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1. A solid cylinder, with mass m, radius R and length L, rolls without slipping on the straight road at a constant
center-of-mass velocity of v. The translational motion of the cylinder can be regarded as a rotational motion along
a certain rotational axis. In Figure 1, let us take the plane including the center of mass of the cylinder and
perpendicular to the cylinder’s long axis. In this plane, consider a point O at the height of H from the ground. The
translational motion of the cylinder is regarded as a rotation along the axis including the point O and
perpendicular to the plane (called “O-axis”).

The sign of the angular momentum is taken positive when the rotation is in the CW direction viewed from the
front of the paper. Denote the gravitational acceleration as g.

(1-1) If the mass of the cylinder is assumed to be centralized at the center of gravity, what is the angular
momentum of the cylinder along the O-axis?

(1-2) The real cylinder possesses a volume and is rotating along the axis including the center of gravity. Along this
axis, calculate the moment of inertia of the cylinder, and then, give the angular momentum of the cylinder along
the same axis.

(1-3) What is the total angular momentum of the cylinder along the O-axis in Figure 1?

2. After a while, the cylinder collided with the step with the height h (<R) as shown in Figure 2. Since it was a
completely inelastic collision, the cylinder moved up being attached to the edge of the step after the collision.

The motion of the cylinder can be analyzed as a rotation along the step edge O’-axis in the Figure 2.

(2-1) Just before the collision, what is the angular momentum of the cylinder along the O’-axis.

(2-2) Just after the collision, what is the angular velocity of the cylinder along the O’-axis?

(2-3) Provide a condition required for the cylinder to completely go up the step.
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1. latm, 25°CIZBWNWT, AZrORERENGICETAMICEZRIV,
CH,(g)+20,(g) = CO,(g)+2H,0(g)
METHNIE, 1atm, 25°CICBITAUTOF—F Z2HE NS, EEREIT 1atm TEET D,

EReAE R T L Z L — (BT kI/mol)

AH(CH,(2))=-75, AH;(0,(2))=0, AH,(CO,(g))=-394, AH,(H,0(g))=-242
Ege/Lx s hrt— (BN : J/mol K)

AS’(CH,(g)) =186, AS"(0,(g))=205 AS"(CO,(g))=214, AS"(H,0(g))=189

(1-1) ZORBTEBIRAET_RTZILX—L LTHIATESLT5L, 1.0 MI DZRLVF—2/50
AT mol @D CO, BRETHIMNEEL, BARIV,

(1-2) A% 1.0mol REIETAEOKIE=Y hr ™ —EEFHEL, BRIV,

(1-3) A% 1.0mol BRIET HEEDSRO Y bt —B(LEFHEL, BXREW,

(1-4) B REbE 2Dy bu e —FbE3E L, BNFEETERNL, ZORIGH EFER
DEIDFA LRIV,

2. WOWRIHICELT, BICEAREV,

A—->B
R BRI

d[4] 2

——==—k[A4

i [4]

LEESRIND, BRI A DBREL[A], THIBEL[A)] LT 5. [A],=1.0mol/L DL,
EREL, , 121.0x10% ThHoT2,

@2-1) EOWSEEREZFES LT, [ALZRITHEEEZRIV, EHOBERBEZ LRIV,
(2-2) B, ZRITAEZEZ RSV,
(23) HETHIOELHEL, ZARIV,

(2-4) [A]l, =5.0x107" mol/L @ & &, ydis,, DEZFEL, BX2I0,
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1. Consider the combustion reaction of methane gas at 25 °C and 1 atm.

CH,(g) +20,(g) — CO,(g) + 2H,0(g)

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

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

AH, (CH4 (g)) =-75, AHf (COz(g)) =0, AHf (CO2 (g)) =-394, AHf (HzO(g)) =-242
Standard (1 atm) molar entropies (unit, J / mol K)

AS"(CH,(2)) =186, AS (0,(g))=205, AS (CO,(g))=214, AS (H,0(g))=189

(1-1) Calculate the moles of CO, produced by burning methane gas to produce 1.0 MJ of heat.
(1-2) Calculate the entropy change for the combustion of 1.0 mol methane.
(1-3) Calculate the entropy change of the surroundings for the combustion of 1.0 mol methane.

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

2. Consider the following second-order reaction.
A—>B
The differential rate law of the reaction can be expressed as:

diAdl _ gy
ar - Al

[A], isthe concentration of A at any time t, and [A], is the initial concentration of A.
When [A], =1.0 mol/L, the half-life ,, ofthe reactionis 1.0x10%s.

(2-1) Integrate the above differential rate law, and derive the integrated rate law.
(2-2) Derive the equation of the half-life £,, of the reaction.
(2-3) Calculate the value of the rate constant .

(2-4) When [A], =5.0x107" mol/L, calculate the value of £, P
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1. A charge of 0.5[uC] is located at A(1[cm], 2[cm], -3[cm]), and a second charge of 0.5[uC] is located at
B(7[cm],10[cm], 7[cm]). The constant value 7eois Elg x 107° [C*/Nm?].

(1-1) Find the electric filed intensity E at a point P(7[cm], 10[cm], -3[cm]) and the magnitude of E.

(1-2) Find the electric filed intensity E at a point O(4[cm], 6[cm], 2[cm]) and the magnitude of E.

2. An infinite line charge with the line charge of density p;, [C/m] is parallel to the z axis at x=6[m], y= 8[m].

The constant value g, is 3—15 x 107° [C*/Nm?].

(2-1) Find the electric filed intensity E at a point P(x, y, z).

(2-2) Find the electric filed intensity E at a point P(7[m], 10[m], 9[m]) and the magnitude of E.

3. Three positive point-charges (Q;[C], Q2[C] and Qs[C]) are located as shown in Fig.1. The constant value g is
glg x 1079 [C/Nm?].

(3-1) Find the magnitude of F; on Q.
(3-2) Find the magnitude of F, on Q,.

(3-3) Find the magnitude of F5 on Q;.

Q[C] Q.[C] Q:[C]
o . :
< Rlm] 0 Rlm] >

Figure 1.
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1. LTFTOXEDZERMA)~D)ZED 2SI,

Please fill in (A)~(D) of the following sentences.
(1-1) 5 VT4 ICEBETHE, AFROTI VBT (A ) FiZ. BEDL (B ) KIRE-> THFE
LT3, ZOX5FT VT4 MR- THETLEHSEEZ ( C ) &ED.

As focused in chirality of the building blocks of cells, ( A )-amino acids and ( B )-sugars are

predominant in the cells. This phenomenon called ( C ) in biology.

(12) AOEEZBWC, ( D ) HEREOREEZEOSMEBTHY, BHIAKDOANY ¥—& LTENWTE
D, BEEEEEZED, FICHREAEFIN TS, £, ZOTEBO/EEEABOMRER 27 —7 v
gL (( E ) Thd
An ( D ) forms the outer covering cell layer of human skin, creating a waterproof barrier that is
self-repairing and continually renewed. Beneath this lies a relatively thick layer of connective tissue, which

includes the tough collagen-rich ( E ).

2. UTOSFENTE - MREWZFICEG DWFBIC OV TR S22 HEEMICHA LS,

“Explain in detail the following words about molecular and cell biology.

(2-1) RNAi & CRISPR/Cas9 (RNAi and CRISPR/Cas9)
(2-2) A—F 77 Y=L T H F— X (Autophagy and Apoptosis)

(2-3) fRMEERHARE & FRMEEMEAE (Somatic stem cells and Embryonic stem cells)

3. LUF D&M L 2 EUE > T, BRIk L7cMRamI b EE L BN T 5 OITHERERIFRIR
FEEINTWBHEND Z L ZFEA LCERICOWTEHERICHBA LRIV,

Explain in detail the experiments, which showed that a differentiated cell contains all the genetic instructions
necessary to direct the formation of a complete organism using the following living tissues, respectively.
(3-1) D= NDFEEHIEEFER Li=#4 (Skin cells from adult frog)
(3-2) =Y OUREFER L7-ES (Section of carrot)
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1. ROBWVIZE % K&,

(1-]) BF LI ¥ LDRNVEBEOET (BEHET, TEm) O 1KRTOBMIEET V2V T 40
—FRRAEENT, FOM (F—F) 28T, 77, T FOOHER (k& o 0BR) 2,

(1-2) Q- D)DOFEEND, BEICEELRVY 2 LT 4 v I—HFEREE T, £z, BEEICEFELZY
FRADENLZFOEERERNE O, EEIEET 2 HFEXROMEE 1 o2FIT,

(1-3) =N —  NEREFOEELZRAL (FI77 vy MEREZHWTIW)
ﬂ4)p=z§%¥wvi~bﬁﬁ¥&&é:k%ﬁﬁo
1 OX

(1-5) =N — MNEETQOEFMEqIIELTHDZ L 2Rt

2. NIV =T v HOBEICEELRW 2 LT 4 VIT—FRBRH | ®>=E|® >0, |O>%EMR
FEAELR| g > TRETAZL2E25, THRDLL|O>=) ¢ lo>LT5, LEL, <p g, >=7,
‘(“‘%50
21 Hlp,>Y Hylo, >0k &, <o, |H|p >%&KRDE,

k

(2-2) (¢,) 1 HATFI(H,) PEERZ "M ThY, ERZOBEETHDZ L E2FE,

8. Val T 4 v H—FEXNoAA BT HRAE RO
(381 "IN =T HOMMIUKET DV a LT 4 v I—FHBRAO®|y) > 1285, =AI—Fh
HET ADBRFEEZET.

(3-2) BVOREL H L |w0)> TE, THZOREEIL, BEFADONA BV ITRRA, ZEH
N

(3-3) A, OWiTeTHEN (NA B VLT HRER) 2EIT,

(34) [x, p]= in OXBEBUFE RN, HEEF (EEm) OHAO, EETFx,p KOVTONT T
Ly HBRE TR,
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1. Answer the following questions.

(1-1) Write the time-dependent Schrédinger equation for the free electron (the mass is m and the
potential is zero) in one dimension. Write the solution (mode) of the equation. Write the dispersion
relation (the relation between k& and o).

(1-2) Derive the time-independent Schrédinger equation from the equation in (1). Write a solution
of the time-dependent equation that cannot be simply described by the solution of the
time-independent equation.

(1-3) Write the definition of the Hermitian operator. (You can use the bra-ket notation.)

h 0
(1-4) Show that p= e is an Hermitian operator.
i Ox

(1-5) Show that the eigenvalue g of the Hermitian operator Q is real.

2. We expand the solution |® > of the time-independent Schrodinger equation H | @ >=E|® >
by orthogonal function series | @, >as | D >= Zci | @, >. Here, | @, >satisfies<g, |@, >=0,.

@DIf H|p, >=ZHH | @, >, what does <@, | H | ¢, >become?
k

(2-2) Show that (c,) is an eigenvector of the matrix (H,,) and E is its eigenvalue.

3. We want to deduce the Heisenberg equation from the Schrédinger equation.

(3-1) Write the expected value of an Hermitian operator 4 for the state |/ (¢) >, which is a solution
of a time-dependent Schrédinger equation with the Hamiltonian H .

(3-2) Write the result of (3-1) by H and|/(0) >. Based on this result, write the definition of the

operator A in the Heisenberg picture, 4, .

(3-3) Deduce the equation (the Heisenberg equation) for 4, to satisfy.

(3-4) Using the commutation relation[x, p| = iz, solve the Heisenberg equation for the free electron
(the mass is m) with respect tox and p .




No.| 9 /
2017598201854 AEHBRHE
Rk EE T EHEH —EHETREAEETFER
B B 4&: b2 11

11

HE®E| 6

1. From the listed two molecules, select one molecule that match the claimed property. Write the chemical

structure of the selected molecule, and explain the reason.

(a) Ferrocene and cyclopentadiene: which has a larger number of signals in the 'H NMR spectrum?
(b) Benzene and naphthalene: which has a larger resonance stabilization energy per ring?

(c) Pyrrole and pyridine: which is a stronger base?

(d) Anthracene and phenanthrene: which has a larger resonance stabilization energy?

(e) Azulene and naphthalene: which has a lager dipole moment?

(f) Pyridine and pyrrole: which is more easily to be oxidatively polymerized?

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

polymers.

(a) Polystyrene (b)) PET

(c) Poly(vinyl alcohol) (d) Poly(phenylene vinylene)
(e) Poly(phenylene sulfide) (f) Poly(ethylene oxide)

3. Answer the following questions on the metal complexes (a) — (g)

(3-1) Show the oxidation state of the metal in the complex, according to the example.
Example: K;[Fe(CN)s], Fe'

(3-2) Sketch the steric structure.

(a) [Co(tpp)] (tppz' = meso—tetraphenylporphyrinatoz')
(b) Ko[Ni(CN)4]

(c) [RuNH3)s(N2)J*

(d) [Cu(phen)]C10, (phen = phenanthroline)

(e) [VO(acac),]

(f) [Niy(Cp)s]” (Cp = cyclopentadienyl’)

() [Ni(CO)4]
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In Fig.1, the current is given by 4(t) = I sin(wot) where wp is the resonant frequency of the circuit.

Answer the following questions.

(1)
(2)
(3)
(4)
(5)
(6)

(7)

Express the resonant frequency wo and quality factor @ as functions of R, L and C.
Express the voltage e(t) as functions of R, L, C, wp and 1.

Find the energy dissipated in resistor per cycle.

Find the maximum energy stored in the inductor.

Find the maximum energy stored in the capacitor.

Find the energy stored in the circuit.

Express the quality factor @ in terms of the above energies.

||
AT —— |

R L
mﬁGJ

C

i(t)

Fig.1 RLC circuit
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1. B0 BDY VBB DWW TR TORBBEIZE 2 R &0,

Please answer the following questions about protein phosphorylation.

(1-1)

(1-2)

(1-3)

(1-4)

(1-3)

BURIBOY VB - BLY VERMEEE S BER ORI TN ENE LR S,

Answer the name of each enzyme catalyzing phosphorylation and dephosphorylation.

BERAEMCBNTE ORI ER ) VEBEEZ T OB, J UBESh D FRERHL T I/ BE

TRTET T, ZNENDOT I BROASEORE, 1 XFRE, 3 XFRLEL LRIV,
Answer the amino acids those have possibility to be phosphorylated in eukaryotic cells, and adding the side
chain structure, one letter and three letter abbreviations of the amino acids.

HLE NI BREEILY VEBMLEZ %S, SDS-PAGE IZ X 2 EKHKEI TO/NY FOBEEIX
U UVBLEZT CRWERICEARTED L IR D Z ERTFRINDINEZRIVY,

Explain how the mobility of a band in SDS-PAGE is expected to change, when a protein is highly
phosphorylated?

b2EURNIEDY VBRI L DEERNOEBETDD, VVBLERT LTIV BELTH
FUUTOT7 IV BICERISEbOR U ZIT) 2Lt L, REZD LD RERKE
ERLL THAT S 2 D E TR EIUT DN TEZREW,

To examine the effect of phosphorylation in biological function, the amino acid that has possibility to be
phosphorylated is mutated to the following amino acids. Explain why such type of mutant is used for study.

@ VUVBLEZTAT IV BET S =VICER LSS
When the amino acid is mutated to alanine.
b)) VBB bEZTAT IV BE T ANTXUBRIIERSEES

When the amino acid is mutated to aspartic acid.

ZUNTED ) VBRI Ko TEFEENFE SN TH o8l — o2 TEEMICHA Lz s
Explain with an example that the biological function is regulated by protein phosphorylation.





