Physics 114 – Spring 2003 – Module 12

1. How would you expect the ionization energy of Ne to compare to Li? How about the radius? Why?
2. How would you expect the wavelength of the K( x-ray line for tungsten to compare to that for gold? Do you understand why Z-1 comes into the relevant equation? 

3. Calculate the binding energy/nucleon for 4He. Prove that it would require a net input of energy to transform 4He into (2) 2H nuclei. How much energy would it require? 

4. In terms of your health and assuming substances with similar activities (what is meant by activity?) … would it be better to (a) sit on a gamma source while drinking water laced with an alpha source or (b) sit on an alpha source while drinking water laced with a gamma source??   Why?
5. Jimmy thinks Lois Lane is one wonderful lady.  He'd love nothing better than to have her over for dinner.  However, the scuttlebutt in the newsroom is that Lois is Superman's main squeeze and Jimmy has no desire to face a jealous Superman!  But Jimmy is a pretty bright guy.  He takes nuclear physics courses in night school.  The other day he stole a pocketful of kryptonite from the laboratory.  Everyone knows that the radioactive decay of kryptonite makes Superman powerless when he is nearby.  So Jimmy figures he can keep keep the kryptonite in his pocket and hit on Lois at will, provided she thinks it's a good idea.

Kryptonite is an unusual element.  It decays with a half life of two years (6x107 s) by emitting an alpha particle.  The mechanism of kryptonite's effect on Superman is not understood.  However, it is known that any kryptonite sample with an activity (also known as decay rate) of 10,000 decays/s or greater causes Superman to lose his powers instantaneously if he is within 10-20 meters. 

(a) Jimmy stole a sample of kryptonite oxide containing 2x1012 kryptonite nuclei.  How long after the theft can Jimmy court Lois before Superman squashes him with his superpowers?  Show your work.

(b) Given the location of the sample (in his pocket), is the Kryptonite more or less damaging to Jimmy's body than a gamma source of comparable activity?  Why?

As it turns out, Jimmy's plan goes awry because Superman also studied physics.  Jimmy gets no further than lighting the candles at dinner when Superman zips in through one open window and out another at a very high velocity.  He grabs Lois as he flies by and takes her away to have dinner at his place.

(c) How fast must Superman fly as he passes through Jimmy's apartment in order to be able to nab Lois without losing his powers?  Assume the dinner occurred such a short time after Jimmy's theft that Jimmy measured the activity of the sample to be virtually unchanged.  Show your work.

