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Co hoc lwgng tiv (CLT)

* Chwwong 0: Nguon goc va sw can thiét ctia CLT

* Chwong 1: Ham séng trong CLT

* Chwong 2: Phwong trinh Schrédinger

* Chwong 3: Hinh thire luan trong CLT

 Chwong 4: CLT trong khong gian 3 chiéu (Mémen dong
lwong & spin)

 Chwrong 5: Hé hat déng nhat



Quantum Mechanics (QM)

* Ch o0: Origins of QM and the need for QM

* Ch 1: The wave function

* Ch 2: Time-independent Schrédinger Equation
* Ch 3: Formalism

*Ch 4: QM in three dimensions (3D)

* Ch 5: (Identical) Particles

Tai liéu tham khao

* D. J. Griffiths, Introduction to Quantum Mechanics, 2™
ed., Prentice Hall, 2005

* D. J. Griffiths, Introduction to Quantum Mechanics, 3™
ed., Prentice Hall, 2018

* R. Shankar, Principles of Quantum Mechanics, Plenum
Press, 1994

* H.Haken & H. Wolf, The Physics of Atom and Quanta, 7t
ed., Springer, 2005

* G. Greenstein & A. Zajonc, The Quantum Challenge, Jones
and Bartlett Publishers, 1997
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Why do we need study QUANTUM mechanics?

* Foundation for Physics,
[modern] Science, Technology

* “Quantum thinking”
—> Thinking skills

* “Philosophy”’, Worldview,
“humanity”

Tai sao can hoc QUANTUM MECHANICS

* High energy/Nang lvgng cao: Cosmology/
Vi tru hoc, Elementary particles, Nuclear

Foundation for physics/ hat nhan
PhySICS/ SCIGI’ICE/ * Materials/Vat liéu, Solid States/ trang thai
Technology ran, Electronic device/ thiét bj dién tir, nano,

* Optics/Quang = Quantum optics/ quang
lwong tl, Laser,...

* Quantum information/ computing/
computer

* Inter-discipline/ Lién nganh: Bio-physics/ ly
sinh, Chemistry/ hda, Pharmacy/Medicine ...



What do you need to study QM

* Open-mindedness/ Pau m&, Tw duy m&
[ Curiosity/ “Ham hoc hoi”]

« Growth Mindset/ Nép nghi phat trién
[Kién tri — N6 luec... ]

* Asking Question/ Dat cau hoi

“Intellectual
Dispositions”

* 100% Responsibility/ 100% Trach nhiém;
Being cause (in the matter)/
“La - tac - nhan” [ “La - nan - nhan”’]
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DR. MICHAEL MERZENICH, PHD \

SOET-WIREL Brain Plasticity /
Neuroplasticity

Brain Plasticity Can Change Your Life

* “Neuroplasticity Changes ... Everything”

« Méi khi ta hoc, ndo cua ta dinh dang, gia
c6 hoac két ndi “cac dwdng than kinh”

» Can thay thé quan diém “kha nang/nang
lwc hoc la c6 dinh” bang sy thira nhan
“tat ca chang ta deu dang trén hanh trinh
phat trien”

Michael Merzenich, Soft-Wired How the New Science of Brain Plasticity
Can Change your Life, Parnassus Publishing (2013)

(Michael Merzenich: Professor Emeritus at the University of

California at San Francisco)




What do you need to study QM2
“GROWTH MINDSET”

* EFFORT]
NO LU’C

. PEBSEV!ERANCE/
KIEN TRI

@

22

S = A X E?

* Success: Thanh cong
* Ability: Nang lyc (thong minh, tai nang...)
* Effort: NO lwc, nd lwc mot cach chién luorc

E : Nhan t6 quyét dinh thanh cong

Duckworth, A. L. (2016). Grit: The Power of Passion and Perseverance. New York: Scribner
Ericsson, A. K. (2016). Peak: Secrets from the New Science of Expertise. New York: Eamon Dolan
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TAM TRi PHAT TRIEN: 7 Tiéu Chi (nd lwc mét cach chién lvoc)

D Kién tri — no luc

Hoc hoi tlr sai sét

7 TIEU CHI Djt cau hoi
cua ‘
~ -~ Don nhan phan hoéi va phé binh
NEP NGH] e P
PHAT TRIEN Thyc hanh, van dung cac chién lvgc/phwong phap

Dam déi dién thir thach, khé khan
Chap nhan rdi ro, sai sét, that bai
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E + R = O

Event Respond Outcome
(biénco, (daptra (thanh
s kién)  (rng xir) qua)

Ban la tac nhan hay ban la nan nhan?
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D6 v&i sw viéc xay ra,
Ban la tac nhan hay ban la nan nhan?

NAN NHAN TAC NHAN

* Hé qua toi cé lado hoan = Hé qua t6i cd la do hanh
canh/nguwdikhac gayra.  dong toi chon. Tdi 6
T6i khong ¢o [6i. trach nhiém vé chon lya

* Nguoi khdc/hoan canh clia toi.
can phai thay doi thi sy « Mudn sy viéc tét hon
viéc mai tot hon doivai  thi chinh t6i can phai
toi. thay déi trdc hét.
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“What do you need to study QM”

NANG LUC  *“Chat” todn: Gidi tich, s6
' phirc, phrong trinh vi phan,
dai s6

* Co, quang, vat ly nguyén tur
* [Kién tri tap] Poc tiéng Anh
* [Kién tri] Lam bai tap
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Co hoc lwong tir
*Vainét vé lich st CLT
* Tinh chat hat cia (séng) anh

Chwong o sang

Ngu‘f)n ga’c * Tinh chat song cua hat
va sw can thiét
cua co lwong tir

Co hoc lwgng tur
1.1. Vai nét vé lich stv CLT
Chwong 1
Nguon goc
va sw can thiét
cua co’ lwong tir




1.1. Vai nét vé lich stv CLT
Trwdc cudi thé ky XIX

VAT LY (CO BIEN)

‘ Co’ co dién [« %I Hat ’
Ly thuyét dién tiv | S
[(dién+tﬂ’+quang)/‘ > Sbng ’
Nhiét dong| | ’
|l:|’C th_ J: g Hat+Song ’

1 [LwcLorentz]
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1.1. Vai nét vé lich stv CLT
7Cudi thé& ky XIX

TUONG DOI TINH
Van tbc rat Ion Nguyén ttr, dwdi nguyén tir

Vat ly ¢6 dién khéng thé cho
giai thich thoa dang
< =
o

P
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1.1. Vai nét vé lich stv CLT

1900-1925

1900 |Planck: lwging tir 2 birc xa vat den

1905 | Einstein: lwgng tr = hiéu (rng quang dién

1913 | Bohr: lwgng ttr > mo hinh nguyén ttv hydro

1923 | Compton: lwong tr = hiéu (Png Compton

1923 |De Broglie: lwdng tinh song - hat

1925 |Heisenberg & Schrodinger (1926): co lwong tv

1927 |Born: y nghia ham séng. Kham pha hat-séng

1928-1932

Dirac: CLT twong d6i tinh, e* . Anderson tim ra e*

Co hoc lwgng tur

1.2.Tinh chat hat cta

Chwong 1 (s6ng) anh sang

Nguon goc
va sw can thiét
cua co’ lwong tir

11



Btrc xa vat den - Black-body radiation

= Bai toan khong thé giai trong
ntra cudi thé ky XIX.

= Vat néng phat birc xa nhiét

= Phd birc xa lién tuc tir hdng
ngoai dén tlr ngoai

= Planck: Birc xa trao ddi ning
lwwong vé&i méi trwdng mot
cach r¢i rac = khai sinh
lwong tir -> giai thich BXVD

Max Planck
(1858-1947)
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Blrc xa vat den - Black-body radiation

Viatden ® Vatnong:phatbilrc xa dién twr va duoc
(tu;lét d6i) goi la btrc xa nhiét.
) = Birc xa di dén 1 vat: mét phan bj hap thu,
mot phan bi phan xa.

= Vatdenly tu’o’ng hap thu toan b birc xa
dén-> khong c6 phan xa tir né = den

" Mot vattrong can bang nhiét phat xa ra
lwgng ndng lvong nhw nd da hap thu

= - Vat den: hap thu hoan toan va ciing
blrc xa hoan toan!

46
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Blrc xa vat den — Black-body radiation

Tao vat den (tuyét d6i)

Bé nhiét: T

cavity

L6 h3p thu nhw vat den Nung néng hép >
- khéng phan xa 16 phat birc xa

Blrc xa vat den - Black-body radiation

cavity

Matds ———— NI

nang lwong nang lwong
u(v,T) buirc xa
BE nhiét: T EACMY

13



Blrc xa vat den - Black-body radiation

Bé nhiét: T
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Xac dinh bilrc xa vat den

Wien = Str dung dinh luat Stefan-
Boltzmann

= - mat dd nang luvgng trén
don vi tan s6 cua blrc xa vat
den duwoc phatra

= u(v,T) = Av3e AV/T

= Chihop chotansé cao

Bé nhiét: T

50

600 = 800 1000 ~ 1200 = 1400 = 1600

14



Xac dinh bilrc xa vat den

Rayleigh = Burc xa trong hop: nhirng song dirng,
nhw cac dao dong tlr diéu hoa.

Jean
® b :n Nhiét dong Iwc c6 dién: cdc dao dong
AR U tlr trong hop cd cling nang lwong
trung binh
- mat do nan% lwong
81rv
u(v,T) = kT

Chi hgp cho tan s6 thap -
phan ky mién t&r ngoai -
“ultraviolet catastrophe”
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Xac dinh bilrc xa vat den

Planck = Nang lwong trao déi gitba blrc xa dién
, tlr v&i vat chat (quanh nd) theo tirng
Bé nhiét: T lvong roi rac (bi lvgng tir héa):
E = nhv
hv
>u(,T) = 3 ehv/kT 1

thwe nghiém! -
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Trung khép tuyét voi voi - _

15
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u (10 Jm™ Hz")
10.0 4
9.0 - I \
Law )

8.0 4 I \

7.0 1 / \ Wien’s Law
6.0
5.0 4

\

o ; Planck’s Law

3.0 4 s N
2.0 +

1.0 4

0.0

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0

Hang s6

Van t6c énh séng: ¢ =3 x 108ms™?!

Hang sd Boltzmann: k = 1.3807 x 10723 J K1
Hang sd Planck: h = 6.626 X 1073% ] s

9.0

v (10’ Hz)
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Bai tap
Mat do nang lwong Planck theo tan s6:

8mv? hv

u(.T) = — 3~ —mmr — 1

= Mat do6 nang lwong Planck theo bwéc song:

8mhc 1 ),

ud,T) = —5— —mr — '

(Chay: v =c/A)

55

a) CMR cyc dai cia mat d6 nang
Bai tap lwgng Planck xay ra tai budrc

. . b
song co dang Ay ax = - trong

C'o'l y: N n Ay \ S ~N

Cau a: Dao ham ctia u(A, T) phai dd T la nhiét d6 va b la hang s6

thé& nao tai cwrc dai? Tir day dan ra c‘én duoc tinh (U’CI)’C lu’o’ng).

dwoc phwong trinh cé dang phai : :

giai 1 cach gan dang. A ~ > A ~ , ,
2898.9 x 107°mK b) Tu’.lfet qua cau a) bay U’O’Ac.tlnh

Amax = T nhiét d6 bé mat cua 1 ngbi sao

néu blrc xa clia nd cé cvong do
cwe dai & budc séng 446nm.

56
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Blrc xa vat den - Black-body radiation

blackbody radiation
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Hiéu tng quang dién - photoelectric effect

Hertz (1887): electron phat ra tir kim loai
dwoc chiéu xa bang anh sang

Anh sang t&i ¢ Electron birt ra
nang lwong hv vé&i ddng nang

= Tam kim loai c6 cong thoat W
= W: nang lwgng min. can dé birt e ra khéi kim loai
= Tan so ngwong cua kim loai: vy = W/h

60



Hiéu trng quang dién - photoelectric effect

/
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Hiéu trng quang dién - photoelectric effect

/‘

62
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Hiéu rng quang dién - photoelectric effect
A K

“K
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Hiéu rng quang dién - photoelectric effect
tK
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Hiéu &rng quang dién - photoelectric effect

" Tan s6 anh sang < tan sé nguwong
cta kim loai, v < vy: khéng c6
electron du cwong d6 tang.

"V > vq: electron bt ra du cwong
dé anh sang I yéu

"V > v,: [ tdng > s6 e tang. SO e
khéng phu thudc v

» K khéng phu thudc I. K tang
tuyén tinh theo v.

66
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Giai thich hiéu &rng quang dién

= Vatly co dién
(classical physics)
hoan toan khéng thé
giai thich nhirng hién

tK twong nay!

» Taisao? [Bai tap]
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Giai thich hiéu (rng quang dién

= Einstein (1905)

= Dwa trény twdng cla
Planck

= Anh sing la nhirng
photons

= M&éi photon c6 ning lwong
hv

Albert Einstein
(1879-1955)

69
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Giai thich hiéu &rng quang dién

Chiéu anh sang I - photon
truyén hv cho electron e:

e hap thu photon hv

(du I yéu hay manh)

Neuhv > W < v >y,
photon birt e khoi kim loai
véidéng nang: K = hv — W
= K = h(v —v,)

70

Hiéu tvtng Compton (1923)

A

Tia X t&i

~2 % 103eV

71
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Hiéu (rng Compton (1923)

= Tan xa tia X va electron tw do

» Bwdcsong A’ cua tia tan xa >
bwéc séng A cua tia téi

» AA = A" — Akhong phu thudc
cwong do tia X, nhwng phu
thudc géc tan xa.

= Chi c6 thé giai thich khi tia X Ia
nhirng photon.

Athur Compton ) o .
(1892-1962) = => Tinh hat cua birc xa tia X

72

V' 4

Hiéu trng Compton (1923)
(quasi-free
Tiaxtei A electron)

~2 % 103eV

73
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Giai thich hiéu (rng Compton

= Vit ly c6 dién = tia t&i va tia
tan xa c6 tan sé nhw nhau!

» Taisao? [Bai tap]
Mo cac ban suy nghi, tw tim 10
giai thich. (Tia t&i va tia tén xa
c6 tan s6 nhw nhau!)
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Hiéu rng Compton

p,E=hv E,=m,.c?
E=hc/A p,=0

Blrc xa t&i  electron tinh ~. i

B ) \ pl, El — h,vl
T g~ E = he/X
Xa

Trwdc va cham Sau va cham

76
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Trwdc va cham Sau va cham

p,E=hv E,=mec* p,,E,,
p=hv/c 7 Q/

~ \/9 ﬁ’,E, — th’pI — hV,/C
~N
~
Bdo toan dong lvong > p, =p—p = p2 = (B —p")*
{ Bdo toan nang lwong > E + E; = E' + E,

= AMl=1—-1= % (1 — cosB) = 2A,sin%(0/2)

77

Giai thich hiéu &'ng Compton

N = Vatly lwong ti: tia téila
— nhirng photon
= Photon (p, E = hv) vacham

s
M\ véi e 2 e bit ra va photon bi
Q tan xa
= Sai biét cia bwéc séng tan xa
va bwéc téi:
Al = 2" — 1 =24,sin?(8/2)
= 1, =2426 x1072m

79
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Tao cap - Pair production

= Dirac (1928): Co’ lwong tiy
twong doi tinh

= Tién doan phan hat positron
e+

= Anderson (1932): timrae*

e = yoe +e’

80

Co hoc lwgng tur

Chwong 1
Nguon goc

va sw can thiét
cua co’ lwong tir

1.3. Tinh chat séng ctia hat

81
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Séng vat chat (theory)

. = Lwong tinh séng-hat (dual wave-
particle behavior): Hat vat chat thé
hién tinh séng va hat

= MObi hat vat chit véi dong lwong p
thé hién nhw (nhém) séng (séng vat
chat) véi:

= bwdcsong (wavelength) 1 =

SR

> Sy

S A = Vector song (wave vector) E =
Louis de Broglie 1, — /2

1923

)

82

Thwc nghiém cho thay tinh séng cta hat

83
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Séng vat chat — Experiment 1 (1927)

. ®
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Davisson & Germer
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Séng vat chat - Experiment 1(1927)

VL

scatt. :r(:gle 0
@

/
®e @

Davisson & Germer %ﬁ)\ ¢
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Séng vat chat -

e @ \ 8] y
Lattice Scattering
spacing angle ¢
Accelerated
alactrons

Davisson & Germer
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Séng vat chat -

5000

4000

W
o
o
o

2000

INTENSITY (Neutrons/125min)
S
1<)
S

Zeilinger et al.
(Neutrons) 1

Reviews of Modern Physics 60, No. 4,1988
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Experiment 1 (1927)

. .0 54V

Bragg
condition

for constructive
interference

ni = 2dsin 6

Intensity

1

Scattered electrons

1
0 5 10 15 20

Accelerating woltage

Experiment 2 (1988)

http://hyperphysics.phy-astr.gsu.edu/hbase/quantum/davger2.html

SCANNING SLIT POSITION

30



Séng vat chat - Experiment 3 (1989)

@ Source

/ \ Electron biprism
(V\’/ 'f//

Detector HITACHI

£

Tonomura et al.

Am. J. Phys., 57(2), 1989

89
Séng vat chat — experiment 4 (1991)
o)) | ) % 3
o | )
He* T
Carnal & Mlynek
Phys. Rev. Lett. 66, 21,2689,1989 | H. Haken chuong 6.
90
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Séng vat chat - experiment 4 (1991)

50

91

10pm

P S M RS

t4(1991)

300

experimen

at chat -

Song v

200

100

Ayjisuaju|

Scanning Grating Position
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Séng vat chat - Experiment 5 (2001)

Lens

0.054

Apertures
Electron gun P

Electron detector

Light grating

Count rate (per second per channel)

Laser beam

. 410 -85 0 5 110
Freimund et al. | Gttt
Hieu rng Kapitza-Dirac Electrons nhiéu xa
Nature 413, 142, 2001 bé’l Séng dl:l’ng
93
Bai tap
* Hay ty tim hiéu thém vé tam quan trong cla co hoc lvgng tir va
hay viét 1 bai (c6 thé dwdi dang mot 1a thu) [it nhat khoang 400
ch®] dé trinh bay that thuyé&t phuc vé vai tro va lgi ich cda viéc hoc
co hoc lwgng tur!
Chd y: Xin hay viét bang ngén tir va vdn phong ctia chinh ban [=
tap“‘dirng trén déi chan cta chinh minh”!].
* Hay tinh buwdc séng de Broglie trong 2 trudng hgp sau:
i) mot proton cé dong nang 70MeV
i) dau dan 100g chuyén dong v&i van téc 9goom/s
Cho nhan xét!
94
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