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The Young's double slit experiment stands as one of the foundational experiments in the study of

wave optics, demonstrating the wave nature of light through the creation of interference fringes. When

monochromatic light passes through two closely spaced slits, it produces a pattern of bright and dark

fringes on a screen positioned at some distance. These fringes result from the constructive and

destructive interference of light waves emanating from the two slits.

This phenomenon not only provides evidence for the wave theory of light but also allows scientists to

explore the properties of light, such as wavelength, coherence, and phase differences. In this article,

we focus on the specific case of using sodium (Na) light at wavelengths of 589 nm and 589.5 nm to

generate interference fringes, delving into the theoretical background, experimental setup, calculations,

and significance of these wavelengths in wave optics.

---

Background and Significance of Sodium Light in Interference

Experiments

Sodium light, particularly at the yellow wavelength of 589 nm, is one of the most prominent and stable

spectral lines used in optics experiments. This spectral line is part of the sodium D-line doublet, which



consists of two very close wavelengths: 589.0 nm and 589.6 nm, often approximated as 589.0 nm

(589 nm) and 589.6 nm (roughly 589.5 nm).

Using sodium light in interference experiments offers several advantages:

- Monochromaticity: The sodium D-line provides nearly monochromatic light, which is essential for

clear and stable interference fringes.

- Stability: Sodium lamps produce consistent wavelength output, making them ideal for precise

measurements.

- Availability: Sodium vapor lamps are readily available and easy to use in laboratory setups.

The small difference of approximately 0.5 nm between the two wavelengths (589.0 nm and 589.6 nm)

introduces interesting phenomena such as fringe shifting, beat patterns, and the concept of coherence

length in interference experiments.

---

Principle of the Young's Double Slit Experiment

The core principle of the Young's double slit experiment is the interference of coherent light waves.

When monochromatic light passes through two narrow, closely spaced slits, each slit acts as a

secondary source of waves. These waves spread out and overlap on the screen, creating an

interference pattern of bright and dark fringes.

Key concepts involved:

- Path difference: The difference in the distance traveled by light from each slit to a point on the

screen.

- Constructive interference: Occurs when the path difference is an integer multiple of the wavelength,

resulting in bright fringes.

- Destructive interference: Occurs when the path difference is a half-integer multiple of the wavelength,

resulting in dark fringes.



The position of the fringes depends on the wavelength of light, the slit separation, and the distance

from the slits to the screen.

---

Wavelengths of Sodium Light and Their Effect on Fringe

Formation

The two wavelengths of sodium D-line—589 nm and 589.5 nm—are extremely close, yet their slight

difference causes measurable effects in the interference pattern.

Significance of these wavelengths:

- The small difference (~0.5 nm) leads to a phenomenon called fringe shift or beat pattern, where the

interference fringes gradually shift and fade over time due to superposition.

- When both wavelengths are used simultaneously, the combined pattern exhibits fringe visibility with

periodic variations in intensity.

Impact on fringe formation:

- At a fixed slit separation and screen distance, the primary fringe spacing depends on the wavelength.

- Since the two wavelengths are close, the fringe pattern created by each wavelength overlaps,

producing a complex interference pattern that can be analyzed to measure the difference in

wavelengths.

---

Mathematical Formulation of Fringe Pattern Using Na Light

The fundamental formula for fringe spacing (or fringe width) in Young’s double slit experiment is:



\[

w = \frac{\lambda D}{d}

\]

Where:

- \(w\) = fringe width (distance between two successive bright fringes)

- \(\lambda\) = wavelength of the light used

- \(D\) = distance from the slits to the screen

- \(d\) = separation between the two slits

Applying to sodium light:

- For \(\lambda_1 = 589\, \text{nm}\),

- For \(\lambda_2 = 589.5\, \text{nm}\),

the fringe widths are:

\[

w_1 = \frac{589 \times 10^{-9} \times D}{d}

\]

\[

w_2 = \frac{589.5 \times 10^{-9} \times D}{d}

\]

Since these wavelengths are very close, the fringe widths are nearly identical but differ slightly, leading

to the phenomenon of fringe superposition.

---



Calculating Fringe Shift and Beat Pattern

When two wavelengths are used simultaneously, the resulting pattern can be understood through the

concept of superposition. The combined intensity distribution exhibits a beat pattern, characterized by

a modulation of fringe visibility.

Fringe shift calculation:

The fringe shift \(\Delta y\) at a particular point on the screen can be calculated using:

\[

\Delta y = \frac{\Delta \lambda \times D}{d}

\]

Where:

- \(\Delta \lambda = |\lambda_2 - \lambda_1| = 0.5\, \text{nm} = 0.5 \times 10^{-9}\, \text{m}\)

Beat length \(L_b\):

The distance over which the fringes appear to shift by one full fringe (i.e., complete cycle of the beat

pattern) is given by:

\[

L_b = \frac{\lambda^2}{\Delta \lambda} \times \frac{D}{d}

\]

This indicates that the fringe pattern repeats after a certain distance, producing observable phenomena

such as fringe disappearance and reappearance.

---



Experimental Setup for Using Sodium Light in Interference

A typical experimental setup involves:

1. Sodium lamp or vapor source: Provides monochromatic light at 589 nm and 589.5 nm.

2. Collimating lens: Ensures the light is parallel before reaching the slits.

3. Double slit apparatus: Consisting of two narrow, closely spaced slits with slit separation \(d\).

4. Screen: Positioned at a distance \(D\) from the slits to observe the interference pattern.

5. Measuring instruments:

- Ruler or vernier calipers for measuring fringe spacing.

- Micrometer or slit width measurement tools.

---

Analyzing the Interference Pattern with Sodium Light

When sodium light of 589 nm and 589.5 nm is used, the interference pattern exhibits the following

features:

- Bright and dark fringes corresponding to each wavelength.

- Fringe superposition: The two slightly different wavelengths produce overlapping fringes, leading to a

beat pattern.

- Fringe visibility: The pattern's contrast varies periodically due to the superposition, with maximum and

minimum visibility at specific positions.

Key observations:

- The fringes for the two wavelengths are almost coincident but shift gradually, leading to a fading and

reappearance of fringes.

- The envelope of the combined pattern can be visualized as periodic maxima and minima in fringe



contrast.

---

Practical Applications and Significance of Sodium Doublet in

Interference

The use of sodium light at 589 nm and 589.5 nm in interference experiments is not merely academic;

it has practical implications:

- Spectroscopy: Precise measurement of wavelength differences.

- Calibration: Sodium lamps serve as standard sources for calibrating spectrometers.

- Wave nature confirmation: Demonstrate the wave behavior of light with high precision.

- Studying coherence: Investigate the coherence length and temporal coherence of light sources.

Additionally, the close wavelength difference allows for the exploration of phenomena such as quantum

beats, fringe stability, and coherence effects.

---

Conclusion

The Young's double slit experiment, when performed with sodium light at wavelengths of 589 nm and

589.5 nm, offers a vivid illustration of interference phenomena and the wave nature of light. The slight

difference in wavelengths results in complex interference patterns characterized by fringe shifts, beat

patterns, and variations in fringe visibility.

Understanding these effects requires a grasp of fundamental concepts such as wavelength, fringe



width, superposition, and coherence. The experiment not only reinforces core principles of wave optics

but also paves the way for advanced studies in spectroscopy, quantum mechanics, and optical

engineering.

By carefully analyzing the fringe patterns generated using sodium light, scientists can measure

wavelength differences with high precision, explore coherence phenomena, and develop applications in

various fields of physics and engineering. The sodium D-line remains a cornerstone in optical

experiments, exemplifying the profound interplay between wave properties and observable interference

effects.

---
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Frequently Asked Questions

What is the significance of using Na-light with wavelengths 589 nm

and 589.5 nm in Young's Double Slit Experiment?

Using sodium light with these specific wavelengths allows for the observation of interference fringes

and the analysis of fringe shifts due to wavelength differences, aiding in understanding wave

interference and coherence.



How does the slight difference in wavelength (589 nm and 589.5

nm) affect the interference fringes in the experiment?

The small wavelength difference causes a shift in the interference fringes, resulting in a pattern of

fringes that gradually move or beat over time, highlighting the wave nature and coherence properties

of light sources.

What is the formula used to calculate the fringe width in Young's

Double Slit Experiment?

The fringe width (β) is given by β = (λ D) / d, where λ is the wavelength, D is the distance between

the slits and the screen, and d is the slit separation.

How can the fringe shift be used to determine the difference in

wavelengths in the experiment?

The fringe shift observed due to the two wavelengths can be related to their difference (Δλ) by

analyzing the fringe displacement and using the formula Δx = (D Δλ) / d, where Δx is the fringe shift.

Why is sodium light commonly used in Young's Double Slit

Experiment?

Sodium light with its distinct yellow spectral line at approximately 589 nm provides a monochromatic

and stable light source ideal for clear and well-defined interference fringes.

What does the formation of interference fringes demonstrate about

light in Young's Double Slit Experiment?

It demonstrates the wave nature of light, showing that light waves interfere constructively and

destructively to produce visible fringes.



How does changing the wavelength from 589 nm to 589.5 nm

influence the fringe pattern?

A slight increase in wavelength causes the fringes to shift position, making the bright fringes move

slightly, which can be used to analyze wavelength differences or coherence properties.

What are the conditions necessary for the formation of clear

interference fringes in the experiment?

The light sources must be coherent, monochromatic or nearly monochromatic, and the experimental

setup should have precise slit spacing and a stable screen distance.

Can the interference pattern be used to measure very small

wavelength differences? How?

Yes, by measuring the fringe shift or beat pattern caused by the wavelength difference, the small Δλ

can be calculated accurately using fringe displacement formulas.

What role does the coherence length of sodium light play in the

formation of interference fringes in this experiment?

The coherence length must be longer than the path difference in the setup to maintain a stable

interference pattern; sodium light's relatively long coherence length makes it suitable for observing

clear fringes.

Additional Resources

Interference Fringes in Young's Double Slit Experiment Using Na-Light at 589 nm and 589.5 nm: An

Expert Analysis



---

Introduction

Young’s Double Slit Experiment stands as a cornerstone in the study of wave optics, illustrating the

fundamental principle of interference—a phenomenon where two or more waves superimpose to

produce a pattern of bright and dark fringes. Using sodium (Na) light at specific wavelengths—namely

589 nm and 589.5 nm—offers a unique insight into the delicate interplay of wavelength, slit

separation, and fringe formation. In this detailed review, we will explore the core principles,

experimental setup, and the significance of employing these particular wavelengths to observe and

analyze interference fringes, emphasizing their importance in both educational and research contexts.

---

Understanding the Basics of Young’s Double Slit Experiment

The Principle of Interference

At its core, Young’s experiment demonstrates that light behaves as a wave, producing interference

patterns when two coherent sources overlap. When monochromatic light passes through two closely

spaced slits, each slit acts as a new source of wavefronts. These waves spread out and overlap,

creating regions of constructive and destructive interference:

- Constructive interference: When wave crests coincide, resulting in bright fringes.

- Destructive interference: When a wave crest overlaps with a trough, leading to dark fringes.

The resulting pattern of alternating bright and dark fringes is observable on a screen placed at some

distance from the slits.

Significance of Wavelength in Fringe Formation



The wavelength (\(\lambda\)) of the light source critically influences the fringe pattern:

- Larger wavelengths produce wider fringes.

- Smaller wavelengths produce narrower fringes.

Precise knowledge of the wavelength allows for accurate calculation of slit separation and fringe

spacing, features essential for experimental validation of wave optics principles.

---

Sodium Light: The Choice of 589 nm and 589.5 nm

Why Sodium?

Sodium’s emission lines are among the most prominent in the visible spectrum, especially the D-lines

at approximately 589 nm. These lines are produced by sodium vapor excited in discharge tubes,

making them ideal for experiments requiring monochromatic light sources.

The Wavelength Difference: 589 nm vs. 589.5 nm

The slight difference of 0.5 nm between the two wavelengths, corresponding to the sodium D-lines,

offers an intriguing opportunity:

- High Precision Testing: Observing how the fringe pattern varies with such a small wavelength

difference allows for precise validation of interference theory.

- Fringe Shift Observation: When switching between these two wavelengths, the fringe pattern shifts

slightly, providing insights into the relationship between wavelength and fringe position.

- Spectroscopic Applications: Demonstrates the importance of wavelength accuracy in optical

measurements and spectroscopic analysis.

---



Experimental Setup and Methodology

Components Required

- Na vapor lamp: To produce the monochromatic light at 589 nm and 589.5 nm.

- Double slit apparatus: With adjustable slit separation \(d\).

- Screen: To observe the interference fringes.

- Optical bench: Ensuring stability and precise alignment.

- Measuring instruments: Calipers, rulers, or vernier scales for fringe spacing measurement.

Procedure

1. Aligning the Light Source: Position the sodium vapor lamp to ensure a collimated beam incident on

the double slit.

2. Adjusting the Slits: Set the slit separation \(d\) based on prior calculations or experimental

requirements.

3. Observation of Fringes: Place the screen at a known distance \(D\) from the slits to observe the

interference pattern.

4. Measuring Fringe Spacing: Record the distance between adjacent bright fringes (\(x\)) for each

wavelength.

5. Switching Wavelengths: Use the sodium lamp or filters to switch between 589 nm and 589.5 nm,

observing the shift in the fringe pattern.

---

Theoretical Foundations: Calculating Fringe Spacing

The fringe spacing (\( \Delta y \)) in Young’s experiment is given by the formula:

\[

\Delta y = \frac{\lambda D}{d}



\]

Where:

- \( \lambda \): Wavelength of light (in meters).

- \( D \): Distance from the slits to the screen.

- \( d \): Separation between the two slits.

Key Points:

- The fringe width is directly proportional to the wavelength.

- A 0.5 nm difference causes a measurable change in \( \Delta y \).

---

Observations and Results

Fringe Pattern with 589 nm Light

When illuminated with 589 nm sodium light:

- Fringe Width: Consistent with the theoretical calculations.

- Visibility: High contrast fringes due to monochromatic purity.

- Pattern Stability: The fringes are stable over time when properly aligned.

Fringe Pattern with 589.5 nm Light

Switching to 589.5 nm:

- Fringe Shift: Slight shift in fringe positions compared to the 589 nm pattern.

- Analysis of Shift: The shift corresponds to the difference in wavelengths, validating the linear



relationship between \(\lambda\) and fringe position.

Calculating the Fringe Shift:

\[

\Delta y' - \Delta y = \frac{(\lambda' - \lambda) D}{d}

\]

Where:

- \( \lambda' = 589.5\, \text{nm} \),

- \( \lambda = 589\, \text{nm} \).

The minute difference provides an excellent demonstration of the sensitivity of interference patterns to

wavelength variations.

---

Significance of the Results

Validation of Wave Nature of Light

The observed fringe shifts with tiny wavelength differences reinforce the wave theory of light, providing

tangible evidence of interference phenomena.

Precision Measurement Applications

Using the small wavelength difference, the experiment demonstrates the potential for high-precision

measurements of slit separation and wavelength calibration—crucial in spectroscopic studies.

Educational Value



The experiment offers an excellent didactic example of how slight variations in wavelength influence

interference patterns, emphasizing the importance of monochromatic sources and precise

measurements.

---

Challenges and Considerations

Coherence Length

Ensuring the sodium light source maintains sufficient coherence length is critical for clear fringe

visibility.

Alignment Precision

Sub-millimeter accuracy in slit and screen alignment directly affects fringe clarity and measurement

accuracy.

Wavelength Stability

The sodium D-lines are stable, but environmental factors such as temperature and pressure can

influence the exact wavelength, necessitating controlled conditions.

---

Advanced Insights

Use of Interference Filters

Employing interference filters centered at 589 nm and 589.5 nm can help isolate the desired

wavelengths, ensuring minimal contamination from other spectral lines.



Fringe Visibility and Contrast

High contrast fringes are essential for precise measurements. Factors affecting contrast include:

- Source intensity.

- Slit width.

- Environmental vibrations.

- Air currents.

Interference Pattern Analysis

Modern analysis involves digital imaging and software processing to quantify fringe shifts with higher

accuracy, further enhancing the experiment's educational and research value.

---

Conclusion

The utilization of sodium light at 589 nm and 589.5 nm in Young’s Double Slit Experiment

exemplifies the exquisite sensitivity of interference fringes to wavelength variations. By meticulously

observing the fringe shift caused by a mere 0.5 nm difference, researchers and students alike gain a

profound appreciation for the wave nature of light and the precision achievable in optical experiments.

This detailed exploration underscores the importance of monochromatic sources and precise

measurement techniques in optical physics. Whether for educational demonstrations or advanced

spectroscopic calibration, understanding how subtle wavelength differences influence interference

patterns remains a pivotal aspect of wave optics.

In essence, the experiment not only reaffirms foundational principles but also paves the way for

innovations in optical measurement and analysis, illustrating the enduring relevance of Young’s

pioneering work in modern science.
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