
Assignment XII, PHYS 301 (Classical Mechanics)
Spring 2014

Due 4/25/14 (Last One! Yay!)

1. Let a rectangular plate centered at the origin in the x− y plane have dimensions 2a x
2b. (−a < x < a and −b < y < b). Let the mass density per unit area of the plate be
described by:

σ(x, y) =

{
αx2 + c −a < x < a and − b < y < b

0 otherwise

a) Find the units for α and c.

b) Find the total mass of the plate.

c) Find the moment of inertia with respect to an axis in the ẑ direction through the
origin.

2. A hemisphere of radius a has density ρ = αr2 for 0 ≤ r ≤ a and 0 ≤ θ ≤ π/2 (All 2π
values of φ are permitted).

a) Find the moment of inertia with respect to the ẑ axis (going through the origin).

b) The “radius of gyration” is a distance. The radius of gyration for an object of
mass M is defined as “the distance from the axis of rotation that a point mass
would have to be so that it would have the same moment of inertia as the object’s
moment of inertia with respect to the same axis”. In equation form, the radius

of gyration (κ) is often written as κ =
(

I
M

)1/2
. Find the radius of gyration for

this hemisphere with respect to an axis parallel to the ẑ axis going through the
cartesian point ax̂.

(MORE ON BACK)!!!
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3. A rod of length 2b runs along the x-axis from the point 〈−b, 0, 0〉 to the point 〈b, 0, 0〉.
The ends of this rod mark the midpoints of two spheres, each of radius a < b. (So
there’s a sphere of radius a centered at each of the two points 〈±b, 0, 0〉). (This system
looks like an old-school “barbell”). Let the rod have linear mass density λ and each
sphere has volumetric mass density ρ. By construction, the center of mass is at the
origin no matter what ρ and λ are. For this system:

a) find the principal moments of inertia about the center of mass. (You may look up
the moments of inertia of each component to save you some work if you’d like).

b) Find the ratio of Iz/Ix for λ→ 0.

c) Introductory Physics texts often give the following simple approximation for the
nuclear radius: r ≈ (1.2 × 10−15 m)A1/3 where A is the number of nucleons in
the atom. The bond-length of an N2 molecule is approximately 145 × 10−12 m.
Assuming the bond has no mass, calculate Iz/Ix for an N2 molecule using the
basic model proposed above. Interpret/comment on your result.

4. Three point masses represent a rigid body; the position/magnitude of the masses are
as follows:

m1 = m 〈0, 2a, a〉
m2 = m 〈0, a, 2a〉
m3 = 2m 〈a, 0, 0〉

a) Write down the full Inertia tensor I for this system.

b) Find the principle moments of inertia for this system.

c) Find the orthogonal principle axes for this rotation and explicitly verify they are
orthogonal.
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