
AP SOLUTIONS (HW 9)

1. AP 1

Let F be:

F =

〈∫ x

0

f(s, y, z)ds, 0, 0

〉
Then:

div(F ) =

(∫ x

0

f(s, y, z)ds

)
x

+ 0y + 0z
FTC
= f(x, y, z) = f
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2. AP 2

M ′(t) =(M(t))t

=

(∫ ∫ ∫
E

f

)
t

=

∫ ∫ ∫
E

ft

=

∫ ∫ ∫
E

∆f

=

∫ ∫ ∫
E

div(∇f)

DIV THM
=

∫ ∫
S

(∇f) · dS

=

∫ ∫
S

(∇f) · n︸ ︷︷ ︸
0

dS

=0
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3. AP 3

V ol(E)︸ ︷︷ ︸
4
3πR

3

=

∫ ∫
S

F · dS

=

∫ ∫
S

F · ndS

=

∫ ∫
S

1

3
〈x, y, z〉 · 1

R
〈x, y, z〉 dS

=
1

3R

∫ ∫
S

x2 + y2 + z2dS

=
1

3R

∫ ∫
S

R2dS

=
1

3R
(R2)

∫ ∫
S

1dS

=
R

3
Area(S)

Therefore:

R

3
Area(S) =

4

3
πR3

Area(S) =
3

R

4

3
πR3 = 4πR2
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4. AP 4

(a) V =
∫ ∫ ∫

E 1dxdydz

(1) u = x
R , v = y

R , w = z
R

(2) E becomes E ′ : Ball of radius 1

(3)

dudvdw =

∣∣∣∣dudvdwdxdydz

∣∣∣∣ dxdydz

dudvdw

dxdydz
=

∣∣∣∣∣∣∣
∂u
∂x

∂u
∂y

∂u
∂z

∂v
∂x

∂v
∂y

∂v
∂z

∂w
∂x

∂w
∂y

∂w
∂z

∣∣∣∣∣∣∣ =

∣∣∣∣∣∣
1
R 0 0
0 1

R 0
0 0 1

R

∣∣∣∣∣∣ =

(
1

R

)3

=
1

R3

dudvdw =

∣∣∣∣ 1

R3

∣∣∣∣ dxdydz =
1

R3
dxdydz

dxdydz = R3dudvdw

(4) Therefore:
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V =

∫ ∫ ∫
E

1dxdydz

=

∫ ∫ ∫
E′
R3dudvdw

=R3

∫ ∫ ∫
E′

1dudvdw

=R3 V ol(E ′)︸ ︷︷ ︸
C

=CR3

(b)

V =V ol(E)

=

∫ ∫
S

F · dS F =
1

3
〈x, y, z〉

=

∫ ∫
S

F · ndS

=

∫ ∫
S

1

3
〈x, y, z〉 · 1

R
〈x, y, z〉 dS

=
1

3R

∫ ∫
S

x2 + y2 + z2︸ ︷︷ ︸
R2

dS

=
1

3R
R2

∫ ∫
S

1dS

=
R

3
Area(S)

=
R

3
S

Therefore:
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V =
R

3
S

(c) Since V = CR3 (from (a)) and V = R
3S (from (b)), we get:

R

3
S = CR3 ⇒ S =

3

R
CR3 = 3CR2

Therefore:

V ′ =
(
CR3

)′
= 3CR2 = S ⇒ V ′ = S !!!
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