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Introduction to Diffraction and the Double-slit Experiment

The double-slit experiment is a fundamental demonstration in wave optics that illustrates the wave
nature of light (or other particles). When a coherent light source passes through two narrow slits, an
interference pattern of bright and dark fringes appears on a screen placed beyond the slits. This
phenomenon results from the superposition of light waves emanating from the two slits, creating
regions of constructive and destructive interference.

However, the pattern observed in the experiment can be affected by diffraction— the bending and
spreading of waves when they encounter an obstacle or aperture. When the slit width or the ratio of
slit width to other parameters becomes large or small, diffraction effects can cause the interference
pattern to diminish or even be eliminated altogether. Understanding the critical ratio of slit width
(A) to slit separation (D) at which diffraction effectively washes out the interference pattern is vital
for interpreting experimental results and designing optical systems.

Defining the Parameters: D and A

In the context of the double-slit experiment:

- D is the center-to-center distance between the two slits (slit separation).
- A is the width of each individual slit.

These parameters influence both the interference pattern (determined primarily by D) and the
diffraction envelope (determined primarily by A). The interplay between the two determines whether
a clear interference pattern is observable or whether diffraction dominates, leading to the pattern's
disappearance.

Understanding the Conditions for Interference and Diffraction

To analyze how diffraction can eliminate the interference pattern, it’s essential to understand the
angular distribution of the diffraction envelope and the interference fringes.



- Interference maxima occur at angles θ satisfying:

\[
d \sin \theta = m \lambda,\quad m = 0, \pm 1, \pm 2, \ldots
\]

where \( d \) is the slit separation D, and \( \lambda \) is the wavelength of light.

- Diffraction envelope for a single slit is characterized by minima at angles:

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

where \( a \) is the slit width A.

The overall observed intensity pattern is a product of the interference pattern (from the slit
separation) and the diffraction envelope (from the slit width). When the diffraction minima occur at
angles where the interference maxima would be, the interference pattern is effectively suppressed
or eliminated.

Critical Ratio of D to A: The Core Concept

The key to understanding when diffraction eliminates the interference pattern lies in the relative
angular widths of the interference fringes and the diffraction envelope.

- Interference fringes are spaced in angle approximately as:

\[
\Delta \theta_{interference} \approx \frac{\lambda}{d}
\]

- Diffraction envelope (single slit pattern) has a main maximum encircled by minima at:

\[
\theta_{diffraction} \approx \frac{\lambda}{a}
\]

When the diffraction minima overlap with the interference maxima, the interference pattern is
suppressed or "washed out." This occurs when the angular width of the diffraction envelope is
smaller than that of the interference fringes, effectively smearing out the fringes.

Mathematically, the condition for diffraction to eliminate the interference pattern is approximately:

\[
a \lesssim d
\]

or, more precisely, when the diffraction envelope becomes so broad that the individual interference



fringes are no longer distinguishable.

Quantitative Analysis: Deriving the Highest D/A Ratio

To quantify the maximum ratio \( \frac{D}{A} \) at which diffraction eliminates the interference
pattern, consider the following:

- The maximum of the diffraction envelope occurs at the first minimum:

\[
a \sin \theta_{min} = \lambda
\]

For small angles:

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

- The interference fringes are observable within the angular range where the diffraction envelope is
significant. To see fringes clearly, the interference maxima must be within the main diffraction
maximum.

- The angular separation between interference fringes:

\[
\Delta \theta_{interference} \approx \frac{\lambda}{D}
\]

- The angular width of the central diffraction maximum:

\[
\Delta \theta_{diffraction} \approx \frac{\lambda}{A}
\]

Condition for diffraction to eliminate the pattern:

The interference fringes are "washed out" when the interference maxima are too close together
compared to the width of the diffraction envelope, or equivalently, when the diffraction envelope is
so broad that individual fringes cannot be resolved.

Expressed as a ratio:

\[
\frac{\lambda}{D} \gtrsim \frac{\lambda}{A} \Rightarrow \frac{A}{D} \gtrsim 1
\]

or, rearranged:



\[
\frac{D}{A} \lesssim 1
\]

This indicates that when the slit separation D becomes comparable to or less than the slit width A,
diffraction effects dominate, and the interference pattern diminishes.

However, to determine the highest possible ratio \( \frac{D}{A} \) where diffraction still completely
eliminates the pattern, more precise conditions are needed.

---

Precise Condition for Complete Pattern Disappearance

The interference pattern becomes indistinguishable when the interference fringes are fully
enveloped within the diffraction envelope—meaning no distinguishable fringes can be observed.

This occurs when the angular spacing of the fringes:

\[
\Delta \theta_{interference} = \frac{\lambda}{D}
\]

becomes comparable to or larger than the angular width of the diffraction envelope:

\[
\theta_{diffraction} \approx \frac{\lambda}{A}
\]

Thus, the critical condition:

\[
\frac{\lambda}{D} \geq \frac{\lambda}{A} \Rightarrow \frac{D}{A} \leq 1
\]

But in practice, the pattern is considered effectively eliminated when the fringes are significantly
overlapped or smeared out. This typically requires:

\[
\frac{D}{A} \approx 0.5 \text{ to } 1
\]

meaning the ratio at or below approximately 1 causes the interference fringes to disappear due to
diffraction.

---

Final Conclusion

The highest possible ratio of D to A that causes diffraction to eliminate the interference pattern in a
double-slit experiment is approximately 1.



In simpler terms:

- When the slit separation D is less than or about equal to the slit width A, diffraction effects
dominate, and the interference fringes are effectively washed out.
- For D significantly larger than A, interference fringes are more prominent, and diffraction plays a
lesser role in obliterating the pattern.

Therefore, the critical ratio is approximately:

\[
\boxed{
\frac{D}{A} \approx 1
}
\]

at which diffraction effects are strong enough to eliminate the observable interference pattern.

---

Additional Notes:

- This ratio is an approximation; real experimental conditions, wavelength, coherence, and slit
quality can influence the exact threshold.
- In practical setups, achieving a ratio close to or below 1 requires fabricating very narrow slits or
very close slit separations, which might be challenging.

---

Summary

- Interference pattern visibility depends on the ratio of D (slit separation) to A (slit width).
- When D is approximately equal to A, diffraction effects dominate, erasing the interference fringes.
- The critical ratio where diffraction effectively eliminates the pattern is roughly D/A ≈ 1.
- Understanding this ratio is essential for designing experiments and interpreting the wave nature of
light in optical physics.

Frequently Asked Questions

In a double-slit experiment, what is the highest possible ratio
of slit separation (D) to slit width (A) that causes diffraction to
eliminate observable interference fringes?
The ratio D/A becomes significant when diffraction effects from individual slits overlap with the
interference pattern, typically around D/A ≈ 10 or higher, leading to the fringes being washed out
and effectively eliminated.



How does increasing the ratio D/A in a double-slit experiment
affect the visibility of interference fringes?
Increasing D/A enhances diffraction from each slit, which can cause the interference fringes to
diminish and eventually disappear when diffraction spreads become comparable to fringe spacing.

At what D/A ratio does diffraction dominate over interference
in a double-slit setup?
When D/A is large enough such that the diffraction envelope broadens to the point where it overlaps
and smears out the interference fringes, typically around D/A ≈ 10 or higher.

Why does a high D/A ratio cause the interference pattern to
vanish in a double-slit experiment?
A high D/A ratio increases diffraction effects from each slit, causing the diffraction envelope to
spread out and overlap the interference fringes, thereby reducing their visibility and eventually
eliminating the pattern.

Is there a specific D/A ratio at which interference fringes are
completely eliminated due to diffraction? If so, what is it?
While there isn't an exact universal value, interference fringes are typically considered eliminated
when the diffraction envelope's width exceeds the fringe spacing significantly, often at D/A ratios
around 10 or higher.

How can the elimination of interference fringes be
experimentally achieved in a double-slit experiment?
By increasing the slit separation D relative to slit width A, thereby enhancing diffraction effects
which spread out the light and wash out the interference pattern.

What role does wavelength play in the D/A ratio's effect on
diffraction in the double-slit experiment?
A longer wavelength increases diffraction effects, meaning that for a given D/A ratio, the likelihood
of diffraction eliminating fringes is higher; thus, wavelength influences the critical D/A ratio for
pattern disappearance.

Can the D/A ratio be too high for observable interference, and
what is the physical reason?
Yes, if D/A is too high, diffraction dominates, causing the diffraction envelope to become so broad
that the interference fringes are effectively washed out, making the pattern unobservable.



Additional Resources
Diffraction

---

Introduction: Unveiling the Intricacies of the Double-Slit Experiment

The double-slit experiment stands as a cornerstone in the realm of physics, epitomizing the wave-
particle duality that underpins quantum mechanics. From its inception in the early 19th century by
Thomas Young to its modern interpretations, this experiment continues to fascinate scientists and
enthusiasts alike. At its core, it demonstrates how waves—be they light, electrons, or other
particles—interfere to produce characteristic patterns of bright and dark fringes. But amid the
complex interplay of parameters, one question remains particularly captivating: What is the highest
possible ratio of D to A that causes diffraction to effectively eliminate the interference pattern?

This inquiry delves into the fundamental limits of wave behavior, examining how the physical
dimensions of the apparatus influence the visibility of interference fringes. Understanding this ratio
is crucial—not only for experimental physics but also for refining optical devices, imaging systems,
and quantum technologies where wave effects are pivotal.

---

Fundamental Concepts: Deciphering D and A in the Context of the Double-Slit Setup

Before exploring the threshold at which diffraction obliterates the interference pattern, it is
essential to clarify what the parameters D and A represent within the experimental setup.

What is D?

- D typically denotes the distance from the slits to the observation screen. This is a crucial parameter
as it influences the size and separation of the interference fringes. A larger D generally results in
more widely spaced fringes, making them easier to resolve.

What is A?

- A usually refers to the width of each slit in the double-slit apparatus. The slit width directly affects
the diffraction envelope and fringe visibility; narrower slits produce broader diffraction patterns,
which can overlap and reduce the clarity of the interference fringes.

Interplay Between D and A

These two parameters are intrinsically linked through the physics of wave interference and
diffraction:

- The interference pattern (bright and dark fringes) arises from the superposition of waves
emanating from the two slits.
- The diffraction envelope—a broader pattern resulting from the finite slit width—modulates the
interference fringes, often enveloping multiple interference fringes within a diffraction maximum.

---



The Physics at Play: Interference, Diffraction, and Their Interrelation

Interference Pattern Formation

In the classical double-slit experiment, the bright fringes appear at positions where the waves from
the two slits arrive in phase, leading to constructive interference. The fringe spacing (Δy) on the
observation screen is given by:

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

where:

- λ = wavelength of the incident wave,
- D = distance from slits to screen,
- d = center-to-center separation between the two slits.

Diffraction Envelope

Each slit acts as a diffracting aperture, producing a diffraction pattern characterized by a central
maximum and subsequent minima and maxima. The angular position θ of the first minimum in the
diffraction pattern is given by:

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

where A is the slit width.

The diffraction envelope modulates the interference fringes, meaning the overall visibility of the
fringes depends on how the interference pattern fits within the diffraction envelope.

The Overlap and Its Limits

When the diffraction envelope becomes broader than the interference pattern, the fringes are clearly
visible. Conversely, if the diffraction envelope narrows or becomes comparable to the fringe spacing,
the fringes begin to blur and eventually disappear.

In particular, when the diffraction envelope is so broad that it overlaps with multiple fringes,
individual fringes are distinguishable. But as the slit width A increases (or D decreases), the
diffraction envelope narrows, reducing fringe visibility.

---

The Threshold: When Does Diffraction Erase the Interference Pattern?

The Critical Ratio of D to A

The crux of the matter is understanding the highest possible ratio of D to A that still allows the
interference pattern to be observed distinctly. In essence, we seek the maximum D/A ratio beyond



which diffraction effects dominate, rendering the interference fringes indistinguishable.

Deriving the Condition

The visibility of interference fringes hinges on the relative widths of the diffraction envelope and the
interference fringes.

- The angular width of the diffraction envelope (Δθ_diff) is approximately:

\[
\Delta \theta_{diff} \approx \frac{\lambda}{A}
\]

- The angular spacing between interference fringes (Δθ_interf) is:

\[
\Delta \theta_{interf} \approx \frac{\lambda}{d}
\]

Given that the physical fringe spacing on the screen relates to the angular separation as:

\[
\Delta y = D \times \Delta \theta
\]

The visibility of the fringes diminishes when the diffraction envelope becomes so narrow that it
suppresses the intensity of the fringes. This occurs when the diffraction envelope's minima coincide
with the interference maxima, effectively "masking" the fringes.

Condition for Fringe Disappearance

The interference pattern becomes unobservable when the diffraction envelope's minima align with
the positions of the interference fringes. This alignment occurs at the first diffraction minimum,
which corresponds to:

\[
\sin \theta_{min} = \frac{\lambda}{A}
\]

From the geometrical relation:

\[
\sin \theta \approx \frac{y}{D}
\]

where y is the position of the fringe or diffraction minimum on the screen.

The interference fringes are spaced by:

\[
\Delta y_{interf} = \frac{\lambda D}{d}



\]

The diffraction envelope width (full width at first minimum) on the screen is:

\[
\text{Width} = 2 y_{diff} = 2 \times \frac{\lambda D}{A}
\]

The fringes are visible only if multiple fringes lie within this envelope, i.e.,

\[
\text{Number of fringes} \approx \frac{\text{Envelope width}}{\text{Fringe spacing}} = \frac{2
\times \frac{\lambda D}{A}}{\frac{\lambda D}{d}} = 2 \times \frac{d}{A}
\]

To ensure at least one fringe remains visible, the maximum ratio D/A is constrained by the following:

\[
\boxed{
\frac{D}{A} \approx \frac{d}{\lambda}
}
\]

However, this is a simplified relation. For the diffraction to completely eliminate the interference
pattern, the envelope must be so narrow that it suppresses all fringes. This occurs when the
diffraction envelope's minima coincide with the interference maxima on the screen.

Final Approximate Criterion

The critical ratio of D to A for diffraction to eliminate interference fringes can be expressed as:

\[
\boxed{
\frac{D}{A} \geq \frac{d}{\lambda}
}
\]

or, more precisely, when the diffraction envelope's width becomes comparable to the fringe spacing,
making fringes indistinguishable.

---

Practical Implications and Limitations

Real-World Constraints

While the theoretical maximum D/A ratio provides a guideline, actual experiments face additional
considerations:

- Wavelength (λ): Shorter wavelengths (e.g., X-rays) allow for higher D/A ratios before diffraction
washes out fringes.



- Slit fabrication: Manufacturing slits with extremely narrow A is technically challenging.
- Detection resolution: The ability to resolve fringes depends on the detector's spatial resolution
relative to fringe spacing.

Typical Values and Examples

Suppose:

- Wavelength λ = 500 nm (visible light),
- Slit separation d = 0.1 mm,
- Slit width A varies.

Using the approximate relation:

\[
\frac{D}{A} \approx \frac{d}{\lambda} = \frac{0.1 \times 10^{-3}\,\text{m}}{500 \times
10^{-9}\,\text{m}} = 200
\]

This indicates that when D/A exceeds approximately 200, diffraction effects strongly suppress the
interference pattern, eventually leading to its disappearance.

Limitations and Assumptions

- The derivation assumes ideal conditions, neglecting factors like slit imperfections, beam coherence,
and environmental disturbances.
- The relation provides an approximate threshold, with actual experimental thresholds varying based
on specific parameters.

---

Final Thoughts: The Significance of the D/A Ratio

Understanding the highest possible D/A ratio at which diffraction eliminates interference isn't
merely academic—it's fundamental for designing optical systems, quantum experiments, and even
advanced imaging technologies. Recognizing the delicate balance between slit width, observation
distance, and wavelength allows scientists and engineers to tailor setups that either maximize
interference visibility or intentionally suppress it for specific applications.

In essence, the D/A ratio acts as a tuning parameter:

- Below the critical ratio, interference fringes are clear and prominent.
- At or above the critical ratio, diffraction dominates, and the interference pattern fades into
obscurity.

This threshold demarcates the boundary between wave interference phenomena and diffraction-
dominated regimes, offering profound insight into the wave nature of light and matter.

---

In conclusion, while the precise maximum D/A ratio depends on the specific experimental



parameters—most notably the slit separation and wavelength—the underlying physics suggests that
when the diffraction envelope's width becomes comparable to the fringe spacing, interference
fringes are effectively eliminated. Practically, this corresponds to ratios
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