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Engineering

Answer Question 1 (Compulsory question), and a single Elective question of your choice from
Questions 2 - 4 showing your calculations for how you derived the answer. Write the question
number you have selected on the second answer sheet. Regarding the Elective question, only

the answer to the selected question will be scored.

Question 1 (Compulsory question)

Answer all the following questions (1) — (4).

(1) Solve the following ordinary differential equation and show the general solution (express

y in terms of x).

dy (x+1)?
dx ~ (y—2)2

(2) Find the following indefinite integral.

.2
fx3exdx

(3) Solve the following simultaneous first-order ordinary differential equations and show the

general solution for x(¢) and y(¢).

dx(t)

Fra x(t) + 4y(t)
dy(t)
T 2x(t) —y(t)

(4) Diagonalize the following matrix and show the diagonal matrix.

A= (—41 _11)



Question 2 (Elective question)

Consider a cantilever beam of length L, Young's modulus £, and second moment of area /, as

shown in the figure below. Loads W, and Wp act vertically downward at the free end and at

point B, which is a distance from the free end in the axial direction of the beam by b,

respectively. The self-weight of the beam is assumed to be negligible. Answer the following

questions.

(1) Find the moment acting on the cross section of the beam at a distance x in the axial
direction from the free end.

(2) If Wy=wand Wg =0, find the deflection at the free end.

(3) If Wy=0 and Wz = w, find the deflection angle and deflection at point B. Also, find the
deflection at the free end.

(4) If Wy= Wp=w, find the deflection at the free end.
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Question 3 (Elective question)

Consider the static magnetic field created by a circular current placed in a vacuum. Answer the

following questions. Note that the magnetic permeability in the vacuum is po.

(1) As shown in the figure, a current of magnitude J flows steadily through a circular circuit
of radius r placed in the xy-plane with its center at the origin O. Calculate the static
magnetic field created by this current at the origin O and at an arbitrary point P on the z-

axis, respectively.

oP

(2) Using the above results, calculate the static magnetic field on the central axis of an
infinitely long solenoid coil with » turns per unit length and radius », when a current of

magnitude J is flowing steadily through it.



Question 4 (Elective question)

Consider a space expressed in right-handed coordinates. The space has a uniform electric field

E directed in the x-axis in the region where x <0 and a uniform magnetic field of flux

density B exists directed in the z-axis in the region where x > 0. Here, any leakage of electric

and magnetic fields is not considered at the boundaries of the regions. In this case, a particle

with mass m and charge g (g > 0) is stationary at position x = —d (d > 0). Answer the

following questions.

(1) Show the equation of particle motion in the region where x < 0.

(2) Calculate the particle velocity v, when it reaches the point x = 0.

(3) Show and solve the equation of particle motion in the region where x > 0. Here, you can
use the velocity vy and time t = 0 when the particle reaches point x = 0.

(4) Draw the trajectory of the particle’s motion from the beginning of particle motion at
position x = —d until the moment when it reaches v =0 again on the x-y and y-z

planes. Here, you can use the velocity v, when the particle reaches point x = 0.



