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A Photoelectric Experiment Is Performed By Separately Shining A Laser At 450
Nm (blue Light) And A Laser to investigate the fundamental properties of the
photoelectric effect, scientists utilize lasers emitting at specific wavelengths. In this
experiment, the primary goal is to understand how different wavelengths of light influence
the ejection of electrons from a metal surface, providing insights into quantum mechanics
and the particle nature of light. By separately shining a laser at 450 nanometers (blue
light) and another laser at different wavelengths, researchers can compare the resulting
photoelectric phenomena, analyze the threshold frequencies, and validate fundamental
theories like Einstein's photoelectric equation.

Understanding the Photoelectric Effect

What Is the Photoelectric Effect?
The photoelectric effect is a phenomenon where electrons are emitted from a material,
typically a metal, when it is exposed to light of sufficient energy. When photons strike the
surface, they transfer their energy to electrons, which may then escape the material if the
energy exceeds the work function — the minimum energy needed to liberate an electron.

Historical Significance
Discovered by Heinrich Hertz and later explained by Albert Einstein, the photoelectric
effect provided crucial evidence for the quantum theory of light. Einstein proposed that
light consists of discrete packets of energy called photons, with each photon’s energy
directly proportional to its frequency (E = hf). This understanding shifted physics towards
quantum mechanics and earned Einstein the Nobel Prize in Physics.

The Role of Wavelength in the Photoelectric
Effect

Wavelength and Photon Energy
The energy of a photon is inversely proportional to its wavelength, described by the
equation:



E = hc / λ

where:
- E is the photon energy,
- h is Planck’s constant (~6.626 x 10^-34 Js),
- c is the speed of light (~3.0 x 10^8 m/s),
- λ is the wavelength in meters.

For a laser emitting at 450 nm (which is 450 x 10^-9 meters), the photon energy can be
calculated, allowing researchers to determine whether the light has enough energy to
eject electrons from the target metal.

Threshold Frequency and Work Function
Each metal has a characteristic work function (Φ), representing the minimum photon
energy required to release an electron. The threshold frequency (f₀) is related to the work
function by:

Φ = hf₀

If the incident photon’s frequency exceeds this threshold, electrons are emitted; if not, no
photoelectric emission occurs regardless of light intensity.

Setup of the Photoelectric Experiment Using
Lasers

Choosing the Laser Sources
The experiment involves two key laser sources:
- Laser 1: Emitting at 450 nm (blue light)
- Laser 2: Emitting at a different wavelength, such as 700 nm (red light), or another
suitable wavelength based on the metal's work function.

These lasers are chosen because their wavelengths produce different photon energies,
allowing for detailed study of the photoelectric effect.

Experimental Components
The typical setup includes:

High-quality laser sources emitting monochromatic light at specified wavelengths



A clean, polished metal surface (commonly zinc, potassium, or sodium)

Electrode system to collect emitted electrons

Voltmeter or ammeter to measure photocurrent and stopping potential

A vacuum chamber to prevent electron scattering by air molecules

Procedure
The experiment proceeds as follows:

Illuminate the metal surface with the first laser (e.g., 450 nm).1.

Adjust the intensity and measure the photocurrent and stopping potential needed to2.
halt the photoelectrons.

Record the data, noting the relationship between light intensity, photon energy, and3.
emitted electrons.

Repeat the process with the second laser at a different wavelength.4.

Compare the results to analyze the influence of photon energy on electron emission.5.

Analyzing Results and Key Observations

Photoelectric Equation
The fundamental relation governing the photoelectric effect is Einstein’s equation:

KEmax = hf - Φ

where:
- KEmax is the maximum kinetic energy of emitted electrons,
- hf is the photon energy,
- Φ is the work function of the metal.

By varying the wavelength (and hence the photon energy), the maximum kinetic energy of
electrons can be determined.



Impact of 450 Nm (Blue Light)
Blue light at 450 nm has a relatively high photon energy (~2.75 eV), which often exceeds
the work function of many metals, resulting in a measurable photoelectric current. The
experiment demonstrates:

Electrons are emitted almost instantaneously upon illumination

The kinetic energy of emitted electrons increases with light intensity

Photoelectric current is directly proportional to light intensity

Comparison with Other Wavelengths
When shining a laser at a longer wavelength, such as 700 nm (red light), the photon
energy (~1.77 eV) might be below the metal’s work function, resulting in:

No electron emission despite increased light intensity

Confirmation that photon energy, not intensity, determines electron ejection

This comparison validates Einstein's theory that the energy of individual photons drives
the photoelectric effect, not the total light energy or intensity alone.

Significance of the Experiment

Validating Quantum Theory
The separate illumination using lasers at different wavelengths directly supports the
concept that light behaves as quantized particles. The experiment confirms:

Photon energy depends on wavelength

Electrons are emitted only when photon energy exceeds the work function

The kinetic energy of emitted electrons varies linearly with photon energy

Practical Applications
Understanding the photoelectric effect has led to numerous technological advancements,
including:



Photoelectric sensors and solar cells

Photomultiplier tubes in scientific instruments

Light-based electronic devices and quantum computing components

Conclusion
Performing a photoelectric experiment with lasers emitting at 450 nm (blue light) and
other wavelengths provides a clear demonstration of the quantum nature of light. By
separately shining lasers at different wavelengths, researchers can observe how photon
energy influences the emission of electrons from metals, confirming the fundamental
principles of quantum mechanics. This experiment not only validates Einstein’s
photoelectric equation but also underscores the importance of wavelength in determining
the energy of photons and their ability to induce photoelectric emission. As technology
advances, such experiments continue to deepen our understanding of light-matter
interactions and pave the way for innovative applications in electronics, energy, and
quantum information science.

Frequently Asked Questions

What is the significance of using 450 nm blue light in a
photoelectric experiment?
Using 450 nm blue light allows for the examination of the photoelectric effect at a specific
photon energy (about 2.76 eV), helping to determine the work function of the material and
verify the quantum nature of light.

How does the photoelectric current vary when shining a
laser at 450 nm compared to other wavelengths?
The photoelectric current depends on the photon energy; at 450 nm, photons have
sufficient energy to eject electrons from most metals, resulting in a measurable current.
Shorter wavelengths (higher energy) typically produce higher photoelectric currents,
assuming constant intensity.

Why perform the experiment separately with blue light
and another laser at a different wavelength?
Performing the experiment separately helps compare the photoelectric effect at different
photon energies, confirming the relationship between wavelength and maximum kinetic
energy of ejected electrons, and demonstrating the quantum nature of light.



What is the expected effect on the photoelectric
threshold when switching from 450 nm blue light to a
laser of longer wavelength?
A longer wavelength laser (lower photon energy) may fall below the material's work
function, resulting in no photoelectric emission, thus indicating the importance of photon
energy exceeding the work function for photoemission to occur.

How can the photoelectric effect be used to determine
the work function of a metal?
By measuring the stopping potential for different wavelengths and applying the
photoelectric equation, the work function can be calculated from the threshold wavelength
at which photoelectrons just begin to be emitted.

What role does laser intensity play in the photoelectric
experiment with 450 nm light?
While laser intensity affects the number of emitted electrons (photoelectric current), it
does not influence the maximum kinetic energy of the photoelectrons, which depends
solely on photon energy and the work function.

Why is it important to perform the experiment with
monochromatic light like a laser rather than a broad
spectrum light source?
Monochromatic laser light provides a precise wavelength, ensuring accurate calculations
of photon energy and simplifying the analysis of the photoelectric effect, unlike broad
spectrum sources which contain multiple wavelengths.

What conclusions about quantum physics can be drawn
from the photoelectric experiment using 450 nm blue
light and another laser?
The experiment confirms that light consists of quantized photons with energy proportional
to frequency, and that photoelectric emission depends on photon energy exceeding the
work function, supporting the quantum theory of light.

Additional Resources
A Photoelectric Experiment Is Performed By Separately Shining A Laser At 450 Nm (blue
Light) And A Laser

The photoelectric experiment performed by separately shining a laser at 450 nm (blue
light) and another laser serves as a compelling demonstration of fundamental quantum



physics principles, particularly the photoelectric effect. This experiment not only provides
insight into the nature of light and matter interactions but also serves as an educational
tool to explore concepts such as photon energy, work function, and the quantization of
electromagnetic radiation. Conducted with precision lasers emitting at specific
wavelengths, this experiment allows for controlled observations of electron ejection from
metal surfaces, highlighting the wave-particle duality of light. The choice of laser
wavelengths, especially 450 nm (corresponding to blue light), plays a critical role in
understanding the thresholds and efficiencies involved in photoemission processes.

---

Introduction to the Photoelectric Effect

The photoelectric effect, first explained by Albert Einstein in 1905, reveals that light can
eject electrons from a metal surface if the incident photons possess enough energy. This
discovery was pivotal in establishing the concept of quantized energy levels and the
particle nature of light, challenging classical wave theories.

In the context of this experiment, shining lasers at specific wavelengths—450 nm (blue
light) and a second laser at a different wavelength—allows researchers and students to
observe how the energy of incident photons influences electron emission. The experiment
underscores the principle that the kinetic energy of emitted electrons depends solely on
the photon energy minus the material’s work function, expressed as:

\[ KE_{max} = hf - \phi \]

where \( h \) is Planck’s constant, \( f \) is the frequency of the incident light, and \( \phi \)
is the work function of the metal.

---

Experimental Setup and Methodology

Laser Selection and Wavelengths

- 450 nm Laser (Blue Light):
- Wavelength: 450 nm
- Photon energy: approximately 2.76 eV
- Advantages: High photon energy suitable for metals with higher work functions

- Second Laser (e.g., 600 nm or other wavelength):
- Wavelength chosen based on the work function of the target metal
- For example, a 600 nm laser (orange-red light) has lower photon energy (~2.07 eV),
which may not be sufficient to induce photoemission in some metals



Metal Surface Preparation

- The metal surface (commonly zinc, copper, or cesium) is cleaned thoroughly to remove
contaminants that could affect electron emission
- Surface uniformity is critical for consistent results

Measurement Apparatus

- Photoelectric Cell or Vacuum Chamber:
- Ensures electrons are not scattered by air molecules
- Electrometers or Voltage Meters:
- Measure the kinetic energy and current of emitted electrons
- Power Supply and Voltage Control:
- Applied to vary the stopping potential and determine the maximum kinetic energy

Experimental Procedure

1. Shine the 450 nm laser at the metal surface and record the photoelectric current and
stopping potential
2. Vary the intensity of the laser to observe the effect on the photoelectric current (not on
the maximum kinetic energy)
3. Repeat with the second laser at a different wavelength
4. Record and compare the photocurrent, stopping potential, and photoelectron energies
for each wavelength

---

Observations and Results

Photoelectric Emission with 450 nm Laser

- Electrons are emitted from the metal surface when illuminated with 450 nm light,
confirming the photoelectric effect
- The maximum kinetic energy of the photoelectrons increases with the intensity of the
laser, but the threshold frequency determines whether emission occurs at all
- The stopping potential needed to halt photoelectron flow correlates with the photon
energy and the metal's work function

Photoelectric Emission with the Second Laser



- Depending on the wavelength, the second laser may produce a lower or negligible
photoelectric current
- For wavelengths longer than the threshold, no electrons are emitted, illustrating the
importance of photon energy exceeding the work function
- When using a higher-energy laser (shorter wavelength), more energetic electrons are
emitted, resulting in higher stopping potentials

Key Data and Analysis

- Plotting the stopping potential versus photon frequency confirms Einstein’s equation
- The linear relationship allows calculation of Planck’s constant and the material’s work
function
- Variations in intensity do not affect the maximum kinetic energy but influence the
photoelectric current, illustrating the quantum nature of light

---

Discussion of Findings

Significance of Wavelength Selection

The choice of 450 nm blue light is deliberate for several reasons:

- High photon energy:
- Sufficient to overcome the work function of common metals like zinc (~4.3 eV), copper
(~4.7 eV), or cesium (~2.1 eV)
- Clear demonstration of photoelectric threshold:
- When paired with a second laser at a longer wavelength, students can observe the cutoff
point where electrons cease to be emitted

The second laser’s wavelength determines whether photoelectric emission occurs, offering
an experiential understanding of the energy threshold necessary for ejecting electrons.

Advantages of Using Lasers

- Monochromaticity:
- Lasers emit light at a very narrow wavelength range, ensuring precise energy
calculations
- High Intensity and Coherence:
- Facilitates clear detection of photoelectric current and better control over experimental
conditions
- Adjustability:
- Laser power and wavelength can be varied easily, enabling detailed studies of



photoelectric parameters

Limitations and Challenges

- Surface contamination:
- Impurities can alter work function and affect results
- Photon flux:
- High intensities may cause heating or damage to the metal surface
- Alignment precision:
- Ensuring the laser beam correctly targets the surface is critical for reproducibility

---

Educational and Practical Implications

This experiment exemplifies the quantum nature of light and matter interaction, making it
an essential component in physics education. It vividly illustrates the transition from
classical wave theories to quantum concepts, reinforcing the idea that light carries
discrete energy packets (photons).

Practically, understanding the photoelectric effect underpins modern technologies such as
photovoltaic cells, photodetectors, and laser-based sensors. The experiment’s results
inform the design of devices that rely on electron emission and energy conversion
efficiencies.

---

Conclusion

Performing a photoelectric experiment with lasers at 450 nm and a second wavelength
provides a powerful demonstration of quantum physics principles and the nature of
electromagnetic radiation. The choice of blue light at 450 nm offers sufficient photon
energy to induce electron emission across many metals, enabling precise measurements
and validation of Einstein’s photoelectric equation. When paired with a second laser at a
different wavelength, the experiment vividly illustrates the threshold behavior, the
influence of photon energy on electron kinetic energy, and the quantum nature of light.

The advantages of using laser sources—monochromaticity, coherence, and adjustable
intensity—make this experiment highly reproducible and educational. Despite some
limitations, such as surface contamination and alignment challenges, the insights gained
are fundamental to both academic research and technological innovation. Overall, this
experiment not only confirms key physical laws but also inspires further exploration into
the quantum realm, bridging the gap between classical intuition and modern physics.

---



Features Summary:

- High precision measurement of the photoelectric effect
- Clear demonstration of photon energy threshold
- Validation of Einstein’s equation \( KE_{max} = hf - \phi \)
- Educational value for illustrating quantum concepts
- Application relevance to modern photonic and electronic devices

Pros:

- Controlled experimental conditions
- Accurate wavelength and energy measurements
- Visual and quantitative understanding of quantum phenomena

Cons:

- Surface contamination affecting results
- Alignment and calibration challenges
- Limited by the work function of the target material

This comprehensive analysis underscores the importance of wavelength selection,
experimental design, and understanding quantum mechanics in exploring and harnessing
the photoelectric effect.
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