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Preface

This book is designed to meet all the basic textbook requirements for a complete
course leading to the Certificate of Education Examination in Physics. Subject
matter, order of presentation, approaches, depth of treatment and questions are all
based on the recommendations of the Hong Kong Curriculum Development
Committee. Starting points are based on the Physics content of the three-year
Integrated Science Course. At the same time, some care has been taken to ensure
that all the essential subject matter is contained in this one book.

Why Study Physics? Students are, very naturally, concerned about examination
success. As a result, they often lose sight of the reasons why a subject like Physics is
studied. The reasons are that Physics is tremendously useful, and Physics can be
immensely interesting and exciting.

How to Study Physics? One method, tried by generations of students (mostly
unsuccessful), is that ‘super-memory’ approach. This means treating the subject as a
large number of facts, theories and methods to be memorized and (hopefully)
repeated in the examination. Also, of course, to be forgotten immediately after the
examination! Really, a waste of time.

The right approach is to be continually involved in the learning process. We all
learn best by doing, so an understanding of experimental techniques comes from
actually performing experiments. Theories come from facts obtained by experiment
and observation. Take an active part in building any new theory, making sure that
you understand how it arises from the facts. Continually check that you understand
theories and techniques. The best way to do this, of course, is to try to apply them,
and the easiest method of doing this is to solve related problems. For this reason,
you should always try to solve the Problems given within each Section, before
looking at the solutions. Never be content to treat something as being isolated from
the rest of the subject. Always try to see how it relates to the important central ideas
like energy, particle nature of matter, wave nature and behaviour of electrical
charges. Really, the subject is made up of a few key techniques and ideas, applied in
a large number of different situations.

The newspapers often contain reports of scientific interest. And there are a wide
variety of science-based periodicals. Read what is interesting and the subject itself
becomes more interesting.



Summarizing: Successful study is based on

1. taking an active part in experimental investigation, development of ideas and
theories.

2. continually checking understanding by problem-solving.

continually looking for essential links between parts of the subject

4. treating physics as a major human activity and, when possible, doing some
related general reading.
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Introduction

OBSERVATION AND MEASUREMENT

The subject we call Physics is based on facts. What is a fact? In any science, a fact
arises from direct observation. If I make an observation that hanging a weight from
a spiral spring causes the spring to get longer, I can state this as a fact. The fact
becomes acceptable if someone else does the same experiment and the results
obtained are the same.

In other words, information can only be described as a fact if it has been obtained
from an observation and the observation can be checked by someone else.

The most useful observations are those which tell us how large something is. In
everyday language, you would probably accept a statement like ‘I saw a big rat on
the deck of the small ship’” without question. You know that the speaker means that
the rat was larger than the average for rats and that the ship was small compared to
most ships. In other words, you both used some standard of comparison. In science
rough standards of this kind are of very limited use. When different scientists in
different countries talk about ‘how large’, they must both use the same standard of
comparison. Measurement of a quantity always involves comparison with a
standard of that quantity. After measurements, the rat might be described in terms
like:

Length from nose to tail = 40 cm (or 0.4 m)
Mass = 350 g (or 0.35 kg)

Of course, there is more than one quantity which can be used to describe the size
of something. Fortunately, we can reduce all our measurements to only five basic
quantities:

Mass (m), Length (/), Time (¢), Electric current (/), Temperature (). For each
quantity, there is a unit. (See table one). Other quantities and units are derived from
these five.

SOME SIMPLE PRINCIPLES OF MEASUREMENT

Reading scales: Always look vertically down on the scale (and if used), the pointer.
Sensitivity: This is indicated by the smallest division on a scale. For example:

a micrometer reading of 0.41 mm is sensitive to 0.01 mm

a metre rule reading of 401 mm is sensitive to 1 mm

The first reading is therefore 100 times more sensitive than the second

Accuracy: One of the commonest mistakes made by physics students is to assume
that accuracy and sensitivity are measurments of the same thing. They are not! At
the same time, the accuracy of a reading can be increased by increasing the
sensitivity.
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The accuracy of a reading is controlled by two things:

(a) The possible error in reading, which depends on the sensitivity of the scale. The
micrometer reading above has a possible error of 0.01 mm. The metre rule
reading has a possible error of 1 mm

(b) The size of the quantity being measured. In our two examples, the sizes are 0.41
mm and 401 mm.

Putting these together, the possible percentage error is given by

possible error

possible percentage error = m X 100 %
The smaller this value is, the greater the accuracy.
Going back to our examples
Measurement 1 Measurement 2
1 1
% error = Z—O—x 100 % error = 200 X 100
= 2.5% = 0.25%

This means that the percentage error in the micrometer reading is ten times greater
than the percentage error in the metre rule reading; i.e. for these measurements, the
metre rule reading is more accurate, so the more sensitive reading gives a smaller
accuracy.

Here is another example:

The circumference of the earth is measured and found to be 40000 km. Assuming
the measurement is made to the nearest km, what is the percentage error?

% error =-POssible error -, 0507
reading

I
= 20000 ¥ 100

= 0.002 5 %
This reading is very much more accurate than either of the two previous examples,
even though the possible reading error is many time greater!
The lesson we learn from this is that very sensitive reading instruments are needed
only when the quantity to be measured is very small.
Sensible Numerical Values: Every measurement you make has a possible error. This
is partly due to the fact that no person is perfect and partly due to the limited
accuracy of any measuring instrument.
If you were to measure the width of a book and write w = 25.2 cm, you are saying
that:
The most likely width = 25.2 ¢cm, but the possible error is 0.1 cm
i.e. largest possible width = 25.3 cm
smallest possible width = 25.1 cm
If you write w = 25.20 cm, you are now claiming to have made the measurement
to 0.01 cm. i.e. a claim for much more accuracy than is justified by the
measurement.
Students often run into trouble when they have to combine measurements. Here is
a simple example. You measure the length, width and depth of a rectangular block
and try to calculate the volume.
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Results length I = 4.9 cm
width w = 2.9 cm
depthd = 2.1 cm
Volume V=1 X w X d
49 X 2.9 x 2.1 cm?
= 29.641 cm?
Many students would leave the answer like this. Would you? Clearly not, since you
are claiming a possible error of not more than 1 part in 29.461! A sensible claim
would be ¥ = 30 cm?, so your claim for accuracy is no greater than the accuracy of
the separate readings.
A simple rule to remember: When quoting a final value, give it with no more
significant figures than the /east accurate of the readings you used to obtain the
value.
You will be meeting some other ideas relating to measurment as you move
through the course.

I

IMPORTANT QUANTITIES, UNITS AND DEFINITIONS

The table below contains a great deal of information. It is intended for reference as
you go through the course, as a source of data and may be useful for check up while
revising. It is not intended as a large block of facts to be learned early in the course.
SI units are used throughout.

EXPRESSING NUMBERS

1. A decimal point may be shown as 1.9 or 19 or 1,9
2. Numbers are never started with a decimal point.
0.19 is correct .19 is not
3. Numbers with a large number of digits should be arranged in groups of three,
with a small space separating each group. e.g. 2 000 000 NOT 2,000,000
34 567.890 1, not 34,567.890,1

PREFIXES

Prefix Fraction Symbol Example

pico 10-12 p 102 m = 1 pm
nano 10° n 10°m = 1 nm
micro 106 I 10°m = 1m
milli 103 m 10°m = 1 mm
centi 102 ¢ 102m = 1cm
kilo 103 k 10° m = 1 km
mega 106 M 106W =1 MW
giga 10° G 10° V = 1GV
tera 102 T 102 J =1TJ
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