Math 316 Hwk 5
Problem 1. Let [ : R? — R satisfy f(z,y) = rye®*v.

(a). Find the directional derivative of f in the direction u = (2,2) at the
point (1,—1).

(b). Find the direction in which f is increasing the fastest at (1, —1).
Problem 2. Let f : R? — R be defined by

N S 0,0
oy = Vo (z,y) # (0,0)

0 (x,y) = (0,0).

Show that f is not differentiable at (0,0), but that both partial derivatives
exist there.

Problem 3. Let f : R? — R be defined by

"W ey £ (0,0

flz,y) = Vo2 +y?

0 (x,y) = (0,0).

Show that f has a directional derivative in every direction at (0,0), but is
not differentiable there.

Problem 4. Let f : R? — R be defined by
1

(22 + y?) sin <\/332:—|—y2> (x,y) # (0,0)

0 (x,y) = (0,0).

Show that f is differentiable at (0,0). Then show that the partial derivatives
are bounded near (0,0), but are discontinuous there.

Problem 5. Let f : R? — R be defined by
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0 (x,y) = (0,0).

Show that f is differentiable at (0,0), but has unbounded partial derivatives
near (0,0).
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f(x,y) =



Problem 6. Let A C R? be an open set and f : A — R. If the partial
derivatives of f exist and are bounded on A, then prove that f is continuous
on A.

Problem 7. Let A C R? be an open connected set and f : A — R. If for
each a € A, we have Dy f(a) = Dof(a) = 0, prove that f is constant on A.

Problem 8. Let y(t) be a smooth curve in R3. If for some smooth functional
F:R?* — R, we have F(y(t)) = C, show that DF(y(t))" is orthogonal to
the tangent vector ~'(t).

Problem 9. Let f : R" — R be given by
f(x) = [[Ax - b][3,
where A is an n X n matriz and b € R*. Find D f(xo).

Problem 10. Let u : R?> — R be twice continuously differentiable. If
x =rcosf and y = rsinf, show that the Laplacian takes the form

0%u N 18u+ 1 0%u
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