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A Question for the Audience
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Main Differences

• Physics is about things.
• Physicists can’t change the problem.



Physics is about things
• What sort of a beast is it?
• Physics is independent of coordinates.
• Graphs are about the relationships of physical 

things.
• Fundamental physics is highly symmetric.



Physics is about things
• What sort of a beast is it?

– Scalar vs. vectors
– Individual vectors vs. fields
– Units
– Coordinate systems 
– Time.

• Physics is independent of coordinates.
• Graphs are about the relationships of physical things. 
• Fundamental physics is highly symmetric.



Physics is about things
• What sort of a beast is it?
• Physics is independent of coordinates.

– Vectors as arrows
– Geometry of dot and cross products.

• Graphs are about the relationships of physical 
things.

• Fundamental physics is highly symmetric.



What Are Vectors?
Mathematics:
• Triples of numbers

Physics:
• Arrows in space

1 2 3, ,v v v v= 1 2 3
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Do You Do This?
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Sample Group Activity

Find the angle between a diagonal of a cube 
and an edge
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Group Activity

• Emphasizes that vectors are arrows
• Combines geometry and algebra
• Uses multiple representations

cosu v u v θ⋅ =

( ) ( )1 2 3 1 2 3
ˆ ˆu v u u u k v v v k⋅ = + + ⋅ + +ı  ı 

1 1 2 2 3 3u v u v u v u v⋅ = + +

geometry:

algebra:

memory:



Physics is about things
• What sort of a beast is it?
• Physics is independent of coordinates.
• Graphs are about the relationships of physical things.

– Fundamental physics is 3 dimensional.
– Graphs of waves are misinterpreted. 
– 3-d graphs of functions of 2-variables are misleading.
– Hills are not a good example of functions of 2 variables.
– Use of color.

• Fundamental physics is highly symmetric.



Visualization—Table

-5 -4 -3 -2 -1 0 1 2 3 4 5
-5 0 9 16 21 24 25 24 21 16 9 0
-4 9 18 25 30 33 34 33 30 25 18 9
-3 16 25 32 37 40 41 40 37 32 25 16
-2 21 30 37 42 45 46 45 42 37 30 21
-1 24 33 40 45 48 49 48 45 40 33 24
0 25 34 41 46 49 50 49 46 41 34 25
1 24 33 40 45 48 49 48 45 40 33 24
2 21 30 37 42 45 46 45 42 37 30 21
3 16 25 32 37 40 41 40 37 32 25 16
4 9 18 25 30 33 34 33 30 25 18 9
5 0 9 16 21 24 25 24 21 16 9 0



Visualization—Level Curves
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Visualization—Graph
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Visualization—Gradient



Physics is about things
• What sort of a beast is it?
• Physics is independent of coordinates.
• Graphs are about the relationships of physical 

things.
• Fundamental physics is highly symmetric.

– Spheres and cylinders vs. parabolas.
– Interesting physics problems can involve trivial 

math.
– ˆ ˆˆ, , .r θ φ



Physicists can’t change the problem.
• Physics involves the creative synthesis of 

multiple ideas.
• Physics problems may not be well-defined 

math problems.
• Physics problems don’t fit templates.
• Physics involves the interplay of multiple 

representations.



Physicists can’t change the problem.

• Physics involves the creative synthesis of multiple ideas.
• Physics problems may not be well-defined math problems.

– No preferred coordinates or independent variables.
– No parameterization.
– Unknowns don’t have names.
– Getting to a well-defined math problem is part of the problem.
– If you can’t add units, it’s a poor physics problem.

• Physics problems don’t fit templates.



Context Rich Problems
Just as you turn onto the main avenue from a side 
street with a stop sign, a city bus going 30-mph 
passes you in the adjacent lane.  You want to get 
ahead of the bus before the next stoplight which is 
two blocks away.  Each block is 200-ft long and 
the side streets are 25-ft wide, while the main 
avenue is 60-ft wide.  If you increase your speed 
at a rate of 5-mph each second, will you make it?  
(No Picture)

• Physics involves the interplay of multiple 
representations.

Patricia Heller and Kenneth Heller, University of Minnesota



Physicists can’t change the problem.

• Physics involves the creative synthesis of multiple 
ideas.

• Physics problems may not be well-defined math 
problems.

• Physics problems don’t fit templates.
– Template problem-solving vs. skills.
– A few key ideas are remembered best later.

• Physics involves the interplay of multiple 
representations.



Physicists can’t change the problem.
• Physics involves the creative synthesis of multiple 

ideas.
• Physics problems may not be well-defined math 

problems.
• Physics problems don’t fit templates.
• Physics involves the interplay of multiple 

representations.
– Dot product.
– Words, graphs, symbols



Relating Multiple 
Representations

1.  Flux is the total amount of electric field through a given area.

E daΦ = ⋅∫2.

da

E
E da⋅

3.



Importance of Interactive 
Classroom



Group Activities

• Task Master
Keeps group on track:
“What you had for lunch doesn’t seem relevant.”

• Cynic
Questions everything:
“Why?”  “Why?”  “Why?”

• Recorder
• Reporter



Advice to Curriculum Developers

• The problem is often not what you think—
listen to the students.

• Sometimes solving a small early problem 
solves lots of bigger later problems.

• Don’t be afraid of confusion in the 
classroom.



Opportunities

Beta testers are being sought to test materials: 
• Vector Calculus (lower-division math) 

http://www.physics.orst.edu/bridge
MathFest (July-August 03)
Summer Workshop (August 03?)

• Thermodynamics and Quantum Mechanics
http://www.physics.orst.edu/paradigms

Summer Workshop (June 03?) 
AAPT Workshop (January 04)



Student Quotes
I can't believe I thought it was possible to succeed in this class without doing the labs!

(This student chose not to do the labs, dropped out, then retook the course.)

The concepts are simple and powerful. You just have to think. 
Excellent! Five stars for learning and head-scratching value. 

Studying in a group is so important.
Learned how to do problems in more than one way. 

Took awhile, but started to make sense at the end. (All of it.) Smile. 
I just want to mention that this lab section has been very valuable to my understanding of 
the material. Although I initially felt it would be ``just another thing to get done'', I now 

see it to be a very beneficial component to this course.
I was very surprised that I knew more than I thought. 

Surprised by how much we had to recall from last week. This is a good thing. 
What I want to know is... Why does it always seem so obvious after the fact? 

I learned that math was all interlinked. I can list a whole lot of methods and theorems that all 
use different ideas, but the math ends up all the same. 


