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[Physics and Mathematics]
Answer problems (1} ~ (3).

(1) Answer questions (a)~(e). The vacuum magnetic permeability is written as ip.

As given in Figure 1, there is a sufficiently long wire (radius 74) in vacuum, and a current is flowing
along the z-axis.

(a) Draw the direction of the magnetic field, generated around the conductor with respect to the
direction of the current in the z-axis direction. Name the basic law of electromagnetism that
describes the relationship between electric current and the magnetic field created around it.

(b) Forthe magnetic field generated around the current density J, give the magnetic field strength,

H, as a function of the distance r from the central axis.

View from the z-axis

Figure 1. A conductor wire



The long wire (radius y) in Figure 1 is surrounded by a hollow conductor (inner radius 1,

outer radius 73), as shown in Figure 2, to fabricate a coaxial cable.

(c) Assuming that current is passed along the z-axis only through the inner cylindrical conductor,
draw the outline of a graph showing the changes in magnetic field strength, H, and magnetic
flux density, B, with respect to distance » from the central axis.

(d) Assuming that current is passed along the z-axis only through the outer conductor, give the
magnetic field strength, H, at distance » from the central axis for the magnetic field generated
at current density .J.

(€) Between the inside and outside conductors, one terminal of the coaxial cable is connected
with a DC power supply with a voltage, ¥, while the other terminal is connected with & resistor,

R. Give the magnetic field strength, H, at the distance r from the central axis.

View fiom the z-axis
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Figure 2. A coaxial cable



(2) Answer questions from (f) to (i). The imaginary unit is represented by 7.
2 1 1 4 5 1 1 1 0
A=(0 i 24, B={0 0 —1,C=(1 0 =i
2 0 -1 -1 0 2 0 i 1

() Give the value of the determinant for matrices, 4, B, and C.

(g) Judge whether the matrices 4 and B are regular or not. If the matrix is regular, give the
inverse matrix.

(h) Explain why that the matrix C is Hermitian.

(i) Diagonalize the matrix C by a unitary matrix.

(3) Answer questions from (j) to (1). The imaginary unit is represented by 7.

An electron in a uniform magnetic field in the z-axis direction energetically splits into two levels,

and the electron spin matrix s, can be determined using the Pauli matrix g, as given below.

n=(i o a=( 3) =0 5)

(i) Give an eigenvalue and an eigenvector of the matrix s.
(k) Calculate s% = s? + 5% + 52,

(1) Give aphysical interpretation on the eigenstates of s3 and s2, based on quantum mechanics.



