Understanding Light and Electromagnetic Radiation

Energy can move from one place to another in two major ways: as a particle and as a
wave. Light is a fascinating example because it acts like both at different times.
Scientists call this behavior "wave-particle duality.”" Sometimes, light behaves like small
packets of energy called particles (or photons), and other times it moves like a wave
through space. ‘

Models Help Explain Light and Electromagnetic Radiation

Scientists often use models to explain things that are too small, too large, or too
complex to see directly. A model is a simplified version of something that helps us better
understand it. Light belongs to a broader category of energy called electromagnetic
radiation (EMR). EMR includes different types of waves, such as radio waves,
microwaves, infrared light, visible light, ultraviolet light, X-rays, and gamma rays.

Each type of EMR has different wavelengths and energies, but they all travel at the
same speed through a vacuum: the speed of light. To explain how EMR behaves,
scientists have developed several models:

e Ray Model of Light: Light travels in straight lines. It helps explain shadows,
reflection, and refraction.

e Wave Model of Light: Light behaves like a wave, explaining diffraction and
interference.

e Particle Model of Light: Light consists of tiny particles called photons,
explaining the photoelectric effect.

No single model perfectly describes all behaviors of light, but using different models
helps us understand different properties and phenomena.

Properties of Light Waves
Light waves have several important properties:
o Wavelength: Distance between wave crests.
o Frequency: Number of waves passing a point per second.
« Amplitude: Height of the wave, relating to brightness.
e Speed: 300,000 km/s in a vacuum.

o Energy: Higher frequency waves carry more energy.



How Light Behaves with Materials
When light encounters materials, it can:
e Reflect: Bounce off.
o Absorb: Be taken in, often as heat.
e Transmit: Pass through.
e Refract: Bend as it changes speed.
Material types:
e Transparent: Light passes through.
e Translucent: Some light passes but is scattered.

e Opaque: No light passes.

Electromagnetic Radiation in Your World

The sun provides visible light, UV rays, and infrared radiation. Other EMR sources
include microwaves, radios, and X-rays. EMR is vital for vision, communication, health,
and technology. '

How EMR Enhances Our Senses

EMR allows us to sense our environment, from seeing colors to feeling warmth and
communicating across distances. Technologies like infrared cameras and radio
telescopes expand our senses.

Using Visible Light to Model All Types of EMR

Visible light is used to model other EMR types. By understanding reflection, refraction,
diffraction, and absorption of visible light, scientists can infer behaviors of invisible EMR.

Summary of Key Models
e Ray Model: Light travels straight.
o Wave Model: Light behaves as a wave.

e Particle Model: Light acts as energy packets (photons).




Worksheet: Understanding Light and EMR

Part A: Vocabulqry (Match the term to the correct definition)
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Reflection
Refraction
Transmission
Absorption

Transparent

Translucent

Opaque

Photon
Wavelength

Frequency
Amplitude
Speed of Light

Energy (in light)

Diffraction

Interference
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No. Term

_Definition

A. Tiny particle of light energy

B. Height of a wave, related to brightness
C. Amount of power carried by a wave

D. 300,000 kilometers per second

E. Light passes through completely

F. Ability of waves to combine and form
patterns

G. Distance between one wave crest and
the next

H. Light bounces off a surface
I. No light passes through
J. Ability of light to bend around obstacles

K. Light bends when moving between
materials

L. Light is taken in by a material

M. Model that shows light travels in
straight lines

N. Number of waves that pass a point in
one second

O. Light passes through but is scattered

P. Light passes through completely




Part B: Short Answer

1. What are two ways energy can be transferred?

2. Name two sources of electromagnetic radiation you encounter every day.

3. Which model of light explains how shadows are formed?

4. Which model of light explains why light can knock electrons off materials?

5. How does a wave model explain light?

6. What is wavelength and how does it relate to the color of visible light?

7. What happens to the speed of light when it moves from air into water?

8. What is diffraction, and which model explains it?

9. What happens during the process of interference?

10. How is the amplitude of a light wave related to the brightness we see?

11. Which type of EMR has the highest energy?

12. Why does a black shirt feel hotter in the sun than a white shirt?



13. Name a material that is translucent.

14. What property of light changes when it refracts?

15. Why do mirrors form clear reflections?

Part C: Critical Thinking

1. Why do scientists use different models to explain how light behaves?

2. How does visible light help scientists understand other types of EMR?

3. What happens to light when it hits a frosted glass window?

4. Why is it important to protect yourself from too much ultraviolet radiation?

5. Why can you see your reflection in a calm pond but not in rough water?

6. How do sunglasses protect your eyes from electromagnetic radiation?
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Why does the sky appear blue during the day?

8. How does understanding the properties of light waves help engineers design new
technologies?

Bonus Question:

Why do you think solar panels need to understand the particle model of light?



