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Homework Problem 11 – Solution 

Q1 

The mass of all the fission products added together would be slightly (a fraction of a %) 
less than the mass of the original uranium nucleus. The reason is that so much energy is 
liberated in the fission process that there is a noticeable change in the mass of the fission 
products (M = E/c2). Another way of saying this is that the fission products are more 
tightly bound and hence have a more negative binding (potential) energy than the urani-
um nucleus, which reduces their mass. 

Q2 

The resulting nucleus is 92U233. The mass number is increased by 1 and the atomic number 
by 2, to compensate for the 2 extra negative charges carried away by the electrons. BTW, 
U-233, like U-235, is fissionable with slow neutrons.   

Q3 

According to our book, fissioning one 235U nucleus will liberate 173 MeV (million elec-
tron-volts) of energy. On the other hand, the fusion of one deuterium nucleus with one 
tritium nucleus will liberate 17.6 MeV (with a 4He nucleus and a single neutron in the 
final state). So, clearly, fissioning one uranium nucleus produces way more energy (10 
times as much). 
However, the much greater number of lighter deuterium and tritium atoms in a gram of 
matter, compared to the fewer heavier uranium atoms in a gram of matter, results in more 
energy liberated per gram for the fusion of deuterium with tritium. Quantitatively, 1 gram 
of an equal (by number) mixture of 2H and 3H will contain 1/5 = 0.2 mols of both, while 1 
gram of 235U will contain 1/235 = 0.004 mols. Hence, 1 gram of 2H / 3H mixture will al-
low 47 times as many fusion reactions as 1 gram of uranium allows fission reactions. 
Multiplying with above numbers, we find 4-5 times more energy being liberated. 

Q4 

This production of a new particle out of nothing but pure energy is of course a direct 
manifestation of Einstein’s M = E/c2. (Part of) the kinetic energy of the particles that 
smash into each other gets converted into mass. 
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Q5 

b) Electrons can move around freely, while quarks are bound inside nucleons 
and nuclei. 

We can form beams of electrons (cathode ray tubes, accelerators), they can move freely 
inside conductors, and they can be liberated (by ionization) from atoms. On the other 
hand, quarks are always “confined” inside protons, neutrons or other “hadronic” particles 
– “glued” together by gluons and never observed in isolation. a) is wrong since both 
quarks and electrons are “matter particles” – they both have spin-1/2. c) is wrong because 
the charge of a down-quark is -1/3 e and that of an electron is -e – different magnitude 
but same SIGN. 

Q6 

1) “Everything is relative” – that’s way too vague a statement and really doesn’t 
specifically apply ONLY to Einstein’s Theory. 

2) The speed of light in vacuum is always the same, as measured from any arbitrary 
inertial coordinate system – CORRECT. This is the fundamental axiom of Special 
Relativity that distinguishes it from Galilean relativity (which came before it). 

3) If you move a clock fast enough, its inner workings will gum up and the clock 
will slow down – FALSE. The statement about clocks is that a clock that is mov-
ing relative to an observer will APPEAR to run slow, as determined by that ob-
server, but not to someone traveling along with that clock – “absolute motion” 
and hence “absolute speed” don’t exist (relativity!) and hence the “speed of the 
clock” cannot affect its internal workings. (Since it is inside an inertial system, it 
cannot be ACCELERATED – which MIGHT affect its operation). 

 


