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Tai sao can hoc QUANTUM mechanics

* Nén tang cda vat ly/khoa hoc
hién dai

Tw duy “lwgng tor”

“Triét hoc”, “nhan sinh”

Tai sao can hoc QUANTUM MECHANICS

-, *Nang lwong cao: vi tru hoc,
NEN TANG KHOA  hat co ban, hat nhan

HOC HIEN PAI * V4t liéu, trang thai rin >

thiét bj dién tlr, nano, ...

* Quang - quang lwong tir,
laser,...

*Lién nganh: ly sinh, héa,
dwog,y ...

Tam anh hwéng caa “Quantum”
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Tam anh hwéng caa “Quantum”

The
Quantum
Leader

Quatitum QUANTUM THINKING
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Can gi d& hoc QUANTUM MECHANICS

TINH THAN  °Cai dau m&/ Tw duy mé
* Tw duy linh dong

* Muén/Ham hoc hoi

*Kién tri - C8 géng
*[Dam] P&t cau hoi

* Trach nhiém trong hoc tap

Can gi d€ hoc QUANTUM mechanics?
GROWTH MINDSET

*NO LYC
- cO GANG
*KIEN TRI

What Kind of Mindset Do You Have?

Growth
Mindset

I can learn anything I want to.
When I'm frustrated, I persevere.
1 want to challenge myself.
When I fail, I learn.

Tell me I try hard.

If you succeed, I'm inspired.

My effort and attitude determine everything.

Fixed
Mindset

I'm either good at it, or I'm not.
‘When I'm frustrated, I give up.

I don’tlike to be challenged.
‘When I fail, I'm no good.

Tell me I'm smart.

If you succeed, I feel threatened.
My abilities determine everything.
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Can gi d& hoc QUANTUM MECHANICS?

NANG LYC ° “Chat” toan: Giai tich, ham
phirc, phwong trinh vi
phan, dai sé

* Co, quang, vat ly nguyén tlr
* [Kién tri tap] Poc tiéng Anh
*[Kién tri] Lam bai tap

Nguwoi ta lon 1én
bang gi?

* Hay m& miéng dé hoi

* Hay mé tai lang nghe
cau hai

* Hay m& 1ong dé hoi &
o d6n nhan cau hoi
* = T6n trong tirng cau hoi
de, khé, ”kho, ngu”... ctia
chinh minh, clia ngwoi khac

E + R =0

Event Respond Outcome
(bién 6, (daptra (thanh
swkién)  rng xtr) qua)

Ban muén O nao?

Ban chon thay déi E hay R
dé c6 dwoc O ban muén?

E + R =0

Event Respond Outcome
(bién 6, (daptra (thanh
swkién)  rng xtr) qua)

Ban la tac nhan hay ban la nan nhan?




Dai v&i sy viéc xay ra,
Ban la tac nhan hay ban la nan nhan?

NAN NHAN TAC NHAN

* Hé qua t6i cé la do hoan = Hé qua tbi ¢6 la do hanh
canh/nguoikhacgayra.  dong tdi chon. Téi c6
T6i khong c6 16i. tradch nhiém vé chon lwa

* Nguoi khac/hoan canh clia toi.
can phai thay d6i thi sy « Mudn s viéc t6t hon
viéc ma&itét hon déivdi  thi chinh t6i can phai
toi. thay dé&i truéc hét.

Dai véi s viéc xay ra,
Ban la tac nhan hay ban la nan nhan?

NAN NHAN TAC NHAN
* Tai sao t6i lai bi nhw thé, = Viéc nay dem lai y nghia gi
tai sao viéc nay lai xay ra cho t6i? Tim ra y nghia/co
cho t6i? Tim cdc nguyén hdi tich cwc chia siy viéc.
nhan (hoan canh, nguoi Nhan trach nhiém ctia minh

khac) <’jé trach c, dol6i. | Téi con nhing gi? Tim ra

* T6i mat nhirng gi? DY dén  nhing gi minh con dé c6
nhirng thiét mat noi minh.  thé tiép tuc viron [én.

* Téi khéng thé lam/thay d6i: . 14j c6 thé lam gi? T6i van
Toi khong co khanang dé  cyn ¢6 thé lam nhirng gi dé
lam viéc can lam hoan thién, dé tiép tuc diéu

da chon

HAY LA TAC NHAN:
CHINH BAN CHON
VA CO TRACH NHIEM VE LUA CHON
TRANH PO LOI

BAN CHON THE NAO
PO BAN THE PO !

YOUR CHOICE
YOUR LIFE!

Thwc hanh “t6i la tac nhan”

* Hay dwa ra 3 su viéc/tinh hu5ng trong hoc tap ma ban dang
chon |a “ban nan nhan”. Ban can thay d6i chon lya ra sao dé
18y lai vai trd tadc nhan clia ban? Xin cu thé!

* Go'i y: Tim/chira 1) y nghia/co héi tich cwe cda s viéc, 2) ban
con nhirng gi (vat chat, tinh than, con ngwdi) dé ¢ thé vwot
qua thach d6, khé khan, va 3) ban van con ¢ thé chon/lam
nhirng gi (hanh dong, thai do, suy nghi) dé hoan thién hon, dé
tiép tuc diéu ban da chon.

* Bai nay chi tinh dat/khong dat. Néu khong dat thi lam lai. DU
vay, xin hdy lam hét minh, lam mot cach “t6i la tdc nhan”!




Co hoc lwong tiy
*Vai nét vé lich str CLT
*Tinh chat hat cia (séng) anh
Chwong 1 séng
Ngu‘6n gc“>'c *Tinh chat séng cua hat
va si can thiét
cta co lwong tr

Co hoc lwong tv
1.1. Vai nét vé lich stv CLT
Chwong 1
Nguoén géc
va s can thiét
cta co lwong tr

1.1. Vai nét vé lich str CLT
Trwéc cudi thé ky XIX

VAT LY (CO PIEN) HIEN TWUONG VAT LY

Co c6 dién

Ly thuyét dién tir |
(dién+tir+quang) )
Nhiét dong

lwchoc [* > Hat+Séng
Lwc Lorentz

1.1. Vai nét vé lich str CLT
Cudi th& ky XIX

TUONG D8I TiNH
van toc rat Ién Nguyén tlr, dwdi nguyén tir

Vat ly c8 dién khéng thé cho
giai thich thoa dang
< =
Cop

/N




1.1. Vai nét vé lich str CLT

1900-1925

11900  Planck: lwong tir > birc xa vat den |
11905  Einstein: lwong tir > hiéu ¢ng quang dién |
11913 Bohr: lwgng tir > mé hinh nguyén tir hydro |
1923 | Compton: lwgng tlr = hiéu ’ng Compton |
l
|

1923 | De Broglie: lwéng tinh séng - hat
1925  Heisenberg & Schrédinger (1926): co lwgng ti
11927  Born: y nghia ham séng. Kham pha hat-séng

11928-1932 | Dirac: CLT twong déi tinh, e* . Anderson tim ra e*

Co hoc lwong tv

1.2.Tinh chat hat cta
Chwong 1 (s6ng) anh sang
Nguoén géc
va sw can thiét
cta co lwong tr

Brc xa vat den - Black-body radiation

» Bai toan khéng thé giai trong
ntra cudi thé ky XIX.

= Vat néong phat bitrc xa nhiét

* Phé birc xa lién tuc tir héng
ngoai dén tlr ngoai

» Planck: Blrc xa trao ddi nang
lwong vé&i moi trwdo'ng mot
cach roirac - khai sinh
lwong tir > giai thich BXVD

Max Planck

(1858-1947)

Brc xa vat den - Black-body radiation

Vatden * Vatnong:phat birc xa dién tlr va dwoc
’ = Birc xa di dén 1vat: mot phan bj hap thy,
mét phan bj phan xa.
= Vat den ly twdng: hap thu toan bo birc xa
dén—> khoéng cd phan xa tir né - den
= MOt vat trong can bang nhiét phat xa ra
lvgng nang lvgng nhw né da hap thuy
* > Vat den: hap thu hoan toan va cling
btrc xa hoan toan!




Blrc xa vat den - Black-body radiation

Tao vat den (tuyét d6i)

cavity

L6 hip thu nhw vat den
- khéng phan xa

Bé nhiét: T

Nung néng hop 2>
16 phat birc xa

Brc xa vat den - Black-body radiation

cavity

Mat dé <
nang lwong ning lwong
. birc xa
Bé nhiét: T E:IeT)

Birc xa vat den - Black-body radiation
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Bé nhiét: T

spectral irradiance (kW/mZ/nm)

blackbody radiation

600) 800 1000 1200 1400 1600
\Wavelength (nm)

Xac dinh bilrc xa vat den

Wien = St dung dinh luat Stefan-
Boltzmann

* - mat dé nang lwvong trén
don vi tan s6 cta birc xa vat
den duwoc phatra

» u(w,T) = Av3e BVIT

» Chihgp chotansé cao

B& nhiét: T




Xac dinh bilrc xa

Rayleigh
Jean
B& nhiét: T

vat den

Birc xa trong hop: nhirng séng dirng,
nhw cac dao dong tlr diéu hoa.

Nhiét dong lwc c6 dién: cac dao dong
tlr trong hép c6 cung nang lwong
trung binh

- mat do nang lwong
u(v,T) =
Chi hgp cho tan s6 thap >

phan ky mién tlr ngoai >
“ultraviolet catastrophe”

Xac dinh bilrc xa vat den

Planck » Nang lvgng trao doi gitra birc xa dién
tlr v&i vat chat (quanh nd) theo tirng
lwong roi rac (bi lwgng tlr héa):
E =nh
hv

- u(V T) = 3 ehv/kT 1

Trung khop tuyét voi voi - |
thuc nghiém! - :

B& nhiét: T
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Hang s6

Van t8c énh séng: ¢ =3 x 108m ™!

Hang s6 Boltzmann: k = 1.3807 x 10723 K1
Hang s6 Planck: h = 6.626 X 10734 ] s




8mv? hv
3 ehv/kT _ 1

u(v,T) =

Mat d6 nang lwong Planck theo buéc song:

8mhc 1
uA,T) = —5—pomr — ?

(Chay: v =c/A)

Bai tap
Goiy:
Cau a: Dgo ham cta u(4, T) phai
thé& ndo tai cyc dai? Tir day danra
duwoc phwong trinh ¢é dang phai
gidi 1 cach gan ding.

2898.9 x 107°mK
}‘max = #

a) CMR cue dai ctia mat do nang

lwong Planck xay ra tai budc

. . b
song c6 dang Ayax = 7 trong
ddé T la nhiét do va b 1a hang s6
can dugc tinh (wéc lvgng).

b) Tir két qua cau a) hdy wdc tinh
nhiét d6 bé mat cua 1 ngbi sao
néu birc xa ctia nd cé cwong dod
cwe dai & budc séng 446nm.

Birc xa vat den - Black-body radiation

blackbody radiation
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Hiéu rng quang dién - photoelectric effect

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

Anh sing t&i c6 Electron birt ra
nang lwong hv @i dong nang

» Tam kim loai c6 cong thoat W
*  W: ning lwgng min. can dé bt e ra khéi kim loai
* Tan sd ngwdng cta kim loai: vy = W/h




Hiéu irng quang dién - photoelectric effect

Hiéu irng quang dién - photoelectric effect

Hiéu rng quang dién - photoelectric effect

Hiéu rng quang dién - photoelectric effect




Hiéu rng quang dién - photoelectric effect
tK

Hiéu (rng quang dién - photoelectric effect

»Tan s6 dnh séng < tan s6 nguong
cta kim loai, v < vy: khong ¢6
electron du cwong d6 tang.

=v > vq: electron bt ra du cwdng
d6 anh séng I yéu

"y > v ] tang > sdetdng. SO e
khoéng phu thudc v

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

Giai thich hiéu (rng quang dién

= Vatly cd dién
(classical physics)
hoan toan khéng thé
giai thich nhitng hién
K twong nay!
* Taisao? [Baitap]

Giai thich hiéu (rng quang dién

= Einstein (1905)

» Dwa trény twéong cia
Planck

= Anh sing |a nhirtng
photons

= M@i photon ¢6 ning lwgng
hv

3

Ibert Emsein
(1879-1955)




Giai thich hiéu (rng quang dién Hiéu (rng Compton (1923)

l .
>~ ~ = Chiéuanh sang I - photon
truyén hv cho electron e: TiaXtéi A
e hap thu photon hv

-
QM\ (du1 I yéu hay manh)

K = Neuhv>W S v>vg
photon birt e khoi kim loai
véidéng nang: K = hv — W
* = K=hWv-1vq)

Hiéu &rng Compton (1923) Hiéu (rng Compton (1923)

= Tan xa tia X va electron tw do (quasi-free

= Bwéc séng A’ cha tia tan xa > TiaxXtéi 4 electsron)
bwéc séng A cua tia téi

= AA = A" — Akhoéng phu thudc
cwong do6 tia X, nhwng phu
thudc goc tan xa.

= Chi c6 thé giai thich khi tia X Ia
nhirng photon. ’ an)(g A

~2 x103eV

A

Athur Compton i L .
(1892-1962) * - Tinh hat cta birc xa tia X




Giai thich hiéu &rng Compton

= Vatly cé dién - tia t&i va tia
tan xa ¢6 tan s6 nhw nhau!
* Taisao? [Bai tap]

) * MOi cac ban suy nghi, tw tim 10i
gidi thich. Tuan t&i sé moi mét
s6 ban cho y kién va sé trao doi
v@i cac banvé ly do tia t&i va
tia tdn xa cd tan s6 nhw nhau.

Hiéu trng Compton

B.E=hv E,=m.c?

E=hc/A  pB,=0

Trwdc va cham Sau va cham

Trwdc va cham Sau va cham

p,E=hv E,=mec? p.,E,,
p=hv/c Pe =0

- <
\/i p,E'=hv,p' =hV'[c
~N
{ B4o toan dong luong > p,=p—p = p2 = @ —p)*
Bdo toan nang lwvong > E + E, = E'+ E,

= |AL=2'—1=-"= (1 - cos) = 2A.sin?(8/2)

Giai thich hiéu &rng Compton

N = Vatly lwong tiv: tia téi la
- nhirng photon
) » Photon (p, E = hv)va cham

s
M\ v&i e 2 e bat ra va photon bij
Q tan xa
= Sai biét cia bwéc song tan xa
va bwéc téi:
A =1 — A =2A.5in%(0/2)
= A, =2426 x 10" ?m




Tao cap - Pair production

Dirac (1928): Co’ lwong tiy
twong d6i tinh

Tién doan phan hat positron
e+

Anderson (1932): timrae™
y—oe +et

Co hoc lwong tv

Chwong 1
Nguoén géc

va sw can thiét
cta co lwong tr

1.3. Tinh chat séng cua hat

Séng vat chat (theory)

Louis de Broglie
1923

Lwong tinh séng-hat: Hat vat
chat thé hién tinh séng va hat
Méi hat vat chat véi dong
lwgng p thé hién nhw séng
(séng vat chat) véi:

i h
bwécséng 1 = >

> Sy

Vector séng k=2 nh= h/2m

Thwc nghiém cho thay tinh séng cua hat




Séng vat chat - Experiment 1 (1927)

U DT T o4V
P q
r"_‘.a_' - = i i
- g’
Brmgg S
condition E
for constructive -
interference
angls ¢ ni = 2dsin & ) I
5 5
Accalerated o 5 10 _ 15 20 a5
alsctrons ‘Accalerating vollage

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

Davisson & Germer

Séng vat chat - Experiment 2 (1988)
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SCANNING SLIT POSITION
Reviews of Modern Physics 60, No. 4,1988

Séng vat chat - Experiment 3 (1989)

Source

/ / \ / Electron biprism

%\
Detector mmcm

Tonomura et al.

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

Séng vat chat - experiment 4 (1991)

Carnal & Mlynek

Phys. Rev. Lett. 66, 21,2689,1989 | H. Haken chwong 6.




Séng vat chat - experiment 4 (1991)

50"

Séng vat chat - experiment 4 (1991)

" 8h 27"

300

6h 55"
200+

Intensity

100+
10pm

Scanning Grating Position

42h 18"

Séng vat chat - Experiment 5 (2001)

Lens

0.051

Electron gun HpeHies

Electron detector

Light grating

Laser beam

Freimund et al. Bl " U
2 osition (wm)
Hiéu wng Kapitza-Dirac

Nature 413, 142, 2001

Count rate (per second per channel)

Electrons nhiéu xa
bd&i séng dirng

Bai tap

* Hay ty tim hiéu thém vé tdm quan trong clia co hoc lugng tir va
hay viét 113 thw ngan [it nhat khodng 400 chi¥] d€ trinh bay that
thuy&t phuc vé vai trd va loi ich cta viéc hoc co hoc lwgng tir!

Chd y: Xin hdy viét bang ngén tir va vén phong cta chinh bgn [=
tap“drng trén doi chan ctia chinh minh”!].
* Hay tinh budc song de Broglie trong 2 trwdng hop sau:
i) mot proton cé dong ndng 70MeV
ii) dau dan 100g chuyén déng v&i van téc goom/s
Cho nhan xét!




