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FOREWORD
Dear Student,

Rwanda Basic Education Board is honored to present to you this Physics Book
for Senior six which serves as a guide to competence-based teaching and
learning to ensure consistency and coherence in the learning of physics. The
Rwandan educational philosophy is to ensure that you achieve full potential at
every level of education which will prepare you to be well integrated in society
and exploit employment opportunities.

The government of Rwanda emphasizes the importance of aligning teaching
and learning materials with the syllabus to facilitate your learning process.
Many factors influence what you learn, how well you learn and the competences
you acquire. Those factors include the instructional materials available among
others. Special attention was paid to the activities that facilitate the learning
process in which you can develop your ideas and make new discoveries during
concrete activities carried out individually or with peers.

In competence-based curriculum, learning is considered as a process of active
building and developing knowledge and meanings by the learner where
concepts are mainly introduced by an activity, a situation or a scenario that
helps the learner to construct knowledge, develop skills and acquire positive
attitudes and values.

For effective use of this textbook, your role is to:

e Work on given activities which lead to the development of skills

e Share relevant information with other learners through presentations,
discussions, group work and other active learning techniques such as
role play, case studies, investigation and research in the library, from
the internet or from your community;

e Participate and take responsibility for your own learning;

e Draw conclusions based on the findings from the learning activities.
[ wish to sincerely extend my appreciation to REB staff who organized the
editing process of this book. Special gratitude goes to the lecturers, teachers,
illustrations and designers who diligently worked to successful completion of

this book. Any comment or contribution would be welcome for the improvement
of this textbook for the next edition.

Dr. Nelson MBARUSHIMANA

Director General, REB
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SOUND WAVES

Key unit competence: Analyze the effects of sound waves in elastic medium
My goals

Describe how sound propagates through a substance
Give the characteristics of sound.

Relate loudness and pitch to amplitude and frequency
Carry out calculations relating decibels and intensity

Establish relationship between characteristics of notes and sound
waves

Explain beats and establish beat frequency
Explain Doppler - Fizeau effect.
Give examples of musical pipe instruments.
Explain Doppler - Fizeau effect.
Give examples of musical pipe instruments.

Establish the fundamental frequency and 2"¢ harmonic, 3" harmonic,
in vibrating strings and in pipes




INTRODUCTORY ACTIVITY

-
1. Most people like to listen to music, but hardly anyone likes to listen to
| noise. What is the difference between a musical sound and noise? |

2. A guitarist plays any note. The sound is made by the vibration of the
| guitar string and propagates as a wave through the air and reaches your |
| ear. Which of the following statement is the right?

e The vibration on the string and the vibration in the air have the
| same wavelength. |
e They have the same frequency.
| e They have the same speed. |
None of the above is the same in the air as it is on the string.

L - - - - - - - - - - ==

Questions

a. Explain the meaning of underlined terms used in the text above

b. Do you think, it was 100% correct for Claudette to relate sound waves to
light waves. Explain.

c. There is somewhere where she was asked to discuss the different media
in which sound waves can travel. Discuss these different media and talk
about velocity of sound waves in the stated media.

d. In one of the paragraph, Claudette said that the laws governing reflection
and refraction of sound waves were similar to those of light. Can you
explain these laws (Use diagrams where possible)

e. Assuming that you were an interviewer and the interview was out of
80.What mark would you award Claudette? Why?

1.1. CHARACTERISTICS AND PROPERTIES OF SOUND WAVES

ACTIVITY 1.1: Properties of sound

Read the scenario below and answer the questions that follow.

On an interview for Physics placement in a certain school in Rwanda,
Claudette a S.6 leaver who had applied for the job was asked about
sound waves during the interview. She was asked to state the properties
of sound waves. Confidently, she responded that the properties are
reflection, refraction, diffraction and interference. This was enough
to make Claudette pass the first level of the interview.

However, in the second step, she was required to discuss different media
in which sound waves can propagate. Claudette started discussing
these different media. What surprised the interviewer was Claudette’s
ability to relate sound waves to other kinds of waves stating that these
waves behaves the same way when they pass from one medium to
another.



Looking at Claudette’s face, the interviewer asked her to discuss the laws
governing reflection and refraction of sound waves. With a smile, she
started by saying that since sound waves have the same properties as for
light; these laws therefore do not change.

As she was attempting to state them, the interviewer stopped her and
congratulated her upon her confidence and bravery she showed in the room.
She was directly told that she was successful and she was given the job.
Claudette is now working as assistant S2 Physics teacher and doubles as a

Physics laboratory attendant.

1.1.1 Properties of sound waves

Most of us start our lives by producing sound waves! We spend much of our
life surrounded by objects which produce sound waves. Most machines in
use vibrate and produce sound so the only sure way to silence them would
be to put them in vacuum where there would be no surrounding medium for
the vibrating surfaces of the machine to push against, hence no sound waves.
Some physiologists are concerned with how speech is produced, how speech
impairment might be corrected, how hearing loss can be alleviated.

Sound is associated with our sense of hearing and, therefore, with the physiology
of our ears that intercept the sound and the psychology of our brain which
interprets the sensations that reach our ears. Sound waves are longitudinal
mechanical waves that can travel through solids, liquids, or gases.

Asthe sound wave propagates, many interactions can occur, including reflection,
refraction, diffraction and interference. When a sound wave hits a surface, a
part of the energy gets scattered while a part of it is absorbed. Absorption is
the phenomenon of the wave where the energy of sound wave gets transformed
from one form to another. The high frequency sound waves are more easily
absorbed than low frequency sounds. It happens most with the soft materials.



1. How to calculate the speed of sound waves in different materials.
2. How to calculate the intensity of a sound wave.

3. FromtheFig.1.2, can you hear the ultrasound waves that a bat uses
for echolocation? Why or why not?

1e0.000

16,000
1:000

] I
100

Bat Cat Dag Dolphin  Grasshoppar
TYPL OF ANIMAL
Fig.1. 2: Range of frequencies heard by various animals and human (Randall & Knight.,,-

Physics for scientists and engineers: Stategic approach., 2008)

Usually, the characteristics used to describe waves are period, frequency,
wavelength, and amplitude.

a. Frequency ranges

Any periodic motion has a frequency, which is the number of complete cycles
in a second and a period which is the time used to complete one cycle. While
the frequency is measured in Hertz (Hz), the period is measured in seconds (s).

For a wave, the frequency is the number of wave cycles that pass a point in a
second. A wave's frequency equals the frequency of the vibrating source
producing the wave.

Sound waves are classified into three categories that cover different frequency
ranges:

e Audible soundlies within the range of sensitivity of the human ear.
They can be generated in a variety of ways, such as musical instruments,
human voices, or loudspeakers. It is almost impossible to hear sounds
outside the range of 20 Hz to 20 kHz. These are the limits of audibility
for human beings but the range decreases with age.



e Infrasonic waveshave frequencies below the audible range. They are
sound waves with frequencies that are below 20 Hz limit. Some animals
such as elephants can use infrasonic waves to communicate with each
other, even when they are separated by many kilometers. Rhinoceros
also use infrasonic as low as 5 Hz to call one another.

e Ultrasonic waves have frequencies above the audible range. They
are sound waves whose frequencies are higher than 20 KHz. You may
have used a “silent” whistle to retrieve your dog. The ultrasonic sound
emitted by that device is easily heard by dogs, although humans cannot
detect it at all. Ultrasonic waves are also used in medical imaging.

Many animals hear a much wider range of frequencies than human beings do.
For example, dog whistles vibrate at a higher frequency than the human ear
can detect, while evidence suggests that dolphins and whales communicate at
frequencies beyond human hearing (ultrasound) (Cutnell & Johnson, 2006).

b. Wavelength

Wavelength is the distance covered by a wave in a period. It is represented by
the separation between a point on one wave and a similar point on the next
cycle of the wave. For a transverse wave, wavelength is measured between
adjacent crests or between adjacent troughs. For a longitudinal wave such as
sound wave, wavelength is the distance between adjacent compressions or
rarefaction.

c. Speed of sound

For a periodic wave, the shape of the string at any instant is a repeating pattern.
The length of one complete wave pattern is the distance from one crest to the
next or from one trough to the next or from any point to the corresponding point
on the next repetition of the wave shape. We call this distance the wavelength
of the wave, denoted by the Greek letter lambda (A).

The wave pattern travels with constant speed and advances a distance of one
wavelength in a time interval of one period T. So the wave speed is given by

== 1.01
v T Af ( )

where fis the frequency of the wave.

Sound travels faster in liquids and solids than in gases, since the particles in
liquids and solids are closer together and can respond more quickly to the
motion of their neighbors. As examples, the speed of sound is 331 m/s in
air, 1500 m/s in water and 5000 m/siniron (though these can change depending
on temperature and pressure). Sound does not travel in vacuum.



Example 1.1: Wavelength of musical sound

Example 1.1 Wavelength of a musical sound

1) Sound waves can propagate in air. The speed of the sound depends
on temperature of the air; at 200 Citis 344 m/s itis. What is the
wavelength of a sound wave in air if the frequency is 262 Hz (the
approximate frequency of middle C on a piano)?

Answer:

v _344m/s _
f  262Hz

Using Equation of wave (1.01): 4 = 1.31m

Factors which affect the velocity of sound in air

e The speed of sound waves in a medium depends on the compressibility
and density of the medium. If the medium is a liquid or a gas and has a
bulk modulus Band density p,the speed of sound waves in that medium

B

is given by: YT S (1.02)

e It is interesting to compare this expression with the equation

T . :
v= \/; applicable to transverse waves on a string. In both cases,

the wave speed depends on an elastic property of the medium (bulk
modulus B or tension in the string T) and on an inertial property of the
medium (the density p or linear mass u ).

In fact, the speed of all mechanical waves follows an expression of the

general form ,, _ |€lastic property (1.03)
inertia property

e For longitudinal sound waves in a solid rod of material, for example,

the speed of sound depends on Young’s modulus Y and the density p
Changes of pressure have no effect on the velocity of sound in air.

P
Sir Isaac Newton showed that: v= \/; (1.04)



e In accordance with Boyle’s law, if the pressure of a fixed mass of air is

doubled, the volume will be halved. Hence the density will be doubled.
Thus at constant temperature, the ratio P will always remain constant

A, .
no matter how the pressure may change. The speed of sound increases
with temperature. If the air temperature increases at constant pressure
the air will expand according to Charles’ law, and therefore become

less dense. The ratio £ will therefore increase, and hence the speed of

P
sound increases with temperature. For sound traveling through air, the
relationship between wave speed and medium temperature is

T,
Where v, =331m/sis the speed ofosound in air(at O degree Celsius

and normal pressure) .

v=v0‘/— (1.05)

The speed of sound in air at standard temperature and pressure (25
°C, 760 mm of mercury) is 343 m/s. It is determined by how often the
air molecules collide. The speed of sound increases by about 6 m/s if
the temperature increases by 10 °C (Glencoe, 2005).

Gases

Air(0C) in
Air(20°C) 343
Helium 965
Hydrogen 1284
Liquids

Water{0"C) 1402
Water{20%C) 1482
Seawater 1522
Solids

Aluminiurm 6420
Copper 3560
Steel 5941
Granite 6000
Vulcanised

Rubber 54




Find the speed of sound in water, which has a bulk modulus of

B=2.1x10° N/m’at a temperature of 0 °C and a density of
P=1.00x10° kg / m’

Answer

B 2.1x10° N/ m?
Using equation (1.02), we find that v=,|—=,|————————=14m/s
5¢d (1.02) "TNp T \Lo00ox10 kg /m "

In general, sound waves travel more slowly in liquids than in solids
because liquids are more compressible than solids.

d.Amplitude

The amplitude of a wave is the maximum displacement of the medium from its
rest position. The amplitude of a transverse wave is the distance from the rest
position to a crest or a trough. The more energy a wave has, the greater is its
amplitude.

1.1.3 Checking my progress

1. The correct statement about sound waves is that:

a. They are transverse waves
b. They can be polarized
c. They require material medium to propagate

2. Sound travels in
a. Air b. Wate c. Iron d. All of these

3. Two men talk on the moon. Assuming that the thin layer of gases on the
moon is negligible, which of the following is the right answer:

a. They hear each other with lower frequency

b. They hear each other with higher frequency
c. They can hear each other at such frequency
d. They cannot hear each other at all

4. Do you expect an echo to return to you more quickly on a hot day or a
cold day?
a. Hotday. b. Cold day. c. Same on both days.

5. A sound wave is different than a light wave in that a sound wave is:

a. Produced by an oscillating object and a light wave is not.
b. Not capable of traveling through a vacuum.



c. Not capable of diffracting and a light wave is.
d. Capable of existing with a variety of frequencies and a light wave
has a single frequency.
6. Aspider of mass 0.30 g waits in its web of negligible mass see Fig. below.

A slight movement causes the web to vibrate with a frequency of about
15 Hz.

Fig.1. 3 A spider of mass waits in its web
a. Estimate the value of the spring stiffness constant k for the web
assuming simple harmonic motion.
b. At what frequency would you expect the web to vibrate if an insect
of mass 0.10 g were trapped in addition to the spider?

1.2 PRODUCTION OF STATIONARY SOUND WAVES
ACTIVITY 1.3: Production of stationary sound waves

Fig.1. 4: A guitarist.

Look at the Fig.1.4 of guitarist and then answer the following question.

1. How do vibrations cause sound?

2. What determines the particular frequencies of sound produced by
an organ or a flute?

3. How resonance occurs in musical instruments?

4. How to describe what happens when two sound waves of slightly
different frequencies are combined?



1.2.1 Sound in pipes

The source of any sound is vibrating object. Almost any object can vibrate
and hence be a source of sound. For musical instruments, the source is set
into vibration by striking, plucking, bowing, or blowing. Standing waves (also
known as stationary waves are superposition of two waves moving in opposite
directions, each having the same amplitude and frequency) are produced and
the source vibrates at its natural resonant frequencies.

The most widely used instruments that produce sound waves make use of
vibrating strings, such as the violin, guitar, and piano or make use of vibrating
columns of air, such as the flute, trumpet, and pipe organ. They are called wind
instruments. We can create a standing wave:
e In a tube, which is open on both ends. The open end of a tube is
approximately anode in the pressure (or an antinode in the longitudinal
displacement).

e In a tube, which is open on one end and closed on the other end. The
closed end of a tube is an antinode in the pressure (or a node in the
longitudinal displacement).

In both cases a pressure node is always a displacement antinode and vice versa.

a. Tube of length L with two open ends
An open pipe is one which is open at both ends. The length of the pipe is the
distancebetween consecutive antinodes. But the distance between consecutive

antinode is % ie. in (1.06)

The longest standing Wazve in a tube of length L with two open ends has
displacement antinodes (pressure nodes) at both ends. It is called the
fundamental.

A \%
L=—<oA=2L=f =—
2 Jo 2L

o

Fig.1. 5: Fundamental note (1% harmonic).

Notes with higher frequencies than fundamental can be obtained from the pipe
by blowing harder. The stationary wave in the open pipe has always an antinode

at each end. L:ﬁclz%jfz:;_]‘i:%ro



The next longest standing wave in a tube of length L with two open ends is the
second harmonic (first overtone). It also has displacement antinodes at each

end.

< >

Fig.1. 6: First overtone (second harmonic).

The second overtone is obtained from Fig. 1.6 and is the third harmonic.

3 2L 3v
L=—&o—=f="—=3
2 3 S 2L Sy

> > >

Fig.1. 7: Second overtone (third harmonic).

An integer number of half wavelength has to fit into the tube of length L:

nA 2L nv
L=—"-ci=">= =—=n 1.07
2 n fn—l 2L fO ( )

For a tube with two open ends, all frequencies f  =nf,, with n equal to an

integer are natural frequencies.

The frequency f of fundamental note emitted by a vibrating string of length L,

mass per unit length m and under tension T is given by

1 [T

f=Z m (1.08)

a. How long is this pipe?
b. Find the wavelength. Assume the temperature is 20°c

covered and the temperature is 10 °C instead of 20 °C?
Answer :

v  343m/s
2f, 2x594 Hz
b. The wavelength: A =21 =0.58m

a. Length of the pipe: L = =0.29m

The fundamental frequency of a pipe that is open at both ends is 594 Hz.

c. Determine the fundamental frequency of the flute when all holes are




Quick check 1.1: Standing sound waves are produced in a pipe that is 1.20
m long. For the fundamental and first two overtones, determine the locations
along the pipe (measured from the left end) of the displacement nodes and
the pressure nodes if the pipe is open at both ends.

b. Tube of length L with one open end and one closed end.

The longest standing wave in a tube of length L with one open end and one
closed end has a displacement antinode at the open end and a displacement
node at the closed end.

A v
This is the fundamental. L = it A=4L= f, = 7 (1.09)

Fig.1. 8: Fundamental note (1** harmonic).

The next longest standing wave in a tube of length in a tube of length L with one
open end and one closed end is the third harmonic (second overtone). It also
has a displacement antinode at one end and a node at the other.

34 4L

L:T = fi= —=3fo (1.10)

Fig.1. 9: First overtone (third harmonic)

The next longest standing wave in a tube of length L with one open end and one
closed end is the second overtone (fifth harmonic).

5\

L :T =f, = —Sfo (1.11)



Fig.1. 10: Second overtone (fifth harmonic)

An odd-integer number of quarter wavelength has to fit into the tube of length L.

:(2n+1)/1<:>/1: 4L :>fn:(2n+1)V:
2n+1 4L

For a tube with one open end and one closed end, frequencies

L Qn+1)f, (1.12)

_ Cn+1yv
" 4L ,with nequal to an odd integer are natural frequencies.

Only odd harmonics of the fundamental are natural frequencies.

=@n+1f,

Another way to analyze the vibrations in a uniform tube is to consider
a description in terms of the pressure in the air. Where the air in a wave
is compressed, the pressure is higher, whereas in a wave expansion (or
rarefaction), the pressure is less than normal.We call a region of increased
density a compression; a region of reduced density is a rarefaction.

The wavelength is the distance from one compression to the next or from one
rarefaction to the next.

node node First harmonic = fundamental

€= 34,

»
fi= 2%
~ —{motion of air molecules]

antinode

Second harmonic )

L=¥=2h
> Overtones
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Fig.1. 11: Pressure variation in the air: Graphs of the three simplest modes of vibration (standing
waves) for a uniform tube open at both ends (“open tube”).



The open end of a tube is open to the atmosphere. Hence the pressure variation
at an open end must be a node: the pressure does not alternate, but remains at
the outside atmospheric pressure as shown in Fig.1.12.
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First harmonic = fundamental
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> Overtones

Fig.1. 12: Modes of vibration (standing waves) for a tube closed at one end (“closed tube”).

If a tube has a closed end, the pressure at that closed end can readily alternate
to be above or below atmospheric pressure. Hence there is a pressure antinode
ata closed end of a tube. There can be pressure nodes and antinodes within the
tube as shown in Fig.1.12.

Example 1.4
1

. A section of drainage culvert 1.23 m in length makes a howling noise
when the wind blows.

a. Determine the frequencies of the first three harmonics of the
culvert if it is open at both ends. Take v = 343 m/s as the speed
of sound in air.

b. What are the three lowest natural frequencies of the culvert if
itis blocked at one end?

c. For the culvert open at both ends, how many of the harmonics
present fall within the normal human hearing range (20 Hz to
17 000 Hz)?
Answer
a. The frequency of the first harmonic of a pipe open at both
ends is Because both ends are open, all harmonics are present;
thus,




f =2f,=2x139Hz=278Hz and f, =3f, =2x139Hz=417 Hz

_v _38mls _aop

V2L 2x1.23m

b. The fundamental frequency of a pipe closed at one end is

v 3BIS oh

4L 4x1.23m
In this case, only odd harmonics are present; hence, the next two harmonics
have frequencies

f,=3f,=3x69.THz =209Hz and 5f, =5x69.7 Hz =349 Hz

c. Because all harmonics are present, we can express the frequency of the
highest harmonic heard as f, = nf, where nis the number of harmonics that
we can hear.

For f =17000Hz, we find that the number of harmonics present in the
audible range is

- 17000 122
139

Only the first few harmonics are of sufficient amplitude to be heard.

Quick check 1.2:

Standing sound waves are produced in a pipe that is 1.20 m long. For the
fundamental and first two overtones, determine the locations along the pipe
(measured from the left end) of the displacement nodes and the pressure
nodes if the pipe is closed at the left end and open at the right end.

1.2.2 Vibrating strings

The string is a tightly stretched wire or length of gut. When it is struck, bowed
or plucked, progressive transverse waves travel to both ends, which are fixed,
where they are reflected to meet the incident waves. A stationary wave pattern
is formed for waves whose wavelengths fit into the length of the string, i.e.
resonance occurs.

If you shake one end of a cord (slinky) and the other end is kept fixed, a



continuous wave will travel down to the fixed end and be reflected back,
inverted. The frequencies at which standing waves are produced are the natural
frequencies or resonant frequencies of the cord. A progressive sound wave (i.e.
a longitudinal wave) is produced in the surrounding air with frequency equal
to that of the stationary transverse wave on the string.

Now let consider a cord stretched between two supports that is plucked like
a guitar or violin string. Waves of a great variety of frequencies will travel in
both directions along the string, will be reflected at the ends, and will be travel
back in the opposite direction. The ends of the string, since they are fixed, will
be nodes.

The lowest frequency, called the fundamental frequency, corresponds to one
antinode (or loop) and corresponds to whole length of the string i.e.,L=§ the

other natural frequencies are called overtones or harmonics. The next mode
after the fundamental has two loops and is called the second harmonic or first
overtone and so on.

Fundamental note (first harmonic): L :g (1.13)

The frequency f =%@ f =ﬁ (1.14)

It was stated that the speed of a transverse wave travelling along a string is

given by v:\/z
y7i
1 |T

The frequency of the vibration is given by: f = YR (1.15)
U

First overtone (second harmonic) of a string plucked in the middle corresponds
to a stationary wave which has nodes at the fixed ends and antinode in the
middle. If is 4 the wave length it can be seen that:

=, 2t (1.16)
2 3
. L c 3T
The frequency of fist overtone is given by: f, =—= eI
y7i

In order to find the frequency f of each vibration we use equation: f =%and



we see that f;l =— = nfl (1.17)
j’n
where v:\/z and f :L r (1.18)
M 2L\ u

Consider a string of length L fixed at both ends, as shown in Fig.1.12. Standing
waves are set up in the string by a continuous superposition of wave incident
on and reflected from the ends.

Note that there is a boundary condition for the waves on the string. The ends of
the string, because they are fixed, must necessarily have zero displacement and
are, therefore, nodes by definition.

e T,
(a)
A
N N
N Js
r-1a
n=1 =5+ n=25

3
3 L=32s

(b) (d)

Fig.1. 13: Fundamental and first two overtones: (a) A string of length L fixed at
both ends.

The normal modes of vibration form a harmonic series: (b) the fundamental
note (first harmonic); (c) First overtone (second harmonic); (d) the second
overtone (third harmonic) (Halliday, Resneck, & Walker, 2007).



B —

piano string is 1.10 m long and has mass of 9 g.
a. How much tension must the string be under if it is to vibrate
at a fundamental frequency of 131 Hz?
b. What are the frequencies of the first four harmonics?

Answer

a. The wavelength of the fundamental frequency is
A=2L=2.20m

The velocity is thenv=A4f =(2.2)(13.1) =288 m /s
Then from .
ve Lo L VL g9
y7i m m
b. The frequencies of second, third, and fourth harmonics are
three, and four times the fundamental frequency: 262 Hz, 393

Hz, and 524 Hz.

Quick check 1.3:

Middle C on a piano has a fundamental frequency of 262 Hz, and the first A
above middle C has a fundamental frequency of 440 Hz.

a. Calculate the frequencies of the next two harmonics of the C string.

b. If the A and C strings have the same linear mass density # and
length L, determine the ratio of tensions in the two strings.

c. With respect to a real piano, the assumption we made in (b) is only
partially true. The string densities are equal, but the length of the A
string is only 64 % of the length of the C string. What is the ratio of
their tensions?

1.2.3. Wave Interference and Superposition
a. Wave interference

Up to this point we've been discussing waves that propagate continuously in
the same direction. But when a wave strikes the boundaries of its medium, all
or part of the wave is reflected.

When you yell at a building wall or a cliff face some distance away, the sound
wave is reflected from the rigid surface and you hear an echo. When you flip the
end of a rope whose far end is tied to a rigid support, a pulse travels the length
of the rope and is reflected back to you. In both cases, the initial and reflected
waves overlap in the same region of the medium. This overlapping of waves is
called interference.



In general, the term “interference” refers to what happens when two or more
waves pass through the same region at the same time Fig.1.14 shows an example
of another type of interference that involves waves that spread out in space.

Two speakers
emit wave in _

] Amplifier S

Q

o | f'afj
P

Fig.1. 14: Two speakers driven by the same amplifier: Constructive interference occurs at point P
and destructive interference occurs at Q.

Two speakers, driven in phase by the same amplifier, emit identical sinusoidal
sound waves with the same constant frequency. We place a microphone at
point P in the figure, equidistant from the speakers. Wave crests emitted from
the two speakers at the same time travel equal distances and arrive at point
P at the same time; hence the waves arrive in phase, and there is constructive
interference.

The total wave amplitude at P is twice the amplitude from each individual wave,
and we can measure this combined amplitude with the microphone.

Now let’'s move the microphone to point Q, where the distances from the
two speakers to the microphone differ by a half-wavelength. Then the two
waves arrive a half-cycle out of step, or out of phase; a positive crest from one
speaker arrives at the same time as a negative crest from the other. Destructive
interference takes place, and the amplitude measured by the microphone is
much smaller than when only one speaker is present. If the amplitudes from
the two speakers are equal, the two waves cancel each other out completely at
point Q, and the total amplitude there is zero.

b. The principle of superposition

Combining the displacements of the separate pulses at each point to obtain
the actual displacement is an example of the principle of superposition: “When
twowaves overlap, the actual displacement of any point on the string at any
time is obtained by adding the displacement the point would have if only the
first wave were present and the displacement it would have if only the second
wave were present”.

In other words, the wave function y(#,x) that describes the resulting motion in
this situation is obtained by adding the two wave functions for the two separate

waves:  y(t,x) = y,(t,x)+ y,(t,x) (1.19)



Where y,(¢,x) = Asin(@t —k +¢,) and ,(t,x) = Asin(wt —k + ¢,)
These waves overlap and interfere.

The resultant wave as these waves overlap and interfere can write as
§03) = 360+ 72 (63) = 208 =By sin (01— s LB (1.20)
As we saw with transverse waves, when two waves meet they create a third
wave that is a combination of the other two waves. This third wave is actually
the sum of the two waves at the points where they meet. The two original
waves are still there and will continue along their paths after passing through
each other. After passing the third wave no longer exists. Its amplitude has the

magnitude 4. =24 COS(@) (1.21)

| Problem 1

The Adventures of Marvin the Mouse: You and your friend are walking
down by the pool when you hear a cry for help. Poor Marvin the Mouse
has fallen into the pool and needs your help. The sides of the pool are
to slippery for Marvin to climb out but there is an inner tube anchored
in the center of the pool. Oh no! The sides of the inner tube are too
slippery and high for Marvin to climb. He’s getting tired and can’t swim
to the sides; he has just enough energy to float by the inner tube. Having
studied about waves, you and your friend take up positions on opposite
sides of the pool. How did you help Marvin get safely onto the inner
tube?

Problem 2: Dance club designer

You are the designer of a new Dance Club. You have been informed that
you need to design the club in such a way that the telephone is placed
in a location that allows the customers to hear the people on the other
side. The phone company states that they can only put the phone line
in at a point 20 m from the stage. Develop a model which allows the
customers to use the phone with the least amount of trouble given that
the phone must be placed at a distance of 20 m, (2/3 the room size),
from the stage. This will be an area where there will be virtually no
sound.



c. Resonance of sound

We have seen that a system such as a taut string is capable of oscillating in one
or more normal modes of oscillation. If a periodic force is applied to such a
system, the amplitude of the resulting motion is greater than normal when the
frequency of the applied force is equal to or nearly equal to one of the natural
frequencies of the system. This phenomenon is known as resonance. Although
a block-spring system or a simple pendulum has only one natural frequency,
standing-wave systems can have a whole set of natural frequencies.

Because oscillating systems exhibits large amplitude when driven at any of
its natural frequencies, these frequencies are often referred to as resonance
frequencies. Fig.1.15 shows the response of an oscillating system to various
driving frequencies, where one of the resonance frequencies of the system is
denoted by f,

Amplitude

o
Frequency of driving force
Fig.1. 15: Graph of the amplitude versus driving frequency for oscillating system. The amplitude
is a maximum at the resonance frequency. Note that the curve is not symmetric (Halliday, Res-
neck, & Walker, 2007)

One of our best models of resonance in a musical instrument is a resonance
tube. This is a hollow cylindrical tube partially filled with water and forced into
vibration by a tuning fork (Fig.1.16). The tuning fork is the object that forced
the air, inside the resonance tube, into resonance.

= 'k
Resonating % T
Air colunm

Fig.1. 16: Turning fork forcing air column into resonance



As the tines of the tuning fork vibrate at their own natural frequency, they
created sound waves that impinge upon the opening of the resonance tube.
These impinging sound waves produced by the tuning fork force air inside
of the resonance tube to vibrate at the same frequency. Yet, in the absence of
resonance, the sound of these vibrations is not loud enough to discern.

Resonance only occurs when the first objectis vibrating at the natural frequency
of the second object. So if the frequency at which the tuning fork vibrates is not
identical to one of the natural frequencies of the air column inside the resonance
tube, resonance will not occur and the two objects will not sound out together
with a loud sound. But the location of the water level can be altered by raising
and lowering a reservoir of water, thus decreasing or increasing the length of
the air column.

So by raising and lowering the water level, the natural frequency of the air in
the tube could be matched to the frequency at which the tuning fork vibrates.

When the match is achieved, the tuning fork forces the air column inside of
the resonance tube to vibrate at its own natural frequency and resonance is
achieved. The result of resonance is always a big vibration - that is, aloud sound.

A more spectacular example is a singer breaking a wine glass with her amplified
voice. A good-quality wine glass has normal-mode frequencies that you can
hear by tapping it.

If the singer emits a loud note with a frequency corresponding exactly to one of
these normal-mode frequencies, large-amplitude oscillations can build up and
break the glass (Fig. 1.17)

Fig.1. 17: Some singers can shatter a wine glass by maintaining a certain frequency of their voice
for seconds, (a) Standing-wave pattern in a vibrating wine glass. (b) A wine glass shattered by the
amplified sound of a human voice

d. Beats and its phenomena

Beats occur when two sounds-say, two tuning forks- have nearly, but not exactly,
the same frequencies interfere with each other. A crest may meeta trough at one
instant in time resulting in destructive interference. However at later time the



crest may meet a crest at the same point resulting in constructive interference.
To see how beats arise, consider two sound waves of equalamplitudes and
slightly different frequencies as shown on the figure below.

fa=50Hz fy=60Hz

/AN AVAVA S/ WA/ \VA&Y:
\VAVVAV\VVAV/AY V\X/\/\,

=0 t1=0.05s t=0.10s 0.15s

AN /\/\/\/\/\
VA

Fig.1. 18: Beats occur as a result of the superposition of two sound waves of slightly different
frequencies (Cutnell & Johnson, 2006).

e—————beat period (010 8) ——8M8

In 1.00 s, the first source makes 50 vibrations whereas the second makes 60. We
now examine the waves at one point in space equidistant from the two sources.
The waveforms for each wave as a function of time, at a fixed position, are shown
on the top graph of Fig. 1.19; the red line represents the 50 Hz wave, and the
blue line represents the 60 Hz wave. The lower graph in Fig. 1.18 shows the sum
of the two waves as a function of time. At the time the two waves are in phase
they interfere constructively and at other time the two waves are completely
out of phase and interfere destructively. Thus the resultant amplitude is large
every 0.10 s and drops periodically in between. This rising and falling of the
intensity is what is heard as beats. In this case the beats are 0.10 s apart. The
beat frequency is equal to the difference in frequencies of the two interfering
waves.

Consider two sound waves of equal amplitude traveling through a medium with
slightly different frequencies f1 and f2atchosen point x = 0:

V= A00527mt and Y, = Acos27_zfzt

Using the superposition principle, we find that the resultant wave function at
this pointis y, = y 4y, = 4(cos27f,t + cos 27f, 1)

b
) allows us to

Lihy

a—>b a+
The trigonometric identity cosa +cosb = 2cos( ) cos(
write the expression foryas ¥ =, +y, =24cos Zﬂ(f /2 ———=)tcos2m(— =
We see that the resultant sound for a listener standing at any given point has

an effective frequency equal to the average frequency /i*/: and amplitude
2



given by the expression: 4, . =2A4cos 27[(%&)1‘ (1.22)

The frequency of the beats is equal to the difference in the frequencies of the
two sound waves:

beat frequency = frequency of loud sound heard = f, - f, (1.23)

The interference pattern varies in such a way that a listener hears an alternation
between loudness and softness. The variation from soft to loud and back to soft
is called a Beat. The phenomena of beats can be used to measure the unknown
frequency of a note.

Example 1.6
Two identical piano strings of length 0.750 m are each tuned exactly to

440 Hz. The tension in one of the strings is then increased by 1.0%. If they
are now struck, what is the beat frequency between the fundamentals of
the two strings?

Answer:

We find the ratio of frequencies if the tension in one string is 1.0% larger

v sz
2 =z
by T. 1.010T
thantheother:ézizv—2=—’u= 2= &=1.005 Thus,
i ooy /ﬂ T, T
yr

2L

the frequency of the tightened stringis f, =1.000f, =1.05x400 = 442 Hz
and the beat frequency is f, ~=442-440=2Hz

Quick check 1.4:

A tuning fork produces a steady 400 Hz tone. When this tuning fork is struck
and held near a vibrating guitar string, twenty beats are counted in five
seconds. What are the possible frequencies produced by the guitar string?

1.2.4 Checking my progress

1. Is the wavelength of the fundamental standing wave in a tube open
at both ends greater than, equal to, or less than the wavelength of the
fundamental standing wave in a tube with one open end and one closed
end?



10.

You blow across the opening of a bottle to produce a sound. What must
be the approximate height of the bottle for the fundamental note to be a
middle C (1.29 m)?

Two loudspeakers are separated by 2.5 m. A person stands at 3.0 m from
one and at 3.5 m from the other one. Assume a sound velocity of 343
m/s.What is the minimum frequency to present destructive interference
at this point? Calculate the other two frequencies that also produce
destructive interference.

How would you create a longitudinal wave in a stretched spring? Would
it be possible to create a transverse wave in a spring?

In mechanics, massless strings are often assumed. Why is this not a good
assumption when discussing waves on strings?

Draw the second harmonic (The second lowest tone it can make.) of a
one end fixed, one end open pipe. Calculate the frequency of this mode
if the pipe is 53.2 cm long, and the speed of sound in the pipe is 317 m/s.

Calculate the wavelengths below. The length given is the length of the
waveform (The picture)

S o e o de

L =45cm L=2.67m L =68 cm

A guitar string is 64 cm long and has a fundamental Mi frequency of
330 Hz. When pressing in the first fret (nearest to the tuning keys) see
fig. the string is shortened in such a way that it plays a Fa note having a
frequency of 350 Hz. Calculate the distance between this first fret and the
nut necessary to get this effect.

Why is a pulse on a string considered to be transverse?

A guitar string has a total length of 90 cm and a mass of 3.6 g. From the
bridge to the nut there is a distance of 60 cm and the string has a tension
of 520 N. Calculate the fundamental frequency and the first two over
tones



1.3 CHARACTERISTICS OF MUSICAL NOTES

ACTIVITY 1.5: Characteristics of musical notes

The physical characteristics of a sound wave are directly related to

the perception of that sound by a listener. Before you read this section

answer these questions. As you read this section answer again these

questions. Compare your answer.

1. What is the difference between the sound of whistle and that of
drum?

2. Can you tell which musical instrument is played if the same note is
played on different instrument without seeing it? Explain

3. How can you calculate the intensity of a sound wave?

A musical note is produced by vibrations that are regular and repeating,
i.e. by periodic motion. Non-periodic motion results in noise which is not
pleasant to the ear. Many behaviors of musical note can be explained using a
few characteristics: intensity and loudness, frequency and pitch, and quality or
timber.

1.3.1. Pitch and frequency

The sound of a whistle is different from the sound of a drum. The whistle
makes a high sound. The drum makes a low sound. The highness or lowness of
a sound is called its pitch. The higher the frequency, the higher is the pitch. The
frequency of an audible sound wave determines how high or low we perceive
the sound to be, which is known as pitch.

Frequency refers to how often something happens or in our case, the number
of periodic, compression-rarefaction cycles that occur each second as a sound
wave moves through a medium and is measured in Hertz (Hz) or cycles/second.
The term pitch is used to describe our perception of frequencies within the
range of human hearing.

If a note of frequency 300 Hz and note of 600 Hz, are sounded by a siren, the
pitch of the higher note is recognized to be an upper octave of the lower note.
The musical interval between two notes is an upperoctave if the ratio of their
frequencies is 2:1. It can be shown that the musical interval between two notes
depends on the ratio of their frequencies, and not on the actual frequencies.

Whether a sound is high-pitched or low-pitched depends on how fast something
vibrates. Fast vibrations make high-pitched sounds. Slow vibrations make low-
pitched sounds.



Do not confuse the term pitch with frequency. Frequency is the physical
measurement of the number of oscillations per second. Pitch is a psychological
reaction to sound that enables a person to place the sound on a scale from high
to low, or from treble to bass. Thus, frequency is the stimulus and pitch is the
response. Although pitch is related mostly to frequency, they are not the same.
A phrase such as “the pitch of the sound” is incorrect because pitch is not a
physical property of the sound.The octave is a measure of musical frequency.

1.3.2 Intensity and amplitude

A police siren makes a loud sound. Whispering makes a soft sound. Whether a
sound is loud or soft depends on the force or power of the sound wave. Powerful
sound waves travel farther than weak sound waves. To talk to a friend across
the street you have to shout and send out powerful sound waves. Your friend
would never hear you if you whispered.

A unit called the decibel measures the power of sound waves. The sound waves
of a whisper are about 10 decibels. Loud music can have a level of 120 decibels
or more. Sounds above 140 decibels can actually make your ears hurt. The
energy carried by a sound wave is proportional to the square of its amplitude.
The energy passing a unit area per unit time is called the intensity of the wave.
The intensity of spherical sound wave at a place p is defined as the energy per
second per m2, or power per m2 flowing normally through an area at X. i.e

JEl_F

A 4w’
So the unit of intensity is  /m? where r is the distance from the source for a
spherical wave

(1.25)

If the intensity of an earth-quake P wave 100 km from the source is

1=1.0x10°W /m’ , what is the intensity 400 km from the source?

Answer

2
Power: P =4l zr? = 4L} < I, =1, =6.2x10*W / m*

2

Sound intensity level

To the human ear the change in loudness when the power of a sound increases
from 0.1 W to 1.0 W is the same as when 1 W to 10 W. The ear responds to the



ratio of the power and not to their difference. We measure sound level intensity
in terms of “decibels”. The unit bel is named after the inventor of the telephone,
Alexander Graham Bell (1847-1922). The decibel is a “relative unit” which is
actually dimensionless, comparing a given sound to a standard intensity which

represents the smallest audible sound:  5_ 1010gi (1.26)
1

0

Where 1,=10"%/m’ at 1000 Hz is the reference intensity. 0 dB thus represents
the softest audible sound (threshold of human hearing), while 80 dB (i.e,
moderately loud music) represents an intensity which is one hundred million
times greater.

Example 1.8
Two identical machines are positioned the same distance from a worker.

The intensity of sound delivered by each machine at the location of
the worker is . Find the sound level heard by the worker (a) when one
machine is operating and (b) when both machines are operating.

Answer

a. The sound level at the location of the worker with one
machine operating is

2.0x107W /m?
=101lo =53dB
A 1001021 /m

b. When both machines are operating, the intensity is doubled
to ; therefore, the sound level now is
4.0x107W / m?
=10lo =56dB
“ S 1.00x10 W / m
From these results, we see that when the intensity is doubled,
the sound level increases by only 3 dB.

Quick check 1.4:

A point source emits sound waves with an average power output of 80.0 W.
a. Find the intensity 3.00 m from the source.
b. Find the distance at which the sound level is 40 dB.

ACTIVITY 1.6: Noise or music

Most people like to listen to music, but hardly anyone likes to listen to
noise.
1. Whatis the physical difference between musical sound and noise?

2. What s the effect of noise to human being?



The physical characteristics of a sound wave are directly related to the
perception of that sound by a listener. For a given frequency the greater the
pressure amplitude of a sinusoidal sound wave, the greater the perceived
loudness. The loudness or softness of sound depends on the intensity of the
sound wave reaching the person concerned. Loudness is a subjective quantity
unlike intensity.Sound that is not wanted or unpleasant to the ear is called
noise. High intensity can damage hearing.The higher the intensity, the louder is
the sound. Our ears, however, do not respond linearly to the intensity. A wave
that carries twice the energy does not sound twice as loud.

1.3.3 Quality or timbre

If the same note is sounded on the violin and then on the piano, an untrained
listener can tell which instrument is being used, without seeing it. We would
never mistake a piano for flute. We say that the quality or timbre of note is
different in each case. The manner in which an instrument is played strongly
influences the sound quality. Two tones produced by different instruments
might have the same fundamental frequency (and thus the same pitch) but
sound different because of different harmonic content. The difference in sound
is called tone color, quality, or timbre. A violin has a different timbre than a
piano.

1.3.4 Checking my progress

1. Complete each of the following sentences by choosing the correct term

from the word bank: loudness, pitch, sound quality, echoes, intensity
and noise

a. The------------ of a sound wave depends on its amplitude

b. Reflected sound waves are called --------------------=------

c. Two different instruments playing the same note sound different
because of ------------------

2. Plane sound wave of frequency 100 Hz fall normally on a smooth wall. At
what distances from the wall will the air particles have:
a. Maximum
b. Minimum amplitude of vibration?

Give reasons for your answer. The speed of sound in air may be taken as 340
m/s

3. A boy whistles a sound with the power of 0.5x10*w . What will be his
sound intensity at a distance of 5m?

4. Calculate the intensity level equivalent to an intensity 1 nW/m?

5. If the statement is true, write true. If it is false, change the underlined
word or words to make the statement true.

a. Intensity is mass per unit volume.
b. Loudness is how the ear perceives frequency
c. Music is a set of notes that are pleasing



1.4 APPLICATIONS OF SOUND WAVES

ACTIVITY 1.7: Doppler Effect and uses of sound waves

~g 1. Why does the pitch of a siren change as it moves past you?
2. How is Doppler’s effect used in communication with satellites?
3. Explain how is the Doppler’s effect used in Astronomy?

4. People use sound for other things other than talking and making
music. In your own word, give more examples and explanations to
support this statement.

1.4.1 The Doppler Effect

Doppler’s effect is the apparent variation in frequency of a wave due to the
relativemotion of the source of the wave and the observer.

Fig.1. 19 CJ.Doppler (Douglass, PHYSICS, Principles with applications., 2014)

The effect takes its name from the Austrian Mathematician Christian Johann
Doppler (1803-1853), who first stated the physical principle in 1842. Doppler’s
principle explains why, if a source of sound of a constant pitch is moving toward
an observer, the sound seems higher in pitch, whereas if the source is moving
away it seems lower. This change in pitch can be heard by an observer listening
to the whistle of an express train from a station platform or another train.

—/

Fig.1. 20: An observer O (the cyclist) moves with a :speed v, toward a stationary point source
S, the horn of a parked truck. The observer hears a frequency f’ that is greater than the source

frequency.

When the source of the wave approaches detector (observer) at speed vs,



The wavelength is shortened by an amountv 7, where T is the period
of the wave. This is simply due to the motion of the source. Since the
“received” wavelength (4,) is related to the “source” wavelength by (A4,)

A=A —vT =22
v

Knowing the velocity of the moving source of wave (V;), you can use the
equation v = Af to convert the wavelength equations to solve for frequency.

The received frequency 1is related to the source frequency by

v
i (1.27)

Hence the frequency you hear is higher than the frequency emitted by the
approaching source.

Example 1.9
If a source emits a sound of frequency 400 Hz when at rest, then when

the source moves toward a fixed observer with a speed of 30 m/s, what
frequency does the observer hears knowing that the speed of a sound in
air at room temperature is 343m/s?

Answer

343

=400 —————— =434H:
The observer hears a frequency of /. 343 +30 z

As the source passes you and recedes, the “speed of approach” v_becomes
negative, and the frequency you hear becomes lower than the frequency emitted
by the now receding source.

1% +V0

The frequency of the wave will be: /, =/, (1.28)

v
In this case if a source vibrating at 400 Hz is moving away from a fixed observer

343
43+30

=434 Hz

at 30 m/s, the later will hear a frequency of about 2 =400 3

a. When the source is stationary but you are approaching it at a speed v .

The Doppler’s effect also occurs when the source is at rest and the observer is
in motion. If the observer is travelling toward the source the pitch is higher; and
if the observer is travelling away from the source, the pitch is lower.



With a fixed source and moving observer, the distance between wave crests, the
wavelength 4, is not changed. But the velocity of the crests with respect to the
observer is changed. If the observer is moving toward the source, the speed of
the wave relative to the observer isV' = v+,

+V,

Hence, the new frequency is /. =/ e
v

(1.29)

If the observer is moving away from the source, the relative velocity is v'=v—v,
and 5, =5 LYo (1.30)
A%

Example 1.10
1. The siren of a police car at rest emits at a predominant frequency

of 1600 Hz. What frequency will be heard if you were moving with
speed of 25 m/s?

a. Toward it?
b. Away from it?

Answer

V‘”) 1600(343+25) 1716.6 Hz

a. We use equation f, = f(

v+v0 343 25

Jo = f.(=—) =1600(

b. We use equation: )=1483 Hz

b. If both the source and receiver are moving

If both the source and receiver are moving and v_ and v_ are the speeds with
which they are approaching each other (respectively), the Doppler shift is

A% +V0

R v (1.31)

c. Here v is the speed of sound in air; v _is the speed of the listener (substituted
as positive if he moves towards the source, as negative if he moves away from

the source), and v, is the speed of the source (reckoned as positive if it moves
towards the listener, as negative if it moves away from the listener.



A car, sounding a horn producing a note of 500 Hz, approaches and

passes a stationary observer O at a steady speed of 20 m/s. Calculate the
change in pitch of the note heard by O (speed of sound is 340 m/s)

Answer:
Towards O, apparent frequency to O: =500 340 _oms
-20
Away from 0, the apparent frequency to 0: s~ s500—>%__ 475,
340+20

Change in pitch: /" _ ¢

f

For convenience, we can write Doppler’s effect equation as a single
equation that covers all cases of both source and observer in motion:

v v
/.= 0

— (1.32)
vV +V,
The upper signs apply if source and/or observer move toward each other. The
lower signs apply if they are moving apart. The word toward is associated with
an increase in observed frequency. The words away from are associated with a
decrease in observed frequency. Although the Doppler’s effect is most typically
experienced with sound waves, it is a phenomenon that is common to all waves.
For example, the relative motion of source and observer produces a frequency
shift in light waves. The Doppler’s effect is used in police radar systems to
measure the speeds of motor vehicles. Likewise, astronomers use the effect to
determine the speeds of stars, galaxies, and other celestial objects relative to

the Earth.

As an ambulance travels east down a highway at a speed of 33.5 m/s, its
siren emits sound at a frequency of 400 Hz. What frequency is heard by
a person in a car traveling west at 54.6 m/s

a. As the car approaches the ambulance and

b. As the car moves away from the ambulance?
Answer
As the ambulance and car approach each other, he person in the car
hears the frequency
343m/s+24.6m/s

v+y,
= = x400 Hz =475 Hz
J: v—vofs (343m/s—33.5m/s)




a. As the vehicles recede from each other, the person hears the frequency

v=v, . 343m/s-24.6m/s
vy, 343m/s+33.5m/s

f =

)x 400 Hz = 475 Hz

The change in frequency detected by the person in the car is 475 Hz - 338 Hz
= 137 Hz, which is more than 30% of the true frequency.

b. Suppose the car is parked on the side of the highway as the ambulance
speeds by. What frequency does the person in the car hear as the
ambulance (a) approaches and (b) recedes?

Answer
(a) 443 Hz. (b) 364 Hz.

The motion of the source of sound affects its pitch.

Quick check 1.5:

Middle C on the musical scale has a frequency of 264 Hz. What is the
wavelength of the sound wave?

1.4.2 Uses of Ultrasonic

a. Echolocation

Some marine mammals, such as dolphin, whales, and porpoises use sound
waves to locate distant objects. In this process, called echolocation, a dolphin
produces a rapid train of short sound pulses that travel through the water,
bounce off distant objects, and reflect back to the dolphin. From these echoes,
dolphins can determine the size, shape, speed, and distance of their potential
prey. Experiments have shown that at distance of 114 m, a blindfolded dolphin
can locate a stainless-steel sphere with a diameter of 7.5 cm and can distinguish
between a sheet of aluminum and a sheet of copper (Cutnell & Johnson, 2006).

The Ultrasonic waves emitted by a dolphin enable it to see through bodies of
otheranimals and people (Fig.1.21). Skin muscles and fat are almost transparent
to dolphins, so they see only a thin outline of the body but the bones, teeth and
gas-filled cavities are clearly apparent. Physical evidence of cancers, tumors,
heat attacks, and even emotional shake can all be seen by dolphin. What is more
interesting, the dolphin can reproduce the sonic signals that paint the mental
image of its surroundings, and thus the dolphin probably communicates its
experience to other dolphins. It needs no words or symbol for fish, for example,



but communicates an image of the real thing.

Fig.1. 21: The Ultrasonic waves emitted by a dolphin enable it to see through bodies of other

animals and people.

Bats also use echo to navigate through air.Bats use ultrasonic with frequencies
up to 100 kHz to move around and hunt (Fig.1.23).

Fig.1. 22 Bats use ultrasonic with frequencies up to 100 kHz to move around and hunt.
The waves reflect off objects and return the bat’s ears. The time it takes for the
sound waves to return tells the bat how far it is from obstacles or prey. The bat
uses the reflected sound waves to build up a picture of what lies ahead. Dogs,
cats and mice can hear ultrasound frequencies up to 450 kHz. Some animals
not only hear ultrasound but also use ultrasonic to see in dark.

b. In medicine

The sonogram is device used in medicine and exploits the reflected ultrasound
to create images. This pulse-echo technique can be used to produce images of
objects inside the body and is used by Physicians to observe fetuses. Ultrasound
use a high frequency in the range of 1 MHz to 10 MHz that is directed into the
body, and its reflections from boundaries or interfaces between organs and
other structures and lesions in the body are then detected. (Michael, Loannis,
& Martha, 2006)

Tumors and other abnormal growths can be distinguished; the action of
heart valves and the development of a foetus (Fig.1.24) can be examined; and
information about various organs of the body, such as the brain, heart, liver, and
kidneys, can be obtained.



Although ultrasound does not replace X-rays, for certain kinds of diagnosis it is
more helpful. Some tissues or fluid are not detected in X-ray photographs, but
ultrasound waves are reflected from their boundaries. Echoes from ultrasound

waves can show what is inside the body. Echo is a reflection of sound off the
surface of an object.

! i
Fig.1. 23: Ultrasound image as an example of using high-frequency sound waves to see within the
human body (Douglass, PHYSICS, Principles with applications., 2014).

In medicine, ultrasonic is used as a diagnostic tool, to destroy diseased tissue,
and to repair damaged tissue.Ultrasound examination of the heart is known as
echocardiography.

c. Sonar

The sonar or pulse-echo technique is used to locate underwater objects and to
determine distance. A transmitter sends out a sound pulse through the water,
and a detectorreceivesitsreflection, or echo, ashorttime later. This time interval
is carefully measured, and from it the distance to the reflecting object can be
determined since the speed of sound in water is known. The depth of the sea
and the location of sunken ships, submarines, or fish can be determined in this
way. Sonar also tells how fast and what direction things are moving. Scientists
use sonar to make maps of the bottom of the sea. An analysis of waves reflected
from various structures and boundaries within the Earth reveals characteristic
patterns that are also useful in the exploration for oil and minerals.

Radar used at airports to track aircraft involves a similar pulse-echo technique
except that it uses electromagnetic (EM) waves, which, like visible light, travel
with a speed of 3 x108 m/s.

One reason for using ultrasound waves, other than the fact that they are
inaudible, is that for shorter wavelengths there is less diffraction so the beam
spreads less and smaller objects can be detected.

1.4.3 Uses of infrasonic
Elephants use infrasonic sounds waves to communicate with one another. Their

large ears enable them to detect these low frequency sound waves which have
relatively long wavelengths. Elephants can effectively communicate in this way



even when they are separated by many kilometers. Some animals, such as this
young bat-eared fox, have ears adapted for the detection of very weak sounds.

Fig.1. 24: Some animals, such as this young bat-eared fox, have ears adapted for the detection of
very weak sounds.

1.4.4 Checking my progress

For question 1 to 2: Choose the letter of the best answer
1. Bats can fly in the dark without hitting anything because

a. They are flying mammals

b. Their night vision is going

c. They are guided by ultrasonic waves produced by them
d. Ofno scientific reason

2. Bats and dolphins use echolocation to determine distances and find
prey.
What characteristic of sound waves is most important for echolocation?
a. Sound waves reflect when they hit a surface
b. Sound waves spread out from a source
c. Sound waves diffract around corner
d. Sound waves interfere when they overlap

3. Discuss application of sound waves in medicine and navigation
4. Explain how sonar is used to measure the depth of a sea
5. a. What is meant by Doppler Effect?
b. A police car sound a siren of 1000 Hz as it approaches a stationary

observer at a speed of 33.5 m/s. What is the apparent frequency
of the siren as heard by the observer if the speed of sound in air is
340 m/s.

c. Give one application of the Doppler Effect.



END UNI

T ASSESSMENT 1

A. Multiple choices question

For que

stion 1 to 6, choose the letter of the best answer

1. Which of the following affects the frequency of wave?

a.
b.
C.
d.

Reflection
Doppler effect
Diffraction

All of the above

2. Consider the following statements:

[. Recording of sound on tapes was first invented by Valdemar

Po
I1.

ulsen.
Audio tapes have magnetic property.

[II. The tapes may also be made of PVC (Polyvinyl-chloride)Of
these statements:

a.
b.
C.
d.

I, II, and III all are correct.

I, II, and III all are wrong

I and II are correct, III is wrong
[ and II are wrong, Il is correct

3. Nodes are

a.
b.
C.

d.

Positions of maximum displacement

Positions of no displacement

A position between no displacement and maximum
displacement

None of these

4. Sound waves are

a.
b.

C.
d.
e.

5.Inw

Transverse waves characterized by the displacement of air
molecules.
Longitudinal waves characterized by the displacement of air
molecules.
Longitudinal waves characterized by pressure differences.
Both (B) and (C).
(A), (B), and (C).

hich of the following is the wavelength of the lowest vibration

mode the same as the length of the string or tube?

oo o

A string.

A tube closed at one end.
All of the above.

An open tube.

E. None of the above.



6. When a sound wave passes from air into water, what properties of the
wave will change?

a. Frequency.

b. Wave speed.

c. Both frequency and wavelength.
d. Wavelength.

e. Both wave speed and wavelength.

B. Structured questions

1. Does the phenomenon of wave interference apply only to sinusoidal
waves? Explain.

2. As oppositely moving pulses of the same shape (one upward, one
downward) on a string pass through each other, there is one instant at
which the string shows no displacement from the equilibrium position
at any point. Has the energy carried b traveling in opposite directions
on the same string reflect from each other? Explain.

4. When two waves interfere, can the amplitude of the resultant wave be
greater than the amplitude of any of the two original waves? Under
which conditions?

5. When two waves interfere constructively or destructively, is there any
gain or loss in energy? Explain.

6. Explain why your voice seems to sound better than usual when you sing
in the shower.

7. An airplane mechanic notices that the sound from a twin-engine aircraft
rapidly varies in loudness when both engines are running. What could
be causing this variation from loud to soft?

8. Explain how a musical instrument such as a piano may be tuned by using
the phenomenon of beats.

9.Fill in the gap

a. Asasound wave or water ripple travels out from its source, its -----
--------- decreases.

b. The vibrating air in a/an ----------------------------- has displacement
antinodes at both ends.

c. Fora/an........... , the fundamental corresponds to a wavelength
four times the length of the tube.

d. The .o, refers to the change in pitch of a sound due to
the motion either of the source or of the observer. If source and
observer are approaching each other, the perceived pitch is ........ If
they are moving apart, the perceived pitch is ................



10. A bat, moving at 5.00 m/s, is chasing a flying insect. If the bat emits a
40.0 kHz chirp and receives back an echo at 40.4 kHz, at what speed
is the insect moving toward or away from the bat? (Take the speed of
sound in air to be v=340 m/s.)

11. If you hear the horn of the car whose frequency is 216 Hz at a frequency
of 225 Hz, what is their velocity? Is it away from you or toward you? The
speed of sound is 343 m/s

12. You run at 12.5 m/s toward a stationary speaker that is emitting a
frequency of 518 Hz. What frequency do you hear? The speed of sound
is 343 m/s

13. If you are moving and you hear the frequency of the speaker at 557
Hz, what is your velocity? Is it away from or toward the speaker? The
speed of sound is 343 m/s

C. Essay type question

20. Read the following text and answer the question

Researchers have known for decades that whales sing complicated songs.
Their songs can last for 30 min and a whale may repeat the song for two or
more hours. Songs can be heard at a distances of hundreds of kilometers.
There is evidence that whales use variations in the songs to tell other whales
about the location of food and predators. Only the male whales sing, which
has led some researchersto think that songs are also used to attract a male.

The whale songs may be threatened by noise pollution. in the past 50 years,
ocean noise has increased due to human activities. Goods are transported
across the ocean in larger ships than ever before. Large ships use bigger
engines. They produce low-frequency noise by stirring up air bubbles with
their propellers. Unfortunately, whales also use low-frequency sound in their
songs, perhaps because these sounds carry further than high-frequency
sounds in the ocean. Propeller noise from large ships is loud enough to
interfere with whale songs at a distance of 20 km.

Question: Are regulations needed to protect whales from noise?

In your own words, describe the major issue that needs to be resolved about
ocean noise pollution. List three arguments for those who think regulations
should require large ships to reduce noise pollution. List three arguments for
those who think regulations are not necessary.



APPLICATION OF PHYSICS IN
AGRICULTURE

Fig.2. 1: A farmer spraying rice

Key unit competence: Evaluate applications of Physics in Agriculture.
My goals

Describe the atmosphere and its constituents.

Outline variation of atmospheric pressure, air density and water
vapour with altitude.

Evaluate how heat and mass transfers occur in the atmosphere.

Apply knowledge of physics to illustrate changes in water vapour
atmospheric pressure, and air with altitude.

Evaluate and interpret physical properties of soil (soil Texture and
structure).

Evaluate why air, temperature and rainfall limit economical activities
in Agriculture.

Explaining how mechanical weathering and soil erosion impact
economic activities in agriculture.

Explaining clearly how agrophysics plays an important role in the
limitation of hazards to agricultural objects and environment in our
country.




INTRODUCTORY ACTIVITY: Role of machines in agriculture

It is very important to know the role of Physics in agriculture andj
| environment. Knowledge in physics can contribute more in the limitation of |
| hazards in agriculture and the environment based on suitable programs of |

transformation and modernization of agriculture in our country.

| Look at the image given in Fig.2.1 |

| a. What do you observe? Is there any application of prior knowledge |
of Physics learnt before applied on the image? Justify your answer?

| b. Can you suggest the role of machines in agriculture? How do they

| contribute in the rapid development of the country programs
of transformation and modernization of agriculture? Knowing

| different stages of growing plants activities, suggest which stages |
mostly benefit the use of technology!

Planit! Togetstarted, brainstormaboutyour prior knowledge onapplications
| of physics in agriculture and try to suggest answers to questions given above |
based on your understanding. |

L - - = - = = - = = = = = = = = -4

2.1 ATMOSPHERE AND ITS CONSTITUENTS

2.1.1 Atmosphere
ACTIVITY 2.1: How the atmosphere protect life on the earth

~y

a. Brainstorm and write short notes on constituents of atmosphere
and explain clearly how the atmosphere of Earth protects life on
earth.

b. Why should you care about protecting the atmosphere and
minimise the long-term changes in the climate?

c. What can be the use of atmospheric knowledge in evaluating and
improving agricultural activities?

The atmosphere of earth is the layer of gases, commonly known as air that
surrounds the earth. This layer of gases is retained by Earth’s gravity. The
atmosphere of Earth protects life on Earth by absorbing ultraviolet solar
radiations that cause cancers and other diseases, warming the surface
through heatretention (greenhouse effect) and reducing temperature extremes
between day and night. It also contain the oxygen which human beings, animals



and plants are using, The atmospheric knowledge can be helpful in evaluating
and improving the quality of soils and agricultural products as well as the
technological processes.

2.1.2 Composition of the Atmosphere

The atmosphere is composed of a mixture of several gases in differing amounts.
The permanent gases whose percentages do not change from day to day are
nitrogen, oxygen and argon. By volume, dry air contains 78.0% nitrogen, 21%
oxygen, 0.9% argon, 0.04% carbon dioxide, and small amounts of other gases
called trace gases 0.1% as shown in Fig.2.2

Gases like carbon dioxide, nitrous oxides, methane, and ozone are trace gases
that account for about a tenth of one percent of the atmosphere.

A Trace
Oxygen o - 01%
21.0% 0.9%

Nitrogen
78.0%

Fig.2. 2Composition of the atmosphere

Air also contains a variable amount of water vapor, on average around 1% at
sea level, and 0.4% over the entire atmosphere. Water vapor is unique in that
its concentration varies from 0-4% of the atmosphere depending on where you
are and what time of the day it is. In the cold, dry Arctic regions water vapor
usually accounts for less than 1% of the atmosphere, while in humid, tropical
regions water vapor can account for almost 4% of the atmosphere. Water vapor
content is very important in predicting weather.

Air content and atmospheric pressure vary at different layers, and air suitable
for use in photosynthesis by terrestrial plants and breathing of terrestrial
animals is found only in earth’s troposphere.

The composition of the atmosphere, among other things, determines its ability
to partly absorb and transmit sunlight radiations and trap infrared radiations,
leading to potentially minimise the long-term changes in climate.



2.1.3 Layers of the atmosphere.
ACTIVITY 2.2: Classifying layers of the atmosphere

Materials For class demonstration:

e Chalk board or dry erase board mounted on a wall

e Chalk or dry erase marker

e 2-meter piece of string

e 1000 ml (1 litre) graduated cylinder

e Four bags of fish gravel or coloured sand (different colours)

Procedures
Casel:

1. Use a model to explore how far the earth’s atmosphere extends
above the surface of the earth and learn about the thickness of the
different layers of the atmosphere.

2. How far do you think the atmosphere extends above us? Tie a dry
eraser marker or a piece of chalk to one end of the string. Standing
next to the board, place your foot on the free end of the string and
draw an arc on the board with a radius of about 1.2 m. Your foot
represents the center of the earth. The arc represents the surface
of the Earth.

Fig.2. 3 A person demonstrating the layers of the atmosphere
3. Suggest how far the earth’s atmosphere would extend above the
surface in this drawing. Mark your suggestions on the board above
the chalk/marker line. Note that it is found that over 90% of the
earth’s atmosphere is within about 12km of the earth’s surface. The
distance from the centre of the earth to its surface equals about
6361 km.



Case 2:

1.

Atmospheric Layer Color Code Top of Layer

Troposphere

Use a 1000 ml (1 litter) graduated cylinder and represent the layers by
using the following amounts of fish gravel or coloured sand found in the
photo and table below.

Choose what colour you want for each atmospheric layer. Keep in
mind these are relative proportions and not exact points of departure

for the different layers. In this scale model, each millilitre of volume
represents one kilometre of atmosphere layer thickness (for example,

the troposphere is 10 km thick and is represented by 10 ml of sand or
gravel in the graduated cylinder).

— 915 ml thermosphere

— 335 ml mesosphere
—40 ml stratosphere
— 10 ml troposphere

Fig.2. 4: Color coding represented in cylinder with the corresponding layers

Color 1 10 ml

Stratosphere Color 2 40 ml 50
Mesosphere Color 3 35ml 85
Thermosphere Color 4 915 ml 1000
Table 2. 1: Atmospheric layers with color code and thickness
Questions
1. What atmospheric layers are represented by the different colors?
2. What atmospheric layer do we live in?
3. How much thicker is the stratosphere compared to the troposphere?
4. How much thicker is the thermosphere compared to all the other layers
combined?
5. Where in this model would you expect to find clouds?
6. Where in this model would you expect to find mounts Everest and
Kalisimbi?
7. Where in this model would you expect to find a satellite?
8. Where in this model would you expect to find the space shuttle?
9. Where in this model is the ozone layer?



Earth’s atmosphere has a series of layers, each with its own specific
characteristics and properties. Moving upward from ground level, these layers
are named the troposphere, stratosphere, mesosphere, thermosphere and
exosphere.

The above activity demonstrates the relative thickness of the thin section of the
atmosphere that includes the troposphere and stratosphere. These layers are
essential to all life on Earth. Over 99% of the mass of the Earth’s atmosphere
is contained in the two lowest layers: the troposphere and the stratosphere.
Most of the Earth’s atmosphere (80 to 90%) is found in the troposphere, the
atmospheric layer where we live (Cunningham & William, 2000).

This layer, where the Earth’s weather occurs, is within about 10 km of the
Earth’s surface. The stratosphere goes up to about 50 km. Gravity is the reason
why atmosphere is more dense closer to the Earth’s surface.

/%fﬂ km

Atmosphere —.__ Earth

Fig.2. 5: Illustration of layers from the core to the atmosphere

While we may think of the atmosphere as a vast ocean of air around us, it is very
thin relative to the size of the earth. The “thickness” of the atmosphere, or the
distance between the earth’s surface and the “top” of the atmosphere, is not an
exact measure. Although air is considered as a fluid, it does not have the same
well-defined surface as water does. The atmosphere just fades away into space
with increasing altitude.

Description of layers of earth’s atmosphere

A. Troposphere

This is the lowest layer of our atmosphere starting at ground level; it extends
upward to about 10 km above the sea level. We live in the troposphere, and
nearly all weather occurs in this lowest layer. Most clouds appear here, mainly
because 99% of the water vapor in the atmosphere is found in the troposphere.



Air pressure drops and temperatures get colder, as you climb higher in the
troposphere.

B. Stratosphere

The stratosphere extends from the top of the troposphere to about 50 km above
the ground. The infamous ozone layer is found within the stratosphere. Ozone
molecules in this layer absorb high-energy ultraviolet (UV) light from the sun,
converting the ultraviolet energy into heat.

Unlike the troposphere, the stratosphere actually gets warmer the higher
you go! That trend of rising temperatures with altitude means that air in the
stratosphere lacks the turbulence and updrafts of the troposphere beneath.
Commercial passenger jets fly in the lower stratosphere, partly because this
less-turbulent layer provides a smoother ride.

C. Mesosphere

[t extends upward to a height of about 85 km above our planet. Most meteors
burn up in the mesosphere. Unlike the stratosphere, temperatures once again
grow colder as you rise up through the mesosphere. The coldest temperatures
in earth’s atmosphere, about -90° C, are found near the top of this layer. The air
in the mesosphere is far too thin to breathe; air pressure at the bottom of this
layer is well below 1% of the pressure at sea level, and continues dropping as
you go higher.

D. Thermosphere

High-energy X-rays and ultraviolet radiations from the Sun are absorbed in the
thermosphere, raising its temperature to hundreds or at times thousands of
degrees. Many satellites actually orbit Earth within the thermosphere! Variations
in the amount of energy coming from the Sun exert a powerful influence on
both the height of the top of this layer and the temperature within it. Because of
this, the top of the thermosphere can be found anywhere between 500 km and
1 000 km above the ground. Temperatures in the upper thermosphere can
range from about 500 ° C to 2 000 °C or even higher.

E. Exosphere

Although some experts consider the thermosphere to be the uppermost layer of
our atmosphere, others consider the exosphere to be the actual “final frontier”
of Earth’s gaseous envelope. As you might imagine, the “air” in the exosphere is
very thin, making this layer even more space-like than the thermosphere.

In fact, air in the exosphere is constantly “leaking” out of earth’s atmosphere
into outer space. There is no clear-cut upper boundary where the exosphere



finally fades away into space. Different definitions place the top of the exosphere
somewhere between 100 000 km and 190 000 km above the surface of earth.
The latter value is about halfway to the moon!

F. Ionosphere

The ionosphere is not a distinct layer like the others mentioned above.
Instead, the ionosphere is a series of regions in parts of the mesosphere and
thermosphere where high-energy radiation from the sun has ionized atoms
and molecules. The ions formed in this way are responsible of the naming of
this region as the ionosphere and endowing it with some special properties.

ACTIVITY 2.3: Classifying layers of the atmosphere
0

bserve scale models of the atmosphere on fig.3.3 below and its lay-
ers. Note the height of earth’s atmosphere as compared to the size of
the planet overall and the relative thickness of each of the four main
layers of the atmosphere. Interpret the graph and Use it to answer
questions below:

Thermosphere

Mesosphere

/

ozone layer

) Troposphere

Fig.2. 6: Layers of the atmosphere.
Questions:

a. Outline the economic activities taking place in the layers
represented above?

b. Why is it very important to have ozone layer in the layers
close to the earth surface?

c. Explain why it is advisable to travel in troposphere and
stratosphere than in other layers of the atmosphere?

d. Explain clearly why the rocket and aeroplanes decide to move
in the corresponding layers of the atmosphere?



2.1.4 Checking my progress

1. Use the fruit question suggested in the procedure and respond in writing
or with a picture instead of simply orally in class. Think of the fruit as the
size of the Earth and the skin of the fruit represents the thickness of the
atmosphere. Make a labelled diagram in your note book illustrating the
most important point of the lesson and the reason why the atmosphere
is considered as the skin of the fruit?

2. Imagine that you are in an orbit around a planet one half the size and
mass of the Earth. Explain how [ would expect the atmosphere of the new
planet to be different from my planet?

What is the structure and composition of the atmosphere?
How does solar energy influence the atmosphere?
How does the atmosphere interact with land and oceans?

ol s

Outline two most important layers that are essential to all life on earth?
Explain clearly to support your answer.

2.2 HEAT AND MASS TRANSFER

2.2.1 Modes of Heat Transfer
ACTIVITY 2.4: Describing the different modes of heat transfer

in the atmosphere

Brainstorm on modes of heat transfer and explain clearly how each
affects agricultural activities?

Heat transfer is concerned with the exchange of thermal energy through a
body or between bodies which occurs when there is a temperature difference.
When two bodies are at different temperatures, thermal energy transfers from
the one with higher temperature to the one with lower temperature. Naturally
heat transfers from hot to cold. A small amount of the energy that was directed
towards the earth from the sun is absorbed by the atmosphere, a larger amount
(about 30%) is reflected back to space by clouds and the Earth’s surface, and
the remaining is absorbed at the planet surface and then partially released as
heat. Energy is transferred between the Earth’s surface and the atmosphere
in a variety of ways, including radiation, conduction, and convection. The
figure below uses a camp stove to summarize the various mechanisms of heat
transfer. If you were standing next to the camp stove, you would be warmed by
the radiation emitted by the gas flame. A portion of the radiant energy generated
by the gas flame is absorbed by the frying pan and the pot of water.

By the process of conduction, this energy is transferred through the pot and pan.
If you reached for the metal handle of the frying pan without using a potholder,



you would burn your fingers! As the temperature of the water at the bottom
of the pot increases, this layer of water moves upward and is replaced by cool
water descending from above. Thus convection currents that redistribute the
newly acquired energy throughout the pot are established.

Convection

Fig.2. 7: Camp stove to summarize the various mechanisms of heat transfer.

As in this simple example using a camp stove, the heating of the Earth’s
atmosphere involves radiation, conduction, and convection, all occurring
simultaneously. A basic theory of meteorology is that the Sun warms the ground
and the ground warms the air. This activity focuses on radiation, the process
by which the Sun warms the ground. Energy from the Sun is the driving force
behind weather and climate.

Quick check 2.1

What do trees, snow, cars, horses, rocks, centipedes, oceans, the atmosphere,
and you have in common?

Each one is a source of radiation to some degree. Most of this radiation is
invisible to humans but that does not make it any less real.

Radiation is the transfer of energy by electromagnetic waves. The transfer of
energy from the Sun across nearly empty space is accomplished primarily by
radiation. Radiation occurs without the involvement of a physical substance
as the medium. The Sun emits many forms of electromagnetic radiation in
varying quantities.
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Fig.2. 8: The spectrum of electromagnetic radiations emitted by the sun

About 43% of the total radiant energy emitted from the Sun is in the visible
part of the spectrum. The bulk of the remainder lies in the near-infrared (49%)
and ultraviolet (7%) bands. Less than 1% of solar radiation is emitted as x-rays,
gamma rays, and radio waves.

A perfect radiating body emits energy in all possible wavelengths, but the wave
energies are not emitted equally in all wavelengths; a spectrum will show a
distinct maximum in energy at a particular wavelength depending upon the
temperature of the radiating body. As the temperature increases, the maximum
radiation occurs at shorter wavelengths.

The hotter the radiating body, the shorter the wavelength of maximum radiation.
For example, a very hot metal rod will emit visible radiation and produce a
white glow. On cooling, it will emit more of its energy in longer wavelengths
and will glow a reddish color. Eventually no light will be given off, but if you
place your hand near the rod, the infrared radiation will be detectable as heat.

The amount of energy absorbed by an object depends upon the following:

e The object’s absorptivity, which, in the visible range of wavelengths, is
a function of its color

e The intensity of the radiation striking the object

Every surface on Earth absorbs and reflects energy at varying degrees, based
on its color and texture. Darker-colored objects absorb more visible radiation,
whereas lighter-colored objects reflect more visible radiation. These concepts
are clearly discussed in unit two.



2.2.2 Environmental heat energy and mass transfer
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Fig.2. 9: Illustration of interactions of solar radiations with different constituents of the atmo-
sphere.

Practically all of the energy that reaches the earth comes from the sun.
Intercepted first by the atmosphere, a small part is directly absorbed,
particularly by certain gases such as ozone and water vapor. Some energy is
also reflected back to space by clouds and the earth’s surface.

In the atmosphere, convection includes large- and small-scale rising and
sinking of air masses.. These vertical motions effectively distribute heat and
moisture throughout the atmospheric column and contribute to cloud and
storm development where rising motion occurs) and dissipation where sinking
motion occurs.

2.2.3 Water vapour in the atmosphere.
ACTIVITY 2.5: Impact of water vapor in agricultural activities

Il.

Brainstorm on water vapor in the atmosphere and explain clearly
how it impacts on agricultural activities?

2. Does water vapor play an important role in the atmosphere? Justify
your answer with clear reasons.

When water vapor condenses onto a surface, a net warming occurs on that
surface. The water molecule brings heat energy with it. In turn, the temperature
of the atmosphere drops slightly. In the atmosphere, condensation
produces clouds, fog and precipitation (usually only when facilitated by cloud
condensation nuclei).

The role of water vapor in the atmosphere



Watervaporplaysadominantroleintheradiative balanceand the hydrological
cycle. It is a principal element in the thermodynamics of the atmosphere as it
transports latent heat and contributes to absorption and emission in a number
of bands. It also condenses into clouds that reflect and adsorb solar radiation,
thus directly affecting the energy balance.

In the lower atmosphere, the water vapor concentrations can vary by orders of
magnitude from place to place.

2.2.4 Variation in Atmospheric Pressure

Variation with height or vertical variation: The pressure depends on the
density or mass of the air. The density of air depends on its temperature,
composition and force of gravity. It is observed that the density of air decreases
with increase in height so the pressure also decreases with increase in height.

Horizontal variation of pressure: The horizontal variation of atmospheric
pressure depends on temperature, extent of water vapor, latitude and land and
water relationship.

Factors affecting atmospheric pressure:

1. Temperature of air
2. Altitude

3. Water vapor in air
4. Gravity of the earth.

Effect of atmospheric pressure in agricultural activities

The pressure exerted by the atmosphere of the earth’s surface is called
atmospheric pressure. Generally, in areas of higher temperature, the
atmospheric pressure is low and in areas of low-temperature the pressure
is high. Atmospheric pressure has no direct influence on crop growth. It is,
however an important parameter in weather forecasting.

2.2.5 Air density and water vapour with altitude

ACTIVITY 2.6: Effect of air density in the atmosphere

IB

rainstorm on air density and explain clearly its affects in the earth’s
atmosphere?

The density of air (air density) is the mass per unit volume of earth’s
atmosphere. Air density, like air pressure, decreases with increasing altitude.
It also changes with variation in temperature and humidity. At sea level and at



15 °C air has a density of approximately 1.225 kg/m?.

Air density and the water vapor content of the air have an important effect
upon engine performance and the takeoff characteristics of air-craft. Some of
the effects these two factors have upon engine takeoff, and the methods for
computing these elements from a meteorological standpoint. Pressure altitude,
density altitude, vapor pressure, and specific humidity in the atmosphere are
determined using a Density Altitude Computer.

Pressure altitude: Pressure altitude is defined as the altitude of a given
atmospheric pressure in the standard atmosphere. The pressure altitude of
a given pressure is, therefore, usually a fictitious altitude, since it is equal to
true altitude only rarely, when atmospheric conditions between sea level and
the altimeter in the aircraft correspond to those of the standard atmosphere.
Aircraft altimeters are constructed for the pressure-height relationship that
exists in the standard atmosphere.

2.2.6 Checking my progress

1. Why does atmospheric pressure change with altitude?
2. The graph below gives an indication of how pressure varies non-linearly
with altitude. Use the graph to answer the following questions:
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Fig.2. 10: A graph of altitude vs pressure

a. Explain what happens to pressure if the altitude reduces?

b. Estimate the atmospheric pressure when someone is at an altitude of
40 km above sea level.



2.3 PHYSICAL PROPERTIES OF SOIL

ACTIVITY 2.7: How the surface of earth reflects and absorbs heat

IP

erform the activity to investigate how different surfaces of the
earth reflect and absorb heat and apply this knowledge to real-
world situations. It justifies that the physical characteristics of the
Earth’s surface affect the way that surface absorbs and releases heat
from the Sun.

Materials needed in demonstration

- Three pie pans or dishes - Dark potting soil
- Light-colored sand or - Water
perlite - Reflector lamp
- Three thermometers with incandescent light bulb
- Watch with asecond hand - Graph paper
- Colored pencils - Heating and Cooling Data Table
Procedures

1. a. Brainstorm on the already known concepts about how the color
and type of material affects how hot it gets in the sunshine. Try to
think about these questions. When it is a hot day, what color shirt
would you wear to keep cool and why? During the summer, what
would it feel like to walk on gravel with no shoes?

b. In performing activity, explore how different types of surfaces
found at the earth’s surface (such as sand, soil, and water) heat
up when the sun’s energy reaches them, and how they cool down
when out of the sunshine.

c. Note that this experiment uses materials to model sunshine
and earth materials. Observe the materials and realize how each
material relates to the earth system. (The lamp represents the
sun in this model. The sand represents beaches, sand dunes, and
rocks. The potting soil represents large areas of soil outdoors. And
the water represents lakes, rivers, and the ocean.)

2. Fill the pie pans to the same level, one with dark soil, one with light
sand, and one with water.

3. Place the pie pans on a table or desk and position the lamp about
30.48 cm above them. (Do not turn on the lamp yet.)



Fig.2. 11: Arrangement of pie pans to investigate the absorption of solar radiation.

Checking skills Questions
1. Which material absorbed more heat in the first ten minutes?
2. Which material lost the most heat in the last ten minutes?

3. Imagine that it is summer and that the Sun is shining on the ocean and
on a stretch of land.

a. Which one will heat up more during the day?
b. Which one will cool more slowly at night? Explain.

4. Imagine three cities in the desert, all at about the same altitude and
latitude. Which city would likely have the highest average summer air
temperature and why?

e One city (A) is surrounded by a dark-colored rocky surface.
e Another city (B) is surrounded by a light-colored sandy surface.
e The third city (C) is built on the edge of a large man-made desert
lake.
5. The Earth’s surface tends to lose heat in winter. Which of the above cities
would have the warmest average winter temperature? Why?

6. Since the Sun is approximately 93 million miles from the Earth and space
has no temperature, how do we get heat from the Sun?

Physical properties of a soil that affect a plant’s ability to grow include: Soil
texture, which affects the soil’s ability to hold onto nutrients (cation exchange
capacity) and water. Texture refers to the relative distribution of the different
sized particles in the soil. It is a stable property of soils and, hence, is used in
soil classification and description.Soil structure, which affects aeration, water-
holding capacity, drainage, and penetration by roots and seedlings, among other



things. Soil structure refers to the arrangement of soil particles into aggregates
and the distribution of pores in between. It is not a stable property and is
greatly influenced by soil management practices.

2.3.1 Soil texture

R

oil texture is determined by three proportions of the soil. Brainstorm
and try to answer questions using knowledge gained.

a. Outline three proportions of the soil?

b. What does the underlined word mean?

Soil texture, or the ‘feel’ of a soil, is determined by the proportions of sand, silt,
and clay in the soil. When they are wet, sandy soils feel gritty, silky soils feel
smooth and silky, and clayey soils feel sticky and plastic, or capable of being
moulded. Soils with a high proportion of sand are referred to as ‘light, and
those with a high proportion of clay are referred to as ‘heavy’.

The names of soil texture classes are intended to give you an idea of their
textural make-up and physical properties. The three basic groups of texture
classes are sands, clays and loams.A soil in the sand group contains at least
70% by weight of sand. A soil in the clay group must contain at least 35% clay
and, in most cases, not less than 40%. A loam soil is, ideally, a mixture of sand,
silt and clay particles that exhibit light and heavy properties in about equal
proportions, so a soil in the loam group will start from this point and then
include greater or lesser amounts of sand, silt or clay.

2.3.2 Soil structure

T

a. It is known that soil structure contains soil particles and pores
and is classified under physical properties of soil. Brainstorm and
write short notes on soil structure.

Use the knowledge gained in part (a) above to answer questions in part (b).

b. (i) List the elements found in soil particles.
(ii))What do the underlined words mean?

(iii)Explain the role of pores in soil structure that improves
capillary action in plant growth.



Structure is the arrangement of primary sand, silt and clay particles into
secondary aggregates called peds or structural units which have distinct shapes
and are easy to recognize. These differently shaped aggregates are called the
structural type.

There are 5 basic types of structural units:

o Platy: Plate-like aggregates that form parallel to the horizons like
pages in a book. This type of structure may reduce air, water and root
movement.

e Blocky: Two types--angular blocky and sub angular blocky. These
types of structures are commonly seen in the B horizon. Angular is
cube-like with sharp corners while sub angular blocky has rounded
corners.

e Prismatic: Vertical axis is longer than the horizontal axis. If the top
is flat, it is referred to as prismatic. If the top is rounded, it is called
columnar.

e Granular: Peds are round and pourous, spheroidal. This is usually the
structure of A horizons.

e Structureless: No observable aggregation or structural units.

Good soil structure means the presence of aggregations which has positive
benefits for plant growth. These benefits arise from the wider range of pore
sizes which result from aggregation. The nature of the pore spaces of a soil
controls to a large extent the behavior of the soil water and the soil atmosphere.
It influences the soil temperature. All these affect root growth, as does the
presence of soil pores of appropriate size to permit root elongation. Favorable
soil structure is therefore crucial for successful crop development. The
destruction of soil structure may result in a reduction in soil porosity and/or
change to the pore size distribution.

Soil structure refers to the arrangement of soil particles (sand, silt and clay)
and pores in the soil and to the ability of the particles to form aggregates.
Aggregates are groups of soil particles held together by organic matter or
chemical forces. Pores are the spaces in the soil. The pores between the
aggregates are usually large (macro pores), and their large size allows good
aeration, rapid infiltration of water, easy plant root penetration, and good
water drainage, as well as providing good conditions for soil micro-organisms
to thrive. The smaller pores within the aggregates or between soil’s particles
(micro pores) hold water against gravity (capillary action) but not necessarily
so tightly that plant cannot extract the water.

A well-structured soil forms stable aggregates and has many pores (Fig.3.12 A).
it is friable, easily worked and allows germinating seedlings to emerge and to



quickly establish a strong root system. A poorly structured soil has either few
or unstable aggregates and few pore spaces (Fig.3.12 B). This type of soil can
result in unproductive compacted or waterlogged soils that have poor drainage
and aeration. Poorly structured soil is also more likely to slake and to become

eroded.
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Fig.3. 12: Different soil structures: well structured and poorly structured soil.

2.3.3 Checking my progress:
1. Explain the physical properties of Soil and explain clearly how each
impact agricultural activities?
2. (a) Explain how the weathering of rocks contributes to soil formation.
(b) Explain the following terms as used in the context of soil and plant
growth.

I. Well structured soil
II.Poor structured soil

(c) The following table shows the water content of three soil samples.
Use the table to answer questions that follows:

Soil Sample | % Water in soil sample 1 % Water at soil sample 2

A 6 2
B 24 12
C 30 22

Analytical Questions:
. What is the percentage of available water in sample A?

[I.Which sample would be the most suitable for a crop suffering a
drought during the growing season?

[II. Which sample would be the most suitable for a crop growing
during a rainy season?

(d) Describe an experiment to compare the capillarity of two contrasting
soils.



2.4 MECHANICAL WEATHERING

2.4.1 Concepts of mechanical weathering
ACTIVITY 3.10:Exploring Mechanical Weathering

Mechanical rock weathering is an important part of the formation of
both soils and new rocks, and an important part of the entire rock cycle.
The activity explores what causes rocks to break down.
Materials:

e Coffee can with lid

e Rocks

e Dark-coloured construction paper
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Fig.2. 13 Coffee can with lid

Procedures

Place a handful of rocks on a piece of dark-coloured construction paper.
Observe the rocks and take notes on their appearance. Place the rocks
in a coffee can. Put the lid on the can and shake the can forcefully for 2
minutes, holding thelid tightly shut. Pour the rocks onto the construction
paper. Observe them and take notes on any changes in their appearance.

Use the skills gained above to answer the following questions:

d. What happened to the rocks and why?
e. What forces in nature might affect rocks in similar ways?

Briefly explain what causes mechanical weathering?

Earth’s surface is constantly changing. Rock is integrated and decomposed,
moved to lower elevations by gravity, and carried away by water, wind, or
ice. When a rock undergoes mechanical weathering, it is broken into smaller



and smaller pieces of sediment and dissolved minerals; each retaining the
characteristics of the original material. The result is many small pieces from a
single large one.

Weathering takes place in two ways: physical weathering and chemical
weathering. Physical and chemical weathering can go on at the same time.
Weathering is thus the response of Earth’s materials to change environment.
Weathering is the first step in the breakdown of rock into smaller fragments.
This process is critical to the formation of landscapes and many other geological
processes. Our discussion will focus on mechanical weathering. Mechanical
weathering is the physical breaking up of rocks into smaller pieces.

2.4.2 Causes of mechanical weathering

Temperature change
ACTIVITY 3.11:Effects of temperature on mechanical weathering

a. Brainstormonthe effects of temperature in mechanical weathering
and explain clearly its impacts on soil formation and agricultural
activities?

b. Explain how thermal expansion and contraction affect mineral
composition?

Asthewaterevaporates, the saltisleftbehind. Overtime, these saltdeposits build
up, creating pressure that can cause rocks to split and weaken. Temperature
changes also affect mechanical weathering. As temperatures heat up, the
rocks themselves expand.
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Fig.2. 14 Illustration of mechanical weathering




Temperature is an essential part of rock creation, modification and destruction.
Heating a rock causes it to expand, and cooling causes it to contract. Repeated
swelling and shrinking of minerals that have different expansion and
contraction rates should exert some stress on the rock’s outer shell.

Thermal expansion and contraction of minerals

Thermal expansion is the tendency of matter to change in shape, area, and
volume in response to a change in temperature. Thermal expansion due to
the extreme range of temperatures can shatter rocks in desert environments.
Temperature is a monotonic function of the average molecular Kkinetic energy
of a substance. When a substance is heated, the kinetic energy of its molecules
increases. Thus, the molecules begin vibrating more and usually maintain a
greater average separation.

Materials which contract with increasing temperature are unusual; this effect
is limited in size, and only occurs within limited temperature ranges. The
relative expansion (also called strain) divided by the change in temperature is
called the material’s coefficient of thermal expansion and generally varies
with temperature.Materials expand or contract. when subjected to changes in
temperature. Most materials expand when they are heated, and contract when
they are cooled. When free to deform, concrete will expand or contract due
to fluctuations in temperature. Concrete expands slightly as temperature rises
and contracts as temperature falls. Temperature changes may be caused by
environmental conditions or by cement hydration.

Thermal expansion and contraction of concrete varies primarily with aggregate
type (shale, limestone, siliceous gravel and granite), cementitious material
content, water cement ratio, temperature range, concrete age, and ambient
relative humidity. Of these factors, aggregate type has the greatest influence on
the expansion and contraction of concrete.

Quick Check 2.2
1. How does climate affect the rate of weathering?
2. What s the process that breaks down rocks?

a. Effects of temperature and moisture changes on weathering

At high elevations, cold night time temperatures during much of the year can
produce relentless freeze-thaw cycles. This process explains the presence of
brokenboulders and stony fragments thatlitter mountaintops. And, the minerals
in volcanic rock that formed at the highest temperatures and pressures are the
most vulnerable to chemical weathering at Earth’s surface.



In many locations, changes in temperature and moisture content of the
environment cause significant physical weathering. When rock is warmed,
it expands; when it cools, it contracts. In some regions, rocks are heated to
relatively high temperatures during the day and then cooled to much lower
temperatures during the night. The constant expansion and contraction of the
rocks may result in pieces being broken off. Temperature also affects the land
as the cool nights and hot days always cause things to expand and contract.
That movement can cause rocks to crack and break apart.

The most common type of mechanical weathering is the constant freezing, and
thawing of water. In liquid form, water is capable of penetrating holes, joints,
and fissures within a rock. As the temperature drops below zero celcius, this
water freezes. Frozen water expands compared to its liquid form. The result is
that the holes and cracks in rocks are pushed outward. Even the strongest rocks
are no match for this force.

As temperatures heat up, the rocks themselves expand. As the temperatures
cool down, rocks contract slightly. The effect can be the weakening of the rock
itself which induces mechanical weathering. It breaks rock into smaller pieces.
These smaller pieces are just like the bigger rock, but smaller. That means the

rock has changed physically without changing its composition. The smaller
pieces have the same minerals, in just the same proportions as the original
rock.

b. Ice wedging

There are many ways that rocks can be broken apart into smaller pieces.
Ice wedging is the main form of mechanical weathering in any climate that
regularly cycles above and below the freezing point (Fig.2.15). Ice wedging
works quickly, breaking apart rocks in areas with temperatures that cycle above
and below freezing in the day and night.

A B C

Fig.2. 15 Ice wedging.




Explanation of figure 3.15:

(A) water seeps into cracks and fractures in rock, (B) when the water freezes, it
expands about 9% in volume, which wedges apart the rock, (C) with repeated
freeze cycles, rock breaks into pieces.

Ice wedging breaks apart so much, rocks with large piles of broken rock are
seen at the base of a hillside, as rock fragments separate and tumble down. Ice
wedging is common in Earth’s polar regions and mid latitudes, and also at higher
elevations in the mountains. Water has the unique property of expanding about
9% when it freezes. This increase in volume occurs because, as ice form, the
water molecules arrange themselves into a very open crystalline structure. As a
result, when water freezes, it expands and exerts a tremendous outward force.
This can be verified by completely filling a container with water and freezing it.

After many freezing cycle, the rock is broken into pieces. This process is called
frost wedging also as known as Freeze-thaw weathering as shown in Fig.3.13.
This occurs when water gets into the small holes and gaps in rocks. If the water
in the gap freezes, it expands, splitting the existing gaps into wider cracks. When
the water thaws, the wider gaps allow even more water to enter the rock and
freeze. Frost wedging can repeat over months or years, turning microscopic
gaps in the rock into large cracks. Ice has more volume than liquid water, so
the cracks are forced wider. Then, more water accumulates in the cracks the
next day, which freeze at night to widen the cracks further. When this happens
repeatedly, the rock eventually breaks apart along the crevices.

Frost heaving, a similar process to frost wedging, occurs when a layer of ice
forms under loose rock or soil during the winter, causing the ground surface to
bulge upward. When it melts in the spring, the ground surface collapses.

c. Abrasion

ACTIVITY 2.12: Importance of abrasion in real life situations

With the help of knowledge gained in the concepts above, explain how
abrasion is formed and suggest its importance in real life situations?

The word ‘abrasion’ literally means scraping of the surface of an object. This
is exactly what happens with abrasion of rocks. Weathering by abrasion is
responsible for the creation of some of the largest deserts in the world. The
rock’s surface is exposed to blown sands - high velocity winds which blow
throughout the day while carrying large sand particles.



The sand blasts against the surfaces of the rocks, undercutting and deflating
them. As a result, smaller rock particles are formed, which when exposed to
further sand abrasion become sand particles themselves.

Abrasion makes rocks with sharp or jagged edges smooth and round. If you
have ever collected beach glass or cobbles from a stream, you have witnessed
the work of abrasion (Fig.2.16 below). Rocks on a beach are worn down by
abrasion as passing waves cause them to strike each other.
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Fig.2. 16 Smooth round rocks

In abrasion, one rock bumps against another rock. The following are the causes
of abrasion;

e (Gravity causes abrasion as a rock tumbles down a mountainside or cliff.

e Moving water causes abrasion as particles in the water collide and
bump against one another.

e Strong winds carrying pieces of sand can sandblast surfaces.

e Ice in glaciers carries many bits and pieces of rock. Rocks embedded
at the bottom of the glacier scrape against the rocks.

Therefore abrasion occurs when the surface of rocks is exposed to water or
wind. These elements can carry tiny particles of sediment or rock that then
collide against the rock’s surface. When these particles rub against the rock’s
surface, they break off tiny pieces of the rock. Over time, abrasion can wear
down and smooth extremely large sections of the rock.

d. Biological activity

Weathering is also accomplished by the activities of organisms, including
plants, burrowing animals, and humans. Plant roots in search of minerals and
water grow into fractures, and as the roots grow they wedge the rock apart .
Burrowing animals further break down the rock by moving fresh material to
the surface, where physical and chemical process can more effectively attack
it. Decaying organisms also produce acids, which contribute to chemical
weathering .



2.4.3 Factors influencing the type and rate of rock weathering

i Brainstorm and classify clearly the factors affecting the rate of weathering?

Several factors influence the type and rate of rock weathering. By breaking a rock
into smaller pieces, the amount of surface area exposed to chemical weathering
is increased. The presence or absence of joints can be significant because they
influence the ability of water to penetrate the rock. Other important factors
include the mineral makeup of rocks and climate.

a. Climate

The amount of water in the air and the temperature of an area are both part of
an area’s climate. Moisture speeds up chemical weathering. Weathering occurs
fastestin hot, wet climates. It occurs very slowly in hot and dry climates. Without
temperature changes, ice wedging cannot occur. In very cold, dry areas, there
is little weathering.

b. Surface area

Most weathering occurs on exposed surfaces of rocks and minerals. The more
surface area a rock has, the more quickly it will weather. When a block is cut
into smaller pieces, it has more surface area. So, therefore, the smaller pieces of
a rock will weather faster than a large block of rock

¢. Rock composition

Headstones of granite, which is composed of silicate minerals, are relatively
resistant to chemical weathering. The minerals that crystallize first form under
much higher temperatures than those which crystallize last. Consequently,
the early formed minerals are not as stable at Earth’s surface, where the
temperatures are different from the environment in which they formed. Olivine
crystalizes first and is therefore the least resistant to chemical weathering,
whereas quartz, which crystallizes last, is the most resistant.

d. Pollution speeds up weathering
Factories and cars release carbon dioxide and other gases into the air. These

gases dissolve in the rainwater, causing acid rain to form. Acid rain contains
nitric and sulfuric acid, causing rocks and minerals to dissolve faster.



e. Soil erosion and soil deposition
ACTIVITY 2.14: Soil erosion

Look at the figure below that represents soil erosion. Carefully study
stions:

Fig.2. 17 The erosive force of wind on an open field.

a. What do you think caused water to get contaminated as shown in
fig below
b. How often have you seen water looking like that in your area.
What was the cause?
c. What scientific phenomena that explains the washing away of the
top soil.
d. how does the phenomena explained in c) above affect agriculture?
e. Suggest possible measures that can be taken to reduce or stop the
phenomenon explained in c) above
Soil covers most land surfaces. Along with air and water; it is one of our most
indispensableresources. Soil is a combination of mineral and organic matter.
Soil erosion is a naturally occurring process that affects all landforms. In
agriculture, soil erosion refers to the wearing away of a field’s topsoil by the
natural physical forces of water and wind or through forces associated with
farming activities.
Erosion is incorporation and transportation of material by a mobile agent,
usually water, wind, or ice. Erosion whether it is by water and wind, involves
three distinct actions - soil detachment, movement and deposition. Topsoil,
which is high in organic matter, fertility and soil life, is relocated elsewhere
“on-site” where it builds up over time or is carried “off-site” where it fills in
drainage channels. Soil erosion reduces cropland productivity and contributes
to the pollution of adjacent watercourses, wetlands and lakes. Soil erosion
can be a slow process that continues relatively unnoticed or can occur at an
alarming rate, causing serious loss of topsoil.

Soil compaction, low organic matter, loss of soil structure, poor internal drainage
and soil acidity problems are other serious soil degradation conditions that can
accelerate the soil erosion process.
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Fig.2. 18 The erosive force of water from concentrated surface water runoff.
Deposition is the geological process in which sediments, soil and rocks are
added to a landform or land mass. Wind, ice, and water, as well as sediment
flowing via gravity, transport previously eroded sediment, which, at the loss of
enough kinetic energy in the fluid, is deposited, building up layers of sediment.
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2.4.4 Checking my progress

The pictures A and B are of two geographical features. Look and carefully
study the pictures to answer questions below.

Fig.2. 18 Illustration of geographical features
a. Interpret the images above and Use your observation to suggest names
of the corresponding geographical features in the image above?

b. Do you have such geographical features in your district or neighboring
districts? Use your observation to explain clearly the two geographical
features occurring in the image above?

c. Explain the causes for each geographical feature occurring above?

d. Can the geographical features identified above impact agriculture in
our communities? Explain with clear facts to support your decision.

e. What are moral and ethical issues associated with the geographical
features given above?



END UNIT ASSESSMENT 2

A. Multiple choices questions
For question 1 to 5, choose the letter of the best answer

1. Itis known that earth’s atmosphere has a series of layers, each with
its own specific characteristics and properties? The following is the
appropriate layer where we live.

a. Thermosphere
b. Troposphere
c. Stratosphere
d. Mesosphere
2. Consider the following statements:

[. The atmosphere of Earth protects life on Earth by absorbing
ultraviolet solar radiation, warming the surface through
greenhouse effect and reducing temperature extremes between
day and night.

[I. X-raysand ultraviolet radiation from the Sun are absorbed in the
thermosphere.

[II. The stratosphere extends from the top of the thermosphere to
about 50 km above the ground.

Of these statements:
a. I, II, and III are correct.
b. I, Il and IIl are wrong
c. landIl are correct but Il is wrong
d. Tand III are wrong but Il is correct

3. Agrophysics is defined as

a. The branch of science dealing with study of matter and energy
and their mutual relation.

b. The branch of science dealing with communication devices to
measure and collect information about physical conditions in
agricultural and natural environments.

c. The branch of natural sciences dealing with the application of
physics in agriculture and environment.

d. None of these

B. Structured Questions

1. Write the missing word or words on the space before each number.
For items (a)-(i)
a. __speeds up chemical weathering.
b. Weathering happens _____ in hot, wet (humid) climates.
c. Weathering occurs very slowly in and climates.




d. Without changes, ice wedging cannot occur

e. Invery and areas, there is little weathering.

f. Most weathering occurs on of rocks and minerals

g. The surface area a rock has, the quicker it will weather.

h. Some minerals resist weathering. is a mineral that

weathers slowly.
Rocks made up of minerals such as feldspar,
more quickly.

, and iron, weather

[y

2. If the statement is true, write true. [f it is false, change the underlined word
or words to make the statement true.
a. Water vapor is very important in predicting weather.
b. Temperature is a reason why atmosphere is more dense close to the
earth’s surface.
c. Agrophysics plays an important role in the limitation of hazards to
agricultural objects and environment.
d. Energy is transferred between the earth surface and planet in a variety
of ways.
e. Asthetemperatureincreasesintheatmosphere,the minimum radiation
occurs at short wavelengths.
3. Write a sentence describing the relationship between each pair of terms.
[.  Gravity, atmosphere
II. Temperature, rocks.

4. Marry wants to make agrophysics journal. She says, “My journal will be
focused on advances in sensors and communication devices to measure and
collect information about physical conditions in agricultural and natural
environments”. Evaluate Marry’s statement.

5. With the help of two clear examples on each, explain clearly how
temperature and water vapor impact agricultural activities using the table.

Impact of temperature and water vapor in

Terms . -
agricultural activities.

1.Temperature

2.Water vapor




6. Complete the chart below. If the left column is blank, give the correct
term. If the right column is blank, give an example of economic activities
taking place in the corresponding layer if possible.

An example of economic activities taking place in the

corresponding layer if available.

1.Troposphere

2.Stratosphere

3. Mesosphere

4 Thermosphere

7. How do climate impact agricultural activities?

8. Explain briefly the role of machines in agriculture in rapid development of
the country towards suitable programs of transformation and modernization
of agriculture?

9. Knowing different stages of growing plants in our daily agriculture
activities, explain clearly which stages mostly benefit the use of technology?

10. Cracks in rocks widen as water in them freezes and thaws. How does this
affect the surface of Earth?

11. Name the four factors that can hasten or speed up the process of
weathering.

12. How is weathering different from erosion?

13. How can increasing the surface area of rock hasten or speed up the
process of weathering

14. Human activities are responsible for enormous amounts of mechanical
weathering, by digging or blasting into rock to build homes, roads, and
subways or to quarry stone. Suggest measures that can be taken to minimize
mechanical weathering caused by human activities?

C. Essay type questions

15. Design and conduct your own research into the influence of surfaces on
temperature comparing earth surfaces that interest them (such as colored
soils, dry and wet soils, grass, dry leaves, or different types of coverings
such as plastic or aluminum foil). Compare the data with these new surfaces
compared to the given surfaces (water, light soil, dark soil). Note that the
data may not be comparable due to variations in experimental design, such
as differences in light bulb temperature and height of the lamp.



FOSSIL AND NON-FOSSIL FUEL
AND POWER PRODUCTION

Key unit competence: By the end of this chapter, [ should be able to evaluate
fossil and non-fossil fuel for power production.

Unit Objectives:

By the end of this unit I will be able to;
» explain the concept of fossil and no-fossil fuels and their use in power
production properly.
e explain the differences between fossil and no-fossil fuels properly.
e explain Nuclear fuel and nuclear fission and their use in energy
production and associated dangers properly.

e explain the environmental problems of fossil fuels and suggest their
solution clearly.




3.0 INTRODUCTORY ACTIVITY

[_Fossil fuel is a source of conventional or non-renewable energy. There are

| many examples of fossil fuels which we use in our daily lives. In fact, most |
of the energy that we consume comes from fossil fuels. Coal, petroleum
and natural gas are called fossil fuels. Millions of years ago, during the

| carboniferous age, due to the change in atmospheric conditions and other |

| changes, the forests were destroyed and they were fossilized. With the action |
of bacteria and other microorganisms on the surface of the earth, these trees

| and other vegetations were decayed and disintegrated. Years after these |
trees were available in solid, liquid and gaseous state. The solid form is coal.
It is the most widely used form of fossil fuel for domestic purposes.
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ACTIVITY 3.1: The Atmosphere

Crossword puzzle: Fill the missing words in the crossword puzzle given
below.

Down

1. refers to the rise in the world’s average
temperature due to air pollution.

2. are gases in the atmosphere that absorb and
emit radiation, causing the greenhouse effect.

is a mixture of smoke and fog in the atmosphere.

4. is a non-renewable source of energy
formed from the remains of dead plants and animals.

Across
5. is the reduction of the amount of ozone

6. The water sources and the land are polluted by
when exhaust gases dissolve in the rain.




ACTIVITY 3-2: Pollution
Word splash

The following are the key words we learn about air pollution.




Use the words to complete the diagram below:

4[ Air pollution
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(Air pollution is ) (Air pollutants come
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3.1. FOSSIL FUELS AND NON-FOSSIL FUELS

3.1.1 Fossil Fuels

Fossil fuels are hydrocarbons, primarily coal, fuel oil or natural gas, formed
from the remains of dead plants and animals. In common dialogue, the term
‘fossil fuel’ also includes hydrocarbon-containing natural resources that are not

derived from animal or plant sources.

Fig. 3.1. Fossil fuels in nature




Coal, oil and natural gas are called ‘fossil fuels’ because they have been formed
from the fossilized remains of prehistoric plants and animals. Fossil fuels are
non-renewable energy source since they take millions of years to form. They
ultimately get their energy from the sun.

Types of Fossil Fuels
Coal

Coal is a hard, black coloured rock-like substance formed when dead plants
were subjected to extreme heat and pressure for millions of years. It is made up
of carbon, hydrogen, oxygen, nitrogen and varying amounts of sulphur. There
are two ways to mine coal: surface mining and underground mining.

Natural Gas

Natural gas is formed from the remains of tiny sea animals and plants that
died millions of years ago. The gas then became trapped in layers of rock-like
water in a wet sponge. Raw natural gas is a mixture of different gases. Its main
ingredient is methane. The strange smell of natural gas (like rotten eggs) comes
from a chemical added by the companies. It is called mercaptan. This is added
to detect the gas leakage.

0il (Petroleum)

Oil is formed from the remains of animals and plants that died millions of years
ago. The organic material was then broken down into hydrogen and carbon
atoms and a sponge-like rock was formed, full of oil.

Oil cannot be used as it is when it is drawn from the ground. Oil refineries clean
and separate the oil into various fuels and byproducts. The most important of
these is gasoline.

Fossil fuels are used to generate electrical energy in a series of energy
transformations as shown in Fig.6.2.

Burn Heat water Steam Turbines Electrical power
‘ to make ‘ turns ‘ turn ‘ sent around the
fuel steam turbines generators country

Fig. 3.2. Generation of electrical energy using fossil fuels

3.1.2 Non-fossil fuels

Non-fossil fuels are alternative sources of energy or renewable sources of
energy that do not rely on burning up limited supplies of coal, oil or natural



gas. Examples of these fuels include: nuclear energy, wind or water generated
energy and solar power. These tend to be renewable energy sources, or means
of generating power that can be utilized indefinitely.

Non-fossil fuels are considered to be extremely important for power creation.
This is because they are usually renewable energy sources that could be tapped
for hundreds of years and not run out. In addition, energy production using
nonfossil-based fuels usually generates much less pollution than fossil-based
energy sources.

3.2 Storage and transportation of different types of fossil
fuels

3.2.1 Coal

Types of coal
e Peat
e Lignite
¢ Semi bituminous
e Bituminous
e Anthracite

Means of transporting coal
e Transportation by rail
e Transportation by ropeways
e Transportation by sea or river
e Road transport
e Transport by pipeline

Coal storage

Storage of coal is undesirable because it costs more as there is:
e Risk of spontaneous combustion,
e Weathering,
e Possibility of loss and deterioration during storage,
e Interest on capital cost of coal lying dormant,
e Cost of protecting the stored coal from deterioration.



Types of coal storage

1. Dead storage:

This storage supplies the coal to places where there is a shortage of coal in
plant due to failure of normal supply of coal. This is a long-term storage and
comprises 10% of annual consumption, so, it requires protection against
weathering and spontaneous combustion.

2. Living storage:

It supplies coal to plant for day-to-day usage. The capacity of live storage is less
than that of dead storage. It is usually stored in vertical cylindrical bunkers or
coal basins or silos, e.g. coal is transferred to boiler grate. Bunkers are normally
diamond-shaped cross-section storage areas made up of steel or reinforced
concrete.

Purpose of dead coal storage of coal

e To prevent shutdown of power plant in case of failure of normal
supplies of coal due to coal strike, failure of the transport system, etc.

e To permit choice of purchase allowing management to take advantage
of seasonal market conditions.

Means of coal storage

1. Storage in coal heaps

[t is required to:

e Keep coal at low temperature (>70°C).
e Prevention of air circulation from bottom of coal piles.

e Proper drainage of rainy water to prevent weathering-drainage should
not be rapid to prevent washing of coal.

Hence, ground used for stocking should be dry and levelled for proper drainage.
[t should have concrete floor to prevent flow of air from bottom. Coal is piled up
to a height of about 10 m to 12 m in layers of 15 cm to 30 cm.

In dead storage, coal pile is sealed by asphalt, fine coal dust, bituminous or
other coating materials.

2. Underwater storage

Possibility of slow oxidation and spontaneous combustion can be completely
eliminated by storing coal under water.



Fig. 3.3. Coal dead storage

Site selection for coal dead storage

The storage should be free from standing water
If well drainage is not available, artificial drainage should be provided.

[t should be free from all foreign materials like wood, paper rags, waste
oil or materials having low ignition temperature.

Handling cost should be minimum.

Pile should build up in successive layers and be compact.
Pile should be dressed to prevent entry of rainy water.
Alternative drying and wetting should be avoided.

Stoker size coal should be oil treated to prevent absorption of water
and oxygen.

Side of pile should not be steep.

Air may circulate freely through pile for proper ventilation to keep
temperatures low.

Hot surfaces or boiler blow down or hot water or steam pipe and tanks
should be kept far from coal storage

Hot bright days should be avoided.

There should be provision for temperature measurement at different
points.

Conical piling should be avoided.
Fire fighting equipment should be easily available.



Coal Transfer

Equipments used in coal transfer are:

A: Belt conveyor

It can transfer large quantities of coal over large distance economically. It has
low initial cost and ensures low power consumption.

Fig. 3.4. Belt conveyor

Advantages:
e Economical, low power consumption
e Large capacity
e Rate of coal transfer rapidly change
e Low maintenance cost

Disadvantages
e Not suitable for shorter distance and inclination > 200.
e Not suitable for dust particles and slurry.

B: Flight conveyor

It is used when coal is discharged at different points in bins situated below the
conveyor. All parts are made of steel and iron, so it can handle hot materials. It
is totally enclosed, so dust of coal can get transferred. It can transfer coal at high
inclination



Vanita Thakkar

Fig. 3.5. Flight conveyor

Advantages
e Itrequires small head room.
e Speed and material transfer rate can easily change.
e It can handle hot materials also.

Disadvantages
e High wear and tear, so, it has short life.
e High maintenance required.
e Speed is limited up to 300 m/min due to abrasive action of material.
e High power consumption per unit of material transfer.

C: Screw conveyor

Fig. 8.6. Screw conveyor

e Itis used for shorter distance.
o Itis totally enclosed from atmosphere.



Coal dust can also be transferred easily.
[t is generally used in metering of coal.

Driving mechanism is attached at the end of the shaft.

Diameter: 15 cm to 50 cm.
Speed: 70 rpm to 120 rpm.
Capacity: 125 tones/h (max)

Advantage

Cheap initial cost.

Simple and compact.

Dust tight.

[t can transfer coal at high inclination also.
Most suitable for short distance.

Disadvantages

High power consumption.
Length is limited up to 30 m.
High maintenance due to high wear and tear.

D: Bucket elevator

[tis used for vertical lifts. Buckets are fixed on chain which moves on two wheels
or sprockets. Buckets are loaded at bottom and discharged at top.

Fig. 3.7. Bucket elevator



E: Grab bucket elevator
e Itis used for lifting as well as transfer material.
e It can be used with crane or tower.
e Initial cost is high but operating cost is less.
e Itis used when another arrangement is not possible.
e Bucket capacity: 2 to 3 m3
e Distance: 60 m
e (Capacity: 100 tonnes/h.

Fig. 3.8. Grab bucket elevator
3.2.2 Transporting Natural Gas and Crude 0Oil

Transporting natural gas and crude oil thousands of miles through pipelines is
the safest method of transportation. The transportation system for natural gas
consists of a complex network of pipelines, designed to transport natural gas
from its origin to the areas of high natural gas demand quickly and efficiently.
In general, pipelines can be classified in three categories depending on the
purpose:

Gathering pipelines

These are smaller interconnected pipelines forming complex networks with
the purpose of bringing crude oil or natural gas from several nearby wells to
a treatment plant or processing facility. In this group, pipelines are usually
short — a couple of hundred metres — and with small diameters. Also sub-
sea pipelines for collecting product from deep water production platforms are
considered gathering systems.



Fig. 3. 9 Gathermg pipelines

Transportation pipelines

These are long pipes with large diameters, moving products (oil, gas, refined
products) between cities, countries and even continents. These transportation
networks include several compressor stations in gas lines or pump stations for
crude and multi-products pipelines.

Fig. 3.10. Transportation pipelines




Distribution pipelines

These are composed of several interconnected pipelines with small diameters,
used to take the products to the final consumer. Feeder lines to distribute gas
to homes and business downstream, and pipelines at terminals for distributing
products to tanks and storage facilities, are included in this group.

G p=p—
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Fig. 3.11. Distribution pipelines

3.3 Advantages and disadvantages of fossil fuels

Fossil

Fuel Advantages Disadvantages
1. Large quantities. 1. Causes Acid rain and
. Well-distributed. global warming.
3. Converted into synthetic liquid | 2- Not SO readily
fuels and gases. transported.
Coal 4. Yields far more energy than|3. Miningis d.anger.ous.
renewable sources. 4. Leaves solid residue and
5. Safer than nuclear power. releases toxic gases in
6. Longer life span than oil or gas. air, causing pollution.
7. Feedstock for organic chemicals.




Higher quantity of energy per kg
than coal or oil

Easy transportation (pipelines/|1. Acid rain + Global
tankers) warming
oil Use in cars, lorries, etc. 2. Limited lifespan
Feedstock for organic chemicals | 3. Uneven distribution
4. Risk of pollution during
transportation
Clean fuel 1. Global warming
Easily transported (pipelines,|2. Limited lifespan
Natural pressurized containers) 3. Uneven distribution
Gas Does not contribute to acid rain | 4, Risk of explosions due to

leakage

3.4 Energy production using fossil fuels

A fossil-fuel power station is a power station which burns fossil fuels, such as
coal, natural gas or petroleum to produce electricity. Central station fossil-fuel

power plants are designed on a large scale for continuous operation.

Boiler
(furnace)

Condenser Cooling Water

Turbine

Transmission

Generator

Transformer

Condenser

Fig. 3.12. Fossil fuel power plant



There are two main cycles in a power plant; the steam cycle and the gas turbine
cycle. The steam cycle relies on the Rankine cycle in which high pressure and
high temperature steam raised in a boiler is expanded through a steam turbine
that drives an electric generator. The generator then transforms mechanical
energy into electrical energy which is distributed for local use.

The steam gives up its heat of condensation to a heat sink, such as water from
a river or a lake and the condensate can then be pumped back into the boiler
to repeat the cycle. The heat taken up by the cooling water in the condenser is
dissipated mostly through cooling towers into the atmosphere.

3.5 Nuclear fuel and nuclear fission

Nuclear fuel is any material that can be consumed to derive nuclear energy.
The nuclear fuel can be made to undergo nuclear fission chain reactions in a
nuclear reactor. The most common nuclear fuels are ?**U (uranium 235) and
239Pu (plutonium 239). Not all nuclear fuels are used in fission chain reactions.

Nuclear fission is a process, by which a heavy nucleus splits into two or
more simpler pieces. This process releases a lot of energy.

When a neutron strikes an atom of uranium, the uranium nucleus splits into
two lighter atoms and releases heat simultaneously. Fission of heavy elements
is an exothermic reaction which can release large amounts of energy both as
electromagnetic radiation and as kinetic energy of the fragments.
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Fig. 3.13. Fission of Uranium 235

A chain reaction refers to a process in which neutrons released in fission



produce an additional fission in at least one further nucleus. This nucleus in
turn produces neutrons, and the process continues. If the process is controlled
it is used for nuclear power or if uncontrolled it is used for nuclear weapons.
Fig.3.13 illustrates a chain reaction of uranium 235.

The equation of reaction is:

920235 + On, Equation 3-1
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3.6 Controlled fission (power production)

Of the three neutrons, liberated during a fission reaction, only one triggers a
new reaction and the others are simply captured. The system is in equilibrium.
One fission reaction leads to one new fission reaction, which leads to one
more, and so on. This is known as controlled fission.
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Fig. 3.14. Controlled fission reaction

In a nuclear power station, the uranium is first formed into pellets and then into
long rods. The uranium rods are kept cool by submerging them in water. When
they are removed from the water, a nuclear reaction takes place causing heat
production. The amount of heat required is controlled by raising and lowering
the rods. If more heat is required, the rods are raised further out of the water
and if less heat is needed, they are lowered further into it.

3.7 Uncontrolled fission (nuclear weapons)

A fission reaction which is allowed to proceed without any moderation (by
removal of neutrons) is called an uncontrolled fission reaction. Here more and
more neutrons are given out and cause more fission reactions, thus, releasing
large amounts of energy. An uncontrolled fission reaction is used for nuclear
bombs.



Using the energy released from the nuclear fission of uranium-235, an explosive
device can be made by simply positioning two masses of U-235 so that they can
be forced together quickly enough to form a critical mass and result in a rapid,
uncontrolled fission chain reaction.

This is not an easy task to accomplish. First, you must obtain enough uranium
which is highly enriched to over 90% U-235, since natural uranium is only
0.7% U-235. This enrichment is an exceptionally difficult task, a fact that has
helped control the proliferation of nuclear weapons. Once the required mass is
obtained, it must be kept in two or more pieces until the moment of detonation.
Then the pieces must be forced together quickly and in such a geometry that
the generation time for fission is extremely short. This leads to an almost
instantaneous build up of the chain reaction, creating a powerful explosion
before the pieces can fly apart. Two hemispheres which are explosively forced
into contact, can produce a bomb, such as the one detonated at Hiroshima in
1945.

Conventional Chargé

Fig. 3.15. Nuclear atomic bomb of Uranium 235.
3.8 Impacts of nuclear weapons

There are five immediate destructive effects from a nuclear explosion:

1. The initial radiation, mainly gamma rays;

2. An electromagnetic pulse, which in a high altitude explosion can knock out
electrical equipment over a very large area;

3. Athermal pulse, which consists of bright light (even many miles away) and
intense heat equal to that at the centre of the sun);

A blast wave that can flatten buildings; and

5. Radioactive fallout, mainly in dirt and debris that is sucked up into the
mushroom cloud and then falls to earth.



There are three long-term effects of a nuclear explosion:

1. Delayed radioactive fallout, which gradually fall over months and even years
to the ground, ofen in rain;

2. A change in the climate (possibly by lowering of the earth’s temperature
over the whole hemisphere which could ruin agricultural crops and cause
widespread famine);

3. A partial destruction of the ozone layer, which protects the earth from
the sun’s ultraviolent rays. If ozone layer is depleted, unprotected Caucasians
would get an incapacitating sunburn within 10 minutes, and people would
suffer a type of snow blindness from the rays which, if repeated, would lead
to permanent blindness. Many animals would suffer the same fate.

3.9 Energy transformations in a nuclear power station

In a nuclear power plant, Nuclear Steam Supply System (NSSS) consists of a
nuclear reactor and all of the components necessary to produce high pressure
steam, which will be used to turn the turbine for the electrical generator.
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Fig. 3.16. Nuclear power plant

The nuclear reactor contains some radioactive isotopes like uranium which



undergo fission reaction when bombarded with some neutrons and a large
amount of heat energy is evolved. This heat energy converts water into steam,
which is piped to the turbine. In the turbine, the steam passes through the
blades, which spins the electrical generator, resulting in a flow of electricity.
After leaving the turbine, the steam is converted (condensed) back into water
in the condenser. The water is then pumped back to the nuclear reactor to be
reheated and converted back into steam.

3.10 Problems associated with the production of nuclear
power

e The problem of radioactive waste is still unsolved. The waste
from nuclear energy is extremely dangerous and it has to be carefully
looked after for several thousand years (10,000 years according to
United States Environmental Protection Agency standards).

* High risks: Despite a generally high security standard, accidents
can still happen. It is technically impossible to build a plant with
100% security. A small probability of failure will always last. The
consequences of an accident would be absolutely devastating both for
human beings and the nature. The more nuclear power plants (and
nuclear waste storage shelters) are built, the higher is the probability
of a disastrous failure somewhere in the world.

e Nuclear power plants as well as nuclear waste could be preferred
targets for terrorist attacks. Such a terrorist act would have
catastrophic effects for the whole world.

e During the operation of nuclear power plants, radioactive waste is
produced, which, in turn, can be used for the production of nuclear
weapons. In addition, the same is used to design nuclear power plants
can to a certain extent be used to build nuclear weapons (nuclear
proliferation).

e The energy source for nuclear energy is Uranium. Uranium is a
scarce resource; its supply is estimated to last only for the next 30 to
60 years depending on the actual demand.

¢ The timeframe needed for formalities, planning and building of a new
nuclear power generation plant, is in the range of 20 to 30 years in the
western democracies. In other words, it is an illusion to build new
nuclear power plants in a short time.



3.11 Environmental problems of fossil fuels

Climate Change/Global Warming and Greenhouse Effect

The earth’s atmosphere allows a lot of sunlight to reach the earth’s surface
but reflects much of that light back into space. Some gases trap more sunlight,
therefore, less light is reflected back into space. These gases are called
Greenhouse Gases, because the effect is like being in a plant glasshouse,
or in a car with the windows wound up. The result is a gradual increase in
the earth’s temperature or Global Warming. The major greenhouse gases are
carbon dioxide, methane, nitrous oxide and chlorofluorocarbons (CFCs).

The main man made causes are thought to be carbon dioxide and methane from
factory, power station and car emissions, the waste products of respiration, the
mining of fossil fuels and the breakdown of plant matter in swamps. The long-
term effects may include melting of glaciers and a rise in sea level and a global
change in climate and type of vegetation.

‘Hole’ in the Ozone Layer

Ozone is a gas in the earth’s upper atmosphere whose chemical formula is O..
Ozone acts to block out much of the sun’s ultraviolet radiation which causes
skin cancer and contributes to the fluctuations of global climatic conditions
that affect the environment. Above Antarctica, there is a thinner layer of ozone
caused by the destruction of ozone gas by emissions of chlorofluorocarbons
and hydrochlorofluorocarbons which are propellants in pressure-pack spray
cans and refrigerants in refrigerators and air-conditioning units.

Acid Rain

When gases, such as sulphur dioxide and nitrogen oxides react with water in
the atmosphere to form sulphuric acid and nitric acid, they form an acidic ‘rain’
which can destroy vegetation. Some of these gases are from natural sources,
such as lightning, decomposing plants and volcanoes. However, much of these
gases are the result of emissions from cars, power stations, smelters and
factories.

Air Pollution

Air pollution is the release of excessive amounts of harmful gases (e.g. methane,
carbon dioxide, sulphur dioxide, nitrogen oxides) as well as particles (e.g.
dust of tyre, rubber, lead from car exhausts) into the atmosphere. To reduce
emissions, the Australian government has legislated that all new cars should



use unleaded petrol and have catalytic converters fitted to the exhausts.

Water Pollution

1. Sewage is the household waste water. Many detergents contain phosphates
which act as plant fertilisers. When these phosphates and the sewerage
reach rivers, they help water plants to grow in abundance, reducing the
dissolved oxygen in the river water. The result is death of aquatic animals
due to suffocation by the algal blooms. This harmful effect is called
eutrophication. Eutrophication is also caused by excessive use of fertilizers
in agricultural fields and subsequent surface run-off.

2. Biodegradable detergents are more environment-friendly because they are
readily broken down to harmless substances by decomposing bacteria.

3. Suspended solids in water, such as silt reduce the amount of light that
reaches the depths of the water in lakes and rivers. This reduces the ability
of aquatic plants to photosynthesise and reduce the plant and animal life.
Turbidity is the measure of ‘cloudiness’ or the depth to which light can
reach in water.

Introduced Species

They are species of plants or animals that have migrated or been brought to
Australia. Many fit into the natural ecosystems and are kept in control by natural
predators and parasites. However, some become pests as they are well-adapted
to that environment, readily obtain nutrients and lack of natural predators or
parasites. Examples include rabbits, foxes, carp and prickly pear cactus plant.

Biological Control

[t is an environment-friendly method to control these pests by the introduction
of species-specific, living organisms to control their numbers. Successful
examples include the myxoma virus and the calici virus for rabbits, and the
cactoblastis moth feeding on the prickly pear. Unsuccessful examples include
the introduction of the cane toad to reduce the numbers of natural cane beetles.

Biological Magnification

It is the accumulation in body tissues of certain chemicals, such as DDT,
pesticides and mercury. The higher it moves along the food chain, the greater
is the accumulation, sometimes to such toxic levels, which causes birth defects
and even death.



Soil Salinity

Soil salinity has increased greatly since the widespread logging of trees by
farmers. Deep tree roots normally draw water from the underground water
table. However, when logging of trees occurs, the water table rises close to
the surface bringing with it, salt from rocks. This makes the soil salty so that
vegetation cannot grow effectively. The result is loss of vegetation and erosion.

Population Explosion

It is the rapid increase in population in developing countries causing famine,
and also in developed countries causing more demand for energy and with
that, it increases pollution and destruction of the environment.

ACTIVITY3-3: Sources of Pollution
. Aim: the aim of this activity is to find out the causes of pollution.

Procedure: analyse the figure below and answer the questions that
follow

Contamination
Source

Water
source

Fig. 3.17. Effects of poorly deposited nuclear wastes.



a. Outline some sources of water and air pollution shown on the figure.

b. Explain how each of the cause in (a) affect the environment.

c. Give and explain any other sources of air and/ or water pollution you
know.

d. Explain how air and water pollutions can be reduced.

ACTIVITY 3-4: Wate Pollution

- Aim: to investigate the effect of water contamination

Source: internet and textbooks or journals.

Background Information

1.

Scientists have studied the influence of chlorine on organic
materials in water supplies. Some of the chlorine reacts with this
organic material to form chloroform and other chlorine-containing
chemicals. Research has shown that some chlorine-containing
chemicals can increase the risk of cancer.

Working with your group, find out more about the benefits and
costs of using chlorine in the water supply. Have each member of
your group research information on one of the following:

The risk to health of not treating water supplies with chlorine
The risk to health of using chlorine in water treatment
Alternatives to using chlorine for water treatment

Scientific research underway on chlorine use

What (if anything) is used to treat your local water supply

Pon oo

Support Your Opinion

3.

When you have finished your research, share your information
with your group. Design a presentation to summarize your group’s
findings. Be prepared to share your group’s findings with the rest
of the class.

Do you think that the amount of chlorine in our water should be
increased at certain times of the year? Give reasons to support your
opinion



3.12 Safety issues and risks associated
with nuclear power

3.12.1 Nuclear Meltdown

A nuclear meltdown is an informal term for a severe nuclear reactor accident
that results in core damage from overheating.

e il ! e
Fig. 3.18. Reactor meltdowns at Fukushima Daiichi.

A nuclear meltdown occurs when a nuclear power plant system or component
fails so the reactor core becomes overheat and melts. Usually, this occurs due to
the lack of coolant that decreases the temperature of the reactor. The commonly
used coolant is water but sometimes a liquid metal, which is circulated past the
reactor core to absorb the heat, is also used. In another case, a sudden power
surge that exceeds the coolant’s cooling capabilities causes an extreme increase
in temperature which leads to a meltdown. A meltdown releases the core’s
highly radioactive and toxic elements into the atmosphere and environment.

The causes of a meltdown occur due to:

A: A loss of pressure control

The loss of pressure control of the confined coolant may be caused by the failure
of the pump or having resistance or blockage within the pipes. This causes the
coolant to cease flow or insufficient flow rate to the reactor; thus, the heat
transfer efficiency decreases.



B: A loss of coolant

A physical loss of coolant, due to leakage or insufficient provision, causes a
deficit of coolant to decrease the heat of the reactor. A physical loss of coolant
can be caused by leakages. In some cases, the loss of pressure control and
the loss of coolant are similar because of the systematic failure of the coolant
system.

C: An uncontrolled power excursion

A sudden power surge in the reactor is a sudden increase in reactor reactivity.
[t is caused by an uncontrolled power excursion due to the failure of the
moderator or the control that slows down the neutron during chain reaction.
A sudden power surge will create a high and abrupt increase of the reactor’s
temperature, and will continue to increase due to system failure. Hence, the
uncontrollable increase of the reactor’s temperature will ultimately lead to a
meltdown.

3.12.2 Nuclear (Radioactive) Wastes

Nuclear wastes are radioactive materials that are produced after the nuclear
reaction. Nuclear reactors produce high-level radioactive (having high levels
of radioactivity per mass or volume) and low-level (having low levels of
radioactivity) wastes. The wastes must be isolated from human contact for a
very long time in order to prevent radiation.
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The ‘high-level wastes’ will be converted to a rock-like form and placed in a
natural habitat of rocks, deep underground. The ‘low-level wastes’, on the other
hand, will be buried in shallow depths (typically 20 feet) in soil.

A number of incidents have occurred when radioactive material was disposed
improperly, where the shielding during transport was defective, or when the
waste was simply abandoned or even stolen from a waste store.

The principal risks associated with nuclear power arise from health effects
of radiation, which can be caused due to contact with nuclear wastes. This
radiation consists of sub-atomic particles travelling at or near the velocity of
light (186,000 miles per second). They can penetrate deep inside the human
body where they can damage biological cells and thereby initiate a cancer. If
they strike sex cells, they can cause genetic diseases in progeny.

END UNIT ASSESSMENT 3

1. Why should solar energy be harnessed to take care of our electric
power needs?

How do we confirm that the ‘greenhouse effect’ is real?
How does acid rain destroy forests and fish?
[s it possible to eliminate the air pollution from coal burning?

S

Radioactivity can harm us by radiating from sources outside our
bodies, by being taken in with food or water or by being inhaled
into our lungs. But we consider only one of these pathways. Why is
it so?

6. Cancers from radiation may take up to 50 years to develop, and
genetic effects may not show up for a hundred years or more. How,
then, can we say that there will be essentially no health effects from
the Three Mile Island accident?

7. Air pollution may kill people now, but radiation induces genetic
effects that will damage future generations. How can we justify our
enjoying the benefits of nuclear energy while future generations
bear the suffering from it?

8. Can the genetic effects of low-level radiation destroy the human
race?

9. Isn’t the artificial radioactivity created by the nuclear industry,
more dangerous than the natural radiation which has always been
present?



10. Can radiation exposure to parents cause children to be born with two
heads or other such deformities?

11. Can a reactor explode like a nuclear bomb?

12. If reactors are so safe, why don’t home owners’ insurance policies cover
reactor accidents? Does this mean that insurance companies have no
confidence in them?

13. How is radioactive waste disposed off?
14. How long will the radioactive waste be hazardous?
15. How will we get rid of reactors when their useful life is over?

Fossil fuels are hydrocarbons, primarily coal, fuel oil or natural gas, formed
from the remains of dead plants and animals.

Types of Fossil Fuels
e (Coal
e Natural Gas
e Qil (Petroleum)

Types of coal storage
e Dead storage
e Living storage

Means of coal storage
e Storage in coal heaps
e Underwater storage

Energy production using fossil fuels

A fossil-fuel power station is a power station which burns fossil fuel, such as
coal, natural gas or petroleum to produce electricity.

Nuclear fuel and nuclear fission

Nuclear fuel is any material that can be consumed to derive nuclear energy.

Controlled fission (power production)

When a fission reaction leads to a new fission reaction, which leads to another
one and so on, it is called controlled fission. The amount of heat required is
controlled by raising and lowering the rods in the reactor.



Uncontrolled fission (nuclear weapons)

A fission reaction whereby the reaction is allowed to proceed without any
moderation (by removal of neutrons) is called an uncontrolled fission reaction.
An uncontrolled fission reaction is used for nuclear bombs.
Problems associated with the production of nuclear power

e problem of radioactive waste.

e high risks.

 targets for terrorist attacks.

e nuclear weapons.

e uranium is a scarce resource.

e illusion to build new nuclear power plants.

Environmental problems of fossil fuels

Climate Change / Global Warming and Greenhouse Effect

The earth’s atmosphere allows a lot of sunlight to reach the earth’s surface, but
reflects much of that light back into space.

The result is a gradual increase in the earth’s temperature or Global Warming.
‘Hole’ in the Ozone Layer

Ozone acts to block out much of the sun’s ultraviolet radiation which causes
skin cancer and contributes to the fluctuations of global climatic conditions
that affect the environment.

Acid Rain

When gases, such as sulphur dioxide and nitrogen oxides react with water in
the atmosphere to form sulphuric acid and nitric acid, they form an acidic ‘rain’
which can destroy vegetation.

Air Pollution

Air pollution is the release into the atmosphere of excessive amounts of harmful
gases as well as particles.

Other environmental problems of fossil fuels include:

e Biological Control

e Biological Magnification
e Introduced Species

e Soil Salinity

e Population Explosion



ATOMIC NUCLEI AND
RADIOACTIVE DECAY

Alpha Decay of a Uranium-238 nucleus

4 . .
Parent nucleus i 2HE (emitted « particle)

Daughter nucleus (excited state)

238
U

© Ty

92
1 Daughter
Key
proton
gamma ray is emitted

=~ nucleus

Fig.4. 1: Sign of radiation precaution.

Key unit competence: Analyse atomic nuclei and radioactivity decay

My goals

Define atomic mass and atomic number
Identify the constituents of a nucleus
Explain Einstein’s mass-energy relation.
Define nuclear fusion and fission.

Analyze determinations of a mass of nuclei by using Bainbridge mass
spectrometer.

Derive the relationship between decay constant and half-life.

Determine the stability of a nuclei.

Describe properties of different radiations.

Describe creation of artificial isotopes.

Identify the application of radioactivity in life.

Plot a graph of binding energy against nucleon and explain its features.
Calculate the decay rate of unstable isotopes.

Appreciate the safety precautions to be taken when handling radioactive
materials.

Appreciate that the nucleus of an atom and quantum system has discrete
energy levels.
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INTRODUCTORY ACTIVITY
- —  —  —/ /71
| DANGER |

| RADIOACTIVE |
| 'Y Y |

‘ MATERIALS‘
| |
In different places like industries, hospitals, and other sensitive places, there

are different posts that caution someone about dangerous substances one |
may encounter if care is not taken. Among the reasons why these places bare
such instruction is because of chemicals and radiations that are used in such

| places which may be harmful if not handled with care. |

| 1. Discuss some of the safety signs you have ever seen in any hospitals or |
industry if you have ever visited one.
| 2. Why do you think there is a need to put those signs in such places? |

| 3. Itis believed that there are some of diseases that are treated using |
radioactive substances. Can you state some of the radiations used to
| treat some diseases. |

| 4. There are natural men made radioactive substances. All of these are
used for different purposes. What are some of negative effects of these
| radiations to (i) man, (ii) environment |

| 5. Some countries like Iran are affected by these radiations. Imagine you |
were a resident of that country, what would you do to protect yourself
| from such effects of radioactive substances. |

L - - - - = = - = = = = = = = - - 4

102



4.1 ATOMIC NUCLEI-NUCLIDE

4.1.1 Standard representation of the atomic nucleus

ACTIVITY 4.1: Investigating the stable and unstable nicleus

A

Z

Fig.4. 2 The standard representation of an atom nucleus

Observe the Fig.4.1 above of an atom and answer to the questions that
follow:
1. What do numbers A and Z stand for?

2. Describe the relation between the two numbers and their meanings.
3. When do we say that an atom is stable or unstable?
4

Explain clearly the meaning of isotopes. Give an example of isotopes
you know.

A nucleus is composed of two types of particles: protons and neutrons. The
only exception is the ordinary hydrogen nucleus, which is a single proton. We
describe the atomic nucleus by the number of protons and neutrons it contains,
using the following quantities:

a. Theatomic number or the number of protons Zin the nucleus (sometimes
called the charge number).

b. The neutron number or the number of neutrons N in the nucleus.
c. The mass number or the number of nucleons in the nucleus,
A=Z+N. (4.01)

In representing nuclei, it is convenient to use the symbol /X to show how many
protons and neutrons are present in the nucleus. X represents the chemical
symbol of the element. For example, ¥ renucleus has mass number 56 and

atomic number 26. It therefore, contains 26 protons and 30 neutrons.

When no confusion is likely to arise, we omit the subscript Z because the

chemical symbol can always be used to determine Z. Therefore, 5 Fe is the same
as % Feand can also be expressed as “iron-56." Each type of atom that contains
a unique combination of protons and neutrons is called nuclide.
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4.1.2 Classification

Depending on the combinations of protons and neutrons in the nucleus,
nuclides can be classified in the following 3 categories:

a. Isotopes: These are nuclei of a particular element that contain the same
number of protons but different numbers of neutrons. Most elements
have a few stable isotopes and several unstable, radioactive isotopes.

Example of isotopes:

 Oxygen has three stable isotopes that can be found in nature: 16

, ",and "o Hydrogen has two stable isotopes'H *H and a single
radioactive isotope*H .

 Carbon has two stable isotopes '“c apq “c-
 Chlorine has two stable isotopes ¥ci anq Yci

Therefore, the chemical properties of different isotopes of an element are
identical but they will often have great differences in nuclear stability. For
stable isotopes of light elements, the number of protons will be almost equal to
the number of neutrons. Physical properties of different isotopes of the same
element are different and therefore they cannot be separated by chemical
methods i.e. only physics methods such as the centrifugation method can be
used to separate different isotopes of an element.

b. Isobars: these are nuclei which have the same mass numberbut different
number of protons Z or neutrons N.

Example of isobars: !N and '/ N which all have 14 as a mass number

c. Isotones: these are nuclei in which the number of neutrons is the same
but the mass number A and the atomic number Z differ

Example of isotones:';0, N and “N which all have 8 neutrons.

4.1.3 Units and dimensions in nuclear physics

The standard SI units used to measure length, mass, energy etc. are too large
to use conveniently on an atomic scale. Instead appropriate units are chosen.

e The length: The unit of length in nuclear physics is the femtometer.
1fin=10"m

This unit is called Fermi in the honor of the Italian Americano physicists who
did a lot of pioneering work in nuclear physics.



e The mass: The unit used to measure the mass of an atom is called the

atomic mass unit, abbreviated “amu or u” and is defined as a o the
mass of an atom of carbon-12. Since mass in grams of one carbon-12
atom is its atomic mass (12) divided by Avogadro’s number gives.

u= mg = 1.666X10724g

e Nuclear masses can be specified in unified atomic mass units (u).

On this scale:

e Aneutral [Catom is given the exact value 12.000000 u.
e A neutron then has a measured mass of 1.008665 u,
e Aproton 1.007276 u,

 Aneutral hydrogenH atom (proton plus electron) 1.007825 u

Energy: the SI unit used for energy that is Joule is too large. In nuclear physics
the appropriate unit used for energy is an electronvolt (eV). An electron volt
(eV) isdefined as the energy transferred to a free electron when it is accelerated
trough a potential difference of one volt. This means that

leV =1.6022x107"° Cx1V =1.6022x107"°J

It is also a common practice in nuclear physics to quote the rest mass energy
calculated using,

E =mc’ (4.02)
Since the mass of a proton is m, =1.67262x10""" kg =1.007276 u, then 1 u is equal to
This is equivalent to energy in MeV of

1.000 1 = (1.66054x10" kg)(2.9979x10° m / s*)*
' 1.6022x10 " J /el

Thus, 14 =1.6605x10"" kg =931.5MeV / c*

e The time: the time involved in nuclear phenomena is of the order of
10-20s to million or billion years.

e Nuclear radius: various types of scattering experiments suggest that
nuclei are roughly spherical and appear to have the same density. The
data are summarized in the ?Xpression called Fermi model.

r = A3 (4.03)



Where 7, =12 fim=1.2x10""m and A is the mass number of the nucleus

The assumption of a constant density leads to the estimate of the mass density
which is obtained by considering.

P:ﬂ: fmp = 4Amp = 4mp = 41‘6X10_27kg =2.2x10" kg.m”
oI IRy IR TR 2x107Y)
3 3 3 3

This high density can explain why ordinary particles cannot go through the
nucleus as highlighted by Rutherford experiments. The same density was only
observed in neutron stars. The nuclear mass can be determined using a mass
spectrometer.

4.1.4 Working principle a mass spectrometer

The figure below highlights the working principle of a typical mass spectrometer
used to separate charges of different masses. It can be used to differentiate
isotopes of a certain element.

+ ‘ Anode

Gas D

Tonization Chamber 4 — ——— Cathode
S

2090
Velocity Selector -
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Fig.4. 3: Bainbridge mass spectrometer
lons are formed in ionization chamber and accelerated towards the cathode.
The beam passes through the cathode and is focused by the collimating slits S1
and S2. The beam is then passed through a velocity selector in which electric
and magnetic fields are applied perpendicular to each other. The ion moves in
straight line path for which both the forces acting on it are equal

gE = qvB (4.04)

The velocity of ion which passes un-deflected through the velocity selector is
then given by

E
v="y (4.05)



The ions then reach the vacuum chamber where they are affected by the
magnetic field (B") alone and then move in circular paths; the lighter ions
having the larger path radius. If the mass of an ion is m, its charge q and its
velocity v then

2

gvB' =" (4.06)
my
R="Y
5 (4.07)

The radius of the path in the deflection chamber is directly proportional to the
mass of the ion. The detection is done by photographic plate when the ions fall
on it. The fig. 4.5 shows the recorded mass spectrum for a gas containing three
isotopes. Note the wider line for the mass m,, showing its relatively greater
abundance.

a 123

Fig.4. 4: A recorded mass spectrum of a gas containing 3 isotopes

4.1.5 Checking my progress

1. Write down:
a. word which describes the relations between the following
elements *c and "/C

b. The nuclide symbol for an atom of chlorine (C/) which contains 17
protons and 18 neutrons.

2. Hereisalistofparticles studied in high school physics: electron, neutron,
and proton. From the list, choose one particle which.

a. Has a positive charge
b. Isfound in the nucleus of an atom
c. Isuncharged

3. How many electrons and protons are there in the following element
1;‘63 X ? What does the symbol X means for you?

4. The number of neutrons in a nucleus of gold whose symbol 17997Au is:

a. 79 c. 197 b.118 d. 276
5. Calculate the number of neutrons in the following atoms

a. 74l b. 1351P C. 22 Al d. %P



6. How many neutrons are in an atom of strontium- 90?
7. Use the information given in the table below to answer the questions
below concerning the elements Q, R, S, T and X.

Element Atomic number ‘ Mass number AL
structure

Q 2.1

R 12 24 2,82

S 18 40 2,8,8

T 8 18 2,6

X 19 39 2,8,8,1

Table 4. 1 Some elements of a periodic table

4.2 MASS DEFECT AND BINDING ENERGY

4.2.1 Mass defect
ACTIVITY 5.2: Select the words in the following puzzle

Observe the puzzle below:

1. Discover 8 different words related to particle Physics hidden in the
puzzle below, and write them in your notebook.

2. Use them to formulate a meaningful sentence

O Z—|>w0OS ™ m|xX|—|mX| >
> noC|<|S|—|T—un>mrcnNnHZ
Zo|9vNno|c|O|mHT|O|m|H|S|=| —
SO OO0 MmN |mO|mMC|wn
nis|dmo|mZm>»+H|0|C|m|—Z| >
m=|N|IC|S |m|O|T|=| I |- |2 (> 7Mool =
— o[> n—0ro—I= > |<Z>I<|l—
ZmS|mwn|ZZzHAO|mmmO|C|r
nir|ol—|l—I<lHmsEso|m|>munir o
—|—|< =0 Z|z|olc|H[=|0o|mN| O
MmO |®@r-m|I—SHOolwnun>Z— =
—|lo|H|lc|>» |m|c|Ho|I=S|Cc|Own|>|l-|>
Z|Z|<O|mmzZzm=<lOol0|Ir>NESZ

Table 4. 2 Cross word puzzle
3. Complete the sentences below using the words you discovered in
the puzzle

a. An... is the SI unit of energy.
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On the atomic scale, the ........... is not the SI unit of mass.

c. The....... of nucleons is greater than the mass of a nucleus.
d. The atom releases ......... when its nucleus is formed from its
constituent particles

e. The binding energy per nucleon gives an indication of the ............
of the nucleus.

f. The surprising suggestion that energy and mass are equivalent
was made by ......in 1905.

4. Discuss and explain the meaning of the following expression as used in

physics
a. Mass defect c. Electronvolt
b. Biding energy d. Stable nuclides

The nucleus is composed of protons that are positively charged and neutrons
that are neutral. The question is what is holding these particles together in
this tiny space?

Experiences have demonstrated that the mass of a nucleus as a whole is always
less than the sum of the individual masses of protons and neutrons composing
that