


Cross section of Knowles ED receiver 



N 
S 

diaphragm 

N 
S 

I>0 

H μ0 

μa 

 μ0 << μa 

+    - 



I>0 

H 

Eddy current 
𝛻 × 𝑯 = 𝑱𝒄+ 𝑫 ≈ 𝑱𝒄 = 𝝈𝑬  (1. Ampere’s law for 

conducting current) 
𝛻 × 𝑬 = −𝑩  (2. Faraday’s law) 

 

 𝑯 ∙ 𝒅𝒍 = 𝛻 × 𝑯 ∙ 𝒅𝑨 =  𝑱𝒄 ∙ 𝒅𝑨 = 𝒏𝑰 

𝟐𝑯𝒛 = 𝒏𝑰  (armature side) 

𝑩𝒛 =
𝜇𝑎𝒏𝑰

2
 (of the armature) 

 
Use vector identity, 

 𝛻 × 𝛻 ×𝑯 = 𝛻 𝛻 ∙ 𝑯 
0

− 𝛻2𝑯 

𝛻 × 𝛻 × 𝑯𝒛 = −𝛻2𝑯𝒛 
From 1,  𝛻 × 𝝈𝑬 = −𝛻2𝑯𝒛 
Where (2),  𝝈𝛻 × 𝑬 = −𝝈𝑩𝒛

  
𝛻2𝑯𝒛 = 𝝈𝑩𝒛

  
Therefore,  

𝛻2𝑯𝒛 = 𝝈𝝁𝒂
𝒅𝑯𝒛

𝒅𝒕
 

(𝑗𝑘)2=𝝈𝝁𝒂𝑗𝜔 
𝑘 = ± 𝝈𝝁𝒂𝜔 𝑒

−∠45°(diffusion) 

 
2𝑯𝒛(𝑟, 𝑡)=𝟐𝑯𝟎𝒆

𝒋𝝎𝒕−𝒌𝒓 = 𝒏𝑰 
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𝑒𝑚𝑓 =  𝑬ɸ ∙ =  𝛻 × 𝑬ɸ ∙ = − 𝑩𝒛
 ∙ = −𝛹𝑎  

ρ 

+    - 

Where,  is the cross sectional area of the armature core 
Emf is Thevenin voltage. 
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• Armature becomes magnet with its magnetic flux density B0 
(Tesla=Wb/m2), the armature’s magnetic dipoles are lined up from N 
to S. 

• The armature is balanced: Ψgap1 =  Ψgap2  and on the armature the net 
flux, Ψ0up + Ψ0down=0 

𝑭 = 𝑩𝟎𝒍𝑰 
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• Ψ1= Ψ0up+Ψa, Ψ2= Ψ0down-Ψa,  where Ψ1> Ψ2  
• Therefore Ψgap1>Ψgap2 :  
• Fgap=flux*reluctance of air, Fgap1>Fgap2, so the armature goes up 
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Going up 

∗ 𝑭 = 𝑩𝟎𝒍𝑰, does not consider the induced mag field, H 
* Coupling between H and U (armature velocity) is needed 
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