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Understanding the behavior of light as it interacts with narrow apertures is fundamental in
optics. When a monochromatic light such as green light with a wavelength of 546 nm
strikes a single slit at normal incidence, it produces a characteristic diffraction pattern. One
of the key questions in such experiments is determining the slit width that results in a
specific pattern, especially the position of the central maximum. This article explores the
physics behind diffraction through a single slit, the principles governing the formation of the
central maximum, and how to calculate the slit width required to produce a desired
diffraction pattern.

---

Fundamentals of Single Slit Diffraction

What Is Diffraction?

Diffraction refers to the bending and spreading of waves when they encounter an obstacle
or aperture. For light waves, diffraction becomes significant when the size of the aperture is
comparable to the wavelength of the light. When monochromatic light passes through a
narrow slit, it diffracts and interferes, creating a pattern of bright and dark fringes on a
screen placed behind the slit.

Single Slit Diffraction Pattern

The diffraction pattern produced by a single slit consists of:

- A bright central maximum, which is the widest and most intense.
- Successive secondary maxima (less bright).
- Dark minima, corresponding to destructive interference points.

The angular position of minima in the pattern is given by the diffraction condition:

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

where:



- \( a \) = slit width
- \( \theta \) = diffraction angle relative to the central axis
- \( m \) = order of the minimum (an integer: ±1, ±2, ±3, ...)
- \( \lambda \) = wavelength of the light

This relationship is fundamental in determining the slit width for a given diffraction pattern.

---

Key Concepts in Calculating Slit Width

Relation Between Pattern and Geometry

In practical experiments, the diffraction pattern is observed on a screen placed at a
distance \( L \) from the slit. The position \( y \) of a diffraction minimum on the screen
relates to the angle \( \theta \) by:

\[ \tan \theta \approx \sin \theta \approx \frac{y}{L} \]

for small angles (which is typical in such experiments).

The position of the \( m^{th} \) minimum on the screen:

\[ y_m = L \tan \theta_m \approx L \sin \theta_m \]

Given the diffraction condition:

\[ a \sin \theta_m = m \lambda \]

we combine to find:

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

This allows us to relate the slit width \( a \) to the observed positions of minima.

Determining the Width of the Central Maximum

The central maximum extends from the first minimum on one side to the first minimum on
the other side, i.e., between \( m = -1 \) and \( m = +1 \). The angular width of the central
maximum:

\[ \Delta \theta = 2 \theta_1 \]

Corresponds to the position difference:



\[ y_1 = L \frac{\lambda}{a} \]

and similarly for the other side.

The width of the central maximum on the screen is:

\[ \text{Width} = 2 y_1 = 2 L \frac{\lambda}{a} \]

Thus, the slit width \( a \) can be calculated if the width of the central maximum and the
distance \( L \) are known:

\[ a = 2 L \frac{\lambda}{\text{central maximum width}} \]

---

Calculating the Slit Width for a Specific
Diffraction Pattern

Given Data

- Wavelength of green light, \( \lambda = 546\, \text{nm} = 546 \times 10^{-9} \,
\text{m} \)
- The diffraction pattern is produced at a known or assumed distance \( L \) (for example, 1
meter)
- The desired pattern is a specific central maximum width (for example, from the first
minima on each side)

Step-by-Step Calculation

1. Identify the desired width of the central maximum—this could be based on experimental
observations or specific requirements.

2. Use the relation:

\[
a = 2 L \frac{\lambda}{\text{central maximum width}}
\]

3. Insert known values:

Suppose the central maximum width \( W \) on the screen is measured to be \( 10\,
\text{mm} \), and \( L = 1\, \text{m} \):

\[



a = 2 \times 1\, \text{m} \times \frac{546 \times 10^{-9}\, \text{m}}{0.01\, \text{m}} =
2 \times \frac{546 \times 10^{-9}}{0.01}
\]

\[
a = 2 \times 54.6 \times 10^{-6} = 109.2 \times 10^{-6} \, \text{m} = 109.2\, \mu
\text{m}
\]

4. Interpretation:

The slit width needed to produce a central maximum width of 10 mm at 1 meter distance
with green light of 546 nm wavelength is approximately 109 micrometers.

---

Practical Considerations in Experimental Setup

Adjusting for Real-World Conditions

- Distance \(L\): The farther the screen, the wider the diffraction pattern, making
measurements easier.
- Measurement Accuracy: Precise measurement of the pattern width is crucial for accurate
calculation of slit width.
- Wavelength Accuracy: Ensure the wavelength used corresponds to the actual light source.

Limitations and Assumptions

- Small angle approximation (\( \sin \theta \approx \tan \theta \)) is valid for small diffraction
angles.
- The pattern is assumed to be symmetric and the slit perfectly rectangular.
- External factors like slit imperfections and environmental vibrations can influence
observed patterns.

---

Applications of Single Slit Diffraction Calculations

Understanding how to determine slit widths from diffraction patterns has numerous
applications:

- Optical Instrument Design: Precise control of slit dimensions to achieve desired diffraction
effects.



- Spectroscopy: Analyzing light sources by their diffraction patterns.
- Educational Demonstrations: Visualizing wave phenomena and wave-particle duality.
- Nanofabrication: Designing nano-scale apertures for electron or photon beam shaping.

---

Conclusion

In summary, to produce a specific diffraction pattern—particularly a certain width of the
central maximum—knowing the wavelength of the light, the distance from the slit to the
screen, and the observed pattern dimensions allows precise calculation of the slit width. For
green light with \( \lambda = 546\, \text{nm} \), if you aim to observe a central maximum
of a given size, you can use the fundamental diffraction relations to determine the
appropriate slit width. This interplay between wave physics and practical measurement
exemplifies the beauty and utility of optical diffraction principles in scientific and
engineering applications.

---

Additional Resources

- Optics Textbooks: For a deeper understanding of diffraction and interference phenomena.
- Laboratory Manuals: Practical guides on diffraction experiments.
- Online Simulators: Virtual diffraction pattern simulations for various slit widths and
wavelengths.
- Research Articles: Advanced studies on diffraction effects in nanophotonics and quantum
optics.

---

Meta Description: Discover how to determine the slit width that produces a specific
diffraction pattern for green light at 546 nm wavelength, including detailed calculations,
principles, and practical applications in optics.

Frequently Asked Questions

What is the significance of the green light with a
wavelength of 546 nm in single slit diffraction?
The green light with a wavelength of 546 nm is used as the incident light in the diffraction
experiment to analyze the pattern produced by a single slit, helping determine the slit
width based on the observed diffraction pattern.



How is the slit width calculated when given the
wavelength and the position of the central maximum?
The slit width (a) can be calculated using the formula a = λL / y, where λ is the wavelength,
L is the distance to the screen, and y is the distance from the central maximum to the first
minimum.

What does the term 'normal incidence' imply in the
context of diffraction through a slit?
Normal incidence means that the light beam strikes the slit perpendicularly, ensuring
symmetric diffraction patterns and simplifying calculations.

Given the light's intensity and wavelength, how do you
determine the slit width to produce a specific
diffraction pattern?
By measuring the position of minima or maxima in the pattern and applying the diffraction
equations, you can determine the slit width necessary to produce that pattern.

Why is the diffraction pattern important in
understanding the properties of the slit?
The diffraction pattern reveals information about the slit width and the wave nature of light,
allowing precise measurements and analysis of the slit dimensions.

How does the wavelength of 546 nm influence the
diffraction pattern produced by a slit?
A shorter wavelength like 546 nm results in narrower diffraction fringes, affecting the
spacing between minima and maxima in the pattern.

What is the formula relating slit width, wavelength, and
the angle of the first minimum?
The formula is a sin(θ) = λ, where a is the slit width, θ is the angle to the first minimum,
and λ is the wavelength.

How can you determine the slit width if the distance to
the screen and the position of the central maximum are
known?
Using the relation a = λL / y, where y is the distance from the central maximum to the first
minimum on the screen, and L is the distance from the slit to the screen.



What is the typical value of the slit width that would
produce a central maximum in a diffraction experiment
with green light at 546 nm?
The slit width depends on the setup, but typically, for visible light diffraction, it ranges from
a few micrometers to hundreds of micrometers, calculated based on the desired diffraction
pattern and experimental geometry.

What is the significance of the given '546 Nm2' value in
relation to the diffraction experiment?
The '546 Nm2' appears to be a typo or misstatement; the relevant wavelength is 546 nm
(nanometers), which is crucial for calculating the slit width and understanding the
diffraction pattern.

Additional Resources
Green Light 1l = 546 Nm2 Strikes A Single Slit At Normal Incidence. What Width Slit Will
Produce A Central Maximum?

Understanding the behavior of light as it interacts with narrow apertures is fundamental to
the fields of optics and wave physics. When a monochromatic light wave, such as green
light with a wavelength of 546 nanometers, encounters a single slit, it produces a
characteristic diffraction pattern. This phenomenon is governed by the principles of wave
interference and diffraction, and calculating the slit width that yields a specific
pattern—particularly the prominence of the central maximum—is a classic problem in
optical physics. In this detailed review, we explore the underlying principles, mathematical
formulations, and practical considerations involved in determining the slit width needed to
produce a desired central maximum when illuminated by green light at normal incidence.

---

Fundamental Concepts of Single-Slit Diffraction

Wave Nature of Light and Diffraction

The diffraction of light through a slit arises due to its wave nature. When a wave encounters
an obstacle or aperture comparable in size to its wavelength, it bends around the edges
and spreads out. This spreading results in an interference pattern observed on a screen
placed some distance away. The primary features of this pattern include a central bright
maximum flanked by successive dimmer maxima and minima.



Single-Slit Diffraction Pattern

The pattern produced by a single slit is characterized by:

- A bright central maximum, wider than the subsequent maxima.
- Dark minima where destructive interference occurs.
- Additional secondary maxima which are progressively less intense as they move away
from the center.

The pattern's pattern of bright and dark fringes is directly related to the slit width,
wavelength, and the geometry of the setup.

---

Mathematical Foundations of Diffraction and
Fringe Formation

Diffraction Condition for Minima

The primary condition for minima (dark fringes) in a single-slit diffraction pattern is derived
from the interference of light from different parts of the slit:

\[
a \sin \theta = m \lambda, \quad m = \pm 1, \pm 2, \pm 3, \ldots
\]

Where:
- \(a\) is the slit width,
- \(\lambda\) is the wavelength of the incident light,
- \(\theta\) is the diffraction angle relative to the incident beam direction,
- \(m\) is the order of the minimum.

This relation indicates that minima occur at angles where the light waves from different
parts of the slit interfere destructively.

Position of Maxima

Unlike multiple-slit interference, the maxima in a single-slit diffraction pattern are not
evenly spaced and are more complex to locate. The central maximum is the widest and
most intense, with secondary maxima occurring at positions approximately given by the
roots of the diffraction intensity function, which is:

\[
I(\theta) = I_0 \left( \frac{\sin \beta}{\beta} \right)^2



\]

where:

\[
\beta = \frac{\pi a}{\lambda} \sin \theta
\]

The maxima occur near values of \(\beta\) satisfying certain conditions, but their precise
locations require solving transcendental equations.

---

Relating Slit Width to Central Maximum Width

Angular Width of the Central Maximum

The angular width of the central maximum is approximately determined by the first minima
on either side:

\[
\theta_{min} \approx \pm \frac{\lambda}{a}
\]

for small angles, since \(\sin \theta \approx \theta\) in radians. The total angular width of the
central maximum is roughly:

\[
\Delta \theta \approx 2 \theta_{min} \approx 2 \frac{\lambda}{a}
\]

This relation indicates that the narrower the slit, the wider the central maximum—an
intuitive outcome of wave diffraction.

Linear Width of the Central Maximum on the Screen

Suppose the diffraction pattern is projected onto a screen placed at a distance \(L\) from
the slit. The linear width of the central maximum on the screen, \(W\), is approximately:

\[
W \approx 2 L \tan \theta_{min} \approx 2 L \frac{\lambda}{a}
\]

This formula allows us to relate the slit width \(a\) directly to the physical dimensions of the
central bright fringe.



---

Applying the Theory to Green Light at 546 nm

Given Parameters

- Wavelength, \(\lambda = 546\, \text{nm} = 546 \times 10^{-9}\, \text{m}\)
- Incident light: green, monochromatic, at normal incidence
- Objective: Determine the slit width \(a\) to produce a desired central maximum width or
certain fringe pattern

Assumptions and Practical Setup

- Distance from slit to screen, \(L\), is known or specified.
- The goal is to produce a prominent, well-defined central maximum with specific spatial
dimensions.
- The incident light is incident perpendicularly (normal incidence), simplifying calculations.

---

Determining Slit Widths for Specific Central
Maximums

Case 1: Maximize Central Maximum Width

Suppose we want the central maximum to span a width \(W\) on the screen. Using:

\[
a = \frac{2 L \lambda}{W}
\]

This formula stems from the earlier approximation where the angular width is tied to slit
width, and the linear width on the screen is related via the projection distance \(L\).

Example Calculation:

If \(L = 1\, \text{m}\) and the desired central maximum width \(W = 10\, \text{mm} =
0.01\, \text{m}\), then:

\[



a = \frac{2 \times 1\, \text{m} \times 546 \times 10^{-9}\, \text{m}}{0.01\, \text{m}} =
\frac{1.092 \times 10^{-6}}{0.01} = 1.092 \times 10^{-4}\, \text{m} = 109.2\, \mu
\text{m}
\]

Thus, a slit width of approximately 109 micrometers yields a central maximum about 10
mm wide at 1 meter.

Case 2: Achieving a Specific Fringe Pattern

To produce a diffraction pattern with minima at specific angles, you can set the slit width to
satisfy the minima condition:

\[
a = \frac{m \lambda}{\sin \theta}
\]

For the first minimum (\(m=1\)) at \(\theta\), the slit must be:

\[
a = \frac{\lambda}{\sin \theta}
\]

If, for example, you desire the first minimum at \(\theta = 10^\circ\):

\[
a = \frac{546 \times 10^{-9}\, \text{m}}{\sin 10^\circ} \approx \frac{546 \times
10^{-9}}{0.1736} \approx 3.146 \times 10^{-6}\, \text{m} \approx 3.15\, \mu \text{m}
\]

This is a very narrow slit, illustrating how the diffraction pattern tightens with decreasing
slit width.

---

Practical Considerations and Limitations

Manufacturing Constraints

- Creating slit widths in the micrometer or nanometer range requires advanced fabrication
techniques such as electron-beam lithography or focused ion beam milling.
- For typical laboratory setups, slits of tens to hundreds of micrometers are readily
achievable.



Experimental Setup and Measurement

- Precise alignment at normal incidence is critical for predictable diffraction patterns.
- Distance \(L\) should be sufficiently large to clearly observe the diffraction pattern.
- Use of high-quality optical components minimizes aberrations that could distort the
pattern.

Influence of Other Factors

- Wavelength purity: Using monochromatic green light ensures a clean pattern.
- Coherence length: The light source should be coherent over the slit and observation
distances.
- Environmental stability: Vibrations and air currents can affect fringe visibility.

---

Summary of Key Takeaways

- The width of the central maximum in a single-slit diffraction pattern is inversely
proportional to the slit width.
- To produce a wider central maximum, the slit must be narrower; conversely, wider slits
produce narrower central maxima.
- The fundamental relation linking slit width \(a\), wavelength \(\lambda\), and the angular
position of minima is \(a \sin \theta = m \lambda\).
- Practical calculations depend on the setup distance \(L\) and the desired fringe
dimensions.
- Achieving precise slit widths for specific diffraction patterns involves advanced fabrication
methods, especially at the micrometer or nanometer scale.

---

Final Remarks

Understanding the interplay between slit width and diffraction pattern is essential for
optical experiments, spectroscopy, and developing optical devices such as diffraction
gratings and sensors. The case of green light at 546 nm provides a clear example of how
wave physics principles translate into real-world applications. Whether designing an
experiment to visualize diffraction patterns or engineering optical components,
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