How Light Interacts with Matter 
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The ray model is a basic example of how light moves showing it in a straight line.  This simplistic model is still useful because it can accurately demonstrate how light will react when interacting with matter.
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REFRACTION

Refractive index of some transparent substances
	Substance
	Refractive index
	Angle of refraction if incident ray enters substance at 20º

	Air
	1.00
	20

	Water
	1.33
	~ 15

	Glass
	1.5
	~ 13



· All angles are measured from an imaginary line drawn at 90° to the surface of the two substances This line is drawn as a dotted line and is called the normal.
· If light enters any substance with a higher refractive index (such as from air into glass) it slows down. The light bends towards the normal line. (Travelling Air to Glass: 20 ÷ 1.5 = ~13)
· If light traveling enters into a substance with a lower refractive index (such as from water into air) it speeds up. The light bends away from the normal line.  (Travelling Water to Air: 15 x 1.33 = ~20)
· A higher refractive index shows that light will slow down and change direction more as it enters the substance.
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ABSORPTION

* Light energy can be absorbed and not reflected.  When the different wavelengths of colours are absorbed the ones that are reflected are the colour that you observe the object to be.  As light energy is absorbed heat is generated.
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1) Define the following terms:

a. Transmission  
b. Reflection 
c. Law of Reflection 
d. Absorption  
e. Transparent 
f. Opaque 
g. Translucent 
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Define the following terms:
a. Refraction 
b. Scattering  
c. Absorption  
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3) State whether light is mostly absorbed, reflected, transmitted, or scattered by each object in the image below.




Research and Relate

4) Why would the Polar ice caps melting and exposing more ocean water or land underneath make Global Warming worse.






5) Could cities painting roofs or streets white help cool down the city?






6)   Why is the sky blue for most of the day, but red, orange, yellow at dawn and dusk?
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Objects can either be transparent, translucent, or opaque, as shown in the diagram below.
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1. Use the diagram above to help you identify whether each of the following materials
is transparent, translucent, or opaque.

a) frosted bathroom window
b) water
©) teshirt
) stainless steel spoon

€ clear glass window
) light bulo
g) duct tape
) paper lunch bag

i) your hand

) cardboard
K) wood door

1) sunglasses

‘m) paper towel

n) eye glasses

©0) concrete wall

p) tissue paper
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Complete the diagrams below.

1. Draw the light rays that result when
light rays strike a transparent surface.

2. Draw the light rays that result when
light rays strike a translucent surface.

clear
glass.

wared
paper

3. Draw the light rays that result when
light rays strike an opaque surface.

4. Label the angle of incidence and the

angle of reflection.

mitror

normal

1
1
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5. Draw the refracted ray that results
when light passes from air to water.

(Light travels more slowly in water
than in air)

6. Draw the refracted ray that results

when light passes from water to .
(Light travels more slowly in water
than in air)

air normal

air normal
1 al
I
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2. yellow traffic light

3. white car

4. black tire 5. clear glass window
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2. yellow traffic light

3. white car

4. black tire 5. clear glass window
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ght can reflect and refract

Vocabulary

incidence refracted ray
material refraction
normal shet of peper
plane mirror transparent
ray model of ight transiucent
reflected ray opaque
reflecton

Use the terms in the vocabulary box above to fill in the blanks. You will not need to
use all the terms.

1.1n the . light s described
as a ray that travels in a straight path.

2.Whenlightstrikes ___ materials, it passes through them.

3. When light strikes materials, it passes through them,
but it is scattered from its straight path.

4 materials do not allow light to pass through them.

5.The angle of reflection is equal to theangleof .

6. Lightraysbounceoffa___ witharegular reflecting
pattern.
7. The angle of s the angle

of a light ray that comes out of the boundary between two materials.

8. The angle of refraction is measured betweenthe
and the normal.
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Down:

The angle of reflection is equal to the angle
of incidence

Material that refelcts or absors light and do
not allow light to pass through them

an imaginary line perpedicular to the
reflecting surface, such as a mirror
Material that transmits almost all of the
light rays that strike them.

. the light ray traveling toward the reflecting

surface

Acros:

1.

ight ray that has bounced off a reflecting
surface

When light *bounces off a surface amd
changes directions

Material that allows most light to pass
through them, though the light is scattered.
the phenomenon by which a beam of light
s redirected in many different directions
when it interacts with a particle of matter.
‘The process in which light passes through a
‘medium and keeps taveling

When light changes mediums and either
slows down or speeds up, thus changing
direction

When light energy becomes trapped in an
object as heat.
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What can happen when light strikes
different materials?

The ray model of light shows the direction of light as it
moves in a straight line. You can use this model to show what
happens when light strikes different materials. Three things
can happen when light strikes a material.

1. The light may be transmitted (pass straight through it).
2. The light may be reflected (bounce off it).

3. The light may be absorbed (become “trapped” in it).

Each of these three outcomes affects what you see when light
strikes a material. @

& If all or most of the light is transmitted, the material is
transparent. Clear glass, air, and water are transparent
because light passes through them.

« If all or most of the light is absorbed or reflected so that
none of the light passes through, the material is opaque.
A book, a metal can, and a wall are opaque because they
block light from passing through them. ~ *

 If only some of the light is transmitted, and that light is
scattered in all directions, the material is translucent.
Waxed paper, clouds, and lampshades are translucent
because they scatter the light that passes through them.
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Transparent Materials
Transmit Light

Transparent materials transmit
almost all the light rays that
strike them. Clear glass, plastic,
water, and air are examples of
transparent materials. Because
transparent materials transmit
most light, objects can be seen
clearly through them.
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Translucent Materials
Scatter Light

Translucent materials allow
most light to pass through them.
However, the light is scattered
in many directions as it passes
through. Frosted plastic and waxed
paper are examples of translucent
materials. Because translucent
materials scatter light, objects seen
through them are usually blurry.
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Opaque Materials Reflect
and Absorb Light

Opaque materials reflect and
absorb light. These materials
do not allow any light to pass
through them. Wood, metal,
and stone are examples of
opaque materials. Because
opaque materials do not allow
light to pass through, objects
cannot be seen through them.
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Reflection off asmooth surface

(such asa mirror)

+Produces 3 clear image (a likeness) of the viewer and
the surroundings.

«The pattern of reflected rays s vry simiar to the
pattern of the incoming rays. That s why you can
See an image when the lght reaches your eyes.

T T

Reflection off a rough surface.
(such as paper)

+Does not prodce an mage.

+The pattern ofrefected rays is no longer similar to
the patter of the ncoming rays, so o image
appears o the paper. Howerer, some reflected rays
doreach your eyes. That i why you can see the
paper.

P
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smooth,
flat reflecting
surface

(&) Smooth surfaces reflect all light uniformly.

(8) Scanning electron micrograph of the surface of paper

(©) Rough surfaces appear to reflect light randory.
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"The angle formed by the incident beam and the normal is the
angle of incidence, labelled i. The angle formed by the reflected
beam and the normal is the angle of reflection, labelled r. Notice
that the angle is always measured from the normal line to the ray, not
from the mirror to  the ray. Observations for all types of surfaces have
shown, without exception, that the angle of reflection is the same as
the angle of incidence. Therefore, this observation is considered to be
alaw. You can state the law of reflection as “the angle of reflection
equals the angle of incidence.” For example, if the angle of incidence,
i is 60° then the angle of reflection, , will be 60°.

reflecting surface

reflected ray incident ray

angle of
eflection

angle of
incidence




