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Calculate The Energy Of A Photon Emitted When An Electron In A Hydrogen Atom
Undergoes A Transition From a higher energy level to a lower energy level is
a fundamental concept in quantum physics and atomic spectroscopy.
Understanding this calculation provides insight into how atoms emit light,
the quantization of energy levels, and the principles underlying phenomena
such as spectral lines and photon emission. This article explores the
detailed process of calculating the energy of the photon emitted during such
an electronic transition in a hydrogen atom, including the theoretical
background, formulas involved, practical examples, and significance in
scientific research and applications.

Understanding Electron Transitions in Hydrogen
Atoms

The Hydrogen Atom: A Basic Quantum Model

Hydrogen, the simplest atom consisting of one proton and one electron, serves
as the foundational model for understanding atomic structure. Its simplicity
allows scientists to precisely calculate and predict energy levels and
spectral lines, making it an ideal system for studying quantum mechanics.

Quantized Energy Levels

Electrons in a hydrogen atom occupy discrete energy levels, often represented
as principal quantum numbers (n = 1, 2, 3, ...). These levels are quantized,
meaning electrons cannot exist in intermediate states without transitioning
between these levels.

Electron Transitions and Photon Emission

When an electron moves from a higher energy level (say, n_i) to a lower
energy level (n_f), it emits a photon. The energy of this photon corresponds
precisely to the difference between the initial and final energy levels of
the electron.

Fundamental Principles for Calculating Photon
Energy

The Bohr Model of the Hydrogen Atom

Niels Bohr's model provides a simple way to calculate energy levels:



— Energy levels are given by the formula:

\ [
E. n = —\frac{13.6\, \text{ev}i}{n"2}
\]

where:
- \( E_n \) 1is the energy of the level with quantum number n.
- 13.6 eV is the ionization energy of hydrogen at the ground state.

Energy Difference and Photon Energy
The energy of the emitted photon (E_photon) during a transition from level \ (
n_i \) to \( n_f \) is:

\ [
E_{photon} = E_{n_f} - E_{n_1i}
\]

Since the energy levels are negative (bound states), this becomes:

\ [
E_{photon} = —-\frac{13.6\, \text{eV}}{n_£f"2} + \frac{13.6\, \text{eV}}{n_i"2}
\1

The result is a positive value indicating the energy carried away by the
photon.

Conversion to Other Units

While eV (electron volts) are common in atomic physics, sometimes the energy
needs to be expressed in joules (J):

\ [
1\, \text{eV} = 1.602 \times 107{-19}\, \text{J}
\]

Thus,

\ [
E_{photon} (\text{J}) = E_{photon} (\text{eV}) \times 1.602 \times 10"{-19}
\1

Step-by-Step Guide to Calculate the Energy of
the Emitted Photon

Step 1: Identify the Transition Levels

Determine the initial and final energy levels:
- \( n_i \): the higher energy level (initial state)
- \( n_f \): the lower energy level (final state)



Step 2: Use the Energy Level Formula

Calculate the energies for both levels:

\ [

E_ {n_i} = -\frac{13.6\, \text{eV}}{n_i"2}
\]

\ [

E {n_f}
\1

—\frac{13.6\, \text{eV}}{n_ £f"2}

Step 3: Calculate the Energy Difference

Subtract the final level energy from the initial level energy:

\ [

E_{photon} = E_{n_f} - E_{n_1i} = 13.6\, \text{eV} \left( \frac{l}{n_£f"2} -
\frac{1}{n_i"2} \right)

\]

Because \( E_{n_1i} \) 1is negative and larger in magnitude than \( E_{n_f} \),
the difference yields a positive photon energy.

Step 4: Convert to Desired Units (if necessary)

Convert the calculated photon energy into Jjoules or other units as required
for your application.

Practical Examples of Calculating Photon Energy
in Hydrogen Transitions

Example 1: Transition from n=3 to n=2

— Initial level: \( n_i = 3 \)
— Final level: \( n_f = 2 \)
Calculate:

\ [

E_{photon} = 13.6\, \text{eV} \left( \frac{1}{272} - \frac{1}{3"2} \right) =
13.6\, \text{eV} \left( \frac{1}{4} - \frac{1}{9} \right)

\]

\ [

= 13.6\, \text{eV} \times \left( \frac{9 - 4}{36} \right) = 13.6\, \text{eV}
\times \frac{5}{36} \approx 1.89\, \text{eV}

\]

Converting to joules:

\ [

E_{photon} = 1.89\, \text{eV} \times 1.602 \times 10"{-19} \approx 3.03
\times 10"{-19}\, \text{J}

\]



This photon corresponds to the visible red line in the Balmer series.

Example 2: Transition from n=4 to n=1 (Lyman series)

Calculate:

\ [

E_{photon} = 13.6\, \text{eV} \left( 1 - \frac{l1l}{16} \right) = 13.6\,
\text{eV} \times \frac{15}{16} \approx 12.75\, \text{eV}

\1

Converted to joules:

\ [

E_{photon} \approx 12.75 \times 1.602 \times 107{-19} \approx 2.04 \times
107{-18}\, \text{J}

\1

This high-energy photon falls in the ultraviolet region, characteristic of
the Lyman series.

Significance of Calculating Photon Energy in
Hydrogen Transitions

Understanding Spectral Lines

Accurate calculations of photon energies explain the origin of spectral lines
in hydrogen's emission spectrum, which are essential for identifying elements
in distant stars and galaxies.

Applications in Astrophysics

By analyzing the spectral lines and corresponding photon energies,
astronomers determine the composition, temperature, and movement of celestial
objects.

Advancements in Quantum Mechanics

Calculating these energies validates quantum theories and models, reinforcing
the concept of quantized energy levels and wave-particle duality.

Advanced Topics and Modern Techniques

Beyond the Bohr Model

While the Bohr model provides a good approximation, modern quantum mechanics



uses Schrédinger's wave equation and quantum numbers to refine energy
calculations, especially for multi-electron atoms.

Spectroscopic Methods

Technigques such as absorption and emission spectroscopy experimentally
measure photon energies, providing data that can be compared with theoretical
calculations.

Computational Tools

Software and computational methods now facilitate precise calculations for
complex atoms and molecules, extending the principles used in hydrogen to
more complicated systems.

Summary and Key Takeaways

— The energy of a photon emitted during an electron transition in hydrogen is
determined by the difference in energy levels.
— The fundamental formula derived from the Bohr model is:

\ [

E_{photon} = 13.6\, \text{eV} \left( \frac{l}{n_£f"2} - \frac{l}{n_1i"2}
\right)

\1]

— Converting the energy into other units is straightforward with standard
conversion factors.

— These calculations underpin our understanding of atomic spectra,
astrophysics, and gquantum mechanics.

Final Remarks

Calculating the energy of photons emitted during electron transitions in
hydrogen atoms is a cornerstone of atomic physics. It bridges theoretical
models and experimental observations, enhancing our understanding of the
universe at its most fundamental level. Whether you're a student, researcher,
or enthusiast, mastering this calculation provides valuable insights into the
quantum nature of matter and light.
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Frequently Asked Questions



How do you calculate the energy of a photon emitted
during an electron transition in a hydrogen atom?

The energy of the emitted photon is equal to the difference in energy between
the initial and final energy levels of the electron, calculated using the
formula E = hv or E = AE = |E_final - E_initial|, where E = energy, h =
Planck's constant, and v = frequency of the photon.

What is the formula for the energy difference between
two levels in a hydrogen atom?

The energy difference between levels n_i and n_f in a hydrogen atom is given
by DE = 13.6 eV x (1/n_f"2 - 1/n_i"2), where 13.6 eV is the ionization energy
of hydrogen.

If an electron transitions from n=3 to n=2 in a
hydrogen atom, how do you find the photon’s energy
emitted?

Calculate the energy difference using AE = 13.6 eV x (1/272 - 1/372) = 13.6
eV x (1/4 - 1/9) = 13.6 eV x (5/36). The photon’s energy is approximately
1.89 eVv.

What is the significance of the Rydberg formula in
calculating photon energies in hydrogen?

The Rydberg formula provides a way to calculate the wavelengths or
frequencies of spectral lines in hydrogen, which can then be used to
determine the energy of emitted photons during electron transitions. It
relates the inverse of the wavelength to the difference in inverse squares of
the principal gquantum numbers.

How does the wavelength of the emitted photon relate
to the energy calculated in electron transitions?

The wavelength A of the emitted photon is related to its energy E by the
equation E = hc/A, where h is Planck's constant and c¢ is the speed of light.
Once the energy difference between levels is known, you can find the
wavelength using A = hc/E.

What role does Planck’s constant play in calculating
the energy of a photon emitted or absorbed?

Planck’s constant (h) relates the energy of a photon to its frequency via E =
hv. It is fundamental in quantifying the discrete energy quanta involved in
electron transitions and photon emission or absorption.

Can you explain how the transition from higher to
lower energy levels results in photon emission in a
hydrogen atom?

When an electron drops from a higher energy level (n_i) to a lower one (n_f),



the energy difference is released in the form of a photon. The energy of the
photon corresponds exactly to this difference, ensuring conservation of
energy during the transition.

Additional Resources

Photon Energy Calculation in Hydrogen Atom Transitions: An Expert Overview

Understanding the energy of photons emitted during electronic transitions in
hydrogen atoms is a cornerstone of quantum physics and atomic spectroscopy.
This process not only reveals the fundamental properties of matter but also
underpins technologies ranging from spectroscopy to quantum computing. As an
expert feature, this article provides a comprehensive, detailed exploration
of how to calculate the energy of a photon emitted when an electron in a
hydrogen atom transitions between energy levels. We will break down the
principles, formulas, and practical steps involved, ensuring clarity for both
newcomers and seasoned physicists.

Introduction to Atomic Transitions and Photon
Emission

At the heart of atomic physics lies the concept that electrons occupy
discrete energy levels within an atom. When an electron transitions from a
higher energy state to a lower one, the atom releases energy in the form of a
photon—a gquantum of electromagnetic radiation. The energy of this photon
directly corresponds to the difference in energy between the initial and
final states.

Key Concepts:

— Quantized Energy Levels: Electrons in hydrogen occupy specific energy
states labeled by gquantum numbers, primarily the principal quantum number \ (
n \).

- Energy Transition: Moving from a higher level \( n_i \) to a lower level \ (
n_f \) results in photon emission.

— Photon Energy: The energy of the emitted photon equals the energy
difference between the two levels.

Understanding these principles allows us to develop precise calculations to
predict the characteristics of emitted photons, which are critical in
spectroscopy, astrophysics, and quantum mechanics.

Theoretical Foundations of Energy Levels in
Hydrogen



The Bohr Model and Energy Quantization

The hydrogen atom, being the simplest atom with one proton and one electron,
has energy levels described accurately by the Bohr model. According to this
model, the energy of an electron in the \( n"™{th} \) level is given by:

E_.n = -\frac{13.6\, \text{ev}}{n"2}
\1

where:
- \( E_n \) is the energy of level \( n \),

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

- \( n \) is the principal gquantum number, an integer \( n =1, 2, 3, ... \).
This negative value indicates that the electron is bound to the nucleus, with
zero energy corresponding to a free, ionized electron.

Note: For more precise calculations, especially at high \( n \), quantum
mechanical models and the Schrddinger equation provide refined energy levels,
but for most practical purposes, the Bohr model suffices.

Energy Difference and Emission of Photons

When an electron transitions from an initial state \( n_1 \) to a final state
\( n_f \) (with \( n_i > n_f \)), the energy of the emitted photon (\ (
E_{photon} \)) is:

\ [
E_{photon} = E_{n_f} - E_{n_1i}
\]

Substituting the energy levels:

\ [

E_{photon} = —-\frac{13.6\, \text{eV}}{n_£f"2} - \left( —-\frac{13.6\,
\text{eV}}{n_1i"2} \right ) = 13.6\, \text{eV} \left( \frac{l}{n_£f"2} -
\frac{1}{n_i"2} \right )

\1

This formula is fundamental in calculating the photon energy emitted during
any electronic transition in hydrogen.

Step-by-Step Calculation Methodology

Calculating the photon energy involves several systematic steps, which we'll
explore in detail.



Step 1: Identify the Transition Levels

Determine the initial (\( n_i \)) and final (\( n_f \)) energy levels
involved in the electron transition.

- Example: Transition from \( n_i=3 \) to \( n_f=2 \).
Tips:

- Always ensure \( n_i > n_f \) for emission.
— Transition levels are integers greater than zero.

Step 2: Use the Energy Difference Formula

Apply the formula:

\ [

E_{photon} = 13.6\, \text{eV} \left( \frac{l}{n_£f"2} - \frac{l1}{n_1i"2}
\right)

\1

- Plug in the known \( n_i \) and \( n_f \) values.
— Calculate each term separately for clarity.

Example:

\ [
E_{photon} = 13.6\, \text{eV} \left( \frac{1}{272} - \frac{1}{3"2} \right) =
13.6\, \text{eV} \left( \frac{1}{4} - \frac{1}{9} \right)

\1

\ [

E_{photon} = 13.6\, \text{eV} \left( \frac{9 - 4}{36} \right) = 13.6)\,
\text{eV} \times \frac{5}{36} \approx 1.89\, \text{eV}

\1

This energy corresponds to the photon emitted during the \( n=3 \to 2 \)
transition.

Step 3: Convert Energy to Wavelength or Frequency
(Optional)

Often, the photon’s wavelength (\( \lambda \)) or frequency (\( \nu \)) is
more relevant:

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

where:
- \( h \) is Planck's constant (\( 6.626 \times 107{-34}\, \text{Js} \)),
- \( ¢c \) is the speed of light (\( 3.00 \times 107{8}\, \text{m/s} \)),
\( \lambda \) is the photon wavelength in meters,



- \( \nu \) is the frequency in Hz.
To find wavelength:

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

\1
Convert \( E_{photon} \) from eV to Joules:

\ [
1\, \text{eV} = 1.602 \times 107{-19}\, \text{J}
\]

Example:

\ [

E_{photon} = 1.89\, \text{eV} = 1.89 \times 1.602 \times 10"{-19}\, \text{J}
\approx 3.03 \times 107{-19}\, \text{J}

\1

Calculate wavelength:

\ [

\lambda = \frac{6.626 \times 107{-34} \times 3.00 \times 107{8}}{3.03 \times
107{-19}} \approx 6.56 \times 10"~{-7}\, \text{m} = 656\, \text{nm}

\1

which falls within the visible red spectrum, corresponding to the H-alpha
line.

Practical Examples and Applications

Example 1: Hydrogen Lyman Series Transition

Calculate the photon energy emitted when an electron drops from \( n=3 \) to

\N( n=1 \).

\ [

E_{photon} = 13.6\, \text{eV} \left( \frac{1}{172} - \frac{1}{3"2} \right) =
13.6\, \text{eV} \left( 1 - \frac{1}{9} \right) = 13.6\, \text{eV} \times
\frac{8}{9} \approx 12.09\, \text{eV}

\]

Corresponding wavelength:

\ [

E_{photon} = 12.09 \times 1.602 \times 107{-19} \approx 1.935 \times
107{-18}\, \text{J}

\1

\ [
\lambda = \frac{6.626 \times 107{-34} \times 3.00 \times 107{8}}{1.935 \times



107{-18}} \approx 1.03 \times 10"{-7}\, \text{m} = 102.7\, \text{nm}
\1

which is in the ultraviolet range, characteristic of the Lyman series.

Advanced Considerations and Real-World Factors

While the Bohr model provides a solid foundation, real-world calculations can
involve additional factors:

— Quantum Mechanical Corrections: Fine structure, hyperfine splitting, and
relativistic effects slightly modify energy levels.

— Spectroscopic Line Broadening: Natural linewidth, Doppler broadening, and
pressure effects influence the observed spectral lines.

— Transition Probabilities: Not all transitions are equally probable;
Einstein coefficients describe emission likelihoods.

For high-precision work, these factors are incorporated through quantum
mechanical models, spectroscopic data, and advanced computational methods.

Conclusion: Unlocking Atomic Secrets Through
Photon Energy Calculations

Calculating the energy of a photon emitted during an electron transition in a
hydrogen atom is a fundamental task that combines quantum theory, precise
mathematical formulas,
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