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Understanding the spectral lines of hydrogen is fundamental in the fields of atomic physics and astrophysics.
Among these lines, the 410.2 nm emission line of the Balmer series holds particular significance due to its role in
revealing the energy structure of the hydrogen atom. In this article, we will explore how to identify the
specific energy levels involved in producing this spectral line, delve into the underlying quantum mechanics, and
discuss the broader implications of this knowledge.

Introduction to Hydrogen Spectral Lines and the Balmer Series

Hydrogen, the simplest atom, exhibits a rich spectrum of emission lines resulting from electrons transitioning
between energy levels. These spectral lines are categorized into series based on the initial or final energy levels
involved:

- Lyman series: Transitions ending at the n=1 energy level, predominantly in the ultraviolet region.
- Balmer series: Transitions ending at the n=2 energy level, visible in the optical spectrum.
- Paschen, Brackett, Pfund, and others: Transitions ending at higher levels, appearing in infrared and beyond.

The Balmer series is particularly well-studied because its visible lines allow astronomers and physicists to
analyze stellar compositions, plasma conditions, and quantum behaviors.

The Significance of the 410.2 nm Line in the Balmer Series

The 410.2 nm line is one of the less commonly discussed visible lines of the Balmer series, situated in the violet
part of the spectrum. Its identification and understanding are essential for several reasons:

- It provides insight into higher energy level transitions.
- It aids in calibrating spectroscopic equipment.
- It helps in modeling astrophysical phenomena involving hydrogen emission.

Before identifying the energy levels involved, it's crucial to understand the fundamental principles governing
atomic transitions.

Quantum Mechanical Foundation of Spectral Lines

In the Bohr model of the hydrogen atom, electrons occupy quantized energy levels denoted by principal quantum
numbers (n=1, 2, 3, ...). When an electron transitions from a higher energy level (n_i) to a lower energy level
(n_f), it emits a photon with energy corresponding to the difference between these levels:

\[ E_{photon} = E_{n_i} - E_{n_f} \]

This energy relates to the wavelength (λ) of the emitted photon via Planck's equation:

\[ E_{photon} = \frac{hc}{\lambda} \]

where:
- \( h \) is Planck's constant,



- \( c \) is the speed of light,
- \( \lambda \) is the wavelength of the photon.

The Rydberg formula provides a way to calculate the wavelengths of spectral lines:

\[
\frac{1}{\lambda} = R \left( \frac{1}{n_f^2} - \frac{1}{n_i^2} \right)
\]

where \( R \) is the Rydberg constant (\( \approx 1.097 \times 10^7 \, \text{m}^{-1} \)).

---

Calculating the Transition for the 410.2 nm Line

To identify the energy levels involved, we start with the known wavelength:

\[
\lambda = 410.2\, \text{nm} = 410.2 \times 10^{-9}\, \text{m}
\]

Applying the Rydberg formula:

\[
\frac{1}{\lambda} = R \left( \frac{1}{n_f^2} - \frac{1}{n_i^2} \right)
\]

Substitute the known values:

\[
\frac{1}{410.2 \times 10^{-9}} = 1.097 \times 10^7 \left( \frac{1}{2^2} - \frac{1}{n_i^2} \right)
\]

Calculate the left side:

\[
\frac{1}{410.2 \times 10^{-9}} \approx 2.438 \times 10^6\, \text{m}^{-1}
\]

Now, solve for \( \left( \frac{1}{2^2} - \frac{1}{n_i^2} \right) \):

\[
\frac{1}{4} - \frac{1}{n_i^2} = \frac{2.438 \times 10^6}{1.097 \times 10^7} \approx 0.2222
\]

Rearranged:

\[
\frac{1}{n_i^2} = \frac{1}{4} - 0.2222 = 0.25 - 0.2222 = 0.0278
\]

Calculate \( n_i \):

\[
n_i^2 = \frac{1}{0.0278} \approx 36
\]
\[



n_i \approx \sqrt{36} = 6
\]

Since \( n_i \) must be an integer, the transition is from \( n=6 \) to \( n=2 \).

---

Identifying the Energy Levels Involved

Based on the calculations, the spectral line at 410.2 nm results from an electron transition in hydrogen from
the energy level \( n=6 \) to \( n=2 \).

Energy Level Transition Summary

- Initial energy level (\( n_i \)): 6
- Final energy level (\( n_f \)): 2

When an electron drops from \( n=6 \) to \( n=2 \), a photon with a wavelength of approximately 410.2 nm is
emitted. This specific transition is part of the Balmer series because it ends at \( n=2 \).

Calculating the Energy Difference

The energy difference between levels \( n=6 \) and \( n=2 \) can be calculated using the Rydberg formula for
energy:

\[
E_{n} = - \frac{13.6\, \text{eV}}{n^2}
\]

So,

\[
E_{6} = - \frac{13.6}{6^2} = - \frac{13.6}{36} \approx -0.378\, \text{eV}
\]
\[
E_{2} = - \frac{13.6}{2^2} = - \frac{13.6}{4} = -3.4\, \text{eV}
\]

The energy emitted:

\[
\Delta E = E_{2} - E_{6} = (-3.4) - (-0.378) = -3.022\, \text{eV}
\]

The negative sign indicates energy release. The photon emitted has an energy of approximately 3.022 eV,
corresponding to the 410.2 nm wavelength.

---



Broader Implications and Applications

Understanding the specific energy levels involved in spectral lines like the 410.2 nm emission has numerous
applications:

- Astrophysics: Analyzing stellar spectra to determine compositions, temperatures, and densities.
- Laboratory Spectroscopy: Calibrating instruments and understanding plasma behaviors.
- Quantum Mechanics: Validating models of atomic structure and electron transitions.
- Educational Purposes: Demonstrating fundamental principles of quantum physics and spectroscopy.

Relation to Other Balmer Lines

The Balmer series includes multiple lines with different wavelengths corresponding to transitions from higher
energy levels:

| Transition | Wavelength (Approximate) | Description |
|--------------|--------------------------|--------------|
| \( n=3 \to 2 \) | 486.1 nm | H-beta line |
| \( n=4 \to 2 \) | 434.0 nm | H-gamma line |
| \( n=5 \to 2 \) | 410.2 nm | H-delta line (the focus here) |
| \( n=6 \to 2 \) | 397.0 nm | H-epsilon line |

Note that the 410.2 nm line corresponds to the \( n=6 \to 2 \) transition, confirming our calculations.

Conclusion

The spectral line at 410.2 nm in the Balmer series of hydrogen is produced by an electron transition from the \(
n=6 \) energy level to the \( n=2 \) level. This transition involves an energy difference of approximately 3.022
eV. Recognizing these specific energy levels helps in understanding the atomic structure of hydrogen and plays a
crucial role in various scientific disciplines, from astrophysics to quantum physics. Mastery of spectroscopic
analysis and the use of the Rydberg formula enable scientists to decode the universe's fundamental properties
through the light emitted by atoms.

---
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Frequently Asked Questions

What is the significance of the 410.2 nm emission line in the Balmer series of
hydrogen?

The 410.2 nm line is a prominent Balmer series emission corresponding to the transition from the n=6 energy level
to the n=2 level in hydrogen, indicating higher energy level transitions within the atom.

From which energy levels does the 410.2 nm emission originate in hydrogen's



Balmer series?

The 410.2 nm line results from the transition of an electron from the n=6 energy level to the n=2 energy level.

How can the energy levels involved in the 410.2 nm emission be calculated?

Using the Rydberg formula, energy levels can be calculated by substituting the wavelength (410.2 nm) to find
the initial and final energy levels involved in the transition.

What is the energy difference between the levels involved in the 410.2 nm
transition?

The energy difference corresponds to the photon energy of 410.2 nm, approximately 4.8 eV, which is the energy
released when the electron transitions from n=6 to n=2.

Why is the 410.2 nm line important in astrophysics?

It helps in identifying hydrogen in stellar spectra and understanding physical conditions in astronomical objects
like nebulae and stars.

Which series of the hydrogen emission spectrum does the 410.2 nm line belong
to?

It belongs to the Balmer series, which involves transitions ending at the n=2 energy level.

How does the energy of the 410.2 nm line compare to other Balmer lines?

The 410.2 nm line corresponds to a higher energy transition (from n=6) compared to lines like H-alpha (656.3
nm), indicating a transition from a higher initial energy level.

Can the 410.2 nm emission be used to determine physical conditions in a
plasma?

Yes, analyzing this line can provide insights into temperature, density, and excitation conditions in plasma
environments.

What is the practical application of identifying the energy levels
associated with the 410.2 nm line?

Identifying these energy levels helps in spectroscopic diagnostics, calibration of instruments, and understanding
atomic structure in various scientific fields.

Additional Resources
Identify The Energy Levels From Which The 410.2 nm Emission Line Of The Balmer Series Of Hydrogen

Understanding the spectral emissions of hydrogen is fundamental in fields ranging from astrophysics to
quantum mechanics. Among the various lines in the hydrogen emission spectrum, the 410.2 nm line, corresponding
to a specific transition within the Balmer series, holds particular significance. This detailed review explores the
origin of this line, the energy levels involved, and the broader implications for spectroscopy and atomic physics.

---



Introduction to the Hydrogen Spectrum and the Balmer Series

Hydrogen, the simplest and most abundant element in the universe, exhibits an emission spectrum characterized by
discrete lines corresponding to electronic transitions between quantized energy levels. These spectral lines
serve as fingerprints for the atom, allowing scientists to decipher the quantum states involved in each
transition.

The Balmer Series is a prominent set of visible spectral lines in hydrogen's spectrum, arising from electron
transitions where the electron drops to the second energy level (n=2) from higher energy levels (n>2). These
lines are given by the Balmer formula:

\[ \lambda = \frac{hc}{E_{upper} - E_{lower}} \]

where:

- \( \lambda \) is the wavelength,
- \( h \) is Planck's constant,
- \( c \) is the speed of light,
- \( E_{upper} \) and \( E_{lower} \) are the energies of the initial and final states, respectively.

The spectral lines in the Balmer series are labeled as H-alpha (656.3 nm), H-beta (486.1 nm), H-gamma (434.0
nm), H-delta (410.2 nm), and so on.

---

Focusing on the 410.2 nm Line: An Overview

The 410.2 nm spectral line is identified as the H-delta line within the Balmer series. It is characterized by a
transition from a higher energy level to the n=2 level, specifically:

- Wavelength: approximately 410.2 nm,
- Color: violet-blue in the visible spectrum,
- Transition: from the energy level n=6 to n=2.

This line's precise measurement and understanding facilitate insights into atomic structure, plasma diagnostics,
and astrophysical phenomena.

---

Quantum Mechanical Foundations of the Emission Line

Electron Energy Levels in Hydrogen

Hydrogen's electronic energy levels are described by the Bohr model and refined via quantum mechanics, with
energies given by:

\[ E_n = - \frac{13.6\, \text{eV}}{n^2} \]

where:

- \( n \) is the principal quantum number (n=1,2,3,...),



- \( 13.6\, \text{eV} \) is the ionization energy of hydrogen.

The negative sign indicates bound states. The transition from a higher energy level \( n_{upper} \) to a lower
energy level \( n_{lower} \) results in photon emission with energy:

\[ \Delta E = E_{n_{lower}} - E_{n_{upper}} \]

Correspondingly, the wavelength of emitted photon:

\[ \lambda = \frac{hc}{\Delta E} \]

---

Calculating the Transition for the 410.2 nm Line

Given the wavelength \( \lambda = 410.2\, \text{nm} \), we can determine the energy difference:

\[ \Delta E = \frac{hc}{\lambda} \]

Using:

- \( h = 6.626 \times 10^{-34} \, \text{Js} \),
- \( c = 3.0 \times 10^8 \, \text{m/s} \),
- \( \lambda = 410.2 \times 10^{-9} \, \text{m} \),

we find:

\[ \Delta E \approx \frac{6.626 \times 10^{-34} \times 3.0 \times 10^8}{410.2 \times 10^{-9}} \]

\[ \Delta E \approx 4.85 \times 10^{-19} \, \text{J} \]

Converting to electronvolts:

\[ 1\, \text{eV} = 1.602 \times 10^{-19}\, \text{J} \]

\[ \Delta E \approx \frac{4.85 \times 10^{-19}}{1.602 \times 10^{-19}} \approx 3.03\, \text{eV} \]

This energy difference indicates a transition from a higher level \( n_{upper} \) to \( n=2 \), with an energy
difference of approximately 3.03 eV.

---

Determining the Exact Energy Levels Involved

Since the transition is from a higher energy level \( n_{upper} \) to \( n=2 \), and the energy levels are:

\[ E_n = - \frac{13.6\, \text{eV}}{n^2} \]

the energy difference:

\[ \Delta E = E_{2} - E_{n_{upper}} \]

Calculates to:

\[ 3.03\, \text{eV} = - \frac{13.6}{2^2} - \left( - \frac{13.6}{n_{upper}^2} \right) \]



\[ 3.03 = - 3.4 + \frac{13.6}{n_{upper}^2} \]

\[ \frac{13.6}{n_{upper}^2} = 3.03 + 3.4 = 6.43 \]

\[ n_{upper}^2 = \frac{13.6}{6.43} \approx 2.11 \]

\[ n_{upper} \approx \sqrt{2.11} \approx 1.45 \]

This fractional quantum number suggests that the simplistic Bohr model needs refinement, as actual
transitions are between discrete integer levels. The actual dominant transition producing the 410.2 nm line is
from n=6 to n=2.

Verification:

Calculate the energy difference between n=6 and n=2:

\[ E_6 = - \frac{13.6}{6^2} = - \frac{13.6}{36} \approx -0.378\, \text{eV} \]

\[ E_2 = - \frac{13.6}{2^2} = - \frac{13.6}{4} = -3.4\, \text{eV} \]

Difference:

\[ \Delta E = E_2 - E_6 = (-3.4) - (-0.378) = -3.022\, \text{eV} \]

Magnitude:

\[ |\Delta E| \approx 3.022\, \text{eV} \]

which matches our earlier calculated energy difference, confirming the transition is from n=6 to n=2.

---

Implications and Significance of the Transition

Astrophysical Applications

The 410.2 nm line is observed in various astrophysical spectra, including stellar atmospheres, nebulae, and
quasars. Its intensity and profile help determine:

- Electron densities,
- Temperatures,
- Composition of celestial objects.

The precise identification of the transition (n=6 to n=2) allows astrophysicists to infer physical conditions in
distant environments.

Laboratory Spectroscopy and Plasma Diagnostics

In controlled environments, the 410.2 nm line aids in:

- Diagnosing plasma conditions,
- Calibrating spectroscopic instruments,
- Studying hydrogen's atomic structure.



Its sensitivity to temperature and density makes it valuable for laboratory plasma experiments.

Quantum Mechanical and Theoretical Insights

Accurate measurement and analysis of this line contribute to:

- Refining quantum mechanical models,
- Testing predictions of the Rydberg formula,
- Investigating perturbations and fine-structure effects.

---

Energy Level Diagram and Transition Pathways

Visualizing the hydrogen energy levels clarifies the origin of the 410.2 nm line:

- The transition occurs from n=6 to n=2,
- The energy difference (~3.02 eV) corresponds directly to the photon emitted,
- Higher levels (n=3, 4, 5) produce lines at longer wavelengths (e.g., H-gamma at 434.0 nm, H-beta at 486.1
nm).

The energy level diagram shows the initial state at n=6, with the electron dropping to n=2, emitting a photon
at 410.2 nm.

---

Refinements and Modern Considerations

While the Bohr model provides a foundational understanding, modern quantum mechanics introduces:

- Fine structure splitting due to spin-orbit coupling,
- Quantum electrodynamics (QED) corrections,
- External field effects (Zeeman and Stark effects),

which slightly modify the precise wavelength and energy levels. High-resolution spectroscopy captures these
subtle effects, leading to more accurate identification of the energy levels involved.

---

Conclusion: Summarizing the Energy Levels for the 410.2 nm Line

The comprehensive analysis confirms that:

- The 410.2
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