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Abstract

We use an acousto-optic modulator to quickly extract circulating optical power from a home-

built 1.4 m open-cavity helium neon oscillator. We can extract 100 ns pulses with a maximum

peak power of approximately 2 mW at a repetition rate of 100 kHz. We can attain repetition

rates of over 1 MHz with decreased peak power. This work was supported by the Laser

Teaching Center at Stony Brook University and the Simons Foundation.



1 Introduction

Lasers have an unimaginably vast number of uses, both direct and indirect, across research

and industry. Since the development of the first pulsed ruby laser in 1960,1 pulsed lasers

have become increasingly prevalent thanks to their high peak powers and repetition rates.

Recent developments in ultrafast lasers have generated pulses of visible light on the order

of femtoseconds,2 and pulses of soft-xrays on the order of attoseconds.3 In research, pulsed

lasers have enabled expanded study of nonlinear optical effects, high harmonics, and time-

resolved spectroscopy. In industry, uses include laser eye surgery, metal ablation, and fiber

optic telecommunication.

Despite the great prevalence of lasers in the instrumentation of other fields, the instru-

mentation of lasers themselves is by no means trivial. Laser science is a field in and of itself.

The American Physical Society, the world’s second largest organization of physicists, has

fourteen divisions, one of which is the Division of Laser Science.4 Laser science covers a

broad variety of concepts from atomic, molecular, and optical physics, quantum mechanics,

materials science, signal processing, and other fields. Developing a laser is not an empiri-

cal process. Ideas and processes must be thoroughly considered with respect to established

theory before execution.

In the current work, we develop and characterize a cavity-dumped helium-neon (HeNe)

laser. We use free-space optical components to create the laser. The output coupler mirror

of a traditional continuous wave laser is replaced with a second high reflector mirror to

attain high levels of circulating optical power. We use an acousto-optic modulator to quickly

extract the power out of the cavity in the form of cavity-dumped pulses. Cavity-dumping

is a technique frequently used in practice,5 but cavity-dumped or pulsed HeNe lasers are

not readily available commercially. As such, they must be independently developed in-

house. The breadth of knowledge required to build one from scratch reflects well on the

breadth of the field of laser science. The current work would be pedagogically valuable in

an undergraduate laser science laboratory setting as a testbed to demonstrate, teach, and
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experiment with the fundamentals of laser science.

In the following sections, we will begin with a theoretical explanation of the components

and processes of our laser. We will then develop a model to predict the cavity-dumped

pulses. Next, we will present our experimental setup. Finally, we will report and compare

observations made during laser operation to our predictions.

2 Background

2.1 Laser Operation

‘Laser’ is an acronym for ‘light amplification by stimulated emission of radiation’. A laser

produces a collimated beam of usually nearly monochromatic electromagnetic radiation in

or near the visible spectrum.

A laser oscillates light within an optical cavity. The optical cavity consists of two mirrors

placed on opposite sides of a gain medium such that light can oscillate between the two

mirrors. The gain medium is usually a gas (such as helium neon plasma) or solid material

which has an active element that provides a lasing transition. When pumped with an external

source of energy, the active element’s electrons move from a lower energy level to a higher

energy level. If there are more atoms in a higher energy state than a lower energy state, a

population inversion is achieved. From a high energy state, atoms or molecules can relax

into a lower energy state, and emit a photon with a quantized amount of energy through a

process called spontaneous emission. A small portion of these photons reflect off either of

the optical cavity’s mirrors and back into the gain medium. These photons interact with the

excited electrons, and cause more photons with an identical energies and directions to be

emitted through a process called stimulated emission, giving lasers their spatial and temporal

coherence. The resulting photons reflect off the other mirror and back into the gain medium,

causing more stimulated emission. Lasing occurs if the gain provided by the gain medium

exceeds the optical losses encountered within the cavity.
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A helium neon gas mixture is a commonly employed gain medium in gas lasers. The

active element of helium neon is neon, which has a high-gain optical transition at 632.8 nm.

The optical cavity of typical laser is contained by two mirrors. The high reflection mirror

(HR) is nearly 100% reflective. The output coupler mirror (OC) is partially transmissive.

The portion of the circulating light transmitted through the OC is the laser’s output beam.

2.2 Cavity Dumping

Essentially all commercial HeNe lasers operate in the steady state continuous wave (CW)

regime, in which the power of the laser output has no dependence on time.

Non-modelocking methods for creating pulsed lasers involve building up energy in a

component of the laser, then quickly releasing the energy as a pulse. Energy can be built

up in different parts of the laser. A pulsed pumped laser stores energy in the pump source.

A Q-switched laser stores energy in the gain medium by continuously pumping it, but not

allowing the laser cavity lase until the gain medium has built up a high level of energy.

A cavity dumped laser stores energy in the circulating optical power of the cavity. High

levels of circulating power are achieved by replacing the OC mirror of a laser cavity with a

second HR mirror. Intracavity power, when high, is quickly extracted by gating a fast optical

switch on. The switch deflects the intracavity power out of the cavity as a cavity-dumped

pulse. After the optical power is extracted, the switch is gated off, allowing intracavity power

to rise again.

The fast optical switch is usually an acousto-optic modulator (AOM) or electro-optic

modulator. These devices can be switched at the timescale it takes for light to make several

round trips of the cavity.
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Figure 1: Basic cavity dumping operation.

3 Theory

3.1 Laser Cavities

3.1.1 Longitudinal Modes

Many lasers are thought of as purely monochromatic, and indeed, many lasers are used in

practice because of their low spectral bandwidth. However, due to Doppler broadening, gas

gain media have a finite optical gain bandwidth which supports a range of frequencies (or

wavelengths) of light.

A two-mirror laser cavity will only support integer multiples of half-wavelengths of light

within the cavity (standing waves of light). Non-integer multiples will destructively interfere.

Thus, L = nλ
2

for cavity length L, optical wavelength λ, and some integer n. Using the rela-

tionship λ = c
f

for the speed of light c and frequency of light f , algebraic manipulation yields

that the supported frequencies of light in a laser cavity are given by f = nc
2L

. The supported

frequencies are called longitudinal modes. It follows that longitudinal mode spacing is given

by

∆f =
c

2L
. (1)

The broadening of each individual mode is further affected by quantum mechanical phenom-

ena, but is negligibly small for most practical applications.

Helium-neon has a Doppler-broadened gain bandwidth of approximately 1.5 GHz.6 For

cavities with a length of approximately one meter, this equates to approximately ten lon-
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gitudinal modes resonating simultaneously within the laser cavity. A beat signal at the

frequency difference between any two modes results from their superposition. The strongest

beat signal within a laser cavity is at the frequency difference of adjacent modes.

3.1.2 Cavity Stability

The geometry of the mirrors of a laser cavity must satisfy certain conditions to stably support

standing waves of light. Planar laser cavities (cavities made of flat mirrors) are very difficult

to align, and are very susceptible to small mechanical disturbances. Thus, laser cavity

mirrors are usually spherical, such that the light follows a controlled path within the cavity.

A two-mirror laser resonator with

g1 = 1− L

R1

, g2 = 1− L

R2

(2)

for stability parameter g, cavity length L, and mirror radius of curvature R must satisfy

0 ≤ g1g2 ≤ 1 (3)

to be able to lase stably.7

3.1.3 Cavity Beam Characteristics

A laser cavity supporting a Gaussian beam must satisfy

−R1 =
z2

1 + z2
R

z1

, R2 =
z2

2 + z2
R

z2

, L = z2 − z1 (4)

for radius of curvature R distance z from the beam waist and Raleigh range zR =
πw2

0

λ
for

beam waist diameter w0 and optical wavelength λ.8 The negative sign in front of R1 is to

denote the two different directions of curvature in a laser cavity.
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3.2 Acousto-Optical Modulator

An acousto-optic modulator (AOM) is a device capable of both diffracting light and shifting

the frequency of light by using the interaction between sound and light (the acousto-optic ef-

fect). AOMs consist of a piezo-electric transducer (PZT) bonded to an optical medium (such

as quartz). When a radio-frequency (RF) signal (usually on the order or tens to hundreds of

megahertz) is applied to the PZT, the PZT generates an acoustic wave which travels through

the optical medium. The acoustic wave mechanically compresses and expands the optical

medium to create periodic zones of higher and lower indices of refraction, effectively creating

an optical grating for incident light. Depending on individual construction and operation

parameters, the effects AOMs have on incident light will vary.

3.2.1 Diffraction Regimes: Bragg vs. Raman-Nath

AOMs can diffract light into one or multiple diffracted beams. An AOM which diffracts

light into a single first order beam at a certain angle is said to operate in the Bragg regime.

Bragg regime AOMs are usually longer in length and operate at higher acoustic frequencies.

An AOM which diffracts light into many higher order beams (like a phase grating) is said

to operate in the Raman-Nath regime. Raman-Nath regime AOMs are usually shorter in

length and operate at lower acoustic frequencies. There is no specific point in which an

AOM switches between the two regimes. The number of observable diffracted beams simply

increases or decreases. Thus, many AOMs operate somewhere in between these two regimes.

To investigate why a Bragg regime AOM generates a single diffracted order, consider

a beam of light incident to an AOM with interaction length d at angle θ. When acoustic

wavelength Λ is small such that the incident beam interacts with multiple acoustic wavefronts

during its propagation through the AOM, that is, Λ� d tan θ, the incident beam reflects off

of multiple acoustic wavefronts. The reflections will undergo constructive interference if the

additional distance traveled by each reflection is an integer multiple of the optical wavelength

λ, that is, if nλ = 2Λ sin θ for some integer n. θ which satisfies this condition is known as
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the Bragg angle, θB. The single diffracted order of the AOM is the accumulation of these

constructively interfering beams. It becomes apparent that a small Λ and long d will cause

more constructive interference, and cause an AOM to operate more strongly in the Bragg

regime.

Figure 2: A Bragg regime AOM. The reflected beams undergo constructive interference to
maximize the first order diffracted beam.

AOMs operating in the Raman-Nath regime will have higher Λ and shorter d. The

combination of the two causes fewer (or no) reflections. The incident light beam will not

reflect even once off of an optical wavefront if Λ is large such that Λ � d tan θ. The AOM

therefore acts more as a phase grating than a Bragg scatterer, and creates multiple higher

order beams.

In general, an AOM operates in the Bragg regime if λd
Λ2 � 1 and in the Raman-Nath

regime if λd
Λ2 � 1.9 Additionally, the angle a beam of light is incident on an AOM can change

how the AOM operates. For cavity dumping, it is ideal to use an AOM which operates in

the Bragg regime because it is easiest to extract a single diffracted beam.

Figure 3: AOMs operating in the Bragg regime (left) and Raman-Nath regime (right).
The number of diffracted beams depends on the angle of incidence θ (in the Bragg AOM
diagram, θ = θB, the Bragg angle), acoustic wavelength Λ, interaction length d, and optical
wavelength.
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In practice, AOMs do not diffract 100% of incident light. The diffraction efficiency of an

AOM (the proportion of light diffracted from the main beam) depends on the intensity of

the acoustic waves. For cavity-dumping, we will show how this factor influences the shape

of the extracted pulses.

3.2.2 Acoustic Waves: Resonant vs. Non-resonant

The acoustic waves within the optical medium can be resonant or non-resonant. If an

acoustically reflective material is affixed to the side of the optical medium opposite to the

PZT, the acoustic waves will reflect off the end of the AOM and travel back toward the PZT.

This design causes the acoustic waves to resonate as a standing wave, and in effect creates a

stationary grating. The single-pass diffraction efficiency of such AOMs can reach high levels,

as the amplitude of the resonant acoustic waves can be very great.

Contrarily, if an acoustic dampening material is affixed to the side of the optical medium

opposite to the PZT, the acoustic waves will travel through the optical medium, then be

absorbed. This creates a moving grating. The acoustic wave does not resonate and build up

to a higher amplitude, so single-pass diffraction efficiency is smaller than a resonant AOM.

Non-resonant AOMs, however, can be modulated at much greater repetition rates than

resonant AOMs. Because the acoustic wave in an AOM travels slowly relative to the cavity

round-trip time, it is difficult to gate resonant AOMs at the kilohertz to megahertz repe-

tition rates necessary for cavity dumping. However, with non-resonant AOMs, modulation

frequencies of several megahertz can be achieved. Thus for cavity dumping, employing non-

resonant AOMs enables higher repetition rates. Additionally, the time it would take for the

acoustic wave in a resonant AOM to make several round trips and begin resonating would

be much longer than optical pulse extraction time, negating potential gains in diffraction

efficiency in a cavity dumping scenario.
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3.2.3 Frequency Shifting

The optical frequency of light passing through an AOM is shifted by the frequency of the

acoustic wave. The direction of the shift depends on the light’s direction of propagation

relative to the acoustic wave. This property of AOMs is useful in applications such as active

modelocking,10 but is not relevant for cavity dumping.

3.3 Photodiodes

A photodiode is a type of photodetector sensor which converts light into a photocurrent

using the photoelectric effect. For practical purposes, a terminating resistor is necessary to

convert the photocurrent into a readable voltage. According to Ohm’s law, voltage is directly

proportional to resistance, so a stronger signal can be obtained with a higher terminating

resistance. The increased voltage, however, comes at the cost of time resolution. The RC

time constant dictates an electrical signal will take time τ = RC for resistance R and

capacitance C to rise from zero to 1− 1
e

or fall to 1
e

of the peak voltage. Thus, for a junction

capacitance of 50 pf (normal for high speed photodiodes11,12), terminating resistance will

need to be 100Ω or less to achieve a time resolution of 5 ns or less, sufficient for our 100 ns

cavity-dumped pulses.

A photodiode’s response time τR is related to its bandwidth by fbw by τR = 0.35
fbw

. Both of

the photodiodes employed in our experimental setup have bandwidths on the order of 100

MHz, equating to a response time on the order of nanoseconds, sufficient, again, for our 100

ns cavity-dumped pulses.

The Thorlabs PDA10A silicon amplified photodetector employed in this setup to monitor

the cavity dumped pulses will read voltage

Vout = < (λ) ∗ gt ∗
RT

RT + 50
∗ P = 925P (5)

for response parameter < (λ) = 0.37 at 632.8 nm, transimpedance gain gt = 5000 V/A,
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terminating resistance RT = 50Ω, and optical power P .11 Rearranging,

P =
Vout
925

. (6)

This serves as a useful method to measure the peak power of the optical pulses.

The Thorlabs DET110 high speed silicon photodetector employed in this setup has a

similar optical power – output voltage relationship.12 In our setup, it monitors the intracavity

power via the reflection from the Brewster window of the HeNe tube. The signal, however,

was too weak and noisy to measure precisely. Nearly 100% of the light supported by the

cavity is transmitted through the Brewster window, resulting in a very low photodiode signal.

Much of the reflected light from the Brewster window is waste light, unsupported by the

laser cavity (incorrect polarization, frequency, and/or phase from spontaneous emission).

Thus, the relationship would not necessarily be accurate in determining the absolute levels

of circulating power.

4 Cavity-Dumped Pulse Shape

To model the power of the extracted pulses as a function of time, we must take into account

the efficiency of the AOM, as well as the two main factors causing temporal broadening of

the pulses: The risetime of the AOM’s acoustic pulse, and the acoustic pulse transit time

across the optical beam profile.

4.1 AOM Efficiency and Risetime

The maximum, steady state, single pass, one-way diffraction efficiency of a Bragg AOM is

given by η. Consider an AOM placed at the beam waist of a confocal cavity. If the AOM

is operating at a steady state, η of the circulating light traveling from M2 to M1 will be

diffracted and extracted from the cavity. η of circulating power will be diffracted, of which

(1− η) will continue through the AOM again unimpeded and extracted from the cavity. If
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Figure 4: Beam paths when the AOM is gated on. 1: Single deflected beam η from
intracavity power; 2a: Double deflected beam η2 reenters intracavity power; 2b: Deflected
then undeflected η (1− η) beam is extracted.

the round trip transit time of the light is short compared to any changes in η over time, the

effective AOM efficiency η′ is given by

η′ = η + (η)(1− η) = 2η − η2. (7)

In practice, there is a significant risetime associated with η. Assume that RF power is

proportional to the single pass AOM diffraction efficiency. By visual inspection of the RF

trace, the AOM risetime can be written with a Sigmoid curve:

η(t) =
1

1 + exp (−rt+ d)
(8)

for risetime parameter r and temporal delay parameter d. The need for d arises from the fact

that the Sigmoid function reaches half of its maximum at t = 0. When appropriate values

of r and d are selected to model the risetime, η will effectively be equal to zero at t = 0.

Substituting eq. (8) in eq. (7), the effective AOM efficiency can be written as a function of

time,

η′(t) = 2η(t)− η2(t). (9)

4.2 Beam Profile

The acoustic pulse propagates through the optical medium of the AOM at a timescale com-

parable to the pulse extraction time. Thus, we must account for the time needed for the
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acoustic pulse wavefront to traverse the width of the optical beam.

Assuming the laser is operating in its fundamental TEM00 transverse mode, the beam

will have a Gaussian irradiance profile given by I(r, θ). Because we are considering the

spatial proportion of the beam that the acoustic pulse is interacting with, the θ dimension

will cancel. Thus, the beam irradiance profile for spatial position r can be written as

I(r) = I0 exp

(
−2r2

w2

)
(10)

for peak irradiance I0 and 1/e2 beam radius w.8 Integrating I(r) for any range of r gives

the power of the beam in the specified spatial section.

Consider a square acoustic pulse of duration ta traveling across the optical beam profile.

The proportion of the optical beam the acoustic signal is interacting with when the leading

edge of the acoustic pulse is at position ra is given by

A(ra) =

∫ ra
ra−vta I(r)dr∫∞
−∞ I(r)dr

. (11)

Assuming that at time t = 0, the acoustic pulse reaches position r where the irradance is at

10% of its maximum, ra can be rewritten as a function of time:

ra = vt−
√
−w2 ln 0.1

2
(12)

where v is the acoustic pulse velocity. Solving eq. (11) and substituting eq. (12) yields

A(t) =
1

2

(
erf

(√
2vt−

√
−w2 ln 0.1

w

)
− erf

(√
2v (t− ta)−

√
−w2 ln 0.1

w

))
(13)

where erf is the error function and A(t) is the spatial proportion of the optical beam the

acoustic signal is interacting with as a function of time.
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4.3 Pulse Shape

The light in a two-mirror laser cavity with mirror spacing L will have a round trip transit

time τ of

τ =
2L

c
(14)

for the velocity of light c. Suppose that an acoustic pulse is applied to the modulator. If the

velocity of the acoustic pulse is high, and the optical beam width is narrow such that the

acoustic wave transit time across the beam is negligible, intracavity power Pc is modeled by

the differential equation

dPc
dt

=
−η′Pc
τ

, (15)

which has the solution

Pc(t) = Ph exp

(
−η′t
τ

)
(16)

for maximum intracavity power Ph. The power of the extracted light P is proportional to

the intracavity power by a factor η′, as well as the spatial proportion of the optical beam

the acoustic signal is interacting with, A(t). When η′ is substituted for the time-dependent

η′(t), extracted pulses are modeled by eqs. (9), (13), (14), and (16):

P (t) = η′(t)A(t)Ph exp

(
−η′(t)t
τ

)
. (17)

5 Experimental Setup

5.1 Laser Setup and Beam Characteristics

A commercial 0.26 m Climet 9048 sealed helium-neon laser tube re-purposed from a gas

particle counter contains a high reflecting mirror (R > 99.9%) on the optically closed end,

and a fused silica window angled at the Brewster angle to minimize reflection (Brewster

window) on the optically open end. The high reflecting mirror inside the laser tube has a
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Figure 5: Schematic of the cavity dumped HeNe.

ROC of 0.45 m. The 1 m free-space high reflecting mirror (R > 99.9%) is placed 1.4 m away

from the internal HR. According to section 3.1.2 and eq. (3), this laser cavity is stable with

g1g2 = 0.91. The need for the long cavity arises due to the low diffraction angle of the AOM.

Shorter cavities made mirror placement for pulse extraction impossible without obstructing

the intracavity power.

According to eq. (4), the beam waist of beam within the cavity is located 0.99 m from

the free space high reflecting mirror, in good agreement with the nearly confocal cavity

arrangement. To minimize scattering within the AOM’s optical medium, decrease acoustic
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wave traversal time, and enable two-way diffraction as described in section 4.1, we insert the

AOM in the cavity such that it is centered on the beam waist.

The AOM chosen for this setup is non-resonant and operates closer to the Bragg regime

than the Raman-Nath regime for reasons described in section 3.2. The AOM is inserted at

the Bragg angle by rotating it until the first order diffracted beam reaches peak intensity. A

borderless silver mirror attached to a three-axis micrometer stage clips the deflected beam

out of the cavity.

The primary cause of optical power loss within the cavity is from scattering inside the

AOM, which is measured to be 1.6% per pass, despite its anti-reflective coating for 632.8

nm. Without the AOM, intracavity power is dramatically visible in a darkened room. The

insertion of the AOM decreases intracavity power visibly, and is the main detriment to peak

power.

5.2 Electronic and Monitoring Setup

A Hewlett-Packard 3200B RF oscillator generates a 19.5 MHz RF signal, which was found

to provide maximum AOM diffraction efficiency. The gate signal is square pulses generated

by a Hewlett-Packard 8116A pulse generator, which is monitored directly by an oscilloscope.

The RF signal is gated with a RF switch. The resulting pulsed RF signal is coupled to an

oscilloscope with a Mini-Circuits ZDC-10-1 directional coupler, then sent to the AOM.

To monitor intracavity power, the weak Brewster window reflection is reflected with a

silver mirror and focused onto a Thorlabs DET110 high speed photodetector. The signal

from the photodetector is amplified by a Hewlett-Packard 461A broadband amplifier.

The cavity dumped pulses are focused onto a Thorlabs PDA10A amplified photodiode.

Both photodiode signals are sent to an oscilloscope with 50Ω coaxial cables with a terminat-

ing resistance of 50Ω. The digital oscilloscope employed in this setup is set to display the

64-trace running average to reduce noise and obtain a clearer signal.
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6 Laser Operation

6.1 Laser Properties and Characteristics

Our laser and AOM have the following characteristics:

ηh Maximum AOM diffraction efficiency 8.3%
- AOM risetime 25 ns
d Temporal delay parameter 5 (estimated)
r Risetime parameter 2.75 ∗ 108 (estimated)
v Acoustic velocity 104 m/s
ta Acoustic pulse duration 10 ns and above (tunable)
- Repetition rate Up to ≈ 1 MHz (tunable)
w Beam width at AOM 0.5 mm
L Cavity length 1.42 m

ηh is measured by removing the AOM from the cavity and operating it at the Bragg

angle incident to a HeNe laser beam of known power. The power of the first order diffracted

beam is compared to the power incident to the AOM. r and d are arguments necessary for

the AOM risetime model, and are estimated to provide a good fit for the 25 ns risetime in

the RF trace.

v is calculated using ∆x = vt. The distance from the piezo-electric transducer to the

laser beam, ∆x, is measured, and the time, t, between the leading edge of the RF pulse and

optical pulse traces on the oscilloscope is observed. The RF pulse and photodiode signal are

sent to the same oscilloscope to temporally align the two signals. Signal propagation time

in the coaxial cables is on the order of a few nanoseconds, and negligible.

ta and the repetition rate are tunable by adjusting the output of the pulse generator.

w is estimated from visual inspection of the beam, and roughly confirmed with the

Gaussian beam properties presented in section 3.1.3. L is directly measured.

6.2 Mode Beating

The superposition of adjacent axial modes in a laser results in a beat signal at the difference

between the two frequencies, as described in 3.1.1. This is confirmed in the output of our
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Figure 6: Overview of pulses extracted from the cavity at 300 kHz. The relation between
intracavity power and extracted pulses is clear. Longitudinal mode beating at 107 MHz, in
near exact agreement with mode separation (c/2L) of the cavity, can be seen in the upper
right pulse trace. Additionally, the risetime and falltime of the AOM is evident in the pulse
generator and RF signal traces. Note: The electronic gating signals and optical signals are
not temporally aligned.

laser. From eq. (1), the mode spacing in our 1.42 m long laser cavity is ∆f = 106 MHz.

The modulation on the cavity-dumped pulses at a frequency of 107 MHz is in near exact

agreement with the theoretical mode spacing.

6.3 Pulse Shapes

With the figures listed in section 6.1, the model presented in section 4.3 predicts the shape

of the cavity-dumped pulses well. As seen in figure 7, the predicted pulse shape agrees very

well with the actual pulses.

The model fits best for higher acoustic pulse durations (ta >˜ 80 ns), most likely due to

the fact that the AOM has a significant falltime (as seen in the RF trace in figure 6), which
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Figure 7: Modeled pulse (brown) overlaid on an observed trace (blue). The parameters
used to generate the pulse and its model are similar, and given in section 6.1. Additionally,
the acoustic pulse duration is ta = 120 ns, and repetition rate is 100 kHz. Both pulses are
temporally aligned according to their peaks.
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Figure 8: Evolution of pulse shape predicted from eq. (17) as acoustic pulse duration, ta,
varies. The pulses rapidly rise in peak power when ta is increased from low levels, then reach
a maximum, as expected. The model, however, does not predict pulse duration well for short
ta. Observed pulse length is consistent at approximately 100 ns (fwhm) for all ta, whereas
the model predicts longer pulse lengths for longer ta.
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was not accounted for in the presented model. The falltime would cause significant temopral

broadening of the pulses.

The model shows the formation of a tail near the end of the pulse as the acoustic pulse

length increases. This behavior is expected, as a longer acoustic pulse can extract intracavity

power for a longer period of time than a short acoustic pulse, assuming that both start at

the same level of intracavity power. This was observed during the operation of the laser.

At low repetition rates and high acoustic pulse durations, the tail of the pulses were slightly

longer than the heads of the pulses. However, for high repetition rates, a long acoustic pulse

duration will limit intracavity power buildup.

6.4 Peak Power Characteristics
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Figure 9: The peak power of the pulses has a dependence on both repetition rate and
acoustic pulse duration.

Using the voltage readings from the photodiode, and eq. (6), extracted pulses have a

maximum power of approximately 2.2 mW at low (≤ 100 kHz) repetition rates, for which

intracavity power can rise to high levels prior to extraction. As the repetition rate increases,

the cavity cannot experience a full buildup prior to extraction. Thus, peak power is de-

creased.

Peak power is maximized for each repetition rate at unique acoustic pulse durations.

Such behavior is expected: An acoustic pulse which is too short will not maximize power

extraction, while an acoustic pulse which is too long will restrict the amount of time available
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for cavity buildup per cycle.

The model presented does not quantify cavity buildup time, so we cannot establish

a quantitative prediction of peak power across various repetition rates. However, cavity

buildup has been previously studied by others in similarly designed lasers.13 Quantifying

cavity buildup and peak power dependencies on repetition rate and acoustic pulse length are

subjects for further study.

7 Conclusion

The diverse variety of factors which must be considered in the construction of a cavity-

dumped helium-neon laser were presented. A theoretical model of the cavity-dumped pulses

was developed. The laser was constructed and characterized, and we found that it operated

as expected. Pulses with a peak power of 2 mW at 100 kHz were attained during operation

of the laser. Higher repetition rates were attainable at the expense of peak power.

The relatively low peak power and long pulse duration attained from this laser suggests

that its practical use in cutting edge research and industry would be limited. Other means

of generating pulsed laser light, including Q-switched ND:YAG lasers, modelocked erbium-

doped fiber lasers, or Kerr-Lens modelocked titanium sapphire lasers, result in shorter, more

intense pulses. Such systems are readily available commercially. Cavity-dumping, however,

is a technique frequently used in conjunction with other techniques to extract more intense

pulses of light. The development of this specific laser would provide an undergraduate

student looking into a future in laser science a very valuable opportunity to explore the

great breadth of the field.
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