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Figuring Physics, problems from the column in The Physics Teacher written by Paul G. Hewitt, represents a new style of problems. They are taken from everyday life, and they are formulated in everyday language. They are as fresh air in a dusty collection of routine, old-fashioned standard problems. Students like them. They also challenge the teachers. The everyday language is usually equivalent with the open problem formulation, i.e., no exact conditions and no explicit data are given, and nothing is written about what should be neglected.  This makes those problems so attractive, but at the same time makes them more difficult, even for the teachers.  Hewitt always proposes some explanation and offers hints for solving. Usually these hints point to the essentials of the problem and coincide with the student’s way of thinking. Sometimes, however, he is cheating them a little bit, with the intention to give them the opportunity to grasp the main idea.  The question is: how fare can one go with oversimplification?    
On understanding

Very recently one of the physics teachers asked her students to evaluate physics, and her lessons. One of the student said: "I do not understand physics, I can not help it, but I will try". Another stated:  "Physics is difficult, you can learn it, but to understand it, you must be SUPER smart".

Understanding is crucial for students. It is very promising, that student do not want only to learn, that they are not satisfied by getting good grades, but they like to understand!

      We will focus our considerations on the meaning of understanding in Physics on the examples of Hewitt's problems. Hewitt's Figuring Physics, printed in The Physics Teacher exemplified the special kind of problems, which used to be invented by talented teachers, but are not considered as standard, from traditional textbook. Our considerations will be very concrete and based on the assumption that there is a kind of consensus among science teachers and scientists about the meaning of  "understanding". A more theoretical approach has been given by A.Sierpinska [1]. We all know that understanding has different depths. It means something else for experts or adults than for young students and novices.

    There are some objective criteria for the evaluation of understanding (at least we have it in physics). Let us however, remember that one of the attributes of understanding (correct or erroneous) is person's self-satisfaction, i.e. subjective feeling that he understand. A person who understand, according to Piaget [2] is in kind of mental equilibrium. These state of equilibrium can sometimes a source of epistemological obstacle in reaching a deeper understanding [3].

    In physics teaching as a satisfactory criterion of understanding we consider the ability to see in a real phenomena a simplified physical model. Such a model enables us to do predictions and to perform calculations.  Some students, who feel free in the world of physical notions, and who are solving standard problems, are lost in applying physics notions and its laws to the descriptions of a real situations.  It seems that is relatively easy to manipulate with formula, but difficult to translate reality into them. It is easy to recite a law, but difficult to identify it in the real world. The role of teachers is in helping to understand. Textbooks are written for help, and properly chosen problems are also a tool in gaining understanding.  Hewitt designed the collection of problems for this purpose and his problems should help, indeed.

   In contrast to standard problems, which are designed for drill and for gaining skills in calculations, which are sterile and without context, formulated in the language of physics notions, Hewitt is doing the other way around. He describes a real situation, and the student is asked to translate it into physical notion by himself.  The student himself has to reject unimportant details and omit factors, which have no influence.

The purpose of many Hewitts' problems is

· To help in understanding.  He pushes students to practice the art of translation of real phenomena into physical model. This is the art to use formal knowledge for solving problems.

· To draw attention  to  essential and difficult things 

· To inform (to teach) in a way that makes things easy to remember. To make problems attractive by presenting unusual, or apparently counter-intuitive examples.

From the example to a model situation

Black body radiation

Example I
TPT, vol.40, April 2002, p. 238, 252

Which of these continually emits electromagnetic radiation?

A/ An un-lit flashlight bulb.

B/A hot steam radiator.

C/ A tray of ice cubes.

D/  None do.

E/ All do.

Answer: E.

All bodies with any temperature whatever continually emits electromagnetic radiation. The frequency of the emitted radiation varies with temperature. The rule is f 
[image: image1.wmf]T, where f is the peak frequency of emitted radiation and T is the absolute temperature of three bodies emitting it. The body listed has relatively low temperature so they emit relatively low frequencies -- infrared. If you raise their temperature sufficiently, their radiation will be visible light.

In this problem apparently counter-intuitive examples are chosen to inform the students that all object, independent of how high temperature they have, emit electromagnetic radiation (i.e. energy). For students it is counter-intuitive, because they were told, and they gained the correct intuition, that energy flows from the warmer object to a colder one, in order to reach thermal equilibrium. 

If the explanation stops in that point, it is no more than an incomplete information.

Hewitt continues his explanation, but unfortunately in smaller letters:

All bodies in nature, you, me, and all things, both emit and receive electromagnetic radiation continuously. When a body emits more than receives, it temperature drops. When it receives more than emits, its temperature increases. At any constant temperature a body emits as much as receives. Nature is dynamic. 

In the above explanation Hewitt neglects other ways of heat transport as thermal conduction, which are more familiar to students. They are necessary for the energy balance.

Example II.

TPT vol. 40, May 2002, p.262.

The problem below is a very practical kind and, important for everybody. It can be solved by ordinary experience, not by applying physical notions. The problem is:

It's commonly known that a white-painted house is a good idea in hot summer weather, because more sunlight is reflected from the exterior, making for a cooler interior.

But what of winter? Is a white-painted house a good or poor idea in cold winter weather?

Defend your answer.

In hot climate people construct often white houses, to keep them as cool as possible. In a cold climate people rather concentrate on thermal insulation, not thinking so much about colours of their houses, what is right, because thermal radiation in the infrared spectrum doesn't depend so much of colours but rather on smoothness of radiating surface. Very recently people put sun collectors (black) on the roofs of houses. That is what experience tells us.

Let us  look at what physics says (Hewitt): 
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It's commonly known that a white-painted house is a good

idea in hot summer weather, because more sunlight is

reflected from the exterior, making for a cooler interior.
But what of winter? Is a white-painted house a good or

poor idea in cold winter weather?
Defend your answer.

Answer: A white-painted house is a good idea in both summer and
winter. That's because it has dual properties of being a good
reflector and poor radiator. Its good reflectivity is beneficial in
summer and its poor radiation is beneficial in winter. When the
house is warmed by the burning of fuel, its whiteness reduces the
radiation it emits to the surroundings. This helps keep it warmer
inside.
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If your house isn't white, don't fret.
Insulation and other thermal factors likely
play a greater role in interior temperature.
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In Hewitt's explanations he mentions other factors than radiation, but only in small letters. The electromagnetic thermal spectrum of a warm house is so much different from the solar spectrum, that without more quantitative estimations it is difficult to judge what is more economic in the day time: black or white house.

Certainly during night a white house is more economic.

Hewitt wants to extract from this very common situation, kind of idealistic problem of thermal electromagnetic radiation. In these model the student should neglect factors, which are important from the practical point of view. Let us look at the another example quoted in the Hewitt's textbook Conceptual Physics:

Question: in which pot, black or white the water will cool down faster?  Experiment, which we demonstrate to our students, shows, that the rate of cooling depends on the reflection ability and not on the colors. Polished surfaces are better to keep the heat. In the above problem is a bit cheating of the students.

Violin sound
Example III

TPT Vol. 39, March 2001, p. 148.

When playing a violin, the effect produced when the bow is drawn faster across the string is

A/ a higher pitch.

B/ greater wave velocity in the string.

C/ a louder sound.

D/ all of them.

E/ non of these .... no discernable effect. 

ANSWER: C/ a louder sound.

   In this case, again we have described real life situation. To find answer the easiest way is to ask violinist (I asked my son).  He told me that when he wants to play louder he hits the string stronger. With the velocity of the bow he regulates a tempo. These examples teach us that in real situations energy transfer can be difficult to decipher.   Such a situation, when life experience tells something else than apparently physics does, should usually be analyzed with a more sophisticated calculation, not by a simple quantitative consideration. 

"Better" explanation

Bernoulli's principle
Example IV 

TPT vol.40, January 2002, p. 12

You are driving in a convertible car with the top up and the windows closed. You note that the fabric top puffs up. To explain this interesting phenomenon it is easiest to invoke

A/ Bernoulli's principle

B/ Newton's laws

C/ Both.
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Answer A/

In accord with the principle of continuity, a fluid gains speed when it flows into a constricted region. Your car, convertible or otherwise, somewhat constricts the flow of moving air, so air moving over the top speeds up. What happens to the pressure in a fluid when it gains speed? Bernoulli's principle provides the answer: pressure decreases.

Reduced atmospheric pressure on the top of the fabric with no reduction in air pressure beneath, inside the car, produces a pressure difference on the fabric and puffs upwards. Cheers for Bernoulli!

Newton's second law?

Not directly, because the air inside the car experiences no net force and no acceleration. The third law? It's at work as the stretched fabric of the top pulls down to match the net upward force of the air, but it is not the reason for the bulging top.

Hewitt's explanation is very similar to explanations presented in school textbooks (look e.g. Ken Dobson). The standard picture explains the existence of the lifting force acting on a plain wing is as below:
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Experts criticize the correctness of the common explanation usually associated with the above picture. 

George P.Williams, Jr., commented Hewitt's explanations in the TPT (vol.40, March 2002, p.132).  He would rather prefer answer C/ both.  He also objects the word  "easiest", in which he is perfectly right!  

Leaving aside the discussion: is the standard textbooks explanation correct or not, I'd rather focus on the acceptance of such an explanation by the students. My experience shows that the explanations based on Bernoulli's law, in the wing case, and in some other cases, are well received by students and taken by them as a real explanation, contrary to the explanation evoking the third law of Newton.

   The source of interactions, the forces are always mysterious, magic. Students are told ex cathedra those physical laws tell us about the sources of gravity forces (for all masses) electrostatic forces (charges). They are told that these forces are always present in some sense "in pairs". That is what they should to believe!  Students are familiarised to the existence of support forces. They are told that in static cases these support forces are equal to gravity forces. Those support forces is so ever present that only very few children and students, ask, "from where are this forces?" In the case of lifting force, however, the situation is different. The first experience of children is that air does not support heavy objects!  Children are curious to know what is happening so that this strange lifting force appears. To say them that it is the "reaction force" to the force which pushes down air (e.g. wing is pushing down the air) is not an explanation.  Bronislaw Brojan, the distinguish Polish Physics teacher, a columnist in the Polish Journal "Physics in School" [3] violently criticized the didactical approach in which in similar cases instead of using for explanation the more general laws and rules, one is applying more specific laws, as e.g. the law of thermal expansion of gases, Bernoulli's law. He even considers that as a serious pedagogical mistake.  In my opinion Brojan is no right. What is good for adult students, what is good for advanced talented students, what is good for a summary, what is more beautiful for us it is not necessary good and nice for students, is not offering  understanding to novices.   In my opinion we should keep the Bernoulli's law, as the best explanation. However one can not use in the formulation of problem the word "easiest". This word "easiest", as noticed G.P. Williams [4] should be removed, and rather be replaced by what a G.P.Williams proposes:

A/ Bernoulli's Principle, B/ Pascal's Principle, C/ Archimedes' Principle.

 George P.Williams, Jr, commented Hewitt/s explanations in the TPT (vol.40, March 2002, p.132).    

Example V
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Answer: a.
As water gains speed, pressure in the water decreases,
in accord with Bernoulli's principle. Decreased water
pressure squeezes less on air bubbles, allowing them to
expand — so that air pressure and surrounding water
pressure mafch. If the flowing water continues its flow
into a wider section of pipe, speed decreases, pressure
increases, and the bubbles become smaller.

At/





The above problem from the student point of view decribes nearly thought experiment. Who can observe sizes of small bubbles in the flowing water?

To solve this problem no experience and no direct observation is helpful. Only evoking the physical law offers solution! Such problems are the strongest part of "Hewitt's collection". 

On tacit conventions

Archimedes Law

Example VI

TPT

Presented below example is one of my beloved. Students can check their understanding of Archimedes law, which seems they actually understand. It happens hower, that wrongly solved problem doesn't prove wrong understanding, but rather the students was trapped. In this case the trap is honest. As I find out some good students were misled because they misunderstood the convention used in the problem.

The problem is as follows: 
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Consider a Ping-Pong ball floating in a glass of water that is enclosed in air-tight chamber. When air is added to increase

air pressure in the chamber, does the ball float lower, higher, or as before? 

The group of 40 postgraduate science teachers (elementary schools) solved the above problem. 30 of them choose the answer lower and only 5 as before, 5 gave no answer.

The common explanation was, that higher air pressure would push down the ball. 

Among postgraduate physics teachers (high schools) 5 % gave the correct answer.

    The difficulty in the above problem consists on seeing both: the problem of floating in the water, and in the air. Floating in the water overwhelmed in minds air effect. Teachers just simply forget about it, neglected it.

The same problem was given to 22 talented students during their summer workshop of Physics (so called Kindergarten of Physics). One could expect only good answers. Surprisingly, they were present "wrong" answers, and defended very much.

Students in their considerations did not forget anything. To the contrary: they took problem as the very real one, they wanted to estimate quantitative effect. They assumed some data and started calculations. They even tried to take into account a surface tension. Their conclusion was that in the given chosen by them condition, no effect would be seen.

The above example is presented to show that in the situation, when no convention or common understanding is established (such exists and is rather precise in classical problems, e.g. no friction, point like masses, ideal surfaces,....) different interpretation is possible. Hewitt's intention is to present an imagined, but somehow real case to illustrate some idealistic case. Those, who understood the convention, solved problem according to the intended way.

Some others, I call them "engineers", tried to solve a real problem with all its complexity.

Among 86 students, who passed in June 2002 the entrance examination to Jagellonian University (Biotechnology), 33 gave the correct answer (up), 34 wrong (down), 7 person stated that nothing change. We do not know what was the reason for choosing the given answer.

"Half "of explanation

The energy conservation
Example VIII

The law of energy conservation is one of the most important massages we like to transfer to our students. It is important not only in physics itself, but it has very practical importance in everyday life. We are teaching that law via carefully chosen examples. Le us look more carefully at Hewitt's problem:

TPT, vol.
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Suppose a cannon is prnppcd against a massive tree fo reduce
recoil when it fires. Then the range of the cannonball
a) increased.
b) decreased.
<) unchanged.

Answer: a .
Its range is increased. To understand why, think energy conservation. Much of
the potential energy of the gunpowder is converted into kinetic energy when
the gunpowder fires. That's both kinetic energy of the cannonball and kinetic
energy of the recoiling cannon. Because the tree reduces recoil, the
cannonball gets a greater share of kinetic energy — hence ifs increased

range.

Think of This another way. Suppose the velocity of recoil was qmq
great. Then the cannon would have greater kinetic energy. What
does this say about the cannonball's kinetic energy?

Going further, can you see that a very massive cannon has
K less recoil, resulting in a greater range for the cannonball?





Hewitt's explanation doesn't contain the whole through. Energy conservation alone doesn't explain it. Momentum conservation has to be included. The Hewitt's solution was already commented by ...... in the TPT.

Taking this problem as an example I would rather discuss the following dilemma:

Is it better to offer to students some partial explanation, and somehow satisfy the students at the cost of possible misconceptions than rather to postpone the explanation for later, or forever?

There is no agreement among physics educators. Rigorists are very much against such a half explanations, many others are in favor.

Certainly one should examine possible misconceptions. Are they dangerous for future deeper study? Can they be the possible obstacles in understanding everyday phenomena? Or rather, they are innocent, easily corrected in future student's education?

Bad instruction

Optics -Images
Example IX

The last example deals with half-covered lens. The question posed to the students is what kind a picture of an object is seen on the screen, when only half of lens is active? 

Year by year students are trapped by this problem on the entrance examination. Teachers are also trapped. In this case, only the bad education is guilty, it means the paradigmatic illustration of the construction of pictures by a lens.

People, who were not tough physics in school, asked what can happen in the case when only half of lens is available, would never come up with the idea of upside down half picture! Even, if they do not know the answer, and try to speculate, they never follow this wrong track. 

Conclusion

Paul D. Hewitt in the column Figuring Physics, in The Physics Teacher popularizes the new fresh style of formulation physics problems. They are as  directly taken from the lessons. Everyday language is used, which also means everyday vocabulary and even grammar. It is not even a written language (according Vygotski).  It is new in comparison with classical problems, in which are carefully composed with minimum precisely chosen words, with the convention that only needed data are given. Such a classical problems are so much without context as possible. They can be interpreted by numerous examples. That is left to good teacher, who is choosing suitable examples. Hewitt goes from another side. He is choosing by himself examples to illustrate general solutions. What kind of traps such Hewitt's problems can hide? Students, who are not Hewitt's students but some teacher, could not know convention used by Hewitt. The problems can be differently, as it was shown, interpreted. If it happen during lesson, than it can stimulate to discussion. If it happen during important examination, is not wanted artifact. I hope that tradition of such new problems will develop, and that formulations will improve and improve. For understanding of physics both classical and Hewitt's problems are needed. The purpose of the article is not a critic of Hewitt's problems, but rather to advertise for them. In addition the aim of the article is to draw attention for a new didactical challenges related to Hewitt's problems. 
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