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This scenario presents an intriguing setup in wave optics, specifically illustrating the phenomenon of
double-slit interference. When a coherent laser beam with a wavelength of 630 nm strikes a screen
featuring two narrow slits separated by a distance of 140 μm, it produces a distinctive pattern of bright and
dark fringes on the viewing screen. Understanding the underlying physics, the conditions for constructive
and destructive interference, and the resulting fringe pattern is essential for students, educators, and
professionals working in optics and photonics. This comprehensive guide explores these concepts in detail,
providing insights into the physics, calculations, and applications of such interference experiments.

---

Understanding the Fundamental Concepts

Before delving into the specifics of the given scenario, it is crucial to understand the foundational principles
involved in double-slit interference and laser light behavior.

Wave Nature of Light
- Light can behave as a wave, exhibiting phenomena such as interference and diffraction.
- When coherent light sources (like lasers) illuminate slits, their wavefronts overlap and interfere.

Coherence and Monochromaticity
- Coherence ensures the light waves maintain a constant phase difference.
- Monochromatic light (single wavelength) produces clear, stable interference fringes.

Double-Slit Experiment Overview
- Demonstrates the wave nature of light through interference patterns.
- Consists of illuminating two narrow slits with coherent light and observing the resulting fringe pattern



on a screen.

---

Key Parameters and Their Significance

Understanding the parameters involved in the experiment is vital for analyzing and predicting the
interference pattern.

Wavelength of Laser Light (λ)
- Given as 630 nm (nanometers), which is 630 x 10-9 meters.
- Determines the fringe spacing and position.

Slit Separation (D)
- Distance between the two slits, 140 μm (micrometers) = 140 x 10-6 meters.
- Influences the fringe spacing: larger D results in closer, more finely spaced fringes.

Screen Distance (L)
- Distance from the slits to the observation screen (not specified in the problem but essential for detailed
calculations).
- Usually assumed or provided in practical setups.

---

Mathematical Analysis of Double-Slit Interference

The interference pattern produced can be quantitatively described using the principles of wave
interference.

Fringe Spacing Formula
- The fringe separation (Δy) on the screen is given by:



Δy = (λ  L) / D

- Where:
- λ = wavelength of light (in meters)
- L = distance from the slits to the screen (in meters)
- D = slit separation (in meters)

Position of Bright and Dark Fringes
- The position ym of the mth bright fringe is:

ym = m  Δy

- For dark fringes (destructive interference), the condition is:

d  sin θ = (m + 0.5)  λ

Where:
- d = slit separation (D)
- θ = angle relative to the central maximum
- m = order of the fringe (integer)

---

Calculating Fringe Spacing for the Given Setup

To determine the fringe spacing, the distance L from the slits to the screen must be known or estimated.
For illustration, assume a typical setup where L = 1 meter.

Calculating Δy
Given:
- λ = 630 nm = 630 x 10-9 m
- D = 140 μm = 140 x 10-6 m
- L = 1 m (assumed)

Calculation:



Δy = (λ  L) / D
= (630 x 10-9 m  1 m) / (140 x 10-6 m)
= (630 x 10-9) / (140 x 10-6)
= (630 / 140,000) meters
≈ 0.0045 meters or 4.5 millimeters

Result: The bright fringes are approximately 4.5 mm apart on the screen when L = 1 meter.

---

Interpreting the Interference Pattern

The interference pattern consists of alternating bright and dark fringes due to constructive and destructive
interference of light waves emerging from the two slits.

Bright Fringes (Constructive Interference)
- Occur when the path difference between the two waves is an integer multiple of the wavelength:

d  sin θ = m  λ

- The central maximum (m=0) appears directly in line with the slits, with subsequent maxima
symmetrically positioned.

Dark Fringes (Destructive Interference)
- Occur when the path difference is a half-integer multiple of the wavelength:

d  sin θ = (m + 0.5)  λ

Note: For small angles (sin θ ≈ tan θ ≈ y / L), the fringe positions on the screen can be approximated as:

ym ≈ (m + 0.5)  Δy

---



Factors Affecting Fringe Visibility and Resolution

Several factors influence the clarity and resolution of the interference fringes:

Source Coherence
- Laser light provides high temporal and spatial coherence, ensuring stable fringes.

Slit Width
- Slits should be narrow (ideally less than the wavelength) to produce clear interference patterns.
- If the slit width becomes comparable to the wavelength, diffraction effects dominate, broadening the
fringes.

Environmental Stability
- Vibrations, air currents, and temperature fluctuations can blur the fringes.
- Experiments should be conducted in a controlled environment.

Optical Alignment
- Proper alignment of the laser, slits, and screen is essential for accurate fringe formation.

---

Applications of Double-Slit Interference

Understanding and analyzing double-slit interference patterns have practical applications across various
fields:

Optical Instrumentation: Designing interferometers for precise measurements.1.

Quantum Physics: Demonstrating wave-particle duality with photons and electrons.2.

Metrology: Measuring small distances and refractive indices with high precision.3.

Holography: Utilizing interference patterns for three-dimensional imaging.4.



Communication Technologies: Developing secure communication channels based on interference5.
effects.

---

Conclusion

The experiment involving a laser beam of wavelength 630 nm incident on a double-slit apparatus with a
slit separation of 140 μm illustrates fundamental principles of wave optics and interference. By
understanding the parameters involved and applying the relevant formulas, one can predict and analyze
the resulting fringe pattern. The precise control of variables such as slit separation, wavelength, and screen
distance allows for detailed exploration of wave behavior, underpinning technologies in scientific research,
engineering, and communications. Recognizing the factors influencing fringe visibility and stability further
enhances the accuracy and utility of such optical experiments.

In essence, this setup not only exemplifies classic physics phenomena but also serves as a foundation for
advanced optical applications, demonstrating the profound interplay between light's wave nature and
technological innovation.

Frequently Asked Questions

What is the wavelength of the laser beam used in the experiment?
The wavelength of the laser beam is 630 nm (nanometers).

What is the separation between the two slits in the diffraction setup?
The two slits are spaced 140 micrometers (μm) apart.

How does the wavelength of 630 nm influence the interference pattern
observed?
A wavelength of 630 nm produces clear and well-defined interference fringes due to constructive and
destructive interference of the laser light passing through the slits.



How can the fringe separation be calculated in this double-slit
experiment?
The fringe separation (Δy) can be calculated using the formula Δy = (λ D) / d, where λ is the wavelength,
D is the distance to the screen, and d is the slit separation.

What role does the slit separation of 140 μm play in the pattern
formation?
The slit separation determines the fringe spacing: larger d results in closer fringes, while smaller d
produces wider fringes; in this case, 140 μm affects the spacing of the interference fringes observed on the
screen.

What are some practical applications of laser double-slit interference
experiments like this?
Such experiments are used in precision measurements of wavelength, studying coherence and wave
behavior, and in developing optical devices like interferometers and holography systems.

Additional Resources
A Beam Of Laser Light Of Wavelength 2 = 630 Nm Impinges A Screen With Two Slits Spaced D= 140
Um Apart

---

Introduction

In the realm of optics and wave physics, the phenomenon of interference provides profound insights into
the wave nature of light. Imagine a coherent laser beam, characterized by a wavelength of 630 nanometers
(nm), directed onto a screen featuring two narrow slits separated by a distance of 140 micrometers (µm).
This seemingly simple setup—known as the double-slit experiment—serves as a cornerstone for
understanding the fundamental principles of light interference, diffraction, and wave behavior. Such
experiments not only deepen our comprehension of classical physics but also underpin the development of
modern technologies, from holography to quantum computing. This article delves into the detailed physics
behind this scenario, exploring how the interplay of wavelength, slit separation, and interference patterns
reveal the wave nature of light.

---



Understanding the Experimental Setup

The Laser Source and Its Characteristics

The laser employed emits monochromatic, coherent light at a wavelength of 630 nm. Coherence—both
spatial and temporal—is critical for producing clear, stable interference fringes. Monochromaticity ensures
that all photons are of the same wavelength, while coherence guarantees that the wavefronts remain in
phase over the distances involved in the experiment.

Key attributes of the laser include:

- Wavelength (λ): 630 nm (which is 630 x 10^-9 meters)
- Beam Quality: Typically a Gaussian profile with low divergence
- Power and Intensity: Sufficient to produce visible interference fringes without damaging the screen

The Double Slit Apparatus

The core component is a screen with two narrow slits, each of width a (not specified here, but assumed to
be very small compared to the slit separation), separated by a distance D = 140 µm. The slits act as secondary
sources of coherent wavelets, as described by Huygens' principle.

Important parameters:

- Slit Separation (d): 140 µm (or 140 x 10^-6 meters)
- Slit Width (a): Typically much less than d; influences the overall diffraction envelope
- Screen Distance (L): Distance from the slits to the observation screen (not specified but crucial for fringe
calculations)

This setup is designed to produce an interference pattern—a series of bright and dark fringes—whose
positions depend on the wavelength, slit separation, and distance to the screen.

---

Wave Optics Principles Underlying the Phenomenon



Interference and Diffraction: The Dual Nature of Light

Light behaves both as a wave and as a particle. In this context, the wave aspect manifests through
interference—constructive and destructive combinations of wavefronts originating from the two slits:

- Constructive interference: When wave crests coincide, resulting in bright fringes
- Destructive interference: When a crest coincides with a trough, resulting in dark fringes

Simultaneously, each slit causes diffraction, spreading the wave and creating a diffraction envelope that
modulates the interference pattern.

Conditions for Bright and Dark Fringes

The primary condition for bright fringes (constructive interference) at an angle θ relative to the central
axis is:

\[ d \sin \theta = m \lambda \]

Where:

- d is the slit separation (d = 140 µm)
- λ is the wavelength (630 nm)
- m is the order of the fringe (an integer, positive, negative, or zero)

Similarly, dark fringes occur where destructive interference takes place:

\[ d \sin \theta = \left( m + \frac{1}{2} \right) \lambda \]

The angles θ are typically small, allowing the approximation \(\sin \theta \approx \tan \theta \approx y /
L\), where y is the fringe displacement on the screen and L is the distance from the slits to the screen.

---

Calculating the Interference Pattern

Fringe Spacing: The Key to Pattern Visibility



The fringe separation, or fringe width Δy, —the distance between consecutive bright or dark fringes—is
given by:

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

Where:

- λ = 630 nm = 630 x 10^-9 m
- d = 140 µm = 140 x 10^-6 m
- L = distance from slits to the screen (not specified, but typical laboratory setups range from a few
centimeters to meters)

Assuming a hypothetical distance:

Suppose L = 1 meter (for illustration), then:

\[ \Delta y = \frac{630 \times 10^{-9} \times 1}{140 \times 10^{-6}} \approx 4.5 \text{ mm} \]

This means the bright fringes are spaced approximately 4.5 mm apart on the screen, making the pattern
clearly observable with standard measurement tools.

Pattern Visibility and Resolution

The visibility (contrast) of fringes depends on factors like slit width, laser coherence, and environmental
stability. The narrower the slit width a, the more pronounced the diffraction envelope, which can blur the
fringes if too broad. High-quality laser sources with minimal beam divergence help maintain pattern clarity
over longer distances.

---

Impact of Wavelength and Slit Spacing on Pattern Formation

Wavelength Variations and Fringe Positions

The fringe positions are directly proportional to the wavelength:

- Longer wavelengths (e.g., red light): produce wider fringes
- Shorter wavelengths (e.g., blue or violet): produce narrower fringes



In this setup, 630 nm is in the red spectrum, so the fringes are relatively broad, facilitating easier
observation.

Slit Separation Influence

Increasing the slit separation d results in:

- Closer fringe spacing (smaller Δy)
- More fringes across a given screen width
- Enhanced angular resolution for detecting fringe shifts

Conversely, decreasing d spreads out the fringes, potentially reducing resolution but making the fringes
more prominent.

Trade-offs and Practical Considerations

- Slit width: Must be narrow to produce sharp fringes but wide enough to allow sufficient light
- Distance to screen: Greater distance increases fringe separation but can introduce environmental noise
- Laser coherence: Critical for stable, high-contrast fringes

---

Applications and Broader Implications

Foundations of Wave Optics

The double-slit experiment, as exemplified here, fundamentally demonstrates that light behaves as a wave.
It laid the groundwork for quantum mechanics and the wave-particle duality, influencing countless
scientific advancements.

Technological Innovations

Understanding interference patterns informs:

- Holography: Recording and reconstructing wavefronts



- Optical Communication: Coherent laser sources enable high-capacity data transmission
- Spectroscopy: Precise wavelength measurements based on fringe shifts
- Quantum Computing and Cryptography: Exploiting interference for secure information processing

Educational Significance

Such experiments serve as educational tools, illustrating wave behavior visually and quantitatively,
fostering a deeper appreciation of the fundamental principles governing light.

---

Conclusion

The scenario of a 630 nm laser beam impinging on a double slit separated by 140 µm encapsulates the
elegance and intricacy of wave optics. By understanding the interplay between wavelength, slit separation,
and the resulting interference pattern, scientists and engineers can harness these phenomena for cutting-
edge applications. Whether in fundamental physics research or practical technological innovations, the
principles illustrated by this setup continue to illuminate the wave nature of light, inspiring new
discoveries and technological progress.
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