
Homework 9 Math-2080-es31 2013 February 5

13.6.6 First,

df(x, y, z) = d(x2 − xy − y2 − z) = 2x dx− y dx− x dy − 2y dy − dz = (2x− y) dx− (x + 2y) dy − dz.

Passing through (x, y, z) = (1, 1,−1), this is

dx− 3 dy − dz.

For the tangent plane, simply change di�erentials to di�erences:

∆x− 3 ∆y −∆z = 0;
(x− 1)− 3(y − 1)− (z + 1) = 0;

x− 3y − z + 1 = 0;
x + 1 = 3y + z.

For the normal line, turn the di�erential into a gradient and move in that direction:

〈x, y, z〉 = (1, 1,−1) + t∇f(1, 1,−1) = (1, 1,−1) + t〈1,−3,−1〉 = (1 + t, 1− 3t,−1− t).

In other words,
x = t + 1,
y = 1− 3t, and
z = −1− t.

13.6.29 First,
df(x, y) = d(ex cos y) = cos y d(ex) + ex d(cos y) = ex cos y dx− ex sin y dy.

By changing di�erentials to di�erences, I �nd the di�erence of any linearisation:

∆L = ex cos y ∆x− ex sin y ∆y.

a Passing through (x, y) = (0, 0),

∆L = e0 cos 0(x− 0)− e0 sin 0(y − 0) = x.

Since f(0, 0) = e0 cos 0 = 1,
L = 1 + x = x + 1.

b Passing through (x, y) = (0, π/2),

∆L = e0 cos
π

2
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π
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− y.

Since f(0, π/2) = e0 cos (π/2) = 0,
L = 0 +

�
y − π

2

�
= y − π

2
.
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