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Understanding the energy transitions in a hydrogen atom is fundamental to grasping atomic physics
and quantum mechanics. When an electron in a hydrogen atom moves from a higher energy level to
a lower one, it emits a photon with energy corresponding to the difference between these energy
levels. The initial question, "Determine the end (final) value of N in a hydrogen atom transition if the
electron starts in N=2 and," sets the stage for exploring the possible transitions, the quantum
mechanics behind them, and how to calculate the resulting energy emissions. This comprehensive
guide aims to clarify these concepts, providing a detailed analysis suitable for students, educators, or
anyone interested in atomic physics.

Understanding Hydrogen Atom Energy Levels

The Bohr Model and Quantum Numbers

The hydrogen atom, being the simplest atom, is often used as a model to understand atomic
structure. According to the Bohr model:

- Electrons orbit the nucleus in discrete energy levels.

- These energy levels are quantized, characterized by a principal quantum number, N.
- The value of N can be any positive integer: N=1, 2, 3, and so on.

The energy (E) associated with each level is given by the formula:

\[ E_N =-\frac{13.6\, \text{eV}}{N"2}\]

where:

-\( E_N) is the energy of the level N.
- 13.6 eV is the ionization energy of hydrogen.

This energy is negative, indicating that the electron is bound to the nucleus, and the magnitude
decreases as N increases.



Transition of Electrons Between Energy Levels

When an electron moves from a higher energy level \( N_i\) to a lower energy level \( N_f\), it emits a
photon:

\[ \text{Photon energy} = \Delta E=E_{N f} - E_ {N_i} \]

The photon emitted corresponds to a specific spectral line (like the Balmer series). The amount of
energy and the wavelength of the emitted photon depend on the initial and final energy levels.

Analyzing the Transition Starting at N=2

Possible Transitions From N=2

Since the electron starts at \( N=2), it can transition to any lower energy level:

- N=1 (ground state)
- No lower levels exist, so the electron cannot transition to N=0 or below.

Thus, the possible transitions from N=2 are:

1.\(2\to1))
2.\( 2 \to 1\to 0)) (if considering multi-step transitions, though in the simplest case, only direct
transitions are considered)

However, in most standard treatments, only direct single-step transitions are considered when
calculating spectral lines.

Final N Values in Transitions From N=2

- The end (final) level can be N=1 when the electron drops from N=2 to N=1.

- If the question refers to a sequential process or multiple transitions, the electron could, in theory,
first drop from N=2 to N=1, and then from N=1 to N=0, but in the hydrogen atom, N=0 is not allowed
because the principal quantum number starts at 1.

Therefore, in typical analyses:

- From N=2, the final N can only be N=1 in a single transition.



Calculating the Energy of the Transition

Energy Difference Between Levels N=2 and N=1
Using the energy formula:

\[
E N =-\frac{13.6\, \text{eV}}{N"~2}

\]

Calculate \( E_2\) and \( E_1\):

\[
E 2 =-\frac{13.6}{272} = - \frac{13.6}{4} = -3.4\, \text{eV}
\]

\[
E 1=-\frac{13.6}{172} =-13.6\, \text{eV}
\]

The energy of the photon emitted during the transition:

\[
\Delta E = E_1-E_2 = -13.6\, \text{eV} - (-3.4\, \text{eV}) = -13.6 + 3.4 = -10.2\, \text{eV}

\]

Since energy emitted is positive:

\[
\boxed{
E {\text{photon}} = 10.2\, \text{eV}

}
\]

This photon corresponds to the Balmer-alpha line in the hydrogen spectrum.

Implications for Spectral Lines and Wavelengths

Calculating Wavelength of Emitted Photon

The wavelength \( \lambda \) of the photon can be found using the relation:

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



\]
where:

-\(h =6.626 \times 10" {-34}\, \text{Js} \) (Planck's constant)
-\( ¢ = 3 \times 1078\, \text{m/s}\) (speed of light)
-\( E\) in joules: convert eV to joules (\( 1\, \text{eV} = 1.602 \times 10"~ {-19}\, \text{J} \))

Calculate \( \lambda \):

\[
E =10.2\ \text{eV} = 10.2 \times 1.602 \times 10" {-19} = 1.634 \times 10"~ {-18}\, \text{J}

\]

\[

\lambda = \frac{hc}{E} = \frac{6.626 \times 10"~ {-34} \times 3 \times 1078} {1.634 \times
10~ {-18}} \approx 1.22 \times 10"~ {-7}\, \text{m}

\]

or

\[

\boxed{

\lambda \approx 122\, \text{nm}
}

\]

This wavelength falls within the ultraviolet region, characteristic of the Lyman series in hydrogen.

Summary of Transition Outcomes Starting From N=2

e Final N=1: The most common transition, producing the Lyman-alpha line at approximately 122
nm.

* Higher N levels: Not possible starting from N=2, as N cannot be less than 1, and no lower
levels exist.

e Multiple transitions: In multi-photon or multi-step processes, the electron could transition
further down, but in standard spectral analysis, the primary transition is N=2 to N=1.



Additional Considerations in Atomic Transition Analysis

Selection Rules
Transition probabilities are governed by quantum mechanical selection rules:
- Change in principal quantum number: \( \Delta N = \pm 1, \pm 2, \Ildots \)

- Change in angular momentum quantum number: \( \Delta | = \pm 1)
- Spin quantum number remains unchanged (\( \Delta s=0))

For hydrogen:

- Transitions with \( \Delta N = \pm 1) are most probable.
- The transition from N=2 to N=1 satisfies these rules.

Emission Spectra Series

The hydrogen emission spectrum contains several series based on the final energy level:

- Lyman Series: Transitions ending at N=1 (ultraviolet)
- Balmer Series: Transitions ending at N=2 (visible)
- Paschen Series: Transitions ending at N=3 (infrared)

Since the question concerns the transition from N=2, the relevant spectral line is part of the Balmer
series, with the transition from N=2 to N=1 producing the prominent Balmer-alpha line.

Conclusion: Final Value of N in the Transition

In the context of the question—"Determine the end (final) value of N in a hydrogen atom transition if
the electron starts in N=2"—the answer is straightforward:

- The final N value in a single, direct transition from N=2 is N=1.
- This transition produces the Lyman-alpha spectral line, characterized by a wavelength of
approximately 122 nm, corresponding to an energy of about 10.2 eV.

Understanding these transitions not only helps explain atomic spectra but also forms the foundation
of astrophysics, spectroscopy, and quantum mechanics. Recognizing the quantum rules and energy
calculations enables precise predictions of spectral lines and insights into the atomic structure of
hydrogen and other elements.
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Frequently Asked Questions

What is the final value of n in a hydrogen atom transition if
the electron starts at n=2 and moves to a higher energy
level?

The final value of n can be any integer greater than 2, depending on the transition. If the electron
moves to a higher energy level, n > 2.

How do you determine the end (final) value of n in a hydrogen
atom transition starting from n=2?

Identify the specific transition; for example, if the electron moves from n=2 to n=3, the final value of
n is 3. The final n depends on the energy level the electron transitions to.

What is the significance of the final value of n in hydrogen
atom transitions starting from n=2?

The final value of n determines the energy level the electron reaches after the transition, which is
associated with a specific spectral line in the hydrogen emission spectrum.

Can the electron starting at n=2 in a hydrogen atom
transition to n=1? If so, what is this transition called?

Yes, the electron can transition from n=2 to n=1, which is called the Lyman series transition and
results in ultraviolet photon emission.

In a hydrogen atom transition starting from n=2, what are
common possible final values of n?

Common final values of n include n=1 (Lyman series), n=3 (Balmer series), n=4, and higher levels,
depending on the specific transition.

Additional Resources

Determine The End (final) Value Of N In A Hydrogen Atom Transition If The Electron Starts In N = 2
And

Understanding the intricate details of atomic transitions is fundamental in quantum mechanics and
spectroscopy. When analyzing a hydrogen atom, one of the key questions often posed is: What is the
final value of the principal quantum number, N, after an electron makes a transition from one energy
level to another? In the specific scenario where the electron starts in N = 2, the problem becomes
both interesting and educational, illustrating the principles of quantized energy states, selection rules,
and spectral emissions. This article aims to provide a comprehensive exploration of this problem,
breaking down the concepts, calculations, and implications involved.



Understanding Hydrogen Atom Transitions

Hydrogen, being the simplest atom, serves as an ideal model for understanding atomic transitions.
The energy levels of the hydrogen atom are quantized and described by the principal quantum
number N, which takes positive integer values (N = 1, 2, 3, ...). When an electron transitions between
these levels, energy is either absorbed or emitted in the form of photons.

Key Concepts:

- Quantized Energy Levels: The energy associated with each level is given by \(E N =-13.6 ),
\text{eV} /N"2\).

- Photon Emission/Absorption: Transitioning from a higher to a lower energy level results in photon
emission, while moving from a lower to a higher level involves absorption.

- Selection Rules: Transitions primarily follow rules such as \( \Delta N = \pm 1, \pm 2, ...\), but for
dipole transitions, the primary allowed change is \( \Delta N = \pm 1).

Initial State: Electron Starting at N=2

The initial state of the electron being at N=2 is common in many spectroscopic phenomena, including
the Balmer series. The electron in N=2 can transition to various lower and higher energy levels,
leading to different spectral lines and photon energies.

Possible Transitions from N=2:

- Downward transitions:

- N=2 to N=1 (Lyman-alpha line)
- Upward transitions:

- N=2 to N=3, N=4, N=5, etc.

The problem's focus is to determine the final value of N after a transition, which could be either
upward or downward, depending on the process.

Determining the Final N Value of the Transition

The primary challenge is to understand what constraints govern the transition and what the likely
final N value is, especially if the transition is spontaneous or stimulated.

Key considerations:



- Type of transition: Is it a spontaneous emission, absorption, or stimulated emission?

- Energy conservation: The energy of the photon emitted or absorbed determines the change in N.

- Transition rules: For electric dipole transitions, the selection rule \( \Delta N = \pm 1) is dominant,
but higher-order transitions (e.g., \( \Delta N = \pm 2, \pm 3\)) can occur with lower probabilities.

Assumption: For simplicity, most common atomic transitions involve \( \Delta N = \pm 1).

Calculating the Final N for Emission and Absorption

Scenario 1: Electron transitions from N=2 to N=1 (Emission)

This is a downward transition, emitting a photon with energy:

\[

\Delta E = E_{1} - E_ {2} =-13.6\, \text{eV} /172 - (-13.6\, \text{eV} / 272) = -13.6\, \text{eV} +
3.4\, \text{eV} = -10.2\, \text{eV}

\]

The negative sign indicates energy is released. The final N in this case is N=1.

Scenario 2: Electron absorbs a photon and moves from N=2 to N=3

The energy of the photon required:

\[

\Delta E = E_{3} - E_{2} =-13.6\, \text{eV} /372 -(-13.6\, \text{eV} /272) =-13.6/9 + 13.6/4 =
-1.51\, \text{eV} + 3.4\, \text{eV} = 1.89\, \text{eV}

\]

Here, the final N is N=3.

General rule:

- For absorption: N increases.
- For emission: N decreases.

Possible End States in Transition from N=2

Given the initial N=2, the electron can:

- Transition to a lower N (N=1): emission of a photon with energy ~10.2 eV.
- Transition to a higher N (N=3, 4, 5, ...): absorption of photons with corresponding energies.



In many practical cases, the final N value depends on the type of transition:

- Spontaneous emission: N=2 to N=1 (most probable)
- Absorption: N=2 to N=3 or higher, depending on the photon involved

In the context of a problem asking for the end (final) N value, the focus is often on the most probable
or lowest energy transition, which is N=2 to N=1.

Features and Characteristics of N Transitions

Features of transitions from N=2:

- Balmer Series: Transitions from higher N (>2) down to N=2 produce visible spectral lines:
- N=3 to N=2 (H-alpha)

- N=4 to N=2 (H-beta)

- N=5 to N=2 (H-gamma), etc.

- Lyman Series: Transitions from N > 1 down to N=1 (ultraviolet lines).

Pros of the N=2 initial state:

- Well-studied and prominent spectral lines (Balmer series).

- Easily excited in laboratory and astrophysical environments.
- Serves as a basis for understanding higher quantum states.

Cons:

- Limited to specific transitions if only certain energy levels are accessible.
- Transitions involving large \( \Delta N \) are less probable.

Implications and Applications of Determining Final N

Knowing the final N value in a hydrogen transition has several implications:

- Spectral Line Identification: Helps in identifying observed spectral lines and understanding stellar
atmospheres.

- Quantum State Modeling: Assists in modeling atomic populations and transition probabilities.

- Astrophysics: Crucial for interpreting spectra from distant astronomical objects, where hydrogen
lines dominate.

In practical terms, for a transition starting at N=2:

- The most common downward transition ends at N=1.



- Higher N states are typically involved in excitation processes or absorption phenomena.

Summary and Conclusion

In the problem of determining the end value of N in a hydrogen atom transition starting from N=2, the
answer hinges on the type of transition—whether the electron is emitting or absorbing energy.

- If the electron transitions downward (emission), the most probable end state is N=1.
- If the electron absorbs energy, the final N could be N=3 or higher, depending on the photon energy
involved.

Therefore, the most common and fundamental transition from N=2—especially in spontaneous
emission—is to N=1. This transition produces the Lyman-alpha spectral line, which is a hallmark in
astrophysics and laboratory plasma studies.

Final Remarks

Understanding these transitions not only enriches our knowledge of atomic physics but also provides
a window into the processes governing the universe. The principles governing N-level transitions are
fundamental, yet they reveal the complex and beautiful structure of the quantum world.

In summary:
- Starting at N=2, the end value of N after a spontaneous emission transition is N=1.
- For absorption processes, the final N can be N=3, 4, etc.

- The specific transition depends on the context, energy available, and selection rules.

This analysis underscores the importance of quantum mechanics in explaining the behavior of atoms
and their spectral signatures, forming the backbone of many scientific disciplines.
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