Wave calculations – Answers

1.
	Wave
	Frequency
	Wavelength
	Speed and media

	Sound
	2000 Hz
	0.17 m
	340 m s–1 in air

	Yellow light
	3.6  1014 Hz
	0.61  10–6m
	2.2  108 m s–1  in water

	X-rays
	3  1018 Hz
	0.1 nm
	3.0  108 m s–1 in air

	Microwave
	6 GHz
	0.05 m
	3.0  108 m s–1  in space

	Water waves
	8 Hz
	50 mm
	400 mm s–1  on water

	Sonar
	30 kHz
	45 mm
	1350 m s–1  in water

	Radio waves from space
	375 MHz 
	0.8 m
	3.0  108 m s–1  in space

	Ultrasound
	3.5 MHz
	0.46 mm
	1600 m s–1 in body tissue


2.
1 minute per km; the quantity gets smaller (fewer minutes per km); one is the reciprocal of the other.

3.
1 microsecond

4.
1 nanosecond

5.
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6.
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7.
s = v t  = 330  1.5  = 495 m, light transit time is negligible.

8.
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10.
200 waves per metre; the wave number is the reciprocal of the wavelength.

11.
The time of oscillation

12.
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frequency does not change – no waves lost or gained per second.

new wavelength
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13.
time to the bottom = 12.5 ms


depth = 12.5 × 10–3 s × 1600 m s–1 = 20 m

14.
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Wavelength bigger than diameter of speaker so waves will diffract and sound will spread out from speaker.
17.
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time to pass = 1/f = 5 s

18.
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number of waves in a click = frequency  length of click = 80  103 Hz  0.1  10–3 s = 8 
waves


initially distance of moth = 330 m s–1  10  10–3 s = 3.3 m


The bat increases the clicking rate to get more up to date information about the whereabouts of its prey; at 20 Hz it can range up to 8.25 m, at 1 kHz to 0.08 m.


Note: Bats can resolve the Doppler shift from a moth's beating wings and hence distinguish it from a fluttering leaf.
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