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Multiple Beam Interference
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Stability Criterion
Confocal Cavity
HeNe two mode probe laser

Finesse
Coherence length
Spectral Analysis
Hemispherical cavity

This experiment shows the properties of optical resonators especially the „Fabry Perot“ (FP) resonator which is the most important
of all stable laser resonators. The
properties and behaviour of such a resonator
will be discussed and measured as well as the
resonance condition, the free spectral range and
finesse. The stability criteria of confocal, hemispherical and plane parallel resonator types are
calculated and measured. Finally, the resonator
will be used as a spectrum analyser, a so called
scanning Fabry Perot. The mode spectra of the
provided green single mode diode pumped solid state laser (DPSSL) and optional two mode

A

HeNe-laser is measured. The resonator mirrors
are mounted in precision adjustment holders.
One mirror is mounted on a low voltage piezoelectric transducer (PZT) which is controlled in
amplitude and frequency by means of a voltage
(0-150 V) controller. The other one is mounted
into a precise translation element to achieve the
perfect confocal match for curved mirror. The
PZT periodically changes the length (0 to 10
µm) of the cavity sweeping over some resonances. The signal of the photodiode and the triangular PZT scanning amplitude are displayed on
an oscilloscope showing the Airy function for
some resonances. By using the known distance
of the FP mirror, the free spectral range is de-
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Fig. 2.19: Principle of a scanning Fabry Perot (A) spherical (B) plane mirror
The classical Fabry Perot (FP) uses two flat
mirrors having a fixed distance L to each other. If the mirrors are coated to the surfaces of
a highly precise parallel ground and polished
glass cylinder such a device is termed as Fabry
Perot Etalon. Such a static FP creates a circular
interference pattern and its ring structure of it
carries the spectral information of the incident
light. Another class of a Fabry Perot is the scanning Fabry Perot (SFP). In this case the mirrors
are separated, whereby one mirror is mounted
to an element which periodically moves the
mirror back and forth. The static Airy function which describe the transmittance of a FP
becomes now also a function of time t.
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F stands for the finesse, λ for the wavelength, n
for the index of refraction of the media between
the mirror and L as distance of the two mirrors.
The modulation of the length L(t) is usually

done with a PZT the length of which changes
depending on the applied voltage. The transmission becomes maximum if the sin2 term in
the Airy function is zero. This is the case for
L(t)=N·λ/2, whereby N is an integer number.
The range for N → N+1 is the range between
two consecutive transmission peaks and is
called free spectral range (FSR).
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We are using δν as frequency rather than δλ because it is more convenient. The FSR is a very
important value as it allows the calibration of
the time axis of the graph of Fig. 2.20. The finesse F is determined as FSR/FWHM and its
value is a parameter for the resolution of the FP.
The finesse of a FP depends on the reflectivity of the mirror. However the flatness of the
mirrors are even more important. In practice
it turns out that the use of flat mirrors creates
some disadvantages.

termined and is used to calibrate the horizontal
axis of the oscilloscope as the distance of two
recurring peaks (Fig. 2.20). The mode spectra
of the DPSSL - Laser is measured and interpreted by this method. Surprisingly, the green emitting DPSSL emits a very pure single mode if the
temperature and injection current are properly
controlled. In addition, an optional two mode
HeNe probe laser can be used to measure the
mode spacing with the SFP. Some parts of this
experiment can also be used in connection with
the experimental HeNe-Laser, to demonstrate
the single mode operation, when an etalon is
used inside of its cavity. By tuning it, even the
gain profile of the HeNe-laser can be measured.
PD Signal →
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Fig. 2.20: Typical SFP measurement
Firstly, the alignment of absolute parallelism
of both mirrors is hard to achieve and secondly
the flatness of the mirror must be very accurate
(better than λ/10). The case (B) of Fig. 2.19
shows the setup for such a plane mirror SFP.
To reduce the limiting effect of the flatness imperfections, the beam of the probe laser is expanded (La and Lb). To dilute the high demand
for precise alignment a SFP with spherical mirror is used. Due to the curved mirror the photons are redirected to stay inside the SFP. For
a plane mirror already a small deviation of the
parallel aligned mirrors lets the photons leave
the cavity after a couple of round trips. In case
(A) of Fig. 2.19 such a spherical SFP is shown.
The best results are obtained if the mirror are
positioned such that their distance L=R (confocal). Since mirror M1 acts as concave lense
the mode matching lens (L1) compensates this
effect. As for all spherical cavities higher transverse modes can occur, thereby falsifying the
measurement. The transverse modes vanish if
the distance L is exactly aligned to R. For this
purpose M1 is mounted onto a precise translation element which can be varied by a few mm.
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Perot consisting of (10) and (9). In (10) the mirror (16) is mounted and in the PZT of (9) the
mirror (14) is mounted. The distance of the mirror should be exactly 75 mm which is the radius
of curvature of the mirrors (15 and 16). A
coarse alignment is done by using the ruler attached to the rail (11). While observing the occurring interference structure on the translucent screen (8) the adjustment of the Fabry
Perot is improved. To align the distance of the
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Fabry Perot with white screen to visualise static
interference pattern
The experimental work may start with the static
Fabry Perot: that means the PZT is not active.
In a first alignment step, the beam of the probe
laser is aligned collinear to the mechanical axis
of the setup. As visual aid the biconcave lens
(12) and the translucent screen (8) are used. The
beam of the green probe laser (6) passes the
mode matching lens (14) and enters the Fabry

Dynamic Fabry Perot
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Fabry Perot with photodetector to take the dynamic interference pattern
By exchanging the expanding lens (12) with the
focusing lens (13) with a focal length of 60 mm
and replacing the translucent screen with the
mounting plate (7) including the photodetector
(5) the setup is ready for dynamic measurements. The photodetector is connected to the
controller (4) which also contains the controller
for the PZT. The amplified photodiode signal
from the controller is connected via the provided BNC cable to an oscilloscope (22). In the
same way the PZT voltage signal is connected
to the second channel of the oscilloscope and
serves also as trigger source. At the beginning
a modes spectrum shown in Fig. 2.21 will be

7

9
7

obtained. It shows a number of transverse extra
peaks beside the main longitudinal mode. The
transverse modes do not stem from the probe
laser, they are eigenmodes of the Fabry Perot.
These modes vanish once the confocal case is
aligned and the cavity axis is collinear to the
incident probe laser beam. The Fig. 2.22 shows
the oscilloscope image of a well aligned confocal Fabry Perot. The FSR δν for the confocal
Fabry Perot is given by δν=c/4R which yields
for a radius of curvature R=100 mm of the mirror of a value 750 MHz. From Fig. 2.22 we further estimate the finesse of about 50 and a line
width (FWHM) of 15 MHz. From this point we
can conclude, that the line width of the probe
laser is ≤ 15 MHz. The coherence length Lc of

LM-0300 Fabry Perot Spectrum Analyser consisting of:

Item
Item
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

a laser source is related to Lc=c/Δν with c as
speed of light and Δν the line width yields 20
metre, which is an astonishingly large value for
a green laser pointer!
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mirror to reach the confocal case, the precision
translation of (10) is used. By turning the knob
the mirror is precisely moved back or forth. The
confocal case is achieved when the interference
pattern shows the highest contrast and clarity.
Photographs of the pattern can be taken from
the rear of the translucent screen. Static pattern
tell a lot about the Fabry Perot as well as about
the mirror quality. The figure below has been
taken from the translucent screen. Some areas
are showing a dark
structure interrupting
the regular circular image which is due to surface deviations of the
spherical mirror from a
perfect sphere. Due to the huge number of reflexions even very small deviations will create
such visible contrast deformations.

PD signal

Static Fabry Perot

Code
Qty. Description
Details page
Code
Qty. Description
Details page
CA-0080
1 Optics cleaning set
127 (12)
CA-0450
3 BNC connection cable 1 m
130 (28)
DC-0010
1 Diode laser controller MK1-HP
121 (1)
DC-0070
1 Piezo controller 0-150V
122 (9)
DC-0120
1 Si-PIN Photodetector, BPX61 with connection leads
123 (14)
LQ-0040
1 Green (532 nm) stabilized Laser, 40 mW
119 (3)
MM-0020 3 Mounting plate C25 on carrier MG20
93 (1)
MM-0110
1 Translucent screen on carrier MG20
94 (10)
MM-0500 1 Piezo transducer 10µ/150V in kinematic mount
97 (34)
MM-0510
1 Kinematic mount with axial translation on MG30
98 (36)
MP-0100
1 Optical Bench MG-65, 1000 mm
92 (4)
OC-0005
1 Biconcave lens f=-5 mm, C25 mount
98 (1)
OC-0060
1 Biconvex lens f=60 mm in C25 mount
99 (5)
OC-0152
1 Biconvex lens f=150 mm in C25 mount
99 (11)
OC-1096
1 Laser mirror M12, ROC 75 mm, T 4% @ 532 and 632 nm 106 (70)
OC-1098
1 Laser mirror M22, ROC 75 mm, T 4% @ 532 and 632 nm 106 (71)
UM-LM03 1 Manual Fabry Perot Resonator
Option (order separately)
18 LM-0310
1 Fabry Perot Advanced Accessories Upgrade Kit
44
19 LM-0330
1 Two Mode HeNe Laser Extension Kit
45
Required Option (order separately)
20 CA-0200
1 Oscilloscope 100 MHz digital, two channel
128 (19)
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Fig. 2.21: Mode spectrum with transverse
modes
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Fig. 2.22: Pure Single mode spectrum of the
green probe laser

Highlights
Premium class experiment
Use of high precision DPSSL
Precise confocal adjustment
Low voltage prestressed PZT
Two wavelength 532 and 632 nm operation
Static transverse modes pattern
Intended institutions and users:
Advanced
Physics Laboratory
Engineering department
Electronic department
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LM-0310 Fabry Perot Advanced Accessories Upgrade Kit

This upgrade kit adds an achromatic lens
(1) which in combination with the “OC-0005
Biconcave lens f=-5 mm, C25 mount” and respective mounts becomes a 6 x beam expander.
Such an expander is required when using the
Fabry Perot with flat mirrors. Without such an

expander sufficient finesse is not obtained.. For
the experiments with flat mirrors the items (4)
and (5) are needed. The mirrors (2, 3) have a
radius of curvature of 100 mm resulting in a
free spectral range of 750 MHz. It should be
noted that the two modes of the HeNe-laser

Laser Application

LM-0310 Fabry Perot Upgrade Kit consisting of:

Item
1
2
3
4
5

Code
OC-0120
OC-1010
OC-1012
OC-1090
OC-1094

Qty.
1
1
1
1
1

Description
Details page
Achromat f=20 mm in C25 mount
99 (8)
Laser mirror M22, ROC 100 mm, T 4% @ 532 & 632 nm 106 (72)
Laser mirror M12, ROC 100 mm, T 4% @ 532 & 632 nm 104 (60)
Laser mirror M22, ROC flat, T 4% @ 532 and 632 nm
105 (68)
Laser mirror M12, ROC flat, T 4% @ 532 and 632 nm
106 (69)

with its mode spacing of 730 MHz will not be
resolved when operating the Fabry Perot with
this mirror. The reason to use this mirrors is to
challenge the students and give a more deeper
understanding of a Fabry Perot.
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LM-0330 Two Mode HeNe Laser Extension Kit
4

6
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Two Mode HeNe - Laser
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Mode Spacing 730 MHz
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Fig. 2.23: HeNe-laser gain profile

Measurements with the HeNe Laser

The extension kit comes with a two mode
HeNe-laser (2) which is mounted into the two
XY fine adjustment holder (4). Soft silicon rubber O-rings keep the HeNe-laser tube in position allowing beside the XY translation also a
tumbling motion. The necessary high voltage
for the operation of the HeNe-laser is provided
by the power supply (1). Due to the larger dimensions of the HeNe-laser a 1000 mm long
optical rail (5) is provided. For the demonstration of the linear and orthogonal polarised
modes a polarizer and a holder with a scale is
provided All other components are the same as
used within the LM-0300 Fabry Perot experiment (42). The mirrors are coated for 532 nm
as well as for 632 nm thus there is no need for
∂ν = 1GHz

Linear Polarisation
Transverse Fabry Perot Modes

The Helium Neon laser provides highly coherent and stable emission. This kit is intended as
extension of the Fabry Perot LM-0300 which
comes with a highly coherent DPSSL. The
length of the HeNe-laser tube is designed in
such a way that only two linearly polarised
modes are emitted. The mode spacing is 730
MHz and the modes are orthogonally polarised
to each other. By means of an external polarizer
one of the modes can be completely suppressed
resulting in a single mode emission with high
coherence length. During the warm up of the

laser tube the modes are sweeping while changing their intensity due to the Doppler broadened
gain profile (Fig. 2.23). By recording a range of
oscilloscope tracks the gain profile can be determined as well. Even without using the PZT
some important static patterns of the Fabry
Perot can be recorded. In this case the translucent screen is used and with a digital camera
the created patterns are photographed. In this
way the transversal modes of the Fabry Perot
are taken and the surface quality of the spherical mirrors evaluated.

extra mirror to operate the Fabry Perot with
the red line of the HeNe-Laser. Once aligned,
a mode spectrum as shown in Fig. 2.24 is obtained. The spectrum has been taken with the
75 mm mirror set. Consequently the free spectral range (FSR) is 1 GHz. A pair of modes appear and depending on the warm-up state of the
laser tube these modes are wander and change
their amplitude. Two different mode spacings
Δν can be identified:
Δν1 = 295 MHz and Δν2 = 729 MHz
At this point it becomes clear that a Fabry Perot
cannot measure absolute values and one has
to know something more about the probe laser. The HeNe-laser has a Doppler broadened
profile with a gain width of 1.5 GHz (Fig. 2.23).
With the Fabry Perot we observe only two

modes. If we assume the mode spacing Δν1 is
the correct one, then we have to expect 5 modes
(1.5 GHz / 0.295) which obviously is a contradiction to the measurement. Actually Δν2 is the
correct value, indeed the manufacturer specifies 730 MHz.
∂ν = 1GHz
Δν1

Δν2

Fig. 2.24: Spectrum for 75 mm mirror
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Fig. 2.25: Mode suppressing with a
polarizer

Fig. 2.26: Mode spectrum with flat mirror
and expanded probe laser beam

Since the two modes are orthogonally polarized
a polarizer in front of the HeNe-laser blanks
one mode. Fig. 2.26 shows the spectrum of the
HeNe-laser with a flat mirror FP. To achieve a
passable finesse the use of the beam expander
is required.

Some other interesting measurements can be
performed using the static Fabry Perot. Picture
A in Fig. 2.27 appears for the Fabry Perot adjusted to the confocal distance. Dark zones are
originating from deviation of the mirror from a
perfect sphere.

LM-0330 Two Mode HeNe Laser Extension Kit consisting of:

Item
Code
Qty. Description
1
DC-0062
1 High voltage supply 5 mA
2
LQ-0300
1 Two mode HeNe laser Ø30 housing, 632 nm
3
MM-0024
1 Mounting plate C25-S on carrier MG20
4
MM-0470
2 XY mount, soft ring 30 mm, on MG20
5
MP-0100
1 Optical Bench MG-65, 1000 mm
6
OC-0710
1 Polarizer in C25 mount

Details page
122 (7)
120 (14)
93 (2)
97 (30)
92 (4)
102 (34)

Non Confocal Alignment
Fig. 2.27: Static mode pattern
Figures B, C, D and E are showing the transverse modes of the non confocal adjusted Fabry
Perot. In B the fundamental mode TEM00 and in
E the so called doughnut mode is visible.

Highlights
Premium class  experiment
Stable two mode HeNe-laser
Demonstration of transverse modes
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