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About the format of the questions in the 2022 Master Course examination, Schedule B.

In the 2022 Master Course examination, Schedule B, the Department of Environmental
Systems plans to use the question format on the following pages as an example for the Special
Subject B (Questions on fundamental knowledge for environment systems). The answer time

for the Specialized Subject B will be 30 minutes.
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Example of Specialized Subject B
English version B



Choose any three problems from problems B1-B8 to answer. The answer sheet contains three
answer boxes. Your entire written answer for each question must stay within one box on the
answer sheet. Please write the number of the chosen question in the small box on the top left
corner of each answer box.

B1. Using the following four terms: “solar radiation”, “sensible heat”, “latent heat”, and “exhaust

heat”, explain why green roofs contribute to the mitigation of the heat island effect.

B2. Bioconcentration factor of marine fish for cesium and polychlorinated biphenyl (PCB) is
reported to be approximately 10 - 102 and approximately 105 - 106, respectively. Explain why

PCB shows a relatively higher bioconcentration factor.

B3. Consider real numbers x, y,and z that satisfy x + 2y + 3z = 4. Find the minimum value

of x? + y? + z? and also provide the values of x, y,and z thatdetermine the minimum value.

B4. Consider a number 202! which is expressed in a ternary number system (i.e., base 3).In a
ternary representation, what is the number of digits in 20%1? Express the answer as a ternary

representation.

B5. A uniform cylinder with radius R, length L, and density p rests on an inclined plane with an
angle 6 from the horizontal. When the cylinder rolls down a distance d on this plane without
slipping (as shown in the figure), what will the angular velocity @ of this cylinder be? Use g as

the gravitational acceleration.

(Problem continues to the next page.)



B6. A stainless steel plate with a thickness of 1 cm and a copper plate with a thickness of 12 cm
are attached together, as shown in the figure. When the surface of the stainless steel plate is kept
at 4°C and the surface of the copper plate is kept at 20°C, find the temperature at the interface.
Assume that the thermal conductivity of this stainless steel and copper is 2.0 X101 W m™ K1

and 4.0 X102 W m™1 K%, respectively.
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B7. Determine the theoretical oxygen demand for an aqueous solution of phthalic acid

(CeH4(COOH);) with a concentration of 100 mg L™

B8. For a chemical reaction that is expressed as “A + B — products”, the reaction rate r is
proportional to the concentrations of reactants A (C,) and B (Cg) as r = kC,Cg (k : rate
constant). Because the concentration of B in the feedstock is 2.0 X 10 mol m=3 , which is much
larger than that of A, this reaction can be regarded as a pseudo-first-order reaction with respect
to A. After the start of the reaction, how long does it take for the concentration of A to be 1/10 of
its initial value? Assume that k is 2.5X10-* m3 mol™ sec™.. If necessary, use In2 = 0.693 and

In5 = 1.61.

(The end of the problem)
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