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I. SUV vs. car

On a test track, a sports utility vehicle (SUV) of mass 2000 kg, traveling at 12 m/s, hits a stationary car of mass 1000 kg.  The car crumples and stays in contact with the SUV; they move together as a unit.

A. Answer this without doing calculations:  Which vehicle, if either, undergoes a greater change in velocity during the collision?  How do you know?

Intuitively, the car “reacts” more during the collision.  While learning Newton’s 3rd law, we saw that a refined version of this intuition is correct: The vehicles exert equal forces on each other, but the lighter vehicle reacts (accelerates) more in response to that force and therefore experiences a bigger change in velocity.

B. Without using formulas, see if you can intuitively guess the post-collision speed of the two vehicles.  Briefly explain your common-sense reasoning.  If you get totally stuck, move on.

During the collision, the mass of the moving part of the system increases from 2000 kg to 3000 kg.  In other words, the mass increases by a ratio of 3/2.  So, we might expect that, to compensate, the velocity decreases to 2/3 of its initial value—from 12 m/s to 8 m/s.

C. Now calculate the post-collision speed using momentum.

Set the pre-collision momentum of the SUV alone equal to the post-collision momentum of the SUV and car:  mSUVv0 = (mSUV + mcar)vf.  Solve for vf and plug in the numbers to get vf = 8.0 m/s.

D. If you got stuck in part B, do you now see a way that you could have “guessed” the post-collision speed?  Explain.

See part B.  Notice that the momentum conservation equation in part C encodes the intuition that the increase in mass, from mSUV to mSUV+mcar, must be compensated for by a proportionate decrease in the velocity, so that the two sides of the equation remain equal. 

II. Common sense and formulas

Now that you’ve heard hypothetical and real students (in tutorial and ILD) debate the relationship between equations and common sense, what’s your verdict?  Specifically, which of the following best expresses your (not necessarily your professor's!) view:

i. Many physics concepts make a lot of sense and connect to everyday experience; but formulas are more of a problem-solving tool than a sense-making tool.

ii. It really depends on the formula.  Some of them make sense, but you shouldn’t expect them to make sense as a general rule.

iii. In general, physics formulas express some kind of common-sense ideas.

Explain why you chose what you chose, giving specific examples if they help express your thinking.  Since we want to hear what you really think, grading will be based only on the completeness, not the content, of your response. 

Different people have different opinions, of course.  Here’s an interesting, unusual insight from a former student.  The momentum conservation formula is just a mathematical way of expressing the concept that momentum (oomph) is conserved.  Since the formula expresses the concept, the extent to which that concept meshes with common sense is automatically the same as the extent to which that formula meshes with common sense.

III. Bowling ball vs. pin

A bowling ball rolls into a stationary bowling pin, which is much lighter than the ball.

A. During the collision, is the force exerted by the ball on the pin greater than, less than, or equal to the force exerted by the pin on the ball?  Briefly explain.

Equal, according to Newton’s 3rd law.  Intuitively, during the collision, the pin “reacts” more—undergoes a greater change in velocity—not because it feels more force, but because it’s lighter and therefore “reacts” (accelerates) more in response to the same force.

B. During the collision, is the bowling ball’s change in speed greater than, less than, or equal to the pin’s change in speed?  Briefly explain.

Less than.  The ball slows down only a little.  See part A for explanation.

C. During the collision, is the bowling ball’s change in momentum greater than, less than, or equal to the pin’s change in momentum?  Briefly explain.

Equal.  Momentum conservation says that the momentum gained by the pin equals the momentum lost by the ball, so that the overall momentum of the system stays the same.

D. A student makes the following argument about part C:

In the collision, the pin’s momentum changes more than the ball’s momentum, because the ball’s motion hardly changes, while the pin’s motion changes a lot; it bounces off the ball really fast.

How could you help this student reconcile his intuitive ideas abut the “changes in motion” with the fact that the ball’s momentum and the pin’s momentum change by the same amount?

It’s true that the pin’s “motion,” specifically its velocity, changes more than the ball’s motion.  But momentum depends on velocity and mass:  p = mv.   And the ball is a lot more massive.  Here, the ball’s larger mass compensates for its smaller change in velocity, so that the change in momentum,  m∆v, is the same for both objects.  We can graphically represent that compensation as follows:

M∆v = m∆v,

where the left side of that equation refers to the ball, and the right side refers to the pin.

IV. Momentum conservation and Newton’s 3rd law

(Note:  This problem depends on the class having completed the ILD about momentum conservation.)

According to conservation of momentum, when two objects collide, the momentum lost by one object equals the momentum gained by the other.  In an ILD, you derived momentum conservation from Newton’s 3rd law and other assumptions.  Here, we want you to give a common-sense, non-mathematical explanation of the connection between Newton’s 3rd law and momentum conservation.  In other words, make an argument that Newton’s 3rd law and momentum conservation, though they seem different on the surface, actually “say” similar things.  A good answer would help your roommate understand why those two seemingly-disconnected laws are closely connected.  Again, we’re looking for conceptual, common-sense reasoning, not formal mathematical reasoning.  Continue on the back. 

We’ll use the bowling ball and pin as a concrete example.  Newton’s 3rd law says that the pin pushes back against the ball as hard as the ball pushes forward on the pin.  Momentum conservation says the oomph lost by the ball equals the oomph gained by the pin.  But the pin gains oomph because of the forward push from the ball.  And the ball loses oomph because of the backward push from the pin.  In other words, there’s a close connection between the push felt by an object and the amount of oomph it gains or loses.  So, saying that the ball loses as much oomph as the pin gains is similar to saying that the pin pushes backward on the ball as hard as the ball pushes forward on the pin.
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