
 

 

 

  
 

 

 

 

 

Motivation

•UAE Vision 2021 National Agenda.

• Sustainable environment and 
infrastructure.

•Virgin Hyperloop One. 

Objective
•Apply differentiation, integrations 

and differential equations in the 
industry and technology.

Problem 
statement

•Use concepts in calculus to 
understand how current is induced 
in Maglev trains.
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What is Maglev Train? 

Symbols: 

Current Research 
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Conclusion 

• Mathematics has played and continues to play a critical role in 

expanding fields of science and technology. 

• Using the concept of differentiation, integration, differential 

equations and dot product allowed us to understand the concept 

behind Maglev trains. 
 

 

• The increasing demand for a future with more sustainable 

modes of transportation, the exponential growth of the 

technologists’ interests, and the increasingly urgent climate 

crisis, highlighted the need to plan and strive for improved 

infrastructure. 
 

• Maglev trains possess potential for being faster, safer, and 

more energy efficient than conventional transportation 

systems. So, with technology, research and innovation 

consistently improving in the world, Maglev trains will 

overcome any barriers, to become one of the main modes of 
transportation in the future. 
 

• Dubai is already well on its way to reveal the first hyperloop 

project in the region; Virgin Hyperloop One (Maglev Train). 
 

Working concept  

Φ = Magnetic flux 

∮ = Closed integral sign (loop). 

B = magnetic field (uniform). 

A = Area of surface (normal vector). 

θ = is the angle between the "normal" to the surface area. 

𝜀 = Induced voltage 

N = Number of coil loops. 

𝑑𝑡 = Change in time. 

I = Current. 

R= Resistance 

  

FIGURE (a) and (b): 

As the on-board magnet moves relative to the guideway coils, a 

current is induced via Faraday's Law, which in turn creates the 

magnetic field that will levitate the train. Furthermore, the 

greater the current, the stronger the magnetic field. Therefore, 

engineers use calculus in faraday’s law, to determine how strong 

the magnetic field should be to levitate and balance the train. [3] 

 
1. https://sites.tufts.edu/eeseniordesignhandbook/2015/maglev-

magnetic-levitating-trains/       
2. https://sciencing.com/faradays-law-of-induction-definition-

formula-examples-13721429.html 
3. http://www.hk-phy.org/articles/maglev/maglev_e.html 
 

 

Using Calculus in Maglev (Faraday’s law):  
 

Representing the magnetic flux and faraday’s law by 

implementing the concept of calculus is the basis of finding the 

current in Maglev trains. 
 

Magnetic flux is given by: 

1. Φ = ∮ �⃗� ∙  𝑑𝐴⃗⃗⃗⃗  ⃗ 
2. Φ = ∫𝐵 ∙ 𝑑𝐴 cos 𝜃  (considering 𝜃= 0 or 180 to 

maximize Φ )  

      → ∫𝐵 ∙ 𝑑𝐴 ∙ (1 𝑜𝑟 − 1) 

3. If B is uniform: 

→ Φ = ∫𝐵 ∙ 𝑑𝐴 = 𝐵 ∫𝑑𝐴 = BA 
 

This equation shows that, a stronger magnetic field and a 

bigger area leads to more magnetic flux. [2] 
 

Induced current in Maglev trains is given by: 

4. → 𝜀 =  −𝑁 
𝑑ΦB

𝑑𝑡
 = −𝑁 

𝑑BA

𝑑𝑡
 

5. I = 
𝜀

𝑅
 = 

−𝑁 
𝑑BA

𝑑𝑡

𝑅
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Maglev trains depend on magnetic levitation to levitate the 

train, hence the name Maglev. Other than airplanes, quick 

and commercial transportation is limited. Maglev train may 

be the answer to this problem, because it utilizes the concept 

of magnetic repulsion by using powerful magnets on both the 

train and guideway, allowing the train to levitate, accelerate 

and travel faster than the traditional wheel and track train. 

Moreover, Maglev trains are environmentally friendly 

because they have zero carbon emission and they reduce 

noise pollution, as they do not resort to internal combustion 

engines. [1]  
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