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1. B & LESOERTE DEFEOFH (K& I aXaX2b, a>2b) DL
DEZNT, FED, BEEmOL—EREESN TS (Figure 1), Z® D
E—EAVEF KL, K& SOERTEDIMOONWEERED LICEE, K P -
ERFRPTEDL ETD, BREZHRLAICKRELEELA, IAEEZBEX ¥ e

T- BRI E R BEE, TS Lzl zi e U CHEEE LIED Tz, B g
EROEE DA I3 2 BE OROERA LI, & ABFE 2 TIC L7 s

E1X30° , WBCGF ¥ FIC Lk L &3 45° ot EAMEER gL |~ -
TYK@F’EJV MZEZ K, < a
(1-D) BEFEAO EZICE—ERSH D0 E—EOHOLALEZRKRE L, Figure 1: The rectangular

parallelepiped with a marble

{k Figure 2 ® L 512, ZOEFAEDE CDHG % TIZ L TR
EZEE, REBET TV o7,

(1-2) MERIOAEPFEIC 2 D EEGHROER IR 6B 5
7ALN

i CDHG »3#i & BEn 2 B iR 2 € DAE CTREEL, T0%
DEFEOEEREELE Lz, EEH, 0 CG 13Md L URICE

LicEE LT 5, Figure 2: The rectangular parallelepiped on the
inclined plate. (Side view)

(1-3) 18 CG Z iz & T 2 EHEDOEEE—A > P ZRD K,

(1-4) JEEfE CDHG 23R HEEN 2 BRE OREA & =0, EmORDOEEAES 0 & LT, BEFEROEEDE
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(1-5) EERIC L Y, T BCGF 2MRICEZET 5, ZOBEEO, EHEOREREE Y OfIEE & fAHEE
BENLENRD X,
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1. Suppose a parallelepiped with the size of ax ax2b (a>2b), the mass and the thickness of which can be both
neglected (Figure 1). Inside the parallelepiped, a spherical marble with radius 4 and mass m is fixed at a certain
position. The parallelepiped is set on a flat plate, on which a tiny cylindrical stopper is attached (Figure 2). When
the plate is gradually tilted, the parallelepiped will be detached from the plate at a certain angle. When the
ABFE-plane is set at the bottom, the parallelepiped is detached at the plate tilt angle being 30 degree. In the case
that the BCGF-plane is set at the bottom, the tilt angle is 45 degree When the parallelepiped is detached from the
plate. The gravitational acceleration should be denoted as g.

(1-1) Where is the mérble? Show the position of the marble center with drawing a figure.

Next, we set the CDHG-plane at the bottom (Figure 2).

(1-2) What is the tilt angle of the plate when the parallelepiped is detached from the plate?

Just at the moment for the parallelepiped to be detached from the plane, we fix the plate at the angle. Then, the
parallelepiped should rotate with keeping the rotational axis along the side of CG. During the rotation, the side CG
should not detach itself from the stopper.

(1-3) Calculate the moment of inertia of the parallelepiped along the side CG.

(1-4) We set the time when the parallelepiped starts rotating as t=0 and denote the rotation angle measured from
the plate as 6. Describe the equation of motion of the rotation of the parallelepiped.

(1-5) After the rotation, the BCGF-plane will collide with the plate. Just before the collision, what are the angular
acceleration and the angular velocity along the rotational axis of the side CG?
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1. Consider the combustion reaction of liquid octane at 25 °C and 1 atm.

2CH,;(1)+250,(g) - 16CO,(g) +18H,0(g)

Use the following data at 25 °C and 1 atm.

Standard (1 atm) formation enthalpies (unit, kJ / mol)

AH(CH5(D) =-250, AH;(0,(g))=0, AH,(CO,(g))=-394, AH,(H,0(g))=-242

Standard (1 atm) molar entropies (unit, J / mol K)

S"(CsHg(1) =361, S (0,(2)) =205, S°(CO,(g))=214, S (H,0(g))=189

(1-1) Calculate the moles of CO, produced by burning liquid octane to produce 1.0 MJ of heat.

(1-2) Calculate the entropy change for the combustion of 1.0 mol liquid octane.

(1-3) Calculate the entropy change of the surroundings for the combustion of 1.0 mol liquid octane.

(1-4) Calculate the entropy change of the universe, the system and the surroundings.
spontaneous?

Will the reaction be

(1-5) Sunlight has a power density of 1.0 kW/m”.  Photovoltaic solar cells can convert this power into electricity
with 15% efficiency. What the moles of octane would be required to produce heat equivalent to the energy

obtained from the solar cell with the area of 2.0 x 10°> m? for 8 h?
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1. Eight identical point-charges of 1[C] each are located at the corners of a cube of side length a[m] with one
charge at the origin, and with the three nearest charges at (a[m], 0[m], 0[m]), (0[m], a[m], O[m]) and (0[m], O[m],
a[m]). The constant value o is 1/36x10°[C*/Nm?].

(1-1) Find the electric field intensity E at (a[m], a[m], a[m]).

(1-2) Find the magnitude of E at (a[m], a[m], a[m]).

2. Find the work required to carry 2 [C] from a point B(1[m], 0[m], 1[m]) to a point A(0.8[m], 0.6[m], 1[m]) in the
electric filed intensity E (= yu, + xu, + 2u, [V/m]) along the straight-line path from B to 4.
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1. LT? A), B), C), BRUD)DHTAEWZE - MIAEMFIEHD L ENEND 2 DOWFEIZONT, *F
B S e DRI L2 S0,
Explain two technical terms in A), B), C), and D), respectively, about molecular and cell biology, contrasting

them.

A) BEEL X %78 (Nucleic acids and Proteins)

B) FovARVz=wy v URE ) vy 7T U <X (Transgenic mice and Knockout mice)
C) FA—r77Y—b=<A 77— (Autophagy and Mitophagy)

D) ##&{&L I b= FU T (Chloroplast and Mitochondria)

E) #IfREES &z E SR (Restriction enzyme and Reverse transcriptase)

2. R EIHBICEITAMESTFE LTaLN TN, HIICRBIT A X 7 EOMEES 5 DT
T, FRENITOWTEHA LR EV,

Proteins execute nearly all the cell’s function. Explain the five functions of proteins in living cells.
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t—0

1. Let us consider the time-dependent perturbation. Regarding a Hamiltonian H, o, the eigenstates

and eigenenergies are known as follows:

HOII//n >:En|l)”n>
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A perturbation Hamiltonian AH' is added to /), and | w(z‘) > satisfies the time-dependent Schrodinger
equation of the total Hamiltonian,

9 ,
in—|w(e)>=(H,+2H)ly()> O
Here, | w(z‘) >can be expanded by the eigenstates of H,, |y, >, as follows:

lw(t)>=§an Oy, >exp(-iot) @

where @, = E, /.
(1-1) Substitute @ into @, and simplify the equation.

(1-2) Write the equation when exp(im, ) <, | acts on the equation obtained in (1-1) from the left. The
notation H',, =<y, | H'|y, > canbe used.

(1-3) a, (t) can be expanded in a series of 1, a, (t)= ay (z‘)+ Aa, (l‘)+ ra’ (t)+A . Substitute this into the
equation obtained in (1-2), and write the equation for the Oth and the 1st order of A .
(1-4) We assume that the system was in the ground state |y, >at =0. Calculate ag (t) , and

write a, (t) in the form of a definite integral.

(1-5) The interaction between an oscillating electric field along the x axis, Ecoswt, and the electric
dipole moment is given byexEcos®t. Assuming that this is the perturbation Hamiltonian AH',

obtain ai (t) by calculating the definite integral. (For simplicity, A4 =1 can be assumed in the

calculation.)

(1-6) In the case of (1-5), we further assume that the frequency of the oscillating electric field s is
distributed over a sufficiently wide range. Discuss what the transition probability

2
at (tj will be in the limit of #—> o . (In this problem, extract the

from |y, > to |y, >,

m

. 2
. . . . . . (sinlot/2 7wt
component that keeps increasing with £ using the relation, hm(L——)] = - o (a)))
=0 a)
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Answer the following questions on the listed molecules (a) — (e).
(1-1) Write the chemical structure of the molecule.
(1-2) Show the chemical reaction(s) and reqired reagent(s) to synthesize the molecules from benzene.

(a) Bromobenzene

(b) 4-Chlorobenzoic acid
(c) 1-Chloro-4-nitrobenzene
(d) 4-Acetyltoluene

(e) 4-Bromotoluene

Write the chemical formula (i.e. monomers, polymers, and other reagents) to synthesize the following
polymers.

(a) 6,6-Nylon

(b) PBT

(c) Poly(2,6-dimethylphenylene oxide)
(d) Polythiophene

Answer the following questions on the metal complexes A(a) —(e)

(3-1) Show the oxidation state of the metal in the complex, according to the example.
Example: Ks[Fe(CN)g], Fe!

(3-2) Show the stability of the metal complex, either stable or unstable, according to the 18-electron rule.

(a) [IrBr(CH3)(CO)(PPhs)s]
(b) [Cr(7>-C5Hs)(r™CeH)]
(c) [Mo(COY]

(d) [Fe(CO)s]

(e) Ferrocene
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1. Amnswer the following guestinns.

(1-1)
(1-2)
(1-3)
(1-4)
(1-5)

2]

-~

Pind the current I3 in Fig.1.

Find the current I3 in Fig.2.

Diraw the Thevenin aguivalent of the eircuit shown in Fig.1 for finding the corrent I3,
Draw an equivalent circuit with current sources of the previous Thevenin equivalent.

Explain “Thevenin’s theorem” with the cireuit shown in Fig.1.

- gl i i
Iy

o

Fig.l Chrculk Diageam 1

L B

AN

Fig.2 Cirenit Diagram 2
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1. BHEIZOWTLLTOMWIZE Z RSV,

Answer the following questions about stem cells.

(1-1) BHEDOERE - HEIZ OV TR SV,

Explain the defining properties of stem cells.

(1-2) fikErmle, PRMEESMA(ES #AL), A TZREMEMAIPS MR)IC DWW THEB L TRIA L2 &0,
Explain and compare the somatic stem cells, embryonic stem cells (ES cells), and induced pluripotent stem

cell (iPS cells).

(1-3) R/ o—=V T EIRERE I n—= U JIZOWTRAL RS

Explain the reproductive cloning and the therapeutic cloning.

(1-4) b MEBEERR iPS Ml s ERFE CEAT BRI RIZONTBRRZR I,

Describe the advantage of using iPS cells in fundamental research.





