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There are five problems (I~V). Each of problems II~V consists of basic and
advanced problems ([A],[B]). Answer all of them by selecting the correct
answer(s) from the list of choices. All the problems are given first in Japanese,
and then in English. The contents of the problems are the same.

2. TNTNOMBEIZOE —MOMEMEZ WL, £7o, MEETZHLE X,

Use one sheet of answer paper separately for each problem. Write the problem
number at the top of the sheets.

3. THEZHMITRADORRE L,

Draft sheets will not be marked.
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Answer all questions from Q1 to Q5.

Q1 Find all eigenvalues of the following matrix.

140

1 3 4

01 1
(1) 1,2,5 (2) —1,1,3 (3) —2,1,5
(4) 1,1,5 (5) —1,1,5 (6) 1,2,3

Q2 Let A be an n x n Hermitian matrix and A" be its adjoint matrix. Which of the following

statements are not correct?

1) The sum of the matrices, A + AT, is a Hermitian matrix.

2) The product of the matrices, AAT, is a Hermitian matrix.

(1)

(2)

(3) All matrix elements of A + A' are real.

(4) All matrix elements of A + AT are real, where AT is the transpose of A.
()

5) All diagonal components of A are real.

Q3 Let f(z) be a complex function of the form
f(z) = u(@,y) +iv(z,y).

Which of the following are necessary conditions, for f(z) to be regular? (Here, z = z + iy,

and u,v are real functions).

du _ v Ou _ _Ov Ou _ Ov
(1) or — Oy (2) or ~— Oy (3) or = Oz

du __ dv Ou _ _ v Ou _ _Ov
(4) oy ~ Ox (5) oy Oz (6) oy Oy

Q4 Let ff, B , C be three-dimensional vectors. Which of the following expressions is equivalent
to A- (B x C)?
(1) A-B-A.C (2) A-B+A.C
3) C-A-C-B (4) C-A+C-B
(5) —=C - (A x B) (6) C- (A x B)

(Continued on the next page.)



Q5 Find the general solution of the following differential equation, where y # 0 and C is an

arbitrary constant.

(1) y=a2?+C (2) y=a3+C 3) y=lnz+C
(4) y=et¢ (5) y=e2oC (6) y=ec "+C
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xyz R JEIEZERNIC B VTR T v v L R F =03 U =2 a(x? + y?)
(alFIEDOEH) THZAOLNDEE, ZORT V¥ VXV LER, y, 2)
2 D BRI N = (F,Fy B) & LTELWSDZLLITF LV iES,

= 1 1 = 1 1 =
(DF = (gax3, gay?’,O) (2)F = (—gax?’, —gay3,0) (3)F = (ax, ay,0)
(4) F = (ax+ay, ax+ ay, 0) (5)F = (—ax, —ay, 0)

M1ORT vy VR THLIOESIZEEm DERZ (X, 2)=(a,0,0)
(a [ZIEDER) O SWEEL] (=0 12 y FIEZHIEE V=VE, (VIZIED
mﬁeyiyﬁmwmu«&bw>fﬂ%m# TOBRDOERDEIE
WT, B CBIT AR O O F DY OMEENEL = (Ly, Ly, L,) & LTIE
L“%@%uTi@hAo

(1) L = (mav,0,0) (2) L= (0,maV,0) (3) L= (0,0,maV)
4) L = (maV +mV?t,0,0) (5) L= (0,maV +mV2t,0)
6) L= (0,0, maV + mV?2t)

~~

X2 1R T EIICES 2L, BEEM ORISR, EAEER xyz D
yEh ElZhHD L&, ZOBROHEEZED 2 IEDLY OBEHEE—A &L
TIELWHDZLIT X0 gE~,

(1)%ML2 (2)§ML2 (3)§ML2 (4) M12  (5) 4M12

(KEHIZH>S)
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(1) 2ML2w?  (2) %MLZwZ (B)iMLZwZ (4)§ML2w2 (5)1—12ML2a)2
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THRDXHIIC3IERKD AL (NATHE) L2foEs (BEm) ZEMRIRICORWL
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HODHNEPODENEZNE N x,x, L L. NAOEETERT S, xD 1 BERER-E
WMo zxe L, 2 RO 25 35, EITET, (1) ~ (5) OFEREEH»S
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Ml CORDODITZTIVISTVLIZEDXHIITETBD,

(1) L=2m(® + 1) + k(2 = x1%, + 252
(2) L= %m(fclz + %,2) — k(3,2 — %125 + %,2)

(3) L= —%m(fcl + %)% + k(x1? — x1x, + x,2)
(4) L= %m(fclz +%,2) — k(3 — x,)?

(5) L= %m(fcl + %)% — k(x,?2 + x15 + x,2)

M2, A47—- 277 vvaliffkers, 2 008 RoEH iR zHEZTT
L ENENED XD ITIR DD

(1) mi, =k(x, —x1), mi, = k(x; — x,)
(2) mi; = 2k(x; — x,), mi, = k(x, — x1)
(3) miy = k(x; —x,), mi, = 2k(x, — x;)
(4) mi, = k(x, — 2x;), mi, = k(x; — 2x;)
(5) mi; = k(x; — 2x,), mi, = k(x, — 2x;)

[f3. 2 2OH HOMHEH OEH T AL F -1 LD X 512755,

(1) 2 —x1)2 (2) m(zxz—fcl)z (3) 5 (p — 2,)?
<4> (5) 2=
(KEIcDDK)
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(1) zkxg2+%erz (2) kxg2+§er2 (3) kag2+2er2
(4) zkxg2+;erz (5) kxg2+ier2

15, 2 00N OERIEH*E 2 5 L &, 2 O0MERE O ARH Ko, ,w,
(w1 < w,) &, HflloEMOEE) FroffAtabe e LTIELWD DI
S, EETEIE, EOE S E T RA~E K K2 E 2 X,

(1) w, =k/m TEHI, w, = +[3k/m THITIH
(2) w, =k/m THHIA, W, = [2k/m THI7IH
(3) w, =k/m THIHIA, w, = +[3k/m THI7IH
(4) w, =2k/m TEFH, w,=./5k/m THI
(5) w, =+[3k/m THFH, w,=./5k/m T

P D2 ODESORICH 24 1 ARKZ T %2, XA EBc (c=k/10) D NFIC
L. R DE RO BABUNEAL X TR IR & REI O HREN I 2 TRE
oS R VIREAEE 72, CHIcB L CUAToMvic® 2 X,

fl16. 2 20 S OEKIREI 2% 2 5, 2 2 DMERE) O AIREIHw, , w)
(W) <wh) ETBLE, w/wiZED X 5IT7 2D,

(1) J11/10 (2) J11/9 (3) J12/11
(4) /5/4 (5) J6/5

f17. 2200 HICAEL 29 R VIREBIOMHDZ T WL Sicx b h, T 725
DIEF & 5 & VIR ORI OHIZED L 51k b0, FOMAEDLE L
LCiDBEYLRD DEIEX,

(1) f7fHZE13 0 THI 5 f% (2) fﬁﬁ%cigﬁ'@ 5 1%
(3) fi7fHZ£13 0 T 10 fF (4) fﬁﬁ%cigﬁ'@ 10 fi%
(5) fﬁﬁ%cigﬁ’ﬂ 20 %
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[A]
Ql.

Q2.

Q3.

When the potential energy in an xyz orthogonal coordinate space is given by

— 1 2 2 . .o, . d _
U= a(x*+y?) (aisapositive constant), what is the force F = (E., E, F,)
associated with the potential that acts on a point mass at (x, y, z)? Choose the

correct answer from the list below.

1 1 = 1 1 =
(gax?’, gay3,0) (2) F = (—gax3, —gay3,0) (3) F = (ax, ay,0)
(ax-i-ay, ax+ay, 0) (5) F = (—ax, —ay,0)

(1) F=
@) F=
In the same potential as in Q1, a point mass of mass m is placed at (x, y, z) = (a, 0,
0) (a is a positive constant) and is launched along the y-axis at time =0 with initial
velocity V= Vé, (V isapositive constant, €, is the unit vector along the y-
axis) as shown in Figure 1. Consider the subsequent motion of the point mass.
What is the angular momentum L= (Lx, Ly, LZ) at time ¢ about the origin O?

Choose the correct answer from the list below.

(1) L= (maV,0,0) (2) L=(0,maV,0) (3) L =(0,0,maV)
4) L = (maV +mV?t,0,0) (5) L = (0,maV + mV2t,0)
6) L = (0,0, maV + mV2t)

As shown in Figure 2, a thin uniform bar of length 2L and mass M is located on the
y-axis of an xyz orthogonal coordinate system. What is the moment of inertia of
the bar about the z-axis passing through the center of the bar? Choose the correct

answer from the list below.
(1) sMLZ () sMI? (3) =MI? (4) MI? (5) 4ML2

(Continued on the next page)



Q4. When the bar in Q3 rotates with angular velocity @ about the z-axis, where the z-
axis is fixed, what is the kinetic energy of the bar? Choose the correct answer from

the list below.

(1) 2MI2w?  (2) sMI2w? (3) sMI2w? (4) <ML2w? (5) —MI2w?

II?
7 m
a

O

=V

Figure 1 Figure 2



[B]

Three springs each with spring constant k and two point masses each with mass m are
connected along the x direction at the natural lengths of all springs, and both ends are fixed
as shown in the figure below. The two point masses can move only along the x direction
about their equilibrium positions. Displacements from the equilibrium positions are denoted
by x;, x, for the two point masses, respectively. All springs are assumed to be massless. Let
X and X denote the first- and second-order time derivatives of x. Choose the correct answer
from (1) ~ (5) for each of the following questions.

Q1. Which of the following is the Lagrangian L of this system?

(1) L=2m(® + 1) + k(2 = xi%, + x52)
(2) L= %m(fclz + 5%,2) — k(3,2 — %125 + %,2)

(3) L= —%m(fcl +%,)% + k(x,? — x1%, + x,2)
(4) L= %m(fclz +%,2) — k(3 — x,)?

(5) L= %m(fcl + %)% — k(x,?2 + x5 + x,2)

Q2. Which of the following is the correct combination of equations of motion for the two
point masses, as obtained from the Euler-Lagrange equation?

(1) mi, =k(x, —x1), mi, = k(x; — x,)
(2) mi, = 2k(x; — x,), mi, = k(x, — x1)
(3) miy = k(x; —x,), mi, = 2k(x, — x;)
(4) mi; = k(x, — 2x;), mi, = k(x; — 2x3)
(5) mi; = k(x; — 2x,), mi, = k(x, — 2x;)

Q3. Which of the following is the kinetic energy associated with the relative motion of the
two point masses?

(1) 20t — 1,)? (2) 224, — 1) (3) = (ky — 2%1)?
<4> %(J'cz—fcl)z (5 ) %(J'Cz—fm)z

2 2

(Continued on the next page)



Q4. Write down the total potential energy of the springs in terms of the center of mass
coordinate x, of the two point masses and the relative coordinate x, between the two
point masses.

(1) %kxg2+ierz (2) kxg2+§er2 (3) kag2+2er2
(4) gkxg2+;erz (5) kxg2+ier2

Q5. Consider the coupled oscillation of the two point masses. Which of the below is the
correct combination of angular frequencies w; , w, (w; < w,) of the two normal modes

and the corresponding direction of motion of the right point mass, when the left point mass
moves to the right?

(1) w, = \/k/_m and to the left, Wy = \/W and to the right
(2) w; = \/k/_m and to the right, Wy = \/m and to the left
(3) w, = \/k/_m and to the right, Wy = \/W and to the left
(4) w, = \/M and to the left, Wy = \/W and to the right
(5) w; = \/W and to the right, Wy = \/W and to the left

The middle spring between the two point masses is replaced by a spring with spring
constantc (¢ = k/10 ) and one of the two point masses is then slightly displaced and

released. In addition to fast oscillations, a slow beat oscillation occurs. Answer the following
questions.

Q6. Consider the coupled oscillation of these two point masses. What is the value of the

ratio wy/w}, where w] and w, (w) < wj)) are the angular frequencies of the two normal
modes?

(1) J11/10 (2) J11/9 (3) J12/11
(4) /5/4 (5) J6/5

Q7. Which of the following is the combination with the most accurate values of the phase
difference of the beat oscillations of the two point masses, and the ratio of the frequency of
the fast oscillation to that of the slow beat oscillation?

(1) difference 0, about5 (2) difference g, about5 (3) difference 0, about 10
(4) difference g, about 10 (5) difference g, about 20
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1. HAEFOLHBERICBE L T, LTOZEMICE TUIE D bOE 2N EHEREN S

BU7R S,

B RIER T p, = —ihd/0x LALEEET £ =x OKZHBBIRIT. [pr 2] =
Lied, Fho, AEBHRO RS E L =2p, -9 LT DL By & L, OISHIIR

X [Pul.] = L%,

(A) 0 (B) ih (C) —ih (D) ih® (E) —ihx (F) ihy (G) —ihy (H) ihp, (I)
—ihp, () ihp, (K) —ihp,
2. =V — MIAIOHEEIZOWT, UTOXEOZEMILE TIELbDEThTh

LN TN SO VAN

(&) T — MTHIlIL, Z AV THALTEE TS 5.
(V) =L S — MTFIOE A, :
(9) T3 — MIFIORL S EAMCRT 2EEa~27 bz, [ ® .

(A) E7F] (B) HLATH] (C) xF4T81 (D) =4 U —{75] (E) =/ —
NMTH (F) ERT 25 (G) ER LRV H) FATi2725 (1) FEEE725 )
LD (K) Brbied

(KEIZH>5<)
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z BT AN — KRR BB P ERIE L Q0 D, OB BT OV b =T U,

A=-uS-B, B=(0,0B)
DEHTHEZbBND, ZIZT, AV UEREFIL

L

§=(5.5,5,), S.=h ;

2 0 2

ThHz b, S,OME~RS bk |T)=(é) L |¢>=((1’) TET LTS, ¥, 0 3E
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Il
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Il
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BThHD, ZORE 1 ~[41250WT, ZMITY TIED b D2 2N EN DRI

HIEOR IV,

1. ~IAVb=7y B IcHLT, A= DRN:E DR

URVASR
(#) 0 (B)%h (©) —sh (D) sh (B) —zh (F) shuB (G) —shuB  (H)
~huB (1) —~huB

2. 5, OEAE +3h (SHIETHEHSY ML, |6 +) = LAy | B

—2h TRIET BEA NS B, | -) = L7 %,

@0 BN ©I) O AN+ ® F(D-1) E AN +il)
G AN =il

3. KfZl t =0 TIRREDS |[9(0)) = Ix;+) D& &, KA ¢ (ITBIT HREIL. [Y(©) =

Lk,

(A) 0 (B) exp (% th) IT) (C) exp (—Ei,uBt) [T) (D) exp (% th) [4)
(E) exp (— éth) 1) (F) \/—15 exp (é th) [T) + % exp (é uBt) [4)
(G) \/—15 exp (é th) [T) + % exp (— é,uBt) [4)
(H) \/—15 exp (é th) [T) + % exp (é uBt) [1)
(KHEIZH5L)



4. Bl =0 TREUARIED [Y(0) = |x+) DE&, Bl el 5 S & 8,
p©0) = L2 1 (s,) = 0|, (o) =

LB, E o —lp(O) =1 LR BIRONA (=T 5. T = L7 5,

DU ENZI (S,) = (YD)

S

S

LMo T, A IR T Lo KEiET A2 L5,

(A) 0 (B)sh (C) —3h (D) shsin(uBt) (E) —shsin(uBt) (F) 2hcos(uBt)
(G) — % hcos(uBt) (H) % hsin(uBt) + % h cos(uBt)

(I) >hsin(uBt) —>hcos(uBt) (J) ﬁ (K) #13 (L) i—’;

I, z @5 M OEREITINZ T, xy PN Z AEREE o =—-uB THESTHKE S B
DR 2 RFFICEIINT %, Z O, RER# L, B = (Beoswt, Bsinwt, B)L 725, =

O 5~ 71225V T, ZEICY TUIEDL L DOEZNF OB BB Z W,

W B LU ORI,
ige . _dgea N A Lpe o _lge N A
eEGSZSxe 705z =S, cos0 —$,sin6, eheszsye 705z =5y cosf + Sy sinf
ipe . _iga . A
eﬁesxSZe 05 — Sycosf + 5, sinf
Z VX,

(KEIZH>5<)



5. va b7 ¢ =R,
ih% lp(t)) = Hlp(t)), H = —uB(cos(wt) S, + sin(wt) $;, + S,)

b, ZIZT, UTOXI7IREE W' (D) 252D,

Ww©)=T®OW'©), Tk = o FOLSs

ZOB, W ONCKTT Sy 2 LT g o — R,
m% W) = Bl @), A = 0tAD - it 2L

LELZLBTED, ZOW, B = Lird,
(A) 0 (B) H (C) —uBS, (D) —uBS, (E) —uBS,
(F) —uB(cos(uBt) S, — sin(uBt) .SA’y) (G) exp(—iuBtS,)
() exp (—iuBt(S, +3,))

RI6. B t =0 TIREEN [9(0)=|Y'(0)=|T) orx, M42BEBIZTDHE, HH

t =T IZBWVT, W)= L%,
(A4) 0 B) i (© i) @) AN+ E) Z(D-1) F) =D +il)
G AN =il

M7. KL t =0 TREN [pO)=I1) THHETDH, 20Kt =T IZBIFDH S, O

MR, (S2) = (WD|S|pM) = L5,

(A) 0 (B);h () —zh D) h (B) —h (F)zh (G) —zh (H) ih () —ih
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[A]

Q1. Choose the correct expressions from the options below to fill in the blanks in the following

sentence about commutation relations of operators.

The commutator of the momentum operator p,, = —ihd/dx and the coordinate operator
X=x 18 [Py, X] = . The commutator of p, and the z component of the angular

momentum operator L, = Xpy — Vbx is [ﬁx, f,z] = .

(A0 (B) ih (C) —ih (D) ihx (E) —ihx (F) ihy (G) —ihy (H) irp, (1)
_ihﬁx Q) ihﬁy (K) _ihﬁy
Q2. Choose the correct terms from the options below to fill in the blanks in the following three

sentences about the properties of a Hermitian matrix.

I.  Any Hermitian matrix is diagonalizable by a .
Il.  All eigenvalues of a Hermitian matrix are .

III. The eigenvectors corresponding to two distinct eigenvalues of a Hermitian matrix are

]

(A) zero matrix (B) unit matrix (C) symmetric matrix (D) unitary matrix
(E) Hermitian matrix (F) orthogonal (G) non-orthogonal (H) parallel (I)
real (J) imaginary (K) zero

(Continued on the next page)



[B]

Consider an electron in a uniform magnetic field in the z-direction. The Hamiltonian is given

by

0 1 0 : L 0
2 (e & o 5 2 5 2 5 2
Sz(x'Sy' 2), Sx=h 1 . , Sy ="h i . , S;=nh . 1)

2 2 2

where the eigenvectors of S, are |T) = ((1)) and |l) = ((1)) Fill in the blanks in questions Q1

to Q4 with the correct expressions from the options below each question.

Q1. For the Hamiltonian H, the following relations are satisfied.

Ay = I1) and A[L) = 11).

(A) 0 (B %_h (©) —sh (D) sh (B) —zh (F) shuB (G) —shuB  (H)
~huB (1) —~huB

Q2. The eigenvector of S, with the eigenvalue +%h is |x;4+) = and that with the

eigenvalue —%h is |x;—) = .

@0 BN ©I) O AN+ ® F(D-1) E AN +il)
G AN =il

Q3. When the state at t = 0 is [(0)) = |x; +), the state at time ¢ is given by [Y(t)) =

[® ]
(A) 0 (B) exp (% th) IT) (C) exp (—Ei,uBt) [T) (D) exp (% th) [4)
(E) exp (— éth) 1) (F) \/—15 exp (é th) [T) + \/—15 exp (é uBt) [4)
(G) \/—15 exp (é th) [T) + \/—15 exp (— é,uBt) [4)
(H) \/—15 exp (é th) [T) + \/—% exp (é uBt) [4)

(Continued on the next page)



Q4. When the state at t = 0 is [(0)) = |x; +), the expectation values of §, and S, attime

t are given by(S,) = (W(0)|S,[w(®)) = and (S,) = (W®[S,[v@®)= [ @ |

respectively. The first time that |(x; —[yp(t))| =1 isat t =T = . This means that the

S,

spin flips at intervals of T.

(A) 0 (B)sh (C) —3h (D) shsin(uBt) (E) —shsin(uBt) (F) 2hcos(uBt)
(G) — % hcos(uBt) (H) % hsin(uBt) + % h cos(uBt)

(I) >hsin(uBt) —>hcos(uBt) (J) ﬁ (K) #13 (L) i—’;

Next, in addition to the magnetic field in the z-direction, a magnetic field of strength B is
applied that is rotating in the xy plane with angular velocity w = —uB. The total magnetic field
is, therefore, B = (B coswt, Bsinwt, B). Fill in the blanks in questions Q5 to Q7 with the
correct expressions from the options below each question. If necessary, the following formulae

can be used.
i

ipe ipe is .
205, 6 _—505 & o 08,6 —70S & a
eh’"*Sye 77 =S5, cos8 — S5, sinf, eh”"2Sy,e A7 =5, cos6 + Sy sinf

ine ine
eheSxSZe R9Sx = Sycos6 + 5, sinf

(Continued on the next page)



Q5. The Schrédinger equation for the system is

D p@) = A(©), 1= —pB(cos(@n)$, + sin(wt)$, +5,).

Consider the state |y’ (t)), where
~ L
U(t) = e 7%z,

lp(®) = T®IY'(©),

The Schrodinger equation for [’ (t)) is

<)

d

—~

ih= ' (6)) = A'l'(t), A' = OYAT — inlt

where H' = .

(A) 0 (B) H (C) —uBS, (D) —uBS, (E) —uBS,
(F) —uB(cos(uBt) S, — sin(uBt) §y) (G) exp(—iuBtS,)

() exp (—iuBt(S, +3,))

2|
o~

Q6. When the state at time t = 0 is [¢(0)) = [¢'(0)) = |T), the state at time t = T, by

referring to Q4, is [¢'(T)) = .

(A4) 0 B) i (© i) @) AN+ E) Z(D-1) F) =D +il)

G AN =il
Q7. When the state at time t = 0 is [(0)) = |T), the expectation value of §, at t = T is

(8) = WIS pm) = [ ® |

(A) 0 (B);h () —zh D) h (B) —h (F)zh (G) —zh (H) ih () —ih
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[A]

Consider a circular coil with radius @ in a uniform magnetic field of magnetic flux density
B pointing in the 4z-axis direction as shown in Figure 1. The coil rotates at an angular
velocity w about the z-axis, which passes through the center of the coil along its diameter
and is perpendicular to the z-axis. At time t = 0, the direction of the magnetic field
B and the plane of the coil are orthogonal, and the electrical resistance of the coil is R.
Here, the effect of the magnetic field created by the induced current in the coil and the
effect of the lead wire connected to the coil are negligible. For each questions, choose the
correct answer from each answer group.

Q1. Find the electromotive force generated in the coil. Here, the electromotive force
generated immediately after t = 0 is positive.

(1) Bma? coswt (2) Bra®sinwt (3) wBma? cos wt

(4) wBma? sin wt (5) w?Bma? coswt (6) w?Bra? sin wt

Q2. Find the total charge flowing through the coil during half a turn from time ¢ = 0.

(1)

Bra? 2Bra? Bra? A 2Brma’® 5 wBma? 2wBma?

Rw

Q3. For a radius of the circular coil ¢ = 2 cm, a rotation speed 1 kHz, a magnetic
flux density B = 0.5 T, and a coil resistance R = 10 €2, calculate the effective
electromotive force generated in the coil [V] and the maximum value of the
strength of the current generated in the coil 4] [A] to one significant digit.

3]

N
(1) 10 (2) 4 (3) 3 (4) 1 (5) 0.4 (6) 0.3

N y

- ~
(1) 0.04 (2) 0.2 (3) 0.06 (4) 0.4 (5) 2 (6) 0.6

N y
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B]

Figure 1

The following questions Q1 to Q4 lead to the derivation of the work rate of the torque
that must be applied from the outside in order to maintain the rotation of the circular
coil for the circuit in Figure 1 of Problem [A]. Choose one answer from each answer group.
In the following, the y-axis is orthogonal to both the z-axis and the z-axis, and rotations
around the axis follow the right-hand rule. Assume that the effect of the magnetic field
produced by the induced current in the coil and the effect of the lead wire connected to
the coil are negligible.

Q1.

Q2.

Q3.

s
Virtual magnetic charges +£m are placed at positions z = +— on the z-axis as shown

in Figure 2(a). Find the magnetic flux density at point A (z = zy) on the z-axis
due to the magnetic dipole with magnitude M formed by these magnetic charges,
assuming zy > s. Recall that the magnetic flux density B at distance r created

by a virtual magnetic charge m at the origin is given by B = 1 m27 where i is the
r
permeability.
uM M uM M M M
1) — 2 3 4) — D) —= 6
(1) LA @) 223 3) 423 4) s (5) 2mzd (6) 423

Refer to Figure 2(b) for this question. Find the magnetic flux density of the magnetic
field at point A (z = 2p) on the z-axis, created by the circular current I with radius
a centered at z = 0, assuming 2y > a. Let p be the magnetic permeability. The
plane on which the circular current flows is perpendicular to the z-axis.

6]
SO

2
25 225

pla?
223

pla? pula? pla?

(4) —

2
4z5 25

pla?
423

(3) (5) (6)

_
Treat the circular coil in Figure 1 as a magnetic dipole M, and find the magnitude
and direction of the torque that this coil receives in a uniform magnetic field of

magnetic flux density B 8].
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(Bra®sinwt)’

(u)l/zBﬂa2 sin wt) 2

(1) B ) WP 3) LB

7a? cos wt)’ w2 Bra? coswt)” wBra? cos wt)®

) (B “ t) (5)( BR t) ()(B < t)
N

~

(wBma? sinwt)?

(1) positive z-axis
(4) negative y-axis

(2) negative z-axis
(5) positive z-axis

(3) positive y-axis
(6) negative z-axis

Q4. Find the power associated with the torque that is required to keep the circular coil
in Figure 1 rotating at the angular velocity w. @

L 2
(Bra®sinwt)’ (w'/?Bra’sin wt)2 (wBma? sinwt)’
) Brecsinet) ) P (3) LB
) (Bﬂazéos wt)? 5) (w1/2B7rc]L; Cos wt)2 (6) (waaQRcos wt)?
N J
z Z
A A
mo
ol O
—me >
1
(a) (b)
Figure 2

The following questions regard the effect of the magnetic field created by the current
generated in the coil in the circuit of Figure 1 of Problem [A]. Let L be the self-inductance

of the circular coil.

(Continued on the next page)


tokura
タイプライターテキスト
(Continued on the next page)


Q5. Find the maximum value of the strength of the current generated in the circular

coil.
(10 .

Bma? wBma? w?Bma?
1) 272 2\1/2 (2) 272 2\1/2 272 2\1/2
(w2L? + R?) (w2L? + R?) (w?L? + R?)
(4) Bra? ( ) wBma? ( ) w?Bra?
L w?l? 4+ R2 w?2l? 4+ R2 w?l? + R2 )

Q6. For a radius of the circular coil a = 2 c¢m, a rotation speed 1 kHz, a magnetic flux
density B = 0.5 T, a coil resistance R = 10 €2, and a coil self-inductance L = 900
pH, find to one significant digit the time [s] until the strength of the current reaches
a maximum, if the coil starts rotating from time ¢ = 0.

(1) 3 x 102 (2) 3 x 1073 (3) 3 x 107*

(4) 3 x 1077 (5) 3 x 10~ (6) 3 x 107




v
[A]

YTofuwic®& z &,
1. RiroEELY m, iRE%Z T. ALY~V ERE k & LT, NTOHEE ¥

i 2.

i 3.

D=7 A7 2 VB f@) ZUTO O 26 @ OhdoES,
@D (L)g/ze—mwwzkr @ (ﬂ)%e—mwwzkr

2nkT m

3 (L)g/ze-zkr/mw @ (%)3/26—2kT/m|§|2

2mkT
T L BT OV CH L 2 To XD [1] 25 [6] KAZELWD
DETD QO 6 @D OHHHER,

HEEH x COWTOERS % P(x) L3 5L, x OFHHE (x) ©
EFRIE, UPoXTH AL,

(xy =[1]
TR > OF N ORE LTI 02 OEBRRUTOATEA bR
%

o2 =Y, (x-[2))" P(®)
x? OVEE (x?) 13,

(x?) =[3]

THY,
[4]=1

THDDT, . FTEUIATORTRI T &1 TE 5,
o? =[5]-[6]

@ X P) @ TpxP(x) @ Lx?Px) @ (x) ® (x?)

©® {0 @ (x)x?)
(a) TOOHLODKTFD S b, 7 b IFHEEHCHE D RiF 22 CGER,
(b) TOOHODRTD I b, F—XMEHHE ) i1 % & THEXR,
O BT @ B Q® HmET @ KERTF G HARET
® Tr77RT

(KHEICDDL)



[B]
NIRO#IE L7 T2 5 72 3 %055 5, BT R TIKAITE 3 6 55, M F T,

h=1 ¢ LTEZ2%, FFETIE. ETRAEY VS (RYvETHK s=§ ) LAY

I (REVETR I=2) b5, ZhboMIcREEM AT -5 28<

(A>0), BT EeoBOMoMHEERIZEHRCcE 32, R EIoMEERITHEE
L. BEEZT. AArv~vEREkL T 5,
YTofuwic®& z &,

M1, 1 F¥H7-0 oniBEE Z, & L=, NEDFEFDZDNEEE 2,
ZUTOO5DDH 0 5ER,
® Nz, @7V ® 2 @ z

N N!

2. ZOZRDOD~NVLFELYOHHAIANLNF— F 2. U ToO»r660DHF 25

O —kT NZ; @ —kTIn(NZ,) ® —kT ZN @ —kT N In(Z,)
zN 7
® —kT=- ® —kT Nln (F)
3. () =vitor— 8§ 2KTb0%, TOOLLQDHH 5 —2EN,

b) Nz ALF— U 2K T D%, TOOLL@DF 56 —0ER,
() BAEE ¢ 2R8Tb0%, TOOrL@DHH 5 —21EN,

O NkT @TS ®TU @ TC & F+NkT B F+TS

@ F+10 ® F+TCc © -(3) © (2) @ -(3) @ (%)

oT aT aT

M4. Frozxevjx]=I+3¢ L. 2 oFGfE% JU+1) TKT, J=0¢&

J=1DEGREBICNT 2 AT -3) OHAFHEIZ, ATET Z LR TE 3,

(XEILDDK)



(a) J=0 DEGREICHTZ AT -35) OFFEE TOD» @D H b,
(b) J=1 DEFRECHT 2 AT-3) OHIFHEZ TODH H@®D 7 5 FE~,

D -4 @-24 @ -S4 @—24 ©4 ©®24 D40 34

M15. B4 ofif%afioT, 1RTH70 DB Z, 13, AL k. TZfE->T
KIenTEd, CONMER 2z, L Z0EHEZFHHATILUTOXD

[1] 226 [9] ICAZIELWEEFEEZ TOD25EDH2 6 FE,

J =[] Tk, REF—2oL2rw, J=[2] T, REFB]EICHHEL

N

TWw3, £oT, k% z, U ToXcHEzbNn%,

2, = Besp () + Deww (- B2)
® 0 ® 1 ® 2 @ 3 6 4

6. (a) 12505 DREZF>TC.ZORDODHATHTANLF— U 1T N.A.
k.T ZfHioTRT LB TES, ELLWRZUTODD QD2 5%

/\o

1 2NA 1 3NA
@ _—NA + exp( )+1 @ _ZNA + exp(%)+2 @ _ZNA + exp(%)+3
1 2NA 1 3NA
@__NA+W @_ENA-FW @_ENA-I-W
3 2NA 3NA
@ _—NA + exp( )+1 _ZNA + exp(%)+2 @ _—NA + exp(kT)+3

(b) M1 22565, XU 6 (a) DFERZHE->T, ZORDEKE C 1F
N. A, k. T Z{fioTRT LN TE S, EFLLWRZUTODD HOQD HiH

b~
@ wie () ﬁ 20k (_)ﬁ ® K (2) ﬁ

@ wk (i) ﬁ 2Nk (;;T)Zﬁ © 3wk (2) ﬁ



v

[A]

Answer the following questions.

Q1. Let m be the mass of a particle, T the temperature and k the Boltzmann
constant. Which of the following is the Maxwell distribution function f(¥) for
the particle velocity ¥ ?

@D (L)g/ze—mw/zkr @ (M)g/ze-mwwzkr

2mkT m
3/ - 3/ -

3 (%) 2 —2kT/mlB|? @ (%) 2 —2kT/mlB|?
Q2. The following sentences concern the average and the variance of a
probability distribution. Substitute the boxes to [6] with expressions from
@ to ™.
Let P(x) be the probability distribution for the random variable x. The
definition of the average (x) of x is given by

(x)=[1] .
The definition of the variance ¢?2, a measure of the dispersion of P(x) about

(x), 1s

2
o2 =Y, (x—[2])" P(x) .
The average (x2) of x? is

(x?y=[3] .

Since

[4]=1,

the variance is given by the following equation:

o2 =[5]-[6] .
@ % Px) @ TexP(x) @ Tex?Plx) @ (x) ® (x?)
© () @ (x)x?)

Q3. (a) Select all particles in (D - (6 that follow Fermi statistics.
(b) Select all particles in (D - (6 that follow Bose statistics.
@ Electron (2 Proton 3 Neutron @) Hydrogen atom (5) Deuterium atom
(© Alpha particle
(Continued on the next page)
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Consider a system that consists of N stationary atoms. Let all atoms be

distinguishable. In the following, assume h = 1. All atoms have electron spin §

. 1 .o
(spin quantum number s = 5) and nuclear spin I (nuclear quantum number

I = %) and between them the interaction A(J-§) (4 > 0). Other interactions

between the electron and the nucleus as well as interactions between atoms can
be ignored. Let T be the temperature and k the Boltzmann constant.

Answer the following questions.

Q1. If the partition function for one atom is Z;, which of the following is the

partition function for N atoms, Zy ?
zy zN
® Nz, @ z7 O @

Q2. Which of the following is the correct expression for the Helmholtz free
energy F in this system?
O —kT NZ; @ —kTIn(NZ,) ® —kT ZN @ —kT N In(Z,)

N
® —kT™ © —kT NIn(2)
Q3. (a) Which of the expression (D to 2 below is the expression for the
entropy S ?
(b) Which of the expression (D to @2 below is the expression for the
internal energy U ?
(c) Which of the expression (D to (2 below is the expression for the heat
capacity C ?
O NkT @ TS ®TU @TC ® F+NkT  © F+TS
@ F+1U0 ® F+Tc O -(Z) @ () @ -(¥) @ (¥

oT oT oT

-

Q4. Let J(J + 1) be the eigenvalue of J2 if the atomic spin [ is [ =+ § . The

expected value of A(T-3) for the eigenstate for /| =0 and J =1 can be

expressed in terms of A .

(Continued on the next page)



(a) Select the correct expression for the expected value of A(I-§) for the J =0
eigenstate from the expressions (D to @& below.
(b) Select the correct expression for the expected value of A(I-3) for the | =1

eigenstate from the expressions (D to @& below.
D-4 @-24 @-54 @—4 ©®4 ©24 ©D34® 34

Q5. Using the answers from Q.4, the partition function for one atom, Z; , can
be expressed in terms of A, k and T. Substitute the boxes [1] to [9] in the
following sentences that explain the partition function Z; and its derivation
with the correct numbers, choosing from options (D to (& below.

For | =[1] , there is only one eigenstate. However, for | =[2], the degeneracy of
the eigenstate is . Thus, the partition function Z,; is given by the following

equation:

Zl—.exp( )+.exp( @kT).
©® 0 ® 1632 ®3 6 4

Q6. (a) Using the answers from Q1 to Q5, the internal energy U in this system
can be expressed in terms of N, A, k and T. Which of the following is the

correct expression for the internal energy U ?

2NA 1 3NA
@ _—NA+exp( )+1 @ NA+exp( )+2 @ _ZNA+exp(A)+3
1 2NA 1 3NA
@__NA+W @_ENA-FW @_ENA-I-W
3 2NA 3 3NA
@ ——NA+W _ZNA-I_W © _ZNA-I_W

(b) Using the answers from Q1 to Q5 and Q6 (a), the heat capacity C in this
system can be expressed in terms of N, A, k and T. Which of the following is
the correct expression for the heat capacity C ?
@Nk( )L("%)@ZN]{( )M@BNI(( )L(i)
kT {exp(A)+1} kT {exp(A)+1} kT {exp(A)+1}2
A

@ Nk L(kT) 3 2Nk L ® 3Nk L()

(kT) {exp(A)+2} (kT) {exp(A)+2} (kT) {exp(A)+2}

@ Nk () % 2Nk (kT) ﬁ © 3Nk (£) ﬁ
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