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PHYS 110U - PHYSICS


Lesson 8: Light waves IV

·  Objectives
· Differentiate between real and virtual images
· Apply the relationship among image distance, object distance and magnification.
Real and virtual images
When you look into a mirror, you see a reflection which is an image of the real object.


The image appears to be the same distance behind the mirror
as the real object is in front of it. This is because the brain thinks that light travels in straight lines without changing direction. The image is called virtual because it does not really exist behind the mirror. The virtual image is the same size as the object but with left and right reversed. Virtual images are formed by diverging lenses or by placing an object inside the focal length of a converging lens.
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Real images are those where light actually converges, whereas virtual images are locations from where light appears to have converged. Real images occur when objects are placed outside the focal length of a converging lens or outside the focal length of a converging mirror. A real image is illustrated below.
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Locating the images formed.

Images can be located using either:
1. Ray tracing method or Scale drawing method

2. Lens Equation

(1) Ray tracing method or Scale drawing method

(a) Converging Lenses

There are three primary rays which are used to locate the images formed by converging lenses. Each ray starts from the top of the object. 

	Ray #1

	runs parallel to the axis until it reaches the lens; then it refracts through the lens and leaves along a path that passes through the lens' principal focus
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	Ray #2 
	runs straight through the center of the lens never bending

[image: image4.png]converging
T





 

	Ray #3
 
	first passes through the secondary focus until it reaches the lens; then it refract through the lens and leaves parallel to the lens' axis on the other side of the lens
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Remember, ALL rays must have ARROWS! When all three of these rays meet, they will form the image
 (b) Diverging Lenses 
There are three primary rays which are used in ray diagrams to locate images formed by diverging lenses. Each of these rays start on the top of the object. 

 

	Ray #1

	runs parallel to the axis, refracts through the lens so that, when dotted back, it passes through the principal focus
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	Ray #2

	runs straight through the center of the lens never bending

 

[image: image7.png]Vi

diverging
T





 

	Ray #3

	aims for the secondary focus, refracts through the lens and runs off parallel to the axis on the other side of the lens
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Remember, ALL rays must have ARROWS indicating the forward direction of the light rays. When all three of these diverging rays are dotted back, they form a virtual image.
(2) Lens Equation
The thin lens equation is stated as follows:
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where

 

· do is the distance (measured along the axis) from the object to the center of the lens 

· di is the distance (measured along the axis) from the image to the center of the lens 

· f is the focal length of the lens 

 

The expression 1/f in called the power of a lens. It is measured in Diopters, where 1 D = 1 m-1. 

 

When using this equation, signs are very important:

 

	do
	positive 
	when the object is placed "in front of the lens" 

	  
	  
	  

	di
	positive 
	when real images are formed (inverted, "behind the lens") 

	di
	negative 
	when virtual images are formed (upright, "in front of the lens") 

	  
	  
	  

	f 
	positive 
	when the lens is converging

	f 
	negative 
	when the lens is diverging



Remember that do, di, and f must be measured in the same unit - usually meters is preferred. 

 

The following formula is used to calculate the magnification of an image:
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If a problem states that a real image is formed that is twice as large as an object, then you would use the relationship di = +2do in the thin lens equation. If a problem states that a virtual image is formed that is twice as large as the object, then you would use the relationship that di = −2do. 
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