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UNIT 7 — THEORIES OF LIGHT

Stage 1 — Vocabulary

Theories of Light

Stage I — Vocabulary I

@ adequate ['sedrkwit] a
advocate ['sedvekit] n
barrier ['beerie] 1
corpuscle ['ko:pasl]
corpuscular [ko:'paskjula] a
correct [ka'rekt] a
deviation [,di:vr’e1f(a)n] n
diffraction [dr'freek{(a)n] #
electron [r'lektron] n

elementary [,eli'ment(a)ri] a
evolution [,i:ve’l(ju:f(a)n] n
hypothesis [har'paBisis] # (p/ -ses)
illustrate ['rlestrert] v

interference [,inte’frar(a)ns] 7
modification [,madifr'kerf(e)n] n
mystery ['mist(a)r1] »

ocean ["suf(a)n] 1

photoelectric [,fauta(u)r'lektrik] a

pioneer [,pars’nia] #

photon ['feuton] n

polarization
[.paul(a)rar’zeif(e)n] n

postulate ['postjulert] v

prestige [pres'ti:z] n

reality [ri(:) eeltt] n

reputation [,repju(:)'terf(e)n] »

terminology [,ta:mr'noledzi] #

abandon [e'bsendan] v 0TKa3BIBATHCS OT

argue [‘a:gju:] v TOKa3eIBaTh; YIBEPKIATH

circumstance ['se:kemstans] n 1) cayuaii,
00CTOsTENBCTBO; 2) pl. 00CTOATENBCTRA,
YCIIOBHS;
under the circumstances — mpu TaHHBIX
0OCTOATENBCTRBAX, TPH /B/ ATHX YCIOBHIX

collide [ke'laid] v cTankuBaThCH

combine [kem’bain] v 00 beTuHATR(CsT)

community [ke'mju:nati] # coobIIecTBO

compelling [kem'pelin] a MOLITHEIII;
ybeauTenbHbIR

complementary [ ,komplr'mentsri] a
JONOIHATENBHBIA

compound « ['kompaund] CITOXHBIH;
COCTaBHOM

conclude [ken’klu:d] v IpHHTH K BRIBOTY

confirm [ken'fa:m] v 1) moaTBepkmarth; 2)
VTBEPKIATH, 3aKPETLIITE

consequence ['konstkwans] 1 1)
(mo)cnencTBHe; 2) BBIBO, 3aKIIOUCHHE

contradict [ kontra'dikt] v 1) npoTHBOpEeYUTS,
BO3paKaTh; 2) OIPOBEpraTh, OTPHIATE

convincingly [ken'vin(t)sinl] adv
yOeAuTeIbHBIH

degree [dr'gri:] » cTeneHb, yPOBEHD

despite [di'spart] prep HECMOTps Ha

doubt [daut] » coMmHeHHE

empirical [em’pirik(s)l] @ SMIIAPHYECKUIA,
OCHOBAHHEIH Ha OIBITE

establish [1s'teeblif] v co3maBaTh, OCHOBEIBATH

evidence ['evidens] # 1) moka3aTenscTBO; 2)
OYEBHAHOCTE; 3) OCHOBaHHE, JaHHLIC

exact [1g'zeekt] o TOUHBIH

examine [1g'za&emin] v pacCMaTpHBATh,
HCCIIEOBATh

exhibit [1g'zibit] v TOKa3BIBATE, IPOSRIATE

fail [ferl] v HE yoaBaTbCa

favour ['ferve] 1) » omobpenue; in favour of —
3a, B 3alIIUTY; 2) v 1) noMorars, NoAIepKUBaTh;
2) oKa3bpIBaTh OPEANOYTEHUE

finite ["farnart] o orpaHUYeHHBIH, UMEIOLIHH
npenen

fulfil [ful'fil] v 1) BRITOJIHATB, 3aBEpLIATH; 2)
YIIOBJIETBOPATH (TpeOOBaHHUAM, YCIIOBHAM)

generalization [,dzenarslar’zeif(e)n] »
00001meHue, obliee NpaBHIIo

initial [r'nif(a)l] ¢ (mepBO)HAYANEHEIH

intentional [1n'tenfenl] ¢ 1ieIeHan paBIeHHEIH,
HAMEPEHHBIN, YMBIIITEHHBIN

investigate [In'vestigeit] v HCCIEA0BATh, H3Y4YaTh

lack (of) [leek] # OTCYTCTBHE, HEAOCTATOK

manner ['maens] 7 crmocod, MeTos, 0bpas
JIeHCTBHS

merely ['miali] adv ToBEKO, IPOCTO

nitrogen ['nartredzen] » xum. a3oT

numerous ['njuim (8)ras] ¢ MHONOYUCIIEHHBIN

obviously ["obviasli] ¢ 04€BHJIHO, SBHO

overwhelming [,suve’welmin] ¢ NOJABISIONIHH,
IPEBOCXOJIIIIHMH (10 KOIUMeCmaY, Kavecme))

partly ['pa:tli] adv 9acTHYHO; OTYACTH

percept ['pa:sapt] # 00BEKT

perform [pa'fo:m] v 1) BEINOTHATE, AETaTh,
COBEpINATE; 2) MPEICTARISTE (¥mo-i1. hepeo
ayoumopueii)

prominent [‘prominenit] @ BEIAIOIIHNACH,
3HAMEHHTHII, H3BECTHBIA
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UNIT 7 — THEORIES OF LIGHT

Stage 1 — Vocabulary

propagate ['propagelt] v iepe/iaBarscs yepes
Cpeny, pacpoCTpaHAThECS

propose [pra'psauz] v Ipeamararsb

put forward [put ‘foiwed] v mpeanarars,
BBEIABHTATH

puzzle ['pazl] v IpUBOIUTE B 3aTpyJHCHHE,
CTaBUThH B TYIIHK; 0331a9HBATh

query ['kwiarr] # BOIPOC; COMHEHHE

rather ['ra:8e] adv ckopee, BepHee,
npeanouTuTenitHee; rather than — a ne;
BMECTO

rational ['ref(a)n(e)l] a pa3yMHEI

reasonable ['ri:zenabl] a pazymHBIH,
HpHEMIIEMBIR

reasoning ['ri:zznin] # paccyxieHus;
o0BACHEHUS

reconcile ['rek(s)nsail] v coracoBeIBaTS,
IPHBOAUTE B COOTBETCTBUE

regard [rr'ga:d] v BEICOKO IIEHHTh, TOYATATD,
YBaKaTh

rest (upon) [rest] v OCHOBBIBAThCS, OITHPATHCS
(Ha)

sample [sa:mpl] # oOpazen

screen [skri:n] » 3Kkpan

sense [sens] n 1) 9yBCTBO, OIOyIICHHE; 2)
CMBIC]I, 3HAYECHHUE

series ['steri:z] n (pl 6e3 uzmenenuii) psn,
TOCHIEIOBATENHHOCT, CEPUS

shadow ['feedau] n TeHn

significant [sig'nifikent] ¢ 3HAYMTEILHBIH,
B&)KHBIN, CYIIECTBEHHBIN, 3HAMEHATETBHBIA

similar (to) ["'simile] ¢ moxoOHEIH

spectator [spek’terte] » HabomaTENHL

speculation [,spekju’leif(e)n] # 1) pasmbiieHne;
2) TeopHs, MPEIOIOKEHHE

steady ['sted1] @ DOCTOSHHBINH

stream [strizm] # TeYCHHE, TOTOK

struggle [’stragl] n 6oprda

successful [sek’'sesful] ¢ ycrelHBIH, yaa4HbIR

support [se’po:t] v TOAOEPKUBATE

trial [trarsl] » HCTIBITAHEE

unchallenged [aAn'tfeelind3zd] ¢ npunEMaeMEil 6e3
BO3PKCHUH, HEOOCYKIaeMbIi

undergo ['Ands’gou] (underwent; undergone) v
HMCOBITHIBATH, TOIBEPraThCa UeMY-JI.

valid ['veelid] ¢ 1) Beckuii, OCHOBATENBHKIN; 2)
JeHCTBUTENIBHBIH, HMEIOIIUH CHITY

vehicle ['vi:ikl] # cpencTBo

viewpoint ['vju:point] 7 TOUKa 3peHUS

verify ['verifar] v moaTBEpKIaTE

way [wel] n METO/I, CPEJICTRO, Ccrocod

to be made up of — 6BITH cAETAHHBIM H3 YETO-JI.

by means of — ¢ moMonipIO, ITOCPEICTBOM

cause-and-effect — mpraUHAO-CIIEICTBEHHBIH

in particular — B wactHOCTH, B 0OCOOCHHOCTH

in reality — dakTH9IecKH, B ICHCTBHTEIBHOCTH,
Ha caMOM JigeTc

on account of — H3-3a, BCICACTBHS

putting it another way — nHaue roeops;
JOPYTHMH CIIOBAMH

this is not the case — 310 He Tak

to a certain extent — B oTIpeIeICHHOM CTEIIEHU

Task I. Pay attention to ...

I Pay attention to the pronunciation of the following words.

advocate 1) »n ['eedvekit] 1) 3aIMATHHK; CTOPOHHHK, \
HPUBEPKEHEN (MOYKU 3peHus, 06paza JHcu3Hu), 2) aJBOKaT;
2) v ['eedvakert] 1) oTcTauBarh, BEICTYAThL B MOIACPKKY,

IpONaraHIupoBaTh (632112061, NO3UYUI0); 2) COBETOBATE, These words are pronounced

PCKOMCHIOBATE

postulate 1) » ['postjulrt] 1) mocTynar; akcuoma; 2)
IIpeIBAPUTENLHOE YCIIOBUE, BAXKHOE JOMYINCHHE;

BCPOATHOE IIPEAIOJIOXKCHAC

2) v ['postjulert] mocTyIupoBaTh, IPUHAMATE Oe3

JOKa3aTelIbCTB, TCOPETHICCKH AOMYCTUTH

in two different ways
> according to the part of
speech.
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UNIT 7 — THEORIES OF LIGHT Stage 1 — Vocabulary

compound 1) » ['kompaund] cMeck, COCTaB, COCTHHEHHE 3
2) a ['kompaund] CITOXKHEIH; COCTABHOM

3) v [kem'paund] cMemHBaTh, KOMOMHHPOBATH, COYETATH,

COCTABJIATE These words are stressed

> in two different ways
according to the part of
speech.

present 1) a ['preznt] 1) mpuCyTCTBYIOMMIL; 2) HACTOSIIHIA,
TENEPEIIHU; COBPEMEHHEIH; 3) NaHHbIH, TOT caMBblii
2) v [prr'zent] 1) maputs (with); npemoaHOCHTE; 2)
IIpeACTaBIATh J

Read and translate the sentences. Pay special attention to the words in dark type.
1. The present paper refers to the corpuscular theory of light. Newton was a strong advocate
of the theory.
2. Newton advocated the corpuscular theory of light.

3. The particle-like nature of light was postulated.
4. Newton presented his speculations in Optiks in the form of series of queries rather than as a
set of postulates.
5. Atoms and molecules are compound particles.
6. The substance was compounded with certain chemicals.
7. At present light phenomena are interpreted in terms of both particles and waves.
8. He advocated us that this phenomenon should be analyzed in terms of the wave theory.
=B8]l Pay attention lo the following derivatives and translate them.
spectate —spectator Suffixes:
convince —» convineing — convincingly -able n > a
corpuscle — corpuscular -arn —a
challenge —» challenged — unchallenged -ation/-(t)ion v — n
part — partly -ence v — n
reason — reasonable fuln —a
strong — strongly -istn > n
initial — initially -ize v —> n
high — highly -ly a = adv
general — generalize — generalization -ment v — n
science —» scientist -orv—n
success —» successful
Prefixes:
un- ‘the opposite of” / ‘not’
Make nouns from the following verbs and then underline the | A fuller list of affixes is given on
word that is different. Pl

1) attract, develop, formulate, modificate, predict, propagate,
reflect, refract, relate, suggest

2) explain, form, interfere, interprete, observe

3) absorb, assume, conclude, describe, diffract, permit

11 Pay atiention to the compounds. Read and iranslate them.
a: fast + moving = fast-moving; particle + like = particle-like; wave + like = wave-like
n: cause + and + effect = cause-and-effect

fast-moving particles, particle-like properties, wave-like nature, cause-and-effect relationship,
wave-particle duality

139



UNIT 7 — THEORIES OF LIGHT
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=B [V. Pay attention (o the following international words. They are often called ‘false friends of a

translator’ as they can be translated in different ways.

adequate ['sedikwit] a 1) agexBarHbId, COOTBETCTBYIOMMEH; Syn. corresponding , respective 2)
JNOCTATOUHEIN; Syn. enough , satisfactory , sufficient 3) KOMIIETEHTHBIH; OTBEYAIOIHH
TpeGoBAHUAM, IPUTOANEIHA (K Kakou-1ub0 Oeamenvrocmu), Syn. qualified, suitable

advocate v ['eedvekert] 1) oTcTanBaTh, BRICTYNATh B MOJJIEPKKY, OBITE CTOPOHHHIKOM,
NPONAraHupPOBATE (83212061, HO3UYUI0); Syn. support, defend; 2) coBeTOBaTH,
PEKOMEH/I0BATh; Syn. advise, recommend

evolution [,izve’l(ju:f(e)n] # 1) sBomiorus, pazsurue; Syn. development; 2) BEIACICHHE,
BEIIyCKaHUE (menia, 2asa, ceema, 3yka), Syn. emission; 3) mam. U3BJI€UEHHE KOPHI; Sy#n.
Rooling

examine [1g’zeemin] v 1) paccMaTpyBaTh, HCCIEIOBATh, U3YUaTh; Syn. investigate, study; 2)
9K3aMEHOBATh, IPHHUMATh 3K3aMeH; Syn. test, question

illustrate ['tlestrert] v 1) HIDIIOCTPHPOBATH, AENATh WLTIOCTpAuu; Syn. decoraie; 2)
HILTFOCTPUPOBATS, IOSCHATD (MpUMepamy, Yyumamamu, 2papuxamy, cxemamu v m.n.); Syn.
demonstrate, explain, show

postulate ['postjulert] v

puzzle ['pazl] v IpHBOIATH B 3aTPyAHEHHE, CTABHTEH B TYIIHK; 03aJaduBaTh; Syn. perplex,
confuse;
puzzle out — paszo0parscs B (vem-1.); pasragars; HalfTH pelIeHue; IOHATE; Syn. work oul,
understand
puzzle over — JoMaTh TOJIOBY Hax; Syn. think hard about, deliberate on

Match the word in bold with the corresponding word in the column to the right.

1. An adequate theory of light must explain our observations

about light. a) sufficient
2. Thope he is adequate enough to conduct such a significant b) corresponding
experiment. ¢) qualified
3. It will be adequate to mention just several phenomena of
light.
4. The corpuscular theory was initially advocated by most
scientists. d) advised
5. However, he advocated us to use this approach. e) supported

6. Thomas Young performed an experiment that strongly
advocated the wave-like nature of light.

7. Evolution is a mathematical operation.

8. The process of the light evolution caused by high temperature f) development
is called incandescence. g) emission

9. The evolution of physics is considered to have two periods, h) rooting
classical and modern.

10. In the paper we are going to examine the theories of light. i) investigate

11. The prominent scientist will examine the students in physics. j) test

12. A collection of light particles leaving a source is illustrated in
Fig; 2. k) decorated

13. The book is illustrated with photographs. ) demonstrated

14. The phenomenon of wave-particle duality can be illustrated

by the following example.

15. The exact nature of visible light is a mystery that has puzzled
man for centuries.

16. Scientists puzzled out the nature of light.

17. She puzzled over the problem.

m) perplexed
n) thought hard about
0) understood
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UNIT 7 — THEORIES OF LIGHT Stage 1 — Vocabulary

=@ V. Pay attention (o the following easily confused words.
a) shade [ferd] n Teus (profection from the sun)

shadow ['feedeu] n TeHs (the ‘picture’ made by something that blocks out light)

b) so [seu] a Takoii (before adjective, adverb, ‘much’, ‘many’, ‘few’, and ‘little’)

such [satf] a takoii (before noun, adjective + noun)

¢) same [seim] pron OJIAH | TOT e, OJMHAKOBBIH

some [sam] pron HECKOILKO, HEKOTOPBIH

Choose the correct word to complete the sentences.

l.

h e L2 B9

#

8.
9.

The corpuscular theory accounts for the formation of (shade / shadow).

The temperature is 30 degrees in the (shade / shadow).

Newton’s prestige was (so / such) great that most scientists accepted his theory of light.
Newton had (so / such) a great prestige that most scientists accepted his theory of light.

His prestige in the scientific community carried (so / such) much weight that his theory on
the nature of light was originally accepted by most scientists.

When two beams of (so / such) particles are crossed, (same / some) of the particles would
collide with each other.

The two descriptions are merely the two different ways of interpreting one and the (same /
some) phenomenon.

The corpuscular theory explains (same / some) properties of light.

Both theories were proposed almost at the (same / some) time.

10. A theory must be universal, or as (same / some) call it, adequate.
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UNIT 7 — THEORIES OF LIGHT Stage 2 — Schemes and Pre-Text Exercises

Stage 2 — Schemes I
SCHEME 7.1

For instance:

theory | agroupof a group of assumptions
| assumptions
explanation
. suggestion - ; 3
suggesiion explanation observations some properties
prediction of light
It ¥ n . reflection
resu X theo e
experiments [ From observations fli rl_vly . refraction
of light - propagation, efc.
SCHEME 7.2
Theories of Light "
The corpuscular theory of light || The wave theory of light
at about
Newton the Same) - Huyghens 1678
ftme
1 at the end of
many sma th
light : ar| high Young the 18
»  particles / century
corpuscles speed
A
; experimental
formation of law (?f dbserodBinng
shadows reflection
) on
explanation
; interference good
the l'ack of the Qbserv.able Newton s and evidence
evidence of diffraction great prestige diffraction for
initially .| theone | in the middle of the
"|  accepted | 19" century
later research:
light phenomena
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, in terms of
photons | . 4 waves
the particle /corpuscle the wave
or photon / model complementary 1o model
I
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UNIT 7 — THEORIES OF LIGHT Stage 2 — Schemes and Pre-Text Exercises

Task I. Do the following exercises, using the schemes given on the left-hand page as a prompt.
SCHEME 19

1. Complete the sentences:
1. A theory is a group of ... suggested by ... to explain the ... and to predict other ... which
result from ... suggested by the ....
2. For instance, a group of ... which explains the observations of some ... of light such as ...,
.. «uy €fC., constitutes a theory of ....

1. Answer the following questions:
1. What is a theory?
2. What constitutes a theory of light?

SCHEME 20
I Confirm or refute the following statements (make use of the expressions given on page 169):
1. There is one theory of light: the corpuscular theory.
2. Both theories were developed at about the same time.
3. The corpuscular theory was developed by Young.
4. Newton assumed that light consists of many small particles or corpuscles moving at a high
speed.
The corpuscular theory does not explain the formation of shadows and the law of reflection.
6. Largely due to the lack of the observed evidence of diffraction of light and to Newton’s
great prestige, the wave theory was initially the only accepted by most scientists.
7. Originally the wave theory was put forward by Young in 1678.
8. Atthe end of the 18™ century the wave theory of light was developed by Young.
9. Young’s experimental observations on interference and diffraction were a good evidence for
the wave theory of light.
10. In the middle of the 19" century the corpuscular theory was accepted by most scientists.
11. Later research has shown that light phenomena must be considered in terms of waves only.
12. Thus the particle /corpuscle or photon/ model is complementary to the wave model.

Un

II. Answer the following questions:

What theories of light do you know?

Who developed the corpuscular theory of light?

What does light consist of according to the corpuscular theory?

What does the corpuscular theory explain?

Why was the corpuscular theory initially the one accepted by most scientists?
Who put forward the wave theory of light?

When was the wave theory of light developed by Young?

What is the evidence for the wave theory obtained from?

When was the wave theory of light accepted by most scientists?

10 Do we have to consider light phenomena in terms of photons or waves?

11. Is the particle /corpuscle or photon/ model complementary to the wave one?

000 MOV U B L

Il Discuss the theories of light.
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UNIT 7 — THEORIES OF LIGHT Stage 3 — Text and After-Text Exercises

Stage3—Text

Theories of Light

The origin of the word “theory” comes from the Greek word “thor6s” meaning spectator.
The word’s origin emphasizes the fact that all theories are mental models of the perceived reality.

A theory is a coherent set of assumptions or facts suggested by observations that can be used
to make a rational interpretation of cause-and-effect relationship among observed phenomena and a
successful prediction of other natural phenomena which result from experiments suggested by the
theory. For instance, a group of assumptions which enables us to provide a reasonable explanation
of the observed behaviour and properties of light such as reflection, refraction, absorption, efc.,
constitutes a theory of light.

In the paper we are going to examine the theories of light. The exact nature of visible light is
a mystery that has puzzled man for centuries. Light was thought either to consist of fast-moving
particles or of propagating waves. Greek scientists from the ancient Pythagorean discipline
postulated that every visible object emits a steady stream of particles, while Aristotle concluded that
light travels in a manner similar to waves in the ocean. These ideas have undergone numerous
modifications and a significant degree of development over the past 20 centuries.

Sir Isaac Newton Christian Huygens
(1642-1727) (1629-1695)

Fig 1
Pioneers in Visible Light Physics

Hence the history of modern optics is to a certain extent a history of the struggle of the two
theories: the corpuscular and wave theories of light. Both theories were proposed almost at the same
time. The corpuscular theory of light was developed by Newton in 1672. Huygens, the Dutch
physicist, formulated the wave theory in 1678. The corpuscular theory of light was initially
favoured over the wave theory partly on account of Newton’s great prestige and partly due to the
lack of observed evidence of diffraction of light. Newton’s particle viewpoint went essentially
unchallenged for over a century. Young’s experimental observations on interference and diffraction
(1803) became a compelling evidence for the wave theory of light and in the middle of the 19"
century it was accepted by most physicists. Later research has shown that in reality both theories
turned to be correct, i.e. the two descriptions are merely the two different ways of interpreting one
and the same phenomenon.
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The most prominent advocate of the corpuscular theory of light was Isaac Newton.
According to this theory light is supposed to be made up of many small discrete particles called
‘corpuscles’ (little particles) travelling in straight lines with a finite velocity and possessing kinetic
energy.

A theory must be universal, or as some call it,
Screen adequate; that is, an adequate theory of light must
explain our observations about light. The corpuscular
theory accounts for several properties of light, in
particular the photoelectric effect. The formation of
shadows by opaque objects can also be interpreted using
the terminology of the corpuscular theory. Fig. 2
illustrates a collection of light particles leaving a source
S in many different directions. No light particles from S
striking the screen between points A and B because of
the barrier, this part of the screen is in a shadow. Newton
Regioninthe  coyld easily explain the law of reflection in terms of the
. Y corpuscular theory as well. To reconcile his particle
Fig. 2 reEIves e model with the phenomenon of refraction, Newton
assumed particles of different colours of light to have slightly different masses, resulting in different
speeds in transparent media and hence different angles of refraction. Newton presented his
speculations in Optiks in the form of series of queries rather than as a set of postulates. However,
the corpuscular theory fails to explain other effects, such as double refraction, interference,
diffraction and polarization of light.

Although Newton, himself, appeared to have some doubt about his corpuscular theory, his
prestige in the scientific community carried so much weight that his theory on the nature of light
was originally accepted by most scientists. Despite the highly regarded reputation of Sir Isaac
Newton, a number of prominent scientists in the early 1700s did not agree with his corpuscular
theory. Some argued that if light consisted of particles, then when two beams of such particles were
crossed, some of the particles would collide with each other to produce a deviation in the light
beams. Obviously, this is not the case, so they concluded that light must not be composed of
discrete particles.

- Almost a hundred years after Newton and Huygens proposed their theories, an English
physicist Thomas Young performed an experiment that strongly supported a wave-like nature of
light. In the middle of the nineteenth century the evidence for a wave nature of light became
overwhelming. Theoretical and experimental work convincingly established light as an
electromagnetic wave, and the original corpuscular theory of light was abandoned in favour of the
wave one.

The quantum theory put forward by Max Planck in 1900 combined both theories and
showed that light does sometimes behave like a particle and sometimes like a wave. All particles
were proved to posses a wave nature and vice versa. This phenomenon has been verified not only
for elementary particles, but also for compound ones like atoms and even molecules. For instance,
electrons undergo diffraction and interference with each other as waves, but they also exhibit
particle-like properties. Hence light phenomena must be interpreted in terms of both particles
(corpuscles / photons) and waves, putting it another way, the two theories are complementary to
each other. The phenomenon is called the wave-particle duality.

NOTES ON THE TEXT

Pythagorean [par,8zeg(s)riian] — 1) nudaropetickuii; Christian Huygens ['kristten 'haigenz] —
2) nudaropeer, nmochenoparens [Nudaropa Xpuctuan ['toirenc

Aristotle ["aristot(e)l] — Apucrorens Thomas Young ['tomes jan] — Tomac FOur

Dutch [dAtf] — HuaepianacKui, roTIaHICKHH Planck Max [maesks pla:nk] — Makc ITnank
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UNIT 7 — THEORIES OF LIGHT

Stage 3 — Text and After-Text Exercises

Task I1. Read the text and then do the following exercises.

=3[ In the text, find the English equivalents for the words and phrases below:

O
o
O

¢}

MBICTICHHEIE / YMO3pHTEIhHBIE MOIEIH
IIPUYHHHO-CIIEJICTREHHAS CBI3b
pazyMHoe oObsicHeHue (find two
equivalents)

3arajika, KOTopas CTaBHIIa B TYIHK
OBICTPHIE YACTHITEI

y4Y€HEI€E, [TOCNIEIOBATENH APERHETO YUEeHHS
IMudaropa

HEIIPEPEIBHEIN MOTOK YaCTHIT
pacmpocTpaHseTcst NoA00HO BOIHAM
NOABEPIIIACH MHOTOYHCIICHHBIM

(BH10 )M3MEHEHHAM

KOPIIyCKYISIPHYIO TEOPHIO CBETA
IEePBOHAYAILHO IIPEANIOYUTAIH BOJTHOBOM
TEOpUH

O  CYMECTBCHHBIM 06p330M, HC BBI3BEIBAJIA

HUKaKHX BO3PAKCHUAM

11 Make up as many sentences as possible:

e.g In 1678 the corpuscular theory of light was presented by Newton.
Originally the wave theory was abandoned by the majority of scientists.
Initially the wave theory was not accepted by most physicists.

@]

BCET'0 JIMIIB JIBA PA3IHYHBIX
croco6a TONKOBaHHA / OOBIACHEHHS
CaMbli 3HAMEHHUTEIN CTOPOHHUK
TaK KaK HH OJ{HA JACTHIIA H3
(ucTouHHKA) S He yoapseT SKpaH

B BHJI€ psAa BOIIPOCOR, 2 He KaK
psa IOCTYIaTOR

KOPILYCKYJIIpHas TEOPHS HE MOXET
O0BACHHATE :
OYEBH/IHO, YTO 3TO HE TAK
BOJIHOBAs IIPHPOJIA CBETA

OT II€pBOHAYANILHOMU
KOPIYCKYJISIPHOM TeopwH cBeTa
OTKa3alliCh B IOJIBL3Y BOJIHOBOH
CBCT, Ha caMoM Jiene, Bejger cebs
HHOT]I2 KaK

e brought in
e developed
e formulated e Newton
e In 1672 e presented e Huygens
o In 1678 .proposed e Planck
e In 1900 e the corpuscular o put forward
theory e suggested
e Originally e most
e [nitially e the wave was by o many
e Later Hieary ol e the majority of
h e alotof
e In (the r :he quaEHI. e accepted s lots of e scientists
: eor
m1dd1?hof) y e plenty of .
the 19 e abandoned & o ool Serabls e physicists
Century @ the wave- b f
particle duality . zlllfllllgz;imber of
* Al t.h © ¢ a small number
beginning of ™
/ In the 20" .
e atiny number of
century Ty
o fe
e favoured over e the corpuscular theory
e abandoned in e the wave theory
favour of
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UNIT 7 — THEORIES OF LIGHT

Stage 3 — Text and After-Text Exercises

=8 [Il. Use suitable forms of the words from the box instead of the underlined ones.

1.

2.

10.

The word “theory” takes its origin from the Greek word
“thorés™ meaning spectator.

The corpuscular theory of light was initially accepted due to
Newton’s great prestige.

Newton’s particle viewpoint went essentially unchallenged for
over a century,

Light is made up of many small discrete particles called
‘corpuscles’ travelling in straight lines.

Fig. 2 illustrates a collection of light particles.

No light particles from S strike the screen between points A
and B because of the barrier.

Newton presented his speculations in Optiks in the form of
series of queries.

Young’s experiment strongly supported the wave theory of
light.

Both theories are merely the two different ways of interpreting
one and the same reality.

This phenomenon has been verified not only for elementary
particles.

=8[V. Rewrite sentences as in the example.

The wave theory gives an explanation for interference of light.

The wave theory explains interference of light.

_O\Ul-h.l.o)[\_)»—l

=@ V. Change the following sentences from active into passive as in the example.

Newton made an assumption that light consists of small particles.

a)
b)
c)
d)

authority
consideration
method
observer
question

set
standpoint
separate

to advocate
to confirm

to demonstrate
to explain

m) to move

to hit

to consist of
heavily
originally
simply

on account of

Huygens put forward a suggestion that light possesses a wave-like nature.

We cannot make an observation of diffraction under ordinary conditions.

The corpuscular theory provides an explanation for the law of reflection.

Newton made a supposition that corpuscles are attracted by the refracting surfaces.

A theory is a set of assumptions which enables us to make an interpretation of our

observations and a prediction of natural phenomena.

TREATISE

light.

%, &

theory.

WECTHRE

nature.

(42

conditions.

reflection.

refracting surfaces.
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The wave theory gives a reasonable explanation for interference of
A reasonable explanation for interference of light is given by the wave

1. Newton made an assumption that light consists of small particles.
2. Huygens put forward a suggestion that light possesses a wave-like

We cannot make an observation of diffraction under ordinary
4. The corpuscular theory provides an explanation for the law of
5. Newton made a supposition that corpuscles are attracted by the

6. Newton presented speculations about light in his great work Optiks.




UNIT 7 — THEORIES OF LIGHT Stage 3 — Text and Afier-Text Exercises

=3 VI Rewrite the sentences using emphatic constructions, as in the example, and translate them.

A) ‘itis /was ... that / which / who’ — umenno, monsko
Huygens proposed the wave theory. The student makes ...

It was Huygens that / who proposed the wave theory. | ' the student that/ who makes ...

Hiten Tioii o Students make ...
€HHO [ JOU2EHC NPEONOJNCUTL B0TTHOBYIO MEOPUTO. It is students that / who make ...

The wave theory explains diffraction of light. Siudents made....
1t is the wave theory that / which explains diffraction of | It was students that / who made ...
light Science makes ...

It is science that / which makes ...
Science made ...
It was science that / which made ..

Hmenno eonnosas meopus obvacusem Ougppaxyuio
ceema.

1. Greek scientists from the ancient Pythagorean
discipline postulated that every visible object emits a
steady stream of particles.

2. Aristotle concluded that light travels in a manner similar to waves in the ocean.

3. Young’s experimental observations on interference and diffraction became a compelling
evidence for the wave theory of light.

4. Thomas Young performed an experiment that strongly supported a wave-like nature of light.

5. The quantum theory put forward by Max Planck in 1900 combined both theories.

6. The corpuscular theory accounts for the photoeleciric effect.

B) ‘do / does / did + V’ — oelicmeumensno, na camom odene, gce ice, V—odoV
HEeCOMHEHHO, (hakmuyecku, 6edb Vs > df)es u
Light behaves sometimes like a particle and sometimes like a wave. Vo= did V
Light does behave sometimes like a particle and sometimes like a wave.
Ceem, na camom dene, eedem cebs uHO20A KAK HACMUYA, @ UHO20A KAK 60AHA.
7. The origin of the word ‘theory’ emphasizes the fact that all theories are mental models of the
perceived reality.
8. Most scientists accepted the corpuscular theory because of to the lack of observed evidence
of diffraction of light.
. A number of prominent scientists in the early 1700s abandoned the corpuscular theory.
10. However, the corpuscular theory fails to explain other effects, such as interference and
diffraction of light.
11. All particles posses a wave nature and vice versa.
12. At present we interpret light phenomena in terms of both particles and waves.

=3 VIl Rewrite sentences emphasising the underlined words.

The wave theory explains diffraction of light. subject — who / which / that
object — that

1t is the wave theory that / which explains diffraction of light.
The wave theory explains diffraction of light.

adverbial phrase — that

It is diffraction of light that the wave theory explains.
Many scientists accepted the corpuscular theory due to Newton’s great prestige.

Many scientists accepted the corpuscular theory due to Newton’s great prestige.

Newton could easily account for the law of reflection in terms of the corpuscular theory.

Newton could easily account for the law of reflection in terms of the corpuscular theory.

An adequate theory of light must explain our observations about light.

The wave theory of light was initially abandoned by the majority of scientists.
The evidence for a wave nature of light became overwhelming in the 19™ century.
Thomas Young performed his famous experiment almost a hundred years after Newton and

e I R

Huvyeens proposed their theories.

9. The wave-particle duality is used to interpret the behaviour of light.
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VIIL Read the passage below and say if the photon theory developed by Einstein is a revision of the
corpuscular theory formulated by Newton.

In 1900 M. Planck introduced rather a
startling hypothesis that light is emitted in
bundles in the black body enclosure and that the
amount of energy in each bundle is related to the
frequency of light by £ = 7. In this way ,
Plank’s constant (4 = 6.626x107*.J sec), the
quantum of action, was first introduced.

Five years later A. Einstein picked up the
theme first introduced by Planck and proposed
that llght is not only emitted in units of energy £
= hy’, but it is also absorbed in such bundles
which he called photons. The photon theory did
not abandon the wave concept completely but
stated that the energy of light is not distributed
over the whole front, but rather is concentrated
. or localized in tiny bundles ‘photons’.

One must not think that the photon theory is
a revision of the corpuscular theory. Corpuscles
were thought of as actual particles of matter,
whereas photons represent bundles of energy
that have no rest mass'. This means once the
photon stops, it ceases existing and its energy is
transferred to whatever stopped it.

! rest mass ['rest ‘maes] the measured mass of particle, or a body, if it were motionless, or at rest,
relative to an observer (from “Longman Dictionary of Scientific Usage”)

X Answer the questions based on the text.
1. What does the word “theory” mean?
2. Did ancient scientists consider light to be particles or waves?
3. Who were the pioneers in visible light physics? What theories of light did they develop?
4. Was the corpuscular or wave theory initially accepted by most scientists? Why?
5. Could Newton easily explain the formation of shadows in terms of the corpuscular theory?
6. What phenomena of light are also accounted for by Newton’s particle viewpoint?
7. Did the corpuscular theory explain all the properties of light?
8. Originally nobody accepted the wave theory of light, true or false?
9. When did the evidence for a wave nature of light become overwhelming?
10. What theory of light turned out to be correct?

X Add details from the text “Theories of Light” to schemes 7.1 and 7.2 and then describe the
schemes using your own words. While describing, make use of
1) the following grammar structures:
a) emphatic constructions ‘it is / was ... that / which / who’; ‘do / does / did V",

b) complex object ‘... consider/considers ... to V/ Viyg/ V2’;

¢) complex subject ‘... is/are known to V/ Viye /' V2’
2) the expressions given on pages 167 — 168.

XI. Write an abstract (a summary) of the text. The instructions for writing an abstract are given on
pages 173 —173.

149



UNIT 7 — THEORIES OF LIGHT

Stage 4 — Definitions I

theory 1. A theory is a structure in which
each step depends on preceding steps. The
structure can be stated in terms of concepts in
relation. The whole structure rests upon
observations (1) and on theoretical
assumptions (1). The advantages of scientific
theory are that it can be used for the
description, the classification, and the
explanation of observed (1) events. It can also
be used for the prediction (1) of future events.
Take the Kinetic Theory of gases as an
example. Step 1: observations are made on
the pressure, volume, temperature and mass
of samples of different gases. These are the
empirical foundations of the theory. Step 2:
concepts of pressure, volume, temperature
and mass are formulated. Step 3: the
theoretical concept of the molecules is
introduced and it is given theoretical
properties. Step 4: concepts arising from
Newton’s Principles (momentum, force,
energy) are introduced. These are related to
the concepts of pressure, volume, and
temperature. These relations lead to the final
statement of the theory in mathematical terms.
Step 5: pV = Yanmu®. Steps 2 to 5 are the
structure of the theory. This statement can be
used to explain: Boyle’s Law, Charles’ Law,
Graham’s law of Diffusion, and the
evaporation of liquids. It can be used to
predict the velocities (=)' of molecules in
specific gases at certain temperatures. 2. The
process of investigation by logical or
mathematical reasoning, rather than by
experiment (l). Also the principles and
reasoning associated with a practical process,
e.g. the theory of an experiment to determine
refractive index (—)* may depend on Swell’s
law (—)* and the principle of no-parallax.

3 An idea or thought about the reasons for or
causes behind a phenomenon. In this sense
theory is used in the same way as hypothesis
(1), e.g. my theory is that all solids have an
absorbed layer of gas on their surface.

' _ see “KINEMATICS”
? _ see “GEOMETRICAL OPTICS”
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From “Longman Dictionary of Scientific Usage”
Set A

observe To perceive in a special way
concentrating on particular phenomena with a
view to describing or understanding them, e.g.
a man sees a star as he sees a passing bird but
when he observes a star, he isolates a star
from the rest of his percepts., examines it
carefully, and describes it and its motion
accurately in the terms available in
astronomy. — observation (n.)

observation Intentional use of the sense, or
the extended senses, for a special purpose,
e.g. one can make an observation of light
interference by means of reflection (=) and
refraction (—)” of light. — observe (v.)

assume To take a statement or a fact to be
true for the purpose of a particular discussion,
and not necessarily to have to prove or to
show it to be true during the discussion, e.g.
a) assume molecules to be completely elastic
in gaseous collisions; b) assume the formula
for the volume of a sphere in a calculation; c)
assume the value (=) of gravitational
acceleration (=)' to be 10 m s (correct
value is 9.8065 ms?) in order to make
calculation easier. — assumption (n.)
assumption That which is assumed, i.e. a fact
that is taken to be true without any evidence
(1). — assume (v.)

predict To give a description of future events
in which certain principles and conditions are
assumed to be valid. If the principles and
conditions are fulfilled, then the event will
follow, e.g. it is possible to predict the
behaviour of celestial bodies in terms of
Newton’s Theory of Gravity. — prediction
(n.), predictable (a.)

evidence The  observations (1) or
generalizations (1) on which a law,
hypothesis (1), principle, or theory (1) may be
based, e.g. evidence for the wave theory of
light is obtained from experimental
observations on inferference (=)’ and
diffraction (=)’ . — evident (a.)

3 _ see “UNITS OF MEASUREMENT”
1 see “NEWTON’S THEORY OF GRAVITY”
* _ see “THEORIES OF LIGHT” (Set B)
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generalization The process or result of
making a statement about a class of objects
from a statement about one individual object
or a statement about a few individuals. A
generalization is a jump from a number of
singular statements to a universal one.

A singular statement is the one made
about individual objects, organisms, concepts,
e.g. ‘this man has hair’ is a singular statement
about one particular man; it is based on
observations (1). Similar statements can be
made about other men, or other animals, e.g.
‘this cat has hair’.

A universal statement is the one made
about a whole class of objects, organisms,
concepts e.g. ‘all men have hair’ and ‘all
mammals have hair’ are universal statements
made by generalization of the singular
statements above. Note that generalizations
are not necessarily true. They are only true
within the limits of the original observations.

empirical generalization A generalization
(1) made from observations (1) or
experimental (1) evidence (1).

experiment An experiment is an operation
carried out to study by observation (1) the
behaviour of substances, materials or
organisms under definite circumstances. The
circumstances are controlled by the observer
to isolate that part of a phenomenon or
reaction he wishes to observe and the
conditions under which they happen. The

Stage 4 — Definitions of the Basic Terms and Exercises

object of an experiment is to obtain new
knowledge. Experiments may lead to new
empirical generalizations (T) or may test

hypotheses (1) and theories (1), e.g
experiments carried out to study the
propagation of light under definite

circumstances led to the foundation of Special
Theory of Relativity. — experimental (a.)

hypothesis A hypothesis is any sentence
which has a consequence of at least one
empirical generalization (1). In addition, a
statement which contradicts the hypothesis
cannot be proved after a definite number of
observations (7). A hypothesis always
contains theoretical terms, e.g. Avogadro’s
Hypothesis: the sentence ‘Equal volumes of
all gases at the same temperature and pressure
contain the same number of molecules’ is a
hypothesis. The theoretical term is a
molecule. The empirical generalization which
is a consequence of the hypothesis is 32 g of
oxygen, 28 g of nitrogen, 2g of hydrogen, at
standard temperature and pressure each has a
volume of 22.4 dm’. The contradiction would
be ‘At the same temperature and pressure all
gases contain  different numbers  of
molecules’. This statement would require as
many observations as there are gases at every
possible temperature and pressure. Each of
these observations would need to be
confirmed by a number of different observers.
— hypothetical (a.)
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UNIT 7 — THEORIES OF LIGHT Stage 4 — Definitions of the Basic Terms and Exercises

Task I (A). Read the definitions of the terms from “Longman Dictionary of Scientific Usage”
and do the following exercises.

=3[ Crossword Place the words into the crossword. Pay attention to the fact that some terms have
not been defined in the list of definitions given above. (You find them in the shaded columns reading
across.) Complete this list after solving the puzzle.

12

Down

1) any sentence which has a consequence of at least one empirical generalization;

2) a trial made in order to study by observation the behaviour of substances under definite
conditions.

Across

3) the observation or generalization on which a law, hypothesis, principle, or theory may be based

4) a structure based on observations and on theoretical assumptions; it can be used for the
explanation of observed events and for prediction of future events;

5) to make (something) clear by speaking or writing; to give reasons for a statement or a series of
statements; to account for

6) a hypothesis accepted as a suitable starting point for theoretical work, e.g. Avogadro’s
Hypothesis is now known as Avogadro’s ..., as it is used as a starting point for theoretical work
on gases;

7) to watch carefully, to perceive in a special way concentrating on particular phenomena with a
view to describing or understanding them;

8) an elementary particle; a quantum of electromagnetic radiation;

9) a dark area produced when an opaque object is placed in the path of a beam of light;

10) to see or describe a future happening as a result of valid reasons, conditions, knowledge, efc.

11)a vehicle by which we move from thought to language; it finds expressions as a spoken or
written sentence; it can be discussed or explained; it can be true or false; it can be singular or
universal;

12) the act of making a general statement resulting from the consideration of particular cases;

13)to take as true without any proof for the purpose of a particular discussion.
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=811 Read the paper carefully and correct mistakes, viz., match the basic principles of the scientific
method and iheir descriptions. Then write your own example of the cycle of theory and experiment
in terms of vour speciality.

THE SCIENTIFIC METHOD

... Most scientists today would agree on the basic principles of the scientific method listed
below:

BASIC PRINCIPLES DESCRIPTION

(a) An experiment should be treated with suspicion if it only works
for one person, or only in one part of the world. Anyone with the necessary
skills and equipment should be able to get the same results from the same
(1) Science is a cycle | experiment. This implies that science transcends national and ethnic

of theory and boundaries; you can be sure that nobody is doing actual science who claims

experiment. that their work is “Aryan, not Jewish,” “Marxist, not bourgeois,” or
“Christian, not atheistic.” An experiment cannot be reproduced if it is secret,
so science is necessarily a public enterprise.

(b) Scientific theories are created to explain the results of
experiments that were created under certain conditions. A successful theory
will also make new predictions about new experiments under new
(2) Theories should | conditions. Eventually, though, it always seems to happen that a new

both predict and | experiment comes along, showing that under certain conditions the theory is

explain. not a good approximation or is not valid at all. The ball is then back in the
theorists’ court. If an experiment disagrees with the current theory, the
theory has to be changed, not the experiment.

(c¢) The requirement of predictive power means that a theory is only
meaningful if it predicts something that can be checked against
experimental measurements that the theorist did not already have at hand.

(3) Experiments That is, a theory should be testable. Explanatory value means that many
should be phenomena should be accounted for with few basic principles. If you
reproducible. answer every “why” question with “because that’s the way it is,” then your

theory has no explanatory value. Collecting lots of data without being able
to find any basic underlying principles is not science.

As an example of the cycle of theory and experiment, a vital step toward modern chemistry
was the experimental observation that the chemical elements could not be transformed into each
other, e.g. lead could not be turned into gold. This led to the theory that chemical reactions
consisted of rearrangements of the elements in different combinations, without any change in the
identities of the elements themselves. The theory worked for hundreds of years, and was confirmed
experimentally over a wide range of pressures and temperatures and with many combinations of
elements. Only in the twentieth century did we learn that one element could be transformed into one
another under the conditions of extremely high pressure and temperature existing in a nuclear bomb
or inside a star. That observation didn’t completely invalidate the original theory of the
immutability of the elements, but it showed that it was only an approximation, valid at ordinary
temperatures and pressures.

From ‘Light and Matter’ by Benjamin Crowell

*Aryan ['erren] g apuiicKmi

*Jewish ['d3u:if] a eBpeiickuit;, nynelckumit
*Marxist ['ma:ksist] ¢ MapKCHCTCKAR
*Christian ['kristfen] ¢ XpUCTHAHCKHA
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=2 [1I. Translate into English in pen.
OcHOBHBIM MeTOOM (H3MKH SIBISIETCS HAyYHBIH MeTos HcchienoBaHus. Haydselif MeTon

UCCIIEIOBAHMSI MOXKHO Pa3eNIuTh Ha CISAYIOIIME HOCIEI0BaTENbHEIE /consecutive/ 3Tanbl:

1) mporonsTCA HAOMIOAEHUS M OTBITHI (KCIIEPUMEHTEI);

2) BBOOSTCS MOHSTHS U BETMYUHEI, OMMHACHIBAOIIHE CBOMCTBA HAOIIOTaeMBIX

! *co31aBaTh —

MIPOIIECCOB HIIH OOBEKTOB; 1) create (8 pasn.
3) cosparores® Moield HabOIaeMBIX TIPOIECCOB HIIH 0OBEKTOR; | 3HaueHUAX),
4) BBIIBUTAOTCS THIIOTE3BI, T.€. MPEANOJIOKEHHS O 3aKOHOMEPHBIX CBA3SX 2) fou“d) (06 yuenuu,
| meopuu);

PazITHIHBIX XapaKTEPHCTHK HAOIIOMAEMEIX TIPOLECCOR HITH OOBEKTOR;
5) DPOBOJATCS IKCIEPHUMEHTHL, TIO3BOJIIIOIINAE YCTAHOBUTE (OTIPEIETHUTH)
CHPaReUNIMBOCTE /validity/ BRIIBUHYTHIX THIIOTE3;
6) GopMyIHpPYIOTCS 3aKOHBI, IPHHIKITEL; CO3AAIOTCA™ TEOPHH;
7) TpHMEHSIOTCA chOpMyITHPOBaHHBIE 3aKOHEI; CO3/IAFOTCS ™ TEOPHH K PeIIeHHI0 YacTHEIX 3a1ad;
8) cozmaroTcs™ yCTpOMCTRA; PEIIAFOTCS 3a1a4Yd IIPUKIATHOTO XapaKTepa Ha OCHOBE TIOyYeHHBIX

3) set up (ob
opeanuzayul ¥ m.n.)

3HaAHHH.
Fun with MNEMONIC DEVICES
Words AMHEMOHWYECKHWE NTPHEMBI

The following mnemonic helps you remember fundamental steps in the scientific method. The first
letter of each word gives you the first letter the step.

People Really Hate Eating Doughnuts And Cold Cider.

the problem)
yothesis (form a hypothesis)
riment (conduct experiments (o test your hypothesis) [@
a and Analysis (record data obtained
from the experiment and analyze them)
Conclusion (draw a conclusion if your
hypothesis is correct or not)
Communication (report your results)
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wave 1. A disturbance which passes on
energy (—)° through a material medium by
means of the elastic and internal
characteristics  of the medium. The
disturbance causes displacement of the
particles of the medium, the particles
returning to their position of rest after the
disturbance has passed. The displacement of a
particle follows a pattern of oscillation about
its position of rest, and passing through its
position of rest; it oscillates from side to side,
with its displacement being relatively small.
The disturbance is passed on from particle to
particle by the elasticity of the medium, and
the internal characteristics of the medium help
to determine the speed with which the energy
is passed on. Waves on the sea are a simple
example; a boat rises and falls with the waves,
but it does not travel with them. 2. A
disturbance which passes on energy (=)
through empty space by variations in the
electric and magnetic properties of space. The
electric and magnetic fields at a particular
point in space increase and decrease regularly.
Transmission of energy in this way is by
electromagnetic waves.

wave motion The transmission of energy
through a medium by the forward movement
of waves. In a material medium the particles
do not move forward, only the disturbances
represented by waves move forward. The
essential characteristics of wave motion are
interference (1) and diffraction (1); these
differentiate the transference of energy by
wave motion from the transference of energy
by a stream of particles. Transverse wave
motion (1) can be polarized; longitudinal
wave motion (1) cannot be polarized.

transverse wave motion 1 A form of
transference of energy in which disturbances
of the particles in a material medium displace
the particles in a direction at right angles to
the direction of  propagation. 2
Electromagnetic waves are transmitted in
space, or in a material medium, by transverse
waves. In either case, disturbance of the
medium produces variations in electric or
magnetic properties of the medium which are

' see “PHYSICS”
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Set B

both at right angles to the direction of
propagation and at right angles to each other.

longitudinal wave motion A form of
transference of energy in which disturbances
of the particles in a material medium displace
the particles in the same direction as that of
propagation, e.g. sound waves are
longitudinal waves, with alternating regions
of compression and refraction (—})7.

wavelength In a regular wave, the distance
between one oscillating particle and the
nearest oscillating particle with the same
displacement and moving in the same
direction (such particles are in phase (1)). Ina
transverse wave motion (1) it is the distance
between the crest (1) of one wave and the
crest of an adjacent wave. In a longitudinal
wave motion (1) it is the distance between one
point of the maximum compression and an
adjacent point of the maximum compression.
Wavelength is defined as the distance
between any two successive points of a wave,
which are in the same phase. The symbol for
wavelength is A (the Greek letter lambda).

crest The position of the maximum
displacement or disturbance in a wave. In a
graph of the wave form, it is the upper limit of
the curve of a wave. A regular wave motion
(1) consists of a number of equidistant crests.

trough The position of the maximum

| g ONe wavelength_,i crest

\_/

displacement or disturbance opposite to the
displacement at a crest. A trough exists
between any two crests of a regular wave
motion (1). It is one of the points at which the
wave form has a minimum value (—)°.

\

-

trough

2 see “GEOMETRICAL OPTICS™
3 _see “UNITS OF MEASUREMENT”
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wave train A succession of groups of waves
(1) travelling in the same direction and
originating from the same source (—)'.

phase Particles, or points, in the path of a
wave motion (1), are said to be in phase if
their displacements are of the same magnitude
(=) and the particles, or points, are
travelling in identical directions. If two waves
are travelling in the same direction and their
crests (1) coincide in time, the waves are in
phase. Any two waves not in phase are said to
be out of phase.

frequency The number of complete
oscillations performed in one second. In «
transverse (1) wave (1) this is the same as the
number of wave crests (1) assumed to pass a
reference point in one second. In a
longitudinal (1) wave it is the same as the
number of points of the maximum
compression assumed to pass a reference
point in one second. The symbol of frequency
is for v (the Greek letter nu), and frequency is
measured in hertz (Hz)

amplitude The maximum displacement, on
either side of a mean position, of an
oscillating particle, e.g. in a wave it is a
displacement between the rest or zero position
and a crest (1) (or trough (1)) .

wave front The surface formed by joining
adjacent points which possess the same phase
(1) in the path of a wave motion (T1).
Generally it is regarded as the advancing limit
of a wave motion in two or three dimensions
in a medium.

coherent 1. Describes the electromagnetic
waves that have identical phases (1). 2.
Describes sources (=)' of electromagnetic
radiation that produce coherent waves.
Coherent sources are usually formed by
doubling a single source using two slits.

interference The interaction of two wave
trains (1) when they are superposed. The
wave trains must be coherent (1) and of the
same frequency (1), and must be of the same,
or of comparable, amplitude (1). In such wave
trains, if the crest (1) of one wave is

' see “PHOTOMETRY”
? _ see “UNITS OF MEASUREMENT”
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superposed on the trough (1) of another, the
wave is destroyed at that point; if a crest is
superposed on a crest, the waves reinforce
each other. The amplitudes of the waves at
any point, when superposed, are added
algebraically. The superposition of two wave
trains of light produce alternate bands of
brightness and darkness; this is interference.
Similarly, other wave motions (1) produce
alternate bands of no energy and higher
energy than the individual waves. The
examples of interference are, a) beats formed
by sound waves, b) the phenomenon of
diffraction (1). Interference is a phenomenon
which distinguishes the transmission of
energy by a wave motion from the
transmission by a beam (—)" of particles.

interference bands The bands of alternate
high amplitude (1) and low amplitude formed
by the superposition of two coherent (1) wave
trains (1). With a monochromatic (1) source
(=)' of light, the bands are alternately bright
and dark; with white light, the interference
bands are coloured. A similar effect, invisible
but detectable, i1s formed by other
monochromatic wave motions (1).

diffraction A phenomenon associated with a
wave motion (1) when a wave train (1) passes
the edge of an obstacle opaque to the wave
motion; the phenomenon is a particular case
of interference. The waves are bent at the
edge of the obstacle, which acts as a source
(=)' of secondary waves, all coherent (1).
Interference between a primary wave and a
secondary wave produces diffraction bands,
which are, in fact, interference bands (1).
Although a wave motion travels by rectilinear
propagation, the edge of the geometric
shadow of an obstacle is marked by
interference bands. With white light, coloured
diffraction bands are formed; with
monochromatic light, bright and dark bands
are formed. If the wave motion is passed
through a slit, the intensity of the band is
increased when the width of the slit is of the
same order of magnitude (=) as the
wavelength (1) of the wave motion.
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diffraction grating A device for dispersing a
wave train (1) into its constituent wavelengths
(1). It consists of a series of parallel obstacles
(opaque to the wave) or a series of parallel
slits, each of the width of the same order as
the wavelength in the wave train. Each slit
causes diffraction and the bending of the
wave is proportional to the wavelength of the
impinging wave train.

' _ see “PHOTOMETRY”
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monochromatic 1. Describes light, or any
other electromagnetic radiation, of one
wavelength (1) only. 2. Describes a source
(=)' that emits monochromatic radiation.

polychromatic 1. Describes light, or any
other electromagnetic radiation composed of
many different wavelengths (1). 2. Describes
a source (=)' of polychromatic radiation.

Task I1I (B). Read the definitions of the terms from “Longman Dictionary of Scientific Usage”
and then do the following exercises.

=3 L. Pairs of Definitions Match the two definitions given in English and Russian for the same term
and then write the term (in English and in Russian) for each pair of definition.

the distance between any two
successive points of a wave, which
are in the same phase

a device for dispersing a wave traini _,:
into its constituent wavelengths; it
consists of a series of parallel
obstacles (opaque to the wave) or a
series of parallel slits, each of the
width of the same order as the

wavelength in the wave train

a wave in which disturbances of the:
particles displace the particles in the
same direction as that of propagation

electromagnetic waves that have
identical phases

a wave in which disturbances of the:
particles displace the particles in a
direction at right angles to the
direction of propagation

BOJTHA, B KOTOPOH BO3MYIIEHUS
OpPHEHTHPOBAHBI NEPHEHIUKYISIPHO
HAIlpaBIEHHIO €€ PaclpOCTPaHEHHU

-A
L
1

b
__iIHA, B KOTOpOH BO3MYIIIEHHS
OPHEHTHPOBAHEI BIO/b HAIPABICHHS €€

pacipocTpaHeHus

A
1
1
1

iICCTOAHHC, Ha KOTOPOC

pacpoCTpaHscTCcs BOJHA 3a BpEMs, paBHOE
MEePHOTY KOJIeOaHUs TOUKH CPE/TbI

1
1
1
p————— |

_____ €KTPOMAarHHUTHBIE BOJHBI OJMHAKOBOH
YaCTOTBI, €CITH PA3HOCTh (a3 He 3aBHCHT
OT BPEMEHH

Y3KHX ITapalJICIbHBIX meneH, IMEIOLIHX
OJWHAKOBYIO HIHPHHY H PAClIOIOKEHHBIX B
IINIOCKOCTH Ha OJHHAKOBOM PacCTOAHHH

IOpVT OT Opvra
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=2 [I. Scientific and Everyday English The words in the middle column below all have more than
one meaning. Match each of them with a picture and a definition of everyday English and with a
definition of scientific English.

Everyday English Terms Scientific English

1) a showy tuft or outgrowth on
a bird’s or animal’s head a) (of a wave) the advancing
limit of a wave motion in
trough two or three dimensions in a
medium

2) a line of connected railway

carriges drawn by engine

b) one of the points at which
the wave form has a
minimum value

crest

3) a long narrow boxlike
container, especially for
holding water or food for
animals motion c) they are i."o.rmed by the
superposition of two
coherent wave trains

4) a singular or particular
movement or a way of moving
(e.g.: He made a ... with his I d) one of the points at which
hand as if to greet me.) the wave form has a
maximum value

S)a l_ine along Whic}_] front e) (of a wave) a succession of
fighting takes place in groups of waves travelling
time of war in the same direction and
originating from the same
point

train

f) (of a wave) the transmission
of energy through a medium
by forward movement of
waves

6) a set of musicians

158



UnNit 7

=3 [
Down:

1Y)
2)
3)
4)
3)
6)

7
8)

9
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Crossword
the superposition of the two wave trains of light producing alternate bands of brightness and

darkness;

at an equal distance;

electromagnetic waves that have identical phases;

light composed of many different wavelengths;

(of a wave motion) a form of transference of energy in which disturbances of the particles in
a material medium displace the particles in the same direction as that of propagation;

if the particles are travelling in identical directions and if their displacements are of the same
magnitude, these particles are in ...;

a model; :

a series of parallel slits, each of the width of the same order as the wavelength in the wave
train;

the distance between the crest of one wave and the crest of an adjacent wave.

Across:
10) a set of assumptions which enables us to explain observations;
11) a round mark or a stain;
12) the number of complete oscillations performed in one second;
13) something that stands in the way and prevents action or success;
14) an act of changing the usual or natural condition;
15) a displacement between the rest or zero position and a crest;
16) one of the points at which the wave form has a maximum value;
17) one of the points at which the wave form has a minimum value;
18) a stripe;
19) a narrow straight cut or opening;
20) a particular case of interference.

11 31
41
10 ,, 61 9l
3 o5 11
51 71
12
15
16
17
18
19
20
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=@ [V. Translate into English in pen.

Bomuer —  Bo3MymeHHs — (M3MEHEHHS  COCTOSHHS  BEIIECTBA WM ITOJS),
pPaclpoCTpaHsIoIMecs B CpeJie WIM IIPOCTpaHCcTBe ¢ KoHewnod /finite/ cxopocTsbio.
Pacnpocrpanense BOIH CBA3aHO ¢ EPEHOCOM SHEPTHE He3 MepeHoca BEIeCTRa.

Hauboinee BaHbIe BHABI BONH: ympyrue /elastic/ (Mexanu4ecKne) BOJHBI (B TOM 9HCIE
3BYK, YIBTPa3ByK), BOJIHBI HA TOBEPXHOCTH JKHIKOCTH, 3JIEKTPOMATHUTHELIE BOJHEI (B TOM
YHCIIE PaJHOBOIIHEL, CBET, PEHTI€HOBCKOE H3IyUeHHE H T.]1.).

IIpu pacnpocTpaneHHH BOIH BO3MOIKHEI SBICHHS OTPAMKEHHS, MPETOMJICHHS, THCIICPCHH,
Auppaknum, HATepdepeHIINT, MOTTOMEeHH H PACCeSTHHS.

ITo opueHTANWH BO3MYIICHHS OTHOCHTEINBHO HAINPABICHHS PACIPOCTPAHEHUS BOJHEI
JENATCSA Ha NPOJ0JIbHBIE U MoNepeYHkIe.

Yupyrue (MexaHu4ecKkHe) BOJIHbBI — MEXaHUYECKUE BO3MYIIEHHS, PACIIPOCTPAHAIOIIHECS B
YOPYTHX cpenax. B TBepIbIX Telnax MOTYT PaclpOCTPaHATHCS H NPOAOJBHBEIE W IIONEPEUHBIE
YIPYIHE BOJHEL a B JKMIKOCTSIX M ra3ax — TOJIBKO MPOI0JIbHEIE.

DNeKTPOMATHHTHASL BOJIHA — pPAaCIPOCTPAHSIONIEECS B TPOCTPAHCTBE IMEPEMEHHOE
3IEKTPOMArHUTHOE NoJe. Bee ameKTpoMarHATHEIC BOJHEI ABISIOTCS MTOIEPEYHBIMH.

Task IV. Let’s play the game ‘Research Conference’. The instructions are given on pages 170 —
172. Discuss the following topics:

The Scientific Method

The Corpuscular Theory of Light
Waves. Wave Motion. Wavelength
The Wave Theory of Light
Interference and Diffraction of Light
Young’s Experimental Procedure
Diffraction Grating

00000 po

Sun and Sunlight :
- Two interferenceable light sources
(tweo sits)

0ne monochromatic
(=it}

Interfence patief“
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Stage 5 — In Addition I

Shadows
Oii, TeHH, TEHH YepHEIC,
Koro BbI He HarouuTe?
Koro He meperonure,
Bac Tonsko, TeHH YEpHEIE,
Henpss noiiMare, 00BATE!
Hexpacoe
Caught Shadows
Our ancestors could ‘catch’ shadows and derive benefit from them. How did they do that?
They drew silhouettes [,silu(:)ets] by means of shadows. Nowadays due to the photography we
have got the opportunity to impressl both our own features and those of our relatives and friends in
the memory. But in the 155 century our ancestors were not so happy. Portraits were very expensive
and few people could order them. That is why silhouettes were so popular. They replaced
photography to some extent. Figure 1 shows an age-old way of making silhouettes. So, silhouettes
can be said to be a ‘caught’ and ‘fixed” shadows.
You also can ‘catch’ your shadow following the instructions given below.

the shadow of your profile falls on the wall. Use a bright lamp or pick
a sunny day when the sun casts’ a strong shadow.

2. Fasten® a sheet of dark paper on the wall, so your shadow falls on the
paper. If the light is bright, it will cast a shadow even on black paper. =~ gFewrRammmmeEsy,
The shadow is a silhouette. g:’ pib g

3. Ask someone to outline* your silhouette on the paper. Remember to ﬁv ;
stand still! Now, you can finish by yourself.

4. Very carefully, cut out the silhouette.

5. Place it in the centre of a white piece of cardboard and glue’ it in
place.

6. You can make the silhouette into a present for someone by decorating
it. For instance, cut out hearts from red or pink paper and glue them
around your silhouette. If you really want to be fancy, add a bit of
paper lace. Such a silhouette makes an especially nice Valentine’s
gift. Do you know anyone who would like one?

1. Stand between a bright light and an empty wall. Stand sideways so iL

B8

: impress [1m’'pres] to fix in the mind

* cast [ca:st] (offen lit) to throw or drop

3 fasten [fa:sn] fix firmly, tie or join together

* outline [‘autlamn] 1) a line showing the shape of something; 2) to draw in outline

> glue [glu:] 1) sticky substance used for joining things together; 2) to fasten with glue
(from “Active Dictionary of English”)
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Experiment I

What a great surprise!

Do you want to play a trick on your friend?

You will need a mirror, a sheet of paper covering the surface of this mirror, and a table-lamp
or a candle. Take a sheet of paper and cut out absurd squint eyes, a deformed crooked nose, and an
ugly mouth with bared teeth. Fasten this sheet of paper on the mirror. Invite your friend to enter the
room illuminated by a table-lamp or a candle only. Ask him (or her) to stand so that his (or her)
shadow falls on the wall and to shut his (or her) eyes. Take the mirror and put it so that rays of light
reflected from the slits (i.e. the cut eyes, nose, and mouth) form a funny face on the shadow of your
friend. It will be a great surprise for your friend when he (or she) opens his (or her) eyes!

Why not to play such a practical joke on your friend on April 1?




Stage 5 - In Addition

UNIT 7 — THEORIES OF LIGHT

Only one of the shadows matches the p

Think and Guess

=8 1. False Shadows

ture, which one?

1C

=8 2. Turned Shadows

Match each person with his or her shadow
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=2 3, Shadow Idioms

~ b s
_—

There are some idioms and sayings in Russian that are connected with the word
‘shadow’. Three of them are illustrated here (Figures 1-3). What are they? Write
down these Russian idiomatic expressions and then match each of them with its
correct meaning and its English equivalent.

Fig. 3

Correct meanings:
@ 1. to put someone or something in a bad light; to cast suspicion' on somone; to

blacken someone’s reputation;
2. to behave so as to remain unnoticed;
2 o s 13 4
to be unreasonably nervous due to groundless” and trivial” fears

English equivalents:
a) to be afraid of one’s own shadow;
b) to cast a slur’ on someone’s reputation / good name;
¢) to stay in the background

l suspicion [sas’pifen] an unconfirmed belief

? groundless ["'graundiis] (of feelings, ideas, efc.) without base or good reason

3 trivial ['trivial] of little importance

* fear [fra] the feeling that one has when danger is near; the feeling that something (usually
unpleasant) is likely to happen

> slur [sle:] a discredit remark

(from “Active Dictionary of English”)
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