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IB PHYSICS ADDITIONAL HIGHER LEVEL



WAVE PHENOMENA


PROBLEMS
11.1 

Standing (stationary) waves (2h) 

11.1.1  
Explain the formation of standing waves in one-dimension.

11.1.2 
﻿Two wave trains with the same amplitude and frequency were generated at opposite ends of a spring. The 

frequency was chosen so a standing wave would form. The diagram shows the trains before overlap began. 

The ends of the spring are not shown. There were more waves in each train that are outside the ends of the 

scale. Time was zero at the instant of the diagram.


﻿
i.
The speed of the waves is 4 divisions/sec. Calculate the value of:




A.
the frequency of the waves.

B.
the period of the waves.



ii.
On the diagram, use a pencil to draw each train when t = 3 sec, if it were the only one in the spring.
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iii.
On the diagram above, use a red pen to draw the spring as it looked when t = 3 sec.



iv.
Which points on the scale were nodes in the standing wave pattern?



v.
Which points on the scale were antinodes in the standing wave pattern?



vi.
Compare the distance between successive nodes with the wavelength of each train.



vii. 
Use a blue pen to draw the spring at the two times when each antinode had 





maximum displacement from the mean position.



viii. 
At what time was the section of spring between 0 and 22 straight for the first time?



ix.
At what time after t = 3 sec, did the antinodes first have maximum displacement?

11.1.3 

a.
Sketch the following modes of vibration for the strings and air columns described.





i.
second mode of a string fixed at both ends.





ii.
third mode for a string fixed at one end and free at the other.





iii.
third mode of an air column open at both ends.





iv.
second mode of an air column open at one end and closed at the other.




b. 
In each situation below, the length of the string or air column is L and the wavelength of the waves in 

the string or air column is . Write the equation that relates the wavelength  to the length L for each 

standing wave mode.





i.
first mode for a string fixed at both ends





ii.
second mode for a string fixed at one end and free at the other.





iii.
second mode of an air column open at both ends.





iv.
third mode of an air column open at one end and closed at the other.

11.1.4 
Describe the relationship between the distance between one node and the next and the wavelength of the 

waves moving through each other that create the standing wave.
11.1.5 
a.
Ms. Fiziks used a slinky to demonstrate standing waves. A student held one end and Ms. Fiziks 


stretched the slinky out to 3 m. At this length, waves travelled at 6 m s-1. Ms. Fiziks moved her end 


through large sideways displacements either side of the mean. 
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i.
Was a node or antinode at the end held by Ms. Fiziks?




ii.
The diagram shows the displacement nodes 






and antinodes of the standing wave pattern. 




What fraction of a wavelength was within 






the spring?
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iii.
What was the wavelength of the waves generated by Ms. Fiziks?




iv.
At what frequency was Ms. Fiziks shaking the spring?




v.
Ms. Fiziks increased the frequency of her hand until the next standing wave was formed. Draw 

the new standing wave - the spring's second mode of vibration.




vi.
What was the new wavelength of the waves generated by Ms. Fiziks?




vii. 
Draw the 3rd mode of vibration and determine the frequency of 
this mode.


﻿

b.
Use the example of pushing a child on a swing to explain why soldiers never march in 
step across a 

bridge.

﻿


c.
The diagram below shows two speakers facing each other. The distance between the cone of each 

speaker is 2.00 m. A signal generator and an amplifier cause the speakers to vibrate in phase at 
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425 Hz. A standing wave is set up between the speakers and a microphone indicated there are 


displacement nodes at the points marked with a dot.




i.
Are the speakers at displacement nodes or displacement antinodes? Include a reason.




ii.
Draw in red, the mode of vibration showing displacement nodes and antinodes.




iii.
What is the wavelength of the waves created by the speaker?




iv.
Calculate the speed of sound.




v.
Calculate the lowest frequency standing wave the speakers could create.




vi.
At one instant, air half way between nodes 1 and 2 is moving to the right with maximum 

speed. Describe the other positions where air has this motion.





vii. 
Describe the motion of air half way between nodes 2 and 3 at the same instant as the last 

question. 




viii. 
Draw in blue, the mode of vibration showing the pressure nodes and antinodes.





ix.
Why are the pressure nodes - places where no change occurs in air pressure, located at 


displacement antinodes - places where the displacement of air molecules is large?




d.
Jack obtained a 1.5 m long glass cylinder open at both ends while Jill connected an amplifier/speaker 

to a signal generator. Jack held the cylinder near the speaker so the sound was directed into it. Jill 

gradually increased the generator's frequency until the sound suddenly increased in volume. The 

frequency reading was 110 Hz




i.
What is the name of the effect causing the large increase in volume at 110 Hz?




ii.
Calculate the speed of sound in the glass tube.

11.2

Doppler effect (2h)

11.2.1 
a.
Describe the meaning of the term Doppler effect. 



b.
Describe an example of the Doppler Effect that involves:




i.  
a moving source and a stationary receiver.






ii. 
a stationary source and a moving receiver.



c.
Why is the study of the Doppler Effect as applied to light different to sound?
11.2.2 
Construct wavefront diagrams for 



i.
a moving source and a stationary receiver.





ii. 
a stationary source and a moving receiver.

11.2.3

Derive the equations for the Doppler effect for sound in the cases of: 



i.
a moving source and a stationary receiver.





ii. 
a stationary source and a moving receiver.
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11.2.4 
a.
During an 800 m race, Michael was cruising along in the lead at a speed of 7.00 m s-1 as the field passed the bell being rung to signal one lap to go. The frequency of the bell’s ring was 1500 Hz and the speed of sound that day was 335 m s-1. Calculate the change in the frequency of the sound that Michael heard as he passed the bell.


b. 
During the Australian Grand Prix in Melbourne, Kimi Raikkenen’s engine was producing a note with a frequency of 1000 Hz as his car screamed down the straight at 90.0 m s-1. The speed of sound that day was 340 m s-1. What change in the frequency of his car’s sound was heard by the people in the grandstand?

11.2.5 
The red line in the Balmer series of the hydrogen spectrum has a wavelength of 6.5638 x 10-7 m. Light from a distant star has a spectral line with wavelength 6.5642 x 10-7 m. At what speed is 



the star moving away relative to the earth?  The speed of light is 2.9979 x 108 m s-1.
11.2.6 
Describe an example in which the Doppler effect is used to measure speed.

11.3

Diffraction (1h)



Diffraction at a single slit

11.3.1 
Sketch the variation with angle of diffraction of the relative intensity of light diffracted by a single slit. 

11.3.2 
Derive the formula for the position of the first minimum of the diffraction pattern produced by a single slit.

11.3.3 
A Helium-Neon gas laser emits light with a wavelength of 628 nm. It was aimed at a single slit with a width 

of 100 m. A screen was positioned 1.00 m from the slit.


i.
How far apart were the first minima on the screen?



ii.
Describe the changes that could be made that would increase the distance between the minima on the 


screen, using the same laser as the source.

11.4

Resolution (4h)
11.4.1 
Sketch the variation with angle of diffraction of the relative intensity of light emitted by two point sources that has been diffracted at a single slit when:
 

i.
the sources are well resolved.


iii.
the sources are not resolved.


ii.
the sources are just resolved.


iii.
the sources are not resolved.
11.4.2 
State the Rayleigh criterion for images of two sources to be just resolved by a circular aperture.

11.4.3 
a.
Why can an electron microscope produce higher magnifications than a normal microscope and at the 
same time create clearer pictures?


b.
Show that the edges of the images formed by the 80 kV electrons are less fuzzy than those formed by 
light which has an average wavelength of 550 nm.
 

c.
 Centauri is the brightest star in the constellation of Centaurus.  It is actually a binary – 
two stars 



 Centauri A and  Centauri B that move around each other following an elliptical orbit.  Their 


average distance from the Earth is 4.36 light years and the greatest distance they are apart is 5.9 


billion km – roughly the distance from the Sun to Pluto.




i.
Calculate the distance from the Earth to the binary system in km?



ii.
Determine the maximum angle subtended at the Earth by the two stars.



iii.
A pair of binoculars have objective lenses with diameter 5.0 cm. Will these 





binoculars be able to resolve the two stars when at maximum separation?


d.
Why is resolution of objects emitting radio waves a problem for radio telescopes?
[image: image8.wmf]










4.


e.
A car is approaching from the opposite direction at night.  The distance between its headlights is 



2.00 m. When driving at night, the headlights of an approaching vehicle can’t be resolved until it is 


sufficiently close.  



i.
Determine the distance to a car when its headlights can be well resolved – when there is no 



overlap of the central maxima of the diffraction patterns of each headlight formed by the eye. 



Take the diameter of the pupil to be 4.0 mm and the average wavelength of light to be 550 nm.



ii.
Your experience should tell you a car has to be closer than your last answer before you can 



resolve its headlights. Explain why this is the case.  Hint – the light sensitive cells on the retina 



are not infinitely small.
11.5

Polarization (3h)
11.5.1 
Describe what is meant by plane polarized light.

11.5.2 
i.
Describe polarization by reflection.


ii.
Explain how Polaroid sunglasses reduce the glare from horizontal surfaces.
 11.5.3 
i.
State Brewster’s law.


ii.
Light is reflecting off calm water. What angle of incidence results in the reflected light being 



completely polarized in the horizontal plane? Take the refractive index of water to 
be 1.33.
11.5.4 
Explain the terms polarizer and analyzer.

11.5.5 
The intensity of a polarized beam of light is 100 W m-2.  Calculate the intensity of the transmitted beam 

after it has passed through a Polaroid filter that transmits 20% of the incident light and has its axis of 


polarization at 30o to the plane of polarization of the light.  
11.5.6 
Describe what is meant by an optically active substance.

11.5.7 
Describe the use of polarization in the determination of the concentration of certain solutions.

11.5.8 
Describe how polarization may be used in stress analysis.

11.5.9 
i.
Describe the structure of a liquid-crystal display.


ii.
Describe how the liquid crystal display is made to change from clear to dark.
 

iii.
Name two applications of liquid crystal displays.
11.5.10 
The specific rotation of glucose solutions at 20°C and a wavelength of 589 nm (yellow) is 52.6o cm² g-1.  

The amount of rotation is directly proportional to the path length through the solution.


i.
What is the standard concentration used when determining specific rotation?


ii.
What path length is used when determining specific rotation? 



iii.
When yellow light was passed through a glucose solution the light travelled a distance of 20.0 cm. 


The rotation of the plane of polarization was measured to be 26.3o. Determine the concentration of 


the solution.
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ANSWERS TO WAVE PHENOMENA PROBLEMS

[image: image10.wmf]11.1.1 When two wave trains with the same freq and similar amplitude move through each other from opposite directions, superposition creates a pattern where some points never move and between them the medium oscillates up and down on the spot.  11.1.2. ﻿ i. A. 0.5 Hz   B. 2 s  ii. iii. 

﻿iv. 1, 5, 9, 13, 17 & 21   v. 3, 7, 11, 15 & 19   

vi. Distance between nodes is half the wavelength 

of the waves.
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viii. 3.25 s   ix. 3.75 s  

11.1.3  a. i.                                     ii.                                            iii.                                                     iv. 

b. i. = L  ii. = 4L/3  iii. = L  iv. = 4L/5   11.1.4 The distance between successive nodes is half a wavelength.  
11.1.5 a. i. ﻿antinode   ii. 1/4    iii. 12 m   iv. 0.5 Hz  v.                                vi. 4 m  vii.  2.5 Hz








b. ﻿Weak pushes on the child, when applied at the frequency of the swinging child, produce a large amplitude. If the frequency of the soldiers' steps is the same as one of the bridge's modes of vibration, large amplitude vibrations will be set up that could cause it to fall down.  c. i. ﻿Displacement antinodes. The vibrating speaker cones move the air at their surface. 
 ii. 
   






    iii. 0.8 m   iv. 340 m s-1  v. 85 Hz  vi. Half way between nodes 3 & 4 and hard 







      against the right-hand speaker.


vii. Moving to the left with maximum speed. viii.

ix. ﻿Around displacement antinodes particles have large displacements but displacements are about the same. There is little change in particle separation and so changes in pressure are small.  d. i. resonance  ii. 330 m s-1  11.2.1 a. The decrease in apparent frequency when an observer moves past a source of waves or a source of waves moves past an observer.  b. i. A car passing a person.  
ii. Sitting in train passing the bell at a crossing.  c. Light has no medium that the waves move through.  11.2.2  see notes  11.2.3 see notes  11.2.4  a. 62 Hz  b. 569 Hz  11.2.5  20 km s-1   11.2.6 Aiming ultrasound at arties and measuring the Doppler shift in the reflected waves results in measuring the speed of the blood flow.  11.3.1 see notes  11.3.2 see notes  11.3.3 i. 12.6 mm   ii. Move the  screen further away or use a more narrow slit.  11.4.1  see notes   11.4.2 The central antinode of one diffraction pattern lies on top of the first node of the second diffraction pattern.  11.4.3 a. The de Broglie wavelength of the electrons is much less than the wavelength of light.  This means less diffraction of the electrons occurs when they pass the edges of objects resulting in clearer images.  b. The de Broglie wavelength for the 80 kV electrons is 4.3 x 10-3 nm which is less than 550 nm.  c. i. 4.1 x 1013 km  
ii.  0.0082o  iii. The limit of res for the binocs is 0.00076o so you should be able to resolve them with binocs but not if they are hand held as they shake too much!  d. Radio waves have a very long wavelength so diffraction of them by objects in space and the radio dish is a problem.  e. i. 11.9 km  ii. The images of the two headlights would fall on the same light sensitive cell so you would still see one dot of light when the headlights should be resolved.  11.5.1
Light where the Electric Field oscillates in one plane.  
11.5.2 i. When light reflects off a smooth, flat surface, the reflected light is partially polarized in the direction parallel to the surface.  ii. Polaroid sunglasses contain Polaroid filters that are orientated to block light polarized in the horizontal direction thus they reduced the amount of light entering the eye that has reflected off a horizontal surface.  11.5.3. i. When the angle of incidence is such that tan i = n2/n1, the light reflecting off the surface has complete polarization parallel to the surface.  ii. 53.1o  11.5.4  A polarizer is a filter that can polarize an unpolarized transverse wave.  An analyzer is a filter used to test if a transverse wave is polarized and if so what plane is the polarization.  11.5.5 15 W m-2  11.5.6 A substance that can rotate the plane of polarization of the light that passes through it.  11.5.7  see notes  11.5.8  see notes  11.5.9  i. The liquid crystal contains two crossed polaroid filters with a mirror behind the second filter.  Between the filters are two grooved surfaces and between the grooved surfaces is an optically active substance.  ii. When no electric field is applied to the liquid crystal, the light that passes through the first polaroid filter has its plane of polarization rotated by the optically active substance so it passes through the second filter, reflects of the mirror and then repeats the rotation on the way out. The crystal looks clear.  When an electric field is applied to the crystal, the liquid crystal does not rotate the plane of polarization so no light reflects from the mirror and the crystal looks dark.  iii.  calculators, TV monitors   11.5.10 i. 1 g/100 mL  
ii. 10 cm  iii. 0.25 g /100 mL
