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Law of reflection

The angle of incidence (i) 
is equal to the angle of 
reflection (r)

Note: Both angles are measured 
with respect to the ‘normal’. This

is a construction line that is perpendicular

to the reflecting surface at the point of

incidence.

[image: image5.bmp]The image produced by a plane mirror
The image produced by the plane mirror is:
1. The same size as the object

2. The same distance behind the mirror as the object is in front

3. Upright (the same way up as the object)

4. Back-to-front compared with the object (lateral inversion)

5. Virtual

Real and Virtual Images

REAL images are formed where light rays cross after reflection by a mirror or refraction by a lens.

Real images can be cast onto a screen. 

Example: a projector image

VIRTUAL images are formed where light rays only appear to come from. 
A virtual image cannot be cast onto a screen.

Example: a plane mirror image

AQAP 234 & 235
Notes on Describing Reflection


L4A DEMO
Image location in a plane mirror using clamp stands

L4B DEMO
 Image location in a plane mirror using candles

Law of Reflection - NTNU - features a movable plane mirror
Image formed by a plane mirror - NTNU

Physics Web Site
Text Book Questions on Reflection

1. Copy and answer questions (a), (b) and (c) on pages 234 and 235. 

2. Answer the summary questions on page 235.

Answers



AQAP 234 & 235

Notes on Describing Reflection



Curved Mirrors
There are two types of curved mirror: CONCAVE and CONVEX

Concave is like the inside of a spoon and convex the outside.

Concave mirror with a parallel beam of light
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Convex mirror with a parallel beam of light
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In both cases:

The principal axis is a construction line that is perpendicular to and passes through the centre of the mirror.

The principal focus, F is the point through which all rays travelling parallel to the principal axis before reflection pass through or appear to come from after reflection.
The focal length, f  is the distance from the centre of the mirror, O to the principal focus, F.

The centre of curvature, C is the centre of the circle of which the surface of the mirror is a part. The radius of curvature (OC) is TWICE the focal length of the mirror.

AQAP 236 & 237
Notes on Curved Mirrors


W1C ripple tank 

Lens / mirror effect on a beam of light – NTNU

Tiger image formation by a plane or curved mirror – NTNU
Mirage of pig formed by a concave mirror - includes UTube clip - NTNU

Physics Web Site
Images Formed By Curved Mirrors

Standard Rays – Concave mirror
(a) Rays incident parallel to the principal axis pass through the principal focus after reflection.
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(b) Rays striking the centre of the mirror are reflected as if the mirror was flat.
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(c) Rays passing through the centre of curvature before reflection are reflected back along their initial path.
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b) i) Real. ii) Diminished. iii) Inverted.






AQAP 236 & 237
Notes on Curved Mirrors


W1C ripple tank 

Curved mirror images / ray diagrams – NTNU

Tiger image formation by a plane or curved mirror – NTNU

Mirage of pig formed by a concave mirror - includes UTube clip - NTNU

Physics Web Site
1. Object more than the radius of curvature away from the mirror.
[image: image11.jpg]Converging lens
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b) i) Virtual. ii) Magnified. iii) Upright.




Use: Satellite receiver (with microwaves)
The image formed is:

1. Smaller than the object  (diminished)
2. Between the F and C
3. Inverted  (upside down)
4. Real

2. Object between F and C

Use: Satellite transmitter (with microwaves)
The image formed is:

1. Larger than the object  (magnified)
2. Beyond C
3. Inverted

4. Real


AQAP 236 & 237
Notes on Curved Mirrors


W1C ripple tank 

Curved mirror images / ray diagrams – NTNU

Tiger image formation by a plane or curved mirror – NTNU

Mirage of pig formed by a concave mirror - includes UTube clip - NTNU

Physics Web Site
3. Object nearer than the principal focus

Use: Makeup and shaving mirrors

The image formed is:

1. Larger than the object

2. On the other side of the mirror from the object
3. Upright
4. Virtual

AQAP 236 & 237
Notes on Curved Mirrors


W1C ripple tank 

Curved mirror images / ray diagrams – NTNU

Tiger image formation by a plane or curved mirror – NTNU

Mirage of pig formed by a concave mirror - includes UTube clip - NTNU

Physics Web Site
Standard Rays – Convex mirror

(a) Rays incident parallel to the principal axis appear to come from the principal focus after reflection.

(b) Rays striking the centre of the mirror are reflected as if the mirror was flat.


(c) Rays heading for the centre of curvature before reflection are reflected back along their initial paths.



AQAP 236 & 237
Notes on Curved Mirrors


W1C ripple tank 

Curved mirror images / ray diagrams – NTNU

Tiger image formation by a plane or curved mirror – NTNU

Mirage of pig formed by a concave mirror - includes UTube clip - NTNU

Physics Web Site
Objects at all distances from a convex mirror

Use: Car rear view mirror

The image formed is:

1. Smaller than the object

2. On the other side of the mirror from the object

3. Upright

4. Virtual

AQAP 236 & 237
Notes on Curved Mirrors


W1C ripple tank 

Curved mirror images / ray diagrams – NTNU

Tiger image formation by a plane or curved mirror – NTNU

Mirage of pig formed by a concave mirror - includes UTube clip - NTNU

Physics Web Site
Magnification


Magnification  = 
Image height
Object height
Copy and complete the table below:

	Image height
	Object height
	Magnification

	15 cm
	3 cm
	5 x

	12 cm
	4 cm
	3 x

	32 cm
	16 cm
	2 x

	4 cm 
	16 cm
	0.25 x

	10 cm
	50 mm
	2 x

	7 m
	35 mm
	200 x



AQAP 236 & 237
Notes on Curved Mirrors


Curved mirror images / ray diagrams – NTNU
Tiger image formation by a plane or curved mirror – NTNU
Physics Web Site
Text Book Questions on Curved Mirrors & Magnification

1. Copy and answer questions (b) and (c) on pages 236 and 237.

2. Answer the summary questions on page 237.
Answers

AQAP 236 & 237
Notes on Curved Mirrors



Refraction
This occurs when light passes from one type of transparent medium to 
another. The light changes speed and usually direction.

Optically less to optically more 
dense transfer (e.g. air to glass)

Light rays deviate TOWARDS 

the normal. 

The angle of refraction, r
is SMALLER than the angle 
of incidence, i.

Optically more to optically less

dense transfer (e.g. glass to air)

Light rays deviate AWAY 

the normal. 

The angle of refraction, r
is LARGER than the angle 
of incidence, i.

AQAP 238 & 239
Notes on Refraction


L8A DEMO



Refraction - water tank

L8B CLASS



Refraction - rectangular blocks 

Refraction animation – NTNU
Light Refraction – Fendt

Refraction - Powerpoint presentation by KT

Physics Web Site
Refraction by a Prism
This is also called dispersion.

Different colours of light deviate by different amounts. 

Red deviates the most, violet the least.



AQAP 239
Notes on Refraction


L13A DEMO


Dispersion - Prism & projector

L13B CLASS

Dispersion - Ray boxes 

and prisms

Prism showing light dispersion for different colours - Explore Science
Dispersion of light using a prism - NTNU - prism apex angle can be changed

Dispersion - Powerpoint presentation by KT

Physics Web Site
Text Book Questions on Refraction

1. Copy and answer questions (a), (b), (c) and (d) on pages 238 and 239.

2. Answer the summary questions on page 239.

Answers



AQAP 238 & 239
Notes on Refraction



Lenses
There are two types of lens: CONVERGING and DIVERGING.

With glass and plastic lenses the converging lens has a convex shape and the diverging lens a concave shape.

Converging lens with a parallel beam of light


Diverging lens with a parallel beam of light

In both cases:

The principal axis is a construction line that is perpendicular to and passes through the centre of the lens.

The principal focus, F is the point through which all rays travelling parallel to the principal axis before refraction pass through or appear to come from after refraction.

The focal length, f  is the distance from the centre of the lens, O to the principal focus, F.


AQAP 240 & 241
Notes on Lenses


L15A DEMO

Basic converging lens ray diagram

L15B DEMO

Basic diverging lens ray diagram

Lens / mirror effect on a beam of light – NTNU

Geometric Optics with Lenses - PhET – Image formation
Physics Web Site
Images Formed By Lenses
Standard Rays – Converging Lens
(a) Rays incident parallel to the principal axis pass through the principal focus after refraction.

(b) Rays passing through the centre of the lens are not deviated.


(c) Rays passing through the principal focus before refraction are refracted parallel to the principal axis.



AQAP 242 & 243
Notes on Using Lenses


L15A DEMO

Basic converging lens ray diagram

Geometric Optics with Lenses - PhET – Image formation

Physics Web Site
1. Object more than twice the focal length distant from a converging lens

Uses: Camera and Eye
The image formed is:

1. Smaller than the object (diminished)

2. Between the F and 2F

3. Inverted  (upside down)

4. Real

2. Object between F and 2F

Use: Projector
The image formed is:

1. Larger than the object  (magnified)

2. Beyond 2F

3. Inverted

4. Real


AQAP 242 & 243
Notes on Using Lenses


L15A DEMO

Basic converging lens ray diagram

L16A CLASS

Converging lens images - 15cm lenses

L16B CLASS

Converging lens images - Various lenses

L18B CLASS

Cameras from a lens and screen
L19A DEMO

Projector

L19B CLASS

Projector from a lens and screen

Geometric Optics with Lenses - PhET – Image formation

Physics Web Site
3. Object nearer than the principal focus


Use: Magnifying glass
The image formed is:

1. Larger than the object

2. On the same side of the lens as the object

3. Upright

4. Virtual


AQAP 242 & 243
Notes on Using Lenses


L15A DEMO

Basic converging lens ray diagram

L16A CLASS

Converging lens images - 15cm lenses

L16B CLASS

Converging lens images - Various lenses

Geometric Optics with Lenses - PhET – Image formation

Physics Web Site
Standard Rays – Diverging Lens
(a) Rays incident parallel to the principal axis appear to come from the principal focus after refraction.

(b) Rays passing through the centre of the lens are not deviated.


(c) Rays heading for the principal focus before refraction are deviated parallel to the principal axis.



AQAP 242 & 243
Notes on Using Lenses


L15B DEMO

Basic diverging lens ray diagram

Geometric Optics with Lenses - PhET – Image formation

Physics Web Site
Objects at all distances from a diverging lens

Use: Correction of short sight
The image formed is:

1. Smaller than the object

2. On the same side of the lens as the object

3. Upright

4. Virtual


AQAP 242 & 243
Notes on Using Lenses


L15B DEMO

Basic diverging lens ray diagram

Geometric Optics with Lenses - PhET – Image formation

Physics Web Site
The Camera
The camera uses a converging lens to produce an image on a light detecting surface such as a CCD (Charge Coupled Device) chip or film.
In most cases the subject (object) is well more than twice the focal length of the lens away from the camera. The image produced is therefore diminished, inverted and real.



Structure of a simple camera





Focussing is achieved by moving the lens away from or towards the light detector. As the distance away of the subject increases the lens is moved nearer to the light detector.
The amount of light reaching the light detector is controlled by adjusting the size of the ‘stop’ aperture and the length of time that the shutter opens.


AQAP 243
Notes on Using Lenses


L16A CLASS

Converging lens images - 15cm lenses

L18A DEMO

Cameras

L18B CLASS

Cameras from a lens and screen
Geometric Optics with Lenses - PhET – Image formation

Physics Web Site
Text Book Questions on Lenses & Uses of Lenses

1. Copy and answer questions (a), (b) and (c) on pages 240 and 241.
2. Answer the summary questions on page 241.
3. Copy and answer questions (a), (b), (c) and (d) on pages 242 and 243.

4. Answer the summary questions on page 243.

Answers to 1 & 2 (Lenses)


Answers to 3 & 4 (Using Lenses)




AQAP 240 to 243
Notes on Lenses


Notes on Using Lenses



Notes on Reflection
AQA Physics pages 234 & 235
3. Copy Figure 2 on page 235 and state what is meant by (a) the law of reflection and (b) the ‘normal’ line.

4. Copy Figure 1(b) on page 234 and use it to explain what is meant by a ‘virtual’ image.

5. What is a real image? Give two examples.
6. Copy the ‘Key points’ table on page 235. **
7. Copy and answer questions (a), (b) and (c) on pages 234 and 235. 

8. Answer the summary questions on page 235.
Answers to Text Book Questions on Reflection 
In text questions:

(a) 1.0 m

(b) (i) 20o  (ii) 40o
(c) Virtual

Summary questions:


[image: image1]

Notes on Curved Mirrors
AQA Physics pages 236 & 237
1. Explain how convex and concave mirrors differ from plane mirrors.

2. By referring to a copy of Figure 2 on page 236 define what is meant by (a) the principle focus and (b) the focal length of a concave mirror.

3. Under headings ‘Object beyond principle focus’ and ‘Object between focal point and the mirror’ copy Figures 3 and 4 on page 237 and describe the type of image formed in each case.

4. Define what is meant by magnification.

5. Copy Figure 5a on page 237 and describe the type of image formed.
6. Copy the Key Points on page 237. **
7. Copy and answer questions (b) and (c) on pages 236 and 237.

8. Answer the summary questions on page 237.

Answers to Text Book Questions on Curved Mirrors & Magnification
In text questions:

(b) 2.5         (c) Upright, magnified, virtual.

Summary questions:

1. (a) Real, inverted, in front.   (b) Virtual, upright, behind.


[image: image2]
(b) The image is virtual, upright and twice as large as the object.

Notes on Refraction
AQA Physics pages 238 & 239
3. Copy Figure 1 on page 238 and use it to explain what is meant by refraction. Also copy the two bullet points to the right of Figure 1.

4. Explain, with the aid of a diagram, how a prism can be used to split white light into its component colours. 

5. Copy the ‘Key points’ table on page 239. **
6. Explain how the speed of light is related to the refraction of light. Copy Figure 2 on page 238 and use it to explain the cause of refraction.
7. Draw a diagram and use it to explain why a swimming pool appears to be shallower than it actually is.
8. How does the prism experiment indicate that red light travels faster than blue light through glass?
9. Copy and answer questions (a), (b), (c) and (d) on pages 238 and 239.

10. Answer the summary questions on page 239.

Answers to Text Book Questions on Refraction 
In text questions:

(a) Yes  

(b) The top part moves faster than the lower part of the wave so the wave topples over at the top.

(c) The same.

(d) (i) Slower  (ii) Faster

Summary questions:

1. (a) Decreases, towards. (b) Increases, away from. (c) Decreases


[image: image3]
(b) White light consists of all the colours of the spectrum. The beam is split into these colours because each colour is refracted slightly differently, owing to their different speeds in glass.

Notes on Lenses
AQA Physics pages 240, 241, 252 & 253
5. Copy the diagram for Exam Style Question 2(a) on page 252 and use it to explain what is meant by the principle focus is of a converging lens.

6. Copy the diagram for Exam Style Question 2(b) on page 253 and use it to explain what is meant by the principle focus is of a diverging lens.

7. For both types of lens define what is meant by focal length.

8. Describe, with the aid of diagrams, how the image formed by a converging lens changes as the distance to the object decreases.
9. Copy the ‘Key points’ table on page 241. **
10. Copy and answer questions (a), (b) and (c) on pages 240 and 241.

11. Answer the summary questions on page 241.
Answers to Text Book Questions on Lenses 
In text questions:

(a) A 5 cm focal length lens 

(b) Inverted

(c) To make it appear much larger so any flaws can be seen.

Summary questions:

1.
(a) Converging, real.  


(b) Diverging, virtual.  

2. 
(a) Upright, enlarged and virtual.

    
(b) (i) Inverted, enlarged and virtual.

    
(ii) The slide must be moved towards the screen.

    
(c) The image real, inverted and enlarged. Magnification = 3.

Notes on Using Lenses
AQA Physics pages 242 & 243
1. Copy Figure 1 on page 242 with all of the labels and explain the rules for drawing the three rays shown.

2. Draw Figure 2 on page 242 and explain how the lens of a camera has to be adjusted to cope with a range of object distances.

3. Explain with the aid of Figure 3 on page 243 how a magnifying glass produces an image.

4. Explain with the aid of Figure 4 on page 243 how a concave lens produces an image.
5. Copy the ‘Key points’ table on page 243.  **
6. Copy and answer questions (a), (b), (c) and (d) on pages 242 and 243.

7. Answer the summary questions on page 243.

Answers to Text Book Questions on Using Lenses
In text questions:
(b) Towards the object.

(c) To inspect objects in detail.

(d) The image is always smaller than the object.

Summary questions:


AQA SPECIFICATION

P3-4  AQA Physics Specification:
Using skills, knowledge and understanding of how science works:

•  to construct ray diagrams to show the formation of images by plane, convex and concave mirrors

•  to construct ray diagrams to show the formation of images by diverging lenses and converging lenses

•  to explain the use of a converging lens as a magnifying glass and in a camera

•  to calculate the magnification produced by a lens or mirror using the formula:

magnification = image height / object height

Skills, knowledge and understanding of how science works set in the context of:

•  The normal is a construction-line perpendicular to the reflecting/refracting surface at the point of incidence.

•  The angle of incidence is equal to the angle of reflection.

•  The nature of an image is defined by its size relative to the object, whether it is upright or inverted relative to the object and whether it is real or virtual.

•  The nature of the image produced by a plane mirror.

•  The nature of the image produced by a convex mirror.

•  The nature of the image produced by a concave mirror for an object placed at different distances from the lens.

•  Refraction at an interface.

•  Refraction by a prism.

•  The nature of the image produced by a diverging lens.

•  The nature of the image produced by a converging lens for an object placed at different distances from the lens.

•  The use of a converging lens in a camera to produce an image of an object on a detecting device (eg film).

From the Teacher’s Guide:
When light crosses an interface from a less optically dense to a more optically dense medium, it refracts towards the normal. When it crosses from a more optically dense to a less optically dense medium, it is refracted away from the normal.

Refraction by a prism should include the dispersion of white light by a triangular prism. 
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