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Understanding the spectral lines of hydrogen is fundamental in atomic physics and astrophysics, providing
insights into atomic structure, energy levels, and cosmic phenomena. One of the key spectral features of
hydrogen is the Lyman series, which corresponds to electronic transitions from higher energy levels (n ≥ 2)
down to the first energy level (n=1). In this article, we will explore the specific question: what value of Ni
(initial energy level) is associated with the 94.96-nm spectral line in the Lyman series of hydrogen? Moreover,
we will delve into the underlying principles, calculations, and significance of this spectral line in scientific
research.

---

Introduction to Hydrogen Spectral Lines and the Lyman Series

The hydrogen atom's spectral lines are a result of electrons transitioning between quantized energy levels.
When an electron drops from a higher energy level (n_i) to a lower energy level (n_f), a photon of specific
wavelength is emitted. The spectral lines are uniquely determined by these transitions, and the Lyman series
specifically involves transitions to n=1.

Key points about the Lyman series:
- It involves electronic transitions where n_f = 1.
- The emitted photons have ultraviolet wavelengths, typically shorter than 200 nm.
- These lines are critical for astrophysical observations, such as analyzing the interstellar medium and stellar
atmospheres.

---

Understanding the Spectral Line at 94.96 nm

The spectral line at 94.96 nm (or 949.6 �) falls within the ultraviolet region and is part of the hydrogen
Lyman series. To determine the initial energy level Ni associated with this spectral line, we need to understand
the relationship between the wavelength of emitted radiation and the energy difference between the involved
levels.

Why is this wavelength significant?
- It helps identify specific electronic transitions.
- It aids in the calibration of spectroscopic instruments.
- It provides data for modeling cosmic phenomena.

---

Fundamental Principles: The Rydberg Formula

The calculation of spectral line wavelengths in hydrogen relies on the Rydberg formula:

\[



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

where:
- \(\lambda\) = wavelength of the emitted photon,
- \(R\) = Rydberg constant (~1.097373 × 10^7 m\(^{-1}\)),
- \(n_i\) = initial energy level (integer ≥ 2 for Lyman series),
- \(n_f\) = final energy level (for Lyman series, n_f = 1).

This formula allows us to calculate the initial energy level \(n_i\) given the wavelength.

---

Calculating the Initial Level Ni for 94.96 nm Line

Given:
- \(\lambda = 94.96\, \text{nm} = 94.96 \times 10^{-9}\, \text{m}\),
- \(n_f = 1\),
- \(R = 1.097373 \times 10^7\, \text{m}^{-1}\).

Applying the Rydberg formula:

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

Rearranged to solve for \(n_i\):

\[
1 - \frac{1}{n_i^2} = \frac{1}{R \lambda}
\]

\[
\frac{1}{n_i^2} = 1 - \frac{1}{R \lambda}
\]

Calculating:

\[
\frac{1}{R \lambda} = \frac{1}{(1.097373 \times 10^7) \times (94.96 \times 10^{-9})}
\]

\[
= \frac{1}{(1.097373 \times 10^7) \times 94.96 \times 10^{-9}}
\]

\[
= \frac{1}{(1.097373 \times 94.96) \times 10^{-2}}
\]

\[
= \frac{1}{(104.342) \times 10^{-2}} = \frac{1}{1.04342}
\]

\[
\approx 0.958 \quad (\text{approximate value})
\]



Thus,

\[
\frac{1}{n_i^2} = 1 - 0.958 = 0.042
\]

\[
n_i^2 = \frac{1}{0.042} \approx 23.81
\]

\[
n_i \approx \sqrt{23.81} \approx 4.88
\]

Since \(n_i\) must be an integer (energy levels are quantized), the closest integer to 4.88 is 5.

Therefore, the initial energy level \(Ni \approx 5\).

---

Conclusion: The Ni Value for the 94.96 nm Line

Based on the calculations above, the spectral line at 94.96 nm in the Lyman series of hydrogen corresponds to
an electronic transition from \(n_i = 5\) to \(n_f = 1\). This transition is denoted as:

\[
\text{Transition: } 5 \rightarrow 1
\]

which produces the spectral line at approximately 94.96 nm.

Summary:
- The initial energy level \(Ni\) associated with the 94.96-nm spectral line is 5.
- The transition responsible is from \(n=5\) down to \(n=1\).

---

Significance of the 94.96 nm Lyman Line in Astrophysics and
Spectroscopy

The 94.96 nm Lyman line is particularly significant in astrophysics for several reasons:

- Probing Interstellar Medium: It helps analyze the composition and density of interstellar gas clouds.
- Stellar Atmospheres: By examining these lines, astronomers can determine physical conditions in stellar
atmospheres.
- Cosmic UV Background: These lines contribute to understanding the ultraviolet background radiation in the
universe.
- Calibration and Instrumentation: Precise measurements of such lines are essential for calibrating UV
spectrometers and telescopes.

---



Additional Notes on Hydrogen Spectral Lines

- The Lyman series includes lines like Ly-α (121.6 nm), Ly-β (102.6 nm), and Ly-γ (97.3 nm), with the 94.96 nm
line being a higher-order transition (from \(n=5\)).

- The wavelengths of Lyman lines decrease as \(n_i\) increases, moving towards the Lyman limit at 91.2 nm,
beyond which the photon energy is sufficient to ionize hydrogen.

- The precise measurement and understanding of these lines are crucial for fields like quantum mechanics,
astrophysics, and plasma physics.

---

Final Remarks

In conclusion, the spectral line at 94.96 nm in the Lyman series of hydrogen is associated with an electronic
transition from the \(n=5\) energy level down to \(n=1\). This knowledge not only enhances our understanding
of atomic structure but also supports various applications in observational astronomy and spectroscopy.
Accurate identification of such lines helps scientists decode the physical conditions of distant cosmic objects
and contributes to our broader understanding of the universe.

---

References

Bransden, B. H., & Joachain, C. J. (2003). Physics of Atoms and Molecules. Prentice Hall.

Moore, C. E. (1970). Atomic Energy Levels. NSRDS-NBS 35.

Bethe, H. A., & Salpeter, E. E. (1957). Quantum Mechanics of One- and Two-Electron Atoms. Springer.

NIST Atomic Spectra Database. (2023). National Institute of Standards and Technology.

Frequently Asked Questions

What is the wavelength of the spectral line in the Lyman series of hydrogen
at 94.96 nm?

The wavelength is 94.96 nm, which corresponds to a transition in the Lyman series where electrons fall to the
n=1 energy level.

How can we determine the value of Ni associated with the 94.96 nm spectral
line in hydrogen?

By using the Rydberg formula for hydrogen and plugging in the wavelength, we can solve for the initial energy
level Ni involved in the transition.



What is the Rydberg formula used to calculate the energy levels in
hydrogen's spectral lines?

The Rydberg formula is 1/λ = R (1/n₁² - 1/n₂²), where λ is the wavelength, R is the Rydberg constant, and n₁ and
n₂ are the initial and final energy levels.

What is the value of the Rydberg constant (R) used in calculations for
hydrogen spectral lines?

The Rydberg constant (R) for hydrogen is approximately 1.097373 × 10⁷ m⁻¹.

How do you calculate the initial energy level Ni for the 94.96 nm line in the
Lyman series?

Rearranged from the Rydberg formula: Ni = �[1 / (1/λ R + 1/nf²)], with nf=1 for Lyman series, and λ=94.96 nm
converted to meters.

Is the transition for the 94.96 nm line in hydrogen from Ni to n=1 or another
level?

Yes, in the Lyman series, the transition is from Ni to n=1, with Ni being higher than 1.

How is the wavelength related to the energy difference between the initial
and final levels in hydrogen?

The wavelength is inversely proportional to the energy difference: shorter wavelengths indicate larger energy
differences.

What is the approximate value of Ni for the 94.96 nm spectral line in
hydrogen?

Ni is approximately 3, indicating the transition is from n=3 to n=1 in the hydrogen atom.

Why is the 94.96 nm line significant in the study of hydrogen spectra?

Because it corresponds to a key transition in the Lyman series, which helps in understanding hydrogen's energy
levels and spectral properties.

Additional Resources
Value Of Ni Associated With The 94.96-nm Spectral Line In The Lyman Series Of Hydrogen

The spectral lines of hydrogen, particularly those in the ultraviolet region, provide critical insights into
atomic structure, quantum mechanics, and astrophysical phenomena. Among these, the Lyman
series—characterized by electronic transitions ending at the ground state (n=1)—is especially significant due
to its prominent ultraviolet emission lines. A specific spectral line at 94.96 nm (nanometers) warrants detailed
analysis, as understanding its origin involves exploring the energy levels involved, the potential influence of
ionization states, and the quantum defect corrections. In this article, we delve into the fundamental principles
that connect this spectral line to the initial energy level, denoted by the principal quantum number Ni, and
explore the implications of this association.

---



Understanding the Lyman Series and Its Spectral Lines

Basics of the Hydrogen Atom and Spectral Series

The hydrogen atom, the simplest atomic system, consists of a single proton nucleus and a single electron. Its
spectral lines are discrete emissions or absorptions corresponding to electronic transitions between quantized
energy levels. These transitions are described by the Bohr model and quantum mechanics, with energy levels
labeled by the principal quantum number n (n=1,2,3,...).

The Lyman series encompasses all transitions where the electron falls to the n=1 level from higher energy
levels (n > 1). These transitions emit photons in the ultraviolet (UV) region, with wavelengths determined by
the energy difference between the initial level n and the ground state. Since the energy difference decreases with
increasing n, the spectral lines converge toward a limit known as the Lyman limit at 91.2 nm, corresponding to
the transition from n=infinity to n=1.

Mathematical Framework: Rydberg Formula

The wavelengths of hydrogen spectral lines are accurately modeled by the Rydberg formula:

\[
\frac{1}{\lambda} = R \left( \frac{1}{n_1^2} - \frac{1}{n_2^2} \right)
\]

Where:

- \(\lambda\) is the wavelength of the emitted photon,
- \(R\) is the Rydberg constant (~1.097373 × 10^7 m\(^{-1}\)),
- \(n_1\) and \(n_2\) are the initial and final energy levels.

For the Lyman series, \(n_1=1\), and \(n_2 > 1\). Given the wavelength, one can invert the formula to find the
initial energy level \(n_2\).

---

Analyzing the 94.96 nm Spectral Line

Identifying the Transition

The spectral line at 94.96 nm (or 94.96 × 10\(^{-9}\) meters) lies in the ultraviolet range, just above the
Lyman limit. To determine the initial energy level \(N_i\) involved in this transition, the Rydberg formula is
employed.

Step-by-step calculation:

1. Convert wavelength to reciprocal wavelength:

\[
\frac{1}{\lambda} = \frac{1}{94.96 \times 10^{-9} \text{ m}} \approx 1.052 \times 10^{7} \text{ m}^{-1}
\]



2. Apply Rydberg formula with \(n_1=1\):

\[
1.052 \times 10^{7} = R \left( 1 - \frac{1}{n_2^2} \right)
\]

Using \(R = 1.097 \times 10^{7} \text{ m}^{-1}\):

\[
1.052 \times 10^{7} = 1.097 \times 10^{7} \left( 1 - \frac{1}{n_2^2} \right)
\]

3. Solve for \(n_2\):

\[
\frac{1.052 \times 10^{7}}{1.097 \times 10^{7}} = 1 - \frac{1}{n_2^2}
\]

\[
\approx 0.959 = 1 - \frac{1}{n_2^2}
\]

\[
\frac{1}{n_2^2} = 1 - 0.959 = 0.041
\]

\[
n_2^2 = \frac{1}{0.041} \approx 24.39
\]

\[
n_2 \approx \sqrt{24.39} \approx 4.94
\]

Since \(n_2\) must be an integer, the closest value is n=5.

Conclusion: The spectral line at 94.96 nm corresponds approximately to the transition from n=5 to n=1.

---

Implications of the Transition: Connecting to Ni (Initial Level)

Defining Ni in the Context of Hydrogen Spectral Lines

In the notation of spectral transitions, Ni typically denotes the initial energy level of the transition in
question. Given the analysis above, the initial level associated with the 94.96 nm spectral line is n=5.

Thus, in this context:

- Ni = 5

This indicates that the spectral line results from an electron transitioning from the energy level n=5 to the
ground state n=1.



Significance of the n=5 Level

The identification of Ni=5 for this spectral line has several implications:

- It confirms that the emission is part of the higher-order lines in the Lyman series but not among the most
energetic (which involve transitions from very high n levels).
- The line's position near the limit of the Lyman series suggests it is relatively close in energy to the ionization
threshold, but still well within the bound states.
- The precise measurement of this spectral line aids in refining atomic models, including quantum defect
corrections, especially for high-precision astrophysical spectroscopy.

---

Broader Context: The Role of Spectral Lines and Ni in Astrophysics
and Plasma Physics

Astrophysical Significance

The Lyman series lines, including the one at 94.96 nm, are critical in astrophysical observations:

- They help determine the physical conditions of interstellar and intergalactic mediums.
- They serve as diagnostics for hydrogen density, temperature, and ionization states.
- Precise measurements enable the study of early-universe phenomena, such as reionization epochs.

In particular, the line at 94.96 nm may be observed in the spectra of hot stars, quasars, or nebulae, providing
insights into the local environment and hydrogen abundance.

Plasma Physics and Laboratory Applications

In laboratory plasma physics, understanding these spectral lines assists in:

- Characterizing plasma temperature and density.
- Monitoring ionization states, especially in controlled fusion experiments.
- Developing ultraviolet light sources and laser technologies based on hydrogen transitions.

The identification of Ni=5 in the spectral line supports accurate modeling of plasma emissions and energy
transfer processes.

---

Quantum Defects and Fine Structure Considerations

While the hydrogen atom is well described by the Bohr model, real spectral lines exhibit slight deviations due to
quantum defects and fine structure effects:

- Quantum defect: Small corrections accounting for the non-ideal behavior of the electron, especially in multi-
electron systems, but also relevant for high-n hydrogen states due to relativistic effects.
- Fine structure splitting: Slight energy differences arising from electron spin and relativistic corrections, which
can slightly shift spectral lines.



For the 94.96 nm line, these effects are minimal but significant at high-precision levels, emphasizing the
importance of accurate quantum mechanical calculations in spectral analysis.

---

Summary and Conclusions

In conclusion, the spectral line at 94.96 nm in the Lyman series of hydrogen is primarily associated with the
electronic transition from the n=5 energy level to the ground state n=1. The calculation based on the Rydberg
formula confirms this assignment, making Ni = 5 the key quantum number associated with this spectral line.

This association enriches our understanding of hydrogen's spectral behavior in the ultraviolet region, with
broad implications ranging from astrophysical observations to laboratory plasma diagnostics. Precise
knowledge of such spectral lines allows scientists to probe the physical conditions of distant cosmic objects
and controlled experimental environments with remarkable accuracy. As spectral measurement techniques
continue to improve, the detailed analysis of lines like the one at 94.96 nm will remain integral to advancing
atomic physics and astrophysics.

---

Final Note: The accurate determination of Ni for this spectral line underscores the importance of combining
theoretical models with high-resolution spectroscopic data. As research progresses, further nuances, including
quantum defects and relativistic corrections, will refine our understanding of hydrogen’s spectral landscape,
reinforcing its role as a cornerstone of atomic physics.
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