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WAVE AND
ORPUSCULAR OPTIC




to attribute [3'tribju :—t| [IPUITHUCHIBATH

to prefer [pri‘fa:] IIPEAMOYUTATE
to confine [kan'fain] OIPaHUYUTh
to prevail [pri‘veil] npeodanars
to recognize ['rekagnaiz] pacrio3HaBaTh
to abandon [o"baendan] OTKa3aThCsl

to predominate

[pri’dominent] mpeobIa1aTh

to account [a'kaunt] Ha CYET



corpuscle ['ka:pasl] ' TeJNbLE

corpuscular [ko:"paskjul3] KOPITY CKYJISIPHBIH
longitudinal

[ londz1tju:dinl] POIOTBHBIN
SIgmfl(dnt (s1g’mifikant] 3HAYUTEIBHOE
polarization

| poularai’zeifan| TOJIAPU3ALH
transversal [treenz'va:sal) TIOTIEPEYHEIH
oscillation |,as1'leifan] KoJieOaHue

regularity [‘regju’lzeriti] PETYISAPHOCTE



Wave and corpuscular optics

The history of modern optics is in large measure a history of the
struggle of two theories: the corpuscular and wave theories of light. The
corpuscular theory, which represents light as a stream of particles
(corpuscles), is usually attributed to Newton, although Newton himself made
use of both the corpuscular view (which he frequently preferred) and the
wave concept. Almost at the same time that Newton formulated the
corpuscular theory 91672), Huygens (1678) formulated the wave theory of
light. According to Huygens views, which held their ground in physics for
140 years, light consists of longitudinal oscillations of an "ethereal matter™
undergoing propagation in space with a certain finite velocity.

BornHa n KopnyckynsipHOM ONTUKMK

cTopusi coBpeMeHHOM ONTUKK B 3HAYNTESNTbHOU Mepe Nctopma 6opbObl ABYX
TEOopUin: KOPNYCKYNApHbIE U BOSTHOBLIE Teopumn ceeTa. KoprnyckynapHO Teopus,
KOTopas npeacTaBnseT CBET Kak NOTOK YacTul, (Koprnyckyrs), 06bI4HO
npunucbiBaeTca HblOTOHY, XOTA caM HbOTOH ncnonb3oBarn Kak KopnycKynsapHou
TOYKM 3pEHUS (KOTOPYIO OH YaCcTO NpeanoyYTUTErNbHEE) N NOHATUE BOSHLI. [1ovTn B
TO Xe camMoe BpeMs, YTO HbIOTOH cdhopMynupoBarsn KOpnycKySIApHY0 TEOPUIO
91672), NownreHc (1678) cdoopmynmpoBasn BOIHOBOW Teopun ceeTa. B
COOTBETCTBUM C BMOOM [tOUreHca, KOTOPbI NPOBEN CBOU NO3nUUn B PU3UKe Ha
npotsikeHnn 140 neT, CBET COCTOUT N3 NPOaOSIbHbIX KofiebaHnax “adpupHoun
mMatepuun”, nogsepraroLLeroca pacnpocTpaHeHe B NpPoCTpaHCTBE C HEKOTOPOW
KOHEYHOWN CKOPOCTHIO.



Using the principle (Hyugens' principle) which he formulated for the
construction of the front of a propagating light wave, Hyugens gave a clear
explanation of the laws of reflection and refraction of light. However, Huygens'
wave theory did not consider either the phenomenon of diffraction of light
then known or the Newton rings; the concept of wavelength was also absent.
Thus, this theory was actually confined to geometrical optics and did not deal
with the phenomena of physical optics. The fact that the corpuscular theory of
light prevailed throughout the eighteenth century is to be explained by the
incompleteness of the Huygens' theory and also by the absence of any
significant discoveries in physical optics.

cnonb3ysa npuHuun (npuHuunn MNonreHca), KOTopbi OH cpopmMynupoBan ans
NOCTPOEHNSA PPOHTa pacnpoCTpaHAKLENCS CBETOBAs BOSIHA, [FOUreHC UMETb
YeTKoe 0ObSACHEHME 3aKOHOB OTpaXXeHua 1 npenomMrenus ceeta. OgHako
BOJfIHOBasi Teopus [tonreHca He paccmaTtpuBanu nubo siBneHne gupakumm ceBeta
N3BECTHOWN TOorga unm koseu HbloToHa; NOHATUE ANWHLI BOSHbI TaKXKe
oTcyTcTBOBan. Takum obpasom, ata Teopumd Oblfia Ha caMoOM Aene CBOAUTCS K
EOMETPUYECKOM ONTUKE U HE UMETL AENO C ABMEeHNAMU PU3NYECKON ONTUKK. TOT
doakT, 4UTO KOpNycKynsipHas Teopusa ceBeTa npeobnaganv B BOCEMHaALATOM BEKE
obbsacHAeTCA HENOMHOTOM Teopuu NonreHca, a Takke OTCYTCTBUE KaKuUx-nbo
3HaAYNTENbHbIX OTKPbITUA B 06nacTu onu3ndeckom onTUKu.



The first blow to the corpuscular theory was dealt in 1801 by
Young, who introduced the concept of the interference of light, which is
alien to this theory, and explained the Newton rings on the basis of this
concept. At the same time, Young found a way of determining the
length of light waves by means of the Newton rings. In 1809 Malus
discovered the polarization of light; this led Young to the idea of the
transversality of light oscillations which was further developed in the
experiments of Fresnel and Arago, who showed that rays polarized at
right angles do not interfere.

[NepBbin yaap no KopnyckynsapHou teopumn bbin paccMmoTpeH B 1801
rogy KOHr, KOTOpLIN BBEN NOHATUE NHTEPMEPEHLUN CBETA, KOTOPbIN YYyXa
3TON Teopun, N 06BLACHUN KonbLa HeloTOHa Ha OCHOBE 3TOW KoHUenuun. B
TO Xe Bpems, FOHr Hawen cnocob onpeaenennsa afnHbl CBETOBbLIX BOSTH C
nomoLlblo Koney, HetotoHa. B 1809 Marnito obHapyXun nonspusauunto CBETa;
970 NpuBesno KOHra K ngee nonepeyHoCTN CBETOBbLIX KONnebaHnn, KOTOpbIn
nony4ymn ganbHeunwee passntme B onbitax PpeHena n Aparo, KOTopbIn
nokasarn, YTto Nny4u NonspusoBaHbl No4 NPSAMbIM YoM HE MELLAIOT.



An important role in establishing the wave theory of light was played by
the diffraction theory of Fresnel based on the Hyugens' principle and the
interference of light waves. The wave theory was brought to completion
by Maxwell's electromagnetic theory of light, which became generally
recognized through the experiments of Hertz (1878) with electromagnetic
waves. Due to the successes of the wave theory, by the start of the
twentieth century the corpuscular theory of light was practically
abandoned.

BakHyto posib B co34aHum BOSIHOBOW TeOpUK CBETa urpanu teopum
andppakumm dpeHens Ha ocHoBe npuHumna lNonreHca n HTepdepeHUnm
CBETOBbLIX BOSIH. BonHoBasi Teopus bbina gosegeHa 4o KOHUA
ariekTpomMarHMTHon Teopun ceeta Makcsernna, KoTopbii cTan
oOLenpunsHaHHon Yyepes onbiTax 'epua (1878 1.) ¢ anekTpoMarHUTHbIMU
BoSIHAaMKU. B cBA3M C ycrnexamu BONMHOBOM Teopun, K Havany XX Beka
KOpMyCKynspHas Teopus ceeTa Obinia npakTU4eckn 3abpoLueH.



However, in this century it was revived on the basis of new discoveries
in physics; first among them is the discovery of the photoelectric effect
and of quanta of radiant energy. All the experimentally established
regularities of the photoelectric effect could not be accounted for on the
basis of the wave theory of light and were fully interpreted only by means
of the photon theory (Einstein, 1905). Later, this same theory made
possible a brilliant interpretation of the Compton effect.

Tem He MeHee, B 3TOM BeKe OH OblfT1 BO3POXAEH HA OCHOBE HOBbIX
OTKPbITUX B PM3UKE; NePBbIM CPpeaun HUX ABIAETCA OTKPbITUE poToaddekTa U
KBAHTOB NTy4nCTON 3HEeprnn. Bce akcnepnmMeHTanbHO YCTaHOBIIEHHbIE
3aKOHOMEpPHOCTUN hoTO3(PdEKTA HE MOXKET ObITb OOBLACHEHO HA OCHOBE
BOJSTHOBOW TEOPUU CBETA M ObINN MOMTHOCTLI UHTEPNPETUPOBAHBLI TOSTbKO C
NOMOLLLI0 Teopun poToHOB (DnHWTENH, 1905). No3Xe aTa Xe Teopusa crana
BO3MOXXHOW Briectawyto nHtepnpetaumio adodekra KomntoHa.



The photon theory did not confine itself to recognizing Planck s
postulate of the quantum nature of absorption and emission of light by
advancing the concept of light quanta, the quantum nature of light; in the
photon theory, light quanta (or photons) are endowed with corpuscular
properties: a definite energy (hv), velocity (c), mass (hv/c” 2). The
photon theory, or the corpuscular theory of light, which described such
phenomena as the photoelectric effect and the Compton effect that could
not be accounted for on the basis of the wave theory of light, proved to
be helpless in explaining a broad range of optical phenomena, first of all
the interference and diffraction of light, which are readily understood in
terms of wave concepts.

Teopua OTOHA He orpaHNYnNTCA NpuUsHaHuga naHka cek nocrynart
KBAHTOBOM MPuUpoabl NOrMoLweHNs U NCNyCKaHUA CBETa, BblaBurasi MOHATUE
KBAaHTOB CBETa, KBAHTOBOW NpupoAbl CBETA; B TeOpun OOTOHOB, KBAHTOB CBETa
(nnn OTOHLI) 06nNagaT KOPNYCKYNAPHLIMU CBOMCTBAMU: ONPeaEnEeHHYI0
9Hepruto (hv), ckopocTsb (c), macca (hv / ¢ * 2). Teopua doToHa, nnm
KOPMNYyCKYNApPHOM TEOPUN CBETA, B KOTOPOM OMNUCLIBAOTCS Takue SABNEHUs, Kak
dooToanekTpuyeckoro apdekta n acdpdekta KomntoHa, YTO HE MOXKET ObITh
0OBbACHEHO Ha OCHOBE BOSTHOBOM TEOPUM CBETA, OKa3anucb 0eCnoOMOLLHbI B
0OBbACHEHMN LUMPOKOrO CNeKTpa ONTUYECKNX ABIIEHUS, B NEPBYIO OMEPEdb
nHTepdepeHUnn N gudpakunm ceeta, KOTOpPbIE fNerko NOHATb B TEpPMUHAX
BOMHOBbIX MOHATUMN.



Thus, the wave theory concepts should by no means be
rejected as a consequence of the successes of the photon
theory. The bulk of information concerning the properties of
light compels us to recognize that light possesses both
corpuscular and wave properties, but in certain phenomena
corpuscular properties predominate, in others, wave
properties. Furthermore, manifestation of the properties is
frequently dependent upon the conditions under which the
given optical phenomenon occurs.

Taknm obpasom, NOHATUSA BOSTHOBOMN TEOPUM HUKOUM 0Bpa3oM He OOSMKHa ObITb
OTKINOHEHa KaK crneactBune ycnexos Teopmn dOTOHOB. bornbLiada 4acTb
NHdOpPMaLIMM O CBOMCTBAX CBETA 3aCTaBMsET HAc NPMU3HaTb, YTO CBET 0bnagaeT Kak
KOPMYCKYNAPHbIMWU, Tak U BONHOBBLIMW CBOMCTBaMW, HO B HEKOTOPbLIX SBIIEHUN
npeobnagatoT KOpNycKynapHble CBOUCTBA, B APYrMX BOSIHOBbLIX CBOUCTB. Kpome
TOro, NPOSIBIIEHME CBOWUCTB YacTO 3aBUCUT OT YCIOBUN, MPU KOTOPLIX MPOUCXOAUT
OaHHOE ONTUYeCcKoe ABIEHME.



NOTES TO THE TEXT

I. to hold one's ground —coxpanaTh CBOH NOSHILHHK

2. first of all — npexpe Beero

3. to deal with — paccmarpusars

4. to deal a blow — nanocuts yaap

5. to account for — oGbsacHsTH

6. proved to be helpless — okasanacs ne B cocrosuun (Gec-
NOMOLLHORM)

7. in terms of — wa ocroBe, HCXOAA M3

8. by no means — nuxoum o6paso™, HH B KoeM Cayuae

9. Huygens ("haiganz] lNoftrenc

10. Fresnel [frei'nel] ®penean

11. Maxwell l'maksmlrMaxcaw

12. Hertz [herts] epu

13. Planck ['pla:nk] ITaank

14. Compton ["kamptan] Komnron

15, Einstein ["ainstain] Sftnuredn




Exercise 4

Ha OCHOBe
npv NoOMoLLun

HUKOUM OOpa3om

UCNoJb30BaTb

cornacHo

B COOTBETCTBUMU C

aBneHne andpakumm ceeta
nonspusauusa ceeTa

UHTepdepeHUUs cBeTa

nornoweHue ceeta

paccesiHue cBeTa

AJIMHA BOJIHbI

BOJIHOBasA N KOPNyCKynsipHasi OonTukKa
npuHuun MNonreHca

3akoH Manto

aBneHue ®apapen

HabnoaeHua Aparo

onbIT HblOTOHa

adpdekt KomntoHa

noctosiHHas lNnaHka

based

with help

no way

use

according to

in accordance with

light diffraction phenomenon
light polarization

light interference

light absorption

light scattering

Wavelength

corpuscular and wave optics
Huygens' principle

law Malus

Faraday effect

observation Arago

Newton's experience
Compton effect

Planck's constant




Exercise 2
1.0ptics is a branch of physics. 2.1t is concerned with the study of light, its

production, propagation, measurement. 3.0ptics is divided into geometrical and
physical. 4.The ray treatment of light is called geometrical optics. 5.Physical optics
accounts for the objective phenomena of light. 6.The corpuscular theory explained
interference, diffraction and polarization. 7.This theory failed to explain the
interactions of light with matter. 8.\WWave motion appears naturally in many different
forms, the principal ones being surface waves, longitudinal waves, transverse
waves. 9.All types are governed by a single equation, the equation of wave motion.
10.This concept forms the basis of quantum theory. 11.This effect is due to the
motion of charges. 12.This forse may be described in terms of the exchange of
photons.

1. OnTnyeckasa cuctema asnsetcs punuanom pusmnkun. 2. OHO cBA3aHO C U3yYeHNEM
CBETa, ero NPon3BOACTBa, pacnpocTpaHeHusd, namepeHus. 3. OntTndeckas cMctema
OEennTcs Ha reoMeTpuyveckn n pusndeckmin. 4. JledeHune nyd ceeta HasblBaeTcsd
reoMeTpun4ecKon onNTUKKN. 5. Pusmyeckas onTuka y4nTbiBaeT OObEKTUBHLIX SBIIEHUN
cBeTa. 6 KopnyckyndapHbin Teopus o0bsicHANA MHTepdEPEHLMIO, OMPPaKUUIO U
nonsapusaumio. 7. 3ta Teopust He cmorna ObbACHUTL B3aMMOOENCTBUE CBETA C
BewecTBoM. 8. BornHOBOE ABWXEeHMEe eCTeCTBEHHbIM 06pa3oM BO MHOIMX PasfinyHbIX
doopmax, OCHOBHbLIMM U3 KOTOPbIX ABMAKTCA NOBEPXHOCTHbLIE BOSIHbLI, MPOAOSIbHbIE
BOJIHbI, NonepeyHble BOSHbIL. 9. Bce BuabI perynmpyroTca O4HUM YpaBHEHUEM,
ypaBHeHUA OBMKEHUA BOSTH. 10.9TO KOHUENUUs NeXnuT B OCHOBE KBAHTOBOW TEOPUMN.
11.9T70 apdekT 0bycrnosrneH ABmxKeHNneM 3apsaoB. 12. 31a cuna MOXeT ObITb
onncaHa B TepMmHax obMeHa pOTOHaMM.



of time after the start of oscillation
of equilibrium position will be equal to half the
ilon period of 24 seconds, the initial phase is zero?

Analyse SOluﬁon H
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Ne1. Yepes kakon MUHUMATIBHLIM NPOMEXYTOK BPEMEHM Nocre Havana
KornebaHu cMeLLLEHNE TOYKN N3 MOSTOXEHNS paBHOBECUA DyaEeT paBHO
NOSIOBUHE aMNNUTyAbl, eCnu nepuop konebaHna 24 ¢, HavyanbHasa asa

paBHa Hyn?

JlaHo:

Haiitu : £y

AHanuzs
e . 2T
x = Asin(wt + @y) = A sm(_.Tt + @g)

. 21 1
xy = Asin (.? t)) = EA
21

_ 1
sm? ty = E
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PemeHue :
by )
B~ "

OTBeT: t1 =2c



0 MOBEPHYTb NSOLAAKY, YTObOLI ee
LiInnacb BABOE NO CPaBHEHUIO C TOW
)TOopasi bbina npu neprneHanKynsipHoMm

Pemenue :
cosa = 0,5

a ¥ 1,05 pag

OTeeT: a N 1'05 p



Ne2. On which angle you want to rotate platform to
its luminance decreased by half compared with the
lighting, which was at normal incidence rays?

Given by

E,=0,5E,

to find: ¢y

Analyse

E—I
1=

I cosa

-
re

0,571 _ Icosa

p2 e

cosa = 0,5

Solution :

cosa = 0,5

a ~1,05rad

Answer : g %1,05rad









