
Chapter 36

Image Formation 2
1. Thin Lens
2. Multi lens/mirror system



Spherical mirror formulas
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The lens maker’s formula (lens in vacuum 
or air)
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More examples



Steps to determine the signs

� Pick up the focal point, hence the focal length 
in question.

� Mark the near surface S1, and far surface S2.
� Based on the curve of these two surfaces, 

mark the center C1 for S1 and C2 for S2.
� Mark R1 for S1 and R2 for S2.
� Now decide on the sign of R1 and R2, based 

on its center on far side (+) or near side (-).
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The lens maker’s formula (lens in a 
medium)



Example: prove for a thin lens, the focal length 
on both side of the lens is the same.
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More examples

A thin lens has a focal lens of fa = 5 mm in air. 
The index of refraction of the lens material is 
1.53. If this lens is placed in water (n = 1.33), 
what will the lens’ focal length in water?



One more example

A thin lens has a near surface with a radius of 
curvature of �5.00 cm and a far surface with a 
radius of curvature of +7.00 cm. (a) Is the lens 
converging or diverging? (b) What is the focal 
length of the lens if the index of refraction of the 
material is 1.74? 



Determining Signs for Thin 
Lenses

� The front side of the thin 
lens is the side of the 
incident light 

� The light is refracted into 
the back side of the lens. 
So a real image is formed 
on the back side of the 
lens while a virtual image 
is formed on the front side 
of the lens.

Real object side Virtual object side

Real image sideVirtual image side

Lens location



Sign Conventions for Thin Lenses, 
summary table. Please compare it with the 
mirror case.

1M < 1M = 1M >Image smaller Image same size Image larger



Example 1

Find the image distance.

/m di = 1.0 m



More example

A small light bulb is placed a distance d from a 
screen. You have a converging lens with a focal 
length of f. There are two possible distances from 
the bulb at which you could place the lens to 
create a sharp image on the screen. (a) Derive an 
equation for the distance z between the two 
positions that includes only d and f. (b) Use this 
equation to show that the distance d between an 
object and a real image formed by a converging 
lens must always be greater than or equal to four 
times the focal length f. 



Another example (?) What is the equivalent 
focal length of two lenses in Contact



Combination of Thin Lenses, 
example: final the final image.



Optical instrument: magnifier.
Size of an object or an image

� The size of an object 
(image) is preserved 
(determined) through the 
lateral angle it opens in 
front of our eyes.

� To magnify an object, one 
needs to create an image 
of it that the angle of the 
image is larger than that of 
the object.

� The ratio of these two 
angles is called the angular 
magnification.
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angle without lenso
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Magnifying an object with a 
single lens: reading glasses 
case.



Another magnifier: 
the compound Microscope

� Two converging lenses 
make up a compound 
microscope. 
� Gives much greater 

magnification than a 
single lens

� The objective lens has 
a short focal length, 
ƒo< 1 cm

� The eyepiece has a 
focal length, ƒe of a few 
cm



How a compound microscope works

� The lenses are separated by a distance L
� L is much greater than either focal length

� The object is placed just outside the focal point of 
the objective 
� This forms a real, inverted image
� This image is located at or close to the focal point of the 

eyepiece

� This image acts as the object for the eyepiece
� The image seen by the eye, I2, is virtual, inverted and very 

much enlarged



Magnifications of the 
Compound Microscope

� The lateral magnification by the objective is
� Mo = - L / ƒo

� The angular magnification by the eyepiece of 
the microscope is
� me = 25 cm / ƒe

� The overall magnification of the microscope 
is the product of the individual magnifications
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Another optical instrument: 
the telescopes

� Telescopes are designed to aid in viewing distant 
objects

� Two fundamental types of telescopes
� Refracting telescopes use a combination of lenses to form 

an image
� Reflecting telescopes use a curved mirror and a lens to 

form an image

� Telescopes can be analyzed by considering them to 
be two optical elements in a row
� The image of the first element becomes the object of the 

second element



How a refracting telescope works
� The two lenses are arranged 

so that the objective forms a 
real, inverted image of a 
distant object

� The image is formed at the 
focal point of the eyepiece
� p is essentially infinity

� The two lenses are separated 
by the distance ƒo +  ƒe which 
corresponds to the length of 
the tube

� The eyepiece forms an 
enlarged, inverted image of the 
first image 

� The angular magnification 
depends on the focal lengths 
of the objective and eyepiece

� The negative sign indicates the 
image is inverted
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How a reflecting telescope works

� The incoming rays are 
reflected from the mirror and 
converge toward point A
� At A, an image would be 

formed
� A small flat mirror, M, 

reflects the light toward an 
opening in the side and it 
passes into an eyepiece
� This occurs before the 

image is formed at A

Now let’s got to the HW.


