Midterm #1, 141, Schwartz Name_____________________Graded on COMMUNICATION of physics
Most people do not use a dynamics protocol that is effective – you really need to invoke all the steps. Please start practicing it now because you will need it for MT #2 and the final exam. This is central to all the future work.
1) Fusion is the process that powers the sun and hydrogen bombs: small nuclei are fused into larger nuclei. One fusion process involves a triton (two neutrons and a proton) and a deuteron (one neutron and a proton) fusing to form a supercharged 5-nucleon nucleus, which gives off its energy by breaking up into a single neutron and a helium nucleus (or alpha particle) at high speeds. I want to know which of the particles gets more of the energy. Let’s simplify the problem to just the explosive breakup: Protons and neutrons have the same mass, so we can think of this process as a 5-ball cluster (in space, at rest) breaking up into one ball and a 4-ball cluster. Do the two pieces equally share the kinetic energy or does one get all or more kinetic energy? You will be graded not on your answer, but on your reasons, drawings, and lens descriptions. I expect to see a good drawing and a very short description of each of the 4 lenses. Then pick the lens that is most helpful. You will find that the energy lens is somewhat necessary, but that there is a necessary other lens and you could use two different ones that would work. Which two lenses would work? Going through these 4 scenarios is what will allow you to solve novel problems in the future. 
You should find that the single neutron takes four times as much energy as the 4-particle alpha particle. I studied fusion for two years in graduate school and this is an important consideration. We need to keep the plasma fuel hot (really really hot – like way way hotter than the sun). However, 80% of the energy given off was taken by the neutron. Because the neutron has no charge, it doesn’t stay confined by the magnetic fields and just runs right into the reactor wall. Read more if you like. Many students mentioned “heat” in an energy equation. However, heat is just molecular kinetic energy. So the kinetic energy of the two particles is heat. Where does the energy come from? There is potential nuclear energy lost as the particles break apart.
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My friend at mass 50 kg is on a scale in an elevator headed upwards at a constant speed of 8 m/s until t = 2s. Over the next two seconds, the elevator smoothly comes to a stop at 20 m height. 

a) Please make the displacement, velocity, acceleration graphs at right. Show your work below, including lens explanation. Because I know where I finish rather than were I start, I have to work backwards finding change in displacement is the area under the v(t graph. I found that the starting displacement is -4 m. 
b) Please calculate what the scale reads under my friend at t = 1 s, and at t = 3 s. Include discussion of lens and drawing. I expect to see a very good development with the dynamics lens. Please see the elevator video again if you didn’t do well on this. Most did horrendously here. There is an important protocol to follow… You don’t have to follow MINE, but you do need to make use of a FBD and the vector sum of the forces = ma properly. I encourage you to see the elevator video again if you want to review this.
3) The best dragsters get to 44 m/s in about 0.8 s. 

a) What’s the acceleration?

b) Estimate the coefficient of friction necessary to make this happen in a regular car on a flat level road. I expect to see a very good development with the dynamics lens to get ~ 5.5. Very few people recognized that the force of the engine is the force of friction. Consider a dragster on perfectly slippery ice.
c) If the mass of a dragster is only about 1000 kg, what’s the average power output during this 0.8 s? I get about 1600 HP – is that a lot?
d) Dragsters have their exhaust pipes pointed upwards, which ejects a huge amount of exhaust at very high velocity up into the air. What effect does this thrust have on the coefficient of friction necessary to accelerate the car? Why? I expect to see a very good development with the dynamics lens to show how this innovation reduces the required coefficient of friction. How does the upward exhaust change the normal force? Please read more.
For all parts, please start with clarification of reasons, drawings, lenses.
