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Understanding the behavior of light as it interacts with narrow openings is fundamental to wave
optics. When light passes through a single slit, it exhibits a diffraction pattern characterized by bright
and dark fringes. A critical feature of this pattern is the occurrence of minima—angles at which
destructive interference causes dark regions. In this article, we explore the phenomenon of light
falling on a single slit of width 1.2 meters that produces its first minimum at a specific angle, delving
into the principles of diffraction, the calculations involved, and the significance of the slit width in the
resulting pattern.

Introduction to Single-Slit Diffraction

Single-slit diffraction is a classic wave optics phenomenon where a wavefront of light encounters a

narrow aperture, causing the light to spread out or diffract. Unlike geometric optics, which predicts
straight-line propagation, wave optics accounts for the wave nature of light, leading to interference
effects that produce a distinctive intensity pattern on a screen placed beyond the slit.

The Diffraction Pattern

The pattern consists of a central bright maximum flanked by successive dimmer maxima and minima.
The minima are points of destructive interference where the light waves cancel each other out,
creating dark fringes. The positions of these minima depend on the slit width, the wavelength of light,
and the observation angle.

Mathematical Description

The condition for minima in single-slit diffraction is given by:
\[ @ \sin \theta = m \lambda \]

where:

-\(a\) = width of the slit

-\(\theta \) = diffraction angle relative to the original direction of the light
-\(\lambda\) = wavelength of the incident light

-\( m\) = order of the minimum(m =1, 2, 3, ...)

The first minimum occurs at \( m = 1), which is the closest dark fringe to the central maximum.



Understanding the Parameters: Slit Width and
Wavelength

The slit width \( @ \) plays a vital role in shaping the diffraction pattern:

* Narrower slits produce wider diffraction patterns, making fringes more spread out.

e Wider slits produce narrower diffraction patterns, with fringes closer together.

Similarly, the wavelength \( \lambda \) influences the diffraction:

e Longer wavelengths (e.g., red light) result in wider fringes.

e Shorter wavelengths (e.g., blue or ultraviolet light) produce narrower fringes.

In our scenario, the slit width is given as 1.2 meters, which is notably large compared to typical
laboratory slit widths, implying a very narrow diffraction pattern and tightly spaced minima.

Calculating the First Minimum Angle for a 1.2 m Wide
Slit

Given the large slit width, calculating the diffraction minima involves understanding the relationship
between the slit dimensions, wavelength, and the diffraction angle.

Assumptions and Given Data

- Slit width: \( a = 1.2\, \text{m}\)

- Wavelength of light: Typically, visible light ranges from 400 nm to 700 nm. Let's assume \( \lambda
= 550\, \text{nm} = 5.5 \times 10" {-7}\, \text{m} \) (green light) for this calculation.

- Order of minimum: \( m=1) (first minimum)

Calculating the Angle \(\theta\)

Using the minimum condition:
\[ @ \sin \theta = m \lambda \]

Substitute known values:



\[ 1.2\, \text{m} \times \sin \theta = 1 \times 5.5 \times 10" {-7}\, \text{m} \]

\[ \sin \theta = \frac{5.5 \times 10"~ {-7}}{1.2} \approx 4.58 \times 10~ {-7} \]

Since \( \sin \theta \) is extremely small, the angle \( \theta \) can be approximated as:

\[ \theta \approx \sin \theta \approx 4.58 \times 10" {-7}\, \text{radians} \]

Converting to degrees:

\[ \theta \approx 4.58 \times 10™ {-7} \times \frac{180} {\pi} \approx 2.63 \times 10" {-5} ~\circ \]

This is an extremely small angle, effectively indicating that the first minimum occurs very close to the
central maximum.

Implications of the Large Slit Width

The calculations reveal that with a slit width of 1.2 meters, the first minimum for visible light appears
at a negligible angle, practically along the original direction of the incident light. This has several
important implications:

1. Narrow Diffraction Pattern

A large slit width results in a diffraction pattern that is extremely narrow. This means the minima and
maxima are clustered tightly, making the pattern difficult to resolve without precise instruments.

2. Near-Parallel Minima

Since the minima occur at such tiny angles, the diffraction effects are essentially negligible for most
practical purposes involving visible light. The light behaves more like geometric optics predicts, with
minimal spreading.

3. Applications and Limitations

- For high-precision optical experiments requiring minimal diffraction, large slits such as 1.2 meters
are advantageous.

- Conversely, for experiments that depend on observable diffraction patterns, such a large slit may be
impractical due to the extremely narrow fringes.

Real-World Scenarios and Practical Considerations

While theoretical calculations are insightful, real-world applications often involve additional factors:



Material and Surface Quality

- Real slits are rarely perfect; edge imperfections can affect the diffraction pattern.

Wavelength Variations

- Using different wavelengths (e.g., blue at 450 nm or red at 650 nm) will slightly alter the position of
minima, though the effect is minimal at such a large slit width.

Measurement Challenges

- Detecting minima at angles as small as a few micro-radians requires highly sensitive
instrumentation, often beyond standard laboratory capabilities.

Conclusion: Significance of Slit Width in Diffraction
Patterns

Analyzing the diffraction pattern produced by light passing through a 1.2-meter wide slit underscores
the critical role of slit dimensions in wave optics. The extremely small angle for the first minimum
indicates that the diffraction effects are negligible for such a large aperture when used with visible
light wavelengths. This understanding is pivotal in designing optical systems where diffraction
minimization is desired, such as in telescopes or laser beam shaping.

In summary:

e Large slit widths produce narrow diffraction patterns with minima at very small angles.

* The position of minima is directly proportional to the wavelength and inversely proportional to
the slit width.

e Practical applications must consider the limitations imposed by the physical dimensions and
measurement capabilities.

By mastering the principles of single-slit diffraction and understanding how parameters like slit width
influence the pattern, scientists and engineers can optimize optical systems for precision, resolution,
and performance.

Frequently Asked Questions



What is the condition for the first minimum in single slit
diffraction?

The first minimum occurs when the angle 6 satisfies the condition d sin 8 = A, where d is the slit width
and A is the wavelength of light.

Given a slit width of 1.2 m, how does increasing the
wavelength affect the position of the first minimum?

Increasing the wavelength A increases sin 6, causing the first minimum to occur at a larger angle 6,
thus moving the diffraction pattern outward.

How can the wavelength of light be determined if the angle
for the first minimum is known for a 1.2 m slit?

Using the relation A = d sin 6, where d = 1.2 m and 0 is the angle at the first minimum, the
wavelength can be calculated accordingly.

Why is the slit width of 1.2 m considered very large in the
context of diffraction phenomena?

Because typical diffraction experiments involve much smaller slit widths in the micrometer or
nanometer range, a 1.2 m slit is unusually large, resulting in extremely narrow diffraction patterns.

What is the significance of the first minimum in
understanding the properties of light?

The first minimum provides information about the wavelength of light and the slit dimensions, helping
to analyze wave interference and diffraction phenomena.

If the first minimum occurs at a small angle, what does that
imply about the wavelength relative to the slit width?

It implies that the wavelength A is small compared to the slit width d, resulting in a small value of sin
0 and a diffraction pattern tightly confined around the central maximum.

How does the diffraction pattern change as the slit width
decreases from 1.2 m?

As the slit width decreases, the diffraction angles increase, causing the minima to occur at larger
angles and the pattern to spread out more widely.
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Introduction

The phenomenon of light diffraction through a single slit has long fascinated scientists and educators
alike. At its core, it exemplifies the wave nature of light, illustrating how waves interfere to produce
characteristic patterns of bright and dark regions on a screen. Among such patterns, the first
minimum—the first dark fringe observed from the central maximum—is especially significant,
providing direct insights into the slit's dimensions and the wavelength of the incident light.

This article delves into the nuanced analysis of a specific scenario: consider light falling on a single
slit, of width 1.2 meters, that produces its first minimum at a given angle. Although the slit width
appears enormous by typical optical standards, it serves as an intriguing case study in classical wave
optics, highlighting the interplay between slit dimensions, wavelength, and diffraction patterns. We
will explore the underlying physics, elaborate on the mathematical formulations, and examine real-
world implications and applications of such a setup.

Understanding Single-Slit Diffraction
Fundamental Principles

When a coherent light source illuminates a narrow aperture, the transmitted light waves spread out
due to diffraction. The resulting intensity distribution on a distant screen is governed by the principles
of wave interference. For a single slit of width \( a ), the diffraction pattern features a central bright
maximum flanked by successive minima and maxima.

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

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

where:

a\) is the slit width,

\theta \) is the diffraction angle relative to the incident beam,

\lambda \) is the wavelength of the incident light,

m \) is the order of the minimum (\( m =\pm 1, \pm 2, \pm 3, \Idots \)).
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The first minimum occurs at \( m = \pm 1), which corresponds to the first dark fringe away from the
central maximum.

Significance of the First Minimum

The first minimum provides a straightforward way to determine the wavelength of light (or the slit
width if the other is known). For example, measuring the angle \( \theta 1) of the first minimum

allows for calculating \( \lambda \) if \( a \) is known, or vice versa.

The Unusual Case of a 1.2-Meter Wide Slit



While most diffraction experiments involve microscopic or millimeter-scale slits, a 1.2-meter-wide slit
is extraordinarily large, raising questions about the nature of the diffraction pattern and the
practicalities involved.

Physical Feasibility

Creating a slit of this magnitude would entail significant engineering challenges—requiring a large
aperture, precise alignment, and a coherent light source with a wavelength compatible with the slit
dimensions. Typically, such large-scale diffraction setups are hypothetical or used in specialized
applications, such as astronomical observations or large-scale optical experiments.

Theoretical Context

Considering a 1.2 m slit, the diffraction angles for visible wavelengths (roughly 400-700 nm) become
exceedingly small:

\[
\sin \theta \approx \theta \quad \text{for small angles}

\]
\[
\theta \approx \frac{m \lambda}{a}
\]

For the first minimum (\( m=1\)):

\[

\theta 1 \approx \frac{\lambda}{a}

\]

Plugging in the numbers for visible light:

-\(\lambda = 500\, \text{nm} = 5 \times 10"~ {-7} \, \text{m} \),
-\(a = 1.2\, \text{m}\),

we get:

\[

\theta 1 \approx \frac{5 \times 10~ {-7}}{1.2} \approx 4.17 \times 10"~ {-7} \, \text{radians}

\]

This corresponds to an extremely small angle (~0.000024 degrees), indicating that the diffraction
pattern would be practically indistinguishable from a pure beam with negligible spreading at typical
observation distances.

Mathematical Analysis

Deriving the Pattern

The intensity \( I(\theta) \) for single-slit diffraction is given by:



\[
I(\theta) = |_0 \left( \frac{\sin \beta}{\beta} \right)"2
\]

where:

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

and \( 1_0\) is the maximum intensity at the central bright fringe (\( \theta = 0)).

The minima occur where \( \sin \beta = 0), except at \( \beta = 0), which corresponds to the central
maximum. Therefore, the first minimum at \( m=1):

\[
\beta = \pi
\]

leading to:

\[
\pi = \frac{\pi a}{\lambda} \sin \theta 1
\]

which simplifies to the earlier condition:

\[
a \sin \theta 1 = \lambda

\]

Practical Calculation

Suppose we have a monochromatic light source with a known wavelength and want to verify the
position of the first minimum:

- For \( \lambda = 500\, \text{nm} ),
- Slit width \( a = 1.2\, \text{m}\),

then:

\[
\sin \theta_1 = \frac{\lambda}{a} = \frac{5 \times 10~ {-7}}{1.2} \approx 4.17 \times 10"~ {-7}
\]

which corresponds to:

\[
\theta 1 \approx 4.17 \times 10" {-7}\, \text{radians}

\]



At an observation distance \( L), the position \( y \) of the first minimum on the screen is:

\[
y \approx L \tan \theta_1 \approx L \sin \theta_1
\]

For\( L = 10\, \text{m} \):

\[

y \approx 10 \times 4.17 \times 10" {-7} \approx 4.17 \times 10" {-6} \, \text{m} \approx 4.17\, \mu
\text{m}

\]

This minuscule displacement underscores the near-unimodal nature of the pattern due to the
enormous slit width.

Implications and Applications

Optical Resolution and Limitations

The analysis reveals that as the slit width increases, diffraction effects diminish. In the limit where \( a
\to \infty \), diffraction disappears altogether, and the incident wave simply transmits through without
spreading.

In practical terms, a 1.2-meter slit would produce a diffraction pattern so narrowly confined that it
becomes indistinguishable from direct transmission, making diffraction effects negligible for most
observation purposes.

Relevance to Large-Scale Optical Systems

Understanding such large slit phenomena is relevant in astrophysics and radio astronomy, where
wave diffraction through large apertures influences image resolution and signal interpretation.

For example:

- Radio telescopes with large dish diameters exhibit diffraction-limited resolution determined by
aperture size.

- Optical telescopes using large apertures face similar considerations, where diffraction sets
fundamental limits on resolving power.

Educational and Theoretical Significance

While constructing a 1.2-meter slit for laboratory diffraction experiments is impractical, analyzing
such a configuration provides valuable insights into the relationship between slit size, wavelength,
and diffraction behavior. It emphasizes how wave phenomena scale with system dimensions and the
importance of coherence and wavelength in optical physics.

Variations and Further Investigations

Effect of Changing Wavelength



If the wavelength is increased (moving into the infrared or microwave regimes), the diffraction angles
become more appreciable, making the pattern more observable.

Multiple Slits and Diffraction Gratings

Extending the analysis to multiple slits introduces interference effects that can produce highly
directional and sharp diffraction maxima, which are crucial in spectroscopic applications.

Real-World Limitations

Factors such as slit imperfections, environmental disturbances, and finite source coherence
complicate real-world diffraction observations, especially at such large scales.

Conclusion

The hypothetical scenario of light falling on a single slit of width 1.2 meters that produces its first
minimum at an angle exemplifies core principles of wave optics. The mathematical relationships
underscore how diffraction patterns depend intricately on the ratio of wavelength to slit size, with
larger slits producing increasingly narrow and less observable diffraction effects.

While practically constructing such a slit for visible light is unfeasible, the analysis has far-reaching
implications across optical engineering, astronomy, and physics education. It reinforces the
understanding that wave behavior transcends scales and that the fundamental physics remains
consistent regardless of the size of the aperture—highlighting the universality and elegance of wave
phenomena in nature.
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