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Understanding the behavior of light as it interacts with various materials is fundamental in optics. In
particular, the phenomenon of interference in a double-slit experiment provides profound insights into
wave properties of light. When a very thin sheet of plastic with a refractive index of n=1.60 covers
one of the two slits in a double-slit apparatus illuminated by monochromatic light of wavelength 640
nm, complex interference effects arise. This article delves into the physics behind this scenario,
exploring how the thin plastic sheet influences the interference pattern, the role of phase shifts, and
the resulting modifications to the observed fringes. Whether you're a physics student, researcher, or
enthusiast, understanding these interactions enhances comprehension of wave optics and thin-film
interference.

---

Fundamentals of Double-Slit Interference

Basic Principles of Double-Slit Experiment

The double-slit experiment, first performed by Thomas Young in the early 19th century, demonstrates
the wave nature of light. When monochromatic light passes through two closely spaced slits, each slit
acts as a secondary source of coherent waves. These waves interfere constructively or destructively
at various points on a screen placed behind the slits, creating a characteristic pattern of bright and
dark fringes.

Key aspects include:
- Wavelength (λ): The wavelength of the illuminating light, 640 nm in this case.
- Slit Separation (d): The distance between the two slits.
- Screen Distance (L): The distance from the slits to the observation screen.
- Fringe Spacing (Δy): The distance between adjacent bright (or dark) fringes.

The fringe position \( y \) on the screen relates to the interference condition:
\[
d \sin \theta = m \lambda
\]
where \( m \) is the fringe order and \( \theta \) is the angle relative to the central maximum.

---



Impact of a Thin Plastic Sheet on Interference Patterns

Introduction to Thin-Film Interference

When a thin sheet of plastic covers one slit, it introduces additional optical path differences and phase
shifts. This phenomenon is akin to thin-film interference observed in soap bubbles or oil slicks, where
reflections at interfaces cause constructive or destructive interference depending on the optical path
length and phase changes.

The key factors influencing the interference pattern include:
- Refractive Index (n): For the plastic sheet, n=1.60.
- Thickness of the Sheet (t): The physical thickness, which determines the optical path length.
- Wavelength in the Material: The wavelength of light inside the plastic is reduced due to refraction:
\[
\lambda_{\text{plastic}} = \frac{\lambda_0}{n}
\]
where \( \lambda_0 = 640\, \text{nm} \).

- Phase Shifts at Interfaces: Reflections at interfaces between media of different refractive indices can
cause phase shifts of 0 or \( \pi \).

---

Effect on the Interference Pattern

When the plastic sheet covers one slit:
- The wave passing through that slit experiences an additional optical path length.
- The phase of the wave is shifted relative to the wave passing through the uncovered slit.
- The interference fringes shift position — the pattern is displaced, and in some cases, fringe visibility
can be affected.

The primary consequences are:

1. Fringe Shift: The entire pattern shifts laterally, moving bright fringes to different positions.
2. Change in Fringe Visibility: Depending on the thickness, some fringes may diminish due to
destructive interference at the original fringe positions.
3. Potential Fringe Blurring: If the phase shift is non-integer multiples of \( 2\pi \), fringes may become
less sharp.

---

Calculating the Optical Path Difference Induced by the



Plastic Sheet

Determining the Phase Shift and Path Difference

The phase difference introduced by the plastic sheet depends on its thickness and refractive index.
The optical path length (OPL) difference introduced when covering one slit is:

\[
\Delta_{\text{OPL}} = 2 t n
\]

where:
- \( t \): thickness of the plastic sheet.
- \( n = 1.60 \): refractive index.

The factor of 2 accounts for the round-trip phase change if reflections occur at both interfaces, which
can be complex but often simplified for thin sheets.

The phase difference \( \Delta \phi \) (in radians) is given by:

\[
\Delta \phi = \frac{2 \pi}{\lambda_0} \times \text{additional optical path}
\]

which simplifies to:

\[
\Delta \phi = \frac{2 \pi}{\lambda_0} \times 2 t n
\]

Expressed more explicitly:

\[
\boxed{
\Delta \phi = \frac{4 \pi n t}{\lambda_0}
}
\]

This phase difference determines whether the interference pattern shifts or changes in contrast.

---

Conditions for Fringe Shift

The shift in the interference pattern depends on whether the phase difference \( \Delta \phi \) is an
integer multiple of \( 2 \pi \):



- Constructive interference (fringe position unchanged):
\[
\Delta \phi = 2 \pi m \quad \Rightarrow \quad \frac{4 \pi n t}{\lambda_0} = 2 \pi m
\]
which simplifies to:

\[
2 n t = m \lambda_0
\]

- Maximum fringe shift occurs when:
\[
\Delta \phi = (2 m + 1) \pi
\]

In practical terms, the fringe shift \( \Delta y \) relates to the phase shift via the geometry of the
setup:

\[
\Delta y = \frac{L \lambda_0}{d} \times \frac{\Delta \phi}{2 \pi}
\]

where \( L \) is the distance from the slits to the screen, and \( d \) is the slit separation.

---

Realistic Calculations and Experimental Considerations

Estimating the Fringe Shift for Given Parameters

Suppose:
- Wavelength \( \lambda_0 = 640\, \text{nm} \)
- Refractive index \( n = 1.60 \)
- Thickness \( t \): to be specified or estimated

If the plastic sheet has a thickness \( t \), the phase shift is:

\[
\Delta \phi = \frac{4 \pi n t}{\lambda_0}
\]

The fringe displacement \( \Delta y \):

\[
\Delta y = \frac{L \lambda_0}{d} \times \frac{\Delta \phi}{2 \pi} = \frac{L \lambda_0}{d} \times
\frac{2 n t}{\lambda_0} = \frac{2 n t L}{d}
\]



This shows that the fringe shift is proportional to the thickness of the plastic sheet, the index of
refraction, the distance to the screen, and inversely proportional to the slit separation.

Example:
- \( t = 10\, \text{nm} \)
- \( L = 1\, \text{m} \)
- \( d = 0.1\, \text{mm} \)

Then,

\[
\Delta y = \frac{2 \times 1.60 \times 10 \times 10^{-9}\, \text{m} \times 1\, \text{m}}{0.1 \times
10^{-3}\, \text{m}} = \frac{2 \times 1.60 \times 10^{-8}}{10^{-4}} = 2 \times 1.60 \times
10^{-4} = 3.2 \times 10^{-4}\, \text{m} = 0.32\, \text{mm}
\]

This displacement is detectable with standard optical equipment.

---

Implications and Applications of Thin-Film Interference
in Double-Slit Experiments

Scientific Significance

Understanding how thin films influence interference patterns is crucial in multiple scientific fields:
- Optical Coatings: Designing anti-reflective coatings and mirrors.
- Thin Film Sensors: Measuring film thickness using interference fringes.
- Quantum Optics: Investigating wave-particle duality and coherence properties.

Practical Applications

- Optical Devices: Fine-tuning interference patterns for lasers and sensors.
- Material Science: Characterizing thin films' properties.
- Educational Demonstrations: Visualizing the wave nature of light.

---

Conclusion

Covering one slit of a double-slit apparatus with a very thin plastic sheet of refractive index 1.60,
illuminated by 640 nm wavelength light, introduces measurable phase shifts that alter the



interference pattern. The extent of the shift depends on the sheet's thickness, the geometry of the
setup, and the optical properties of the materials involved. Precise calculations reveal that even
nanometer-scale variations in film thickness can produce observable fringe displacements, making
thin-film interference a powerful

Frequently Asked Questions

How does a thin plastic sheet with a refractive index of 1.60
affect the interference pattern in a double-slit experiment
illuminated by 640 nm light?
The thin plastic sheet introduces a phase shift in the light passing through it due to its optical path
length change. Since its refractive index is 1.60, it increases the optical path length, causing a shift in
the interference fringes on the screen, typically resulting in fringe displacement toward the side of the
slit covered by the sheet.

What is the approximate phase change introduced by a 1 μm
thick plastic sheet (n=1.60) for 640 nm wavelength light?
The phase change Δφ can be calculated using Δφ = (2π/λ) (n - 1) t. Substituting the values, Δφ ≈
(2π/640 nm) (0.60) 1000 nm ≈ 5.89 radians, indicating a significant phase shift that affects fringe
positions.

How does the thickness of the plastic sheet influence the
fringe shift observed in the double-slit experiment?
The fringe shift is directly proportional to the thickness of the plastic sheet. Increasing thickness
increases the optical path difference, resulting in a greater lateral displacement of the interference
fringes, which can be used to measure the sheet's thickness or refractive index.

Can the presence of the plastic sheet lead to constructive or
destructive interference at certain points? How?
Yes, the phase shift introduced by the plastic sheet can cause certain fringes to shift positions,
leading to constructive or destructive interference at specific locations. When the phase difference is
a multiple of 2π, constructive interference occurs; when it is an odd multiple of π, destructive
interference occurs, shifting the fringe pattern accordingly.

What role does the wavelength of 640 nm play in determining
the optical effects of the plastic sheet on the interference
pattern?
The wavelength determines the sensitivity of the interference pattern to phase changes. Shorter
wavelengths produce more closely spaced fringes and are more sensitive to phase shifts caused by



the plastic sheet, while longer wavelengths would produce wider fringes and different interference
effects.

How can one experimentally determine the thickness of the
plastic sheet using the interference pattern shift?
By measuring the lateral shift of fringes caused by the sheet and knowing the wavelength and
refractive index, the thickness can be calculated using the relation t = (Δx λ) / (2 n d), where Δx is the
fringe shift, λ is the wavelength, n is the refractive index, and d is the distance to the screen. Precise
fringe measurements allow for accurate thickness determination.

Additional Resources
Double-slit interference: A detailed exploration of thin plastic film effects at 640 nm

---

Introduction

In the realm of wave optics, the phenomenon of interference has long fascinated scientists and
students alike. Central to this is the double-slit experiment, which vividly demonstrates the wave
nature of light. When a monochromatic light source illuminates two slits, a pattern of bright and dark
fringes emerges due to constructive and destructive interference. But what happens when a very thin
sheet of plastic is introduced into the path? Specifically, how does a plastic film with a refractive index
of n = 1.60 influence the interference pattern when illuminated by light of wavelength 640 nm?

This article investigates this scenario in depth, examining the physics behind the effect of a thin
plastic sheet covering one slit, analyzing the resulting phase shifts, fringe displacements, and the
broader implications for optical experiments and applications.

---

Understanding the Basic Double-Slit Interference

Before delving into the effects of the plastic sheet, it’s essential to understand the fundamental
principles of the double-slit experiment:

- Setup: A coherent light source illuminates two narrow, closely spaced slits, creating two wavefronts
that propagate towards the observation screen.
- Interference pattern: The overlapping waves interfere, producing alternating bright (constructive
interference) and dark (destructive interference) fringes.
- Fringe spacing: The distance between adjacent bright fringes is given by:

\[
\Delta y = \frac{\lambda D}{d}
\]

where:
- \(\lambda\) = wavelength of light



- \(D\) = distance from slits to screen
- \(d\) = slit separation

In an ideal scenario, both slits are identical and unaltered, resulting in a symmetric interference
pattern.

---

Introducing a Thin Plastic Sheet of Refractive Index n=1.60

When a very thin sheet of plastic covers one slit, it introduces a phase difference between the light
passing through each slit. This phase difference affects the interference pattern's position and
contrast. To understand this, consider:

- The physical thickness \(t\) of the plastic sheet.
- The refractive index \(n = 1.60\).
- The wavelength in vacuum \(\lambda_0 = 640\, \text{nm}\).

---

Impact of the Plastic Sheet on Optical Path Length

The core effect of inserting a plastic film over one slit is the change in the optical path length (OPL) for
the light passing through that slit. The OPL is given by:

\[
\text{OPL} = n \times t
\]

For the unaltered slit, the OPL is simply the physical path length (assuming air, with refractive index
close to 1). When the plastic sheet is introduced, the light traverses:

\[
\text{OPL}_\text{plastic} = n \times t
\]

compared to:

\[
\text{OPL}_\text{air} = 1 \times t
\]

This difference in OPL causes a phase shift \(\Delta \phi\), which can be calculated as:

\[
\Delta \phi = \frac{2\pi}{\lambda_0} \times (n - 1) \times t
\]

This phase shift effectively shifts the interference fringes on the observation screen.

---



Calculating the Phase Shift

Assuming the sheet's thickness \(t\) is known or can be approximated, the phase shift introduced is:

\[
\boxed{
\Delta \phi = \frac{2\pi}{640\, \text{nm}} \times (1.60 - 1) \times t
}
\]

Simplifying:

\[
\Delta \phi = \frac{2\pi}{640} \times 0.60 \times t
\]

Expressed numerically:

\[
\Delta \phi \approx \frac{2\pi \times 0.60 \times t}{640\, \text{nm}}
\]

Where \(t\) is in nanometers.

Example:

Suppose \(t = 100\, \text{nm}\):

\[
\Delta \phi \approx \frac{2\pi \times 0.60 \times 100}{640} \approx \frac{2\pi \times 60}{640}
\approx \frac{2\pi \times 0.09375}{1} \approx 0.589 \text{ radians}
\]

This phase shift causes a measurable displacement of the fringes, shifting the bright fringes to new
positions.

---

Fringe Displacement and Quantitative Analysis

The phase shift manifests as a lateral shift in the interference pattern. The relation between phase
difference and fringe displacement \(\Delta y\) is:

\[
\Delta y = \frac{\lambda_0 D}{d} \times \frac{\Delta \phi}{2\pi}
\]

Using the previous example:

\[
\Delta y = \Delta y_0 \times \frac{\Delta \phi}{2\pi}



\]

where \(\Delta y_0\) is the original fringe spacing.

If the original fringe spacing \(\Delta y\) is known, then the shift caused by the plastic sheet can be
directly computed.

Key points:

- The direction of the shift depends on whether the phase shift corresponds to an advance or delay.
- The magnitude of the shift depends on the thickness \(t\), refractive index \(n\), and the
experimental geometry.

---

Effect on Visibility and Fringe Contrast

In addition to shifting fringes, the introduced phase difference can impact the contrast of the
interference pattern:

- Perfectly coherent and identical slits produce high-contrast fringes.
- Introducing a phase difference reduces fringe visibility (contrast), especially if the phase difference
approaches \(\pi\) (destructive interference).

Mathematically, the fringe visibility \(V\) relates to the phase difference as:

\[
V = \frac{2|\gamma|}{1 + |\gamma|^2}
\]

where \(\gamma\) is the complex amplitude ratio. In the case of phase difference \(\Delta \phi\):

\[
V = |\cos(\Delta \phi/2)|
\]

Thus, as \(\Delta \phi\) approaches \(\pi\), the fringes diminish in contrast, potentially disappearing if
the phase shift is exactly \(\pi\).

---

Practical Considerations and Experimental Observations

In a controlled laboratory setting, inserting a thin plastic film over one slit can be used as a precise
method to:

- Induce controlled phase shifts for interference experiments.
- Calibrate fringe shifts to determine film thickness or refractive index.
- Demonstrate the wave nature of light and phase coherence.

Key factors influencing the outcome include:



- Uniformity of the plastic film: Variations in thickness lead to inconsistent phase shifts.
- Surface quality: Surface roughness scatters light, reducing fringe contrast.
- Environmental stability: Vibrations, air currents, and temperature fluctuations can mask subtle fringe
shifts.

---

Broader Implications and Applications

Understanding how a thin plastic sheet affects interference patterns is more than an academic
exercise; it has practical applications:

- Optical phase modulators: Thin films serve as phase shifters in interferometric devices.
- Thin film coatings: Used in anti-reflective coatings and optical filters.
- Material characterization: Fringe shifts can measure film thickness or refractive index with high
precision.
- Quantum optics: Phase control is essential for quantum interference experiments.

---

Conclusion

A very thin sheet of plastic with a refractive index of 1.60, covering one slit in a double-slit apparatus
illuminated by 640 nm light, introduces a measurable phase shift that results in a displacement of the
interference fringes. The magnitude of this shift is directly related to the film's thickness and
refractive index, providing a practical method for controlling and studying interference phenomena.

By understanding and quantifying these effects, researchers can harness thin films to manipulate
optical paths, calibrate instruments, and explore the fundamental properties of light. The subtle
interplay between material properties and wave interference underscores the elegance and
complexity of optical physics, reaffirming the importance of precision in experimental design and
interpretation.

---
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Note: Actual fringe shifts depend on specific film thickness, which must be measured or specified for
precise calculations.
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