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When monochromatic light strikes a double-slit apparatus, it produces an interference pattern of
bright and dark fringes on a screen. The nature of this pattern depends on several factors, including
the wavelength of the incident light, the separation between the slits, and the distance from the slits
to the observation screen. In this article, we explore how to analyze such a setup, focusing on the
interference pattern created by green light of wavelength 540 nm incident on two slits separated by
0.50 mm. We will systematically determine key parameters, including the fringe width, the position of
bright fringes, and the conditions for constructive interference, providing a comprehensive
understanding of the phenomena involved.

Understanding the Physical Setup

Key Parameters

» Wavelength of incident light, A: 540 nm (which is 540 x 10° meters)
 Distance between the two slits, d: 0.50 mm (which is 0.50 x 10 meters)

* Observation screen distance from the slits, D: This critical parameter often appears in
calculations; assume D is known or specified in the problem.

Interference Pattern Formation

When coherent light passes through two narrow slits, each slit acts as a secondary source of
wavefronts. These wavefronts interfere constructively and destructively at various points on the
screen, creating a pattern of bright and dark fringes. The bright fringes correspond to points where
waves reinforce each other (constructive interference), while dark fringes correspond to points of
destructive interference.



Fundamental Equations Governing Double-Slit
Interference

Position of Bright Fringes

The position of the m™ bright fringe from the central maximum is given by:

X, = (mAD) / d

where:

X,,: distance from the central maximum to the m” bright fringe

m: fringe order (0, 1, 2, ...)

A: wavelength of light

D: distance from slits to screen

e d: separation between the two slits

Fringe Width (Fringe Spacing)

The fringe width, often denoted as B, is the distance between two successive bright fringes (or dark
fringes) and is calculated by:

B=(AD) / d

This value indicates the spatial separation between fringes on the screen and is a crucial parameter
for understanding the pattern's density.

Calculating Fringe Spacing (Fringe Width)

Given Data

» Wavelength, A = 540 nm = 540 x 10° m
* Slit separation, d = 0.50 mm = 0.50 x 10° m

e Distance to screen, D: Assume D = 2 meters (or specify as needed)



Calculation

Using the fringe width formula:

B=(AD) / d

Substituting the known values:

B = (540 x 10° m x 2 m) / (0.50 x 107 m)

Calculating numerator:

540 x 10° mx 2 m=1.08 x 10° m

Dividing by denominator:

B = (1.08 x 10°m) / (0.50 x 102 m) = (1.08 x 10°) / (0.50 x 107°) = 2.16 x
103 m

Thus, the fringe width is approximately 2.16 mm.

Determining the Position of Specific Bright Fringes

Example: Position of the 1* Bright Fringe

Using the fringe position formula:
X, = (1 x AD) / d
Substituting values:

X, = (540 x 10° m x 2 m) / (0.50 x 102 m) = 2.16 mm

This indicates that the first bright fringe appears approximately 2.16 mm from the central maximum
on the screen.

General Fringe Positions

Similarly, the m™ bright fringe is located at:

X, = m x B

meaning the fringes are evenly spaced, separated by approximately 2.16 mm in our example.



Conditions for Constructive and Destructive
Interference

Constructive Interference (Bright Fringes)

e Occurs when the path difference between waves from the two slits is an integer multiple of the
wavelength:

e A =mA

Destructive Interference (Dark Fringes)

e Occurs when the path difference is an odd multiple of half-wavelengths:

e A=(m+%)A

Impact of Geometry and Experimental Setup

Influence of Distance D

The distance from the slits to the screen, D, directly influences the fringe width. Increasing D results
in wider fringes, making the interference pattern easier to observe. Conversely, decreasing D causes
fringes to become closer together, which may complicate measurement.

Effects of Slit Separation d

The slit separation determines the number of fringes visible and their spacing:

e Smaller d yields larger fringe width, making fringes more spread out.

e Larger d produces narrower fringes, increasing fringe density.



Practical Applications and Significance

Optical Instrumentation and Measurement

Understanding interference patterns in double-slit experiments is fundamental for the calibration and
design of optical instruments, including spectrometers and interferometers.

Scientific Research

Interference phenomena underpin advanced technologies such as holography, quantum computing,
and microscopy, where precise control of light interference is crucial.

Summary and Conclusions

In this detailed analysis, we have demonstrated how to determine the fringe width and the positions
of bright fringes in a double-slit interference pattern when illuminated by green light of wavelength
540 nm. By applying the fundamental formulas, we established that the fringe width is approximately
2.16 mm for a screen placed 2 meters away, with the first bright fringe appearing about 2.16 mm
from the central maximum. These calculations highlight the importance of parameters such as
wavelength, slit separation, and distance to the screen in shaping the interference pattern. Such
understanding not only elucidates fundamental wave phenomena but also supports practical
applications in optical physics and engineering.

Frequently Asked Questions

What is the significance of the 540 nm wavelength in the
context of the two-slit interference experiment?

The 540 nm wavelength corresponds to green light, which is used to observe clear interference
fringes due to its visibility and coherence properties, facilitating the analysis of slit separation and
fringe patterns.

How do you calculate the fringe width in a double-slit
interference pattern when given the wavelength and slit
separation?

The fringe width (W) is calculated using the formula W = (A x D) / d, where A is the wavelength (540
nm), D is the distance from the slits to the screen, and d is the slit separation (0.50 mm).



What is the importance of knowing the slit separation of 0.50
mm in the interference pattern analysis?

The slit separation determines the spacing between the fringes; a larger d results in narrower fringes,
and knowing this value helps compute fringe width and position accurately.

If the distance from the slits to the screen is 2 meters, what is
the fringe width for the given setup?

Using the formula W = (A x D) /d, W = (540 x 10*-9m x 2m)/0.50 X 10™-3 m = 2.16 mm.

How does changing the wavelength from 540 nm to a higher
value affect the fringe pattern?

Increasing the wavelength increases the fringe width, resulting in fringes that are spaced further
apart on the screen.

What is the role of coherence length in the interference
pattern observed with green light of 540 nm wavelength?

Coherence length determines the maximum path difference over which the light waves can produce a
stable interference pattern; higher coherence length results in clearer fringes.

Can the interference pattern be observed with this setup if
the slit separation is increased to 1 mm? How does it affect
the fringes?

Yes, increasing the slit separation decreases the fringe width, making the fringes more closely spaced
and potentially more difficult to resolve if the slit separation becomes too large.

What are the practical applications of understanding
interference patterns produced by green light at 540 nm?

Applications include precision measurements in optical metrology, testing the quality of optical
components, holography, and the design of interferometric sensors.

How would the fringe pattern change if the incident light
were monochromatic versus polychromatic?

Monochromatic light produces clear, well-defined fringes, whereas polychromatic light causes
overlapping patterns with reduced contrast due to different wavelengths interfering differently,
resulting in blurred fringes.



Additional Resources

Interference Pattern Analysis: Wavelength 540 nm Light Incident on a Double Slit

Introduction

In the realm of wave optics, the phenomenon of interference offers a fascinating window into the
wave nature of light. When a coherent light source illuminates a double slit, the resulting pattern of
bright and dark fringes provides critical insights into the properties of light and the geometry of the
setup. Here, we delve into a detailed analysis of the interference pattern produced when green light
of wavelength 540 nm is incident upon a double slit separated by 0.50 mm (or 500 micrometers). Our
goal is to determine the position of the fringes and other related parameters, providing a
comprehensive understanding of the physics involved.

Fundamental Concepts and Parameters
Before diving into calculations, let’s clarify the core parameters involved:

- Wavelength of incident light (A): 540 nm (or 540 x 10-° meters)

- Slit separation (d): 0.50 mm (or 0.50 x 10-3 meters)

- Screen distance (L): Typically, to observe a clear interference pattern, the screen is placed at a
certain distance from the slits. For the purpose of detailed calculations, we will assume a typical
distance such as 2 meters unless specified otherwise.

Theoretical Background
1. Double Slit Interference

The interference pattern formed by two slits results from the superposition of light waves emanating
from each slit. Bright fringes (constructive interference) occur where the waves are in phase, while
dark fringes (destructive interference) occur where they are out of phase.

Key formulas:

- Fringe position (x): The lateral displacement of the m-th bright fringe from the central maximum is
given by:

\[
x_m = \frac{m \lambda L}{d}

\]

where:

-\( m\) = fringe order (0, 1, 2, ...)

-\( L\) = distance from slits to screen
-\( d\) = slit separation



-\(\lambda \) = wavelength
- Angular position (8): The angle of the m-th fringe relative to the central maximum:

\[
\theta_m = \sin™ {-1}\left(\frac{m \lambda} {d}\right)
\]

For small angles (which is typical in such setups), \(\sin \theta \approx \theta\) in radians.

Step-by-Step Calculation

1. Determine the fringe positions for various orders

Assuming a screen distance \(L = 2 \text{ meters}\), and calculating for the first few fringes:
Constants:

-\(\lambda = 540 \text{ nm} = 540 \times 10"~ {-9} \text{ m}\)

-\(d = 0.50 \text{ mm} = 0.50 \times 10~ {-3} \text{ m}\)

-\(L=2\text{ m}\)

Calculating for\( m = 0\) (central maximum):

\[
x0=0
\]

Calculating for\(m =1\):

\[

x_1 = \frac{1 \times 540 \times 10"~ {-9} \times 2}{0.50 \times 10~ {-3}} = \frac{1.08 \times
10~ {-6}1}{0.50 \times 10"~ {-3}} = 2.16 \text{ meters}

\]

Calculating for\( m = 2\):

\[
X_2 = 2 \times 2.16 = 4.32 \text{ meters}

\]
Observation:

The fringe separation \( \Delta x \) between successive bright fringes is:

\[
\Delta x = \frac{\lambda L}{d} = 2.16 \text{ meters}

\]



which indicates that the pattern is quite broad, and the fringes are spaced roughly 2.16 meters apart
on the screen placed 2 meters away.

2. Fringe Width and Resolution

Given the large fringe separation, the interference pattern will be quite spread out, making it easy to
observe and measure. This is characteristic of setups with relatively large slit separation and shorter
wavelengths.

Important considerations:

- Visibility: The pattern is visible because the light source is coherent and monochromatic.
- Resolution limitations: The fringe spacing is large; thus, precise measurements require careful setup.

3. Angular Position of Fringes

To understand the angular distribution:

\[

\theta_m \approx \sin” {-1}\left(\frac{m \lambda} {d}\right)
\]

For\(m=1\):

\[

\theta 1 \approx \frac{\lambda}{d} = \frac{540 \times 10"~ {-9}}{0.50 \times 10~ {-3}} = 1.08
\text{ radians}
\]

which is approximately 61.9°, indicating that fringes are observed at large angles, confirming the
broad spread of the pattern.

Practical Implications and Observations

- The large fringe separation suggests that the interference fringes are easily distinguishable without
sophisticated equipment.

- The phase difference between waves from the two slits at a point on the screen determines the
fringe position.

- The fringe pattern's intensity distribution follows the classic interference pattern, with maxima and
minima corresponding to constructive and destructive interference.

Additional Considerations



1. Effect of Wavelength Variations

Any change in wavelength (e.g., using different shades of green or other wavelengths) will directly
affect the fringe positions. Since the fringe separation is proportional to \( \lambda \), a longer
wavelength results in wider fringes.

2. Impact of Slit Separation

Reducing \( d\) increases fringe spacing, making the pattern more spread out, while increasing \( d \)
results in more closely spaced fringes.

3. Real-World Constraints

- Coherence length: The light source must be coherent over the slit separation.

- lllumination quality: Uniform and monochromatic illumination ensures a clear pattern.

- Screen distance: Greater distances increase fringe separation but may reduce fringe visibility due to
external disturbances.

Conclusion

The interference pattern generated by green light of wavelength 540 nm passing through a double slit
separated by 0.50 mm is characterized by a set of bright and dark fringes spaced approximately 2.16
meters apart on a screen placed 2 meters away. The angular positions of these fringes are significant,
reaching up to about 62 degrees for the first-order maximum, indicating a broad, easily observable
pattern.

This analysis not only illustrates the fundamental principles of wave optics but also exemplifies the
precise relationships between wavelength, slit separation, and fringe position — critical knowledge for
designing optical experiments, spectroscopic analyses, or even the development of interference-
based optical devices. Whether for academic demonstration or practical applications, understanding
these parameters enhances our grasp of the wave nature of light and its interference phenomena.

In summary:

- The fringe separation (\( \Delta x \)) is approximately 2.16 meters for the given setup.

- The angular position of the first-order fringe is roughly 62°.

- These parameters demonstrate the direct proportionality between wavelength, slit separation, and
fringe spacing, highlighting the elegance of wave interference physics.

This comprehensive insight into the interference pattern forms a foundational component for
advanced optical research, precision measurement, and innovative technological applications.
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