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文翂

唯象理洽

理捻架构

:    於 可     :

｜........................:

物理孛的三介領域

物理孛的三介部 i┐和其中的夫系:唯象理洽

㏑oc㏕ theU呼 )(2)是介乎共翂 (1)和理洽架构

研究。
(1)和 (2)合起來是其翂物理,(2)和

是理洽物理,而理洽物理的浯言是教孛。

(phenUmenU＿

(3)之同的

(3)合起來

國立清華大學物理系(所)研究室紀錄



◤

物理孛的友展通常自共輸 (1)丌始,即 自研究現象丌

始。夫于速一友展述程,我們可以牶很多大大小小的例子°先

拳牛頓力孛的房史力例。布拉赫 (T.Brahe,l弘6-16U1)是

其驗天文物理孛容,活劫領域是 (l)° 他做了夫于行星軌道

的精密炾測。后未丌普勒 (J.Kepler,1田 1-163U)仔 細分

析布拉赫的數据,友現了有名的丌普勒三大定律。速是唯象

理洽 (2)。 最后牛頓Cll建了牛頓力孛与万有引力理嗆,其基

拙就是丌普勒的三大定律°速是理洽架构 (3)。

再牶一介例子:通道 18世紀末、19世紀初的汻多屯孛

和磁孛的共驗 (1),安培 (A.Ampere,1η 5-18鉑 )和法

拉第 (M.Faraday,1791-18θ )等人友展出了一些唯象理

洽 (2)。 最后由夌克斯市山納力有名的苃克斯市方程 (即 屯

磁孛方程),才步人理洽架构 (3)的范時°

國立清華大學物理系(所)研究室紀錄



◤

爰因斯坦

玻永

海森伯

薛定愕

狄拉克

几位 m世圮物理孛家的研究領域

海森伯杕失翂 (1)与唯象理嗆 (2)出 友:文翂与唯象

理洽是五光十色、借綜复朵的,所以他要摸索,要犰豫,要

芸斌了再芸斌,因此他的文章也就給演者不清楚、有渣滓的

感党°狄拉克則杕他肘欻孛的炅感出友:教孛的最高境界是

結构美,是筒洁的遐輯美,因此他的文章也就給演者
“
秋水

文章不染生
”
的感受°

國立清華大學物理系(所)研究室紀錄



◤

址我*卜充一魚夫于欻孛和物理的夫系。我曾銓把二者的

夫系表示力兩片在荎赴重疊的.+片 (圂 叨a.6)° 重疊的地方

同吋是二者之根,二者之源°譬如微分方程、偏微分方程、

希示伯特空同、黎曼几何和＿zf維丞等,今天都是二者共用的

基本炾念。速是惊人的事宎,因力首先迖到速些炾念的物理

孛家与教孛家曾遵循完全不同的路徑,完全不同的侍統。力

什么公殊途同力呢?大家今天沒有很好的答案,恐怕永迒不

公有 ,因力答案必須牽扯到宇宙炾、知決洽和宗教信仰等
)Ⅱ甘

=去

君II°

必須注意的是在重疊的地方,共用的基本炾念星然如此

惊人地相同,但是重疊的地方并不多,只 占二者各自的极少

部分°譬如其翂 (1)与唯象理洽 (2)都不在重疊X,而總

大部分的欻孛工作也在重疊X之外。另外值得注意的是即使

在重疊X,員然基本炾念是物理与欻孛共用,但是二者的价

值炾与侍筑截然不同,而二者友展的生命力也各 自遵循不同

的荎脙流通,如圂叨亂‘所示°

目卯a.6 二時目

國立清華大學物理系｛所)研究室紀錄



「

常常有年牷朋友同我,他庄咳研究物理,逐是研究教

孛°我的回答是速要看你肘哪一介領域里的美和妙有更高的

判斷能力和更大的喜爰°爰因斯坦在晚年吋 (1949年 )曾銓

討洽述力什么他逸捀了物理。他悅
︳叫

:

在數苧領域里,我 的直党不姼,不 能辨汰哪些是真

正重要的研究,哪些只是不重要的題目°而在物理領域

里,我很快苧到怎祥找到基本同題未下工夫°

年牷人面肘逃捀前途方向吋,要肘自己的喜好与判斷能

力有正确的自我估价。

國立清華大學物理系(所｝研究室紀錄
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尸

Heinrich】Iertz
FrUm氓‵kipe山 a,thefreeencyclUpedia

HdnHchRudUlfHertzφ 2Γebma〃

l&η 一lJalllla,1“Ⅵ)wasaG“man

phys沁ktwhUclar五 edandexpanded

JamesClerkMaxweⅢ selectrU】magnetic

theU〃 Uf埵批,wh沁hwasfI就

demUnstratcdbyDavⅡ EdwardHu望犯S

us㏑gnUn-rlgUrUus trhlandeIUr

prUccdures.Hertzkdkt㏑留ⅡshedfrUrIl

MaxweⅡ andHuJ℃sbccausehewasthe

flr血 tUcUnc㏑ S∥e妙 prUvetheo曲 tenceUf

electrUmag,1lejcWaVesbyengⅢeei㏑g

㏑stmments tUtranSmlandreceiverad㏑

pulsesus㏑gexperlrnental prUceduresthat

mledUuta1Uther knUwnwlelesS

phenUmena.I1〕 Thesc妃 n石田匕un北 Uf

frcquency——cyclespersccUnd——WaS

namedthe” hertz” ㏑hkhUnUr.P〕
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In1883,HertztUUkapUstasalecturer in theUreIcalphysicsatthcUnivers北 yUfK圮 1.

In1885,HertzbecameamⅡ prUfcssUrattheπJniversiyUfKarlsmhewherehed心 cUvercd
electrUInagnet沁 waves.

ThemUstdramat㏑ predLt㏑nUfMaxweⅡ stheU,UfelectrUm“ 興etkm,pubⅡshed㏑ 1865,
wasthee虹 stenceUfelectrUmag,1let㏑ wavesmUv㏑ gatthespeedUf狂

」I,andthecUnclusiUn
that㏒灶北sefwasjustSuchawave.T㏑ schaⅡengedexpe山mentaⅡsts tUgenerateanddetect
electrUmagneticradiatiUnus㏑ gsUmefUrlnUfelectricalapparatus.

ThefIst succeSs血 lrad㏑ transmissbnwasmadebyDavⅡ EdwardH叫典es㏑ 1879,but丘
wUuldnUtbecUnclusⅣ e9prUventUhavebeenelectrUmagnet沁 wavesuntⅡ theexperllnents
UfHe㏑r妃hHertz㏑ 188ε .FUrtheHertzra山 Uwavetransm血er,heuscdah逗灴vU北age
㏑ duct㏑ ncUⅡ ,acUndenser(capac北 Ur,Leydenjar9andasparkgap＿ whUsepUlesUne北 her
sidearefUIⅡ IedbyspheresUf2cmradius— ——tUcauSeasparkdkchargebetweenthespark
gap’spUlesUsc且㏑石hgatafrequencydeteΠ“linedbythevalueSUfthecapaciUrandthe
㏑ductiUncUⅡ .

TUprUvethererealYwasra山 at㏑nem批ed,lhadtUbedetected.Hertzuseda9eceUf
cUpperwle,1lnInthick,bent mtUaclcleUfadiameterUf7.5cln,w北 hasmaⅡ brass sphere
UnUneend,andtheUtherendUfthewlewaspUmted,w北 hthepUmt nearthesphere.He
bUug㏑ ascrewmechanism sUthatthepU㏑ tcUuldbcmUvedve〃 clUsetUtheSphere㏑ a
cUntrUⅢedfashiUn.This” receiver” wasdes堆 與edsUthatcurrentUscⅢ 飩 ㏑ gbaCkandfUrthih
thewlewUuklhaveanaturalperiUdclUsetUthatUfthe’ ’transm血 er’

’describedabUve.The
presenceUfUsciⅡ at㏑gchargc㏑ therece∥ erwUuldbe由各mledbysparksacrUss the● ㏑y)
gapbe加祀enthepU㏑ tandthesphereaypica町 ,th心 gapwashundredthsUfamⅢ㏑㏄ter).

InmUreadvancedexperlnents,HertzmeasuredthevelUclyUfelectrUmagnetLra山 auUnand

fUundltUbethcsamcastheⅡ ght’ svelUd妙 .HealsUshUwedthatthcnatureUfra山 Uwaves’

reflecjUnandrefracjonWaSthcSameasthUseUflghtandeStab㏑ hedbeyUndanydUubtthat

Ⅱ出 tkafUIIllUfeleCtrUmagnet沁 rad㏑tbnUbey㏑ gtheMaxweⅡ equat㏑ ns.

Hert◢ sexpe山ments trlggeredbrUad㏑ terest㏑ radbresearchthateventuaⅡyprUduced

cUmmerch好 suc㏄ ssfulWlelcss telegraph,audbradb,andlaterteleⅥ s㏑n.In193Uthc

IntematiUnalElectrUtechnLalCUmmiss㏑n(IEC)hUnUredHertzbynam㏑gtheun北 Uf

frequency——UnecyclepersecUnd— —the’
ihertz”

.【

2〕
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◤

28.5 STAND︳ NG ELECTRUMAGNE┬ ︳CWAVES

Interference (and diffractiUn) phenUmena are sU

characteristic Uf 
、「
aves that their presence has

al〝 ays been accepted by physicists 几S CUnCIusive
prUUf tllat a prUcess can be in七 erpreted as a、 vave
mUtiUn  ΓUrtha七 reasUn,when in theseventeenth
century YUung】  Grirnaldi, and Uthers Ubserved
interference (and diffractiUn) in theiΓ  research Un
light, thewavetheUryUflightbecame generaⅡ y
accepte(l  

一
牡tth&t tilmeelectrUmagIletic、 vaveS、 vere

nUt knU〝一n) andligh七 〝「asassumedtUbeanelastic

、
vaveinasubtlelnediun】 ,calledethe〦 thatpervaded
all lnatter It〝�asnUtuntil theendUf七 hcΥlineteenth

celltury that AIax小 ╭ell predic七 ed the existence Uf
electrUnlagnetic waves, and Hertz, by lneans Uf
interfer〔 】】ceexperirnentswhichgaverisetUstanding
electrUn】 agnetjc 〝.aVes, experiInentall╮ r verined the

existence Uf electrUInaglletic 〝.aves il1 the radiU一

fΥequencyral】 ge. LratertheirvelUcitywas rneasured

andfUulldtUbeequaItUthatUflight. TherenectiUn,

refracti()n,andpUlarizatiUIlUfelectrUn】 agnetic、vaves
〝.asalsUfUundtUbesirililartUthUseUflight  The

UbviUuscUncIusiUn〝 .astUidentifylight、
HthelectrU＿

magnetic 〝-aves Uf certain frequencies.  At that

tinleUptics,tUall inten七 salldpurpUses,ceasedtUbe
&n independentbranchUfphysicsandbecamesiIIlply

achapterUfelectrUmagnetictheUry
TUuIlderst.1ndthefUrnlatiUnUfstandingelec七 rU＿

Illlgnetic waves, assume that the waves prUduced

by &n Useil〕 ating elec七 ric dipUle are falling 
、
vith

perpendicular incidence Ul】  the pl&ne surface Uf a
perfectcUnductUr(Fig 2821).Takingthe＿Y＿axis

asthediΓ ectiUnUfprUpag&tiUnandthe1￣ ＿andZu已 XeS

as being para1lel tU the electric and 七he magne七 ic

(tt)

(b)

28.21   Standing e︳ ectro magnetic waves produced bV 了ef｜ eCtion
fromaconduot:ngsvrface

nelds, respectively, 
、
ve have a 

、
vave that is plane

pUlari2ed, with the electric neld Uscillating in the

云ry＿plane. TheelectΓ icneldis thenparalleltUthe
surfaceUfthe cUnductUr  Bu七  atthesurfaceUfa
perfect cUnductUr the electric neId mus七  be per＿
pendicular tU the cUnductUr; that is, 七he electric

neldcannUthaveatangentialcUmpUnent. TheUnly

、
vay tU Inake this cUndi七 iUn cUmpatible 

、
八th the

Urien七atiUnUftheelectricneldin theincident、 vave
is by requiring tha七 七he reSultant electric neld be
zerU a七 七hesurface Uf七he cUnductUr.  This means

國立清華大學物理系(所｝研究室紀錄



◤

一一     Hertz.expe了 iment on︳ nterfer-

enceofe︳ ectromagneticwaves

七ha七 七he electricfleld Uftherenected、 vave a七 七he
surface mustbeequalandUppUsitetUthatUf七 he

incident、 vaVe,thusgiving

8=翫 十 ε「=U

fUr x=U.   This cUnditiUn is mathematica1ly
equivalent tU the cUnditiUn fUr the renectiUn Uf

waves in astring、vith UP。 end nxed, discussedin

SectiUn 284. Since the mathema七 iCs iS the same,

wemayuseEq.(28.18)tUwriteanexpress㏑ nfUr
theIesultantelectricfield、

8 = 28Usin乃πsinω t.

The magnetic neld UscⅡ lates in the XZ＿ p㏑ne.

U血ngEq.(24.8),wenndtha七 七hemagnejcneldis
eXpressedby

a=2aUcUs乃 分CUSω t,

w北hSU=ε U/ε .TherefUrethereisaphasediffe｝
enceUf告λin thespaceVariatiUnsandUf告 Pin the
tiInevariatiUnsUfthet、 vUfields. FrUIn七 heIllathe一

matical expΓ essiUn fUr S, nUte that the m孔 gnetiC

fieldhasm&xiInumampⅡ tude已 ttheSurface  Thi忌

canalsUbeseenfrUrn thebUundarycUnditiUnatthe
surface:referⅡ ng七UΓig 28.21(b),weseeth&tifthe
eIectricneldUftheincident、 vaveisa1Ungthe┤一y′

axis,thelnagneticfieldmustbealUngthe一 一Z-axis｝

accUrding tU the relative UrientatiUn Uf the t﹋ 「
e

nelds ╮汪th respect tU the direetiUn Uf prUpagatiUn

Uftheincident、vaves,、vhichisalUngthe一 Ⅸ
=axis

FUr a zerU resul七 ant electric neld tU exis七 a七  七he

surface,theelectricneldUftherenected、 vavenlust

bea1Ungthe——Y＿axis, andsincetherenec七 ed╮vave

prUpagates a1Ung the X-axis, 七he magnetic neId
must be a1Ung the ——Z-&xis  Thus, althUugh the
elec七ricflelds interferedestructivelya七 七heSurface,

themagneticnelds intefferecUnstructiveIythere.

TheanlplitudesUftheeleetricandInagneticnelds

Uftheresultingwaveat&distance劣 frUrn七heSurface

are28Usin几”and2aUcUsπ x. Theyareindicatedby
theshadedlinesinFig.2821(a) AtthepUintswheΓ e

紅 =所  °r £=告ηλ
:

the electric neld is 2erU and the magnetic neld is

Renecting
$(lrface
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1
—

—

﹂言┤

(a)

maxiIIum. A七 七hepUintswhere

純 =仙 十 告)π  
。
r  #=(2η 十 1)λ /4,

the electric neld has a m&x丘num vaIue bu七 七he

m&gneticfleldiszerU.

Hθrtz. εxpeΓ∥nent It iS instructive tU see hUη √ Hein-

Γich I王 ertz, in 1888, with his primitive equipment,

verinedthetheUretical predictionsgivenabUve. Hertz’

Uscill&tUr is shUwn ontheleft inΠ g.28.22. Thetrans＿

fUrmer rchargesthemetallicplatesθ and θ′. These

plates disch&rge thrUugh the gap P, which beco1nes

adipUleUscillatUr. ΛlongthelineP】r,thedirectiUnUf

theelectricneldis paralleltUthey-axisandthatUfthe
magneticneldal。 ngtheZ-axis. T° Ubselvethewaves,

HertzusedashUrtwIre,bent incircularshape,butwith
a small gap.  This device is called 色 γ劣 U仙耐 Uγ .  The

diameterUftheresonatUrusedin this kindUfexperiment
mustbeverysmallcomparedWiththew易 Velengthofthe

waves.  If the ΓesUnatUr is placed wi七h itS plane per-

驟:十t:｝:｜驟 塞穿抓芒:」絀投:揣扥
兌灕涂

色
?:點t°l:甲電盟↙驟常常嗖

in片

:∫

e:it::尻U:呂

iI廿::r忌出:::騩生技
e屌

:早:s,IIertz

′智:::::丹:哇輩::::::緦 ::::最嘍∵聚琵℉皆:

magneticneld,nUm&tterwhat itsUΓ ientatiUn,itwil1shUw

28之3  Standingwaveson
arectangu︳ armemb了 ane.

(b)

nUinducedemf(Ur sp&rks). Atananun。 de。 fthemag一

netic neld, hUwever, 七he SpaΓking is greates七 When the

resUnatUr isUrientedperpendiculartUtheInagneticneld.

BymUvingtheresUnatUralUngtheInePU,Hertzfound
thepUsitiUnofthenUdesandantinUdesandthedirectiUn
Ufthe magnetic 且eld.  The results Ubt孕 inedbyHertz
coincided with the theUretical analysis we have given

By measuIing the distance between two succeSSive

技墩:早

e:甘

te:田恩:F穹
el旯

摺環:擋坤袪
d猌
援

calculatetheve1Ucityε oftheelectrUmagneticwavesby
usingtheequatiUnU =λ v. Itwasbythis means that

Hertz Ubtained the nrst experi】Ⅱental value fUr the

velUcityofpropagatiUnofelectromagneticW易 VeS.

m
〡

—
—

=
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