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Understanding the angular spread in the second-order spectrum between red light with a wavelength
of 6.8107 meters and blue light is essential in the field of optics and spectroscopy. This concept plays
a crucial role in the analysis of diffraction patterns, spectral analysis, and the design of optical devices
such as diffraction gratings. In this article, we will explore the fundamental principles involved in
calculating the angular spread, discuss the relevant formulas, and provide a step-by-step method to

determine the angular separation between red and blue light in the second-order spectrum.

Introduction to Diffraction and Spectral Orders

What is Diffraction?

Diffraction is the bending and spreading of waves when they encounter an obstacle or pass through an
aperture. In optics, diffraction is observed when light interacts with a grating or a slit. The resulting
diffraction pattern provides information about the wavelength of the light and the properties of the

grating.



Spectral Orders in Diffraction Gratings

A diffraction grating disperses incident light into several directions, each corresponding to different
spectral orders. These orders are integer multiples of the basic diffraction condition and are denoted
as first-order, second-order, third-order, and so on. The angular position of these orders depends on

the wavelength, the grating spacing, and the order number.

Fundamental Principles and Formulas

Diffraction Grating Equation

The primary formula governing diffraction gratings is:

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

where:

- \( d\) is the distance between adjacent slits (grating spacing),
- \( \theta \) is the diffraction angle,

-\( n\) is the order of diffraction,

- \( \lambda \) is the wavelength of incident light.

This equation relates the diffraction angle to the wavelength and the order.

Understanding the Second-order Spectrum

When \( n = 2\), the equation becomes:
\[ d \sin \theta_2 = 2 \lambda \]

where \( \theta_2 ) is the diffraction angle for the second order.



Knowing the angles for different wavelengths allows us to determine the angular spread between

different spectral components.

Calculating Angular Spread Between Red and Blue Light

Given Data

- Red light wavelength: \( \lambda_{red} = 6.8107\, m \)
- Blue light wavelength: \( \lambda_{blue} \) (assuming a typical blue wavelength, e.g., approximately
4.0 x 10*-7 meters)

- Diffraction order: \( n = 2\)
Since the problem specifies a wavelength of 6.8107 meters for red light, which is extremely large
compared to typical optical wavelengths, this suggests a hypothetical scenario or a different context,

such as microwave or radio wave diffraction. For the purpose of this calculation, we will proceed with

the assumption that the given wavelength is accurate and focus on deriving the angular spread.

Step 1: Determine the Grating Spacing \( d \)

If the grating's parameters are known (e.g., the grating's physical structure), \( d \) can be obtained. If

not, it is often calculated based on the number of lines per millimeter or meter.
For example, if a grating has \( N \) lines per meter, then:

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

Suppose the grating has 1000 lines per meter:

\[ d = \frac{1}1000\, \text{lines/m}} = 1 \times 10"{-3}\, \text{m} \]



Step 2: Calculate Diffraction Angles for Red and Blue Light

Using the diffraction grating equation:

\[ \sin \theta = \frac{n \lambda}{d} \]

Calculate \( \theta_{red} \) and \( \theta_{blue} \).

- For red light:

\[ \sin \theta_{red} = \frac{2 \times 6.8107}{d} \]

- For blue light:

Assuming \( \lambda_{blue} \) is approximately 4.0 x 10*-7 meters:

\[ \sin \theta_{blue} = \frac{2 \times 4.0 \times 10M-7}}{d} \]

Note: To ensure the sine values are physically meaningful, the right side must be less than or equal to

1.

Step 3: Determine Angular Spread \( \Delta \theta \)

The angular spread between red and blue in the second order is:

\[ \Delta \theta = |\theta_{red} - \theta_{blue}| \]

Calculating the individual angles:

\[ \theta_{red} = \arcsin \left( \frac{2 \times 6.8107}d} \right) \]
\[ \theta_{blue} = \arcsin \left( \frac{2 \times 4.0 \times 10*{-7}}{d} \right) \]



Then, subtract:

\[ \Delta \theta = |\arcsin \left( \frac{2 \times 6.8107}{d} \right) - \arcsin \left( \frac{2 \times 4.0 \times
107M-7}}{d} \right)| \]

Practical Considerations and Applications

Real-World Implications of the Angular Spread

The angular separation between red and blue light in a diffraction pattern is critical for spectral
analysis, enabling scientists to distinguish between different wavelengths efficiently. This principle

underpins technologies such as spectrometers, monochromators, and optical sensors.

Designing Diffraction Gratings for Specific Applications

Understanding the relationship between wavelength, diffraction order, and angular spread allows
engineers to design gratings with desired spectral resolutions. For example, increasing the number of

lines per meter decreases \( d \), resulting in larger diffraction angles and better spectral separation.

Limitations and Assumptions in Calculations

- The calculation assumes ideal conditions without considering factors such as grating imperfections,
atmospheric interference, or polarization effects.

- The wavelength value of 6.8107 meters is highly unusual for optical applications and suggests a
different electromagnetic spectrum domain, such as radio waves. Adjustments should be made

accordingly for different wavelength regimes.



Summary and Final Remarks

To find the angular spread in the second-order spectrum between red light of wavelength 6.8107

meters and blue light, the key steps involve:
¢ Using the diffraction grating equation to find the diffraction angles for each wavelength at the
second order.
¢ Calculating the individual angles based on the grating spacing \( d \) and the wavelengths.

* Subtracting these angles to determine the angular spread \( \Delta \theta \).

This process underscores the importance of understanding diffraction principles in optical physics and
their applications in spectroscopy. Whether dealing with visible light or radio waves, the fundamental
physics remains consistent, allowing scientists and engineers to analyze and manipulate

electromagnetic waves with precision.
In conclusion, calculating the angular spread between red and blue light in the second-order spectrum
provides valuable insights into the spectral resolution achievable with a given diffraction grating setup.

Mastery of these calculations enhances our ability to design optical systems for a broad range of

scientific and technological applications.

Frequently Asked Questions

What is the angular spread in the second-order spectrum between red



light of wavelength 6.8107 m and blue light?

The angular spread can be calculated using the diffraction grating formula: d sin D =n D For second
order (n=2), the angles I:l for red and blue are found by sin D =(n D)/d. The difference between these

angles gives the angular spread.

How do you determine the slit spacing 'd’' for the second-order
spectrum in this context?

If the grating's line density or slit spacing isn't provided, it must be given or measured. Alternatively, if
the grating's parameters are known, 'd' can be calculated as the reciprocal of the number of lines per

unit length, i.e., d = 1 / (number of lines per meter).

What is the significance of the second-order spectrum in diffraction
experiments?

The second-order spectrum (n=2) refers to the diffraction pattern where the light constructively
interferes at twice the order, revealing additional spectral details and allowing the measurement of

wavelengths or grating properties with higher resolution.

Why is the wavelength of red light given as 6.8107 meters in this
problem?

This appears to be a typographical or conceptual error, as typical wavelengths of visible light are in the
nanometer range (~400-700 nm). If the wavelength is truly 6.8107 meters, it would be outside the

visible spectrum and not typical for such optical experiments.

How does the angular spread between red and blue light in the
second-order spectrum relate to the wavelength difference?

The angular spread is directly related to the difference in wavelengths; larger wavelength differences

produce larger angular spreads. It can be calculated by finding the angles for each wavelength and



then computing their difference.

Can the angular spread be used to determine the wavelength
difference between red and blue light?

Yes, by measuring the angular positions of red and blue maxima in the diffraction pattern and knowing

the grating spacing, the difference in wavelengths can be calculated using the diffraction formula.

What are the typical units used for wavelength and angular
measurements in diffraction experiments?

Wavelengths are typically measured in nanometers (nm) or meters (m), while angular measurements

are in degrees or radians. Accurate conversions are necessary for precise calculations.

Additional Resources
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Introduction

In the realm of optics and spectroscopy, understanding how light disperses through diffraction gratings
is fundamental. When monochromatic light passes through a diffraction grating, it is split into a
spectrum of various orders, each exhibiting specific angular positions. The second-order spectrum, in
particular, offers a fascinating window into the interplay of wavelength, diffraction, and angular
dispersion. This article aims to comprehensively analyze the angular spread within the second-order
spectrum between red light of wavelength 6.8107 meters and blue light, providing detailed

explanations, mathematical derivations, and practical insights into the phenomenon.



Understanding Diffraction and Spectral Orders

What is Diffraction?

Diffraction is the bending and spreading of waves when they encounter an obstacle or aperture
comparable in size to their wavelength. In optics, diffraction manifests vividly when light interacts with
diffraction gratings—periodic structures with numerous lines or slits that cause incident light to interfere

constructively or destructively at specific angles, creating a spectrum.

Diffraction Grating and Its Function

A diffraction grating consists of equally spaced lines or slits, characterized by the grating constant

(d)—the distance between adjacent lines. When incident light strikes the grating at an angle, the

resulting diffracted beams produce maxima at specific angles, satisfying the grating equation:

\[
d \sin \theta_m = m \lambda

\

where:

-\( d\) = grating spacing (distance between adjacent slits)

- \( \theta_m \) = diffraction angle for the \( m*{th} \) order

- \( m\) = diffraction order (an integer)

- \( \lambda \) = wavelength of incident light

Spectral Orders

The diffraction orders (\( m \)) indicate the number of wavelengths that fit into the path difference



created by the grating. The first order (\( m=1\)) corresponds to the primary diffraction maximum, while
the second order (\( m=2\)) refers to the next set of maxima further away from the central maximum.

Higher orders appear at larger angles and provide more detailed spectral resolution.

The Second-Order Spectrum: Significance and Characteristics

The second-order spectrum (\( m=2 \)) is notably important for high-resolution spectral analysis. Since
it occurs at larger diffraction angles, it enhances the separation between spectral lines, allowing for
finer discrimination of wavelengths. Analyzing the angular spread between red and blue light in this
order aids in understanding the spectral range, resolving power, and the physical parameters of the

diffraction system.

Mathematical Framework for Angular Spread Calculation

The Grating Equation for Second Order

For the second diffraction order (\( m=2\)):

\[

d \sin \theta_ {2} = 2 \lambda

\

Rearranged to find the diffraction angle:

\[

\theta_{2} = \sin*{-1}\left(\frac{2 \lambda}{d}\right)
\



This relation applies separately to red and blue light, enabling calculation of their respective diffraction

angles.

Wavelengths of Red and Blue Light

Given:

- Wavelength of red light: \( \lambda_{red} = 6.8107\, \text{m} \)
- Wavelength of blue light: \( \lambda_{blue} \) (not specified explicitly; requires assumption or typical

value)

Since the problem mentions the "second-order spectrum between red light of wavelength 6.8107

meters and blue," it suggests a spectral range. Typically, blue light wavelengths are around 450 nm to

495 nm (or 0.00045 m to 0.000495 m). However, the given red wavelength is unusually large for

visible light, indicating perhaps a hypothetical or specialized experimental context.

Assumption: Let's assume the blue wavelength is approximately 470 nm (a representative blue light):

\[

\lambda_{blue} = 470\, \text{nm} = 470 \times 10*{-9}\, \text{m} = 4.7 \times 107{-7}\, \text{m}
\]

Determining the Grating Spacing \( d \)

To proceed, we need the grating constant \( d \). Suppose the grating has a known number of lines

per millimeter, a common parameter in spectroscopic gratings.

Example: A typical diffraction grating with 600 lines/mm



\[

\text{Lines per mm} = 600

\

\[

d = \frac{1\, \text{mm}}{600} = \frac{10™{-3}\, \text{m}}{600} \approx 1.6667 \times 10"{-6}\, \text{m}
\]

This value is necessary for calculating diffraction angles.

Calculating Diffraction Angles for Red and Blue Light

Using the grating equation for \( m=2\):

\[
\theta_m = \sin*{-1}\left(\frac{2 \lambda}{d}\right)
\]

For red light (\( \lambda_{red} = 6.8107\, \text{m} \)):

\[
\sin \theta_{red} = \frac{2 \times 6.8107}1.6667 \times 10"{-6}} \approx 8.169 \times 10"{6}
\

Since \( \sin \theta \) cannot be greater than 1, this indicates that for such a large wavelength with this

grating, the second-order diffraction of red light is not physically feasible with this grating.

Implication: The large red wavelength exceeds the maximum possible for diffraction at this grating
constant, meaning red light of 6.8107 meters cannot produce second-order diffraction at this grating

spacing.



Physical Constraints and Practical Considerations

Given the calculations, it becomes evident that such an extremely large wavelength (on the order of

meters) cannot be diffracted by typical gratings due to the fundamental limit:

\[
\sin \theta_m \leq 1
\]

which implies:

\[

\frac{2 \lambda}{d} \leq 1
\

\[

\lambda \leq \frac{d}2}
\

For \(d = 1.6667 \times 10°{-6} \) m:

\[

\lambda_{max} \leq 8.3335 \times 10M-7}\, \text{m}

\

which is about 833 nm, in the infrared range. Since 6.8107 m exceeds this by orders of magnitude, the

diffraction of such a wavelength at this grating is impossible in the second order.

Conclusion: The problem might be hypothetical or designed to illustrate the limits of diffraction

phenomena with unphysical parameters, or perhaps the wavelength units are misinterpreted.



Revisiting the Problem with Corrected Assumptions

Suppose instead that the wavelength given is in nanometers (nm):

\[
\lambda_{red} = 6.8107\, \text{nm} = 6.8107 \times 107{-9}\, \text{m}
\

and blue:

\[
\lambda_{blue} \approx 470\, \text{nm} = 4.7 \times 107{-7}\, \text{m}
\]

In that case, calculations become physically feasible.

For \( \lambda_{red} = 6.8107\, \text{nm} \):

\[

\sin \theta_{red} = \frac{2 \times 6.8107 \times 10*{-9}}{1.6667 \times 10*{-6}} \approx 8.169 \times
107{-3}

\

\[

\theta_{red} \approx \sin™{-1}(8.169 \times 107{-3}) \approx 0.468"\circ

\

For \( \lambda_{blue} = 470\, \text{nm} \):

\[
\sin \theta_{blue} = \frac{2 \times 4.7 \times 10*{-7}}{1.6667 \times 10*{-6}} \approx 0.564



\
\[
\theta_{blue} \approx \sin*{-1}(0.564) \approx 34.3"\circ
\

Calculating the Angular Spread

The angular spread between the red and blue light in the second order is:

\[
\Delta \theta = |\theta_{blue} - \theta_{red}| \approx 34.3"circ - 0.468"\circ \approx 33.83"\circ
\]

This indicates that, in the second order, the blue light is diffracted at a significantly larger angle
compared to red light, which is characteristic of dispersion—the separation of light into its constituent

wavelengths.

Significance of the Angular Spread

The angular spread is critical in spectroscopic applications:

- Spectral Resolution: Larger angular spreads enhance the resolution, allowing differentiation of closely
spaced wavelengths.

- Design of Optical Instruments: Understanding the spread informs the design of spectrometers,
monochromators, and other optical devices.

- Material and Grating Optimization: The choice of grating constant directly affects the maximum

observable wavelength and the spread, guiding material selection and grating fabrication.



Real-World Applications and Limitations

Practical Applications

- Astronomy:
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