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Entrance Examination for Master’s Program

Graduate School of Sciences and Technology for Innovation Examinee’s
Yamaguchi University (Engineering) Enrollment in April 2026(2nd) No.

Examination Code 53

Electromagnetics 1

¢{QUESTION SHEET (DO NOT answer on this sheet.))

As shown in Fig. 1(a), a conductive sphere A with radius ra [m] and a conductive sphere B with radius 7g [m] are
placed in free space separated by a sufficiently long distance / [m] (/> ra, r8). Here, conductive spheres are assumed
to be perfect conductors with infinite conductivity. Each conductive sphere is assigned a charge of Oa [C] and Os
[C], respectively, where Qa and Qs are positive quantities. Assuming the permittivity of vacuum is & [F/m], answer
the following questions. (Allotment of points: 75 points)

Since the distance between the two conductive spheres is sufficiently large, the potential generated at the position
of one conductive sphere by the other charged sphere can be calculated by treating the charged sphere as a point
charge.

(1) Considering a conductive sphere B as a point charge, determine the potential Va1 [V] induced at the center
point of conductive sphere A due to the charge of conductive sphere B. Here, this answer can be regarded as
the potential generated at conductive sphere A by the charge on conductive sphere B.

(2) Ignoring the influence of conductive B, find the potential Va» [V] formed by the charge on conductive
sphere A on the sphere itself.

(3) Find the potential V4 [V] of conductive sphere A.

(4) Using the same procedure above, determine the potential ¥’s8[V] of conductive sphere B.

Next, as shown in Fig. 1(b), connecting conductive spheres A and B with a conductive wire that is sufficiently thin
to be negligible in thickness and has infinite conductivity yields a potential of Vo [V].

(5) Express the total charge 01 [C] on conductive sphere A and the total charge 02 [C] on conductive sphere B

by using &, ra, 8, / and Vp.

(6) Determine the total capacitance Cag [F] of this system consisting of conductive spheres A and B.
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Electromagnetics 2

{QUESTION SHEET (DO NOT answer on this sheet.))

As shown in Fig. 2-1, an infinitely long straight conductor with a circular cross section of radius a [m] carries a
uniform current / [A]. Answer the following questions. Let o be the permeability of free space and u be the

permeability of the conductor. (Allotment of point: 75 points)

(1) Find the magnetic field strength H (r) [A/m] and the magnetic flux density B (r) [T] inside the conductor (» < a).

(2) Find the magnetic field strength A [A/m] and the magnetic flux density B [T] at a point P located a perpendicular
distance r (a < r) [m] from the straight conductor.

(3) For an arbitrary closed path that includes the point P but does not enclose the straight conductor, determine the
integral value of H [A/m] and B [T]. Here, the point P is assumed to be located on the closed path.

(4) Find the magnetic-field energy generated inside the conductor per unit length W [J/m].

(5) Using the result derived in (4), find the internal inductance per unit length L [H/m].

(6) As shown in Fig. 2-2, the straight conductor is placed in a uniform magnetic flux density B’ [T] that lies in the
plane of the paper and makes an angle @ with the conductor. Determine the magnitude /' [N/m] and direction of
the force per unit length acting on the conductor. Also, find the angle fmax at which the force is maximum and its

magnitude Frnax [N/m], and the angle Omin and magnitude F'min [N/m] at which the force is minimum.
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Electric Circuit 1

{QUESTION SHEET (DO NOT answer on this sheet.))

A single-phase AC circuit is depicted in Fig. 1, where the angular frequency of the AC voltage source is represented
by w. (Allotment of points: 75 points)

(1) Redraw the circuit configuration of Fig.1 by transforming the mutual inductor M into a “T-shape” equivalent
circuit.
(2) Determine the loop equations in the Networks 1 and 2.

(3) Calculate the equation I, and find the condition of w to satisfy the equation [, = 0 where Z; = Z3 =0 and
, 1 .
Zy = 7o 2re given.

(4) Find the power consumption in the total circuit when Z; = 0, Z, = 1/(jwC) and Z; = R are given under the

condition of the self inductances L, = L, and the coupling coefficient k = 1.
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Electric Circuit 2

{QUESTION SHEET (DO NOT answer on this sheet.))

Consider the circuit as shown in Fig. 2. The electric charge of capacitor C is 0 at ¢ < 0. (Allotment of points: 75
points)
(1) Find the current i (0) just after the switch S is connected to the terminal a at £ = 0.
(2) Find the current i (f) at ¢>0 after the switch S is connected to the terminal a at £ = 0.
(3) After the switch S is connected to the terminal a, the circuit is in steady state at # = #1. Find the current i (#1).

(4) Find the current i (f) at >y, after the switch S is connected to the terminal b at £ = 71.
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