2. Graphing and Analysing Waves

Topic Heinemann
Section Pages Qs
2. Graphing Displacement-Distance graphs Pg 10 Pg 16
and Analysing The speed of waves Pg 11-12 Pg16 2
Waves Frequency and Period Pg 13 Pg16 1,4,5
Displacement-Time graphs Pg 14
Wavelength and amplitude Pg 14-15 Pg16 3,6,7,8,9,10
Wave Equation Pg 18-19 Pg24 1,2,3,4
Graphing Waves — Displacement / Distance
These graphs show “snapshots” of a wave 5_Df"_ P -0
moving to the right. — -
See that the points on the string P and Q oo o o 08 o7 08
are moving up and down, not to the right.
. . . I Q
A continuous wave is being created, not a 5.0+ = 0.025 s

single pulse. This means that point P will
keep moving up and down.

P begins at the highest point, the peak (5.0)
and moves back to the middle (0.0) before
then moving further down to the lowest
point, the trough (-5.0) and finally moving
back to the middle position.

Point Q follows a similar up and down
motion, although it begins and ends at
different positions to that of P.

We can use these graphs to analyse the
wave, such as calculating its speed and
length. We can also draw other graphs.
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Graphing Waves — Displacement / Time
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It is possible to complete a different graph that plots the movement of an individual particle.

Complete the following graphs:

i) The displacement of point P with time

A

A i) The displacement of point Q with time
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Describing Waves

Waves can be characterised by the following: speed, amplitude, wavelength, frequency, period,

-1

Speed (v) MATERIAL SPEED OF SOUND (m s7')
The speed of sound in 20° air is Air (0°C) 331
about 330 m/s, and the speed of Air (20°C) 343
light in 20° air is about 3 x 10® Carbon dioxide 260
m/s (or 300 000 km/s.) Helium 1005
Water 1440
Amplitude Sea water 1560
The amplitude of a wave is the Glass =4500
distance from the rest (middle) Iron and steel =5100

position to the peak. The higher
the amplitude of a wave, the more energy the wave is carrying.

Wavelength(A)
The wavelength is the distance between two similar ”@mmmmm
features of a wave, such as the distance between x/f'm” U . :
two compressions or between two rarefactions.

It can also be measured from a graph. Each
compression is represented as the highest point (the

peak), so the wavelength can be found as the
distance between two peaks. b

:t-— Wavelength—!

Period (T)

The period is the amount of time required for one full cycle of the wave to completely pass a point,
or the amount of time for one point to do a complete cycle of the wave. Frequency is the measured
in waves per second, or cycles per second, also called Hertz.

Frequency (f)

Frequency is a measure of how rapidly the source of the wave is vibrating. The frequency is
defined as the number of vibrations per second. The units for frequency are Hertz, Hz, which are
cycles per second.

d P o Questions
— o (Both axes are measured in metres)
: : - | : : : What is amplitude of the wave?
01 Q 03 04 .05 06 07 08
\ a What is the wavelength of the wave?

T /‘\ t=0.025s
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| What is the period of the wave?

i t=0,050 s
Q - :
| | | - | : What is the frequency of the wave?
N .n*\ﬂj/ns .07 08
"".h*_i"
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.
T, —oo07ss Itispossible to find the speed of this
NP /\ - T wave. Find it if you can.
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Chapter 19 Vibrations and Waves
Vibration and Wave Fundamentals

1. A sing curve that represents a ransverse wave |5 drawn below, With a rular, measure the

wavelangth and amplitude of the wawa.

A

2. A kid on a playground swing makes a cormplels bo-and-ro
swing eech 2 seconds. The fraquency of awing is

a. Wawvalangth =

b, Amplilude =

N &
//NJK.NW

3. Compista the afatemants:

0.5 hertz] [1 herz] [2 hertz]
and the pernod |5

(0.5 saconda]  [1 second] [ ssconds]

A AAARINE WEATHER STATION REFORTS
WANES ALONG THE SHORE THAT ARE
B SECOMDS APART. THE FREGUSMCY
OF THE WAVWES 15 THEREFORE

THE PERIDD OF A
A40-HERTZ SOUND
WAVE 13 SECOND,

4. The annoying eound from a mosquits is produced when it beats &s wings at the average rate
of 800 wing beals per second.

a. What is the frequency of the sound waves?

b, What is tha wavelangth?
[Assume the spaed of sound is 340 mis.)

o
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Chapter 19 Vibrations and Waves
Vibration and Wawve Fundamentals —conlinued

5. A& machine gun fires 10 rounds per second.
T speed of the bullsls is 200 mvs

& Whet is the distance in the air batween tha flying bullets ¥

b. What happens to the distance between the bullats if the rate of firs s increased?

. Consider a wave generator that producas 10 pulses per sscond. The speed of the weves is
300 cmis.

a What is the wavelength of the waves?

b. What happans to the wavelangth if the fregquency of pulses is incleased?

T, The ird al 1he ight walches the waves, |f the portion of a wave betwesn 2 crests passas the
pode Bach sscond,

A whak is the speed of the waves? _

b. whal is the period of wave molion?

. i the distance batwean crests wara 1.5 meters
apart, and 2 crests pass the pole each second,
whial would be the speed of the wave?

d, What would the period of wave motion be for 7.c 7

8. When an automobile moves towand a
listener, the sound of its homn seams:
relativaly

[low piched]  [high pitched]  [normal]

and whan moving awsy from the listensr,
its harn Seams

[low pitched]  [high pitched]  [resmal]

9. The changed pitch of the Doppler affect
i5 d to changas in wave

[speed] [frequency] [ooth]

tem”
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A train with connected carriages is like a wave. Imagine a train that is moving at 15m/s, with each
train carriage (each wavelength) being 30 metres long.

Questions
What is the speed of the wave (train)?

What is the length of one wave (one carriage)?

How long does is take for 1 wave (carriage) to travel past a point? In other words, what is
the period of the wave?

What is the frequency of the wave? (How many carriages move past a point each second?)

The Connection between A, vand f

The frequency of a wave depends on the speed and the wavelength of the wave.
* If the wave is travelling slower, less wave crests will pass you every second.
(If the speed v is smaller, then the frequency f is also smaller)

* |If the wavelength is large, then successive crests would take longer to reach you than
originally. Hence you would again detect a lower frequency.

The exact relationship between frequency, wavelength and velocity is given by the wave
equation.

f= or v=fA

Y
A

where v is the velocity in m/s, fis the frequency in Hz and A is the wavelength in metres.




Questions
If Triple M has a frequency of 105.1MHz, what is the wavelength of the signal?

If a Helium Neon laser has a wavelength of 632.8 nm, what is the frequency of the light
emitted?

If a satellite is 210 km above the earths surface, how long would it take to send a signal to
the satellite and back?

If you are 2.45km from the nearest mobile phone tower, how long would it take for the signal
to go from your phone to the tower?

Variation in
air pressure
3
The graph to the right shows how air pressure varies with /‘\ /\\
time at a point near a musical instrument. Normal air Time

pressure iv 5 \7/ 5 (ms)
Y

Questions

What is the period of the sound produced by the musical instrument?

What is the frequency of the sound produced by the musical instrument?

If the speed of sound in air is 340 m s~ ', what is the wavelength of the sound produced by
the musical instrument?
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Chapter 26 Properties of Light
Speed, Wavelength, and Fraguency

1. Tha first rwastigation that led to a determination of the speed of light was performed in about
1675 by the Danish astronomer Olaus Roemar, He made carsful measuramants of the paeriod
ol ln, & maan about the planst Jupler, and was surprised o find an reqularity inla's observed
penod, While Earth was moving awey from Jupiter, the measured perlods were slightly longer
than averags. While Earth approached Jupiter, they wens shorter than everage. Roamsr
eghmated that the curmuiative discrepancy emounted to about 16.5 minutes. Letar mterpretations
showad that what ooours is that light takes abowt 16.5 minutas 10 travel the extra 200,000 000-km
distanca acioss Eafh's orbil. Ahal We have snaudh Bommation 1o calcutsle the spead of laht!

MOCH 1o
& Writa a formula for spesd in tanms of the distance travelad
JUPTTER and the time spant travaling that distance.
_ b. Using Roemsed's dats, and changing 16.5 minutes to seconds,

calculate the spead of light.
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Study Figere 26,3 W0 your textbook and answer the folawing
2 a ‘Which has the longer wavelengths? [radio waves] [light waves],

b, Which his the longer wavalangihs? [ight waves]  [gamma waves],
o Which has the higher Frequencias? [ultraviolet waves]  [infrared waves].
d Which has the higher fraquancl@sT [uliraviols waves] [garmma rays]

Carafully study the saction “Transparent Matenals" in youw fsatbook and answer tha folowing:
3. a. Exactly whal da vibraling elecirons amit?

o When energetic alectrons in the glass structune vibrate against
neighboring atoms, what happens to the anergy of vibration?

b Wihean uliravsolet light shines on glass, what does it do fo electrans in the glass struciure?
d. What happens to the energy of a vibraling slectron thal does

2y
nol callide with neighbaring atoma?

L e i be,

s
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Chapter 26 Properties of Light
Speed, Wavelength, and Frequency —continuead

&. Light in which range of frequencies is absorbed in glass? [wisible]  [ultraviolet].
f. Light in which range of fregueencies is transmitted through glass? [visiols] [ultraviclet].

g, How is the gpead of light in glass affected by the succession of fime delays that accompany
e shaorpton &nd re-emission of light from atom to atom inthe glass?

h. How does the spead of light compars in water, gless, and diamond?

4. The Sun norrmaly shines on both Earth and Moon, Both cast shadows. Sometimes the Moon's
shadow 1alls on Earth, and af other times Earih's shadow Talls on the Moan

8. Tha skatch shows the Sun and Earth. Draw tha Moon at a position for a solar eclipsa

S
- A
mcz@r EARTH
f ]

b, This sketch also shows the Sun and Earth, Draw the Moon at a position for a lunar eclipss.

-y : : r
) - (®
SUN - EARTH
L. __

5. The diagram shows tha limits of light rays whean & large lamg makes a shadow of & small objedt
on a screan. Make a skatch of the shadow on the screan, shading the umbra darker than the
penurmbra. In what part of the shadow could an ant on the screen == part of the lamg'?

DR
COMPLETE
SHADOW OF
ASELE ON
L screen
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