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PHYS 301: Theoretical Methods in Physics
Date: 2019 Apr 12

. (20 points.) Evaluate
vr, (1)

where r is the magnitude of position coordinate r in three dimensions and V is the
gradient operator in three dimensions. Express your result in simplified form.

. (20 points.) Evaluate the left hand side of

A

Vx<§):zf+ﬁg+¢3h. (2)

Thus, determine f, g, and h. Here (z, p, ¢) are cylindrical polar coordinates.

. (20 points.) Evaluate the integral

/1 dx 9220 (3x + 1). (3)

1

/Vd3rv : (T%) , (4)

where the volume V' is the volume of a sphere of radius R.

. (20 points.) Evaluate

. (20 points.) A critically damped harmonic oscillator is described by the differential
equation
2 d 5] ..

{ﬁ + 2&)0% + W0:| I’(t) = 0, (5)
where wy is a characteristic frequency. Find the solution z(t) for intial conditions z(0) =
zo and #(0) = 0. Plot x(t) as a function of ¢ in the following graph where e " is
already plotted for reference. For what ¢ is the solution z(t) a maximum?



Figure 1: Critically damped harmonic oscillator.



