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Question T1

The following differential equation shows the dynamics of x with respect to 7, where 7 is
a positive constant and K is a positive constant and 0 <x < K.
dx r

— = —_— 2 B
77 rX Kx (T1.1)

(1)  If we set x=xoat =0, then solve (T1.1).
Next, we introduce another variable, y, which interacts with x and controls x. We replace
r/K with ¢, then we get (T1.2) and (T1.3), where a is a positive constant when y controls

x, b is a positive constant when y increases as a result of its interaction with x, and d is a
positive constant rate when y decreases.

dx 5

Frie filx,¥) = rx — cx* — axy (T1.2)
dy

— = f(,y) = bxy — dy (T1.3)

(2) Find the equilibrium point (x*, y*) of the simultaneous differential equations,
(T1.2) and (T1.3).

However, x and y do not necessarily converge to the equilibrium point that you found in
(2). In order to find the temporal dynamics of this system around the equilibrium point,
we need to carry out local stability analysis (linear stability analysis). In general, this
analysis is conducted in the following processes: (U and (©@).

(D We set a point (x, y) that is very close to the equilibrium point (x*, y*) as x =
x*+&,y=y*+g . Then we carry out a Taylor expansion. Since |&| (i=x,y) is small
enough, we can neglect second or higher order &. Then, we get a first order
equation for &.

(2) We apply method (D to (T1.2) and (T1.3), and we get simultaneous equations of
& and g with z. At the equilibrium point, dx/dt = fi(x*, y*) =0 and dy/dt = fo(x*,
»y*) =0, then the constant term is 0; therefore, we eventually get a linear equation

consisting of a column vector (&, &)"and a matrix. We call this matrix a Jacobian.

(3) Find the condition in which & (i=x,y) converges with damped oscillations to the
equilibrium point (x*, y*).
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Question T2

Consider a game of selecting a subset from a given integer sequence. The goal is to
maximize the total sum of selected numbers, but you cannot select numbers that are
adjacent. For example, if you select 5 from the sequence 1,5, 2, —4,6, you cannot
select 1 or 2 because these are adjacent to 5. Similarly, if you select 1, you cannot

select 5.

(1) Following the above rule, select a subset of numbers of maximum total sum
from the sequence 3,5,7,6,2, 4.

(2) Following the above rule, describe an algorithm that calculates the maximum
total S, of a subset from a given sequence of n integers z1, zo, . . ., Zy,.

(3) Calculate the computational cost of the above algorithm answered in (2) in

terms of n.
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Question T3

Select one question from the following Questions 3-A ~ 3-C, and answer the

question. Mark the number of question you selected in the answer sheet.
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Question T3-A

(1) There exist two bands of wireless local area networks (WLAN): 2.4GHz
and 5GHz. Explain their advantages from the viewpoint of users

within five lines together.

(2) Answer the following questions.
(a) Write the definitions of Fourier transform and its inverse transform.
Note that X(w) denotes the spectrum of a signal x(t) where w is

angular frequency.

(b) Calculate the Fourier transform X(w) of the following rectangular
pulse signal x(t). [Illustrate its outline and indicate the values of

intercepts.

R CEDS
X0 ={g (1> 1)

(T3-A.1)
(¢) Y(w) is the Fourier transform of the following signal y(t) which is
a product of the rectangular pulse signal x(t) in Eq. (T3-A.1) and
coswyt. Describe the relationship between X(w) in question (b)

and Y(w), using a sentence “convolution in frequency domain.”

coswot (|t] < ty)

t) = T3-A.2
YO={0""" (1> St
(d) Calculate the Fourier transform Z(w) of the following triangular

pulse signal z(t). Discuss the characteristic of z(t) as a window

function in comparison with x(t) in Eq. (T3-A.1).

|t]
1= e < )
0
0 (It] > to)

2(t) = (T3-A.3)
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Question T3-B

Answer the following questions regarding mechanics of materials. You may use figures

if necessary. The figures are not counted as the explanation lines.

(1) Explain within 7 lines about superposition principle in mechanics of materials using

the terms such as linear and small deformation.
(2) As Figure T3-B.1 shows, external forces are acting on both ends A, G and points C,
E of a bar and balancing, where PA=50kN, Pc=30kN, Pe=20kN, Pc=40kN. Obtain

the normal stress generated on sections of B, D and F. The sectional area of the bar

is 75mm?.

A G
'PA \ | Pg l

(3) The length of the bar shown in Figure T3-B.1 was 1000mm before the tension. The

e Lo
@)

10

m
—

Figure T3-B.1
distance of AC and EG was 500mm and 300mm, respectively. Obtain the
elongation of the bar of Figure T3-B.1. The Young’s modulus of the bar is 70GPa.
(4) If the both ends of the ordinary metal material were pulled, the volume after the
tension increases. Explain this within 7 lines using the terms such as normal strain,

lateral strain and small deformation.

(5) Draw a stress-strain curve of steel, and explain about the elasticity limit, yield point

and tensile strength.
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Question T3-C

There is one elevator, located in a high-rise building, which carries people
to the observatory floor directly. Travel time between the ground floor and
the observatory floor is 3 minutes. The dwell time at the ground and
observatory floors is set as 2 minutes. Suppose the elevator accommodates
customers in the order of arrival, and the origin of the measurement of time
for each case is defined as a moment of closing the door of the elevator at
the ground floor and leaving for the observatory floor. Answer the following

questions.

(1) Suppose the arrival of customers at the entrance of the elevator of the
ground floor follows the uniform arrival; it means the arrival probability
is fixed at any time. A staff guides the customers to ride on the elevator
and keeps the maximum number of 20 customers at once for loading
quickly enough so that the dwell time at the ground floor is kept as 2
minutes. In the case that customers do not have to wait for the next
elevator whenever the elevator leaves for the observatory floor, answer
the average waiting time for all the customers. Note that the waiting
time does NOT include the dwelling time of 2 minutes at the ground
floor; the waiting time of the customer who arrived during the dwelling

time at the ground floor is considered as 0.

(2) At the peak hour of a holiday, customers arrive uniformly with average
arrival rate of 132 persons per hour. Because the staff still keeps the
maximum number of 20 customers for at once loading quickly enough,
the dwelling time at the ground floor kept as 2minutes as the initial
setting. Answer the ratio of traffic demand to traffic capacity. Answer
the number of waiting customers at just 60 minutes from the origin of

the measurement of time in the case of this customer arrival rate.

[Continue to the next page]



(3) Suppose the condition described in the case that (2) is maintained.
Answer the time (from the origin of the measurement of time) when the
first elevator, which carries the customers all of whom are obliged to

wait for more than 10 minutes, starts to leave for the observatory floor.

(4) Suppose the arrival demand is the same as the case of (2). Consider the
case that the dwell time at the ground floor takes 3 minutes because of
the absence of the staff at the entrance so that the elevator carries 21
customers at once from the ground floor. Note that the dwell time at the
observatory floor is still kept at 2 minutes.

(a) Answer the ratio of traffic demand to traffic capacity.

(b) Answer the number of waiting customers at just 60 minutes from
the origin of the measurement of time in this case.

(c) Answer the time (from the origin of the measurement of time)
when the first elevator, which carries the customers all of whom
are obliged to wait for more than 10 minutes, starts to leave for the
observatory floor.

(d) Write the comparative findings about the results based on the
different two ratios of traffic demand to traffic capacity in this case

and in the case of (2), within 3 lines.
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