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Lightning and Thunder
Lightning is a phenomenon caused by huge
discharge of static electricity in the sky, The
electricity pesses through the ar
es the air particies o vibeoke Thi
vibrations are heard as thunder. Have you
noticed that we see the flash of lightning before
hearing the rumble of thunder?

In resbty, lightning and thunder ococur
at the same time but the different speeds of
propa on of ght snd sound throwgh the air
cause the delay.

The light from the lightning trevels to our
eyes much guicker than the sound from the
thunder. Therefore, the flash is seen before
the rumble is heard

¥ Vibration ¥ Echo

* Medium ¥ Pitch

F Wave ¥ Ultrasound

F Amplitude ¥ Limit of hearing

F Frequency  Sonar
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Our surroundings are filled with a variety of sounds. Sound is a form of energy caused by
vibration. For example, the musical instruments in Photagraph 10.1 produce sound through
vibration. Touch the front of your throat with your fingertips while speaking. Can you feel the
vibration of your vocal cords?

Photograph 10.1 Musical insgtruments

Let us carry out Activity 10.1 to study the characteristics of sound waves.
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. Aim: To study the characteristics of sound waves.

11 9{, Propagation
: - (i) Requires a medium to propagate .
= ' Apparatus: Bell jar, polystyrene sheet, alarm clock and | Baill jar -
- | vacuum pump !
Instruction |
- | 1. Setup the apparatus as shown in Figure 10.7. ]
= . 2. Activate the alarm clock and listen to the |
- sound produced. |
= 3. Then, turn on the vacuum pump to suck the |
—_——— air out. Figure 10.1 :———_—
- 4, Record your observation. r
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E {ii) Propagate at different speeds in different medium 5 aﬁ_-w M
» Materials: Water and flour :'- -
- ¢ Ersure the water and flour |

Apparatus: Plastic container and alarm clock © ara fully filled into the
= : contaners so that thereis |

Instruction ¢ no trapped air. i

1. Prepare three plastic containers that are filled with air, water and e R

flour respectively. N

2. Place the empty plastic container (filled with air) ightly onto the table and place your ear onto
the container (Figure 10.2), ]
— 3. Askyour friend to activate the alarm clock at the end of the table and listen to the sound i
- produced. |
4. Repeat steps 2 and 3 using the containers filled with water and flour. Compare the loudness of E

: the sound produced.

- Plastic container
filled with alr
S — i
- | Figure 10.2 i
Questions
1. What is observed when the vacuum pumgp is tumed on? Give an inference for your observation.
| 2. Armange the containers filled with air, water and flour in order of increasing loudness.
- . ) sound can be reflected and absorbed
= 1 |
Apparatus: Cardboard tube, analogue stopwatch, plasticine, wooden plank, metal sheet, softwood |
—— and towed ——
- Instruction
1. 5et up the apparatus as shown in Figure 10,3 and
- make sure there is a distance of about 5 cm batween Softwood
: the wooden plank and the end of the cardboard tubes. '

2. Move tube O until you can hear the ticking Plasticing
stopwatch dearly.
3. Without moving tubes P and Q, replace the wooden
plank with a metal sheet followed by a towel.
— Compare the loudness of the ticking of the
. stopwatch,

r - 4, Record all your obsarvations.

. Questions

. 1. Based on your cbservation, which surface is a
{a} good absorber of sound?

| (b} good reflector of sound?

| 2. Predict whether a glass sheet is a good absorber or reflector of sound.

Analogue
stopwatch
Figure 10.3




Transfer of Sound

Sound requires a medium to propagate, Sound can

propagate through a liquid, solid and gas, but not through
vacuum. For example, when a bell is rung, the metal

surface of the bell will vibrate, Air molecules near the Ly 0
surface will also vibrate and collide with the air molecules =
nearby. This vibration is transferred from one molecule 1o )

another molecule beside it in the form of waves. In this
way, the bell produces sound that can be heard by the ears

of the listener (Figure 10.4). Figure 104 Transfer of sound from

bell to the ears of the listener

 Speed of transfer of

Spoedufhmt&rnf
sound in gases

Figure 10.5 Sound propagates af different speeds in different media

sound in solids 9 Q¢
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Photograph 10.2 Sound of the aircraft engines can be heard "
because sound can propagate through air ‘E'—E"-\

Sound is transferred very rapidly in solids

I'UU C QUUO When the particles at one end of the solid start to
3 J vibrate, the vibration causes the nearby particles

l° o U o U toalso vibrate as the particles of solids are

U 00019 c o arranged very closely together.

= . iy,
Q‘ ,‘! g 0_. ,_0 - The loose arrangement of particles in liquid
] '“o 0' . 0 Qg ] causes sound vibrations 1o be transferred
- "oj 0 = less rapidly compared to solids,
Yo 0 ©09

0 = Y Sound waves propagate very slowly in
y "‘I , gases because the arrangement of gas

particles which are far apart from each

other causes a delay in transfer of vibration.




Reflection and Absorption of Sound

Sound can be reflected and absorbed when it hits the surface of an object. These characteristics are
the same as the characteristics of light that you have learned in Form One. The amount of sound
reflected or absorbed depends on the surface of the object.

surfaces
sound ref

Marble tiles

Wall

Photograph 10.3 Examples of good sound reflectors

Carpet

Softboard

Photograph 10.4 Examples of good sound absorbers

{a) Soundwavescan only be reflected

these boards?

1. State four sources of vibration that produce sound.
2. Tick (") the correct statement regarding sound waves.

{b) Astronauts can hear sounds more clearly in the space than on Earth.

{c} Sound waves require a medium to propagate.

_il.lui nd smooth

R

3. Thewalls of cinema halls are usually covered with layers of thin softboards. What is the purpose of
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ur ears can differentiate the sounds that are heard because sounds have

different strengths and pitches. The strength or loudness of sound
produced depends on the amplitude of the sound wave (Photograph 10.5),
whereas pitch of sound depends on the frequency of the sound produced
(Photograph 10.6). Frequency is measured in the unit of hertz (Hz).

The mooing of a cow is a low The squeaking ofa rat s a high Photograph 10.5 The way we press

freqrency sonmd. frequency sound. the piaro keys determines the strength
Photograph 10,6 Arimals produce sowmds with different of the sownd produced
[frequencies

What is the effect of amplitude and frequency on the loudness and pitch of sound respectively?
Let us carry out Activity 10.2 to investigate these effects.

%"; 102 =

L3 connecting wire

*d

- 2. Adjust the audio signal generator and CR.O.
@  until sound is produced and the waveform

4. Listen to the sound produced and observe

Alm: To study the effect of amplitude on the loudness and the effect of frequency on the pitch of -
sound.

Apparatus: Cathode Ray Oscilloscope (CR.Q), audio signal generator, loudspeaker and

Instruction ‘|
1. Arrange the apparatus as shown in Figure 1006,

Audio signal
generator

can be observed on the screen of the CR.O.  Loudspeaker
3. Fix the frequency of the audio signal
generator and gradually increase the

autput power.

the waveform on the screen of the C RO,
Record your observation,

Then, fix the output power of the audio signal Figure 10.6 -
generator and gradually increase the frequency.
Listen to the sound produced and observe the waveform on the screen of the CR.O. Record your j
observation.
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Observation | =

=4 Adjustment done on audic Change in the waveform on Change in the sound | |

. | signal generator ! CRO. . producedbythe | [ -
- Outputpower  Frequency  Amplitude Frequency loudspeaker ———
- | Increased Fixed b=
Fived | Increased | ' ' 3 -

. Questions
1. What are the conclusions that can be made regarding the effect of
e la) amplitude onloudness? == .
{b) frequency on the pitch of sound? -
2. Explain the relationship between the increase in amplitude and the changes in the sound
> produced with reference to vibration energy.
3. If an object produces vibration at a high amplitude and frequency, what will happen to the
sound produced?

Based on Activity 10.2, we can summarise the relationship between, loudness and amplitude;
pitch of a sound and frequency as shown in Figure 10.7.

Increase in 3 I
1EFLER Wave amplitude
Ampitude outputpower | VTITTT TR
| 111 L] | = Louder sound is produced
lﬁ::::ﬂ I INEREN = Wave frequency Led
Yy i - increases
gl B FIRVELY = Higher pitch is
..... produced

Figure 10.7 Digplay on sereen of CR.OL wien output power and frequency are changed

WG -~ s

- Aim: To search for information regarding the strength and pitch of musical instruments,

Instruction

1. Work in groups.

2. Gather information regarding the following musical instruments:

- (i) piano (i) quitar

3 '- {ii} recorder fiv) drum

3. Gather the following information:

(a) audio recordings

i (b) waveform of every sound produced by the musical instruments Fraquny =
: {c) comparison between the waveforms of each musical instrument —
-1 4, Present your discussion in the form of a multimedia presentation.
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Doppler Effect
The Doppler effect is the apparent change in frequency caused by the relative movement of sound
source, the relative movement of the observer or both. Figure 10.8 explains the Doppler effect.

Frequency of an ambulance siren heard by Frequency of the ambulance siren heard by
the observer increases when the ambulance the obsarver decreases when the ambulance
approaches the stationary observer. drives away from the stationary observer.

V V

[ R |

| il =

Figure 10.8 The Doppler effect

ety 104 - . T

Alim: To study the Doppler effect of sound using an air hom.
Apparatus: Air hom

Instruction
1. You are required to stand in the middle of the assembly area. E __—
2. Askyour friend to sound an air horn while running past youw
3. Record the pitch of the sound of the air hom during and after your friend has run past you.

Questions

1. What happens to the pitch of the sound when the air hom is sounded while passing by the
observer? -

2. State the relationship between the frequency of sound and the distance of the sound source

®, from the observer.

3. Doesthe person who carries the sound source also feel the change in the pitch of the sound?
Give a reason.

1. 5tate one difference in the characteristics of the vibration of the voice box of men and women,
2. Ifa musician plays a soft note, what is the characteristic that has been changed?

{a) Loudness A (@)

(d)
3. Figure 1 shows several waveforms formed in AANAAAAAANNAN (e
one second. Which wavefarm has the lowest o +—= Time (second)

frequency? Figure 1

r-—- II - b
| FR ' )

—_dJ —

—— %M_ | e N
{b} Pitch of sound m::]
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eflection of sound waves is one of the characteristics of sound waves that you have learned in
10.1. This characteristic produces a phenomenon known as echo. Apart from that, reflection of
sound waves is also used in various devices and sectors.

Phenomenon of Reflection of Sound Waves iR

An echo is produced when sound waves are original wawve

reflected from a hard surface to the listener. ST

The reflected echo sounds the same as the

original sound but takes some time to reach Herd
the listener’s ears. An echo can be heard in Syt
places like enclosed halls, empty rooms, caves,

tunnels and gorges. Observe Figure 109 to ;’f “-,lI

understand the phenomenon of echo. Echo -ksssss Original
Direction WA
of the echo

Figure 10.9 Echo formed in an empty room
Application of Reflection of Sound Waves

The reflection of different sound waves can be produced when sound waves hit different surfaces.
The recorded reflections will provide a variety of information and images that can be used in
different sectors.

Ultrasound is a type of sound wave with a frequency of more than 20 000 Hz. An ultrasound
cannot be heard by humans but can be heard by animals such as bats that use it for navigation
(Figure 10.10). A sound reflection technology known as sonar is used in the shipping industry
to detect underwater objects. This technology is also used in other sectors such as medical and
fisheries, Scan the QR code below to learn more about sonar and its uses in the medical sector.

Somegram Video
it buakutekskss iy
Sclemoe Vidond. mp4

Viden

f‘igun* 10.10
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‘ _ Aim: To gather information regarding different applications of the reflection of ultrasound.

Instruction
. 1. Work in groups.
— 2. Gather information regarding different applications of the reflection of ultrasound in
— @ (&l shipping sector (€} medical sector
- (b} fishery sector (d) estimation of distance by bats
— 3. Present your discussion in the form of a multimedia presentation.
R

_—— - - -

Limitations of Hearing /® %

The frequency of sound that can be detected by humans is within

the range of 20 Hz to 20 000 Hz This range becomes narrower as
we age because our ears lose their sensitivity to sound frequencies.
On the other hand, animals have their own limit of hearing.

Bats, dolphins and dogs are examples of animals that have a higher E!?Jﬂﬂlﬂ
range of hearing than humans.

The limited sense of hearing in humans makes us unable to Dogs &7 - 45000
hear soft sounds and sounds from a distance. Therefore, we need to Dophira. | 0=
use special devices to overcome these limitations (Photograph 10.7). 100 0oo

Elephants 16-12 000

Horses 55-33 500

Stnhmcnpti help doctors listen to a
p:tu:nls heartbeat.

A megaphone amplifies the voice so
that it can be heard from a distance, ’
Hearing aids can amplify sound entering

the ear.

Photograph 10.7 Devices fo overcome nman limitations of fearing

ativelRLactice)

1. Doesthe distance of a sound source from the reflecting surface have any effect on the echo
produced? Give your opinion.
2. Why is echo heard repeatedly in a cave?
3. State two uses of ultrasound.
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After learning this chapter, you are able to;

10.1 Characteristics of Sound Waves

D Communicate the basic characteristics of sound waves.

10.2 Loudness and Pitch of Sound

| ] Explain frequency and its unit, and amplitude of vibration.

[_] Reate frequency to pitch.

[ ] Retate amplitude to loudness.

D Explain with examples loudness and pitch using musical instruments.

[_] Doppler effect.

10.3 Phenomena and Application of Reflection of Sound Waves

I:i Explain with example the phenomena related to reflection of sound waves such as echo.
|:I Explain with example the applications of reflection of sound waves,

D Elaborate and communicate the limitations of hearing for humans and animals.
D Explain with examples ways to overcome human limitations of hearing.

Summative BTN 10 A

1. Figure 1 shows Aiman trying to communicate with 5am at a distance of 10 metres,

10 mitres

Figure 1

Suggest a method so that 5am can hear Aiman's voice more clearly.

\]
/
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®
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2. Figure 2 shows the original waveform of a sound signal on a CRO. screen. Draw the resulting
waveform when the following adjustments are made to the sound signal.

{a) Output power is reduced
(b) Frequency isincreased

3. The speed of sound waves will change when travelling through different media. State the
relationship between the speed of sound and temperature of air, Explain your answer. gl

4. Mr. Azli moved into a new house that has no fumniture. He found that echo is produced when he

speaks. The effect of echo becomes lesser when furniture is brought into the house,
(a) How is echo produced?
{b) Why does the effect of echo reduce when there is furniture in the house? @iy

*

5. Figure 3 shows ultrasound waves being used to scan the

condition of a foetus in the womb.

{a} Explain how ultrasound can be used to produce the
image of the foetus in the womb. &8

(b) Give two advantages of using ultrasound compared to
Xeray. @i

) Give two other uses of ultrasound waves.

6. What are the changes that can be observed if
{a) aquitar string is tightened?
(b} aguitar string is plucked harder?

HOTS | Mastery 10

7. You have been assigned to design a recording studio. Explain the modifications to the studio
that should be done so that sound recordings of good quality are produced. Jl

8. Astronawts communicate with each other in space using radio frequency communication
equipment. Suggest and explain another way for astronauts to communicate with each

other. S8




