
 

 

 

 

 

 

 

 

 

 

Total EMF 
𝛷 = −

𝑑

𝑑𝑡
(∫ 𝐵⃗ ∙ 𝑑𝑆⃗⃗⃗⃗ ) 

 

   

 Assume 𝐵⃗ =𝐵0cos(𝜔𝑡) 𝑦̂  

   

 𝐵⃗ ∙ 𝑑𝑆⃗⃗⃗⃗ = cos⁡(α).⁡𝐵0cos⁡(𝜔𝑡). 𝑑𝑆  

   

 
𝛷 = −

𝑑

𝑑𝑡
(∫cos⁡(α).𝐵0cos⁡(𝜔𝑡). 𝑑𝑆)⁡ 

 

   

 
𝛷 = −

𝑑

𝑑𝑡
(cos⁡(α).𝐵0cos⁡(𝜔𝑡)∫𝑑𝑆) 

 

   

 S=ab  

   

 α = 𝜔𝑡  

   

 𝑑α
𝑑𝑡

= 𝜔 
 

   

 
𝛷 = −

𝑑

𝑑𝑡
(cos(α) .𝐵0 cos(𝜔𝑡) 𝑆) 

 

   

 
𝛷 = −(−sin(α)

𝑑α
𝑑𝑡

𝐵0 cos(𝜔𝑡) 𝑆 + cos(α) .𝐵0(−sin(𝜔𝑡)𝜔)𝑆) 
 

   

 𝛷 = sin(α)𝜔 𝐵0 cos(𝜔𝑡) 𝑆 + cos(α) .𝐵0 sin(𝜔𝑡)𝜔 𝑆  

   

 𝛷 = 2𝜔𝐵𝑆0sin(𝜔𝑡) cos(𝜔𝑡)  

   

 𝛷 = 𝜔𝐵𝑆0sin(2𝜔𝑡) (volts)  

𝑦̂ 

a 

b 

- 

+ 

 

𝑛̂ 

𝐵⃗  

ω 

𝑧̂ 

𝑦̂ 

α 

𝑧̂ 

𝐵⃗  

α 
0.5b 

0.5b 

ω 

𝑛̂ 



   

Total EMF 
𝛷 = −

𝑑

𝑑𝑡
(∫ 𝐵⃗ ∙ 𝑑𝑆⃗⃗⃗⃗ ) = −(∫

𝑑𝐵⃗ 

𝑑𝑡
∙ 𝑑𝑆⃗⃗⃗⃗ ) + ∮𝑣 × 𝐵⃗ ∙ 𝑑𝑙⃗⃗  ⃗ 

 

   

Transformer EMF 
𝛷𝑇𝑟𝑎𝑛𝑠𝑓𝑜𝑟𝑚𝑒𝑟 = −(∫

𝑑𝐵⃗ 

𝑑𝑡
∙ 𝑑𝑆⃗⃗⃗⃗ ) 

 

   

 
𝛷𝑇𝑟𝑎𝑛𝑠𝑓𝑜𝑟𝑚𝑒𝑟 = −(∫

𝑑(𝐵0cos(𝜔𝑡)⁡𝑦̂)
𝑑𝑡

∙ 𝑑𝑆⃗⃗⃗⃗ ) 
 

   

 
𝛷𝑇𝑟𝑎𝑛𝑠𝑓𝑜𝑟𝑚𝑒𝑟 = −(∫−𝜔𝐵0sin(𝜔𝑡)𝑦̂ ∙ 𝑑𝑆⃗⃗⃗⃗ ) 

 

   

 𝑦̂ ∙ 𝑑𝑆⃗⃗  ⃗ = cos(α)𝑑𝑆  

   

 
𝛷𝑇𝑟𝑎𝑛𝑠𝑓𝑜𝑟𝑚𝑒𝑟 = −(∫−𝜔𝐵0sin(𝜔𝑡) cos(α)𝑑𝑆) 

 

   

 
𝛷𝑇𝑟𝑎𝑛𝑠𝑓𝑜𝑟𝑚𝑒𝑟 = ∫𝜔𝐵0sin(𝜔𝑡) cos(α)𝑑𝑆 

 

   

 
𝛷𝑇𝑟𝑎𝑛𝑠𝑓𝑜𝑟𝑚𝑒𝑟 = 𝜔𝐵0sin(𝜔𝑡) cos(α)∫𝑑𝑆⁡ 

 

   

 S=ab  

   

 𝛷𝑇𝑟𝑎𝑛𝑠𝑓𝑜𝑟𝑚𝑒𝑟 = 𝜔𝐵0sin(𝜔𝑡) cos(α) 𝑆  

   

Total EMF 
𝛷 = −

𝑑

𝑑𝑡
(∫ 𝐵⃗ ∙ 𝑑𝑆⃗⃗⃗⃗ ) = −(∫

𝑑𝐵⃗ 

𝑑𝑡
∙ 𝑑𝑆⃗⃗⃗⃗ ) + ∮𝑣 × 𝐵⃗ ∙ 𝑑𝑙⃗⃗  ⃗ 

 

   

Motional EMF 
𝛷𝑚𝑜𝑡𝑖𝑜𝑛𝑎𝑙 = ∮𝑣 × 𝐵⃗ ∙ 𝑑𝑙⃗⃗  ⃗ 

 

   

   

 



 

 

 

 

 

 

 

 

 

 

 

1: u: 0.5b->0 𝑑𝑙⃗⃗  ⃗ = 𝑑𝑢𝑢̂ 
2: u: 0 ->- 0.5b 𝑑𝑙⃗⃗  ⃗ = 𝑑𝑢𝑢̂ 
3: x: 0.5a->-0.5a 𝑑𝑙⃗⃗  ⃗ = 𝑑𝑥𝑥̂ 
4: u: - 0.5b -> 0.5b 𝑑𝑙⃗⃗  ⃗ = 𝑑𝑢𝑢̂ 
5: x: -0.5a->0.5a 𝑑𝑙⃗⃗  ⃗ = 𝑑𝑥𝑥̂⁡ 
   

1: 𝑣 = 𝜔(𝑢)(𝑛̂) 

2: 𝑣 = 𝜔(−𝑢)(−𝑛̂) 

3: 𝑣 = 𝜔(−0.5𝑏)(−𝑛̂) 

4: 𝑣 = 𝜔(𝑢)(𝑛̂) 

5: 𝑣 = 𝜔(0.5𝑏)(𝑛̂) 

 

1: 𝑣 × 𝐵⃗ = 𝜔(𝑢)(𝑛̂) × 𝐵0cos(𝜔𝑡) 𝑦̂  
2: 𝑣 × 𝐵⃗ = 𝜔(−𝑢)(−𝑛̂) × 𝐵0cos(𝜔𝑡) 𝑦̂  

3: 𝑣 × 𝐵⃗ = 𝜔(0.5𝑏)(−𝑛̂ × 𝐵0cos(𝜔𝑡) 𝑦̂)  

4: 𝑣 × 𝐵⃗ = 𝜔(𝑢)(𝑛̂) × 𝐵0cos(𝜔𝑡) 𝑦̂  

5: 𝑣 × 𝐵⃗ = 𝜔(0.5𝑏)(𝑛̂) ⁡× 𝐵0cos(𝜔𝑡) 𝑦̂  

    

1: 𝑣 × 𝐵⃗ = 𝜔(𝑢)𝐵0cos(𝜔𝑡) sin⁡(α)𝑥̂  

2: 𝑣 × 𝐵⃗ = 𝜔(𝑢)𝐵0cos(𝜔𝑡) sin⁡(α)𝑥̂  

3: 𝑣 × 𝐵⃗ = −𝜔(0.5𝑏)𝐵0cos(𝜔𝑡) sin⁡(α)𝑥̂  

4: 𝑣 × 𝐵⃗ = 𝜔(𝑢)𝐵0cos(𝜔𝑡)⁡sin⁡(α)𝑥̂  

5: 𝑣 × 𝐵⃗ = 𝜔(0.5𝑏)𝐵0cos(𝜔𝑡) sin⁡(α)𝑥̂  

 

 

a 

b 

- 

+ 

 

𝑛̂ 

𝐵⃗  

ω 

𝑧̂ 

𝑦̂ 

α 

1 

5 

3 

4 

2 

𝑧̂ 

𝐵⃗  

α 
0.5b 

0.5b 

ω 

𝑛̂ 𝑥 𝑥 

𝑢̂ 



1: (𝑣 × 𝐵⃗ ) ∙ 𝑑𝑙⃗⃗  ⃗ = 𝜔(𝑢)𝐵0cos(𝜔𝑡) sin⁡(α)𝑥̂ ∙ 𝑑𝑙⃗⃗  ⃗  
2: (𝑣 × 𝐵⃗ ) ∙ 𝑑𝑙⃗⃗  ⃗ = 𝜔(𝑢)𝐵0cos(𝜔𝑡) sin⁡(α)𝑥̂ ∙ 𝑑𝑙⃗⃗  ⃗  

3: (𝑣 × 𝐵⃗ ) ∙ 𝑑𝑙⃗⃗  ⃗ = −𝜔(0.5𝑏)𝐵0cos(𝜔𝑡) sin⁡(α)𝑥̂ ∙ 𝑑𝑙⃗⃗  ⃗  

4: (𝑣 × 𝐵⃗ ) ∙ 𝑑𝑙⃗⃗  ⃗ = 𝜔(𝑢)𝐵0cos(𝜔𝑡)⁡sin⁡(α)𝑥̂ ∙ 𝑑𝑙⃗⃗  ⃗  

5: (𝑣 × 𝐵⃗ ) ∙ 𝑑𝑙⃗⃗  ⃗ = 𝜔(0.5𝑏)𝐵0cos(𝜔𝑡) sin⁡(α)𝑥̂ ∙ 𝑑𝑙⃗⃗  ⃗  

    

1: (𝑣 × 𝐵⃗ ) ∙ 𝑑𝑙⃗⃗  ⃗ = 𝜔(𝑢)𝐵0cos(𝜔𝑡) sin⁡(α)𝑥̂ ∙ 𝑑𝑢𝑢̂  

2: (𝑣 × 𝐵⃗ ) ∙ 𝑑𝑙⃗⃗  ⃗ = 𝜔(𝑢)𝐵0cos(𝜔𝑡) sin⁡(α)𝑥̂ ∙ 𝑑𝑢𝑢̂  

3: (𝑣 × 𝐵⃗ ) ∙ 𝑑𝑙⃗⃗  ⃗ = −𝜔(0.5𝑏)𝐵0cos(𝜔𝑡) sin⁡(α)𝑥̂ ∙ 𝑑𝑥𝑥̂  

4: (𝑣 × 𝐵⃗ ) ∙ 𝑑𝑙⃗⃗  ⃗ = 𝜔(𝑢)𝐵0cos(𝜔𝑡)⁡sin⁡(α)𝑥̂ ∙ 𝑑𝑢𝑢̂  

5: (𝑣 × 𝐵⃗ ) ∙ 𝑑𝑙⃗⃗  ⃗ = 𝜔(0.5𝑏)𝐵0cos(𝜔𝑡) sin⁡(α)𝑥̂ ∙ 𝑑𝑥𝑥̂  

    

1: (𝑣 × 𝐵⃗ ) ∙ 𝑑𝑙⃗⃗  ⃗ = 0  

2: (𝑣 × 𝐵⃗ ) ∙ 𝑑𝑙⃗⃗  ⃗ = 0  

3: (𝑣 × 𝐵⃗ ) ∙ 𝑑𝑙⃗⃗  ⃗ = −𝜔(0.5𝑏)𝐵0 cos(𝜔𝑡) sin⁡(α)𝑑𝑥  

4: (𝑣 × 𝐵⃗ ) ∙ 𝑑𝑙⃗⃗  ⃗ = 0  

5: (𝑣 × 𝐵⃗ ) ∙ 𝑑𝑙⃗⃗  ⃗ = 𝜔(0.5𝑏)𝐵0cos(𝜔𝑡) sin⁡(α)𝑑𝑥  

    

∮(𝑣 × 𝐵⃗ ) ∙ 𝑑𝑙⃗⃗  ⃗ = ∫(𝑣 × 𝐵⃗ ) ∙ 𝑑𝑙⃗⃗  ⃗ + ∫(𝑣 × 𝐵⃗ ) ∙ 𝑑𝑙⃗⃗  ⃗

21

+ ∫(𝑣 × 𝐵⃗ ) ∙ 𝑑𝑙⃗⃗  ⃗

3

+ ∫(𝑣 × 𝐵⃗ ) ∙ 𝑑𝑙⃗⃗  ⃗

4

+∫(𝑣 × 𝐵⃗ ) ∙ 𝑑𝑙⃗⃗  ⃗

5

 

 

 

1: 

∫(𝑣 × 𝐵⃗ ) ∙ 𝑑𝑙⃗⃗  ⃗

1

= 

0  

    

2: 

∫(𝑣 × 𝐵⃗ ) ∙ 𝑑𝑙⃗⃗  ⃗

2

= 

0  

    

3: 

∫(𝑣 × 𝐵⃗ ) ∙ 𝑑𝑙⃗⃗  ⃗

3

= ∫ −𝜔(0.5𝑏)𝐵0 cos(𝜔𝑡) sin⁡(α)𝑑𝑥

−0.5𝑎

0.5𝑎

 

 

    

4: 

∫(𝑣 × 𝐵⃗ ) ∙ 𝑑𝑙⃗⃗  ⃗

4

= 

0  

    

5: 

∫(𝑣 × 𝐵⃗ ) ∙ 𝑑𝑙⃗⃗  ⃗

5

= ∫ 𝜔(0.5𝑏)𝐵0 cos(𝜔𝑡) sin⁡(α)𝑑𝑥

0.5𝑎

−0.5𝑎

 

 

    

    



3: 

∫(𝑣 × 𝐵⃗ ) ∙ 𝑑𝑙⃗⃗  ⃗

3

= ∫ 𝜔(0.5𝑏)𝐵0 cos(𝜔𝑡) sin⁡(α)𝑑𝑥

0.5𝑎

−0.5𝑎

 

 

    

3: 

∫(𝑣 × 𝐵⃗ ) ∙ 𝑑𝑙⃗⃗  ⃗

3

= 

𝜔(0.5𝑏)𝑎𝐵0 cos(𝜔𝑡) sin⁡(α)  

    

5: 

∫(𝑣 × 𝐵⃗ ) ∙ 𝑑𝑙⃗⃗  ⃗

5

= 

𝜔(0.5𝑏)𝑎𝐵0 cos(𝜔𝑡) sin⁡(α)  

    

∮(𝑣 × 𝐵⃗ ) ∙ 𝑑𝑙⃗⃗  ⃗ = ∫(𝑣 × 𝐵⃗ ) ∙ 𝑑𝑙⃗⃗  ⃗ + ∫(𝑣 × 𝐵⃗ ) ∙ 𝑑𝑙⃗⃗  ⃗

21

+ ∫(𝑣 × 𝐵⃗ ) ∙ 𝑑𝑙⃗⃗  ⃗

3

+ ∫(𝑣 × 𝐵⃗ ) ∙ 𝑑𝑙⃗⃗  ⃗

4

+∫(𝑣 × 𝐵⃗ ) ∙ 𝑑𝑙⃗⃗  ⃗

5

 

 

  

∮(𝑣 × 𝐵⃗ ) ∙ 𝑑𝑙⃗⃗  ⃗ = 0 + 0 + 𝜔(0.5𝑏)𝑎𝐵0 cos(𝜔𝑡) sin(α) + 0

+𝜔(0.5𝑏)𝑎𝐵0 cos(𝜔𝑡) sin⁡(α) 

 

  

∮(𝑣 × 𝐵⃗ ) ∙ 𝑑𝑙⃗⃗  ⃗ = 𝑎𝑏𝜔𝐵0 cos(𝜔𝑡) sin(α) 
 

  

∮(𝑣 × 𝐵⃗ ) ∙ 𝑑𝑙⃗⃗  ⃗ = 𝑎𝑏𝜔𝐵0 cos(𝜔𝑡) sin(𝜔𝑡) 
 

  

𝛷𝑚𝑜𝑡𝑖𝑜𝑛𝑎𝑙 = ∮𝑣 × 𝐵⃗ ∙ 𝑑𝑙⃗⃗  ⃗ = 𝑎𝑏𝜔𝐵0 cos(𝜔𝑡) sin(𝜔𝑡) 
 

  

𝛷𝑡𝑜𝑡𝑎𝑙 = 𝜔𝑆𝐵0sin(2𝜔𝑡)  

  

𝛷𝑡𝑜𝑡𝑎𝑙 = 𝛷𝑡𝑟𝑎𝑛𝑠𝑓𝑜𝑟𝑚𝑒𝑟 + 𝛷𝑚𝑜𝑡𝑖𝑜𝑛𝑎𝑙  

  

𝛷𝑡𝑜𝑡𝑎𝑙 = ⁡𝑎𝑏𝜔𝐵0 cos(𝜔𝑡) sin(𝜔𝑡) + 𝑎𝑏𝜔𝐵0 cos(𝜔𝑡) sin(𝜔𝑡)  

  

𝛷𝑡𝑜𝑡𝑎𝑙 = 2⁡𝑎𝑏𝜔𝐵0 cos(𝜔𝑡) sin(𝜔𝑡)  

  

  
𝛷𝑡𝑜𝑡𝑎𝑙 = 𝑆𝜔𝐵0 2cos(𝜔𝑡) sin(𝜔𝑡) 

 

  

𝛷𝑡𝑜𝑡𝑎𝑙 = 𝜔𝑆𝐵0sin(2𝜔𝑡) (volts)⁡  

    

 

 


