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Answer the following questions.

(4) Solve the following differential equation subject to the initial condition that
y =1 when x = 0:

A+02 -1+
xdx_ y

(5) Solve the following differential equation subject to the initial condition that
y =1 when x = 0:
d

d—i/+y+sinx=0

(6) Let the position vector r(r,0) of a point P be given as a function of two
variables r and 6:

r(r,0) = (r cos@, r sinf,r)

As rand 6 vary, the point P traces out a surface S. Answer the following
questions regarding the surface S:

@ Calculate the normal vector to the surface S at point P, which is given by
or(r,0) o or(r,0)
ar 20

@ Let the domain of the function be D:0=r=1,0=<6 < 2n. Find the
surface area of the surface S.
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Answer the following questions.

X1
(1) Letx =|x;|and f(x) = x% + Zx% + 2x§ + 2x1x7 + 2x1x3. Find the symetric matrix A

X3
so that f(x) = x Ax. Here, ‘x is the transpose vector of x.

(2) Find the orthogonal matrix P and the diagonal matrix B so that B = P~'AP for the

matrix A in the equation (1).

21
(3) Suppose the transformationx = P| z, |. Express f(x) in the question (1) as a polynomial

<3
in 21, %2, and 3.

(4) Let x% + x% + x% = 1. Calculate z% + z% + z% for z1, z2, and z3 in the question (3).
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The electromagnetic inductive coupling circuit is configured by inductors of L; and L, with

the mutual inductance M, and a sinusoidal AC voltage source with an angular frequency of @
and an effective voltage of £ is connected across the terminals a and b, and a load with resistance
R is connected across the terminals ¢ and d as shown in Fig. 1. Answer the following questions.
Here, the internal impedance of the voltage source can be ignored and the circuit is in a steady
state.

(1) Formulate circuit equations for the closed loops (D and @ in Fig. 1, respectively,
using currents I; and I,.

(2) Find currents I; and I, by solving circuit equations in question (1). Here, you do not
need to make the denominator real.

(3) Express L using L1, R, and @, under the conditions |i1| = |f2| and the phase difference
between [, and I, is m/2.

(4) Answer the following questions under the condition that I, is in phase with the voltage
source.

(D Derive the relationship between L1, L», and M.
@ Find the admittance Y of the circuit as seen from the voltage source side.

(@ Find the apparent power and the active power supplied to the circuit and the power

factor.
a L, I C
2228 o
L, > M
S e 'a s W
E ® R
©) \ I-l
b d

Fig. 1
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As shown in Fig. 2, the circuit is configured by a DC voltage source of E, a resistor of R, an
inductor of L, a capacitor of C and a switch S. Initialy, the switch S is connected to the terminal
a, and the circuit has reached a steady state. At time ¢ = 0, the switch S is thrown to the terminal
b. Answer the following questions. Assume that the switching time for S can be ignored, and

1
that the relationship L = ZC R? holds.

(1) Immediately after the switch S is connected to the terminal b, find the current i(¢) through

the resistor of R, the voltage v(¢) across the capacitor of C, and the time derivative of the
di(1)
current .
dr

(2) Find i(¢) and v(z) for t = 0. Express your answers without using L.

(3) Determine the amount of energy dissipated by the resistor of R from ¢ = 0 until the circuit
reached a steady state.

Fig. 2
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