matter” in determining volume by displacement, but it is 
completely incorrect to say that “density does”.  The student is clearly confused by these terms and their 
connection to the experiment.] 

Activity 1.6.1 [specifically, which part of 1.6.1?] was very helpful to me because it proved to me 
that no matter how big an object, made of a certain material, is it will still have the same density as a 
smaller piece of the same object. We were given a number of plastic cubes that measure 1 cm on an edge. 
We were to construct an object of any shape from these plastic cubes. We then determined the mass and 
recorded it. Then we had to break this object into smaller pieces of different size by separating some 
cubes and then finding the mass of this shape. We did this about five times. Finally, we found the mass of 
a single cube and recorded it. The volume of each cube is 1 cm [units!]. Therefore, the shape with 20 
pieces had a volume of 20 cm [units!], and so on. We then found the density of the different shapes by 
dividing mass into volume. [All of this paragraph to this point was spent describing the details of the 
experiment that was done.  This is unnecessary and irrelevant here. It adds no insight whatever to the 
question of how it helped the student understand the concepts.] After doing this I found that given the 
marginal error the mass/volume ratio (density) is the same for all the shapes. I learned that as you add 
more cubes to a shape the mass does increase but the density will always remain the same. The density 

Property Earth Venus 
Distance to sun 93 million miles 68 million miles 

Temperature 15˚C 472˚C 
% CO2 in atmosphere 0.03% 96.5% 
Color of atmosphere None (transparent) Slight orange color 
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remains constant because density is a property of a particular material, not the property of size or shape. 
[True, but the student shows no understanding of the fact that changes in the mass in this experiment was 
accompanied by proportionate changes in volume, thereby resulting in a constant ratio, the density.] 
Therefore, no matter how heavy the object the density remains the same. 

A pretest given in class showed that I understood density a little more after doing Activity1.6.1 
but still needed a little clarification. When asked what I thought would happen when several pieces of 
metal are removed and the bottle is placed beneath the surface of the water in the container and released I 
stated that, "the bottle will float and come up higher because the metal pieces that was weighing it down 
were removed from the bottle making it less dense" 
which was correct and supported by the demonstration in class. [Although the student makes the claim 
that the prediction was correct and supported by the demonstration, the student’s understanding is 
clearly not correct.  To say that removing the metal pieces that were weighing down the bottle makes it 
less dense implies that the reduced mass makes the bottle less dense.  However, why did reduction in 
mass result in constant density in the early part of 1.6.1 that the student discussed in the previous 
paragraph, but gives a lower density here? The answer is that the volume is constant here.  The student 
fails to recognize this.] When asked what I thought 
would happen when several pieces of metal are added to the bottle I stated that the bottle would 
go down just a little bit because it is more dense than the first time which was confirmed by the 
demonstration. But when asked ot predict what would happen to the container if one more small 
piece of metal is added and the bottle is place beneath the surface of the water in the container 
and released, I predicted, "that the bottle would go down a little more because by adding a piece 
of metal the weight is increased therefore the density also increases." The demonstration proved 
me wrong because the unit sank to the bottom of the container. If these small pieces of metal 
were all the same density [they were!] they would all float the same in the container [float in the 
container?] but both the metal pieces and the bottle caused it to sink to the bottom which proves that the 
density of the metal piece and the bottle together is greater than 1.00 g/cm3.  [The student has clearly 
documented incorrect predictions but has not demonstrated how his/her understanding changed after 
making those predictions.] 

These activities have helped me understand density. [I don’t think so. If so, the student has not 
successfully conveyed that understanding nor how he/she obtained it.  The essay was mostly a description 
of a couple of activities but did not focus very well on the student’s learning.]  I have learned that the 
mass of an object does not necessarily determine whether an object will float or sink. The density 
determines that, if an object is less dense than water, which is 1.00 g/cm3, then it will float but if the 
object is more dense than water then it will sink.  [Student is summarizing what was supposed to be 
learned but has not done a very good job of showing that he/she learned it or how that learning 
occurred.] 

 
 

MERIT Essay Evaluation Guidelines 
 
1.  Documentation of thinking including quotes from pretests / activities / posttests:   

Indicator Value 
Thorough documentation of ideas (!2 examples per stage) 5 
Adequate documentation (!1 and "2 examples per stage) 4 
Some documentation (only one example for each stage) 3 
Incomplete documentation (less than one example for each stage) 2 
No documentation 1  

2.  Inference of conceptual understanding from written evidence:   
Indicator Value 
Describes model of own thinking consistent with evidence 
(Identifies model abstracted from responses and identifies how predictions are 
consistent with model.  Ex: “I thought when something was bigger, mass, 
volume and density would all be bigger.  Thus, I predicted the density of the 

5 
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larger block in Pre-Test 1 would be greater, and that the heavier block would 
displace more volume.”) 
Describes model of thinking with little evidence 
(Identifies a model without connection to predictions.  Ex: “I thought heavier 
things would have more density.”) 

4 

Describes thinking without coherent model 
(Refers to specific concept as right or wrong without a model.  Ex: “I didn’t 
know the difference between mass and volume.”) 

3 

States answers are right or wrong with little interpretation 
(No relationship to a specific concept-complete generalization.  Ex: “I was 
wrong and I don’t know what I was thinking.”) 

2 

(No analysis of own thinking) 1  
3.  Trace change in understanding:  

Indicator Value 
Initial understanding compared with intermediate & final ideas consistent with 
scientific theory (Discusses/compares all three stages) 

5 

Initial understanding compared with final, no intermediate but consistent with 
scientific theory (Discusses/compares at least two of the stages) 

4 

Evaluation of learning based only on final understanding but consistent with 
scientific theory (Discusses/compares at least one stage) 

3 

Vague assertion of learning, no specific comparison or inconsistent with 
scientific theory 

2 

No comparisons of understanding  1    
4.  Identification of important activities and description of role in learning: 

Indicator Value 
Makes appropriate connections between activities and learning 
(!2 relevant tasks identified and related to Pre-/Post- ideas) 

5 

Make some appropriate connections between activities and learning (One 
relevant task identified and related to Pre-/Post- ideas) 

4 

Incomplete connection between activities and learning 
(Tasks identified without connection to ideas.) 

3 

Activities identified with little connection to learning 
(Mere mention of activity without specific reference to tasks within activity) 

2 

No activities identified 1  
5.  Writing mechanics: 

Indicator Value 
Clearly written, good connections, very few minor mechanical errors (0-1 
minor errors of all types per page) 

5 

Clearly written, connections need improvement, some mechanical errors (1-2 
minor errors of all types per page) 

4 

Vaguely written, disjointed, or many mechanical errors 
(3-4 minor errors of all types/page or 1-2 major grammatical/style 
errors/page) 

3 

Very vague, disjointed, multiple mechanical errors 
(5-7 errors of all types/page or fewer minor errors plus 2-3 major grammatical 
errors) 

2 

Writing very difficult to follow, usage non-conventional 1  
6.  Peer Review: 

Indicator Value 
Indication of serious effort to inform classmate of ways to improve Essay. 5 

 
TOTAL SCORE (30 points possible)  
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Appendix 1.D—Performance Task 

 
You will be given four "mystery" boxes numbered 1 - 4.  The contents of the boxes are not visible, but each box 
has two protruding wires, labeled A and B.  The boxes contain various combinations of light bulbs connected to 
terminals A and B by conducting wires inside the box as pictured below:  
 

A B

Single bulb

A B

Two bulbs in series

A B

Two bulbs in parallel

A B

Two bulbs in parallel 
connected in series to 
a third bulb

 
You cannot see what is in the boxes—all you can see are the 
terminals, A and B, protruding from the box.  You will also be 
given a “tester” which consists of a battery and a bulb and two 
test lead wires as shown to the right. (Although the battery and 
bulb are arranged slightly differently, this is the same as the 
“circuit tester” that you learned about in a previous Making 
Connections assignment.) 
YOUR TASK WILL BE TO USE THIS TESTER TO IDENTIFY THE CONTENTS OF THE FOUR 
BOXES.  
    
To make it easier to connect your tester to the boxes, the terminal wires 
A for all four boxes are connected together as shown to the right.  You 
can connect one lead from the tester to this common “A” junction and 
leave it connected as you connect the second tester lead to the 
terminal B wire for each individual box. 
 
 
You will do this performance task in three steps: 

 
Step 1. BEFORE DOING ANY MEASUREMENTS, think about a plan to identify the contents of each 

of the mystery boxes without opening the boxes.  Your plan should consider what you will be 
looking for when you connect the tester to the mystery boxes to enable you to decide which 
circuit pictured above is in which box.  (Note:  It will not be acceptable to explain how you find 
the contents of three boxes and then use the argument “by elimination” for identifying the 
fourth box.  You must explain how the tester is used to identify the contents all four boxes.)  
On your answer sheet, describe your plan and explain the reasoning that you used in arriving 
at this plan.  You must write this plan on your answer key before moving to step 2. 

 
Step 2. After writing down what your plan is, execute your plan and determine the contents of each 

box. 
 
Step 3. It may be that your strategy for determining the contents of the boxes changed as you began to 

make measurements. If so, that is fine, but write down (on your answer sheet) how you had to 
change your approach relative to what you planned in step 1.   

 

A B B B B

1 32 4

Test Leads

battery holder
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Appendix 2—Curriculum Sample 
 
Sample of curriculum for Phys/Chem 102, activity 1.6.1 from the Underpinnings section of the Global 
Warming volume. 
 

 
 
 
 
 
 
1.  A.  You will be given a number of plastic cubes that measure 1 cm on an edge.  Measure the mass of a 

single cube and enter both the mass and volume of the cube into the following table.  Divide the mass 
by the volume and enter this ratio into the last column of the table. 

 
# of cubes in 

piece 
Mass 
(g) 

Volume 
(cm3) 

Ratio of mass/volume 
(g/cm3) 

1 (single cube) 
 

   

2    

5    

12    

18    

25    
 

B. Join two plastic cubes together and repeat the process done for the single cube in part A, i.e., measure 
the mass of the piece made by joining together two cubes and enter its mass and volume into the table 
along with the ratio of its mass divided by its volume. 

 
C. Now construct larger pieces by joining together the indicated number of plastic cubes and complete 

the table given above in part A. 
 
2.  A. Are there any pieces for which the mass/volume ratio that you obtained in part 1 is the approximately 

the same?  Explain your observations. 
 
 

 
B.  In part 1, you started with a single plastic cube and built a larger structure by adding cubes.   Each 

time an additional cube was added, the mass increased.  How is it possible that the density remained 
essentially constant, regardless of how many plastic cubes were in each piece? Explain. 

 
 
 
 
C.  Give an interpretation of the meaning of the mass/volume ratio that you tabulated in the last column 

of the above table, i.e., what does this number tell you about the object to which it applies? (The name 
for the ratio of mass/volume is the density of an object, but this does not explain the meaning of the 
ratio.)  (Hint: Refer to section 1.5 in your text.) 

 
 

Underpinnings—Activity 1.6.1 
Understanding Density 

 

Your Name:___________________________ Partner's name(s):______________________________________________________ 
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3. Exercises: 
 

A. The volume of an object is measured to be 120 cm3.  If we measure the mass of the object to be 340 
g, what is the interpretation of the ratio 340/120? (“Density” is not the answer being sought here.)  
 
 
 
 

B. The density of aluminum is 2.7 g/cm3.  Imagine that, in doing the experiment in part 1, you had used 
aluminum cubes measuring 1 cm on an edge rather than plastic cubes.  How would your results have 
been different?  Complete the following table assuming that you had used aluminum cubes.  

 
# of cubes in 

piece 
Mass 
(g) 

Volume 
(cm3) 

Ratio of mass/volume 
(g/cm3) 

1 (single cube) 
 

   

2    

5    

12    

18    

25    
 
4. You will be given a set of 2 cubes and 2 cylinders from your instructor. 

 
A. Describe two ways to measure the volume of the cubes and cylinders that have been 

  given to you.  Which method do you think is more accurate?  Why do you think so? 
 

 
 

 
B. Measure the mass and volume of each of the cubes and cylinders that you have and determine the densi-

ty of each.   Enter your data into the following table: 
  

Object Mass 
(gram) 

Volume 
(cm3) 

Density 
(gram/cm3) 

Cube #1    
Cube #2    
Cylinder #1    
Cylinder #2    

  
C. Do any of the objects have the same density?  What similarities do you see between these objects?

  
 

D. Some properties of matter are specific to a given object while other properties (known as 
characteristic properties) are the same for any object made of a particular material. 

  Circle which of the following quantities you think are characteristic properties? 
   mass volume density 
 
  What evidence do you have to support your thinking? 
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5. A.  You will be given a plastic container or beaker deep enough to submerge a soda can that  

does not have a graduated scale of volume markings (as did the graduated cylinder used to 
measure the volume of the rectangular blocks in Activity 1.4.1).  With your partners, devise an 
experiment to determine the density of a full, unopened soft drink can.  Write down your plan and 
specifically include details of how you would determine the volume of the can using the 
unmarked container provided.  Before executing the plan, discuss it with your instructor. 

 

 

 
 
 
 
 
 

B. Once you get the go ahead from your instructor, execute your plan to measure the density of the soft 
drink can.  Enter your group’s value for the density of the soda can into the table below.  You will be 
asked to share your group result for the density with the class by writing your result on the board.  
When the data for all groups is on the board, copy the class results into the following table:  

 
Class Data for the Density of a Soft Drink Can 

 
Group Type of Soda 

(Diet or Regular) 
Mass Volume Density 

Your 
group 

    

     
     
     
     
     
     

 
C. Do you think that there should be a difference between the density of diet soda compared to that of 

regular soda?  Why, or why not? 
 

 
 
 
D. (i)  Compute the average density of the regular soft drinks using the data in the table in part B  

and, separately, compute the average density of the diet drinks. 
 
 
 
 
 
 

(ii) Was your prediction in part C confirmed, i.e., is there a difference between the density of  
diet soda compared to that of regular soda? 
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E. Ideally, the class data should have shown that the density of diet soda is slightly smaller than the 

density of regular soda?  What would explain this difference? 
 
 
 
 
 

6. A.  In the table to the right are the densities of various materials— some that typically float 
and some that typically sink in water. If the density of water is 1.00 
g/cm3, what can you conclude about the densities of objects that float 
or sink, when compared with the density of water? 

 
    
 
 
 
 
 

 
 
 
 

B. Will a filled soda can sink or float in water?  Explain your thinking. 
 

Substance Density 
(g/cm3) 

Gold 19.3 
Lead 11.3 

Aluminum 2.7 
Granite 2.7 
Glass 2.4-5.9 

Ice 0.92 
Wax 0.9 

Oak wood 0.6-0.9 
Bamboo 0.3-0.4 

Balsa wood 0.1 
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Part II 
Interactive Demonstration 

(The author is grateful to Dr. Michael Loverude for contributing this Activity.) 
 
1. A.  A glass bottle is partly filled with small pieces of metal and sealed so  

that no air or water can enter or leave the bottle.  The bottle is 
placed in a container of water and is observed to float as shown in 
the figure to the right. 
Imagine that several pieces of metal are removed, and the bottle is 
placed beneath the surface of the water in the container and released.  
Predict the resulting position of the bottle by drawing a sketch in the 
space below. Explain your reasoning. 

 
 
 
 

 
B. Your instructor will now perform the demonstration. Was your prediction confirmed?   If there is 

a difference between the observed results and your prediction, reconsider your explanation! 
 
 
 
 

C. (i)  If you consider the bottle and its contents as a unit, what can you say about the  
density of this unit?  Explain. 

 
 
 
 
(ii) How is the density of this unit related to the behavior of the bottle?  Explain. 

 
 
 
 
 
2. Now the pieces of metal in the bottle are adjusted so that when the bottle is again 

placed in a container of water, it is observed to BARELY float, as shown. 
 

A. If you consider the bottle and its contents as a unit, what can you say about 
the density of this unit?  Explain. 

 
 

B. Imagine that one more small piece of metal is added and the bottle is placed beneath the surface 
of the water in the container and released. Predict the resulting position of the bottle by drawing a 
sketch in the space below. Explain your reasoning. 

 
 
 
 

C. Your instructor will now perform the demonstration.  Was your prediction confirmed?   If there is 
a difference between the observed results and your prediction, reconsider your explanation? 
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D. (i)  If you consider the bottle and its contents as a unit, what can you say about the  

density of this unit?  Explain. 
 

 
 

 
(ii) How is the density of this unit related to the behavior of the bottle?  Explain. 

 
 

 
 
3. A.  Considering the bottle and its contents as a single unit, which of the following quantities increase, 

decrease, or remain the same as a result of the addition of the piece of metal to the bottle? 
Mass  
Volume  
Density 

 
B. In the beginning of this Activity, you joined plastic cubes together to construct larger pieces. 

Which of the following quantities increase, decrease, or remain the same when two or more 
cubes are joined together? 

Mass  
Volume  
Density 

 
C. Are your answers to questions 3A and 3B the same?  Explain any differences. 
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Appendix 3:  Research Problems for Section VD 

 
3.A:  Questions on pendulum and energy (see Loverude 2004). 
 
A ball is hanging at the end of a string, forming a pendulum.  A 
student holds the ball at position A and then releases it.  Answer the 
following questions about this situation.  In all cases consider a 
system including the ball and string (and assume that the process 
takes place on Earth). 
 
A moment after it is released, the ball swings past position B (and 
continues beyond this point).  For the quantities below, state 
whether the quantity is greater at instant A, greater at instant B, or equal at the two instants.  If you are 
unable to compare the quantities, state so explicitly.   
 
 

Kinetic energy of the pendulum (circle one and explain briefly) 
 

 
 Gravitational potential energy of the pendulum (circle one and explain briefly) 

 
 

Total stored energy of the pendulum (circle one and explain briefly) 
 

 
 
 
 
3.B:  Questions on heat and temperature. 
 
 
Imagine that 500 grams of hot water at 60 ˚C are mixed with 250 grams of cold water at 20 ˚C. The 
mixture is stirred and its final temperature is measured. 
 
  Will the final temperature of the mixture be greater than, less than or equal to 40 ˚C?  Explain. 
 
  Is the quantity of heat lost by the hot water in this process greater than, less than, or equal to  the 

quantity of heat gained by the cold water?  Explain. 
 
 
 

A

B
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3.C:  Questions on particulate representations of matter. 
 
Iodine, I2, is a solid that sublimes at room temperature; it exists in the solid and gas phases 
simultaneously. A macroscopic-level representation of iodine in a closed flask is shown below.  
 

 
 
 

 
 
 
 
 
 

 
  
 
Draw particulate-level representations of iodine in the solid phase and in the gas phase in the boxes 
below. 
 
Is the content in the flask a pure substance or a mixture? Explain your reasoning. 
 
Is iodine an element or a compound? Explain your reasoning. 

 
 
3.D:  Sample questions from the PCA. 
 
1.  Which of the following represents a physical change?   
Circle the letter of the best answer. Explain why your choice is a physical change. 
A.  Toast burning black when overheated in a toaster. 
 
 
B.  Water evaporating into the air from a puddle on  
      the hot concrete. 

 

 
 
4.  Which of the following represents a chemical change? 
Circle the letter of the best answer. Explain why your choice is a chemical change. 
 
A.  2H2(g)  + O2(g) )  #  2H2O(g) 
 
B.  H2O(g)   #  2H2O(l) 
 

 

 
 
 
 
 
 
 
 
 
 
 

Solid I2 Gaseous I2 
Closed flask containing I2 
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5.  Which of the following represents a physical change?   
Circle the letter of the best answer. Explain why your choice is a physical change. 
A. 

 
    
B. 

 

 

 
6.  Which of the following represents a chemical change? 
Circle the letter of the best answer. Explain why your choice is a chemical change. 
A. 

 

# 

 
    
B. 

 

# 
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Appendix 4—Table of Contents for Inquiry into Physical Science 
 

Contents — Volume 1 - Global Warming 
Leading Question: Is Global Warming Really Occurring? 

Section Activity 
Chapter 1.  Introduction—Underpinnings 

Preface—A Message to the Student  
1.1  Fundamental vs. Derived Properties  
1.2  Units  
1.3  Area  
1.4  Volume 1.4.1  Measuring Volume 
 Making Connections:  Area and Volume 
1.5  Ratios  
1.6  Density 1.6.1  Understanding Density 
1.7  Exponential Notation Making Connections:  The Arithmetic of Exponential Numbers 
1.8  Straight Line Graphs 1.8.1  Graphical Analysis of Mass vs. Volume 
1.9  Curved Graphs 1.9.1  Height of Liquid in a Container vs. Volume 
 Making Connections:  Density and Graphical Analysis 
1.10  Let’s Keep Things in Proportion 1.10.1  Understanding Proportions 
  

Chapter 2.  What is Energy? 
2.1  The "Money" of Nature  
2.2  Storage, Transfer, and Transformation of 

Energy 
 

Energy Storage 2.2.1  How is Energy Stored? 
Energy Transfer  

Energy Transformation 2.2.2  How is Energy Transferred and Transformed? 
 Making Connections:  Energy Transfer & Transformation 

2.3  A Pictorial Representation for Money Flow 
in a Bank 

 

2.4  A Pictorial Representation for Energy Flow 
in a Natural System 

2.4.1   A Pictorial Representation For Energy Flow 

2.5  A Graphical Representation for Energy 
Flow 

 

 Making Connections:  Energy Representations 
2.6   Power 2.6.1  Power: Nature’s “Rate of Pay” 
  

Chapter 3.  Heat and Temperature 
3.1  Physiological Determinations of 

Temperature 
3.1.1  The Sense of Touch as a Thermometer 

3.2  Temperature Scales 3.2.1  Temperature Scales 
3.3  The Kelvin Scale and Absolute Zero Interactive Demonstration—What!?—20 Is Not Twice 10? 
3.4  Is There a Difference Between Heat and 

Temperature? 
3.4.1  Thermal Mixing of Water Samples 

A Diagrammatic Approach to Mixing 
Water Samples 

3.4.2 (I)  A Chart Method for Heat Transfer/Part 1 

 3.4.2 (II)  A Chart Method for Heat Transfer/Part 2 
 Making Connections:  Heat & Temperature (I) 
 3.4.3  An Equation for Heat Transfer 
 3.4.4  A Hot Mystery 
 Making Connections:  Heat & Temperature (II) 

3.5  Heat Transfer  
3.6  Temperature Revisited—What Is 

Temperature? 
Interactive Demonstration—Temperature and Random Motion 
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Chapter 4.  Thermal Equilibrium of the Earth 
4.1 Thermal Equilibrium—Another Perspective 4.1.1  Heating and Cooling Curves 
 4.1.2  Dynamic Equilibrium—A Balancing Act 
 Making Connections:  Thermal Equilibrium 
4.2 Electromagnetic Radiation Interactive Demonstration—Listening For the Infrared 
4.3 The Input Energy—the Solar Constant 4.3.1  Measuring the Solar Constant 
 Making Connections:  The Solar Constant 
4.4 The Output Energy—Infrared Radiation 4.4.1  Color Temperature of a Light Bulb 
 Making Connections:  Thermal Radiation 
4.5  Below Zero!? Something is Wrong Here!  
  

Chapter 5.  The Role of the Atmosphere 
5.1 The Atmosphere to the Rescue Interactive Demonstration—How High Does The Atmosphere Go? 
5.2 The Interaction of Light with Matter 5.2.1  How Does a Piece of Colored Plastic Get Its Color? 
 Making Connections:  Colored Filters 
 5.2.2  Solid, Liquid, or Gas:  Is the Color the Same? 
 5.2.3  Absorption Spectra 
5.3 The Greenhouse Effect 5.3.1  Infrared Absorption—The Greenhouse Effect 
 Making Connections:  Greenhouse Effect 
5.4  Global Warming—Is the Earth's 

Equilibrium Changing? 
5.4.1 The Natural “Rhythms” of Atmospheric CO2 

 5.4.2  Is Global Warming Really Occurring? 
 5.4.3 Atmospheric CO2: Thermostat or Amplifier? 
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Contents — Volume 2 - Kitchen Science 

Leading Question: Will Science Be a Guest At Your Next Dinner? 
Section Activity 

Chapter 1.  Know Your Ingredients 
 Preface—A Message to the Student  

1.1  Introduction  
1.2  Classification of Matter 1.2.1  Element, Mixture, or Compound? 
 1.2.2  Separation of a Mixture 
 Making Connections: Element, Mixture, Compound 
 1.2.3  Is It Physical or Chemical? 
 Making Connections:  Classification of Matter 
1.3  Atomic Theory 1.3.1  The Mystery Box 
1.4  The Modern View of the Atom 1.4.1  Static Electricity 
 1.4.2  The Atomic “Staircase” 
 Making Connections:  Atomic Spectra 
1.5  The Periodic Table—The Chemist’s “Spice Rack” 1.5.1  Patterns in Nature 
 1.5.2  The Periodic Table 
 1.5.3  Valence, The Combining Power of Atoms 
 Making Connections:  The Periodic Table 
Appendix Enlarged Version of Periodic Table 
  

Chapter 2.  How Much Does the Recipe Call For? 
 2.1  Introduction  

2.2  Mass—A Weighty Subject 2.2.1  The Law of Definite Proportions 
2.3  Relative Mass 2.3.1  Relative Mass 
 2.3.2  Electrolysis of Water 
 Making Connections:  Electrolysis of Water 
2.4  The Mole Concept 2.4.1  What is a Passel? 
 2.4.2  The Mole Concept 
 2.4.3  The Reaction of Iron with Copper Chloride 
 Making Connections:  The Mole Concept 
  

Chapter 3.  Cooking Our Foods 
3.1  Introduction  
3.2  Heat Transfer Revisited  

Electromagnetic Radiation  
Conduction Interactive Demonstration—A Student Model For Conduction 

 Interactive Demonstrations—Conduction 
Convection Interactive Demonstrations—Convection  

 Making Connections:  Conduction, Convection and Radiation 
3.3  The Chemical Bond—Nature’s Glue  

Metallic Bonding  
Pots and Pans—The Utensils That We Cook With  

Ionic Bonding 3.3.1  Ionic Bonding 
Covalent Bonding  3.3.2  Covalent Bonding 

 3.3.3  The Shape of Molecules 
Hydrogen Bonding  

 Making Connections:  Chemical Bonding 
3.4  How Do We Cook Our Foods?  

Moist-Heat Cooking  
Dry-Heat Cooking  

Broiling, Toasting, Barbequing  
Roasting, Baking  

Frying  
Microwave Cooking  
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Chapter 4.  The Foods We Eat 
 4.1  Introduction  

4.2  Water  
Boiling and Freezing 4.2.1  Solid, Liquid, Gas—How Do They Differ? 

 4.2.2  Heating Water: A Temperature “History” 
 4.2.3  Latent Heat of Fusion: Is It Melting or Freezing? 
 4.2.4  Is the Boiling and Melting of Water Abnormal? 
 Making Connections:  Latent Heat of Fusion and Vaporization 

Specific Heat 4.2.5(I)  Heat Capacity and Specific Heat/Part 1 
 4.2.5(II)  Heat Capacity and Specific Heat/Part 2 
 Making Connections:  Heat Capacity and Specific Heat 

Is Water an Acid or a Base? 4.2.6  Household Items—Acid or Base? 
 4.2.7  Household Items—What is the pH? 
4.3  Energy in Food 4.3.1  Measuring the Energy Content of Food 
 4.3.2  Exercise—Why Bother? 
4.4  Carbohydrates 4.4.1  Which “Carbs” are Present? 
 4.4.2  Sugar in Soft Drinks and Fruit Juices 
4.5  Fats 4.5.1  Why Is Fat Such a Good Fuel? 
 4.5.2  Fatty Acids 
 4.5.3  Tests for Fats and Oils 
4.6  Proteins 4.6.1  Test for Protein 

 Making Connections:  Carbohydrates, Fats, Proteins 
Appendix  
“Fold-Up Chemistry” Foldable cut-outs to illustrate condensation reactions of 

carbohydrates and fats. 
  

 



 19 

 
Contents — Volume 3 - The Automobile 

Leading Question: Will the Gas-Driven Automobile Ever Become a Thing of the Past? 
  

Section Activity 
Chapter 1.  Describing Motion:  Kinematics 

Preface—A Message to Tthe Student 
1.1  Introduction  
1.2  Changing Position—Distance vs. 

Displacement 
1.2.1  Distance and Displacement 

1.3  Time  
1.4  How Fast Does the Position Change?— 

Speed vs. Velocity 
1.4.1  Uniform Motion 

 1.4.2  How Good Are Your Uniform Motion Predictive Powers? 
 1.4.3  Speed and Velocity 
 Making Connections:  Position, Speed and Velocity 
1.5  Representing Motion 1.5.1  How Can We Represent Motion? 
 1.5.2  Walk The Graph 
 Making Connections:  Representing Motion 
1.6  Motion With Changing Velocity— 

Acceleration 
 
1.6.1  Motion on an Incline—Acceleration 

1.7  Graphical Analysis of Accelerated Motion 1.7.1  Graphical Analysis of Accelerated Motion 
 Making Connections:  Accelerated Motion 
  

Chapter 2.  Describing Motion:  Dynamics 
2.1  Inertia 2.1.1  No Friction?…What If?—A “Gedanken” Experiment 
 Interactive Demonstrations—Inertia 
2.2  What is Force? 2.2.1  “Forcing” an Object to Stay at Rest 
2.3  Newton’s First Law—The Law of Inertia 2.3.1  Newton’s First Law 
 2.3.2  If Isaac Newton Worked for General Motors… 
 Making Connections:  Inertia and Newton’s First Law 
2.4  Newton’s Second Law 2.4.1  Newton’s Second Law—Introduction 
 2.4.2  Newton’s Second Law—Constant Mass 
 2.4.3  Newton’s Second Law—Constant Force 
 2.4.4 Newton’s Second Law—“Net” Force is the Key 
 Making Connections: Newton’s Second Law 
2.5 Does it Matter How Long a Force Acts?— 

Impulse and Momentum 
 
2.5.1  Impulse and Momentum 

 2.5.2  Duration of a force—Does it Matter? 
 2.5.3  Conservation of Momentum 
  

Chapter 3.  Making Our Car Move 
3.1  Introduction  
3.2  Combustion:  The “Burning” Question Is… 

What’s In The Fuel? 
 
3.2.1  A Look at Combustion…By  Candlelight 

 3.2.2  Heat of Combustion 
 Making Connections: The Energy Content of Fuels 
3.3  Electric Current and Electric Circuits 3.3.1  Lighting a Bulb 
 3.3.2  Electric Circuits 
 Making Connections: Electric Circuits (I) 
 3.3.3  A Model for Electric Current 
 3.3.4  Circuits With More Than One Bulb 
 Making Connections: Electric Circuits (II) 
3.4  Voltage—Electric Charges Need a Push 3.4.1  Circuits With More Than One Battery 
 Making Connections: Voltage, Energy, & Multiple Battery Circuits 
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3.5  The Battery—An Electrochemical Pump 3.5.1 Electrochemical Cells—Batteries By The Cupful 
 3.5.2  (At-Home Activity)—Making A “Citrus” Battery 
 3.5.3  Looking Inside A Battery—Without a Flashlight 
 Making Connections: Electrochemical Cells 
3.6  Electromagnetism 3.6.1  The Compass Needle Galvanometer 
 3.6.2  Making an Electric Motor 
 3.6.3  Making a Solenoid Electromagnet 
 3.6.4  A Drinking Straw Magnet 
 3.6.5  Induced Current & The Electric Generator 
 Making Connections: Electromagnetism 
3.7 Putting it All Together—Will the Gas-

Driven Automobile Ever Become a Thing of 
the Past? 

 

Stating the Need—The Pollution-Free 
Automobile 

Making Connections: Air Pollution 

Electric Vehicles  
Hybrid Vehicles Making Connections: Electric and Hybrid Cars 

Fuel Cells Making Connections: The Fuel Cell 
 Making Connections: Chapter Overview 

 
 

 
In addition, the following excerpts from Volume 1 are included as an appendix in both Volumes 
2 and 3, in case adopters choose to use one or both of the later volumes without Volume 1. 

Appendix 1—“Underpinnings” (from Chapter 1, Volume 1) 
1.1  Fundamental vs. Derived Properties  
1.2  Units  
1.3  Area  
1.4  Volume 1.4.1  Measuring Volume 
 Making Connections:  Area and Volume 
1.5  Ratios  
1.6  Density 1.6.1  Understanding Density 
1.7  Exponential Notation Making Connections:  The Arithmetic of Exponential Numbers 
1.8  Straight Line Graphs 1.8.1  Graphical Analysis of Mass vs. Volume 
1.9  Curved Graphs 1.9.1  Height of Liquid in a Container vs. Volume 
 Making Connections:  Density and Graphical Analysis 
1.10  Let’s Keep Things in Proportion 1.10.1  Understanding Proportions 

  
Appendix 2—“Energy” (Excerpted from Chapter 2, Volume 1) 

2.1  The "Money" of Nature  
2.2  Storage, Transfer, and Transformation of Energy  

 
 

 


