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Date:    Mon, 20 Feb 2006 

From:    Matt Greenwolfe 

Subject: geometric method for solving force problems

Consider a problem where an object rests on a horizontal surface and a person pushes down on it at an angle, causing it to accelerate along the surface.  There are four forces on the object, a downward force from the earth, an upward normal force and horizontal frictional force from the surface, and a force from the person which is downward at an angle. These four force arrows (vectors) can be placed head-to-tail with each other to form a trapezoid, with two vertical sides, one horizontal side and one side at an angle.  If this were to form a closed figure, then the object would be at rest or move with a constant velocity according to the first law.  But in this case it accelerates horizontally. Therefore, the forces must fail to form a closed figure, and the

resulting gap (or extra piece) has to be horizontal.  The easiest way to achieve this is to start with the closed four-sided figure and just shorten the frictional force a little.  The resultant of the vector addition goes tail-to-tail and head-to-head into the gap and is the net force. 

Once this figure is drawn, it is necessary to draw a construction line to separate it into a rectangle and a triangle.  Unknown sides of the triangle can be solved with trigonometry, and the rest of the unknowns can be determined because opposite sides of the rectangle are equal. 

You can see digital photos of student whiteboards on my web site:

<http://web1.caryacademy.org/facultywebs/matt%5Fgreenwolfe/files/Dr-Greenwolfes-physics-classes$/Physics$/05-cnfpm-Newton/whiteboards/periodE/ws2-3A.jpg>

<http://web1.caryacademy.org/facultywebs/matt%5Fgreenwolfe/files/Dr-Greenwolfes-physics-classes$/Physics$/05-cnfpm-Newton/whiteboards/periodE/ws2-3B.jpg>

What are the advantages of solving the problem this way? 

1.  Once students learn how to draw the figure, no additional instruction is needed to get them to draw the construction line and solve.  I have found this to be a completely natural process for them.

   2.  The diagram contains a clear physical referent for the net force ... there is a gap or extra piece in the diagram and the figure is not closed.  Students point to this and refer to it again and again whenever first law issues come up.  It's very helpful to have a diagram in which the net force shows up, so that its not just a verbal concept.

    For example, in an atwood's machine, students can look at the vector addition diagram and clearly see whether tension or gravitational forces should be greater for each block, and are then much more likely to get their +/- signs correct in the equation.  It's clear from the diagram

which force must be added to the net force to equal the third, and larger, one.

3.   It helps build conceptual understanding.  Using the example of the person pushing at an angle from above, the students can use the figure to help answer conceptual questions during Socratic questioning, such as "What if the person changes the angle at which they push?"  It is possible for students to modify the diagram to see how the lengths of the other vectors change.  I then press them for a physical explanation for the changes they observe, getting them to explain why the normal and gravitational forces are not equal and why the acceleration has increased or decreased.  By contrast, when solving with components, the answers to these questions are buried among the component equations and more difficult for most students to access.  My students have a much easier time answering these types of conceptual questions now that I've switched to the geometrical force method.

4.  Lower mathematically-able students can draw the diagrams to scale with a ruler and protractor and measure their answers.  They can participate in all of the class discussions without their lack of math skill serving as a barrier.  In fact, I no longer do any trig review or teach students to solve the problems with trig.  I simply teach them to draw the diagrams, recommending that they draw to scale and measure at first.  The more mathematically able immediately start asking if they could solve it with trig instead, and of course I don't object at all!

I do, however, require that they show all the steps on their whiteboard. 

     I have found this procedure to create a positive incentive for students to review their trig and really understand it.  They'll even tell me that explicitly.  "I've got to learn how to do this with trig!"  When they really want the trig because they want to avoid the labor of drawing and measuring with the ruler and protractor, they make sure they learn it correctly.

5.  In my second year (AP) course, when we get to more difficult situations such as a car rounding a banked turn with friction, students have an easier time solving it once they have drawn the tail-to-head vector addition diagram.  They find it equally easy to use the rotated

or horizontal-vertical coordinate system to solve (by drawing construction lines outside their figure to turn it into a rectangle, as I described in my previous post.)  If they choose to use the rotated coordinate system, they are *far* more likely to realize for themselves that they must take components of the acceleration and net force than prior to my use of this method.  They are also *far* more likely to understand that the solution must be the same regardless of which

coordinate system they choose.  Here's a whiteboard photo, showing first without friction, and then with friction.

<http://web1.caryacademy.org/facultywebs/matt%5Fgreenwolfe/files/Dr-Greenwolfes-physics-classes$/PhysicsII-and-B$/01-review/whiteboard-photos/11-ws9-projectile-circular-sos-8.jpg>

   Overall, I find that my gradually introducing the idea of independence of components using conceptual questions like I described in point 2 above, that students develop a deeper physical understanding for what this means.  If they understand the geometrical method, it takes very few minutes to show them that drawing construction lines outside the figure to turn it into a rectangle is sometimes a useful trick.  On the other hand, students taught with the component method

from the start tend to be more rote with their component formulas and have greater difficulty developing the conceptual understanding. 

   What are the disadvantages?

   Well, it can challenge some students geometrically to figure out how to draw the figure, and some students also have difficulty copying angles from a picture to a force map (all tail-to-tail starting from a point) to the vector addition diagram.  I prefer to spend my time helping students acquire better geometrical insight than teaching them how to plug into the trig formulas.  It takes some time to resolve these issues, but I feel the results are more worthwhile.


------------------

Date:    Tue, 21 Feb 2006 

From: Frank Noschese

Subject: matt greenwolfe's website

Here is the link to the 2 whiteboard photos...

First, the original text of the link inside angle brackets (this prevents many email programs from

splitting the text of the link over more than one line, which would "break" the link)...

Photo 1:

<http://web1.caryacademy.org/facultywebs/matt%5Fgreenwolfe/files/Dr-Greenwolfes-physics-classes$/Physics$/05-cnfpm-Newton/whiteboards/periodE/ws2-3A.jpg>

Photo 2:

<http://web1.caryacademy.org/facultywebs/matt%5Fgreenwolfe/files/Dr-Greenwolfes-physics-classes$/Physics$/05-cnfpm-Newton/whiteboards/periodE/ws2-3B.jpg>

And again, but with much shorter link text, created by TINYURL.com...

Photo 1: http://tinyurl.com/kwgp3

Photo 2: http://tinyurl.com/zaw4x

Excellent work, Matt!


----------------

Date:    Wed, 22 Feb 2006 

From:    Matt Greenwolfe 

And here's the link (with brackets and tiny url) for the last whiteboard - the banked turn.

<http://web1.caryacademy.org/facultywebs/matt%5Fgreenwolfe/files/Dr-Greenwolfes-physics-classes$/PhysicsII-and-B$/01-review/whiteboard-photos/11-ws9-projectile-circular-sos-8.jpg>

http://tinyurl.com/p9wvv


--------------------

Date:    Sat, 25 Feb 2006 

From:    Andy Edington 

Subject: Vector Representations

The last five years I typically teach five or six consecutive honors physics sections and have been teaching chemistry and physics for over twenty years, including AP Chem and AP Physics.  Over the years I have used tip-to-tail representations, parallelogram representations, and

component representations.  I have used scale drawings, trigonometry, and both.  Here are my observations regarding student interpretation of vector representations.  By that, I mean what the students are really thinking, not what the students are answering on tests:

1. Tip-to-tail vector representations are viewed by most students as a time sequence; first one, then the next, then the next.

2. Component vector representations are viewed as a simultaneous occurrence.

3. Tip-to-tail displacement vectors fit well with student conceptions of displacement and match their displacement life experiences.

4. Component vector representations of force and velocity fit well with student conceptions of forces and velocity changes and match their force and velocity life experiences.

5. Like any other representation, each has advantages and disadvantages.

6. Using components in physics provides one more opportunity for students to actually learn what their math teachers were trying to teach them in math class using poorly constructed "applications" from physics.

7. Always introduce quantitative vector analysis with forces, never with displacement or velocity.  Students can "feel the forces", although sometimes they interpret the feeling in the opposite direction from the actual force.

A final note.  A few years back someone on this listserv posted a statement that went something like "When we get to momentum, I just tell the students momentum is vector and they understand momentum."  As modelers we all should have learned our lesson many times over that getting the right answer on a physics problem does not indicate a whole lot about student understanding.  Forces are not vectors, velocities are not vectors, momentum is not a vector.  Rather, force, velocity, and momentum can be represented, analyzed, and communicated using vector representations.
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