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Understanding the connection between energy levels in atoms and the light they emit or
absorb is fundamental in physics and chemistry. When an atom has specific allowed
energies, such as 0.0 eV, 4.0 eV, and 6.0 eV, it means that electrons within the atom can
only occupy these discrete energy states. Transitions between these levels involve the
absorption or emission of photons, each characterized by a particular wavelength. In this
article, we explore what wavelengths appear when an atom transitions between these
energy states, providing a comprehensive understanding of atomic spectra and their
significance.

Energy Levels and Quantum Transitions

Discrete Energy States in Atoms
Atoms are governed by quantum mechanics, which dictates that electrons can only occupy
certain allowed energy levels. These levels are quantized, meaning electrons cannot exist
in energies between these allowed states. In our case, the atom has three accessible
energy levels:

Ground state: 0.0 eV

Excited state 1: 4.0 eV

Excited state 2: 6.0 eV

These discrete levels form the basis for understanding the emission and absorption
spectra of the atom.

Transitions Between Energy Levels
Electrons can move between these energy states by absorbing or emitting photons, with
the energy of the photon corresponding precisely to the difference between the initial and
final energy levels:

Absorption: Electron absorbs a photon and moves to a higher energy level.1.

Emission: Electron drops to a lower energy level, releasing a photon.2.



The specific energy difference determines the wavelength of light involved, as per the
relation:
\[ E = h \times \nu = \frac{hc}{\lambda} \]
where:
- \(E\) is the energy difference,
- \(h\) is Planck’s constant (\(6.626 \times 10^{-34}\) Js),
- \(\nu\) is the frequency,
- \(c\) is the speed of light (\(3.0 \times 10^8\) m/s),
- \(\lambda\) is the wavelength of light.

Calculating Wavelengths for Allowed Transitions

Given the energy levels, the possible transitions and their corresponding wavelengths are
calculated based on the energy differences.

Transition from Ground State to Excited States
These are absorption processes, where electrons absorb photons to jump from 0.0 eV to
higher states.

0.0 eV to 4.0 eV:
\[ \Delta E = 4.0 \text{ eV} \]

0.0 eV to 6.0 eV:
\[ \Delta E = 6.0 \text{ eV} \]

Wavelengths:
Using the relation \(\lambda = \frac{hc}{E}\), and converting eV to Joules (1 eV = \(1.602
\times 10^{-19}\) J):

1. For 4.0 eV:
\[
\lambda = \frac{6.626 \times 10^{-34} \times 3.0 \times 10^{8}}{4.0 \times 1.602 \times
10^{-19}} \approx \frac{1.9878 \times 10^{-25}}{6.408 \times 10^{-19}} \approx 3.10
\times 10^{-7} \text{ m} \approx 310 \text{ nm}
\]
This wavelength falls in the ultraviolet (UV) range.

2. For 6.0 eV:
\[
\lambda = \frac{6.626 \times 10^{-34} \times 3.0 \times 10^{8}}{6.0 \times 1.602 \times
10^{-19}} \approx 207 \text{ nm}
\]
Also in the UV spectrum.



Transition from Excited States to Lower Energy Levels
These are emission processes where electrons release photons as they cascade down.

6.0 eV to 4.0 eV:
\[ \Delta E = 2.0 \text{ eV} \]

6.0 eV to 0.0 eV:
\[ \Delta E = 6.0 \text{ eV} \]

4.0 eV to 0.0 eV:
\[ \Delta E = 4.0 \text{ eV} \]

Wavelengths:

1. 6.0 eV to 4.0 eV (2.0 eV):
\[
\lambda = \frac{6.626 \times 10^{-34} \times 3.0 \times 10^{8}}{2.0 \times 1.602 \times
10^{-19}} \approx 620 \text{ nm}
\]
This is in the visible red region.

2. 6.0 eV to 0.0 eV (6.0 eV):
\[
\lambda \approx 207 \text{ nm}
\]
UV spectrum.

3. 4.0 eV to 0.0 eV (4.0 eV):
\[
\lambda \approx 310 \text{ nm}
\]
UV spectrum.

Summary of Wavelengths in Atomic Transitions

| Transition | Energy Difference (eV) | Wavelength (nm) | Spectrum Region |
|--------------|------------------------|------------------|-----------------|
| 0.0 eV → 4.0 eV | 4.0 eV | ~310 nm | UV |
| 0.0 eV → 6.0 eV | 6.0 eV | ~207 nm | UV |
| 6.0 eV → 4.0 eV | 2.0 eV | ~620 nm | Visible (Red) |
| 6.0 eV → 0.0 eV | 6.0 eV | ~207 nm | UV |
| 4.0 eV → 0.0 eV | 4.0 eV | ~310 nm | UV |

This table highlights how the atom's allowed energy transitions produce specific
wavelengths, primarily in the ultraviolet and visible regions.



Implications of These Wavelengths

Understanding the specific wavelengths that appear due to atomic transitions is crucial in
various fields, including spectroscopy, astrophysics, and quantum mechanics.

Spectroscopic Identification
Spectroscopists use the characteristic wavelengths emitted or absorbed by atoms to
identify elements in a sample. The UV lines at 207 nm and 310 nm, along with the visible
line at 620 nm, serve as fingerprints for this atom.

Astrophysical Observations
The detection of these wavelengths in stellar spectra helps scientists determine the
composition of distant stars and interstellar matter.

Quantum Mechanical Insights
Calculating the wavelengths associated with energy transitions provides insight into the
quantum structure of atoms and validates theoretical models.

Conclusion

When an atom has allowed energies of 0.0 eV, 4.0 eV, and 6.0 eV, the transitions between
these levels produce specific wavelengths of light. The primary wavelengths that appear
are approximately 207 nm, 310 nm, and 620 nm, corresponding to ultraviolet and visible
regions of the electromagnetic spectrum. Understanding these wavelengths enables
scientists to interpret atomic spectra, analyze material composition, and explore
fundamental quantum phenomena. The precise calculation of these wavelengths
exemplifies the deep connection between energy quantization in atoms and the light that
we observe, highlighting the elegance and utility of quantum physics in explaining the
universe around us.

Frequently Asked Questions

What are the possible allowed energies for the simple
atom described?
The allowed energies are 0.0 eV, 4.0 eV, and 6.0 eV.



How do you calculate the photon wavelengths emitted
during transitions between these energy levels?
Use the formula λ = hc / ΔE, where ΔE is the energy difference between levels, h is
Planck's constant, and c is the speed of light.

What are the wavelengths corresponding to the
transitions from 6.0 eV to 4.0 eV and from 4.0 eV to 0.0
eV?
The transition from 6.0 eV to 4.0 eV produces a photon with wavelength approximately
310 nm, and from 4.0 eV to 0.0 eV produces about 620 nm.

Which transition results in the shortest wavelength
photon?
The transition from 6.0 eV to 4.0 eV results in the shortest wavelength photon.

Are there any other possible photon emissions from
these energy levels?
Yes, the atom can emit photons during the transition from 6.0 eV to 0.0 eV, which would
have a wavelength corresponding to the combined energy difference of 6.0 eV.

How does the energy difference relate to the wavelength
of emitted light?
The wavelength is inversely proportional to the energy difference; larger differences
produce shorter wavelengths.

What is the significance of the 0.0 eV energy level in
this context?
The 0.0 eV level represents the ground state, the lowest energy state of the atom.

Can the atom emit multiple photons from a single
transition? Why or why not?
No, a single electronic transition typically results in the emission of one photon
corresponding to the energy difference; multiple photons would require multiple
transitions.

What is the approximate wavelength of the photon



emitted during the transition from 6.0 eV to 4.0 eV?
Approximately 310 nanometers, which falls in the ultraviolet range.

Additional Resources
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Understanding the spectral emission and absorption phenomena of atoms is fundamental
in quantum physics and spectroscopy. When an atom possesses discrete, quantized energy
levels—such as the specific energies of 0.0 eV, 4.0 eV, and 6.0 eV—the transitions between
these levels give rise to characteristic wavelengths of electromagnetic radiation. This
article explores the implications of these energy levels, the resulting emitted or absorbed
photons, and the spectral lines observable in experiments, providing a comprehensive
overview for students, researchers, and enthusiasts alike.

---

Overview of Discrete Energy Levels in Atoms

Atoms are quantum systems where electrons occupy specific energy states due to the
quantization of their allowed energies. When an electron transitions from a higher energy
level to a lower one, it emits a photon with energy equal to the difference between these
levels. Conversely, absorption occurs when an electron absorbs a photon and jumps to a
higher energy state.

In the case of our simple atom, the allowed energies are:

- Ground state: 0.0 eV
- First excited state: 4.0 eV
- Second excited state: 6.0 eV

These discrete energies suggest the atom has three principal energy levels, with
transitions possible between these states. The spectral lines observed depend on which
transitions occur—either emission or absorption.

---

Possible Transitions and Resulting Energy
Differences

To determine the wavelengths that can appear, we need to consider all possible
transitions between the given energy levels:



1. Ground to first excited state: 0.0 eV → 4.0 eV
2. Ground to second excited state: 0.0 eV → 6.0 eV
3. First to second excited state: 4.0 eV → 6.0 eV
4. Reverse transitions (emission): 4.0 eV → 0.0 eV, 6.0 eV → 0.0 eV, 6.0 eV → 4.0 eV

Calculating the energy differences for each transition:

| Transition | Energy Difference (eV) | Type |
|--------------|------------------------|--------------|
| 0.0 eV → 4.0 eV | 4.0 eV | Absorption or emission depending on process |
| 0.0 eV → 6.0 eV | 6.0 eV | Absorption or emission |
| 4.0 eV → 6.0 eV | 2.0 eV | Absorption or emission |
| 4.0 eV → 0.0 eV | 4.0 eV | Emission |
| 6.0 eV → 0.0 eV | 6.0 eV | Emission |
| 6.0 eV → 4.0 eV | 2.0 eV | Emission |

Note that the same energy difference can be involved in absorption or emission processes,
but the observed spectral lines are typically associated with emission when an electron
drops from a higher to a lower energy level.

---

Calculating the Corresponding Wavelengths

The wavelength (\(\lambda\)) of a photon emitted or absorbed during a transition is related
to its energy (\(E\)) through the Planck-Einstein relation:

\[
E = h \nu = \frac{hc}{\lambda}
\]

Where:

- \(E\) is the energy difference in joules (J),
- \(h\) is Planck's constant (\(6.626 \times 10^{-34}\, \text{Js}\)),
- \(c\) is the speed of light (\(3.00 \times 10^{8}\, \text{m/s}\)),
- \(\lambda\) is the wavelength in meters.

Since the energies are given in electron volts, we convert eV to joules:

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

Using this, the wavelength for each transition is:

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



Substituting the constants:

\[
\lambda (\text{meters}) = \frac{(6.626 \times 10^{-34})(3.00 \times 10^{8})}{E\,
(\text{J})}
\]

or in nanometers:

\[
\lambda (\text{nm}) = \frac{1240}{E\, (\text{eV})}
\]

Calculating for each transition:

- For 4.0 eV:

\[
\lambda = \frac{1240}{4.0} = 310\, \text{nm}
\]

- For 6.0 eV:

\[
\lambda = \frac{1240}{6.0} \approx 207\, \text{nm}
\]

- For 2.0 eV:

\[
\lambda = \frac{1240}{2.0} = 620\, \text{nm}
\]

These wavelengths fall into different regions of the electromagnetic spectrum:

- 207 nm: Ultraviolet (UV) region
- 310 nm: Near-ultraviolet
- 620 nm: Visible red light

---

Wavelengths That Appear in Spectra

Based on the calculations, the atom's spectral lines correspond to:

- UV line at approximately 207 nm: Resulting from the transition from 6.0 eV to 4.0 eV, or
from 6.0 eV to 0.0 eV if emission occurs directly to ground.
- Near-UV line at approximately 310 nm: Corresponding to the transition from 4.0 eV to
0.0 eV.



- Visible red line at approximately 620 nm: Arising from the transition from 6.0 eV to 4.0
eV.

Note: The atom can emit or absorb photons at these wavelengths depending on the
process—whether electrons are excited or relax back to lower energy states.

---

Practical Implications and Spectroscopic
Significance

Understanding these spectral lines is crucial for various applications:

- Spectroscopic Identification: The wavelengths serve as fingerprints for identifying the
element or atom in stars, laboratories, or chemical samples.
- Energy Level Mapping: Observing these lines helps confirm the quantized energy states
of the atom.
- Quantum Transition Studies: Analysis of spectral lines reveals transition probabilities,
selection rules, and atomic structure.

---

Pros and Cons of the Spectral Analysis Approach

Pros:

- Provides direct insight into the atomic energy levels.
- Enables non-invasive identification of elements.
- Fundamental for developing quantum models and understanding atomic behavior.

Cons:

- Real atomic spectra can be more complex, with additional energy levels and fine
structures.
- External factors like Doppler broadening, pressure effects, and instrumental resolution
can affect spectral line detection.
- Transitions involving multiple photons or forbidden lines are not considered here but can
complicate real spectra.

---

Limitations and Further Considerations

While this analysis offers a clear understanding of the wavelengths associated with the



given energy levels, several factors might influence the observed spectral lines:

- Line Broadening: Due to thermal motion, collisions, or instrumental effects, spectral lines
may broaden, making precise wavelength determination challenging.
- Intensity Variations: Transition probabilities determine the intensity of spectral lines; not
all allowed transitions are equally probable.
- Additional Energy States: Real atoms often have more than three energy levels, leading
to more spectral lines.
- Quantum Selection Rules: Not all transitions are permitted; the electric dipole transition
rules govern whether a transition is allowed or forbidden.

---

Conclusion

The specific energies of 0.0 eV, 4.0 eV, and 6.0 eV in a simple atom give rise to well-
defined spectral lines at approximately 620 nm, 310 nm, and 207 nm, respectively. These
wavelengths span the visible and ultraviolet regions of the electromagnetic spectrum,
providing clear signatures for spectroscopy and atomic identification. Understanding
these transitions offers valuable insights into atomic structure, quantum mechanics, and
the nature of electromagnetic radiation emitted or absorbed by atoms. While this
simplified model captures the essence of atomic spectral lines, real-world applications
involve considering additional factors like line broadening, transition probabilities, and the
presence of more complex energy levels. Nonetheless, the fundamental principles laid out
here form the backbone of modern spectroscopic techniques and atomic physics research.

---
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