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Review. A Helium-neon Laser Produces A Beam Of Diameter 1.75 Mm , Delivering
2.00 1 Photons/s. Each Photon is an intriguing statement that opens the door
to a comprehensive exploration of the properties, functioning, and
applications of helium-neon (He-Ne) lasers. These lasers have been
fundamental in scientific research, medical applications, and optical
experiments since their development in the 1960s. This article aims to
provide a detailed review of the physics behind helium-neon lasers, analyze
the significance of the given parameters, and discuss their practical uses.

Understanding Helium-Neon Lasers

What Is a Helium-Neon Laser?
A helium-neon laser is a type of gas laser that uses a mixture of helium and
neon gases as the lasing medium. When electrical energy excites the atoms
within this mixture, it produces coherent, monochromatic light—most commonly
at a wavelength of 632.8 nanometers, which appears as a bright red beam.

The core components of a helium-neon laser include:

Gas mixture chamber

Optical resonator or cavity (mirrors)

Electrical excitation system (electrode and power supply)

The electrical discharge excites the helium atoms, which then transfer energy
to neon atoms through collisional processes, leading to population inversion
necessary for laser action.

Analyzing the Laser Parameters

Beam Diameter and Its Significance
The given beam diameter of 1.75 millimeters (mm) is critical as it influences
the laser's intensity, focusability, and application potential. A beam of
this size is typical for laboratory and alignment purposes.

- Beam diameter (1.75 mm):
- Ensures a manageable spot size for precise alignment.
- Affects the divergence and focusability of the laser beam.
- Larger diameters can reduce intensity but improve the clarity and control.



Photon Emission Rate: 2.00 × 10¹ Photons/sec
The rate at which photons are emitted per second indicates the laser's power
and brightness. Here, the laser emits approximately 20 photons each second,
which initially appears low for typical laser outputs. However, this figure
might be simplified or represent a specific measurement context.

- Interpreting the photon rate:
- To understand the actual power, we need to consider the energy per photon.
- For a photon at 632.8 nm (red light), the energy is given by:

\(E = \frac{hc}{\lambda}\)

where:
- \(h\) = Planck's constant (\(6.626 \times 10^{-34}\) Js)
- \(c\) = speed of light (\(3.0 \times 10^{8}\) m/s)
- \(\lambda\) = wavelength (632.8 nm or \(6.328 \times 10^{-7}\) m)

Calculating the energy per photon:

\[
E = \frac{6.626 \times 10^{-34} \times 3.0 \times 10^{8}}{6.328 \times
10^{-7}} \approx 3.14 \times 10^{-19} \text{ Joules}
\]

- Total power output:

\[
P = (\text{number of photons per second}) \times E
\]
\[
P = 2.00 \times 10^{1} \times 3.14 \times 10^{-19} \approx 6.28 \times
10^{-18} \text{ Watts}
\]

This power level is extremely low, suggesting the original statement might be
a simplified or theoretical example, or perhaps a typo in the photon count.
Typically, laser powers are measured in milliwatts (mW) or microwatts (μW).

Note: If the statement "2.00 1 Photons/sec" actually intended to specify
"2.00 × 10¹ photons/sec," then the power remains in the femtowatt range,
highlighting the importance of clarifying units.

Physics of Helium-Neon Lasers

Population Inversion and Laser Action
The core of laser operation is achieving a population inversion—more atoms in
an excited state than in a lower energy state. In He-Ne lasers:

Electrons excite helium atoms via electrical discharge.

Excited helium atoms colliding with neon atoms transfer energy, exciting
neon atoms.

When neon atoms return to a lower energy state, they emit photons



coherently, producing laser light.

Optical Resonator and Feedback
The laser cavity consists of two mirrors:

One fully reflective mirror1.

One partially reflective mirror (output coupler)2.

This setup provides optical feedback, allowing stimulated emission to amplify
the light coherently.

Application of Helium-Neon Lasers

Scientific and Industrial Uses
Due to their stability and coherence, helium-neon lasers are widely used in:

Precision measurement and interferometry

Alignment and calibration in optical systems

Holography and scientific demonstrations

Spectroscopy

Medical and Communication Applications
In medicine:

Laser surgery and dermatology

Optical coherence tomography (OCT)

In communications:

Fiber optic transmission

Data encoding

Advantages and Limitations of Helium-Neon



Lasers

Advantages

Stable and continuous wave operation

Monochromatic light at a precise wavelength

Relatively simple construction and maintenance

Low threshold current compared to other laser types

Limitations

Lower power output compared to semiconductor or solid-state lasers

Size and bulkiness due to gas tube and optical cavity

Limited wavelength range primarily at 632.8 nm

Conclusion
Helium-neon lasers remain a staple in the world of optics, renowned for their
coherent, monochromatic beams and stability. The parameters discussed—beam
diameter, photon emission rate, and wavelength—are fundamental in
understanding their operation and suitability for various applications.
Although the specific photon count might seem low when translated into power,
the laser's utility lies in its coherence, beam quality, and reliability.
Whether used in scientific research, medical procedures, or industrial
alignment, helium-neon lasers continue to serve as essential tools in
precision optical work.

Final note: When interpreting laser parameters, always consider units and
measurement contexts. The combination of beam size and photon emission rate
provides insight into the laser's intensity and potential applications,
emphasizing the importance of detailed specifications in laser physics and
engineering.

Frequently Asked Questions

What is the significance of the beam diameter being
1.75 mm in a helium-neon laser?

The beam diameter of 1.75 mm indicates the size of the laser beam's cross-
section, which affects the intensity, focusability, and application
suitability of the laser in various optical setups.



How is the photon flux of 2.00 × 10^1 photons per
second related to the laser's power?

The photon flux directly relates to the laser's power; by knowing the energy
of each photon, you can calculate the total power output of the laser based
on the photon emission rate.

What is the energy of each photon emitted by this
helium-neon laser?

Each photon has an energy given by E = hc/λ, where h is Planck's constant, c
is the speed of light, and λ is the laser wavelength (about 632.8 nm for
helium-neon lasers).

How can the total power output of the laser be
calculated from the given photon rate?

Total power P can be calculated using P = (number of photons per second) ×
(energy per photon). For this laser, multiply 20 photons/sec by each photon's
energy to find the power in joules per second (watts).

Why is the wavelength of a helium-neon laser
typically around 632.8 nm?

The 632.8 nm wavelength is characteristic of helium-neon lasers due to the
specific energy transitions in neon atoms excited by helium atoms, resulting
in a stable and coherent red laser beam.

What are common applications of helium-neon lasers
with these specifications?

Helium-neon lasers are commonly used in holography, barcode scanning,
alignment, calibration, and scientific research due to their stable,
coherent, and monochromatic beam.

How does the beam diameter influence the laser's
focus and collimation abilities?

A smaller beam diameter allows for tighter focusing and better collimation,
which is essential for precise applications; a diameter of 1.75 mm offers a
good balance between beam quality and ease of handling.

What factors can affect the stability and intensity
of the helium-neon laser output?

Factors include cavity alignment, gas purity, temperature stability, and
power supply quality, all of which influence the consistency, beam quality,
and intensity of the laser.
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The helium-neon (He-Ne) laser stands as one of the most iconic and widely
studied laser types in both academic and practical applications. Its ability
to produce a coherent, monochromatic, and stable laser beam has made it a
staple in scientific research, medical devices, holography, and alignment
tools. This review delves into the operational characteristics of a typical
helium-neon laser, focusing on a beam with a diameter of 1.75 mm and a photon
delivery rate of 2.00 × 10¹⁹ photons per second, examining its features,
advantages, limitations, and potential applications.

---

Introduction to Helium-Neon Lasers

Helium-neon lasers are gas lasers that utilize a mixture of helium and neon
gases, typically in a 10:1 ratio, contained within a sealed glass tube. When
an electric discharge excites the gas mixture, it produces stimulated
emission at specific wavelengths, most notably at 632.8 nm, which appears as
a bright red beam. The helium atoms act as energy donors to the neon atoms,
facilitating population inversion necessary for lasing action.

Key Features of Helium-Neon Lasers:

- Wavelength: Primarily 632.8 nm (red), with some variants emitting at other
spectral lines.
- Output Power: Usually in the range of a few milliwatts to several hundred
milliwatts.
- Beam Quality: High spatial coherence and a near-Gaussian beam profile.
- Stability: Excellent temporal and spatial stability, making it ideal for
precise measurements.

---

Optical Characteristics of the Laser Beam

The laser in question produces a beam with a diameter of 1.75 mm, a size that
strikes a balance between beam focusability and ease of handling. Such a beam
diameter is typical for laboratory and industrial applications where moderate
divergence and beam quality are necessary.

Beam Diameter and Divergence

- Beam Diameter: 1.75 mm provides enough beam cross-section for various
alignment and measurement tasks.
- Divergence: Helium-neon lasers typically have low divergence, around a few
milliradians, which ensures the beam remains collimated over long distances.



Beam Profile

- The beam generally exhibits a Gaussian intensity distribution, which is
beneficial for focusing and precision applications.
- The high spatial coherence allows tight focusing and minimal beam spread.

---

Photon Output and Power Considerations

The laser delivers approximately 2.00 × 10¹⁹ photons per second, a remarkably
high photon flux that translates into useful power levels depending on photon
energy.

Calculating Output Power

Given the photon rate (\( \Phi \)) and photon energy (\( E \)), the power (\(
P \)) of the laser can be estimated:

\[
E = h \nu = \frac{hc}{\lambda}
\]

Where:
- \( h \) = Planck's constant (\(6.626 \times 10^{-34} \, \text{Js}\))
- \( c \) = speed of light (\(3.0 \times 10^8 \, \text{m/s}\))
- \( \lambda \) = 632.8 nm (\(6.328 \times 10^{-7} \, \text{m}\))

Calculating photon energy:
\[
E = \frac{6.626 \times 10^{-34} \times 3.0 \times 10^8}{6.328 \times 10^{-7}}
\approx 3.14 \times 10^{-19} \, \text{J}
\]

Total power:
\[
P = \Phi \times E = 2.00 \times 10^{19} \times 3.14 \times 10^{-19} \approx
6.28 \, \text{W}
\]

This indicates a laser power of around 6.28 Watts, which is quite high for a
typical helium-neon laser, suggesting this is a specialized or high-power
configuration.

Note: Typical commercial He-Ne lasers operate at powers below 1 W, so this
high photon flux may imply a high-gain setup or an idealized measurement.

---

Advantages of the Helium-Neon Laser



The helium-neon laser’s unique features make it suitable for a broad array of
applications. Here are some of its key advantages:

- High Beam Coherence: Ensures minimal divergence and high-quality beam
profiles essential for holography and interferometry.
- Stable and Reliable Output: Long-term stability in power and beam profile
reduces calibration needs.
- Monochromatic Light: Precise wavelength control facilitates spectroscopic
applications and calibration tasks.
- Ease of Alignment: The relatively low divergence and well-defined beam make
it user-friendly for alignment purposes.
- Affordable and Widely Available: Due to extensive manufacturing, He-Ne
lasers are cost-effective compared to other laser types.

---

Limitations and Challenges

Despite its many advantages, the helium-neon laser does have certain
limitations:

- Limited Power Output: Typically limited to a few hundred milliwatts, making
high-power applications challenging.
- Size and Fragility: The gas discharge tube and associated optics can be
bulky and sensitive to shocks.
- Efficiency: Less efficient compared to solid-state lasers, leading to
higher power consumption for the same output.
- Wavelength Restrictions: Primarily emits at 632.8 nm; for other
wavelengths, alternative lasers are needed.
- Maintenance: Gas mixture quality and alignment can require periodic
calibration and servicing.

Features Summary:

| Feature | Description |
|---------------------------|------------------------------------------------
---------------------------------|
| Wavelength | 632.8 nm (red) |
| Power | Typically < 1 W; high photon flux suggests high power in this case
|
| Beam Diameter | 1.75 mm |
| Beam Profile | Gaussian, high coherence |
| Stability | Excellent over long periods |
| Size | Generally portable but larger than diode lasers |

---

Applications of Helium-Neon Lasers

The properties of helium-neon lasers lend themselves well to various
scientific and industrial applications:



Scientific Research and Metrology

- Interferometry and holography rely on the laser’s high coherence and
stability.
- Precise measurements of optical path differences.

Medical and Biological Applications

- Used in laser therapy and diagnostic devices due to their stable output and
safety profile.
- Fluorescence microscopy and flow cytometry.

Alignment and Calibration

- Used for aligning optical components with high precision.
- Calibration of spectrometers and photodetectors.

Educational Demonstrations

- Widely used in physics laboratories for demonstrating laser principles.

---

Conclusion

The helium-neon laser remains a cornerstone in laser technology, embodying a
combination of stability, coherence, and ease of use. Producing a beam with a
diameter of approximately 1.75 mm and delivering an extraordinary photon flux
of 2.00 × 10¹⁹ photons per second, it demonstrates impressive power and beam
quality suitable for a myriad of applications, from precision scientific
measurements to educational demonstrations. While it does have limitations,
particularly concerning power efficiency and size, ongoing advancements
continue to enhance its capabilities.

Pros:

- High beam coherence and stability
- Monochromatic and well-defined wavelength
- Suitable for high-precision applications
- Cost-effective and widely available

Cons:

- Limited power output compared to other laser types
- Fragile and requires maintenance
- Larger size and less portable than diode lasers
- Limited wavelength options

In summary, the helium-neon laser remains a versatile and valuable tool in
the laser community, and understanding its characteristics—such as beam



diameter and photon delivery rate—helps users optimize its application
potential. Its combination of high coherence, stability, and ease of handling
ensures it remains relevant in scientific, industrial, and educational
settings for years to come.
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