
Light, Lenses, Mirrors 

Optics 

Light is Dual in nature- has both particle and wave properties. 

Light = range of frequencies of electromagnetic waves that stimulates the eye’s retina 



Facts About Light 

 It is a form of Electromagnetic Energy 

 It is a part of the Electromagnetic Spectrum and the 
only part we can really see 

 

 Light can be: 

• REFLECTED  

• ABSORBED 

• REFRACTED 

 



Light Facts 

 Ray model – the straight line path of light 

 Ray= straight line that represents the path of 

a narrow beam of light 

 Ray Optics – the use of ray diagrams to study 

the travel of light 

 Useful to describe how light is reflected and 

refracted 



The Speed of Light 

 Light is an electromagnetic wave in that it has 

wave like properties which can be influenced by 

electric and magnetic fields.  

 

 All electromagnetic waves move at the speed of 

light. 

 The speed of light, is constant in a vacuum  is 

approximately 3.00 x 108 m/s, or 186,000 mi/s. 

 The wave speed equation for light: 

  c = f l  



Speed of Light- History  
 Galileo was the 1st to hypothesize that light has a 

finite speed and suggested a method of 

determining it 

 Ole Roemer, Danish Astronomer, in 1674 was the 

1st to determine that light does travel with a 

measureable speed (used orbital period of Io, one 

of the moon of Jupiter) 

 Albert A. Michelson, American Physicist in 1926, 

using his earth based techniques calculated 

speed of light to be 2.997996 x 108 m/s 

 Light takes 16 min to cross the Earth’s orbit 

 Light beam can circle the globe 71/2 times in one 

second 



Color 
 Electromagnetic waves with wavelengths 

between 700 nm and 400 nm fall within the 

visible spectrum. 

 The wavelength (or frequency) of a light 

determine the color of the light.  

 The colors of the visible light spectrum vary 

continuously in the visible range, but are usually 

named as follows, from longest to shortest. 
 Red 

 Orange 

 Yellow  

 Green  

 Blue  

 Indigo 

 Violet 

 

 



Primary Colors 

 Light from an ordinary source such as the sun 
usually contains a variety of colors. 
 

 The additive primary colors of light are red, 
green and blue. 
 When these colors of light are combined in equal 

amounts, they produce white light. 

 When they are added together in various proportions, 
they can produce all the colors of the visible spectrum. 

 A device which uses this phenomenon is a TV screen. 



Pigments 
 When an object is illuminated by a light source, 

it may absorb some colors of light and reflect 
others. 

 The color of light that an object appears to 
have is determined by the colors of light that 
it reflects.  

 The primary pigments, or primary 
subtractive colors, reflect one color of light 
and absorb all others.  

 These pigments are cyan, magenta, and 
yellow. 

 When these three are combined, they filter 
out all colors, and the mixture is black. 



Red 

 Blue Green 

Yellow Magenta 

Cyan 

Additive & Subtractive Primary Colors 



Polarization 
 The electric and magnetic fields in an 

electromagnetic wave are always perpendicular to 
each other and the direction of the wave. 
 The direction of oscillations is usually random. 

 The wave can be made to oscillate in one direction only. 
This is known as a linearly polarized wave 

 A polarizing filter polarizes light waves. 

 When light is filtered through two filters aligned at right 

angles, then the transmitted light wave is sharply reduces. 

 Light that reflects off a flat surface at certain angles 

can be polarized. 

 This effect is used in polarized sunglasses in order 

to reduce glare 



Illuminance & Luminous Intensity 
 Luminous Body- emits light waves (ex. sun) 

 Illuminated Body- reflects light waves 

produced by outside source (ex. moon) 

 Luminous Flux – P, rate at which visible 

light is emitted from a source  

 Unit is the lumen(lm) 

 Illuminance- E, is a measure of the amount 

of illumination, or the rate at which light falls 

on a surface 

 Unit is lm/m2 or lux (lx) 



Illuminance & Luminous Intensity 

 Luminous Intensity – is the luminous flux 

that fall on 1m2 of sphere 1m in radius 

 Unit is the candela (cd), or candle power 

 Two ways to increase illumination on a 

surface 1) brighter bulb, which increases the 

flux, 2) move surface closer to bulb, 

decreasing distance 

 E =     P 

       4πd2 



Refraction and Lenses 



Refraction 
 Refraction is based on the idea that LIGHT is 

passing through one MEDIUM into another. The 

question is, WHAT HAPPENS? 

Suppose you are running 

on the beach with a certain 

velocity when you suddenly 

need to run into the water. 

What happens to your 

velocity? IT CHANGES! 

Refraction Fact #1: As light goes from one medium to 

another, the velocity CHANGES! 



Refraction 
 Suppose light comes from air, which in this case will 

be considered to be a vacuum, strikes a boundary 
at some angle of incidence measured from a normal 
line ,and goes into water. 

The ratio of the two speeds can be compared. 

The denominator in this case will 

ALWAYS be smaller and produce a 

unit less value greater or equal to 1. 

This value is called the new medium’s 

INDEX OF REFRACTION, n. 

All substances have an index of refraction & can be used to identify the material. 



Refraction 
 Suppose you decide to go spear fishing, but 

unfortunately you aren’t having much luck catching 
any fish. 

The cause of this is due to the 

fact that light BENDS when it 

reaches a new medium. The 

object is NOT directly in a 

straight line path, but rather it’s 

image appears that way. The 

actual object is on either side of 

the image you are viewing.  

Refraction Fact #2: As light 

goes from one medium to 

another, the path 

CHANGES! 



Refraction 
 What EXACTLY is light doing when it reaches a new 

medium? Not ALL of the light refracts. 

Some of the light 

REFLECTS off the boundary 

and some of the light 

REFRACTS through the 

boundary. 
 

Angle of incidence = Angle of Reflection 

 

Angle of Incidence > or < the Angle of 

refraction depending on the direction of 

the light 



Refraction – Going from Air to Water 

The index of refraction, n, for 

air (vacuum) is equal to 1. 

The index of refraction for 

water is 1.33. 

 

If you are going from a LOW 

“n” to a HIGH “n”, your speed 

DECREASES and the angle 

BENDS TOWARDS the 

normal 



Refraction – Going from Water into Air 

The index of refraction, n, 

for air (vacuum) is equal 

to 1. The index of 

refraction for water is 

1.33. 

 

If you are going from a 

HIGH “n” to a LOW “n”, 

your speed INCREASES 

and the angle BENDS 

AWAY the normal 

Note: If the angles are EQUAL, then the “n” must be 

equal for each. The ray will pass straight through. 



Refraction – Snell’s Law 
 A scientist by the name of Willebrord Snell, 1621 

discovered that the ratios of the index’s and the 
ratio of the sine of the angles are the same value 
 Ratio of the sine of the angle of incidence to the sine 

of the angle of refraction is constant 
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Example 
 The refractive index of the gemstone, Aquamarine, is 1.577. 

Suppose a ray of light strikes a horizontal boundary of the 
gemstone with an angle of incidence of 23 degrees from air.  
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Calculate the SPEED of light in Aquamarine 

Calculate the angle of refraction within Aquamarine 

1.90 x 108 m/s 
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Lenses – An Application of Refraction 
There are 2 basic types of lenses 

A converging lens 

(Convex) takes light 

rays and bring them 

to a point. 

A diverging lens 

(Concave) takes light 

rays and spreads them 

outward. 



Converging (Convex) Lens 
 Much like a mirror, lenses also take light rays from 

infinity and converge them to a specific point also 
called the FOCAL POINT, f. The difference, 
however, is that a lens does not have a center of 
curvature, C, but rather has a focal point on EACH 
side of the lens. 



Applications of Converging Lenses 
 Obviously, converging lenses play an important role 

in our lives as our eyes are these types of lenses. 
Often times we need additional corrective lenses to 
fix our vision.  

In figure A, we see an eye which converges 

what we see on the retina. 

 

In figure B, we see an eye which converges too 

LATE. The eye itself is often too short and 

results in the person being far sighted. 

 

In figure C, we see an eye which converges 

too SOON. The eye itself is often too long and 

results in the person being near sighted 

In later 2 cases, a convex or concave lens is necessary to ensure image is on the retina.  



Applications of Converging Lenses 

A camera uses a lens to focus an image on photographic film. 



Ray Diagrams 
 The rules for ray diagrams are the SAME for lenses as they are 

for mirrors except you go THROUGH the lens after refraction and 
instead of going through, C (center of curvature) you go through 
the actual center of the lens. 

f f 

Rule #1: Draw a ray, starting from the top of the object, parallel to the principal 

              axis, then through “f” after refraction. 

Rule #2: Draw a ray, starting from the top of the object, through “f”, then parallel 

               to the principal axis, after refraction. 

Rule #3: Draw a ray through the center of the lens. 



Ray Diagrams 
 As before, you draw the image down to the 

intersection as shown. 

f f 

Since this image could be projected on to a screen it is a REAL IMAGE 

and real images ALWAYS are found on the OPPOSITE side of the lens 

from the object. 

 

Likewise, virtual images would appear on the SAME SIDE as the object. 

 

The characteristics in this case are still inverted and reduced. 



Lenses – The Mirror/Lens Equation 
 To CALCULATE the image’s position and characteristics you 

use the same equations you use for mirrors.  

An object is placed 35 cm in front of a converging lens with  focal length of 20 cm. 

Calculate the image’s position relative to the lens as well as the image’s 

characteristics. 
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This image is REAL (since the 

object distance is positive) and 

on the OTHER side of the lens. 

The image is INVERTED and 

ENLARGED. 

do = distance from object to mirror or lens 

di = distance from image to mirror or lens 



 Reflection, & Mirrors 



The Law of “REFLECTION” 

 The Law of Reflection states that- " the 

angle of incidence (incoming ray) equals 

the angle of reflection (outgoing ray)" 

The law works for FLAT, 

PLANE surfaces only. 

 

The angles are measured 

from a perpendicular line 

to the surface called a 

NORMAL. 

NORMAL 



Plane Mirror 
 Suppose we had a flat , plane mirror mounted vertically. A candle 

is placed 10 cm in front of the mirror. WHERE IS THE IMAGE 
OF THE CANDLE LOCATED? 

mirror 

Object Distance, Do = 10 cm 

Same side as the object? 

On the surface of the mirror? 

Behind the mirror? 



Plane Mirror 
 Suppose we had a flat , plane mirror mounted vertically. A candle 

is placed 10 cm in front of the mirror. WHERE IS THE IMAGE 
OF THE CANDLE LOCATED? 

mirror 

Object Distance, Do = 10 cm Image Distance, Di = 10 cm 

Do=Di, and the heights are equal as well 

Virtual Image 



Virtual Images 
 Virtual Images are basically images which cannot be 

visually projected on a screen. 

If this box gave off 

light, we could project 

an image of this box 

on to a screen 

provided the screen 

was on the SAME 

SIDE as the box. 

You would not be able to project the image of the 

vase or your face in a mirror on a screen, therefore 

it is a virtual image. 

CONCLUSION: VIRTUAL IMAGES are ALWAYS on the OPPOSITE side of 

the mirror relative to the object. 



Real Image 
Real Images are ones you can project on to a screen.  

 

For MIRRORS they always appear on the SAME SIDE of the mirror as the object. 

object 

image 

The characteristics of the 

image, however, may be 

different from the original object. 

These characteristics are: 

•SIZE (reduced,enlarged,same 

size) 

•POSITION (same side, 

opposite side) 

•ORIENTATION (right side up, 

inverted) 

What if the mirror isn’t flat? 



Spherical Mirrors – Concave & Convex 

Also called CONVERGING mirror Also called DIVERGING mirror 



Converging (Concave) Mirror 
 A converging mirror is one that is spherical in nature 

by which it can FOCUS parallel light rays to a point 
directly in front of its surface. Every spherical mirror 
can do this and this special point is at a “fixed” 
position for every mirror. We call this point the 
FOCAL POINT. To find this point you MUST use 
light from “infinity” 

Light from an “infinite” 

distance, most likely the 

sun. 



Converging (Concave) Mirror 
Since the mirror is 

spherical it technically 

has a CENTER OF 

CURVATURE, C. The 

focal point happens to 

be HALF this distance. 

We also draw a line through the 

center of the mirror and call it the 

PRINCIPAL AXIS. 
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Ray Diagram 
 A ray diagram is a pictorial representation of how 

the light travels to form an image and can tell you 
the characteristics of the image. 

Principal axis 
f C object 

Rule One: Draw a ray, starting from the top of the object, parallel to the principal axis 

and then through “f” after reflection. 



Ray Diagrams 

Principal axis 
f C object 

Rule Two: Draw a ray, starting from the top of the object, through the focal 

point, then parallel to the principal axis after reflection.  



Ray Diagrams 

Principal axis 
f C object 

Rule Three: Draw a ray, starting from the top of the object, through C, then 

back upon itself.  

What do you notice about the three lines? THEY INTERSECT 

The intersection is the location of the image. 



Ray Diagram – Image Characteristics 

Principal axis 
f C object 

• After getting the intersection, draw an arrow down from the principal axis 

to the point of intersection. Then ask yourself these questions: 

 

1) Is the image on the SAME or OPPOSITE side of the mirror as the object? 

Same, therefore it is a REAL IMAGE. 

2) Is the image ENLARGED or REDUCED? 

3) Is the image INVERTED or RIGHT SIDE UP? 



The Mirror/Lens Equation 
 Is there any OTHER way to predict image characteristics 

besides the ray diagram? YES! 

 

 One way is to use the MIRROR/LENS equation to 
CALCULATE the position of the image. 

io ddf
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do = distance from object to mirror or lens 

di = distance from image to mirror or lens 



Mirror/Lens Equation 
 Assume that a certain concave spherical mirror has 

a focal length of 10.0 cm. Locate the image for an 
object distance of 25 cm and describe the image’s 
characteristics. 
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What does this tell us? First we know the image is BETWEEN “C” & “f”. Since the 

image distance is POSITIVE the image is a REAL IMAGE. 

Real image = positive image distance 

Virtual image = negative image distance 

What about the size and orientation? 



Magnification Equation 
 To calculate the orientation and size of the image 

we use the MAGNIFICATION EQUATION. 
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Here is how this works: 

•If we get a POSITIVE magnification, the image is 

UPRIGHT. 

•If we get a NEGATIVE magnification, the image is 

INVERTED  

•If the magnification value is GREATER than 1, the 

image is ENLARGED. 

•If the magnification value is LESS than 1, the image 

is REDUCED. 

•If the magnification value is EQUAL to 1, the image 

is the SAME SIZE as the object.  

Using our previous data we see that our image was INVERTED, and REDUCED. 



Example 
 Assume that a certain concave spherical mirror has a focal 

length of 10.0 cm. Locate the image for an object distance of 

5 cm and describe the image’s characteristics. 
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•VIRTUAL (opposite side) 

•Enlarged 

•Upright 

Characteristics? 



Diffraction & Interference of 

Light 



Diffraction 

 Diffraction- spreading of light around barriers 

 Francesco Maria Grimaldi, Italian scientist named it 

 Christiaan Huygens, Dutch scientist – proposed 

wave model to explain it 

 Thomas Young, English scientist – developed and 

experiment that allowed him to make a precise 

measurement of light’s wavelength using diffraction 

 Two-slit experiment       



Measuring Wavelength of Light Wave 

 Using double slit interference, Young’s Expt. 

 λ =  xd 

        L 

 

X = distance or separation between lines or points 

d = distance between slits 

L = distance between screen and slits 

λ = wavelength 



Measuring Wavelength of Light Wave 

 Using single slit interference 

 X = λL 

       w 

X = distance between lines or points 

w = width of slit 

L = distance between screen and slit 

λ = wavelength 



Application of Diffraction 

 Diffraction Gratings- device that transmits 

or reflects light and forms an interference 

pattern in the same way a double slit does 

 Made by scratching very fine lines with a diamond 

point on glass 

 Ex. a spectroscope – used to measure the 

wavelengths of light emitted by a light source 

 Wavelength with Diffraction Grating: 

 λ =  xd    = d sin θ 

        L 

 



Special Case – Ray Diagrams 



What if the object is ON “f “ ? 

f f 

Principal axis 
f C 

If the object is ON the 

focal point, no image is 

produced as there is NO 

intersection. 



Converging Lens – Inside of “f ” 

f f 

When object is inside of “f”, 

extend the 2nd line of the rule, 

BACKWARDS! 

This image is VIRTUAL, ENLARGED, and UPRIGHT 



Converging Lens – Inside of “f “ 

f f 

Suppose we have an object 

placed 15 cm in front of a 

converging lens (f = 20 cm). 

Calculate the image position and 

characteristics. 
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-60 cm 4x 

As we thought. The image distance is negative, thus making it a VIRTUAL image. 

The magnification was positive and greater than 1, making it enlarged and 

upright. This is a MAGNIFYING GLASS! 



Converging Mirror – Inside of “f “ 

f 
C 

The image is VIRTUAL, ENLARGED, and UPRIGHT. This is a compact 

mirror! 



Diverging Lens 

f f 

The image is VIRTUAL, REDUCED, and UPRIGHT. On the next slide we 

will verify with the math. But before we do it is important to understand 

that all DIVERGING LENSES AND MIRRORS have NEGATIVE FOCAL 

LENGTHS!!!. 



Diverging Lens 

f f 
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Once again, the image is verified as 

VIRTUAL as the image distance is 

negative. The image is verified using 

the magnification formula to be 

UPRIGHT and REDUCED. 



Diverging Mirror 

f 
C 

The image produced is VIRTUAL (it is on the OPPOSITE side) and 

REDUCED and UPRIGHT. This could be back end of a spoon, a Christmas 

tree ball ornament, an anti-theft mirror in a store. 


