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Abstract. A simple technique had been demonstrated for measuring flow-induced fluctuations in
the single longitudinal mode (SLM) pulsed dye laser. Two prominent frequency components of
10.74 Hz and 48.83 Hz were present in the output of the Nd:YAG-pumped SLM dye laser. The
flow-induced frequency component of 48.83 Hz was present due to the revolution per minute of the
motor attached to the magnetically coupled gear pump. The time average bandwidth of 180 MHz
has been obtained for this SLM dye laser. The effect of pump pulse energy on the bandwidth of the
SLM dye laser was studied. The bandwidth of the SLM dye laser was increased to 285 MHz from
180 MHz, when the pump pulse energy was increased to 0.75 mJ from 0.15 mJ for a constant dye
flow velocity of 0.5 m/s.
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1. Introduction
Narrow-band dye lasers offer tunability over a wide spectral range. The single mode dye
laser is a very useful tool for high-resolution spectroscopy, resonance ionization spectroscopy (RIS), coherent control etc. For many spectroscopic applications it is however
necessary to have a control over the emission linewidth of the dye laser. The frequencystabilized tunable laser source plays an important role for many applications as mentioned
above [1]. For tight wavelength control, the spectral behaviour of the dye laser output
should be known for deciding the control parameters such as loop constant and response
time for feedback control. The highest frequency stability can be achieved by frequency
locking of the dye laser to a stable reference [2]. In order to achieve frequency stabilization, it is very important to study and investigate the flow fluctuations present in the
dye flow inside the dye cell. The flow fluctuations mainly arise due to the turbulent flow
in the dye cell and from pressure fluctuations in the dye flow system. A tight control
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of the flow rate is important to eliminate turbulence and to ensure a high optical quality
laminar flow in the active region near the centre of the dye cell. The flow turbulences in
the dye flow result in non-uniform distribution of dye solution, which disturbs the optical homogeneity inside the resonator. The effect of flow turbulence on gain distribution
and intensity in a liquid system was reported by Yang [3]. Maruyama et al [4] reported
change in the dye laser bandwidth from 60 MHz to about 300 MHz as Reynolds number
increased from 1000 to 20,000. With increasing Reynolds number, the flow becomes turbulent from laminar flow [4]. In this paper we report a simple technique to measure the
flow-induced fluctuations present in the dye cell of SLM dye laser. We report the effect of
pump pulse energy on the bandwidth of the SLM dye laser pumped by second harmonic
of the Nd:YAG laser at constant flow velocity.
2. Experimental set-up
Two separate experiments were carried out for measuring flow-induced fluctuations. In
the first experiment, the frequency-stabilized He–Ne laser beam was passed through the
dye cell and in the second experiment the laser output from single longitudinal mode
(SLM) dye laser was investigated for flow-induced fluctuations. The experimental set-up
with stabilized He–Ne laser beam is shown in figure 1. A frequency-stabilized He–Ne
laser beam (SIOS Mebtechnik GmbH make, Serial No. SL 02-1) was passed through an
indigenously developed metallic dye cell [5]. A 0.5 mM rhodamine 6G dye dissolved in
ethanol was circulated using gear pump (Iwaki MDG-R 15) in the metallic dye cell. After
transmission through the dye cell, the stabilized He–Ne laser beam was fed to a positionsensitive detector (PSD). The electronic signal from the PSD was conditioned and fed
to the digital storage oscilloscope (Tektronix TDS 724D, 500 MHz). The fast Fourier

Figure 1. Experimental set-up for measuring flow-induced fluctuations.
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transform (FFT) was obtained from PSD signal, to find out the flow-induced frequency
component present in the dye cell. Any disturbance in the dye flow velocity leads to
change in the optical homogeneity of the dye flow channel, which can lead to wavelength
jitter and drift for the SLM dye laser.
In the second experiment, a grazing incidence grating (GIG) cavity was built around the
metallic dye cell of 1 mm flow channel. The cavity comprises an indigenously designed
metallic dye cell (5 mm × 1 mm cross-section) [6], high reflectivity (R>99%) end mirror,
holographic grating (2400 lines/mm groove density) at grazing incidence and a tuning
mirror (R>99%), and the single mode output of the dye laser was obtained from the
zeroth order of the grating. The end mirror fixed onto a piezoelectric transducer (PZT)
stack, provided a maximum displacement of 10 µm at a drive voltage of 150 V. All the
components of the SLM dye laser were mounted on a two-stage differential rotary table.
The first stage provided coarse movement with a minimum resolution of 25.92 arcsec
(∼46 pm) with a stepper motor of 50,000 microsteps per revolution. The second stage
was rotated with respect to the first stage for achieving the required resolution for fine
tuning of the SLM dye laser. The second stage used for the fine motion provided a minimum resolution of 0.0014 arcsec (∼4 fm). The second stage used an indirect drive rotary
motion transferred to the rotary table through an eccentric disc and backlash-free worm
and worm wheel arrangement. Eccentric disc was mounted just above the worm and
worm wheel and the eccentricity of the disc pushed the lever of rotary table for fine tuning the SLM dye laser. A stepper motor with microstepping of 50,000 was attached
to the worm wheel arrangement. The combined effect of arm length, eccentricity, gear
ratio and microstepping results in nanometre movement of the fine table. A schematic
of the experimental set-up for SLM grazing incidence grating dye laser is shown in
figure 2.
The dye flow system consisted of a dye solution reservoir of 3 litre capacity, a magnetically coupled gear pump to circulate the dye solution, a heat exchanger coil fully
immersed in the dye solution, a 10 µm polypropylene filter for filtering the photodegraded
products, a temperature sensor, flow switch and a pressure gauge. The dye reservoir was
connected to the inlet of the magnetically coupled gear pump (Iwaki MDG R-15), whose
flow velocity was controlled by the bypass valve. The gear pump motor was operated in

Figure 2. Experimental set-up for SLM grazing incidence grating dye laser pumped
by second harmonic of Nd:YAG laser.
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the same speed throughout the experiment. The line pressure of the dye flow system was
controlled with bypass valve. The outlet of the gear pump was connected to the inlet of the
dye cell. The outlet of the dye cell was connected back to the dye solution reservoir in a
closed loop. The main advantages of gear pumps are lack of dynamic seals, smooth flow,
self-priming and a direct relation between pump speed and flow. The bubbles and scattering particles were eliminated from the flowing dye medium to reduce the temperature
and velocity fluctuations by careful design of the dye flow system.
The SLM dye laser was pumped by second harmonic of Nd:YAG (∼532 nm) operating at 10 Hz pulse repetition frequency [6]. The pump beam was focussed onto the
dye cell by a plano-convex lens of focal length 200 mm, resulting in a gain diameter of
200 µm. The plano-convex lens was mounted on a translation stage for precise positioning of the focal spot on the dye cell. By using longitudinal pumping, shorter gain region
was achieved, resulting in shorter cavity length (∼50 mm) for the SLM dye laser. The
shorter cavity length provided larger axial mode separations, requiring smaller grating
resolution for selecting one axial mode. A cavity length of 50 mm provides longitudinal mode spacing of 3 GHz, which is nearly equal to the grating pass band at 89◦ angle
of incidence. This makes it possible to obtain lasing of dye laser in single longitudinal
mode [7].

Figure 3. Flow-induced frequency component present in the dye cell obtained from
FFT signal of stabilized He–Ne laser (a) for no flow (velocity 0 m/s), (b) for a flow
velocity of 1.9 m/s, (c) for a flow velocity of 2.87 m/s, (d) for a flow velocity of 4.53
m/s.
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3. Results and discussion
For measuring flow-induced fluctuation in the first experiment, a stabilized He–Ne laser
beam was transmitted through the dye flow channel. The stabilized He–Ne laser beam
was monitored on the PSD after transmission through the dye cell. The output signal
from the PSD sensor was conditioned before feeding to digital oscilloscope. To measure
the frequency component present in the output signal, FFT analysis was carried out. It
was observed that for no flow condition in the dye cell, the FFT signal did not show any
frequency component as shown in figure 3a. As soon as the flow was introduced in the
dye cell, a frequency component corresponding to frequency 48.83 Hz appeared in the
FFT signal as shown in figures 3b, 3c and 3d. The flow velocity inside the dye cell was
varied from 1.9 m/s to 4.53 m/s by controlling the bypass valve in the dye flow system.
It was observed that the FFT signal showed the same frequency component of 48.83 Hz
for all the flow velocities in the dye cell.
In another set of experiments, the frequency-stabilized He–Ne laser was replaced with
frequency-doubled Nd:YAG laser (∼532 nm) operating in the pulse repetition rate of
10 Hz. About 0.5 mJ pulse energy was used for pumping the SLM dye laser. The tunable
output from the SLM dye laser was monitored on the PSD and oscilloscope followed by
FFT analysis. The FFT analysis of the PSD signal showed the presence of two frequency

Figure 4. Flow-induced frequency component present in the dye cell obtained from
SLM dye laser output, for flow velocity of (a) 1.9 m/s, (b) 2.87 m/s, (c) 3.9 m/s, (d)
4.53 m/s.
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components in the SLM dye laser output as shown in figure 4. These two frequency components were 48.83 Hz and 10.74 Hz. The first frequency component was the same as
obtained with stabilized He–Ne laser. These two frequencies were present in the FFT
spectrum of the SLM dye laser output for all flow velocities ranging from 1.9 m/s to
4.53 m/s. A correlation of frequency component 48.83 Hz was established with respect
to the speed of the motor attached to the magnetically-coupled gear pump. The gear
pump motor was operating at 3000 revolution per minute (RPM) as per the specifications of the motor. Our experimental results show that the frequency component present
in the SLM dye laser was associated with RPM of the motor as the motor operated in the
same speed throughout the experiment, the flow velocity in the dye cell was varied by
the bypass valve. The 2929.8 revolutions per minute was calculated from the frequency
48.83 Hz, which is very close to the RPM of the motor attached to the magneticallycoupled gear pump. The frequency component of 48.83 Hz was related to the motor
speed of magnetically-coupled gear pump, which was operated at fixed RPM for all flow
velocities in the dye cell. Hence this frequency component was present in the all FFT
spectrums of both experiments. The second frequency component of 10.74 Hz present in
the SLM dye laser output was related to pulse repetition rate of the Nd:YAG laser, which
was operating at 10 Hz pulse repetition rate. We have observed only one frequency component in our previous experiment as frequency-stabilized He–Ne laser was working in
CW mode having no disturbances in its output. The following parameters for SLM dye
laser were obtained: The time average bandwidth was measured to be ∼180 MHz with
Fabry–Perot etalon of 7.5 GHz FSR as shown in figure 5. The SLM bandwidth was also
measured to be < 0.1 pm (∼95 MHz) using commercial wavelength meter (Angstrom
WS 7L,) as shown in figure 6. It was experimentally observed that the bandwidth of the
SLM increased to 285 MHz from 180 MHz by increasing the pump pulse energy from
0.15 mJ to 0.75 mJ for a constant dye flow velocity of 0.5 m/s [6].

Figure 5. Fabry–Perot etalon spectrum of the SLM dye laser pumped with the second
harmonic of Nd:YAG laser (FSR ∼7.5 GHz and fineness ∼30), typical bandwidth of
∼180 MHz.
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Figure 6. Wavelength and bandwidth measured by laser wavelength meter (WS – 7L)
for SLM dye laser pumped by second harmonic of Nd:YAG with pulse repetition rate
of 10 Hz.

This SLM laser was tuned from 559.931 to 571.190 nm (∼11 nm) by rotating the
central stepper motor. The central stepper motor was always energized to provide sufficient holding torque for the tuning mirror rotary table. About 0.02 mJ pulse energy
was obtained in single-mode dye laser with a conversion efficiency of nearly 2.6%. For
fine tuning of SLM dye laser, 5000 microsteps were provided to stepper motor attached
to the worm and wheel tuning mechanism, which has tuned the SLM from 562.8900 to
562.8985 nm (∼8.5 pm). From this one step resolution was estimated to 1.7 MHz/step.
About 15 GHz (565.1556–565. 170 nm) of mode hop free scanning was obtained for the
SLM dye laser. The mode hop free scanning was confirmed by observing the wavelength
meter output while scanning the SLM dye laser. The sudden jump of nearly 3 pm (cavity
FSR of SLM) in the dye laser wavelength was not detected by the laser wavelength meter
as shown in figure 7, indicating mode hop free tuning of SLM dye laser.
In conclusion, we have demonstrated a very simple technique, which can capture the
flow-induced fluctuations present in the dye cell. We have identified the origin of the
frequency component present in the FFT signal of the SLM dye laser. This study has
provided very important data for deciding the bandwidth of feedback control circuit for
Pramana – J. Phys., Vol. 82, No. 2, February 2014
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Figure 7. Mode hop free scanning over ∼15 GHz for SLM dye laser pumped by
Nd:YAG laser.

our SLM dye laser. The mode hop free scanning of nearly 15 GHz was obtained for the
SLM dye laser. It was experimentally observed that by increasing the pump pulse energy,
the bandwidth of the SLM dye laser also increased for the constant flow velocity in the
dye cell.
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