
PHY 415 E&M

Homework 1

1. (1)

∇× (∇× A⃗)

= "ijk∂j("klm∂lAm)

= "kij"klm∂i∂lAm

= (�il�jm − �im�jl)∂j∂lAm

= ∂i∂mAm − ∂j∂jAm

= ∇(∇ ⋅ A⃗)−∇2A⃗

(2)

∇ ⋅ (A⃗× B⃗)

= ∂k"lmkAlBm

= "lmk(∂kAl)Bm + "lmkAl(∂kBm)

= ("mkl∂kAl)Bm +Al(−"lkm∂kBm)

= B⃗ ⋅ (∇× A⃗)− A⃗ ⋅ (∇× B⃗)

(3)

∇ ⋅ r⃗ =

3
∑

i=1

∂iri = 1 + 1 + 1 = 3

(4) (i) r⃗ ∕= 0
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(ii) r⃗ = 0

∫
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)
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∇ ⋅ ∇
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(
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⋅ d�⃗

=
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−
r̂

r2
⋅ d�⃗

=

∫

−
r̂

��r
2
⋅��r

2 sin �d�d�r̂

= −4�

∫

�3(r⃗)d�

∴ ∇

(

1

∣r⃗∣

)

= −4��3(r⃗)

2.

E⃗ = −∇�(r⃗)

= −q

[

−
e−�r

r2
−

�e−�r

r

]

r̂

=
qe−�r

r2
[1 + �r]r̂

∮

E⃗ ⋅ d�⃗ = q

∮

e−�r

��r
2

[1 + �r] ⋅��r
2 sin �d�d�

= qe−�r[1 + �r]4�

= 4�qe�r[1 + �r] ∕= 4�q

−→ Gauss’ law invalid.
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3. Gauss’ Law
∮

E⃗ ⋅ d�⃗ = 4�Q

(i) r < R
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3
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(ii) r > R
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4.

r⃗ q

r⃗′

�

∮

E⃗ ⋅ d�⃗ = 2�R2

∫ �

0

q

(r2 +R2 − 2rR cos �)
1

2

⋅
(r⃗ − r⃗′) ⋅ r̂

r2 +R2 − 2rR cos �
sin �d�

= 2�R2q
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