
Math 421 / Homework 11.3

# 1 For each of the following, prove that f and g are differentiable on their do-

mains, and find formulas for D(f + g)(x) and D(f · g)(x).

(a)

f(x, y) = x− y, g(x, y) = x2 + y2.

(d)

f(x, y, z) = (y, x− z), g(x, y, z) = (xyz, y2).

# 2(a) Find an equation of the tangent plane to z = x2 + y2 at c = (1,−1, 2).

# 4 Let K be the cone given by z =
√

x2 + y2.

(a) Find an equation of each plane tangent to K which is perpendicular to

the plane x + z = 5.

(b) Find an equation of each plane tangent to K which is parallel to the plane

x− y + z = 1.

# 6 Suppose that f : Rn → R is differentiable at a and f(a) 6= 0.

(a) Show that for ‖h‖ sufficiently small, f(a + h) 6= 0.

(b) Prove that Df(a)(h)/‖h‖ is bounded for all h ∈ Rn \ {0}.

(c) If T := −Df(a)/f 2(a), show that

1

f(a + h)
− 1

f(a)
− T (h) =

f(a)− f(a + h) + Df(a)(h)

f(a)f(a + h)

+
(f(a + h)− f(a))Df(a)(h)

f 2(a)f(a + h)

for ‖h‖ sufficiently small.

(d) Prove that 1/f(x) is differentiable at x = a and

D

(
1

f

)
(a) = −Df(a)

f 2(a)
.

(e) Prove that if f and g are real-valued vector functions which are differen-

tiable at some a, and if f(a) 6= 0, then

D

(
g

f

)
(a) =

f(a)Dg(a)− g(a)Df(a)

f 2(a)
.
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