SCPY 158 Physics Il : Part Il - Modern Physics
Wilseez AN b : dauil b - Handaalnl
Course Description (a1a5ulgsieiun)

ngufaunnsnin (Theory of Relativity) nasiaasalauau (Quantum
Mechanics) Wandeaznau (Atomic Physics) Wanddandes (Nuclear Physics)

\J

narransAlauau (Quantum Mechanics)
739
naufalauad (Quantum Theory)
rD)
Wandmadauan (Quantum Physics)
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ludasdl “Quantum Mechanics”
weedn T “Usingmsal” 7 “ifeadesiuifatulu” ssuudl “Svuadnanng”
%3 Classical Physics “l3” ansnsaasuneld wu
(i) N5 “wr3ed” vae “ing (A1)” [(Black)body Radiation]
(i) Usngnsal “Tnledidnasn” (Photoelectric Effect)
(iii) Usmngnisalmaunsu (Compton Effect)
(iv) “aandunuudu (line spectrum)” vas “58” 7 “aznaw’ wisanyn
wgnunsaasuels Taeld wuaRadi “lif” Tu Classical Physics” wu
(i) ““maw wimanlwin (Electromagnetic Waves)” wansaudifiliy “aynin”
(i) “(szau) wasuidululd” fidn “lidefles”
(iii) “mvanvdesndesulusUvasaauusimaniniin (vie “n1susided™)
Aaduded “nisiasuszaundeau”
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Tu Classical Physics : “agau” fiu “aynin” Wuded “drenusgnadniay”

lu Quantum Physics : “pau” <> “aunin”
PPR= ) va & ¢ ) 173 29 wa @ o
( AaY”’ dru1sandaasaNUNLUY 'é]léﬂ']ﬂ & a‘léﬂ']ﬂ grusaangduuntdy “aau

Quantum Physics

gAwsn (~ nau A.A. 1926) galvial (~ as a.A. 1926)
“auduaynia” vas “Aau” wiv “anandundu” vas “aunia”
cpuuassasaaslalasioy” vaq Ty UTIUE “(WaRnssuves) synin” lagly

(Bohr’s Model of Hydrogen Atom) “Wenduadu (wave function)” fadu

TUau “aunns (adu) vasrlshawes”
(Schroedinger Wave Equation)
\:

“auunazitu (probability)”
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[Quantum mechanics] describes
nature as absurd from the point of
view of common sense. And yet it
fully agrees with experiment. So |

hope you can accept nature as She
is - absurd.

— Richard P ?e.t/n.man, —

AZ QUOTES

http://www.azquotes.com/quote/460292

[absurd (adj) = (i) unreasonable; not sensible (ii) ridiculous; foolish in a funny way]
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Quantum mechanics is certainly imposing. But
an inner voice tells me that it is not yet the real
thing. The theory says a lot, but does not really
bring us any closer to the secret of the old one.
|, at any rate, am convinced that He does not
throw dice.

(Albert Einstein)

izquotes.com

http://izquotes.com/quote/226488

(imposing ~ impressive)
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Although quantum mechanics has
been around for nearly 70 years, it is
still not generally understood or
appreciated, even by those that use
it to do calculations.

= 576’-}2/74’./1 Haw/z,é.n.g, —

AZ QUOTES

http://www.azquotes.com/quote/475250
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| think | can safely say that nobody
understands Quantum Mechanics.

e R cchard P ?et‘//‘l.nuzn, _—

AZ QUOTES

http://www.azquotes.com/quote/564056
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“Siadafiazinen” Tu “Quantum Mechanics”
(1)  “nsusided” vas“iIngan” (Blackbody Radiation)
(2) Usingnsal “Wladianasn” (Photoelectric Effect)
(3) Usingnisal “aausisiy” (Compton Effect)

(4)  “@nuanss” va9 “aznau’” uay “aiunasu” ¥as “aznau’
(Atomic Stability and Atomic Spectra)

(5) “wuudnassozmaulalasiau” vas “Tus” (Bohr’s Model of Hydrogen Atom)
(6) “guiRnnuduniu’ ves “aun1a” (Wave Property of Particles)
(7) “ieidunau” vas “ayna” (Wave Function of Particle)
(8) “weidundu’ waz “anutrandy” (“‘Heiduadu” van “ogls” fuws)
(9) “aun1sadu” vas “ylshwass” (Schroedinger Wave Equation)
(10) §eg19nsld “aun1saau” vas “ylshaaed”
(10.1) aynmdase (“Free” Particles)
(10.2) sumalutenduilediAgeatiud

u
Qadld (] [ 4

(10.3) aynAluvaAngnllaliANIAI1NFIINA

Y
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(1) “p1susised” vae“Ingan” (Blackbody Radiation)

“IMgAn” = “Ing” ¥ise “suu” N “eanduisinauanannsEnuaty”
log “luazviousediag” wadd9 “wl3ed” sanunnnevias wu

& i
//' 4
y JW\ \
[ A X \
[ ‘// />\ |
| [«\ |
“\‘ I\\ ‘L\ ‘f“‘
\ ¥
T P
\ w > g ;/'/ \‘\
- W ~
\\

“Modern Physics” — Raymond A. Serway, Clement. J. Moses and Curt. A. Moyer — 3e (2005) — page 69

o

“Yrnlwss” ennnnadiaudu “Inaan”

9q
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Experimental Facts:

(i) ng “ynvile” N3 “gauuaiduysal gendn 0 Kelvin” az “usised” sanun lng
“WasUNLNENNY” Azdl “n13nTrany” AU “adnnenlaau (wavelength, 1)
[v38 “@ad1ud (frequency, )] o819 “Aaiiag”

(ii) “anwaz” ¥89 “N1INT¥R18” VB9 “WANN” NI “wHaanu” Ao “wilaviuaeg
12877 619 “ULINRUWNUNT AU “Aarue1nau A (W39 “adnud ) azaunu

29 ¢¢

“@auniduysal” wintli lag “liaw” Au “ylin” “auin” waz “3Us19” vaedng

“WAU” 6o “nlanqeaan” = “aas (Power)”

Tu “szuu SI” azliniedu “adedundl (J/s)” wia “dad (W)~

“WAIIIW” FiD “UlantgLIan” o “vullanirenui” = “aruan (Intensity)”
Tu “szuu SI” azfindaedu “Iaddansiauns (W/m?)”
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Cegry 99 & (v o 4y Aa (¢ a o ¢ ) '
NWANIU ™ N ’WIQﬂ'\ Ny qm‘mguaumm T 7 wHaanu
‘:! 74

A9 “URINULIAT 519 “ULINUNUN
J(A,T)

(13

el 7\‘max

Intensity per unit wavelength

A (um)
“Modern Physics” — Raymond A. Serway, Clement. J. Moses and Curt. A. Moyer - 3e (2005) — page 68
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(iii) ng (Msnseam) vasdu [Wein’s (Displacement) Law] :
“A1NNE1IAAY" VBN “SeaNuNeRNUN” Nl “AMUTNEIER” (A qy)
\ o . U 9
2 “INNIL” We “Qunglianas”

2.898 x 1073 -K
Amax(T) = XT (K) (m )

“Wein’s (Displacement) Law”

(iv) nguasamnu (Stefan’s Law) :

A" Nauugiduysal T (K) “uraanun”

Y

“WEIURIAUN” T ’mam > fiflaaumind T (K) “wisanyn” da “nilswiiae

9 Y
%4
=1 aa

13817 FU9N “a2uE1IAAY A7 Uag NN “WuNHIY09INYA1"] a8 “UUsHiunse”

Pioral (T) = “ANAININRUA" N “INg

9

0X) S (45, <Y ”d”

AU “WUNR” V9 “In0aAn”" wae “UUTHUATY” AU “IaE” v “gaumgiiduysal”
V29 “IMgAn”
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P T)x A
total( ) } Protar (T) = oAT*

Ptotal (T) X T4
0 =05.67x%x10"8Wm2K™*
Ao “ArnsAamnu-luaauud (Stefan-Boltzmann constant)”

{P;0rq(T) 92 “ulsiiunse” Au “Nuilansan” seuing “J (A, T)” fv “A7}

dwisuinglagiialuazld
Piotal (T) = edAT*
“nyuasdwmniu (Stefan’s Law)”

“e” fp “dulszansnisuanesed (emissivity)”
Woandn 17 dwiu “Ingiald” uazilidn “windu 17 dwmdu “ingen”

(14

A1
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Theoretical Explanation:

(i) “Classical Physics” asutgnanisnaaag “laila”

Intensity -! M

\ O

Wavelength
http://images.slideplayer.com/32/9874489/slides/slide_4.jpg
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(ii) 1wl 1900 “Max Planck” wud1 “aun1snaunsaussengnan1snnasdla’ Ao

1

“Planck’s Empirical Radiation Formula”

“A” wag “B” \Ju “empirical constants”
(vaan “An” 11 “donnaainuni1maass”)

“gun13dneuy” arunse “derive” Talaansne “auyngiu” 91

=

(8) “nIun3E” fiatuan “nisduvasiuana” Feeghn “wdennglulngs”
(BGunan “oscillators™) [wiiauly Classical Physics]
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(b) “wdaew” 7 “DulUld” vae “oscillator” idudne “avud > fe
Eoscittator =nhf ; n=1,2,3, -
h =6.626 X 1073 ] - s = Aassavasnadsa (Planck’s Constant)
— “Wdeew” vas “oscillator” fidn “lidales”
[lu Classical Physics: “w&ssu” vas“oscillator” Fufu “rdses”

vae “amplitude” Fegrunsadian “winlsnla” was “roilies”

(€) nsUanUdosndesu (wised) Wadudledl “nsdsuntassziundeay”
w99 “oscillator’ Tne “wasuiivanUass” azWiaiu “AuAIwaesEaU
wé’amuﬁagjaﬂﬁu”

AE = hf
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O n=-oco

E n
Ahf — 4
A J
Shf - 3
v
2hf T 2
.
QO |
A 1
Z
=
0 L 0

“Modern Physics” — Raymond A. Serway, Clement. J. Moses and Curt. A. Moyer - 3e (2005) — page 74
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— “Theoretical expression” w89 empirical constants “A” waz “B” @
hc

s,

@ls  kz = 1.38 x 10723 J/K = “Boltzmann’s Constant”

A = 2mhc? Az

2mhc? 1
AS ehC/ﬂ.kBT -1

JAT) =

w3n Tuweauvas “aArnud [

2mhf3 1
J5 1y =2

CZ ehf/kBT —1

(1=5= a=(F)ar = (%) can » J D =JG - 1.1(5)]
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(2) Usngnisal “Inledianasn” (Photoelectric Effect)

Incident

(\I\-Iight
Collector
r ﬂ
e ELEEE P
N e
Emitter | / AT

|
Vacuum tube

A ) Ammeter
Power supply
O O

(Voltage V)

Modern Physics for Scientists and Engineers - Stephen T. Thornton & Andrew Rex - 4e (2013) — p.103
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WaRw uaailinud f “wamung” annsenuuu “Kalave” ag dlelectrons waaaanyn

1Ban “RAalang” N electrons aanun 91 “Emitter”

wazisen “electrons Nvgaeanun” 41 “photoelectrons”

“Wamnng” — f = fp = ﬂ’)'l%Jﬂ“UﬂLi%J (“threshold” w3 ““cut off” frequency)

d

Fesidnvunu “vinvaslany”

dy . a g 1 < 99 1) .Y 1 _9
ASEUAUL “INATUDE19590152” Tdaan “dasnin 10
Tae “luvdunualnudy’

i f < fo 9z “lifl electron naeanun” lidraziiu “anuduvasas” Wuinla
{Classical Physics — awiy “anuduvacuas” 1 “unwa” az “d electrons waneanun”}
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a1 “photoelectrons” aunsatndauiiluas “Collector”
aziAn “nszualnil” naluaeas
158 “nszualnn” Ainann “photoelectrons™ 41 “photocurrent”

813al# “Collector” & “dnglwia” 1Uu “uan” (Weuiu “Emitter”) —
“photoelectrons” azgn “139” wWwn Collector

Yy v

813alst “Collector” & “Andlnin” Uu “av” (Weunu “Emitter”) —
“photoelectrons” azgn “wén/muas/au” Lilwiidnnn Collector

“stopping voltage” = “aruanefndvgnes”
“arusnedng” sendng “Collector” fu “Emitter” #vinli “photocurrent” Uu “gud”
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o f = fo 113 “Wuanunneas” agvinly “photocurrent wwuaw”
wel “Stopping voltage” az “aunu”

Photocurrent
Iy > I
I
Il
| 0 Applied voltage
-V

“Modern Physics” — Raymond A. Serway, Clement. J. Moses and Curt. A. Moyer - 3e (2005) — page 82
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Einstein —  “was (Fa:du electromagnetic wave) #ifinanud [~ Usznaudae
(wanangAnssulu) “aynia” (1Fandn “photon”) sl “waean”
E = hf
—> dla “photon #fiwdssu E = hf > hf,” wufu “electron vas
atom fisguuiavaslang” photon azemmassu “Neun” vassiy
Innu electron (photon azgn “aanau”)
—  “electron” 314 “wasaulFFudaunile” Tun1s “uil” anRalane
W30 11vuz “wassuBawmien (binding energy)” vasiinlavs ¥
deuFanin “dendusiu (work function, W)”
W = hfy
“waseuduivae” andu “wasuaatlgegavaselectron (K qy.)
d158 “w K4, 61U n1sun “stopping voltage (Vs)”

29

P

Kmax = €Vs
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Einstein — 14 “Conservation of Energy” azla
hf =W + K., = hf, + eVe — hf — hf, = eV
—> eVS - hf - hfo

“Asan” s2ran9 “stopping voltage (V)™ Au “aaudvesuds (f)”
Azl “nelidunse” A% “Aanutu” Wu h/e wasdl “f-intercept”
YNAMNUS [ = f

Vs

slope = h/e

01 fo /
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(3) Usangmisal “maunsu” (Compton Effect)

89/a18 “aauudwianIin” 918 “anue1andu A7 (ludasves X-ray) lugyannsenu
“UNNINYUINY” WU

“aauudwianinilfinszilsesnu’”’ azUsenaufg
“aauuiwianinindanus1induduy 1”7
uaz “paundimanlwWiiniaaueinau nau’ A > 17

6
AL =2 — A = 21,sin? (—) = 1.(1 — cosh)

2
= h 114 29 194 = 29
lae A, = — = “Compton wavelength” ¥4 “aun1anuua m
mc
uag 0 s “yunseids (scattering angle)”

“Classical Physics” 85u1e iunvespauudianiiinndainueniegu 2’ > 1 ldld
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Scattered photon

E= hf'
_ &
Incident photon P= A
E=h
AANANAA G- s
X
b= L Target
A electron
E; = mc® Recoil electron

By =E,

Modern Physics for Scientists and Engineers - Stephen T. Thornton & Andrew Rex - 4e (2013) — p.114
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00

!
I

A A

>_, e - —— - ——— -—

http://ne.phys.kyushu-u.ac.jp/seminar/MicroWorld1 E/Part3_E/P37_E/Compton_effect E.htm
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A1sasUNeNu1veInauLtAn N AdAMus1REUY A'> A

wa1saun “incident EM wave” 91 Usznauaie “incident photons” T “nda”
waz “Tuauan (Fadu)” 1Ju
B _hc y _E h
E—hf—T AL p—?—z
dla “incident photon” wufu “electron flaglu atom vesuruing” aziin1s “anew
WA waz Taudu (1Badu) visdaaulinu electron” vinlw “scattered photon” &
“Paeey” war “Tuaudn (Badw)” anas Ju
E’:hf’=E lay p’=E_,=£
A c A
W15 “N1sTUSEUINe incident photon A electron” u “two-particle elastic

collision” &adulumu “conservation of energy” waz “conservation of linear
momentum”
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\Wasan § “Tan1a” 71 electron azdl “Aanan5age” — dadld “Special Relativity”

99 —

1 “conservation of energy” : WaIIUSIU “ABUBY” = WAIIIUTIN “hasyy”

Ebefore +Ebefore . Eafter _I_Eafter

photon electron = “photon electron

Aouwy photon fadnueniedu A —  gPefore he
P photon ~— 2
g = o ’ after hc
NRAJUYU photon uANYNPaU A >  F = —
photon YU

Aouwu electron agils — EPeToTe  — mc?

T electron

o 2 a t
wdswy electron waeuil > EY'T = E, = ymc? = K, + mc?
hc 5 hc hc 5 hc 5
—/1+mc =—A,+Ee=—/,l,+ymc =—/1,+Ke+mc
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hc_l_ Z—hC+E _hc+ Z—hC+K+ 5
T Tme =5t E=—tyme =— e + mc

\J

hc hc ,
Ke=7_7 >0 - A=A

“Naseual”’ Wi “un’” ®so “Aud” winu)

E, = ymc? =E—E+mc2
A A
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1« “conservation of (linear) momentum”:

h h
X — component : 1= (/1,) cosf + (ymv)cos¢

h (h
(ymv)cosg = i (/1,) cos6 (a)

h
y —component : 0 = (/1,) sinf — (ymv)sing

h
(ymv)sing = ( /1,) sind (b)

w0 = () +(2) -2 ()2
2

=) + () ~2() (7)o
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wnu E, uaz p, aslu “relativistic relation” EZ = pZc? + m?c* azla
F-5ene) =[) +G) -2() G)eose]+ e
T = tme?) =1(> T 7 ) (57 ) cos| ¢ +m?c
\!

h
Al =1 —1=—(1—cosO)
mc

Tunsaun “electron Sawdunu atom” viss “EM waves #lgiiaug1iaaula’
“photons was EM waves” ag interact fiv “vs atom” (@ssiuaa M)

h
AL =2 —A—m(l—cose)

“AA” 2zdAn “dosung” au “danaldla”
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(4) “@anuanes” ¥as “aznan’ waz “ainasu” ¥as “oznau”
(Atomic Stability and Atomic Spectra)

Rutherford’s Atomic Model:

U 1910: Rutherford’s Scattering Experiment (“n13n52133” va9 “o—particles”
N “UHNUNDIATUNG )

Fluorescent screen Gold foil

Most particles

fl
undeflected Alpha particle

emitter

http://allaboutrutherford.weebly.com/uploads/a/7/3/0/47309895/2912369 0rig.png
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http://allaboutrutherford.weebly.com/uploads/4/7/3/0/47309895/2912369_orig.png

89 a—particles (“nucleus” vass1a “helium”: SHe) Mfinan “n1saaneia” vaq
“H15NUAUNSIE” TUEY “UHUNDIAIUIE” WU

a—particles “duulugy” neg “duly” lnsunuaz “lignsuntuiay”
1 o—particles “iigqlainga” 1 “n3139” 2aANIA1E “YUNT2EC N “vualn”
[“ou” AU “azlsuneadne” N1 “Ll@nuIn” “ulIWIn” wae ““unuIn’]

nnan1suaaes Rutherford asudn

“Uszquan” (wae “ulanauneviunvas atoms”)
azsaudanuagniely “Usiaaane assgadudnaisvas atom”
Fasendn “Nucleus”

=

wazisen “nucleus was atom Maniign (Ysnae hydrogen)” 41 “Proton (p)”

9

- “Rutherford’s Atomic Model”
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T -

Orl:nz g @«I - --Ngslleus

Electrons — -
Rutherford’s Atomic Model

https://d2gne97vdumgn3.cloudfront.net/api/file/6wlhLhQJGU02SImSpl7w
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“lasedsne” vas “atom” lutaguu (luszau Atomic Physics & Nuclear Physics)

Electron

http://teachtogether.chedk12.com/uploads/images/redactor/ae15d8287f565¢29cf835bd81d92¢c385.PNG
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http://teachtogether.chedk12.com/uploads/images/redactor/ae15d8287f565c29cf835bd81d92c385.PNG

Z = “Atomic” Number
AU Z 7"

ﬁﬂﬁd?ﬂiﬁ@iu atom 178410 m, = 9.1 X 10731 kg
azlu“fdne” Usyq “+Ze” Useq “—e”
[ [
atom = nucleus + electrons
[
| |
protons neutrons
| |
Uszq “+e” Uszg <07 (WWunanq)

AU Z 77

A

my = 1.672X 10727 kg | | m, = 1.674 x 10727 kg

AU N A2
N=A-7
= “Mass” Number

“neutron” Ju “electrically neutral twin” vas “proton” @uaaladiAssiuuin)

[3en “neutron” wag “proton” sauAudn “nucleon”
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Classical Mechanics — “electrons” &1 “fuszy —e” uag “indousaunucleus” az
1“A11L39” (ag1edaengaadl “Adutsegaudnaia,”)

PREDICTED Classical Electromagnetism :

BEHAVIOR

Longer

waelngtn —> “BUNATITUTEY” A “iadount” Tae § “Aananse”
3z “Uave/un EM waves asnun”
—  “WANNIUYBIBUNIAT AT “Anag”
shorer  —> “3ANVDI29IAT (1) 22 “anay”

wavelength

— “atom” a3 “134'1@15&15”
(University Physics with Modern Physics — Young and Freedman — 14e (2016), p.1279)

“EM waves #usiaanun” a2l “arugnindu (1) duaszess”

{Classical Electrodynamics — “electron” findouitdu “aenau” (§ a,) azudes
“EM wave” fifl “a23 f,.4q” Wity “anudvesnisimasuiiduasnay fo,.”
Wa 7 anas zlA [ WA frqq MNNTU ALY A 2zanas}
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Tu“ananduase’ s
(i) atoms“anes”
uag
(ii) “EM waves #i atom (¥9457%) Wkoanu” (Lﬁaﬁmagﬂuamm“ﬁw”)*
aefidnuae “lidaidles Tnefidnwandy “du” Sondd
“anasunuuidu (Line Spectrum)”

“iagasdle” nlalun1s “Anwr EM waves 71 atom weiaanun” i3and1 “Spectrometer”

Classical Physics “la” a1u1saasune “lassasisvasaznon”

* “EM waves fuxa1n atom vasse” Negluaaius “uaiuds” asiidnwas “doillas”
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400 500 600 700 A (nm)

7-;17 | | | | | | | | |
H ﬁ

400 B{I)() (i('l)() 700
(a) Emission line spectra for hydrogen, mercury, and neon.

(b) Absorption spectrum for hydrogen.
(Physics for Scientists and Engineers with Modern Physics - Serway & Jewett, Jr. — 8e(2010) p.1253)
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“Diffraction Grating Spectrometer”

"
High d— N
voltage :Q-.
. Diffraction Ay
Slit . A
Discharge grating 3
tube to
excite gases Screen

(Modern Physics for Scientists and Engineers - Stephen T. Thornton & Andrew Rex - 4e (2013) - p. 92)

9 dsind,=nld awld Axsind » 1x0 dwu A3 >, > A
(luga9 0 < 6 < 90° o “yu 0 1nAu” azld “A1 sind lnaunle™)
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TuneUUa asiinsld “iaud” wadaalunis “sauunas”

v “ : 2 Ry
|\ P <
fey ‘ V]
¥ \/ ‘
1 S ™4 £

https://i.ytimg.com/vi/321MA6U7pg8/maxresdefault.jpg
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€2 ool V1A ¢ & 0 2 1 193 D099 113 99 Lmaada ¢ 1)
ALAUL NALENA “NITERYIUY” abU “LNINEHDARUULEITN UL 210 d19%5U “Lhéls
73 “arueninau 1”7 azsdulumuauns

d sinf,, = ni
Hp) “d” Ap “szezrie” TenIng “989” was grating
“n” As “arnu’ vad “msweun’; n=1,2,3, -
way “6,” Ao “yuagun” dusun1siagIu “arnui n”’
WaeaIn (aznauvas) s1nr1eviiniy aglv spectrum #isnenu
A9TiU lagn1sAnyT Spectrum 7 (aznauvad) s1RUNaBNIT

Azau1sauanladn spectrum uugnueiaanu1an (aznaxvad) 519a
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“Emission” “Emission”

AsAne1 EM waves flaznau “unoanun” =
Spectroscopy — Spectrum

“Absorption” “Absorption”

n13Ane1 EM waves naznau “ganau Spectroscopy — Spectrum

high density diffraction
hot matter grating Continuous spectrum
M -
§ — Il .
hot gas Emission spectrum
. P _
—= I
colq.gas Absorption spectrum

.A- v fi

http://s-educat.blogspot.com/2010/05/atomic-spectra.html
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Rydberg’s Formula {l4lénu “one-electron” atoms (wiu H, He™, Li**,--)}

a1nn1sAne “hydrogen spectrum” &susznaunae “spectral lines” #1 “faAraa1ud
w1z waz “lisaiilas” IuIuuIn WU

du1sa “wen spectral lines” sanidu “series”
Tnei “adunvas spectral lines” naglu “series Whganu”
azdianuauwusnuaiu “Rydberg’s formula”

(11
_Hn]% n?

Tnefi (i) 1 Ae “Aarue1dndu” ves spectral line
(ii) Ry f@ “Rydberg’s Constant” &adu “empirical constant”
Sloy 660 o e : 29 Mgt €99
(i) n; wagng s “vrudunuuin (positive integer)” — laisauaud

ol

waz  (iv) n; > ny
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Uiy “diundu” 299 “avueninan’” asndudBnnaiuanis “31ulugnaau”
Ty “vilaniieaued”:

1 . g e
= = “durugnadn” Tu “vilavitendnuend”

(“Aau 1 an”d “Adue17” Wiy “1” — Tu “nilaiieanued” gl “adu 1 an”)

Tu ‘spectroscopy”

C e o N T 21
71 “ravaau (wave number)” guduryaineiny k=7

(i) deuEn

Y

waz (ii) feuld “vdae” Wu cm~? (vans171 Tu <1 cm” fanadunan)
U

v

{“adu 1 gn” fa2me1d “Aecm” —  Tu “lcm” azdl “adu 1™ gn”

v
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dwsu hydrogen atom : (i) a1wes Ry #ildain “nas fit nan1smaaes” Ao

1
=

Ry (exp) =1.0967758 x 10’ m~?!

way (i) “¥ol3un” Va9 “series” ¢n9e) Ao

Tlf=1 - ni=2,3,---

ng=2 -
ng=3 -
ng=4 -
ng=5 -

n; = 3,4,
ni=4,5,
ni =256,
n;=6,7,-

-

“Lyman” series

‘e 99 . [l 1 d. <
Balmer” series (agludiasninuaiiv)

“Paschen” series

“Brackett” series

“Pfund” series
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(5) “wuunass (Mol aznaulalasiau” vae“lus”
[Bohr’s Model (Theory) of Hydrogen Atom]
U 1914 Neil Bohr w&us “wuuanass” dwsu “hydrogen atom” fadu “atom
aniign” Ussnaudae “electron” wag “proton” (vinurindu “nucleus”)

(i) “electron” wwasuh (Iaas) Wu “asnau’” sau “proton” Ined “attractive
Coulomb force” vinnilu “wussgaudnans (Centripetal Force)”
(ludnuwaizReINu N1sLAdaUNVBY “A1AT1ZR” 58U “An991%ing”

(ii) fi“adlmasitiew” 3un “Stationary Orbits” — “electron” fiagluaslaasiisey
g “lufinsgayidenany” (“luduised” ulaziinausa)
(iii) “nsUanUdaenasany” vas “electron” (lugu “EM waves”) azdavudied
“nsiUasuaslaas” 91 “alaasiiindsanuge” und “aslaasiifindasunindn”
Tag “an1ud” vas “EM wave” 7l “udoanun’” azwildan
E;— E; = hf
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(iv) “wouly” vas “Stationary Orbits” A “vu1n” vas “lumuduidayy (angular
momentum, L)” vas “electron” fandu “drurufuin” ves “h”

nh

L=mvr=nh=— ; n=12,3,

2T

{ Classical Mechanics » L=7Fxp =m(# X V) —» L = muvrsinf}

“electron”
m,—e

<

1« “Classical (nonrelativistic) Mechanics”

—

(i) = Fcoutomp = Fcentripetal -
ke? e? v?
= =ma, =m|—
2 C
r (4mey)r r
,  ke?
mv- = ——

r
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“Sadl” vae“29laas” Mmu “Stationary Orbits”:

ke? mv?m
= — = T = —
r2 r m mke? mke?
n2nh?

mke?

mmvir?  (mvr)?

— 125 rn=1,2,:-

“SA> ¥4 “29lAas” Nl “vunaanign” (n = 1) -

hz o .
r = . =ag =~ 0.5A =“Bohr Radius
— r,=nay ; n=1,2,-

“a71a152” va4 “electron” lu “Stationary Orbits™:
nh  nh(mke®\ ke’
B n2h2 |  nh

mvr =nh - v, =
mr, m
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“WA9UsIN” ¥as “hydrogen atom” (E) [assume 31 proton agitls (iuaun)]:

“kinetic energy” vas “electron”
[

E | =| K| + lll
“electrical potential energy” wa4 “sguu” (electron-proton)
1 ke* ke? ke’ ke?
E:Emv_r “2r T r  2r
ke? ke? ke? /1 mk?e* /1 13.6
En = - 2n, N  2a,n? - _Z_a(,(ﬁ> R (nz) T eV

“Theoretical Expression” wa4 “Rydberg’s Constant™:

1 f 1 (Ei — Ef) mk?e* < 1 1 > _ 2m*mk?e* ( 1 1 )

1 ¢ ¢ h ~ 2h2he n]% n? h3c 2 2

- Ry (theory) =1.097 X 10"’ m™?!
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“Energy Level Diagram” was “Hydrogen Atom”:

- E(e¥)
o0 ooo .
fi -0.38
3 -0.54
4 —NE5 Exroited
states
3 -1.53
9 l"T‘T -3 .40
Balmer
series
oy
Lyman
seties
Growd
N AAAA 3g O

https://d2gne97vdumgn3.cloudfront.net/api/file/A2QcOW3Tw6oL7MhOSd71
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(6) “anvfinnudunau’ vas “aunia” (Wave Property of Particles)

“Photoelectric” Effect “EM wave” wanauiidu “aunia”
} 13un “aun1n” vas “EM wave” 91

“Compton” Scattering “Ilnay (photon, v)”

g U “EM wave” #idi “aanud (frequency, )~ [“mwmfmﬁu (wavelength, 1)]:
“wasu’vas“photon”: E =hf - f = -

“WHIUT (rest energy)”vas“‘photon” : E, = “aud”
(“photon” iedauiidae “8n31152 ¢ <> “photon” & “uaa” 1T “gue”)
E_hf h
c ¢ A
{20 E% = p2c? + E2 2¢ld41 dwisu “photon” (351 E, = 0 ) E = pc }

“Tuiiudu (W)’ vas“photon”: p =
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“auyfgnu” vas “wmausaed” (de Broglie’s Hypothesis):
U 1924 “de Broglie” w&@uain

“aunin” AsazENRNsaRans auURdy “aau 16
3un “adw” vay/Mineadasiu “ayunin” A1 “aausans (Matter Wave)”

d195U “auna” NA “Tuaudy (Wady), p” waz “wasny, £

« . e ’s ANNYINAAU “LABUTDYN h
A7UY17AAY” VB “‘AdUEENS = . S5 A=-
(de Broglie’s wavelength) p

e mma S or g S " A1UD “iABUTREn” J5;
AUD” VRS “AAUdENT” = - — f=-
(de Broglie’s frequency) h
3 “sUuuuauns” 7 “willounu” nstlvas “photon” ud dmsu “adudaans” agladn
E\/hy E ymc* c* .
fA=|=|l-)=—= = — = v, (phase velocity) > c
h/ \p p ymv v

13 < : D) ¢ <9 ¢ = o
AuLuNd (phase velocity)” = “A21u159” Y89 “9nhiee UUARY
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“HUYAFIN” Va9 “wausend” lasun1s “Budu” adnugnaas
Iag “Davisson-Germer ‘Electron Scattering’ Experiment” Tud 1927

Louis de Broglie (1892-1987)

TnfAndunanSaag
1929 Nobel Prize in Physics

“for his discovery of the wave nature of electrons”

This made him the first person to receive
a Nobel Prize on a PhD thesis.

https://www.biografiasyvidas.com/biografia/b/fotos/broglie_louis.jpg
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“de Broglie’s hypothesis” ¥281% $la/05une “Bohr’s atomic theory” ldazu:

(i) il e “electron” aglu “adlmasitiaw” (MFundn “stationary orbits™)
39 “luigaydenwdany” (luus “Se8” w3 “EM waves”)

- “anuenInay” ¥es “Adusdns” vas “electron” flaglu “stationary orbits”
fien “waf” flazsiliiiin “adudls (standing wave)” sau “nucleus” il
“laisinnsuei EM waves”

(i) “fa” vae “Rouly” vas “stationary orbits”

—  “Qouly” vas “stationary orbits” denadasiu “Rouly” vas “nsiinAauis”
¥84 “electron” sau “nucleus”:

113 99 6, X 3] 113 3] 173 I3 173 29
AAMUYTIY VDY LaUIDUIY VDY 'JQIﬂQ'i ¥94 “‘electron” sau “nucleus
i P = 199 173 A ., o A ) 17 )
WU “IUAULANULYIN VB9 “A21U817AA U U9 “Aauddans” ¥4 “‘electron

h h
=1 = =0 (2) () = =
nr, =ni, - 2nr, =n o n — - mv,r, =n
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(7) “Nendundu” vas “auna” (Wave Function of Particle)

“deBroglie’shypothesis” — “aynin” wansauufidu “adu” 14 (Son “adudans”)
(“Budu” lae “Davisson-Germer ‘Electron Scattering” Experiment”)

"

AIU15AUTIEIY “NeANTIY” Va9 “auna” 10 laeld “Wenduadu (wave function)”
Feazauwnuaie W(7, t) {lu“uile” i > Y(x,t)}

W90 “Adw’” ddnwae “n3zanena” At n1sh “aynia” waad auuidu “aau”
Azl “ldanunsaszydiunisvasaynialiotnausiugn”
‘L”“‘ Y3 o & HH 9 [0 “I 29
vanbatnged1 “adnuuragidu (probability)” (wse “lanna”)
32 “wuaynin” Tu “uSaueeg” dundesiiesle

"

3 “adnulinuuau (Uncertainty)” Tun1sia/szy “aunivasaynin” — “Ax”
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“feridunau” ves “adudans” il “liduaud” Tu “Usaitlonmanusynia”
(v3e “USmuilayninsunsaagld”) uas “Wuaud” Tu “Usauibiflonmanuaynia”
\

“dafdunan” 7 “Tenwazuuuid” fe “nguAau (wave packet)”
Feanusaaddlilag n1sin “Heddundu’ wuu “ansueiin” (Wiowuu “yreil”)
[Harmonic (w3s Sinusoidal) Wave Functions]

A “uauwagn A” “aruededu 17 uaz “aud £ dreiu u1sauiy

Y(x,t) = z A; sin(k;x — w;t)
o

3 “adulduiduau” Tunsia/szy “Aue1IAaL” vag “Adudadans” — “AL”
“A1UY1IAAULRAY” AZWINNU “ANNNYNIAAULABUTYN VDY “AAUEENT)

\

3 “ayulduiduau” Tunsda/szy “Tuaudu (Badu)” ¥as “aynin” — “Ap”
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“Hedduniu” wuu “srsuaiin” (Wiawuu “gneil”)
Y(x,t) = Asin(kx — wt)

~ o ., d . 2T
24 “A214817aY N “wuUuau” ()L = ?)

Ao o/ a = 1 h
—  lgussene “oynin” N3 “Tawudy (Wadu)” 9 “wiveu” (p — z)
usl 32 “lad” aunsavandn “aunin” agh “aunisluu”

29910 LAALALIlAULLAL X AHAMULANAIIINATLRUIDU S BE19YALIY

WA

[N N\ L
NV
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Narsaunnsaldl 1 “Heddundu” wuu “ardueiin” 2 feddu il “uoundn A” windy
waidl “avadu k” (“Arueninauy A7) wag “mmﬁlﬁmqu w” (“mmﬁ f7) fnenu
ey {W;(x,t) = Asin(kix — w,t) waz W,(x,t) = Asin(k,x — w,t)}
113U

— WY(x,t) = Asin(k;x — w,t) + A sin(k,x — w,t)
. . . fatp a—=p _(at+f a—-p
m  sin(a) + sin(B) = sm( > + > ) + sm( > T3 )
a — a +
sin(a) + sin(f) = 2 cos( > ﬁ) sin( > ﬁ)
N Ak Aw
2zlé W(x,t) = 24 cos [(7> X — (7> t] sin(kx — wt)
d' kl + kz w1 + Wy
LD Ak=k2—k1,Aw=w2—w1,k=T,w=T
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Y, (x,t) = Asin(kyx — w,t) waz Y, (x,t) = Asin(k,x — w,t)

#
#
-
#
u -
-
= -

(http://hyperphysics.phy-astr.gsu.edu/hbase/Sound/beat.html)

Y(x,t) = 2A cos [(Az—k) X — (A7w> t] sin(kx — wt)

“envelop”
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nAaudidaeausy Vg = i—‘: FaZundn “anna3angu (group velocity)”
IGEEGE “mnﬂ?iauuﬂaaLLastﬁgﬂ” V99 “WATIN”
Aue1anau “In” (Ak \8n)
A28 “n” (Aw 1an)
“envelop”

Y(x,t) = 2A cos [(%) X — (ATCU) t] sin(kx — wt)

A2U0 “aq”
dl dl [V} < w = | 1
IAGIUTINIBAIUTY v, = — BEnd

“ausund (phase velocity)”
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5qﬁqccﬂqﬁ{j’uﬂ§'u s a sy A o 1) 113 2 99 o 66 =)
wuugsuailin” N “n13nszany” ¥as “Uaundgn” iu “ANENIAAY
9819 “AaLiiad” Turas “A1” wsauny azla “Wedduaau” ndan “lLidugud” wwizly
St “Ax” — “wave packet”: §1“AA” Hvurn “Tadu” — “Ax” aziivunn “ianas”

Several harmonic waves Wave packet
JAVAVAVAVAVAVAN 2
T /VVVVVV I
JAN h
= VW=
AV

- Ax ——>

http://hyperphysics.phy-astr.gsu.edu/hbase/imgmod2/unc3.gif
https://saniaheba.files.wordpress.com/2018/01/screen-shot-2018-01-28-at-4-45-06-pm-e1517154397938.png
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drunsananalidn “Ax” waz “Ap” (Fedunwusiu “AA” wau “de Broglie’s relation™)
2UAMUAUNUSAUAIY “Uanauldintivau” va9 “lawwudsn”
(Heisenberg’s Uncertainty Principle)

Ax Ap = h
“Ax” = “anuldiviuau” Tun1sia/szy “Auntsuasaunia”
“Ap” = “anulduduau” Tunsia/sey “Tumuau (Badu)” ¥as “aunin”

\J

“lad” @u15ansu “aunue” wag “Taaudn” Tauduauy “wiaue Au”
a1 Ap = 0 (3 “Tauuan” 7 “wduau”) azla Ax — oo (“ld” aunsavandiunisla)

—  “Minimum” Uncertainty : Ax Ap = h
Ju “walagnse” 310 “wave nature” vas“aynin” & “lidunsanidnla”
WaAileds “Uncertainty” iasannanundue (\iu nssuiunisin) azla

Ax Ap = h
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Werner Karl Heisenberg (1901-1976)

%)

UnWanduneasiu

1932 Nobel Prize in Physics

“for the creation of quantum mechanics,
the application of which has, inter alia, led to
the discovery of the allotropic forms of hydrogen”

http://philosophica.blog.tiscali.it/files/2018/03/wernerkarlheisenberg.jpg
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\iasann “ﬂduﬂﬁu (wave packet)” {u “faunuvaiaynin” (Tu;sﬂﬁuaaﬂ?iu) St
“a7u3a” Yas “naundu” Fsfine “auidangu (group velocity, v,)”
Aw dw
Vg = E —> Vg = E

LWINAU “A137” Vas “aynia” (particle velocity, v)

Am3U “aynin” % “ura m” waz “anuda v au “de Broglie’s Hypothesis”

“ . ‘ E\ _ 2m(ymc?)
—  “anudlau’iweusesn; w = 21f =271 (E) = A
2mmc? p2\ "2
——[1-——
“ h ( cz)

da)_ancz( 1) . V2 _3/2( 2v)_2nmv . p2\ 32
dv  h 2 c? c2)  h c?
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113 o g, 27[ p Zn(ymv)
—> LAUAAU  LADUIDYUN. k = 7 = 27 (E) = T

2mmv p2\ 2
()
dk 2mm v\ 2mmw s 1 2\ 7% 2p
v h (17) T (‘5)(1‘?2) (-=)

dk  2mm . v? _1/2+27Tm ) p2\ 3% 2
dv  h c? h c? c?

3 3

dk  2mm ) v?\ 2 . v? N v? _ 2mm ) v?\ 2
dv  h c? c? c2)|  h c?
dv h p2\3/?
dk=2nm<1_c_2>
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st “aaisangu (group velocity, v,)” fe

_do  dwdv (2mmv . 22\ ( R . p2\3/? B
e T ak " dvdk | h 2 2rm o2 -V

Fiu “anus” vad “aynin’” (particle velocity, v)

T < : 99 A
Tuvaush “anuisund (phase velocity, v,)” e

2mmc? p2\ 12
) { h (1_C_2) } c?

= — = — >
Up k 2 TmY (1 ) v_2>—1/2 " C
h c?

9 “laidl physical meaning”
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(8) “Werduaau” uag “aruuianily” “‘Hedtundn” van “azls” Auws)
The Fifth Solvay International Conference (October 1927)
(founded by the Belglan 1ndustr1ahst “Ernest Solvay ’in 1912)

......

Back: Auguste Plccard Emlle Henrlot Paul Ehrenfest Edouard Herzen Theophlle de Donder Erwin
Schrédinger, JE Verschaffelt, Wolfgang Pauli, Werner Heisenberg, Ralph Fowler, Léon Brillouin.
Middle: Peter Debye, Martin Knudsen, William Lawrence Bragg, Hendrik Anthony Kramers, Paul Dirac,
Arthur Compton, Louis de Broglie, Max Born, Niels Bohr.
Front:  Irving Langmuir, Max Planck, Marie Curie, Hendrik Lorentz, Albert Einstein, Paul Langevin,
Charles-Eugéne Guye, CTR Wilson, Owen Richardson
17 of the 29 attendees were or became Nobel Prize winners.
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Max Born (1882-1970)

UnWdnduieasiu-a9nge
1954 Nobel Prize in Physics

“for his fundamental research in quantum mechanics,
especially for his statistical interpretation of the
wavefunction”

https://upload.wikimedia.org/wikipedia/commons/thumb/f/f7/Max_Born.jpg/240px-Max_Born.jpg
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“Nenduadu ¥ (7, t)” oradu “complex” function — “lduen” eglsfiuts “Inense”
“probability density”

%39 “probability distribution”

“Tan1a” N1z “wuaynia” Tu “nilaiigusuins” (Nliganenansegh “7”) 9 “1aa1 t”

MGRHIEER G (GO E

P* (7, t) Am “complex conjugate” vas W(7, t)

“Toma” M9z “wuaynia” Tu“Usuasiane dV>

W@, £)|2dV = .

=

(Mganenaneagn “77’) 71 “van t”

9

“Normalization Condition”
43 & ”‘z‘l ¥4 29 P L s =% 29
Tan1anaiun” Nay WUBUNIA” ATUAUNINU “%l9
(aunnazRasadlaivila)

Il weora =1

all space
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Tunsdlfl “oynia” wdsuitldianizlu “wiladd” (lunuauny x):
“Herdupdu” > W(x,t)
“probability density” — |[¥(x,t)|* = P*(x, )P (x, t)

¢ 59 & o ¢ 29 ot o ug ”,
W(x, 0)[2dx = lana iaz “wuayan Tu Gzilfa‘:ﬁuauajfs] dx
(ssnde x a9 x + dx) nvan t

+ 00
“Normalization Condition™: j W(x, t)|?dx =1

— 00

W(x,t)|?dx =

X =
j 2 “Ton1a” Nz “wuaynin”
x1 Tugasa1n x; 83 x, N8 7
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(9) “@un1smawn’ vas “ylshaass” (Schrodinger Wave Equation)

1933 Nobel Prize in Physics
“for the discovery of new productive forms of atomic theory”

<« Erwin Schrodinger
(1887-1961)

UnWandvnieadanse

Paul Adrien Maurice Dirac —
(1902-1984)

UnAandu199nge-aLdsnu

https://www.nobelprize.org/nobel_prizes/physics/laureates/1933/
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lunsal “aunia”:
15IUTIYNY “WOANTTY (n'mﬂ?iauﬁ)”wm“mémﬂ” g uan/sey 31
gl (7) anuse (U) anuss ()
waz “USanaudue” [wu Tuwudy (P) wasswaay (E;)]
Waeuivu “1aan” agals
Vsunauvianiinnld Taeld “npnsiaRauiivasiiadu (Newton’s Laws of Motion)”
> uf “Fun1neiaui” F o = md — W T, U, d wae “Usunadug” 1§
Tunsdld “aynin’” wansautaluy “ARY”:
15792UT88 “NANTTN” a9 “aynia” Taeld “Hadduadu”
Fanldlaensud “aunsaduvssalshiaasd (Schrodinger Wave Equation)”
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d1m3U “aunn” NIl “wda m” wwdeui/ag Tuusiiani “wasudngd V(r)” azladn
“fGun1snauvesylshsasuuudunuian” (Time-Dependent Schrodinger Wave

Equation) g
2

h* _, d
—— VY@ t) + V@EAYF,t) = ih—tp(?, t)
2m ot

—

V2=V.V= “Laplacian” Operator uag V = “Del” operator

Tu Cartesian Coordinate System (x,y,z) —

Vzéxa+e a+ei way V2= 02+62+(92
ox Yoy oz 0x2  0y?  0z2
n3difl “aynin” ndeudldlanizlu “ullelid” (luuuaunu x):
—h—za—Z‘P(x )+ V(x)¥P(x,t) = ihi‘{’(x t)
2m 0x?2 ’ ’ ot '
— da9 “ufaun1s” e W(7, t) wis W(x, t)
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75015 “wa9-31” Schrédinger Wave Equation: (nsed “anu” 1)
(i) Weu “waseusy (Total Energy e Hamiltonian)” was “aunia/szuy”

T)’Z
E=K+V=—+V({@)=H
2m

(ii) wWaegu “Usununneg” Wu “Operator (Aaadunis)”:

BoPop=—1thV T-oTo =T V(P - Vo, () = V(@)

L0 0
E—>Eop=lha 99 H—>H0p=1ha

n2 2

E="—4V h—=———V2 47V
p +V(@) - i m oy + V(r)
(i) 11l “operate” vy “Wedduadu Y7 )
2

he 0
o 2 —> —> — — ih —>
> VW, t) + V(r)¥Y(@,t) = ih at‘P(r, t)
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25013 “was-31” Schrodinger Wave Equation: (nsad “wits” &)
(i) Weu “waseusy (Total Energy s Hamiltonian)” was “aunia/szuy”

2
E=K+V=24ve)=H
2m

(ii) wWaegu “Usuneunneg” Wu “Operator (Aaadunis)”:

9,
popop=—iha XX =X V() = Vop(®) = V()

d 9,
E - E,,=ih— v H - Hy,, =ih—

ot ot
E = p_2+ V(x) = ihi = —h—2£+ V(x)
2m ot 2m 0x?
(i) 1l “operate” vy “Wardundu W(x, t);
—h—za—zlp(x t) + V(x)W¥(x,t) = ihilp(x t)
2m 0x?> ’ ' ot '
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“Hun15nauverlshaasiuU lday’ Autan”
(Time-Independent Schrédinger Wave Equation)

(nsel “ax’” §R)
Tunsaift “waseudng” Tduiuna “egredman” (il ¢ lusunisvewdssudng)
ausaleou “Wedduadu W@ t)” Tusd
“Wanm’” Va9 “grufivuiiuduma (spatial part): Y(@)”
fu “daufivufuiaan (temporal part): T(t)”
Y@ ) =y@) T®)

unuaslu Schrodinger Wave Equation azla

hZ . N . N . 6 N
—%v2 W@ T()]+VEFE) [zﬁ(r) T =in Y@ T ()]

h L 0
—5 - TOVAYE) +VEPE) T(0) = ilp (@) T (¢)
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“NSAADANIANNNS B28 “WT) T(t)” azla

T( )66 T(t) = E (A1n3e2)

FURU X Wit FufU t Wit

1
———rvzlp(r) + V(@) = ih

(daluagnwudn A1AsAl “E” Aa “waseu” ¥as “aunin”

Dae

“dufivufiurian (temporal part): T(t)”

ar(e) dart)  (E
T dt F 7 T - ( )dt

ih ! aT(t)—E h
T(t) ot ~

oo E
“Iintegrate” wgunu “v3a1” — In[T(t)] = —i (ﬁ) t

T(t) =exp [—i (%) t] = exp[—iwt] = e”@t

romr=an(5)-2
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1 Y
o o

“daunvunuaiunis (spatial part): Y (7)”

W2 o _
— V@) +VEYE) = EY()

“HUN1SAAUVDIVLSAWIBSHUU ‘1AW’ NuLa1”
(Time-Independent Schrédinger Wave Equation)

\J

“)(7)” azdufiudnemzuss “wisudng V(7)”

YEL) =@ T() = YF) e 1@t

wanz “P(r)” Tngnisun “auni1snauvasrlsnaassuuy vy’ Auaan”
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“Hun15nauverlshaasiuU lday’ Autan”
(Time-Independent Schrédinger Wave Equation)

(n36i “wile” §R)
Tunsaift “waseudng” Tduiuna “egredman” (il ¢ lusunisvewdssudng)
aunsaleu “Weaddundu W(x, t)” Tusd
“HanM” UB9 “grufiguiuiiuvis (spatial part): Y (x)”
fu “daufivufuiaan (temporal part): T(t)”

P(x,t) =) T()

unuaslu Schrodinger Wave Equation azla

2 62 d
— oz W) TO] + V(x)[l,b(x) T©)] = iho [P () T(0)]
2 02 o Y
—5—T() 550 +VE@P@) T = iip(x) --T(¢)
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“NSAADANIANNNS B28 “W(x) T(t)” azla

1o (x) +V(x) = ih—— aT(t)—E
th,b(x) 922 Y(x X L T( )3t (A1A9A)
Fuiu x winth Juiy ¢ Wiy

(dalUaznudn ArAedd “E” Ao “waeey” vad “aunn”

“nuiiguiuim (temporal part): T (t)”

1 dT(t) ar@) . (E
T dar _° 7 T ‘_l( )dt

: oo E
“Iintegrate” wgunu “v3a1” — In[T(t)] = —i (E) t

1© = exp |4 (E)] = exploion] = -

ro=tmr=an(f)-5
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1 Y
(%4

“daunvunuaiumnis (spatial part): Y (x)”

h* d*y(x)
2m  dx?

+ V()Y (x) = E p(x)

“HUN1SAAUVDIVLSAWIBSHUU “ldVW’ NuLaa1”
(Time-Independent Schrodinger Wave Equation)

\J

“ih(x)” azTudusnenzyes “wasudng V(x)”

W(x,t) =P(x) T(t) = P(x) et

wuanz “P(x)” Tngnsud “aunisaauvssvlshsassuuu livw’ Auaan”
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Waulvvautwn (boundary conditions) :
Tunsaf “wasaudnd V(x)” wWasunu “auwnus x”° Tuanwae “alidaiiias”

“Wendunau” azliaAn “fatilas”’ LWuU “I58U” AssUsiaal “vau/seesa (boundary)”

V(x) | I Y1(xg) = Yr(xo)
1 dyry (Y
(), = (i),
—x 1 . 0
X0
(Boundary)
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(10) direinenasld “auntsadu’ ¥a9 “y¥lshaans”
(10.1) ayamdese (“Free” Particles)
S99

“Das” — “ Lifiusameausnnszin” — “wasudnd V(x)” «Ju “gud

I3 = a 1 |dy o/ 99
dUN15ARUVRITBLSALRBSLUUlUIUAULIAN

h? d?
" 2m ;/:C(Zx) +V()Y(x) = E P(x)
2 2
3¢ “an3u” Ju _ th d dl/;(zx) = E yp(x)
2
Sogulsl® 218 I - (e @

“Second-Order” Differential Equation

P (x) agaglugy “Exponential Function” (w1 “aunus” uda &9 “Usuwmilauan’)
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suNAl P(x) = Ae™ [A waz a T “Arasia” @adoan)] unuasly (a) asld

2mE 2mE ,
aer“x=—( Py )Ae“x — a2=—( v )=—k2 - a = tik
: 2mE vV
Hp) k2=(Z;) %30 k=$

P(x) = Ajet ™ + A,e ¥ = A cos(kx) + B sin(kx)
113 : : s S 99 S, €62 a D)
exponential function” 1y “argument” 1y “a1UIUIUANTN
dunsasulalumenvss “trigonometric functions”

faenn Aq, A, waz k (W39 A, B waz k)

Taenalu “k” azwlaann “woulvvauwn’ delunsaidl “ldsl” — “k” danvinlsila
|d,,

du A, uaz A, (W39 A uaz B) azmlaain “leulvveuivn” @slunsald “luidl™)
waz “normalization condition” (&elsianusaldnunsaiil)
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Wanay “Andnuainauila” Tuweauwss “aau’” 1@anly “exponential form” &sazld
“complete” time-dependent wave function Tugu

W(x, t) = POT (L) = (Aet* + A eihx)eint
afuadauiilunierin —

lP(.X', t) — Ale+i(kx—wt) _|_Aze—i(kx+a)t)
« pAundauiiluniedne
ngunvuveslsidundu — “k” Aa “lavadiu (wave number)”
frdasnns “AAu” Aussene “aynia” i “ladsuiilumeun” — el A, 1T “gud”
— “probability density” fa
W (x, )|? = |A44]°
— i “Tanna” ﬁazwuaqmﬂ ‘Wine AW ﬁ“nnﬁ‘i%mm”
(\0u completely unlocalized particle)

G4 “Slennaii”
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AMUAUNUSTENING A, A, A uaz B:
P(x) = Aje™* + A, e = A cos(kx) + B sin(kx)
14 Euler’s formula, e'* = cos(a) + i sin(a), agld
AetHRx 4 A e ¥ = A, [cos(kx) + i sin(kx)] + A,[cos(kx) — i sin(kx)]
{szan91 cos(—kx) = cos(kx) uwaz sin(—kx) = — sin(kx)}
AetHRx 4 A e~ = (A, + A,) cos(kx) + i (A; — A,)sin(kx)

Tufle A = (A, +4;) uaz B =i(4, — Ay)
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=

(10.2) aynialuvadndnildingsaiiua

L1)

| N I N i
V(x) =00 V(x)=0 V(x) =
Yieo=0 | il #0 |yl =0
(aun1naglila) (aun1aaglile)
> X
x=0 x =L

aynia “ldaunsasg” Tu “Usiaa I” waz “vsna I —» P(x) = 0 = Pp'(x)
Tu “Ustaad 11” = “waseudng” Wu “@ué” — “WllauNy” NTalvas “aynAdHse”

Y (x) = Acos(kx) + B sin(kx)

: \/ k*h?
139 k = vZmE %39 E = ( )
A 2m
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A1ARa A4, B waz k wildann “Seulvvauwn” waz “normalization condition”:
1% “Roulvvauwn” 7l “x = 07 — “Wedtundu” dos “dawilas” 9 “sousio x = 07
Plx=0)=0= y'"'(x =0)

2zl YU(x =0) = Acos(0) + Bsin(0) =4 =0
— Y1(x) = B sin(kx)
1% “Roulvvauwwn” 7l “x = L7 — “Weddunau’ dos “dowilas” 9 “sousio x = L”

Pl =0 =0=y"(x =1)

Azl Y"(x = L) = Bsin(kL) = 0 — sin(kL) = 0
- ‘ T 2T
“aaladrens’ > kL =0,m, 2m,-- —> k=0, T
¢ & ¢ M 27T
“Wﬁﬂ 2 “k” L‘U‘Ll “EJ‘IJEJ” 13~|‘1ﬂ N k — T

T
L
unn

{8 k=0 > kx=0 — P(x) = 0 (fwdunndvas x) — “lLifleynin” }
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2T nmw T

—,... —_— L&]a n: ) ’...

L L '

lA97 “waseu” a9 “aunn” Ae

k2h?  nPm?h?  (m2R?
= =N

2m 2mL? 2mL?

olehy k = _ I
— =7

E—> E, =

wen “n” 91 “lavadausu (Quantum Number)™
“WAg91U” ¥a9 “aynn” dean “ludaitias”

“Wieungn” (= “zero-point” energy) “lbilugud™ E_. = E,

R

Seon “aauz” A “wé’amus‘i’ﬂqﬂ” 31 “gauziu (ground state)”
waziSen “aatuy” 18 “waesudall” 91
“amuzgnnizﬁuﬁqﬁuﬁwﬁa”, “amuzgnnizéjué"lﬁuﬁam”,
(first-excited state) (second-excited state)

) dio n = 1,2, 3,

T2 h?

- 2ml2
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“Tutaudy (1Badu)” vae ayna Ao

h_h i =hk — hk, =h (nn) _nh “Tianlsidaes”
P17 x YN AT
0, x<O0
s A 2 c nmx
“Wandumau” ¥ae “aunin” fs P, (x) = { B sin (T) 0<x<L
0, x> L

+
- A1real “B” wlaaan “normalization condition”: j lY()|?dx =1

y L nmx L 2
—  Tunsaill agld B2 f sin? (—) dx = B? (—) =1 - B= |-
0 L 2 L
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[ 2 () ax= ()

o o v nr v L v ¥ L
Wasuauds: i u = (—) x wld x= (—) u AU dx = (—) du
L nm ni

“limit of integration” azgwasuain “x = 0 e x = L” Ju “u = 0 fsu = nn”

L nmwx L nm
j sin? (—) dx = (—) J sinu du
0 L nr/ J,

10 cos(2u) = cos?u — sin?u = (1 — sinu) — sin®u = 1 — 2sinu azla

L nix L\1 (™
. 2 _ _ _
fo sin (—L )dx = (_nn>2 jo [1 — cos(2u)] du
L nmx L sin(2u)1""
in? [ —— = |— —_
fo sin? () dx (Znn) [u 2 |,

nmx

LL sin? (—) dx = (%) [(nn —0) — %{sin(Znn) — sin(o)}] —_

L
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0, x <0
Nmwx .
270 Y, (x) =< B sin (T) 0<x<L lpsh B =
0, x> L

o~ N

agladn “arunuiniy’ ¥as “Tanta (Mazwuaynia)” [probability density] As

0, x <0
2 nix
P =1 () sin? (), 0<x<1
L L
0, x > L
> “Ton1a” Nagwuaynia “TuuSianmieg” aziian “livinfiu”

lu “ground state” asdl “Ten1awuayniANINAgn” AL “x = L/2”
Tu “1% excited state” — AdwnUs “x = L/4” wag “x = 3L/4”

Tu “2" excited state” — fifunus “x = L/6”, “x =L/2” wag “x = 5L/6”
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(00] T (00) (00) (0e] (00 (00]
n,
Energy
3 E;
2 E,
1 T E;
x=0 x=L x=0 x =1L x=0 x =1L

“Zero-point” Energy > 0

“wasu, E,”, “A
dwsun = 1,2, 3 vae “aunin” lu “Uadndvileiingeaiiug”

afdfuady, P, (%) waz “amunuinduvasionid, |, (%)%
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Wa “n” A “lawing” —  “land” Nagwusynia “Anauwvus” dan “winiu”
(“iandiounu” Nvuelae “Classical Physics™)

2 :
‘1’10 Quantum-mechanical
distribution
n=10
/Classical
distribution
O L X

Physics for Scientists and Engineers with Modern Physics — Tipler & Mosca — 6e (2008), p.1191
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1 1
=

(10.3) aumaluvadnduilaiinnanaugsdnne

V(x)
| [ 11
VO VO
Vix) =V, V(x) =0 V(x) =V,

E E
Plx) #0 Px) =0 PM(x) #0

> X
x=0 x =1L
Vo, x <0
“waeudng” —  V(x) =40, 0<x<L
Vo, L<x

WNTUINTAN E <V — aynia “gnin” adareludadng
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vl (x<0) >V <0)=V,>E:

“Fun1saauvasvlsaaaasuuulivunuiian”

h* d*y(x)
o T VYR) = E )
B hz d2 I
3z “angu” 1du — 5 ;pxgx) + Vol (x) = E ¢'(x)

d?y! 2m(Vy, — E
lp (X) _ [ m( ;2 )] wl(x) _ KzlpI(X)

“Ingulnd” gl

dx?
il K2 = zm(Zfz_ E) VD = sz(‘;o —E)

P (x) azagluzy “Exponential Function” (w1 “aynus” uda &9 “dyuwmilauian’)
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GHEI Pl(x) = Ae™

i A waz a u “Anein” (Fedomn)
2.1
unuasly d;/)—xgx) = k2Pl (x)
azla a’Ae® = k?Ae?”* - a’? =k’ > a=+k
et WI(x) = Aet* + BeFx
Wosan —o0 < x <0 devu “B” doadu “Aud” faztu Y!(x = —0) = o
T Pl(x) = Aetr*

— “Wefdundunisusniadng” (MTarugeania) a1 “lidugud” lagaziian “anas
wuu exponential” (luusviadl x Ju “au”

— 1 “Tamanazwuaynin” luusiia “aneuanuadng”

SCPY158 Physics 11 2562 — Quantum Mechanics — Theory NANT ygyqu§ Wand witaa 99



Ul (0<x<L)->V0<x<L)=0:
‘L o 2 1) Cqn &899 Sl e 499 Gl 99 = « ~PP PR L)
U “Ustaaud 11" = “wassrudng” 1wy AUY” — “INdUNU” NTUYDY “dUNIADEHTE

Y (x) = C cos(kx) + D sin(kx)

232
p V2mE < k“h
14D k= — kD) E =
A 2m
vl (L<x) > V(L <x)=V,>E":
Tu “uStaas 11” — “wasaudnd” Wy “V,” — “wilaunvu” Tu “uSiaa 17

l/JHI(x) = FetKX 4 Ge KX
Wewn L <x < o iy “F” doalu “aud” fiazuu Pp(x = +0) = o

T PYU(x) = Ge

— “amaswuuexponential” & § “Tananaznuaynia” Tuuiiau “aneuanvadng”
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11
(L < x)

V(ix) =V,

l/)III(x) = Ge KX

_dl/)H

dx
i x=0

| dx

(x < 0) (0<x<L)
Vix) =V, V(ix)=0
Yl(x) = det*™ | YU(x) = C cos(kx) + D sin(kx)
il = V2mVo — E) way _ VZmE
h n
ARSI “A7, “C”, “D”, “G”, waz “k” (= “E”) azgwldan “taulvvauivn”
. dy']
Nx=0-> Y (x=0) =9y (x=0) uaz % =
| de;x:O
Nx=L—o> Ylx=L)=yv"(x=L) uwa v =
dx=L

+ o0
wag “normalization condition” : j lY()|?dx =1
—o00
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The wave functions ¢ for a The probability densities |#|? for

miCk i'll a pt?lcnlial well of a particle in a potential well of
finite height with n = 1,2, and 3 finite height with n = 1,2, and 3

https://d2vicm6117ulfs.cloudfront.net/media%2Fbd6%2Fbd6544e0-7217-42b3-9f7f-f44b36b4e508%2FphpZN2ZQn.png
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= % 6 1 U o9
LUUNNYKR “Naf1dnIAaUn

1. awA1ANg1InauiaegeEn (peak wavelength) fiusiaanunainstenieuyud
Tnganfanguasiu [9.35 X 103 nm]

3 ) ¢ U 9y (¢ a o) S99
Amax” WUT “NARW” NU “gaunliduysal

aaumigiisneneuyed = 37 °C = (273 +37) K=310 K
2.898 x 1073 (m - K)

Ay (T) = T 3 A (310 K) =935 x 106 m
2. aemaudveslnmaudedilaaudiu 0.020 MeV/c [4.8 x 1018 Hz]
° NN 13 " . _ _ C _ h _ _ pC
dwisu “photon” : 6 E = hf :9h(i) = (Z) c=pc - f= -
0.020 x 10° x 1.6 X 1077 ] g
( 3 % 108 m/s )(3><10 m/s)

- — 483 x 108 H
f (6.626 X 10-3% ] - 5) “

SCPY158 Physics Il 2562 — Quantum Mechanics — Exercises NANT y@/ﬂqwé‘“ Wand uiina 1



3. MUUALASALIN2991RgWINNU 6.96 X 10% m A1a9vassIdnuraanu1aIn
a9 ngidu 3.8 X 1026 W 29w
()  gunniivaddInIINing trAndNsurdvesiuluingan [5.75 X 103 K]

NSWHSIEVRINgAN — Prorqi(T) = 0AT* — PLIN(T) = o(4nREy\)T*
i Py (T) 3.8x 10% W
o(4mR2y) (5.67 x 10-¢ #) (47(6.96 X 108 m)?)

T*=11x 10" K* - T =5759K

(¥) nAmauluts (n) AMIANUYIRAUNLANMUTNNINTNFANEUNATUVDITE
Nupiaanun [504 nm]

2.898 x 1073 (m - K)
T (K)

A (T) = Amax (5,759 K) = 5.03 X 10~7 m
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4. dranueedusasgedainlidianasaunaaainaznaunasne 300 nm
[ = = 1 a a (%
ININAINUYALUYITENINDLEANATDUNUDE MDY [4.13 eV]

c hc
W = (Ephoton) = hfmin =h (Amax) = A

(6626 x 10734 - 5)(3 x 108 m/s)

(300 X 10—° m)

_ 6.626 X 10~%°

_ = 414
W=—Tex101 ¢ eV

min

= 6.626 X 10719
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5. aauwivdnlwihdadueduszuiuanud 300 MHz annssnussainsuiiud
50 cm? §rannuduvasadudinainiiamiaiu 9 x 1076 W/m?
ASasINsANNIENUYasIAsUULNLAY (Sruaulnaause 1 Sunfl)

[2.26 x 1017 photons/s]

=

Wuit 50 cm? = 50 X (1072 m)? =50 X 107* m? = 5 x 1073 m?

WEIUAANNTZNUNUA 50 cm2 Tu 1 5t = Aauda X wuft X 1s
W
= (9 X 10_6@) X(5%x1073m?) X1s=45x%x10"28]

wassuvadlnaeu 1 a2 = hf = (6.626 x 1073*] - 5)(300 x 10° Hz)
=1.9878 x 1072 ]
MUUINADUNANATZNY 4.5%x1078]

fuf 50 cm? Tu 13w 1.9878 x 10725 /4

De

= 2.26 x 107 ¢
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6. drmnueninaudasudmsulsngnsallnladianvsnuasiisaauiidn 230 nm
INIAINBIIAAUVDILEINAGAIUURIVBITAAURINA AW LHLBAN AT

WA 1.5 eV vignaanun [180 nm]
W=h —h(c)— 6.626 X 1034 3 X107 m/s
=hfo=h{3)= (& IS\ 230%x 10 m
W =8.64 x 10~1° _ 864 X107 V=>54eV
- © J=Tex10m &V =>%¢

Kojootron = 1.5V =15x 1.6 Xx 10719] = 2.4 x 10719]

%
M Ketectron = photon — W agla Ephoton = Ketectron T W

- Epnoton = 6.9V =11.04 x 10719]
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C hc

N Epporon = hf = h (Z) e 1=

I8

photon

U3anau “he” JudBunad “wudas” lumodern physics — feauanan “saufiu’
hc = (6.626 X 1073*]-s)(3 x 108 m/s) = 1.9878 x 1072° ] - m
ED)

hc = 1.9878 x 1072° (

— 10_19) - (10° nm) = 1240 eV - nm

B 1240 eV - nm

6ocy  _ e0nm
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7. aUasigunan1silasunlainnueg1nnauYeeseaangaeiian1ue11na UL
0.040 nm wasaniia Compton scattering fAudiannsou Ineyunszidevas
Sedenddian 90° [6.08%]

h h
AM =2 —-1=—(A—-cosf) > A =1+—(1—cosO)
mc mc

h
8 =90° - cosd =c0s90°=0 » A =1+—

mc
A = 0.040 nm + @SR I — 0.04243
T 91X 10 3T kg)(3 x 108 m/s) i
| | AL
Wasidunnisilasunlasnug1Inau = (7) X 100
= (0'00243) X 100 = 6.075 %
~—\ 0.04 - 0
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8. Sedendminuenanau 0.0300 nm im Compton scattering Audiannsauds
Winegile fyunszidsvasisdiondma 60° aaiAdueIAaUYRISdaNgn
wWasuluaznasauvesdiannsaunasainnisyu [0.0312 nm, 1.59 keV]

h h
AM =2 —-21=—(0—-cosf) > A =1+—(1—cosO)
mc mc

h
0 =60° - cosO =cos60°= 05 » A'=A14+——=0.0312nm
2mc

, ., hc hc A =2
Kelectron = photon — Tphoton — hf —hf" = VR = hc 11
0.0312 nm — 0.0300 nm
0.0312 nm X 0.0300 nm

Keiectron = 1240 eV - nm( ) = 1.59 keV

SCPY158 Physics 11 2562 — Quantum Mechanics — Exercises nAns yaeqns Wand wina



9. WiNGIUIMNAWUAGEN (Kppay) VOSBLENATBUNERINARUIING N3]

6 o = Y <
AauNAULRgulau
EZ
Kmax —
2
mc
| E + 5
139 F ADNAI9UY09 WA UNaunNanN1SoU
Coqn Y S99 114 99 ’ hC hC
Wasuaw” vas “electron” e K, =F —E' = — — —
A Al
d! = | d' ! = 1 d. hC hc
FeazliAgegn We A’ dalanign > (Ko )max = — — 3
A’ /‘lmax
/ h ! = d. dl [e)
M Al=1 —1=—(1—-cosh) — A aziirlangn il 6 = 180
mc
e = A
max — mc
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(Ke)max = - — -
A A A 2h ) 2h (c
e A+ mc 1+ mc (E)
hc 2F
N
(Ke)max = ( 7 ) B hcy 2 - 2E 2E
1+ (7) mc? 1+ L
2E2 (mcz) ,
_ mc? 2 _ E
(Ke)max 1 N 2F X (mCZ) g N mcz
mc? 2 2
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10. WANEIIAAUYRNABURAAnAINNSIUATUSETAUNAITUYaLBLannTauTY

lalaslaueznanain n; = Suds ny = 2 [4346 A]
@ n; O n;
electron
o—>
photon
Ny L

AEqiom = Ephoton = Rf = h (%)

13.6 eV

hydrogen atom : E,, = — 2
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11. 2w recoil speed vasaznauvadlalasiau WosznanliUasslnnou ualtuasu
STAUNAIUAIIN N = 3 W89 n = 1 (MU lyinauwsn aznauva9talasiay

2gl9) [V = 8hRy/9M]
“photon”
® @
“H atom” in n = 3 state “H atom” in n = 1 state
“conservation of linear momentum” — P = —p
P = MV E h 1 o 1 1
= = == = = 0y — = —_— —
Pme™a M 2T \n T
» 1 1 1\ 8R, ShR,,
Tunsdiiin, = 3uezn, =1 > —=Ry|-—=|=— uwazV =
A 1 9 oM
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12. aunalusnauiindenuaatvingu 1.0 MeV danubinuuaulunisin
Tuudnvaslusnauia 5% awnanuliwiueuntdsengainfintununs

IAALRUY [9.12 x 107 1* m]
pz
Kproton = 1.0 MeV « EO,proton = mpcz =938 MeV - K = _Zm
p

m, = 1.67 x 107%” kg

- p=2m,K = V2(1.67 x 10727 kg) (1 X 108 x 1.6 x 10~19])
p=231x10"2%kg-m/s

(A—p)X100=5 - A =<i> =1.16 X 107?1 kg - m/s
h 6.626 X 10734 - s
AxAp=>h -» Ax=>—= =9.1x10""m

AP 2m (116 x 10721 kg - )

SCPY158 Physics 11 2562 — Quantum Mechanics — Exercises nAws ygegns Aand wina 13



13. azmaunilegnnszaulveglutundsnuninasnugaindiaaiuziiy 1.8 eV
adaaeznaniledludaiuzgnnszau A1 2.0 uS nounazaAnasgdanIusny
M

(1)  AMUALAZAINE1IAAUTRINRaUNUdRgRaNUNVMENZABNLAA transition
[4.35 x 10'* Hz, 690 nm]

AEqtom = photon — hf =h (E)

A
(@)  anubindusuluainwasauvesdnnou [3.30 X 10719 eV]
) h h
14 “Uncertainty Relation” - AEAt > h=— — AE >
2T 21 At

Tefl At =2.0us=2.0x10"6s
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14. Wsiduvasaymaniladeulailuy

2 <2nx) ¢ L < L
tl)(x)={ cos |~ or—-<x=<-
0 for other values of x
(n) =21A1 A 31n normalization condition [2/VL]
j+m , , +L/4 , 2TX , L 2
| (x)] dx=AJ COS (—)dx=A (—)=1—>A=—
—00 —L/4 L 4 \/l—l
@) awnlenmaiazwuaynasziing x = 0 fex = L/8 [0.409]

4f“/8 2<2nx)d _4[1{L+(L>}]_1+1_0409
L), )P LR @l Ta T
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+L/4 27X 1 hkid ATrx
f cos? (—) dx = —j [1 + cos (—)] dx
_L/4 L 2J_1/4 L
L 4rrac\1TL/4
+L/4
{[x]-L/4 " (4n) [Sl"( L )]_L /4}

+ (%) [sin(m) — sin(—n)]} = %{% + O} = %

jo*”‘* cos? (2) ax = & fo*”g 1+ o L(/‘:%x)] ix
S @EnCEL
{lé“’] ( ) [sin(3) —sin@Jf = 515+ (7))
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15. [F2548] agmm‘ﬁlmma m agjnw"luﬂaﬁ'néaﬁuﬁwﬁeﬁﬁ N3 L Favuneda
wasuAndvasaynawiriugudnielute (lurae 0 < x < L) wasliAnlu
atfudneuenta frouniaiifsituadudy

3nx)

Y(x) = Asin (T

(M) aaudsunsmiszning [P(x)|2 wag x Tutae 0 < x < L Tngszyduviia x 9
[P (x)]* AAnengasae

(lud9 0 < x < L) il A JuAinsia

z
Y (0)|? L

o =
W]~
N~
|
|
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(@) ananuiaznluiisznusynalug 0 < x < L
PO<x<L)=1
[“IamaﬁazwuaumﬂTuwnU‘%mmﬁaumﬂmminaaﬂé’” WVINAU “RUL]

(m) mmmmmauLﬂumuwuaumﬂiuma -<x< ?
b (L S ZL) 1
- < x < — e
3 3 3
“,3{ =i Y . L
Wualdnsw (vas [P (x)|? Au x) Tudas SSxs<T

fAandu “wilsluan” va9 “Wunldnsnveviun (ludrs 0 < x < L)

|~

@) anuastunaznuaynialugae 0 < x < = HAi
Tiwanausenauney

L,
“giwin” wsnz “Wuitldnsa (vas [P (x)|? fu x) ludae 0 < x < 5

fianlaivindu “wildlunun” vas “Nuiildnsmiianun (g 0 <x < L)”
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(3) WVBUaNNITVRNYlALRBIAMTUBYNIA Tute 0 < x < L
h? d*p(x)
2m  dx?

(@) aldnaanda () LiNaMINEIUYDIBYAIAL

= EY(x)

3mx ~ P
wnd YP(x) = Asin (T) aslu“aunisvesylsharns” aldlude () azla

) - evn - o5

2m 2ml?
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16. [F2553] aumauqa m gninagludadndatiuaviledd nd1e L Ingh
wasnudngvasayniavinduaudaigluve (lugae 0 < x < L) uae
fidndustiuanieuania freynalfidsiduadudy

0 = [Fsin(X)  (inosxsi) don=123.

(n) euaun1svaslsaasnlizuiuaidusvaynial Tude 0 < x < L

h* d*Pn(x)
_ m  dx2 — Enlpn(x)

(¥) aslgnaanda (n) LiNanWaUIINVREYNIAL

win “yP,, (x)” aslu “aunisvesalsnaass” nldlude (n) azla
h? n’m?h?

(‘ _> [ () Jn0 = B0 B ="

2m
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(A)  WVBUNTINTENRIN |1/)3(x)|2 war x g9 0 < x < L lngseymgegn
YAINTIN LAZANLAUI X wnsfmluﬂ']maﬂ GG LLauL‘Uuﬂu‘c’JWJ‘c’J

2
A2 ==
L

Y (0)I?

| =
W] =~
N|

@ auhasdufiaswuaynia Tutae 0 < x < L/3 fawinduinle
p(bsrs)-l
3 3 3
“Duitldnsn (vas [Ps(x)|? fu x) Tutas g <x< % 7
St “wildluany” ves “Nuiilgnsmiianun (ude 0 <x < L)”
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@ awnanuazluissnuaynia Tugae 0 < x < L/8
L/8 L/8

P(O<x< j |1/)3(x)|2dx—zJ sin? <3Lix>dx

0

L 3mTX L
Waguaawls u=— - dx =|—]|du
L 31
31t/8 31t/8

P (O <x< g) = (%) (%) j sinu du = (%) 0-[ (1 — cos 2u) du

0
{~* cos2u = cos?u —sin*u = (1 —sin*u) —sin“u =1 — 2sinu }
31/8

Plosrsg) =@, -@EIF-20(F)

P(o=x=)=G)[F-2(2)] ="z
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17. efdunduvesaymadass (V = 0) nludeuldidu
Y(x) = Acos(kx) + B sin(kx)
Tnefl 4, B wae k Wudasi &1 ¥ (x) Jusnavessaunisylshaiass

o & szlz
WINANUVBIBYNIAY lE = ]
LU Y(x) = Acos(kx) + B sin(kx)
2 32
asly “aun15ylsfaans” dmsu “aynindass’: ) = E Y(x)
2m  dx?
. %
wld — = {—k?A cos(kx) — k?B sin(kx)} = E {A cos(kx) + B sin(kx)}
k?h?
~ - 2m
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=

18. Bdinasaudnilsgnininliiadeunegmelundawilelif lnsagnaniusnudd
Wasuinau 2.0 eV
(n)  ANUNINNVNEDY 1 AAdAvile [4.34 A]

1
SN0 143 &

e 1 ' ¢ = aa v gy, v
NEBINIlelA~ <> “Uadnduilalingeaiiug” (nd19 L)

)}

232
w o n“h o
“‘Wax‘N']u” YD “’e]uﬂ’]ﬂ” A9 E > En = nz (2 L2> o n = 1’ 2, 3,
: m

2 h? h h
=2ell - L = =

11 g‘g 29 E — E — —
danusny”’ — 1= 573 \/M m

6.626 X 10734 - s )
L = =434x10"1%m
V8% (9.1 x 10731 kg) X (2 X 1.6 X 10~19])
@) Bidnaseudainisnaseuwinlaluniswisusesundsnuainaausiulud
AnnuzaNNsEAUAIRUTINilS [6.0 eV]
AE = Ez — E1 = 4E1 - E1 = 3E1 = 6.0 EV
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19. a9wan A dwSuledduniuy
. /TX (21X
l/)(x) = A [Sln (T) + 4 sin (T)]

e 1% ¢ v o = v I 1 aa 1'%
Falaanuasiuvesilendunauvasaynangnisaglunass 1 {6 nde L

[1/V8.5 L]
Y1 = A% {Sin2 (%) + 16 sin? (2%) + 8 sin (%) sin (?)}
th/’(x)Izdx =1
0
A2 {LL sin2 (T[Tx) dx + 16_[ sin2 (ZLLx> dx

O 48 fOL sin (i—x) sin (ZLLx) dx} =1 (1)
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[ @)= oo (o= 3~ (o]
- (esnen] - Do L

[lom (CFar=3 [ froco (xS ) o (F]
=3~ ()smen] - [o- (2)nol}=3  ®

fL sin (nTx) sin (2%x> dx = 2 JL sin (nTx) sin (nTx) coS (nTx) dx
0

0

- Z?L OL sin? (nTx) d [sin (nTx)] ;i lsm3 (an)]o =0 (4)
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wnu (2), (3), waz (4) aslu (1) ala

A? {(g) + 16 (é) + 8(0)} =A%(85L) =1

2
J
1
A=
V8.5L
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20. aunagninagluuiiin —a < x < a vesadndatunning 2a lay

002 = [ cos () 550 ()

a
1m1 A waz B [|A| = |B| = 1/\/2a]

oot = aost (3 + s (2 + 2ascos (2 (2)

j 0o dx = 1

A? j+a cos? (nx) dx + B* J+a sin? (nax) dx
—-a —-a

+2AB f+a COS (nx) sin (n_x) dx} =1 (1)

2a a
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+a

( cos? () ax =3 [ 1“{1 cos (Z)}ax = 2 [x + () sin ()]

X +a

|= -3 leos*(37)] =0 @

a

2
= =2(2) [ o5t (22) afeos (32)
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wnu (2), (3), waz (4) aslu (1) azla
A%(a) + B?(a) + 2AB(0) = a(A*+B%) =1
g1 |A| = |B| azld 2a4% =1

"

1
|A| = |B| = —=
V2a
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21. s dunduvesdannseudassideuldilu Y(x) = A sin(5 x 101%x)
e x fvdaedu m 2w

(n)  AMNEIREUIABUTIEdYRIBIENNTOY [1.26 X 10719 m]
(@) Tuauduvssdiannsau [5.26 X 10™2* kg-m/s]
(M)  wasuvedianaseuluviie eV [95 eV]

21 v

wisunu  Y(x) = A sin(kx) = A sin [(7) x] wld k=5x101"m™?!
2w 21
k  5x101°m-1

h 6.626%10734] s s
P=T = Toex10-0m =526 x107“*kg-m/s
p* _ (526 x 107%* kg - m/s)?
2m, 2 X (9.1 x 10-31 kg)

A= =126 x 107 m

K =

=1.52%x 10717 ] =95 eV
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22. waunsanansanindneyniaueannigluivedesednielaceuluneaiv
aynagegninaglundas 1 fiinde 1.0 X 107" m (vwiadurrugudnans

vasfinaded) smmasnuuasluuduvesaynauearlussiundasudign
(m, = 4% 1.66x107%"kg) [0.516 MeV, 3.31 x 1072Y kg - m/s]

“WA9Y” vag “aunianean” 7 “gnin” aglu “ndas 1 47~ n319 “L” Ao

E—Z”ZhZ—2 v d0o n=123
n =N 2mL? =n 8m.. 2 Wwe n=1,2,3,

h? (6.626 X 10734 ] - 5)2

“8m,L2 8 x (4 x 1.66 x 1027 kg) X (1.0 x 10~ 4 m)?

.. 827 x107M -
=827 %107 ] = eV = 5.15 X 10° eV = 0.515 MeV

1.6 x 1071°
h h 2w nmw hm h

p:z:%Tth = pn:hkn:h(T) =~ pmin:T:Z

Emin = E4
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