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Question T1

(1) Obtain the following indefinite integral written in the equation (T1.1):
[sin® xdx. (T1.1)

(2) Prove the relationship written in the equation (T1.2), where n is any

natural number that is greater than or equal to 2:

i

”_ljoz sin"2 xdx. (T1.2)

T
Izsin”xdx:
0 n

(3) Obtain the definite integral written in the equation (T1.3), where n is any

natural number greater than or equal to 2:

T

jofsin"xdx. (T1.3)

(4) Obtain the length of and the space surrounded by the following closed
curve in real space written in the equation (T1.4), where a is a real

positive constant:
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Question T2

Consider a procedure to obtain a certain volume of water by repeating one of the below
operations, a), b), and c), with two bottles:

a) fill up one of the bottles with water,

b) empty one of the bottles,

c) pour water from a bottle A into another bottle B until either the bottle A becomes
empty or the bottle B becomes full.

At the initial state, both of two bottles are empty. The procedure is completed when one
of the bottles contains the target volume of water. Count each of a), b), and c) as one
operation. Answer the following questions.

(1) Explain the procedure consisting of above operations to obtain 4 liters of water by
using a 3-liter bottle and a 5-liter bottle.

(2) Suppose x stands for the volume of water in a 3-liter bottle and y stands for the
volume of water in a 5-liter bottle. Plot each state (x, y) during the above procedure
of above (1) in a Cartesian coordinate system and draw arrows corresponding to
the state transitions caused by operations.

(3) Suppose we have an m-litter bottle and an n-litter bottle, where m, n € N (natural
number). Show that there exist at most 2(m + n) different states.

(4) Explain the condition when the number of states is exactly 2(m + n) in above (3).
Specify the number of states when it is less than 2(m + n).

(5) Consider a procedure to obtain i liters of water using an m-liter bottle and an n-liter
bottle, where i, m, n € N and i < max (m, n). Describe an algorithm to find a
procedure with the minimum operations and to indicate the impossibility if there
exists no procedure to achieve it.
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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
Answe the following questions about image processing.

(1) The graphs (a)-(d) in Figure T3-A.1 show the characteristics of image intensity
conversions. The horizontal axis shows the input intensity, and the vertical axis shows
the output intensity. Explain the effect of each conversion with about 2 lines.

Output Output Output
255 255 255
0 Input 0 Input 0 Input
0 255 0 255 0 255
(a) (b) (c)
Output
255
0 Input
0 255
(d)
Figure T3-A.1

(2) Moving average filter and Gaussian filter are known as noise reduction filters.
Suppose that the input is a one-dimensional image. Outline the characteristics of these
filters as graphs in which the horizontal axis shows the pixel position, and the vertical
axis shows the filter coefficient. The filtering window is set to [-3, 3].

In addition, which of the two filters is more effective in reduction of high frequency
noise.

(3) Explain what is median filter and what kind of noise the filter can effectively reduce,
with about 3 lines.

(4) Operators (i)-(iii) below are image edge detectors, whe(g, y) is the intensity of
pixel at (x,y) of the input image andf (x,y) is the output. Describe 3x3 array of
the filter coefficients corresponding to each operator.
In addition, Figures T3-A.2 (a)-(d) are the results of the edge detectors applied to the
input image |. Choose the results corresponding to operators (i)-(iii), respectively.
Assume f(x,y):O when f(x,y)<0.
[Coninue to the next page]
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Question T3-B

Answer the following questions regarding mechanical vibration. You may use figures if

needed. The figures are not counted as the explanation lines.

As Figure T3-B.1, one end of a spring is fixed, and an object is attached to the other end.
Vibration occurs when you release after deforming the spring by pulling the object.
Neutral position is defined as x = 0 as force of the spring is 0. Let the body mass be
m, and the spring constant be k. At this time, the acceleration of the object is
proportional to the displacement from the neutral position.

]
Moo

Figure T3-B.1

(1) Explain with about 5 lines how you can solve the proportionality factor. Also,
explain with about 2 lines the relationship between this proportionality coefficient

and the oscillating period.

(2) When timet = 0, x = xq and time differentiation x = 0. Explain with about 3
lines the relationship between time ¢t and displacement x.

Figure T3-B.2 shows a model that a vibrating object is subjected to the resistance
proportional to the velocity. Let the body mass be m, the spring constant be k, and the

damping coefficient be c.

SRS

<)

S S S S/ Figure T3-B.2

[Continue to the next page]
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(3) Explain with about 4 lines the situations when vibration becomes damped
oscillation.

(4) What is Q-value? Explain with about 4 lines while touching on the relationship with
damping coefficient.

(5) Give an example of shock absorber, and explain its fundamental principle. You may

draw figures.
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A) TDM (Travel Demand Management or Traffic Demand Management)
B) ETC (Electronic Toll Collection)
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Question T3-C

Answer the following questions about traffic engineering.

(1) Traffic volume (Q) has a relation of Q = K - Vs using traffic density (K) and space

average speed (Vs). The figure below shows the relation of traffic volume (Q) and

traffic density (K).

Kc Kf
K
Figure T3-C.1
A) Explain a state of the trafficin K < K¢ and K > Kc with about three lines.
B) Plot figures of relation of Vs and K, and Vs and Q.

(2) The cause of the traffic jam in a highway is a sag part (the place that approaches
the uphill slope from the downhill slope) and a tunnel entrance. Explain these

reasons with about three lines.
(3) Explain the following terms with about three lines.

A) TDM (Travel Demand Management or Traffic Demand Management)
B) ETC (Electronic Toll Collection)
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This booklet includes 15 pages. Report missing, misplaced, and imperfect
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This booklet includes a set of three questions (Question 1~3). Answer
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Each question is described both in Japanese and in English. Use the
Japanese version primarily; the English version is provided for the
reference purpose only.
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