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Understanding the quantum nature of particles and systems often involves analyzing discrete energy
levels. When a quantum system has specific allowed energies, such as 0.0 eV, 1.5 eV, 3.0 ¢V, and 6.0
eV, it raises interesting questions about the electromagnetic wavelengths associated with transitions
between these energy states. This article explores how to determine the number of different
wavelengths emitted or absorbed during such transitions, providing a comprehensive explanation
suitable for students, educators, and enthusiasts alike.

Introduction to Quantum Energy Levels

Quantum systems, such as electrons in atoms or molecules, exhibit quantized energy levels rather
than continuous spectra. These levels are discrete, meaning the system can only exist in certain
specified energies. Transitions between these energy states involve the absorption or emission of
photons with specific wavelengths corresponding to the energy difference.

In this context, the allowed energies are:
- 0.0 eV (ground state)

-1.5eV

-3.0eV

-6.0eV

Understanding how many different wavelengths these energy levels produce during transitions helps
in analyzing spectral lines and understanding the physical behavior of the system.

Fundamentals of Energy and Wavelength Relationship

Before diving into the calculations, it's essential to understand the relationship between energy and
wavelength of a photon. The fundamental equation linking these quantities is:

E=hc/2A

Where:



- E is the photon energy (in joules or electronvolts)
- h is Planck's constant (~6.626 x 107°-34 Js)

- ¢ is the speed of light (~3.0 x 10" 8 m/s)

- A is the wavelength of the photon (in meters)

When energies are given in electronvolts (eV), the equation can be adapted as:
A (nm) = 1240/ E (eV)

This conversion simplifies calculations, enabling us to directly find wavelengths in nanometers for
given energy differences.

Analyzing Transitions Between Energy Levels

In a quantum system with specified energy levels, the possible transitions occur between pairs of
levels. Each transition corresponds to a photon emitted or absorbed, with energy equal to the
difference between the two levels:

AE = |E final - E initial|
Given the allowed energies:
-0.0eV

-1.5eV

-3.0eV
-6.0eV

We must consider all possible pairs where a transition can occur, ensuring we account for both
emission and absorption processes.

List of Possible Transitions

Let's enumerate all pairs of initial and final states, noting that:

- Transitions from higher to lower energy states result in emission (photon emitted).
- Transitions from lower to higher energy states involve absorption (photon absorbed).

The pairs are:

| Transition | Energy Difference (AE in eV) | Type |
I I I I

| 6.0 eV~ 3.0eV|3.0eV|Emission |

| 6.0 eV~ 1.5eV|4.5eV | Emission |




| 6.0eV—-0.0eV|6.0eV|Emission |
| 3.0eV—-1.5eV|1.5eV|Emission |
| 3.0eV—-0.0eV|3.0eV|Emission |
|1.5eV->0.0eV|1.5eV | Emission |
| 1.5eV - 6.0 eV |4.5 eV | Absorption|
| 3.0 eV - 6.0 eV | 3.0 eV | Absorption|
| 1.5eV—-3.0eV| 1.5 eV | Absorption|
| 0.0eV->1.5eV| 1.5 eV | Absorption|
| 0.0 eV - 3.0eV|3.0eV | Absorption|
| 0.0 eV - 6.0eV|6.0eV | Absorption|

Since energy differences are symmetric in emission and absorption (the same AE produces both

emission and absorption lines), we only need to consider unique differences for wavelength
calculation.

Calculating Wavelengths for Transitions

Applying the relation:
A (nm) = 1240 / AE (eV)
We compute the wavelengths for each unique energy difference:

1.AE=15eV->A=1240/1.5 =827 nm
2.AE=3.0eV->1A=1240/3.0 =413 nm
3.AE=45eV->A=1240/4.5= 276 nm
4. AE=6.0eV—->A=1240/6.0 = 207 nm

Note: The values are approximate, rounded to the nearest nanometer.

Counting the Number of Different Wavelengths

From the calculations, the distinct energy differences—and thus the unique wavelengths—are:

-1.5eV
-3.0eV
-45¢eV
-6.0 eV

approx. 827 nm)
approx. 413 nm)
approx. 276 nm)
approx. 207 nm)

P,

These four energy differences correspond to four unique wavelengths. Because the energy levels are
discrete and the differences are unique, each transition produces a specific wavelength.



Therefore, the system can produce four different wavelengths corresponding to the four unique
energy differences.

Summary of Results

- The allowed energy levels are 0.0 eV, 1.5 eV, 3.0 €V, and 6.0 eV.
- Transitions occur between these levels, resulting in four unique energy differences:
-1.5eV

-3.0eV

-4.5eV

-6.0eV

- Corresponding wavelengths are approximately:

- 827 nm

-413 nm

- 276 nm

- 207 nm

- Total different wavelengths produced: 4

Implications and Applications

Understanding the number of wavelengths emitted or absorbed by a quantum system with given
energy levels is essential for various applications:

- Spectroscopy: Identifying spectral lines to analyze atomic and molecular compositions.
- Quantum Optics: Designing devices that emit specific wavelengths for lasers and LEDs.
- Astrophysics: Interpreting stellar spectra to understand celestial objects' compositions.

Knowing the distinct wavelengths helps in designing experiments, interpreting spectral data, and
developing technologies that rely on specific photon energies.

Conclusion

The analysis of allowed energies and their transitions reveals that a quantum system with energy
levels at 0.0 eV, 1.5 eV, 3.0 eV, and 6.0 eV can produce exactly four different wavelengths during
electronic transitions. These wavelengths are directly related to the differences in energy levels and
can be calculated using the relation A = 1240 / AE (eV). Recognizing these spectral lines is
fundamental in understanding quantum behavior and applying this knowledge across various
scientific fields.



In summary, the quantum system described can produce four different wavelengths corresponding
to its four unique energy differences.

Frequently Asked Questions

How many different wavelengths correspond to the allowed
energies 0.0 eV, 1.5 eV, 3.0 eV, and 6.0 eV in a quantum
system?

There are four different wavelengths, each corresponding to one of the given energy levels, since
energy and wavelength are uniquely related through the photon equation.

What is the relationship between the energy levels and the
wavelengths in this quantum system?

The wavelength of each photon emitted or absorbed is inversely proportional to its energy, following
the relation A = hc/E, where h is Planck's constant and c is the speed of light.

Are all the provided energies associated with distinct
wavelengths in the quantum system?

Yes, each allowed energy corresponds to a specific wavelength, resulting in four distinct
wavelengths for the given energies.

How can we calculate the wavelengths corresponding to the
given energies in the quantum system?

By using the formula A = hc/E, substituting each energy value into the equation to find the
respective wavelength.

What is the significance of the different wavelengths in
understanding the quantum system's energy states?

Different wavelengths indicate transitions between energy levels, helping us identify the spectral
lines and energy quantization of the system.

Additional Resources

The Allowed Energies Of A Quantum System Are 0.0 EV, 1.5 EV, 3.0 EV And 6.0 EV. How Many
Different Wavelengths?

In the realm of quantum mechanics, the energy levels of particles confined within atoms or
molecules are quantized, meaning electrons can only occupy specific discrete energies. The question



of how many different wavelengths correspond to these allowed energies is fundamental to
understanding phenomena such as absorption spectra, emission lines, and the behavior of quantum
systems at microscopic scales. In this article, we delve into the relationship between energy levels
and wavelengths, explore the physics underlying this connection, and provide a comprehensive
analysis based on the given energy values: 0.0 eV, 1.5 eV, 3.0 €V, and 6.0 eV.

Understanding Quantum Energy Levels and Their Significance
The Concept of Quantized Energy States

In classical physics, a particle like an electron could possess any amount of energy within a
continuous spectrum. However, quantum mechanics introduces the principle that particles confined
within potential wells, atoms, or molecules can only occupy specific, discrete energy states. These
are known as quantized energy levels. Transitions between these levels involve absorption or
emission of photons with energies equal to the difference between the initial and final states.

Relevance to Spectroscopy

The quantization of energy levels manifests vividly in spectroscopic observations. When electrons
transition from higher to lower energy states, they emit photons with energies exactly matching the
energy difference. Conversely, photons incident upon the system can be absorbed only if their

energies correspond to these differences, leading to absorption lines. The wavelength of such
photons is directly related to their energy, forming the basis for spectroscopic analysis.

The Relationship Between Energy and Wavelength
The Fundamental Equation

The energy \( E \) of a photon relates to its wavelength \( \lambda \) via the Planck-Einstein relation:

\[

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

where:

-\( E ) is the photon energy (in electron volts, eV)

-\(h) is Planck's constant (\( 6.626 \times 10"~ {-34} \, \mathrm{Js} \))

-\(\nu ) is the frequency of the photon

-\(c) is the speed of light in vacuum (\( 3.00 \times 1078 \, \mathrm{m/s} \))
\( \lambda \) is the wavelength of the photon

Expressed in terms of energy in electron volts and wavelength in nanometers (nm), the relation
simplifies to:

\[
\lambda (\mathrm{nm}) = \frac{1240}{E (\mathrm{eV})}

\]



This conversion factor arises from combining constants \( h \), \( ¢ ), and the electron charge.
Implications for Allowed Transitions

Given discrete energy levels, the possible photon energies are the differences between pairs of these
levels. Each energy difference corresponds to a specific wavelength. Importantly, the number of
distinct wavelengths is determined by the number of unique energy differences that can be formed
from the set of allowed energies.

Analyzing the Given Energy Levels
The Energy Set

The quantum system has the following allowed energy levels:
-\(E 1 =0.0\, \mathrm{eV}\)
-\(E 2 =1.5\, \mathrm{eV}\)
-\(E 3 =3.0\, \mathrm{eV} )
\(E 4 =6.0\, \mathrm{eV} \)

These energies suggest a system with multiple possible transitions, each potentially producing a
photon of a different wavelength.

Calculating the Possible Wavelengths
Step 1: Determine Energy Differences

For each pair of levels where the initial energy is higher than the final energy (since emission
involves a transition from a higher to lower energy), the energy difference \( \Delta E \) is:

\[
\Delta E {ij} = E i-E j\quad \text{for} \quad E i > E j
\]

The possible energy differences are:

1
1

2 1.5\, \mathrm{eV} - 0.0\, \mathrm{eV} = 1.5\, \mathrm{eV} \
3 3.0\, \mathrm{eV} - 0.0\, \mathrm{eV} = 3.0\, \mathrm{eV} \
4-E 1=06.0\, \mathrm{eV} - 0.0\, \mathrm{eV} = 6.0\, \mathrm{eV} \
3-E 2 = 3.0\, \mathrm{eV} - 1.5\, \mathrm{eV} = 1.5\, \mathrm{eV} \
4
4

™ m ™

-E 2 =6.0\, \mathrm{eV} - 1.5\, \mathrm{eV} = 4.5\, \mathrm{eV} \
-E 3 = 6.0\, \mathrm{eV} - 3.0\, \mathrm{eV} = 3.0\, \mathrm{eV} \

o D

Note that some differences are repeated, such as 1.5 eV and 3.0 eV, which are shared among
different pairs.

Step 2: Identify Unique Energy Differences



Unique differences are:

-1.5eV({from\(E 2-E 1\)and\(E 3-E 21))
-3.0eV({from\(E 3-E 1\)and\(E 4-E 3)))
-4.5eV (from\(E 4-E 21))
-6.0eV (from\(E 4-E 1))

Thus, the distinct energy differences are:

-1.5eV
-3.0eV
-45eV
-6.0 eV

Deriving the Corresponding Wavelengths
Using the relation:

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

we get:

| Energy Difference (eV) | Wavelength (nm) |

| | |

| 1.5 | \(\frac{1240}{1.5} \approx 826.7 \) nm |
| 3.0 | \(\frac{1240}{3.0} \approx 413.3 \) nm |
| 4.5 | \( \frac{1240}{4.5} \approx 275.6 \) nm |
| 6.0 | \(\frac{1240}{6.0} \approx 206.7 \) nm |

These wavelengths correspond to the photons emitted during the various electronic transitions.

How Many Different Wavelengths Are Possible?

Since each unique energy difference results in a photon of a specific wavelength, the total number of
different wavelengths corresponds to the number of unique energy differences:

- Total unique wavelengths: 4

These are:

1. Approximately 827 nm (in the infrared region)

2. Approximately 413 nm (visible spectrum, violet/blue)
(
(

3. Approximately 276 nm (ultraviolet)
4. Approximately 207 nm (ultraviolet)



The fact that some energy differences are shared (such as 1.5 eV and 3.0 eV appearing more than
once in the differences) means that the associated wavelengths are the same, reinforcing the count
of four distinct wavelengths.

Physical Interpretation and Significance
Spectral Lines and Transition Probabilities

Each of the four wavelengths corresponds to a spectral line that could be observed in the emission
spectrum of the quantum system. The intensity of these lines depends on the transition probabilities,
which are governed by quantum selection rules and the system's dipole moments.

Practical Applications

Understanding the number and nature of these wavelengths is crucial in fields like spectroscopy,
astrophysics, and quantum device engineering. For instance:

- Spectroscopy: Identifying materials based on their spectral signatures.
- Quantum Computing and Communication: Using specific wavelengths for encoding information.
- Material Science: Designing materials with tailored emission or absorption properties.

Summary and Final Thoughts

The analysis of a quantum system with allowed energies at 0.0 eV, 1.5 eV, 3.0 eV, and 6.0 eV reveals
that:

- There are four unique energy differences corresponding to possible electronic transitions.

- These differences translate into four distinct wavelengths:

- ~827 nm (infrared)

- ~413 nm (visible violet/blue)

- ~276 nm (ultraviolet)

- ~207 nm (ultraviolet)

- The number of different wavelengths is determined by the unique energy gaps, not just the number
of energy levels.

This elucidation underscores the fundamental connection between quantized energy levels and the
electromagnetic spectrum emitted or absorbed by quantum systems. It highlights the
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