Assignment 9; Phys 186 Name

1. (30 points) Let’s do half-lives.

(a) You have friend who is not a science major. She tells you that quantum mechanical
events cannot be truly random. After all, randomness implies unpredictability, but
physicists make precise predictions using quantum mechanics. Given the half-life,
they can tell you exactly what amount of a radioactive sample will remain after a
certain time. Given the energy of photons emitted from a light source, they can cal-
culate the interference pattern observed when a diffraction grating is placed between
the source and a screen. Correct your friends’ misconceptions and explain what the
role of randomness in quantum mechanics is.

(b) You have a 10.0 kg block of radioactive material A, and at time ¢ = 0, you start with
all 10 kg being pure A. Sketch a graph of the amount of A that remains in the block
over time. The half-life of A nuclei is 5.0 days.
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(c) Pick, from among the following, the correct expression for the amount of A remaining
over time. Here 7 =t1/5/In2, and my = 10 kg.

(d) What is m at ¢ = 9.0 days?



2. (20 points) There have been occasional concerns that people living close to electric
power lines might have high risks of cancer due to their proximity to electromagnetic
radiation emitted by the power lines. Determine, using a simple calculation, whether this
concern is warranted. I will supply any physical data that you need—just ask me. I'm
interested in whether you know to ask the right questions about the numbers that you
might need.



3. (30 points) Recall the experiment we did in the lab, where we produced an electron
beam and bent its trajectory by using electric and magnetic fields.

(a)

Say you measure the momentum of one of the electrons, finding that it is exactly
p = po- Now, if you really have learned the exact momentum of an electron, this
must mean that if you instantaneously re-measure the momentum of the electron,
not giving it any time to change after the first measurement, you must be guaran-
teed to get the same result p = py. Therefore, immediately after the measurement,
you should know the probability distributions P(p) and P(x) associated with that
electron. Sketch these probability distributions:
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In your lab experiment, say you accelerated the electrons, starting from rest, by
applying a voltage of 6000 V. Find v, the speed of the electrons after their acceleration
is complete, in two ways: by using the nonrelativistic and then relativistic expressions
for kinetic energy. Was it necessary to account for relativity?

There is a distance L between the point the electrons traveling at v emerge from the
electron gun and when they hit the screen. If L = 0.10 m, circle what you think is
a good estimate for Az, the uncertainty in the position of the electrons along the
direction in which they are traveling.
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Now write down your estimate for the uncertainty: Ax = m.
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(d) The electrons are subatomic particles: you have to use quantum mechanics. Since
Ax < 00, this means that Ap > 0. In other words, you cannot assume that you know
that the electrons are traveling exactly at the speed v you calculated. Estimate Ap,
assuming that Ap, your uncertainty about p, is at its minimum possible value.

(e) Physicists usually like their electron beams to be “monochromatic”—all particles at a
single wavelength. If the value of Ap/p is small, the beam is close to monochromatic.
Calculate the numerical value of p for your beam of electrons, and then find Ap/p
and decide whether this beam is almost monochromatic or not.



4. (20 points) The following graphs show F', the magnitude of force, on the vertical axis,
and r, the distance between two protons, on the horizontal axis. The tick mark on the
horizontal r-axis indicates an approximate separation of 107> m. The curve that is the
same in in all graphs describes how the electrical force between the protons depends on 7.
The curve that is different represents proposals for how the strong nuclear force between
the protons depends on r.
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Select the graph that shows the correct qualitative behavior for the strong nuclear force.
And then explain—give the reasons for your choice.



Extra Problems (not graded)

5. (0 points) Consider a particle with mass m confined to a 1D box, so that it is impossible
to find the particle outside 0 < x < L. Other than the confinement, the particle is not
interacting with anything, so its energy is purely kinetic energy. Now say that you have
a particle in the lowest energy level, the ground state, with energy E; = h?/8mL?. This
means that you can calculate the particle’s momentum:
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But notice that since h and L are known exactly, therefore p is known exactly. And this
means there is no uncertainty in your knowledge of the momentum: Ap = 0. But since
the particle is confined, Az ~ L; in any case, Ax < co. Therefore

Solving for p, we get
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The Uncertainty Principle is violated! But this can’t be right. Find the error in the
reasoning above. Some options for you to consider:

e Maybe Az = oo because the particle can quantum tunnel outside the box.
e Maybe A is not known exactly, so its uncertainty needs to be taken into account.
e Maybe Ap > 0 because there is a subtle mistake in the calculation.

Hint: Remember that momentum is a vector!



6. (0 points) You want to measure the half-life of a radioactive sample. You first measure
the background radiation in your lab: 23 counts per minute. Then, every day at 12:00
noon, you take a Geiger counter and count the total number of events with your sample
in place for exactly one minute. Call this activity Ar. Here is a table of your data:

t (days) 0 1 213141516 T7[8]9]10
Ar (counts/minute) || 123 | 111 | 84 | 79 | 70 | 59 | 52 | 49 | 44 | 40 | 38

(a) Make a graph involving Ag, the activity due to your sample alone, and time. Choose
two of the following to put on the axes of your graph:
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Agg refers to Ag at day 0. (Math reminder: 2% = ¢*"2 and log, z = Inz/In 2.)

If you want to use a computer to make this graph, that is fine—just make sure you
email me a copy of the graph.

Hint: This is very similar to what you had to do in one of your labs this semester!



(b) Using the slope of a straight line through your data, calculate the half-life.



