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PHOTOELECTRIC EFFECT AND EINSTEIN RELATION

Photoelectric effect:
The photoelectric effect refers to a phenomenon wherein electrons are ejected from the surface of
a metal upon exposure to light. These emitted electrons are referred to as photoelectrons. It's
important to underscore that both the emission of photoelectrons and their kinetic energy depend
on the frequency of the incident light striking the metal's surface. The process through which
photoelectrons are liberated from the metal's surface as a result of light interaction is commonly
known as photoemission.
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History of the Photoelectric Effect:

The origins of the photoelectric effect trace back to 1887, when Wilhelm Ludwig Franz Hallwachs
first proposed the concept, which was later experimentally confirmed by Heinrich Rudolf Hertz.
Their observations unveiled that when a surface is exposed to electromagnetic radiation exceeding
a specific threshold frequency, the radiation is absorbed, resulting in the emission of electrons. In
contemporary investigations, the photoelectric effect is studied as a phenomenon where a material
absorbs electromagnetic radiation, subsequently releasing electrically charged particles.

To delve deeper into the specifics, the photoelectric effect entails the expulsion of electrons from
the surface of a metal when illuminated by light. These emitted electrons, referred to as
photoelectrons (e-), contribute to the generation of what is known as photoelectric current.

Definition of Photoelectric Effect:
The phenomenon where metals release electrons upon exposure to light of a specific frequency is
known as the photoelectric effect, and the liberated electrons are termed photoelectrons.

Principle of the Photoelectric Effect:
The photoelectric effect is based on the fundamental principle of energy conservation.

Minimum Condition for the Photoelectric Effect:
Threshold Frequency (y:r) The threshold frequency for a given metal is the minimum frequency of
incident light or radiation required to trigger the photoelectric effect, resulting in the expulsion of
photoelectrons from the metal surface. This threshold frequency is an intrinsic property of a
specific metal but may vary among different metals. If y represents the frequency of the incident

photon and y:» denotes the threshold frequency:
If y <y, no photoelectrons are ejected, and thus, no photoelectric effect occurs.
When y = ywu, photoelectrons are just emitted from the metal surface, with zero kinetic energy.
Ify > yth, photoelectrons are emitted from the surface with kinetic energy. Now, let's explore the
concept of the threshold wavelength (A:). The threshold wavelength (At) corresponds to the
specific incident light wavelength, where the photoelectron emission ceases. Asn=c/yt = ym for
wavelengths beyond this threshold, no photoelectron emission occurs.
If 1 denotes the wavelength of the incident photon:
If y=y:n, the photoelectric effect occurs, and the ejected electron possesses kinetic energy.
If y=y:, only the photoelectric effect takes place, and the ejected photoelectron has zero kinetic
energy.
If y>y:n, no photoelectric effect occurs.
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Characteristics of Photoelectric Effect:

The threshold frequency changes according to the material and differs between various
substances. The photoelectric current increases in direct proportion to the intensity of the incident
light. The kinetic energy of the emitted photoelectrons correlates directly with the frequency of
the incident light. Moreover, the stopping potential is directly linked to the frequency, and the
entire process happens instantly.

Applications of Photoelectric Effect:

10.

The utilization of the photoelectric effect is broad and encompasses various technological and
scientific applications.

Solar Panels for Electricity Generation: Photoelectric materials within solar panels enable the
conversion of sunlight into electricity across a wide range of wavelengths.

Motion and Position Sensors: Motion and position sensors employ photoelectric materials placed
in front of UV or IR LEDs to detect changes in potential difference caused by objects interrupting
the light path between the LED and sensor.

Lighting Sensors in Smartphones: Photoelectric sensors integrated into smartphones
automatically adjust screen brightness based on the intensity of light detected by the sensor.
Digital Cameras: Photoelectric sensors in digital cameras capture and record light, enabling the
capture of images with different colors.

X-Ray Photoelectron Spectroscopy (XPS): XPS utilizes x-rays to irradiate surfaces and measures
the kinetic energies of emitted electrons, providing insights into surface chemistry, including
elemental and chemical composition.

Burglar Alarms: Photoelectric cells are integral components of burglar alarms, detecting changes
in light conditions.

Photomultipliers: Photomultipliers are employed to detect low levels of light, leveraging the
photoelectric effect.

Video Camera Tubes: In the early stages of television technology, video camera tubes utilized
photoelectric cells.

Night Vision Devices: Night vision devices rely on the photoelectric effect for their functionality.
Chemical Analysis: The photoelectric effect assists in the chemical analysis of materials, as emitted
electrons carry energies characteristic of the atomic source.

Threshold Wavelength/Frequency:

In order for the photoelectric effect to occur, the incident photons striking the surface of a metal
must carry sufficient energy to overcome the attractive forces that bind electrons to the nuclei of
the metal. The minimum energy needed to release an electron from the metal is referred to as the
threshold energy, symbolized by ®. For a photon to possess energy equal to the threshold energy,
its frequency must align with the threshold frequency, which is the minimum frequency of light
required for the photoelectric effect to manifest.

fo=1
Typically represented by the symbol vw, the threshold frequency corresponds to the associated
wavelength known as the threshold wavelength, symbolized by Aw. The relationship between the
threshold energy and the threshold frequency can be expressed as follows.

® = hvy, = he/Ay,

Work function:

The work function is a fundamental concept in physics, particularly in understanding the behavior
of electrons within materials. It refers to the minimum amount of energy required to remove an
electron from the surface of a material and release it into free space.

hc 12400
d) —_ % - hfo - }\0 eV
This value is not constant but varies according to the material type and its surface characteristics.
For instance, metals usually possess lower work functions, facilitating the removal of electrons

from their surfaces with relatively less energy.
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In contrast, insulators and semiconductors typically exhibit higher work functions, necessitating
more energy to extract electrons from their surfaces.

Photons and Einstein Relation:
Photons and the Einstein relation are closely intertwined concepts that elucidate the behavior of
light and its interaction with matter, as expounded by Albert Einstein's seminal work.

Photons are elementary particles of light, each carrying energy proportional to its frequency, as
delineated by Planck's equation:
E=hv

where E signifies energy, h denotes Planck's constant, and v stands for the frequency of the light.
The Einstein relation, especially concerning the photoelectric effect, establishes a quantitative
correlation between the energy of photons and the kinetic energy
of emitted electrons. This relationship is expressed as:

KEmax = hv—¢
This equation illustrates that the maximum Kkinetic energy of
emitted electrons hinges on the discrepancy between the energy
of the incident photons and the work function of the material. If
the energy of the incident photons surpasses the work function,
the surplus energy manifests as the kinetic energy of the emitted

electrons.
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Failure of Wave Theory:

According to the wave theory of light, electromagnetic waves carry energy through oscillating
electric and magnetic fields. In this theory, it's proposed that when an electron absorbs enough
energy from a material, it should release a photoelectron. Interestingly, the frequency of the light
is deemed irrelevant in this scenario. The kinetic energy of the emitted
Consequently, one might expect there to be photoelectrons is expected to rise as well.
no threshold frequency for electron

emission. However, experiments reveal
otherwise - a threshold frequency exists, A .
and it varies depending on the metal. Ep?ﬂc
In experiments, it's observed that the

maximum kinetic energy of photoelectrons
increases linearly with the frequency of the  The brightness of the light incident
incident light. This phenomenon poses a 0 the metalis heightened.

challenge to the wave theory of light, as it fails to provide a
satisfactory explanation. Moreover, when the light source is &'
dim or distant from a metal surface, electrons do not emit
immediately. According to the wave theory, energy is
distributed along the wavefront, implying that electrons may
need to wait for extended periods, even hours or days, to

absorb enough energy from the incident light.
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However, in experimental conditions, the photoelectric effect occurs almost instantaneously when

exposed to light of the appropriate frequency.

The wave theory of light can only account for one aspect of this observation: the intensity of the
photoelectric current in relation to the intensity of the incident light.

The photoelectric effect should manifest for any frequency of light, as long as the light's intensity
is sufficient to expel the photoelectrons.
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