Science 8 Chapter 5
Ray Diagrams – Finding out what an image of an object looks like in a mirror.

Characteristics of an image

There are 4 characteristics of an image that we look at to see how or if it is different than the object. They are:
Size

Position

Orientation

Type
Size: Is the image smaller/bigger or the same size as the object?
Position: Is the image farther/closer/ same distance to the mirror as the object?
Orientation: Is the image upside down or rightside up?
Type: Does the image appear behind the mirror (see the reflection - virtual) or in front (projector screen - real)
For an object to be seen in a mirror, a ray of light has to hit the object, then the mirror.  There are billions of these rays but in ray diagrams we'll only think about two of them:
	1) Ones that are parallel to the Principle Axis
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2) Ones that go through the focal point


	There are two rules for making ray diagrams:
1. A ray that is travelling parallel to the principal axis and hits a mirror, the reflection travels towards the focal point.


	2. A ray that passes through the focal point and hits a mirror travels parallel to the principal axis.




Also note that a ray travelling on the principal axis towards the mirror will stay on the principal axis since it will go through the focal point - which just so happens to be on the principal axis.  Convenient, eh?  The previous examples are just for a concave mirror.  The process is similar for a convex mirror.

With these two rules we can make two lines from the same point on an object, and where they meet up will be where that point of the image is.
Example 1:  Concave

Step 1. Draw a line from a point on the object, parallel to the PA to the mirror
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Step 2 - draw a line from that point on the
mirror through the focal point.
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Step 2. Draw a reflected line from that point on the concave mirror through the focal point.
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Step 2 - draw a line from that point on the
mirror through the focal point.
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Step 3.  Draw a line from the same point on the object through the focal point.
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Step 4. Draw a line from that point on the mirror parallel to the principal axis.
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Step b - The point where the two
reflected rays cross is where the point of
the image goes.
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Step 5. The spot where the two lines cross is where the point of the image goes.
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Step b - The point where the two
reflected rays cross is where the point of
the image goes.
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What characteristics of the object have
changed in the image?
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What has changed?
S: Size is smaller

P: Position is closer

O: Orientation is upside down

T: Type is real

When it comes down to it, this is what you need to know.
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reach the person's eye backward to a point behind the mirror. These
extended rays are shown by the dotted lines in the figure. When you
extend more than one ray, the lines will meet at a point behind the
‘mirror. This is the point where the image is located. You could carry
out the same process for several points on the blucberry to find out
exactly where the entire image of the blucberry is located.

‘The image of the blueberry is called a virtual image, since the
light rays that reach the eye only appear to be coming from the
object. The reflected rays don't actually meet; only the extended rays
meet at the object. When an object's image lies behind the mirror, the
image is virtual

/‘

object plane miror image

Figure 5.18 Only a smallfracon ofthe igh reflectng from an object enters the eye of the observer.
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	Kind of mirror: 

S: 

P: 

O:

T: 
See page 189-190.
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3. Draw a ray travelling to the vertex and reflecting at the same

angle.

principal

(Remember that for all of these rays, the law of reflection will be
true.)

The top of the image is located at the point where these three
rays meet. If the object is between the focal point and the mirror,
you will need to extend the rays behind the mirror to find where
they meet to form an image.

Predicting Image Characteristics Using Ray Diagrams
How s it possible for a concave mirror to create different images
depending on the distance of your face from the mirror (Figure
5.24)? If you draw ray diagrams for objects in different positions,
you will see that the characteristics of an image in a concave
mirror depend on the distance between the mirror and the
object being reflected.

Figure 5.2 Both of these mirors
are concave mirtors. Why is one
image upside down and the other
right side up?

Chapter 5 The law of eflecton allows mirors to form images. + MHR.
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	Kind of mirror: 

Note position of object: 

S:  

P: 

O:

T: 
See page 200.
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2. Draw a ray through the focal point, with the reflected ray
parallel to the principal axis.

principal

3. Draw a ray travelling to the vertex, where the principal axis

meets the mirror.
Did You Know?

Notice the similarties in the three

"":s“‘ — rays used to determine an image.
in Figures 5.26 and 5.27. You il
apply the three-ray technique to
determine images throughout this
it

Figure 5,27 Ray diagram for an object between F and 2F

For a concave mirror, when an object is between the focal
point and a distance twice that of the focal point, the image has
the following characteristics:

« The image is larger than the object.

he image distance is larger than the object distance.

he image is inverted.

o The image is real.

Real Images

What is a real image? A real image is formed when reflected

rays (NOT extended rays) meet. Recall that the virtual images
you saw were behind the mirror. A real image is located in front
of the mirror. You will notice that what you see in the mirror is
somewhat distorted. You need a screen to view a real image. If
you held a screen at the position of the real image, you would
see a clear, identifiable image on the screen. This is not true for a
virtual image.
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	Kind of mirror: 

Note position of object: 

S: 

P: 

O:

T: 
See page 201.
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Object beyond Two Times the Focal Point

What happens as you move a makeup mirror farther from your
face? By drawing the three rays from the top of the object, you
can predict the image. Look at the ray diagram in Figure 5.28 to
see how this image is produced.

princpal
s *

Figure 5.28 Ray diagram for an object beyond 2F

For a concave mirror, when an object is beyond a distance
twice that of the focal point, the image has the following
characteristics:

The image is smaller than the object.

Che image distance is smaller than the object distance.

Che image is inverted.

Che image is real.

Now you know how the same mirror can form cither an
upright image o an inverted image, and an image that is cither

larger or smaller than the object being reflected. You know how

to predict the image, no matter where the object is. It is this

Thereare many simulations important skill that allows people to put concave mirrors to use
on the intemetthat show you in a variety of ways.
mirrors, objects, ray diagrams,

and images. Go to the website

Pt

vewwdiscoveringsciencea 4 ' e oribe how your approach to drawing the three rays from
the top of an object differs depending on where the object is
located.

2. What is the difference between a virtual image and a real
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	Kind of mirror: 
Note position of object: 

S: 

P: 

O:

T: 
See page 202.

	[image: image10.png]& secti x (W St x ( Untit x (EITIN x (MPass x ([ Cop x (EGThe x (g Goo x & 8Uni x Y [% Con x (@ Phy: x {[1 http: x ¥ [3 Grad x J [Fwens x \_\ lecnllhiimbeny

= C | [3 wwwmcgrawhill.ca/school/secondary/ds8_se/mhr_NL8_SE_Unit2pdf e =
Apps (1 Tmported From E ] fle//mdjdc/beth/f... (] library (7 iPads (] tech (3 Other bookmarks
£ H
i

2. Draw a ray that is extended through the focal point, with the
reflected ray parallel to the principal axis.

principal
s

3. Draw a ray travelling to the vertex and reflecting at the same
angle. Extend the reflected ray to intersect the first two rays.

rincipal

U

Figure 5.3 Ray diagram for an object in a convex mirtor

The three extended rays intersect at the top of the image.

Predicting the Image Characteristics in a Convex
Mirror

Drawing a ray diagram allowed you to predict the image of an
object in a convex mirror. The diagram also allows you to see the
features of the image.

For a convex mirror, the image has the following

characteristics:

* The image is smaller than the object.
The image distance is smaller than the object distancy

Che image is upright.
The image is virtual.

Chapter 5 The law of eflecton allows mirors to form images. + MHR.





	Kind of mirror:
Note position of object: 

S: 

P: 

O: 

T: 

See page 205.


Answers to previous diagrams.
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reach the person's eye backward to a point behind the mirror. These
extended rays are shown by the dotted lines in the figure. When you
extend more than one ray, the lines will meet at a point behind the
‘mirror. This is the point where the image is located. You could carry
out the same process for several points on the blucberry to find out
exactly where the entire image of the blucberry is located.

‘The image of the blueberry is called a virtual image, since the
light rays that reach the eye only appear to be coming from the
object. The reflected rays don't actually meet; only the extended rays
meet at the object. When an object's image lies behind the mirror, the
image is virtual

/‘

object plane miror image

Figure 5.18 Only a smallfracon ofthe igh reflectng from an object enters the eye of the observer.

Chapter 5 The law of reflecton allows.
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- Suggested Activitly Predicting Image Characteri
{nvestigation 52Con We can use mirrors for many appl
page 196 things about the images they produce. In fact, we can predict

certain characteristics of an image by asking four questions:

How does the image size compare to the object size?
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	Kind of mirror: Plane

S:  The image size is the same as the object size.

P: The image distance is equal to the object distance.

O: The image is upright

T: The image is virtual
See page 189-190.
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3. Draw a ray travelling to the vertex and reflecting at the same

angle.

principal

(Remember that for all of these rays, the law of reflection will be
true.)

The top of the image is located at the point where these three
rays meet. If the object is between the focal point and the mirror,
you will need to extend the rays behind the mirror to find where
they meet to form an image.

Predicting Image Characteristics Using Ray Diagrams
How s it possible for a concave mirror to create different images
depending on the distance of your face from the mirror (Figure
5.24)? If you draw ray diagrams for objects in different positions,
you will see that the characteristics of an image in a concave
mirror depend on the distance between the mirror and the
object being reflected.

Figure 5.2 Both of these mirors
are concave mirtors. Why is one
image upside down and the other
right side up?

Chapter 5 The law of eflecton allows mirors to form images. + MHR.
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	Kind of mirror: Concave
Note position of object: Between the focal point (F) and the mirror

S:  The image is bigger than the object.

P: The image distance is larger than the object distance.

O: The image is upright

T: The image is virtual
See page 200.
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2. Draw a ray through the focal point, with the reflected ray
parallel to the principal axis.

principal

3. Draw a ray travelling to the vertex, where the principal axis

meets the mirror.
Did You Know?

Notice the similarties in the three

"":s“‘ — rays used to determine an image.
in Figures 5.26 and 5.27. You il
apply the three-ray technique to
determine images throughout this
it

Figure 5,27 Ray diagram for an object between F and 2F

For a concave mirror, when an object is between the focal
point and a distance twice that of the focal point, the image has
the following characteristics:

« The image is larger than the object.

he image distance is larger than the object distance.

he image is inverted.

o The image is real.

Real Images

What is a real image? A real image is formed when reflected

rays (NOT extended rays) meet. Recall that the virtual images
you saw were behind the mirror. A real image is located in front
of the mirror. You will notice that what you see in the mirror is
somewhat distorted. You need a screen to view a real image. If
you held a screen at the position of the real image, you would
see a clear, identifiable image on the screen. This is not true for a
virtual image.
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	Kind of mirror: Concave
Note position of object: Past the focal point (F). 

S: The image is bigger than the object.

P: The image distance is farther than the object distance.

O: The image is upside down

T: The image is real
See page 201.
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Object beyond Two Times the Focal Point

What happens as you move a makeup mirror farther from your
face? By drawing the three rays from the top of the object, you
can predict the image. Look at the ray diagram in Figure 5.28 to
see how this image is produced.

princpal
s *

Figure 5.28 Ray diagram for an object beyond 2F

For a concave mirror, when an object is beyond a distance
twice that of the focal point, the image has the following
characteristics:

The image is smaller than the object.

Che image distance is smaller than the object distance.

Che image is inverted.

Che image is real.

Now you know how the same mirror can form cither an
upright image o an inverted image, and an image that is cither

larger or smaller than the object being reflected. You know how

to predict the image, no matter where the object is. It is this

Thereare many simulations important skill that allows people to put concave mirrors to use
on the intemetthat show you in a variety of ways.
mirrors, objects, ray diagrams,

and images. Go to the website

Pt

vewwdiscoveringsciencea 4 ' e oribe how your approach to drawing the three rays from
the top of an object differs depending on where the object is
located.

2. What is the difference between a virtual image and a real
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	Kind of mirror: Concave
Note position of object: Past twice the focal point (2F)

S: The image is smaller than the object.

P: The image distance is smaller than the object distance.

O: The image is upside down.

T: The image is real.
See page 202.
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2. Draw a ray that is extended through the focal point, with the
reflected ray parallel to the principal axis.

principal
s

3. Draw a ray travelling to the vertex and reflecting at the same
angle. Extend the reflected ray to intersect the first two rays.

rincipal

U

Figure 5.3 Ray diagram for an object in a convex mirtor

The three extended rays intersect at the top of the image.

Predicting the Image Characteristics in a Convex
Mirror

Drawing a ray diagram allowed you to predict the image of an
object in a convex mirror. The diagram also allows you to see the
features of the image.

For a convex mirror, the image has the following

characteristics:

* The image is smaller than the object.
The image distance is smaller than the object distancy

Che image is upright.
The image is virtual.

Chapter 5 The law of eflecton allows mirors to form images. + MHR.





	Kind of mirror: Convex
Note position of object: On the opposite side of the mirror from the focal point (F)

S: The image is smaller than the object

P: The image distance is smaller than the object distance.

O: The image is upright

T: The image is virtual.

See page 205.


