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UNIT 6 — GEOMETRICAL OPTICS

Stage 1 — Vocabulary I

Stage 1 — Vocabulary

Geometrical Optics

@ collection [ke'lekf(a)n] n
cylinder ['silinds] n

effect [1'fekt] n

geometrical [d31a’'metrikal] a

interpret [in'te:prit] v
microscopic [,markra’skopik] @
mirage ['mrra:3] / [mr'ra:3 ] 7
model ['mad(e)l]

paraboloidal [pa’'reebalord(a)l] a
parallel ['peerslel] a

spherical ['sferik(a)l] a
trigonometric [,trigana’metrik]

absorb [eb’so:b] / [sbzo:b] v mornomars,
BIUTBIBATE, a0COPOUPOBATE
advantage [ad'va:ntid3] # IPEHMYIIECTRO
aperture ['eepatfo] / ['zepatjua] n 0TBEpCTHE,
LIENb; onm. alepTypa
appear [g'pia] v Ka3aTbkCs
arrow ['sersu] m cTpEna, CTpEIKa
assumption [a'sampf(e)n] 7 OpeamONIOKEHHE,
TOIYIEHHE
beam [bi:m] # mydok
beyond [br'jond] prep 3a (mpemenaMu 49ero-i.)
bounce from / off [bauns] v oTckakuBaTs OT
bound [baund] v orpaHuYHBaTE
coarse [ko:s] a rpyOBIH, IepOXOBaTHIN
common ['koman] a 1) obmwmii; 2)
o0men3BecTHRIH
concrete ['konkri:t] n 1) koaKpeTHBIH; 2)
OETOHHEIH
cone [kaun] » KOHYC;

cone of rays — ¢uz. mydok mydei
constitute ['konstrtjurt] v OCHOBBIBATS,
COCTaBIATE
continuous [ken'tinjusas] ¢ CIIOIIHOH
converge [ken 'va:dz] vV CXOIHUTLCA, CBOOUTLCS B
OJIHY TOUKY
deflect [drfiekt] v npesomMisiThest
deviate ['di:vielt] v OTKIIOHSTECS, YKIOHSTHCS
device [dr'vars] n mpubOp, yCTPOHCTRO,
yCTaHOBKa
diffuse [dr'fju:s] a nuddy3HbI, paccessHHBIT
diminish [di'mnif] v ymenbmare
distort [dis'to:t] v uckaxkaTh, HCKPUBJIATE
diverge [dar've:d3] v pacXOIuThHCS
dot [dot] » Touka;

a dotted line — myHKTHpHAS JTUHUSL
erect [1'rekt] a mpsAMOi
farther ['fa:08s] adv nansie (cpaen. cm. om far)
figure ['fige] n WLTIOCTpAITHS, PUCYHOK
ground glass ['graundgla:s] # MaTOBOE CTEKJIO
homogeneous [hamau’dzi:nias] a 0IHOPOIHEI

image [‘1midz] 7 o6pa3, uzobpaxenue,
OTpaKeHHe (B 3epKajie)

imaginary [1'meedzmnari] @ BooOpaxaeMblii,
MHHMBIH

incident [‘1nsident] ¢ nagaromui
indefinitely [1n'def(e)natll] @ HEOrpaHHYEHHO;

OeckoneuHO, GecIpeIeILHO
interface ['intefers] # rpaHHUIA /TOBEPXHOCTH/
MEX/Iy JBYMsI MaTepuallaMu /cpenaMu/
intersect [,inte’sekt] v mepecekarhbcs
introduction [,intra’dak{(s)n] » BBeieHUE (8
HAYYHYIO OUCYUNTUHY)
invert [in've:t] 1) a obparTHBI;

2) v nepeBROpavHBAaTh, IEPEBEPTHIBATE
irregularity [1,regju’leerati] # HEPORHOCTH
language ['leengwid3] # A3EIK; peub
lateral ['lestorel] 7 GOKOBOM, rOPUIOHTATBLHEII
lens [lenz] » MUH3a, ONTHYECKOE CTEKIIO;

converging lens — cobmparoas JuH3a;
diverging lens — paccenBaromas n1uH3a
magnify ['meegnifai] # yBeIHUMBaTh
medium ['mi:djem] # (p/ media) cpena
mirror ['mira] 7 3epKajio
normal ['no:mal] # IepleEAUKY AP, HOPMATH
obliquely [&’bli:kl1] adv mox yrimom, Koco
opaque [ou'peik] a HepO3payuHbIi
pencil ['pensl] n onm. Ty4oK
previous ['pri:vjes] a TpeABYIIIHH
propagation [,propa’geif(a)n] n
pacnpocTpaHeHue
pupil ['pju:pl] n 3padok
quantitative ['kwontitativ] ¢ KOMMYeCTBEHHBIN
ray [rei] n ny4
reflection [rr'flek{(s)n] n oTpakenue
refraction [ri'freek{(e)n] » npenomnenue;
refractive index — nmokazarens

/ko3duLHeHT/ npenoMieHns
regular ['regjule] » npaBHIILHEIH,

regular reflection — 3epkaibHOE OTpaKEHHE
result from [r1'zalt] v c1eg0BaTh, IPOUCTEKATE
U3; IIPOMUCXOJIUTE B pe3yibrare (4ero-u.)

7
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UNIT 6 — GEOMETRICAL OPTICS

Stage 1 — Vocabulary

reverse [ri've:s] v IepeRepTLIBATE,
HOBOPAYHBATH(Cs) B IPOTHBOIOJIOKHOM
HAIIPAaBICHUU
rough [raf] ¢ HepoBHEIH, 1IEpIIABHIA
scatter ['skeete] v paccenrarb
seem [si:m] v Kazarbcs
silver ['silve] a cepeOpaHBIi
slender ['slends] a ToHKHIH, caOBIA
smooth [smu:8] ¢ rIaakuit, pOBHBIH
speculum [’spekjulam] 7 (p! -1a) 1) oTpaxarens,
pediekTop; 2) 3epKaio
straight [strert] ¢ npsiMoH
strike [straik] v (struck) ymapsTe(cs)
tiny ["taini] @ KpoIIeuHbIH
transparent [treens’pzer(a)nt] ¢ OpO3paYHBIA
ultimate ['Alttimit] @ 1) npeaenbHEIH;
OKOHYATE/IHLHBIH, KOHEUHBIH; 2) OCHOBHOM
uneven [An‘i:vn] @ HEPOBHBIH, INEPOXOBATHIN
vice versa ['vaisr'va:ss] adv Ha060poOT
virtual ['ve:tjuel] n paxTHUECKHIA;

virtual image — MmEIMOe H300paKeHHe

as well — raxxe

to get right — npaBuIBHO IOHMMAaTE

to give attention (to) — y/ieqsTh BHEMaHUE,
oOpamaTs BHEMaHHe (Ha)

to give rise to — JaBaTH HAYANO; IPUBOUTE K;
CTaTh IPUIMHON

in any / either case — B moOoM ciyuae, BO
BCSAKOM Cliydae, IpH JH00BIX
0o0cTOATENLCTBAX , KAaK ObI TaM HH OBII0; TIO
KpaliHeil Mmepe :

unless otherwise stated /mentioned, specified/
— KpOME CIIy9aeB, OTOBOPEHHBIX 0c000; eciIu
HE OrOBOPEHO 0c000

abbreviation:
viz. (Lat. — videlicet) = namely — a umMeHHO

Task L. Pay attention to ...
I Pay attention to the pronunciation of the following words.
sphere [sfie] — spherical ['sferik(s)l], image ['1mid3] —imaginary [r'maed3inari]

II. Pay attention to the following derivatives and translate them.

assume —» assumption;

definite — indefinite — indefinitely;

direct — direction;

even —» uneven;

face — interface;

form — formation;

geometry —» geometric(al);

incident — incidence;

introduce — introduction;

inverse —» inversion;

microscope —» microscopic(al);

optics — optical;

propagate — propagation;

quantity — quantitative — quantitatively;

reflect — reflection;

refractive < refract — refraction;

regular — irregular — irregularity;
\ \)

regularly irregularly

relate —» relation;

simple — simplicity;

speculum — specular

Suffixes:
-arn —> da
-ation/-(t)ion v — n
-ativen — a
-ence a — 1
-ic(al) n > a
-ly a > adv
-ity a - n

Prefixes:

inter- ‘between / among’
‘from one to another

in- ‘the opposite of ' / ‘not’
ir- ‘the opposite of '/ ‘noi’
un- ‘the opposite of”/ ‘not’

el

A fuller list of affixes is given on
pp 9-13.
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UNIT 6 — GEOMETRICAL OPTICS Stage 1 — Vocabulary

[I1. Pay attention to ‘noun + noun’ combinations. Read and translate them.
light intensity, a light ray, a light beam, a light model, a wave model, a ray model, a particle
model, a ground glass surface, a water surface, image formation, a New Year tree ball

IV. Pay atiention to the singular and plural of the following nouns.
a) index — indices / indexes, medium — media / mediums, phenomenon — phenomena,
speculum — specula
b) ‘lens’ is the singular, ‘lenses’ is its plural

A. Choose the correct form(s) of the noun.
1. (A speculum / Specula / Speculums / Speculas) provides the most common example for
regular reflection.
(A speculum / Specula / Speculums / Speculas) have a high reflection factor.
Convex (lens / lenses) are converging ones.
A concave (lens / lenses) is a diverging lens.
The speed of light rays changes when they pass through various (medium / media /
mediums).
Refraction takes place when a ray of light passes from one (medium / media / mediums) to
another.
Refractive (index / indices / indexes) is a property of a material (medium / media / mediums).
(Index / Indices / Indexes) of names and figures are contained in the dictionary.
Transparent (medium / media / mediums) surfaces can produce regular reflection.
0. Optical (phenomenon / phenomena / phenomenas / phenomenons) like reflection and
refraction are described by the ray model of light.
11. Optical (phenomenon / phenomena / phenomenas / phenomenons) like reflection from a
curved (speculum / specula / speculums / speculas) is described by the ray model of light.
B. Underline the correct word(s).
(This / these) lens (converge / converges) a beam of light. (They are / It is) called convex.
Specula (produce / produces) regular reflection.
We can see the image in a speculum as light rays are regularly reflected from (if / them).
(This / These) light phenomenon (is / are) interpreted in terms of waves.
(One / Many) natural phenomena (result / results) from refraction.
6. Material media (have / has) an influence on the speed of a light ray through which it passes.

g Hriie

= 0 % =

A e o B

V. Pay attention to the following international words. They are often called ‘false friends of a

translator’ as they can be translated in different ways.

concrete ['konkri:t] 7 1) KOHKPETHLIA; 2) OETOHHLIH

figure ['fige] » 1) durypa; BHemmuil BHX, 00IHK, 006pa3; 2) JIHUYHOCTB, JesTelb, GuUrypa; 3)
n3o0pakeHne, KapTUHA; CTATys; 4) WUTIOCTPALMs, PHCYHOK (8 kHu2e);, TuarpaMMa, 9epTeiK; 5)
2eom. Qpurypa, Teno; 6) nudpa; p/ (mudporrie) nanusie; 7) p/ apupMernka

index ['indeks] 7 (p/ indices) 1) uHAeKC, yKazaTenb, 2) crpenka (ka npubopax); 3) andaBHTHBINA
yKazarenb, karaior; 4) mam. nokazarens crerneHu, kodddumuent; refractive index —
nokazareib /Ko3hHUIueHT/ NpenoMIiIeHns

medium ['mi:djom] 1) »n (p/ media / mediums) 1) cpexnctBo, cmocod; 2) cepeiuHa;
OPOMEXKYTOYHAA CTYICHb, CTaaus; 3) OOCTAaHOBKA, YCNOBHS (JCu3Hi), OKPYNKEHHE,
OKpyJKaloIllas peaibHOCTh, cpenma; 4) ¢uz. cpema; refractive medium — nperomisromas
cpena;d) areHT, OCPeIHUK; 6) MeTUyM (8 cnupumusme)
2) a 1) cpennauii, IpoMexyTouHbIH; medium wave — (pajgno) BoNHa cpenHel muasl (om 100
0o 800 am);, 2) yMepeHHBIH

model ['mad(a)l]n 1) Momenb, MakeT (VMeHbUieHHAS Konus 4e2o-i.); IMabIOH; 2) MOJENb
(uoeanuzuposannoe wiu ynpoujennoe onucanue 4e2o-1.); 3) odpasel, 3TaJlOH; IPUMED

normal ['no:msl]1) « 1) HopManbHEIH, OOBIKHOBEHHBIH; OOBIYHBIH; 2) cpeaHHii,
cpenHeapupMETHUECCKUIT; 3) 2e0m. IEPIEHIUKYISPHBIN
2) n 1) HopMaNbHOE COCTOSHUE; 2) 20M. HOPMANb, NEPIEHIAKYIIID
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UNIT 6 — GEOMETRICAL OPTICS Stage 1 — Vocabulary

Translate the following sentences. Pay special attention to the words in bold.

SO a0 B

i oo

11

13.
14.

15.

Let us illustrate the phenomenon of reflection with a concrete example.

A concrete wall produces diffuse reflection.

Evidently a figure convex relative to its boundary is convex.

Figure 1 demonstrates rays of light leaving a source.

The figures represented in Table 1 appear to be relatively large.

The dictionary contains indices of names and figures.

In the case of electromagnetic radiation, especially light, it is usual to give values of
absolute refractive index of a medium.

Light travels through the medium of air.

A medium frequency corresponds to a wavelength in the range 1000 m to 100 m.

.1 consider your journal to be one of the best possible media for papersdealing with

geometrical optics.

. Light from an incandescent gas under medium pressure produces a line spectrum.
12.

Today physics deals with two models of light to describe optical phenomena: wave and
particle ones.

A normal mirror provides the most common model for regular reflection.

Refraction occurs when a ray of light passes from a less dense to a denser medium. If the
direction of the ray is normal to the surface, it passes through without change of direction.
If the direction of the ray is at an angle to the normal then the ray will be deflected towards
the normal.

We do not observe diffraction of light under normal condition, i.e. as light passes through
windows, doors, efc.

=3 VI Pay attention to the phrasal verbs.
account [o'kaunt] v paccMaTpHBaTh KakK, CUHTATh 3a
account for — 00BACHATH (4TO-I1.); ABIATHCS IPUYMHOM (Yero-Ii.), OTBEUaTh (3a)

result [rr'zalt] 1) 7 1) pesynpTar, ucxon; 2) v:
result from — IpOHCXOINUTE B pe3yNbTaTe (Yezo0-1.); CIe0BaTh, IPOUCTEKATE H3

result in — KOHYATLCH YeM-/i., UMETH PE3YJIBTATOM YMO-i., IPABOJUTE (K YeMy-1.)

Underline the correct variant.

1.

Light (is accounted / is accounted for)
propagating in the form of rays in
geometrical optics.

Many natural phenomena result (from /
in) refraction.

Reflection of light from the surface of
a mirror results (from / in) image
formation.

Geometrical —optics  (accounts /
accounts for) the phenomenon of
reflection  from curved mirrors
resulting (from / in) formation of the
distorted images you laugh at.
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UNIT 6 — GEOMETRICAL OPTICS Stage 1 — Vocabulary

=3 VII. Pay attention to the following easily confused words.

a)

b) because [br'koz] ¢/ MOTOMY UYTO, TaK KakK, IIOCKOIBKY

cause [ko:z] n Ipu4YNHa, OCHOBAaHHE, TIOBOJ
coarse [ko:s] a 1) rpyOBbIif; 2) ImepoxoBarThlii
course [ko:s] n 1) Kypc, HapaBIEHHUE;

2) Kype (nexyuii, 06yuenus)

because of [br'kozav] prep u3-3a, BCIeACTBHE

¢) same [seim] pron ONHH U TOT €, OTHHAKOBBIH
some [sam] pron HECKOIbKO, HEKOTOPEIH Refraction is the cause
of various funny
d) compare [kem’pea] v cpaBHUBATH; BBISABIIATH CXOICTBO optical phenomena.

¢)

f)

contrast [ken'tra:st] v COIMOCTABIIATE; BLIABIATE pa3IudHe
next [nekst] a cneayromuii 3a; GirxalIni, coceqHUR
following ['foloumn] a (1o)cienyronmii

high [ha1] adv BEICOKO (0 6bICOmE)
highly ['ha1li] adv BEICOKO (0 cmenenu), BeCEMa

g) optic ["optik] g TIIa3HOM, 3PUTENBHBIH

optical ['optik(e)|] ¢ ONTHYECKHA, 3pUTEIBHBIA

Choose the correct word to complete the sentences.

1.

(V8]

P

To describe (optic / optical) phenomena physics deals with the (following / next) models of
light: wave and particle ones. We are going to (compare / contrast) these different ways of
interpreting one and (some / the same) reality. The former (compares / contrasts) light with
waves. The particle model (compares / contrasts) light with photons or particles. The
(following / next) problem under discussion is to account for (some / the same) light
phenomena in terms of geometrical optics which (compares / contrasts) light with rays.

The (cause / coarse / course) of incandescence 1s high temperature.

Reflection and refraction of light are dealt with in the (cause / coarse / course) of ray optics.
When a beam of parallel rays strikes a (high / highly) polished surface it is reflected as a
beam of parallel rays. When a beam of parallel rays strikes (cause / coarse / course) surface
it is reflected in all different directions (because / because of) the microscopic irregularities
of the surface.

Light rays bounce off a concrete wall in all directions (because / because of) its surface is
uneven and it provides (same / some) tiny reflecting surfaces.

We can see the image in a mirror (because / because of) regular reflection.

We can see the image in a mirror (because / because of) light rays are regularly reflected
from it.

(Some / The same) tays of light from (some / the same) point source are not parallel to each
other.

We can observe various (optic / optical) illusions (because / because of) refraction of light.

Fun with MNEMONIC DEVICES
Words MHEMOHHYECKHE ITPUEMBI

A fuller list of spelling mnemonics is given on page 16. \‘/g 1 |

phrases or both. The initial letters of the words spell out this word.

BECAUSE g,ﬂq

Big Elephants Can Always Understand Small Elephants
Big Elephants Can’t Always Use Small Entrance.

117



UNIT 6 — GEOMETRICAL OPTICS Stage 2 — Schemes and Pre-Text Exercises

| Stage 2 — Schemes |

SCHEME 6

more parallel

OPTICS " light
> beam
ray
A 4
source inthe formof | alotof | | straight
- (s) Partlcles lines
S
FE
path | ray collection | beam
i parallel rays
v
PHOTOMETRY (the phenomena of)
- reflection
A y,
quantitative
meASHECHCTL regular diffuse
GEOMETRICAL
i OPTICS
o g A NS
- =
2 = basic a beam of in all different
& = B g
'z EE prm(:lpl?s of parallel rays directions
% = reflection [ |
- a highly a rough,
\ / S polished coarse
. o surface surface
different sources ) I e T
e.g. e.g.
I v a mirror, a concrete wall,
varying distances simple a polished a ground glass
geometrical metal plate surface,
relations a piece of chalk
incident reflected
ray \ / ray
surface
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UNIT 6 — GEOMETRICAL OPTICS Stage 2 — Schemes and Pre-Text Exercises

Task II. Use the scheme given on the left-hand page as a prompt to do the following exercises.

SCHEME 6

=@ [ Choose the right variani:

1
2.

@h b b b

10.

11
12

14.

15

18

(Kinematics / Dynamics/ Optics) is the science studying light.

[t is convenient to think that light leaves a source in the form of a lot of particles travelling
in (straight / curved) lines.

The path followed by one of these particles is called a (beam / ray) of light.

The farther the rays of light get from the source the (less / more) parallel they seem.

A collection of (parallel / non-parallel) rays of light is called a beam of light.

One of the optical phenomena which can be studied by using rays and beams is (diffraction /
reflection). :

Photometry together with the (reflection / interference) of light constitute an introduction to
(wave / geometrical) optics.

Photometry is the branch of (mechanics / optics) that involves (quantitative / qualitaiive)
measurement of the intensity of light and the illumination provided by different sources on
surfaces at (unvarying / varying) distances from the source.

The basic principles of reflection are derived from simple geometrical relations between
incident and (refracted / reflected) rays.

The ray which (strikes / leaves) the surface is an incident ray.

. The ray which (strikes / leaves) the surface is a reflected ray.
. Reflection can be (normal / regular) and (diffuse / abnormal).
13:

When a beam of parallel rays is reflected as a beam of (non-parallel / parallel) rays we have
regular reflection.

When a beam of parallel rays is reflected in all different directions we have (diffise /
regular) reflection.

. Regular reflection occurs when light is reflected from a (highly polished / rough) surface.
16.
17.

(Diffuse / Regular) reflection occurs when light is reflected from a coarse surface.
A mirror or a metal plate produces (diffuse / regular) reflection.

. A concrete wall, a ground glass surface and a piece of chalk produce (diffuse / regular)

reflection.

II. Answer the following questions:

PN ;L=

What does optics study?

What is a ray /beam/ of light?

Which optical phenomena can be studied by using rays?
What does photometry involve?

What constitutes an introduction to geometrical optics?
What is an incident /a reflected/ ray?

What 1s regular /diffuse/ reflection?

What produces regular reflection?

When does diffuse reflection occur?

M Discuss photometry, geometrical optics, and phenomena studied by these branches.
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UNIT 6 — GEOMETRICAL OPTICS Stage 3 — Text and After-Text Exercises

Stage 3 - T éxt I

Geometrical Optics

Each branch of optics studies light in terms of certain properties and concepts. In the
previous paper we discussed photometry. As we have already pointed out it includes quantitative
measuring luminous fluxes and quantities related to them, viz., the intensity of light and the
illumination provided by different sources on surfaces at varying distances from the source.
Photometry together with the reflection of light constitute an introduction to geometrical optics. It is
also often called ray optics.

Today physics deals with two models of light to describe optical phenomena: wave and
particle ones. The latter assumes light to leave a source in the form of an indefinitely large number
of imaginary particles moving at high speed. According to the former light phenomena are
interpreted in terms of waves. The length of light waves perceived by the human eyes being very
small, the propagation of light can be considered without giving attention to its wave nature. Thus,
ray, or geometrical, optics compares the propagation of light with the directed straight lines called
rays in geometry and describes laws of optics using the terms of geometry. The advantage of the ray
model is its simplicity. It should be noted that the ray model is not the ultimate truth about light, but
in any case science does deal with models of reality, not the ultimate nature of reality.

Fig 1

In Fig. 1 the arrows represent rays of light leaving S (a source). Rays of light from the same
point source are not parallel to each other, since they must intersect at their common source.
However, the farther the rays of light
get from the source, the more
parallel they seem (e.g. beyond the
dotted line in the figure). A
collection of (almost) parallel light
rays is called a beam of light. The
ray or beam of light which strikes the
surface is called an incident ray or
beam. The ray or beam leaving the
surface is known to be a reflected ray
or beam. The fundamental principles
and equations of reflection and
refraction are derived from the
assumption of simple geometric (and
trigonometric) relations between
incident and reflected, and incident Fig. 2

and refracted light rays. The reflection of mountains firom the surface of water
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UNIT 6 — GEOMETRICAL OPTICS

Fig. 3

It is geometrical optics that accounts for the
distorted forms produced by New Year tree balls or

by curved mirrors we laugh at.

Stage 3 — Text and After-Text Exercises

Reflection of light may be
regular and diffuse depending on
the nature of the surface. If a
reflecting surface is very smooth or
highly polished the reflection of
light that occurs is called regular or
specular. In this case a beam of
parallel rays is reflected as a beam
of parallel rays. A mirror provides
the most common model for
regular reflection. The light
reflected to your eyes from a
polished silver plate also an
example of regular reflection. It is
possible for reflection to occur
from the surface of transparent
media, such as water or glass. We
can see the image in a speculum or
water surface because of regular
reflection. By the way, as far as the
phenomena of reflection from
plane and curved mirrors or very
smooth surfaces are concerned,
they are accounted for by
geometrical  optics, eg  the

distorted forms produced by curved mirrors, by New Year tree balls, efc.

As noted above, light can be diffusely reflected. When a beam of parallel rays strikes a
rough, coarse surface such as a concrete wall, a ground glass surface, a piece of chalk, erc., it
bounces off in all different directions due to the microscopic irregularities of the surface. Thus, an
image is not formed. This is called diffuse or irregular reflection.

Not all the radiation is
reflected; some may be refracted.
Refraction is the change in the
direction of a light ray. It takes
place when a ray of light passes
from one medium to another. e.g.
from air to water. Refraction can
be found all around us. If you have
ever seen a seemingly bent spoon
in a glass of water, you have seen
the effect of refraction. Many
natural phenomena result from
refraction as well. It also helps us
understand image formation by
lenses and the eye.

(Do exercise II to complete this
paragraph with some details.)

This optical effect is due to refraction of light.
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UNIT 6 — GEOMETRICAL OPTICS

Stage 3 — Text and Afier-Text Exercises

Task I11. Read the text and then do the following exercises.

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

O Ha OCHOBaHHH OIPEACICHHBIX CBOMCTB

O BTOpasd (U3 JBYX Ha3BaHHBIX MOJCIICH)
IPEANonIaraeT / JOmycKaeT, 9To

O B BHIE

o 0OecKkOHEIHO OJBIIOE YHCIIO

O COINAcHO MepBOH (U3 IByX Ha3BaHHBIX
MOIenceit)

© IpeHeOperas ero BOJHOBOH IIPHPOINOH

KHCTHHA B IIOCJICIHEH HHCTAHITAH

O B ImodoOM ciydae

@]

O

o 0 0 0

@]

O

HayKa JeHCTBUTENLHO pacCMaTpUBaET
MCTHHHAS IPUpOaa

3a IpeAeNaMy MYHKTUPHOH JIMHHK
BEIBOJATCS U3 JOTYIHCHUS

B 3aBUCHMOCTH OT

TIIATEIBHO MTOJHPOBAHHAS
(IIOBEPXHOCTH)

caMblii 0OIIIEN3BECTHRIH IpUMeEp
Osarogaps / BcieacTBHe / w3-3a (find 2
equivalents)

MEXIY IPOIHM

=3[ Read the definition given in the box and then complete the last paragraph of the text with

some details.

Not all the radiation is reflected; some may
be refracted. Refraction is the change in the
direction of a light ray due to the ... ... ... .. . It
takes place when a ray of light passes ... from one
... medium to another medium which has a ... ... .
€.g ... ... ... ... . Refraction can be found all
around us. If you have ever seen a seemingly
broken spoon in a glass of water, you have seen the
effect of refraction. Many natural phenomena like

.oy ... elc., result from refraction as well. It also
helps us understand image formation by lenses and

Refraction is the change in direction of
light rays resulting from the change in their
speed as they pass obliguely from one
transparent medium fo another, that of a
different density, e.g. from air to water.
Numerous natural phenomena are produced
by refraction. Thus, the spoon standing in
water seems broken at the surface where the
air and water meet. It throws light on the
working of the human eye and the defects of
vision. It also causes the optical phenomena

the ... eyeand the ... ... ....

II. Create as many sentences as possible:
e.g. Regular reflection occurs when the surface is smooth and highly polished.

of rainbows, mirages, elc.

® Qccurs ® a beam of parallel rays is
e Regular reflection e takes place reflected as a beam of parallel
e Specular reflection e originates rays.
e Diffuse reflection e does not occur e when ® a beam 01‘" parall(_el rays is
e Irregular reflection o does not take place e as rqﬂec?ed in all different
e Refraction e does not originate (fl.lrectllons.
& is (o) formed & it e light is reﬂecte.d from a smooth
e An image s be(uotrmaded e in case a_nd h_]ghly polished surface.
o aslong as ® llg(];]t is reﬂect?d from a rough
e regular reflection ° pmvfg?d (that) ° idi;htciza::;ss{ejcgﬂ;)m a mirror.
e specular reflection ¢ pr]o viding ® light is reflected from a concrete
WE hiake * diffuse reflection (that) wall, a ground glass surface, efc.
o irregular reflection e on the.) . ® the surface is rough and coarse.
e refraction ct?]n(tlltlon ® the surface is smooth and highly
e is regularly reflected At polished.
o Light e is specularly reflected ® a ray of light passes from one
» A beam of light e is diffusely reflected medium to another.
o A ray of light e is irregularly reflected e a ray of light passes from air to
e is refracted water.
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=@ [V. Iill in the gaps with the correct preposition.
1. The present paper is concerned ... the phenomena of light.
2. The light intensity and the illumination provided ... different sources ... surfaces ... varying
distances ... the source are dealt ... in photometry.
According ... the wave theory light phenomena are interpreted ... terms ... waves.
Since the length ... light waves perceived ... the human eyes is very small, the propagation
... light can be considered ... giving attention ... its wave nature
Geometrical optics compares the light propagation ... rays.
This comparison gave rise ... the name ... the branch.
The ray model accounts ... the images produced ... curved mirrors.
Reflection of light may be regular and diffuse depending ... the surface nature.
9. We can see the image in a mirror because ... regular reflection. :
10. Refraction is the change ... the direction of a light ray due ... the change ... its speed.
11. Refraction occurs when a light ray passes ... one medium ... another.
12. Image formation ... lenses and the eye results ... refraction.

|¥S

o

% N oW

=3 V. Use suitable forms of the words from the box instead of the underlined ones.

1. Photometry includes quantitative measuring luminous fluxes and
quantities related to them., a) instance
2. The corpuscular theory assumes light to leave a source in the form b) ray
of an indefinitely large number of imaginary particles. ¢) speculum
3. The propagation of light can be considered without giving d) irregular
attention to its wave nature. ¢) numerical
4. The language of geometry used to formulate the laws of optics f) uneven
gave rise to the name of the branch. g) specular
5. The branch is often called ray optics. h) to appear
6. When light rays get father from their source, they seem to be more i) to cause
parallel to each other. i) to deflect
7. Reflection of light may be regular and diffuse. k) to explain
8. Diffuse reflection takes place when light is reflected from a rough ) toinvolve
surface, for example from a concrete wall. m) to occur
9. Geometrical optics accounts for the phenomena of reflection from n) to pay
plane and curved mirrors. 0) to suppose
10. Not all the rays are reflected, some of them are refracted. p) frequently
11. Refraction is the change in the direction of a light ray due to the q) because of
change in its speed. r) as

=3 V1 Change the following sentences from active to passive.
1. Today we deal with two models of light in physics.
The wave theory explaines light phenomena in terms of waves.
In ray optics we examine the propagation of light without giving attention to its wave nature.
In geometrical optics we neglect the wave nature of light.
We compare the propagation of light with the directed straight lines called rays in geometry.
Geometrical optics uses the language of geometry to formulate laws.
Science does not always consider the ultimate nature of reality. We often
refer to the models of reality in science.
Ray optics accounts for the phenomena of reflection and refraction.
A mirror provides the most common model for regular reflection.
10. The surface of transparent media, such as water or glass, can produce an
image.
11. A concrete wall or a piece of chalk produces diffuse reflection.
12. A coarse surface does not form an image, because it diffusely reflects light rays.

B 9% [ e B9

o e
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IN OTHER WORDS
The wave model considers light in terms of waves.
The wave model considers light to propagate in the form of waves.
According to the wave model light propagates in the form of waves.
The wave model compares (the propagation of) light with waves.
The light beam that is reflected from a rough surface is an example of diffuse reflection.
The light beam reflected from a rough surface is an example of diffuse reflection.
The beam of light which strikes the surface is called an incident one.
The beam of light striking the surface is (called) an incident one.
The beam of light striking the surface is known as an incident one.
The beam of light striking the surface is known to be an incident one.
We know the beam of light striking the surface io be an incident one.
The particle model assumes that light leaves a source in the form of a great number of
particles.
The particle model assumes light to leave a source in the form of a great number of
particles. '
Light is assumed (by the particle model) to leave a source in the form of
great number of particles.
The particle model assumes light leaving a source in the form of great
number of particles.
Light is assumed (by the particle model) leaving a source in the form of
great number of particles.

=@ VIl Rewrile each sentence so that your sentence has a similar meaning to the given one. Wrile
as many sentences as possible.

1. The particle model considers light in terms of particles.

According to the ray model light propagates in the form of rays.

Rays of light leaving the same point source are not parallel to each other.

The distorted forms which are produced by curved mirrors are accounted for by ray optics.
The surface producing regular reflection must be smooth or highly polished.

The ray of light that passes from one medium to another is refracted.

The reflection of light taking place when a reflecting surface is coarse is called irregular.
The ray of light that bounces off the surface is known as a reflected one.

The particle model supposes that particles travel at high speed.

10. We assume that an uneven surface reflects light rays diffusely.

11. One considers that specula provide the most common example for regular reflection.

B Eo N O P i T |

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

A) ‘it is /was ... that /which / who’ — umenno, monvko
Simplicity is the advantage of the ray model. ~ The student makes ... .
It is simplicity that / which is the advantage of the ray | 8 the student that/ who makes ...

Students make ...
model. Hmenno npocmoma A618emcs nPEUMYWEcmBOM | s ic coidents that / who make ...

AYHesod MoOenu. Students made ...
1. Geometrical optics explains funny images produced by | It was students that / who made ...
distorting mirrors. Science makes ...

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

2. Ray optics accounted for these light phenomena.

3. Mirrors provide the most common model for regular
reflection.

4. The language of geometry used to formulate laws of
optics gave rise to the name ‘geometrical optics’.

5. The rays of light striking the surface are called incident rays.

6. Refraction causes a spoon to seem broken in a glass of water.
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B) ‘do / does / did + V’ — oelicmeumenvHo, Ha camom oOene, gce xnce, Wk do ¥
_ . HECOMHEHNO, (haKmuuecKu, 6eds Vg — does V

Science deals with models of reality, not ... Vs — did V
Science does deal with models of reality, not ... 2
Hayxa delicmeumensHo paccmampueéaem MO0eny pedibHOCmy, d He ...

7. Reflection occurs from the surface of transparent media, such as water or glass.

8. We see the image in a mirror because of regular reflection.

9. Geometrical optics uses the language of geometry to formulate laws.

10. The comparison light with rays gave rise to the name ‘ray optics’.

11. They interpreted these phenomena in terms of waves.

=@ [X. Underline the right variant and then match each term with its definition.

a) that from a (smooth / rough) surface, in which a single beam
of light is divided into many reflected rays going in many

directions;
1. Reflection b) that from a (smooth / rough) surface, in which the light ray
2. Regular/ Specular leaves at the same angle at which it has come in;
reflection ¢) the deflection of light rays on passing (directly / obliguely)
3. Diffuse / Irregular from one (transparent / opaque) medium into another one in
reflection which its speed is (the same / different);
4.  Refraction d) the return of light rays from a surface that it strikes into the

medium through which it has travelled in such a way that
the angle at which a given ray is returned (is / is not) equal
to the angle at which it strikes the surface.

“@X. Ask your friends

1) what photometry is concerned with;

2) what models of light physics deals with today;

3) if the corpuscular theory interprets light in terms of waves;

4) what geometrical optics is;

5) what phenomena are under study in ray optics;

6) what a ray /beam/ of light is;

7) whether a beam of light striking the surface is an incident
or a reflected one;

8) what regular reflection is;

9) what surfaces are known to produce specular reflection;

10} if ray optics accounts for the reflection from curved
mirrors;

11) when we have a diffuse reflection;

12) whether all the radiation is reflected;

13) what phenomena of light you can observe in the picture.

XI. Annotate scheme 6 using the text “Geometrical Optics” and then describe the scheme in 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/ Ve / V2’;
¢) complex subject ‘... is/are known to V/ Viye/ V2';
2) the expressions given on pages 167 — 168.

XII. Write an abstract (a summary) of the text. The instructions for writing an absiract are given on
pages 173 - 175.
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 Stage 4 — Definitions I From “Longman Dictionary of Scientific Usage”

beam A collection of pencils (1) of rays
forms a beam of light. It can be composed of
parallel rays, divergent (1) rays, or convergent
(1) rays. A beam of any electromagnetic
radiation is similar to a beam of light.

pencil A slender cylinder or cone of rays
which passes through an optical system; the
term only describes light rays. A pencil of
rays is limited in diameter by an aperture. The
chief ray of a pencil is the central ray, and it
passes through the centre of the aperture and
the centre of the pupil of the eye. Pencils of
rays can be diverging (1) from a point or
converging (1) to a point, or can consist of
parallel rays.

diverge 1. (Of a beam (1) of radiation) to
grow wider the further it travels, e.g. a beam
of light diverges after passing through a
concave lens (1). 2. To cause to diverge, e.g. a
concave lens diverges a beam of light. —
divergent, diverging (adj.)

converge 1. (Of a beam (1) of radiation) to
become narrower the further it travels, e.g. a
beam of light converges after passing through
a convex lens (1). 2. To cause to converge,
e.g. a convex lens converges a beam of light.
— convergent, converging (adj.)

_— T
\ /

DIVERGING CONVERGING

diverging 1. Describes a beam of radiation,
e.g. light of steadily increasing diameter,
which appears to be directed away from a
point. 2. Describes a lens or mirror which
produces this effect. A diverging lens is a
concave lens (l); a diverging mirror is «
convex mirror (1). — diverge (v.), divergent

(adj.)
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converging 1. Describes a beam of radiation,
e.g. light of steadily decreasing diameter,
which appears to be directed to a point. 2.
Describes a lens or mirror which produces
this effect. A converging lens is a convex lens
(1); a converging mirror is a concave mirror
(1). — converge (v.), divergent (adj.)

image A copy, either solid or optical, of an
object. In optics, an image is a copy produced
by a mirror (1), or lens (1), of an object
placed in front of it. It may be real or virtual;
the same size, diminished, or magnified; erect
or inverted.

mirror An optical device for producing
reflection. The surface may be plane or
spherical. Other surfaces of revolution can be
used, such as paraboloidal and elliptical
surfaces. A mirror must have a high reflection
factor. The reflection must be regular (1) and
specular, e.g. a piece of glass silvered on one
side, or a polished sheet of silver, form a
mirror.

plane mirror The image produced by a plane
mirror is always the same size
as the object, the same
distance behind the mirror as
the object in front, laterally
inverted.

%

CONVEX
MIRROR

convex mirror A mirror
which is a part of a sphere,
with the silvering on the
inside surface. A convex
mirror is a diverging (1)
mirror.

;f/"ﬁ’

concave mirror A mirror
which is a part of a sphere,

with the silvering on the %
oqt31de .surfac)e. A gonczgi CONCAVE
mirror is a converging T

mirror.
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lens A piece of transparent material bounded
by a spherical surface. Lenses are described
by the nature of their boundary surfaces or by
the effect they have on a beam of light.

concave lens This term is usually applied to a
biconcave lens, ie. a piece of transparent
material bounded by two spherical surfaces.
The surfaces curve inwards like the inside of a
sphere. A concave lens is a diverging (1) lens.

biconcave

CONCAVE (DIVERGING) LENSES

biconvex

CONVEX (CONVERGING) LENSES

convex lens This term is usually applied to a
biconvex lens, ie. a piece of transparent
material bounded by two spherical surfaces.
The surfaces curve outwards like the outside
of a sphere. A convex lens is a converging (1)
lens.

reflect 1. To return a beam of radiation,
causing it to return to the medium from which
it started. 2. (Of a beam (1) of radiation) to
return at an interface between two media. —
reflecting, reflected (adj.), reflection (n.)

reflecting Describes a surface which reflects
light or other waves, e.g. the surface of
mercury is a reflecting surface. — reflect (v.),
reflected (adj.), reflection (n.)

reflection The process by which a beam of
radiation, such as light, may be deviated and
reversed in direction by an opaque surface. If
the surface is smooth, reflection is regular
(1); if the surface is rough, reflection is

' see “THEORIES OF LIGHT” (Set B)
* _see “SPECTRA”
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diffuse (1). Reflection can also take place at
the interface between two media of different
refractive index (1). Not all the radiation is
reflected; some may be refracted (1). When
the radiation passes from a dense to a less
dense medium, total reflection may take
place. Depending upon the nature of the beam
of radiation, some wavelengths (=)' may be
absorbed and others reflected. Thus when
white light (—*)2 is incident (1) on a red
surface, the red wavelengths are reflected and
others are absorbed. — reflect (v.), reflecting,
reflected (adj.)

A N B

REFLECTION FROM A
PLANE MIRROR

laws of reflection The law that 1. the incident
ray (A4), the reflected (1) ray (B), and the
normal (V) at the point of incidence (1), all lie
in the same plane, 2. the angle of incidence (i)
is equal to the angle of reflection (r).

incidence The action of radiation or a moving
body arriving at or falling on a surface. —
incident (adj.)

regular Describes the type of reflection (1)
obtained from a homogeneous, continuous
surface. A parallel beam is reflected as a
parallel beam and there is no scattering of
light. The reflection from a sheet of highly
polished plane glass which has been silvered
will be regular reflection.

diffuse Describes reflection (1) which is
irregular. The light is scattered in all
directions because the surface is uneven and
provides a very large number of tiny
reflecting surfaces. A sheet of paper or a sheet
of ground glass produces diffuse reflection.
Even a piece of coloured material, such as
wool, must be reflecting in order to be
coloured.
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incident ray
P A
normal

i

B air

glass
4

C Q

) SNELL’S

refracted ray LAW

refraction The process which takes place
when a ray of light, or other electromagnetic
radiation, passes from a less dense to a denser
medium, e.g. from air to glass. If the direction
of the ray is normal to the surface, it passes
through without change of direction. If the
direction of the ray is at an angle to the
normal then the ray will be deflected towards
the normal. This process of deflection of a ray
by a material medium is called refraction. The
waves (=)' in the medium are deflected
because the velocity (=) of the waves in the
medium is less than their velocity in air. —
refract (v.), refracted (adj.)

' — see “THEORIES OF LIGHT” (Set B)
? — see “KINEMATICS”

Stage 4 — Definitions and Exercises

Snell’s laws The laws that, 1. the incident (1)
ray, the refracted (1) ray, and the normal are
in one plane; the incident ray and refracted
ray are on the opposite sides of the normal at
the point of incidence; 2. the ratio of the sine
of the angle of incidence to the sine of the
angle of refraction 1s a constant:
PAxCB _ sini

ABxQC sinr

= constant #

sin §

refractive index Snell’s law (1) states —
sinr

constant for a given medium, where i and r
are the angles of incidence (1) and refraction
(1), respectively. This constant is called the
refractive index (7). Unless otherwise stated it
is a property of the medium with respect to air
as unity. The symbol may be written as 47,,
meaning the refractive index of air to glass. If
the value of » is determined for a particular
frequency, e.g. the sodium D line, then the
refractive index is written #p. It can be shown
also that for a given frequency n = v|/vy,
where v; is the velocity of light in air and v, is
the velocity of light in the medium.

Task IV. Read the definitions of the terms from “Longman Dictionary of Scientific Usage” and
then do the following exercises.

=8 [ Opposites Look at these lists of words. Each one in Group A has an opposite in Group B.
Match them and then find the definition below to each of these words.

Definitions:

a) (of a beam of radiation) to become the narrower, the

further it travels
b) having an uneven or irregular surface
c¢) that can be seen through
d) to make (something) seem larger than it is

e) curved outwards, like the outside edge of a circle

f) to (cause to) become or seem smaller
¢) having an even surface with no projections

Group A Group B
1. diminish 6. converge
2. diverge 7. rough
3. opaque 8. concave
4. convex 9. magnify
5. smooth 10. transparent

h) (of a beam of radiation) to grow the wider, the further it travels

1) not allowing light to pass through

j) curved inwards, like the inside surface of a hollow ball
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=3 [[. Scientific and Everyday English

Stage 4 — Definitions and Exercises

A) Many scientific and technical words are used in everyday English. Choose the most suitable
word from the middle column to complete the sentences of the first and last columns.

Everyday English Words Scientific English

1. The actor drank ... wine on the 1. The process of deflection of a ray
stage. regular by a material ... is called

2. The roads ... just before the station. el refraction.

3. She is a good student and ... new 2. White colours ... light and dark
ideas quickly. absorb colours ... it.

4. Does the composition ... your real converge 3. A convex lens ... a beam of light.
opinion? reflect 4. The reflection from a highly

5. A fish in water is in its natural ... . medium polished surface is a ... reflection

6. Youmust drive at a ... speed if you 5. Animage of a body may be ... or
want to save petrol. virtual.

B) The words in the middle column below all have more than one meaning. Match each of them
with a picture and definition of everyday English and with a definition of scientific English.

5) a picture, especially
in the mind (mental
picture)

Everyday English Terms Scientific English
1) a person, especially
g child, who is being taught beam b) a solid object with a round
A base and a point at the top
pupil ¢) a collection of light rays
2) an instrument, containing
black or coloured graphite, d) a copy prcl)ducec; by ab. "
used for drawing or writing pencil mirror ot fens of an objec
3) a large long heav
pi)ece ot% timbgr or mB;tal e} the small black round
carrying the weight of ’ aperture in the middle of
parbofa building image i Sleired patalis
eye, through which light
4) a dry scaly fruit of Passes
piog:or fit cone f) aslender cylinder or cone

of rays which passes
through an optical system

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

@ Branches of Optics:

v Photometry.

v Geometrical Optics
o Reflection of Light
a Refraction of Light
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Stage 5 — In Addition I

Experiments J

Experiment 1

It seems strange that a ray of light refracts while passing through one medium to another.
Why does not light keep its original direction? Why does it choose a deflected way? The following
experiment illustrates the refraction of light.

You need a table, a table-cloth, and an empty spool.

Cover a half of the table with a tablecloth. Incline the table
slightly and make a spool roll down it. If the direction of the spool and
the edge of the table-cloth are normal to each other, the deflection of
way does not occur (Fig. I, a). In this case we have an illustration of the
law: if the direction of the ray is normal to the interface, it passes
through without change of direction.

If the direction of the spool is at an
angle to the edge of the table-cloth, the way of
the spool is deflected (Fig./, b). It is easy to
notice that while rolling down from the
uncovered part of the table (where the velocity of a moving spool is
higher) to the covered one (where the velocity is less), the direction of the
spool 1s deflected towards the normal. And vice versa, if the spool rolls
down from a covered part to the uncovered one, you can notice that the
direction of the spool is deflected from the normal (Fig 2).

This illustrates the essence of the examined phenomenon, viz. the refraction is caused by the
difference of light velocities in both media. The greater the difference between the velocities, the
more considerable is the refraction of light. The so-called refractive index is none other than the
ratio of these velocities. For instance, if the refractive index of air to water is 4/3, it means that a ray
of light passes through air approximately 1.3 times as fast as it passes through water.

Experiment 2

You need a bowl (or a cup), a coin and some water.

Ask your friend to sit down so that he
cannot see the bottom of the cup standing in front
of him. There is a coin at the bottom. So your
friend cannot see the coin (Fig. 3). Then fill the
cup with water. What does your friend observe?
The bottom seems to rise and your friend can see °
the coin (Fig. 4)! The definition given below °
accounts for this phenomenon.

4 I/V apparent depth An object in water, when viewed

apparent ~ 11om above, appears to be at a shorter distance below

} depth the water than it really is. The light from the objects

- does not come directly to the eye but is refracted at

the air/water boundary. It can be shown that the real
depth is » times the apparent depth, where n is the
refractive index of water.

water

Fig. 5
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Experiment 3

Teacher of physics: What do you see looking in the mirror?
Student: 1 can see my own copy.
Teacher: Really? Is it your own copy?
Student: Of course! It is like me to the smallest detail.

Do you agree with the student? Let us examine the situation.

Your hair is parted at the left side, but your mirror image’s hair is parted at the right one.
There is a handkerchief in your right-hand pocket, but your mirror image has put it into their lefi-
hand one. If you are a right-handed person, they write, eat, and draw with their left hand. When you
want to greet your mirror image and shake their hand, they reach out their left hand for greetings.
You hold a book in your right hand, but your mirror image holds it in their left one. By the way, pay
attention to their book. It is very difficult to read even the only line from it.

Just think! This is a man pretending to be absolute same to you! And looking at them you
hope to have an idea of your appearance! The difference between you and your mirror double will
seem to be more appreciable if you conduct the following experiment.

You need a mirror, a sheet of paper and a pen (or a pencil).

Sit down in front of the mirror and try to draw any
figure, for example a star, following your hand reflected from
the mirror (Fig. 6). You will make sure that such an easy task
appears to be almost impossible! You want to draw a line to
the right, but your hand moves to the left. Let us complicate
the task. Try to write something in this way. Then ask your
friend to read your notes. Is it possible for him to do that? I do
not think so. Set the sheet of paper against the mirror at a right
angle and your friend will read your notes without any
difficulty. An excellent way to codify letters!

Think and Guess I

=3 1. Funny Box

Fig. 7 represents a cube in the mirror corner.
What is the surface of the original cube (Fig. 8)?

Fig. §
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=& 2. Light Boomerang
In Fig. 9 you can see a box containing mirror internal sides. There are two small slits in one of its

sides. A ray of light is allowed to pass through slit A and almost immediately a reflected ray of light
passes through slit B (Fig. 10). Can you show the path of the ray inside the box?

Fig.9

=2 3. Codified Words
Read these codified words with the help of a mirror. Then match each of them with its definition.

a)
b)
c)
d)
e)
f)
g
h)

D)
D
k)
D

m)

n)

a piece of furniture to sleep or rest
on;

a container with a flat base;

a set of sheets of papers bound
together as a thing to be read, or to
be written in;

a large animal of cattle type, wild
or domestic;

a fully-grown male bird, especially
a chicken;

the young of any bird, especially
of chicken;

a stinging insect that makes honey
and lives in groups;

(showing) a good style and
elegance;

the part of the face below the eye;
repetition of sound by reflection of
sound waves;

water which has frozen to a solid;
floor or storey of a ship or bus;

a place where ships are loaded and
unloaded, or repaired;
thing done, act.

Stage 5 — In Addition

Fig. 10
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Intriguing Physics I

A

Fig. 1

Figure 1. The line AB seems to be
broken although it is quite straight.

Figure 2. Grey spots appear and
disappear on the crossing of black

lines. In reality the
absolutely black.

Figure 3. Grey spots appear and I
disappear on the crossing of white

Stage 5 — In Addition

Optical Illusions

Fig. 3
NNy,
CIoTT71777777777 D
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ETT T T T TrENSSNSS F
11 ] /S S
e G HAHHH A4 H
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TV VUV VNRNN

lines, although they are absolutely Fig. 4

white.

Figure 4. Lines CD, EF, GH, and IJ seem to be nonparallel although they are parallel.

Fig. 5

cubes at the bottom or at the top of the figure?
You can see two cubes both at the bottom and at the top of the
figure if you look at the picture in different ways.

"niche [n1t{] a hollow place in a wall
? pleat [pli:t] 1) a narrow fold of cloth or paper; 2) to make

A Power of Imagination
Figure 5. What can you see here?
Some people see a staircase, and others —a niche' in the wall. But
there are people who believe a pleated” piece of paper to be drawn
here. Strange as it may seem, all the answers are correct! You can
see all these objects looking at the picture in different ways. If you
look at the left part of the picture you will see a staircase. If you
direct your eyes from right to left you will see a niche. And at last
you can see a pleated piece of paper, if you turn your eyes
diagonally from the lower -
right edge to the upper left
one.
Figure 6. What can see you in
the picture? Are there two

Fig. 6

(from “Active Dictionary of English”)
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Stage 5 — In Addition

Fig 8

Which is Bigger?

UNIT 6 — GEOMETRICAL OPTICS
Fig. 7
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Fig. 10

4

Figure 9. Which is longer, the length or the breadth of the

figure?
longer, the length or the breadth of figure P? Which is

Figure 10. Which of the figures is wider, P or Q? Which is
shorter, the length or the breadth of figure Q?

Figure 7. Which of the ellipses is bigger, K or L?
Figure 8. Which line is longer, MN or NO?

Answers:



