
Physics 255 Homework # 5
Peter Francis April 19, 2019

1

(a)

M = ∫
V
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(φ)ρdρdφdz =K ∫
2π

0
cos2 φdφ∫

2a

0
zdz∫

a

0
ρdρ =K [

φ

2
+

sin(2φ)
4

]

2π

0
(
(2a)2

2
)(

a2

2
) =Ka4π

Ô⇒ K =
M

πa4 .

(b)
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1
M
∫
V
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V
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V
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V
z2 cos2

(φ)dV )

=
1
πa4 (i⃗∫

V
ρz cos(φ) cos2

(φ)ρdρdφdz + j⃗ ∫
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0
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0
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1
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For R⃗ =Xi⃗ + Y j⃗ +Zk⃗, X = 0 = Y and Z = 4a
3 .
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Denote the bottom of the cylinder B, the top T , and the curved wall W . Then,

∫
S
A⃗ ⋅ dS⃗ = ∫

S
A⃗ ⋅ n̂ dS = ∫

B
(xi⃗ − yj⃗ + zk⃗) ⋅ (−k⃗)dS + ∫

W
(xi⃗ − yj⃗ + zk⃗) ⋅ êρ dS + ∫

T
(xi⃗ − yj⃗ + zk⃗) ⋅ k⃗ dS

= −∫
B
zdS + ∫

W
(xi⃗ − yj⃗ + zk⃗) ⋅ (cosφi⃗ + sinφj⃗) dS + ∫

T
zdS =

��
��
�*0

−∫
B
zdS + ∫

W
x cosφ − y sinφ dS + ∫

T
zdS

= ∫
W
x cosφ − y sinφ dS + d∫

T
dS = ∫

W
ρ cos2 φ − ρ sin2 φ dS + d∫

T
dS

= ∫

2π

0
(cos2 φ − sin2 φ)dφ ρ∫

d

0
dz + d∫

2π

0
dφ∫

c

0
dρ = [

sin(2φ)
2

]

2π

0
ρ(d) + d(2π)(c) = 0 + d(2π)(c) = 2πcd .
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Notice that A⃗ = (x2 + y2 + z2)(xi⃗ + yj⃗ + zk⃗) = r2r⃗ = r2(rêr) = r
3êr. Then,

(a)

∫
S
A⃗ ⋅ dS⃗ = ∫

S
A⃗ ⋅ n̂ dS = ∫

S
r3êr ⋅ êrdS = ∫

S
r3dS = ∫

S
r3r sin(θ)dφrdθ = R5

∫

π

0
sin(θ)dθ∫

2π

0
dφ

= R5
[− cos(θ)]π0 (2π) = 4πR5 .

∫
S
A⃗ ⋅ dS⃗ = ∫

V
∇ ⋅ A⃗ dV = ∫

V

1
r2

∂

∂r
[r2r3

]r2dr sin θdθdφ = ∫
R

0
5r4dr∫

π

0
sin θdθ∫

2π

0
dφ

= R5
[− cos(θ)]π0 (2π) = 4πR5 .

I have upheld the highest principles of honesty and integrity in all of my academic work and have not witnessed a violation
of the Honor Code.


	
	
	

