
 

 

Answer on Question #54595-Physics- Electromagnetism 

Do the following fields satisfy all four Maxwell's equations? 

 𝐸(𝑡)⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  = 𝐸0
⃗⃗⃗⃗ sin 𝑥 sin 𝑡 . 𝐵⃗ = 𝐵0

⃗⃗ ⃗⃗ cos 𝑥 cos 𝑡 . 

Solution 

1) ∇ ∙ 𝐵⃗ =
𝜕

𝜕𝑥
(𝐵0𝑥 cos 𝑥 cos 𝑡) = 𝐵0𝑥 cos 𝑡

𝜕

𝜕𝑥
(cos 𝑥) = −𝐵0𝑥 sin 𝑥 cos 𝑡 = 0 ∀𝑡 𝑜𝑛𝑙𝑦 𝑖𝑓 𝐵0𝑥 = 0. 

2) ∇ × 𝐸(𝑡)⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  = 𝑘⃗  
𝜕

𝜕𝑥
(𝐸0𝑦 sin 𝑥 sin 𝑡) − 𝑗 

𝜕

𝜕𝑥
(𝐸0𝑧 sin 𝑥 sin 𝑡) = (0;−𝐸0𝑧 cos 𝑥 sin 𝑡 ; 𝐸0𝑦 cos 𝑥 sin 𝑡). 

𝜕𝐵⃗ 

𝜕𝑡
= −𝐵0

⃗⃗ ⃗⃗ cos 𝑥 sin 𝑡. 

Thus 

∇ × 𝐸(𝑡)⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  = −
𝜕𝐵⃗ 

𝜕𝑡

1

𝑐
 𝑜𝑛𝑙𝑦 𝑖𝑓 𝐵0𝑦 = −𝑐𝐸0𝑧 𝑎𝑛𝑑 𝐵0𝑧 = 𝑐𝐸0𝑦 . 

3) ∇ ∙ 𝐸⃗ =
𝜕

𝜕𝑥
(𝐸0𝑥 sin 𝑥 sin 𝑡) = 𝐸0𝑥 cos 𝑡

𝜕

𝜕𝑥
(sin 𝑥) = 𝐸0𝑥 cos 𝑥 cos 𝑡 = 0 ∀𝑡 𝑜𝑛𝑙𝑦 𝑖𝑓 𝐸0𝑥 = 0. 

4) 
𝜕𝐸⃗ 

𝜕𝑡
= 𝐸0

⃗⃗⃗⃗ sin 𝑥 cos 𝑡. 

∇ × 𝐵(𝑡)⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  = 𝑘⃗  
𝜕

𝜕𝑥
(𝐵0𝑦 cos 𝑥 cos 𝑡) − 𝑗 

𝜕

𝜕𝑥
(𝐵0𝑧 cos 𝑥 cos 𝑡) = (0; 𝐵0𝑧 sin 𝑥 cos 𝑡 ; −𝐵0𝑦 sin 𝑥 cos 𝑡). 

So,  

∇ × 𝐵(𝑡)⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  =
1

𝑐

𝜕𝐸⃗ 

𝜕𝑡
 𝑜𝑛𝑙𝑦 𝑖𝑓 𝑐𝐵0𝑦 = −𝐸0𝑧 𝑎𝑛𝑑 𝑐𝐵0𝑧 = 𝐸0𝑦 . 

So, 𝑐𝐵0𝑦 =
1

𝑐
𝐵0𝑦 → 𝑐 =

1

𝑐
. This is not true. Thus 𝐸0

⃗⃗⃗⃗ = 𝐵0
⃗⃗ ⃗⃗ = 0⃗ . 

Therefore the following fields don’t satisfy all four Maxwell's equations. 

(If we work in system where 𝑐 =
1

𝑐
= 1 the following fields satisfy all four Maxwell's equations only if 

𝐸0
⃗⃗⃗⃗ = (0; 𝐸;−𝐵) 𝑎𝑛𝑑 𝐵0

⃗⃗ ⃗⃗ = (0; 𝐵; 𝐸), where E and B are arbitrary constants.) 
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