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1. Consider a toroidal frame of a rectangular cross section tightly wound with N turns of wire. 

Outer and inner radius are given by b and a, respectively. Height is h. A narrow gap is of 

length lg. Assume the permeability of the medium in the gap to be μ0 and the medium in the 

toroid to be μ.  

 

 

 

 

 

 

 

 

(1) Find the magnetic field inside the toroid.  

(2) Find the self-inductance.  

(3) Assume a small square loop of wire with sides d is inserted in the gap (d << h, |b - a|), 

such that its area normal is parallel to that of toroidal cross section and the centers 

coincide with each other. Find the mutual inductance. 

 

2. You are given a wire of finite length L. At a point apart from the wire by a distance z in the 

bisecting plane is a circular loop of a single turn with radius a. For simplicity, assume that L, 

z >> a. Hint: this assumption allows you to approximate the magnetic field over the small 

loop as constant! 

 



(1) If the straight wire carries current I, find the magnetic flux density at the circular loops. 

(2) Find the mutual inductance (M1) between the straight wire and the loops.  

 

Now, the straight wire is folded to form a circle. At a point on the axis of this circular wire lies a 

circular loop of N turns with radius a. The axial distance between the two wires is z (same as z 

above) and the wires are concentric. Assume also that L, z >> a. 

 

(3) If the loop with circumference L carries current I, find the magnetic flux density at the 

circular loop with radius a. 

(4) Find the mutual inductance M2 between the wires. 

(5) If z = 10L, what is the closest integer as N that makes M1 ≈ M2? An approximate answer 

will suffice. 

 

3. A simple magnetic core shown below of permeability  has two windings of N1 and N2 turns 

respectively. Winding 1 is driven by a constant current I0 while winding 2 is open-circuited. 

A magnetic bar of height h is separated from the core by airgaps of length g on each side and 

intruded such that the overlap length with the core is given by x. The depth of the magnetic 

core and bar is d. Assume that h >> g. 

 

 

 

 

 

 

 

 

 



(1) Calculate the magnetic field intensity at the airgap when x = 0 and when x = w?  

(2) What is the magnetic field intensity obtained above if   ∞?  

 

4. A very long, straight wire of radius a is apart from the center of a circular loop of N wires by 

a distance d (d >> a), as shown in the figure. The radius of the circular loop is w. The cross-

section of the wire that is used to make the loop is also of radius a. 

 

(1) If a current I flows upward along the straight wire, calculate the magnetic flux. 

(2) Find the linkage linking the circular loop of N wires.  

(3) Calculate the inductance per unit length. Be sure to include internal inductance. 

(4) What is the induced electromotive force, if the loop moves at a frequency f such that d(t) = d + 

d0sin(2πft) ? 

 

5. A square loop of metal wires (N turns; width a and height h) is placed between two wires, 

each carrying current I, as shown in the diagram below. The two wires are separated by d. 

 

(1) What is the magnetic field B in all regions? 

(2) Express the mutual inductance in terms of x as the horizontal center of the loop. 

(3) Find the maximum mutual inductance and the location corresponding to this maximum.  



6. A wire of radius a carries a current I. A rectangular loop of wires of N turns is located away 

by a center-to-center distance d (d >> a). 

 
(1) Calculate the magnetic flux B.  

(2) Find the magnetic flux and the linkage maintained by the rectangular loop. 

(3) Find the magnetic energy stored in the loop. 

(4) Find the internal inductance of the wire and the mutual inductance of the loop. 

 

7. You are given a parallel-plate capacitor in which conducting plates are separated by an air 

gap of distance d. It was found that the top and the bottom plate surface have surface charge 

density ,  and ,  ( : constant). For simplicity, 

reference the center plane between the conductors at z = 0. 

 

(1) Find the potential distribution in the gap between the plate electrodes. 

(2) Find the electric field in all areas. 

(3) What is the maximum potential in the system? 

 


