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16 September 2021

The following problems come from Fundamentals of Physics, 11th Edition (2018), by Jearl Walker (Halliday
& Resnick).

• Problem 37-59 on page 1149 ⇒ (30 points) The textbook’s hint suggests solving this problem using
non-relativistic mechanics, which defeats the purpose of the chapter! The given kinetic energies are
such that the problem may be solved using only what you learned in PHYS 161. I want you instead
to solve the problem using relativistic mechanics. The mass numbers given in the problem statement
are not up to date, and the given proton’s mass is rather off from its accepted value in 2018, which
is when the textbook was published. Take the kinetic energies of the alpha particle and the proton
to be as they are given in the problem statement, but use the masses given below.

– proton mass: mp ≃ 1.672621923690× 10−27 kg

– atomic mass constant (also known as the dalton, Da): 1u ≃ 1.66053906660× 10−27 kg

– mass of alpha particle: mα ≃ 4.0015061791270u

– mass of 14

7N: mN ≃ 14.003074004460u

– mass of 17

8O: mO ≃ 16.99913175660u

Use also the exact conversion 1 eV = 1.6021766340× 10−19 J. Make sure you use the exact speed of
light in vacuum. I recommend putting all of the numbers here in Mathematica so that you only have
to type them once. Besides finding the kinetic energy of the oxygen nucleus and the reaction’s Q

value, find the scattering angle for the oxygen nucleus. Determine all your numbers to four places to
the right of the decimal.

• Problem 37-89 on page 1151 ⇒ (15 points) Be very careful with signs in this problem! Make sure
you understand what all the symbols in equation (37-29) on page 1134 mean.

• Problem 37-92 on page 1152 ⇒ (20 points) This cute problem has you reconciling what happens
when two frames disagree on the order of events.

The following problem comes from Exercises for the Feynman Lectures on Physics (Basic Books, 2014)
by Richard Feynman, Robert Leighton, Matthew Sands, et al., edited by Michael A. Gottlieb and Rudolf
Pfeiffer.

• Exercise 13.10 on page 13-2 ⇒ (15 points) The Berkeley “bevatron” was designed to accelerate
protons to sufficiently high energy to produce proton-antiproton pairs by the reaction

p + p → p + p + (p + p̄) .

The so-called threshold energy of this reaction corresponds to the situation when the four particles
on the right move along together as a single particle of mass M = 4mp. If the target proton is
at rest before the collision, what kinetic energy T must the bombarding proton have at threshold?
{Determine T as a multiple of mp c

2 and also in GeV (to three significant digits). The Bevatron
opened in 1954 and the antiproton was discovered there in 1955. A lot of great particle physics was
performed there in the mid to late 1950s. In 1959-60, new generations of particle accelerators came
on line. The Bevatron was closed for good in 2009.}

Due date: 23 September 2021 (beginning of class)


