
Problem Set #6

Physics 309

10 September 2021

The following problems come from Classical Mechanics (2005), by John R Taylor.

• Reading Assignment ⇒ (10 points) The attached pages represent Chapter 19 from the second
volume of The Feynman Lectures on Physics. This special chapter was recorded almost verba-
tim from one of Richard Feynman’s classic introductory lectures given at Caltech in the early
1960s, just a few years before he was awarded the Nobel Prize in Physics. The lecture is a
wonderful account of “The Principle of Least Action” as told by one of the masters. You may
not follow too well the E&M that Feynman introduces toward the latter part of the lecture;
but, you should definitely read it again while you are taking an E&M course. After reading
the entire chapter, write “I have read the reading assignment.” Sign your name after that
statement and you get full credit for this “problem.”

• Problem 6.10 on page 232 ⇒ (5 points) This problem is incredibly trivial, but the result is
the starting point needed in Problem 6.20.

• Problem 6.20 on pages 233-234 ⇒ (10 points) The first result Taylor asks you to find is quickly
obtained. On your way to the second and third (which trivially follows from the second) results
Taylor asks you to find, show the following:
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which is called the “second form” of the Euler equation.

• Problem 6.23 on page 234 ⇒ (30 points) Your nerdy mechanics professor loves this problem!
A good sketch and the law of cosines make part (a) quick to complete. Once you make the
assumptions Taylor asks you to make in part (b), the rest is straightforward. For part (c),
Taylor wants you to make an “intelligent guess” of the solution to the differential equation.
Doing so makes for a fast solution! If you want some extra credit, try solving the differential
equation from scratch. Because the equation is nonlinear, you cannot employ some of the
standard techniques you’ve learned for differential equation solving. For example, principle
of linear superposition doesn’t work, i.e. you can’t find a complementary solution to the
homogeneous equation and add it to the particular solution of the inhomogeneous equation.
One standard technique for solving nonlinear differential equations of the kind you need to
solve in this problem (no x in the differential equation) is to make the substitution z = y′.
After inserting the substitution, you will find an equation that may be separated (y stuff on
one side and z stuff on the other) and integrated. Solving that for z as a function of y allows
you to integrate one more time. As for the time you need to find at the end of the problem,
feel free to use Mathematica (or some other computational technique) to get the answer right



away. I will award extra credit for performing the integral analytically. It’s a challenge, but
the final result for the time is remarkably simple looking. Now, if you really want to complete
your trip to insanity, try the problem again without making Taylor’s part (b) assumptions
regarding small y′ and φ. After a bit of algebra, the function you should find is
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You could then have Mathematica solve the Euler equation numerically and compare the exact
solution to the one Taylor had you find. A plot of y versus x will be worth a thousand words!

Due date: 17 September 2021 (beginning of class)
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