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Abstract—The photoelectric effect is one of the most important discoveries in modern
physics and played a central role in the development of quantum mechanics. The
phenomenon refers to the emission of electrons from a material surface when
electromagnetic radiation of sufficient frequency falls on it. Initially observed by Heinrich
Hertz in 1887, the effect challenged classical wave theory and was successfully explained by
Albert Einstein in 1905 using the concept of light quanta or photons. This review paper
discusses the historical development, theoretical interpretation, experimental observations,
scientific importance, and modern applications of the photoelectric effect. The paper also
highlights the contributions of major scientists and the impact of the phenomenon on
quantum physics and technological advancements.

[. INTRODUCTION

The interaction between light and matter has fascinated scientists for centuries. One of the most
significant phenomena arising from this interaction is the photoelectric effect. The effect occurs
when light falling on a metallic surface causes the emission of electrons, known as
photoelectrons.

The photoelectric effect provided experimental evidence that light possesses particle-like
properties in addition to wave behavior. This discovery marked the beginning of quantum
mechanics and changed the understanding of electromagnetic radiation.

Today, the photoelectric effect forms the basis of several modern technologies, including solar
cells, photodetectors, automatic sensors, and imaging devices.

II. HISTORICAL DEVELOPMENT
2.1 Discovery by Heinrich Hertz

In 1887, German physicist Heinrich Hertz discovered the photoelectric effect while studying
electromagnetic waves. He observed that ultraviolet light enhanced the spark discharge between
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metal electrodes. Although Hertz did not fully explain the phenomenon, his experiments laid the
foundation for future investigations.

2.2 Contributions of Philipp Lenard

Philipp Lenard further studied the effect and demonstrated that electrons were emitted from
metal surfaces when exposed to light. He observed important experimental facts, such as:

o Emission occurs instantly.

e Electron energy depends on light frequency.

e Electron emission requires a minimum threshold frequency.

These observations could not be explained by classical electromagnetic theory.

2.3 Einstein’s Quantum Explanation
In 1905, Albert Einstein proposed that light consists of discrete packets of energy called photons.
According to Einstein, each photon carries energy proportional to its frequency.
The photon energy is given by:
E=h9
Where:
e (E) = Energy of photon
e (h)=Planck’s constant
e (9) = Frequency of radiation
Einstein explained that when a photon strikes an electron, part of its energy is used to overcome
the work function of the metal, and the remaining energy becomes the kinetic energy of the
emitted electron.
His photoelectric equation is:
Kmax = h0 — 0
Where:
e Kiax = Maximum kinetic energy of photoelectrons
e (@ =Work function of the material
Einstein’s explanation successfully accounted for all experimental observations and became one
of the foundations of quantum theory.

II1. FAILURE OF CLASSICAL WAVE THEORY

Classical electromagnetic wave theory predicted that:

1. Light energy should depend on intensity.

2. Electron emission should occur after a time delay.

3. Any frequency of light should eject electrons if intensity is high enough.
However, experiments showed contradictory results:

e Electron emission is instantaneous.

o Kinetic energy depends on frequency, not intensity.
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o A threshold frequency exists below which no electrons are emitted.
These failures demonstrated the limitations of classical physics and supported the quantum
nature of light.

IV. EXPERIMENTAL OBSERVATIONS

4.1 Threshold Frequency
Every material has a minimum frequency called threshold frequency. Below this frequency,
photoelectron emission does not occur regardless of intensity.

4.2 Instantaneous Emission
Photoelectrons are emitted immediately when light strikes the surface, showing no measurable
time delay.

4.3 Dependence on Frequency
The kinetic energy of emitted electrons increases linearly with the frequency of incident
radiation.

4.4 Dependence on Intensity
Increasing light intensity increases the number of emitted electrons but does not affect their
kinetic energy.

V. VERIFICATION BY ROBERT MILLIKAN

Between 1912 and 1915, Robert Millikan experimentally verified Einstein’s photoelectric
equation. Although initially skeptical of Einstein’s theory, Millikan’s experiments confirmed the
direct relationship between stopping potential and light frequency.
The stopping potential relation is:
eVo=h9 -0
Where:
e (e) = Electronic charge
e (V) = Stopping potential
Millikan’s work strongly validated Einstein’s quantum explanation.

VI. SCIENTIFIC IMPORTANCE OF THE PHOTOELECTRIC EFFECT
The photoelectric effect has immense scientific importance because it:
o Established the particle nature of light

e Confirmed Planck’s quantum theory
e Led to the development of quantum mechanics
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e Introduced the concept of photons

e Demonstrated wave-particle duality

Einstein received the Nobel Prize in Physics in 1921 primarily for his explanation of the
photoelectric effect.

VII. APPLICATIONS OF THE PHOTOELECTRIC EFFECT

7.1 Solar Cells
Solar cells convert sunlight directly into electrical energy through the photovoltaic effect.

7.2 Photodetectors
Photoelectric sensors are widely used in automatic doors, alarms, and industrial control systems.

7.3 Television and Imaging Systems
Modern cameras and imaging devices use photoelectric principles to convert light into electronic
signals.

7.4 Photoelectron Spectroscopy
This technique is used to study the electronic structure of materials and atoms.

7.5 Medical and Scientific Instruments
Photoelectric devices are used in radiation detectors, spectrometers, and biomedical equipment.

VIII. MODERN DEVELOPMENTS

Modern research related to the photoelectric effect includes:

e Quantum optics

e Nanotechnology

e Semiconductor physics

o Ultrafast laser interactions

o High-efficiency photovoltaic systems

Advanced materials such as graphene and nanostructures are being studied to improve
photoelectric efficiency and energy conversion.

IX. CONCLUSION

The photoelectric effect represents one of the most revolutionary discoveries in physics. From
Hertz’s initial observations to Einstein’s quantum explanation, the phenomenon transformed
scientific understanding of light and matter. It demonstrated that light behaves both as a wave
and as a stream of particles called photons.

JATIR 140288 JOURNAL OF ACADEMIC TRENDS & INNOVATIVE RESEARCH (JATIR) 343



© Volume 2, Issue 6, June 2026 | JATIR

The photoelectric effect not only established the foundations of quantum mechanics but also
contributed significantly to modern technology. Its applications in solar energy, electronics,
spectroscopy, and imaging systems continue to impact science and industry worldwide.
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