
Figure 11 Shows A Ray Of Red Light
Entering A Glass Prism. Complete The
Ray Diagram To Show The Ray Emerging
Figure 11 Shows A Ray Of Red Light Entering A Glass Prism. Complete The Ray
Diagram To Show The Ray Emerging is a fundamental concept in understanding the
behavior of light as it interacts with transparent materials like glass prisms. This scenario
offers a practical insight into the principles of refraction, dispersion, and the bending of light
rays, which are essential topics in optics. Visualizing and completing such a ray diagram
helps students and enthusiasts grasp how light changes direction when passing through
different media, laying the foundation for more complex optical phenomena such as
dispersion of white light and the formation of spectra.

---

Understanding the Basics of Light Refraction in a
Glass Prism

What Is Refraction?
Refraction is the bending of light as it passes from one medium to another with a different
optical density. When light travels from air into glass, it slows down due to the higher
refractive index of glass, causing it to bend towards the normal (an imaginary line
perpendicular to the surface at the point of incidence). Conversely, when light exits the
glass back into air, it speeds up and bends away from the normal.

The Role of a Glass Prism
A glass prism is a transparent, triangular block that disperses light into its constituent
colors. Its angled surfaces cause incident light to change direction multiple times, resulting
in phenomena such as dispersion and total internal reflection under certain conditions. In
the case of a single red ray entering the prism, the primary focus is on refraction and the
subsequent emerging ray.

---

Analyzing the Path of the Red Light Ray in the
Prism



Step 1: Incident Ray Entry
The incident red light ray strikes the surface of the glass prism at a specific angle relative
to the normal. To complete the ray diagram:
- Draw the incident ray approaching the prism's surface.
- Mark the point of incidence where the ray hits.
- Indicate the normal at the point of contact.

Step 2: Refraction at the First Surface
As the red light enters the prism:
- It bends towards the normal because it moves from a less dense medium (air) to a denser
medium (glass).
- Use Snell's Law to determine the angle of refraction, considering the refractive indices of
air and glass.

Step 3: Propagation Within the Prism
Inside the prism:
- The ray travels in a straight line, now at a different angle relative to the normal.
- The path depends on the incidence angle and the prism's geometry.

Step 4: Refraction at the Second Surface
When the ray reaches the second boundary between the glass and air:
- It bends away from the normal as it exits the prism.
- The emergent ray's angle can be determined again using Snell's Law.

Step 5: Completing the Ray Diagram
- Draw the emergent ray leaving the prism.
- Ensure the emergent ray is correctly positioned relative to the incident ray and the
normal.
- The two refractions create a deviation of the light beam, which is minimal for red light due
to its longer wavelength and lower refractive index.

---

Key Concepts in Completing the Ray Diagram

Snell's Law
Snell's Law relates the angles and refractive indices:
\[ n_1 \sin i = n_2 \sin r \]
where:



- \( n_1 \) and \( n_2 \) are the refractive indices of air and glass.
- \( i \) is the angle of incidence.
- \( r \) is the angle of refraction.

This law allows precise calculation of the angles for accurate ray diagrams.

Refractive Index and Wavelength
Red light, having a longer wavelength, typically experiences less bending compared to
violet or blue light. This is due to its lower refractive index in glass:
- The refractive index for red light is approximately 1.51.
- For violet light, it's higher, around 1.53.

Understanding this helps explain how prisms disperse white light into a spectrum.

Dispersion and Spectrum Formation
While the scenario involves a single color, it introduces the broader concept:
- White light is composed of multiple wavelengths.
- When passing through a prism, different wavelengths refract at different angles,
spreading out into a spectrum.
- This phenomenon is called dispersion.

---

Practical Steps to Complete the Ray Diagram

Identify the point where the incident red light strikes the surface of the prism.

Draw the incident ray approaching at a known angle.

At the point of incidence, draw the normal line perpendicular to the surface.

Use Snell's Law to find the refracted ray inside the prism, bending towards the normal.

Trace the ray inside the prism until it reaches the second surface.

At the second surface, draw the refracted ray exiting the prism, bending away from
the normal.

Ensure the emergent ray is correctly aligned and extends beyond the prism for clarity.

Label all angles and media to clarify the diagram.



---

Common Mistakes and Tips for Accurate Ray
Diagrams

Mistakes to Avoid

Incorrectly drawing the normal line; always perpendicular to the surface at the point
of incidence.

Misplacing the angles of incidence and refraction; measure carefully.

Overlooking the change in light speed within the prism, leading to inaccurate bending
angles.

Ignoring the effect of the prism's angle on the overall deviation of the ray.

Tips for Success

Use a protractor to measure angles accurately.

Apply Snell's Law systematically at each boundary.

Remember that the angle of refraction inside the prism is always less than the angle
of incidence when entering a denser medium.

Label all parts of the diagram clearly, including angles and media.

---

Understanding the Significance of the Completed
Ray Diagram

Applications in Optics
A well-completed ray diagram of light passing through a prism is fundamental in
understanding:



- Dispersion of light and spectral analysis.
- The operation of optical devices like spectrometers.
- The principles behind rainbow formation.

Educational Importance
Completing such diagrams reinforces conceptual understanding and hones skills in applying
laws of physics to real-world scenarios.

Conclusion
Completing the ray diagram for a red light entering and emerging from a glass prism is an
essential exercise in understanding the behavior of light in optical systems. By carefully
analyzing each step—from the incident ray to refraction within the prism and finally to the
emergent ray—you gain a deeper insight into the principles of refraction, dispersion, and
the nature of light. Whether for academic studies or practical applications, mastering this
process provides a solid foundation in optics and prepares learners to explore more
complex phenomena involving light and materials.

---

Remember: Practice makes perfect. Drawing multiple diagrams with different angles and
wavelengths will strengthen your understanding of how light interacts with prisms and
other optical devices.

Frequently Asked Questions

What is the initial state of the red light ray as it enters
the glass prism in Figure 11?
The red light ray approaches the prism and strikes its surface at an angle of incidence,
undergoing refraction as it enters the glass material.

How does the red light ray change direction upon
entering the glass prism?
The ray bends towards the normal due to the higher refractive index of glass compared to
air, resulting in a change in its direction inside the prism.

What is the significance of completing the ray diagram
after the light enters the prism?
Completing the diagram helps visualize the path of the light as it refracts inside the prism
and emerges, illustrating concepts of refraction and dispersion.



How do you determine the angle of emergence of the
red light ray from the prism?
By extending the emergent ray from the prism and measuring the angle between it and the
normal at the point of emergence, using the diagram as a guide.

What factors influence the bending of the red light ray
as it passes through the prism?
The angle of incidence, the refractive indices of air and glass, and the shape of the prism all
affect how the ray bends during refraction.

Why is it important to accurately complete the ray
diagram in optics experiments involving prisms?
Accurate diagrams allow for better understanding of light behavior, calculation of angles,
and verification of the principles of refraction and dispersion.

How can the completed ray diagram in Figure 11 be
used to explain dispersion of light?
While red light is less dispersed, completing the diagram for different wavelengths shows
how each refracts differently, demonstrating how prisms disperse white light into a
spectrum.

Additional Resources
Figure 11 Shows A Ray Of Red Light Entering A Glass Prism. Complete The Ray Diagram To
Show The Ray Emerging

---

Introduction

The phenomenon of light refraction through a glass prism is foundational to understanding
optical principles such as dispersion, refraction, and the behavior of light as it interacts with
different media. In Figure 11, a ray of red light strikes a glass prism, prompting a detailed
analysis of its path through the prism. Completing the ray diagram not only illustrates the
physical behavior of light but also serves as an essential pedagogical tool for students and
researchers exploring optics.

This article aims to provide a comprehensive review of the process involved in tracing a red
light ray as it enters, refracts within, and exits a glass prism. We will analyze the principles
governing each stage of the light's journey, including the laws of refraction, the properties
of the prism material, and the geometrical considerations involved in accurately completing
the ray diagram. Throughout, we will explore the underlying physics, common pitfalls, and
practical applications related to light behavior in prisms.



---

Fundamental Concepts in Light Refraction and Prism Optics

The Nature of Light and Refraction

Light behaves both as a wave and a particle, but in the context of refraction, wave
principles and the law of refraction (Snell’s Law) are most relevant. When light passes from
one medium to another—say, from air into glass—it changes speed, resulting in a change in
direction, a process known as refraction.

Snell's Law states:

\[ n_1 \sin \theta_1 = n_2 \sin \theta_2 \]

Where:

- \( n_1 \) and \( n_2 \) are the refractive indices of the initial and secondary media,
respectively.
- \( \theta_1 \) is the angle of incidence.
- \( \theta_2 \) is the angle of refraction.

For red light, which has a longer wavelength than blue or violet, the refractive index of
glass is slightly lower, leading to less bending compared to shorter wavelengths, a
phenomenon known as dispersion.

Properties of the Glass Prism

Prisms are typically made from transparent materials like glass or acrylic with known
refractive indices (~1.5 for common glass). The shape of the prism (usually triangular)
influences how light is bent when passing through.

Key properties include:

- Refractive index (\( n \))
- Angles of the prism (usually the angle between the two prism faces)
- Material dispersion (variation of \( n \) with wavelength)

Understanding these properties is essential for accurate ray tracing.

---

Analyzing the Path of the Red Light Ray

Step 1: Incident Ray

The incident ray of red light approaches the prism, striking one face at a known point. The
incident angle (\( \theta_i \)) is measured from the normal (a line perpendicular to the
surface at the point of incidence).

- The initial ray is given or drawn based on the problem setup.



- The direction and position of the incoming ray determine subsequent refraction behavior.

Step 2: Refraction at the First Surface

Applying Snell’s Law:

- Determine the angle of refraction (\( \theta_r \)) inside the prism.
- The refracted ray bends toward the normal since light moves from a less dense medium
(air) to a denser medium (glass).

The steps involve:

- Drawing the normal at the point of incidence.
- Measuring the incident angle.
- Applying Snell’s Law to find the refracted angle.

Step 3: Propagation Within the Prism

Once inside, the ray travels in a straight line until it encounters the second boundary. Its
internal angle relative to the normal depends on the initial incident angle and the prism’s
geometry.

Step 4: Refraction at the Second Surface

Upon reaching the second face, the ray refracts again as it exits into the surrounding air:

- Draw the normal at the second boundary.
- Measure the angle of incidence inside the prism.
- Apply Snell’s Law to find the emergent angle (\( \theta_e \)).

Since the refractive index of air is approximately 1, the glass’s refractive index and the
internal angle determine how much the ray bends upon exit.

Step 5: Emergent Ray

The emergent ray should be drawn based on the calculated angles. It will bend away from
the normal if moving from a denser to a rarer medium, which is typical when transitioning
from glass to air.

---

Completing the Ray Diagram: Practical Procedure

1. Draw the Prism: Sketch the triangular prism with clear angles marked.

2. Plot the Incident Ray: From the light source or initial point, draw the red light ray
approaching the first face.

3. Draw the Normal at the First Face: A perpendicular line to the surface at the point of
incidence.



4. Apply Snell’s Law: Using the known refractive indices, measure the refracted ray inside
the prism.

5. Trace the Internal Path: Continue the ray within the prism until it reaches the second
face.

6. Draw the Normal at the Second Face: Perpendicular to the second surface.

7. Apply Snell’s Law Again: To determine the angle of emergence.

8. Draw the Emergent Ray: Extending it beyond the prism until it is clear.

9. Verify Angles: Ensure all angles are consistent with the law of refraction and the
geometry of the prism.

---

Significance of the Complete Ray Diagram

Completing the ray diagram accurately reveals several important optical phenomena:

- Refraction and bending of light at interfaces.
- Understanding dispersion: Although red light refracts less than blue, the diagram helps
visualize how different wavelengths separate.
- Optical path analysis: Critical in designing optical instruments like spectrometers and
binoculars.
- Educational clarity: Visual diagram enhances conceptual understanding of light behavior.

---

Common Challenges and Pitfalls

- Incorrect normal placement: The normal must be perpendicular to the surface at the point
of incidence.
- Misapplication of Snell’s Law: Ensuring consistent use of angles and indices.
- Ignoring the shape of the prism: The angles between faces influence the internal angles
and refraction.
- Assuming the same refraction for all wavelengths: For white light, dispersion varies; for
monochromatic red light, this is less of an issue.

---

Practical Applications and Implications

Understanding the passage of red light through a prism extends beyond academic
exercises:

- Spectroscopy: Dispersing light into constituent wavelengths.
- Optical devices: Designing prisms for beam steering and correction.
- Scientific research: Analyzing light properties and material characteristics.
- Educational demonstrations: Teaching principles of optics through visual diagrams.



---

Conclusion

The task of completing the ray diagram in Figure 11—showing a red light entering and
emerging from a glass prism—encapsulates fundamental principles of optics. It requires
careful application of the law of refraction, precise geometrical construction, and an
understanding of the physical properties of the materials involved. Such diagrams are
invaluable for both educational purposes and practical applications in optical engineering.

By meticulously analyzing each stage of the ray’s journey, students and practitioners can
deepen their comprehension of light behavior, enhance their diagrammatic skills, and
appreciate the intricate interplay of physics and geometry that governs optical phenomena.
Whether in classrooms or research laboratories, mastering the construction of these ray
diagrams remains a cornerstone of optical science.

---

References

- Hecht, E. (2017). Optics. Pearson Education.
- Pedrotti, F. L., Pedrotti, L. M., & Pedrotti, L. S. (2017). Introduction to Optics. Pearson
Education.
- Jenkins, F. A., & White, H. E. (2001). Fundamentals of Optics. McGraw-Hill Education.
- Optical Society of America. (2020). Introduction to Geometrical Optics. OSA Publishing.

---

Note: Diagrams are essential for visual understanding. When completing the ray diagram,
ensure all angles are accurately measured and labeled for clarity.
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