
Applied Math 9
Problem Set 1 for Math of Music

1. Partial derivatives. Recall that in class we discussed the notion of a
partial derivative. In particular, for a smooth function u(x, t) deÞned
on some open rectangle

(a, b)× (c, d)
in two dimensional space, the partial derivative with respect to x at a
point (x, t) in this rectangle is deÞned to be

ux(x, t) =
∂

∂x
u(x, t) = lim

δ→0
u(x+ δ, t)− u(x, t)

δ
,

and the partial derivative with respect to t (denoted ut(x, t)) is deÞned
similarly. One can compute the partial with respect to x by pretending
that t is a constant and computing the ordinary derivative with respect
to x, and likewise for the partial with respect to t. Compute the
partials, both with respect to x and t, for the indicated functions on
the indicated rectangles.

sinxt, (x, t) ∈ (−∞,∞)× (−∞,∞)
sin(x2 + t2), (x, t) ∈ (−∞,∞)× (−∞,∞)
log(x/t), (x, t) ∈ (0,∞)× (0,∞)
cosx cos t, (x, t) ∈ (−∞,∞)× (−∞,∞).

2. Suppose that L > 0 is a constant. Show that for any value of λ the
function

f(x) = sinλx

is a solution to the ordinary differential equation

fxx(x) + λ
2f(x) = 0.

Next Þnd that particular constants λ > 0 such that f not only satisÞes
this differential equation, but also the boundary conditions

f(0) = 0, f(L) = 0.

3. Recall that two n-dimensional vectors y and z are said to be orthogonal
(or perpendicular) if the dot product is zero:

y · z =
nX
i=1

yizi = 0.
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We use a similar deÞnition if we want to speak of two continuous
functions deÞned on the interval [0, L] as being orthogonal. The inner
product of two continuous functions f and g mapping [0, L] to the real
numbers is deÞned to be

hf, gi = 1

L

Z L

0
f(x)g(x)dx.

Show that the following functions are all mutually orthogonal on [0, L]:

sin
nπx

L
, n = 1, 2, . . . .

4. Show also that this inner product possesses the familiar linearity of
the ordinary dot product. In other words, if f , g and h are continuous
functions mapping [0, L] to the reals and if a and b are real numbers,
then

haf + bg, hi = a hf, hi+ b hg, hi .
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