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Light Frequency 1.40x10^15 Hz Strike A Surface Causing Photoelectrons To Leave With A
KE Of 1.05 EV What is a fascinating question that delves into the fundamental principles of the
photoelectric effect, quantum physics, and the interaction of light with matter. Understanding this
scenario involves examining the properties of electromagnetic radiation, the behavior of electrons
when they are ejected from a material surface, and the laws governing energy transfer at the atomic
level. In this article, we will explore the underlying physics, determine the work function of the
material, and explain how the frequency and energy of incident light influence the emission of
photoelectrons.

Understanding the Photoelectric Effect

What Is the Photoelectric Effect?
The photoelectric effect refers to the phenomenon where electrons are emitted from a material's
surface—typically a metal—when it is exposed to electromagnetic radiation of sufficient energy. First
explained by Albert Einstein in 1905, this effect provided critical evidence for the particle nature of
light and led to the development of quantum theory.

Key Principles
The photoelectric effect is governed by several fundamental principles:

Photon Energy: Light consists of quanta called photons, each carrying energy proportional to
its frequency (E = hf).

Threshold Frequency: For electrons to be emitted, the incident photons must have energy
exceeding the material's work function (ϕ).

Kinetic Energy of Ejected Electrons: The emitted electrons possess kinetic energy equal to the
excess energy after overcoming the work function (KE = hf - ϕ).

Calculating the Work Function of the Material



Given Data
From the question:

Light frequency, f = 1.40 × 10^15 Hz

Photoelectron KE = 1.05 eV

Understanding Electron Kinetic Energy in Electron Volts
The kinetic energy of the photoelectrons is given as 1.05 eV, which is the energy of the emitted
electrons after overcoming the work function.

Energy of Incident Photons
The energy of a photon is calculated using Planck's equation:
\[ E_{photon} = hf \]

Where:
- \( h \) = Planck's constant = 6.626 × 10^{-34} J·s
- \( f \) = photon frequency = 1.40 × 10^{15} Hz

Converting to electron volts:
Since 1 eV = 1.602 × 10^{-19} Joules, we calculate:
\[ E_{photon} (eV) = \frac{hf}{e} \]

where \( e \) is the elementary charge.

Calculating:
\[
E_{photon} = \frac{6.626 \times 10^{-34} \times 1.40 \times 10^{15}}{1.602 \times 10^{-19}}
\approx \frac{9.2764 \times 10^{-19}}{1.602 \times 10^{-19}} \approx 5.79\, \text{eV}
\]

Determining the Work Function (ϕ)

Using the photoelectric equation:
\[ KE = hf - \phi \]

Rearranged to solve for the work function:
\[ \phi = hf - KE \]

Plugging in the values:
\[
\phi = 5.79\, \text{eV} - 1.05\, \text{eV} = 4.74\, \text{eV}



\]

Therefore, the work function of the material is approximately 4.74 eV.

Implications of the Calculations

Material Characteristics
A work function of around 4.74 eV suggests that the material is a metal with a relatively high work
function, such as platinum or other transition metals. Materials with lower work functions, like
cesium (~2.1 eV), require less photon energy to emit electrons, whereas metals like platinum or gold
(work functions around 5 eV) need higher photon energies.

Effect of Light Frequency
The frequency of 1.40 × 10^15 Hz corresponds to the ultraviolet region of the electromagnetic
spectrum, which is consistent with the high photon energy calculated (~5.79 eV). This indicates that
ultraviolet light is capable of inducing the photoelectric effect in materials like platinum.

Exploring the Photoelectric Effect in Practical
Applications

Photovoltaic Cells
Understanding the relation between light frequency, photon energy, and work function is
fundamental in designing photovoltaic cells and solar panels. Efficient energy conversion requires
matching the incident light energy with the material's work function.

Photoelectron Spectroscopy
This technique relies on the photoelectric effect to analyze surface compositions. Knowing the work
function allows scientists to interpret spectroscopic data accurately.

Electron Emission Devices
Devices such as electron microscopes and photomultiplier tubes depend on controlled photoelectron
emission, which hinges on understanding the incident light's frequency and energy.



Summary of Key Concepts

The energy of incident photons at 1.40 × 10^15 Hz is approximately 5.79 eV.

The emitted photoelectrons leave with a kinetic energy of 1.05 eV, indicating a work function
of about 4.74 eV for the material.

The photoelectric effect demonstrates the particle nature of light and the quantization of
energy transfer at the atomic level.

Materials with higher work functions require photons with higher energies (or frequencies) to
emit electrons.

Conclusion
The question of Light Frequency 1.40x10^15 Hz Strike A Surface Causing Photoelectrons To Leave
With A KE Of 1.05 EV What reveals fundamental insights into the interaction between light and
matter. By calculating the photon energy and deducing the work function, we see how the principles
of quantum physics underpin many modern technologies, from solar energy to advanced microscopy.
Understanding these concepts is essential for scientists and engineers working to develop new
materials and devices that harness the photoelectric effect efficiently.

Whether analyzing surface properties or designing new optoelectronic devices, grasping the
relationship between light frequency, photon energy, and electron emission is vital for innovation
and scientific progress.

Frequently Asked Questions

What is the photon energy corresponding to a light frequency
of 1.40×10^15 Hz?
Using the equation E = hf, where h is Planck's constant (6.626×10^-34 Js), the photon energy is
approximately 9.28×10^-19 Joules, which is about 5.8 eV.

How is the kinetic energy of photoelectrons related to the
incident photon energy and work function?
The kinetic energy (KE) of photoelectrons is given by the photoelectric equation: KE = hf - φ, where
hf is the photon energy and φ is the work function of the surface.

What is the work function of the material if the photoelectrons



leave with a KE of 1.05 eV when illuminated by light of
frequency 1.40×10^15 Hz?
The work function φ = hf - KE. Using hf ≈ 5.8 eV, the work function is approximately 5.8 eV - 1.05
eV = 4.75 eV.

Is the incident light sufficient to cause photoemission from
the surface?
Yes, because the photon energy (approximately 5.8 eV) exceeds the work function (~4.75 eV),
enabling photoemission.

How does increasing the frequency of incident light affect the
KE of emitted photoelectrons?
Increasing the frequency increases the photon energy (hf), which in turn increases the KE of the
emitted photoelectrons, provided the photon energy remains above the work function.

What is the significance of the photoelectric effect in
understanding quantum physics?
The photoelectric effect demonstrated that light has particle-like properties and that energy is
quantized, leading to the development of quantum theory by Einstein.

Additional Resources
Light Frequency 1.40x10^15 Hz Strike A Surface Causing Photoelectrons To Leave With A KE Of
1.05 EV What

In the world of quantum physics and photonics, understanding the interaction between light and
matter is fundamental. Recently, a curious scenario has captured the interest of scientists: when
light with a frequency of 1.40×10^15 Hz strikes a metal surface, it causes electrons to be emitted
with a kinetic energy of 1.05 eV. This phenomenon, rooted in the photoelectric effect, provides a
window into the quantum nature of light and the properties of the material involved. In this article,
we delve into the physics behind this scenario, explore the underlying principles, and explain what
insights can be gained from such an interaction.

---

Understanding the Photoelectric Effect

Before analyzing the specific case, it’s important to understand the foundational concept: the
photoelectric effect. Discovered by Heinrich Hertz and explained in detail by Albert Einstein in 1905,
the photoelectric effect describes how electrons are emitted from a material's surface when it
absorbs light of sufficient energy.

Key principles of the photoelectric effect include:



- Threshold Frequency: There exists a minimum frequency (or energy) of incident light below which
no electrons are emitted, regardless of intensity.
- Photon Energy: Light can be thought of as particles called photons, each carrying energy
proportional to their frequency, given by \( E = h \times f \), where \( h \) is Planck’s constant.
- Kinetic Energy of Emitted Electrons: When photons hit electrons, they transfer energy. If this
energy exceeds the work function \( \phi \) (the minimum energy needed to liberate an electron from
the material), the excess appears as kinetic energy of the emitted electron.

Mathematically:

\[
KE_{max} = h f - \phi
\]

Where:
- \( KE_{max} \) is the maximum kinetic energy of the emitted photoelectrons,
- \( h \) is Planck’s constant (\( 6.626 \times 10^{-34} \, \mathrm{Js} \)),
- \( f \) is the frequency of incident light,
- \( \phi \) is the work function of the material.

---

Calculating the Work Function from the Given Data

Given the incident light frequency \( f = 1.40 \times 10^{15} \, \mathrm{Hz} \), and the maximum
kinetic energy of the emitted electrons \( KE_{max} = 1.05 \, \mathrm{eV} \), we can determine the
work function \( \phi \).

Step 1: Convert KE from eV to Joules

Since \( 1 \, \mathrm{eV} = 1.602 \times 10^{-19} \, \mathrm{J} \):

\[
KE_{max} = 1.05 \, \mathrm{eV} = 1.05 \times 1.602 \times 10^{-19} \approx 1.682 \times
10^{-19} \, \mathrm{J}
\]

Step 2: Calculate the photon energy

Using \( E = h f \):
\[
E_{photon} = 6.626 \times 10^{-34} \times 1.40 \times 10^{15} \approx 9.276 \times 10^{-19} \,
\mathrm{J}
\]

Step 3: Find the work function

Applying the photoelectric equation:

\[
\phi = E_{photon} - KE_{max} = 9.276 \times 10^{-19} - 1.682 \times 10^{-19} \approx 7.594



\times 10^{-19} \, \mathrm{J}
\]

Step 4: Convert work function back to eV

\[
\phi = \frac{7.594 \times 10^{-19}}{1.602 \times 10^{-19}} \approx 4.74 \, \mathrm{eV}
\]

Conclusion: The work function of the material is approximately 4.74 eV.

---

Significance of the Calculations

Knowing the work function provides insights into the material's electronic properties. A work
function of 4.74 eV suggests the surface could be a metal with relatively high electron binding
energy, such as platinum or certain metal oxides. This energy barrier must be overcome for
electrons to escape, and the incident photon energy must be sufficiently high.

The incident light's frequency, corresponding to a photon energy of approximately 9.28×10^–19
Joules, is adequate to emit electrons with a kinetic energy of 1.05 eV, confirming the consistency of
the photoelectric model.

---

Implications for Applications and Material Science

Understanding these interactions is crucial in various technological domains:

- Photovoltaics: The principles underpin solar cell operation, where photon energy converts to
electrical energy.
- Photoelectron Spectroscopy: Used to analyze material surfaces by studying emitted electrons.
- Photoelectric Sensors: Devices that detect light based on electron emission.
- Material Characterization: Determining work functions helps in selecting suitable materials for
electronic components.

In this context, a work function of approximately 4.74 eV indicates the material's potential for high-
efficiency photoelectric applications, especially when exposed to light with photon energies
exceeding this value.

---

Broader Context: The Quantum Nature of Light

The scenario exemplifies the quantum nature of light, emphasizing that energy transfer occurs in
discrete packets (photons). It challenges classical wave theories, which could not explain why the
energy of emitted electrons depended only on light frequency, not intensity.

Key quantum insights include:



- Photoelectric threshold: Light must have a frequency \( f \) such that \( h f \geq \phi \).
- Instantaneous emission: Electrons are emitted immediately once the photon energy surpasses the
work function.
- Intensity's role: Increasing light intensity increases the number of emitted electrons but does not
increase their maximum kinetic energy.

---

Practical Experimentation and Verification

To verify these theoretical calculations, experimental setups can be employed:

- Spectroscopic analysis to measure the kinetic energies of emitted electrons at various wavelengths.
- Adjusting incident light frequency to observe the threshold frequency where photoemission begins.
- Measuring emission current as a function of light intensity and frequency for deeper insights.

Such experiments reinforce the fundamental principles of quantum mechanics and help refine our
understanding of surface electronic properties.

---

Final Thoughts: Connecting Theory and Reality

The case of light with a frequency of 1.40×10^15 Hz causing photoelectrons to leave with a KE of
1.05 eV underscores the elegant interplay between photon energy, material properties, and electron
behavior. It exemplifies how fundamental physics principles translate into real-world phenomena
and technological advancements. As researchers continue to explore these interactions, they pave
the way for innovations in energy harvesting, electronic devices, and our broader understanding of
quantum mechanics.

---

In summary, from calculating the work function to understanding the quantum mechanics involved,
this scenario not only illuminates a key aspect of physics but also highlights the importance of
fundamental constants and principles that underpin modern technology. Whether in designing better
solar cells or developing new sensors, the insights gained from such phenomena are invaluable.
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