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When a light ray encounters a new medium such as crown glass, understanding how it behaves—whether it
bends, reflects, or transmits—is fundamental in optics. Crown glass, characterized by a refractive index of
approximately 1.520, is commonly used in lenses, prisms, and various optical devices. Investigating the behavior
of a light ray incident at a specific angle, such as 25 degrees relative to the normal, provides insight into
phenomena like refraction and reflection, which are essential for designing optical systems with precision.

---

Understanding Refraction and Reflection at the Glass Surface

When a light ray strikes the boundary between two media—air and crown glass in this case—its behavior is
governed by two main principles: Snell's Law and the law of reflection. These principles dictate how the ray
bends (refraction) and how much light is reflected at the interface.

Snell’s Law: The Foundation of Refraction

Snell's Law relates the angles of incidence and refraction to the refractive indices of the two media:

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

where:
- \( n_1 \) = refractive index of the incident medium (air, approximately 1.000)
- \( n_2 \) = refractive index of the transmission medium (crown glass, 1.520)
- \( \theta_1 \) = angle of incidence (25°)
- \( \theta_2 \) = angle of refraction (to be calculated)

---

Calculating the Angle of Refraction

Using Snell's Law, we can determine the angle at which the light ray bends inside the crown glass.

Step-by-Step Calculation

Given:
- \( n_1 = 1.000 \)
- \( n_2 = 1.520 \)
- \( \theta_1 = 25^\circ \)

Applying Snell’s Law:

\[



\sin \theta_2 = \frac{n_1}{n_2} \sin \theta_1
\]

Calculating:

\[
\sin \theta_2 = \frac{1.000}{1.520} \times \sin 25^\circ
\]

\[
\sin 25^\circ \approx 0.4226
\]

\[
\sin \theta_2 \approx \frac{1.000}{1.520} \times 0.4226 \approx 0.278
\]

Now, find \( \theta_2 \):

\[
\theta_2 = \arcsin(0.278) \approx 16.1^\circ
\]

Result: The refracted ray inside the crown glass makes an angle of approximately 16.1 degrees with the normal.

---

Behavior of the Light Ray at the Surface

Understanding the angles allows us to analyze how the light ray behaves both at the incident surface and as
it propagates through the glass.

Refraction: Bending Toward the Normal

Since the light moves from a less dense medium (air) to a denser medium (crown glass), it bends toward the
normal. The degree of bending depends on the ratio of refractive indices and the incident angle.

Reflection at the Surface

Not all the incident light passes into the glass; part of it is reflected back into the air. The proportion of
reflected light is described by the Fresnel Equations, which depend on the polarization of the incident light and
the angles involved.

---

Fresnel Reflection and Transmission Coefficients

To quantify how much light reflects versus transmits, we can calculate the reflectance for unpolarized light
using Fresnel coefficients.



Reflection Coefficient (Rs and Rp)

For normal (perpendicular) and parallel polarization components, the reflection coefficients are:

\[
R_s = \left| \frac{n_1 \cos \theta_1 - n_2 \cos \theta_2}{n_1 \cos \theta_1 + n_2 \cos \theta_2}
\right|^2
\]

\[
R_p = \left| \frac{n_2 \cos \theta_1 - n_1 \cos \theta_2}{n_2 \cos \theta_1 + n_1 \cos \theta_2}
\right|^2
\]

Since real-world light is typically unpolarized, the average reflectance is:

\[
R_{avg} = \frac{R_s + R_p}{2}
\]

Calculating Reflectance

Using the earlier calculated angles:

- \( \cos \theta_1 = \cos 25^\circ \approx 0.9063 \)
- \( \cos \theta_2 = \cos 16.1^\circ \approx 0.958 \)

Compute \( R_s \):

\[
R_s = \left| \frac{1.000 \times 0.9063 - 1.520 \times 0.958}{1.000 \times 0.9063 + 1.520 \times 0.958}
\right|^2
\]

\[
R_s = \left| \frac{0.9063 - 1.455}{0.9063 + 1.455} \right|^2 = \left| \frac{-0.5487}{2.3613} \right|^2
\approx (0.2323)^2 \approx 0.054
\]

Similarly, \( R_p \):

\[
R_p = \left| \frac{1.520 \times 0.9063 - 1.000 \times 0.958}{1.520 \times 0.9063 + 1.000 \times 0.958}
\right|^2
\]

\[
R_p = \left| \frac{1.377 - 0.958}{1.377 + 0.958} \right|^2 = \left| \frac{0.419}{2.335} \right|^2 \approx
(0.179)^2 \approx 0.032
\]

Average reflectance:

\[
R_{avg} = \frac{0.054 + 0.032}{2} \approx 0.043
\]



Interpretation: About 4.3% of the incident light is reflected at the surface, while approximately 95.7%
transmits into the crown glass.

---

Optical Implications and Applications

Understanding how a light ray interacts with crown glass at specific incident angles is crucial in many optical
applications.

1. Lens Design

- Precise calculations of refraction angles help in designing lenses that focus light accurately.
- Knowledge of reflection losses allows engineers to optimize coatings to minimize reflection and maximize
transmission.

2. Prism Spectroscopy

- Prisms rely on light refraction at specific angles to disperse light into its spectrum.
- The incident angle (25° in this case) influences the dispersion and efficiency of spectral separation.

3. Anti-Reflective Coatings

- Applying coatings reduces the reflection coefficient, increasing the amount of light transmitted.
- Calculations such as those above guide the development of coatings tailored for specific incident angles and
wavelengths.

Additional Considerations

While the calculations above assume monochromatic, unpolarized light and ideal conditions, real-world
scenarios involve additional factors:

- Wavelength dependence: The refractive index varies with light wavelength, affecting refraction.
- Surface quality: Surface roughness and imperfections cause scattering.
- Multiple reflections: In thick lenses, multiple internal reflections can influence optical performance.
- Polarization effects: Polarized light interacts differently with surfaces.

---

Conclusion

Analyzing the behavior of a light ray striking crown glass at a 25-degree incident angle reveals essential
insights into refraction and reflection phenomena. Using Snell's Law, we determined that the ray bends to
approximately 16.1 degrees inside the glass, demonstrating the bending effect characteristic of denser media.
Reflection calculations indicate that a small but significant portion of light—around 4.3%—is reflected
back, emphasizing the importance of coatings and design considerations in optical systems. Such detailed



understanding is fundamental for optimizing devices like lenses, prisms, and optical coatings, ensuring maximum
efficiency and performance in scientific, industrial, and everyday applications.

---
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Frequently Asked Questions

What is the critical angle for total internal reflection when light passes
from crown glass (n = 1.520) into air?

The critical angle can be calculated using Snell's law: θc = arcsin(n2/n1). For air (n ≈ 1.0) and crown glass
(n = 1.520), θc = arcsin(1/1.520) ≈ 41.1°. Since the incident angle is 25°, which is less than 41.1°, total
internal reflection does not occur.

What is the angle of refraction when a light ray strikes the crown glass
surface at 25° to the normal?

Using Snell's law: n1sinθ1 = n2sinθ2, with n1=1.0 (air), θ1=25°, and n2=1.520, we find sinθ2 =
(1.0/1.520)sin25° ≈ 0.435. Therefore, θ2 ≈ arcsin(0.435) ≈ 25.8°.

How much does the light ray bend when entering crown glass at a 25°
angle?

The deviation angle can be calculated as the difference between the incident and refracted angles. Since the
incident angle is 25°, and the refracted angle is approximately 25.8°, the light bends toward the normal by
about 0.8°.

What is the significance of the refractive index n=1.520 for crown glass in
optical applications?

A refractive index of 1.520 indicates moderate light bending and low dispersion, making crown glass suitable
for lenses and optical components where minimal chromatic aberration and good transparency are desired.

If the incident angle increases from 25° to 40°, how does the behavior of the
light change at the crown glass surface?

At 40°, which is still below the critical angle (~41.1°), the light will refract into the glass at a larger
angle, bending more toward the normal. If the incident angle exceeds the critical angle, total internal reflection
would occur, and no light would pass into the glass.

What is the path of the light ray inside the crown glass after striking the
surface at 25°?

The ray refracts into the glass at approximately 25.8°, bending slightly toward the normal, and then
continues through the material at this new angle, depending on the thickness and shape of the glass object.



How does the angle of incidence affect the intensity of transmitted light into
crown glass?

As the incident angle increases towards the critical angle, reflection at the surface increases, reducing
transmitted light. At angles below the critical angle, most light transmits with minimal reflection; beyond it,
total internal reflection occurs, preventing transmission.

Additional Resources
A Light Ray Strikes The Surface Of Crown Glass (n = 1.520), At A 25° Angle With Respect To The Normal

---

Introduction

The interaction of light with various transparent materials is fundamental to optics, influencing everything
from the design of eyeglasses to complex optical instruments. Among the myriad of materials studied, crown
glass stands out due to its widespread use and well-characterized optical properties. When a light ray
encounters the surface of crown glass at a specific incident angle—in this case, 25° with respect to the
normal—the phenomena of reflection and refraction come into play in predictable yet intricate ways. This
detailed investigation aims to unravel the complex behavior of such an incident light ray, exploring the
underlying physics, the implications of the material’s refractive index, and the resulting optical phenomena.

---

Background: Understanding Crown Glass and Its Optical Properties

Composition and Characteristics of Crown Glass

Crown glass, a type of optical glass with a refractive index typically around 1.520, is characterized by its
relatively low dispersion and high clarity. Its composition primarily includes silica (SiO₂) with additions of
alkali metals like sodium and potassium, which contribute to its optical properties. The moderate refractive
index makes it suitable for lenses, prisms, and other optical components where minimal chromatic aberration and
good transparency are essential.

Refractive Index and Its Significance

The refractive index (n) is a critical parameter that quantifies how much light slows down when passing
through a material relative to vacuum. For crown glass, n ≈ 1.520 at standard wavelengths (~ 589 nm, the
sodium D-line). This value influences how light bends at interfaces and dictates reflection and transmission
behaviors.

---

Incident Light at 25°: Geometrical and Physical Context

Definition of the Incident Angle

The incident angle (θ_i) is measured with respect to the normal to the surface. Here, θ_i = 25°, which is
relatively shallow, but still sufficient to produce observable reflection and refraction effects.

Relevance of the Angle

This angle is significant for several reasons:

- It is less than the critical angle for total internal reflection, ensuring some light transmits into the glass.
- It influences the ratio of reflected to transmitted light, impacting applications like coating design or optical



measurements.
- It allows analysis of the angular dependence of Fresnel reflections.

---

Reflection and Refraction: Fundamental Principles

Fresnel Equations

The behavior of light at an interface between two media is governed by Fresnel equations, which determine the
reflection and transmission coefficients for both perpendicular (s-polarized) and parallel (p-polarized)
components.

- Reflection coefficient (r): Determines the amplitude of reflected light.
- Transmission coefficient (t): Determines the amplitude of transmitted light.

The intensity of reflected and transmitted light can be calculated from these coefficients, providing insights
into the proportion of light that is reflected versus transmitted.

Snell's Law

The primary relation dictating refraction is Snell's Law:

\[ n_1 \sin \theta_i = n_2 \sin \theta_t \]

where:

- \( n_1 \) = refractive index of the incident medium (air ≈ 1.0003)
- \( n_2 \) = refractive index of crown glass (1.520)
- \( \theta_i \) = incident angle (25°)
- \( \theta_t \) = transmitted (refracted) angle inside the glass

---

Calculations and Analysis

Step 1: Determine the Refracted Angle (θ_t)

Applying Snell’s Law:

\[
\sin \theta_t = \frac{n_1}{n_2} \sin \theta_i
\]

\[
\sin \theta_t = \frac{1.0003}{1.520} \times \sin 25^\circ
\]

\[
\sin 25^\circ \approx 0.4226
\]

\[
\sin \theta_t \approx 0.658 \times 0.4226 \approx 0.278
\]

\[
\theta_t \approx \arcsin(0.278) \approx 16.2^\circ
\]



Thus, the light enters the crown glass at approximately 16.2° relative to the normal.

Step 2: Calculate Reflection and Transmission Coefficients

Using Fresnel equations for unpolarized light, the reflection coefficients for s- and p-polarized light are:

\[
R_s = \left| \frac{\cos \theta_i - n \cos \theta_t}{\cos \theta_i + n \cos \theta_t} \right|^2
\]

\[
R_p = \left| \frac{n \cos \theta_i - \cos \theta_t}{n \cos \theta_i + \cos \theta_t} \right|^2
\]

Where:

- \( n = n_2 / n_1 \approx 1.520 \)

Calculations:

\[
\cos \theta_i = \cos 25^\circ \approx 0.9063
\]
\[
\cos \theta_t = \cos 16.2^\circ \approx 0.958
\]

Now,

\[
R_s = \left| \frac{0.9063 - 1.520 \times 0.958}{0.9063 + 1.520 \times 0.958} \right|^2
\]
\[
= \left| \frac{0.9063 - 1.456}{0.9063 + 1.456} \right|^2
\]
\[
= \left| \frac{-0.5497}{2.3623} \right|^2 \approx (0.2327)^2 \approx 0.0542
\]

Similarly,

\[
R_p = \left| \frac{1.520 \times 0.9063 - 0.958}{1.520 \times 0.9063 + 0.958} \right|^2
\]
\[
= \left| \frac{1.378 - 0.958}{1.378 + 0.958} \right|^2
\]
\[
= \left| \frac{0.420}{2.336} \right|^2 \approx (0.1798)^2 \approx 0.0323
\]

Average reflectance:

\[
R_{avg} \approx \frac{R_s + R_p}{2} \approx \frac{0.0542 + 0.0323}{2} \approx 0.0433
\]

Interpretation: Approximately 4.33% of the incident unpolarized light is reflected at the surface, with the
remaining 95.67% transmitted into the crown glass.



---

Implications of Reflection and Refraction

Intensity and Energy Distribution

- The majority of incident light passes into the glass, but a notable fraction is reflected.
- The reflected component is polarized differently depending on the incident angle and polarization state, which
can influence the design of optical coatings and polarization-sensitive devices.

Effect on Optical Systems

- In lenses and prisms, understanding these reflection and refraction characteristics is crucial for minimizing
losses and optimizing image quality.
- Anti-reflective coatings can be designed to reduce the 4.3% reflection at this incident angle, improving
transmission efficiency.

---

Additional Phenomena: Total Internal Reflection and Critical Angles

Given the incident angle of 25°, total internal reflection does not occur from air into crown glass because the
incident angle is less than the critical angle:

\[
\theta_c = \arcsin \left( \frac{n_1}{n_2} \right) \approx \arcsin \left( \frac{1.0003}{1.520} \right)
\approx 41.1^\circ
\]

Since 25° < 41.1°, some light transmits, as shown, but if the ray were incident from inside the glass at angles
exceeding 41.1°, total internal reflection would occur, trapping light within the material.

---

Practical Applications and Considerations

Optical Design and Engineering

- Lenses: Precise knowledge of reflection at 25° helps in designing coatings to minimize glare and maximize
transmission.
- Prisms: Understanding refraction angles is essential for accurate beam steering.
- Optical Coatings: Anti-reflective coatings are tailored to specific incident angles to reduce reflection
losses.

Measurement and Calibration

- Accurate calculations of light behavior at specific incident angles are necessary for calibrating optical
instruments.
- Polarization effects induced by Fresnel reflections influence measurements involving polarized light.

Limitations and Assumptions

- The calculations assume unpolarized light and ideal surface conditions.
- Real-world surfaces may have roughness or coatings that alter reflection and transmission.
- Variations in wavelength can affect the refractive index and, consequently, the incident/refraction angles.

---

Conclusion



The interaction of a light ray striking the surface of crown glass at a 25° incident angle with a refractive
index of 1.520 embodies a nuanced interplay of optical phenomena rooted in fundamental physics. Applying
Snell’s Law and Fresnel equations reveals that approximately 16.2° is the refracted angle within the glass,
with about 4.33% of the incident light reflected at the interface. These insights not only deepen our
understanding of light-material interactions
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