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The Textbook Series of Bilingual Pedagogy and Practice for Capacity Education in China — a National Education
Science Project for the Tenth Five-Year Plan

Foreword

The 21st century will be a special one for China. The past century witnessed a series of great changes in the
country of a 5000-year civilization. China has changed from a closed, backward, despised monarchical nation
into an open, dynamic and respectable socialist state with strong comprehensive strength. However, the 20th
century left behind only a newly-decorated stage for the Chinese people, and their historical task is to stage a
really splendid life drama in the 21st century.

China in the 21st century cannot develop without being closely linked with the international environment. In
today’s world there is a trend of integration of science, economy, and culture, which are promoting each other,
learning from each other, and blending each other. China’s entry into WTO, her hosting the 2008 Olympic
Games and the 2010 World Expo, and her increasing use of the Internet all require that the whole nation, espe-
cially the adolescents, should enhance their foreign language ability. It will be of great significance to carry out
bilingual teaching research and practice in some regions with advanced education system. Bilingual Pedagogy and
Practice for Capacity Education in China —a National Education Science Project for the Tenth Five-Year Plan —is
a comprehensive research project including the development of the textbook series.

Generally speaking, in the Chinese language context, bilingual teaching refers to the practice that all non-lin-
guistic subjects are instructed totally or partly in a foreign language. This sort of teaching demands new text-
books and new approaches to learning. Thus, all teachers face great challenges in terms of their language ability,
subject expertise, teaching skills and methodology. The aim of bilingual teaching is not merely language acquisi-
tion, for language is a tool of thinking, and the command of a new language means the command of a new way
of thinking. And the change of thought pattern will lead to a better communication and a better understanding
between different races, different nations and also different cultures. Strictly speaking, bilingual teaching should
go for the multiple objectives of languages, disciplines and thought patterns.

The natural science textbooks by the British JOHN MURRY Press are quite novel, both in the content and
in the style, and has a wide coverage with proper levels according to the educational reforming in China. The
series of textbooks are also supervised by GCSE (General Certificate of Secondary Education of Britain). These
are all characteristics beneficial to students’ learning. Our compilers of the series have made careful adaptation
and necessary explanation in line with the status quo of education in China. The layout of the series, with neces-
sary notes of special terms at the end of each section, can not only meet the needs of different students, but also
make easy reading. The series is 2 worthwhile model among bilingual textbooks. We hope the users of the text-
books will kindly give us their valuable comments and suggestions so as to contribute to the development of
bilingual teaching.

Professor Qian Yuanwei

Head of Bilingual Pedagogy and Practice for Capacity Education in China
(A National Education Science Project for the Tenth Five-Year Plan)
Fundamental Educational Office

Shanghai Teachers’ University

April 5, 2003
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1 Refraction of light

Facts about refraction
Real and apparent depth
Refractive index'

If you place a coin in an empty mug and move back
until you just cannot see it, the result is surprising if
someone gently pours in water. Try it.

Although light travels in straight lines in one
transparent material, such as air, if it passes into a
different material, such as water, it changes direction at
the boundary between the two, i.e. it is bent. The
bending of light when it passes from one material
(called a medium) to another is called refraction®. It
causes effects like the coin trick.

W Facts about refraction

(1) A ray of light is bent towards the normal® when it
enters an optically denser medium* at an angle (e.g.’
from air to glass), i.e. the angle of refractionr is less than
the angle of incidence®i, Figure 1.1a.

(i1) A ray of light is bent away from the normal when
it enters an optically less dense medium (e.g. from glass
to air).

(1) A ray emerging from a parallel-sided block is
parallel to the ray entering, but is displaced sideways.’
(iv) A ray travelling along the normal is not refracted,
Figure 1.1b.

Note ‘Optically denser’ means having a greater
refraction effect; the actual density may or may not be
greater.

S normal l

. air +
:

a b
Figure 1.1 Refraction of light in glass

normal

Refraction by a prism
Practical work
Refraction in glass.

Practical work

Refraction in glass

Shine a ray of light at an angle on to a glass block
(which has its lower face painted white or frosted)®,
Figure 1.2. Draw the outline ABCD of the block on
the sheet of paper under it. Mark the positions of the
various rays in air and in glass.

Remove the block and draw the normals on the
paper at the points where the ray enters AB (see Figure
1.2) and where 1t leaves CD.

lamp
and stand

single |
slit

normal

glass block

Figure 1.2

What two things happen to the light falling on AB?
When the ray enters the glass at AB is it bent towards
or away from the part of the normal in the block? How
1s it bent at CD? What can you say about the direction
of the ray falling on AB and the direction of the ray
leaving CD?

What happens if the ray hits AB at right angles?




B Real and apparent depth B Refractive index

Rays of light from a point O on the bottom of a pool ~ Light is refracted because its speed changes when it
are refracted away from the normal at the water surface  enters another medium. An analogy helps to explain
since they are passing into an optically less dense why.
medium, i.e. air, Figure 1.3. On entering the eye they Suppose three people A, B, C are marching in line,
appear to come from a point I above O; I is the virtual ~with hands linked, on a good road surface. If they
image of O formed by refraction. The apparent depth approach marshy ground at an angle, Figure 1.5a, A is
of the pool is less than its real depth. slowed down first, followed by B and then C. This
causes the whole line to swing round and change its
direction of motion.

In air (and a vacuum) light travels at 300000km/s
/V (3% 10°m/s), in glass its speed falls to 200000km/s
- o (2 X 10°m/s), Figure 1.5b. The refractive index n of
vaal apparent / : the medium, i.e. glass, is defined by the equation
depth depth s

refractive _ speed of light in air (or a vacuum)
indexc speed of light in medium

300000km/s 3

" 200000km/s 2

Experiments also show that

sine of angle of incidence

sine of angle of refraction

sin i

= — (see Figure 1.1a)
sin r

The more light is slowed down when it enters a
medium from air, the greater is the refractive index of
the medium and the more it is bent.

300000km/s

air

Figure 1.4 A straight stick seems bent in water. Why?

b
Figure 1.5

Refraction of |
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B Refraction by a prism

In a triangular glass prism’, Figure 1.6a, the deviation
(bending) of a ray'’ due to'' refraction at the first surface
is added to the deviation at the second surface, Figure
1.6b. The deviations do not cancel out as in a parallel-
sided block where the emergent ray, although dis-
placed, is parallel to the incident ray.

a
angle of
deviation
b
Figure 1.6
Questions

1 Figure 1.7 shows a ray of light entering a rectangular
block of glass.
a Copy the diagram and draw the normal at the point
of entry.
b Sketch the approximate path of the ray through the
block and out of the other side.

Figure 1.7

2 Draw two rays from a point on a fish in a stream to
show where someone on the bank will see the fish.
Where must the person aim to spear the fish?

3 What is the speed of light in a medium of refractive

Words and phrases

S S ]

6 ie(idestH)4EE) AL, B
7 A ray emerging from...but is displaced sideways.

9 triangular / trar'&ngjols / a. — LM

10 the deviation (bending) of a ray

11 due to

index 6/5 if its speed in air is 300000 km/s?

4 Figure 1.8 shows a ray of light OP striking a glass prism
and then passing through it. Which of the rays Ato D is
the correct representation of the emerging ray?

Figure 1.8

W Checklist

After studying this chapter you should be able to

m state what the term refraction means,

m give examples of effects that show light can be
refracted,

# describe an experiment to study refraction,

i draw diagrams of the passage of light rays
through rectangular blocks and recall that lateral
displacement occurs for a parallel-sided block,

= recall that light is refracted because it changes
speed when it enters another medium,

m recall the definition of refractive index as n=
speed in air/speed in medium,

= draw a diagram for the passage of a light ray
through a prism.

PR A

refractive index 75 #

refraction / ri'frekfan / n. 74t

bent towards the normal  §AYAZE T 1] 4%
HF AR

e.g.(exempli gratiaff) 4 5) =for example

optically denser medium

NS
TP AT W BERAR 5 B P AT T AR, HER
T,

the angle of incidence

8 “which has its lower face painted white or frosted” FpFEUHH] “a

glass block”, ® . BB A @A B
~glass prism =1 JE1Y
I BB B

FEEL A Dt 2

Hee Bl



2 Total internal reflection

B Critical angle Practical work

When light passes at small angles of incidence from an s =
optically denser to a less dense medium, e.g. from glass Critical angle Qf glass

to air, there is a strong refracted ray and a weak ray ) i circul
reflected back into the denser medium, Figure 2.1a. g:;;;azs;m;:d dmwglt;!»: :Lﬁeofgﬁ:c;:;: a(ge;
Increasingzthe angle of incidence increases the angle of 4 centr.e ’and ON the sigemal it O to LOM. Directa
refraction. narrow ray (at an angle of about 30°) along a radius
towards O. The ray is not refracted at the curved surface.
Why? Note the refracted ray in the air beyond LOM*
and also the weak internally reflected ray in the glass.
Slowly rotate the paper so that the angle of incidence
increases until total internal reflection just occurs. Mark
the incident ray. Measure the angle of incidence; it
equals the critical angle.

air

ray of
light
sheet of
¢ = critical angle poge
b angle of
incidence
semicircular
c glass block
Figure 2.1

At a certain angle of incidence, called the critical Figure 2.2
angle ¢, the angle of refraction is 90°, Figure 2.1b. For
angles of incidence greater than ¢, the refracted ray
disappears and all the incident light is reflected inside —
the denser medium, Figure 2.1c. The light does not
cross the boundary and is said to undergo total
internal reflection’.

IIIIIIIllllllllllllllllllllllllllllIIIIIIIIIIIIIIIIIlllllllll
Total internal erfl
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W Multiple images in a mirror

An ordinary mirror silvered at the back® forms several
images of one object, due to® multiple reflection inside
the glass, Figures 2.3a, b. These blur the main image I
(which is formed by one reflection at the silvering),
especially if the glass is thick. The trouble is absent in
front-silvered mirrors but they are easily damaged.

glass main
image
e E T o #--- R O - °
"
(o P e h I I
object " 1
: “
e
r
1 -
/// - ]
P " . o
P F — silvering
N ¢
& e /,

Figure 2.3a Multiple reflections in a mirror

Figure 2.3b The multiple images cause blurring

W Totally reflecting prisms

The defects of mirrors are overcome if 45° right-angled
glass prisms are used. The critical angle of ordinary glass
is about 42° and a ray falling normally on face PQ of
such a prism, Figure 2.4a, hits face PR at 45°. Total
internal reflection occurs and the ray is turned through
90°. Totally reflecting prisms replace mirrors in good
periscopes.

Light can also be reflected through 180° by a prism,
Figure 2.4b; this happens in binoculars’.

Figure 2.4 Reflection of light by a prism

W Light pipes and optical fibres

Light can be trapped by total internal reflection inside a
bent glass rod and ‘piped” along a curved path, Figure
2.5.% A single, very thin glass fibre behaves in the same
way. If several thousand such fibres are taped together
a flexible light pipe is obtained that can be used, for
example, by doctors as an ‘endoscope’, Figure 2.6a, to
obtain an image of an internal organ in the body, Figure
2.6b, or by engineers to light up some awkward spot
for inspection. The latest telephone ‘cables’ are optical
(very pure glass) fibres carrying information as pulses of
laser light.

Y

Figure 2.5 Light travels through a curved glass rod or fibre
by total internal reflection

Figure 2.6a Endoscope in use

Figure 2.6b Trachea (windpipe) viewed by an endoscope



B Checklist
After studying this chapter you should be able to

m explain with the aid of diagrams what is meant
by critical angle and total internal reflection,

m describe an experiment to find the critical angle
of glass or Perspex,

m draw diagrams to show the action of totally
reflecting prisms in periscopes and binoculars,

m explain the action and state some uses of optical
fibres.

Words and phrases Fia| fll5H1E

1 critical angle [ 5-ff

2 Increasing the angle of...of refraction. 1%, Bl ASHFAYHEL,
it iR,

3 total internal reflection 4= L

4 the refracted ray in the air beyond LOM  ZEiLOMBEAZ H

[iOE R B) 2

an ordinary mirror silvered at the back —HH JF BRI W H T

dueto A%, BT

binocular / br'nokjola / n. X H 2 LHE

Light can be trapped...Figure2.5a. i$: YT 2 W R R

HES MBI, IR DM AR e, W25,
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i Light and sight
i: Additional questions
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Waves and sound

Y

Types of wave
Describing waves
The wave equation
Reflection
Refraction

Types of wave

Several kinds of wave occur in physics. Mechanical
waves' are produced by a disturbance, e.g. a vibrating
object, in a material medium and are transmitted by the
particles of the medium vibrating to and fro®. Such
waves can be seen or felt and include waves on a rope
or spring, water waves and sound waves in air or in
other materials.

A progressive or travelling wave® is a disturbance
which carries energy from one place to another without
transferring matter. There are two types, transverse®
and longitudinal’ (Chapter 6).

In a transverse wave, the direction of the disturbance
is at right angles to the direction of travel of the wave.
One can be sent along a rope (or a spring) by fixing onc
end and moving the other rapidly up and down, Figure
3.1. The disturbance generated by the hand is passed on
from one part of the rope to the next which performs
the same motion but slightly later®. The humps’ and
hollows® of the wave travel along the rope as each part
of the rope vibrates transversely about its undisturbed
position.

Water waves are transverse waves.

direction of wave

hump

direction of
vibration

Figure 3.1 A transverse wave

Mechanical waves

Diffraction
Interference
Polarization

Practical work
The ripple tank.

Describing waves

Terms used to describe waves can be explained with
the aid of a displacement—distance graph’, Figure
3.2. It shows the distance moved sideways from their
undisturbed positions, of the parts vibrating at different
distances from the cause of the wave, at a certain time.'’

a) Wavelength

The wavelength of a wave, represented by the Greek
letter A (lambda), is the distance between successive
crests''.

— wave:\ength >

undisturbed
position

distance
—————— e

displacement

- A -

Figure 3.2 Displacement-distance graph for a wave at a
particular instant

b) Frequency

The frequency f is the number of complete waves
generated per second. If the end of a rope is jerked up
and down" twice in a second, two waves are produced
in this time. The frequency of the wave is 2 vibrations
per second or 2 hertz (2 Hz; the hertz being the unit of
frequency) which is the same as the frequency of jerk-
ing of the end of the rope. That is, the frequencies of
the wave and its source are equal.

The frequency of a wave is also the number of crests
passing a chosen point per second.



