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%85 A — & (real parameter) t D EEE (real function)z(t), y(¢) 1285 2M 43 HEAFR (differential
equation system)

d (= z [ —a a
) E(y)_A(y>’ A_<b -1>
BERXD, ZIT, a,b%EH (real number) £ T 5,

(1) 1751 (matrix) A DEHE (eigenvalues) 3 L PEH R b L (eigenvectors) 2R &,
(2) W HERFR [1] D—#fi# (general solution) &R X,

B (1), y(t) DREHZIL L R WEA HERR [1] OREZBA AR [1] OEREA (fixed point) X IFSE,
S, (2,9) = (0,0) BEAHFERF (1] OEESTH S,

(3) EIRA (0,0) 75 (stable) &5 7 DEM a,b OWAT R EREERD, abFHECHFEL,
2T, BRANEELIZ, BEEADSHICTTN(EEOFHME (initial value) ZFFDOfEN ¢ — co TH
SERUZHES 5 (approach) B& %17,

WIZ, ENRT A= t DEEB z(t),y(t), 2(t) KT 2W0 HRAR

( d—Ti—- ar + a
at y
dy
2 L b —y — a2
2] < 7 b —y — 2
dz
\Et——asy——cz

BEZXD, ZIT, a,b,c SIEOEKTH D, B HERIZ, B z(t),y(t), 2(¢t) DEMPZEAL UL WS HE
AR [2] OREEWMAHHRRR 2] DEER LIEL,

(4) (z,y,2) = (0,0,0) EWHHREAXR 2] DEERTH S, BEEM (0,0,0) DLEEM (stability) Zi&
&,
(5) b>1DFAE, (0,0,0) AN WA HERR [2] BEER (zo,Y0,20) 2F 2o (20,¥0,20) TN
TRD &,

(6) a,cka>c+1E2UTHEREL, baE{IEALLE, (5) TROLZEER (z0,y0,20) PEENPS
FLZE (unstable) 12254 D EGAME (critical value) boy % a,c EHWVWTRY, ZICERRPTLE LI,
BE RSB T N BEEZ FOMN L - co TEERPSHNTW ZLAHEBEEET,

oyl
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RN T LEEE O EHEE [(r,2) = exp(—(z — 2)?) Rug(z, z) = exp(2zz — 2%)
2R LR OIS % k.

(D) f oz BT A2RAPLOEREERR (power series expansion at the origin with respect to z) %

f(z,2) = Z Mz”

nl

LERTLE %@0:04W(£Jnfﬁ

ThdIEErE, £ LOEREOINEELE (radius of convergence) 2K X,

2) &En>0KkUCz e R iZxL

n z? i " —z?
Hp(z) = (-1)"e (da:) e
k'@‘é =3 o oM
o(e,2) = Y Hole)
n=0 '
LERINDZ EERYE,

(38) Hn(z) 1Zz »%ER (polynomial) THBZ L ERL, FDWKE (degree) KUEBERDIFEEL
(coefficient of the highest degree) 3K X,

@ m<nirmmn>0 3L
oo
/ men(x)e_xzdx

—o0

R X,

(5) n=>0 ZxtL oo .
/ 2" Hyp(z)e™® dx
R K,

6 m,n =0 ZxL

R &,

(1 Hn ZZRoOE#MSFHEX
H, (z) — 2zH, (z) + 2nHp,(z) =0

8 N BNl N
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7K Hi(horizontal plane)% (x, y) i (plane)& L, $AE L[A X (vertical upward) % z Bfi(z-axis)IED [ X &
5 B ZZEEAR SR (Cartesian coordinate system) O-xyz 2B W C,z B ED A P iz, £ E(length) I DO b (string)
Dz EET D, FEAZER O-xyz IT1BME R (inertial system) Th 5, ZLTOHDH — DO E B(mass)
mOEH Y (bob)zDF, MPHLEBHLVEZBRLT, 20LEEYL 0 IIEESR O-xyz DJF R (origin)iZ 3 -
2o TLTC OBDBRERVELIICLEZEEFTBL Y 2BEEYE, 20, y)EE(a,0) & 72 3 4 T
ESET(a>0) alT HITH_THA/AE W, BT T E M E (gravitational acceleration)% g & L, O
LOHEE, BLbYOKRES, ZRERCEEIIERTS, TLTUTOI, II0OBEA4E2 5,

I! B t=0 THPIZB LY NOFEREL, 20ROBLY O J& B E B (periodic motion) % & 2 5, LLF

DORIZE % X,

fll KZt20TORL Y D x BEDOERZ(L Z R EB HF 2R (equation of motion)lE, x/I DE K DIE

(higher order terms)IZ AR5 5 &, BHIRH(simple harmonic oscillation) D 5 R (equation) & 72 5, = DIEH)

HEREET, TLTCZ0EBFBERNEZME, B 20 TOx0ERD &,

M2 KZlr=0 TORH Y OEEB) = /L F —(kinetic energy)® K&+ 5, BH Y DIREO—FEIZH

72> TD K@)D W (average) X, K()D & KMEmaximum)DA{ED, 727 LB H Y D EE (velocity) D z

%43 (component) D K()~DE 513, x(t)l DER Th 5 7= HERY I,
WIZEFRRDOB S Y DES %, EER Oxy? »OERE+s, -2 '

CHEERR O'x'y'z' 13MEZ] £ = 012 TR O-xyz & —F(coincide) L, P

FIEX 1 D& D ITEER O-x'y'7 1ZEIER O-xyz IxF LT 7 8E Y

(Z — 7E (constant) £ 3% £ (angular velocity) o (> 0)C % Bt [E Y

(counterclockwise){Z[El#x L T35, J y

ff13 Bzl 12 0IC TEEER Oxy? TOBL Y DX EER x(@), y' Ny
YOt hH, FEE 120 TOBH Y OEED(r, y)ES & O

GO, v, @) T D, B 12 01T TEER O'xyz TOES Y O x)
EED, WS (@Q), a) )%, x(0), Y0, v, v, () & FINTFHE, * AEEow
e UHEIER Oxyz TORELE x()CWE, MEEITS THE

(eliminate) 325 Z &, 1

i3 TH/oNIFERNE, LT TIHFER(E) & EE,
M4 FRAED»DL, EER Oxy? TOBL Y OEBICKWT, Bb 02833 2BEO BT 0 H
(fictitious forces) D x'fisr & yHAERD L, F-FD 2BEORANTOHDOLHEE L L,

IT: EIER Oy TORL Y OYIEEY b l(initial velocity vector)23 0 & 72 B2 KX 512, Bl r=0 TB
bUVDNOFEHLGEEEZX D, RELELA 2028326, )W EEETOEA»LES D £ o
H(distance)Z r() & L7z b &, Bl 12 0 2 THIZ rD<a DRV Lo TWB LD L35, ZDHES, F
BAENIEER Oxy TORL Y OEHHFERTH S, UTOMIZEL L, |

B &ED=x®+iy® LT5, ZZTildIEKHEM (imaginary unit, 2= -1) Th 5, FEX(E) % &)
(29 % sy 7 2 R (differential equation) & L CTFEYW, # LT 11 D& DFIH S (initial condition)
DY ETEDWMOFRRNEMEX, 805K L,

6 RXZle=0TOr)&RD, EMA 120 THIC () <a BBV IO DDOEERRD L. 2 LTt
D% (function) & LTD r() DI 2 RRE L, 77 H(H) D F/IME (minimum) & sk D X,

M7 ZOBLYOEBHZERER Oxyz TE X T, %M =T X /L% — (mechanical energy) DR7F
(conservation) & i€ &) B (angular momentum) X2 LD z RS DREE VT rdDB/IMEE KD, TH
D6 DFRERE BT D L ERE, HIEL i@l OFEROEITEEE L,
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(1)

(2)

(3)

(4)

(5)

(6)

(7)

B2 (vacuum) PO ERLE (electromagnetic wave) [ZB VN TEfEt, fiExIZBI1T A EE (electric
field) E(x,t), WeRIEE (magnetic flux density) B(x, t)DIEENHER (wave equations) 13,
FNFEN

62 62
(A-— o uoé—t—2> E(x,t) =0, (A—-so ,uo-é-t—2->B(x,t) =0

LB tE~ I AT 2O FEN Maxwell’ sequations) 22L&, T I T, glIEZEDH
ER (permittivity), uglIBEZEDHEREE (permeability) TH B, (WMETHIIET NIVEENT
DA rotrot A =graddivAd — AA ZRAWVWE,)

E(x,t) = eWE,sin(k - x — wt) , B(x,t) =e@DBysin(k-x— wt)?3, THEFNER (1) DEE

FEXOBTHD L&, OEONEEE (phase velocity) |vy] El%l , @3 207 h v I%I ,

e, ePDEOE VT T AE, @ 1R (amplitude) By & E,DBIRERY, 7272 LeW, e@ix
FNENENY F)L (unit vector), kIZIEE~7 L (wave vector), wliZAIRENIEL (angular
frequency) TH 3B,

{7 ¥8 7%= (phase difference) 2’86 D 2 2D K H BREIE (plane electromagnetic waves)
ED(x,t) = eWE,sin(k - x — wt), E@(x,t) = ePEysin(k-x—wt +)PERAEDLEN- & X1E
BNABHRIKE=ED +E®Z, POLd>RMR-T-kE LTETTSED, ©5=0 0L, @
) :—E neLx, @6= —g DEXFRFNIZOWTHBAR X, 72770, e®, e@i3 L0 (2)
THWEBRARS bLET 3,

BHE(x,t) = E(x)sin(wt) 7, FEXe, BEXIEEE (electrical conductivity) o OHENIZ
FELTWA L X, mEEIREE (conduction electric current density) j& BfLEBREBE
(displacement current density) jz = dD/ot DORIZ|jq| L |[JIPBEY SL2IZIE, &, 0, w®DH
WX ED X D BB SLONERDH D0 ERYE, ZZTD=¢cEL Le, aldoDFBEZT 72
WwWor e, ¥4 —20iER] (Ohn' s law) j=cERRRYIHZ & L LTI,

F— L DERIDEL Y SEo, BR{ETER] (charge conservation) ?ﬂg—'t) +divj(x,t) =0 ZRHW
THWEFORRZIIT 5 EHR oA (charge distribution) p(x, t)ZRH L, =7~ L, Bt =0T
5z b mE WMo Ep,(x) L, D=cE: 55, 7z, BB +DIR o722 &, o> el
HUMVBFOBMSAMILE D 75l X,

FEEe, BRERu, BRIERs OEHKWN (conductor) IZERIENTFEET D L, TNILHE-T
BIJOBRAET D, ERFEICH L THA—L0OERINKY StoL &, EFE (1) LRk, EiE
N TEME M- THFEXEZEMX,t), B(x,t) THETNIZOWNWT< I AT = /LD FERD HE T,
L, jiEETEDILDEL, p=0, D=¢E, B=uH»¥EVIIDZ L LT3,

BIRE (superconductor) TIEA—ADIERIBKIIET, v M5 (London equation)

mﬁ:—ﬁ%Bﬁﬁﬁfék%zéo::f@@ﬁ@fbéo:@&%wﬁ%%ﬁebfzzw>
L

SRR SN — R RBREERNEOBIZOWT, BREBEB(Z)DAHERD L, =Lz

TB(z=0)=Byt L, Ej i3 CE, BEEEFT COBEKEILu T 5,
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DUTOBWCEA L, 7B, LECSCTHEXFRERSNTORVEZANTLRWS, TOHEITITT
NBMZERLTODPSTHTET S L,

(1)

(2)

(3)

(4)

(5)
(6)

(7)
(8)

B & (mass) m, AIREE (angular frequency) w D 1 RITHFHIRE)F (one-dimensional harmonic oscillator)
REBZDH, ZORICEBITHHMBER (typical) & & (length), EE)E (momentum), Tx/L¥— (energy)
DAY —)V (scale) & m,w, A 21T ZAVTERE, 28, h=4£ THY, hiZ7 T 7 E% (Planck constant)
Th b,

EFROR T =M Ko TERTUE S N2 EIEEE T (dimensionless coordinate operator), EENEEE T
(dimensionless momentum operator), />3 /L h =7 {EHE ¥ (dimensionless Hamiltonian operator) % %

nNEhex,p Hy & 55¢ . .
I T
Hy = 5P + 57
L%, z & p DRIDAHEEER (commutation relation) [z,p] 1ZW B2, £72, [Hp,a] = —a L2 HIER
FazzkpTHEE EFEL[e,d] =1 8BTS,
FCEE LR CARGED 1 KTHIREIF 2l RDNFEREER D, ZOROERTILEINIZANAI
Vv b =T NIRRT OERTALS NI IR 11, 20 L IEENVE py,po VT

1 1 1 1

TEZbND, NINE=T v H OEFE (eigenvalue) E, & DHFIRE (degeneracy) Z3R L, =72 L
EEMEIZ/NSWBIZEy < By < By <--- 275,
ERRONINV =T U 2KF R OIEESEM (interaction) 23

V = %(.’131 — :122)2

D TM 2T, g lZHBEIERADRE 2R T ERITORE S EE (dimensionless coupling constant) T 5,
gBFHNENOI< g1 ELTNIN =T v HOEEIRE (ground state) DEFEOE(LEZEE)
(perturbation) @ 1 R DITLL (first-order approximation) TR ® X,

H OF—REARRE (first-excited state) DEFEDELEZF U< BED 1 ROFLITRD X,

NIV F =7 (total Hamiltonian) H + V X2 RIFDO ANE X123t L THHTH 5 (symmetric under
exchange of 2 particles). ZDZ &5 H+V OEFAIREE (eigenstates) [ICBA L TED X 972 Z & 5w
D0

ENINVE=TV H+V OBREEZELICES TR X,
BERROMRE (4), (5) LIERZRME (7) L2k L, HELOFZME (validity of approximation) % #Eimt X,
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JRF (atom) D H DEESKE— A > b (magnetic moment) m 1, BEF R (electron system) DA EEHE (total
angular momentum) J (ZHFIL, 7 = gupJ THEX 505, {HL, up &K —7HF (Bohr magneton), g It F
V7D g BF (Landé g factor) TH 5, ZOUKE— 4> MD S (magnetic field) H FIZEh N7z L ¥ O
KT F V¥ — (magnetic energy) i, M H0% @iz 28, —m-H=—gusJ,H L E I3, L<HMshT
WBESIZ T E—J,-T+1,-- ,J DEKIEE D,

ZDEIWHRE—RA Y MW N EEENBHEE (crystal) 23, IBE (temperature) T, Bt H © b & TELH
IRRE (thermal equilibrium state) (25 % &4 %, MKE— A~ NALOMEEMER (interaction) IZEETE 3,
FREORZEITT 5720, HIRE B = (kgT) ! (kg 1EANY < VEH (Boltzmann constant)), K UVER T
fb X 7z (dimensionless) % h = BgusJH ZFAVWTIUTORMIZE X X,

(1) ZDORDIELEIEL (partition function) Z %K &,
(2) ~NIVAFRNVY DEBETFRIVF — (Helmholtz free energy) F %K &,
(3) T#Ak (magnetization) M = —9F /0H %

M = NgugJB;(h)

DFAZEL & &, ERITHE h DB B (h) 2 7V 27 B (Brillouin function) ¥ MEXR, J /85 A —& —
ELUTEL TV a7 VB RD &,

(4) BEEH TS VEMR (weak field limit) T M & HIZHBIL, M = xH 2 E) 5, #E%E (magnetic suscep-
tibility) x &R &,

(5) J=1/2 OFf, RFETFMWIR (quantum limit) £785, DK B (k) R &,

(6) J A LICHRTREWVEK, p = gupJ FHEKE—A Y b DHME (classical value) £ 725, H 5725 T
h=puH LEE, p 2 JIZLoBW—EEL AL LT (regarding p as a J-independent constant), fdD
ERTCE NS JIZDWT J — oo DI (limit) % £ % & &, By(h) IBHMEOHHAR (classical formula) T
»H% 7Yz NVEE (Langevin function) L(h) & =BT 23T TH S, ZOFHRETT VYo N VEK L(A)
ZRD &K,

(7) Byja(h) 8 &V Boo(h) = L(h) % ERITHES h DB U TR (show their graphs) ¥ &,





