Exam 2; Phys 186

Name

Note: You can ask me for help; for example, have me check if an answer is correct.
1. (30 points) You have two sources of circular waves on the surface of a lake, and a
rubber duck floating on the surface, as shown. The distance between the sources is 1.0 m,
and the duck is directly in front of the first source.
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(a) Say both the sources are in phase, and produce waves with a wavelength of 0.7 m.
Sketch a graph that qualitatively shows how the intensity of the waves at the location
of the duck varies with respect to l1 .
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(b) Say s1 keeps producing waves with λ1 = 0.7 m, but s2 now begins to produce waves
with λ2 = 2.6 m. Would you still get a stable interference pattern on the surface of
the lake? Explain.

2. (30 points) The α-emitting isotope we used in our Nuclear Radiation lab is Po-210,
with a half-life of 138.4 days.
(a) Let’s say our isotope samples become useless for lab work once their activity declines
to 5.0 times the background activity. The background activity is 0.45 counts/second.
Say I were to open a new shipment of Po-210 samples right now, and measure their
unshielded activity in a typical lab setting to be 68.0 counts/second. For how many
days could I use these samples in the Nuclear Radiation experiments?

(b) Is it possible for an individual Po-210 nucleus to survive without decaying for longer
than 5 half-lives? Explain.

3. (50 points) Say you have a Hydrogen atom with the electron in its lowest energy
state.
(a) Sketch a picture of the probability of the location of the electron. The proton is at
the origin. Indicate probabilities by shading, and briefly explain your picture. (This
should be in your class notes, but still show this to me; you need to get it right for
the rest of the question.)
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(b) Given your sketch, when you make a measurement of the location of the electron, on
average, where will it be found? Somewhere along the ±x-axis? The ±y-axis? The
origin? Explain.

(c) Hydrogen will act as an electric dipole if the average location of the negative charge
(the electron) is separated in space from the location of the positive charge (the
proton). Is Hydrogen in its lowest energy state an electric dipole?

(d) What is the angular momentum due to the orbital rotation of the electron in this
lowest energy state? (Consult section 29.5.)

(e) Atoms can be magnetic dipoles if they have rotating charges, which means current.
Is Hydrogen in its lowest energy state a dipole magnet?

(f) Given all this, you should expect atomic Hydrogen to be very hard to interact with.
Explain why. (In reality, atomic Hydrogen is very reactive. This goes to show that
the physics of covalent bonds is beyond what we learned about this semester.)

4. (60 points) You have a particle confined to 1D-box with length L, as described in
section 28.5. The wavefunction ψ(x) describing the particle in the lowest energy state is
that corresponding to a standing wave with mode number 1 (see page 506).
(a) The probability distribution for the position x of the particles is P(x) = |ψ(x)|2 .
Sketch this distribution. (Have me check this—you need to get it right.)
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(b) Say ∆x is your uncertainty about x, which is the standard deviation of the distribution P(x). Visually, that is the width of the distribution. Given your P(x) graph,
make an estimate (it doesn’t have to be exact) of ∆x.

(c) Low-energy quantum states are typically low in uncertainty. Therefore, assuming
that ∆x and ∆p are as small as possible while still remaining consistent with the
uncertainty principle, estimate ∆p, the uncertainty in momentum.

(d) Make a rough qualitative graph of the probability distribution of momentum P(p).
Also draw in the width ∆p, the way we did while sketching probability distributions
in class. Since the 1D box is stationary, and the particle can’t escape, do you expect
that positive momenta are more likely than negative? The other way around? Or
do you expect positive and negative momenta to be equally probable? Draw your
graph accordingly.
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(e) Now make a sketch of the probability of the magnitude of momentum, P(|p|). (This
is not difficult if you know P(p). Since p with a given magnitude |p| can be either
positive or negative in direction, P(|p|) = P(p) + P(−p).)
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(f) You should see from the widths of your graphs that a good estimate for the standard
deviation of P(|p|) is also ∆p. Now, the average measured magnitude of momentum,
|p|avg , can also be estimated as |p|avg ≈ ∆p. Draw the rough location of |p|avg on
your graph, and also indicate ∆p, showing that they are close.
(g) The particle in a box has only kinetic energy, K = |p|2 /2m. Using |p|avg , also
estimate the energy of the particle in the lowest energy state. Compare this to the
exact value given in section 28.5. Is your result acceptable as a rough guess?

5. (30 points) Looking at the highlighted equations (on a yellow background) in your
textbook, you would find that while some are fundamental and important, others are much
less important. For example, in chapter 10, equation 10.4 expresses energy conservation.
This is conceptually fundamental, and it has widespread applicability. I would like you
to remember energy conservation after you’re done with physics. But equation 10.20 is
pointless: it is very specific to perfectly elastic collisions of two bodies, where one starts
at rest. I don’t care if you remember this for 20 seconds, let alone 20 years.
Look through the highlighted equations in chapter 20 and chapter 25. In each chapter,
identify one equation you think is important, and one that is unimportant. Write these
down, and briefly explain your decisions.
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