
Update: Aug 2006

Course: sph 3U1

Unit: light

Lesson 5: Title: lenses & ray diagrams

Apparatus needed: some BIG lenses! makeup mirror


Preliminaries: take up homework. return quizzes and mini-lab
students need to bring a ruler.

Lesson:









Light bends when it enters a new medium at some angle. We can use this to make lenses.









What happens to the light as it enters
this piece of plastic?
 








plastic


We can make all of the light go to one point: (specifically, parallel rays)









This is called a convex or converging lens.
Other shapes of converging lenses:


 





Notice that the middle is always thicker than the edges.





DEMO: try get a number of parallel laser pointers to converge at one point though a big lens – that’s how you find the focal point. (never actually done this. Maybe there is some better way).
Easy way to find focal length of convex lens: hold lens up where a distant light source (e.g. a tree outside a window) – to make parallel rays – shines through the lens onto a piece of paper or card. Move the paper back and forth until the image is in focus.
( Need a way to demonstrate this!!! (maybe shine overhead at door from inside; then use lenses to look at image. TV is not always bright enough.

* Draw a concave lens:  what happens here? (draw in rays) 
This lens is called a concave or diverging lens.

Lenses are used for magnifying, reducing, focussing, inverting.

Ray diagrams for Convex Lenses

Terminology:








P.A. = principal axis

light

      f




F = primary focus (focal point)








F’ = secondary focus





     P.A.

O = optical centre

F’
        O

  F



f = focal length, same on both sides





focal plane (not used much)


optical axis


We can use some shortcuts. We don't need to know the exact shape and size of the lens nor the index of refraction, because all of this simply changes the focal length. That is the main piece of information that we need to know.

Rules for Convex Lenses
(assumptions: lens is THIN, objects are near the P.A.)


1. A ray through O continues on straight (we assume that it hits the thin lens at right angles.)
2. A ray || to P.A. is refracted through F.
3. A ray through F’ is refracted || to P.A.

We draw an asymmetric object that is resting on the P.A. The rays we need are coming from the top of the object.
Example: (need quite a bit of space all around this diagram)
locate the image for a 3 cm high object that is located 9 cm from a lens which has a focal length of 4cm.
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<scan in figure 7 from p361>

Characteristics of Images:

Images can be described using SALT
Size: bigger, same, smaller

Attitude: upright or inverted

Location:
( on object side of lens

( on opposite side of lens

(between O and F

(between F and 2F

- these are the 3 distinct regions where images will be

(beyond 2F (to ( )

· Type: real or virtual
You will always be able to see a real image by placing a screen where the image is (e.g. an overhead projector makes a real image).
A virtual image is 

· formed by diverging rays. 

· located where you cannot place a screen where the image appears to be (e.g. an image in a plane mirror).

· normally on the same size of the lens as the incident light

· always in focus


 (Do clear demos with the plane mirrors in classroom and images formed by overhead – so they can SEE the difference.)

Assignment:
Draw 5 ray diagrams for a convex lens where the object is located at
(i) 2.5 f, (ii) 2.0f, (iii) 1.5 f, (iv) f, (v) 0.5 f

· You can choose whatever focal length you wish, but use the same focal length for all 5 diagrams.

· neat

· in pencil or coloured pencil

· large - no more than two diagrams per page

· Describe the characteristics of each image.

Homework:  -- just work on assignment
(p 453 #1a Martindale)


Evaluation:  Recently (2005), maybe 1/3 of the students don’t understand this. Perhaps they don’t pay attention or ask questions when confused. It is weird when so much of it is in the textbook. Be prepared for students not to ask any questions and then to hand in things that are completely wrong.

focal point








