
MATH 2010A/B Advanced Calculus I
(2014-2015, First Term)

Homework 7
Suggested Solution

1. (a) f(x, y) = ex cos y at (0, π/2).
fx = ex cos y and fy = −ex sin y.
Then at (0, π/2), f = 0, fx = 0 and fy = −1.
Therefore,

L(x, y) = (0) + (0)(x− 0) + (−1)(y − π/2) = −y + π/2

(b) f(x, y) = x3y4 at (1, 1).
fx = 3x2y4 and fy = 4x3y3.
Then at (1, 1), f = 1, fx = 3 and fy = 4.
Therefore,

L(x, y) = (1) + (3)(x− 1) + (4)(y − 1) = 3x+ 4y − 6

2. (a) f(x, y, z) =
√

x2 + y2 + z2 at (1, 1, 0).

fx = x(x2 + y2 + z2)−
1
2 , fy = y(x2 + y2 + z2)−

1
2 , fz = z(x2 + y2 + z2)−

1
2 .

Then at (1, 1, 0), f =
√
2, fx = 1√

2
, fy = 1√

2
and fz = 0.

Therefore,

L(x, y, z) = (
√
2) +

(
1√
2

)
(x− 1) +

(
1√
2

)
(y − 1) + (0)(z − 1) =

√
2x

2
+

√
2y

2

(b) f(x, y, z) = ex + cos(y + z) at (0, π2 , 0).
fx = ex, fy = − sin(y + z), fz = − sin(y + z).
Then at (0, π2 , 0), f = 1, fx = 1, fy = −1 and fz = −1.
Therefore,

L(x, y, z) = (1) + (1)(x− 0) + (−1)(y − π

2
) + (−1)(z − 0) = x− y − z + 1 +

π

2

3.

f(x, y) =


xy2

x2 + y4
, (x, y) ̸= (0, 0)

1, (x, y) = (0, 0)

Then

fx(0, 0) = lim
h→0

f(0 + h, 0)− f(0, 0)

h

= lim
h→0

(h)(0)2

h2 + 04
− 0

h

= lim
h→0

0− 0

h
= 0

1



And

fy(0, 0) = lim
h→0

f(0, 0 + h)− f(0, 0)

h

= lim
h→0

(0)(h)2

02 + h4
− 0

h
= 0

But along the curve x = y2, we have

lim
(x,y)→(0,0)

f(x, y) = lim
(x,y)→(0,0)

y4

y4 + y4

= lim
(x,y)→(0,0)

y4

2y4

=
1

2
̸= f(0, 0)

Therefore, f is not continuous at (0, 0) ⇒ f is not di�erentiable at (0, 0).

4.

f(x, y) =

{
0, x2 < y < 2x2

1, otherwise

Then

fx(0, 0) = lim
h→0

f(0 + h, 0)− f(0, 0)

h

= lim
h→0

1− 1

h
= 0

And

fy(0, 0) = lim
h→0

f(0, 0 + h)− f(0, 0)

h

= lim
h→0

1− 1

h
= 0

But along the curve x2 < y =
3

2
x2 < 2x2, we have

lim
(x,y)→(0,0)

f(x, y) = lim
(x,y)→(0,0)

0

= 0

̸= f(0, 0)

Therefore, f is not continuous at (0, 0) ⇒ f is not di�erentiable at (0, 0).
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5.

f(x, y) =

y2 + x2 sin
1

x
, x ̸= 0

y2, x = 0

First compute

fx(0, 0) = lim
h→0

f(0 + h, 0)− f(0, 0)

h

= lim
h→0

02 + h2 sin
1

h
− 0

h

= lim
h→0

h sin
1

h
= 0

Since

∣∣∣∣sin 1

h

∣∣∣∣ is bounded. And
fy(0, 0) = lim

h→0

f(0, 0 + h)− f(0, 0)

h

= lim
h→0

h2 − 0

h
= 0

Then we show that

lim
(h,k)→(0,0)

f(0 + h, 0 + k)− [f(0, 0) + (0)(h) + (0)(k)]√
h2 + k2

= lim
(h,k)→(0,0)

f(h, k)√
h2 + k2

= lim
(h,k)→(0,0)

k2 + h2 sin
1

h√
h2 + k2

Take h = r cos θ and k = r sin θ, we have

lim
(h,k)→(0,0)

k2 + h2 sin
1

h√
h2 + k2

= lim
r→0

r2(sin2+cos2) sin
1

r cos θ
r

= lim
r→0

r(sin2+cos2) sin
1

r cos θ
= 0

Since

∣∣∣∣(sin2+cos2) sin
1

r cos θ

∣∣∣∣ is bounded. Therefore, f is di�erentiable at (0, 0).
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Note that for x ̸= 0, fx = 2x sin
1

x
− cos

1

x
. Then

lim
(x,y)→(0,0)

fx = lim
(x,y)→(0,0)

2x sin
1

x
− cos

1

x

does not exist since lim
x→0

cos
1

x
does not exist. Therefore, fx is not continuous at (0, 0).

Thus, f is not continuous di�erentiable in any neighbourhood of (0, 0).

♠ ♡ ♣ ♢ END ♢ ♣ ♡ ♠
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