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Understanding the behavior of light as it interacts with diffraction gratings
is fundamental in optics, spectroscopy, and various scientific applications.
When monochromatic light, such as a wavelength of 400 nm, passes through a
diffraction grating, it produces multiple maxima or bright fringes at
specific angles. These maxima correspond to constructive interference of
light waves diffracted by the grooves of the grating. Specifically, the
second-order maximum is one of the higher-order bright fringes observed in
the diffraction pattern. Determining the exact angle at which this maximum
occurs is essential for designing optical instruments, analyzing spectral
data, and understanding the fundamental principles of wave interference. In
this article, we explore the calculation process for finding the angle of the
second-order maximum for a wavelength of 400 nm using a diffraction grating,
including the relevant formulas, parameters involved, and practical
considerations.

Understanding Diffraction Gratings and Maxima

What Is a Diffraction Grating?

A diffraction grating is an optical component with a regular pattern of
closely spaced lines or grooves. When light interacts with these lines, it
diffracts, or spreads out, producing interference patterns. The spacing
between the lines, known as the grating spacing, determines the angles at
which constructive interference occurs, resulting in bright maxima.

Common types of diffraction gratings include:

- Transmission Gratings: Light passes through the grating.
— Reflection Gratings: Light reflects off the surface of the grating.

The choice depends on the application, but the fundamental principles of
diffraction and interference are similar.

The Principle of Constructive Interference

The bright maxima occur when the light waves diffracted by different grooves
interfere constructively. The condition for constructive interference in a
diffraction grating is expressed as:

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



where:

- \( d \) = grating spacing (distance between adjacent slits or grooves)
- \( \theta \) = diffraction angle for the maximum

- \( n \) = order of the maximum (an integer: 1, 2, 3, ..)

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

This equation is fundamental in calculating the angles at which maxima occur.

Key Parameters for Calculating Diffraction
Maxima

Wavelength (\( \lambda \))

In this case, the wavelength is given as 400 nanometers (nm). To work with SI
units, convert nanometers to meters:

\[ 400\, \text{nm} = 400 \times 107{-9}\, \text{m} = 4 \times 10"{-7}\,
\text{m} \]

Grating Spacing (\( d \))

The grating spacing is related to the number of lines per millimeter or
centimeter. For example, if a grating has 600 lines per millimeter:

\[ \text{Number of lines per mm} = 600\, \text{lines/mm} \]
Convert to lines per meter:

\[ 600\, \text{lines/mm} = 600 \times 107{3}\, \text{lines/m} \]
The grating spacing \( d \) is the reciprocal:

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

For the example:

N[ d = \frac{1}{600 \times 107{3}} = \frac{1}{6 \times 107~{5}}\, \text{m}
\approx 1.67 \times 107{-6}\, \text{m} \]

Note: The actual value of \( d \) depends on the specific diffraction grating
used.

Calculating the Second-Order Maximum Angle



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

Assuming a typical grating with a known number of lines per millimeter, for
example, 600 lines/mm:

— Convert lines per mm to lines per meter:

\[ 600\, \text{lines/mm} = 600 \times 107{3}\, \text{lines/m} \]

- Find \( d \):

\[ d = \frac{1}{600 \times 107{3}} = 1.67 \times 107{-6}\, \text{m} \]

This value will be used in the diffraction equation.

Step 2: Apply the Diffraction Equation for \( n=2 \)

For the second-order maximum (\( n=2 \)), the diffraction equation becomes:
\[ d \sin \theta_2 = 2 \lambda \]

Rearranged to solve for \( \theta_2 \):

\[ \sin \theta_2 \frac{2 \lambda}{d} \]
Insert the known values:

\[ \sin \theta_2 = \frac{2 \times 4 \times 10"{-7}\, \text{m}}{1.67 \times
107{-6}\, \text{m}} \]

Calculate numerator:
\[ 2 \times 4 \times 107{-7} = 8 \times 10"{-=-7} \]
Now, compute \( \sin \theta_2 \):

\[ \sin \theta_2 = \frac{8 \times 107{-7}}{1.67 \times 107{-6}} \approx 0.479
\1

Step 3: Find the Angle \( \theta_2 \)

Calculate the inverse sine:

\[ \theta_2 = \sin”®{-1}(0.479) \]
Using a calculator:

\[ \theta_2 \approx 28.6"\circ \]

This is the approximate angle for the second-order maximum with the given



parameters.

Practical Considerations and Limitations

Maximum Order of Diffraction

The maximum order \( n_{max} \) that can be observed is limited by the
condition:

\[ \sin \theta \leg 1 \]

which implies:

\[ n_{max} = \left\lfloor \frac{d}{\lambda} \right\rfloor \]
Using the previous \( d \) value:

\[ n_{max} = \left\lfloor \frac{l.67 \times 10"{-6}}{4 \times 10"{-7}}
\right\rfloor = \left\lfloor 4.175 \right\rfloor = 4 \]

Thus, the maximum observable order is 4, and the second order is well within
this limit.

Impact of Grating Parameters

— Number of lines per mm: Increasing the number of lines per mm decreases \ (
d \), leading to larger diffraction angles for the same order.

- Wavelength dependence: Longer wavelengths produce larger diffraction angles
for the same order.

— Instrument limitations: At high orders or large angles, the diffraction
pattern may suffer from decreased intensity or overlapping orders.

Experimental Verification

To verify the theoretical calculation practically:

— Use a monochromatic light source emitting at 400 nm.

— Employ a diffraction grating with known lines per mm.

— Measure the angle of the second-order maximum using a protractor or angular
measurement device.

— Compare the measured value with the calculated angle (~28.6 degrees).



Summary and Conclusions

In summary, determining the angle at which the second-order maximum occurs
for a wavelength of 400 nm using a diffraction grating involves understanding
the fundamental diffraction equation:

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

By knowing the grating spacing \( d \), the wavelength \( \lambda \), and the
order \( n=2 \), we can calculate the diffraction angle \( \theta_2 \). For
typical gratings with 600 lines per millimeter, the second-order maximum
appears approximately at 28.6 degrees. Precise measurement and consideration
of practical limitations are essential for accurate experimental results.

This process highlights the direct relationship between the physical
parameters of the diffraction grating, the wavelength of light, and the
resulting diffraction pattern. Such calculations are vital in designing
optical devices, analyzing spectral lines, and exploring wave phenomena in
physics.
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Frequently Asked Questions

What is the formula to determine the angle for the
second-order maximum in a diffraction grating-?

The formula is nA = d sin 6, where n is the order (2 for second order), A is
the wavelength, d is the slit spacing, and 6 is the diffraction angle.

How do you calculate the slit spacing (d) if the
number of lines per millimeter is known?

d =1/ (number of lines per millimeter in meters). For example, if there are
600 lines/mm, then d = 1 / (600 x 10"3) meters.

What is the wavelength in meters when given as 400
nm?

400 nm is equivalent to 400 x 107-9 meters, or 4 x 107"-7 meters.

How do you determine the diffraction angle 6 for the
second order maximum using a diffraction grating?

Use the equation sin 6 = nA / d, substituting n=2, A=4x10"-7 m, and the known
d, then take the inverse sine to find 6.



What is the significance of the second order maximum
in diffraction grating experiments?

The second order maximum provides information about the interference pattern
and helps in analyzing the wavelength of light using diffraction phenomena.

Can the angle 06 for the second order maximum ever be
90 degrees? Why or why not?

No, 6 cannot be 90 degrees because sin 6 cannot exceed 1. The maximum angle
is limited by the wavelength and grating spacing.

How does increasing the number of lines per
millimeter affect the diffraction angle for the
second order maximum?

Increasing the number of lines per millimeter decreases d, which increases
sin 6 and thus increases the diffraction angle 6 for the same order and
wavelength.

What are typical wvalues of diffraction angles for
visible light wavelengths like 400 nm using common
gratings?

For typical gratings, the diffraction angles for 400 nm light in second order
are usually between 30° and 60°, depending on the grating's line density.

How can this calculation be used to determine unknown
wavelengths in a spectroscopy experiment?

By measuring the diffraction angle 6 for known diffraction orders and grating
parameters, you can rearrange the formula to solve for unknown wavelengths,
enabling spectral analysis.

Additional Resources

At What Angle Will The Second Order Maximum Occur For A Wavelength Of 400 Nm
Using A Diffraction Grating

Understanding the behavior of light as it interacts with diffraction gratings
is fundamental in fields ranging from optical engineering to spectroscopy.
When light encounters a diffraction grating—a surface embedded with numerous
closely spaced slits—it produces a spectrum of bright and dark fringes due to
constructive and destructive interference. Among these phenomena, the
occurrence of maxima at specific angles correlates directly with the
wavelength of the incident light and the properties of the grating itself.
Today, we explore a precise question frequently posed in optics labs and
academic settings: At what angle will the second order maximum occur for a
wavelength of 400 nanometers using a diffraction grating?

This inquiry not only illuminates the underlying physics of diffraction but
also exemplifies how mathematical principles translate into practical



measurement techniques. To unpack this problem thoroughly, we will delve into
the fundamental concepts of diffraction gratings, the relevant equations, and
the step-by-step approach to calculating the desired angle.

Fundamentals of Diffraction Gratings

Before diving into the calculations, it’s essential to understand what a
diffraction grating is and how it functions. A diffraction grating consists
of a large number of equally spaced parallel slits or lines. When
monochromatic light, such as laser light, strikes the grating, each slit acts
as a secondary source of wavefronts, causing the light waves to interfere
with each other in space.

Key properties of diffraction gratings:
- Grating spacing (d): The distance between adjacent slits, typically

expressed in meters.
— Order of diffraction (m): An integer representing the number of wavelengths

by which the paths differ, with \(m=1, 2, 3, ...\).
- Wavelength (\ (\lambda\)): The wavelength of incident light, in meters.
- Diffraction angle (\(\theta\)): The angle at which the maxima (bright

fringes) appear relative to the incident beam.

The significance of the diffraction order (m):
Higher orders correspond to larger angles, with the maximum possible order
constrained by the grating's parameters and wavelength.

The Diffraction Equation

The fundamental relation governing maxima in diffraction gratings is:

\ [
d \sin \theta = m \lambda

\]
where:

d\) is the grating spacing,
\theta\) is the diffraction angle,
m\) 1is the diffraction order,
\lambda\) is the wavelength.

\
\
\
\
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This equation states that constructive interference (bright fringes) occurs
at angles where the path difference between light from adjacent slits equals
an integer multiple of the wavelength.

Implications:

- For a given wavelength and grating, the angles at which maxima occur are
discrete and increase with the order \ (m\).



— The maximum diffraction order \ (m_{max}\) is limited by the condition
\ (\sin \theta \leq 1\), ensuring physically meaningful angles.

Calculating the Second Order Maximum for 400 Nm
Wavelength

To determine the angle at which the second order maximum occurs, we need to
specify the grating's properties, particularly the slit density, because the
grating spacing \ (d\) directly influences the diffraction angles.

Common types of diffraction gratings:

- Groove density: expressed in lines per millimeter.
- Grating spacing \(d\): calculated as the reciprocal of the groove density.

Suppose we are dealing with a typical diffraction grating with a known groove
density. For illustration, we will consider a standard grating with 600 lines
per millimeter, a common value used in laboratory experiments.

Step 1: Convert Groove Density to Grating Spacing

Given:
- Lines per millimeter: 600 lines/mm
Convert to SI units:

\ [

d = \frac{l}{\text{lines per meter}} = \frac{1}{ (600 \text{ lines/mm}) \times
107{3} \text{ mm/m}} = \frac{1}{6 \times 107{5} \text{ lines/m}} \approx
1.6667 \times 10"{-6} \text{ m}

\]

Thus, the grating spacing:
\ [

d \approx 1.6667 \times 10"{-6} \text{ meters}
\1

Step 2: Convert Wavelength to Meters

Given:

\ [
\lambda = 400 \text{ nm} = 400 \times 10"{-9} \text{ m} = 4 \times 10"{-7}
\text{ m}



Step 3: Identify the Diffraction Order (m)

We are asked to find the second order maximum, So:

Step 4: Apply the Diffraction Equation to Find
\ (\theta\)

Rearranged:

\ [
\sin \theta = \frac{m \lambda}{d}
\1

Plugging in the known values:

\ [

\sin \theta = \frac{2 \times 4 \times 10"{-7}}{1.6667 \times 10"{-6}} \approx
\frac{8 \times 10"{-7}}{1.6667 \times 10"{-6}} \approx 0.48

\1

Step 5: Calculate \ (\theta))

\ [
\theta = \arcsin (0.48)
\]

Using a calculator:

\ [
\theta \approx 28.7"\circ

\]

Result:
The second order maximum for a wavelength of 400 nm using a diffraction
grating with 600 lines/mm occurs at approximately 28.7 degrees.



Understanding the Results and Practical
Considerations

This calculated angle is crucial for experimental setups where precise
spectral measurements are performed. It indicates that, for this grating and
wavelength, the second order diffraction maximum appears at nearly 29 degrees
relative to the incident beam.

Important points to consider:

- Maximum order limit:
To verify if higher orders are possible, check whether \ (\sin \theta \leg
1\):

\ [
m_{max} \leq \frac{d}{\lambda}
\]

Calculating:

\ [

m_{max} = \left\lfloor \frac{d}{\lambda} \right\rfloor = \left\lfloor
\frac{1.6667 \times 10"{-6}}{4 \times 107{-7}} \right\rfloor = \left\lfloor
4.1667 \right\rfloor = 4

\]

So, orders 1 through 4 are possible; higher orders are not.

- Experimental constraints:

As diffraction angles approach 90°, the maxima become more challenging to
observe due to the finite size of the apparatus and the intensity
distribution.

- Effect of grating parameters:
Increasing the groove density (more lines per millimeter) decreases \ (d\),
resulting in larger diffraction angles for the same order and wavelength.

Advanced Considerations and Real-World
Applications

The calculation above provides a theoretical value based on ideal conditions.
In practice, several factors influence the observed diffraction angles:

— Beam divergence and alignment:
Misalignments can shift the observed maxima.

- Wavelength purity:
Using a monochromatic source ensures clear maxima; broad spectra can cause
smearing.

- Grating imperfections:
Real gratings may have imperfections or non-uniform slit spacing, affecting
the precise angles.



- Calibration:
Instruments are often calibrated with known standards to account for
systematic errors.

Applications of this knowledge include:

— Spectroscopy:
Identifying unknown spectral lines by measuring diffraction angles.

— Optical device design:
Creating filters or monochromators based on diffraction principles.

— Educational demonstrations:
Visualizing diffraction patterns to understand wave behavior.

Conclusion

Determining at what angle the second order maximum occurs for a 400 nm
wavelength using a diffraction grating involves understanding the fundamental
diffraction equation, converting grating parameters into consistent units,
and applying trigonometric calculations. For a typical grating with 600 lines
per millimeter, this maximum appears at approximately 28.7 degrees. Such
calculations exemplify the elegant interplay between wave physics and
mathematical analysis, enabling scientists and engineers to harness
diffraction for precise measurements and innovative technologies.

By mastering these principles, students and researchers can effectively
design experiments, interpret spectral data, and push the boundaries of
optical science. Whether in spectroscopic analysis, laser technology, or
educational demonstrations, understanding diffraction maxima is a cornerstone
of modern optics.
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