Physics 11 — Optics
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Optics — Nature of Light

Light is a transverse wave.  An electric field and a magnetic field change orthogonally to the direction of the light wave.

The electromagnetic radiation does not require a medium to propagate itself.  It can travel through a vacuum and many other media.  In a vacuum, the speed of light is a constant, c = 3.00 x 108 m/s. 

Light will travel slower through different media.

Light waves follow the wave equation:


c = (f  where c = speed of light.

Determining the speed of light is a very complex measurement. 
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Original attempts with hand timers and distances of tens of kilometers proved very inaccurate.

Reaction time was 100,000 times greater than the time to be measured.

Michelson designed a machine with a rotating mirror.  The speed of rotation could determine the time for light to travel a certain distance.

In Michelson’s original experiment, the light traveled between two mountain tops 34 km apart.  In that time, the mirror had to rotate 1/8 of a revolution.
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Light waves with different frequencies will also have different wavelengths. The energy of the photons of light carry varies with frequency.

Higher energy light has a higher frequency and a shorter wavelength.

In the visible part of the spectrum, violet light has the highest energy and frequency and shortest wavelength.  Red light has the lowest energy and frequency, and longest wavelength.

A very useful application of light is a laser.

A laser emits monochromatic light - light with only one frequency (colour).

An incandescent light gives off light of many different frequencies.

Laser light is also coherent (in phase).  The peaks of each wave occur together to produce constructive interference.

Incoherent light has no organization or pattern in the peaks of the waves.

Lasers have many uses:
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Medicine: very accurate cutting and cauterizing of cuts due to high energy at the incision.

Information storage: bar code readers and laser discs use the properties of the reflection of the organized light to decode information.

Industry: cutting and surveying.

The colours of visible light are a construct of our brain.  Different cells in our retina are sensitive to different colours.  By combining the ratio of inputs from the different cells, the brain generates colour information.

[image: image6.wmf] 

 

1

f

=

1

d

o

+

1

d

i

An emission devise uses combinations of red, green, and blue (rgb) to produce all the colors.

An absorption devise (printer) uses cyan, yellow, magenta and black (cymk) to produce most of the colors.

The human eye will interpret equal amounts of red, green, and blue as white.

True white light has equal amounts off the entire visible spectrum.
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pp. 452-453, 33-36, 48-51, 54, 58


[image: image8.png]Mechanical wave

Light wave




Optics — Reflection

A light ray that encounters a change in media will: reflect, and/or refract (pass through), and/or be absorbed.

A reflection can occur in an organized way (smooth surface) or in a random way (rough surface).

Most of the things we see are due to random reflections from rough surfaces.  Some of the light reflected reaches our eye and forms an image in our eye.

A coloured surface will absorb some of the colours and reflect the colours that we observe.
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A reflection from a smooth surface will be organized and produce an image.

The key is that the light wave reflects at the same angle that it approaches the reflector (mirror).

Angles are measured from a line that is normal to the surface of the mirror.  The incoming ray is the incident ray.  The reflected ray is also measured from the normal to the mirror.

Where would your eye see the object? 
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Example 1:

Where will the image form?

This type of image is a virtual image.  The part of your brain that creates images does not account for a mirror.  It assumes the light traveled in straight lines.  It can determine where the image must have originated.

The light rays do not actually converge at the point of the image.  The image is virtual, it only exists if our brains see it.
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Curved mirrors can produce real or virtual images.  A curved mirror will reflect rays at different angles because the normal to the lens is changing.

Most curved mirrors are sections of spheres.  They are described by a focal length (F).  The center of curvature is the center of the sphere that made the lens (C).
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To determine the position of the image we will draw some example light rays to find where they converge to an image.

There are many rays that form an image, but we will draw three specific rays:

1. A ray parallel to the axis of the mirror reflects through the focus.

2. A ray through the focus reflects parallel to the axis of the mirror.

3. A ray from the center of curvature reflects back on itself (radius).

Example 2:

Draw and describe the image for a concave mirror with an object:

a) Outside of C

b) At C

c) Between C and F

d) At F

e) Inside of F 

Example 3:

Draw and describe the image for a convex mirror with the object:

Far from the mirror.

Close to the mirror.

pp. 478-9, 32, 36, 37, 40, 43, 46, 47, 53, 56, 57, 58, 64, 66, 75, 82

Optics — Mirror Calculations

[image: image13.emf]The relationship between the position of the image and the object and the focal length is:

All distances are measured fro the plane of the mirror.

Conventions:

Converging mirrors (concave) have a positive focal length.

Diverging mirrors (convex) have a negative focal length.

Object distance is positive.

Image distance is positive for real images, negative for virtual images.

Example 1:

A concave mirror (f = 25 cm) has an object at 17 cm.  Where is the image?

Where is the image if the object is at 75 cm?
[image: image14.emf]Magnification is a comparison of the image size to the object size.

A real image will have a negative magnification because the image is inverted.

Example 2:

The security mirror is made from the outside of a sphere with a radius of 85cm.  A person is standing 4.5 m in front of the mirror.  What is the magnification of the image?

pp. 480-481, 62, 63, 67-73.

Optics — Refraction

[image: image15.emf]A light ray that enters a new medium can refract because it changes its speed in the new medium.  The change in speed is described by the index of refraction (n).

c = speed of light in a vacuum

v = velocity of light in medium

If the light slows, it will change direction towards the normal.  If the light speeds up, it will change direction away from the normal.
[image: image16.emf]

The variables in this relationship can be described by Snell’s Law.

[image: image17.emf]
Angles must be measured from the normal to the surface.

n is the index of refraction for the media involved.

Example 1:

A light ray is moving from crown glass to water with an incident angle of 35°.  What is the refracted angle?

Example 2:

A ray of light changes from 62° to 48° upon traveling from air to some liquid.  What is the index of refraction for the liquid?

[image: image18.emf]
An object immersed partially in water will appear to bend at the point it enters the water.

The part in the water has a shallower apparent depth.  This is due to the refraction of the rays leaving the water.

Use this diagram to find a formula for apparent depth relative to n.

[image: image19.emf]
Example 3:

A block is sitting at the bottom of a 3.0 m swimming pool.  What is the apparent depth of the block as seen from above the pool?

p. 487, 1-5

pp. 508-511, 38, 39, 53, 55, 67-70, 72, 73, 78, 101


Optics — Applications of refraction

[image: image20.emf]A prism is a refractor that will separate white light into its spectrum.  The index of refraction of the medium is not the same for all the colours.  Violet light has a greater index of refraction than red light.

Example 1:

Show the path of red light and violet light for a ray of white light entering a glass prism.  (nred = 1.495, nviolet = 1.530)

Example 2:

Why does a triangular prism separate white light into its spectrum, but a rectangular prism does not result in a spectrum?

A ray of light that is leaving a more optically dense medium into a less dense medium will refract farther away from the normal.  

[image: image21.emf]What occurs if the refracted angle increases past 90°?

This phenomenon is called total internal reflection.

The angle where the light would exit at 90° is called the critical angle.

If the incident angle is greater than the critical angle then the light ray must reflect completely. 
This is the property that allows a fiber optic cable to function.  Light sent down the cable cannot leave.

Example 3:

Draw a diagram and find the critical angle for:

Ray traveling from water into air.

Ray traveling from crown glass into ethanol.

Total internal reflection is used in may optical applications.

[image: image22.emf]
pp. 508-510, 40-42, 56, 57, 71, 74-76, 80, 95, 102


[image: image23.emf]Optics — Lenses

Much like mirrors, lenses can be categorized as diverging (concave) and converging (convex).

They can also be described by their focal length.

Diverging lenses have a negative focal length.

[image: image24.emf]A lens will have two foci, a principal axis, and a point (2F or C) twice as far as the focus, the center of curvature for a spherical lens.

The refraction occurs at both surfaces.  We can assume the refraction occurs at the center for thin lenses.

[image: image1.emf]
The images formed by lenses are similar to images formed by mirrors.  Images can be real or virtual, larger or smaller.

To find the image, we can draw a scale ray diagram.  While many rays make the image, we can find the image with three specific rays.

Both foci must be used in constructing these rays.

Lens Ray diagrams:

1. A ray parallel to the principal axis will pass through the focus.

2. A ray that passes through the focus (other focus not used in step 1) will travel parallel to the principal axis.

3. A ray will travel straight through the center of the lens.

For thin lenses, the refraction can be drawn at the plane of the lens.


Example 1:

Draw and describe the image for a converging lens with an object:

a) Outside of C

b) At C

c) Between C and F

d) At F

e) Inside of F 

Example 2:

Draw and describe the image for a diverging lens with the object:

Far from the mirror.

Close to the mirror.

p. 496, 18, 24

pp. 508-510, 46, 81, 85a, 

Optics — Lens Calculations

[image: image25.emf]The relationship between the position of the image and the object and the focal length is:

This is called the thin lens equation.

All distances are measured from the plane of the mirror.

Conventions:

Converging lenses (convex) have a positive focal length.

Diverging lenses (concave) have a negative focal length.

Object distance is positive.

Image distance is positive for real images, negative for virtual images.

Example 1:

A convex lens (f = 25 cm) has an object at 17 cm.  Where is the image?

Where is the image if the object is at 75 cm?

[image: image26.emf]
Linear magnification is a comparison of the image size to the object size

A real image will have a negative magnification because the image is inverted.

Example 2:

A magnifying glass with a focal length of 15 cm is held 12 cm away from an object.  What is the magnification of the object?

pp. 496-497, 15-17, 19-24

p. 499, 27

pp. 508-510, 43, 44, 82-84, 85b-88
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