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Understanding how light behaves when it transitions between different media is fundamental in
optics. When a red light wave with a wavelength of 700 nanometers (Nm) in air enters a glass
medium with an index of refraction of 1.5, its wavelength changes due to the difference in optical
density. This article delves into the physics behind this phenomenon, explaining the relationship
between wavelength, speed of light, and refractive index, and providing detailed calculations to
determine the new wavelength of the light within the glass.

Fundamentals of Light and Refraction

Before exploring the specific scenario, it is essential to understand some core concepts related to
light propagation, refraction, and the refractive index.

Speed of Light in Different Media

- In a vacuum, light travels at approximately 299,792,458 meters per second (m/s), often
approximated as 3 x 10^8 m/s.
- The speed of light in any medium is reduced relative to its speed in vacuum, depending on the
medium’s refractive index.

Refractive Index (n)

- Defined as the ratio of the speed of light in vacuum (c) to the speed of light in the medium (v):
n = c / v
- It indicates how much light slows down in a particular medium.
- Typical values:
Air: approximately 1.0003
Glass: varies between 1.5 and 1.9 depending on the type

Refraction and Wavelength Change

- When light passes from one medium to another, its frequency remains constant, but its wavelength
and speed change.
- The relationship between wavelength in air (λ_air) and in the medium (λ_medium):



λ_medium = λ_air / n

Analyzing the Scenario: Light Transition from Air to
Glass

Given Data:

- Wavelength in air, λ_air = 700 Nm
- Refractive index of glass, n_glass = 1.5

Goal:

- Find the wavelength of the red light within the glass, λ_glass.

Step-by-Step Calculation

Since the frequency remains unchanged during the transition, the main relationship used is:

- λ_medium = λ_air / n

Applying the data:

λ_glass = 700 Nm / 1.5

Calculating:

λ_glass = 466.67 Nm

Thus, the wavelength of the red light within the glass is approximately 467 Nm.

Implications of Wavelength Change in Optical
Applications

Understanding how wavelength shifts when light enters different media is crucial in various optical
technologies and applications.

Optical Fiber Communications

- The core principle relies on total internal reflection, which depends on the refractive indices.
- Accurate knowledge of wavelength changes helps in designing fibers that minimize signal loss.



Lens Design and Imaging

- Lenses made of different materials focus light differently because of the change in wavelength and
speed.
- Correct calculations ensure high-quality imaging in cameras, microscopes, and telescopes.

Spectroscopy and Material Analysis

- Precise wavelength measurements are essential in identifying material properties.
- Changes in wavelength can also be used to determine refractive indices of unknown materials.

Additional Considerations in Real-World Scenarios

While the basic calculation provides the wavelength in glass, real-world situations involve additional
factors.

Dispersion Effects

- In most transparent media, the refractive index varies with wavelength, a phenomenon known as
dispersion.
- For broad-spectrum light, different wavelengths travel at different speeds, leading to phenomena
such as chromatic aberration.

Type of Glass

- Different types of glass (e.g., crown glass, flint glass) have slightly varying refractive indices.
- Precise applications require knowing the exact refractive index at the specific wavelength.

Environmental Conditions

- Temperature and pressure can affect the refractive index slightly.
- For high-precision applications, these factors are taken into account.

Summary of Key Points

- When light passes from air (n ≈ 1.0) into glass (n = 1.5), its wavelength decreases proportionally to
the refractive index.
- The initial wavelength of 700 Nm in air becomes approximately 467 Nm in glass.



- The frequency of light remains constant during the transition, which is why wavelength adjusts
according to the change in speed.
- Understanding these principles is vital in designing optical devices and systems.

Practical Example and Additional Calculations

To solidify understanding, here is a practical example with detailed calculations.

Example:

Suppose a laser emits red light with a wavelength of 700 Nm in air. It enters a glass medium with a
refractive index of 1.5. What is the new wavelength within the glass?

Solution:

1. Use the relationship:
λ_glass = λ_air / n

2. Substitute known values:
λ_glass = 700 Nm / 1.5

3. Calculate:
λ_glass ≈ 466.67 Nm

Answer: The wavelength inside the glass is approximately 467 Nm.

Conclusion

The change in wavelength when light transitions between media is a fundamental concept in optics,
driven by the principle that the frequency remains constant while the speed and wavelength vary
according to the medium’s refractive index. For the specific case of 700 Nm red light in air entering
glass with an index of 1.5, the wavelength shrinks to approximately 467 Nm. This understanding is
essential for designing optical systems, analyzing light behavior, and improving technologies that rely
on precise light manipulation.

By mastering these concepts, scientists and engineers can better predict and utilize the behavior of
light across various applications, from telecommunications to imaging systems.

Frequently Asked Questions



How do you calculate the wavelength of red light in glass if its
wavelength in air is 700 nm and the refractive index is 1.5?
The wavelength in glass can be found using the formula: wavelength in glass = wavelength in air /
refractive index. So, 700 nm / 1.5 = approximately 466.67 nm.

Why does the wavelength of red light decrease when it
passes from air into glass?
The wavelength decreases because light slows down when it enters a medium with a higher refractive
index, resulting in a shorter wavelength while the frequency remains constant.

What is the significance of knowing the wavelength of red
light in glass for optical applications?
Knowing the wavelength helps in designing optical devices like lenses and filters, and understanding
phenomena such as refraction and dispersion in different media.

If the wavelength of red light in air is 700 nm, what is its
frequency in air?
The frequency can be calculated using the speed of light in air (approximately 3 x 10^8 m/s):
frequency = speed of light / wavelength. So, frequency = 3 x 10^8 m/s / 700 x 10^-9 m ≈ 4.29 x
10^14 Hz.

How does the change in wavelength affect the color
perception of red light when it enters glass?
The wavelength decrease in glass slightly shifts the perceived color, but since the change is minimal,
the light still appears as red, although subtle differences in color shade may occur depending on the
medium.

Additional Resources
If Red Light Of Wavelength 700 Nm In Air Enters Glass With Index Of Refraction 1.5, What Is The
Wavelength — this question captures a fundamental aspect of optics, exploring how light behaves as
it transitions between different media. Understanding the change in wavelength when light passes
from air into glass is essential for applications ranging from optical fiber technology and lens design to
scientific experiments and even everyday phenomena like rainbows and glassware. In this guide, we
will delve deep into the principles governing light refraction, analyze the specific case of a 700 nm red
light transitioning from air into glass with an index of refraction 1.5, and provide a clear step-by-step
calculation to determine the new wavelength within the glass.

---

Understanding Light and Refraction: The Basics



What Is Light Wavelength?
Light is an electromagnetic wave characterized by its wavelength, frequency, and speed. The
wavelength is the distance between successive peaks of the wave, typically measured in nanometers
(nm) for visible light. Visible light spans roughly 380 nm to 750 nm, with 700 nm falling into the deep
red portion of the spectrum.

Refraction and the Index of Refraction
Refraction is the bending of light as it passes from one medium to another with a different optical
density. The index of refraction (n) of a medium quantifies how much the medium slows down light
relative to its speed in a vacuum:

- In a vacuum, n = 1.
- In air, n ≈ 1.0003 (often approximated as 1 for simplicity).
- In glass, n typically ranges from 1.5 to 1.9, depending on the type of glass.

The relationship between the speed of light in different media is given by:

\[ v = \frac{c}{n} \]

where:
- \( v \) = speed of light in the medium,
- \( c \) = speed of light in vacuum (~3 × 10^8 m/s),
- \( n \) = refractive index of the medium.

What Happens to Wavelength When Light Enters a Different Medium?
While the frequency of light remains constant during refraction, its speed and wavelength change:

\[ v = f \times \lambda \]

Since \( f \) stays the same, changes in speed directly influence the wavelength:

\[ \lambda = \frac{v}{f} \]

Knowing that:

\[ v = \frac{c}{n} \]
\[ \lambda = \frac{c}{n \times f} \]

and considering that in air, the wavelength is:

\[ \lambda_{air} = \frac{c}{f} \]

we see that:

\[ \lambda_{medium} = \frac{\lambda_{air}}{n} \]

This key relationship allows us to determine the new wavelength within the glass.

---

Step-by-Step Calculation: Wavelength of Red Light in Glass



Given Data:
- Wavelength of red light in air, \( \lambda_{air} = 700\, \text{nm} \)
- Refractive index of glass, \( n_{glass} = 1.5 \)

Step 1: Confirm the Assumption of Constant Frequency
Since the frequency remains unchanged:

\[ f_{air} = f_{glass} \]

Step 2: Calculate the Wavelength in Glass
Using the relation:

\[ \lambda_{glass} = \frac{\lambda_{air}}{n_{glass}} \]

Plugging in the known values:

\[ \lambda_{glass} = \frac{700\, \text{nm}}{1.5} \]

\[ \lambda_{glass} \approx 466.67\, \text{nm} \]

Result: The wavelength of the 700 nm red light in glass with an index of refraction 1.5 is
approximately 467 nm.

---

Deeper Insights and Implications

Why Does the Wavelength Change?
The change in wavelength occurs because light slows down in denser media like glass. While the
frequency remains constant (a fundamental property of the wave), the reduction in speed results in a
shorter wavelength. This phenomenon affects many optical behaviors, including:

- Refraction angles (Snell’s Law)
- Dispersion (spread of light into a spectrum)
- Optical path length calculations

Practical Applications
Understanding how wavelength shifts when transitioning between media is crucial in:

- Designing optical lenses to minimize aberrations
- Fiber optics communication where light propagates through glass fibers
- Spectroscopy to analyze material properties
- Creating optical coatings that manipulate wavelengths for specific effects

---

Related Concepts and Considerations

Dispersion
Different wavelengths of light have different refractive indices in a given medium, leading to the
dispersion of white light into a spectrum. For example, in glass, blue light (shorter wavelength)



generally refracts more than red light, which explains phenomena like rainbows.

Total Internal Reflection
When light attempts to move from a denser to a less dense medium at angles exceeding the critical
angle, total internal reflection occurs, trapping light within the medium — a principle exploited in fiber
optics.

Limitations and Assumptions
- The calculation assumes a constant \( n = 1.5 \) for the glass at the wavelength in question.
- Real-world glass exhibits dispersion; refractive index varies slightly with wavelength.
- The approximation of air's refractive index as 1 simplifies calculations but introduces negligible error
for most practical purposes.

---

Summary and Final Thoughts

When red light of wavelength 700 nm in air enters glass with an index of refraction 1.5, its
wavelength reduces proportionally to the increase in optical density:

\[ \boxed{
\lambda_{glass} \approx 467\, \text{nm}
} \]

This shift underscores the fundamental principle that while the wave’s frequency remains constant
across media, its speed and wavelength are affected by the medium's refractive index. Such insights
are vital for the design and understanding of optical systems, from simple lenses to complex fiber
optic networks.

By grasping these core concepts, scientists and engineers can manipulate light with precision,
enabling technological advancements that rely on the subtle interplay of electromagnetic waves and
materials.
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