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編號 : ˊ 一
總號 :

p;ζ才′t′ =  〞
′
rㄔ .ㄊ,ψ i色′【.′ 9

ˊ

a夕 ε6E〦tt〞

r‘v′.

旄 把 Uθ力ε翃 v

一
二二二二二二二二二二二〧〧〧:〧〧二二二〧〧〧:—

—」匕∠t之山∠＿＿＿╯ZLL＿＿┘‘tL◢﹂出口口已口口LΞL＿＿＿＿三≒
‘

一

L2└————＿＿＿＿＿————————————————————二二二二二二二二二

一
        ′θ ′fV θ邁9
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一
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Vrλ 〕 ＿

—

4J劦 磁 λ     r〞 :U已 4X=U′

m迎 ㏑丘㎡te一welI

FncetUthereσ UnU<x<L.It

:#黼琵群汁一′∠ =力 π    力 工 ′́′′‥.

99=5

9

4蹋

EU
E=U

eneΓ紆 ls馬
方2〞

2〞L2.

。       ThegrUund-state
wavefmcHUn的 (x)′ aswellas

輔瑚糊 :
+、 z,m:Hnn｛ n+γ ==了 /2 忍(P￣F、 石Π3甲 室 系P舍皂



編號 : 6一
分類 :

糸憋老先 :

一

丁heWaVefunct︳ ons
｛s。 ∥dco︳ oΓ｝andp「obabⅡ itv

dens｜ ties｛∥ghtco︳ or｝ f。 rthe
groundstate｛η=1｝ andf︳ rst th「ee
eXc︳tedstates｛刀=2,3.and4｝

。
fa

part︳ c︳econ而 nedtoan︳ nf︳ n︳teone-
d︳ 了nenS︳ ona︳ potent︳ a︳ weⅡ ofw︳ dth
a.Notethatthewavefunct︳ onsare
e︳ the「 oddo「 evenfunctionSofx.

91=4

9I=3

9I=2

π=l

E工 16E1

E工 4E】

E=El

X工 U
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—

— — — — — — — — — — — — —
—

— —

∠ Lt口
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︼

一

至 多

u＿ ＿ 」 ⊿ └ ∠
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H力ㄅH4η︼ㄋπΓ一
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We retum nU、v tU the

tiUn2.39):
Schr。dinger equaⅡ Un fUr the harmUnic UscillatUr

一
舞 粵

十
言
羽ω

2X2ψ
=羾

(Equa-

I2.55〕

I2.56〕

Thin..slUUkalittlecIeanerifweintrUducethedimensiUnlessv㏕ abIe

ξ≡

in termsUfξ ,theSchrδ dingerequa亡 iUnreads

(ξ
2-K)φ

,=夠
一〃

用ω

┬
x;

whereKis theenergy,inunitsUf(l/2)乃 ω:

2E
K≡

万石
Uur prUbIem istUsUlveEquatiUn25aandin theprUcessUbtain the“ allUwed” values

UfK°ndhenceUfE)
TUbe區 nwith,nUtethatatvery】 argeξ (whlchis tUsay,飩 Ve叩 la吧 ex),ξ 2

cUmpleteIydUnlinatesUverthecUnstant水 ∴sUin this regilne

:;;台
∼ξ2九

whichhastheapprUxiInatesUluⅡ Un(chcck it!)

tl/(ξ )∼ 4ε ε二/2+Bε十ξ./2.

TheBtem isclearlynUtnb無 n㏕iZableatblUwsupas｜ x〡

acceptablesUlutiUns,then,havetheasymptUticfUrm

ψ(ξ )→ ()θ十二/2, 舡Iargeξ .

This suggests thatwe‘
‘
peelUfF’ theexpUnentialpart,

φ(ξ )=乃 (ξ )θ
一′/2,

inhUpesthatwhatrem缸 ns口佔)IhasasimplerfunctiUnal
DiΠbrentiaungEquatlUn2石 l,wehave

一ξ
2/2

乃(ξ)=匈 +a】ξ+仍′十‥=ΣEㄌξ’
9=U

I2.57〕

I2.58〕

I259〕

°
。
); thephysica1ly

I2.6U〕

I9t.(91〕

fUmthanψ 佑)丘self1.

【262〕

【2.63〕

告誓=(券
\
—

—

/

乃

一

and

努=(窘 -2ξ勞+偌 2一 ●乃
)θ一
ㄅ2

sUtheSchrδ dingerequatiUn(EquatiUn2.56)becUmes

ˊ2乃     〞乃

〞
-2ξ

π
十(K-1)乃 =U.

IprUpUsetUlUUkfUrasUlution tUEquatiUn262in thefUrInUfapU、 verseHcs
inξ

15:

14NUtethatalthoughweinvokedsomeapproximajons to翃
U9:Varθ Equatlon261,、 vhat●ol】 ows is

aθεr ThedeviceofsmppiΠ gol￣ftheasymptotIcbehavior is thestandardnrst stePin thepU、verseHeS
methodfUrsUlvingdiIferent㏑】equat1Uns see,fUrexamPle,B。 as(cited㏑ fUUtnote8),Chapterl2

I5AccordingtUTaylor’ stheorem,anyreasonablywell-behavedfuncjUⅡ canbeexPreSsedasapo、 ver

seHes,soEquatjon263involvesnUreaIloss ofgenerality Forconditions on theapplicabilItyofthesehes

method,seeBoaS㏄ iled㏑ fUotnote8)° rGeorgcA闐㎏n,Mat乃 θ〞arjε〞庛 妨Uㄙ力rPㄉ ,jε心心,3rded
(Urlando,FL:AcademicPress,1985),Secti° n85
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分期 :

編 號 : /＿ ＿

6憋 老先 :

.   ● 

一

DifferentiatingtheseriesteΓ Il1byterIm,

where

券
詡 吻 +助嗜 叮 ⋯ =言 外 ‵

窘
=2a2+2.3a3ξ 十3.4a4ξ

2+⋯
=居

二
σ 十 叫 +勾幻十2ξ

’
.

and

PuttingtheseintUEqua﹂ Un2石2,wennd

Σ k十

一

)σ 十 勾幻+2￣ 2。幻 +(K一 1炳〕ξ
’=U. p.6劍

9=U

ItfUllUws(frUmtheuniquenessUfpUwerseHesexpansiUnsI° )thatthecUemcientUf
εaε乃pU〃εrUfξ mustvanish,

σ十1)(′ +勾ㄌ十2￣ 2。幻十(K一 l)与 =U,

andhencethat
(2′ +l一 K)

幻十2=σ
+l)σ +勾幻.

This recⅡrSiUnfUrmu︳ aisentirelyequivalenttUtheSchr° dingerequatiUn itself.

(HVenaUitenablesus(in pHnciple)tUgeneratea2,a4,a‘ ,...,andgivenal itgenerates
a3,a5,a7,‥ ..LetuSwHte

I9t.(95〕

I2.66〕乃(ξ )=矺ven佑 )十 力
。
dd(ξ ),

乃even(ξ )≡ aU十 他ξ
2十

a4ξ
4+‥

.

isanε vε刀funCIUnUfξ (sinceit invUlvesUnlyevenpUwers),builtUnaU,and

乃Udd(ξ )≡ alξ +a站3十
仿ξ

5十 ‥.

isanUddfuncjUn,builtUna1.ThuSEquaⅡ Un2.65deterlmnes乃 (ξ )in termsUftwU
arbitrarvcUnstants(aUandaI)一 w㏑chis justwhatWeWUuldexpect,fUrasecUnd-
UrderdiIferentialequatiUn.

HUWeVe几 notaIlthesUlutiUns sUUbtainedarenUmaIiZable. FUratveoylarge

′,山erecur㎡ UnfUl11luIabecUmes(apprU如 matel”

2
ㄌ十2￣

￣

。

ㄌ ,

1.See,fUrexaInpIe,ARen(fUUtnUtel5),SectioΠ 57

國 十

一

盡 十 出 勤 田 玄 百́序
、
工Il咖 南 山 ﹌



分
一編
一總

類
一號
一號

乙 -

withthe(apprUximate)sUIutiUn

C
幻∼

7� /2)!’

fUrsUmecUnStantC,andtlIisy沁 lds(atlargeξ ,wherctlle㏑ ghcrpUwersdUmin.nte)

忙)∼ CΣ片去′∼cΣ
t
s

1
一

H
能 Cεξ2

NUw,if力 gU㏄ likeexp佔 2),thenψ (rememberψ γ一 that,swhatwe’ ret,ingtUcalcl
late)gUes likeexp(ξ 2/2)(EquajUn2.61),whichis p了 eCiSelytheasymptU└ cbehavlUr

wetUKtwant.I’ ThereisUnlyUnewaytUw㎏ gleUutUfthis:FUrnUmalizablesUlu-

ⅡUns r乃εpU〃εrJε r9θ∫〞v“ 比r〃氿a比 .TheremustUccursUme“ ㏑ ghest” � (call it刀 )

suchthattherecursiUnfUmulaspi心 Uuta刀 +2=U(thiswill truncate打加 rtheseHes

乃eⅦnUrtheSeHes乃
。
dd;theU〞乃θrUncInustbeZerUfrUmthestart). FUrphysica1ly

acceptablesUlutiUns,then,wemusthave

K=幼 +1,

fUrsUmepUsiⅡ veinteger刀 ,WhiChis tUsay(refernngtUEquaⅡ Un257)thattheε〞 �扑

mustbeUfthefUm

易=“ +:V。 fUrr=aL年 ⋯ I267〕

ThuswerecUVe几 byaCUmpletelydifferent methUd, 山efundamentalquantiZatiUn

cUnditiUnwefUundalgebraicallyinEquatiUn25U.

FUrtheallUwedvaluesUfK,therecursiUnfUrInuIareads

-2(刀 一╯)

I268〕ㄌ+2= (o+l)(o十 2)

I刀 =U,thereisUnlyUnctem intheseHes(wemust pkkal=UtU㏑ 11乃
。
dd,and

�=UinEquatiUn2.ε 8”eldsa2=U):

乃U(ξ)=aU,

咖佔)=aⅣ一ξ2/2

(whichreprUducesEquaⅡ Un248). ΓUr/l=1WepickaU=U,I8andEquajUn2沰 8

with′ =1” elds的 =U,SU
乃I佔 )=alξ ,

1’
It’ SⅡ oSurp㎡ sethattheill-behavedsUlutionsareStlllcont」 nedinEquatlon265;this recurSion

relatlon isequivalentto theSchr° dingerequation,So jt’ Sgotto includeboththeasymPtoucfonnswefUund

inEquation259
I8Notelhatthereisacompletelydifferent setofcoemcientsa� fUreachvaluoof,9

%

andhence
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油一統一統
φI(ξ )=θ｜ξt一′/2

2.51).FUr刀 =2,。 =UyieIds” =-2aU,ando=2gives

乃2(ξ)=a㎡ l一 竹
2)

ψ2(ξ )=aU(l-2′ )〞
ξ̄〕/2,

andsUUn.(CUmpa比 PrUblem2.13,wherethesamercsultwasUbtainedbyaIgebralc

means.)

IngeneraI,乃 Ⅱ(ξ )willbeapUlynUmialUfdegree刀 inξ ,invUlvingevenpUwers
Unly,ifKisaneven integer,andUddpUwersUnly,if刀 iSanUddintegei ApartfrUm
theUvera11factUr(aUUral)theyarethesU-calIedHermitepUlynUmia︳ S,西易 (ξ ).1’

ThenrstfewUfthemarelistedinTable2.1. BytraditiUn,thearbitraFγ rnultipIicative

血dbr6chUsensUth飩 theCUemdentUftheh㎏ hest pUwerUfξ is2’
’.Withthis

cUnventiUn,thenUmalized2° statiUnarystatesfUrtheharmUnicUscillatUrare

andhence

(cUnnrmingEquatiUn

臼 =U,SU

and

ψ〞“)= I2.69I

Theyareidentical(UfcUurse)tUtheUnesweUbtainedalgebraicallyinEquatiUn26U.

InFigure2.5aIh鉀 eplUttedψ〞什 )fUrthenrstfew刀
’
S.

ThequantumUsciIlatUr is sthljnglydiIferentfrUm itsclassicalcUunterpart一

nUtUnlyaretheeneΓgiesquantized,butthepositiUndisthbutiUnshavesUmebiZaie

features. FUr inStance,theprUbabilityUfnndingtheparticleUutsidetheclassically

allUwedrangeahat is,withxgreater山 antheclasskaIamplitudefUrtheener.cy
in questiUn)isKU〞 zerU(seePrUblem2.15),andinallUddstatestheprUbabilityUf

TableZl: ThenrStfewHer㏕ tepUl,mU㏕ alS,〃η什)

JiU=l,

〃l =2x,

Jf,=4x2-2,

Jf3=肚 3一 】2x,

ri.=16x4＿ 48x2+12,

Jis=3Z√ 一16U,r〕 +12”

:’ TheHenIl1tePolynomialshaVebeen stlIdiedextenSiVelyin themathematicalIiteΓ ature,andthere

aremanytooIsand㎡ cksfUrworkingwiththem. Afewoftheseareexp】 oredinProb】 em218
2UIshalInot、 vork ou6theΠ o.nalizationconstanthere;ifyouareinterestedin knowingho、 vit is

done.see,fUrexample,LeonardSchlff,@tta乃 r口 99I砌ㄉc方a〞 ic∫,3rded(NewYUrk:McGraw-Hill,1968),
Section l3.

\
、

,
/砌

一翃

ˊ

‘

I
\ 扁馬㎡′

Πndingthepartic︳eatthecenterUfthepUtentialweⅢ iszerU.Un!yatrelativeIyIaΓ ge

刀 dU、Vebegin tUseesUmeresemblance亡UtheClassicalcase. InFigure2.5bIhave

supeHmpUsedthecIassicalpUsitiUndisthbu● UnUnthequantumUne(fUr刀 = lUU);if

yUuSmUUthedUutthebumps in thelatter,thetwUwUu︳ dnt prettywell(hUwever,in

thec︳ aSsicalcasewearetalkingabUutthedistributiUnUfpUSitiUnsUverrI,,ltfUrU,1ε

UsciIlatU已 Whereas in thequantumcaseㄐ/earetalkingabUutthedistributiUnUvefan

εK∫ε用切εUfident沁 allyΨreparedsystems).2!
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┬hepotentia!fvnct︳ on

Ⅵx｝

。
faone-dimens:ona︳

ha「monicosc∥︳ato「 .C︳ ass︳ ca∥y,a

part︳ c︳eofenergyξ °sci︳ ︳ates

bemeenthetuΓ n︳ ngpo︳ ntS

atx=±月.

┬heenergy︳ eve︳ s。f

theharmon︳ c°scⅡ ︳ato「 . N。tethat

thed:ffe「encebemeenadjacent
ene「gy︳ eVe︳ s is︳ ndependent。 fη

andequa︳ t。 Δr=方ω°.┬ΓanS︳ ti。 ns

co「reSpondingtoΔ刀=± lare

indicatedbya「 rows.

吹玢=告 t′ =告 抑︸

魂=° +告 )力ω

E.=(4+告 )力ω

馬=(3+告 )乃ω

崑=φ +告 )力ω

Π=a十 )力
ω

EU=告 乃ω

一
 
一

國立活華大學物理系 (所 )研 究室紀錄



八二
編
一總

類

一
號

一號

二 鸓 ｜2

——
 PU° )

(.)

卄兕】2
Pl° )
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田

一
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、
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。
(x)｜

2

(a)Thef士 StfUur stat1UnaⅣ statesUftheharmU血 cUScⅡ latUr.
Φ)GraphUf〡ψI(×12,ⅥjththeClassicaldlstribuhUn(dashedcuⅣ

e)superⅡ npUsed

一
 
一
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編號 : 男 一′
總 號 :

＿ ′一 ′力祝

′ 呦4兄 )

:;:t一;;:〞

t乃t

乎 易 工
丸 助 ε 可 rㄅ 砝 〞 6Uπ 磁 必 J我 6山 ＿＿紅 一 �

,砌
ε
作 拖 .

γ ﹎﹉﹏i,

ˊ 形t方勿ε
一 一εψ銘陷乙θ

a付 tV叮‘′ηtㄊt叼6一
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總號 :
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