
Physics 2C
Lecture 20

"Ever since we crawled out of that primordial slime, that's been our 
unifying cry, ‘More light.’ Sunlight. Torchlight. Candlelight. Neon, 

incandescent lights that banish the darkness from our caves to 
illuminate our roads... Light is more than watts and footcandles. 
Light is metaphor. Light is knowledge, light is life, light is light."

--Diane Frolov



Mirrors and Lenses
Light rays can be diverted by optical systems to 
fool your eye into thinking an object is 
somewhere that it is not.

The simplest optical systems are mirrors and 
lenses.

Mirrors and lenses will divert light rays from an 
object source and create an image.

Mirrors use reflection of light to divert the light 
rays.

Lenses use refraction of light to divert the light 
rays.



Mirrors and Lenses
Images are formed at the point where rays 
actually intersect or appear to originate.

There are two types of images:  real and virtual.

A real image is one in which light actually passes 
through the image point.

Real images can be displayed on a screen.

A virtual image is one in which the light does not 
pass through the image point.

The light appears to diverge from that point.

Virtual images cannot be displayed on screens.



Real image

“080916-1050623”
(Source: Waifer X)

http://www.flickr.com/photos/waiferx/2873313059/



Virtual image

“080724-1040074”
(Source: Waifer X)

http://www.flickr.com/photos/waiferx/2766109677/



Converging Lenses
What if we wanted to use refraction to 
converge parallel light rays to a single focal 
point?  What type of shape should we use?

Think of a prism:

What happened when we 
flipped the prism?

A parallel light ray was 
pushed downward.

A parallel light ray was 
pushed upward.



Converging Lens
This is the basis behind constructing different 
types of lenses for distorting light.

We can construct the following lens:

This is known as a 
converging lens.

It is a lens consisting of 
plastic or glass that 
refracts light.

It focuses parallel light 
rays at a single point 
known as the focal point.



Converging Lens
Converging lenses are thick 
in the middle and thin near 
the edges.

They have positive focal 
lengths.

A thin lens has two focal points, corresponding to 
parallel light rays from the left or from the right.



Converging lens

“Richoflex focus adjustment for dummies (1)”
(Source: Gueorgui Tcherednitchenko)

http://www.flickr.com/photos/spacelion/2585176584/

Real image



“Optics from Descartes”
(Source: philobiblon)

http://www.flickr.com/photos/25441650@N02/2398816822/

Converging lens

Real image



Diverging Lens
We can also construct the following lens:
This is known as a 
diverging lens.

It is also a lens 
consisting of plastic or 
glass that refracts light.

It defocuses parallel 
light rays to make it 
appear that it came from 
a single point known as 
the focal point.



Diverging Lens
Diverging lenses are thick 
on the edges and thin in 
the middle.

They have negative focal 
lengths.

A thin lens has two focal points, corresponding to 
parallel light rays from the left or from the right.





Converging lens

Diverging lens

F

F



Ray Diagrams
Ray 1 is drawn 
parallel to the 
principal axis and is 
refracted through the 
far focal point, F.

Object

N F
Ray 2 is drawn 
through the center 
of the lens and 
continues in a 
straight line.



Ray Diagrams

Object

N F

Image

Ray 3 is drawn 
through the near focal 
point, N, and is 
refracted parallel to 
the principal axis.
Where the three rays 
converge is where the 
image will be formed.

For this exact situation 
(object outside the 
near focal point) the 
image is: real and inverted.



Thin Lens Equation
You can also mathematically relate the object 
distance, l, and the image distance, l’, by using 
similar triangles.

This gives us 
the following 
relationship:

where f is the focal length of the lens.

This equation is known as the thin lens equation.
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Thin Lens Equation
The lateral magnification, m, of the image height 
compared to the object height can also be 
found geometrically. 

This gives us 
the following 
relationship:

where the negative sign comes from the 
fact that h’ is inverted with respect to h.
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(Lateral) Magnification

ratio of image vs. object heights

m = 
h
h’

= l
l’

– image distance 
object distance

+: upright
h, h’

–: inverted



“I’m shrinking...”
(Source: Eric Heupel)

http://www.flickr.com/photos/eclectic-echoes/4213784501/

Upright image

m positive



“Camera Obscura Test 2”
(Source: Jon Lewis)

http://www.flickr.com/photos/jonlewisphotography/258711295/

Inverted image

m negative



“slide projectors are hip”
(Source: Nadya Peek)

http://www.flickr.com/photos/nadya/172147013/

Enlarged image

|m| > 1



“smiley face”
(Source: Steve Wall)

http://www.flickr.com/photos/stevewall/1361325457/

Diminished image

|m| < 1



Ray Diagrams

The most important 
thing to remember 
when dealing with the 
lens equations is to 
remember the sign 
conventions.
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Thin Lens Equation
Example
An object is placed 10 cm to the left of a 
converging lens that has a focal length of 
20 cm.  Describe what the resulting image 
will look like (i.e. image distance, 
magnification...).

Answer
The coordinate system is already defined by 
the sign convention.
The center of the lens is the origin.



Thin Lens Equation
Answer
First, turn to the thin lens equation:

where the negative sign means that the image is 
on the same side of the lens as the object (the 
left).
The magnification of the object will be:
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Thin Lens Equation
Answer

From the thin lens and magnification 
equations we find that the image is:

Magnified (m = +2).

Upright (m = +2).

Virtual (l’ = -20cm; same side as object).

Located on the near focal point 
(l’ = -20cm, f = 20cm).



Ray Diagrams

Object

N F
Image

Let’s check the answer 
by making a quick ray 
diagram of the 
situation (with the 
object distance about 
1/2 times the focal 
length):

Ray 1: parallel.

Ray 2: through the 
center of the lens.
Ray 3: through near 
focal point.

Image is upright, magnified 
and virtual.


