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GP Monochromatic Light Of Wavelength Is Incident On A Pair Of Slits Separated By
2.40x10 M And Forms a classic double-slit interference pattern that beautifully illustrates the
wave nature of light. This phenomenon is fundamental in optics and provides deep insights into
interference, diffraction, and wave behavior. When monochromatic light, which has a single
wavelength, passes through two closely spaced slits, it produces a series of bright and dark fringes
on a screen placed behind the slits. These fringes are the result of constructive and destructive
interference of the light waves emanating from each slit.

In this article, we will explore the physics behind this phenomenon, analyze how the slit separation
and wavelength influence the interference pattern, and discuss practical applications of double-slit
interference in scientific and technological contexts.

Understanding the Double-Slit Interference Pattern

The double-slit experiment is a fundamental demonstration of wave interference. When light passes
through two narrow, closely spaced slits, each slit acts as a secondary source of spherical
wavefronts. The overlapping waves interfere with each other, creating regions of constructive
interference (bright fringes) and destructive interference (dark fringes).

The Setup and Parameters
Before delving into the mathematics, let's define the key parameters involved:

Wavelength (λ): The wavelength of the incident monochromatic light, usually measured in
nanometers (nm) or meters (m).

Slit separation (d): The distance between the two slits, which in this case is 2.40×10-6

meters.

Distance to screen (L): The distance from the slits to the observation screen where the
interference pattern forms.

Fringe position (y): The position of bright or dark fringes on the screen relative to the
central maximum.



Mathematical Foundation of Double-Slit Interference

The interference pattern results from the superposition of waves originating from each slit. The
condition for bright and dark fringes depends on the path difference between these waves.

Path Difference and Fringe Locations
For small angles (which is typical in double-slit experiments), the path difference (Δ) between the
two waves arriving at a point on the screen is approximately:

Δ ≈ d sinθ

where θ is the angle between the incident light and the line perpendicular to the screen.

The condition for constructive interference (bright fringes):

d sinθ = m λ  (1)

where m is an integer (0, ±1, ±2, ...), representing the order of the fringe.

Similarly, destructive interference (dark fringes) occurs when:

d sinθ = (m + ½) λ  (2)

The position y of the fringes on the screen is related to θ by:

tanθ ≈ sinθ ≈ y / L

For small θ, the approximation holds well, and the fringe position y can be expressed as:

y = (m λ L) / d  (3)

This formula allows us to determine the location of bright fringes on the screen, given the
wavelength, slit separation, and distance to the screen.

Impact of Wavelength and Slit Separation on Fringe
Pattern

The interference pattern's characteristics depend heavily on the wavelength λ and the slit separation
d.

Effect of Wavelength (λ)
- Increasing the wavelength results in fringes that are spaced farther apart, making the pattern more
spread out.



- Decreasing the wavelength causes fringes to be closer together, producing a more compact
pattern.
- The fringe separation (Δy) between successive bright fringes is given by:

Δy = (λ L) / d

Thus, the wavelength directly influences the fringe spacing.

Effect of Slit Separation (d)
- Larger slit separation decreases fringe spacing, bringing fringes closer together.
- Smaller slit separation increases fringe spacing, spreading out the pattern.
- The slit separation also affects the fringe visibility and the sharpness of the interference pattern.

Understanding these relationships allows precise control over the interference pattern, which is
crucial in applications like spectroscopy, metrology, and optical testing.

Calculations Based on Given Parameters

Suppose the incident light has a wavelength λ of 500 nm (which is 5.00×10-7 meters). The slit
separation is d = 2.40×10-6 meters, and the screen is placed at a distance L = 1.0 meter from the
slits.

Position of the First-Order Bright Fringe (m=1)
Using equation (3):

y = (m λ L) / d

Substituting the values:

y = (1 5.00×10-7 m 1.0 m) / 2.40×10-6 m
= (5.00×10-7) / (2.40×10-6)
≈ 0.2083 meters or 20.83 centimeters

This indicates that the first bright fringe appears approximately 20.83 cm from the central maximum
on the screen.

Higher-Order Fringes
For the second-order fringe (m=2):

y = (2 5.00×10-7 1.0) / 2.40×10-6
≈ 0.4167 meters or 41.67 centimeters

These calculations demonstrate how fringe positions scale with the order m and provide insights into



the pattern's spatial extent.

Applications of Double-Slit Interference

The double-slit experiment is not just a fundamental physics demonstration; it has numerous
practical applications across various fields.

1. Measurement of Wavelength
By accurately measuring fringe positions, scientists can determine the wavelength of light with high
precision. This technique is used in spectroscopy and calibration of optical instruments.

2. Optical Testing and Metrology
Interference patterns help assess the quality of optical components, detect surface irregularities,
and measure small displacements or distortions in materials.

3. Quantum Mechanics and Wave-Particle Duality
The experiment provides evidence for the wave nature of particles like electrons, confirming
quantum mechanical principles.

4. Holography and Interferometry
Interference is central to holography and interferometric measurements, enabling high-resolution
imaging and surface profiling.

Advanced Considerations and Limitations

While the basic double-slit pattern is straightforward, real-world scenarios involve additional factors:

Coherence length: The light source must be coherent over the path difference to produce a
clear pattern.

Slit width: Finite slit widths cause diffraction, which can blur or modify the interference
fringes.

Environmental factors: Vibrations, air currents, and temperature variations can disturb the
pattern.



Understanding and controlling these factors are essential for precise experiments and technological
applications.

Conclusion

The phenomenon of GP monochromatic light incident on a pair of slits separated by 2.40×10-6
meters exemplifies fundamental wave interference principles. By analyzing the relationship between
wavelength, slit separation, and fringe positions, scientists can perform high-precision
measurements and develop advanced optical technologies. Whether used in research, engineering,
or educational demonstrations, the double-slit interference pattern remains a cornerstone concept in
understanding the wave nature of light and matter.

In summary, the key takeaways include:
- The interference pattern's fringe spacing depends directly on the wavelength and inversely on slit
separation.
- Precise control of experimental parameters allows detailed exploration of wave phenomena.
- The principles underlying this pattern have widespread applications in science and industry.

Understanding these concepts not only deepens our appreciation of light’s wave behavior but also
empowers innovations across multiple domains of science and technology.

Frequently Asked Questions

What is the significance of the wavelength in the interference
pattern formed by a pair of slits?
The wavelength determines the fringe spacing and the position of the bright and dark fringes in the
interference pattern, with longer wavelengths producing wider fringes.

How does the slit separation affect the interference pattern in
the double-slit experiment?
An increased slit separation results in a decreased fringe width, making the interference fringes
more closely spaced, while a smaller separation widens the fringes.

What is the formula for calculating the fringe width in a
double-slit interference pattern?
The fringe width (Δy) is given by Δy = (λL) / d, where λ is the wavelength, L is the distance from the
slits to the screen, and d is the slit separation.

Given a slit separation of 2.40 x 10^(-6) meters, how would



changing the wavelength of incident light affect the fringe
pattern?
Increasing the wavelength would increase the fringe width, making fringes more spread out, while
decreasing the wavelength would produce narrower fringes.

What are the conditions necessary for clear and stable
interference fringes in this setup?
Coherent monochromatic light, precise slit separation, consistent wavelength, and stable
experimental setup are necessary for clear fringes.

How can the wavelength of the incident light be determined
using the interference pattern from the slits?
By measuring the fringe width (Δy), knowing the slit separation (d) and the distance to the screen
(L), the wavelength (λ) can be calculated as λ = (Δy d) / L.

What role does the monochromatic nature of the light play in
the formation of interference fringes?
Monochromatic light ensures a single wavelength, which produces stable, well-defined fringes
without blurring caused by multiple wavelengths.

Why is the slit separation given as 2.40 x 10^(-6) meters
significant in practical experiments?
This small slit separation is typical for producing measurable interference fringes at a reasonable
distance, facilitating accurate calculations of wavelength and pattern analysis.

What are some common applications of understanding
interference patterns from a double-slit setup with
monochromatic light?
Applications include spectrometry, optical coherence studies, testing fundamental physics
principles, and designing optical devices like interferometers.

Additional Resources
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The phenomenon of light interference, particularly as observed through the classic double-slit
experiment, has been a cornerstone of wave optics since its inception in the early 19th century.
When a monochromatic light source is incident upon a pair of narrowly spaced slits, it produces a
pattern of bright and dark fringes on a screen positioned beyond the slits. This interference pattern
arises from the superposition of coherent light waves emanating from each slit, exemplifying the
wave nature of light.

In this detailed investigation, we focus on GP monochromatic light of wavelength λ incident on a pair
of slits separated by a distance d = 2.40×10⁻⁶ meters. The primary goal is to analyze the resulting
interference pattern, derive the key parameters such as fringe spacing, and explore the underlying
physics governing the phenomenon. This study not only reinforces foundational principles of wave
optics but also provides insights relevant to practical applications in optical instrumentation,
spectroscopy, and quantum physics.

---

Theoretical Foundations

Nature of Monochromatic Light and Its Interference

Monochromatic light refers to electromagnetic radiation of a single wavelength λ and frequency ν.
Such light sources can be produced via laser systems, sodium vapor lamps, or filtered broadband
sources, and are essential for producing stable and well-defined interference patterns.

When monochromatic light passes through two narrow, parallel slits separated by a distance d, the
waves originating from each slit maintain a constant phase relationship—coherence is
maintained—allowing for observable interference fringes. The pattern's formation hinges on the
superposition principle, where the resultant intensity at any observation point depends on the phase
difference between the waves arriving from each slit.

Key Parameters and Variables

- Wavelength of the incident light, λ
- Distance between the slits, d = 2.40×10⁻⁶ m
- Distance from the slits to the screen, L
- Position of the interference fringes on the screen, y
- Fringe spacing (or fringe width), Δy

Understanding the relationships among these parameters is vital for predicting and analyzing the
interference pattern.

---

Experimental Setup and Observations

Apparatus Configuration

The typical double-slit experiment involves:
- A monochromatic light source (e.g., laser with specified λ)
- A collimating lens or aperture to produce a narrow beam
- A barrier with two precisely spaced slits separated by d = 2.40×10⁻⁶ m



- A screen placed at a distance L from the slits
- Measurement tools such as a ruler or photodetector to record fringe positions

Expected Pattern

Under ideal conditions, the interference pattern consists of a series of equally spaced bright and
dark fringes aligned along the screen. Bright fringes occur at positions where constructive
interference occurs, while dark fringes correspond to destructive interference.

---

Mathematical Analysis

Fringe Position and Spacing

The fundamental relationship governing the fringe pattern is derived from considering the path
difference between the two waves:

\[
\delta = d \sin \theta
\]

where θ is the angle relative to the central axis (perpendicular to the slit plane).

For small angles (valid when L ≫ d), \(\sin \theta \approx \tan \theta \approx y / L\), where y is the
fringe position measured from the central maximum.

The condition for bright fringes (constructive interference):

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

Substituting \(\sin \theta \approx y / L\):

\[
d \frac{y_m}{L} = m \lambda
\]

which yields the position of the m-th bright fringe:

\[
y_m = \frac{m \lambda L}{d}
\]

The fringe spacing (distance between adjacent bright fringes):

\[
\Delta y = y_{m+1} - y_m = \frac{\lambda L}{d}
\]



Calculation of Fringe Spacing

Given the parameters:
- \(d = 2.40 \times 10^{-6}\, \text{m}\)
- λ (assumed, for example, 500 nm or 5.00×10⁻⁷ m, typical for visible green light)
- L (distance from slits to screen, not specified; assume a typical value, say, 1 meter)

Then,

\[
\Delta y = \frac{(5.00 \times 10^{-7}\, \text{m}) \times 1\, \text{m}}{2.40 \times 10^{-6}\,
\text{m}} \approx 0.208\, \text{m}
\]

which suggests fringes approximately 20.8 centimeters apart—a realistic value for the specified slit
separation and wavelength at a 1-meter distance. Adjusting L or λ alters fringe spacing accordingly.

---

Critical Factors Influencing the Pattern

Coherence and Monochromaticity

For a stable interference pattern, the light source must be both monochromatic and coherent. Any
spectral width or phase variation diminishes fringe visibility.

Slit Width and Diffraction Effects

While the analysis considers idealized narrow slits, real slits have finite widths w, leading to
diffraction broadening of fringes and an envelope modulating the interference pattern.

Environmental Stability

Vibrations, air currents, and temperature fluctuations can shift fringe positions or affect contrast,
emphasizing the need for a controlled environment during measurements.

---

Practical Applications and Implications

Optical Instrumentation

Understanding interference patterns aids in designing interferometers, spectrometers, and
holography systems.

Quantum Mechanics and Wave-Particle Duality

The double-slit experiment serves as a fundamental demonstration of wave-particle duality, with
photons exhibiting wave-like interference even at the single-photon level, challenging classical
notions of particles and waves.



Metrology and Measurement Techniques

Precise calculations of fringe spacing enable high-accuracy measurements of wavelength, slit
separation, and other physical quantities.

---

Recent Advances and Research Directions

Recent research extends classical double-slit experiments into quantum regimes, utilizing single-
photon sources, entangled photons, and matter-wave interference with electrons or atoms. These
studies deepen our understanding of quantum coherence, decoherence mechanisms, and the
transition between classical and quantum behaviors.

Additionally, advances in nanofabrication permit the creation of nanoscale slits and gratings,
opening avenues for ultrahigh-resolution spectroscopy and novel photonic devices.

---

Challenges and Future Perspectives

Despite the well-understood nature of the double-slit experiment, challenges remain in:
- Achieving higher precision in slit fabrication
- Isolating interference effects in complex environments
- Extending interference concepts to complex molecules and biological systems

Future research aims to harness interference phenomena for quantum computing, secure
communication, and ultra-sensitive measurement techniques.

---

Conclusion

The incident GP monochromatic light of wavelength λ on a pair of slits separated by 2.40×10⁻⁶
meters exemplifies the fundamental wave nature of light. The resulting interference pattern,
characterized by fringes whose spacing depends on λ, d, and L, offers profound insights into the
behavior of electromagnetic waves. Understanding these principles not only reinforces core physics
concepts but also fuels innovations across scientific disciplines, from quantum physics to optical
engineering.

The meticulous analysis of such interference patterns underscores the importance of coherence,
precision in experimental setup, and theoretical rigor. As technology advances, the exploration of
interference phenomena continues to inspire new applications and deepen our understanding of the
fundamental properties of light and matter.

---
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Note: The specific numerical results depend on the actual wavelength λ and the distance L from the
slits to the screen; assumptions were made where parameters were unspecified.
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