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Transformer Approximate Equivalent Circuit 
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Transformer Equivalent Circuit 
 
 

1:___________ 
2:___________ 
3:___________ 
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Problem 1 (25 points) 
In class, when discussing rotational systems, we started with an inductance that was a 
square wave, then approximated it with a sinusoid.  A better approximation is to include 
harmonics.  For example, consider a system with the following λ-i characteristic: 
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a) Find the co-energy mW ′  (10 points) 

b) Find the torque of electric origin eT  (10 points) 

c) Suppose ia = ib = ir = 1 A, Ls = Lr = 1 H, M = 0.9 H, and θ = 60°.  What is the 
difference in torque between considering only the fundamental (θ variation) and 
including harmonics (3θ variation)?  (5 points) 









Problem 4 (25 points) 
 
Consider the system shown below.  Something similar was built in 1996 by Matt Greuel 
and Dan Logue as a senior design project.  The idea is to use the moving member as a 
projectile, accelerated by magnetic energy. 

 
 
The flux linkage is found to be: 
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a) Find co-energy mW ′  for the two intervals in x given (8 points) 

b) Find force of electric origin ef  for the two intervals in x given  (7 points) 

c) Find EFE and EFM as the system proceeds through the following sequence (10 
points): 

i. From x = i = 0 to x = 0, i = 10 A 

ii. From x = 0 to x = 0.01 m with constant current (i = 10 A) 

iii. From i = 10 to i = 0 with constant position (x = 0.01 m) 






