 Problem Set #1 due beginning of class, Monday, April 4. 
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#1 Imagine a 5 kg box sliding down a frictionless curved track at the edge of a 60 m high cliff as shown at right. We would like to know how fast it’s going at the bottom. Neglect air friction.
a) Describe using each of the four lenses, what is happening in this process.

b) Which lens is the most helpful to find the final speed of the block at the end?

c) Please find out the speed at the bottom of the track. 
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Now imagine that there are two other tracks that the box could use as shown at right, bottom.

d) Which track should we use for the fastest final speed, or would all three tracks yield the same final speed? Which lens do you look at this problem through? Please explain your answer.

e) How about if we wanted to know which was going the fastest half way down the total length of its path? 
f) If three identical frictionless boxes were released at the top of each track, which would get to the bottom first, or would it be the same for all of them? Please explain your answer in terms of which lens you used.
#2 The roller coaster problem (balls on a track). Was your prediction correct about the roller coaster. If not, what was the underlying conceptual assumption you made that lead to this faulty prediction? Can you see where this was incorrect and correct it?
#3 Please consider this problem:

a) About how many km is in a mile?
b) Convert 1m/s into miles/hour.

c) On a linear track, I start at 10 meters and shuffle forward at 2 m/s. Beverly starts at 40 meters and runs toward me at 4 m/s.


i) How long does it take for us to meet?


ii) Make a position-time graph showing each person’s position as a function of time for the entire event.

**Beverly and I collide and stick together, completely at rest.

d) Consider the momentum, Energy, Forces, and kinematics in this collision. 

e) What do you know about our masses? How come?

f) Before the collision, was my kinetic energy the same as Beverly’s? How do you know? 

g) Kinetic Energy = ½mv2, but you can also write it in terms of momentum: p2/(2m). Please show that these two expressions for kinetic energy are the same.
h) Please explain why the second expression for kinetic energy may be more useful in answering question f above.
#4 Denny Shute was a rather tall professional golfer in the 1930s. “Doc” Edgerton was a professor of electrical engineering at MIT who pioneered stroboscopic photography, where an ultra short flash allowed a process to be illuminated on camera film for such a short time to freeze the process in time. His pictures of a bullet through an apple for instance made him famous, and when I was a student there in the early 80’s his talks would fill the largest lecture halls with no standing room left. Edgerton photographed Denny Shute hitting a golf ball in the dark with multiple flashes at a frequency of 100 flashes per second.

a) In this photograph of Denny Shute’s drive, how can you perceive speed? What lens do you look at this problem through?

b) Where is the golf club moving the fastest? How can you tell? Which lens do you use?

c) Where does the golf club have positive acceleration and negative acceleration?

d) How does the speed of the golf ball compare to the speed of the golf club?
e) There was no flash at the moment that the club hits the golf ball. Notice that the ball only moves a little bit the first time it moves, but then moves much further for the second position. Does the ball speed up after it was hit? Where is the club when the ball is in these two positions?
f) Estimate the speed of the golf ball from this picture. Express it in m/s.

g) Roughly estimate the speed of a golf ball from your experiences. Close your eyes and imagine one being hit, or see a video.
h) How does the mass of the club compare to the mass of the ball? Estimate the ratio of the two masses. **Important: start with identifying the correct lens to answer this question.
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#5 Consider the cart collision Tuesday in class between a cart of mass mo and a cart of 3mo.
1) They stick together. In which case is the carts’ final speed higher? When the initial cart moving is mo or 3mo? Why? 

2) Is momentum conserved? How do you know?... Or don’t you know?
3) Is energy conserved? How do you know?... Or don’t you know?
4) Are there forces and accelerations? Please describe directions and sizes!
5) What about motion? Can you make a speed vs time graph for each cart? Can you make a displacement vs time graph for each cart? Can you make an acceleration vs time graph for each cart?
