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Unit 1 Physical Quantities and

Measurement

Goals

After completing this unit, you will be able to;

% understand that all physical quantities consist of a
numerical magnitude and a unit

* recall the seven base quantities and their units

% use prefixes and symbols to indicate very big or very small
SI quantities

% describe how to measure a variety of lengths using the
appropriate instruments

% describe how to measure periods of time using the

pendulum, stopwatch and other appropriate instruments

New words and expressions

numerical FFH, FEH
magnitude K/
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quantity &, H&E
thermodynamic #7127
luminous intensity JHRGR &
amount of substance )&
derived quantities SHE
prefix A%

tape f&H, #R

retractable fH45 B 0
precision g

parallax ff2

caliper £R, F4H

vernier caliper {#fr £ R
micrometer screw gauge MEFEMHEE, BIET R
pendulum 4P, HE
stopwatch b3, 2%
oscillation %, Kz

g Warming up

1. Why must physical quantities and units be clearly defined?

2. What is the SI unit for length? Write down some other units
for length.

3. What is the SI unit for time? Write down some other units
for time.

4. Can you tell me the width of your desk? How to measure
the width?
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Pre-reading

1. Write down some physical quantities and units in life.

2. Can you find the difference between physical quantities and
numbers?

3. Provide some common measuring instruments of length and
time.

4. Find some images of the vernier calipers and micrometer

screw gauge on the Internet.

Reading

Physical Quantities and SI Units

> Physical quantities

A physical quantity is a quantity that can be measured. It
consists of a numerical magnitude and a unit. They are found
almost everywhere in our daily lives. For example, the sign found
on an overhead bridge warns vehicles above the height of 4. 5m not
pass underneath it,

There are altogether seven basic physical quantities, or base
quantities. Length and time are two of them. Table 1. 1 shows the

seven base quantities,
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Table 1.1 The seven base quantities and their SI units

SI base unit
Base physical quantity
Name Symbol

Length metre m
Mass kilogram kg
Time second s
Electric current ampere A
Thermodynamic temperature kelvin K
Amount of substance mole mol
Luminous intensity candela cd

The units of these seven base quantities are known as the SI
units, from the French Le Systéme International d'Unités. Out of
the seven basic quantities and their corresponding SI units, you
will learn five of them in this course. They are length, mass,
time, electric current and temperature.

All other common physical quantities such as area, volume
and speed are derived from these seven quantities. They are called
derived quantities, For example, speed is derived from length and
time. Table 1.2 gives example of how some common physical

quantities are derived from the base quantities.

Table 1.2 Some common derived quantities and units

Derived physical quantity Defining equation Symbol for unit
Speed distance/time mes !
Area length X width m”
Volume length X width X height m’
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> Why do we need SI units?

In the past, people used parts of their bodies and things
around them as units of measurement. That was how measuring
terms like foot, yard and horsepower came about. Unfortunately,
such methods of measurement created much confusion. It was not
until 1968 that scientists agreed to adopt one universal set of
units—the SI units.

»> Prefixes for SI units

Using decimal notation, the distance between air molecules
would be represented as 0. 000 000 01 m. It would be cumbersome
if we need to mention this quantity a number of times.

It would be more convenient if we use prefixes to represent the
above quantity. In this case, it can be expressed as 0.0l pm
where p represents the submultiple 10 °. The prefixes listed in
Table 1. 3 are very big or very small.

Another convenient and acceptable way of expressing the same
quantity is to use the standard form., In this case, it will be

expressed as 1 X10 * m.

Table 1.3 Some common SI prefixes

Prefix Symbol Factor
pico- p 1071
nano- n 1077
micro- m 107°
milli- m 107°
centi- & 107¢
deci- d 107!
kilo- k 10%
mega- M 10°
giga- G 10°
tera- T 10"
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In Physics, length is an important quantity that is measured
almost all the time. For example, we measure length to know
how far an object has moved, how much space an object occupies
or how far apart two objects are.

The SI unit for length is the metre. There is a wide range of
lengths in this world. It is necessary to use the appropriate
instruments and methods to measure different types of length. The
metre rule and tape measure are just two examples of instruments
that can be used. In following pages, you will learn more about

measuring instruments and how to use them.
Measurement of Length

» The metre rule and the tape measure

The metre rule and tape measure are common instruments used
to measure length.

A measure rule can measure lengths of up to one metre. A
retractable steel tape is suitable for distances longer than a metre.
Suppose we want to measure the width of a pond that is about
10 m. Which measuring instrument should we use?

We should use a retractable steel tape. The retractable steel
tape should be long enough to measure the distance. How about
measuring how deep the pond is? A metre rule may be used.

1. Precision of an instrument

What is the smallest unit on the metre rule? It is 0.1 cm or
1 mm. The smallest unit an instrument can measure is known as its

“precision”. For example, the metre rule cannot accurately
measure the thickness of a piece of paper, which is obviously

thinner than 1mm. You will have to estimate its thickness. In this



Unit 1 Physical Quantities and Measurement 7

case, the uncertainty, known as the instrument error, is due to
the limitations of the metre rule.

2. Avoiding reading errors

When you sue a metre rule, position your eye directly above
the markings to avoid parallax errors. By taking several readings
and taking the average, your will minimize reading errors.

Do take note that for metre rules, the zero mark is often at
the very end of the rule. Wear and tear of the metre rule may make
this mark unsuitable for measuring purposes. This worn end may
introduce errors to the readings. Hence, it is better to measure
from some randomly chosen point and subtracts it from the final
reading.

» The calipers

An instrument for measuring the diameters of cylinders or
circular objects are the calipers. The jaws of the calipers are used
to grip the widest part of the object. When the object is removed,
the distance between the jaws can be measured using a metre rule.
(Figure 1. 1)

Figure 1.1 External calipers and internal calipers
» The vernier calipers
The vernier calipers (Figure 1. 2) consist of a main scale and a
sliding vernier scale. It is a useful tool that is used to measure both

the internal and external diameters of an object. The vernier
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calipers are able to measure to a precision of 0. 01 cm. Figure 1.2

on the following page shows how to use the vernier calipers.

inside jaws

main scale

vernier scale

outside jaws

Grip the ball bearing gently using
the outside jaws of the calipers.

Figure 1.2 Using vernier calipers to measure the diameter
1. Avoiding reading errors when using the vernier calipers
Before using the vernier calipers, we need to examine the
instrument for zero error. This is to check that the zero mark on
the main scale coincides with the zero mark on the sliding vernier
scale when we are not measuring anything between the jaws.
Table 1. 4 on the following page shows how we should deal with

zero errors on the vernier calipers.
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Table 1. 4 Checking and correcting zero errors when using the vernier calipers

Checking for zero error

Observed reading

Corrected reading

0 1 5
main scale
l | vernier scale
0 10
The two zero marks

coincide— no zero error.

3 4 main scale
l I I I vernier scale

0 10

Reading=3. 14 cm

3.14 cm

( No zero error

correction required)

0 1 fain scale
| I | 1 | I vernier scale
0 10

Zero mark on vernier
slightly to the right —

positive zero error of

3 4 ’
main scale
I I I | | vernier scale

0 10

Reading =3. 17 cm

3.17 em— (+0.03)
=3.14 cm
( The

error is

positive  zero
subtracted

from the reading)

negative zero error of
—0.03 cm (count from
10).

+0. 03 cm.
0 1 inain scale 3 4 main scale
| vernier scale b | l | l I I vernierscale | 3,11 em— (—0.03)
0 10 0 10
. =3.14 cm
Zero mark on vernier
slightly o the lefr — ( The negative zero

Reading=3. 11 cm

error is added to the

reading)

2. How to use the vernier calipers?

Step 1. Grip the ball bearing gently using the outside jaws of

the calipers.

Step 2: Read the main scale directly opposite the zero mark on

the vernier scale.

31 mm or 3.1 cm.

In this case, the reading on the main scale is

Step 3: The 4th vernier mark coincides with a marking on the

main scale, This gives a reading of 0.4 mm or +0. 04 cm to be

added to the main scale reading.
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Step 4: The diameter is found by adding the main scale
reading to the vernier scale reading:

31 mm+0.4 mm=31.4 mm (Figure 1.2)

» The micrometer screw gauge

The micrometer screw gauge is used to measure lengths to a
precision of 0.01 mm or 10 micrometers (Figure 1.3). It can
measure the external diameter of wires and ball bearings. We use it
mainly to measure anything less than 1 cm—too small for the vernier
calipers to measure. How to use the micrometer screw gauge?

Step 1: Turn the thimble until the anvil and the spindle gently
grip the object. Then turn the ratchet until it starts to click.

Step 2: Read the main scale reading at the edge of the
thimble. In this case, it is 8. 5 mm.

Step 3: The thimble scale has 50 divisions, each of which is
0.01 mm. Take the thimble reading opposite the datum line of the
main scale. In this case, it is 40 divisions, which gives a value of
40X 0. 01 mm=0. 40 mm.

Step 4: Diameter is found by adding the main scale reading to

the thimble reading: 8.5 mm—+0.40 mm=38. 90 mm.

datum line  thimble scale /—\
0

cross section
of wire

——thimble Omm ; % &
) LH |l I Ll W= -
/ 5 TTTTTTTT %
| = 35
ratchet 30

main scale

thimble scale is marked
in divisions of 0.5 mm

Figurel. 3  Using the micrometer screw gauge to measure the diameter
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Measurement of Time

> How do we measure time?

Imagine that you are stranded on an island. You do not have a
watch or mobile phone. How can you tell the time?

One obvious way is to keep track of the position of the Sun.
At noon, the Sun is high in the sky. During the evening, it is low
in the western sky. After the Sun sets, we know that it is night.
By counting the number of sunsets, we can determine the number
of days.

What property of the Sun are we using to measure time? We
are making use of the fact that the Sun rises and sets each day—an
event that repeats at a regular interval. We measure time by
observing events that repeat at regular intervals or periods.

Many natural events repeat themselves at regular intervals.
The Sun sets daily. The shape of the Moon changes from a full
Moon to a crescent and back to a full Moon again, showing that a
month has passed by. In temperate countries, spring comes once a
year. These are examples of time intervals: day, month and year.
They are relatively long time intervals.

» Using a pendulum to tell time

A simple pendulum can be used to measure time more
accurately. It consists of a heavy object called a bob, like a metal
ball, attached to a string. The string is fixed at one end. If we
swing the pendulum, it will move back and forth at regular
intervals. Each completer to and fro motion is one oscillation. The
period of the simple pendulum is the time taken for one complete
oscillation.

On Earth, it is known that the period of a pendulum depends



