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Two Narrow Slits Are Illuminated By Light Of Wavelength . The Slits Are Spaced 50
Wavelengths Apart.What phenomenon occurs when coherent light passes through two closely
spaced slits, leading to an intricate pattern of bright and dark fringes on a screen? This classic
experiment, known as the double-slit interference experiment, has played a crucial role in
understanding the wave nature of light. In this comprehensive article, we will explore the principles
behind this phenomenon, analyze the factors influencing the interference pattern, and discuss its
significance in physics and modern technology.

Understanding the Double-Slit Interference
Phenomenon

Historical Background

The double-slit experiment was first performed by Thomas Young in 1801. It provided compelling
evidence that light behaves as a wave, producing interference patterns that could not be explained
by particle theories alone. Over centuries, this experiment has become a cornerstone in the study of
wave optics, quantum mechanics, and the nature of light.

Basic Principles of Wave Interference

Interference occurs when two or more waves overlap, resulting in a new wave pattern. Depending
on the phase relationship between the waves, interference can be constructive or destructive:

- Constructive Interference: When waves are in phase, their amplitudes add, creating brighter
fringes.

- Destructive Interference: When waves are out of phase, their amplitudes cancel out, creating
darker fringes.

In the context of the double-slit experiment, each slit acts as a source of coherent wavefronts,
leading to an interference pattern on a screen placed at some distance.

Setup of the Double-Slit Experiment

Components of the Experimental Arrangement

The typical setup involves:
- A monochromatic light source (e.g., laser) emitting light of a specific wavelength.



- Two narrow slits, separated by a known distance.
- A screen positioned at a certain distance from the slits to observe the interference pattern.

Key Parameters

- Wavelength (\(\lambda\)): The wavelength of the light used.

- Slit Separation (d): The distance between the two slits.

- Distance to Screen (L): The distance from the slits to the observation screen.
- Slit Width (\(a\)): The width of each slit, influencing diffraction effects.

In our scenario, the slits are spaced 50 wavelengths apart, i.e., \(d = 50\lambda\).

Mathematical Analysis of the Interference Pattern

Position of Bright and Dark Fringes

The bright and dark fringes observed on the screen are characterized by specific positions where
constructive and destructive interference occur.

Fringe Position Equation:

\[

y m = \frac{m \lambda L}{d}

\]

where:

-\(y_m)\) is the position of the \(m”™ {th}\) bright fringe from the central maximum.
-\(m)\) is the fringe order (integer).

-\(L\) is the distance from the slits to the screen.

-\(d\) is the slit separation.

-\(\lambda\) is the wavelength.

Conditions for Bright and Dark Fringes:
- Bright fringes (Constructive Interference):

\[

d \sin \theta m = m \lambda

\]

- Dark fringes (Destructive Interference):

\[

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

In the far-field approximation, where \(L \gg d\), the small-angle approximation (\(\sin \theta \approx
\tan \theta \approx y / L\)) simplifies calculations.

Fringe Spacing (Fringe Width)

The distance between successive bright fringes, known as the fringe width \( \Delta y \), is given by:



\[

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

\]

This indicates that increasing the wavelength or the distance to the screen results in wider fringes,
while increasing slit separation narrows them.

Impact of Slit Spacing and Wavelength on Interference
Pattern

Effect of Increasing Slit Separation

When the slit separation \(d\) increases, the fringe spacing \(\Delta y\) decreases, resulting in more
closely packed fringes. Conversely, decreasing \(d\) widens the fringes.

In our case, since \(d = 50\lambda\), the fringe spacing simplifies to:

\[

\Delta y = \frac{\lambda L} {50 \lambda} = \frac{L}{50}

\]

Thus, the fringe width is directly proportional to the distance \(L\) and inversely proportional to the
slit separation.

Effect of Wavelength Variation

A longer wavelength (\(\lambda\)) results in wider fringes, making the interference pattern more
spread out. Shorter wavelengths produce tighter fringes, which can be more challenging to observe
without precise instrumentation.

Practical Considerations and Applications

Designing an Experiment with 50 Wavelengths Separation

When setting up an experiment with slit separation \(d = 50 \lambda\):

- Choose a coherent light source, such as a laser with a known wavelength.

- Ensure the slit width \(a\) is sufficiently narrow to produce clear interference, but not so narrow
that diffraction dominates excessively.

- Position the screen at a suitable distance \(L\) to observe well-defined fringes.

Applications of Double-Slit Interference

The principles learned from the double-slit experiment have numerous practical applications:
- Optical Interferometry: Precise measurements of distances, refractive indices, and surface
irregularities.



- Quantum Mechanics: Demonstrating wave-particle duality of electrons and photons.
- Spectroscopy: Analyzing light spectra based on interference patterns.
- Holography: Creating three-dimensional images through interference.

Advanced Topics and Modern Developments

Quantum Interference and Single-Photon Experiments

Modern physics extends the double-slit experiment into the quantum realm, where individual
photons or electrons create interference patterns over time, revealing the wave-like behavior of
particles.

Nanofabrication and Micro-Optics

Advances in nanotechnology allow for the fabrication of extremely narrow slits and precise control
over slit separation, enabling research into quantum coherence and developing new optical devices.

Conclusion

The double-slit interference experiment remains one of the most elegant demonstrations of the wave
nature of light. When two narrow slits are illuminated by light of wavelength \(\lambda\) and spaced
50 wavelengths apart, the resulting interference pattern provides rich insights into wave optics.
Understanding the relationship between slit separation, wavelength, and fringe pattern enables
scientists and engineers to design sophisticated optical systems, perform precise measurements, and
explore fundamental questions in physics. As technology advances, the principles underlying this
phenomenon continue to inspire innovations across various fields, from quantum computing to high-
precision metrology.
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Frequently Asked Questions

What is the primary phenomenon observed when two narrow
slits are illuminated by light of wavelength A?

The primary phenomenon is interference, resulting in a pattern of bright and dark fringes on a
screen positioned behind the slits.



How does the slit separation affect the interference pattern in
a double-slit experiment?

The slit separation determines the fringe spacing; larger separation results in more widely spaced
fringes, while smaller separation produces fringes closer together.

Given the slits are spaced 50 wavelengths apart, how does this
influence the fringe visibility and pattern?

A separation of 50 wavelengths produces a clear and well-defined interference pattern with high
fringe visibility, as the slit separation is large relative to the wavelength.

What is the formula for calculating the fringe separation in a
double-slit interference pattern?

The fringe separation (Ay) is given by Ay = (AL)/d, where A is the wavelength, L is the distance to the
screen, and d is the slit separation.

If the slit separation is 502, what is the fringe separation on
the screen at a distance L?

The fringe separation will be Ay = (AL)/(502) = L/50, meaning the fringes are spaced at one-fiftieth
of the distance to the screen.

What role does the wavelength A play in determining the
interference pattern for the given slit setup?

The wavelength A influences the fringe spacing; larger wavelengths produce wider fringes, while
shorter wavelengths produce narrower fringes.

How does increasing the slit separation from 502 to a larger
value affect the interference pattern?

Increasing the slit separation increases the fringe spacing, making the interference fringes more
widely spaced and easier to observe.

What are the conditions necessary for observing clear double-
slit interference fringes in this setup?

Conditions include coherent illumination, narrow and well-defined slits, and a sufficiently large
distance to the screen to resolve the fringes clearly.

How does the concept of fringe width relate to the wavelength



and slit separation in this experiment?

The fringe width is directly proportional to the wavelength and inversely proportional to the slit
separation; increasing wavelength or decreasing slit separation reduces fringe width.

What practical applications rely on the principles
demonstrated by this two-slit interference setup?

Applications include optical interferometry, holography, spectroscopy, and the measurement of
small distances or wavelengths with high precision.

Additional Resources

Two Narrow Slits Are Illuminated By Light Of Wavelength. The Slits Are Spaced 50
Wavelengths Apart. What

Introduction

The phenomenon of light interference has long fascinated scientists and laypeople alike, serving as a
foundational pillar in understanding the wave nature of light. When a coherent light source
illuminates two narrow, closely spaced slits, a characteristic pattern of bright and dark fringes
emerges on a screen placed behind the slits. This pattern, known as an interference pattern, is a
direct consequence of the superposition principle of waves, where the waves from each slit combine
constructively or destructively depending on their phase difference.

In the scenario where the slits are spaced 50 wavelengths apart and illuminated by monochromatic
light, the resulting interference pattern becomes more intricate. The specific spacing influences the
fringe visibility, spacing, and intensity distribution. Understanding these phenomena requires a
detailed exploration of wave interference, diffraction, and their combined effects, along with an
analysis of how the slit separation relative to the wavelength shapes the observed pattern.

This article aims to provide an in-depth, comprehensive review of the physics involved in two narrow

slit interference, focusing on the implications of a slit separation of 50 wavelengths, and exploring
the various factors that influence the resulting pattern.

The Fundamentals of Light Interference and Diffraction

Wave Nature of Light

Light exhibits wave-like behavior, characterized by properties such as wavelength, frequency,
amplitude, and phase. When two or more light waves overlap, they interfere, producing a resultant
wave pattern. This interference can be constructive, where wave crests align to produce brighter

regions, or destructive, where waves cancel out, resulting in darker regions.

Double-Slit Experiment: Historical Context and Significance



The double-slit experiment, conducted by Thomas Young in the early 19th century, provided
compelling evidence for the wave theory of light. When a coherent light source passes through two
narrow slits, the resulting interference pattern manifests as a series of bright and dark fringes on a
viewing screen. The experiment demonstrated that light waves diffract around the slits and interfere
beyond them, establishing wave behavior as a fundamental property of light.

Diffraction and Interference: Interconnected Phenomena

While diffraction refers to the bending and spreading of waves around obstacles or through narrow
openings, interference describes the superposition of multiple waves. In the context of two narrow
slits, diffraction at each slit causes the wavefronts to spread out, and the superposition of these
wavefronts leads to an interference pattern. These two phenomena are inherently linked, with
diffraction setting the conditions for interference to occur.

Theoretical Framework of Two Narrow Slits Interference
Geometry of the Setup

Consider a monochromatic light source of wavelength \(\lambda\) illuminating two narrow slits
separated by a distance \(d\). The slits are illuminated coherently, meaning the light waves passing
through each slit maintain a fixed phase relationship. A screen is placed at a distance \(L\) from the
slits, where the interference pattern is observed.

Conditions for Constructive and Destructive Interference

The key to understanding the fringe pattern lies in the path difference between the waves emanating
from the two slits. For a point \(P\) on the screen at an angle \(\theta\) relative to the central axis:

- Path difference: \(\Delta r = d \sin \theta\)

- Constructive interference (bright fringes): When the path difference is an integer multiple of
\(\lambda\):

\[
d \sin \theta m = m \lambda,\quad m = 0, \pm 1, \pm 2, \Idots
\]

- Destructive interference (dark fringes): When the path difference is a half-integer multiple of
\(\lambda\):

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

Fringe Spacing and Pattern Geometry

The position of the \(m\)-th bright fringe on the screen at a distance \(L\) from the slits can be
approximated (for small angles) by:



\[
y _m \approx \frac{m \lambda L}{d}
\]

where \(y m\) is the fringe position relative to the central maximum.

Implications of a 50-Wavelength Slit Separation
Significance of the Slit Spacing
In this scenario, the slit separation \(d\) is 50 times the wavelength \(\lambda)):

\[
d = 50 \lambda

\]

This value holds critical importance in shaping the interference pattern's characteristics.
Fringe Visibility and Resolution

- Fringe Spacing: Using the fringe position formula,

\[

y _m \approx \frac{m \lambda L} {50 \lambda} = \frac{m L} {50}

\]

The fringe separation (distance between adjacent bright fringes) simplifies to:

\[
\Deltay =y {m+1} -y m = \frac{L}{50}
\]

This indicates that the fringes are relatively widely spaced, making them easier to resolve with
standard optical equipment, provided the observation distance \(L\) is sufficiently large.

- Pattern Clarity: The large slit separation results in well-defined and sharply separated fringes, with
minimal overlap, assuming ideal coherence and monochromatic illumination.

Effect on the Diffraction Envelope

While the interference pattern is dictated by slit separation, each slit also produces a diffraction
envelope determined by the slit width \(a\). If the slit width is very narrow, the diffraction envelope
broadens, potentially overlapping multiple interference fringes, which can reduce fringe visibility.
Conversely, wider slits produce narrower diffraction envelopes, preserving fringe contrast across a
broader range of angles.

Multiple Fringe Orders and Their Distribution

Given the large separation (\(d=50 \lambda\)), multiple fringe orders can be observed before the



pattern diminishes due to diffraction effects or the finite size of the slit and screen. The maximum
order \(m_{max}\) for visible fringes depends on the observation angle and the experimental setup.

Practical Considerations and Experimental Setup

Coherence and Monochromaticity

- Coherence Length: To observe clear interference fringes, the light source must be coherent over
the path difference introduced by the slit separation. Laser sources are typically ideal due to their

high coherence length.

- Monochromaticity: Minimizes fringe blurring, ensuring uniform interference conditions across the
pattern.

Illumination and Detection

- The slit separation of 50 wavelengths is large enough to produce distinguishable fringes, but
precise alignment is necessary to prevent fringe distortion.

- The screen or detector should be placed at a sufficiently large \(L\) to resolve the fringe pattern,
with high spatial resolution.

Limitations and Challenges

- Finite slit width: Real slits have a finite width, introducing diffraction effects that modulate the
interference pattern.

- Environmental factors: Vibrations, air currents, and temperature fluctuations can disturb the phase
relationship, reducing pattern clarity.

Analytical and Numerical Modeling

Mathematical Representation of the Pattern

The intensity \(I(\theta)\) on the screen can be modeled as:

\[

I(\theta) = I 0 \left[ \frac{\sin \left( \frac{\pi a}{\lambda} d \sin \theta \right)}{\frac{\pi a}{\lambda}
d \sin \theta} \right]~2 \times \cos”™2 \left( \frac{\pi d} {\lambda} \sin \theta \right)

\]

where:

- The first term describes the diffraction envelope due to slit width \(a\).

- The second term accounts for the interference fringes due to slit separation \(d\).



Numerical Simulation

Simulations can visualize the pattern, revealing how fringe positions, spacing, and contrast evolve
with parameters like slit width, wavelength, and observation distance. These models are invaluable
for designing experiments and interpreting observed data.

Broader Implications and Applications
Fundamental Physics and Education

Understanding the interference pattern formed by two narrow slits provides foundational insight
into wave phenomena, quantum mechanics, and the dual nature of light. It remains a cornerstone in
physics education, illustrating core concepts such as superposition, coherence, and diffraction.

Technological Applications
- Spectroscopy: Interference patterns help in precise wavelength measurements.
- Optical Instrumentation: Designing interferometers, diffraction gratings, and holography systems.

- Quantum Mechanics: Demonstrating wave-particle duality, especially in electron interference
experiments with slit separations comparable to the de Broglie wavelength.

Current Research and Innovations

Recent advances involve manipulating slit geometries at nanoscales to control light-matter
interactions, developing ultra-precise interferometric sensors, and exploring quantum interference
phenomena for computing and secure communication.

Conclusion

The scenario of illuminating two narrow slits separated by 50 wavelengths illuminates fundamental
aspects of wave interference, diffraction, and their practical applications. The large slit separation
results in a clear, well-resolved fringe pattern, with fringe spacing directly proportional to the
wavelength and observation distance, and inversely proportional to slit separation.

Understanding these phenomena not only deepens our grasp of classical wave optics but also paves
the way for innovations in scientific instrumentation and quantum technology. As experiments push
into nanoscales and quantum regimes, the principles derived from simple double-slit setups continue
to inform cutting-edge research, demonstrating the enduring significance of this fundamental
physics phenomenon.

Note: For precise experimental results and detailed quantitative analysis, actual measurements and
advanced
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