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Project Purpose:

Using a variable cavity Helium-Neon laser and mirrors of
various sizes, we are examining the lasing properties at
different distances between the mirrors, as well as different
mirror combinations. The experimental results are
compared to the expected theoretical results 1in order to gain
a better understanding of stable cavity characteristics, and
any abnormalities.

Helium-Neon Laser Tube



The first step 1n the process involved the
installation of the track, and the
mounting of the laser and the mirror




Once the mirror was adjusted to produce maximum lasing, the peak
output was recorded, and the mirror was moved 1 mm down the
track, and readjusted. The externally mounted mirror of radius R2
was then aligned so as to induce lasing. A Plexiglas box was sub
sequentially created in order to protect the fragile Helium Laser tube.
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Hundreds of Max power
output data points were
collected. Each point
had to be fine tuned,
therefore each mirror
took many hours of
adjustment to collect all
the data points.

These data points are for
the 80 cm radius mirror.



Stable Cavity Theory:

The lasing output measurements of each mirror gave an
experimental value of the cavity lengths at which the
cavity 1s stable, and the cavity 1s unstable.

In a stable cavity the ray position stays close to
the optical axis, even after it has passed between the
two mirrors several times. A stable-cavity environment
1s essential for the lasing to occur.

If the cavity is unstable, then the ray will
naturally walk off the mirrors, and out of the cavity.

A cavity in which both mirrors must be
perfectly aligned to prevent the beam from walking out
1s conditionally stable.
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The stability of a laser cavity can be calculated mathematically
by a simple set of equations:
0<g,g,<I

is referred to as the stability range, because this 1s the exact
condition required for two mirrors with radius R, and R, and
spacing L to form a stable cavity for emitting rays. Every two
mirror optical resonator can be characterized by the parameters:

Nylon MountingfAdjustment Screw (8 places) Reflections from Brewstgr Window

QC Mirror

One Brewster HeNe Laser Tube Mounted in Test Fixture
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Calculated lasing values compared to Experimental values of a helium neon laser with
mirrors R1 =60 cm and R2 =30 cm
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Calculated lasing values compared to Experimental values of a helium neon laser with
mirrors R1 =60 cm and R2 =45 cm
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Calculated lasing values compared to Experimental values of a helium neon laser with

mirrors R1 =60 cm and R2 =60 cm
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Calculated lasing values compared to Experimental values of a helium neon laser with
mirrors R1 =60 cm and R2 =80 cm
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Calculated lasing values compared to Experimental values of a helium neon laser with
mirrors R1 =60 cm and R2 =120 cm

4.5

>
~
© i
=
EB 2.5
=
o —e— Calculated Values
on 2
=) —=— Measured Values
i)
3
1.5

|

0 20 40 60 80 100 120 140 160 180 200

L (Length of Lasing Cavity, distance between R1 and R2 in cm)



Calculated lasing values compared to Experimental values of a helium neon laser with
mirrors R1 =60 cm and R2 = Infinite cm
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Results:

We constructed a variable cavity laser to study the stable
cavity characteristics. By performing this experiment, we
tested the validity of the stability equations, and proved
that they are correct. The results collected from the
experiment closely matched the results predicted by the
calculations derived from the stability equations.

Future Implications:

This project expands my knowledge on the characteristics
of lasers, which could be shared with optical engineering
companies like Lucent-Fitel.
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