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Understanding the limits of diffraction phenomena is essential in fields such as optics, spectroscopy,
and photonics. One fundamental aspect is determining the maximum wavelength at which a specific
diffraction order can be observed with a given diffraction grating. In particular, identifying the longest
wavelength for which a third-order fringe appears provides crucial insights into the capabilities and
constraints of optical instruments. This article explores the theoretical foundations, practical
considerations, and calculations involved in determining this wavelength, offering a comprehensive
understanding of the topic.

Fundamentals of Diffraction Gratings

What Is a Diffraction Grating?

A diffraction grating is an optical component consisting of numerous equally spaced parallel slits or
grooves that diffract incident light into multiple directions. The pattern of light spread depends on the
wavelength, the spacing of the slits, and the incident angle. Gratings are widely used in
spectrometers and optical devices to analyze light spectra due to their high resolution and efficiency.

Principle of Diffraction

When monochromatic light strikes a diffraction grating, it undergoes constructive interference at
specific angles, producing bright fringes or maxima. The condition for constructive interference
(bright fringes) is given by the diffraction grating equation:

\[ d \sin \theta = n \lambda \]

where:
- \( d \) = spacing between adjacent slits (grating constant),
- \( \theta \) = diffraction angle corresponding to the \( n^{th} \) order,
- \( n \) = diffraction order (an integer),
- \( \lambda \) = wavelength of incident light.



This equation relates the physical properties of the grating to the observable diffraction pattern.

Understanding Diffraction Orders and Their Limitations

What Are Diffraction Orders?

Diffraction orders refer to the multiple maxima produced at different angles for the same wavelength.
The zeroth order (\( n=0 \)) corresponds to the directly transmitted or reflected beam without
diffraction. Higher orders (\( n=1, 2, 3, ... \)) appear at increasing angles, each representing a specific
constructive interference condition.

Maximum Observable Order

The highest diffraction order observable for a given wavelength and grating is limited by the
condition:

\[ \sin \theta \leq 1 \]

since the sine of an angle cannot exceed 1. Therefore, the maximum order \( n_{max} \) for a
particular wavelength and grating is:

\[ n_{max} = \left\lfloor \frac{d}{\lambda} \right\rfloor \]

where \( \left\lfloor \cdot \rfloor \) denotes the floor function, representing the greatest integer less
than or equal to the value.

Specifically, for a given order \( n \), the diffraction angle is:

\[ \theta_n = \sin^{-1} \left( \frac{n \lambda}{d} \right) \]

which must be within physical limits (\( 0^\circ \leq \theta \leq 90^\circ \)).

Determining the Longest Wavelength for a Third-order
Fringe

Key Concept

The question focuses on the longest wavelength \( \lambda_{max} \) at which a third-order fringe (\(
n=3 \)) can still be observed. This is constrained by the maximum diffraction angle, which is \(
90^\circ \). At the limit, the diffraction angle reaches \( 90^\circ \), and the fringe is just observable.



Derivation of the Maximum Wavelength

Starting from the diffraction condition:

\[ d \sin \theta = n \lambda \]

At the maximum wavelength \( \lambda_{max} \) for order \( n=3 \):

\[ d \sin 90^\circ = 3 \lambda_{max} \]

Since \( \sin 90^\circ = 1 \):

\[ d = 3 \lambda_{max} \]

Therefore,

\[ \lambda_{max} = \frac{d}{3} \]

This indicates that the longest wavelength for which the third-order fringe can be observed is directly
proportional to the slit spacing \( d \), divided by 3.

Implications

- If the wavelength exceeds \( d/3 \), the third-order fringe cannot be observed because the diffraction
angle would surpass \( 90^\circ \), which is physically impossible.
- The maximum wavelength is directly linked to the grating's properties, specifically the slit spacing.

Practical Considerations in Observation

Grating Specifications

The grating's slit spacing \( d \) is usually specified in lines per millimeter (\( lines/mm \)), from which
\( d \) can be calculated:

\[ d = \frac{1}{\text{lines per unit length}} \]

For example, a grating with 600 lines/mm:

\[ d = \frac{1}{600 \text{ lines/mm}} = \frac{1}{600 \times 10^{3} \text{ lines/m}} \approx
1.6667 \times 10^{-6} \text{ m} \]

Calculate \( d \) based on the grating's specifications.1.



Determine \( \lambda_{max} \) for the third order using \( \lambda_{max} = d/3 \).2.

Limitations Due to Instrumental and Environmental Factors

- The intensity of higher-order fringes diminishes with increasing order, making them harder to
observe at the practical limit.
- Alignment and coherence of the light source affect the visibility of fringes.
- The finite size of the grating and divergence of the incident beam can introduce additional
constraints.

Example Calculation

Suppose a diffraction grating has 600 lines/mm:

- Convert lines/mm to \( d \):

\[ d = \frac{1}{600 \times 10^{3}} \text{ m} \approx 1.6667 \times 10^{-6} \text{ m} \]

- Find \( \lambda_{max} \) for the third order:

\[ \lambda_{max} = \frac{d}{3} = \frac{1.6667 \times 10^{-6}}{3} \approx 5.5556 \times 10^{-7}
\text{ m} \]

or approximately 555 nm, which is in the visible spectrum, corresponding to green light.

This means that for this grating, any wavelength longer than approximately 555 nm will not produce a
visible third-order fringe.

Summary and Conclusions

The longest wavelength at which a third-order fringe can be observed with a diffraction grating is
fundamentally determined by the grating's slit spacing \( d \). The critical relation is:

\[ \boxed{\lambda_{max} = \frac{d}{3}} \]

This relation is derived from the diffraction condition and the physical limit that the diffraction angle
cannot exceed \( 90^\circ \). Practically, this means that for a given grating, only wavelengths shorter
than or equal to \( d/3 \) can produce observable third-order fringes.

Understanding this limitation is vital in designing optical experiments, spectroscopic measurements,
and optical device engineering. It guides the selection of appropriate gratings based on the
wavelength range of interest and ensures accurate interpretation of diffraction patterns.



In summary, the key steps involve:

- Knowing the grating's slit spacing \( d \),
- Applying the diffraction grating equation,
- Recognizing the physical limit at \( \theta = 90^\circ \),
- Calculating \( \lambda_{max} \) to determine the upper wavelength limit for third-order fringe
observation.

This fundamental principle underscores the importance of grating parameters in optical physics and
their influence on observable diffraction phenomena across different wavelengths.

Frequently Asked Questions

What is the significance of the longest wavelength for
observing a third-order fringe with a diffraction grating?
The longest wavelength determines the maximum wavelength at which a third-order maximum can
be observed, indicating the limits of the diffraction grating's resolving power for higher-order fringes.

How can the diffraction grating equation be used to find the
longest wavelength for a third-order fringe?
By rearranging the grating equation nλ = d sin θ, where n=3, to solve for λ = (d sin θ)/n, using the
maximum possible angle θ before the fringe becomes unobservable, we can determine the longest
wavelength.

What factors influence the maximum wavelength at which a
third-order fringe can be observed?
Factors include the grating's line density (which affects d), the maximum diffraction angle achievable
without overlapping orders, and the wavelength's relation to the order number n and the incident
light's properties.

Why is it important to know the longest wavelength for a
third-order fringe in diffraction experiments?
Knowing this wavelength helps in designing experiments, selecting appropriate light sources, and
understanding the limits of the diffraction grating's resolving capability for higher-order interference
patterns.

How does increasing the order number (n) affect the longest
observable wavelength in diffraction?
As the order number increases, the maximum observable wavelength decreases for a given
diffraction angle, meaning higher orders are limited to shorter wavelengths, but the longest



wavelength for a given order is constrained by the grating and setup geometry.

Can the longest wavelength for a third-order fringe be
experimentally increased, and if so, how?
Yes, by increasing the maximum diffraction angle (e.g., using a larger aperture or more precise
alignment), or by using a diffraction grating with a higher line density to achieve larger angles for the
same order, thus allowing observation of longer wavelengths.

Additional Resources
What Is The Longest Wavelength For Which A Third-order Fringe Can Be Observed With A Diffraction
Grating is a fundamental question in optics and diffraction phenomena, often encountered in physics
laboratories and research settings. Understanding the limits of diffraction orders and the relationship
between wavelength, grating properties, and observable fringes is crucial for designing experiments,
analyzing spectroscopic data, and exploring wave behavior. This guide aims to provide a
comprehensive exploration of the factors that determine the maximum wavelength at which a third-
order fringe can be observed, offering insights into the underlying principles, mathematical
derivations, and practical considerations.

---

Introduction to Diffraction Gratings and Diffraction Orders

A diffraction grating is an optical component with a large number of closely spaced lines or slits that
diffract incident light into multiple directions. When monochromatic light interacts with a grating,
constructive interference occurs at specific angles, producing a series of bright fringes or maxima.
These maxima are categorized into diffraction orders, denoted by an integer \(m\), with \(m = 0\)
representing the central maximum, and higher values corresponding to fringes further from the
center.

Why Diffraction Orders Matter

The order of diffraction directly relates to the angle at which the bright fringes appear and the
spectrum of wavelengths that can be observed:

- First-order fringes (\(m=1\)): The first set of maxima away from the central peak.
- Second-order fringes (\(m=2\)): The next set, further from the center.
- Third-order fringes (\(m=3\)): The focus of this discussion, occurring even farther out.

Understanding the maximum wavelength for a given order is essential because it defines the limits of
the spectral range that can be observed with a particular grating.

---

Fundamental Principles and Mathematical Framework

The Diffraction Grating Equation



The behavior of light interacting with a diffraction grating is described by the well-known diffraction
condition:

\[
d \sin \theta_m = m \lambda
\]

where:
- \(d\) = grating spacing (distance between adjacent slits or lines),
- \(\theta_m\) = diffraction angle for order \(m\),
- \(m\) = diffraction order (integer: 0, 1, 2, 3, ...),
- \(\lambda\) = wavelength of incident light.

This equation states that the condition for constructive interference at a particular order is met when
the path difference corresponds to an integer multiple of the wavelength.

Maximum Observable Wavelength for a Given Order

For a fixed grating with known slit spacing \(d\), the maximum wavelength \(\lambda_{\text{max}}\)
at which the \(m\)-th order fringe can be observed is determined by the maximum diffraction angle
\(\theta_m\):

\[
\sin \theta_m \leq 1
\]

since the sine of an angle cannot exceed 1, the maximum diffraction angle is \(\theta_m = 90^\circ\).
Therefore, the maximum wavelength for order \(m\) is:

\[
\lambda_{\text{max}} = \frac{d \sin \theta_m}{m}
\]

At the limit where \(\sin \theta_m = 1\), this simplifies to:

\[
\boxed{
\lambda_{\text{max}} = \frac{d}{m}
}
\]

This fundamental relation indicates that the longest wavelength observable at order \(m\) is directly
proportional to the grating spacing and inversely proportional to the order number.

---

Applying the Concept to the Third-Order Fringe

Deriving the Longest Wavelength for the Third Order

Given the general relation:



\[
\lambda_{\text{max}}^{(m)} = \frac{d}{m}
\]

for the third order (\(m=3\)):

\[
\boxed{
\lambda_{\text{max}}^{(3)} = \frac{d}{3}
}
\]

This means that, in an ideal scenario where the diffraction angle approaches \(90^\circ\), the longest
wavelength that can produce a discernible third-order fringe is \(\frac{d}{3}\).

Significance of the Grating Spacing

The grating spacing \(d\) closely relates to the number of lines per millimeter or per inch:

\[
d = \frac{1}{N}
\]

where \(N\) is the number of lines per unit length (e.g., lines per mm). Hence, the maximum
wavelength for the third order becomes:

\[
\lambda_{\text{max}}^{(3)} = \frac{1}{3N}
\]

This relationship underscores the importance of the grating's line density in determining the spectral
range.

---

Practical Considerations and Limitations

While the mathematical derivation suggests a maximum wavelength at the limit of
\(\lambda_{\text{max}} = d/3\), several practical factors influence the actual observability:

1. Finite Intensity and Resolution
- As the diffraction angle approaches \(90^\circ\), the intensity of the fringes diminishes due to factors
like slit width, finite size of the grating, and beam divergence.
- Instrumental resolution limits the ability to distinguish fringes at very high angles, especially near
the extremities.

2. Grating Quality and Uniformity
- Imperfections, non-uniform slit spacing, and aberrations can reduce fringe visibility, especially at
large diffraction angles.

3. Wavelength Range of Incident Light



- The incident light source must contain wavelengths near \(\lambda_{\text{max}}\) to observe the
third-order fringe at the maximum wavelength.

4. Order Overlap and Spectrum Range
- Higher orders can overlap with lower orders of longer wavelengths, affecting the clarity of observed
fringes.

---

Example Calculation

Suppose you have a diffraction grating with 600 lines per millimeter:

\[
N = 600 \text{ lines/mm} \Rightarrow d = \frac{1}{N} = \frac{1}{600 \text{ mm}^{-1}} \approx
1.67 \times 10^{-3} \text{ mm} = 1.67 \, \mu\text{m}
\]

The maximum wavelength for the third order:

\[
\lambda_{\text{max}}^{(3)} = \frac{d}{3} = \frac{1.67 \, \mu\text{m}}{3} \approx 0.556 \,
\mu\text{m}
\]

which is approximately 556 nm—visible green light. This indicates that, with this grating, the third-
order fringe can be observed for wavelengths up to about 556 nm, provided the experimental setup
can resolve fringes at high diffraction angles.

---

Summary and Key Takeaways

- The longest wavelength for which a third-order fringe can be observed with a diffraction grating is
fundamentally limited by the grating spacing \(d\) and the order \(m=3\).
- The ideal maximum wavelength (assuming perfect conditions and \(\theta_m \to 90^\circ\)) is:

\[
\boxed{
\lambda_{\text{max}}^{(3)} = \frac{d}{3}
}
\]

- In terms of lines per unit length:

\[
\lambda_{\text{max}}^{(3)} = \frac{1}{3N}
\]

- Practical limitations such as fringe visibility, intensity, instrument resolution, and grating quality
influence the actual observable maximum wavelength.



Understanding these relationships aids in designing experiments, selecting appropriate gratings, and
interpreting spectroscopic data. When working with specific gratings, always consider their line
density and the physical constraints of your optical setup to accurately determine the maximum
wavelength for your desired diffraction order.

---

Final Thoughts

The exploration of diffraction orders and maximum observable wavelengths reveals a fascinating
interplay between wave physics, optical engineering, and experimental technique. Recognizing the
fundamental limits imposed by the grating’s physical properties enables scientists and students to
optimize their optical instruments and better understand the wave nature of light. Whether for
spectroscopy, educational demonstrations, or advanced research, knowing what is the longest
wavelength for which a third-order fringe can be observed with a diffraction grating is a cornerstone
concept in the study of diffraction phenomena.
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