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Question T1

We would like to find the Fourier transform of function f(x) defined by the equation
(TL.1).

2

£(x) = " 207 (T1.1)

The Fourier transform of f(x) is defined by the equation (T1.2).

F(uw) = f +Oof(x) e /WXdx (T1.2)

Answer the following questions.

(1) Prove that F(u) satisfies the equation (T1.3).
dF(u)

= —c2uF () (T1.3)
du

(2) Find the general solution of the equation (T1.3).

(3) Obtain F(u) using the equation (T1.4).

+00 x2
J e 202dx = 2mo (T1.4)
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Question T2
Answer the following questions.

(1) Provide and explain an algorithm that generates uniform integer random

number with about 5 lines.

(2) Provide and explain an algorithm that simulates throwing a dice with
about 5 lines. The dice is expected to provide the number from 1 to 6
with equal frequency. You may use the function random() that

generates random numbers that are uniform on the interval [0,1).

(3) Provide and explain an algorithm that generates exponentially
distributed random numbers with about 5 lines. Probability density
function of exponential distribution is defined by f(t) = 2e~*. You may
use the function random() that generates random numbers that are

uniform on the interval [0,1).

(4) Provide and explain an algorithm that generates random numbers from a
standard normal distribution (with mean 0 and standard deviation 1)
with about 5 lines. Probability density function of the standard normal

x2

2. You may use the function

distribution is defined by p(x) =\/%_ne_

random( ) that generates random numbers that are uniform on the
interval [0,1).
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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

Answer the following questions about the
image generation method in Computer Graphics
(CQ).

(1) Ray Tracing is one of image generation
methods in CG. In this method, for each
pixel of a screen, a ray from a view point to
a pixel is traced and then a luminance of the
pixel is computed as shown in Figure
T3-A.1.

The pseudo code of the algorithm is
shown below. Fill in the blank of this code,
provided that neither the reflection nor the
refraction from the intersection point is
considered.

For each pixel of a screen {

\ 7/

/ N\

J

Aiew point

Light
Source
Pixel
Ray

Screen

Figure T3-A.1

A ray from a view point to a pixel is defined;

Compute intersections between a ray and objects;

If one or more objects intersect a ray {

2

Fill the pixel with the color of the visible point of the object;

}

Else (There does not exist an object which intersects a ray) {

Fill the pixel with a background color;

(2) In this image generation method, the
intersection detection between an object
and a ray is necessary. The intersection
between a sphere and a ray is utilized
because of its simplicity. Here we consider
the intersection detection between a sphere
and a ray as shown in Figure T3-A.2. A ray
is represented as P = E + Vt where E is a
start point, V (|V| = 1) is a ray direction,
and t is a parameter. Also, P’ is a point on

Figure T3-A.2

the surface of a sphere with a radius r. Then, describe a method for the intersection
detection and a method to compute an intersection point which is a candidate of a
[Continue to the next page]

visible point.
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(3) This image generation method is in general time-consuming. Most of computation is
spent by intersection detections between rays and objects. Discuss a method to
accelerate such intersection detections for the following case within ten lines. Note

that the acceleration by parallel computation is excluded.

® The scene of a complicated object with a quite large number of polygons

Screen

/

Y View point

Figure T3-A.3
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Question 3-B

Let us consider the Carnot cycle, a reversible heat cycle operated between

two heat sources at different temperatures. The Carnot cycle is a heat engine,
which produces the work W by absorbing heat Qun from the hot reservoir at
temperature T and disposing heat QL to the cold reservoir at temperature TL

as shown in Figure T3-B.1.

Carnot
Cycle

7, Figure T3-B.1

Answer the following questions.

(1) The Carnot cycle consists of four processes in the p-V diagram

(p:pressure, and V:volume) as shown in Figure T3-B.2.

p

Figure T3-B.2

4

Explain the changes of the thermodynamic state of each process in
Figure T3-B.2 using the words such as temperature Tn and Tr, heat Qn
and Q., isothermal expansion, isothermal compression, adiabatic
expansion, and adiabatic compression.

(2) Explain how the work W can be described in Figure T3-B.2.

[Continue to the next page]
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(3) The thermal efficiency of the Carnot cycle is given by
VA
Qy Qu

Explain from the aspect of thermodynamics that the thermal efficiency

of the Carnot cycle in case of the ideal gas becomes as follows:

T
n=1-_—+
TH

(4) The perpetual motion machine of the second kind is a machine to
convert the entire internal thermal energy to the work without a
temperature difference. Explain within 5 lines why the perpetual

motion machine of the second kind can not be realized.
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Question T3-C

Japan Meteorological Agency (JMA) provides residents in Japan with the Earthquake
Early Warnings (Kinkyu Jishin Sokuho in Japanese) since October, 2007. Receiving
this information, we control elevators or trains to stop, or we move to safe place in a
plant, office and home. This information is to help to mitigate damages caused by

earthquakes.
Answer the following questions about this earthquake information.

(1) The following is the explanation of the method of Earthquake Early Warnings.

Answer the appropriate words in (a) to (d).

JMA detects arrivals of m wave by using deployed around Japan.

And then JMA determines of earthquake. Lastly JMA forecasts and

informs the arrival time of wave.
(2) Explain characteristics of wave and wave in the question (1)

within 3 lines from the viewpoints of velocity and energy.

(3) There are many technical limitations of Earthquake Early Warning. Give one

example and then explain it within 3 lines.

(4) An earthquake of magnitude 2.3 located in North Wakayama occurred at about
16:56 on August 8, 2013. For this earthquake, JMA announced the false alarm that
an earthquake of magnitude 7.8 occurred in Nara region. Give one possibility that

such a false alarm occurs and then explain it within 5 lines.
(5) Recently, the amplitude of acceleration is monitored at the observation stations

deployed around Japan in real time. Explain the importance of this monitoring with

about 3 lines in relation to reduction of the false alarm such as the question (4).

T-16



Entrance Examination
for Emerging Design and Informatics Course,

Graduate School of Interdisciplinary Information Studies,

The University of Tokyo.
Academic Year 2015
(14:00-16:00, August 18th, 2014)

Directions: Do not open this booklet before the examination begins.

10.
11.
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This booklet includes a set of three questions (Question 1~3). Answer
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reference purpose only.
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