AMATYC Saturday Breakfast    Physics is Phun

David Wright   Tidewater Community College

All volunteers will be picked before the talk and will be sitting up front.

The “ALL CAPS” words are a signal of the movement to the next power point slide.  The talk will not be verbatim, but hopefully this script will be close enough to be helpful.
1. GOOD MORNING.  It’s a pleasure to be here at the AMATYC conference.  I’ve been at TCC for 34 years, and I love the community college.  In addition to teaching physics, I also write workbooks, ride roller coasters and do physics shows at Busch Gardens in both Williamsburg and Tampa.  It’s a tough job, but someone has to do it.  I’ve also had the opportunity of working on the NASA I really enjoy teaching.  I figure that if I am not having fun teaching, then my students won’t have any fun either.

2. We hope that you enjoy the 7 IN 1 SURVIVIAL TOOL that you received this morning.  It includes a whistle, compass, light, magnifying glass, mirror, thermometer, and an empty storage space.  I guess that you could consider it a mirror to signal the planes, a magnifying glass to start a fire, a whistle to signal the rescue party, etc.   Or you can see it for what it really is...

3. An INVERSE PROPORTION TOOL, a mathematician’s survival tool.    Let me explain.
4. THE WHISTLE exhibits the inverse square law.  The intensity of the sound wave dies off quickly.  One quarter of the intensity when you are twice as far away.  So those of you on the first row, will experience much more discomfort when I blow the whistle, then those much further away.  But wait, there’s more...

5. THE WHISTLE is also is a great example of an inverse proportion.  The frequency is inversely proportional to the wavelength.  Here watch this example.   (Volunteer comes up)  As I wiggle the spring with a low frequency, the wavelength is long.  As I increase the frequency, the wavelength gets shorter, and shorter.  Thanks.
6. THE LED LIGHT is also an example of the intensity falling away as the inverse square. This illustration shows that as the distance is doubled, the flux lines pass through an area four times as great, and therefore there is ¼ the intensity.  At 3 times the distance, there is nine times the area, the thus the intensity is 1/9 as much.  Gravity, by the way, does the same thing.  And your 7 in 1 has weight, so therefore, it also demonstrates the inverse square law of gravity

7. THE MAGNIFYING GLASS illustrates something totally inverse.  As you can see, the inverse of the focal length, is the sum of the inverses of the object distance and the image distance.  The students will really love this one.
8. THE THERMOMETER is a coiled bimetal strip.    Thermometers can also be the liquid-in-glass, thermisters, or a number of other things, but this one works on the differential expansion of two bonded strips.
9. As THE BIMETAL THERMOMETER is heated, the top strip of metal expands more than the bottom.  If they are bonded together, it will bend.  As the bottom picture illustrates, the radius of curvature will becomes smaller as it continues to expand.   And it’s exciting news that the radius is inversely proportional to the temperature change.  Wow.  The bi-metal strip in the thermometer is typically coiled just to save space.

10. Your MIRROR is an example of something that gives an inverse of the image.   In a standard plane mirror it reverse the object front to back.  The star diagonal illustrated on this slide will invert the image of a celestial object.  This serves two functions for an astronomer.  It makes it easier to look at an object when the telescope is pointed up toward the zenith or high point of the sky.  Otherwise you just about have to break you neck to view.

11. An objective lens or mirror of a telescope also flips an object form TOP TO BOTTOM AND FROM LEFT TO RIGHT.  The star diagonal mirror flips the image back upright.  These pictures of the moon illustrate this.

12. Now the COMPASS, with it’s dipole magnet, also illustrates an inverse relationship.   The Magnetic Field of an ideal dipole will be inversely proportional to which power of the radius?  Hold up the proper number of fingers.  Hint:  You do have enough fingers on one hand, and it doesn’t require any half fingers.

13. IT’S THREE!  If you guessed three, give yourself a hand.  This is unusual for a physics relationship.  Typically we find power of ½, 1, or 2.  So what inverse power would a magnetic monopole have?  Oh, was I trying to fool you.  I guess you know that there are not any magnetic monopoles.

14. Finally the EMPTY SPACE in your 7 in 1 Tool.  This one is just, the Empty Set.  I’ve been drawing set brackets since grade school.  I had “new math” way back then in Los Angeles.

15. OK now it's time to introduce you to the PHYSICS OLYMPICS.  I do this with my students and TCC also sponsors a regional competition with the area High School and Middle School Physic’s students.  There are 6 events, and the students have 20 minutes per event.  One of our favorite events is the Penny Barge.  (EXPERIMENT-3 volunteers) We have three contestants coming up now to try to achieve glory in the Penny Barge.  Your task is to design and build a barge/boat with this 10 x 10 sheet of aluminum foil that will carry the most pennies without sinking.  It’s based upon principles of buoyancy.  You won’t be allowed any practice runs.  Once it’s in the water, you will add pennies one at a time.  The one that sinks the barge doesn’t count.  Go ahead and start.  You’ll have about 10 minutes, and we’ll check in with you later.

16. While we’re waiting for our contestants to complete their task, lets look at the BASKETBALL AND TENNIS BALL experiments.  Here is the situation.  A basketball is held 1 meter off the ground with a tennis ball on top.  They are both dropped together.  How high will the tennis ball bounce?

17. The solution of this problem requires the use of SIMULTANEOUS EQUATIONS.  I’m trying to highlight several physics principles that can be used to give practical illustrations of math principles.  This first one is particularly pleasing, because the equations are really complex in the beginning, but the result is elegant.  In physics we call that hoping for massive cancellation.  The basic principles involved are conservation of momentum and conservation of energy.   Here we are assuming no loss of kinetic energy in the impacts. The subscript 1 refers to before the collision and the 2 is after the collision.  The T and B refer, of course, to the tennis ball and basketball respectively.

18. THIS NEXT ILLUSTRATION shows the mechanism of the collision.  The basketball hits first and rebounds.  So it’s basically a head on collision, as illustrated on the left-hand side.  A basketball falling from 1 meter will have a velocity of 4.5 m/s upon impact.  Because we assume no loss of energy in the collisions, the basketball and tennis ball have identical speeds, with up being positive and down being negative.  Now, it makes the problem much easier to consider it from the reference frame of the basketball, where the basketball speed (vB1) is zero and the tennis ball has a speed of –9.0 m/s.   For example, if you drive down the road at 60 mph, and the cars in the approaching lane also traveling at 60, then from your perspective the cars are approaching you at 120 mph. 

19. THIS SIMPLIES THE EQUATIONS, because all of the basketball terms on the left side of the equation disappear.  Now its time to roll up our sleeves and tackle the equations.  What fun.  

20. LETS BEGIN.  There are many approaches to solve these two equations, but we’ll start by solving the momentum equation for vB2 and pluging it into the kinetic energy equation. Wow, it really looks ugly now.  But with some factoring and a little hand waving, but no fudging, we come up with...

21. THE ANSWER.  You might want to try this yourself tonight, just to prove that I wasn’t pulling your leg.  [One big hint, but you probably don’t need it, is that along the way you will factor a2-b2 into (a+b)(a-b) and divide both sides of the equation by (a-b).]  When we plug in the masses of the two balls, we get 6.3 m/s for the final velocity of the tennis ball.  But remember, that this was solved in the reference frame of the basketball, which was traveling upward at 4.5 m/s at the time of the collision.  This means that the velocity of the ball with respect to the floor is 10.8 m/s.  Using Newton’s law or energy conservation we compute the maximum height of the tennis ball to be  5.8 m.  Wow that’s about 19 feet. Remember that our results may vary, because there is energy lost upon both collisions. Let’s try it.  (EXPERIMENT)   That went pretty high, but it’s hard to judge what direction it will go.  This is also fun to do with raw eggs, but I usually avoid this with carpeting.  Let’s try it again. Those on the front row need to be ware.

22. The BED OF NAILS is a great example of Ratios.  My students don’t like ratios in physics class, because they see them as being very abstract.  They aren’t quantities that can be experienced directly.  The ratio of Voltage to Current is called the Resistance.  You can’t measure the Resistance, but you measure the voltage and current and thus compute the resistance. Pressure is another example of a ratio.  Pressure is the Force divided by the area.  Its pressure that makes the difference in whether or not a knife cuts well.  If the area of the blade is small, then the pressure will be large.  There’s that inverse proportion again. Its pressure, and not force that causes dents in the floor.  You may have heard that a ladies stiletto or spike heel has a greater pressure than an elephant’s foot.  It that true?

23. LET’S FIND OUT.  A 6000-pound elephant has a foot with approximately 40 square inches of area.  Now, I’m told that as elephants walk they always have two feet on the ground, but we’ll do this calculation with the elephant standing on only one foot.  That comes to 150 pounds per square inch or psi.  Remember that 15 psi is atmospheric pressure.

24. The tip of a WOMAN’S STILETTO or spike heel is about ¼ inch by ¼ inch, for an area of 1/16 of a square inch.   So please avoid being stepped on, because the pressure is 1600 psi. when the heels are worn by a 100 lb woman.  That’s over 10 times the pressure of an elephant’s foot.

25. OK, back to the BED OF NAILS.  When I lie down on the Bed of Nails, there will be approximately 320 nails in contact with my back.  Now I weigh about 160 pounds, so that means that each nail only needs to support about ½ pound of my weight. That’s not enough to puncture my skin.  Even if someone stands on me, that’s still only about 1 pound per nail.  (EXPERIMENT-1 volunteer).  Let’s have our volunteer up here to do that.  Wow, I could feel the nails, but it wasn’t too bad.  Now think of what would happen if there were only 10 nails in the nail bed.  That would be a different story.  I remember the first time I tried it.  I was certainly a bit nervous.  The hardest part is lying down.  You have to do it gently.  But, if you really have faith in physics, you’ve got to put a cinder block on your chest and have someone break it with a sledgehammer.  Am I serious?  You bet. (EXPERIMENT-1 volunteer).  I’ll just cover my face to protect from flying cinder blocks.  Wow.  So, I’m fine.

26. Now to SYLVESTER’S LAW OF INERTIA.  The number of eigen values that are positive, negative or zero do not change under a congruence transformation... When a quadratic Q in n variables is reduced by a nonsingular linear transformation...  Wait a minute.  I really don’t mean that kind of Inertia.

27. WHAT REALLY IS INERTIA.  Check this out.  “Dad, What’s Inertia?  Sorry, Too trivial.  Go and ask you Mother!”

28. OK, I MEAN ISAAC NEWTON’S INERTIA.  He said that objects at rest stay at rest, and objects in motion remain in motion, unless acted upon by an outside force.  This 3300-pound Walrus illustrates the objects at rest phenomena.  Do you ever feel like this? Really hard to get moving, and the more mass, the more difficult it is.  This freight train on the other hand, is really hard to stop  It blows its whistle at grade crossings to warn the cars, because it simply can’t stop on a dime.  An average freight train traveling at 55 miles/hour takes about a mile to stop!

29. LETS EXPERIMENT WITH INERTIA.  We’ll start with this tablecloth and dishes.  (EXPERIMENT-1 volunteer)  The dishes have a lot of inertia and are hard to get moving.  If you pull hard and fast, they will stay in place.  OK, give it a shot.  Don’t change your mind in mid stream.  Very good.  (EXPERIMENT-1 volunteer)  OK now, take this hammer and hit me.  Well, you need to follow a few rules.  You need to hit this iron spike that I am holding up to my stomach.  Feel it.  It’s really iron.  I want you to hit the spike pretty hard.  Just don’t miss.  Wow.  I could hardly feel it.  Now it’s your turn.

30. Now, OBJECTS IN MOTION STAY IN MOTION.  To illustrate this principle, lets us a hovercraft.  (EXPERIMENT-3 volunteer).  This hovercraft floats on a thin layer of air provided by this ordinary leaf blower.  Once set in motion it remains in motion, until someone or something stops it.  Our volunteer will sit right near the center of mass of the hovercraft, and we’ll give him/her a push.   Please don’t let him/her go off the stage, and we’ll be careful to keep the power cord out of the way.  Quite a ride wasn’t it.

31. Ah yes, back to the PENNY BARGE.  How did our contestant do?  How many pennies did you float?  (AWARD THE PRIZE)  The contest is based upon Archimedes principle of buoyancy.  It states that the buoyant force is equal to the weight of the water displaced.  The goal therefore is to displace as much water as possible, without sinking.  That means you want the greatest volume possible from the 10 cm x 10 cm piece of foil.  Wait a minute. That sounds like a calculus max-min problem.  You know, take the first derivative and set it equal to zero.  The penny barge is a great application of that principle.  As you can see on the slide, we idealize our barge as symmetric.  The basic decision is what size to make the height of the barge, which is our variable “x”.    The volume of the barge will then be 10-2x by 10-2x by x..

32. OK, LET’S DO THE MATH.  Volume is length times width time height.  So here is the expression for the volume, and here we use the chain rule to find the first derivative and set it equal to zero.  You might be able to factor it, but in physics, almost nothing factors easily, so we use the quadratic formula.

33. THE RESULT is that 5/3 cm or 1.67 cm is the ideal height of the sides.  I did a spreadsheet of the figures, and 5/3 cm produces a volume of 74.074 cm3.  It’s definitely a curve, with 1.67 cm at the peak of the volume graph.  Now when we do our Olympics, most of our students haven’t had calculus, and those that have probably don’t think of it as a max min problem, or they simply don't have time to do the calculations and then actually build the boat.  Some teams come up with as few a 3 or 4 pennies. Others are in the mid-thirties.  Our contestants today did pretty well. 

34. We’ll now bring this talk to the CONCLUSION with the aid of a leaf blower and roll of toilet paper.  This activity involves Bernoulli’s principle of air pressure, Inertia, Force, and acceleration, but most of all it proves that...

35. PHYSICS IS PHUN.  (EXPERIMENT WITH TOILET PAPER STREAMING)

It’s been a pleasure to be with you here today.  I hope that you’ve enjoyed Phun Physics. 

