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BEDOBR - IE /Objectives and Outline of the Course

H | W2, tF EVREORZHEIBTOREZEZ T, WALWALRYEOMEOAE 2 BET 2 ICEBFNZOMNEI LT HETH
D, THiE 20 HICABOBARBMNEE L EX 5, COBRCHEETAFHEDEN LHAO T, KEBEK BETF. HHEE.
THEEEBGRLE COERNAMESE 2N, FMEAFITRBRICV 2L T4 v HA—ARRAERV T MEREOEREEBT 2,
FRAMFDOEVATHERLHD LHIC, TEBLETNNYPTCERELEDET,

& | Knowledge of quantum mechanics is essential to understand the true nature of various substances irrespective of the field

of science such as physics, chemistry and biology. Quantum mechanics can be regarded as a great heritage of human
knowledge of the 20th century. Starting with the topic of birth of quantum mechanics, we will learn basic concepts of wave
function, operator, expectation value, uncertainty relation, and so on in this lecture. Moreover, we can learn the basics of
solving Schroedinger equations in elementary examples. This lecture will be presented as plainly as possible so that even

students without preliminary knowledge can easily follow.

v

FBDZEBRE /Learning Objectives

H | #8AHFE[EL 2D, EFNFOERNTHFOZZAICHL T,

HEAMBETY 1L T4 Y H—FRAZROTHT, MERKICHERBFNERELFI,

To be familiar with fundamental and specific concepts of quantum mechanics by comparing with classical mechanics.

b

To learn mathematical formalisms of quantum mechanics by solving Schr&#246;dinger equations for simple problems.

SR EEDERE O EERE / Fulfillment of Course Goals (JABEE ES@RIH o &)
H | EFAQZ0ERIEBFREZIAICOVT, REBENICHATE S,
EFNHNFEOEREMFTLAEZIAICOVWT, BENTE D,
EFAFOERIIOVWT, HEREOEBENTE D,
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EFHZOERICOVLT, BREIT+9,

b

Able to explain about fundamental and specific concepts of quantum mechanics.

Able to understand about fundamental and specific concepts of quantum mechanics.

Able to understand about some fundamental concepts of quantum mechanics.

Unable to understand about some fundamental concepts of quantum mechanics.

REETEIEE /Course Plan

No. IEH Topics AZ Content
1 H|$1E EFWH0ELCEVQD) | (1) AE¥FHARBTELABON? QBFEIE? QBEKEHFE TSIk
(BFHmOIE)

& | Chap.l Towards quantum | (1)Why is the classical mechanics invalid ?  (2)What are the quanta? (3)Black body
mechanics (1) (How it started) | radiation and Planck's formula

2 H|E1E EF@R0EELCEY | @GRIFNUIEN? CEoZEHW) O)BFO_EYE O)RFEEDOHRZE (NKR-T0RE

(2) (R—7T%E# FRERY

# | Chap.l  Towards quantum | (4)Is light particle or wave ? (Doubled nature of radiation) (5) Doubled nature of
mechanics (2) (Bohr&#039;s | electron (6)Mystery of atomic structure (7)Bohr's atomic model
theory)

3 B | %28 —sHer70M4K | OZERL FT7R/40ERS QF7AMER QRARTERTICIE? @)ROEERE

THEEM CRIBERE O)R—7 -/ rv—T7 ) hDEFEE O)THEEEREBLIL? (MY
Y RILT DBERERER)

Z | Chap.2 Doubled nature, De | (1) Doubled nature and De Broglie's hypothesis (2) De Broglie's wave length
Broglie&#039;s wave and | (3)How to describe a particle by waves (4)Group velocity and phase velocity of wave
uncertainty principle (5) Bohr-Sommerfeld quantum condition  (6)What is uncertainty principle ?

(Heisenberg's th
4 B|H38 YalTavhA—hA|QDralbT4rA—ARA0EH Q)FBBHOER FEXRRIN) QEBEL
2 & IRERH (1) BEHM OYEELHFE OFEOFE

% | Chap.3 Schr&#246;dinger | (1) Derivation of Schrédinger equation (2)Meaning of wave function (Probability
equation and wave function | interpretation) (3)Eigen value and expectation value (4)Physical quantity and
(1) expectation value (5)Calculation of expectation value

5 H|$38 YalTavH—F | @O)FReE? MBEL LT A—AERXEZHC (L RTEBNT) B)¥al

B & IREEK (2) FarvA-ARAOKREE (YT I PEREETCE? 10)TLI— MNERET
clx? (11)BEFORHRER

% | Chap.3 Schr&#246;dinger | Chap.3 Schr&#246;dinger equation and wave function (2)
equation and wave function
(2)

6 BH | B4E SEFHFATRONTF KT v LEBERICEALAD ONFZRFOTRILF — & KRB, TEREZ RO L
5 EFHFEE)., QOHFERTVIvILME ERSI0E) QHFEKRT >
vILEE (BRES S 0E) Q)EiEL#imR A)—AmICORD >T-HFFROKF

% | Chap.4 Particles in quantum | Calculation of energy, wave function and existence probability of particles confined in
well potential wells (Potential well problem) when the well walls have (1) infinite height

and (2)finite height. (3) Potential wells connected to one direction is also co

7 H | 5% NFOEBERE | BERET VY v LEBICNFAASTLIZE EORFREFEREZRD L 5, HHANF

(1) ClEhRYEIEBEPCRFERNEIM B, (DRFIRLF—p/haneEe K
EVWEZRIIDTTEREL D,

Z | Chap.b Transmission and | Calculation of transmission and reflection probability of particle incident to step-wise
reflection of particle (1) potential barriers for the cases of (1) small incident energy and (2) large incident

energy.

8 B | #B5% KoOBBERE (2) | BRIEBORT VI v VEBEICHTFNAAST L7 L EORFREEBRERD &L 5, FEEE
MEWEEFHIDE (b FIHR) HENE, QRFIRILF—HANhINEEL
WREVEZFIZDUTEZILD, RICW)7A—Zvk - RZAETFLEE-> TAHR
HRRT v VEEAR > TAhE S, INDOERPEFHNIRILF—NV FEEHD
BRI D,

Z | Chap.b Transmission and | Calculation of transmission and reflection probability of particle incident to potential




12061103_2F 1% pa

reflection of particle (2)

barriers of finite width for the cases of (3) small incident energy and (4) large incident
energy. A quantum effect called tunneling effect appears when the width is

9 H | $£6Z AMKRESHF (1) DFAMIREF & 1E? (HHBOEE) (2) ANRSFOEFHENEEL REERR)
RIBEEABREHR(TLI— FZIER)
& | Chap.6 Harmonic oscillator | (1) What is harmonic oscillator ? (classical mechanics) (2)Quantum mechanical
(1) solution by series expansion (3)Important orthonormal functions (Hermite
polynomials)
10 H | 7% AMKREST (2) GANREBFOEFHENRE (T4 7 v/ DEETFER) OBEERBEXEHR(TILI
— F%1Ex)
# | Chap.6 Harmonic oscillator | (4)Quantum mechanical solution by Dirac's operator method (3)Important
(2) orthonormal function (Hermite polynomials)
11 H| 7% K&ERF (1) (OWAZERFOEFY 2L —YrA—FEA REFEERTR) QEBEFRBEROAHGKT
4
& | Chap.7 Hydrogen atom (1) (1)Schrédinger equation of electron in hydrogen atom (polar coordinate)
(2)Directional dependence of electron wave function
12 B |®B7E KERT (2) () BFESBEHOBRKEE G)ESHEHROBENGTERR OB)KFOTRILY—%
I
& | Chap.7 Hydrogen atom (2) (3)Radial dependence of electron wave function (4)Probability density plotting of
wave function (5)Energy levels of hydrogen
13 H | $7& KkEEREF (3) O)IKEBFREEK 2 D0EFH (FEFH. AHNEFH) OHHMPER Q=EXR
EXBHEROLY v FLZERX 77— LZEA, KEANEY
& | Chap.7 Hydrogen atom (3) (6)Classical interpretation two (principal and azimuthal) quantum numbers (8)
(3)Important orthonormal functions (Legendre polynomials, Laguerre polynomials,
spherical harmonics)
14 B |$8% #HEAEHELRY | VHMEAESHEERETLEAGTEKOTIERT QEBREEFOMINERR Q)AEH
v AEEE BOFTEEBEHLAAETFH MALYOER G)AL VT REVEFH  (6)HE
BEHEL ALV AEHEDEK
% | Chap.8 Orbital and Spin | (1)Matrix representation of orbital angular momentum operator and Eigen function
angular momentum (2) Matrix representation of raising and lowering operator (3) Precession and spatial
quantization of angular momentum (4)Discovery of Spin (5)Spin matrix and spin
quantu
15 B | AL THRE FRFOEAILTIRE L AR
% | Chap.9 Aufbau principle Aufbau principle of atom and periodic table

JB1&51% /Prerequisite(s)

B | FEMABMIFICTETT, GHRNZORBLAHONITERL LTV, EEOFSZLEETMBEEALTEDTHRLIE, TNITL-T
EFNFOHFHE)IFWICERLBRATEET,
& | No preliminary knowledge is needed. Experience of classical mechanics will facilitate the understanding. Students should

solve plain exercise problems of each chapter by themselves to get used to mathematical formalism of quantum mechanics

quickly.

RERBNEE (T8 -

#38%) /Required study time, Preparation and review

H | EFHX0OBFENRFRIRLRFLCEATEZ T 0, BHLETHBELZED TRV THATTIL, ZELAEZT2, 3KE
NI TEBT 22 & 3RO THENTY,
& | Students are strongly recommended to solve exercise problems by themselves as the quickest way to learn mathematical

formalism of quantum mechanics. Reviews taking 2-3 hours after lecture are very effective.

#HRlE /5EZE /Textbooks/Reference Books

H | #8E (NS0 oRNEFHF] (EBEEE - &, ##4), ISBN:978-4-06-535340-0
M T, BEEREZEGRTHILHH 5.
% | KODANSHA Ltd. "Quantum Mechanics" (by H. Sato), ISBN:978-4-06-535340-0

Some resumes would be provided in the lecture.
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= LR—FH2WIENT R M%EFET, BIETHEITFHRICT ) AR FEERICERT 2MBOHEDR. TNODEROEETTIT I,
PRRRZIT->7HE, TNHERT 5.

Z | Results of the class will be evaluated by scores of the knowledge reviews and the term exam.

Score of intermediate examination will be considered, if it is carried out.
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