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Seeing 3 
 

Illumination 
 
To be a lighting engineering or technician is for some folks, for many folks, their whole job.  
Making sure that streets and buildings are well lit is a job we take for granted someone will do 
properly.  Comfort, health and safety are at stake.  Theatre, stage and studio lighting is a 
specialist world that deals with light, shade and colour and their artistic use.  To get anywhere 
useful in these fields we need to be able to measure the amount of light present and the 
strength of light sources.  It sounds comparatively easy - surely you just get a light meter, 
whatever that is - but there are complications from the word go.  Technical language has been 
carefully defined so that the complications are properly considered.  If you are taking advice, 
you need to speak the language and ditto if you are giving advice.  You should know your lux 
from your lumen, your irradiance from your illuminance.   
 
What's the difference between the darkly illuminated area of the square on the slide and the 
bright corner on the slide?  Simply the amount of light energy re-emitted to our eyes.  
Illumination, then can be measured by measuring the amount of light energy?  Partly true.  
Unfortunately, our eyes are not equally sensitive over the whole visible spectrum, as we saw 
in the last lecture.  There are 2 different measures of illumination.  One a measure of radiant 
energy, another a comparison of the visual effect produced by the light. 
 
Physical Units 
 
In one sense, these are easiest to define. 
 
 Radiant flux is the amount of light energy per second produced, measured in watts.  E.g. a 

laser pen has a typical radiant flux of 1 mW ( 110-3 W) 
 Radiant intensity, light energy per second emitted in a specific direction, measured in 

watts steradian-1. 
 
A steradian is a measure of solid angle.  See the slide.  The maximum possible solid angle is 
4 steradians.  [Angles in two dimensions are a measure of the length of an arc divided by 
how far way the arc is.  In three dimensions, the solid angle is a measure of the ratio of the 
cap of a sphere, divided by the square of how far away that cap is.  If you like to think that 
way, the concept is a bit like the product of an angle in 2 directions at right angles]. 
 
 Irradiance is the light energy per second falling on a surface, measured in Wm-2. 
 
Example 
 
A light bulb emitting uniformly all round has a radiant flux of 5W.  What is the irradiance 
 
at 1 m from the bulb? 
 
The radiant intensity is 5/4 W sr-1 and at 1 m distant 1 steradian covers 1 m2.  Hence the 
irradiance is (5/4) = 0.40 W m-2. 
 

at 3 m from the bulb? 
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At 3 m distance, 1 steradian covers 32 = 9 m2, hence the irradiance is (5/4)/9 = 0.044 W m-2.  
Notice the inverse square law of irradiance. 
 
Luminous Units 
 
Luminous units are a measure of our visual response to light - more precisely the response of 
a standard observer with standard eye response across the spectrum.  Luminous units  
measure our seeing experience. 
 
Light source emissions are compared in luminous flux, measured in lumens (lm).  Two lights 
that put out an equal amount of visible light as seen by an observer have equal output in 
lumens, even if the measured energy output of one is appreciably greater than another (e.g. 
my red and green laser pointers). 
 
We see only the light emitted in specific directions, as intercepted by our eyes.  What we 
intercept is luminous intensity in lm sr-1 or cd (candelas). 
 
The illumination produced when light lands straight on a surface is illuminance in lm m-2 or 
lux (abbreviated lx).  This is what really matters to the illumination engineer.  How many lux 
fall on to the book you are reading or the street you are cycling down. 
 
E.g. full moonlight illumination is about 0.2 lm m-2 (i.e. lux).  For other examples, see the 
table in the supplementary slide.   
 
Fluorescent lights produce around 100 lumens per watt, whereas filament lights only produce 
about a tenth of this. 
 
The candela 
 
Luminous units are defined quite independently of radiant energy units.  Since they represent 
the practical measurement of illumination, there must somewhere be a standard.  The standard 
is the candela, an international standard light source which used to be 1 candle-power. 
 
The candela is a standard source emitting 1 lm sr-1.  A lumen is therefore a cd sr.  The candela 
is realised at NPL (the National Physical Laboratory, Britain's standards laboratory) to 0.02% 
with a device called a cryogenic radiometer.  How it works isn’t relevant here.  The 
connection between the physical and luminous units, and there has to be one, is that 1 watt of 
radiant energy at the wavelength (555 nm) of peak efficiency of the eye gives a light of 
luminous flux 683 lm.  This is the luminous flux conversion factor for changing watts to 
lumens at the peak efficiency wavelength. 
 
E.g.  2 m from a 5 W radiant flux light emitting at 555 nm produces an illuminance of: 
 

Efficiency of vision 
 
The slide shows the graph of photopic efficiency for the standard observer.  Individuals may 
be a bit different.  Electronic photometers that have the same efficiency as the human eye are 
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made to measure in luminous units and hence can measure illuminance in lux (if they are well 
made). 
 
Worked example 
 

 part a 
 
A He/Ne laser pointer emits 1mW @ 633nm with a beam diverging by 0.05.  If the 
efficiency of the human eye at 633 nm is 20% of its efficiency at 555 nm, then what is the 
luminous flux of the laser, in lm? 
 
We need to convert watts to lumens and take account of the reduced efficiency of the eye at 
633 nm.  

 

part b 
 
What illumination (lx) does the pointer produce on a white screen @ 3m distance? 
 
To find the answer we need to find what area the flux we have just calculated above is spread 
over.  Then we can work out how many lumens per m2 are produced, which is the 
illumination in lux. 
 

The radius, r, of the illuminated area is given by:  05.0tan
3

r
 

 

 
Area illuminated (A) = r2=2.15 x 10-5 m2   
 
Hence, illuminance 
 
You don't need to be a card-carrying chartered physicist to put numbers into your science.  
Useful numerical calculations are done all the time by biologists, psychologists, geographers 
and disciplines that not long ago were considered largely descriptive. 
 
How lenses work 
 
The context in the theme of "seeing" is spectacles and optical instruments.  The same 
principles apply to all lenses. 
 
The 3 diagrams show the image at a different distance from a convex lens as an object is 
brought in from a long way away.  Note the two focal points associated with a lens. 
 
Virtual image 
 
A virtual image is what you see in a plane mirror when you look in.  A virtual image can't be 
shown on a screen because it is behind the optical component forming the image.  The slide 
shows an example of virtual image produced by a convex lens. 
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Lenses of +ve and -ve power 
 
+ve power lenses are fatter in the middle than at the edges.  Power is measured in dioptres 
(abbreviated D), which is just m-1.  Power is the ability to converge a diverging cone of rays 
from an object point.  Power is simply related to focal length, f, of a lens through the 
relationship Power = 1/f.  You can see why it is measured in m-1. 
 
-ve power lenses make a cone of rays even more diverging.  They are thinner in the middle 
and are usually called concave lenses.  -ve power lenses always form virtual images of objects 
in front of them, images that are nearer the lens than the object. 
 
The near point 
 
denoted N in the text book, is the closest distance you can see clearly without specs.  The near 
point nearly always recedes with age.  The 'standard observer', that mythical creature, has a 
near point of 0.25 m (250 mm). 
 
The near point determines the greatest detail you can see on objects and the greatest apparent 
size you can make them. 
 
Myopia and hypermetropia 
 
short sight and long sight to you and me. 
 
Short sight is the ability to focus only on near objects. 
 
Long sight is the ability to focus only on far objects. 
 
Cause:  the front of the eyes of long and short-sighted folk tends to be of the right shape.  
What is most likely to be wrong is the length of the eyeball.  The eyeball is too long for 
myopics.  Put another way the power of convergence of their imaging system is too strong for 
the length of eyeball and the image of a distant object is formed in front of the retina.  To help 
myopics, you need a negative power contact lens or spectacle lens.  The reverse is true for 
hypermetropia:  the eyeball is flattened, front-to-back, and the image is formed beyond the 
retina (this is the hyper part).  Long-sighted people need +ve power spectacle lenses to let 
them read close-up print. 
 
Simple microscope 
 
Otherwise known as a loupe, a hand-lens or a magnifying glass. 
 
The simple microscope is a +ve lens of substantial power.  It is used to form a virtual image at 
'infinity' (written  and meaning a long way away in relation to other distances involved) of 
an object closer than the near point.  Hold it up to your eye for maximum field of view and 
minimum distortion.   
 
The angle an object subtends is bigger than the angle when the object is held at the near point.  
That is why magnification occurs. 
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Simple microscope magnification 
 
Angular magnification =  
 
 
Eyepiece example 
 
An eyepiece of 20 D gives a magnification of:  
 
A handlens that has to give a magn  8 must have a power of 4  8 = 32 D. 
 
[Notice in passing the use by the optical manufacturer Leica of the diagram of the optics of an 
eyepiece as their logo]. 
 
Compound microscope 
 
The very famous Dutch microscopist Anton Van Leuwenhoek in the second half of the 17th 
century made tiny spheres of glass with powers up to 1000 D, which he used to great effect 
before the advent of the compound microscope. 
 
The compound microscope took some 250 years to develop into a really effective device.  
Magnification is achieved in 2 stages.  The microscope has three distinct optical sections: 
 
 the condenser - used to create an appropriate angle of illumination on the object 
 
 the objective - to form an enlarged image 
 
 the eyepiece - to view the enlarged image 
 
We've seen how an eyepiece works; we've also seen how the objective works, though without 
realising it. 
 
Microscope Optics 
 
Hopefully, you can now appreciate how all the lenses in a compound microscope work.  All 
are converging (+ve power components).  In real life they will be made up from several 
components in order to achieve a high quality image, but that is another story.  There may be 
practical additions like a prism to bend the light path so that the image can be viewed 
comfortably, as in the Zeiss microscope illustrated.  If I were to pick the scientific instrument 
that has had the greatest impact on mankind, it would be the microscope. 
 
Photomicrographs 
 
We've covered in these 3 lectures quite a bit of important and useful physics.  Some of it has 
been descriptive; a significant amount quantitative.  I hope you've found the stories interesting 
and feel a bit wiser at the end of these 3 lectures. 
 
END 
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