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Understanding the interaction of light with transparent materials is fundamental in optics, and examining
phenomena such as interference and diffraction provides invaluable insights into wave behavior. In this
article, we explore a specific scenario: a broad source of light with a wavelength of 321.0 nm illuminating
two glass plates, each measuring 130.0 micrometers in thickness, at normal incidence. This setup serves as
an excellent example to analyze interference patterns, phase differences, and the conditions necessary for
constructive and destructive interference in thin film systems.

Overview of the Experimental Setup

Light Source Characteristics
- The light source emits broad-spectrum ultraviolet radiation centered around a wavelength of 321.0 nm.
- As a broad source, it encompasses a range of wavelengths near 321.0 nm, contributing to a complex
interference pattern.
- The coherence length of the source influences the clarity and visibility of interference fringes.

Glass Plates Specifications
- Two identical glass plates, each with a thickness of 130.0 micrometers (μm).
- Made of a material with a known refractive index, typically around 1.5 for standard glass.
- Plates are positioned parallel to each other, at normal incidence of the incident light.

Incidence and Reflection
- Light strikes the glass plates perpendicularly (at normal incidence), simplifying the analysis of phase
changes.
- Reflection occurs at both the air-glass interface and the glass-air interface, leading to multiple reflected and
transmitted beams.



Fundamentals of Light Interference in Thin Films

Principles of Interference
- When coherent or partially coherent light reflects within thin films, multiple reflected beams can
interfere, producing bright and dark fringes.
- The interference depends on the optical path difference (OPD), phase change upon reflection, and the
wavelength of light.

Conditions for Constructive and Destructive Interference
- Constructive interference (bright fringes):

\( 2 n t \cos \theta = m \lambda \)

- Destructive interference (dark fringes):

\( 2 n t \cos \theta = (m + \frac{1}{2}) \lambda \)

Where:
- \( n \) = refractive index of the glass
- \( t \) = thickness of the glass plate
- \( \theta \) = angle of refraction inside the glass (zero for normal incidence)
- \( m \) = order of interference (integer)
- \( \lambda \) = wavelength of light in vacuum

Since the light incident is at normal incidence, \( \cos \theta = 1 \), simplifying calculations.

Phase Changes and Reflection Effects

Phase Shift Upon Reflection
- When light reflects from a medium of higher refractive index, it undergoes a phase shift of \( \pi \) (or
half a wavelength).
- Reflection at the air-glass interface introduces a phase change, affecting interference conditions.
- At the second interface (glass to air), phase change depends on whether the reflection occurs from a
higher or lower refractive index medium.



Impact on Interference Patterns
- The phase shifts modify the effective optical path difference, shifting fringe positions.
- For normal incidence, the phase change is primarily due to reflections rather than path difference.

Calculating Interference Patterns for the Given Setup

Key Parameters and Assumptions
- Wavelength \( \lambda = 321.0\, \text{nm} \)
- Thickness of each glass plate \( t = 130.0\, \mu m = 130.0 \times 10^{-6} \, \text{m} \)
- Refractive index \( n \approx 1.5 \)

Optical Path Difference (OPD)
- Since the light incident is at normal incidence, the OPD between beams reflected from the top and bottom
surfaces is:

\( \text{OPD} = 2 n t \)

- The phase difference \( \Delta \phi \) related to the OPD:

\( \Delta \phi = \frac{2 \pi}{\lambda} \times 2 n t \)

Number of Fringes and Fringe Spacing
- The number of bright or dark fringes observed depends on the wavelength and the thickness:

\( m = \frac{2 n t}{\lambda} \)

- Fringe spacing (distance between successive fringes):

\( \Delta \lambda = \frac{\lambda^2}{2 n t} \)

Using the given parameters:

\[
\boxed{
\text{Fringe spacing} \approx \frac{(321.0 \times 10^{-9})^2}{2 \times 1.5 \times 130.0 \times 10^{-6}}
\approx 0.052\, \text{nm}



}
\]

This indicates very closely spaced fringes, typical of thin film interference in the UV range.

Effects of Broad Spectrum and Coherence

Broad Spectrum Impact
- The broad source of light encompasses a range of wavelengths around 321.0 nm.
- Due to the bandwidth, the interference fringes tend to be less sharp and may wash out if the coherence
length is insufficient.
- Narrower spectral bandwidth results in sharper fringes, while broader sources produce more diffuse
patterns.

Coherence Length Considerations
- Coherence length \( L_c \) determines the maximum path difference over which fringes are visible.
- For UV sources, coherence length can be limited, affecting fringe visibility for the 130 μm thick plates.

Practical Applications and Significance

Optical Coatings and Thin Film Design
- Understanding interference in thin glass plates guides the design of anti-reflective coatings and optical
filters.
- Precise control over thickness and refractive index enables engineers to tailor reflection and transmission
properties.

Metrology and Thickness Measurement
- Interference fringes serve as a basis for measuring film thickness with high precision.
- Using the fringe spacing and known wavelength, the thickness of thin films can be accurately
determined.



Research in Ultraviolet Optics
- Studying UV interference patterns informs the development of UV-sensitive optical devices, including
sensors and photolithography components.

Conclusion

The scenario of a broad source of light with a wavelength of 321.0 nm illuminating two glass plates, each
130.0 μm thick at normal incidence, encapsulates key principles of optical interference, phase shifts, and
thin film physics. By analyzing phase differences, reflection effects, and interference conditions, one can
understand how bright and dark fringes form and how parameters like wavelength, thickness, and
coherence influence the observed patterns. Such understanding is crucial in advancing optical technologies,
from coatings to precision measurements, and highlights the intricate wave nature of light that underpins
modern optics.

Understanding these phenomena not only deepens our grasp of wave behavior but also paves the way for
innovations in optical engineering and scientific research, especially in fields requiring precise control and
measurement of light-matter interactions at microscopic scales.

Frequently Asked Questions

What is the significance of the wavelength 321.0 nm in the context of
illuminating glass plates?
The wavelength 321.0 nm falls in the ultraviolet range, which is often used in experiments involving thin
film interference and to study the optical properties of glass plates.

How does normal incidence affect the interference pattern observed on
the two glass plates?
At normal incidence, the light strikes the glass plates perpendicularly, simplifying the analysis of
interference patterns as the path difference depends directly on the thickness and refractive index without
angular complications.

What is the role of the glass plates' thickness (130.0 µm) in the
interference effects observed?
The thickness determines the optical path difference, which influences the constructive or destructive



interference patterns for light of wavelength 321.0 nm when viewed or analyzed.

How does the wavelength of 321.0 nm influence the fringe visibility in
the interference pattern?
Shorter wavelengths like 321.0 nm produce more closely spaced fringes, affecting the fringe width and
visibility; precise wavelength knowledge helps in accurate fringe analysis.

What are the practical applications of using a 321.0 nm light source in
experiments with glass plates?
Ultraviolet light at 321.0 nm is used in spectroscopic studies, thin film characterization, and quality testing
of optical coatings on glass plates due to its sensitivity to surface and material properties.

Why is it important to consider normal incidence when analyzing
interference in this setup?
Normal incidence ensures that the light path is perpendicular to the plates, simplifying calculations of
optical path difference and interference conditions, leading to clearer and more accurate results.

Additional Resources
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Introduction

The study of optical phenomena involving thin transparent materials, particularly glass plates, has long
been a cornerstone of classical and modern optics. When a broad source of light with a specific wavelength
illuminates such structures, intricate interference and diffraction effects emerge, revealing insights into
material properties, wave behavior, and potential applications. This article provides a comprehensive
investigation into the scenario where a broad source of light with a wavelength of 321.0 nm illuminates, at
normal incidence, two glass plates separated by a distance of 130.0 μm.

Understanding this setup involves delving into the principles of wave interference, thin film optics, and
the spectral properties of ultraviolet (UV) radiation. Such studies are not only academically enriching but
also pivotal for practical applications spanning optical coatings, UV spectroscopy, and precision measurement
techniques.



---

Background and Context

The Nature of the Light Source

The wavelength of 321.0 nm falls within the ultraviolet spectrum, specifically in the near-UV region.
Broad sources emitting at this wavelength are typically generated using specialized lamps such as
deuterium lamps or mercury vapor lamps, which are known for their intense and broad UV emission.
These sources are crucial for applications requiring UV illumination, including fluorescence microscopy,
photolithography, and spectroscopic analysis.

The term "broad source" indicates the emitted radiation spans a range of wavelengths around 321.0 nm,
rather than being monochromatic. This spectral bandwidth influences the interference patterns observed
through the glass plates, as different wavelengths interfere differently, leading to complex spectral and
spatial phenomena.

The Glass Plates

The two glass plates, each separated by a distance of 130.0 μm, are assumed to be parallel and of uniform
thickness. Glass, a common optical material, has a refractive index typically around 1.5 for visible
wavelengths, but this can vary in the UV region. The plates' optical properties, such as refractive index,
absorption coefficient, and surface quality, significantly influence the observed interference effects.

The separation of 130.0 μm is within the realm where multiple reflections and interference effects become
observable, especially when illuminated by coherent or semi-coherent UV light sources.

---

Fundamental Principles Underpinning the Phenomena

Wave Interference and Thin Film Optics

When a broad UV source illuminates the two glass plates at normal incidence, multiple reflections occur at
each interface—air-glass and glass-air boundaries. The superposition of these reflected waves results in
interference patterns, which manifest as variations in reflected and transmitted intensities.

Key concepts include:

- Path Difference: The difference in optical path length between waves reflected from different interfaces
determines whether interference is constructive or destructive.
- Phase Change upon Reflection: Reflection at the glass-air interface involves a phase shift of π (half-
wavelength) if the reflection occurs from a medium of higher refractive index.



- Interference Condition: For constructive interference in reflected light, the condition is:

\[
2n d = m \lambda
\]

where:
- \( n \) is the refractive index of the glass,
- \( d \) is the thickness of the film,
- \( \lambda \) is the wavelength in vacuum,
- \( m \) is an integer (order of interference).

Given the broad spectrum, multiple wavelengths interfere simultaneously, producing complex fringe
patterns.

Spectral Bandwidth and Coherence

The broad spectral width of the source impacts the visibility and clarity of interference fringes:

- Coherence Length: The shorter the spectral bandwidth, the longer the coherence length, allowing stable
interference patterns over larger distances.
- Impact of Broad Bandwidth: A broad source reduces fringe contrast because different wavelengths
produce slightly shifted interference conditions, leading to fringe blurring or washing out.

---

Analytical Framework

Calculating the Optical Path Difference

Assuming the incident light is perfectly normal and the glass plates are parallel:

\[
\Delta = 2 n d
\]

where:

- \( n \) is the refractive index (~1.5 for typical glass in UV),
- \( d = 130.0 \, \mu m = 130.0 \times 10^{-6} \, m \).

The optical path length difference becomes:



\[
\Delta = 2 \times 1.5 \times 130.0 \times 10^{-6} = 3.9 \times 10^{-4} \, m
\]

This corresponds to an optical phase difference that varies with wavelength, affecting the interference
fringes.

Wavelength Considerations

Given the source's spectral bandwidth, the central wavelength is 321.0 nm, but actual interference effects
will involve a range of wavelengths, roughly:

\[
\lambda_{center} \pm \Delta \lambda
\]

where the bandwidth \( \Delta \lambda \) influences fringe visibility.

---

Experimental Observation and Measurement

Setup Description

- Illumination: The UV broad source emitting at around 321.0 nm illuminates the pair of glass plates at
normal incidence.
- Detection: A UV-sensitive detector or camera captures the reflected or transmitted light, enabling the
analysis of interference fringes.
- Alignment: Precise parallel alignment of the plates is crucial for clear fringe formation.

Expected Results

- Interference Fringes: Alternating bright and dark fringes in reflected or transmitted light due to
constructive and destructive interference.
- Fringe Spacing: The distance between fringes \( \Delta x \) depends on the wavelength, the separation of
the plates, and the geometry of detection.

The fringe width or fringe spacing in the observation plane can be estimated using:

\[
\Delta x = \frac{\lambda R}{2 d}
\]



where \( R \) is the distance from the plates to the observation point.

---

Factors Influencing the Interference Pattern

Material Properties

- Refractive Index Variability: The index of glass varies with wavelength (dispersion), affecting fringe
position and contrast.
- Absorption: UV absorption by glass reduces transmitted intensity, especially at shorter wavelengths,
influencing observed patterns.

Surface Quality and Alignment

- Surface Flatness: Imperfections blur fringes.
- Parallelism: Deviations cause fringe distortion or shift.

Spectral Bandwidth Effects

- Coherence Length: For a broad source, the coherence length \( L_c \) determines the maximum path
difference over which fringes are visible:

\[
L_c \approx \frac{\lambda^2}{\Delta \lambda}
\]

- Fringe Visibility: Diminishes as the path difference exceeds coherence length.

---

Practical Applications and Significance

Thin Film Interference in UV Optics

Understanding how broad UV sources interact with thin glass layers is critical in designing UV optical
coatings, filters, and lenses, especially where precise control of interference effects is necessary.

Spectroscopic Techniques

The phenomenon under consideration underpins methods such as UV reflectometry and interferometry,
enabling measurements of film thickness, refractive index, and surface quality with high precision.



Material Characterization

By analyzing the interference patterns produced by broad UV illumination, researchers can infer
properties such as:

- Dispersion characteristics,
- Absorption coefficients,
- Surface flatness and alignment.

---

Challenges and Limitations

Broad Spectrum Interference Complexity

The overlapping of interference signals from multiple wavelengths complicates data interpretation and
requires spectral filtering or monochromatization for detailed analysis.

Material Constraints

UV radiation can induce photo-damage or cause changes in material properties over time, affecting the
stability of interference patterns.

Measurement Sensitivity

Accurate measurement of fringe positions and contrasts demands high-precision alignment and sensitive
detection equipment.

---

Future Directions and Research Opportunities

- Monochromatic vs. Broadband Illumination: Comparing effects to optimize fringe visibility.
- Advanced Coatings: Developing coatings that enhance or suppress interference effects for specific
applications.
- Nano-Scale Thin Films: Extending analysis to nanometer-scale layers in the UV regime.
- Dynamic Studies: Monitoring real-time changes in film or material properties through interference
pattern evolution.

---

Conclusion



The illumination of two glass plates separated by 130.0 μm with a broad source of light at a wavelength of
321.0 nm offers a rich landscape of optical phenomena rooted in wave interference and thin film optics.
While broad spectral bandwidth introduces complexity, it also provides a powerful avenue for material
characterization and optical engineering. Understanding these interactions enhances our capacity to
manipulate and utilize UV light in cutting-edge technological applications, from precision measurement to
advanced coatings.

This investigation underscores the importance of meticulous experimental setup, material understanding,
and spectral control in harnessing the full potential of interference phenomena in UV optics. As research
progresses, the insights gained from such studies will continue to influence the development of optical
devices, measurement techniques, and fundamental physics understanding.
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