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Notices
(1) There are 6 question sheets and 6 answer sheets including a cover sheet.
(2) Fill in your examinee’s number in the specified positions in this cover and each question and answer sheet.
(3) This examination booklet consists of only question sheets. Use other separate sheets for answers.
(4) If the space is exhausted, use the reverse side of the sheet and write down “to be continued” on the last line of the sheet.
(5) Select four specialized subjects among the following five specialized subjects and answer these questions in English or

Japanese. Moreover, mark specialized subjects that you have selected with circles in the table given in the cover of the answer
sheet. (If you select five specialized subjects, four specialized subjects of lower scores are adopted.)

(6) Return these question sheets together with the answer sheets.

(7) If given the instruction to draw a diagram, draw it on the answer sheet.
(8) You may use the approved ruler if you need one.

(9) Raise your hand if you have any questions.
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Two horizontal circular tubes of different diameters (cross sectional areas: S, and S, , respectively; S, <.S,) are connected as

shown in the figure below. Answer the following questions:
(1) Derive the friction loss factor for the case in which a turbulent flow of an incompressible Newtonian fluid goes from the tube on the
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There are 6 question sheets and 6 answer sheets including a cover sheet.

Fill in your examinee”s number in the specified positions in this cover and each question and answer sheet.

This examination booklet consists of only question sheets. Use other separate sheets for answers.

If the space is exhausted, use the reverse side of the sheet and write down “to be continued” on the last line of the sheet.
Question 1 is a required one.

Select three specialized subjects among the following four specialized subjects (Questions 2-5) and answer these questions in
English or Japanese. Moreover, mark specialized subjects that you have selected with circles in the table given in the cover of
the answer sheet. (If you select four specialized subjects, three specialized subjects of lower scores are adopted.)

Return these question sheets together with the answer sheets.

If given the instruction to draw a diagram, draw it on the answer sheet.

You may use the approved ruler if you need one.

(10) Raise your hand if you have any questions.
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Answer the following questions about the motion of a spherical particle of size D, and density p in a static gas.

(1) Derive expressions for the terminal settling velocity w of a spherical particle by gravity in the Stokes and Allen regions, respectively.
The viscosity and density of the gas are given by zzand p, the gravity acceleration is given by g. Here, the drag coefficients Cp in
the Stokes and Allen regions are given by following equations as a function of the particle Reynolds number Re;,.

: 24 : __10
Stokestegion: €, = e (0<Re, < 2) Allenregion: Cp= (2<Re, < 500)
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1. For the Fourier series of a periodic function with a period of 27 expressed as f(x) = Doy D (a

Fourier coefficients are given by a, =2j0nf(§)cosz7z§d§ (m=0,1,2,...) and 5
T
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an even function. Derive the Fourier series of a periodic function, f (x) = —]x’ (—n <x< n) .

2. The transfer function G (s) of a plant is given as follows. Obtain the step response of this function and draw its outline figure.

G(s)

3 -5s
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Answer the following questions about the cancer risk from formaldehyde. Degradation of formaldehyde does not occur.

(1) Wallpapers are put on the wall of 30 m? in the room with a volume of 45 m?>. Formaldehyde is released continuously at a flux, x
[mg m? min''], and immediately disperses into the room atmosphere. In addition, clean air continuously flows into this room at
22.5 m*h!. Express the formaldehyde concentration [mg m?] in the room under a steady-state condition using x.

(2) It is assumed that the cancer risk from formaldehyde is expressed using the one hit model, in which cancer is developed in the case
that a carcinogen hits a gene even once, and the probability of hitting the gene 7 times for carcinogens, /(#), complies with the
Poisson distribution (Eq. 1). D [mg kg d'] and ¢ [mg"' kg d] are the dose of carcinogens and probability of hitting genes,
respectively. Prove that the risk of carcinogenesis, P, can be expressed as Eq. 2. If D is very small, 1 —exp(—¢gD) = gD .
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