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2EDEK - 2 Objectives and Outline of the Course

H | W& tF EPREORZEDIBFOREZBR T, WAWASENEOUBEOAEZBRT 2 ICIIEFNFOMBD LT HETH
Y. ZNiE 20 R ABEOBRLANEE L ER 5, COHKRTIEETFNEHEDE Y LBH T, KEBEHK, HEF. BH5E.
THEEEBRE EOERNABBES T F2N, F/MELFITREBICV 2L T4 v A—FAEAZHBVC MEREOERZEET 5,
FEAFDEVATHERELDE LI, TERLEITADI T CERZEDET,

% | 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.

FEDEEBIZE Learning Objectives

H | #8hF /L 22, EFNFOERNTHFOEZEZAICHEL T,

BEAMETY 2L T4 v H—ARRAEZHRNTAHAT, MEREICDELRRFNER L PR,

I | To be familiar with fundamental and specific concepts of quantum mechanics by comparing with classical mechanics.
To learn mathematical formalisms of quantum mechanics by solving Schr&#246;dinger equations for simple problems.

B BFIEDEMEDFHMEEX / Fulfillment of Course Goals (JABEE BEERI B D &)

H | EFHF0EREMPBFLEIFICOVT, RENICHEATE 2,

BEFNFOEBMEREZFICOVWT, BEMNTE S,




11060073_8FHh=F

EFNZOERICOVWT, HEREOERENTE S,
EFNZOEBICOVWT, BRI,

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.

REHEIER Course Plan

No. 15 B Topics A Content
1 B|$1lE EFROELCEVQD | Q) RETHR/BTELALDON? QEBFLIF? QERAEHE VIV /0R
(BFwmoILE)

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

2 H|$1E EFHOELCEY | @RIFRIEL? CEoZEMH) O)EFO_EM GORTFEEOLEZE (1NR—-T0OR

(2) (R—7%:) FHER

& | 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 H|$2E —EWer7oq% | OZERE R 70/40RE QF7R4ER QRAERTETICE? B)EOBEERE

THETE M CERE B)FR—7 - Vre—7 )l OBFEYE GO)TEEMERELIL? (Nt
Y RILT D BERE)

& | 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 H |38 YalT74vH—F| D¥albTa4rA—FEA0EH Q)ESEHOER HEXRRBHRF) QEERELEH
X e msEs (1 HEH QOYEELHEFE G)PRFEOHE

% | 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 B |®B38 YalTavhA—F | @OFEERLE? (NEFER LT A—FRAZE< (L RTTEHRNLT) B)>al

2t LRBEH (2) T4 v H—ARAOKRIEME QILI—-bHABEEEFLIE? 100V — MNEET
L1 ? (11)EEFoORBRER

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

6 BH | B48 SFHFARONTF RFV v VEBERICEHALAD SN FOIRILF — & REBIHM, BHEREXE RO L
5 (BFHFME). QOHFFERTYIvILHE (BRSI0E) QFFERTVY
vILEE (BREE0E) Q)M LimE @A) —ARICDRD >THFFRONTF

Z | 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% NTFTOEBEKE | BERET Vv LEBICHNFNAAST LI TORFREEEREZRD L 5, HHlHFE

(1) EED I YES BREPRFERN/EIND, (DRFIRLEF—HhInEEL 2)K
TWEFIIDITTERL S,

% | 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 |B5E Ko&ESBERE (2) | BRIEBOKRT V¥ v VEBEICHNFAAF L7 L EORFREFEBELRD &L 5, EEEE

NBOWEEBFHRODHE (P RLPR) PEND, QRFIRLF—A/hEnEEE

DREVEZIIDTTERLS, RIC@W/A—=Zvk - RZAETILEE>TEAE
B RT Y v IVEBEAR > THhL S, INDSHERPFEFHNIRILF—N"VFELD
BRADHN D,
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& | Chap.b Transmission and | Calculation of transmission and reflection probability of particle incident to potential
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 | 6% AMKRE:F (1) (DFAMIREF & 12?7 (HHFROER) (2) AR FOEFHENEEL GREERK)
REZLEXREHKR(TLI-FZER)
Z | 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 | A |&7% AMRDF (2) QAR FOEBFHENRE (T4 7v o 0EETFR) GEERERBEHR(TILI
—b2IER)
& | Chap.6 Harmonic oscillator | (4)Quantum mechanical solution by Dirac's operator method (3)Important
(2) orthonormal function (Hermite polynomials)
11 B |&B7& Kk&ERF (1) WOWAKRREFOBEFY 2L —YrH—FR (BEEFERR) QEFEBELROSNEKT
%
& | Chap.7 Hydrogen atom (1) (1)Schrédinger equation of electron in hydrogen atom (polar coordinate)
(2)Directional dependence of electron wave function
12 H |78 K&ERF (2) () BEFHSBEHOBRKENE GDEIEBHROBENHTER OG)KEOTRILF—#
[iv2
ZE | 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 | B | #B7E& K&ERF (3) BVKFBFEBEL2 D0EFH (FEFH. ANEFH) OHAMER QEZE#H
BRE#HROLY v FALZER, 77 —-LZER. kEmAMNER
Z | 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% #HEAEHELRYL | (VHNEAESHSRETFLEAFTEROTIIRT QRBEEFOIIERER Q)AES
v AEEE EOFTEESHEFAETFLL DREVYOERR G)REVTIEREVYEFH 6O)BE
AEHE L A HEHBDAN
% | 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 | fBALTRE FFOMEHILCTHRE L A%
& | Chap.9 Aufbau principle Aufbau principle of atom and periodic table

E1EZ14+ Prerequisite(s)

H | FHEMBIIFICAETT, dH8NIZORBRYPHNITEREL LTV, FSEOFEGNETHELLTEN TR I L, TNICE-T
EFNFZOHRFERYBFWICKECERTEET,
% | 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.

RERRNLE (FEB - EBS)

Required study time, Preparation and review

H | EFHX0OBFNARFRIRLRFLCEATEZ T L, BHLETHBELED TRV THATTIL, ZELAELT2, 3BM
NI TEBT 22 L IEBH THREN TS,
& | 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.

#HR}E H5EZE Textbooks/Reference Books

H | #8&E (M50 oRN8FHF] (EBEEE - &, ##4), ISBN:978-4-06-535340-0
M T, BEEREZEHRTHILHH 5.
% | KODANSHA Ltd. "Quantum Mechanics" (by H. Sato), ISBN:978-4-06-535340-0
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| Some resumes would be provided in the lecture.

H | LA=FHZWIENTR N E8RT, BRETMIEFIHRICTIRR (70%) &LFE—FHZWIENTRE (30%) OEETTIT,
FEEBRZIT o756, TNLEET 5.
Z | Results of the class will be evaluated by the reports or short tests (30 percent) and scores of the term exam (70 percent).

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