
Spring Quarter 2026 – UCSB Physics 25
Homework 3

Due April 24, 5 pm

• Problem 1

The Large Hadron Collider (LHC) at CERN accelerates beams of pro-
tons to an energy of 7 TeV. What is the speed of these protons. Ex-
press your answer in terms of v/c. Note: the rest energy of a proton is
m0c

2 = 938 MeV.

• Problem 2

K&K 13.2. Note: when I was a student, in the Jurassic era, I used
Schaum’s Mathematical Handbook of Formulas and Tables to lookup
integrals, series expansions, etc. Nowadays you can find everything on
the web. Or use AI. Regardless, whether you use this magic book or the
web, realize that series expansions and standard integrals are essential
tools in the physicist’s toolbox. Use them.

• Problem 3

K&K 13.4

• Problem 4

K&K 13.9; do part (a) only.

• Problem 5

K&K 14.1

• Problem 6

K&K 14.2; my answer is 145 MeV, but in my edition of the book the
answer is 154 MeV (?)

Hint: look at example 14.8

• Problem 7

Show that the four-acceleration A = dU
dτ
, where U is the four-velocity

is given by
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Where u⃗ and a⃗ are the thee-velocities and the three-accelerations, re-
spectively, and γu = 1/

√
1− u2/c2. I wrote the acceleration four-vector

in the (x1, x2, x3, x4) convention.

• Problem 8

Show that if a⃗ = 0⃗ in an inertial frame, it must be zero in all inertial
frames.
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