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Figure 23.7 Coastal breezes are due to convection: a day; b night
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. . | Cubic centimetre (¢cm?)
Sile metrairad : , Litre(lorl) or millilitre (ml or mL)

Note: the symbol
| for litre can be
confused with a
1 (one).

Llitre (. = 1000 cubic centimetres (cm?) |
, = 1000 millilitres (mf) - :

1m | LL"
f. -
1 cubic metre (m3) = 1000 litres (1) SO -
. 1m3
5 - - 1 cubic centimetre (cm?) is
1 OOOlit the volume of a cube
measuring 1 ¢m X 1cm X 1cm.
1 cubic matre (m3) is the volume of a 1 litre is the same volume as 1 cubic It is the same volume as
cube mea_c’unng ImX1mX1im. decimetre (dm?) 1 millilitre (ml)

1000000cm? 1000cm?3 1cm?3
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Figure 11.6 (a) While the person being poked with the finger might be irritated, the force has little lasting effect. (b) In contrast, the same force applied
to an area the size of the sharp end of a needle is great enough to break the skin.
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mass

1 tonne (1)

1 kilogram (kg)

1 gram (g)

1 milligram (mqg)
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1
1000 9

comparison with
base unit

1000 kg

1 kg

1
" Toooooo K8

Note: the Sl base unit of mass is the kilogram, not the gram

scientific
notation

10° kg
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distance

1 kKllometre (km)

1 metre (m)

1 centimetre (cr)

1 milimetre {mm)

1 micrometre (pm)

1 nanometre (nm)

comparison with scientific
base unit notation
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Example 7.1

What is the frequency of an automobile engine in which

the pistons oscillate with a period of 0.0625 s? Practice Problems

1. Earthquake waves that travel along

Analysis and Solution Earth’s surface can have periods of
1 up to 5.00 minutes. What is their
f= T frequency?
1 2. A hummingbird can hover when it
= 0.0625 s flaps its wings with a frequency of

78 Hz. What is the period of the
= 16.0 Hz N .
wing’s motion?

The frequency of the engine is 16.0 Hz.
Answers

1.333 x 103 Hz
2. 0.013s
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(a) (b) (c) (d) ()

.
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A Figure 7.4 The bee’s wings make one full cycle from (a) to (e). The time for this
motion is called the period.

The time required for the wings to make one complete oscillation
is the period (T). If the period of each cycle remains constant, then the

oscillatory motion: motion in wings are moving up and down with oscillatory motion. Recall from

which the period of each cycle Chapter 5 that the number of oscillations per second is the frequency

is constant (f), measured in hertz (Hz). The equation that relates frequency and
period is:

f_? (1)



¥ Table 7.1 Periods of Common ltems

Object Period

Bumblebee wings 0.00500 s

Hummingbird wings 0.0128 s

Medical ultrasound technology 1xX10°%t05x 10785

Middle C on a piano 0.0040 s

Electrical current in a house 0.0167 s




A piston in the engine of a car also undergoes oscillatory motion if
it is moving up and down in equal intervals of time. The piston shown
in Figure 7.5 moves from position (a) (its highest point) through (b) to
position (c), where it is at its lowest point. It begins moving back up
again through (d) to (e), where it returns to its highest position. The
range of movement from (a) to (e) is one cycle. A single piston in a
Formula 1 racecar can achieve a frequency of 300 cycles/second or
300 Hz (18 000 rpm). The piston makes 300 complete cycles in only
1 s. Conversely, the period of the piston, which is the time for one

complete cycle, is the inverse of the frequency. It is a mere 0.003 s or
{H} about 100 times faster than the blink of an eye! ”

(e)

A Figure 7.5 The piston makes one complete cycle from positions (a) to (e). The time it
takes to do this is its period. The number of times it does this in 1 s is its frequency.
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FIGURE 15.22
Ice is slippery because its crystalline
structure is not easily maintained at

the surface.

ater, like most other substances, expands when heated. But interest-
ingly, it doesn’t expand in the temperature range between 0°C and

4°C. Something quite fascinating happens in this range.

e
. d > \
ff'w‘\‘-\"”r \.\*" U '«fx*‘lf'.

Ice
(less dense)

Liquid water
(dense)

Volume (mL)

skate blade

r Thin film of
| ) liquid water

> lce

1.0016

1.0014

1.0012

0 4 8 12 16 18
Temperature ("C)



Volume (mL)

1.0016

1.0014

1.0012

i glsh

- g

Temperature (°C)

Temperature (°C)

'ij Liquid water below
4°C is bloated with ice

crystals.

{E}; Upon warming, the
crystals collapse,
resulting in a smaller
volume for the liquid
water.

(3) Above 4°C, liquid
water expands as it Is
heated because of

greater molecular
motion.
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Displacement, Velocity, Time and Acceleration
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