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IB PHYSICS OPTION G


ELECTROMAGNETIC WAVES


SUMMARY
G.1

The Nature of Electromagnetic Waves and Light Sources (4h) 


An electromagnetic wave consists of oscillating electric and magnetic fields both at 


right angles to each other and at right angles to the direction of movement of the wave.


All Electromagnetic waves travel with a velocity equal to one over the square root of 


the permittivity of free space times the permeability of free space.


Electromagnetic waves are given off when:

    
- electric charges accelerate or decelerate or oscillate in a straight line.

   
- electric charges move with circular motion - but not when in a stable orbit 



    around a nucleus.

    
- electrons orbiting a nucleus drop from a higher energy level orbit to a lower one.

    
- particles in a nucleus settle down into a lower energy level during gamma emission.

    
- matter and anti-matter annihilate.

The complete electromagnetic spectrum is shown below. The order of magnitude of 


frequency and a possible source of each section are included.




Dispersion is the separation of the complete spectrum into spectral colours during 


refraction.


Dispersion occurs because the refractive index of the medium is slightly different for 


each frequency of light that refracts.



Transmission of radiation occurs when EM waves pass through a material e.g. light passing 
through glass.  



Absorption is when EM waves enter a material and less than all of them passes out.



Rayleigh scattering involves the absorption of a photon by small particles 
such as oxygen and 
nitrogen atoms and the emission of an identical one in a random direction. 



The longer the wavelength of the photon, the less 
chance of scattering occurring. 



Photons in the blue part of the spectrum are more likely to be scattered by the atmosphere than 
photons in 
the red part – about 4 times more likely.



The 
transmission of information by way of light moving through optical fibre was only 
made possible when plastics were developed that were much more transparent than glass.  



The EM radiation emitted from the sun ranges from heat to light to ultraviolet light. 



The heat has the lowest frequency and the longest wavelength and the UV has the highest 
frequency and shortest wavelength of the three types of radiation.




What occurs to radiation when it enters the atmosphere depends on its frequency and 
wavelength and what type of particle is encounters.




High in the atmosphere, ozone O3 to forms – the 
Ozone layer. Ozone is good at absorbing 
UV. 
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Oxygen and nitrogen atoms scatter photons in the blue end of the spectrum about 4 times more 
readily than the photons in the red end of the spectrum. 



Light reaching the ground after being scattered has a higher percentage of the blue end of the 
spectrum than normal making the sky appear blue.



The sun has a yellow appearance because the blue end of the spectrum is scattered away 
from the direct path more than the red end.  




At sunrise and sunset, light from the sun moves a large distance through the atmosphere. Much 
of the blue end of the spectrum is scattered from the direct path and the sun appears 
red.




Certain gases (primarily water vapour and carbon dioxide) in the atmosphere act like the glass 
of a Greenhouse. They allow the shorter wavelength Infra-Red from the sun to pass through to 
the Earth.  



They absorb and re-radiate back to the Earth, the longer wave Infra-Red given off by the Earth. 
If these gases become too high a fraction of the atmosphere, the average temperature of the 
Earth will rise. 



A higher temperature will result in more water vapour in the air. Water vapour is 
the main


 
contributor to the Greenhouse effect so even greater temperature rise will occur.




Monochromatic means one colour. Monochromatic light is light with only one frequency. 




Coherent means the waves are in phase. The oscillations occur 'in step' like soldiers marching.




Cohert light must also have the same frequency. Light from a laser is coherent.


An electron in the ground state of an atom will absorb a photon of light if its energy is equal to 

the energy of one of one of the higher energy levels of the electron. 


The electron moves to the higher energy level briefly and when it drops back, a photon identical 

to the one absorbed is emitted in a random direction.



Stimulated emission occurs if the electron is already in the higher energy level when the photon 

arrives and the photon causes the electron to drop back to the lower energy level.



The photon emitted now has the same phase as the original and moves away along the same line 

of travel as the original photon. 



Population inversion occurs when a large number of atoms have electrons in an excited 


state. 


In a helium-neon laser, an electric current is passed through the mixture of He and Ne 


gases. 


Collisions between the excited He atoms and Ne atoms transfers energy to the Ne atoms and 


creates a population inversion of Ne atoms ready to 
perform stimulated emission.



A laser cavity consists of a tube containing the He and Ne gas mixture. A fully silvered mirror 

at one end reflects the light back into the tube.  


A nearly fully silvered mirror at the other end reflects most of the light back into the tube and a 

small amount passes through it and it is this 
light we call the laser beam.


Lasers have many applications that include 
medical applications, 
communications, bar-code 

scanners, laser disks, surveying, welding and machining metals, drilling tiny holes in metals, 


production of CDs, reading and writing CDs, DVDs.
G.2

Optical instruments (6 h)



The principal axis is the line through the centre of the lens at right angles to its surface.



The focal point is the point of convergence of light paths parallel to the principal axis.



The focal length is the distance from the focus to the centre of the lens.



Linear magnification equals height of image divided by height of object.
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The power of a lens is defined as the reciprocal of its focal length measured in metres. P = 1/f



The unit is dioptres.  The power of a 10 cm focal length lens is 10 dioptres.   


The principle ray used when drawing ray diagrams are:




1. Light moving parallel to the axis passes through the focus after going through the lens.

     


2. Light passing through the centre of the lens travels straight through.

   


3. Light passing through the focus moves parallel to the axis after emerging from the lens.


When part of a lens is covered, the full image is formed but less bright.



Real mages are formed when light paths converge after passing through a lens. 


Real images can be seen by looking into the lens or projecting them onto a screen.  


Virtual images are formed when the light paths are diverging after passing through the lens. 


Virtual images can only be seen by looking into the lens.


1 over the object distance plus 1over the image distance equals 1 over the focal length.



Real images calculate to be positive distances from a lens and virtual images calculate to be 


negative distances.



Heights are positive if upright and negative if inverted.


The height of the image divided by the height of the object equals the negative of the image 


distance divided by the object distance.



The far point is the greatest distance an object can be form the eye and be seen clearly.  This is 

at infinity. 


The near point is the shortest distance an object can be from the eye and be seen clearly.  


For a young adult with normal vision the distance is 25 cm.


Optical instruments make objects seem larger because they form images that subtend a greater 

angle 
at the eye than the object. Angular magnification occurs. 



Angular magnification equals the angle subtended at the eye by the image divided by the angle 



subtended at the eye by the object. 



For a small object viewed from 25 cm, the angle ( in radians it subtends at the eye equals its height in cm divided by 25.



When a magnifying glass is used to form a virtual image 25 cm from the observer, the angle ( the image subtends at the eye in radians equals its height in cm divided by 25.



The angular magnification equals one plus 25 over the focal length in cm.

 

When the object is very close to the focus, the magnifying glass forms an image at infinity with



angular magnification of 25/f.



A compound microscope consists of two short focal length convex lenses set a large distance apart compared to their focal lengths.



The object is just outside the focal point of the first lens, the objective. 



An enlarged, real and inverted image (called the intermediate image) falls just inside the focal point of the second lens, the eyepiece.



The eyepiece forms an enlarged virtual image of the intermediate image. 



The position of the eyepiece is altered so the final image forms at the near point, 25 cm from the 



eyering. This is called normal adjustment.



The eyering is the place for best viewing and gives the maximum field of view.


The eyering is the image of the objective formed by the eyepiece.


The total magnification produced by the microscope equals the magnification produced by the 



objective times the magnification produced by the eyepiece.



Angular Mag = 25 x distance between lenses/fofe with all lengths in cm.
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A Keplerian telescope is made from two convex lenses. The objective has a long focal length and the eyepiece has a short focal length. 



Telescopes look at objects at infinity. The intermediate image formed by the objective lens is very tiny and formed at its focal point. 



The longer the focal length of the objective the larger is this image. 



The position of the eyepiece is adjusted so the tiny, real and inverted intermediate image forms at the focal point of the objective. i.e. the two focal points of the objective and the eyepiece co-inside.



The final image is at infinity like in the second situation with the magnifying glass.




The angular magnification produced by the telescope = fo/fe




          



Images formed by lenses are not exact copies of the object. The errors are called aberrations.



Spherical aberration is a blurriness of the image caused by light passing through the edges of a lens being deviated more than the light passing through the centre.


Spherical aberration can be reduced by using an iris - a disc with a circular hole that is smaller in diameter than the lens preventing light passing through the edges of the lens.


Chromatic aberration produces coloured edges in the different sections of the image. It is caused by the dispersion of the light when it refracts on passing in and out of the lens.



Chromatic aberration can be reduced by forming a lens from two pieces of glass with different 



refractive indices. One is a convex lens and the other a concave lens.

G.3

Two Soure interference of Waves (3 h)



To observe an interference pattern produced by two sources, the sources must be in phase or 


have a constant phase difference and have the same frequency.


Where two crests or two troughs overlap constructive interference occurs and double crests and toughs result with twice the normal amplitude. 


Where a crest and a trough overlap, destructive interference occurs and the amplitude is zero. These points are called nodes and form lines through the pattern called nodal lines. 


Between the nodal lines, double crests and troughs stream out from the sources along lines called antinodes.



An interference pattern can be formed with light using two narrow slits placed in a laser beam. 

The laser is a coherent source of light - the light it produces is in phase with one wavelength.  


After passing through the slits, interference of the light occurs in a similar way to the waves in 

the ripple tank. 



Placing a screen about 1 metre from the slits produces a pattern of bright lines (antinodes) and 

dark regions (nodes) in between is formed on the screen.

G.4

Diffraction grating (2 h)



Multiple-slit diffraction



The greater the number of slits, the narrower the antinodes and the more minor antinodes between the antinodes.



For a multiple slit diffraction grating the antinodes are at angles from the center such that 



d sin  = m m = 


Diffraction gratings are used in spectroscopes to analyse the light coming from a source.
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G.5

X-rays (4 h HL only)



An X-ray tube consists of a heated metal cathode that is connected to the negative terminal of a 

high Potential difference DC supply. 


Electrons leave the hot cathode and are accelerated to a very high velocity by the anode that is 

connected to the positive terminal of the supply. 


On the anode is a metal target that the electrons slam into. 


X-rays come away from both the decelerating electrons and the atoms of the target.


The higher the temperature of the cathode, the more electrons are emitted and the greater the 


intensity of the X-rays. 


The higher the PD across the cathode and the target, the higher the energy of the X-rays. 


The higher the energy of the X-rays, the greater their penetrating power. 


Higher energy X-rays are called hard and lower energy ones are called soft.


The shortest possible wavelength X-ray is emitted when all of the kinetic energy of an electron 

is converted into a single X-ray photon.


When fast moving electrons collide with the target, they decelerate rapidly at varying rates due 

to having different paths relative to the positions of the atoms of the target.  


X-ray photons, in a spectrum containing a continuous range of different wavelengths, radiate 

away from the electrons as they decelerate. This is the bremsstralung. 


When the accelerating PD is increased and the electrons have more KE, they knock out


electrons in the inner orbitals of the atoms.



Electrons from higher energy orbitals drop down and take the place of the missing electrons and 

in the process, X-ray photons are given off. 



These show as spikes called characteristic radiation in the frequency spectrum of the emitted X-

rays. The position of these spikes depends on the metal used as the target.


The best target metals have large atomic numbers, high melting points and low vaporization 


rates. e.g. Tungsten



When X-rays are aimed at crystals, most of the incident X-rays are absorbed and re-



radiated(scattered) at random angles.

 

The X-rays that are incident at a certain angle  to the crystal and are scattered at the same angle 

to the surface from the first and second layers of atoms undergo constructive interference when 

the path difference is a whole number multiple of the wavelength.


The Bragg equation that calculates the angles of scattering is 2dsin  = mm = 1, 2, 3 …


Rotating the crystal in a beam of X-rays and measuring the angles of the directions in which 


they are diffracted means the wavelength of the X-rays can be calculated from the equation 


2dsin  = m 



From the positions of the spots in the diffraction pattern, the directions of the constructive 


interference can be calculated. This enables the separation of the atoms/ions in the crystal to be 

determined.




Repeating the procedure for crystals at lots of different angles to the beam, makes it possible to 

build up a 3 d model of the arrangement of the atoms/ions.

G.6

Thin-film interference (3 h HL only)



When light approaches a substance with higher refractive index, the partial reflection has a phase reversal.
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When light approaches a substance with lower refractive index, the partial reflection has the same phase.



For light aimed directly at a parallel film, the top of the film looks dark when its thickness is very thin, /2, , 3/2 ...



The top of this film looks bright when its thickness is /4, 3/4,  5/4 ...



An air wedge forms a series of bright and dark lines across the wedge when viewed by the reflected or transmitted light at the same corresponding thicknesses as the parallel films. 



From one antinode to the next, the wedge changes thickness by /2.



If one or both optical glass flats are not flat, when they rest on each other, the interference 


fringes will form curves and not run directly across or be equally spaced.



The effective optical path when light travels 
a distance d in a material with refractive index n is 

equal to nd.


Constructive interference occurs when the optical path difference equals a whole number 


multiple of the wavelength.  i.e. 2nt = cos r = mm = 1, 2, 3, and t is the thickness of the film 

and r is the angle of refraction in the film. 


Constructive interference occurs when the optical path difference equals a half number 


multiple of the wavelength.  i.e. 2nt = cos r = m + 0.5)m


When an oil film is on water, its thickness varies so different parts of the spectrum appear bright 

in different regions. When the thickness is a quarter of the wavelength of a particular colour, the 

oil film takes on this colour.



Applications of the use of parallel thin films include:


-
non-reflecting radar coatings on the surfaces of military aircraft which is designed to 



cause cancellation of radar that reflects from the top and bottom surfaces of the film. This 


reduces the chances of their presence being detected by radar.



-
measurement of thickness of oil slicks caused by spillage. From the thickness and the area 


of the spill, the amount can be determined and the impact on the environment assessed.



-
The blooming of lenses involves the coating of their surfaces with thin coatings to 



minimize the reflections from their surfaces. The internal reflections within the lens and 


their subsequent transmission to the image results in loss of clarity of the image as these 


paths will not converge to the same point on the screen as the paths that pass through the 


lens once.




The coating is best suited to the green part of the spectrum and least suited to the red and 


violet sections.  These parts of the spectrum are reflected the most form the coatings and 


results in the lenses having a purplish tinge to them.
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