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Chapter 36 
Image Formation 
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36.4 Thin Lenses  
•  Lenses are commonly used to form 

images by refraction in optical 
instruments, such as cameras, 
telescopes, and microscopes.  

•  Light passing through a lens 
experiences refraction at two 
surfaces.  

•  The image formed by one refracting 
surface serves as the object for the 
second surface.  

• Consider a lens having an index of 
refraction n and two spherical 
surfaces with radii of curvature R1 
and R2,  

• An object is placed at point O at a 
distance p1 in front of surface 1.  
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•  For a thin lens, the expression relates the image distance q of the 
image formed by a thin lens to the object distance p and to the lens 
properties (index of refraction and radii of curvature).  

 
•  It is valid only for paraxial rays and only when the lens thickness is 

much less than R1 and R2.  
•  The focal length f of a thin lens is the image distance that 

corresponds to an infinite object distance,  

	 	 	 	 	 	Lens makers’ equation  

	 	 	 	 	 	Thin lenses equation  
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36.4 Thin Lenses  
•  Because light can travel in either direction through a lens, each lens 

has two focal points, one for light rays passing through in one direction 
and one for rays passing through in the other direction. 	

•  For a biconvex lens (two convex surfaces, resulting in a converging 
lens) 

•  For a biconcave lens (two concave surfaces, resulting in a diverging 
lens).  
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•  To obtain the signs of p and q,  
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• Magnification of Images  

• When M is positive, the image is upright and on the same 
side of the lens as the object. 

• When M is negative, the image is inverted and on the 
side of the lens opposite the object.  
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•  To locate the image of a converging lens the following 
three rays are drawn from the top of the object:  
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•  To locate the image of a diverging lens, the following 
three rays are drawn from the top of the object:  
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•    
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•    
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Combination of Thin Lenses  
•  If two thin lenses are used to form an image,  

•  First, the image formed by the first lens is located as if the second lens 
were not present.  

•  Then a ray diagram is drawn for the second lens, with the image formed by 
the first lens now serving as the object for the second lens. The second 
image formed is the final image of the system.  

•  If the image formed by the first lens lies on the back side of the second 
lens, then that image is treated as a virtual object for the second lens (that 
is, in the thin lens equation, p is negative).  

•  Focal length for a combination of two thin lenses in contact  
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