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Light Of Wavelength = 610 Nm And Intensity I0 = 270 W/m2 Passes Through A
Slit Of Width W = 1.2 M Before delving into the fascinating world of wave
optics and diffraction phenomena, it is essential to understand the
fundamental principles governing the behavior of light as it interacts with
narrow openings. When a beam of monochromatic light with a wavelength of 610
nanometers and an initial intensity of 270 W/m² passes through a slit
measuring 1.2 meters in width, a series of optical phenomena ensues, most
notably diffraction and interference. These phenomena not only influence the
distribution and intensity pattern of the transmitted light but also serve as
the foundation for numerous applications in scientific research, engineering,
and optical instrumentation.

In this comprehensive analysis, we aim to explore the various aspects of
light passing through a slit, including the theoretical background,
mathematical formulations, experimental considerations, and practical
implications. Whether you are a student, researcher, or enthusiast,
understanding how the wavelength and slit width influence the diffraction
pattern is crucial for designing experiments and interpreting results
accurately.

---

Theoretical Foundations of Light Diffraction
Through a Slit

Wave Nature of Light and Diffraction Phenomena

Light behaves as a wave, which allows it to bend around obstacles and spread
out when passing through narrow openings—a phenomenon known as diffraction.
When light encounters a slit comparable in size to its wavelength,
diffraction effects become prominent, leading to characteristic intensity
patterns on a screen placed behind the slit.

Key points include:

- Huygens' Principle: Every point on a wavefront acts as a source of
secondary wavelets, which interfere to produce the resultant wave pattern.
- Interference of Wavelets: Constructive interference enhances light
intensity at certain angles, forming bright fringes, while destructive



interference causes dark regions.
- Diffraction Pattern: The resulting pattern consists of a central bright
maximum with successive, diminishing secondary maxima and minima on either
side.

Conditions for Diffraction and Their Significance

The extent of diffraction depends primarily on the ratio of the wavelength to
the slit width. When the slit width W is comparable to or smaller than the
wavelength λ, diffraction effects are significant.

- For W >> λ, the light behaves almost as if passing through an opening with
negligible diffraction, producing a nearly straight beam.
- For W ≈ λ, pronounced diffraction patterns emerge, characterized by broad
maxima and minima.
- For W <
In our case:

- W = 1.2 meters
- λ = 610 nanometers (which is 6.1 × 10⁻⁷ meters)

Since W >> λ, the diffraction pattern will be relatively narrow, and the
primary maximum will dominate, with secondary maxima being relatively close
to the central maximum.

---

Mathematical Description of Diffraction Through
a Single Slit

Diffraction Pattern and Intensity Distribution

The intensity distribution of light after passing through a single slit can
be described mathematically using the Fraunhofer diffraction approximation,
suitable when the screen is far from the slit compared to the slit size.

The intensity \( I(\theta) \) at an angle \( \theta \) from the central axis
is given by:

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

where:



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

and:

- \( I_0 \) is the maximum intensity at \( \theta = 0 \),
- \( W \) is the slit width,
- \( \lambda \) is the wavelength of light.

This formula describes a sinc-squared pattern, with a prominent central
maximum and diminishing secondary maxima.

Position of Minima and Maxima in the Pattern

- Dark fringes (minima):

\[
\sin \theta_{min} = \pm \frac{m \lambda}{W}
\]

where \( m = \pm 1, \pm 2, \pm 3, \ldots \)

- Bright fringes (secondary maxima):

Secondary maxima occur approximately at positions where:

\[
\beta \approx m \pi
\]

but these are not as sharply defined as minima.

- Angular width of the central maximum:

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

\[
\Delta \theta = 2 \arcsin \left( \frac{\lambda}{W} \right)
\]

Given the large slit width, this angular width will be very small, indicating
a narrow diffraction pattern.

---



Calculating the Diffraction Pattern for the
Given Parameters

Parameters Recap

- Wavelength, \( \lambda = 610 \text{ nm} = 6.1 \times 10^{-7} \text{ m} \)
- Slit width, \( W = 1.2 \text{ m} \)
- Initial intensity, \( I_0 = 270 \text{ W/m}^2 \)

Estimating the Angular Positions of Minima

Using the minima condition:

\[
\sin \theta_{min} = \pm \frac{m \lambda}{W}
\]

For \( m = 1 \):

\[
\sin \theta_{min} = \frac{6.1 \times 10^{-7}}{1.2} \approx 5.08 \times
10^{-7}
\]

Since this value is very small, \( \theta_{min} \approx \sin \theta_{min} \),
in radians:

\[
\theta_{min} \approx 5.08 \times 10^{-7} \text{ radians}
\]

This indicates the minima are extremely close to the central axis, and the
diffraction pattern is very narrow.

Implication for Pattern Observation

- The central maximum will be very sharp and intense.
- Secondary maxima are practically indistinguishable at standard
observational distances due to the large slit width.
- The diffraction effects are minimal in observable wide-angle regions
because the slit width is large relative to wavelength.

---



Practical Implications and Applications

Optical Instrument Design

Understanding diffraction patterns is vital in designing optical devices such
as:

- Spectrometers: Precise control of slit widths influences spectral
resolution.
- Telescopes and Microscopes: Minimize diffraction to maximize resolution.
- Diffraction Gratings: Utilize multiple slits for diffraction to analyze
light spectra.

Scientific Experiments and Measurements

- Measuring wavelength: By analyzing the diffraction pattern, especially the
positions of minima, the wavelength of light can be accurately determined.
- Investigating material properties: Variations in diffraction patterns can
reveal surface imperfections or material inhomogeneities.
- Calibration of optical systems: Ensuring minimal diffraction effects for
high-precision applications.

Limitations and Considerations

- Large slit widths reduce diffraction effects; thus, for significant
diffraction, slit widths need to be comparable to the wavelength.
- Environmental factors such as vibrations, air currents, and temperature
variations can affect pattern clarity.
- The assumption of Fraunhofer diffraction applies only when the observation
screen is sufficiently far from the slit; near-field (Fresnel) diffraction
requires different analysis.

---

Conclusion: The Significance of Wavelength and
Slit Width in Diffraction Patterns

The interaction of light with a slit of width 1.2 meters and wavelength 610
nanometers provides an insightful example of wave optics principles. Despite
the relatively large slit, diffraction still occurs, producing a pattern
characterized by a central bright maximum with diminishing secondary maxima.



The ratio of wavelength to slit width dictates the extent of diffraction
effects, influencing the design and interpretation of optical experiments.

Understanding these phenomena enables scientists and engineers to optimize
optical systems for various applications, from high-resolution imaging to
spectral analysis. The precise mathematical formulations, combined with
practical considerations, ensure that the behavior of light passing through
slits can be predicted, controlled, and utilized effectively across diverse
scientific fields.

Key Takeaways:

- Diffraction is a wave phenomenon that occurs when light passes through
narrow openings.
- The size of the slit relative to the wavelength determines the intensity
and spread of the diffraction pattern.
- In cases where the slit is much wider than the wavelength, diffraction
effects are minimal but still present.
- Mathematical models like the sinc-squared intensity distribution help
predict diffraction patterns.
- Practical applications of understanding diffraction include spectroscopy,
optical engineering, and experimental physics.

By mastering these concepts, one can harness the wave nature of light to
develop advanced optical devices and deepen our understanding of fundamental
physics phenomena.

Frequently Asked Questions

What is the wavelength of the light passing through
the slit?
The wavelength of the light is 610 nm.

What is the initial intensity of the light before
passing through the slit?
The initial intensity of the light is 270 W/m².

What is the width of the slit through which the
light passes?
The width of the slit is 1.2 meters.



How does the slit width affect the diffraction
pattern of the light?
A wider slit reduces diffraction and results in a narrower central maximum,
while a narrower slit increases diffraction, broadening the pattern.

Can the wavelength of 610 nm produce noticeable
diffraction effects through a 1.2 m slit?
No, since the slit width is much larger than the wavelength, diffraction
effects will be minimal and the light will mostly pass through in a straight
beam.

How would decreasing the slit width W influence the
diffraction pattern?
Decreasing the slit width W would increase diffraction, resulting in a wider
diffraction pattern and more spread-out light intensity distribution.

What is the significance of the initial intensity I0
in analyzing the diffraction pattern?
The initial intensity I0 determines the overall brightness of the diffraction
pattern, although diffraction primarily depends on slit width and wavelength.

Is the given wavelength suitable for observing
visible diffraction effects with a 1.2 m slit?
Since 610 nm is within the visible spectrum and the slit is much wider than
the wavelength, diffraction effects will be minimal, making it less suitable
for prominent diffraction observations with such a wide slit.

Additional Resources
Light Wavelength and Intensity Analysis: A Comprehensive Examination of 610
nm Light Passing Through a 1.2 m Wide Slit

---

Introduction: Exploring the Fundamentals of
Light and Diffraction

Light, an electromagnetic phenomenon, exhibits both wave-like and particle-



like properties. When analyzing the behavior of light passing through
apertures, the wave nature becomes particularly significant, especially
concerning diffraction and interference patterns. In this detailed review, we
focus on a specific scenario involving monochromatic light with a wavelength
of 610 nm and an initial intensity of 270 W/m² passing through a slit of
width 1.2 meters. Understanding this setup not only deepens our grasp of
optical physics but also offers insights applicable in various scientific and
engineering contexts, from optical instrumentation to astronomical
observations.

---

Key Parameters and Their Significance

Before delving into the physics, it is crucial to understand the parameters
at play:

- Wavelength (\( \lambda \)) = 610 nm = 610 x 10\(^{-9}\) m
This wavelength falls within the visible spectrum, corresponding to a deep
orange or red hue. Wavelength influences diffraction angles and fringe
spacing.

- Initial Intensity (\( I_0 \)) = 270 W/m²
The intensity indicates the power per unit area incident on the slit. It
affects the brightness of the resulting diffraction pattern.

- Slit Width (\( W \)) = 1.2 m
The aperture width is significantly large relative to the wavelength,
impacting the diffraction pattern's angular spread.

---

Understanding Diffraction Through a Single Slit

The Physics of Single-Slit Diffraction

When coherent monochromatic light encounters a slit, it doesn't simply pass
through unaltered. Instead, the wavefronts undergo diffraction, resulting in
a pattern of bright and dark fringes observed on a screen placed downstream.
The fundamental principles governing this process are:

- Huygens’ Principle: Every point along the slit acts as a secondary source
of wavelets.
- Superposition: These wavelets interfere constructively and destructively,
producing the observed pattern.



The primary features of the diffraction pattern include a central
maximum—brightest and widest—flanked by secondary maxima and minima.

Mathematical Framework

The angular positions of minima (dark fringes) in a single-slit diffraction
pattern are given by:

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

Where:
- \( a \) = slit width (\( W \))
- \( \theta \) = diffraction angle relative to the incident beam
- \( m \) = order of minima

This relation indicates that the width of the central maximum is directly
related to the slit width and inversely related to the wavelength.

---

Impact of Wavelength and Slit Width on
Diffraction Pattern

Calculating Diffraction Angles

Given:
- \( \lambda = 610 \times 10^{-9} \) m
- \( W = 1.2 \) m

The maximum diffraction angle \( \theta_{max} \) for the first minimum (\(
m=1 \)) is:

\[
\sin \theta_1 = \frac{\lambda}{W} = \frac{610 \times 10^{-9}}{1.2} \approx
5.083 \times 10^{-7}
\]

Since this value is very small, the small-angle approximation applies:

\[
\theta_1 \approx \sin \theta_1 \approx 5.083 \times 10^{-7} \text{ radians}
\]



This is an extraordinarily tiny angle, implying that the diffraction pattern
is extremely narrow.

Implication:
The large slit width (1.2 m) causes the diffraction pattern to be highly
concentrated, with minimal spreading. This is typical for large apertures,
such as in telescopes or large optical systems, where diffraction effects are
minimal.

Fringe Width and Pattern Size

The linear width \( y \) of the central maximum on a screen placed at a
distance \( L \) can be approximated by:

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

Assuming a typical experimental setup where \( L \) might be 10 meters:

\[
y \approx 10 \times 5.083 \times 10^{-7} = 5.083 \times 10^{-6} \text{
meters}
\]

This indicates an extremely narrow central maximum, practically negligible
over typical laboratory distances, emphasizing the importance of slit
dimensions relative to wavelength.

---

Energy and Intensity Considerations

Initial Power and Intensity Distribution

The initial intensity \( I_0 = 270 \, \text{W/m}^2 \) signifies the power
incident per unit area on the slit. The total power \( P \) incident on the
slit can be calculated as:

\[
P = I_0 \times A
\]

Where \( A \) is the slit area illuminated, which depends on the width and
the height (or length) of the illuminated region. If, for example, the beam



covers a height \( h \):

\[
A = W \times h
\]

Assuming a hypothetical \( h = 1 \, \text{m} \):

\[
P = 270 \times 1.2 \times 1 = 324 \, \text{W}
\]

This power propagates through the slit and forms the diffraction pattern.

Intensity Distribution in the Diffraction Pattern

The intensity distribution \( I(\theta) \) in a single-slit diffraction
pattern is given by:

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

Where:

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

This function describes how the brightness varies across the pattern:

- The central maximum has approximately four times the intensity of the
secondary maxima.
- Minima occur at values where \( \sin \beta = 0 \), i.e., at \( \beta = m
\pi \), aligning with the minima conditions.

Note: The actual intensity pattern depends on the slit width and wavelength,
with larger \( a \) leading to narrower diffraction patterns.

---

Practical Implications and Applications

Optical Instrumentation



Understanding how a large slit affects diffraction is vital in designing
optical devices such as telescopes, spectrometers, and laser systems. Large
apertures minimize diffraction effects, leading to sharper images, whereas
small apertures increase diffraction, causing blurring.

Communication Systems

In free-space optical communications, the size of apertures and the
wavelength determine beam divergence and focus. Precise control over
diffraction patterns ensures optimal signal quality.

Scientific Research

Scientists utilize diffraction principles to analyze material structures
through techniques like X-ray diffraction and electron diffraction, where the
size of the slit or crystal lattice influences the resulting patterns.

Educational Demonstrations

This scenario provides a real-world example for physics education,
illustrating how wave properties manifest in macroscopic setups, reinforcing
the wave-particle duality concept.

---

Conclusion: The Interplay of Wavelength,
Aperture, and Intensity

This comprehensive analysis of 610 nm wavelength light passing through a 1.2-
meter-wide slit underscores fundamental principles of wave optics. The large
slit width results in minimal diffraction effects, producing a narrowly
concentrated pattern, which is advantageous in applications requiring high
resolution. The initial intensity of 270 W/m² indicates significant power
transmission, yet the diffraction pattern's brightness distribution remains
governed by wave interference principles.

Understanding these parameters allows scientists and engineers to optimize
optical systems, balancing aperture size, wavelength, and intensity to
achieve desired outcomes—whether in imaging, communication, or experimental
physics. The delicate interplay between these factors exemplifies the
elegance of wave optics and its practical relevance across numerous
technological domains.



---

In essence, this setup exemplifies the profound influence of wavelength and
slit dimensions on diffraction phenomena, providing a window into the wave
nature of light and guiding the design of advanced optical systems.
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