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Section 14.4

Exercise 5

Find an equation of the tangent plane to the given surface at the specified point.

z = x sin(x+ y) (−1, 1, 0)

z − z0 = fx(x0, y0)(x− x0) + fy(x0, y0)(y − y0)
∂z

∂x
= x cos(x+ y) + sin(x+ y)

∂z

∂x
(−1, 1) = −1 + 0 = 0

∂z

∂y
= x cos(x+ y)

∂z

∂y
(−1, 1) = −1

z = −1(x+ 1)− 1(y − 1)

−x− y = z

x+ y + z = 0

Exercise 33

The length and width of a rectangle are measured as 30cm and 24cm, respectively, with an error in
measurement of at most 0.1cm in each. Use differentials to estimate the maximum error in the calculated
area of the rectangle.

l = 30

w = 24

dl = 0.1

dw = 0.1

A = lw

dA =
∂l

∂A
dl +

∂w

∂A
dw

= w dl + l dw

= 30(0.1) + 24(0.1)

= 5.4cm2
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Exercise 35

Use differentials to estimate the amount of tin in a closed tin can with diameter 8cm and height 12cm if
the tin is 0.04cm thick.

d = 8

r = 4

h = 12

dd = dr = 0.04

dh = 0.08

V = πr2h

dV =
∂V

∂d
dd+

∂V

∂h
dh

= 2πrh(0.04) + πr2(0.08)

= 16.0768cm2

Exercise 39

If R is the total resistance of three resistors, connected in parallel, with resistances R1, R2, R3, then:

1

R
=

1

R1

+
1

R2

+
1

R3

If the resistances are measured in ohms as R1 = 25Ω, R2 = 40Ω, R3 = 50Ω, with a possible error of 0.5%
in each case, estimate the maximum error in the calculated value of R.

R1 = 25 dR1 = 0.125

R2 = 40 dR2 = 0.2

R3 = 50 dR3 = 0.25

1

R
=

1

25
+

1

40
+

1

50
R = 11.764

1

R
=

1

R1

+
1

R2

+
1

R3

dR =
∂R

∂R1

dR1 +
∂R

∂R2

dR2 +
∂R

∂R3

dR3

∂R

∂R1

=
R2

(R1)2

∂R

∂R2

=
R2

(R2)2

∂R

∂R3

=
R2

(R3)2

dR =
11.7642

252
(0.125) +

11.7642

402
(0.2) +

11.7642

502
(0.25)

≈ 0.0588Ω
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Section 14.6

Exercise 5

Find the directional derivative of f at the given point in the direction indicated by the angle θ.

f(x, y) = y cos(xy) (0, 1) θ =
π

4

−→
OF = 〈Fx, Fy〉

=
〈
−y2 sin(xy),−xy sin(xy) + cos(xy)

〉
−→
OF (0, 1) = 〈−1 sin(0), 0 + cos(0)〉

= 〈0, 1〉

D~uf =
−→
OF (0, 1) · 〈cos θ, sin θ〉

= 〈0, 1〉 · 〈
√

2

2
,

√
2

2
〉

= 0 +

√
2

2
=

√
2

2

Exercise 13

Find the directional derivative of the function at the given point in the direction of the vector ~v.

g(s, t) = s
√
t (2, 4) ~v = 2̂i− ĵ

−→Og = 〈∂g
∂s
,
∂g

∂t
〉

= 〈
√
t,

s

2
√
t
〉

−→Og(2, 4) = 〈
√

4,
2

2
√

4
〉

= 〈2, 1

2
〉

D~ug =
−→Og · ~u

~u = 〈 2√
5
,
−1√

5
〉

= 〈2, 1

2
〉 · 〈 2√

5
,
−1√

5
〉

=
4√
5
− 1

2
√

5

=
7

2
√
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Exercise 21

Find the maximum rate of change of f at the given point and the direction in which it occurs.

f(x, y) = 4y
√
x (4, 1)
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−→
Of = 〈∂f

∂x
,
∂f

∂y
〉

= 〈 4y

2
√
x
, 4
√
x〉

= 〈 2y√
x
, 4
√
x〉

−→
Of(4, 1) = 〈2(1)√

4
, 4
√

4〉

= 〈1, 8〉

|
−→
Of(4, 1)| =

√
65

unit vector = 〈 1√
65
,

8√
65
〉

Exercise 29

Find all points at which the direction of fastest change of the function f(x, y) = x2 + y2− 2x− 4y is î+ ĵ.

−→
Of = 〈2x− 2, 2y − 4〉
−→
Of = c(̂i+ ĵ)

2x− 2 = c = 2y − 4

x− 1 = y − 2

y = x+ 1

Any point on the line y = x+ 1.

Exercise 43

Find equations of the tangent plane and the normal line to the given surface at the specified point.

xy2z3 = 8 (2, 2, 1)

F (x, y, z) = xy2z3 − 8 = 0

Fx = y2z3

Fx(2, 2, 1) = 4

Fy = 2yxz3

Fy(2, 2, 1) = 8

Fz = 3z2xy2

Fz(2, 2, 1) = 24

Π : 0 = Fx(x, y, z)(x− x0) + Fy(x, y, z)(y − y0) + Fz(x, y, z)(z − z0)
Π : 0 = 4(x− 2) + 8(y − 2) + 24(z − 1)

Π : 0 = 4x+ 8y + 24z − 48

Π : 0 = x+ 2y + 6z − 12

l =


x = 4t+ 2

y = 8t+ 2

z = 24t+ 1

If you have any questions, comments, or concerns, please contact me at alvin@omgimanerd.tech
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