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Who we are:

In 1990 Dr. Walter Luhs created the idea of experimental laser for the education of students at universities and
related educational bodies. The picture above shows the vintage picture of the first Nd:YAG experimental laser of
1991. In a short time an open frame Helium Neon laser followed and a few experiments related to fibre optics. In
1991 Mukul Goyal of the Indian company ALKAAD acquired the exclusive sales right for India.
From that time on a trustworthy joint manufacturing grew, which finds its culmination in the issue of this catalogue
with more than 40 exciting experiments as a result of technical proficiency and market feedback.
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We combine the strength of our cultures and scientific gifts of our nations to serve in the field of practical education
in Photonics and Laser technology worldwide.
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LE-0100 Emission and Absorption

How it works

Introduction Keywords

Laser Experiments
Optical Pumping
Absorption Spectra of Nd:YAG
Spontaneous Emission

Diode Laser
Lifetime of Excited States
Real Time Fluorescence Spectra

Optical pumping is a process in which an electron of an atom or a molecule is
excited (or “pumped”) from a
lower to a higher energy level.
Within this experiment we are using as pump light source a diode
laser and Neodymium (Nd) atoms which are
hosted in a crystal lattice formed by an Yttrium
Aluminium Garnet (YAG). This material (abbreviated Nd:YAG) is one of the most important
laser materials. At the beginning Nd:YAG has
been pumped by flash lamps. To improve the

Nd:YAG Crystal
Einstein Coefficient

efficiency, diode lasers are used whose emission wavelength is almost completely absorbed
whereby the light of the flash lamps to an extent
of only about 5%.
The experiment provides a diode laser which is
mounted onto a Peltier element. Changing the
temperature tunes the wavelength of the diode
laser with 0.25 nm / °C. Within the temperature range of 10 - 60°C a spectral range of 12.5
nm is covered allowing the measurement of the
spectral absorption of the Nd:YAG crystal. By
using the well known absorption peaks of the
Photodetector

Laser Diode

C
Fig. 2.1: Measuring the output power
Laser Diode

L

Photodetector

Nd:YAG crystal
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Fig. 2.2: Absorption Measurement
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Fig. 2.3: Fluorescence Measurement
The laser diode emits a wavelength of 808 ±3
nm and is mounted onto a Peltier element al-

lowing the temperature to be varied from 10
to 50°C to study the thermal effect on the la-

Nd:YAG, the emission wavelength of the diode
laser is determined. Furthermore, the injection
current of the diode laser can be periodically
be switched on and off to allow the recording
of the temporal decay of the fluorescence of
the Nd:YAG crystal with an oscilloscope. The
inverse value of the measured lifetime is the
Einstein coefficient for spontaneous emission.
By means of the optional spectrometer the
fluorescence spectrum of the Nd:YAG crystal
as well of the diode laser can be recorded and
printed.
ser properties. A change the temperature affects the emitted wavelength as well as the
output power. The setup as shown in Fig. 2.1
measures the relative output power of the laser
diode versus the injection current with the temperature as parameter. The beam divergence is
controlled by the collimating lens (C) and is set
to a suitable intensity without saturating the
photodetector.
The setup according to Fig. 2.2 is used to measure the spectral property of the laser diode using
the well known absorption lines of a Nd:YAG
crystal. In this arrangement a focusing lens is
added to create a tight focus inside the Nd:YAG
crystal. The photodetector sees the unabsorbed
pump light as well as the created fluorescence.
However, its intensity is comparably small and
will not affect the measurement.
In the setup of Fig. 2.3 a filter is added which
blocks the pump radiation and only the fluorescence will be seen by the photodetector.
Furthermore, the injection current of the pump
laser is modulated and allows the measurement
of the temporal build up and decay of the fluorescence using an oscilloscope. From the results the important lifetime of the excited state
is determined. The inverse value is also defined
as Einstein coefficient for spontaneous emission.

Description of the components

The laser diode (14) is connected to the controller (4) which is used to set the injection current,
the temperature, the modulation frequency as
well as duty cycle. Depending on the experimental requirement the radiation of the diode
laser (14) is collimated (10) and focused (11). To
study absorption and emission effects by optical pumping a Nd:YAG rod (12) is used. A filter
(13) blocks the pump radiation and passes the
created fluorescence light which is detected by
the photodetector (5). The photo current is converted into a voltage by the signal box (6). At
the rear this signal is available and can be measured either by the provided digital voltmeter or
for faster signals with the optional oscilloscope
(16). For the initial alignment a crossed hair target is used to align (10) the collimated beam of
the diode laser (14) with respect to the optical
axis of the optical bench (10).
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Measurements
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Fig. 2.4: Diode laser power versus injection
current and temperature
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Fig. 2.5: Absorption versus diode laser
temperature or wavelength

Fig. 2.6: Measure the life time of the excited
state
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Fig. 2.7: Measure the fluorescence decay
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Fig. 2.8: Taking the absorption spectrum

Fig. 2.9: Taking the fluorescence spectrum
The optional spectrometer (17) can also be used to
measure the absorption spectrum of the Nd:YAG
rod (12). For this purpose a white light spectrum
from the daylight or a tungsten desktop lamp is
taken as reference. By placing the Nd:YAG rod
with its holder (C) into the provided adapter (B)
the resulting spectrum is recorded and divided
subsequently by the reference spectrum to obtain
the net transmission. Applying the relation T=1-A
where A is the absorption and T the transmission
we obtain the absorption spectrum of the Nd:YAG
rod as shown in Fig. 2.11.

LE-0100 Emission, Absorption & Optical Pumping consisting of:

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

Code
Qty. Description
CA-0060
1 Infrared display card 0.8 -1.4 µm
CA-0220
1 Multimeter 3 1/2 digits
CA-0410
1 BNC - banana adapter cable, 1m
DC-0040
1 Diode laser controller MK1
DC-0120
1 Si-PIN Photodetector, BPX61 with connection leads
DC-0380
1 Photodetector Junction Box ZB1
MM-0020 3 Mounting plate C25 on carrier MG20
MM-0060 1 Filter plate holder on MG20
MM-0100
1 Target Cross in C25 Mount
MP-0150
1 Optical Bench MG-65, 500 mm
OC-0060
1 Biconvex lens f=60 mm in C25 mount
OC-0550
1 Nd:YAG rod in CR25 mount
OC-0950
1 Filter RG1000 50x50x3 mm
OM-L500
1 Diode laser module 808 nm on C20
UM-LE01
1 Manual Emission and Absorption
Option (order separately)
CA-0200
1 Oscilloscope 100 MHz digital, two channel
CA-0270
1 Fibre coupled spectrometer 200 - 1200 nm, USB

Details page
127 (10)
129 (21)
130 (27)
121 (4)
123 (14)
125 (30)
93 (1)
94 (7)
94 (9)
93 (8)
99 (5)
102 (33)
104 (54)
118 (55)
128 (19)
129 (26)
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Fig. 2.10: Emission spectrum
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Fig. 2.11: Absorption spectrum

Highlights
Basic, advanced, and top level 
experiments
Outstanding features for fundamental
quantum optics:
 Einstein coefficient
 Lifetime of excited state
 Fluorescence spectrum
 Absorption spectrum
Intended institutions and users:
Physics Laboratory
Engineering department
Electronic department
Biophotonics department
Physics education in Medicine
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LE-0300 Helium Neon Laser

Introduction

The humble Helium Neon (HeNe)
laser still has many applications,
due to its superior beam quality and coherence. In all physics
text books this laser represents
the class of the gas laser and was the first gas
laser invented by Ali Javan in 1960 right after
Theodore Maiman demonstrated the first operation of the ruby laser. Since the HeNe laser
was continuously operating and easy to build in
a laboratory, it served as specimen for a lot of
scientific work and proof for theoretical predictions. It starts with the theory of optical resonator, Doppler broadened laser active material in
a cavity, spectral hole burning (Lamb dip), single mode operation, coherence and intra-cavity

How it works

Keywords

Laser Experiments
HeNe Energy Level Diagram
Optical Stability Criteria
Gaussian Beams
Birefringent Filter
Free Spectral Range

Brewster Window

ABCD Law & Resonator
Cavity Alignment
Line & Mode Selection
Single Mode Etalon
Lamb Dip

absorption (inverse Lamb dip) just to name a
of an etalon used inside the cavity are investifew. For technical applications the HeNe laser gated. A photo detector for measuring the relais still in use due to its outstanding beam qual- tive output power and an alignment laser are
ity and coherence as secondary meter standard
supplied with a 1 metre long optical rail, along
and is present in each air plane or ship as la- with all necessary mounts and adjusters.
ser gyroscope for navigation. This experiment
For the visualisation of the mode structure a
is designed as an open frame setup in such a „Fabry Perot“ extension is available or an elecway that all components can be arranged freely
tronic spectrum analyser is used to measure the
on a stable optical rail. A Helium Neon tube
modes beat frequency. The optical resonator is
with Brewster windows on both ends is used to
formed by two precision adjustment holders for
perform a variety of fundamental experiments. common 1/2 “ exchangeable mirrors having difVerification of mode selection properties, the
ferent radii of curvature. For ease of adjustment,
optical stability range and the ABCD matrix at the beginning a “green” pilot laser is attached
formalism of the cavity used are discussed. A as an alignment aid. The laser tube is mounted
birefringent filter as well as a Littrow prism is
into XY-adjustments to align the tube with reused for the wavelength selection and the effect
spect to the pilot laser.
Brewster Window

M1

M2

Fig. 2.12: Open frame Helium Neon laser
M1

Optical Gain
Output Power, Discharge Current
Crystal Optics
Spectrum Analyser
Longitudinal and Transverse Modes

M2

tilt
Etalon

Fig. 2.13: Adjustable etalon for single mode operation

M1

M2

Littrow Prism

Fig. 2.14: Line selection with a Littrow prism
M1

rotate

M2

Birefringent plate

Fig. 2.15: Line selection with a birefringent plate

A glass tube terminated on both sides with Brewster windows contains an
optimised mixture of Helium and Neon gas. The mirror M1 and M2 form
the optical cavity or resonator. The Brewster windows prevent reflection
losses and force the laser to oscillate in linear polarisation. The cavity
can be setup as hemispherical, spherical and concentric.
The gain profile of gas laser are Doppler broadened resulting in general in
multimode oscillation. An uncoated cylindric glass body with precisely
parallel ground surfaces forms a Fabry Perot etalon. Its length is chosen
in such a way, that the superimposition of the laser modes and the etalon
modes allows only one mode to oscillate

A Littrow prism is a combination of a prism and a mirror and is shaped such
that the laser beam enters the prism under the Brewster angle and hits the
mirror (M2) at the rear side exactly under 90°. This is fulfilled for one wavelength only. For another one, the prism needs to be tilted accordingly.

By rotating the birefringent plate, its optical retardation δ is changed. If
the retardation of two passes is a multiple integer of the wavelength λ,
this wavelength undergoes no losses at the Brewster window and will
oscillate. All other possible lines will be elliptically or circular polarised
and the losses at the Brewster prevents their laser oscillation.
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Fig. 2.17: Line tuning with Littrow prism
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M2

Fig. 2.18: Line tuning with birefringent
tuner (BFT)
M2
E

Fig. 2.19: Single mode etalon
Commonly, gas laser oscillate due to the
W

L

of

the

components

The basic experiments like
1.
Cavity alignment
2.
Power measurement
3.
Stability criteria of a hemispherical cavity
4.
Gaussian beam diameter distribution
are performed with the basic setup. A green pilot laser (7) is mounted
into a 4 axes adjustment holder (10) and in combination with the adjustable iris (14) the optical axis is aligned with respect to the mechanical
centre line.

Fig. 2.16: Fundamental setup

L

description

S

Fig. 2.20: Excitation of transverse modes
Setting up a nearly concentric cavity by using
two mirrors with radii of curvature of 700 mm

A way to select different lines of a laser is to
use a Littrow prism. Within this experiment
we are using such a module to tune the lines
of the Helium Neon laser. The Littrow prism is
made from fused silica which is the required
substrate for IBS (Ion Beam Sputter) coating.
The spectral range of the IBS coating covers
580..720 nm with a reflectivity of >99.98 %.
The prism is mounted into a precise adjustment
holder where it can be smoothly tilted in verti-

cal or horizontal direction.
The prism is used instead of the left mirror
(11,15). Before the setup is modified for the
Littrow prism experiments, the Littrow prism
is adjusted by using the output beam of the still
running HeNe laser. After that, the left mirror
with its adjustment holder (11,15) is removed
and the laser continues to oscillate with the
Littrow prism as mirror M1 (see the principle
as shown in Fig. 2.14.

Another way to select different lines is done by
using a birefringent optical plate inside the cavity. The birefringent plate is set to the Brewster
angle (57°) and placed in front of mirror M2.
When rotating the birefringent plate by tilting
the lever (L) laser emission should occur. If
not lift the lever up and down while adjusting
the knob A to compensate the beam deviation
caused by the quartz plate. Then gently tune to

the maximum of performance and optimise the
alignment of the mirror M2. By tilting the lever
some other wavelength should show up. In total
5 different lines will be observed.
It will be noted that the line selection with a
BFT requires no change of the geometrical
path of the laser cavity as it is the case with the
Littrow prism.

Doppler broadening of the laser transitions on
many longitudinal modes. To force the operation on only one longitudinal mode an etalon
(E) is inserted into the cavity. It consists of a
quartz cylinder with its end faces ground precisely parallel within a few arc seconds. The
length is designed so that the convolution of its
free spectral range with the Helium Neon laser
cavity favours only one mode. The alignment
is quite simple, before the etalon is placed into
the cavity, it is aligned out side the cavity (be-

hind M2) by using the laser output as alignment
beam. The etalon is aligned perpendicular to
the laser beam. Once inserted inside the cavity
laser oscillation should continue. If not, small
alignments of the fine pitch screws lets the laser
flash up and further alignment comes to a stable oscillation again. The etalon is then tilted by
turning let’s say the screw for vertical tilt. The
laser oscillation ceases, but turning further the
laser starts to oscillate again and the etalon is
tilted to its first order.

(16) and positioning the laser tube in the centre
of both mirrors one can observe a multitude on
non-axial, or transverse modes. For better viewing the laser beam is expanded by the lens (L) and
imaged on a translucent screen (S). To get a better
mode separation and a clearer image a wire (W)
is inserted into the cavity which can be rotated
and adjusted in X and Y direction. Depending on
the adjustment state, position of the tube and of
the wire a great variety of transverse modes can
be observed, even the famous doughnut mode.

Fig. 2.21: Photographed transverse modes
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Multimode emission consists of a number of simultaneously oscillating longitudinal modes with a frequency difference δν to each other,
which depends on the cavity length L as δν=c/2L. For a length L of 0.75
m and the speed of light c, this frequency difference will be 200 MHz.
The experiment comes with a fast photodetector (P). Connecting the
photodetector to an electronic spectrum analyser this beat frequency
appears as a strong peak on the analyser.
Depending on the number of oscillating
longitudinal modes, multiples of the beat
frequency will be observed. The number
of harmonics tells us on how many modes
the laser is oscillating. The gain bandwidth
of the Helium Neon laser is 1.5 GHz. Under
ideal conditions a cavity with a free spectral range of 200 MHz can have
7 to 8 modes. Since modern spectrum analysers with a range of 1 GHz
are economically available, this method of measuring the beat frequency
is very attractive

P

Fig. 2.22: Mode beat frequency measurement

P

F1

F2
M1

PZT

Fig. 2.23: Measuring the mode spectrum
with the Fabry Perot Extension LE-0350

P
M1

PZT

Fig. 2.24: Power intensity profiles, Lamb dip

The classical way to measure the mode spectrum of a laser is to use a Fabry Perot. Such a
Fabry Perot (FP) consists of two curved mirrors (F1 and F2) and are operated in the confocal configuration. One of the mirrors (F2) is
mounted to a piezoelectric transducer (PZT).
A triangular voltage applied to the PZT moves
the mirror periodically forth and back. Each
time the wavelength fits to the free spectral

range of the FP it becomes transparent and the
photodetector detects the change of intensities. Each peak of the oscilloscope represents a
mode of the laser. The FP is placed behind the
flat mirror (M1) of the Helium Neon laser cavity. For this experiment a mirror with a output
coupling of 3% is used to increase the intensity
for the FP. Otherwise the signal behind the FP
is too close to the noise figure.

A great extension to the Helium Neon laser experiments is a PZT to which one of the cavity
mirror (M2) is attached. This allows the scanning of the cavity length periodically by some
orders. The provided photodiode (P) detects the
intensity changes of the HeNe laser during the
scanning. Both signals, the PZT voltage and the
photodiode signal are shown simultaneously on
an oscilloscope whereby the PZT signal is used
as trigger signal. Since the PZT movement follows almost linearly the PZT voltage the time
axis of the oscilloscope track is equivalent to

cavity resonance frequency. In case this frequency equals a multiple integer of half of the
laser wavelength the laser starts to oscillate.
The signal of the photodiode shows the power
profile of such a mode as function of the cavity frequency. In this way the famous Lamb dip
can be measured and displayed.
Furthermore this way of scanning the Helium
Neon laser cavity provides information of the
gain bandwidth as well the number of actual
lasing modes. A great idea to scan the Helium
Neon laser cavity!

LE-0300 HeNe-Laser, advanced consisting of:

Item
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

Code
Qty. Description
CA-0080
1 Optics cleaning set
CA-0220
1 Multimeter 3 1/2 digits
DC-0060
1 High voltage supply 4.0 - 7 mA adjustable
DC-0140
1 Mini SiPIN photodetector with connection lead
DC-0380
1 Photodetector Junction Box ZB1
LQ-0030
1 Green (532) pilot laser25 with USB power supply
MM-0020 1 Mounting plate C25 on carrier MG20
MM-0230
1 Photodetector mount on rotary arm on MG20
MM-0420 1 Four axes kinematic mount on carrier MG20
MM-0460 1 Kinematic mirror mount M16, left
MM-0462 1 Kinematic mirror mount M16, right
MP-0100
1 Optical Bench MG-65, 1000 mm
OC-0400
1 Adjustable iris mounted in C25
OC-1000
1 Laser mirror M16, flat, T 3% @ 632 nm
OC-1005
1 Laser mirror M16, flat, HR @ 632 nm
OC-1020
1 Laser mirror M16, ROC 700 mm, HR @ 632 nm
OC-1030
1 Laser mirror M16, ROC 1000 mm, HR @ 632 nm
OM-0560
1 HeNe laser tube with XY and wobble alignment
OM-0570
1 Littrow Prism Tuner
OM-0580
1 Birefringent Tuner
OM-0590
1 Single Mode Etalon with kinematic mount
OM-0596
1 Transverse Mode Enhancer
UM-LE03 1 Manual HeNe Laser
Option (order separately)
CA-0060
1 Infrared display card 0.8 -1.4 µm
CA-0200
1 Oscilloscope 100 MHz digital, two channel
CA-0210
1 Spectrum Analyzer 100 kHz - 500 MHz
CA-0270
1 Fibre coupled spectrometer 200 - 1200 nm, USB
CA-0510
1 Laser safety goggles 632 nm
DC-0120
1 Si-PIN Photodetector, BPX61 with connection leads
LE-0350
1 HeNe Fabry Perot Mode Analyser
OC-1040
2 Laser mirror M16, ROC 700 mm, HR @ 1180 nm
UM-LM03 1 Manual Fabry Perot Resonator

Details page
127 (12)
129 (21)
122 (6)
123 (16)
125 (30)
118 (2)
93 (1)
95 (18)
96 (24)
96 (28)
97 (29)
92 (4)
100 (19)
104 (57)
104 (58)
105 (61)
105 (62)
113 (25)
114 (26)
113 (24)
114 (28)
114 (29)
127 (9)
128 (19)
129 (20)
129 (26)
130 (29)
123 (14)
132 (1)
105 (63)

Highlights
Basic, advanced, and top level 
experiments
Outstanding features for a Helium Neon
Experimental Laser:
 Scanned Laser Cavity
 Power Profile
 Lamb Dip
 Beat Frequency Measurement
 Excitation of transverse modes
Intended institutions and users:
Physics Laboratory
Engineering department
Electronic department
Biophotonics department
Physics education in Medicine
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Inversion in Semiconductors
Spatial Intensity Distribution
Polarisation Properties

Laser diodes differ from most “classical” lasers
in two distinct ways:
Firstly, they do not posses an inherently defined wavelength. Instead of two defined energy levels, the lasing transition occurs between
two energy bands.
Secondly, the pn junction of the diode defines
the lasing volume, instead of the resonator in
a classical laser.
These experiments investigate
the variation of the emitted laser
wavelength versus temperature
and current. The divergence and
polarisation of the laser emission

are examined. The set-up comprises a modern
30 mW green (525 nm) emitting laser diode,
with integrated Peltier cooler, mount and driver.
Collimating optics, lenses and a polarisation
analyser are provided, along with a photodiode
detector. A spectrum analyser is available as an
option. All optical mounts and positioners are
included. The laser diode is mounted in a rotational stage which allows the independent rotation around the beam propagation axis as well
as perpendicular to this axis to measure the spatial distribution of the emitted laser light. The
polarisation for different values of the injection
current is analysed by means of a polarizer.

Coaxial rotation

Green Laser Diode

Photodiode

Horizontal rotation

A

Laser Diode

B

Collimator

Types of Laser Diodes
Spectral Properties

CYL-01

CYL-02

The spectrum analyser will be used to measure the change of wavelength by varying the
temperature and injection current. The shift is
app. 0.05 nm per °C. The temperature range of
the diode laser controller can be varied from
10 to 60° C which results in a shift of 2.5 nm.
Temperature and injection current are stabilised and displayed by the controller. The use
of an oscilloscope is recommended to suppress
disturbing environmental light. In this case
some of the measurements are carried out with
modulated diode laser light.

A laser diode emitting visible green radiation at
a wavelength of 525 nm is used as probe laser.
The laser diode is attached to a Peltier cooler
which allows a controlled temperature change
from 10-50 °C. Furthermore, the injection
current can be set from zero to the maximum
permissible value. The laser diode and the attached Peltier cooler are integrated into a round
housing which is mounted into a twofold rotary
stage for horizontal and coaxial rotation. This
allows the measurement of the spatial intensity
distribution of the emitted visible green light.
The incident light from the laser diode is detected and measured with a fixed photodiode.
The emission of a laser diode is in general
strongly divergent and asymmetric concerning the spatial propagation. The light appears
to have two points of origin (astigmatic difference) and two orthogonal axes, each with different divergence. Most application however,
require a round beam. To achieve this, a pair
of cylindrical lenses are used as shown in the
figure on the left. The case (A) shows the collimation of one direction using the collimator
to create an almost parallel beam which is not
affected by the cylindrical lenses. The orthogonal emission direction (B) is treated by the cylindrical lenses to obtain an almost round beam

How it works

Fermi Distribution
Green (525 nm) Laser Diode
Beam Shaping

Introduction Keywords

Laser Experiments

LE-0400 Diodelaser
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Fig. 2.25: Setup to characterise the green laser diode
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Fig. 2.26: Wavelength versus temperature
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Fig. 2.27: Spatial intensity distribution
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The green laser diode is mounted into the twofold rotary unit (14). It can be rotated around
its horizontal as well as coaxial axis. At the
beginning the horizontal angle of the laser diode is set to zero, the diode laser illuminates
the photodetector (6) fully. In this arrangement
the output power versus the injection current is
measured with the temperature as parameter.
The temperature can be set by the MK1 controller in a range from 10 to 50°C and the injection current from zero up to the maximum
permissible value for the laser diode. Each laser
diode contains an EEPROM in its connector
where these values are stored. Once connected
to the MK1 controller the values are read and
the maximum current is limited to it. Even
more, these values are displayed by request on
the MK1 controller’s touch display. In the same
setup the optional spectrum analyser is applied.
The fibre adapter is clicked into the mounting
plate instead of the photodetector. For different
temperatures the spectral curves are recorded
and the wavelength change dλ/dT determined.
In addition the wavelength change dλ/dI versus
the injection current for a fixed temperature is
determined.

The setup shown in Fig. 2.28 is used to measure the polarisation of the green laser emission.
The polarisation analyser (13) is placed onto the
optical bench (10) between the laser diode (14)
and the photodetector (6). The detector is connected to the junction box (7) where the photocurrent is converted into a voltage and measured by the provided multimeter (3).

Fig. 2.28: Setup to measure the polarisation of the laser diode
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Fig. 2.29: Setup for beam collimation and shaping

LE-0400 Diode laser Characterization consisting of:

Item
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

Code
Qty. Description
CA-0060
1 Infrared display card 0.8 -1.4 µm
CA-0080
1 Optics cleaning set
CA-0220
1 Multimeter 3 1/2 digits
CA-0410
1 BNC - banana adapter cable, 1m
DC-0040
1 Diode laser controller MK1
DC-0120
1 Si-PIN Photodetector, BPX61 with connection leads
DC-0380
1 Photodetector Junction Box ZB1
MM-0020 3 Mounting plate C25 on carrier MG20
MM-0100
1 Target Cross in C25 Mount
MM-0110
1 Translucent screen on carrier MG20
MP-0150
1 Optical Bench MG-65, 500 mm
OC-0220
1 Cylindrical lens f = 20 mm in C25 mount
OC-0280
1 Cylindrical lens f=80 mm in C25 mount
OM-0400
1 Rotary Polariser / Analyser 360° on Carrier 20 mm
OM-0510
1 Diode laser head in twofold rotary mount
OM-0620
1 Collimating optics on carrier MG20
UM-LE04 1 Manual diode laser
Option (order separately)
CA-0200
1 Oscilloscope 100 MHz digital, two channel
CA-0270
1 Fibre coupled spectrometer 200 - 1200 nm, USB

Details page
127 (10)
127 (12)
129 (21)
130 (27)
121 (4)
124 (21)
125 (30)
93 (1)
94 (9)
94 (10)
93 (8)
100 (14)
100 (15)
112 (15)
113 (21)
114 (30)
128 (19)
129 (26)

The goal of this experiment is to transform the
elliptical beam of the green emitting laser diode
into the most perfect round shaped beam. This
can be done either by just the two cylindrical
lenses (12 and 13) or by the combination of the
collimator (16) and the two lenses. The result
can be seen on the translucent white screen.
The image on the rear side can be photographed
by any simple digital camera. The strategy can
be either trial and error or educated guessing.
In both cases, it is an exciting experience!

Highlights
Basic and advanced level  experiments
Outstanding features like visible green laser
diode:
 Diode laser emission
 Polarisation
 Emission spectrum
 Beam shaping
Intended institutions and users:
Physics Laboratory
Engineering department
Electronic department
Biophotonics department
Physics education in Medicine

13

Laser pulse and Peak Power
Average output power
Energy measurement

This experiment is equipped with a pulse diode laser emitting at 905 nm with a maximum
peak power of 70 W and a pulse width of 100
nanoseconds. Both, the peak power as well the
pulse width can be adjusted within a certain
range. The students will study the parameter
by displaying the timely behaviour on a digital
oscilloscope. The optical as well as electrical
discharge pulse is monitored. The diode laser
is operated by the discharge of a pre-loaded capacitor. The influence of the charging voltage
and discharge time on the emitted power is re-

Vc

Charge Circuit Laser Diode

Collimator

The pulse laser diode requires an electrical
pulse to emit a laser pulse. It cannot operate in

Polarizer

Photodetector

cw mode like other laser diodes. Their advantage is that they can deliver a peak power which

Coaxial rotation

Pulse Laser Diode

Horizontal rotation

Photodiode

corded and discussed.
The optical property of the diode laser like
spatial beam distribution is measured and with
subsequent collimation formed to an almost
parallel beam. Further on the polarisation of
the diode laser emission is measured using a
polarisation analyser.
With an optical power meter the energy per
pulse is measured in micro Joule. The energy
sensor as well as display unit are optional and
needs to be ordered extra.

is magnitudes higher than the cw power. The
electrical pulse is generated by discharging a
capacitor (closing of the switch). The capacitor
is charged (open switch) to the desired voltage
Vc. The attached controller manages the charging cycles and sets the desired voltage Vc. The
output peak power depends on the stored energy by the capacitor and the repetition rate on
the ON/OFF rate of the switch.

The pulse laser diode is built into a round housing which is mounted into a twofold rotary
stage for horizontal and coaxial rotation. This
allows the measurement of the spatial intensity
distribution of the emitted laser light. The incident light from the laser diode is detected and
measured with a fixed photodetector. The polarisation property of the laser light is measured
by placing a polarisation analyser in front of the
fast photodetector. The detector is connected to
a circuit which converts the photocurrent into
a voltage which can be displayed on an oscilloscope to observe the dynamic parameter like
repetition rate, pulse width and peak power.
An optional energy meter is available which
measures the energy of a single pulse. Using
the pulse width, the optical peak power can be
calculated.

Introduction

Continuously operating diode laser are available from a few milliwatt up to several hundreds
of watt. They can also be operated in a pulsed
mode, however the pulse power is slightly
above the continuous power. Pulsed diode laser
can only emit pulses but with extremely high
peak power in the kilowatt range in a very short
time of a couple of nanoseconds. Such diode laser are useful when a flash lamp like emission
is required like for range finder, optical time
domain reflectometer (OTDR) or light detection and ranging (LIDAR).

Types of pulsed diode laser
Repetition Rate
Polarisation Analysis

How it works

Semiconductor laser
Duty cycle
Spatial radiation distribution

Keywords

Laser Experiments

LE-0500 Pulsed Diode Laser
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Description of the components
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The arrangement shown on the left is used to
measure the spatial intensity or far-field distribution. The pulse laser diode (10) is rotated
horizontally step by step and the intensity
measured with the photodetector (4). Then the
laser is rotated by 90° around its optical axis
(coaxial) and again step by step the intensity is
recorded (see. Fig. 2.31). To measure the peak
power versus the charge voltage Vc (Fig. 2.30)
the pulse diode is directed to the photodetector.

6
4

8

Fig. 2.30: Setup to measure the far-field distribution
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Fig. 2.31: Far-field distribution
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The pulse diode laser (8) is connected to the
controller (3) which allows the setting of the
charge voltage Vc, the pulse width as well as the
pulse repetition rate. A collimator (8) is used
to control the divergence of the laser radiation
and a polarisation analyser (6) allows the measurement of the polarisation property of the laser
radiation. The photodetector (4) is connected
to the junction box (5) which converts the photocurrent into a linear voltage. The signal is
available at a BNC connector and can be displayed on an oscilloscope (11) or the provided
digital voltmeter (2). To monitor the fast signals
with rise times in the nanosecond range the
photodetector is operated with a 50 Ohms shunt.

25

Fig. 2.32: Peak power versus charge voltage

With the same setup as shown in Fig. 2.30 the
dynamic and temporal intensity of the pulse
laser diode is measured. The shunt resistor of
the junction box is set to 50 Ohms to achieve
a fast response of the photodiode. The trigger
signal from the controller as well as the photo
voltage from the junction box are connected to
the oscilloscope. The Fig. 2.33 shows the screen
dump of the measurement of the periodic time
and repetition rate of the pulse train of the laser
diode whereas Fig. 2.34 shows the resolution of
a single pulse. The electronic reference pulse
of the controller is used as trigger (blue trace).
The optical pulse (yellow trace) is analysed
with respect the width and peak value.

13
Δt

20 ns

Photodetector Response

Fig. 2.35: Measuring the energy of a single
pulse

Electronic Trigger Puls

Fig. 2.33: Pulse train of the laser diode,
measurement of the periodic time and determination of the repetition rate

Fig. 2.34: Measuring the pulse width and the
peak power

LE-0500 Pulsed Diode Laser consisting of:

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

Code
Qty. Description
CA-0060
1 Infrared display card 0.8 -1.4 µm
CA-0220
1 Multimeter 3 1/2 digits
DC-0050
1 Pulsed laser diode controller MK1
DC-0120
1 Si-PIN Photodetector, BPX61 with connection leads
DC-0380
1 Photodetector Junction Box ZB1
MM-0020 1 Mounting plate C25 on carrier MG20
MM-0410
1 Rotary Polarisation Analyzer 40 mm
MP-0150
1 Optical Bench MG-65, 500 mm
OC-0170
1 Collimator 808 nm in C25 mount
OM-0520
1 Pulsed diode laser head in twofold rotary mount
UM-LE05 1 Manual Pulsed diode laser
Option (order separately)
CA-0200
1 Oscilloscope 100 MHz digital, two channel
CA-0260
1 Laser power meter LabMax-TO
CA-0262
1 Energy sensor head 300 nJ - 600 µJ

14

Details page
127 (10)
129 (21)
121 (5)
123 (14)
125 (30)
93 (1)
96 (23)
93 (8)
99 (13)
113 (22)
128 (19)
129 (22)
129 (22)

Instead of the photodetector the optional energy sensor (14) is used in conjunction with
the display unit (13). By knowing the energy
per pulse and the pulse width, the optical peak
power can be calculated.

Highlights
Basic and advanced level  experiments,
introduction to pulse laser application
 Pulse diode laser emission
 Polarisation
 High peak power
 Far-field pattern
Intended institutions and users:
Physics Laboratory
Engineering department
Electronic department
Biophotonics department
Physics education in Medicine
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Optical pumping in conjunction
with Nd:YAG lasers is of particular interest, because these have
become widely accepted for industrial use, along with the CO2 laser.
The laser-active material which, in the case of
the Nd:YAG laser, is excited by optical pumping, consists of Neodymium atoms that are accommodated in a transparent YAG host crystal
(Yttrium Aluminium Garnet).
Whereas up to a few years ago Nd:YAG lasers
were always excited using discharge lamps, optical pumping with laser diodes is becoming
more and more significant. This is because laser diodes are available economically and they
Laser Diode

Rate Equation Model
Optical Resonator
Spiking
Laser Line Tuning

emit narrow band light at high optical powers,
which matches the energy levels of the Nd:YAG
crystal. The advantage over the discharge lamp
is that the emission of laser diodes is nearly
completely absorbed by the Nd:YAG, whereas
the very wide spectral emission of discharge
lamps is absorbed to only a small extent.
The four level system is explained, a theoretical
analysis of the Nd:YAG laser is performed, and
a rate equation model derived. The steady state
solution is presented, and the dynamic situation
considered to investigate spiking.
The experiments contains all components necessary to assemble a diode pumped Nd:YAG laser - a 1W diode with driver and Peltier controlM2

M1

C

Nd:YAG crystal
L

Fig. 2.36: Hemispherical Nd:YAG laser cavity
M1

Laser diode

C

Another concept is to use a Nd:YAG rod which
has no mirror coating. With such a rod other
cavity configurations can be realized. One of it
is the concentric cavity which uses two curved
mirror (M1 and M2) of same radii of curvature.
This concept allows a much better mode matching and gives more intracavity space for more
experimental freedom

Fi

Independent of the choice of the cavity, a
photodetector and a NIR long pass filter is used
to measure either the power of the Nd:YAG
laser or without the NIR filter the absorption
of the pump laser. With the removal of the
Nd:YAG crystal and NIR filter the radiation of
the pump laser is measured for various values
of the temperature or injection current.

Nd:YAG crystal
L

L

C
Fig. 2.38: Measurement setup

cavity lenght L
M1
Nd:YAG crystal

M2

One side of the Nd:YAG crystal is coated and
forms the first mirror (M1) for the laser cavity.
The second mirror (M2) is a curved mirror resulting in a hemispherical cavity. The Nd:YAG
crystal is pumped by the radiation of 808 nm
emitted from the laser diode. The divergent radiation is collimated (C) to an almost parallel
beam and afterwards focused (L) in such a way
that the focus lies within the Nd:YAG crystal.

M2

Fig. 2.37: Concentric Nd:YAG laser cavity

Laser diode

ler, collimating and focusing optics, Nd:YAG
crystal, laser mirrors, a photodiode detector
and all necessary mounts etc.
The stability criterion of the resonator are
verified experimentally. The dependence of the
pump wavelength on diode temperature and
drive current are proven, and the absorption
spectrum of Nd:YAG derived. By using a few
additional modules, this basic set-up can be upgraded to LE-0700 „Frequency Doubling with
KTP“ or LE-0800 „Generation of short pulses“.
Furthermore the components for the oscillation
at 1.3 µm including frequency doubling to “red”
or an active or passive Q-switch are available
as options.

PD

Introduction

Optical Pumping
Output Power
Transversal Modes
Spherical Resonator

How it works

Properties of Diode laser
Static and dynamic behaviour
Resonator Stability Criterion
Hemispherical Resonator

Keywords

Laser Experiments

LE-0600 Diode pumped Nd:YAG Laser
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Description of the components
The Nd:YAG rod is mounted to a M16 mirror
mount and screwed into the mirror adjustment
holder of (17). The rod is optically pumped by
the diode laser (18) which is mounted to a Peltier
cooler inside the housing of (18). The laser emits
a power of 1 W at a wavelength of 808 ± nm
at 25°C. The divergent light is collimated by a
precision aspheric lens (14) to an almost parallel
beam. The XY- adjuster (9) is used to align the
beam with respect to the mechanical axis of the
rail which is given by the target screen (10) when
plugged in to the mounting plate (7) at the end of
the rail (12). The lens (13) focuses the beam into
the Nd:YAG rod (17). The Nd:YAG laser cavity
is formed by the coated back side of the Nd:YAG
rod and the mirror (16) which is screwed into the
adjustment mount (11). The optical signals are
detected by the photodiode of (15) which is connected to the junction box (6) where the photo
current is converted into a voltage.

Laser Experiments
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Measurements
1

↑Diode laser power [W]

T=20°C →
T=30°C →

0.8

←T=40°C

0.6
0.4
0.2
0

1.0

10°C

35°C
40°C
45°C
50°C

15°C
20°C

0

200

400

600

800

1000 mA

Fig. 2.40: Diode laser power versus injection
current

Fig. 2.39: Characterising the laser diode
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Fig. 2.41: Wavelength versus temperature
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Fig. 2.42: Absorption spectrum

CH1 - Fluorescence decay

Lg(CH1*2)
CH2 - Pump laser

Fig. 2.43: Fluorescence decay
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Fig. 2.44: Determination of the lifetime of
the excited state
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Fig. 2.45: Relevant Nd:YAG energy level
diagram
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Fig. 2.46: Fluorescence spectrum taken in
the range from 700 - 1100 nm

One of the first measurement may be the characterization of the pump laser diode concerning
the power and spectral properties. The Fig. 2.40
shows the diode laser power versus the injection current with the temperature as parameter.
The power has been measured using an optional
power meter (20, 21). The measurement can also
be done by using the provided photodetector (5)
in connection with the junction box (6). In this
case the power values are given in relative units.
In a next step the spectral property is measured. That means the dependence of the wavelength on the temperature and injection current.
These experiments are related to the spectral
property of the pump laser diode, which means
the wavelength as function of the injection current or temperature. The Fig. 2.41 shows the
emission spectrum taken with the fibre coupled
optional spectrometer (22) at constant injection current for different temperatures from 10
to 50°C in steps of 5 °C. The Fig. 2.42 shows
the absorption spectrum of the Nd:YAG rod for
different temperatures of the pump laser diode.
From literature it is known that the maximum
absorption occurs at 808.4 nm.
This experiment is addressed to the optical
pumping of the Nd:YAG rod. The Fig. 2.43
shows the arrangement, the Nd:YAG rod is
excited by the pump laser in pulse mode and
the photodetector (5) senses the created fluorescence intensity. To block the residual pump
power, a filter (15) is used. The photodetector
is connected to the junction box (6) where the
photo current is converted into a voltage, which
is displayed on an oscilloscope. The Fig. 2.44
shows the screen dump of the oscilloscope (28)
with an extra math track which linearises in
real time the fluorescence decay to evaluate the
lifetime of the excited state as its slope.
With the fibre coupled spectrometer (22) the
fluorescence spectrum is easily obtained (see
Fig. 2.46). The peak at 808.4 nm stems from the
pump laser which is tuned to this wavelength.
The absorption around 808 nm belongs to the
4
I9/2→4F5/2 manifold and the fluorescence manifold in the range of 850-950 nm to the 4F3/2→4I9/2
transitions. The fluorescence intensity is quite
high, laser oscillation is hardly possible, since
the laser transition would end in populated
ground state levels. The main wavelength is the
1064 nm, the fluorescence intensity appears to
be low, also due to the spectrometer sensitivity

↑ Nd:YAG laser power [mW]
200

100
Threshold
0

Pump laser power [W]
0

0.2
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0.8
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Fig. 2.47: Output versus pump power measured with power meter

Fig. 2.48: Laser spiking (yellow curve) as a
result of modulated pump power (blue)

After performing the characterization of the
laser diode, absorption and fluorescence spectra, the laser cavity is setup and its properties
studied. By using for the mirror M2 the output
coupler with 2% transmission for 1064 nm the
laser output power is measured as function of
the pump power. From this, the laser threshold and efficiency is determined. Enabling the
modulator of the controller MK1 (4) allows the
study of the dynamic behaviour of the Nd:YAG
laser like the so called spiking (Fig. 2.48).
Extending the length of the cavity by moving
the mirror M2 allows the study of the optical
stability criterion.

Birefringent tuner extension
22

1063.7

28
1060.9

observed laser lines

1051.5
1073.5
1077.6
Wavelength [nm]
1000

The fluorescence spectrum of Fig. 2.46 and Fig.
2.49 shows next to the traditional 1064 nm line a
couple of some more lines which are candidates
for laser operation. However, they can only
oscillate if the strong 1064 nm is suppressed

significantly which is obtained by using the birefringent tuner (28) inside the laser cavity. By
means of the fibre coupled spectrometer (22) the
laser lines are identified. For almost each fluorescence line laser operation can be achieved.

1050

1100

1150

1200

Fig. 2.49: Fluorescence spectrum and laser
lines in the range from 1000 to 1200 nm

The concentric cavity extension
A

M1

B

Within this exciting experiment the hitherto
hemispherical setup is interchanged against a

C

M2

concentric or confocal one. For this purpose the
Nd:YAG rod (17) is exchanged against a spheri-

LE-0600 Diode pumped Nd:YAG Laser consisting of:

Item
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

Code
Qty. Description
CA-0060
1 Infrared display card 0.8 -1.4 µm
CA-0080
1 Optics cleaning set
CA-0450
2 BNC connection cable 1 m
DC-0040
1 Diode laser controller MK1
DC-0120
1 Si-PIN Photodetector, BPX61 with connection leads
DC-0380
1 Photodetector Junction Box ZB1
MM-0020 2 Mounting plate C25 on carrier MG20
MM-0060 1 Filter plate holder on MG20
MM-0090 1 XY adjuster on MG20
MM-0100
1 Target Cross in C25 Mount
MM-0462 1 Kinematic mirror mount M16, right
MP-0150
1 Optical Bench MG-65, 500 mm
OC-0060
1 Biconvex lens f=60 mm in C25 mount
OC-0170
1 Collimator 808 nm in C25 mount
OC-0950
1 Filter RG1000 50x50x3 mm
OC-1070
1 Laser mirror M16, ROC 100 mm, HR @ 1064 nm
OM-0624
1 Nd:YAG rod in 2 axes kinematic mount
OM-L500
1 Diode laser module 808 nm on C20
UM-LE06 1 Manual for Nd:YAG Laser
Option (order separately)
CA-0260
1 Laser power meter LabMax-TO
CA-0266
1 Power sensor PM3 0.5 mW to 2W
CA-0270
1 Fibre coupled spectrometer 200 - 1200 nm, USB
LE-0620
1 Concentric Cavity Extension
LE-0710
1 “Green” 532 nm SHG extension
LE-0720
1 “Red 660 nm” SHG Extension
LE-0810
1 Passive Q-Switch Extension
LE-0820
1 Active Q-switch Extension
OC-1060
1 Laser mirror M16, ROC 100 mm, T 2% @ 1064 nm
OM-0580
1 Birefringent Tuner
CA-0200
1 Oscilloscope 100 MHz digital, two channel

Details page
127 (10)
127 (12)
130 (28)
121 (4)
123 (14)
125 (30)
93 (1)
94 (7)
94 (8)
94 (9)
97 (29)
93 (8)
99 (5)
99 (13)
104 (54)
105 (65)
115 (32)
118 (55)
129 (22)
129 (25)
129 (26)
132 (2)
20
20
132 (3)
132 (4)
105 (64)
114 (27)
128 (19)

cal mirror (B). The Nd:YAG rod used (C) has
no (except antireflection) coatings and is positioned in the centre between M1 and M2. For
best performance the rod can be adjusted in all
directions. Instead of the focusing lens (13) a
lens in an extended housing is used to create
the focus in the centre of the cavity. This design
enhances the study of optical cavities as well
as the respective stability ranges. The arrangement of the mirrors M1 and M2 can be concentric (mirror distance L=100 mm) or confocal
can with L=50 mm.

Highlights
Basic, advanced and top level  experiment








Classical Nd:YAG laser
Laser spectroscopy
Hemispherical cavity
Concentric and confocal cavity
Lifetime and Einstein coefficients
Optical Stability Criteria
BFT Line tuning

Intended institutions and users:
Physics Laboratory
Engineering department
Electronic department
Biophotonics department
Physics education in Medicine
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LE-0700 “Green” SHG with Diode pumped Nd:YAG Laser

How it works

Introduction

Keywords

Laser Experiments
Interaction of Light and Matter
Second Harmonic Generation
Nd:YAG Laser

Crystal Optics
Phase Matching Condition
High Order Transverse Modes

Lasers which emit light in the
short wavelength spectral range
are expensive and not sufficiently
reliable for many applications. A
more economically way to generate such radiation is achieved by frequency doubling. Especially the generation of green laser
radiation is an important requirement of the
lithographic industry. At present the argon ion
laser is being displaced more and more by frequency doubled diode pumped Nd:YAG lasers.
The principles of the generation of frequency
doubled light will be explained and simultane-

ously the possibilities of non linear optics learnt
in this experiment. The understanding of non
linear effects is very important for laser technology, since the processes of generation of
short pulses are also based on non linear effects.
Within the experiment the phase matching
condition will be presented and analysed. The
efficiency of frequency doubling will be determined and hints for an optimised conversion
rate will be evaluated in the experiment. For the
first time the subject of frequency doubling can
be followed up in a certain manner by a practical experiment. The theoretical understanding

of the non linear optics grows by practical verification. Incidentally the understanding of birefringent crystals grows by experience of phase
matching. The fundamental wave is generated
by a diode laser pumped Nd:YAG laser with an
open resonator structure. The non - linear crystal is placed into the resonator and intra - cavity SHG is carried out. The reflectivity of the
output coupler of the Nd:YAG laser is chosen as
high as possible to obtain several watts of power of the fundamental wave inside the cavity.

Fundamental radiation 1064 nm

radiation is collimated (C) to an almost parallel beam and afterwards focused by the lens
(L) in such a way that the focus lies within the
Nd:YAG crystal. The KTP crystal is inserted
into the cavity close to the Nd:YAG crystal
where the beam waist is at smallest and thus the
intensity of the fundamental radiation (1064
nm) at highest for efficient second harmonic
generation (SHG). A filter is used to suppress
the residual fundamental and pump radiation
and to transmit the “green” SHG only.

Pump radiation 808 nm
M1

SHG

Nd:YAG crystal
KTP crystal
L
Fig. 2.50: “Green” Second Harmonic Generation (SHG)
LD 808 nm

C

One side of the Nd:YAG crystal is coated and
forms the first mirror (M1) for the laser cavity.
The second mirror (M2) is a curved mirror re-

C

M2

Filter

sulting in a hemispherical cavity. The Nd:YAG
crystal is pumped by the radiation of 808 nm
emitted from the laser diode. The divergent

M1

LD 808 nm

Non-linear Optics
KTP Crystal
BFT Green Line tuning

Nd:YAG crystal

Adjustable iris

KTP crystal

L

M2

Filter

Fig. 2.52: Adjustable iris to reduce transverse modes down to TEM00
BFT Plate

M1

LD 808 nm

C

Nd:YAG crystal

KTP crystal

L

Fig. 2.51: Tuning different “green” lines from 526 up to 539 nm

M2

Filter

Due to the high gain and asymmetric pump
beam a large number of transverse modes are
excited. Each of these modes generates a second harmonic which gives a visible pattern on a
screen. To reduce the large multitude of modes,
an adjustable iris is placed close to the output
coupler mirror M2. Clear structured, beautiful
transverse modes are achieved!
This unique experiment uses a birefringent tuner (BFT) to select one of the manifold of lines of
the Nd:YAG laser around 1064 nm (see ) resulting in the same number of frequency doubled
lines from 526 to 539 nm. The BFT is placed
under the Brewster angle along with the KTP
crystal inside the cavity. The change of the colour is not sufficient to distinguish the lines, thus
the use of a spectrometer is recommended.
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The Nd:YAG rod is mounted to a M16 mirror mount and screwed into the
mirror adjustment holder of (21). The rod is optically pumped by the diode
laser which is mounted to a Peltier cooler inside the housing of (23). The
3

laser emits a power of 1 W at a wavelength of 808 ± nm at 25°C. The divergent light is collimated by a precision aspheric lens (16) to an almost parallel
beam. The XY- adjuster (9) is used to align the beam with respect to the
mechanical axis of the rail which is given by the target screen (10) when
plugged in to the mounting plate (7) at the end of the rail (13). The lens (15)
focuses the beam into the Nd:YAG rod (21). The Nd:YAG laser cavity is
formed by the coated back side of the Nd:YAG rod and the mirror (20) which
is screwed into the adjustment mount (12). The optical signals are detected
by the photodiode of (5) which is connected to the junction box (6) where the
photo current is converted into a voltage. For the frequency doubling or second harmonic generation a KTP crystal (22) is used, which is mounted into
a 4 axes adjustment holder with a rotary mount to achieve best phase matching. A BG 39 filter (18) is used to transmit only the green radiation to the
photodetector (5) or translucent white screen (11). To control the number of
transverse modes an intracavity adjustable iris (17) is placed into the cavity.
The Fig. 2.54 shows the power of the second
harmonic versus the pump power which reveals
the non linear nature of the second harmonic
generation. Furthermore, the SHG radiation is
used to visualize the transverse mode structure
(Fig. 2.55) of the Nd:YAG laser and is imaged
by a short focal biconcave lens (14) onto the
translucent white screen. The adjustable iris
(15) is used to constrict the radial mode volume
even down to the TEM00 mode.

↑ SHG power [mW]

2

1

0

Pump power [mW] →
0

100

200

300

400

500

Fig. 2.54: SHG power versus pump power

Fig. 2.55: Higher transverse modes, photograph of the translucent screen

Tuning green lines from 525.8 to 538.8 nm
1063.7 (531.9)
1060.9 (530.5)

observed laser lines

1051.5 (525.8)

1073.5 (536.8)
1077.6 (538.8)
Wavelength [nm]

The fluorescence spectrum of Fig. 2.53 shows
next to the common 1064 nm line a couple of
some more lines which are candidates for laser
operation. However, they can only oscillate if
the strong 1064 nm is suppressed significantly
which is obtained by using the birefringent tun-

er (27) inside the laser cavity. By means of the
fibre coupled spectrometer (26) the laser lines
are identified. For almost each fluorescence line
laser operation can be achieved. Each lasing
line is frequency doubled by the KTP resulting
in a respective manifold of green lines.

1000

1050

1100

1150

1200

Fig. 2.53: Fluorescence and laser spectrum
The values in the brackets behind the lasing
wavelength of the Nd:YAG laser are the frequency doubled lines ranging from 525.8 to
538.8 nm!

LE-0700 “Green” SHG with Diode pumped Nd:YAG Laser consisting of:

Item
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

Code
Qty. Description
Details page
CA-0060
1 Infrared display card 0.8 -1.4 µm
127 (10)
CA-0080
1 Optics cleaning set
127 (12)
CA-0450
2 BNC connection cable 1 m
130 (28)
DC-0040
1 Diode laser controller MK1
121 (4)
DC-0120
1 Si-PIN Photodetector, BPX61 with connection leads
123 (14)
DC-0380
1 Photodetector Junction Box ZB1
125 (30)
MM-0020 2 Mounting plate C25 on carrier MG20
93 (1)
MM-0060 1 Filter plate holder on MG20
94 (7)
MM-0090 1 XY adjuster on MG20
94 (8)
MM-0100
1 Target Cross in C25 Mount
94 (9)
MM-0110
1 Translucent screen on carrier MG20
94 (10)
MM-0462 1 Kinematic mirror mount M16, right
97 (29)
MP-0150
1 Optical Bench MG-65, 500 mm
93 (8)
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-0170
1 Collimator 808 nm in C25 mount
99 (13)
OC-0400
1 Adjustable iris mounted in C25
100 (19)
OC-0939
1 Filter BG39, 50 x 50 x 3 mm
104 (53)
OC-0950
1 Filter RG1000 50x50x3 mm
104 (54)
OC-1070
1 Laser mirror M16, ROC 100 mm, HR @ 1064 nm
105 (65)
OM-0624
1 Nd:YAG rod in 2 axes kinematic mount
115 (32)
OM-0650
1 KTP crystal SHG 532 nm, 5 axes mount on carrier MG20 115 (34)
OM-L500
1 Diode laser module 808 nm on C20
118 (55)
UM-LE06 1 Manual for Nd:YAG Laser
Option (order separately)
CA-0200
1 Oscilloscope 100 MHz digital, two channel
128 (19)
CA-0270
1 Fibre coupled spectrometer 200 - 1200 nm, USB
129 (26)
OM-0580
1 Birefringent Tuner
114 (27)

Highlights
Basic, advanced and top level  experiment










Classical Nd:YAG laser
Laser spectroscopy
Hemispherical cavity
Concentric and confocal cavity
Lifetime and Einstein coefficients
Optical stability criteria
BFT “green” line tuning
Nonlinear Optics
High order transverse modes

Intended institutions and users:
Physics Laboratory
Engineering department
Electronic department
Biophotonics department
Physics education in Medicine
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LE-0710 “Green” 532 nm SHG extension
Laser Experiments

This extension comprises all necessary components to convert the “LE-0600 Diode pumped
Nd:YAG Laser” into the “LE-0700 “Green”
SHG with Diode pumped Nd:YAG Laser”. The
main part is the KTP crystal (5) mounted into
a 4 axes adjustment holder with a rotary mount
allowing the KTP crystal to be rotated around
its optical axis for best phase matching angle.

LE-0710 “Green” 532 nm SHG extension consisting of:

Item
Code
1
MM-0110
2
OC-0005
3
OC-0400
4
OC-0939
5
OM-0650

Qty.
1
1
1
1
1

Description
Details page
Translucent screen on carrier MG20
94 (10)
Biconcave lens f=-5 mm, C25 mount
98 (1)
Adjustable iris mounted in C25
100 (19)
Filter BG39, 50 x 50 x 3 mm
104 (53)
KTP crystal SHG 532 nm, 5 axes mount on carrier MG20 115 (34)

LE-0720 “Red 660 nm” SHG Extension

4

659.4

808.4 nm

1064 nm

fast radioationless
4
F3/2
transfer (FRT)

4

663.5

1330 nm

F5/2
Absorption
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668.8

4

I13/2
Pump

I11/2

Wavelength

I9/2

FRT

Fig. 2.56: The 1330 nm laser transition
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Code
OC-0860
OC-0870
OC-0910
OC-1080

800

[nm]

900

Fig. 2.57: Red SHG lines

LE-0720 “Red 660 nm” SHG Extension consisting of:

Item
1
2
3
4

This extension comprises all necessary components to operate the “LE-0600 Diode pumped
Nd:YAG Laser” at 1330 nm instead of 1064
nm. For this purpose the provided Nd:YAG rod
(1) and the cavity mirror (4) are coated for this
wavelength. A KTP crystal (2) is provided to
double the frequency of the fundamental wave
of 1330 nm resulting in a red radiation. With
the spectrometer (CA-0270) the spectrum
of the visible red radiation is recorded and it
shows three different lines (see Fig. 2.57). From
this we can conclude that the Nd:YAG laser
oscillates simultaneously on three lines 1318.8
1327.0 and 1337,6 nm. The Fig. 2.56 shows the
relevant energy level diagram for the 1064 nm
(532 nm) and the transition 4F3/2 → 4I13/2 for the
1330 nm manifold.

Qty. Description
1 Nd:YAG rod 1.3 µm coating, M16 mount
1 “Red 660 nm” SHG crystal mounted KTP in mount
1 Filter KG5, 50 x 50 x 3 mm
1 Laser mirror M16, ROC 100 mm, HR @ 1300 nm

Details page
103 (48)
103 (49)
103 (51)
105 (67)
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The use of short-pulse lasers enables the generation of high peak
power pulses in a short time,
which are useful for the investigation of non-linear effects and for
the investigation of time dependant effects e.g.
time resolved spectroscopy. In order to achieve
extremely high peak power up to the Gigawatt
range, laser systems are applied, which possess
long lived excited states able to store energy
and to emit it in an extremely short time. One
of such lasers is e.g. the Nd:YAG laser. With
q-switching in so called active or passive mode,

Steady State Solutions
Saturable Absorber
Laser Pulse Width

it is possible to generate such short pulses.
Here, in a first step the theory of laser operation with Nd:YAG is discussed and the steady
state as well as time dependent solution of the
four level rate equation is analysed. A two level
rate equation model is introduced to explain the
saturation behaviour of an optical absorber. In
the experiment first of all a mechanical chopper
will be used to demonstrate the way towards
active q-switch. In the second step a saturable
absorber for passive q-switching is introduced.
The dynamics of the pulse generation, like repetition rate, pulse width and peak power are dePD

M1

LD 808 nm

C

Nd:YAG crystal
Q-switch crystal

L

M2

Filter

Fig. 2.58: Nd:YAG laser with saturable absorber crystal
The q-switch crystal is a saturable absorber
whose absorption depends on the intensity of
the incident light, the higher it is, the less the
absorption will be. Placing such a crystal into

the Nd:YAG laser cavity will prevent the laser
to oscillate. However, the stimulated and spontaneous emission increases and reduces the absorption of the crystal to such an extend, that

LD 808 nm

C

Nd:YAG crystal
L

PD

Adjustable iris

M1

Q-switch crystal

M2

Filter

Fig. 2.59: Adjustable iris to reduce the number of transverse modes
To control the number of transverse modes an
intracavity adjustable iris is placed into the cavity. By adjusting the free opening of the iris the

diameter of the mode volume of the Nd:YAG
laser is constricted, which in turn reduces the
number of transverse modes. Even the funda-

termined. The experiment consists of the laser
diode pumped Nd:YAG - laser as basic version
with an additional passive q-switch (Cr:YAG)
crystal. The time dependant signals are displayed and evaluated using an optional oscilloscope. Beside the generation of short pulses, the
behaviour of the Nd:YAG laser can also be the
subject of additional investigations, like measuring the threshold, slope efficiency and so on.
By using the optional Pockels cell including the
high voltage driver active q-switch can be performed and explored.

Introduction

Rate Equation Model
Spiking
Mechanical Chopper
Repetition Rate

the laser reaches the threshold and emits a giant pulse. Immediately after the pulse ends, the
crystal’s absorption goes up again and prevents
any laser action, until the crystal becomes
transparent again under the influence of the
strong fluorescence light. In this way a periodic
pulse emission is created. Since the occurrence
of the laser pulse depends on the systems parameter and its dynamics the pulse cannot predicted and thus this method is termed as passive
q-switching opposed to the active q-switching
where the operator controls the pulse release.

How it works

Nd:YAG-Laser
Time Dependent Solutions
Q - Switch
Peak Power

Keywords

Laser Experiments

LE-0800 Generation of Q-Switch Laser Pulses

mental Gaussian mode can be achieved in this
way. Each transverse mode will build its own
pulse and the less transverse modes exist, the
clearer the pulse train will be. The pulses are
detected by the fast photodiode PD and displayed on an oscilloscope. The expected pulse
width is in a range of 50-100 ns and when using
a cavity mirror with lowest output the cavity
ring down effects can be observed as asymmetry of the pulse shape. The falling edge appears
as a decay like curve.
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The Nd:YAG rod is mounted to a M16 mirror
mount and screwed into the mirror adjustment
holder of (17). The rod is optically pumped by the
diode laser which is mounted to a Peltier cooler

inside the housing of (19). The laser emits a power of 1 W at a wavelength of 808 ± nm at 25°C.
The divergent light is collimated by a precision
aspheric lens (14) to an almost parallel beam. The

XY- adjuster (9) is used to align the beam with
respect to the mechanical axis of the rail which is
given by the target screen (10) when plugged in to
the mounting plate (7) at the end of the rail (13).
The lens (13) focuses the beam into the Nd:YAG
rod (17). The Nd:YAG laser cavity is formed by
the coated back side of the Nd:YAG rod and the
mirror (16) which is screwed into the adjustment
mount (11). The optical signals are detected by
the photodiode of (5) which is connected to the
junction box (6) where the photo current is converted into a voltage. For the frequency q-switch
pulse generation a Cr:YAG crystal (18) is used,
which is mounted into a 4 axes adjustment holder
to achieve best alignment with respect to the optical axis of the cavity. A RG 1000 filter (15) is
used to transmit only the laser radiation to the
photodetector (5). To control the number of transverse modes an intracavity adjustable iris (23) is
placed into the cavity. For the performance of
the measurements an oscilloscope is mandatory.

Measurements

Fig. 2.60: Free running q-switch pulse train
After optimising the output power of the
Nd:YAG laser the Cr:YAG - crystal (19) is inserted into the resonator.

Fig. 2.61: Virtual q-switch by pump laser
modulation
After slight re-adjustment one observes a
train of needle-like pulses on the oscilloscope.
Groups of amplitudes of different height show

LE-0800 Generation of Q-Switch Laser Pulses consisting of:

Item
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

Code
Qty. Description
CA-0060
1 Infrared display card 0.8 -1.4 µm
CA-0080
1 Optics cleaning set
CA-0450
2 BNC connection cable 1 m
DC-0040
1 Diode laser controller MK1
DC-0120
1 Si-PIN Photodetector, BPX61 with connection leads
DC-0380
1 Photodetector Junction Box ZB1
MM-0020 1 Mounting plate C25 on carrier MG20
MM-0060 1 Filter plate holder on MG20
MM-0090 1 XY adjuster on MG20
MM-0100
1 Target Cross in C25 Mount
MM-0462 1 Kinematic mirror mount M16, right
MP-0150
1 Optical Bench MG-65, 500 mm
OC-0060
1 Biconvex lens f=60 mm in C25 mount
OC-0170
1 Collimator 808 nm in C25 mount
OC-0950
1 Filter RG1000 50x50x3 mm
OC-1070
1 Laser mirror M16, ROC 100 mm, HR @ 1064 nm
OM-0624
1 Nd:YAG rod in 2 axes kinematic mount
OM-0660
1 Cr:YAG passive q-switch, 5 axis mount on MG20
OM-L500
1 Diode laser module 808 nm on C20
UM-LE06 1 Manual for Nd:YAG Laser
Option (order separately)
LE-0820
1 Active Q-switch Extension
OC-0400
1 Adjustable iris mounted in C25
OC-1060
1 Laser mirror M16, ROC 100 mm, T 2% @ 1064 nm
Required Option (order separately)
CA-0200
1 Oscilloscope 100 MHz digital, two channel

LE-0820 Active Q-switch Extension consisting of:

Item
Code
1
CA-0005
2
DC-0356
3
OM-0030

Qty.
1
1
1

Description
Allan key SW 0.9
Pockels Cell HV Driver DQ21, HV and Trigger Cable
Lithium Niobate Pockels Celle C-1043

Details page
127 (10)
127 (12)
130 (28)
121 (4)
123 (14)
125 (30)
93 (1)
94 (7)
94 (8)
94 (9)
97 (29)
93 (8)
99 (5)
105 (65)
104 (54)
105 (65)
115 (32)
115 (35)
118 (55)
132 (4)
100 (19)
105 (64)
128 (19)

Details page
126 (1)
125 (28)
110 (4)

that there are also transversal modes as the result of the q-switching. The number of modes
can be reduced by using the adjustable iris (23)
leading to a more stable pulses with almost
same amplitudes (Fig. 2.60).
A virtual active q-switch operation is obtained
by modulating the pump laser diode and setting
the duty cycle such, that only one of the laser
pulse occurs (Fig. 2.61).
The repetition rate depends essentially on the
losses and on the pump power. The higher the
pump power is, the faster the saturation process
for the q-switch will be, leading to a higher repetition rate. However, its upper limit is determined by the lifetime of the upper laser level.

Highlights
Basic, advanced and top level  experiment








Classical Nd:YAG laser
Hemispherical cavity
Lifetime and Einstein coefficients
Optical stability criteria
Saturable Absorber
Nonlinear Optics
Q-Switch Pulse train

Intended institutions and users:
Physics Laboratory
Engineering department
Electronic department
Biophotonics department
Physics education in Medicine
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the design of really small micro laser mainly
used for laser imaging, green laser pointers,
laser show, spectroscopy, medical diagnostics
and a lot of other applications where the size of
the laser source is of great importance.
Within this experiment we are using such a
GLM and pumping it with the same setup as
for the Nd:YAG laser (LE-0700). The GLM is
mounted inside a 4 axes kinematic mount in order to align it to the focussed 808 nm pump radiation. As soon as the pump radiation hits the
crystal, green emission is produced. By aligning the crystal the optimum of green power will
be observed. Due to the possibility of tuning

UV glue
KTP
Nd:YVO4

Laser diode
808 nm

M1

C
L

Nd:YVO4 Laser
Pump Laser Characterization
Nonlinear Optics
Single Mode Operation

2 mm
3 mm

Filter

M2
PD

Fig. 2.62: Principle of the micro laser
The Green Laser Microchip consists of the
Nd:YVO4 crystal and the attached KTP crystal. The mirrors M1 and M2 form the cavity for the fundamental radiation at 1064 nm
and are coated for highest reflectivity for this
wavelength. In addition, M1 has a high transmission for the pump radiation at 808 nm and
a high reflectivity for the second harmonic at
532 nm, while M2 has a high transmission for
the second harmonic. The filter is used to sup-

press any residual radiation either at 808 nm
or 1064 nm or to suppress the green emission
to study the behaviour of the fundamental laser. The GLM is pumped by a separate laser
diode. The pump laser radiation is collimated
by a collimating lens (C) and focussed into the
GLM by the lens (L). Considering the index of
refraction for YVO4 and KTP the optical cavity
length is 5.4 mm, resulting in a spectral mode
distance of the fundamental mode of about

the temperature and output power of the pump
diode laser, a series of measurements are carried out to demonstrate the quadratic relation
between the green output and the fundamental
power. The modulation capability of the diode
laser driver allows the periodic switching on
and off of the pump laser diode and to observe
the “spiking” of the green radiation. Placing
the provided laser line filter in front of the
photodetector, only the 808 nm, 1064 nm or 532
nm radiation will be observed. This facilitates
the separate characterization of the fundamental laser as well as the second harmonic.

Introduction

Consider a cube of Neodymium
doped Yttrium Vanadate (Nd:VO4)
with a length of 1 mm to which is
bonded a KTP frequency doubler
crystal with the same cross section
but a length of 2 mm. Both opposite sides of
the compound are coated with a mirror forming
an optical cavity for the radiation of 1064 nm.
When pumped with a small laser diode at 808
nm green radiation is produced. With a typical pump power of 200-300 milliwatt at 808
nm, green output power of around 10 milliwatt
is obtained. Such a crystal compound (also
termed as Green Laser Microchip GLM) allows

Optical Pumping
Slope Efficiency
Second Harmonic Generation
Green Problem

28 GHz. The gain bandwidth of the Nd:YVO4
crystal is 0.96 nm at 1064 nm or 254 GHz, allowing about 9 modes to oscillate. In principle
each fundamental mode may create a second
harmonic. However, due to the mainly homogeneously broadened gain profile, single frequency emission for the 1064 nm and 532 nm
is expected. In case the Nd:YVO4 is operating
on more than one longitudinal mode, the KTP
crystal also creates the sum-frequency of the
longitudinal modes. This in turn couples the
competing longitudinal modes and gives rise to
chaotic fluctuation of the green emission. This
phenomenon is also termed as “green problem”
and also will subject of the experimental observations. By changing the injection current and /
or temperature of the pump laser, the Nd:YVO4
laser can be brought back to single mode operation which is indicated by the disappearance of
the “green problem”.

How it works

Nd:YVO4 and KTP Crystal Compound
Laser Threshold
Laser Spiking
Sum-Frequency Generation

Keywords

Laser Experiments

LE-0900 Diode pumped Nd:YVO4 Micro Laser
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532 nm radiation

1064 nm
ON

OFF

fluorescence
decay

808 nm
Fig. 2.63: Spiking of the 532 nm and 1064 nm
and fluorescence decay

current and temperature

↑Diode laser power

The measurements may start with the characterization of the pump diode laser (16) which is
connected and controlled by a microprocessor
controller (4). The used laser diode is attached
to a Peltier cooler which allows the temperature
control from 10 to 50°C and the injection current control from 0 to 700 mA.
Laser diode 808 nm
Photodetector

T=10°C →
T=30°C →
←T=40°C

→ Injection current

Fig. 2.65: Pump laser power versus injection
1.0

rel.

↑ Absorption
804.4 nm

0.6

L

The wavelength of the laser diode depends on
the temperature of the emitting semiconductor
chip and the injection current. To determine the

808.4 nm

0.8

Fig. 2.64: The “Green Problem”
The gain medium (Nd:YVO4), the nonlinear
frequency doubler crystal (KTP) and the cavity

812.9 nm

Laser diode 808 nm

L

are inseparably connected and thus forming a
highly nonlinear structure. The Fig. 2.63 shows
the laser and fluorescence response when pumping with a pump laser pulse. The initial spiking
of the Nd:YVO4 laser emission is damped by
the second harmonic wave. After the sudden
switch off of the pump laser, an exponential decay of the 1064 nm radiation is observed. The
Fig. 2.64 shows undesired fluctuation of the
green radiation caused by the sum-frequency
generation by the KTP of competing longitudinal modes which occurs only if the Nd:YVO4
laser is not operating in single mode.
The photodetector is placed in front of the
diode laser without any other optical components. The distance L is chosen such, that the
photodetector is not saturated at maximum
power and provides a sufficient signal at lower
power values. The photodetector is connected
to the junction box (5) where the photo current
is converted into a linear voltage which is available at a BNC connector at the rear of (5).
For a set of temperature values the diode laser
power for a series of injection current values
is recorded and plotted. The resulting curves
show the threshold and slope efficiency of the
laser diode (Fig. 2.65).
line filter (10) in front of the photodetector (5).
For a fixed injection current, the non-absorbed
pump radiation is recorded for a series of temGLM

Laser line filter 810 nm

0.4
0.2
0.0

Diode laser temperature →
10

20

30

40

°C

C
wavelength of the laser diode and the absorption spectra of the GLM we are using a setup as
shown in the figure below. To suppress the 1064
nm and the 532 nm we place a 810 ± 5 nm laser

PD
perature values. The resulting graph (Fig. 2.66)
shows two or more distinct maxima whereby
one is higher than the other, which can be assigned to a wavelength of 808.4 nm.

Once the optimum operating temperature has
been estimated, the output power of the fundamental radiation of 1064 nm is measured as a
Laser diode 808 nm
L

a high reflectivity, a small fraction is still transmitted. The Fig. 2.67 allows the determination
of the threshold and the slope efficiency in the
Laser line filter 1064 nm
GLM

50

Fig. 2.66: Pump laser absorption versus
temperature

↑ 1064nm output power [mW]
4
3
2

C

1
0
200

300

400

diode laser current →
500
600
700 mA

Fig. 2.67: Nd:VO4 Laser power versus pump
power
50 ↑ 532 nm output power [mW]
40

linear range of the curve for the Nd:YVO4 laser.
Above 550 mA the curve starts to saturate and
even drops beyond 650 mA due to gain saturation and thermal effects.

The measurement of the “green” output power
reveals the nonlinear character of the second
harmonic generation process. To measure only
the 532 nm radiation, the laser line filter (9)

the second harmonic radiation. Before the saturation takes place the “green” power depends
quadratically on the fundamental power. In the
example of Fig. 2.67 and Fig. 2.68 a power me-

Laser diode 808 nm

30

PD

function of the pump power or the injection current of the pump laser diode. To measure only
the radiation at 1064 nm, the laser line filter (11)
is applied. Although the mirror of the GLM has

L

GLM

Laser line filter 532 nm

20
10
0
350

diode laser current →
450

550

650

mA

Fig. 2.68: SHG power versus fundamental
power

C
is applied. Since the fundamental power (Fig.
2.67) saturates beyond an injection current of
550 mA, it is expected that the same happens to

PD
ter has been used to measure the absolute power
values and it should be noted, that the green radiation attains almost 30 mW!
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Highlights
Basic, advanced, and top level  experiments
Outstanding features for a four level solid
state experimental Laser with Frequency
doubling.
Intended institutions and users:
Physics Laboratory
Engineering department
Electronic department
Biophotonics department
Chemistry department
Medical department
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The heart of the setup is the Green Laser
Module which has a size of only 1 x 1 x 3 mm. It
is cemented into a slotted brass cylinder, which
itself is mounted into the 5 axis adjustment
holder (8). The GLM can be rotated around its
axis, translated in X and Y and tilted in two
orthogonal angles. The GLM is pumped by the
temperature and current controlled diode laser
(17). The controller (4) provides a fast modulation of the injection current along with variable
duty values from 0 to 100%. This allows the
reduction of the thermal load to the GLM and
study the fundamental properties in a clearer
manner. The emission of the diode laser is collimated (14) and centred to the mechanical axis
of the optical bench (9). The focusing lens (15)

having a focal length of 60 mm creates a small
focus. The lens is positioned in such a way that
the focus lies well within the GLM. As soon as
the GLM is excited, the green (532 nm) laser
radiation is observed behind the GLM. By adjusting the GLM with respect to the pump beam,
the intensity of the green radiation is maximized. In addition to the green radiation, the
1064 nm Nd:VO4 fundamental radiation as well
as the unabsorbed residual pump power at 808
nm is present. To make each of the radiation accessible separately, laser line filter for 532 nm
(10), 808 nm (11) and 1064 nm (12) are provided.
These filters are placed into the mounting plate
(6) in front of the photodetector (14).

Another essential device - not only for this experiment - is the MK1 digital controller. Modern
micro processor solutions are combined with
robust and precision experimental requirements. The MK1 provides a touch screen to activate the desired settings like temperature, injection current, modulation frequency and duty
cycle of the modulation. The desired value is set
by an precise knob operated electronic encoder.
The temperature stabilisation has an outstand-

ing accuracy of ±2 mK. Of course, the device is
equipped with a USB bus and can be operated
by the Windows© based computer or pads. The
required software (ES-0040 MK1 controller
software) is freely available. All of our LED,
diode laser or DPSSL can be operated with
the MK1. Each light source is equipped with a
nonvolatile memory which is read by the MK1
and sets the maximum permissible limits of the
temperature and operation current accordingly.

LE-0900 Diode pumped Nd:YVO4 Micro Laser consisting of:

Item
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

Code
Qty. Description
CA-0060
1 Infrared display card 0.8 -1.4 µm
CA-0080
1 Optics cleaning set
CA-0450
2 BNC connection cable 1 m
DC-0040
1 Diode laser controller MK1
DC-0380
1 Photodetector Junction Box ZB1
MM-0020 1 Mounting plate C25 on carrier MG20
MM-0100
1 Target Cross in C25 Mount
MM-0420 1 Four axes kinematic mount on carrier MG20
MP-0150
1 Optical Bench MG-65, 500 mm
OC-0750
1 Laser line filter 532 nm in C25 mount
OC-0754
1 Laser line filter 810 nm in C25 mount
OC-0756
1 Laser line filter 1064 nm in C25 mount
OC-0880
1 GCL in CR25 mount
OM-0620
1 Collimating optics on carrier MG20
OM-0622
1 Focussing optics, f=60 mm on carrier MG20
OM-0640
1 SiPIN photodetector on carrier MG20
OM-L500
1 Diode laser module 808 nm on C20
UM-LE09 1 Manual Micro laser
Option (order separately)
CA-0200
1 Oscilloscope 100 MHz digital, two channel

Details page
127 (10)
127 (12)
130 (28)
121 (4)
125 (30)
93 (1)
94 (9)
96 (24)
93 (8)
102 (38)
102 (39)
102 (40)
103 (50)
114 (30)
115 (31)
115 (33)
118 (55)
128 (19)
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LE-1000 Blue Diode pumped Pr:YLF Laser

Introduction

Wavelength dependency
Lifetime of excited state
Higher transverse modes
BFT line tuning
Active q-switch
Pockels cell

Due to the steadily increasing
demand of the multimedia applications powerful RGB (red green
blue) light sources came into the
focus of industrial research. Along
this road the Praseodymium laser has been reinvented again since this material has the potential to emit directly visible laser radiation on
many interesting wavelength. Whereas in the
past this material has been of more scientific interest it is nowadays considered as a noteworthy
candidate for RGB applications. The recent new
developments of compact Pr:YLF laser have
been enabled due to the presence of powerful
blue emitting laser diodes. Such blue laser diodes actually have been developed for the powerful RGB data projectors. The aim of the ex-

How it works

M1

BLD

C

Pr:YLF Absorption spectrum
Hemispherical Cavity
Extended Cavity
Concentric Cavity
Operating of green and orange line
Operating of red and dark red lines

perimental laser diode pumped Praseodymium
YLF laser is to demonstrate this great potential
as well as the exciting effect to study a four level laser system with visible radiation.
The setup is designed in such a way that all
components are accessible and can freely arranged on the optical rail. The measurement
starts with the characterization of the blue laser
diode which is connected to a digital controller allowing the settings of the injection current
and temperature. In a next step the polarisation
dependent absorption is measured. The Pr:YLF
crystal is set into a mount which is inserted into
a to a 4 axis kinematic mount allowing the crystal to be rotated around its axis. As soon as the
crystal is exposed to the blue radiation of the
laser diode a bright white fluorescence appears.
M2

Pr:YLF crystal
L

The radiation of the blue emitting laser diode
(BLD) is collimated by the collimator (C)
which is a high precision aspheric lens with a
short focal length and a high numerical aper-

ture. The resulting beam is parallel in one axis
showing a more or less rectangular to elliptical
intensity cross section. A focusing lens is used
to focus the blue pump laser radiation into the

M1

By means of an optional spectrum analyser the
emission lines are identified. By using the modulation capability of the controller the lifetime
of the excited state is measured and related to
the Einstein coefficient for spontaneous emission. The most exciting moment comes, when
the laser cavity around the Pr:YLF crystal is
setup. Due to the high gain, laser oscillation is
obtained quite easily resulting in a strong red
emission at 640 nm. To obtain laser oscillation
also on other than the red line, either a Littrow
prism, a birefringent tuner or selectively coated
mirrors are used. Furthermore the generation
of UV radiation with a wavelength of 320 nm as
result of the intra cavity frequency doubling of
the 640 nm line using a BBO crystal shows the
great potential of such a laser system.
Praseodymium doped YLF (Pr:YLF)crystal
which is coated with a broadband anti reflection
coating on both sides. The wavelength range
for lowest reflection covers the entire emission range of the Pr:YLF material including the
pump radiation at 444 nm. The optical cavity
is formed by a flat mirror (M1) on the pump
side and a curved mirror (M2) at the other cavity side. Due to the high gain, the alignment is
achieved without external adjustment laser.

LP

3

P2

P1

3

3

P0

C

L

The figure on the right shows the main transitions within the energy level diagram of the
444 nm pumped Pr:YLF crystal. The strongest
line is the emission with 640 nm. To operate
the laser on other wavelengths, a Littrow prism
(LP) is used instead the spherical mirror M2.
To achieve again a stable hemispherical cavity
the intracavity lens (L1) is required. The lens

Pr:YLF crystal

L1

Mirror coating

has a broadband anti reflection coating to keep
the losses as low as possible. The Littrow prism
(LP) is coated with a broadband coating having a high reflectivity > 99.98 % in a range of
580..725 nm. 5 visible lines can be obtained 606,
639, 676, 697 and 720 nm. If L1 is positioned
correctly, the cavity length, or position of
Littrow prism can virtually be in any position.

444 nm

BLD

523 nm
607 nm
640 nm
689 nm
721 nm

fast radiationless
transfer (FRT)
Absorption

Keywords

Laser Experiments
Blue Diode Laser 444 nm
Pr:YLF Excitation spectrum
Stability Criterion
Littrow prism line tuning
Demonstration of Spiking
SHG 640 nm → 320 nm UV

Emission
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Fig. 2.69: Pr:YLF Energy level diagram

M1

C

BLD

Pr:YLF crystal

L

The birefringent tuner (BFT) is inserted into
the hemispherical cavity. Although the beam
is not that parallel as with the internal lens it
works quite well. 5 visible lines can be obtained
607, 640, 676, 697 and 720 nm.

M2

BFT

Wavelength (nm)
607
640
676
697
720

Strength (relative)
0.6
1.0
0.2
0.2
0.4

The picture on the left shows the operation of the
607 nm (yellow) line. The filter GG495 blocks
the blue pump radiation and transmits all wavelengths above 495 nm. The BFT is mounted into
a rotation table with an angle scale and is used
to set the BFT to the Brewster’s angle. The lever
is used to turn the BFT plate in order to select
the desired wavelength.
M1

C

BLD

M2

Pr:YLF crystal
L

Another way to operate the Pr:YLF laser on
a specific wavelength is to apply mirrors with
selective coating. That means the coating is designed such, that the reflectivity is high only for

the desired wavelength. The picture on the right
shows the operation with mirrors (27) optimised
for the green 523 nm line. Another set of mirror
(28) allows only the yellow line at 607 nm.

M1

C

BLD

L

Pr:YLF crystal

The strong radiation at 640 nm allows the
efficient frequency doubling or second harmonic generation of UV radiation to 320 nm.
Such UV radiation is of great importance in
Biophotonics. A LBO (Lithium Tri - Borate) or
BBO (Beta Barium Borate) crystal is used as
frequency doubler. It is 8 mm long with a quadratic cross section of 3 mm. The crystal is cut
for type I phase matching for the wavelength of
640 nm. To achieve the necessary high intensity
of the fundamental wave of 640 nm the cavity
designed as confocal cavity where the Pr:YLF
crystal is located in the centre of the cavity
where the beam diameter of the fundamental
wave has the smallest diameter. Furthermore,
the focus of the blue pump radiation lies as well
in the centre of the cavity. The frequency doubler crystal is mounted into a 5 axis adjustable
mount like the Pr:YLF crystal.

M2

BBO crystal

UV radiation

UV filter

L

M2

M1
Pr:YLF

BBO

Measurement Examples
white light lamp

white light lamp

Pump “ON”

Pr:YLF
crystal

light blocker

pump laser

reference
spectrum

dark
spectrum

Fig. 2.70: Pr:YLF Absorption measurement
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Fig. 2.71: Pr:YLF Absorption Spectrum
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Fig. 2.72: Fluorescence Spectrum

Pump
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Wavelength →

400

Wavelength [nm]→
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spectrum

Lifetime of excited state
Spontaneous
Emission

Fig. 2.73: Lifetime of excited state

Fig. 2.74: Laser Spiking
The Fig. 2.70 to Fig. 2.74 show a few example of
measurements by using a spectrometer and an
oscilloscope. With the provided photodetector
a variety of other measurements can be performed, like the characterization of the blue
diode laser, measuring the output power of the
Pr:YLF laser for different laser wavelength versus the injection current and temperature of the
blue emitting pump laser. By using the provided
white screen the rich transverse modes can be
photographed by simple digital cameras.

Laser Experiments
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Description of the components

The diode laser (19) emits radiation with a
wavelength of 444 nm at 25°C and at maximum
current. The laser diode is mounted on a Peltier
element and the temperature as well as injection current is controlled and monitored by the
digital controller MK1 (5). The divergent radiation is collimated by an precision aspheric
lens (13) mounted into the XY adjuster (8). The
almost parallel beam is focused (17) into the

Pr:YLF crystal which is mounted into a 5 axes
adjuster (18). The crystal can be turned in its
holder which is important since the pump efficiency depends on its polarisation direction.
Two adjustment screws are for the tilt and two
for the XY translation. Once the laser is operating, the crystal is aligned for best performance.
The cavity is formed by a flat mirror (15) which
is screwed into a kinematic adjustment holder

LE-1000 Blue Diode pumped Pr:YLF Laser consisting of:

Item
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

Code
Qty. Description
CA-0080
1 Optics cleaning set
CA-0450
3 BNC connection cable 1 m
DC-0040
1 Diode laser controller MK1
DC-0120
1 Si-PIN Photodetector, BPX61 with connection leads
DC-0380
1 Photodetector Junction Box ZB1
MM-0020 1 Mounting plate C25 on carrier MG20
MM-0060 1 Filter plate holder on MG20
MM-0090 1 XY adjuster on MG20
MM-0100
1 Target Cross in C25 Mount
MM-0460 1 Kinematic mirror mount M16, left
MM-0462 1 Kinematic mirror mount M16, right
MP-0150
1 Optical Bench MG-65, 500 mm
OC-0160
1 Collimator 445 nm in C25 mount
OC-0970
1 Filter GG495, 50 x 50 x 3 mm
OC-1130
1 Laser mirror M16, ROC flat, HT 445, HR 580-725 nm
OC-1134
1 Laser mirror M16, ROC 100, HT 445, HR 580-725 nm
OM-0622
1 Focussing optics, f=60 mm on carrier MG20
OM-0670
1 Pr:YLF crystal in 5 axis mount on MG20
OM-L445
1 Diode laser module 445 nm, 1 W
UM-LE10
1 Manual PrYLF Laser
Option (order separately)
CA-0200
1 Oscilloscope 100 MHz digital, two channel
CA-0270
1 Fibre coupled spectrometer 200 - 1200 nm, USB
LE-0820
1 Active Q-switch Extension
LE-1020
1 SHG 640 to 320 nm (UV) extension
LE-1030
1 Birefringent tuner extension
LE-1040
1 Littrow prism tuner extension
OC-S010
1 Set of mirror (flat and 100 mm) for 520 nm operation
OC-S020
1 Set of mirror ( flat and ROC 100) for 604 nm operation

Details page
127 (12)
130 (28)
121 (4)
123 (14)
125 (30)
93 (1)
94 (7)
94 (8)
94 (9)
96 (28)
97 (29)
93 (8)
99 (12)
104 (55)
106 (75)
106 (76)
115 (31)
115 (36)
118 (54)
128 (19)
132 (4)
132 (5)
132 (6)
132 (7)
109 (104)
110 (105)

(10). The second mirror is a curved one (16)
and is also screwed into an adjustment holder
(11). The GG495 filter (14) is placed into the
filter plate holder (7) and blocks the blue pump
radiation. The mounting plate (6) serves to accommodate either the target cross (9) or the
photodetector (5). The detector is connected to
the junction box (5) which converts the photocurrent into a voltage.

Highlights
Basic, advanced, and top level 
experiments
Outstanding features for an all visible four
level solid state experimental Laser:






Visible excitation
High gain, easy alignment
5 visible Laser Lines
UV (320 nm) generation by SHG
Impressive transverse modes

Intended institutions and users:
Physics Laboratory
Engineering department
Electronic department
Biophotonics department
Chemistry department
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LE-1200 Erbium doped Fibre Laser

Fibre Laser are a special class of
Lasers differing from the “classic
design”. The optical resonator consists of an optical fibre which can
be coiled onto a drum providing
extremely long amplification lengths. Within
this experiment the students are introduced to
the basics of optical pumping with subsequent
application by means of an Erbium doped optical fibre (EDF). This type of fibre is commonly
used as amplifier in long distance telecommunication as so called EDFA (Erbium doped
Fibre Amplifier). Due to its particular properties the EDF is a promising candidate also as
laser source for telecommunication and remote

sensing. The eye safe radiation makes such a
device also useful for long range finding applications. This experiment allows to study the
EDF in a linear as well as ring configuration.
As pump source a diode laser emitting around
300 mW at a wavelength of 980 nm is applied.
Via a wavelength division multiplexer (WDM)
the pump light is coupled to the EDF. To close
the ring, a fibre or an optical diode is connected
to the WDM and the other end of the fibre. By
means of a 4 port coupler - used as output coupler - a small fraction of the ring laser radiation
is coupled out for further analysis. Herewith
also counter propagating ring modes can be
verified. With the provided photodetector and

the modulator the time response like spiking, life time of excited states can be studied.
Keeping in mind that the longest EDF used
in the experiments has a length L of 8 m, the
longitudinal mode spacing (c/2nL) is 13 MHZ
for the linear laser and 26 MHz (c/nL) for the
ring laser with n=1.45. Thus with a fast InGaAs
photodiode and a simple oscilloscope or even
better a spectrum analyser should be able to
show the beat frequency of the modes.
At higher pump power and an 8 m long fibre
green radiation with a wavelength of 544 nm is
observed. It originates from a two photon (980
nm) excitation into higher lying states with subsequent laser emission.
to detect the emission of the fibre. The interference filter is mounted to an adjustment holder

Pump Laserdiode 980 nm
Fibre connector

Adjustment
mount

cracks

Erbium doped
Glass fibre
2, 4, or 8 m

Interference filter and mirror 1.55 µm
InGaAs
Photodiode

Collimator

Fig. 2.75: Linear fibre laser
The pump laser diode has a so called single
mode fibre pigtail, terminated with a fibre connector and is directly connected to the EDF
fibre. The light inside the fibre is partially reflected at each end face due to Fresnel reflec-

tions. Despite the low reflectivity of 4% laser
oscillation is built up between the two end faces
of the EDF due to the high gain. A collimator
with short focal length forms an almost parallel beam and an InGaAs photodetector is used
cw ringlaser mode

WDM (980/1550nm)
980 nm pump laser diode

Optical diode or patch fibre

10% of ccw ringlaser
mode
ccw

Erbium doped
Glass fibre
2, 4, or 8 m

4 port fibre coupler

10% of cw ringlaser mode
ccw

Fig. 2.76: Fibre ring laser

Keywords

EDF- Erbium Doped Fibre
Linear Fibre Laser
Accessible Beam
Optical Diode
Two Photon Absorption

ccw ringlaser mode

reflection
←4%

100%→

<96%
scatter centres

and passes only the 1.55 µm radiation. With its
front face reflectivity of about 10% it serves
also as an external cavity mirror to study the
effect of a coupled optical cavity. The pump
laser diode is connected to a controller with
adjustable injection current and modulation.
This allows to study the amplified spontaneous emission (ASE) below and above the laser
threshold. By using the modulation of the injection current the lifetime of the excited state
as well as impressive laser spiking is displayed
and measured on an oscilloscope
The pump radiation is injected by a wavelength
division multiplexer (WDM) into the ring
structure which consists out of the EDF, a 4
port fibre coupler and an optical diode or just
a fibre patch cable. The optical diode is used
to force the ring laser either to the clockwise
(cw) or counter clockwise (CCW) operation.
Exchanging the optical diode against a fibre the
ring laser oscillates in both directions. The 4
port fibre coupler is used to extract about 10%
of the internal power of the cw and ccw ring laser mode for measurement purposes. Including
the optical diode into the ring structures only
cw or ccw oscillation occurs. By using an electronic spectrum analyser the beat frequency of
the longitudinal ring resonator modes is measured and set into relation to the resonator length
for the 2, 4 or 8 m long EDF.

Introduction

Ring Resonator
Optical Pumping
Lifetime of Excited State
Longitudinal Modes
Modes Beat Frequency

How it works

Linear Optical Resonator
WDM Coupler
Spiking
Amplified Spontaneous Emission
InGaAs Photodetector
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In this experiment the pump laser (15) is characterized. The diode laser of (15) is built into a
butterfly housing which contains a Peltier cooler and the necessary temperature sensor. The
controller (3) provides the injection current as
well as the temperature controller. The output
power of the diode laser is 300 mW measured at
the single mode fibre pigtail which is connected
via a single mode patch cable (11) to the fibre
connector of (9). The InGaAs photodiode (4)
and the junction box (5) is used to measure the
output power in relative units.
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3
15

6

12

4

6

8

9

Fig. 2.77: Characterization of the pump laser
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Fig. 2.78: Measurements with Erbium doped fibre (EDF)
↑Diode laser power
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The EDF (14) is added to the optical bench and
connected via the fibre patch cable to the pump
laser diode and to the fibre jacket (13). The
emitted radiation passes either the 980 nm laser
line filter (10) to measure the absorption of the
pump radiation or the 1550 nm laser line filter
(11) to measure only the spontaneous and stimulated emission. Using the modulation of the
pump laser diode (15), the dynamic behaviour
of the fluorescence and laser action is studied.

T=10°C →
T=30°C →
←T=40°C

Injection current→

Fig. 2.79: Pump laser power versus injection
current and temperature

Fig. 2.80: Lifetime of the excited state

↑ Fibre Laser Power [mW]
4
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3

33.2 MHz

2
1
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0
0
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Fig. 2.82: Output power versus injection
current
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LE-1200 Erbium doped Fibre Laser consisting of:

Item
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22

600

900

1200 MHz

Fig. 2.83: Mode beat frequencies on the
spectrum analyser

Code
Qty. Description
CA-0070
1 NIR Laser viewing card 980 nm and 1.5µm
CA-0450
1 BNC connection cable 1 m
DC-0040
1 Diode laser controller MK1
DC-0160
1 InGaAs Photodetector with connection leads
DC-0380
1 Photodetector Junction Box ZB1
MM-0020 2 Mounting plate C25 on carrier MG20
MM-0440 1 Kinematic mount ø25.4 mm on MG20
MP-0150
2 Optical Bench MG-65, 500 mm
OC-0430
1 Fibre jacket in C25 mount
OC-0758
1 Laser line filter 980 nm in C25 mount
OC-0760
1 Laser line filter 1550 nm in C25 mount
OC-2010
2 ST/ST SM Fibre patch cable, length 0.25 m
OC-2100
1 SM Fibre collimator
OC-2200
1 Erbium doped fibre unit, ST terminated 1.5 m
OM-0540
1 Diode laser module 980 nm, ST fibre connector
UM-LE12
1 Manual Fibre Laser
Option (order separately)
CA-0200
1 Oscilloscope 100 MHz digital, two channel
CA-0210
1 Spectrum Analyzer 100 kHz - 500 MHz
LE-1240
1 Fibre Ring Laser Extension
OC-2210
1 Erbium doped fibre unit, ST terminated 4.0 m
OC-2220
1 Erbium doped fibre unit, ST terminated, length 8 m
OC-2230
1 Erbium doped fibre unit, ST terminated, length 16 m

Details page
127 (11)
130 (28)
121 (4)
123 (17)
125 (30)
93 (9)
96 (25)
93 (8)
100 (21)
102 (41)
102 (42)
107 (81)
107 (85)
108 (87)
113 (23)
128 (19)
129 (20)
31
108 (88)
108 (89)
108 (90)

Fig. 2.81: Spiking of the Erbium laser
The photodetector (4) is connected to the signal
box (5) and the output to the optional spectrum
analyser (18). The screen shot of Fig. 2.83 has
been recorded for a fibre length of 8 metre. In the
range from 0 - 1,500 MHz 4 groups with a spectral distance of 364 MHz to each other appears.
Each group consists of 4 peaks with a spectral
distance of 33 MHz. From this value the free
spectral range of the fibre cavity can be determined as well as the number of oscillating modes.
The measurements are also carried for the 2 and
4 metre long Erbium doped fibre. A great task to
identify the modes only by combinational analysis.

Highlights
Basic, advanced, and top level  experiments
Outstanding features for an all fibre coupled linear and ring fibre laser:
 Two photon excitation
 High gain, easy alignment
 Visible 544 nm emission
 Real time mode spectra analysis
Intended institutions and users:
Physics Laboratory
Telecommunication
Engineering department
Electronic department
Biophotonics department
Chemistry department
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LE-1240 Fibre Ring Laser Extension

Fig. 2.84: Setup as combination of the LE-1200 Fibre Laser with the Fibre Ring Laser Extension
The fibre laser (LE-1200) is converted to a
ring laser by adding the “Fibre Ring Laser
Extension (LE-1240). The extension consists
mainly out of the WDM coupler (6) which is
used to inject the pump radiation of 980 nm into
the ring structure and the 4 port fibre coupler
(7). This coupler provides access to the ring laser emission by two output ports through which

10% of the cw and ccw direction is transmitted.
Thus the device can be considered also as output coupler with a transmission of 10%. This
ports are connected via a 1 m long patch cable
(4) used to measure the relative output power
with the fast InGaAs photodetector. The length
of the ring structure is the length of the used
Erbium doped fibre plus the length of the patch

4
7
1

4

6

4
2
Fig. 2.85: Ring laser setup for two directional (cw and ccw) operation
This setup demonstrates the fibre ring laser
without optical diode, which means the ring
laser oscillates in cw and ccw direction simul-

4

taneously. The output power of the cw and ccw
mode is measured as function of the 980 nm
pump power. From these measurements the

5
7
6

1

4
4

2
Fig. 2.86: Ring laser setup for unidirectional (cw or ccw) operation

LE-1240 Fibre Ring Laser Extension consisting of:

Item
Code
Qty. Description
1
MM-0020
1 Mounting plate C25 on carrier MG20
2
MP-0120
1 Optical bench MG-65, 200 mm
3
OC-2010
2 ST/ST SM Fibre patch cable, length 0.25 m
4
OC-2020
3 ST/ST SM Fibre patch cable, length 1 m
5
OC-2110
1 SM Fibre optical isolator, 980 nm, ST terminated
6
OC-2300
1 SM-WDM coupler 980/1550 nm unit ST terminated
7
OC-2350
1 SM Four port fibre coupler unit

Details page
93 (1)
92 (6)
107 (81)
107 (82)
107 (86)
108 (91)
108 (92)

cable (2 ∙ 1 m + 2 ∙ 0.25 m = 2.5 m) resulting for
the 8 m long EDF in a spectral mode spacing
of 19.7 MHz expecting an index of refraction
of 1.45 for the core of the fibre. By using the
optical diode (5) unidirectional ring laser oscillation in either the cw or ccw direction is forced.
An extra mounting plate (2) and a short carrier
(2) are used to form the detection block.

ring laser threshold and slope efficiency are determined. For this purpose the patch cable (4) of
the detection block is connected either to the cw
or ccw output of the 4 port coupler. To measure
the beat frequency of the modes an oscilloscope
or spectrum analyser is required. Compared to
the linear fibre laser the beat frequency should
be 2 times larger. The demonstration of spiking
and amplified spontaneous emission (ASE) and
the measurement of the lifetime of the excited
state can be done as well and the compared to
the results of the linear fibre laser and differences discussed, if any. By opening the ring (removal of the patch cable from the 4 port coupler
to the WDM) results in a linear fibre laser.

Within this experiment the optical diode (5) is
used, which allows the transmission in only one
direction. In optics there exists only one optical
device which works like a diode in electronics,
it is based on the Faraday rotator effect. All required components are integrated into a small
sleeve terminated with single mode pig tail fibres. Operating the ring laser with the optical
diode only one directional ring laser mode oscillates. By measuring the output power at the
two output ports of the 4 port coupler will tell
us what oscillation direction is currently running.
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LE-1300 Iodine Raman Laser
Laser Experiments
Keywords
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Dunham Coefficients
Optical stability range
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Fig. 2.87: Energy level diagram of the Iodine
molecule
Within the experiment “PE-1600 Iodine
Molecular Spectroscopy” on page 89 we
already studied the spectral property of the
Iodine molecule when excited with the 532 nm
line of a pump laser. The Iodine Raman laser

How it works

M1

Linear cavity

Iodine cell

Pump radiation
532 nm
M1

M2

Ring cavity
M2
M4

M3

Iodine laser

The Iodine Raman laser can be operated in a
linear cavity consisting of two mirrors (M1)

belongs to the class of molecular laser. However,
the laser transition starts from the same level (2)
as the pump laser forming a so called Λ system.
Due to this cou2
pling a variety of
coherent phenomena occur. One of
laser
pump
it is the Raman
laser
gain which leads
3
to an asymmetrical
gain distribu1
tion
favouring
Fig. 2.88: Three level laser the direction of
the pump laser. This effect causes spontaneous
unidirectional propagation inside a ring laser
and has been firstly observed and explained by
Wellegehausen et. al. in 1979. So far, known experiments have been carried out with expensive
pump laser. The invention of inexpensive laser

pointer like DPSSL emitting laser radiation at
532 nm is ideal to excite the iodine molecule
allowing new affordable exciting new experiments for education. However, the underlying
generation of the green radiation is based on the
frequency doubling of a diode pumped Nd:VO4
laser. Such a laser has a gain bandwidth of about
1 nm. Due to thermal drift of the cavity, the frequency doubled radiation also drifts in a range of
0.5 nm. The absorption width of the Iodine molecule is much smaller compared to the thermal
drift of the excitation laser. Therefore the cavity
of the “green laser” must be thermally stabilised
by controlling the temperature of the pump laser with an accuracy of 0.01°C and the injection
current of 0.1 mA. In such a way it is possible
to tune the pump laser to the resonance of the
transition indicated by the appearance of strong
fluorescence light of the excited Iodine.

and (M2). A four mirror ring cavity has two
main advantages. Firstly, in such a ring structure there are no back reflexes into the pump
laser. This is very important since the pump
laser is operating in a single mode. All back
reflections into the cavity of the pump laser
destabilises the emission and causes unwanted
chaotic mode hopping. Secondly, a major feature of the Raman effect is that the gain in forward direction with respect to the pump direction is much higher than in the backward direction. This leads to the unidirectional operation

in a ring cavity. The pump radiation enters the
ring cavity via the mirror M1 which has a high
transmission (HT) for the pump and a high reflectivity (HR) for the Iodine Raman laser. The
flat mirror M2 has a high reflectivity for the
pump as well as for the Iodine Raman Laser
radiation and deflects the pump radiation to the
mirror curved M3. The radius of curvature of
M3 is chosen in such that the pump radiation is
focused into the middle of the Iodine cell. M4
has the same properties as M3.

4

2

5

M2

9

13 or 14

PL

8

M1
M4

Molecular energy level
Unidirectional Ring Laser Operation
Density Matrix Formalism
Single Mode Ring Laser

11

10

M3

3
6
Of course all spectroscopic measurements can be carried out as described in “PE-1600 Iodine
Molecular Spectroscopy” on page 45. Two 500 mm long optical rails are placed side by side to each
other and form the base for the ring laser setup.
7

The pump laser (5) contains a temperature controlled DPSSL emitting 40 mW at a wavelength
of 532 nm. The 4 adjustment screws of (5) are for
the alignment of the laser beam with respect to
the mechanical axis of the rail. The injection current as well as the temperature of the DPSSL is
controlled and monitored by the laser controller
(2). The cavity mirrors are mounted into individual adjustment holders. Each adjustment holder’s
angle orientation is set by the attachment block to
the carrier. The Filter (14) blocks the pump radiation so that only the laser wavelength is passed to
the photo detector (3). Instead of the filter (14) the
grating (13) can be inserted into the plate holder
to visualise the different wavelengths. By means
of the photodetector (3) the relative output power
of the pump laser (5) as well as of the Raman laser
is measured.
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Line selection with Birefringent Tuner

Birefringent Tuner
Fig. 2.89: Iodine ring laser with BFT
During the operation with the ring laser it will
be noticed that the laser’s wavelength spontaneously changes. Sometimes it is yellow, orange or
red or even mixed wavelength. To force the laser
to emit on a selected line only a so called birefringent tuner (BFT) is placed inside the cavity.
By tilting the lever the birefringent quartz plate
rotates and individual lines can be selected. The
spectrum shown in Fig. 2.90 shows the multitude
of simultaneous laser lines without such a BFT.
The table below summarizes all lines which can
be obtained.

532.4 (pump)

577.4

605.5

563.9

591.6
781.6

620.7

500

600

700 Wavelength nm

802.7

800

Fig. 2.90: Multiline Oscillation

Wavelength [nm]
Pump: 532.25
Laser lines:
557.29
557.55
563.82
564.09
570.47
570.75
577.24
577.52
591.13
591.42
605.51
605.81
620.40
620.72

Frequency [cm-1]
18,788.33
17,944.01
17,935.54
17,736.04
17,727.60
17,529.33
17,520.92
17,323.90
17,315.51
16,916.88
16,908.54
16,515.05
16,506.78
16,118.50
16,110.28

v’’↔v’
0 → 32

J’’→J’
R57

4 ← 32
4 ← 32
5 ← 32
5 ← 32
6 ← 32
6 ← 32
7 ← 32
7 ← 32
9 ← 32
9 ← 32
11 ← 32
11 ← 32
13 ← 32
13 ← 32

R56
R58
R56
R58
R56
R58
R56
R58
R56
R58
R56
R58
R56
R58

Wavelength [nm]
635.84
636.17
643.76
644.10
660.03
660.38
694.36
694.74
712.45
712.85
760.58
761.02
781.03
781.49
802.19
802.68

Fig. 2.91: Green (532 nm) stabilized Laser

Frequency [cm-1]
15,727.32
15,719.16
15,533.77
15,525.64
15,150.81
15,142.73
14,401.82
14,393.87
14,036.03
14,028.14
13,147.94
13,140.22
12,803.65
12,795.99
12,465.84
12,458.26

v’’↔v’
15 ← 32
15 ← 32
16 ← 32
16 ← 32
18 ← 32
18 ← 32
22 ← 32
22 ← 32
24 ← 32
24 ← 32
29 ← 32
29 ← 32
31 ← 32
31 ← 32
33 ← 32
33 ← 32

J’’→J’
R56
R58
R56
R58
R56
R58
R56
R58
R56
R58
R56
R58
R56
R58
R56
R58

Table 2.1: Obtained laser lines (the wavelength is given as vacuum wavelength)

2
21
5

13 or 14
10

9

8
25

Fig. 2.92: Iodine Raman Laser with birefringent tuner

11

7

6

24

The setup of Fig. 2.92 shows the location of
the birefringent tuner (BFT) inside the cavity.
The Filter (14 - GG495) blocks the residual, not
absorbed green pump radiation. The fibre of
the spectrometer (21) is connected to the fibre
jacket of the C25 mount (24). By rotating the
birefringent quartz plate different lines will be
observed. To obtain the weaker lines, the ring
laser must be aligned carefully and the quartz
plate thoroughly cleaned. The spectral distance
of the doublets R56/58 is in the range of about
0.4 nm and cannot be separated by the birefringent tuner. The line spectrum of the Fig. 2.90 is
recorded by the optional provided spectrometer
(21) and does not resolve the doublets. For this
purpose a spectrometer with higher resolution
is required.
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signal to oscilloscope
4
M2
23

M1

M4

M3

14

3

Fig. 2.94: Setup with piezo transducer

C: T0 - 0.02 K

51.6 MHz
12.7 MHz

B: T0 + 0.02 K

FSR = 209 MHz

A: T0
Cavity PZT tuning →
Fig. 2.93: Iodine laser power profiles for different fine tuned pump
wavelengths.

The mirror M4 is exchanged against a mirror
which is mounted to the piezo transducer (PZT,
23). The PZT controller (22) provides the periodic triangle voltage as well an DC offset to
drive the PZT periodically forth and back. The
PZT contains a mirror with same properties
as used before. The output of the modulated
ring laser passes the GG495 Filter (14) to suppress undesired residual pump radiation and is
detected by the photodetector (3). The signal
is further conditioned with the photodetector
junction box (4) and finally connected to an oscilloscope (the Fig. 2.93 shows such a signal).
As reference for the translation of the PZT the
driving voltage is used.

The BFT is tuned to operate the 591.42 nm (32-9(R58)) line only, at a temperature T0 of 30.09 °C. The cavity length was set to 1418 mm, resulting
in a FSR of 209 MHz. The temperature change of 0.02 K corresponds to
a detuning of the DPSSL of about 90 MHz. The curves show lasing on 1,
3 and 4 hyperfine components.
The absorption profile of molecular iodine is broadened by overlapping
hyperfine components. Therefore, depending on the exact setting of the
pump wavelength (temperature of the DPSSL), the pump laser will excite
more or less hyperfine components, which then will contribute to the
fluorescence and laser emission. While in fluorescence these components
can not be resolved, it should be possible to see them in laser emission
due to the narrow power profiles of the laser. For this, the laser is operated on a single strong line by careful adjustment of the birefringent tuner
and the pinhole to achieve TEM00 emission. To scan the power profile of
the laser emission, a ramp voltage is applied to the PZT to periodically
change the cavity length. The results are given in Fig. 2.93 for the 329(R58) line at 591.42 nm (see also Table 1). The curves of Fig. 2.93 show
power profiles for different fine tuned pump wavelengths, achieved by
small changes of ±0.02 K of the temperature of the DPSSL around an
initial temperature T0. The temperature change of 0.02 K corresponds
to a frequency change of about 90 MHz. The curves show lasing on 1, 3
and 4 hyperfine components. The separation of the hyperfine components
agrees with the well-known molecular data and demonstrates the power
and the possibilities of this laser system.

LE-1300 Iodine Raman Laser consisting of:

Item
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

Code
Qty. Description
Details page
CA-0450
2 BNC connection cable 1 m
130 (28)
DC-0040
1 Diode laser controller MK1
121 (4)
DC-0120
1 Si-PIN Photodetector, BPX61 with connection leads
123 (14)
DC-0380
1 Photodetector Junction Box ZB1
125 (30)
LQ-0040
1 Green (532 nm) stabilized Laser, 40 mW
119 (3)
MM-0020 1 Mounting plate C25 on carrier MG20
93 (1)
MM-0060 1 Filter plate holder on MG20
94 (7)
MM-0160
1 Ring laser mirror mount M1 on MG65
95 (14)
MM-0162
1 Ring laser mirror mount M2 on MG65
95 (15)
MM-0163
1 Ring laser mirror mount M3 on MG65
95 (16)
MM-0164
1 Ring laser mirror mount M4 on MG65
95 (17)
MP-0150
2 Optical Bench MG-65, 500 mm
93 (8)
OC-0460
1 Transmission grating 600 l/mm
100 (22)
OC-0970
1 Filter GG495, 50 x 50 x 3 mm
104 (55)
OC-1110
1 Laser mirror 1/2” in 1” mount, ROC flat, HR 550-800 nm 106 (72)
OC-1114
1 Laser mirror 1/2”, ROC flat, HT 532, HR 540-700 nm
106 (73)
OC-1116
2 Laser mirror 1/2, ROC 250 nm, HR 520-700 nm
106 (74)
OM-3010
1 Iodine cell on carrier
118 (53)
UM-LE13
1 Manual Iodine Raman Laser
Option (order separately)
CA-0200
1 Oscilloscope 100 MHz digital, two channel
128 (19)
CA-0270
1 Fibre coupled spectrometer 200 - 1200 nm, USB
129 (26)
DC-0070
1 Piezo controller 0-150V
122 (9)
MM-0504 1 Piezo transducer 10µ/150V with 24 mm collar
97 (35)
OC-0430
1 Fibre jacket in C25 mount
100 (21)
OM-0580
1 Birefringent Tuner
114 (27)

Highlights
Basic, advanced, and top level 
experiments
Outstanding features for an Iodine molecular experimental Laser:





Scanned Laser Cavity
Power Profile
Hyperfine Laser Lines
Unidirectional Ring Laser

Intended institutions and users:
Physics Laboratory
Engineering department
Electronic department
Biophotonics department
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40

LM-0300 Fabry Perot Spectral Analyser
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LM-0400 Laser Range Finder
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LM-0500 Laser Doppler Anemometer (LDA)

47

LM-0600 Laser Gyroscope
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LM-0700 Laser Safety

51

LM-0800 Barcode Reader
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LM-0100 Michelson Interferometer

DPSSL as coherent source
Fringe contrast
Spherical and plane waves

Properties of laser radiation
Coherence length
Two mode HeNe laser

In 1881 A. A. Michelson constructed an interferometer, which
later on also got his name, to counter prove successfully the theory
of an universal ether assumed to
be existing at that time. Later on he determined
with this set-up the length of the basic meter in
units of light wavelengths. Still, the promising
use of interferometers in performing technical
length measurements only reached significance
after the discovery of the laser as a coherent
light source. Today this contact less working
high precision length measuring instruments
have become an important tool for many areas
Mirror 1
Green Laser

of the machine building, industry like adjustment, final control, incremental displacement
measurement for CNC machines, the control
of machine tools and for calibration procedures.
With the latest laser interferometers resolutions
up to the nanometre range can be realised. The
arrangement of the optical components has
changed with regard to the original Michelson
interferometer by the use of lasers as light
sources. But with some exceptions, generally
the two beam arrangements of Michelson is
used. Within the frame of this experiment first
the classical interferometer is setup and the interference pattern are observed on a screen. To

Beam A

Beam B

Mirror 2

Beam splitter

Exit 2=AR+BT

Beam expander

Two beam interference
Fringe detection

Translation stage

Exit 1=AT+BR

Imaging lens

Translucent
screen

Fig. 2.1: The classical Michelson interferometer setup

M

Polarising beam splitter
Triple reflector T1

R
B’

Beam displacer

QWP
Deflecting prism

NBS

C

PBS
Fig. 2.2: The technical laser interferometer for length measurement
The technical interferometer is a refinement of
the Michelson interferometer. To avoid any undesired back reflection into the laser source,
triple reflectors are used instead of flat mirror. Furthermore the technical interferometer
needs a mechanism for reliable counting of the
fringes, even if the movement direction (M) is
reversed. For this purpose optical quadrature
signals are required. The superimposed waves

B

PBS

A’

understand the observed interference pattern
the properties of Gaussian beams, wave fronts,
radii of curvature and the superimposition of
waves are discussed in the theoretical part of
the manual. Starting with a simple model of
monochromatic radiation, the spectral bandwidth of a light source will be considered and
the influence on the contrast of the interferometer discussed. The coherence length is introduced, defined and measured.
The applied HeNe-Laser emits two orthogonally polarised modes with a coherence length of
about 18 cm. In a second step the Michelson setup is upgraded to an technical interferometer.
The classical Michelson setup consists of the
beam splitter, the mirror 1 and the mirror 2.
The incident beam from a green laser is split
into two beams at the beam splitter. The returning beams from mirror 1 and 2 are imaged by
means of a diverging lens onto a translucent
screen. Mirror 2 is mounted on a translation
stage for precise change of the related optical
path, particularly for white light interference.
The beam expander provides an enlarged beam
with plane wave fronts resulting in a fringe pattern with a parallel or circular pattern.
A. In this way the required phase shift of 90°
for the quadrature encoding is achieved. In addition, a polarizing beam splitter in each channel provides a 180° phase shift which is used to
become independent of varying contrast of the
moving interferometer.
λ/2
A
A’
0

A

of the reference arm (R) and (M) are leaving the
interferometer at the deflecting prism. Both orthogonal linear polarised waves are converted
into opposite circular polarisation by the quarter wave plate (QWP). In a next step the intensity is split into two equal parts, whereby one part
travels to the channel (A) and the other to channel (B). In channel B a quartz polarizer turns
the polarisation of channel B by 90° to channel

0

C

B

90°

λ/4

B’

0

0

D

A comparator converts the A, A’ and the B,B’
into the quadrature signal C and D which are
counted by a quadrature counter.
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LM-0100 Michelson Laser Interferometer consisting of:

Item
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

Code
Qty. Description
CA-0080
1 Optics cleaning set
CA-0450
1 BNC connection cable 1 m
DC-0040
1 Diode laser controller MK1
LQ-0040
1 Green (532 nm) stabilized Laser, 40 mW
MM-0020 2 Mounting plate C25 on carrier MG20
MM-0100
1 Target Cross in C25 Mount
MM-0110
1 Translucent screen on carrier MG20
MM-0444 1 Kinematic mount 1”, translation stage on MG65
MM-0440 1 Kinematic mount C30 on MG20
MP-0050
1 Cross-piece MG-65 with kinematic mount ø 25mm
MP-0130
2 Optical Bench MG-65, 300 mm
MP-0150
1 Optical Bench MG-65, 500 mm
OC-0010
1 Biconcave lens f=-10 mm, C25 mount
OC-0380
1 Beam expander x8 in ø 25 mm housing
OC-0500
1 Beam splitter plate ø 25 mount
OC-1200
2 Laser mirror C30, ROC flat, HR @ 632 nm
UM-LM01 1 Manual Michelson Interferometer
Option (order separately)
CA-0200
1 Oscilloscope 100 MHz digital, two channel
LM-0110
1 Two mode HeNe laser extension

Details page
127 (12)
130 (28)
121 (4)
119 (3)
93 (1)
94 (9)
94 (10)
96 (26)
96 (25)
92 (1)
93 (7)
93 (8)
98 (2)
100 (18)
101 (29)
107 (80)

The Michelson interferometer is formed by the
two mirrors (16) which are mounted into adjustable mounts (9). One mirror is mounted to
a translation stage (8) attached to a carrier. The
adjustable (10) beam splitter (15) divides and
combines the beam of the green laser source (4)
into two equal parts. The superimposed beams
pass through the expansion lens (13) and are imaged onto the translucent screen (7) from which
the pattern can be photographed by a simple
digital camera. The light source is connected to
the digital controller to provide the necessary
current and temperature control. By means of
the beam expander (14) the radius of curvature
of the wave fronts can be changed from plane
to spherical to create either stripes or circular
interference pattern. From this interference
pattern a photo can be taken by ordinary digital
cameras of a smart phone and inserted into the
student’s report.
When moving the translation stage (8) the interference pattern changes accordingly. Real
measurements can be carried out with in combination with the technical extension (38).
For the measurement of the index of a gas
like air we recommend the “PE-0600 Optical
Interferometer” on 75.

128 (19)
see below

Two mode HeNe laser extension
6

1
6

Lm

Lr
4

S

8
3

7

5

Based on the mode spacing of the two mode
HeNe laser (4) the coherence length is 20 cm and
can be determined by measuring the contrast as

2

function of the path difference of the reference
arm Lr and measuring arm Lm. By using a polarisation filter (8), one mode can be suppressed

resulting in a single mode laser with much longer
coherence length. The measurement starts with
equal length of Lr and Lm .The path difference
is increased in 1 cm steps and at each position
the adjustment screw (S) is slightly turned back
and forth while observing the oscilloscope which
shows the signal of the photodetector (2). A more
or less pure sine curve with varying amplitude
and offset is observed (Fig. 2.3 and Fig. 2.4). The
coherence length is reached at the position where
the contrast reaches its minimum.

Measuring the contrast function and coherence length
1.0

Imax

↑ Contrast

Single mode laser
Two mode laser

Imin

Path difference →
0.0

Fig. 2.3: Good contrast

Contrast function

Fig. 2.4: Low contrast

LM-0110 Two mode HeNe laser extension consisting of:

Item
Code
Qty. Description
1
DC-0062
1 High voltage supply 5 mA
2
DC-0120
1 Si-PIN Photodetector, BPX61 with connection leads
3
DC-0380
1 Photodetector Junction Box ZB1
4
LQ-0300
1 Two mode HeNe laser Ø30 housing, 632 nm
5
MM-0024
1 Rotary mount on carrier MG20
6
MM-0470
2 XY mount, soft ring 30 mm, on MG20
7
MP-0150
1 Optical Bench MG-65, 500 mm
8
OC-0710
1 Polarizer in C25 mount

Details page
122 (7)
123 (14)
125 (30)
120 (14)
93 (2)
97 (30)
93 (8)
102 (34)

Laser Application

Description of the components
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LM-0120 Technical Interferometer Add-on
4

3

4

2

5
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Introduction

Definition of Length

HeNe-Laser

Homodyne Interferometer

Fringe Detection and Counting

Calibration of Micrometer Gauge
One essential element of a technical laser interferometer is the secure detection of the bright to dark
transitions (fringes) even for variable contrast conditions which may
occur due to modifications of the initial adjustment during the displacement of the measuring
reflector. To compensate for these influences a
fringe signal A’ with a phase shift of 180° with
respect to fringe signal A is optically generated.
By means of an subsequent electronic comparator, disturbing DC - offset parts are eliminated
from the resulting signal. To detect the direction
of the displacement of the measuring reflector a
signal B, phase shifted by 90° with respect to

A

How it works

Laser Application
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6

A’

90°

signal A, is created optically. Furthermore such
a 90° phase shifted signal D with respect to signal C is created. Also signal B and D are treated
with a comparator to remove any offset. As a
result two offset free fringe signals are created
having a phase shift of 90° to each other allowing the directional discrimination by applying
the quadrature encoder principle.
Another important difference against the classical Michelson interferometer lies in the fact
that instead of mirrors, triple reflectors are used
in such a way that no beam travels back into
the laser source. Such back reflections lead to
frequency and thus intensity fluctuation of the
laser source falsifying the counted number of

C

Fig. 2.7: Analogue and TTL A and B signals
in XY representation

Fig. 2.5: Signals of channel A

C

A
B

Fig. 2.6: Signals of channel A and B

90°

D
Fig. 2.8: Track of C and D TTL signals

LM-0120 Laser interferometer technical extension consisting of:

Item
1
2
3
4
5
6
7
8

Two Beam Interference
Interpolation of Interference
Fringes

Code
Qty. Description
Details page
DC-0080
1 Quad counter & 2 channel photodiode amplifier
122 (10)
MM-0120
1 Dial gauge travel 5 mm resolution 1 µm on MG65
94 (12)
OC-0510
1 Polarising beam splitter cube on 25 mm stage
101 (30)
OC-0520
2 Triple reflector in extended 1” mount
101 (31)
OM-0040
1 Beam displacer 5 mm on MG20
110 (5)
OM-0840
1 Fringe detection unit on MG100
117 (43)
Option (order separately)
MM-0140
1 Triple reflector on motorised translation stage, travel 50 mm 94 (13)
Required Option (order separately)
CA-0200
1 Oscilloscope 100 MHz digital, two channel
128 (19)

fringes.
This extension provides all necessary optical
components to turn the existing Michelson interferometer to a technical one. One triple reflector is mounted onto a translation stage. The
piston pin of the provided micrometer gauge
firmly touches the back of the moveable triple
reflector. The idea of the measurement is to
calibrate the display of the gauge against the
wavelength of the laser source which forms the
secondary standard of a metre. The fringes generated by the movement are counted by the provided forward/backward counter in fractions of
the wavelength λ like λ/4, λ/8 or even λ/16.

The special feature of technical interferometer
are the automated detection and counting of the
fringes cause by a movement. In the Fig. 2.5 the
signals A and A’ (please refer to Fig. 2.2) are
shown. From both signals the TTL signal C is
generated. The Fig. 2.6 shows the phase shift
of 90 degrees between the A and B signals (of
course this shift exists also between the A’ and
B’ signals). The XY oscilloscope representation of A and B is shown in the Fig. 2.7. The
left figure shows the analogue superposition. If
the system is in rest, only a dot on the circumference of the ellipse (ideally a circle) indicates
the position. A full turn is related to a travelled
distance of λ/4 or 0.158 micrometer when λ is
635 nm and the rotation direction depends on
the direction of movement. The right figure
of Fig. 2.7 shows the XY representation of the
TTL signals of C and D. Here, the dot jumps
clockwise or counterclockwise from one corner
to the other whereby one jump corresponds to
a movement of λ/16. The task of the electronics is to count how many jumps occur in clockwise and in counterclockwise direction. This
is achieved by using an up and down counter
whereby the directional signal is gained from
the 90° phase shift between both signals. If C
leads D then the directional signal for the counter will be high (up) or low when D leads C.
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LM-0140 CNC Calibration Extension
1

Computer controlled stepper motor Calibration of Translation Stage
Measuring a length is the comparison of an unknown length
with a known one. Since 1983 the
standard of one meter is defined
as the length of the path travelled
by light in vacuum during a time interval of
1/299792458 of a second. The effect of this definition is to fix the speed of light (c) in vacuum at
exactly 299 792 458 m/s. If we consider the relation ν=c/λ where ν denotes the frequency and λ
the wavelength of the light radiation it becomes
clear that in case the frequency of the radiation

A

A’

C

is known, the wavelength λ is known as well. If
the used light source has a known and constant
frequency it represents a secondary standard of
the meter. Preferentially a laser can fulfil the
demand of a defined and stable frequency. In
practise HeNe-Laser systems are used whose
frequency is stabilised using optical transitions
of the Iodine 127 isotope. The uncertainty of
the frequency stabilisation by using this method is better than 1x10 -12. For technical applications like calibrating CNC machines an uncertainty of 1x10 -7 is sufficient. This value corre-

C

90°

D
Fig. 2.9: Signals of channel A

Fig. 2.12: Track of C and D TTL signals

A

90°

B

Fig. 2.10: Signals of channel A and B

Fig. 2.11: Analogue and TTL A and B signals in XY representation

The special feature of technical interferometer
is the automated detection and counting of the
fringes caused by a movement. In the Fig. 2.9
the signals A and A’ (please refer to Fig. 2.2)
are shown. From both signals the TTL signal
C is generated. The Fig. 2.10 shows the phase
shift of 90 degrees between the A and B signals
(of course this shift exists also between the A’
and B’ signals). The XY oscilloscope representation of A and B is shown in the Fig. 2.11. The
left figure shows the analogue superposition. If
the system is in rest, only a dot on the circumference of the ellipse (ideally a circle) indicates
the position. A full turn is related to a travelled
distance of λ/4 or 0.158 micrometer when λ is
635 nm and the rotation direction depends on
the direction of movement. The right figure of
Fig. 2.11 shows the XY representation of the
TTL signals of C and D. Here, the dot jumps
clockwise or counterclockwise from one corner
to the other whereby on jump corresponds to
a movement of λ/16. The task of the electronics is to count how many jumps occur in clock-

LM-0140 CNC Calibration Extension consisting of:

Item
Code
1
DC-0100
2
ES-0200
3
MM-0140

Qty.
1
1
1

Description
Details page
Stepper motor controller
122 (12)
Interferometer control and logger software
Triple reflector on motorised translation stage, travel 50 mm 94 (13)

sponds to an accuracy of 0.1 µm per one meter.
A HeNe-Laser without any means of frequency
stabilisation has a fairly good uncertainty of
1x10 -6 and will be used in this experiment. By
using the Michelson interferometer we count
how many λ/2 bright/dark transitions (fringe)
occur along the distance to be measured. The
movement will be done by using a microprocessor controlled motorised translation stage. The
travelled distance is compared with the result of
the Michelson interferometer which represents
the secondary standard of the meter.
wise and in counterclockwise direction. This
is achieved by using an up and down counter
whereby the directional signal is gained from
the 90° phase shift between both signals. If C
leads D then the directional signal for the counter will be high (up) or low when D leads C.
The movement of the translation stage (3) is
controlled by the stepper motor controller (1).
The increment as well as the speed is set to suitable values. After each increment the controller
stops the movement for a while and the counted
fringes are read from the counter display. Either
the microprocessor or the student calculates
from the counted fringes the travelled distance
and creates a graph as shown in Fig. 2.13.
Deviation [µm]
0.5

0

-0.5

Travel distance [mm]
0

10

20

30

40

50

Fig. 2.13: Calibration curve
When using an extra computer the Fig. 2.13 can
be automatically recorded by using the control
and logger software (2). In this case the counter
as well as the stepper motor controller are connected via the USB bus to the computer.
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LM-0200 Zeeman Laser Frequency Stabilisation

Single Mode HeNe-Laser
Beat Frequency
Circular Laser Polarisation

Doppler Gain Profile
PID - Controller

In principle the frequency of a laser is defined by its own intrinsic
parameters. However in reality the
emission frequency f is not stable
within a couple of hours. For high
precision interferometric length measurements
at least a long term stability of df/f ≤ 10 -8 must
be provided within 8 hours. To obtain such a
performance a stabilisation loop must be added
to the Laser. Within this setup the Zeeman stabilisation - the most commonly used technique
- of a HeNe-Laser is applied and demonstrated.
The length of the HeNe laser tube is chosen in
↑ Beat frequency

ω0
← Detuning →
Fig. 2.14: Beat frequency of the Zeeman split
laser modes versus the cavity detuning

P1

Frequency Pulling
Longitudinal Zeeman Effect

such a way that only a single mode can oscillate. A longitudinal magnetic field is applied
to the HeNe tube and the normal linearly polarised splits into two oppositely circular polarised modes due to the Zeeman effect. One
can observe the difference or beat frequency
with a photodetector behind a polarizer. The
beat frequency becomes minimum, when the
HeNe laser tube (cavity) is aligned to the centre
of the gain profile. The control loop consists of
the beat frequency detection and an embedded
micro processor based PID - controller. The active actuator is formed by a bifilar heater coil

surrounding the laser tube. The task of the
students is to understand the stabilisation concept and the underlying control technique of a
PID controller. The PID parameter can be set
independently from each other and the student
will recognize the influence of this parameter
on the control loop. The provided software records and displays the controller as well as laser
response allowing to record a Bode diagram
or the beat frequency drift of the free running
laser.

In 1964 Culshaw and Kannelaudl investigated
the effects of a longitudinal magnetic field on a
He-Ne laser. Later in 1980 T. Baer et. al. published in his paper “Frequency stabilization of
a 0.633 µm He-Ne longitudinal Zeeman laser“
the idea of a stabilization technique which
provided a high frequency stability of <10 -9
independent on the aging effects of a HeNe
laser tube. The name of the paper already suggests the use of the Zeeman effect in a laser.
Within the experiment we will also focus on
the Zeeman effect which normally requires in
the classical experiments comparatively strong

magnetic fields (500 mT) to obtain an observable effect. In the case of the HeNe laser already
quite moderate magnetic field of 5 mT yields
a beat frequency of around 300 kHz, thus the
observation of the Zeeman effect is quite simple.
However, the explanation is quite complex due
to the manifold of involved laser effects. Due
to the longitudinal nature of the Zeeman effect
one would expect that the laser will now oscillate on two circular polarised modes with a frequency difference which is determined by the
magnetic field. As the experimental results will
tell us, it is a bit more complicated.

HeNe Laser tube

PD1

L4
S

Magnetic field

N

Heating coil

P
PR

I

PA

D
Fig. 2.15: Principle of the Zeeman frequency stabilised laser

Microprocessor
controller

P2

PD2

The length of the laser tube is designed in such
a way, that only one longitudinal mode oscillates. Applying a longitudinal magnetic filed
causes at first the splitting of all the atomic
energy level, in particular also the level of the
Ne - laser transition. This causes the emission
of two orthogonally circular polarized modes
with a certain beat frequency. By means of
the photodetector (PD1) behind the under 45°
oriented polarizer (P1) this beat frequency is
detected and displayed on an oscilloscope for
instance. The microprocessor records the drift
of the beat frequency and determines the minimum value which is related to the target of the
control circuit. In some further steps the microprocessor learns if it needs to heat or cool to
achieve the right control direction. Once these
parameters are settled and the initial thermal
drift of the tube slowed down, the controller
starts the active control.
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The Helium Neon Laser tube is operated by a
compact high voltage supply (1). The anode is
covered by a Perspex cover to avoid electrocution under all circumstances. The main laser
beam with a maximum power of 1 mW leaves
the tube at the opposite side, whereas through a
small hole at the anode side a weak laser beam
is used for the detection of the beat frequency.

The polarizer (7) on the left side is set under
an angle of 45° to convert the opposite circular
polarised laser beam into linear polarized light
which is detected by the photodetector (2). A
longitudinal arranged magnet array causes the
Zeeman splitting and the bifilar heating coil
is used to control the length of the HeNe laser
tube. The stabilizer controller amplifies the

beat frequency signal coming from the attached
photodetector. The control strategy is based on
sampling the beat frequency during the heat
up. Hereby the laser drifts over a manifold of
orders providing solid information about the
minimum of the beat frequency which in fact is
the control target. To achieve the best controller performance, the PID parameter needs to be
determined and applied.
Once these tasks are accomplished, the main
laser output is analysed. As already mentioned
it consists out of two opposite circular polarised
modes. To prove this, a rotatable quarter wave
plate (8) converts the circular polarised modes
into linear ones. With the polarizer (7) behind
the quarter wave plate these two orthogonal
modes are verified. The junction box (4) converts the photocurrent of the photodetector into
a voltage which can be measured by a simple
digital voltmeter or displayed on the oscilloscope to show the beat frequency of the modes. .

Measurements

Offset
Fig. 2.16: Beat frequency measurement

The beat frequency signal can either be taken
from the stabilisation controller (3) or the junction box (4). The Fig. 2.16 shows a oscilloscope
screen dump. The signal shows an offset which
is caused by non perfect polarizer as well as
caused by the laser. However, using a pure AC
amplifier removes the offset completely. A clear
picture can be taken only once the thermal drift
slows down or even better when the controller
has been locked to the stabilisation point.

Control Software

Fig. 2.17: Controller settings

The controller (3) has a USB interface to communicate with a
Windows based computer. The provided software (13) allows
the set of the PID controller parameters to optimise the control
accuracy. The Fig. 2.17 shows the screen where the individual
control parameter are set. Three gauges give dynamic information about the beat frequency, the control deviation and the controller output which controls the heating coil current. In case
the deviation tends to zero the “LOCK” has been reached. The
Fig. 2.18 shows another page of the software, the chart recorder
which is used for recording the controller output or the beat
frequency as function of the time. The curve shown in Fig. 2.18
shows the controller output as function of the time. The parameters have been set to allow the controller to oscillate. From the
period of the signal we get information about the control loop’s
dead time and can predict control parameter (PID) for the optimum control accuracy. This method based on the Bode’s plot
provides already good values, however, the parameter need further refinement while observing the controller.

Fig. 2.18: Y-t plot and chart area

Highlights

LM-0200 Zeeman Laser Frequency Stabilisation consisting of:

Item
1
2
3
4
5
6
7
8
9
10
11
12
13

Code
Qty. Description
DC-0064
1 High voltage supply 6.5 mA
DC-0120
2 Si-PIN Photodetector, BPX61 with connection leads
DC-0310
1 Laser frequency stabilizer
DC-0380
1 Photodetector Junction Box ZB1
MM-0020 2 Mounting plate C25 on carrier MG20
MP-0150
1 Optical Bench MG-65, 500 mm
OM-0400
2 Rotary Polariser / Analyser 360° on Carrier 20 mm
OM-0410
1 Rotary quarter wave plate on carrier
OM-0910
1 Single Mode HeNe laser with Zeeman magnet
UM-LM02 1 Manual Laser frequency stabilisation
Option (order separately)
CA-0120
1 Tablet PC Windows
CA-0200
1 Oscilloscope 100 MHz digital, two channel
ES-0300
1 PID Controller Software

Details page
122 (8)
123 (14)
124 (26)
125 (30)
93 (1)
93 (8)
112 (15)
112 (16)
117 (44)
128 (15)
128 (19)

Basic and advanced level  experiments
Outstanding features:
 Zeeman effect

Ultra stable laser frequency

Controller PID trimming
Intended institutions and users:
Physics Laboratory
Engineering department
Electronic department
Biophotonics department
Physics education in Medicine

Laser Application
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Multiple Beam Interference
Visibility
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-

L=R

L1

L2

R

Probe
laser

B

La Lb

M2

L2

L

Probe
laser

PD

Piezo
tube

R

M1

Free Spectral Range
Ideal & Real Fabry Perot
Flat mirror
DPSS single mode probe laser

Piezo
tube

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.
T=

1
1
→T (t ) =
π

π

1 + F ⋅ sin 2  ⋅ n ⋅ L 
1 + F ⋅ sin 2  ⋅ n ⋅ L ( t ) 
λ

λ


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).

FSR → δν =

c
2⋅ L

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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LM-0300 Fabry Perot Spectral Analyser

FSR
FWHM

Piezo Voltage →

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

4

3

9

7

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

11

13

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)

Piezo voltage

Fig. 2.21: Mode spectrum with transverse
modes
FSR

PD signal

W

Piezo voltage

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

5
Two Mode HeNe - Laser
Orthogonal Modes

Mode Spacing 730 MHz
Mode Sweeping, Gain Profile

Gain BW 1.5 GHz
Doppler
broadened
gain profile

730 MHz

Laser
threshold

N-3

N-2

N-1 ν0

3

N

← Frequency ν→

N+1

N+2

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

FSR
Δν
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Confocal
Alignment

Fig. 2.25: Mode suppressing with a polarizer
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.

Fig. 2.26: Mode spectrum with flat mirror
and expanded probe laser beam
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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LM-0400 Laser Range Finder

Short pulse laser diode
Beam Collimator
Time of Flight
Laser range finding is one of the
applications of light detection and
ranging known as LIDAR. The
principle of this technique is well
known from the RADAR (Radio
wave Detection And Ranging). Instead of using
radio waves, the LIDAR uses light as electromagnetic wave. Both techniques are based on
the emission of a short pulse of electromagnetic
radiation and the reception of back scattered
signals from a target. The time t between the
emission and reception of the pulse is measFast
photodiode

Peak Power
Fast Si PIN Photodetector
LIDAR

Laser Energy
Light Echoes

ured and the distance d is calculated based on
the velocity v of electromagnetic radiation.
Using v≈3×108 m/s for the speed of light, the
time interval t for a distance d of 10 m will be
66 ns. The pulse duration must be modified to
match the required resolution and distance. In
this experiment the shortest pulse duration is
50 ns with a rise time of 5 ns. When the laser
pulse is launched, the receiver photo detector is
also used to generate a start pulse signal which
serves as trigger for the oscilloscope. The peak
power of the laser diode amounts to 70 W with-

Receiver lens

FOV

Pulsed diode laser

R

Target

Collimated laser beam

68 ns

E
S

Fig. 2.28: Measurement of the time of flight

For the operation of the laser range finder an oscilloscope is required. The Fig. 2.28 shows the
principle of a measurement with target which is
10 m apart. The blue trace (E) shows the electrical pulse for the diode laser. To get the optical
laser pulse at zero distance a target (sheet of A4
paper for instance) is held in front of the setup
and the resulting curve is stored on the scope as
reference curve (R). After removing the target
at the zero position the new curve is stored as
well. At the peak of the reference the time is

LM-0400 Laser Range Finder consisting of:

Item
Code
Qty. Description
1
CA-0060
1 Infrared display card 0.8 -1.4 µm
2
CA-0450
2 BNC connection cable 1 m
3
DC-0050
1 Pulsed laser diode controller MK1
4
DC-0220
1 SiPIN Photodetector, ultrafast with amplifier
5
MP-0130
2 Optical Bench MG-65, 300 mm
6
OM-0520
1 Pulsed diode laser head in twofold rotary mount
7
OM-0620
1 Collimating optics on carrier MG20
8
OM-0622
1 Focussing optics, f=60 mm on carrier MG20
9 UM-LM04 1 Manual Laser range finder
Required Option (order separately)
10
CA-0200
1 Oscilloscope 100 MHz digital, two channel

Details page
127 (10)
130 (28)
121 (5)
124 (22)
93 (7)
113 (22)
114 (30)
115 (31)
128 (19)

in 100 ns which is related to an energy of 4 µJ
only. The intensity of the back scattered light is
very low compared to the laser pulse it self and
depends on the scatter efficiency of the target.
Furthermore the intensity drops with 1/r² where
r is the distance to the target. Consequently a
photodetector with amplifier is used. The controller allows also the characterization of the
laser diode itself. The output power and pulse
width as function of the parameters like charge
voltage and discharge time can be measured and
optimised for the length to be measured.
The emission of the pulsed diode laser is collimated to an almost parallel laser beam. At a
certain distance it hits the target from which
scattered light travels back depending on the
scatter properties of the target. The receiver
lens captures according to its field of view
(FOV) a small fraction of it and focuses it onto
a fast photodiode. Due to the fact that only a
small fraction of the incident light comes back,
a fast and sensitive amplifier is needed.
defined as zero and the distance to the next peak
gives the time of flight t for one round trip.

2⋅s = v ⋅t
According to this, the travelled distance s is:

s=

1
v⋅t
2

whereby v is the speed of light. If the distance is
known we can also determine the speed of light.
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LM-0500 Laser Doppler Anemometer (LDA)
3

4
8
10

2

10

12

Dual Beam Interference
Light Scattering
Ultrasound Particles Generator
When children play while striking
the vertical bars of a picket fence
with a stick it gives a characteristic burst like noise. The faster they
are running the shorter the burst is
however the frequency of the strikes is higher.
The same principle Yeh and Cummins exploited 1964 when they invented their Laser Doppler
Anemometer. Anemos is a Greek word and
means “wind”, consequently a Laser Doppler
Anemometer (LDA) can be considered as a
“wind meter” using a laser. However the LDA
cannot detect pure wind as a clean air stream, it
needs to have particles moving with the wind,
These particles are guided to move through two
crossing laser beams created from one source.

Single mode
DPSSL

Focusing lens

Spatial Interference
Measuring Particle Speed
Fourier Transformation

6

Doppler Effect
Spatial Scattering

Particle jet
Beam A

scattered light

Beam B

6

Fig. 2.29: Beam crossing zone

like zebra stripes. When particles are moving
through the stripes they scatter the light in preferred directions. The set-up uses an ultra sonic
particle generator. “Dry” water particles ejected through a nozzle perpendicular cross the
interference zone. A photodetector combined
with a fast and sensitive amplifier is used to detect the scattered light. A storage oscilloscope
is required to display and store the individual
burst for the subsequent analysis. Modern oscilloscopes are provided with a in built fast
Fourier analyser for real time display of the
burst frequency.

Due to the coherence of the laser and thus also
of the two beams a spatial interference pattern appears within the crossing zone looking
Converging lens

Focusing lens

LDA Signal

BSC
beam separation prisms beam crossing zone

Special care must be taken in the selection of
the laser source as well as the beam splitting
section. Both components contribute significantly to the contrast of the interference fringes
in the beam crossing zone. The laser source
should be a single mode laser with a Gaussian
beam profile in TEM00 mode. Furthermore the

beam stop

polarisation of beam A and B must be the same
which requires a careful selection of the beam
splitting and bending prism. Another design
criteria is the aberration minimized imaging of
the focusing lens. Finally the beam stop and the
photodiode sensitivity with subsequent amplifier determine a good signal to noise ratio.

LM-0500 LDA - Laser Doppler Anemometer consisting of:

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

Code
Qty. Description
CA-0012
1 Set of tools for LDA
DC-0220
1 SiPIN Photodetector, ultrafast with amplifier
DC-0320
1 US particle generator
DC-0380
1 Photodetector Junction Box ZB1
LQ-0040
1 Green (532 nm) stabilized Laser, 40 mW
MM-0020
3 Mounting plate C25 on carrier MG20
MM-0060
1 Filter plate holder on MG20
MM-0800
1 Adjustable fog nozzle on MG30
MP-0150
1 Optical Bench MG-65, 500 mm
OC-0060
2 Biconvex lens f=60 mm in C25 mount
OC-0420
1 LDA alignment aid
OM-0060
1 LDA Beam splitter unit
OM-0062
1 LDA Beam Displacer
OM-0066
1 LDA beam focussing unit
Required Option (order separately)
CA-0200
1 Oscilloscope 100 MHz digital, two channel

115 kHz

photodiode

Details page
126 (3)
124 (22)
124 (27)
125 (30)
119 (3)
93 (1)
94 (7)
98 (40)
93 (8)
99 (5)
100 (20)
110 (6)
111 (7)
111 (8)
128 (19)

FFT Signal
Fig. 2.30: Oscilloscope screen dump
Another key is the provision of a suitable particle jet consisting of small and “dry” particles.
The experiment comes with a two stage ultrasound particle generator with adjustable jet
flow speed. The Fig. 2.30 shows a burst event
with simultaneous FFT. It will take a while to
catch such events since a lot more events exist.
It is important to set the trigger of the oscilloscope to single events with a trigger level
high enough not to react on small bursts. Also
one trace will contain probably more than one
burst, but a digital oscilloscope can be focused
and expanded to a desired event. The storage
possibility of the oscilloscope allows also
storing of the data on a USB stick for further
evaluation with Excel or other software.

Laser Application
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Sagnac Effect
HeNe Ring Laser
Single Mode Etalon
Lock-In Effect
Processor Controlled Rotation
Despite the existence of high precision satellite navigation (GPS)
each transport vehicle which relies on navigation must have its
own GPS independent navigation
system to be prepared if the GPS
may fail. Regardless of the manufacturer like
Airbus or Boeing, air planes nowadays are
equipped with laser gyros for navigation.
Shortly after the invention of the laser in 1960
the idea of Georges Sagnac from 1913 (France)
was applied in conjunction with a HeNe ring laser. However the difference of such a ring laser
gyroscope to the idea of Sagnac lies in the fact
that within Sagnac’s set-up the light source is
separate from the ring structure and the signal
is as a phase shift between the counter propagating beams. In the laser gyroscope discussed and
applied here, the light source is part of the ring
laser and the output is a beat frequency between
the counter propagating laser modes. This class
of laser gyroscopes are termed as “active” and

Interference
Beat Frequency Detection
Linear and Elliptical Polarisation
High Precision Angle Measurement
Quad Frequency Counting

Half and quarter wave plates
Optical 90° phase shifter
Direction Discrimination
Active Laser Gyroscope

those of the Sagnac’ s type as “passive” laser
gyroscopes. In general the active laser gyroscope provides a much higher precision and long
term stability as against the passive ones. The
basic specifications are:
Range:
1x10 -6 to 1x10³ °/sec
Resolution:
app. 2 arc sec
Zero stability:
1x10 -3 °/h
Scale factor stability:
app. 3 ppm
The precision of the laser gyro becomes more
evident, when it is compared to other well
known measuring devices for instance a micrometer screw gauge with a resolution of 0.01
mm. It must have at least a length of at least 3
km (!) for having the same resolution.
Within this experimental system the basics of
the laser gyro are explained and practically studied at the system, which allows full access to all
components. The experimental laser gyroscope
consists of a rugged turntable on which the ring
laser is mounted. A rotational stage driven by a
stepper motor rotates the turntable. The angu-

How it works

ωccw

P1
PD1

NBS

PBS

w

SME
QWP

lar speed and range can be set via the provided
controller. The ring laser consists of three laser
mirrors arranged at the corners of an equilateral
triangle. The point of rotation lies well within
the centre of this triangle. At one mirror a beam
bending device is positioned in such a way that
the clockwise and counter clockwise propagating modes are superimposed and their beat frequency is detected by means of two photo detectors. The signal of the photodetector has a phase
shift of 90° to each other so that a subsequent
direction discrimination is performed. The created TTL signal is fed to a frequency counter.
For the first alignment of the ring laser an adjustable green laser pointer is used. Once the
system is aligned, the single mode etalon is inserted to obtain the required single mode operation. The beat frequency of the modes is measured as function of the angular speed. A special
measurement is focused on the so called lock-in
threshold, which is an unwanted effect of active
laser gyroscopes.
two modes, the resulting vector starts to rotate
with the beat frequency of ωb=ωcw - ωccw.

M1

← cc
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Fig. 2.31: Principle of Helium Neon Laser Gyroscope
At the mirror M3 a fraction of both the cw and
ccw mode leaves the ring cavity formed by the
three mirror M1, M2 and M3. Both modes are
linearly polarised whereby the polarisation direction is defined by the Brewster windows attached to the laser tube. The cw beam enters
and directly leaves the polarising beam splitter (PBS). The ccw beam is directed in such a
way that its direction is perpendicular to the cw
beam. The half wave plate (HWP) turns the polarisation direction of the ccw beam by 90° thus
the beam is reflected at the PBS and travels from

here onwards collinear to the cw beam which
is necessary for the superimposition to obtain
the beat frequency. After leaving the PBS both
beams are travelling in one direction however,
the polarisation state is orthogonal to each other.
The quarter wave plate (QWP) converts both
beams into circular polarisation, one right and
the other left circularly oriented. If both modes
having the same frequency the respective electrical field vector are rotating with the frequency
ω the resulting vector is fixed in its orientation.
As soon as there is a frequency shift between the

Fig. 2.32: Vectorial presentation of the electrical field vector of the cw and ccw mode.
By placing photodetector behind a polarizer
(P1) the rotating E vector is converted into a
corresponding intensity variation. The neutral
beam splitter (NBS) divides the two circular
polarised beams into two channels each having
a photodetector (PD1, PD2). The polarizer P2
in front of the photodetector PD2 is tilted by 45°
with respect to P1 resulting in a 90° phase shift
between the signal of PD and PD2 which will be
used in a phase discriminator to detect whether
the gyroscope rotates cw or ccw.
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Description of the components
Y

X
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Fig. 2.33: Helium Neon Laser Tube
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HWP
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Fig. 34: Laser Ring Cavity
The sturdy and yet light weight ribbed aluminium plate has an equilateral shape. On
each corner an adjustable laser mirror holder is
mounted forming with mirror M1, M2 and M3
the optical cavity. The plate is attached to the
drive unit by means of four countersink screws
and will be dismounted from the drive unit before shipment. Although it is not really a circle
such a cavity is also termed as ring cavity. The
distance between the mirror is 460 mm resulting in a cavity length L of 1380 mm and free
spectral range (δν=c/L) of 217 MHz.

Fig. 35: Green adjustment laser
For the reliable alignment of the mirror of the
laser ring cavity, a green emitting laser pointer is used. It is held in a four axes adjustment
holder in such a way that the pilot laser can be
shifted and tilted to align the alignment beam
with respect to the laser tube via the mirror M2.

Fig. 36: Single mode etalon
For the operation of the laser gyroscope it is required that the laser operates in a single mode
only. This is achieved by inserting an etalon
into the cavity. A kinematic adjustment holder
allows the precise orientation of the etalon with
respect to the laser beam.

ccw

P1
NBS
QWP
PBS

nally converted to TTL signals and fed to the
internal quadrature counter. The microprocessor reads and transfers the counter results to
the display as numerical value of the frequency,
the counted fringes and the direction of rotation. The analog as well as TTL signals of the
photodetector channel are available at the rear
panel via BNC sockets. Due to the quadrature
signals an interpolation can be performed
which results in a maximum 16 times higher
resolution.

cw

Fig. 37: Dual beat frequency detector
To obtain the beat frequency, the cw (clockwise) and the ccw (counterclockwise) modes
must propagate collinearly. At mirror M3 a
small fraction of both modes is leaving the cavity. The cw mode passes directly the polarising beam splitter (PBS) and the ccw mode is
reflected by the mirror M4 in such a way that it
enters the polarising beam splitter (PBS). Since
it has the same polarisation as the ccw mode
we need to turn its polarisation by 90° so that
the mode is reflected inside the PBS and continues to travel collinear with the cw mode. Now
both modes are perpendicularly polarised to
each other. The quarter waveplate (QWP) converts both modes into circular polarised light.
By using a neutral beam splitter (NBS) with a
splitting ratio of 1:1 we create two channels. At
the end of each channel a polarizer (P1, P2) is
located in front of a photodetector (PD1, PD2)
converting the light back to linear polarisation
allowing the detection of the beat frequency.
To obtain a 90° phase shifted optical signal the
polarizer P1 and P2 are oriented under an angle
of 45° to each other. This allows the detection
of the rotation direction of the laser gyro. The
photodiodes PD1 and PD2 are connected to the
2 channel photodiode amplifier DC-0080.

Fig. 38: DC-0080 Quad counter & 2 channel photodiode amplifier
The microprocessor controlled amplifier DC0080 contains two independent amplifier channels whereby the gain of each can be set via the
touch screen and the one knob digital selector.
The amplified photodetector signals are inter-

Fig. 39: Turntable drive unit
The rotation of the turntable is done by means
of a stepper motor which drives a zero-play
pre-loaded worm gear drive. The powerful
stepper motor needs 200 full steps per turn
which relates to a rotation of 2° or 0.6’ per step.
The stepper motor is connected via a 15 pin
Sub-D connector to the DC-0300 stepper motor
controller.

Fig. 40: DC-0300 Stepper motor controller
The microprocessor controlled DC-0300 operates the turntable drive. It can drive the stepper
motor in full step or micro step with 1/2 to 1/16
micro steps. By means of the touch panel and
the one knob digital selector, the speed can be
set in a range from 0.1 to 12 °/s and the maximum rotation range of ±180°. The controller can
repeat the rotation by an adjustable number of
repetitions. The provided remote control is a
useful add-on for the initial alignment or demonstration to an audience.
Both the controller, the DC-0080 quad counter and photodiode amplifier and the DC-0300
Stepper motor controller are equipped with a
USB bus and can be controlled by the Laser gyroscope control software WIN in combination
with an external PC or tablet.
The LMH-0600 Laser gyroscope can be
fully operated without any external computer.

Laser Application

BW

The Helium Neon laser tube is terminated with
two Breswter windows (BW) and is mounted
into a pair of XY adjusters (XY). The tube is
fixed by slightly pressed soft rubber O-rings.
The precise adjustment screws allow the tube
to be aligned in XY direction. The interplay of
both adjusters also allows the angular wobble
of the tube. For the operation, a high voltage
power supply is supplied (DC-0064) which provides the start-up ignition voltage of about 10
kV and 6.5 mA at 1400 V for the continuous
operation.

BW

Y
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Experimental Work
360°

Once the initial alignment of the ring
cavity has been completed and the ring
laser operates with the inserted etalon,
it is time to adjust the beat frequency
detector. PD1 and PD2 are connected to
the photodiode amplifier and the output
connected to an oscilloscope. By aligning the polarizer P1 and P2 the phase

PD1

90°
PD2

shift of 90° between the signal of PD1
and PD2 is achieved. In case both amplitudes are the same a circle appears when
the oscilloscope is switched to the XY
mode. If the gyroscope is resting, only a
dot on the circumference track is visible.
Depending of the rotation direction, this
dot moves accordingly.

Fig. 2.41: Beat frequency signals 90° phase shift and XY representation

360°
90°

Laser Application

The DC-0080 amplifies not only the
photodiode signal, it also converts it
to TTL level. In the XY representation
we will notice a dot jumping from one
corner to the next one. Depending on the
rotation of the laser gyro this dot either
jumps in cw or ccw direction. The TTL
signal of PD1 and PD2 is connected to

PD1
PD2

the input of a quadrature counter which
fulfils three tasks. Firstly it interprets the
rotation direction, secondly it counts the
TTL events and thirdly it can interpolate
one event into 4 (each dot of the corner).
In frequency mode the beat frequency is
measured and displayed.

Fig. 2.42: Beat frequency converted to TTL and its XY representation
↓ Beat frequency δν [kHz]
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δν beat = 7.334 ⋅ 10 3 ⋅ α rot

This formula derived from Sagnac’s
equations describes the dependency of
the beat frequency on the rotary frequency ωrot and constant parameter of the
gyroscope. F denotes the area which is
encompassed by the light beam, L is its
circumference and λ the wavelength of
the laser. Applying this formula to our
gyroscope with the equilateral shape
with the length a of one side of 460 mm
we get

10

slope =

4⋅F
⋅ ωrot
L⋅λ

4

← angular velocity αrot [°/s] →

Fig. 2.43: Lock-in threshold and gyro constant

Fig. 2.44: Laser gyroscope control software WIN

LM-0600 HeNe Laser Gyroscope consisting of:

δν beat = 4.202 ⋅ 10 5 ⋅ ωrot
Converting ωro into the angular velocity
α rot in °/s we get:
You may want to perform automated
measurement or demonstrate the experiment as a live lecture in front of your
students. In this scenario the “Laser gyroscope Control software WIN” is the
right choice. From a central location
like a notebook for instance, the entire
experiment can be controlled and automated measurements taken. In case the
laptop is connected to the video system
of the lecture hall the students can see the
experiments via the lecture hall camera
and the control and incoming data via
the notebook on the lecture hall screen.
To operate the software both controller
the DC-0080 as well as the DC-0300

Item
Code
Qty. Description
1
CA-0080
1 Optics cleaning set
2
DC-0064
1 High voltage supply 6.5 mA
3
DC-0080
1 Quad counter & 2 channel photodiode amplifier
4
DC-0100
1 Stepper motor controller
5
MM-0700
1 Turntable drive unit
6
OM-0700
1 Gyroscope turntable
7
OM-0720
1 Alignment laser 532 nm with power supply
8
OM-0780
1 Dual beat frequency detector
9 UM-LM06 1 Manual HeNe laser gyroscope
Option (order separately)
10
ES-0600
1 Laser gyroscope control software WIN
Required Option (order separately)
11
CA-0200
1 Oscilloscope 100 MHz digital, two channel

Details page
127 (12)
122 (8)
122 (10)
122 (12)
98 (39)
116 (39)
116 (40)
116 (41)

128 (19)

With an angular speed of 1°/s for example, we should expect a beat frequency of
7.334 kHz.
It is a part of the measurement task to
determine this value. The stepper motor
controller is set in such a way that the
gyro shall turn let’s say 180 ° in cw and
subsequently in ccw direction for a given
set of angular velocities αrot.
A sample graph with arbitrary units is
shown in Fig. 2.43. From the slope of the
cw and ccw rotation we will get the value
of σ and compare it with the predicted
value. Furthermore the lock-in threshold
is determined.

are connected via their USB busses to
the notebook. All required settings like
the angular velocity, rotation range and
direction are accessible. Furthermore the
gain of the photodiode amplifier and the
settings of the quadrature and beat frequency counter can be set by the software.
A central feature is the automated operation and data collection possibility. The
laser gyroscope is operated at different
rotation velocities and direction whereby
the beat frequency is recorded. A live
graph is displayed and can be printed or
stored either numerical or graphical form
as PDF document.

Highlights
Premium class  experiment
 No external computer required
 New directional discrimination
Intended institutions and users:
Advanced
Physics Laboratory
Engineering department
Electronic department
Naval college, aerospace, aviator and earthbound navigation
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In this experiment the students are
encouraged to convert the essential theoretical contents regarding
„Laser Safety“ into practice. The
application and use of the basics
in calculation defined within the standards is
submitted and trained by means of practical
examples. The major measurement task is to
determine the intensity of a laser beam which
is defined as power per cross section typically
given in W/m². The power is measured by using
a calibrated power meter. The cross section and
the divergence is determined by a set of imaging lenses with known focal lengths. In addition to the direct exposure also the danger of
scattered light is classified by using a scatter
probe mounted on a pivot arm.
The experiment is divided into of several segments. Aspects such as the following ones have

been considered:
1. Determination of the maximum permissible radiation (MPR) for skin and eyes
2. Minimum safety distance from a radiation source for direct and indirect irradiation of the skin and the eyes, (MSD)
3. Characterization of a pulsed laser systems
4. Requirements for laser safety goggles,
transmission of optical filter
The fundamentals of IEC 60825 or ANSI Z136
or corresponding literature of laser safety
should be known. The danger of lasers are understood by the characteristic properties of the
laser radiation. In comparison with other light
sources, a high energy and power density can
be attained, because of the generally small
beam divergence the radiation density can be
very high even at large distances from the laser
(potential danger of lasers used in metrology).

BCL

2δ

2α1

∆x

α2

Not only the direct radiation also reflected and
scattered radiation can cause damage at a large
distance from the radiation source. Laser radiation can be generated within a broad spectral
range. It extends from a few nanometre up to
some hundred micrometers and is, in many
cases, outside of the visible spectrum.
The damage of the biological tissue (skin, eye)
depends strongly on the wavelength and on the
duration of the exposure. This is of great importance under safety aspects when classifying
the lasers and fixing radiation limits which is
also subject of this experiment. By means of
two different laser sources all parameters are
measured in order to classify each laser and to
determine the limits for which the laser can be
considered as safe. This includes also the characterization of laser safety goggles.

An easy way to measure the important value of
divergence of the laser beam is to measure the
diameter on a distant wall the enlarged diameter of the laser. However, this is not suitable
in all cases. Thus we have introduced a diverging lens (BCL) to simulate the same effect. By
using the goniometer the divergence angle is
measured for a known distance from the laser.
Applying the ABCD matrix formalism with the
known transfer matrix [T] of the diverging lens
(BCL)and related data and distances the unknown angle δ is determined:

 T1

 T3

T2   r1   r2 
= 
⋅
T4   δ   α 2 

In a more refined way the laser divergence is
determined by carrying two or more measurements.

Laser Application

Laser Beam Divergence
Safety Distance
Safety Goggles

Introduction

Laser Safety Regulations
Max. Permissible Radiation
Laser Classification

How it works

IEC 60825 or ANSI Z136
Laser Intensity
Damaging Effects
Pulsed Laser
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Description of the components
8

6

8

green laser is operated with a wall plug power
supply, whereby the pulsed laser (6) is powered
by the digital controller (2). For the collimation
of the divergent radiation of the pulsed diode la-

ser a collimator (15) is provided, which is used
in conjunction with the precision XY adjustment holder (19). The green laser is mounted
into a 4 axes adjustment holder (7) by which the
direction of the laser radiation is aligned with
respect to the optical axes of the optical bench.
The goniometer (11) is attached to the optical
bench (13) and allows to measure the angle
resolved emission of a laser source. The laser
power is detected by a photodetector (3) which
is attached to the rotary arm. The photodetector
is connected to the junction box (4) where the
detected photocurrent is converted into a voltage and displayed on the digital voltmeter (1).
Furthermore, a filter (16) is provided. Its transmission is measured by using both laser sources
and determined for which laser the filter is a
suitable safety goggle material.

To determine the maximum permissible radiation (MPR) the laser safety officer needs
to know the wavelength, the beam diameter,
laser power and finally the mode of operation,
if pulsed or continuous mode. To get the MPR
from the tables of the laser safety regulations
one needs to know the laser intensity in W/m 2.
The continuous laser power in watt or milliwatt
is measured by a calibrated power meter (like
19,21). Dividing the measured value by the
beam cross section we get the intensity.
In order to determine the MPR in a defined

distance, the officer needs to know in addition
the divergence of the laser. Due to the large divergence of the pulsed laser it can be measured
straight forward by using the goniometer. For
the green laser with a much smaller divergence
this method fails. That is why we need to increase the divergence first by using a lense (14)
with known parameter. By using the ABCD parameter, the divergence of the laser source can
be calculated backwards based on the measured divergence behind the lens. Such a measurement example is shown in Fig. 2.45.

The previous considerations targeted the safety
of the human eye. In this section the irradiation
of the human skin by scattered laser light is
treated. Wearing laser safety goggles only protects the eyes, but what is about the scattered
light from surfaces hit by the laser beam. To
study this phenomenon a scattering surface is
placed into the centre of the goniometer and illuminated by the green laser beam. The scattering surface is oriented under 45° with respect
to the incident laser beam (see Fig. 2.46). The
photodetector is turned around the probe and
lets say for each 5 or 10 ° the value detected
by the photodetector is taken. It makes sense
to transfer the values into a chart with polar
coordinates (Fig. 2.46). The curve shows a
peak at 90° which indicates that the surface has
also a slight directed reflectivity compared to

a standard cosine scattering material. The absolute scattered power can be measured using
the calibrated instrument (19, 21) or the provided photodetector. As already mentioned the
junction box converts the photocurrent Ip into
a voltage by measuring the voltage drop across
the series resistor of the photodiode. This resistor R can be set via the knob on the front panel
and the supply voltage is 9 VDC. From the
voltage drop, the known resistor R and voltage
we can determine the photocurrent. From the
provided spectral sensitivity curve of the used
photodiode we calculate the incident power.
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Fig. 2.45: Measurement of the divergence

90

Laser beam

0

Laser Application

The experiment comes with two laser sources.
One is a green emitting DPSSL (5) with an output power of 5 mW and the other is a pulsed
diode laser with an output energy of 4 µJ. The

270
Fig. 2.46: Scattered intensity versus emission angle

LM-0700 Laser safety consisting of:

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

Code
Qty. Description
CA-0220
1 Multimeter 3 1/2 digits
DC-0050
1 Pulsed laser diode controller MK1
DC-0120
1 Si-PIN Photodetector, BPX61 with connection leads
DC-0380
1 Photodetector Junction Box ZB1
LQ-0020
1 Green (532 nm) DPSSL in ø25 housing
LQ-0350
1 Pulsed diode laser in housing
MM-0420
1 4 axes adjustment holder
MM-0020
3 Mounting plate C25 on carrier MG20
MM-0060
1 Filter plate holder on MG20
MM-0090
1 XY adjuster on MG20
MM-0300
1 Carrier with 360° rotary arm
MM-0340
1 Scatter probe on rotary table
MP-0150
1 Optical Bench MG-65, 500 mm
OC-0010
1 Biconcave lens f=-10 mm, C25 mount
OC-0170
1 Collimator 808 nm in C25 mount
OC-0939
1 Filter BG39, 50 x 50 x 3 mm
UM-LM07 1 Manual Laser Safety
Option (order separately)
18
CA-0200
1 Oscilloscope 100 MHz digital, two channel
19
CA-0260
1 Laser power meter LabMax-TO
20
CA-0262
1 Energy sensor head 300 nJ - 600 µJ
21
CA-0264
1 Power sensor LM2 VIS 50 mW / 1 nW

Details page
129 (21)
122 (9)
123 (14)
125 (30)
118 (1)
120 (15)
96 (24)
93 (1)
94 (7)
94 (8)
95 (20)
95 (21)
93 (8)
98 (2)
99 (13)
104 (53)
128 (19)
129 (22)
129 (23)
129 (24)

Highlights
Premium class  experiment
Intended institutions and users:
Laser safety officers
Physics Laboratory
Engineering department
Electronic department
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Visible Diode Laser
Barcode Detection
Computer Integration

Rotating Polygon Mirror
Barcode Recognition

The development of the barcode
reader principle goes back to 1948
when Bernard Silver, a graduate student at Drexel Institute of
Technology in Philadelphia overheard a conversation between the president of
the local food chain and one of the deans. The
president asks to research on a system which can
automatically read product information during
checkout. Silver told his friend Norman Joseph
Woodland about the request, and they started
working on a variety of systems. The basic idea
was to use an optical device which responds to
light/dark transition of the a code. Although the
idea was born in 1948 it took another 26 years
before barcodes became commercially successful for automate supermarket checkout systems.
The very first scanning of the now ubiquitous
Universal Product Code (UPC) barcode was

on a pack of Wrigley Company chewing gum
in June 1974. The breakthrough became only
possible due to the invention of the laser, especially the Helium Neon laser emitting a visible
and continuous red beam. The use of laser light
with optical and mechanical scanner made it
possible to read the bar code under nearly all
directions of observation which is written on
an object. Another key component for the success of the barcode reader has been the upcoming computer. Once the scanned information
is present as a modulated electronic signal, it
has to be decoded, stored and displayed. After
the successful and useful implementation in
supermarkets the idea of barcode identification
was used for postal application, tagging of patients in medical treatments, luggage tagging in
air transportation and a lot more. This experiment makes use of a modified regular cash desk

scanner to introduce this exciting technology.
All major components are made accessible like
the rotating polygon mirror, beam distribution
mirror and receiver optics. The analogue optical signal is tapped and made available via BNC
jacks to be displayed on an oscilloscope. A set
of different enlarged barcodes are used to track
the chain from the analogue to the digital signal
conversion. By means of a set of black beam
blocker the beam bender mirror are blinded to
obtain only one scanning line to facilitate the
interpretation of the optical signal. The scanner is connected via its USB bus to a computer
where the received code is encoded and displayed. The software uses an attached database
to identify already known scanned object or
store newly scanned ones. A variety of own
barcodes can be created and if required printed
to own labels.

By using an own created EAN 8 bar code symbol card with the label “00000000” the signals
of the bar code scanner are stored on the oscilloscope as shown in Fig. 2.47. For this purpose
the raw signals of the scanner which are accessible at the rear of the scanner via BNC jacks
are connected to the oscilloscope. The lower

trace (yellow) shows the analog photodetector
signal and the upper one (turquoise) shows the
digital converted analog signal. On top of the
Fig. 2.47 the corresponding bar code is shown.
It can be seen that besides the desired signal
other peaks exists, which are originating from
the edges of the bar code label. To determine

the beginning and end of the bar code start and
stop signals provided by the barcode.

LM-0800 Barcode Reader consisting of:

Item
Code
Qty. Description
1
CA-0050
1 Set of tools and connection cable
2
CA-0450
2 BNC connection cable 1 m
3
ES-0400
1 Barcode scanner software
4
OM-1000
1 Barcode scanner
5
OM-1010
1 Configuration bar code symbol cards
6
OM-1020
1 Barcode sample cards
7
OM-1030
1 Set of beam blocker cards
8 UM-LM08 1 Manual Barcode Reader
Required Option (order separately)
9
CA-0120
1 Tablet PC Windows
10
CA-0200
1 Oscilloscope 100 MHz digital, two channel

0 0 0 0 0 0 0 0

Details page
127 (9)
130 (28)
117 (47)
117 (48)
117 (49)
117 (50)
128 (15)
128 (19)

Fig. 2.47: EAN8 code with label “00000000”
Once such a signal appears, the evaluation
electronic starts to look for the further signal
and if the encoding fits into a defined frame
including the stop signal, the content of the
reading buffer is transferred to the USB bus.
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LT-0100 Plastic Optical Fibre (POF)
3

10
10
11, 12, 13, 14

16

7

17

4
5

6
7

A plastic fibre is an equivalent to
optical multimode glass fibres.
Whereas glass fibre are used for
long distance and high speed
data transmission, plastic fibres
are commonly used for local area networks
for data and signal transmission. Nowadays
the transmission losses with 12 dB / 50 m of
these fibres are significantly higher than those
of the glass fibres. A lot of effort is undertaken
to remove this disadvantage, since the manufacturing and installation costs of plastic fibres
are comparably low. For signal transfer at short
distances optical plastic fibre play an important
role. Especially in harsh environments for ex-

Si Photodetector Receiver
Fibre Y Coupler

ample high voltage power stations, signal transfer via light and plastic fibre can be performed
almost free of noise. The light transfer in all
plastic fibres is achieved by using a plastic core
which is coated with a material to obtain a step
index profile. Typical diameters are 1 mm for
the core which simplifies the coupling of light
compared to glass fibres significantly. Also the
preparation process, the cutting of the fibre can
be done with a simple cutter blade instead of
using special cleaving tools as it is the case for
glass fibres.
The goal of this experimental system is to teach
and train the handling with and the signal transmission via optical plastic fibre. As transmitter

LED is independently controlled.

GPD
Red LED

Green LED

L1

Y coupler

Plastic fibre optic
1,10, 20 or 30 m

RPD

Fibre adjuster
Dichroic beam splitter plate

The light of the fibre coupled red and the green
fibre coupled LED is merged by an also fibre

coupled Y coupler and is available at the fibre
output jack. The power and modulation of each

LT-0100 POF - Plastic Fibre Optics consisting of:

Item
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18

Code
Qty. Description
CA-0450
2 BNC connection cable 1 m
CA-0610
1 Plastic fibre connector mounting set
DC-0030
1 Dual channel LED transmitter and receiver
LQ-0212
1 Red LED in C25 with fibre jack
LQ-0222
1 Green LED in C25 with fibre jack
MM-0020
1 Mounting plate C25 on carrier MG20
MM-0480
1 Four axes kinematic plastic fibre mount
MM-0560
1 Two mounting plates C25 on MG20
MP-0150
1 Optical Bench MG-65, 500 mm
OC-2500
2 Plastic optical fibre ST/FSMA, length 0.25 m
OC-2502
1 Plastic optical fibre ST/ST, length 1 m
OC-2510
1 Plastic optical fibre ST, length 10 m
OC-2520
1 Plastic optical fibre ST, length 20 m
OC-2530
1 Plastic optical fibre ST, length 30 m
OC-2590
2 ST-POF coupler
OM-0070
1 Dichroitic beam splitter unit on MG65
OM-0920
1 POF Y coupler in C25
UM-LT01
1 Manual Plastic Fibre Optics

a green and red LED is used to demonstrate
independent dual wavelength data transmission
in a single fibre. The radiation of the LED is
coupled by means of a Y coupler into the fibre.
The light at the exit of the fibre passes a dichroic beam splitter plate which is coated in such
a way that the green radiation will be totally
reflected whereas the red radiation is transmitted. Two photo detectors convert the light signal into electrical signals which are amplified
by the receiver module and can be displayed
on a two channel oscilloscope for further investigation. The transmitter unit contains two
independent drivers for both the LED as well as
internal modulators.

Details page
130 (28)
130 (31)
121 (3)
119 (8)
120 (11)
93 (1)
97 (31)
98 (37)
93 (8)
109 (98)
109 (99)
109 (100)
109 (101)
109 (102)
109 (103)
111 (9)
117 (45)

Appearing emission spectrum
By changing the individual power of the LED
the merged light appears in a spectral range
from green via yellow to red. After passing the
plastic fibre optics the light is guided by means
of the fibre adjuster to the lens L1, which focuses the light onto the photodetector GPD (green)
and RPD (red). The dichroic beam splitter plate
separates the green and red part of the incident
light.
To measure the spectral absorption of the fibre
different length of fibres are used. By combining the 10 m, 20 m and 30 m a variety of
10,20,30,40,50 and 60 m can be achieved.
Green LED

Red LED

POF
rel. attenuation

Wavelength →

400

500

600

700 nm

Fig. 3.1: Spectral emission of the LED and
the relative POF attenuation
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LT-0200 Glass Fibre Optics

Fibre stripping
Coupling Light to Fibre
Cut of wavelength

Fibre cleaving and cutting
Signal transfer
Speed of Light

The basic idea to use guided light
for data communication was published in 1939 by H. Buchholz in
his paper „Die Quasioptik der
Ultrakurzwellenleiter“ (The quasi
optical behaviour of ultra short wave guides).
However it took more than 20 years to develop
first realistic technical solutions mainly encouraged by the first available diode lasers in 1962.
These new light sources are ideally suited as
transmitter because of their ability to be modulated and in addition, as we know today, they
can be produced in large numbers at low prices.
Nowadays the world wide communication is
based on fibre optics combined with laser diodes and the development in this area belongs to
the most exciting ones in this century. In 1977
based on the experience and results rapid investigation in other fields than communications
were initiated, leading for example in the development of fibre gyros for navigation purposes

Diode Laser Characterisation
Numerical Aperture of Fibre

of air planes. In principle this new technology
does not require a new understanding of the
physics because the related phenomena are well
known and can be considered as a combination
of classical optics and lasers. However for the
realisation a lot of technical problems had to
been solved. In the fibres mainly used in communication the light is guided within a „glass
tunnel“ with a diameter of 9 µm only. The necessary mechanical components as well the production process of the fibres itself were subject
of comprehensive developments. Considerable
efforts today are undertaken to reduce fibre
transmission losses by using so called active fibres and in the realisation of integrated optical
devices for distributing and receiving signals.
The field of fibre optics is still expanding and
of high common interest. Therefore this experiment is considered as a introduction to this important technology.
The trainees are introduced firstly to prepare

a bare optical fibre in such a way that suitable
end faces are obtained. This process of fibre
stripping and cleaving is a recurrent practice
either in research labs or telecommunication.
By means of collimation optics the beam of
the diode laser is made almost parallel before it
enters the microscope objective which focuses
the light into the multimode fibre. By observing
the output at the exit of the fibre the coupling
efficiency is optimised by adjusting the precise
mounts. Once a strong signal has been obtained
the numerical aperture of the fibre is measured
by means of the photodetector mounted to the
pivot arm. In a next step the photodetector is
connected to an oscilloscope and the injection
current of the diode laser is modulated. Both
the diode laser signal and fibre output are displayed on the scope and the time of flight becomes apparent and can be measured. From
this measurement either the speed of light or
the length of the fibre is determined.

Characterising the laser diode
Goniometer

Photodiode

Laser diode

The light of the diode laser is characterised by
measuring the output power versus the injection current and the spatial intensity distribution by using the provided photodetector which
is mounted onto a pivot arm.

Measurements with the optical fibre
Collimator

Laser diode

Glass fibre

Focussing

Goniometer

Photodiode

Translation stage

By means of collimation optics the beam of the
diode laser is made almost parallel before it
enters the microscope objective which focuses

the light into the multimode fibre. By observing
the output at the exit of the fibre the coupling
efficiency is optimised by adjusting the precise

mounts. Once a strong signal has been obtained
the numerical aperture of the fibre is measured
by means of the photodetector mounted to the
pivot arm. In a next step the photodetector is
connected to an oscilloscope and the injection
current of the diode laser is modulated. Both
the diode laser signal and fibre output are displayed on the oscilloscope and the time of flight
becomes apparent and can be measured. From
this measurement either the speed of light or
the length of the fibre is determined.
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The light of the laser diode (15) is collimated
(13) and launched by means of a precise adjustable objective (14) into the fibre which is placed
on top of a fibre chuck which is fixed to the
translation stage (8). This allows the precise
positioning to the focus of the laser light. The fibre is connected via so called fibre pigtails with
the drum of 1000 or 2000 m multimode fibre
(12). The end of the fibre is placed on top of the
fixed fibre chuck of the goniometer (9). A photodetector (6) is attached to the goniometer arm
and measures the emerging output power of the
fibre. The photo current is converted with the
junction box (7) into a voltage and is measured
either by a digital voltmeter or oscilloscope. The
controller (5) stabilises and displays the temperature and injection current of the laser diode
plus the modulation of the injection current.

Fig. 3.5: Coupling light to fibre

Fig. 3.8: Fibre preparation tools

A fibre is called pigtailed, when one end is bare
and the other has a fibre connector (Fig. 3.7).
The use of such fibre interfaces has the advantage that the training of the fibre preparation
will not affect the main fibre (12). It has furthermore the advantage that without the need for realignment other fibre drums can be connected
or connected into series to extend the overall
length. It allows also to measure the fibre attenuation, however including the connector losses.
To prepare the fibre for operation a flat and
clean surface of the fibre face is needed. Firstly
the plastic cover and cladding is removed by
the so called Miller’s pliers (4) and secondly
scratched and broken by the fibre breaking tool
(3). This practical work gives the students important skills to work in the exciting world of
fibre telecommunication.

1.0

1.0

Fig. 3.7: Set of fibre pigtails (11)

3
4

Fig. 3.6: Measuring spatial distribution

Measurement examples
1

↑Diode laser power [W]

T=20°C →
T=30°C →

0.8

←T=40°C

0.6
0.4

Θ

┴

0.2
0

[deg] →

0

200

400

600

800

1000 mA

Fig. 3.2: Output power versus injection
current
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18
19

0
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40

Fig. 3.3: Laser diode angular power distribution

LT-0200 Glass Fibre Optics consisting of:

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

-20

Code
Qty. Description
CA-0060
1 Infrared display card 0.8 -1.4 µm
CA-0450
2 BNC connection cable 1 m
CA-0620
1 Optical fibre scriber and breaker
CA-0630
1 Adjustable plastic cover stripper
DC-0040
1 Diode laser controller MK1
DC-0120
1 Si-PIN Photodetector, BPX61 with connection leads
DC-0380
1 Photodetector Junction Box ZB1
MM-0490
1 Translation stage with bare fibre holder
MM-0494
1 Rotation stage with bare fibre mount
MP-0150
1 Optical Bench MG-65, 500 mm
OC-2040
1 Set of 10 ST pigtailed MM fibre
OC-2450
1 Multimode fibre 1000 m, 50/125 µm, ST panel jacks
OM-0620
1 Collimating optics on carrier MG20
OM-0950
1 MO coupling optics, 4 axes kinematic mount
OM-L500
1 Diode laser module 808 nm on C20
UM-LT02
1 Manual Glass Fibre Optics
Option (order separately)
OC-2440
1 Singlemode fibre, 1000 m, 9/125 µm, ST panel jacks
OC-2460
1 Multimode fibre, 2000 m 50/125 µm, ST panel jacks
Required Option (order separately)
CA-0200
1 Oscilloscope 100 MHz digital, two channel

Details page
127 (10)
130 (28)
130 (32)
130 (34)
121 (4)
123 (14)
125 (30)
97 (32)
97 (33)
93 (8)
107 (84)
109 (96)
114 (30)
117 (46)
118 (55)
109 (95)
109 (97)
128 (19)

0.0
-40

[deg] →
-20

0

20

40

Fig. 3.4: Intensity distribution at fibre exit
to determine the numerical aperture

Laser OFF
∆t

Fig. 3.9: Measurement of the time of flight
The facility to modulate the injection current
of the diode laser makes it possible to measure
the time of flight Δt of a laser pulse via 1000m,
2000 m or 3000 m of fibre. With the known
length of the fibre even the speed of light can
be determined and the index of refraction of the
fibre calculated.

Laser Telecomm
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LT-0300 Erbium doped Fibre Amplifier (EDFA)

Laser Telecom
How it works

Optical Amplifier
Coupling light to fibre
Lifetime of Excited State
The success of the optical communication would not have been
perfect without the invention of
optical amplifier. A lot of effort
has been invested in reducing the
losses in optical fibres. However the residual
losses limiting a maximum distance of around
80 km for a single mode fibre before the signal
becomes to weak for detection. In principle the
weak light could be amplified by an electronic
amplifier and fed again into the fibre. However,
this foils the extraordinary high bandwidth of
optical fibre and a pure optically working amplifier is required. The concept of optical amplification is part of each laser and optical amplification is a well established technology. The
genius underlying concept is the combination
with an optical fibre and amplifier in one piece
which has been realized in the erbium doped fibre amplifier (EDFA). The EDFA consists of an
optical fibre which is doped with a defined concentration of Erbium atoms. By means of a couLaser diode 980 nm

Fibre coupler

Optical Pumping
Signal Amplification
Fibre Laser Spiking

Erbium doped optical Amplifier
Fibre Laser

pler the light of a pump source is fed into the fibre exciting the erbium atoms which are acting
now as amplifier. The pump wavelength is typically 980 nm and the amplification takes place
around 1500 nm, the same range as the optical
communication signal. Due to the coherence of
the amplification process the amplified stream
of photons are indistinguishable with respect to
the incoming ones. What a great idea!
This experiment is designed to avoid time
consuming adjustments procedures to launch
the light of two diode laser into the amplifying EDFA fibre. As fibre coupled system each
component can viewed to enhance the understanding of the EDFA concept. It starts with the
pump laser diode emitting a wavelength of 980
nm. The pump radiation is coupled via a single mode fibre beam Y coupler into the Erbium
doped fibre (EDF). The EDF has a length of
about 16 metre and is coiled up on a drum. As
signal source a laser diode emitting at 1550
nm is used. Its radiation passes the same fibre
Erbium doped fibre
Photodiode

Laser diode 1550 nm
The experiment uses two laser diodes, one
emits a wavelength of 980 nm with a power of
300 mW and serves as pump source. The other emits a wavelength of 1550 nm with lower
power around 5 mW and serves as signal source.
Both diode laser are fibre coupled and are con-

coupler is also launched into the EDF. At the
output end of the EDFA an InGaAs detector is
used for the detection of the 980 nm radiation
as well as for the detection of the 1550 nm radiation respectively. A variety of measurements
are carried out like the characterization of the
two diode lasers. The injection current of each
laser can be set independently by two controllers. In a next experiment the 980 nm radiation
is coupled into the EDF and the created fluorescence is detected and monitored on an oscilloscope. The controller allows the modulated
operation of the diode laser in such a way that
the fluorescence decay the excited erbium atoms are displayed and the life time determined.
By a further increase of the power of the pump
diode laser the EDFA turns into a fibre laser
which dynamic behaviour like distinctive spiking. Finally the 1550 nm radiation is fed into the
EDFA and the gain is measured as function of
the pump power.

placed in front of the photodetector. Each diode
laser has its own controller to set the individual
injection current for the measurement of the
EDFA as function of the pump and the signal
power.
Fibre patch cable Photodiode

Interference filter 1550 nm
nected via single mode patch cables to the fibre
coupler. The pump as well as the signal wave
enter the Erbium doped fibre and the signals
leaving the fibre are detected by a InGaAs photodetector. In order to detect only the 1550 nm
radiation a laser line or interference filter is

Laser diode 1550 nm
In such case, the laser diode is directly coupled
to the photodiode by means of fibre patch cable
and the photocurrent is converted by means of
the provided junction box into a linear voltage.

Erbium doped fibre
Laser diode 980 nm

4

Photodiode

I11/2
rapid transfer
4

Interference filter 1550 nm
This setup uses only the pump diode laser to
characterize the Erbium doped fibre in terms
of measuring the lifetime of the excited state
and even to perform some fibre laser experiments. For this purpose the 980 nm laser diode
is directly coupled to the Erbium doped fibre.

A photodiode monitors the output of the EDFA
fibre. It will be a mixture of not absorbed pump
power of 980 nm and the created fluorescence
of 1550 nm. Of special interest is the 1550 nm
radiation and therefore a line filter is placed in
front of the photodiode.

I13/2

980 nm
1550 nm
4

I15/2

Fig. 3.10: EDFA amplification process
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The amplifying medium is a 16 m long Erbium
doped fibre which is coiled up on a drum (13)
and terminated with single mode ST fibre panel
jacks. The pump laser source (17) consists of

9
6
8
a 980 nm laser diode in a so called butterfly
housing which also contains a Peltier element
to control the temperature of the laser chip. The
radiation is available at a single mode ST fibre

panel jack. By means of single mode fibre patch
cables (12 and 9) both laser sources are connected to the wavelength division multiplexer
(14, WDM). The combined radiation enters via
a single mode patch cable the Erbium doped fibre (13). The output of the fibre is connected via
a patch cable to the photodetector (4) which is
connected to the junction box (5) where the detected photocurrent is converted into a voltage
and can be displayed on an oscilloscope. Each
laser diode has its own controller (3) which
maintains the set values for the injection current and temperature.

Measurements
↑Diode laser power

6

9

T=10°C →

10

T=30°C →
←T=40°C

Injection current→

In first experiments the characteristics of the
diode laser modules are measured. These are

mainly the output power versus the injection
current with the temperatures as parameter.

Pump laser power versus injection current
and temperature

Laser operation and Gain Measurements
30

↑ Gain [dB]
Signal strength low
medium

20
high
10
Fig. 3.12: Lifetime of the excited state
For the measurement for the lifetime of the excited state (Fig. 3.12) and the fibre laser operation (Fig. 3.13) only the pump laser (17) is connected to the Erbium doped fibre. The full setup
is chosen to measure the gain of the EDFA.

rel. Pump power →
(injection current mA)

Fig. 3.13: Spiking of the Erbium laser
The gain is measured as a function of the pump
power with the for signal strength of the 1550
nm radiation as parameter. If the pump power
exceeds a certain value, the EDFA start to work
as laser and falsifies the gain measurement.

LT-0300 Erbium doped Fibre Amplifier EDFA consisting of:

Item
Code
Qty. Description
1
CA-0060
1 Infrared display card 0.8 -1.4 µm
2
CA-0450
3 BNC connection cable 1 m
3
DC-0040
2 Diode laser controller MK1
4
DC-0164
1 InGaAs Photodetector ST with connection leads
5
DC-0380
1 Photodetector Junction Box ZB1
6
MM-0020
3 Mounting plate C25 on carrier MG20
7
MP-0130
1 Optical Bench MG-65, 300 mm
8
MP-0150
1 Optical Bench MG-65, 500 mm
9
OC-0430
1 Fibre jacket in C25 mount
10
OC-0760
1 Laser line filter 1550 nm in C25 mount
11
OC-2010
3 ST/ST SM Fibre patch cable, length 0.25 m
12
OC-2020
1 ST/ST SM Fibre patch cable, length 1 m
13
OC-2230
1 Erbium doped fibre unit, ST terminated, length 16 m
14
OC-2300
1 SM-WDM coupler 980/1550 nm unit ST terminated
15 OM-0540
1 Diode laser module 980 nm, ST fibre connector
16 OM-0550
1 Diode laser module 1550 nm, ST fibre connector
17 UM-LT03
1 Manual EDFA
Required Option (order separately)
18
CA-0200
1 Oscilloscope 100 MHz digital, two channel

Details page
127 (10)
130 (28)
121 (4)
123 (18)
125 (30)
93 (1)
93 (7)
93 (8)
100 (21)
102 (42)
107 (81)
107 (82)
108 (91)
108 (91)
113 (23)
113 (24)
128 (19)
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Fig. 3.14: Gain versus pump power and signal strength, small signal and large signal
amplification, gain saturation

Highlights
Advanced and top level  experiments
Outstanding features for an all fibre coupled
Erbium doped fibre amplifier
Intended institutions and users:
Physics Laboratory
Telecommunication
Engineering department
Electronic department
Biophotonics department
Chemistry department

Laser Telecomm

Fig. 3.11: Setup to characterize the individual diode laser modules
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LT-0400 Optical Time Domain Reflectometer

Pulsed Laser Diode
Fibre cutting
Losses of Fibres
Light Echoes

Optical Fibre
Speed of Light
Losses of Connectors

The whole worldwide communication is based on fibre optical
networks encompassing the entire
world and is extremely important
in view of economical and security aspects. Meanwhile fibre optical networks
lines already terminating at homes thus forming a complex structure. The proper working
and condition is of vital mutual interest of the
provider and customer. Fibre lines can be damaged during road works, earth movements and
even by late effects of production imperfections. Whatever the reason of the malfunction
of communication networks are, the problems
needs to be solved as soon as possible. This is
the moment of the mission of the “Optical Time
Reflectometry” (OTDR). An OTDR is an optoelectronics instrument that uses time-domain
reflectometry to characterize and locate faults

Fibre Stripping
Length of Fibre
Fast Photo Detector

in optical fibres. The underlying idea is to send
a short pulse into the fibre and “listening” to
any echoes coming back from it. At each fibre
imperfection, especially at the face of a broken
fibre a lot of light is reflected or scattered back
into the fibre. From the time of flight of the input pulse and the occurrence of the echoes the
distance to the faulty position is found and the
service repair team can then do their job.
However, the OTDR covers more possibilities,
it is the only device which can measure the
attenuation or losses of an optical fibre nondestructively. Such losses in optical fibres can
be caused by several reasons, mainly due to optical and mechanical imperfections during the
manufacturing process, or by extra mechanical
stress on the fibres like unspecified bending or
tension.
These days OTDR devices form a small and

PD
L2

PLD

Adjustable launching optics

Optical glass fibre
RPD

compact and an indispensable tool in optical
fibre communication. The aim of this experiment is to set up an OTDR in such a way that
the trainees can identify, align and control the
required components like the pulsed diode laser, coupling light into the fibre via a polarising
beam splitter. The path of the returning light
is bent due to its changed polarisation at the
beam splitter cube towards the fast photodetector. The returned light intensity carries the
information about the losses by an exponential
decay in time, upward peaks for reflections and
downward peaks for losses at joints caused either by splices or connectors. The experiment
comes with two drums carrying each 1000 m
of optical fibre. The fibres are interconnected
via two ST patch cable whereby one end of each
fibre is left as it is to teach fibre stripping and
cutting.

further enhances the right polarisation in order
to get most of the back scattered light which
anyhow has a very small power. This requires
highly sensitive photodiodes and fast amplifier.
cracks

L1

reflection
←4%

Quarter waveplate

Polarising beam splitter plate

Main reasons for losses in optical fibre are mechanical cracks, unavoidable scatter centres
due to the production process and reflections
(see Fig. 3.15). These three imperfections creating backward oriented scatter light, where by
optical connectors acting as a photon sink.

The idea of an OTDR is to detect this back scattered light and analyse its amplitude and temporal behaviour. For this purpose the pulse of the
laser diode (PLD) is launched via a polarising
beam splitter plate into the optical fibre. The
polarisation of the back scattered is changed
so that it will be reflected at the beam splitter
towards the detector. The quarter waveplate

100%→

<96%
scatter centres

Fig. 3.15: Losses in optical fibre
Within this experiment an extra photodetector
as alignment aid is used. It serves as indicator
for the coupling efficiency of the laser light into
the fibre. Further more in first experiments the
time of flight inside the fibre can be measured
with this photodetector as well.

61
13

5

20

7

18

6

10

11
16

21

19

15
17

9

8

12

22
14

The light of the pulsed diode laser (9) is collimated (11) to an almost parallel beam and

guided via the polarising beam splitter (21), the
quarter wave plate (17) and the launching optics

into the fibre (20) under test. The fibre drum is
connected via a pigtailed fibre patch cable to
the adjustable fibre holder (12). The exit of the
fibre drum is connected via a patch cable (18)
to the photodetector (6). The junction box (8)
converts the photocurrent into a voltage which
is displayed on an oscilloscope. The adjustable launching optics and the translation stage
of (12) is used to couple the light into the fibre
while observing the signal of the photodetector
(6) on the oscilloscope. Once the optimum settings has ben achieved, the signal of the photodiode (7) is monitored, which represents the
intensity of the back scattered light as shown
in (Fig. 3.16).

Details

3
4

Fig. 3.18: Coupling light to fibre

Fig. 3.20: Fibre preparation tools

Fig. 3.19: Set of fibre pigtails (11)

A fibre is called pigtailed, when one end is bare
and the other has a fibre connector Fig. 3.18.
The use of such fibre interfaces has the advantage that the training of the fibre preparation
will not affect the main fibre (19). It has furthermore the advantage that without the need for realignment other fibre drums can be connected
or connected into series to extend the overall
length. It allows also to measure the fibre atten-

Kea measurements
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0
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Fig. 3.16: OTDR back scatter signal
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LT-0400 OTDR - Optical Time Domain Reflectometer consisting of:

Item
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23

12

Fig. 3.17: Logarithmic representation of the
back scatter signal

Code
Qty. Description
CA-0060
1 Infrared display card 0.8 -1.4 µm
CA-0450
2 BNC connection cable 1 m
CA-0620
1 Optical fibre scriber and breaker
CA-0630
1 Adjustable plastic cover stripper
DC-0050
1 Pulsed laser diode controller MK1
DC-0124
1 Si-PIN Photodetector with ST jack and connection leads
DC-0220
1 SiPIN Photodetector, ultrafast with amplifier
DC-0384
1 Photodetector junction box w. amplifier
LQ-0350
1 Pulsed diode laser in housing
MM-0020
2 Mounting plate C25 on carrier MG20
MM-0090
1 XY adjuster on MG20
MM-0490
1 Translation stage with bare fibre holder
MP-0130
1 Optical Bench MG-65, 300 mm
MP-0150
1 Optical Bench MG-65, 500 mm
OC-0060
1 Biconvex lens f=60 mm in C25 mount
OC-0170
1 Collimator 808 nm in C25 mount
OC-0840
1 Quarter-wave plate in C25 mount
OC-2030
1 ST/ST MM Fibre patch cable, length 1 m
OC-2040
1 Set of 10 ST pigtailed MM fibre
OC-2450
2 Multimode fibre 1000 m, 50/125 µm, ST panel jacks
OM-0020
1 Adjustable beam splitter on tee-piece MG65
OM-0950
1 MO coupling optics, 4 axes kinematic mount
UM-LT04
1 Manual OTDR
Required Option (order separately)
24
CA-0200
1 Oscilloscope 100 MHz digital, two channel

Details page
127 (10)
130 (28)
130 (32)
130 (34)
121 (5)
123 (15)
124 (22)
125 (31)
120 (15)
93 (1)
94 (8)
97 (32)
93 (7)
93 (8)
99 (5)
99 (13)
101 (24)
107 (83)
107 (84)
109 (96)
110 (3)
117 (46)
128 (19)

The Fig. 3.17 shows the evaluation of the data
from the scope (Fig. 3.16). To obtain the losses
of the fibre it is necessary to scale the Y-axis in
logarithmic units. This provides a linear range
of the applied linear regression from which the
slope of it represents the losses of the fibre. Since
the intensity at the end of the response is very
low, the noise floor dominates the signal and due
to the logarithm of small values the noise is even
enhanced in this representation. The “end of fibre” peak finally gives the length of the fibre and
from this we gain the desired losses as dB/ km.

Highlights
Advanced and top level  experiments
Outstanding features for an open frame
Optical domain Reflectometer. A rich variety of professional adjustment tasks
Intended institutions and users:
Physics Laboratory
Telecommunication Engineering
Engineering department
Electronic department

Laser Telecomm

uation, however including the connector losses.
To prepare the fibre for operation a flat and
clean surface of the fibre face is needed. Firstly
the plastic cover and cladding is removed by
the so called Miller’s pliers (4) and secondly
scratched and broken by the fibre breaking tool
(3). This practical work gives the students important skills to work in the exciting world of
fibre telecommunication.

62

How it works

Laser Telecom

Introduction

Keywords

LT-0500 Video and Audio Transmission

Optical Glass Fibre

Fibre Transmitter

CCD Camera

Audio Source

Optical Signal Detection

Photodetector

This experiment comprises two
drums of multimode fibre with
one 1000 m and two 2000 m long
multimode fibre. With this set data
transmission segments can be
realized with a length of 1000 m, 2000 m and
3000. The fibre drums are equipped with ST
fibre jacks and by means of the provided fibre
patch cable they can be interconnected. As sig-

nal sources a colour CCD Video camera and a
CD - Player as audio source are used. They are
connected to the fibre transmitter which converts the electronic signals into digital optical
signals which are guided via the optical fibre
to the optical receiver where the signals converted back to electronic audio as well as video
signal. These signals are connected to a regular
TV to watch the transmitted video as well as

Audio/Video

Video

Fibre Receiver
Signal Transfer via 1+2 km Optical
Fibre
Fibre Attenuation

TFT Monitor

Optical glass fibre
1000 m
2000 m

Transmitter

Receiver

ST connector

The video signal (yellow lines) is generated

either by the CCD camera (2) or by the DVD

LT-0500 Fibre Video & Audio Transmission consisting of:

Item
Code
Qty. Description
1
CA-0100
1 Flat panel TV
2
CA-0130
1 Colour CCD Camera on tripod
3
CA-0140
1 DVD player with music DVD
4
OC-2020
3 ST/ST SM Fibre patch cable, length 1 m
5
OC-2450
1 Multimode fibre 1000 m, 50/125 µm, ST panel jacks
6
OC-2460
1 Multimode fibre, 2000 m 50/125 µm, ST panel jacks
7
OM-2100
1 Audio & Video upto fibre transmitter
8
OM-2200
1 Audio & Video from fibre receiver
9
UM-LT05
1 Manual Video & Audio transmission
Option (order separately)
10
CA-0200
1 Oscilloscope 100 MHz digital, two channel
11
DC-0210
1 InGaAs Photodetector, ultrafast with amplifier 120 MHz

Details page
128 (13)
128 (16)
128 (17)
107 (82)
109 (96)
109 (97)
117 (51)
118 (52)
128 (19)
124 (21)

listen to the simultaneously transmitted audio.
The optical signals having a wavelength of 1.3
µm and are detected in addition by the optional
fast InGaAs photodetector. The amplitude can
be shown on an oscilloscope and the amplitude
measured for the 3 different length of the data
segment. For each measurement the input and
output power is measured and from this relation
the fibre attenuation calculated.
player (3), whereby the DVD player provides
the audio stereo signal (red and black). The
video and audio signals are converted by the
transmitter (7) to modulated optical signals and
made available at a ST panel jack. Optical glass
fibre (5, 6) with a length of 1000 m and 2000
m are coiled to a drum and provided with ST
panel jacks. The optical connection between
the transmitter and the first fibre segment is established by means of a ST fibre patch cable. In
the same way the two fibre segments are linked
to each other and connected to the receiver. The
optical signal is converted back to the video
as well as audio signal and are connected via
standard BNC and cynch connection cable to
the TFT monitor.

Highlights
Basic experiment 
High technology value
Intended institutions and users:
Physics Laboratory
Engineering department
Electronic department
Telecommunication department
Biophotonics department
Physics education in Medicine
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LT-0600 Fibre Optics Workshop Basic
14

10

13

6

9

5

1

3

2
12

8

11

7

Fibre Stripping
Fibre Connector

Fibre Breaking
Fibre Hand Polishing

Before a glass fibre can be used in
real application outside the laboratories, it has to be fixed to a connector. The entire process of stripping,
cleaving, cementing and polishing
the entrance window of the fixed fibre is termed
as preparing of the fibre. Stripping means the
removal of the protective plastic cladding of
the fibre. This is done by so called Miller pliers. Cleaving means the defined breaking of the
fibre in such a way that the face of it is perpen-

dicular and of optical quality after the process.
This can be achieved by slightly scratching the
fibre by means of a ceramic or diamond blade
when it is bent and exposed to a defined force
in direction of the fibre axis. For this process
a variety of tools are available. In a next step
the fibre is supplied with a connector. For a particular fibre the right connector must be chosen.
The ready cut fibre is dipped in one component
of a two compound glue and inserted into the
ferrule of the connector which already is filled

with the second compound of the glue. After a
short while the fibre is bonded to the ceramic
ferrule of the connector. The protruding fibre is
scratched and removed. The connector is now
ground and polished. By means of a fibre inspection microscope the connector is inspected
if the face of the fibre has the desired optical
quality. In this workshop the hand grinding
and polishing of optical fibre is introduced and
trained. This method is useful in research labs
or other places with occasional requirements.

liquid (6) and applied to the ferrule. The
fibre is dipped into the activator liquid (6)
and gently pushed into the ferrule. In a
few seconds the adhesive is hardened and
is ready for scribing and breaking.
Scribing and breaking the fibre
This is the most sensitive part of the entire
process. After applying the scribing tool
(2) and breaking the protruding fibre, only

a fraction of a millimetre should remain.
For safety reasons the remaining fibre
splint must be disposed using the tweezers
(12) into the trash can (13)

Notes:

The followings steps are performed during the
process:
1.
Plastic cover removal
Requires the Millers’s pliers (3)
2. Cleaning
Requires one sheet of (9) and some drops
of isopropyl alcohol (10)
3.
Filling ferrule with adhesive
The syringe (11) is filled with the bond

4.

LT-0600 Fibre Optics Workshop Basic consisting of:

Item
Code
1
CA-0600
2
CA-0625
3
CA-0630
4
CA-0640
5
CA-0672
6
CA-0710
7
CA-0726
8
CA-0728
9
CA-0730
10
CA-0732
11
CA-0740
12
CA-0742
13
CA-0744
14
OC-2410
15 UM-LT07

Qty.
1
1
1
1
1
1
1
1
1
1
10
1
1
1
1

Fibre to Ferrule Bonding
Fibre inspection microscope

Description
Fibre inspection microscope
Fibre scriber, tungsten carbide
Adjustable plastic cover stripper
One step polishing film 2 µm, set of 50
ST - connector multimode, Set of 60
Two part anaerobic epoxy for 150 connectors
Acrylic plate 230 x 140 x 3 mm
Fiber Optic Polishing Disc for ST, SC, FC
Cleaning wipes dry - 280 wipes per box
Dispenser bottle. Isopropyl alcohol
Epoxy Syringe
Fibre splint tweezers
Fibre optic scrap trash can
Multimode fibre 1000 m 50/125 µm
Manual Fibre optics Workshop

Details page
130 (30)
130 (33)
130 (34)
130 (35)
131 (36)
131 (38)
131 (38)
131 (39)
131 (40)
131 (41)
131 (42)
131 (43)
131 (44)
109 (94)

5.

Polishing the fibre
For this step the acrylic plate (7), the polishing disk (8), the polishing film (4) and
some drops of isopropyl alcohol (10) are
required. The polishing starts with the so
called “air polishing”. In one hand the polishing film is held and with the other hand
the connector tip is slightly polished in
circular movements. This removes peaks
and other irregularities due to the breaking of the fibre. Thereafter the polishing
film is fixed with some drops of alcohol
to the acrylic plate and the final polishing
starts. This should not take longer than 5
minutes.

6.

Inspection of the fibre
From time to time the connector face is
cleaned and inspected with microscope.
Once a clear image without digs and
scratches is visible, the fibre is ready.

Laser Telecomm
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PE-0100 Double Refraction of Light

66

PE-0200 Polarisation of Light

68

PE-0300 Reflection and Transmission
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PE-0400 Diffraction of light
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PE-0500 Interference of Light
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PE-0600 Optical Interferometer
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PE-0700 Abbe Refractometer
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PE-0900 Diffraction Grating

80

PE-1000 Camera and Imaging

81
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PE-1300 Radio-and Photometry of Light
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PE-1400 Spectrometer
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PE-1500 Ruby Excited Lifetime & Spectroscopy

87

PE-1600 Iodine Molecular Spectroscopy

89

PE-1800 Planck’s Law

91

Optics Experiments
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Birefringence
Conoscopic imaging
Quarter and half waveplate

Ordinary and Extraordinary beam
Crystalline quartz
Pockels Cell

In 1669, Erasmus Bartholin was
the first one who reported his observations on double refraction.
He investigated a crystal of calcite:
not the only crystal which shows
double refraction, but a crystal with an extraordinary high markedness of this phenomenon.
His discovery and its first scientific explanation
by Christian Huygens in 1674 marked the beginning of the studies on optical crystal properties. More than 100 years later, crystal optics

How it works

Introduction

Keywords

PE-0100 Double Refraction of Light

got further insights through Dominique Arago,
who studied the polarization and optical activity, and Jean-Baptiste Biot who defined the first
principles of crystal optics, by differentiating
in particular, uniaxial and biaxal crystals principles which are still valid today. Birefringent
materials are important components in optics,
for example as half and quarter wave plates,
precision polarizer to tune laser lines. The experiments may start with the observation of birefringence shown by calcite crystal. The green

Focusing lens
Polariser

Jones matrix
Iceland Spar (Calcite)

Polariser

s

optical axi

LS

Optics Experiments

conical beam
Birefringent
material

Fig. 1: The optical axis of the birefringent material parallel to the light beam
The creation of an conoscopic image requires
a birefringent material where the optical axis
is oriented parallel to the incident light beam.
In this experiment we are using a laser emit-

ting a wavelength of 532 nm (green). The light
passes the first polarizer. A focusing lens creates the “conical” light beam which traverses
the birefringent material. The second polarizer

Polarizer
Polarizer

Photodetector

s

Optical axi

LS

Parallel beam
Birefringent
Material

Fig. 4.2: The optical axis of the birefringent material perpendicular to the light beam
Another method to characterise birefringent
materials are arrangements where the optical
axis of the crystal is perpendicularly oriented
to the light source. In such a case, the light is
almost parallel. The birefringent material is
placed between two rotatable polarizers. By

means of a photodetector, the transmitted intensity is measured as a function of the angle
orientation of either the birefringent material
or the polarizer. Without any material between
the two polarizer the famous Malus’ law can be
verified.

probe laser is directed to the calcite and the
splitting of the laser beam in ordinary and extraordinary rays are observed. The polarization
of these rays is measured by using the rotary
polarisation analyser. As an example of a biaxial crystal a Pockels cell containing a Lithium
Niobate crystal is used. In a conoscopic set-up
impressive interference pattern are created when
the high voltage is applied. Furthermore, the optical retardation for different voltage levels is measured and the half wave voltage is determined.
is aligned orthogonally to the first one. In direction of the optical axis, the material behaves
isotropic and there will be no change in the polarisation stage of the incident light. The corresponding image on the screen remains dark. All
other rays propagating inclined to the optical
axis undergo a change to their polarisation in
such a way that a fraction can pass the orthogonally oriented polarizer.
Consequently, a typical intensity distribution
results which is a fingerprint for the specific
birefringent material. Areas with same intensity (same retardation) are termed as isogyres,
places of same birefringence. Conoscopy is a
very important method to find the optical axis
of raw crystals in optic manufacturing as well
as quality control for LCD displays.

I = I0 ⋅ cos 2 (ϑ )
Whereby υ is the angle position between both
polarizers. In case they are oriented to the
same angle the value of υ is zero and we obtain
maximum transmission. In they are orthogonally aligned to each other the value of υ is 90°
resulting in zero transmission. Placing a half
wave plate between the polarizers results in an
increase in the transmission. In a certain position the transmission becomes maximum, that
means that the half wave plate turns the polarisation by 90°. In the same way we examine the
behaviour of a quarter wave plate. It turns out
that such a plate converts linear light into circular ones provided the optical axis of the plate is
oriented by 45° with respect to the polarisation
direction of the light.
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Double Refraction and Malus’ Law
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Fig. 4.3: Setup to measure the phase retardation and Malus’ law
31

10

C

0

10

30

13

0.2 0.4 0.6 0.8 1.0

90

270

350

70

90

90

0.2 0.4 0.6 0.8 1.0

330

0

30

290

0

50

290

350

70

70
0.2 0.4 0.6 0.8 1.0

330

31

B

30

290

10

270

0

0

350

50

31

330

50

0

A

270

5

9

Fig. 4.4: Conoscopic Setup for a quartz crystal plate

12

Fig. 4.5: Conoscopic Setup with a calcite crystal

A green laser pointer (3) is used as light source. In a first experiment the
polarisation of the probe laser (3) is determined. For this purpose only
one polarizer (11) is used. The laser beam is expanded (10) and passes the
polarizer (11). By means of the photodetector (2) the intensity of the light
behind the second polarizer is detected and the value is displayed on the
controller (1). For different angles of the polarizer the intensity is drawn
into a graph with polar coordinates. If the laser is linearly polarized we
should expect a graph like (A).
To make sure that the laser light is linearly polarized, one polarizer is placed behind the beam expander and turned to maximum intensity. The second polarizer is used as analyser. A angular plot of
the intensity will yield the verification of the Malus’ law (A). For the
next experiment the polarizers are oriented in such a way that the
transmitted intensity is almost zero. The quarter waveplate (14) is
placed between the polarizer. Depending on the orientation of the
waveplate we will get elliptical (B) or circular polarized light (C).

Conoscopy with a quartz

By adding the lens (9) in the beam path, the laser beam creates a focus
in the distance of its focal length and subsequently it becomes divergent
and forms a “cone”. A double refractive quartz plate (13) is placed in the
so created focal plane. The crystal is cut in such a manner that the optical
axis lies perpendicular to the surface of the plate The divergent beam
can be interpreted as a bunch of rays with different propagation angle
passing the quartz crystal. All those rays which are retarded by λ/2 will
be blocked by the next polarizer creating a beautiful pattern of dark and
bright areas on the screen (5).

Conoscopy with a calcite crystal

With a value of Δn= 0.172 calcite crystal has a more than 100 times
stronger double refraction than a quartz crystal with has a value of 0.0091.
The optical axis of the calcite crystal goes
from the upper left to the lower right corner
of the crystal as shown in the picture on the
left. Therefore we need to cut the crystal in
such a way that a beam can travel from one
corner to the other. Such a crystal is mounted to a post holder to permit
the study of the much stronger conoscopic pattern on the screen.

Characterising a Pockels Cell

Fig. 4.6: Conoscopic Setup for a Pockels cell

PE-0100 Double Refraction of Light consisting of:

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

Code
Qty. Description
DC-0020
1 LED and Photodiode Controller
DC-0250
1 Active SiPIN Photodetector
LQ-0020
1 Green (532 nm) DPSSL in ø25 housing
MM-0020
3 Mounting plate C25 on carrier MG20
MM-0024
3 Mounting plate C25-S on carrier MG20
MM-0110
1 Translucent screen on carrier MG20
MM-0420
1 Four axes kinematic mount on carrier MG20
MP-0150
1 Optical Bench MG-65, 500 mm
OC-0040
1 Plano-convex lens f=40 mm in C25 mount
OC-0360
1 Beam Expander x6 in ø25 housing
OC-0710
2 Polarizer in C25 mount
OC-0820
1 Calcite crystal on rod and carrier
OC-0830
1 Optical quartz plate in C25 mount
OC-0840
1 Quarter-wave plate in C25 mount
UM-PE01
1 Manual Double Refraction of Light
Option (order separately)
DC-0358
1 Pockels Cell Driver DQ21
OM-0030
1 Lithium Niobate Pockels Celle C-1043

A Pockels cell is placed in the focal plane of a polarized and a conoscopic
beam. By inserting a polarization analyser, beautiful patterns of interference can be observed on a screen and need to be interpreted. When the
high voltage to the Pockels cell is switched on, the crystal becomes biaxial and shows other interference patterns, characteristic for such crystals
of lower symmetry. Another measurement example is the determination
of the half wave voltage. At the lowest applicable voltage the polarisation
analyser is turned to maximum intensity. The cell voltage is increased
until the transmitted intensity becomes almost zero which is the case
when the phase retardation of the cell is λ/2. In this case the cell acts as
half waveplate.

Details page
121 (2)
124 (23)
118 (1)
93 (1)
93 (2)
94 (10)
96 (24)
93 (8)
99 (4)
100 (17)
102 (34)
103 (44)
103 (45)
103 (46)
125 (29)
110 (4)

Highlights
Basic experiment
Conoscopy suitable for live demonstration
Intended institutions and users:
Physics Laboratory
Engineering department
Electronic department
Biophotonics department
Physics education in Medicine
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Keywords

PE-0200 Polarisation of Light

Optical Activity
Linear Polarized Light
Green Laser
Photodetector

Double Refraction
Elliptical, Circular Polarized Light
Quartz Retarder Plate
Light Power Control

In the year 1809, Etienne Malus
discovered the polarization of
light by reflection and stated a
law which describes the intensity
distribution of polarized light as a
function of the relative orientation of a polarization analyser. At that time his findings were
in contradiction to the presumption of light
waves being longitudinal rather than transversal. His discovery had far reaching conse-

quences for the wave theory of light, and his
unambiguous experimental results launched a
big debate, among the leading scientists about
the wave properties of light. Finally, as a compromise light was conceded to have transversal
as well as longitudinal character. Two years
later Dominique Arago investigated a sample
of quartz and discovered its optical activity, a
property of many natural and also synthetic
materials. Later on, Augustine Fresnel could

Collimating achromat

Optics Experiments

As light source either as coherent “green” laser
or a blue or white light emitting LED is used.
In case of using a LED an achromat is used to
form an almost parallel beam. By means of a
polarisation analyser and the photodetector the
intensity of the light source as function of the
analyser angle is measured. As a result, three
plots are created representing the polarisation
of the green laser and the blue and white LED.

Photodetector

By using an additional polarizer the emitted light is polarised. If the analyser angle is
set to 90 degrees with respect to the polarizer
the passed intensity is a minimum and for 0
degree a maximum. Between these values the
transmitted intensity behind the analyser is according to the Malus’ law. This setup allows the
verification of Malus’s law and demonstrates
furthermore an arrangement to change the intensity of a light source without changing the
operating current.

Analyzer

Almost parallel beam

Fig. 4.7: Basic setup to measure the polarisation of a light source LS

Polarizer

LS
Analyzer
Almost parallel beam

Fig. 4.8: Setup to measure the Malus’s law

Collimating achromat

Photodetector

Polarizer

s

Optical axi

LS
Almost parallel beam

Birefringent
Material

Analyzer

Fig. 4.9: Placing birefringent material between two crossed polarizer

explain the effect of optical active materials on
light by introducing the phenomenon of circular birefringence. In this series of experiments
the polarization state of the light sources in use
is determined. Furthermore, polarized light is
used to prove the Malus’ and Fresnel’s Laws
with respect to their states on polarization. The
influence of crystal wave plates and optically
active materials on polarization is studied.

Photodetector

LS

Collimating achromat

Polarization of Light Sources
LED Light Source
Mica Retarder Plate
Malus’ Law

Materials which change the polarisation of
transmitted light are termed as optical active.
Such natural materials are for instance crystalline quartz, calcite or mica. Within the frame
of this experiment three crystalline plates made
of quartz and mica are used. The plates are
mounted in a click mount with an index mark.
The plate is placed behind the polarizer and the
transmitted intensity is measured as function
of the analyser angle. The resulting angular intensity plot informs about the particular optical
activity.
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Fig. 4.10: Setup to measure the polarisation of the light source
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Malus’ Law and Optical Power Control
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Fig. 4.11: Malus’ Law and optical power control
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To demonstrate the effect of double refraction or birefringence on the
polarisation of the transmitted light beam 4 different optical active materials are used.
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Fig. 4.12: Demonstration and measurement of optical activity
C

PE-0200 Polarisation of light consisting of:

Item
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
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The achromat (11) is used to collimate the radiation of the LED to obtain
an almost parallel light beam. To make sure that the light is linearly polarized, the first polarizer (12) is placed behind the collimator (11) and
turned to maximum intensity. The second polarizer (12) is used as analyser. The transmitted intensity is measured by means of the photodetector
(2) and the controller (1). A angular plot of the intensity yields the verification of the Malus’ law. Such an arrangement is often used to control the
intensity of a light source when the change of the emission wavelength by
the control of the injection current is not desired.

Polarisation by Optical Activity

2

13, 14, 15, 16 12

12

As light source either the blue (5) or white (4) or the “green” laser (3)
is used. The light source is clicked into the four axes kinematic mount
(9) and connected to the LED and photodiode controller (1). Each light
source has an embedded non-volatile memory into which the property
of the light source is stored. The information is processed and displayed
by the controller (1) to ensure the operation of the attached light source
within its allowed parameter. In addition, the controller contains a preamplifier and processing stage for the attached photodiode. The settings
are selected by means of the touch screen and set by the precision digital
settings knob. The measurements starts with the characterization of the
light source as intensity versus injection current and versus the analyser
(12) angle.

(14) Plate of crystalline quartz
(15) Quarter-wave plate made from quartz
(16) Have-wave plate made from quartz
(13) Plate of natural mica
The plates are mounted into a click 25 mount with an index mark and
the mounting plate (7) provides the corresponding angle scale. The first
polarizer is set to maximum intensity. The resulting linear polarised light
of the light source (3, 4, 5) passes the inserted plate and undergoes a
phase retardation depending on the kind and orientation of the birefringent material.
The measured results can be plotted either in Cartesian or polar coordinates. Below the Fig. 4.12 such an example in polar coordinates is shown
for:
A. Linear polarized
B. Elliptical polarized
C. Circular polarized light

Code
Qty. Description
DC-0020
1 LED and Photodiode Controller
DC-0120
1 Si-PIN Photodetector, BPX61 with connection leads
LQ-0020
1 Green (532 nm) DPSSL in ø25 housing
LQ-0200
1 White LED in ø 25 Housing
LQ-0230
1 Blue LED in ø 25 housing
MM-0020
1 Mounting plate C25 on carrier MG20
MM-0024
3 Mounting plate C25-S on carrier MG20
MM-0030
1 Mounting plate C30 on carrier MG20
MM-0420
1 Four axes kinematic mount on carrier MG20
MP-0150
1 Optical Bench MG-65, 500 mm
OC-0140
1 Achromat f=40 mm in C30 mount
OC-0710
2 Polarizer in C25 mount
OC-0810
1 Mica plate in C25 mount
OC-0830
1 Optical quartz plate in C25 mount
OC-0840
1 Quarter-wave plate in C25 mount
OC-0850
1 Half-wave plate in C25 mount
UM-PE02
1 Manual Polarisation of Light

Details page
121 (2)
123 (14)
118 (1)
119 (6)
120 (12)
93 (1)
93 (2)
93 (4)
96 (24)
93 (8)
99 (9)
102 (34)
103 (43)
103 (45)
103 (46)
103 (47)

Highlights
Basic experiment
Intended institutions and users:
Physics Laboratory
Engineering department
Electronic department
Biophotonics department
Physics education in Medicine
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How it works

Introduction Keywords

PE-0300 Reflection and Transmission

Reflection Law
Transmittance
Brewster Angle

Fresnel Laws
Polarization
LED Characterization

Reflection of light on surfaces is a
familiar phenomenon of daily life.
Therefore it is no surprise that the
reflection law is one of the well
known optical laws and was first
stated by Ibn Al Haitham in the beginning of
the 10th century. Little was commonly known
about polarization of light and its connection
with reflection and refraction. This connection is formulated in the Fresnel Laws which
Collimator

Reflectance
Anti-Reflection Coating
Green Laser Properties

are usually expressed as transmittance and
reflectance as a function of the index of refraction and angle of reflection. The four formulas
which were deduced by Augustin Fresnel in
1821 contain the complete theory of reflection,
refraction and polarization of isotropic materials. The fundamental understanding of reflection and transmission is essential for the design
of laser mirrors, sun glasses and a lot more. By
dielectric coating, such components are made
Polarizer 1

Focusing Lens
Photodiode

Light source
Fig. 4.13: Characterising the light source

Optics Experiments

Photodiode
p
Light source

Focusing Lens
Polarizer 3
Plate

Collimator
s
Polarizer 1
Polarizer 2

B
A
Twin axis goniometer

Fig. 4.14: Arrangement to measure reflected and transmitted light
The light of either a white light LED or “green”
laser is strongly polarised by means of polarizer

Polarizer 2

1 and 2 and hits the probe plate. When using the
LED, a collimator lens creates an almost paral-

Dielectric mirror
Grating

Light source

Collimator
Polarizer 1

Photodiode
Focusing Lens

C

B
A

Polarizer 3

Twin axis goniometer
Fig. 4.15: Setup for measuring the spectral transmittance of a mirror
Optical components, especially mirrors are
extremely important in photonics. Meanwhile
a variety of technologies exist to tailor the
spectral behaviour of optical surfaces like short

pass, long pass or even ultra narrow band pass
mirrors. The aim of this experiment is the spectral characterization of such a mirror. As light
source a white light LED and for the spectral

either to optimise or to suppress reflection.
Within this experiment the reflection law is
verified using a metal coated mirror. The next
part covers the quantitative verification of the
Fresnel Laws on a specially shaped glass plate
using polarized light. Finally the spectral performance of a dielectric coated mirror is investigated using a white LED and a grating.

As source a white light LED and a “green” laser are used. Both sources are characterised by
measuring the optical power versus the injection current. In case of the LED, a collimator
is used to obtain an almost parallel light beam.
Furthermore, the spatial intensity distribution
of the LED can be measured when using the
provided goniometer.
lel light beam. The optical plate is attached to
the goniometer plate B and can be rotated by
360°. The photodiode along with a focussing
lens and the polarizer 3 are attached to the arm
of goniometer A. By turning of B a defined angle of incidence is set. The arm of goniometer A
is turned in such a way that the signal detected
by the photodiode becomes maximum. In this
way the Snell’s or reflection law is verified. To
verify the Fresnel’s equations, the polarisation
state of the incident light is set to either “s”
(perpendicular) or “p” (parallel) with respect to
the plane of incidence which is spanned by the
vector of the incoming and reflected beam.
resolution a transmission grating is used. The
dielectric mirror is attached to a turntable (C)
to measure the spectral response also for different angle of incidence. The grating is attached
to the goniometer B where it is kept at a angle
of zero degrees with respect to the direction of
the probe light beam. The arm of goniometer
A is turned to the first or second order of the
grating. The first measurement is carried out
without the dielectric mirror to record the spectrum of the white light emitting LED. The second measurement is performed including the
dielectric mirror. The spectral transmittance of
the dielectric mirror is obtained by normalising the values of the second measurement to the
first measurement.
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Fig. 4.16: Characterising the light source
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Fig. 4.17: Setup to verify the Snell’s (reflection) and Fresnel’s Law
With this setup the angle and polarisation dependent reflection or transmission of a probe (19) is measured. The probe which can be either a glass
plate or a front face mirror is placed into the fixed arbor receptacle of the
twin axis goniometer (10). The probe body has an index mark for reading its angle with respect to the scale of the arbor receptacle. The second
goniometer provides an arm onto which the photodetector (2), a focussing

15 16 16
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9

14

10
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10
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By placing a transmission grating (20) into the fixed arbor receptacle of
the goniometer (10) the setup is converted into a simple spectrometer.
To measure the spectral property of the dichroic mirror (17) it makes
sense to use the white light emitting LED. The emission wavelength of
the LED ranges from 400 - 700 nm. The mirror (17) is inserted into the

18

19

20

centre hole of the carrier with
rotation stage (11). By turning the goniometer arm the
0.6
photodetector measures the
intensity as a function of the
0.4
← White LED
angle. The measurements can
0.2
be performed in the first or
0.0
second order of the transmis[nm]
400
500
600
700
Emission wavelength →
sion grating. A first measurement is performed without the mirror (17) to obtain the spectral curve
of the LED. In a subsequent measurement with inserted mirror (17) the
influence of the mirror becomes apparent. The spectral curve of the mirror (17) is obtained by dividing the data of the second measurement with
the data of the first measurement.
← Green Laser

The experiment comes with four different optical modules (OM). A dichroic mirror (17)
reflects in the blue range and transmits in the
red spectral range. The dichroism depends on
the angle of incidence, which will be measured
in the experiment. The front face mirror (18)
has a metallic coating and is used as general
purpose reflector. The mirror is used for the
verification of Snell’s law. For the measurement

PE-0300 Reflection and Transmission consisting of:

Item
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21

p

0.8

Fig. 4.18: Measuring the spectral transmittance

17

lens (14) and a polarizer (16) are
mounted. As light source either
0.8
the green laser or the whit light
rS
0.6
LED is used. When using the
LED the additional collimator
0.4
(15) is used to obtain an almost
Brewster angle at r =0
r
P
0.2
parallel LED light beam. By
means of the pair of polarizers
0.0
0
10
20
30
40
50
60
70
90°
80
the desired polarisation s or p
Angle of Incidence →
are adjusted. For different incident angles the reflected intensity is measured by the photodiode (2) and
the control unit (1). The plot of the data as intensity against the angle of
incidence verifies the Fresnel equations. For an index of refraction of 1.45
these values are calculated and shown in the figure above. The angle of
incidence for which the reflected intensity Ip becomes zero is termed as
Brewster angle which is highly important for all those applications where
the losses due to reflection should be zero.

1.0

16
3, 4

↑ Reflectance [relative units]

1.0

↑ Intensity [relative units]

20

12

13

The aim of this setup is the measurement of the optical power of the provided white light LED and the “green” laser versus the injection or operation current. By means of the LED and laser controller (1) the individual
current can be set from zero to the maximal permissible value. The output
power is measured by the photodiode (2) which is connected also to the
controller (2). The built-in amplifier and microprocessor converts and displays the measured photo current. In a next measurement the polarisation
of the LED and the green laser is measured by rotating the polarizer (16)
in its holder whereby the optical power is measured.

Code
Qty. Description
DC-0020
1 LED and Photodiode Controller
DC-0120
1 Si-PIN Photodetector, BPX61 with connection leads
LQ-0020
1 Green (532 nm) DPSSL in ø25 housing
LQ-0200
1 White LED in ø 25 Housing
MM-0020
1 Mounting plate C25 on carrier MG20
MM-0024
2 Mounting plate C25-S on carrier MG20
MM-0026
2 Mounting plate 40, C25
MM-0028
1 Mounting plate C25-S with angle gradation
MM-0030
1 Mounting plate C30 on carrier MG20
MM-0300
1 Carrier with 360° rotary arm
MM-0380
1 MG65 carrier with rotary stage
MM-0420
1 Four axes kinematic mount on carrier MG20
MP-0150
1 Optical Bench MG-65, 500 mm
OC-0060
1 Biconvex lens f=60 mm in C25 mount
OC-0140
1 Achromat f=40 mm in C30 mount
OC-0710
3 Polarizer in C25 mount
OM-0310
1 Dichroic mirror on rotary table
OM-0320
1 Front face mirror on rotary table
OM-0330
1 Glass plate on rotary table
OM-0340
1 Transmission grating on rotary table
UM-PE03
1 Manual Reflection & Transmission

and verification of the Fresnel equations and
Brewster’s angle, an optical polished glass plate
(19) is used. A transmission grating (20) with
600 lines per millimetre is used for the spectral
analysis. All components are mounted to a solid
base which fits either into the goniometer (10)
or into the carrier with rotary stage (11). The
index mark serves to measure the angle of incidence when inserted into the respective holder.

Details page
121 (2)
123 (14)
119 (10)
119 (6)
93 (1)
93 (2)
93 (3)
93 (4)
95 (20)
96 (22)
96 (24)
93 (8)
99 (5)
99 (9)
102 (34)
111 (11)
111 (12)
111 (13)
112 (14)

Highlights
Basic experiment
Intended institutions and users:
Physics Laboratory
Engineering department
Electronic department
Biophotonics department
Physics education in Medicine
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How it works

Introduction

Keywords

PE-0400 Diffraction of light

Huygens Principle
Diffraction at a Wire

Single and Multiple Slits
Babinet Theorem

All objects which restrict the free
propagation of light cause diffraction. Although this phenomenon
is always present, it is usually neglected, because the effect is too
insignificant for the topic of investigation. But
if light hits sharp edges, diffraction will appear
clearly and cannot be neglected, especially when
light is diffracted on very narrow openings like

Beam expander

Diffraction of LED Light
Diffraction of Coherent Light

holes or slits. Christian Huygens formulated his
observation of diffraction in the 17th century applying the principle of elementary waves. In 1800
Fresnel and Fraunhofer both studied the effect of
diffraction in detail. Fresnel used divergent light
for his investigations, whereas Fraunhofer used
parallel light created by a pair of lenses. Both
techniques are termed as Fresnel and Fraunhofer
diffraction respectively. This experiment ofImaging lens

Cylindrical lens

LED or Laser
Diffraction pattern

1

2
14, 15, 16 , 17, 18
3
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white screen
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Fig. 4.19: Description of the components

PE-0400 Diffraction of Light consisting of:
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

DC-0020
DC-0800
DC-0820
LQ-0020
LQ-0210
MM-0020
MM-0060
MM-0110
MM-0420
MP-0150
OC-0040
OC-0280
OC-0360
OC-0470
OC-0480
OC-0482
OC-0484
OC-0486
UM-PE04

1
1
1
1
1
3
1
1
1
1
2
1
1
1
1
1
1
1
1

LED and Photodiode Controller
CCD Camera Controller
CCD Camera Module
Green (532 nm) DPSSL in ø25 housing
Red LED in ø 25 housing
Mounting plate C25 on carrier MG20
Filter plate holder on MG20
Translucent screen on carrier MG20
Four axes kinematic mount on carrier MG20
Optical Bench MG-65, 500 mm
Plano-convex lens f=40 mm in C25 mount
Cylindrical lens f=80 mm in C25 mount
Beam Expander x6 in ø25 housing
Wire 0.05 mm in 50x50 frame
Circular apertures in 50x50 mm frame
Gauze 300 mesh in 50x50 mm frame
Single slit 0.06 mm in 50x50 mm frame
Double slit in 50x50 mm frame
Manual Diffraction of Light

121 (2)
125 (32)
126 (33)
118 (1)
119 (7)
93 (1)
94 (7)
94 (10)
96 (24)
93 (8)
99 (4)
100 (15)
100 (17)
101 (23)
101 (24)
101 (25)
101 (26)
101 (27)

fers both types of diffraction. Experiments are
performed using monochromatic laser light
which will be diffracted at slits and holes of various widths. Thin wires impressively prove the
Babinet theorem which states that complementary masks (slit, wire) result in the same diffraction pattern. The obtained diffraction patterns
are imaged on a white screen and the pattern can
also be recorded by a CCD camera.
The figure on the left shows the arrangement
using a laser. In case a LED is used, the Beam
expander is exchanged against a collimating
lens. To obtain crisp diffraction fringes most
of the light should hit the diffraction pattern.
In case of using a slit an extra cylindrical lens
is used to convert the round beam into a line
structure. When demonstrating the diffraction
at a hole the round laser beam is used as it is.

Within the experiment a red emitting LED (5) or a green
emitting laser (4) are used. For both light sources the controller (1) provides the individual current and voltage. The
controllers microprocessor reads the property of the connected light source and sets the parameter accordingly.
When using the green laser and a vertical slit (17,18) or
wire (14), the beam expander (13) is needed to create in
conjunction with the cylindrical lens (12) a vertical line
shape. Different types of diffraction elements can be inserted to the plate holder (7). To verify the Babinet’s theorem a slit (17) and a wire (14)with same dimensions is used.
Furthermore the diffraction fringes a double slit (18), a
circular aperture (15) and a two dimensional structure (16)
are created and recorded. For a first view, the translucent
screen (8) is used. The fringes on the screen are recorded
by the high resolution (8 MP) CCD camera (3) and are displayed live on the digital video controller (2). The image
can be taken as still photo or as video. The video controller
provides USB inputs for a memory stick or other external
devices like mouse or keyboard. The HDMI output allows
the connection to a projector in the lecture hall to demonstrate a live experiment.

Highlights
Basic experiment
Suitable for live demonstration!
Intended institutions and users:
Physics Laboratory
Engineering department
Electronic department
Biophotonics department
Physics education in Medicine
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1801 and when he gave the experimental proof
of interference of light in 1802. His work had
influential consequences in considering light as
a wave. On one hand interference is an impressive way to demonstrate the wave character of
light, on the other hand, many optical instruments are based on interference, e.g. instruments for exact determination of distances or
the wavelength of light, so called interferometers. This experiment provides the famous
Imaging lens

Green Laser

Beam expander
Fresnel double mirror

White screen

Fig. 4.20: Fresnel’s double mirror setup

d
Green Laser
Beam expander

Imaging lens

Two mirror
(Fabry Perot)

Image screen

Fig. 4.21: Interference with a Fabry Perot setup

plano-concave lens

Glass plate

Green Laser

Imaging lens
Beam Expander

Image screen

Newton’s rings assemnbly

Fig. 4.22: Demonstration of Newton’s rings

f

Green Laser
Fresnel zone plate
Beam Expander
Fig. 4.23: Focusing a laser beam with a Fresnel zone plate

Image screen

Fresnel mirror dividing one light beam source
into two and superimpose their coherent portions. As a must the Newton’s rings module
demonstrates interference caused by thin layers. Further on a Fresnel plate is used to illustrate imaging based on interference and finally,
a Fabry Perot plate demonstrates the working
principle of an optical cavity.

The laser beam of the green laser is expanded
and hits the first mirror in grazing incidence in
such a way that one half of the beam is deflected
by the first and the other half by the second mirror. The second mirror is slightly tilted against
the first one. Both beams are imaged via an expanding lens onto a white screen. In the overlap
area of both beams the famous Fresnel interference becomes visible.
Two flat mirror are aligned parallel to each other by a spacer forming a Fabry Perot cavity with
a mirror distance d of 3 mm with a free spectral
range of 50 GHz. The green laser is connected
to the control unit to allow the precise tuning
of the temperature. Since the frequency change
of the green laser is 4.5 GHz per °C we will observe the frequency change as shift of the interference fringes on the screen.

The classical experiment “Newton’s rings”
comes with a combination of a glass plate
and a plano-concave lens. It is illuminated by
means of a green laser whose beam diameter
is enlarged by a beam expander. The interference pattern is imaged onto a white screen. The
figure shown on the left shows the setup for observing the fringes in transmission. For observing in reflection direction, an image screen with
a small centre hole is used, which is located behind the beam expander.
It is amazing to learn that an arrangement of
concentric rings shows almost the same property as a lens. For such an arrangement, a Fresnel
zone plate is designed in such a way that it will
create a lens like image with a focal length of
60 mm. The plate is illuminated by means of a
green laser whose beam is enlarged by a beam
expander.

Optics Experiments

Interference of light, although
very common in almost all fields
of optics, is not always easily observed, often overlooked or just
neglected. When Isaac Newton
did his investigations on optics, he described
interference observations in detail. But only
Thomas Young was on the right way of interpretation when he stated the general law of constructive and destructive interference of light in

Fabry Perot Plate
Coherence Length
Interference

Introduction

Newton’s Rings
Spatial / Temporal Coherence
Diffraction

How it works

Fresnel’s Mirror
Optical Resonator
Fresnel’s Zone Plate

Keywords

PE-0500 Interference of Light
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Fig. 4.24: Demonstrating the Fresnel’s double mirror interference
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Fig. 4.25: Setup of the Fabry Perot

A pair of two reflective coated glass plates are mounted with a fixed distance of 3 mm into a click 25 holder (16) and mounted into an adjustable
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Fig. 4.26: Observation of Newton’s rings in transmission
2

12

1

9
17

8

4

7

11

As light source a green laser (2) is used, which is mounted into a four axes
adjustment holder (8). The beam diameter is enlarged by the 6 x beam
expander (14) which is inserted into a mounting plate (4) attached to a carrier. Both mirrors of the Fresnel mirror assembly (18) are independently
adjustable from each other. One half of the laser beam hits the first mirror
in grazing incidence and the other half the second mirror and both are
directed out of the optical axis of the rail. The biconcave lens (12) which
is inserted into a mounting plate (4) on an extra rail (10) expands both
beams and images them onto the translucent screen (6).
mount (9) to align the Fabry Perot (16). The expanded laser beam (14) of
the green laser (2) is directed to Fabry Perot (16). The transmitted beam is
expanded by a biconcave lens (12) and imaged onto the translucent screen
(6) where the interference pattern becomes visible. Since the wave fronts
behind the beam expander are plane (parallel beam) the fringes appear
as lines and their distance to each other is given by the wavelength of
the light source, the distance of the plates and finally the geometry like
expansion of the setup. To study the effect of the wavelength, the temperature of the green laser is changed (0.004 nm/°C) by the controller (1)
which results in an observable movement of the fringes.
To observe circular fringes, the beam expander can be adjusted for divergent beams.
The Newton’s ring assembly (17) consists of a plano-convex lens the
curved side of which touches a glass plate whereby the flat surface of the
lens is parallel to the surface of the glass plate and is used instead of the
Fabry Perot (16) of the previous setup. The setup can be operated by using either the green laser (2) or the white light LED (3). In the latter case
the collimating achromat (5 and 13) is used instead of the beam expander
(14). The beam is expanded by the biconcave lens (12) and imaged onto
the translucent screen (6). The observable interference is a result of the
superimposition of reflected and transmitted beams of uncoated surfaces,
thus the contrast in transmission is comparably low.
A better way to view the Newton’s ring with enhanced contrast is to observe the fringes in reflection. In principle a glass plate under an angle
of 45° is placed in front of the Newton’s ring optics (17). The returning
light and therewith the interference pattern is deviated as well and can be
displayed on a screen. However, in this setup we are using a white screen
(7) with a small central hole which is large enough to pass the incident
light. By aligning the Newton’s ring optics (17) by means of the adjustment holder (9) the reflected interference pattern is centred to the screen.
To enlarge the image on the screen (7) the imaging lens (12) is used which
makes the incident laser beam divergent.

Fig. 4.27: Setup to observe Newton’s rings in reflexion
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Fig. 4.28: Experiment with Fresnel’s zone plate

PE-0500 Interference of light consisting of:

Item
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

Code
Qty. Description
DC-0020
1 LED and Photodiode Controller
LQ-0020
1 Green (532 nm) DPSSL in ø25 housing
LQ-0200
1 White LED in ø 25 Housing
MM-0020
2 Mounting plate C25 on carrier MG20
MM-0030
1 Mounting plate C30 on carrier MG20
MM-0110
1 Translucent screen on carrier MG20
MM-0114
1 White screen with centre hole
MM-0420
1 Four axes kinematic mount on carrier MG20
MM-0440
1 Kinematic mount ø25.4 mm on MG20
MP-0130
1 Optical Bench MG-65, 300 mm
MP-0150
1 Optical Bench MG-65, 500 mm
OC-0020
1 Biconcave lens f=-20 mm in C25 mount
OC-0140
1 Achromat f=40 mm in C30 mount
OC-0360
1 Beam Expander x6 in ø25 housing
OC-0720
1 Fresnel zone plate in C25 mount
OC-0730
1 Fabry Perot plate in C25 mount
OC-0740
1 Newton’s rings optics in C25 mount
OM-0450
1 Fresnel mirror assembly
UM-PE05
1 Manual Interference of Light

A zone plate is an arrangement of concentric rings resulting in a focusing ability whose mode of operation
is based on diffraction and interference. The thickness and separation of the rings determines its focal
length. The image of such a zone plate can be calculated and exposed to high resolution films as used in
printing processes. Such a film carrying a zone structure resulting in a focal length of 60 mm is mounted into a click 25 holder
(15) and placed into the adjustment holder (9). By means of the screen (6)
the focus of the initial parallel green laser beam is measured.

Details page
121 (2)
118 (1)
119 (6)
93 (1)
93 (4)
94 (10)
94 (11)
96 (24)
96 (25)
93 (7)
93 (8)
98 (3)
99 (9)
100 (17)
102 (35)
102 (36)
102 (37)
112 (17)
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Basic experiment
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Mirror 1

precision length measuring instruments have
become an important tool for many areas of
the machine building industry. The Michelson
interferometer commonly uses one moveable
mirror which is attached to the object for which
a path length measurement on nm scale is performed. The Mach-Zehnder interferometer has
no moving parts and the operation is based on
the retardation of one beam with respect to the
other by changes of the index of refraction of the

Beam A

Green Laser or
white LED

Beam B

Mirror 2

Beam splitter

Exit 2=AR+BT

Translation stage

Exit 1=AT+BR

Beam expander

Imaging lens

Translucent
screen

Fig. 4.29: Michelson Interferometer

green laser

Beam splitter 1

Mirror 1

Beam A

Imaging lens

Beam B
Beam expander

Exit 1

Mirror 2

Beam splitter 2

Screen

Exit 2

Fig. 4.30: Mach-Zehnder Interferometer

green laser

Mirror 1

Beam splitter 1

Imaging lens
Evacuable tube

Beam expander

Beam splitter 2
Mirror 2
Fig. 4.31: Measuring the index of refraction as function of the pressure

The great advantage of a Mach-Zehnder interferometer lies in the fact that there are no
back reflections from the interferometer mirror into the light source as it is the case with a
Michelson interferometer. The back reflections
create undesired fluctuations and frequency
hopping of the laser. That is one of the reasons
why the Mach-Zehnder Interferometer found

Screen

much more application than the Michelson
setup. The beam of the green laser is enlarged
by a beam expander. At beam splitter (1) the expanded beam is split into two beams (A, B) with
same intensity. One propagates to the mirror (1)
and the other one is deflected by 90° and travels to the mirror (2). Both beams are combined
again at beam splitter (2). 50% of each beam

probe medium. This experiment provides both,
a Michelson and a Mach-Zehnder interferometer.
The Michelson interferometer is used to demonstrate the classical interference patterns. For
the Mach-Zehnder interferometer an evacuable
tube is inserted into one of the beam paths and
the interference pattern visualizes the changes
of the index of refraction. The measurement of
the index of refraction of air as a function of the
pressure is made by using the vacuum pump.
The classical Michelson setup consists of the
beam splitter, the mirror 1 and the mirror 2.
The incident beam from either a green laser or
a white light LED is split into two beams at the
beam splitter. The returning beams from mirror
1 and 2 are imaged by means of a diverging lens
onto a translucent screen. Mirror 2 is mounted
on a translation stage for precise change of the
related optical path, particularly for white light
interference. The beam expander provides an
enlarged beam with plane wave fronts resulting in a fringe pattern with a parallel structure.
Circular rings are obtained, when the beam expander is aligned for curved wave fronts.
is transmitted and reflected. The interference
pattern on the screen is created by the reflected
part of A R and the transmitted part of BT at exit
(1). At exit (2) a combination of AT and BR is
available, however not used here. The bright to
dark transitions of the interference pattern are
proportional to the path or phase difference of
beam A and B. In case of the Michelson, the
path difference can be created by moving one
of the mirrors, which is not possible with the
Mach-Zehnder setup. Another way to introduce
such a phase shift is to insert an optical transparent material in one arm of the interferometer
and to change its index of refraction. Within
this experiment a tube is used, which is filled
by the surrounding air and can be evacuated.
By counting the number ΔN of moved fringes
for an pressure interval ΔP provides the information to calculate the index of refraction of air
as function of the pressure. Additional sensors
for temperature and humidity enables the comparison of the measured value for the index of
refraction of air n with the results of the Edlen
formula n(P,T,H), whereby P is the pressure, T
the temperature and H the relative humidity.

Optics Experiments

In 1881 Albert Michelson used
an interferometer to successfully
disprove the theory of a universal
ether that existed till then. Later
on, he determined the length of the
basic meter in units of light wavelengths with
this set-up. Still, the use of interferometers in
performing technical length measurements only
reached significance after the discovery of the
laser as a coherent light source. Today, high

Mach-Zehnder Interferometer
Edlen Formula
Wavelength of Light
Translucent Image Screen

Introduction

White Light Interference
Index of Refraction
Coherence
Beam Splitter

How it works

Michelson Interferometer
Evacuable Cell
Interference
Beam Expander
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Fig. 4.32: Michelson Interferometer
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Fig. 4.33: White Light Interferometer
White light interference takes place only if the optical length of both interferometer arms have precisely the same optical length. To demonstrate

A selected green laser (2) with high coherence is mounted into the adjustment holder (7). A beam expander (18) is used to enlarge the beam diameter as well as to provide plane waves. The adjustable beam splitter unit
(19) splits the beam into two beams. After being reflected from the mirror
(16) they are recombined by the same beam splitter. By means of the
imaging lens (15) the interference pattern is imaged onto the translucent
white screen (6) photographs can be taken by a standard smartphone camera. Both mirrors are mounted into precise adjustment holder to align the
beams for best contrast. One mirror is mounted onto a translation stage
(9). One turn of the screw moves the mirror 250 micro metre accordingly
resulting in the shift of the interference pattern.
this phenomenon, a white LED (3) is used. The light of the LED is collimated by an achromat (17) inserted into the mounting plate (5). By using a
ruler the initial equal distance of the mirror is aligned. For the fine tuning
the translation stage (9) is used. The translation stage has a travel range
of 5 mm. However, to find and hold the proper position requires patience
and experience. To find the right position in an easier way the optional
photodetector (22) and the audio fringe detector (23) are recommended.
The fringe detector contains an AC amplifier connected to a speaker. The
input is the photodetector signal. In case interference occurs a burst of
tones become audible. Turning back and forth of the adjustment screw of
the translation stage and listening to the bursts the proper setting can be
found. In the event of such a burst interference fringes appear and a fine
tuning for best contrast may then be started.

vide plane waves. Subsequently the beam is split with the first adjustable
beam splitter (19, A) into two beams. Mainly the reflected beam can be
1
adjusted whereby the transmitted beam remains unaffected. The direcB 16
tion of the transmitted beam will be aligned by means of the 4 axes ad9*
justment holder (7) in such a way that the beam hits the centre of mirror
7
(16, C). The reflected beam is aligned in such a way that it hits the centre
14
2 14
4
of the mirror (16, B). By means of the mirror adjustment holder (8* and
11
9*) both mirrors are aligned such, that the beams hit the centre of the
Fig. 4.34: Mach-Zehnder Interferometer
beam splitter plate (D). The transmitted beam shows up on the translucent white screen (6) whereby the reflected beam is aligned by the fine
21
24
pitch screws of its adjustment holder (19, C). The goal of the alignment is
to achieve the collinearly propagation of both beams, which is indicated
by the appearance of a rich contrast interference pattern. Also here, the
1
photograph of the interference pattern can be taken from the rear of the
translucent screen by any digital camera. After perfectly aligning the
Mach-Zehnder interferometer, the evacuable cell (24, option) is placed
onto the rail as shown in Fig. 4.35. It is recommended to operate the cell
using the vacuum controller (22, option). The controller contains a preFig. 4.35: Mach-Zehnder Interferometer with evacuable cell
cise pressure sensor with an operating range of 300 - 1100 hPa with an
Most parts of the Michelson interferometer are reused. Two bridge car- accuracy of ±0.1 hPa, a temperature sensor with an accuracy of ±0.1 °C
and a humidity sensor with an accuracy of ±1%. The cell is connected via
rier (11) interlink two optical rails (14). The beam of the green laser (2)
passes a beam expander (18) to increase the beam diameter and to pro- two flexible hoses to the vacuum controller (21). One hose is connected to
the integrated vacuum pump and the other one
via a valve to the rear of the controller, where
either the surrounding air or another provided
PE-0600 Optical Interferometer consisting of:
gas streams into the cell. The pressure inside
is set by this valve and displayed on the conItem
Code
Qty. Description
Details page
troller. In addition, the temperature and hu1
DC-0020
1 LED and Photodiode Controller
121 (2)
midity of the air or gas is displayed. Changing
2
LQ-0020
1 Green (532 nm) DPSSL in ø25 housing
118 (1)
the pressure changes the index of refraction
3
LQ-0200
1 White LED in ø 25 Housing
119 (6)
4
MM-0020
2 Mounting plate C25 on carrier MG20
93 (1)
inside the cell and causes a shift of the in5
MM-0030
1 Mounting plate C30 on carrier MG20
93 (4)
terference fringes which needs to be counted
6
MM-0110
1 Translucent screen on carrier MG20
94 (10)
visually. The measurement of the number of
7
MM-0420
1 Four axes kinematic mount on carrier MG20
96 (24)
fringes as function of the pressure difference
8
MM-0440
1 Kinematic mount ø25.4 mm on MG20
96 (25)
is recorded and transferred into a graph. From
9
MM-0444 1 Kinematic mount 1”, translation stage on MG65
96 (26)
this, the index of refraction of air as a function
10
MP-0065
1 Carrier cross piece MG-65
92 (2)
of the pressure is derived and compared with
11
MP-0082
2 Bridge connector for two rails plus riser plate
92 (3)
the Edlen formula.
12
MP-0120
1 Optical bench MG-65, 200 mm
92 (6)
13
MP-0130
1 Optical Bench MG-65, 300 mm
93 (7)
14
MP-0150
2 Optical Bench MG-65, 500 mm
93 (8)
15
OC-0010
1 Biconcave lens f=-10 mm, C25 mount
98 (2)
16
OC-0100
2 Front face mirror in C25 mount
99 (7)
Basic / advanced experiment
17
OC-0140
1 Achromat f=40 mm in C30 mount
99 (9)
18
OC-0320
1 Beam expander x2.7 in ø25 housing
100 (16)
19 OM-0010
2 Adjustable beam splitter
110 (2)
Intended institutions and users:
20 UM-PE06
1 Manual “Optical Interferometer”
Physics Laboratory
Option (order separately)
Engineering department
21
DC-0110
1 Vacuum Controller
123 (13)
Electronic department
22
DC-0120
1 Si-PIN Photodetector, BPX61 with connection leads
123 (14)
Biophotonics department
23 DC-0260
1 Audio fringe detector
124 (24)
Physics education in Medicine
24 OM-0820
1 Gas cuvette assembly
116 (42)
4
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the purity control of liquids. Consequently the
Abbe refractometer developed from an laboratory instrument in basic research to an indispensable monitoring tool in industry.
This experiments utilises an Abbe type refractometer. As light source a green LED is used
for best eye sensitivity. Before the invention of
LED, the standard yellow line of Sodium has
been used. Due to the manifold of available
wavelengths of the LED, ranging from UV to

Refraction Prism

LED

Collimator

Deflection
Mirror A

Polarizer

Lens 2
Lens 1

Half shade
image
Deflection
Mirror B

Fig. 4.36: Refractometer setup
The light of the green LED is collimated, polarized and guided by the deflection mirror (A) to
the refraction prism via the lens (2). The lens (2)
2

creates a divergent beam in such a way that the
hypotenuse of the prism is illuminated under
different angles of incidence. All rays having
6
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9
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Fig. 4.37: Description of the components

PE-0700 Abbe Refractometer consisting of:

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

Code
Qty. Description
CA-0010
1 Set of test liquids
DC-0020
1 LED and Photodiode Controller
LQ-0220
1 Green LED in ø C25 housing
MM-0028
1 Mounting plate C25-S with angle gradation
MM-0030
1 Mounting plate C30 on carrier MG20
MM-0110
1 Translucent screen on carrier MG20
MM-0420
1 Four axes kinematic mount on carrier MG20
MP-0150
1 Optical Bench MG-65, 500 mm
OC-0140
1 Achromat f=40 mm in C30 mount
OC-0710
1 Polarizer in C25 mount
OM-0460
1 Refraction prism assembly
OM-0462
1 Deflection mirror unit, left
OM-0464
1 Deflection mirror unit, right
UM-PE07
1 Manual Abbe Refractometer

IR, many tasks can be performed in industrial
manufacturing, chemistry and food industry.
When placing drops of a test liquid on top of
the prisms the shadow line of the light beam on
the screen is shifted. From this value and the
device parameter the index of refraction is calculated. Liquids with known different index of
refraction are provided.

an angle of incidence greater than the critical
angle of total reflection are leaving the prism,
whereas the other are deflected and imaged via
the lens (2) and the deflection mirror (B) to the
translucent screen. Since parts of the beam are
cut off, the initial round beam shows a clear
dark area. The critical angle of total reflection
depends on the index of refraction outside the
prism. If a liquid or other optical transparent
material is applied to the hypotenuse of the
prism, this angle changes and with it the position of the dark / bright line of the half shade
image, allowing the determination of the index
of refraction of the applied material.

The green emitting LED (3) is connected to the adaptive controller (2)
which recognizes the type of the LED and automatically sets the operation limits accordingly. The emitted light is collimated by the achromat
(9) to an almost parallel beam. The polarizer (10) is used to improve the
contrast of the dark-bright line of the half shade image. The deflection
mirror assembly (12) guides the light into the refraction prism assembly.
It contains a lens to create divergent light. Another lens images the beam
via the deflection mirror assembly(13) to the translucent screen (6). The
test liquid (1) is applied to the top of the refraction prism. A ring shaped
wall prevents spilling and can be removed for cleaning.

Details page
126 (2)
121 (2)
119 (10)
93 (3)
93 (4)
94 (10)
96 (24)
93 (8)
99 (9)
99 (13)
112 (18)
112 (19)
113 (20)

Highlights
Basic experiment
Intended institutions and users:
Physics Laboratory
Engineering department
Electronic department
Biophotonics department
Physics education in Medicine
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Ernst Abbe was not the first and
not the only scientist who developed a convenient refractometer,
but his refractometer is – in several varied and updated versions
– the most widespread and most common refractometer nowadays. Although the refractometer
have been replaced at the beginning of the 20th
century by more specialised spectroscopic
methods, it is still an important instrument for

Total Reflection
LED Light Source
Refractometer

Introduction

Prism
Shadow Line
Polarizer

How it works

Index of Refraction
Dispersion
LED Beam Forming

Keywords
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Transmission Hologram
Interference
Single Mode Laser

Reflection Hologram
Fibre Spatial Filter

In 1948 – before the era of lasers
- Denis Gabor developed the transmission holography technique and
took the first real holograms. For
the invention of holography Gabor
received the Nobel Prize in 1971. In 1962 Yury
Nikolayevich Denisyuk developed a holography technique which allowed to observe holograms by means of white light source rather

How it works

Introduction

Keywords

PE-0800 Holography

Photographic Development
Fibre Beam Splitter

than a monochromatic one, defined as reflection holography. Although holography did not
reach the expected practical breakthrough, it is
still worth to pay attention to this fascinating
technique.
The experimental set-up comprises a highly
coherent green laser light source and the necessary optical components to create the expanded
reference and object beam. Since a green laser

source is utilised, appropriate film plates and
developer are provided. Besides the optical
components all required tools and materials are
provided to make the developer and bleaching
liquids out of provided dry chemicals. For the
development of the exposed film plates all paraphernalia are provided.

Object
Fibre collimator

Optics Experiments

Fibre beam splitter 50/50

Green SM laser

Film plate

Fig. 4.38: Principle of holography setup using optical fibre
The green emission of the an actively stabilized
single mode laser is fed via a fibre collimator
into the pig tailed fibre beam splitter creating
two beams with same intensity. Each beam is
guided in a single mode fibre to preserve the
phase and coherence. One of the beams is directed to the object and the other to the film
plate as reference beam. This unique arrangement of using modern fibre technology reduces
significantly the extensive alignment of clasLED 670 nm lab illumination
DPSSL 532 nm

VRP-M
Film sensitivity curve
400

500

600

700

Wavelength [nm]

Fig. 4.39: Sensitivity of the VRP-M film

sical setups with spatial filter, separate beam
splitter, expansion lense and beam bending
mirrors. The optical fibre serves simultaneously as spatial filter, beam splitter and expansion
lens. The only remaining adjustment is to direct
the green laser radiation into the fibre, whereby
the fibre collimator acts as a kind of a funnel.
The precise 4 axes adjustment fine pitch screws
provide a smooth and repetitious accuracy for
an easy alignment process. The fibres coming

from the beam splitter are terminated with ST
fibre connectors and are connected to adjustment holder for precise and sustainable alignment to either the object or the film plate. This
arrangement allows the convenient direction
of the light beams without affecting the initial
alignment and is not restricted to a mechanical
structure. Thus all kind of holography types
and object illumination can freely arranged.

The availability of powerful single mode laser
emitting in the green spectral range (532 nm)
led to the development of holographic films
with adapted sensitivity (Fig. 4.39). The classical holography setup used red light as provided
by the HeNe laser, requiring film plates with
sensitivity in this spectral range. However, the
output power of HeNe reached for large systems
around 50 mW, whereas the small DPSSL can
reach several watts of green radiation. In this
setup we are using a green laser with 50 mW

resulting in exposure times of several seconds
only, whereas HeNe laser based setups require
considerable longer exposure times. It is obvious, that long exposure times require a much
more stable structures and vice versa.
The sensitivity of the VRP-M drops beyond
600 nm to zero. This allows the use of deep red
(670 nm) LED lamps to illuminate the holography work place without affecting the film plate.
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Fig. 4.40: Set of dry chemicals (2)

Fig. 4.41: Development equipment (1): Balance, beaker, stirring staff and scoop (left) and
(right) 3 lab dishes, 3 wide mouth bottles and 3 film tongs

The experiment comes with a ready made professional transmission hologram of chess pieces
(Fig. 4.42). It is illuminated by one of the two
expanded beams and the hologram becomes
visible. However, to make the own hologram
requires the weighing and mixing of the dry development and bleaching chemicals. A precise
step by step instruction is given in the manual
(16). The set of dry chemicals (2) are good for
4 litres of developer and bleaching liquid. The
used chemicals are standard and also available
in good lab equipment shops. The experiment
comes with a lightproof box containing 30 film
plates (4) with a size of 63x63 mm.

Fig. 4.43: Holographic film plates

Fig. 4.42: Transmission hologram sample

PE-0800 Holography consisting of:

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

Code
Qty. Description
CA-0030
1 Set of development equipment
CA-0034
1 Set of developer chemicals
CA-0036
1 Sample object for holography
CA-0038 30 Photographic plate VRP-M, 532 nm, 63 x 63 mm
DC-0090
1 Laser controller & exposition timer
LQ-0040
1 Green (532 nm) stabilized Laser, 40 mW
MM-0060
1 Filter plate holder on MG20
MM-0420
1 Four axes kinematic mount on carrier MG20
MM-0440
2 Kinematic mount ø25.4 mm on MG20
MP-0110
3 Optical Bench MG-65, 100 mm
MP-0150
1 Optical Bench MG-65, 500 mm
OC-0430
2 Fibre jacket in C25 mount
OC-0490
1 Sample transmission hologram (chess pieces)
OC-2020
2 ST/ST SM Fibre patch cable, length 1 m
OC-2360
1 Fibre SM beam splitter unit
UM-PE08
1 Manual Holography
Option (order separately)
LQ-0214
1 Dark Red LED in ø 25 housing

Details page
126 (4)
126 (5)
127 (6)
127 (7)
122 (11)
119 (3)
94 (7)
96 (24)
96 (24)
92 (5)
93 (8)
100 (21)
101 (28)
108 (89)
108 (92)
119 (9)

Highlights
Basic experiment 
High level of fascination
Intended institutions and users:
Physics Laboratory
Engineering department
Electronic department
Biophotonics department
Physics education in Medicine
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The temperature and injection current of the
laser (6) is actively stabilized by the controller
(5) and serves also as timer for the exposure.
The laser light is coupled into the beam splitter
unit (15) and distributed with a splitting ratio
of 50/50% into the two fibre (14). Each fibre is
terminated with a ST fibre connector which
are connected to the panel jack insert (12) of
the adjustment holder (9). The two adjustment
holders for the fibre and the plate holder (7) are
placed onto a 100 mm long optical bench (10) to
achieve the required stability. All components
can be arranged freely to each other to find the
best illumination of the target (3) and the film
plate which is held by the spring loaded filter
plate holder (7).
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PE-0900 Diffraction Grating

Grating Constant
Reflection Grating
Diffraction Order

Amplitude Grating
Transmission Grating

Joseph von Fraunhofer, the investigator of the solar lines, invented
the diffraction grating in 1821.
This optical element showed a
much higher dispersion than any
glass prism and allowed Fraunhofer to investigate the solar spectrum in a resolution much
better than ever seen before. Enormous quality improvement as well as optimization of the
manufacturing technique of ruled gratings are

the results of Henry Rowlands efforts in development of diffraction gratings. His gratings
were used worldwide and were unbeaten in
quality and resolution for decades. Nowadays
holographic techniques using the interference
of laser beams allow manufacturing gratings
with larger grating constants and bigger size.
The experiment comprises transmission gratings of different grating constants (lines per cm)
a green laser with known wavelength of 532 nm
Image screen
nd

Light source

Phase Grating,
Spectral Resolution

2

Goniometer
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e
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r
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Imaging lens

zero order

Adjustable slit
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Fig. 4.45: Spectral distribution of the white
LED seen behind the grating

PE-0900 Diffraction Grating consisting of:
Code
CA-0040
LQ-0020
LQ-0200
MM-0032
MM-0110
MM-0300
MM-0420
MP-0150
MP-0220
OC-0140
UM-PE09

er

Green Laser

Fig. 4.44: Spectral distribution of the used
light sources

Item
1
2
3
4
5
6
7
8
9
10
11

ord

Qty.
1
1
1
1
1
1
1
1
1
1
1

Description
Set of 5 transmission gratings
Green (532 nm) DPSSL in ø25 housing
White LED in ø 25 Housing
Mounting plate C30-V on carrier MG20
Translucent screen on carrier MG20
Carrier with 360° rotary arm
Four axes kinematic mount on carrier MG20
Optical Bench MG-65, 500 mm
White screen with XY scale on block
Achromat f=40 mm in C30 mount
Manual Diffraction Grating

Details page
127 (8)
118 (1)
119 (6)
93 (5)
94 (10)
95 (20)
96 (24)
93 (8)
93 (9)
99 (9)

and a white LED lamp emitting a variety of different spectral lines. The resulting interference
pattern is imaged on a white screen with mm
scale to measure the angle of the emitted light.
Applying gratings with different parameter the
resolution power is demonstrated. By using a
mesh like two-dimensional grating impressive patterns of light spots are created and the
analogy to the principles of x-ray diffraction on
crystal lattices or atomic layers demonstrated.
The emitted radiation of the light source illuminates the adjustable slit. The image of the slit is
projected by means of the imaging lens to the
image screen which is fixed to the goniometer
arm. After passing the grating the incident light
is divided into multiple orders and the spectral
distribution becomes visible as vertical bars
(line), the image of the slit. The intensity of the
image on the screen depends on the adjusted
width of the slit. Closely neighboured lines may
merge if the width of the slit is too wide. At this
point the resolution comes into consideration
and other gratings (1) with different grating
constants are applied.
Two different light sources are used. One is
a green emitting laser (2) with a very narrow
spectral distribution and the other a white
light LED (3) which emits a broad spectrum
as shown in Fig. 4.44. A white and translucent
screen () is provided to take impressive photographs of the created diffraction pattern. The
Fig. 4.45 shows such a photograph. In the centre
the zero order appears and symmetrical to it the
± 1st order. Moving the screen closer to the grating also the 2nd order appears, however, with
much lower intensity. The green laser is used as
wavelength reference (532 nm) to calibrate the
setup for quantitative measurements.

Highlights
Basic experiment
Impressive images
Intended institutions and users:
Physics Laboratory
Engineering department
Electronic department
Biophotonics department
Physics education in Medicine
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A. Full illumination

Giovanni Antonio Canaletto. As a painter he
used the principle of the camera obscura in
a very practical and commercial application.
Although he did not take photographs as one
understands it today, he imaged scenes and
objects on canvas through a narrow hole in
a curtain and painted them. With the help of
this technique he was able to produce more
than 900 paintings during his period. Later
Giovanni Battista Della Porta suggested for the
first time that a lens may be applied to the hole.
This was the initial step for the invention of the
portable “camera obscura” as a working tool for

B. Without illumination

C. NIR LED illumination

PE-1000 CCD Camera & Night Vision consisting of:

Item
Code
Qty. Description
1
CA-0110
1 CCD day & night camera block module
2
CA-0120
1 Tablet PC Windows
3
CA-0150
1 USB Video frame grabber
4
ES-1000
1 Camera control software
5
LQ-0250
1 NIR LED in ø 25 housing
6
MM-0020
2 Mounting plate C25 on carrier MG20
7
MP-0130
1 Optical Bench MG-65, 300 mm
8
OC-0060
1 Biconvex lens f=60 mm in C25 mount
9
UM-PE10
1 Manual Camera & Night Vision
Option (order separately)
10
CA-0100
1 Flat panel TV

outlining at that time.
In the frame of this experiment a high performance industrial CCD zoom camera with USB
computer connection is applied. Parameters
like diaphragm size, position and the influence
of lenses on the brightness, sharpness and dimensions of the image are investigated. The
variable diaphragm demonstrates the effect of
depth of field. Furthermore a LED emitting invisible radiation to the human eye is provided
to study the exciting technology of active night
vision.

The series of pictures taken with the CCD camera
shows an example (A) at
full illumination and (B) in
the darkened room. Due to
high sensitivity of the camera a dimly shape of the
object can be seen. In that
moment, when the NIR
LED is switched on and
the camera switched into
the NIR mode, a bright
black and white image of
the object appears. The

Details page
128 (14)
128 (15)
128 (18)
120 (13)
93 (1)
93 (7)
99 (5)
128 (13)

leaves of the plant appear
in white colour, indicating
the reflection of the NIR
radiation. To document the
recorded images the frame
grabber and the note pad
is used. For each measurement with different parameters like the iris diameter,
focusing, exposition time
and so on a file for the students report is created.

Highlights
Basic experiment
 Night vision
Intended institutions and users:
Physics Laboratory
Engineering department
Electronic department
Biophotonics department
Physics education in Medicine
Security forces
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Objective
Iris and Depth of Field

Introduction

The principle of creating an image through projection on a surface is known since ancient times.
Aristotle observed images of the
sun through holes generated by
the leaves of a tree, while Arab scientists used
this principle in astronomy to observe the solar
eclipses. The most clear and detailed description is made by Leonardo da Vinci in his work
“Codice Atlantico” where for the first time, the
structure of the human eye is commented as a
“camera obscura”.
But most of our respect should be paid to

Camera Obscura
Magnification
Active Night Vision

How it works

Pinhole Camera
CCD Sensor
Spectral Sensitivity of CCD Chip

Keywords

PE-1000 Camera and Imaging
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Electroluminescence
Laser Diode
Spatial Intensity Distribution

Semiconductor
Monochromatic Light
Beam Shaping

Nick Holonyak developed the
first practical LED in 1962. When
electrically biased in the forward
direction, an LED is able to emit
light through electroluminescence.
The colour of the emission depends on the semi
conducting material used, and can be nearultraviolet, visible or infrared. The semi conducting chip is encased in a solid plastic lens,
which is much more resistant than the glass en-

How it works

Introduction Keywords

PE-1100 LED and Diodelaser

LED
Coherence
Cylindrical Lenses

velope of a traditional light bulb or tube. Most
typical LEDs are designed to operate with no
more than 30-60 mW of electrical power. High
power devices produce light similar to a 50 watt
light bulb, and facilitate the use of LEDs for
general illumination needs. The typical working lifetime of an LED is ten years, which is
much longer than the lifetimes of most other
light sources. Robert N. Hall is usually cited
as the inventor of the semiconductor laser, but
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Light source
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Fig. 4.49: Measuring the spatial intensity distribution
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Fig. 4.50: Measuring the spectral distribution

Holonyak was involved in the development as
well. In laser diodes, light is generated basically
on the same principle like in LEDs. But by especially designed semiconductor material laser
operation is achieved rather than spontaneous luminescence. Within this experiment, the properties of LEDs and laser diodes spectral and beam
characteristics are investigated and beam shaping experiments are performed.
In first experiments the angular intensity distribution of the LED and the laser diode are measured. A photodiode is attached to the rotatable
arm of a goniometer. The measured photo current is converted into a voltage and measured
by the provided digital voltmeter. The light
source is placed as close as possible to the pivot
point of the goniometer. It will be noted, that
the emission of the laser diode has an elliptical
beam profile. By rotating the diode laser in the
adjustment holder the profile can be measured
for both the vertical and horizontal direction.
The subsequent experiments are used to study
the spectral emission of the provided light
sources. For this, the emitted radiation of the
light source illuminates the adjustable slit. The
image of the slit is projected by means of the
imaging lens to the image screen which is fixed
to the goniometer arm. After passing the grating the incident light is divided into multiple
orders and the spectral distribution becomes
visible as vertical bars (line), the image of the
slit. The intensity of the image on the screen depends on the adjusted width of the slit. Closely
neighboured lines may merge if the width of the
slit is too wide.

Red LED

Blue LED

Red Diode Laser
White LED

Wavelength [nm] →
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Fig. 4.46: Spectra of the used light sources

Fig. 4.47: Spectral distribution of the laser
diode

Fig. 4.48: Spectral distribution of the white
LED
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Different light sources like red laser diode (4),
blue LED (7), red LED and white LED (5) are
inserted into the four axes adjustment holder
(13). An adjustable slit on a carrier is provided
to create a line which is imaged by the achromat (16) to the white screen as line. After passing the grating (19) the incident light is spread
with respect to its wavelength into the first and
higher order lines. By means of a goniometer
(12) and the scale of the white screen (15)the
angle of the individual lines are measured. The
photodetector (2) is used to measure the angle
resolved intensity distribution. The grating (19)
and the white screen (15) are removed for this
purpose.

Beam shaping of the diode laser
4

8

From the Fig. 4.51 the elliptical intensity distribution of the red laser diode (4) can be seen on
the mounting plate (8). A cylindrical lens (17)
treats the beam in such a way, that a horizontal
or vertical line is created. The orientation of the
line depends on the orientation of the cylindrical lens with respect to the beam profile of the
laser diode. The created laser line is imaged to
the translucent screen (10).
Such laser lines are commonly used to create a
straight line in building construction or found
more and more as alignment aid in handheld
buzz saws.

10
17

Fig. 4.51: Creating a laser line with a cylindrical lens

In this setup two cylindrical lenses are used in
telescopic arrangement and serves two purposes. One of it is the formation of a round beam
out of the elliptical beam profile of the laser diode as shown in Fig. 4.52.
Another application is the creation of a laser
line like that one of the previous experiment.
However, due to the use of two cylindrical lenses an almost parallel line is generated. Using
only one lens a sharp image appears only in a
certain distance.

18

4
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8

Fig. 4.52: Round beam formation with two cylindrical lenses

PE-1100 LED and Diodelaser consisting of:

Item
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

Code
Qty. Description
CA-0220
1 Multimeter 3 1/2 digits
DC-0120
1 Si-PIN Photodetector, BPX61 with connection leads
DC-0380
1 Photodetector Junction Box ZB1
LQ-0060
1 Red (635 nm) diode laser in ø 25 housing
LQ-0200
1 White LED in ø 25 Housing
LQ-0210
1 Red LED in ø 25 housing
LQ-0230
1 Blue LED in ø 25 housing
MM-0020
2 Mounting plate C25 on carrier MG20
MM-0032
1 Mounting plate C30-V on carrier MG20
MM-0110
1 Translucent screen on carrier MG20
MM-0240
1 Adjustable slit om carrier 20 mm
MM-0300
1 Carrier with 360° rotary arm
MM-0450
1 XY Adjustment holder with rotary insert on MG20
MP-0150
1 Optical Bench MG-65, 500 mm
MP-0220
1 White screen with XY scale on block
OC-0140
1 Achromat f=40 mm in C30 mount
OC-0220
1 Cylindrical lens f=20 mm in C25 mount
OC-0280
1 Cylindrical lens f=80 mm in C25 mount
OC-0460
1 Transmission grating 600 l/mm
UM-PE11
1 Manual LED and Laser Diode

Details page
129 (21)
123 (14)
125 (30)
119 (4)
119 (6)
119 (7)
120 (12)
93 (1)
93 (5)
94 (10)
95 (19)
95 (20)
96 (27)
93 (8)
93 (9)
99 (9)
100 (14)
100 (15)
100 (22)

Highlights
Basic experiment
Impressive images
Intended institutions and users:
Physics Laboratory
Engineering department
Electronic department
Biophotonics department
Physics education in Medicine
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How it works

Introduction

Keywords

PE-1300 Radio-and Photometry of Light

Black Body Radiator
V(λ) Filter
LED Light

Thermal and Cold Light
Photometric Units
Incandescent Light

Spectral Sensitivity of Human eye
Calibrated Radiometer
Energy Saver Lamp

The values of optical radiation are
usually measured in radiometric
units as watt seconds or watts,
however, the visible part of optical
radiation has its own photometric
units with a basic unit known as candela (cd).
It is the sixth unit apart from the basic units
length (m), mass (kg), time (s), electrical current
(A) and temperature (T), which were defined
during the 10th International Conference for
Weights and Measures in 1954. All these units
have an official measure which is standardised
worldwide by calibrating institutes. The length
for example, was for a long time defined by the
primary standard meter in Paris, now it is defined by how long it takes light to pass through
1 meter in vacuum multiplied by the fixed speed
of light in vacuum. The standards for mass, time
etc. are also well known. However, the units in

light engineering are not as common to us since
we do not come across the measurement in our
daily lives. These units however are indispensable in the preparation of lighting equipment
for the various kinds of places people inhabit.
In optical science the whole optical, spectral
range of radiation is taken into consideration,
which covers a wavelength range of 0.2 mm to
approximately 1 mm. In light engineering or
photometry however, only the range that can
be perceived by the human eye is of interest.
Since the sensitivity of the eye is a subjective
unit, the International Commission for Lighting
has defined the curve of the spectral response
of the human eye V(λ). Several measurements
were taken on people to obtain a statistical result for this purpose. Photometry considers the
subjective spectral response (sensitivity) of
the human eye combined with strict physical

rules. The sensitivity of the human eye is the
measure of all things in photometry. Within
this experiments the basics of light are given
in the comprehensive manual. The black body
radiation is discussed in detail as well as the
transition to photometric units. The key component of the experiment is the V(λ) filter which
is designed in such a way that it represents the
sensitivity curve of an average human eye. The
experiments comes with two LED with different spectral emission, an energy saving and an
incandescent lamp both having almost the same
electrical power. A wavelength independent optical power meter is used to measure the power
with and without V(λ) filter. From this measurements the optical power in radiometric as well
as photometric units are measured.

1.0

1.0

1.0

Sensitivity curve of
human eye

Sensitivity curve of human eye
Incandescent lamp (2900°K)

0.5

0.0
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Fig. 4.53: Incandescent lamp
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Code
Qty. Description
CA-0260
1 Laser power meter LabMax-TO
DC-0200
1 High sensitive power sensor, 0.3-11 µm
LQ-0200
1 White LED in ø 25 Housing
LQ-0220
1 Green LED in ø C25 housing
LQ-0410
1 Energy saving lamp GU10, 9W/230V
LQ-0450
1 Tungsten lamp, GU10, 10 W/230V
MM-0020
1 Mounting plate C25 on carrier MG20
MM-0050
2 Mounting plate C50 with carrier MG20
MM-0620
1 Lamp socket GU10 on MG65
MP-0150
1 Optical Bench MG-65, 500 mm
OC-0150
1 Biconvex lens f=150 mm in C50 mount
OC-0920
1 V(λ) filter in C50 mount
UM-PE13
1 Manual Radio and Photometry

0.0

200

400

600

800

Fig. 4.55: Green light LED

Fig. 4.54: White light LED

PE-1300 Radio-and Photometry of Light consisting of:

Item
1
2
3
4
5
6
7
8
9
10
11
12
13

Sensitivity curve of
human eye

1.0

Details page
129 (22)
123 (20)
119 (6)
119 (10)
120 (16)
120 (18)
93 (1)
94 (6)
98 (38)
93 (8)
99 (10)
104 (52)
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Fig. 4.56: Energy saving lamp in relation to
the sensitivity curve of the human eye
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← 230 VAC

ing light. By using a precise goniometer the
exit angle is measured and set into relation of
the wavelength. The emerging optical gratings made the spectrometer more precise and
enhanced the resolution significantly. Another
step towards more convenient use can be seen
in the development of two dimensional CCD
chips allowing the real time measurement and
data storage with computer. Last but not least
the optical fibre made it very comfortable to
bring the light to the spectrometer.
Today’s spectrometer are available in a size of
half a brick providing a spectral range from 200

Neon Lamp
Filter

Spectrometer

← Controller
Optical Fibre
Tungsten Lamp
← Controller

White LED

to 1200 nm with a resolution of 1 nm. Such a
spectrometer is part of this experiment to train
the students in the application of the most import optical measuring apparatus.
Within the scope of the experiments three different light sources are used and characterised
by the spectrometer. The spectra of a white
light, a Neon spectral lamp and an incandescent
lamp are compared and discussed. Four optical
filter are placed in the front of the light sources
and the transmission spectrum recorded.

The light entrance of the spectrometer is formed
by the entry slit with a width designed for the
intended use. It is typically 50 µm to achieve
a resolution of 1 nm in a range of 200-1200
nm. Of course the resolution depends on further parameters like the internal geometry and
the grating constant. The slit is located directly
behind the fibre panel jack and is illuminated
directly or by the attached fibre. The provided
sample lamps are equipped with matching fibre jacks to allow the direct connection with
the fibre. To practise the important absorption
measurement a set of different filters are used.
Finally a Neon spectral lamp is provided which
emits a number of lines with precisely known
wavelength. The comparison of the spectrometer reading to this lines allows the calibration
of the spectrometer.

Neon Lamp
Tungsten Lamp

White LED

200

400

600

800
1000
1200
Wavelength [nm] →

Fig. 4.57: Line spectrum of the Neon lamp
with known wavelength
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Fig. 4.58: Measured spectrum of the tungsten wire lamp

200
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800
1000
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Wavelength [nm] →

Fig. 4.59: Measured spectrum of the white
light lamp

Optics Experiments

An optical spectrometer or simply
spectrometer is an apparatus to
record the intensity distribution as
a function of the wavelength of a
light source. Spectrometers played
and still play an important role in a variety of
applications. The emitted radiation from a
source provides information about the atomic
and molecular energetically structure. It is a
keyhole into the fascinating world of quantum
mechanical and optical processes.
The first spectrometer used prisms to achieve
the required spatial separation of the incom-
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Fibre Coupled
LED Light Sources
Neon Spectral Lamp
Optical Filter
Transmission and Absorption Spectra

How it works

Spectrometer
Incandescent Light Source
Emission Spectra

Keywords

PE-1400 Spectrometer
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The individual sample lamps are inserted into
the mounting plate (6). The precise operation

8

7

of the tungsten wire lamp requires the current
controller (2). The Neon spectral lamp (3) is di-

rectly operated from the 230 VAC mains and
the white light LED from the provided ordinary 5V wall plug power supply. The fibre of
the spectrometer (1) is directly attached to the
lamps or to the adapter (9) which is inserted into
a mounting plate for free space experiments
like the absorption measurements. The optical
bench (8) serves as a sturdy base. Instead of the
filter plate holder a mounting plate (6)with the
laser line filter (10.4) can be used. The controller (2) provides and controls the current for the
precision tungsten lamp (5). It allows the determination of the filament temperature and the
wavelength of the maximum intensity.

Measurements
1

1
Filter 1

Filter 2

Fig. 4.60: Set of four filter (10)
The Fig. 4.60 shows the filter used in the experiment. From left to right:
filter #1, filter #2 and filter #3.
In front of the filter 3 the narrow laser line (532
nm) in a C25 mount is shown. This filter is inserted into one of the mounting plates 6, whereas the other filter are accommodated in the filter
plate holder (7)

1

350
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550

nm

950
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nm

950

PE-1400 Spectrometer consisting of:

350

550

750

nm

950

This filter has a size of 50x50 mm and is designed to pass the blue light in the visible range
and blocks the red part of the visible spectrum.

The filter 2 has a size of 50x50 mm and is designed to pass the blue green and blocks the red
part of the visible spectrum

1

The filter #3 is termed as red long pass filter because it passes the red and near infrared part of
the spectrum and blocks the range below 600
nm. A totally different behaviour is shown by
the filter #4 which is a so called interference
or laser line filter. The designed behaviour is
achieved by coating a glass plate with different
layers. Such a filter is useful in spectroscopy
in a narrow spectral range without distortion
of undesired light. The filter is mounted into a
C25 holder (see Fig. 4.60) and can be inserted
into a mounting plate (6).

Filter 4

Fig. 4.63: Filter #3 transmission curve

Item
1
2
3
4
5
6
7
8
9
10
11

750

Fig. 4.62: Filter #2 transmission

Filter 3
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550

Fig. 4.61: Filter #1 transmission curve
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Fig. 4.64: Laser line Filter #4

Code
Qty. Description
CA-0270
1 Fibre coupled spectrometer 200 - 1200 nm, USB
DC-0270
1 Filament and LED lamp controller
LQ-0100
1 Neon spectral lamp
LQ-0200
1 White LED in ø 25 Housing
LQ-0440
1 Tungsten filament white light source
MM-0020
3 Mounting plate C25 on carrier MG20
MM-0060
1 Filter plate holder on MG20
MP-0130
1 Optical Bench MG-65, 300 mm
OC-0430
1 Fibre jacket in C25 mount
OM-0200
1 Set of 4 optical filter
UM-PE14
1 Manual Spectrometer

Details page
129 (26)
124 (25)
119 (5)
118 (1)
120 (17)
93 (1)
94 (6)
93 (7)
100 (21)
111 (10)

Highlights
Basic experiment
Intended institutions and users:
Physics Laboratory
Chemistry Laboratory
Engineering department
Electronic department
Biophotonics department
Physics education in Medicine
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Spectrometer
The invention of the Ruby Laser
by Theodore Maiman in 1960
initiated the era of photonics
technologies. This exciting experiment steps into the footmarks
and tracks of famous scientists and provides a

optical pumping

555 nm

410 nm

E3
fast radiationless
transfer
E2

694 nm

E1
Fig. 4.66: Relevant Ruby energy level

Blue Laser
Optical Pumping

comprehensive inside of fundamental quantum
optics. Although the Ruby Laser did not find
great application it is still the first Laser system
which is introduced to students as first invented
Laser. By means of a couple of simple components great physics can be demonstrated. Due

to the broad absorption bands of the Ruby crystal peaking around 405 nm as well as 560 nm either blue or green emitting LED or laser diodes
can be used as excitation source. However, here
a blue laser diode is used which emits less than
5 mW at a wavelength of 445 nm.

When Theodore Maiman laid out his first project proposal for funding, he received quite a lot
of criticism. Although no laser has been brought
to operation to that time, it was known based on
the calculation of Schalow and Townes that the
laser process requires a population inversion.
That means that the number of excited Ruby
atoms with energy E2 must be greater than that
of E1. Because the laser end level is the same
as the start level a population inversion should
not be possible. However, it turned out, that the
level E2 is a so called metastable state and the
probability of optical transition from here down
to the ground state are is quite low. That means

further that the lifetime of the level E2 is that
high, that for a short moment a population inversion can be maintained. The starting lasing
process significantly depletes the population
of level E2 by stimulated emission and consequently ceases the population inversion. That
is the reason why the Ruby laser operates in
pulsed mode only. Nevertheless, it was a great
success for Theodore Maiman to discover the
first laser.

Filter

L1

PD

Laser
445 nm
Ruby crystal
Modulator
Fig. 4.65: Principle setup
The light of the blue emitting diode laser is focused by the Lens L1 into the synthetic Ruby

crystal ball. The filter blocks the not absorbed
pump radiation. The modulator switches the di-

ode laser on and off. A reference signal of the
modulator is connected to the second channel
of an oscilloscope. The signal of the photodiode
is connected to the first channel of the oscilloscope. The trigger is set to the modulation signal channel. The decay time of the fluorescence
signal is in the range of milliseconds so that a
simple oscilloscope can be used to measure the
lifetime of the excited state. Instead of the photodiode the fibre of the provided spectrometer
is used, allowing the recording of the fluorescence spectrum.
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Lifetime of Excited State

The blue diode laser is periodically switched on
and off shown by the blue track of the oscillogram.
The yellow track shows the fluorescence signal of
the Ruby crystal. To determine the lifetime of the
excited state the fluorescence signal after switching off the excitation is important. The time when
the signal decreases to 1/e of its initial intensity
is defined as lifetime Δt. The inverse value of it is
the Einstein coefficient for spontaneous emission.
The Fig. 4.67 shows such an example in which the
value of the lifetime Δt has been measured to be
3.6 ms.

The Ruby crystal is mounted into a C25 mount
(11) which is inserted into the mounting plate
(5). The emission of the laser diode (13) is collimated and focused (10) into the crystal. The
generated fluorescence passes the filter (12)
which absorbs residual blue pump radiation and
hits the photodiode. The created photo current
is converted into a voltage by the junction box
(4). For the initial alignment the target cross
(8) is placed into one of the mounting plate and
serves as reference for the optical axis.

Δt=3.6 ms
Vpp·1/e

Fig. 4.67: Determine the lifetime of the excited
state

Fluorescence Spectrum
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Fig. 4.68: Ruby fluorescence spectrum
The fibre of the optional spectrometer (15) is
connected to the fibre holder (16) and the fluorescence of the Ruby crystal is detected by the
spectrometer. Due to the high sensitivity of the
spectrometer no focussing lens is required. The
spectrum (Fig. 4.68) shows beside the pump laser line the famous 694 nm Ruby laser line.

Absorption Spectrum
Day light

Optics Experiments

A

B

Fig. 4.69: The spectral absorption

C

The spectrometer allows to record the absorption spectrum of the Ruby crystal. By using
the light of a simple light bulb a sequence the
dark (A), reference (B, with adapter) and transmission (C with crystal) spectra are recorded
and stored. The provided software calculates
T=(C-B)/(A-B) and 1-T yields the absorption
spectrum (Fig. 4.70). Two main absorptions appear around 406 and 555 nm. At 694 nm a narrow dip appears, which is caused by the fluorescence already generated by the white probe light.

PE-1500 Ruby Excited Lifetime & Spectroscopy consisting of:

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

Code
Qty. Description
CA-0450
1 BNC connection cable 1 m
DC-0040
1 Diode laser controller MK1
DC-0120
1 Si-PIN Photodetector, BPX61 with connection leads
DC-0380
1 Photodetector Junction Box ZB1
MM-0020
2 Mounting plate C25 on carrier MG20
MM-0060
1 Filter plate holder on MG20
MM-0090
1 XY adjuster on MG20
MM-0100
1 Target Cross in C25 Mount
MP-0150
1 Optical Bench MG-65, 500 mm
OC-0160
1 Collimator 445 nm in C25 mount
OC-0530
1 Ruby crystal in C25 mount
OC-0970
1 Filter GG495, 50 x 50 x 3 mm
OM-L445
1 Diode laser module 445 nm, 1 W
UM-PE15
1 Manual Ruby Spectroscopy
Option (order separately)
CA-0200
1 Oscilloscope 100 MHz digital, two channel
CA-0270
1 Fibre coupled spectrometer 200 - 1200 nm, USB
OC-0430
1 Fibre jacket in C25 mount

Details page
130 (28)
121 (4)
123 (14)
125 (30)
93 (1)
94 (7)
94 (8)
94 (9)
93 (8)
99 (12)
102 (32)
104 (55)
118 (54)
128 (19)
129 (26)
100 (21)
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Fig. 4.70: Ruby absorption spectrum

Highlights
Basic experiment 
Simple but very meaningful and historical
valuable
Intended institutions and users:
Physics Laboratory
Engineering department
Electronic department
Biophotonics department
Physics education in Medicine
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PE-1600 Iodine Molecular Spectroscopy
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Fig. 4.71: Relevant Iodine molecule energy
level
Molecular spectroscopy is one of the most important technologies to identify molecules in
science, chemistry, biology and even in security applications. Precision spectroscopy, optical
communication, modern length and frequency
measurements using references and secondary
frequency standards respectively based on stabilised laser. At present 12 optical frequencies
in the visible and near infrared range are proposed by the “Comité International des Poids et
Mesures (CIPM)”. Six of them use transitions

The Iodine Cell

Fibre Holder
Fig. 4.73: Iodine Cell (8)

The Laser Source

of Iodine molecules. For the time being the hyper fine transition of the iodine molecule a10 of
the R(56)(32-0) is declared as reference with a
relative uncertainty of 7∙10 -11. In the Fig. 4.71
the transition (32-0) is shown. Hereby, is 32
the vibration quantum number of the excited
BOu+ state and 0 those of the X 1Σu+ ground state.
However, a great variety of transitions to the
ground state exist which will be one topic of interest within this experiment.
Green Laser Module
(GLM)

ø9 mm

UV glue
Nd:VO4
KTP

M1

F
M2

2 mm

L1
L2
Laser diode
3 mm
808 nm
Fig. 4.72: Laser pointer, 532 nm radiation
Iodine is ideally suited since it consists out
two identical atoms also termed as a diatomic
molecule or also as dimer. Remarkably, opti-

The essential part of this experiment is the
Iodine cell. It consists of a 200 mm long (including the Brewster windows) quartz cell. By
means of a special glass soldering technique
the Brewster windows are vacuum sealed to the
quartz tube. After baking out the cell at high
temperatures the natural Iodine is distilled under ultra high vacuum via the fill stem into the
cell and subsequently sealed. Generally, the fill
stem acts also as a reservoir where the Iodine
condensates as long as its temperature is slight-

FSR = 750 MHz
22 MHz

Piezo Scan →
Fig. 4.74: Temperature stabilized GLM

Fig. 4.75: Fabry Perot scan of the GLM

cal transitions are only allowed between the
electronic states of the molecule resulting in
a clearer spectrum. Even more, with a suitable
narrowband laser only one level is excited from
which a series of transitions down into various
vibrational levels of the ground state take place.
In the past, expensive lasers have been used to
study the properties of molecular Iodine. The
inexpensive “green laser pointer” provides a
wavelength at 532 nm which is ideal to excite
the iodine molecule (Fig. 4.72).
However, the underlying generation of the green radiation is
based on the frequency doubling
of a diode pumped Nd:VO4 laser.
Such a laser has a gain bandwidth
of 1 nm. Due to thermal drift of
the cavity, the frequency doubled radiation also
drifts in a range of 0.5 nm (530 GHz). However,
the absorption width of the Iodine molecule
due to the Doppler broadening of 437 MHz at
25°C is much smaller compared to the thermal
drift of the excitation laser. Therefor the cavity
of the “green laser” must be actively thermally
stabilised .

ly less than the rest of the cell.
The valuable Iodine cell is protected by a plexiglas cover. The cell is fixed by means of soft
O-rings into the mounting plates. Even at room
temperature, the Iodine forms diatomic molecules. The vapour pressure is about 20 Pa (0.2
mBar) at a temperature of 20°C. By means of
two carriers the cell assembly can be attached
to the optical rail.

The green Laser Module (GLM) is mounted
inside the housing between two Peltier elements. After connection with the DC-0044
Digital controller, the temperature can be set
in a range from 10 to 40°C and kept constant
within 0.01°C. The line width of the GLM is
less than 22 MHz which can be proved by using
the “LM-0300 Fabry Perot Spectral Analyser”
on 40. The maximum output power at 532
nm is 80 mW single mode and can be adjusted
to a desired or recommended level.
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Digital Laser Controller

Fig. 4.78: GLM Controller DC-0010 HP

Fluorescence Measurement

FA
FP

Fig. 4.76: Attached fibre of the spectrometer
The excitation or pump laser (2) is mounted
into a 4 axes adjustment holder (3) to align the

The laser is connected to the controller (CS)
which maintains the temperature with an accuracy of 0.01°C and the injection current on 0.1
mA. A smooth temperature as well as current
setting facilitates the tuning of the excitation laser to the respective transition. The GLM tunes
with 0.004 nm or 4.5 GHZ /°C. The Doppler
broadened absorption line width is 0.437 GHz
and thus the temperature setting must be less
than tenth of a degree. To tune to the maximum
of the absorption profile another factor of ten for

a stability of 0.01°C is suitable. The DC-0040
HP contains a MAX 1978 PID controller which
is good for ±0.001 °C accuracy. The DC-0040
HP has a USB bus and can be controlled by an
external PC running the optional ES-0040 MK1
controller software.
All settings are done with the one knob selector and the touch screen. By tapping for instance
the set temperature area activates the knob to set
the temperature in 0.01°C steps.

beam centrically with respect to the iodine cell
(5). The laser is connected to the controller (1)
which maintains the temperature with an accuracy of 0.01°C and the injection current on 0.1
mA. A smooth temperature as well as current
setting facilitates the tuning of the excitation
laser to the respective transition. By means of
an optical fibre probe (FP) the fluorescence light
is guided to the optional spectrometer. The fibre
probe is part of the optional spectrometer. If the
customer already has such a spectrometer it can
be used as well, however, the diameter of the
ferrule should be 3.2 mm so that it fits into the fibre adapter (FA) which is attached to the support
rod of the cell protective cover. The adapter is
designed in such a way that the fibre looks into

the fluorescence path without being saturated by
the pump light. After tuning the temperature to
the strong visible fluorescence which appears
as a greenish orange inside the cell. It takes a
while to lock to the best temperature. In a first
approach the set temperature is changed by lets
say 2°. One observes the up and downs of the
fluorescence as well as the actual temperature.
The temperature is then set to this value and
further adjusted. The power should remain unchanged (the more the better) while tweaking
the temperature. The spectrometer should show
already the first fluorescence spectrum and further refinements are done in 0.02°C steps for
maximum amplitude.

Measurement example
v’’=0

Picture taken looking through the grating
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Fig. 4.77: Iodine Laser Induced Fluorescence (LIF)
To record the fluorescence spectrum an additional PC or tablet is required. The provided
software allows the generation of a graphics
or numerical data file which can be imported
v''
0
1
2
3
4
5
6

Wavelength [nm]
532.6
538.7
544.9
551.2
557.7
564.2
570.8

to EXCEL for a more precise analysis and interpretation. The spectrum shown in Fig. 4.77
is an example of a measurement. The peak at
the extreme left at 532.6 nm (the pump line)

v'' Wavelength [nm]
7
577.6
8
584.5
9
591.5
10
598.7
11
605.9
12
613.3
13
620.8

v'' Wavelength [nm]
14
628.5
15
636.3
16
644.2
17
652.3
18
660.5
19
668.9
20
677.4

represents a transition from v’=32 down to the
vibrational ground state v”=0. From here onwards we can enumerate each peak by simple
counting to the corresponding vibrational state.
By using the given Dunham coefficients, the
energy level can be calculated and drawn by
the students (red lines). Finally the intensity of
the fluorescence lines are related to the Franck
Condon principle. For the transitions the Franck
Condon factors are given and can be compared
to the intensity distribution of the recorded LIF
(Laser Induced Fluorescence) spectrum. The
coloured line spectrum has been taken by using
the provided grating with 600 lines/mm. The
grating is placed directly in front of a digital
camera, tilted a bit up or down to catch the variety of coloured lines of the first or second order.
Just take a camera shot and download the image
to your favourite image software and trim the
image as shown in the beautiful and impressive Fig. 4.77. Compare the line structure of the
spectrum with the coloured one and assign the
transition with respect to the vibrational quantum numbers.

v'' Wavelength [nm]
21
686.0
22
694.9
23
703.8
24
713.0
25
722.3
26
731.7
27
741.4

v'' Wavelength [nm]
28
751.2
29
761.1
30
771.3
31
781.6
32
792.1
33
802.8

Table. 4.2: List of Transitions by vibrational quantum number v’’ originating from v’=32 P(R)(32, v’’), rotational level R not indicated.

PE-1600 Iodine Molecular Spectroscopy consisting of:

Item
Code
Qty. Description
1
DC-0010
1 Diode laser controller MK1-HP
2
LQ-0040
1 Green (532 nm) stabilized Laser, 40 mW
3
MM-0420
1 Four axes kinematic mount on carrier MG20
4
MP-0150
1 Optical Bench MG-65, 500 mm
5
OC-0460
1 Transmission grating 600 l/mm
6
OM-3010
1 Iodine cell on carrier
7
UM-PE16
1 Manual Iodine Spectroscopy
Required Option (order separately)
8
CA-0270
1 Fibre coupled spectrometer 200 - 1200 nm, USB

Details page
121 (1)
119 (3)
96 (24)
93 (8)
100 (22)
118 (53)
129 (26)

Highlights
Premium class experiment 
Visible Laser Induced Iodine Fluorescence
Precise Spectroscopy
Intended institutions and users:
Basic / Medium / Advanced
Physics Laboratory
Engineering department
Electronic department
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PE-1800 Planck’s Law
1

2
4

3

It is a well known fact that hot
bodies emitting optical radiation
from ultraviolet to infrared. The
spectrum shows a peak, which
depends on the temperature of the
body. This phenomenon attracted the scientist
Rayleigh and Jeans to find an theoretical model
for this. However, all their attempts failed and
the correctly formulated solution predicted
infinite power in the UV range of the spectral
emission. It was Max Plank finding a way out

or the so called UV catastrophe by defining a
new constant h and accidentally initiated a new
physics, the quantum mechanics.
In our experiment we will track some steps
which lead at the beginning of the 20th century
to a new understanding of the interaction with
light and matter. We will use a kind of blackbody radiator in form of an incandescent tungsten lamp. The emitted light is captured by a
spectrum analyser in real time. With a precise
current and voltage applied to the tungsten filaSpectrometer

Optical fibre

Micro filament lamp

UV catastrophe
Temperature of the sun

Temperature sensor

V
A
Fibre adapter
A micro lamp with a tungsten filament is placed
into a fibre adapter to which the fibre of the
spectrometer is attached. A controller allows
the precise setting of the filament current and

the measurement of the voltage. To calculate
the temperature of the filament the standard
equation RT-R0 = R0‧ α‧(T-T0) is used. This requires the knowledge about the value of R0 at

ment its temperature is determined. For a series
of temperature values the emitted spectrum is
recorded and stored for further analysis. The
results are compared with Plank’s law as well
as the Wien’s displacement law. Since the spectrometer is fibre coupled and very compact the
spectrum of the sun can be recorded and based
on the results of the previous measurements
with the tungsten lamp the temperature of the
sun is determined.
the temperature T0. For this purpose a temperature sensor measures the temperature T0 of the
switched off and cooled down lamp while the
resistor R0 is measured and displayed by the
controller. After getting this data the spectrometer is connected tor the lamp and a series of
spectra is recorded. It should be mentioned that
the spectrometer provides raw data without
correction of the spectral sensitivity of it. For
each recorded spectrum the temperature of the
filament is known and the Plank’s law can be
calculated accordingly as reference.

Measurements
10

↑Resistor [Ohm]

Temperature [K] ↑
Temperature↓

3000

↑ Relative intensity

2500

8

2000
6

↑

221 mA
218 mA
214 mA
206 mA
198 mA
190 mA

1500

Resistor

4

1000

2
0.15

Filament current [A] →
0.20

0.25

0.30

500
0.35

Fig. 4.79: Measurement of the filament
resistor versus the filament current and
determine its temperature

PE-1800 Planck’s Law consisting of:

200

400

600

800

1000

1200

Wavelength [nm]

Fig. 4.80: Raw spectra at various filament
currents

Item
Code
Qty. Description
1
CA-0270
1 Fibre coupled spectrometer 200 - 1200 nm, USB
2
DC-0270
1 Filament and LED lamp controller
3
LQ-0440
1 Tungsten filament white light source
4
MM-0020
2 Mounting plate C25 on carrier MG20
5
MP-0130
1 Optical Bench MG-65, 300 mm
6
OC-0430
1 Fibre jacket in C25 mount
7
UM-PE18
1 Manual Planck’s Law

At the maximum permissible filament current
of 0.35 A its temperature reaches 2886 °K.
The Fig. 4.79 shows the measurement of the
filament resistor for a series of currents. Since
a micro lamp is used (3), the filament resistor
is accordingly low and has a resistor of 0.75
Ohms at 300°K and reaches 9.7 Ohm at 2886
°K (0.350 A).

Details page
129 (26)
124 (25)
120 (17)
93 (1)
93 (7)
100 (21)

Highlights
Basic experiment 
Simple but very meaningful
Intended institutions and users:
Physics Laboratory
Engineering department
Electronic department
Biophotonics department
Physics education in Medicine

Optics Experiments

Rayleigh-Jeans
Wien’s approximation

How it works

Blackbody Radiation
Max Plank

Introduction Keywords

5
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Modules and Components List

The experiments presented in this catalogue are based on the combination of a series of components and modules. Wherever applicable the same
parts are used to minimize the costs. In fact, the most important part is the
optical bench along with the carrier which accommodate the individual
adjuster and mounts. A smart design of the optics mounts removes the ne-

cessity of using tools, maintaining a high precision and secure seat of the
optical mounts in their respective holders. Each component or module is
available separately allowing the customer inspired combination of new
exciting experiments.

MP - Mechanical Parts

Modules & Components

1

MP-0050 Cross-piece MG-65 with kinematic mount ø 25mm

2

MP-0065 Carrier cross piece MG-65

3

MP-0082 Bridge connector for two rails plus riser plate

4

MP-0100 Optical Bench MG-65, 1000 mm

5

MP-0110 Optical Bench MG-65, 100 mm

6

MP-0120 Optical bench MG-65, 200 mm

Four optical rails are combined and fixed to each other forming a 4 - way crossing.
In the centre of the crossing an adjustable prism stage is provided. It has a clear hole
with a diameter of 25 mm to accommodate various optical components like plates,
prisms and beam splitting cubes. By means of two fine pitch screws the optical component can be tilted precisely around its perpendicular axis. Furthermore the prism
stage provides the adjustment around the perpendicular axis of the optical component.

Four optical rails are combined and fixed to each other forming a 4 - way crossing. In
the centre of the crossing an M6 thread allows the attachment of the adjustable prism
stage for instance.

This connector is used to connect two optical rails. By using two of them a rectangular or quadratic structure can be achieved.

The ALKAAD rail and carrier system provides a high degree of integral structural
stiffness and accuracy. Due to this structure which is based on the reference meter of Paris is a further development opti32.5 mm
mised for daily laboratory use. The optical
height of the optical axis is chosen to be 75
mm above the table surface. The optical
75 mm
height of 32.5 mm above the carrier surface is compatible with all other systems
like from MEOS, LUHS, MICOS. OWIS
and LD Didactic. Consequently a high degree of system compatibility is achieved.

The length of this bench is 100 mm

The length of this bench is 200 mm
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7

MP-0130 Optical Bench MG-65, 300 mm

8

MP-0150 Optical Bench MG-65, 500 mm

9

MP-0220 White screen with XY scale on block

The length of this bench is 300 mm

The length of this bench is 500 mm

The screen is made from matt white powder coated aluminium with a size of 40 mm
x 80 mm x 3 mm. It is attached to a block with two M4 threads so that the centre of
the scale is in a height of 20 mm. The screen is mounted with 2 M4x10 screws to the
rotary arm of MM-0300 (see 93)

MM - Mechanical Modules
1

MM-0020 Mounting plate C25 on carrier MG20

2

MM-0024 Mounting plate C25-S on carrier MG20

3

MM-0028 Mounting plate C25-S with angle gradation

4

MM-0030 Mounting plate C30 on carrier MG20

5

MM-0032 Mounting plate C30-V on carrier MG20

This frequently used component is ideal to accommodate parts with a diameter of
25 mm where it is kept in position by three spring loaded steel balls. Especially C25
mounts having a click groove are firmly pulled into the mounting plate due to the
smart chosen geometry. The mounting plate is mounted onto a 20 mm wide carrier.

Components with 25 mm in diameter are placed into the mounting plate where it is
kept in position by three spring loaded steel balls. This allows the precise rotating
whereby an engraved scale serves as angle readout. This component is useful for
polarisation sensitive components.

This component is ideal to to accommodate parts with a diameter of 25 mm where
it is kept in position by three spring loaded steel balls. Especially C25 mounts having a click groove are firmly pulled into the mounting plate due to the smart chosen
geometry. The mounting plate is mounted with 2 M4x10 screws to the rotary arm of
MM-0300 (see 93)

This component is ideal to accommodate parts with a diameter of 30 mm where it
is kept in position by three spring loaded steel balls. Especially C30 mounts having
a click groove are firmly pulled into the mounting plate due to the smart chosen geometry. The mounting plate is mounted onto a 20 mm wide carrier. Compared to the
MM-0030 this mounting plate is manufactured as whole plate.

Modules & Components

This frequently used component is ideal to accommodate parts with a diameter of
30 mm where it is kept in position by three spring loaded steel balls. Especially C30
mounts having a click groove are firmly pulled into the mounting plate due to the
smart chosen geometry. The mounting plate is mounted to a 20 mm wide carrier.
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6

MM-0050 Mounting plate C50 with carrier MG20

7

MM-0060 Filter plate holder on MG20

8

MM-0090 XY adjuster on MG20

9

MM-0100 Target Cross in C25 Mount

This component is ideal to to accommodate parts with a diameter of 50 mm where it
is kept in position by three spring loaded steel balls. Especially C50 mounts having a
click groove are firmly pulled into the mounting plate due to the smart chosen geometry. The mounting plate is mounted onto a 20 mm wide carrier.

This filter plate holder is designed to accommodate standard optical filter plates with
a thickness of 3 mm, a width of 50 mm and a height of 50 mm. The plate is held in
position by two grub screws which have spring loaded balls at their tips.

A precision XY adjuster with two fine pitch screws accepts all optics mounted in C25
mounts. The picture on the right shows the adjuster with an inserted optics, however,
under this reference number the adjuster comes without such an optic.

A crossed hair target screen is part of a 25 mm click holder C25 which can be inserted
into the mounting plate (MP). The screen is kept in position by means of three precision spring loaded steel balls. It is used to visibly align a light beam with respect to
the optical axis of the rail and carrier system.

Modules & Components

10

MM-0110 Translucent screen on carrier MG20

11

MM-0114 White screen with centre hole

12

MM-0120 Dial gauge travel 5 mm resolution 1 µm on MG20

13

MM-0140 Triple reflector on motorised translation stage, travel 50 mm

In a round holder a sheet of translucent paper is fixed with a retaining ring. This component is useful to image and visualize optical rays. Furthermore, the translucence
allows the convenient photographic recording from the opposite side with digital
cameras for a quick picture for the students measurement report.

In a round holder a sheet of translucent paper is fixed with a retaining ring. This component is useful to image and visualize optical rays. Furthermore, the translucence
allows the convenient photographic recording from the opposite side with digital
cameras for a quick picture for the students measurement report. A hole in the centre
allows a beam to be transmitted to a target which reflects or scatters the rays back to
the screen.

This module combines a translation stage which is moving a triple reflector and a dial
gauge measuring this move. Furthermore, an kinematic adjustment holder is added
which holds the required triple reflector (“OC-0520” on page 96).

A triple reflector is mounted on top of the moveable part of a translation stage which
is driven by a stepper motor. The motor with 200 steps per revolution is coupled to
the mover with a fine pitch spindle with 1 mm per revolution. That means, each step
corresponds to a movement of 5 µm. Each step can be divided further into 64 micro
steps which results in a smooth DC motor like behaviour.
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14

MM-0160 Ring laser mirror mount M1 on MG65

15

MM-0162 Ring laser mirror mount M2 on MG65

16

MM-0163 Ring laser mirror mount M3 on MG65

17

MM-0164 Ring laser mirror mount M4 on MG65

18

MM-0230 Photodetector mount on rotary arm on MG20

19

MM-0240 Adjustable slit on carrier 20 mm

20

MM-0300 Carrier with 360° rotary arm

21

MM-0340 Scatter probe on rotary table

A kinematic mirror adjustment holder is mounted to a turn table in such a way that
the front surface of the attached laser mirror lies always within the centre of the rotation axis. The turn table is placed on top of a 65 mm wide carrier. Once the desired
position has been set, the turntable is clamped by means of a M4 fixing screw. This
version is assembled for the lower left mirror of a ring laser structure.

A kinematic mirror adjustment holder is mounted to a turn table in such a way that
the front surface of the attached laser mirror lies always within the centre of the rotation axis. The turn table is placed on top of a 65 mm wide carrier. Once the desired
position has been set, the turntable is clamped by means of a M4 fixing screw. This
version is assembled for the upper left mirror of a ring laser structure.

A kinematic mirror adjustment holder is mounted to a turn table in such a way that
the front surface of the attached laser mirror lies always within the centre of the rotation axis. The turn table is placed on top of a 65 mm wide carrier. Once the desired
position has been set, the turntable is clamped by means of a M4 fixing screw. This
version is assembled for the upper right mirror of a ring laser structure.

A kinematic mirror adjustment holder is mounted to a turn table in such a way that
the front surface of the attached laser mirror lies always within the centre of the rotation axis. The turn table is placed on top of a 65 mm wide carrier. Once the desired
position has been set, the turntable is clamped by means of a M4 fixing screw. This
version is assembled for the lower right mirror of a ring laser structure.

A Si PIN photodiode is integrated into a small housing and accommodated inside
an mounting plate attached to the swivel arm to take in the light reflected from the
Brewster window.

The MM-0300 provides goniometer operation for the optical bench. The carrier is
attached to the bench and carries a rotary arm which can be rotated by 360 degrees.
The centre of rotation provides a 35 mm mounting hole where probes can be accommodated. The rotary arm has two slots with a distance of 25 mm where mounting
plates or other components with 2 M4 threads with 25 mm distance can be mounted.

The rotary table fits into the MM-0300 and carries a light grey plastic plate with
50x50x3 mm. It is used to measure the scattered light of a light source hitting the
surface.

Modules & Components

The MM-0240 mechanical slit provides precise adjustment of two A2 tool steel
blades centred equally about a through hole. Each blade is black to reduce unwanted
reflections. The unique design of this mount provides a 1-to-1 correlation between the
adjustment of the precision micrometer drive and the subsequent change in slit width
to within 20 µm. The actual slit width ranges from fully closed to 6 mm wide with 0.5
mm of adjustment per revolution.
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22

MM-0380 MG65 carrier with rotary stage

23

MM-0410 Rotary Polarisation Analyser 40 mm

24

MM-0420 Four axes kinematic mount on carrier MG20

25

MM-0440 Kinematic mount ø 25.4 mm on MG20

26

MM-0444 Kinematic mount 1”, translation stage on MG65

27

MM-0450 XY Adjustment holder with rotary insert on MG20

28

MM-0460 Kinematic mirror mount M16, left

A 65 mm wide carrier is equipped with rotary stage with a central hole. Due to a sophisticated design the rotary table is turns smoothly without slip stick effects and has
a scale of 360 degrees with tick marks at each 2 degrees.

The polarisation analyser or polarizer has a horizontal rotary stage with a 25 mm
through hole bore and 360 degree scale with tick marks for each 5 degrees. It is attached to a 20 mm wide carrier. A film sheet polarizer is inserted into a C25 mount
which is set into the rotary stage and is kept with three M3 grub screws in position.
The module comes with aligned polarisation direction with 0 degree for vertical polarisation.

This frequently needed component is ideal for the fine adjustment of lenses, microscope objectives, diode laser, etc. with respect to the optical axis of the rail set-up.
The displacement area is 5x5 mm and 10x10 degrees respectively. Different mounts
can be attached to the adjustment holder. This model provides a holder for 25 mm
cylindrical components. The component is inserted into the adjustment holder and
is kept in position by a spring loaded steel ball in the same way as for the lens click
mounts. Four precise fine pitch screws of repetitious accuracy allow the translational
(X; Y) and azimuthal (υ; φ) adjustment.
The kinematic adjustment mount has a resting flange for the optics. One fixing screw
secures the optics against 2 contact lines, which make 2 contact points. To prevent
damage to the optics, the tip of the fixing screw is made of plastic. The movable platform is pre-loaded by two strong tension springs, ensuring tight kinematic fit. A thick
base adds to stability which allows to cut away parts of the mount, keeping clear one
edge of the optics. The kinematic mount is mounted onto a 20 mm wide carrier. The
illustration shown on the right shows a “right” version which can be changed to the
right version as well.

This module utilises a combination of a kinematic mount and a translation stage to
firstly adjust a mirror and secondly move it in the direction of the optical axis. Both
components are mounted to 65 mm wide carrier MG65

This frequently needed component is ideal for the fine adjustment of lenses, microscope objectives, diode laser, etc. with respect to the optical axis of the rail set-up.
The displacement area is 5x5 mm and 10x10 degrees respectively. Different mounts
can be attached to the adjustment holder. This model provides a through hole for 25
mm cylindrical components. The component is inserted into the adjustment holder
and is kept in position by a spring loaded steel ball in the same way as for the lens
click mounts. Four precise fine pitch screws of repetitious accuracy allow the translational (X; Y) and azimuthal (υ; φ) adjustment. In addition the circumference of the
25 mm holding tube has a scale to determine the rotational position of the inserted
component.

Modules & Components

The kinematic adjustment mount has a resting flange for the optics. One fixing screw
secures the optics against 2 contact lines, which make 2 contact points. To prevent
damage to the optics, the tip of the fixing screw is made of plastic. The movable
platform is pre-loaded by two strong tension springs, ensuring tight kinematic fit. A
thick base adds to stability which allows to cut away parts of the mount, keeping clear
one edge of the optics. An adapter with a M16 threading is mounted to the movable
platform to accommodate M16 mirror mounts The kinematic mount is mounted onto
a 20 mm wide carrier in the left position.

97
29

MM-0462 Kinematic mirror mount M16, right

30

MM-0470 XY mount, soft ring 30 mm, on MG20

31

MM-0480 Four axes kinematic plastic fibre mount

32

MM-0490 Translation stage with bare fibre holder

33

MM-0494 Rotation stage with bare fibre mount

34

MM-0500 Piezo transducer 10µ/150V in kinematic mount

35

MM-0504 Piezo transducer 10µ/150V with 24 mm collar

The kinematic adjustment mount has a resting flange to stop the optics. One fixing
screw secures the optics against 2 contact lines, which make 2 contact points. To prevent damage to the optics, the tip of the fixing screw is made of plastic. The movable
platform is pre-loaded by two strong tension springs, ensuring tight kinematic fit. A
thick base adds to stability which allows to eliminate part of the mount, keeping clear
one edge of the optics. An adapter with a M16 threading is mounted to the movable
platform to accommodate M16 mirror mounts The kinematic mount is mounted onto
a 20 mm wide carrier in the right position
The XY adjustment holder provides a ring with an inner soft rubber ring which used
to accommodate round components with a diameter of 30 mm. The inner diameter of
the soft rubber ring is slightly less than 30 mm and thus grips the inserted component
firmly. This adjustment holder is commonly used in a pair to accommodate a longer
cylindrical body. Since the holding forces are of an elastic kind arbitrary aslant directions away from the centre axis can be aligned within the adjusting range of the
precise fine pitch screws.

This frequently needed component is ideal for the fine adjustment of lenses, microscope objectives, diode laser, etc. with respect to the optical axis of the rail set-up.
The displacement area is 5x5 mm and 10x10 degrees respectively. Different mounts
can be attached to the adjustment holder. The component is inserted into the adjustment holder and is kept in position by a spring loaded steel ball in the same way as
for the lens click mounts. Four precise fine pitch screws of repetitious accuracy allow
the translational (X; Y) and azimuthal (υ; φ) adjustment. This module comes with an
insert with a ST POF fibre coupler

A translation stage with fibre chuck is mounted onto a 30 mm wide carrier (MG30).
The optical glass fibre is placed into a groove of the magnetic fibre chuck and held in
position by two magnets. The translation range is 5 mm.

The MM-00494 provides goniometer operation for the optical bench. The carrier is
attached to the bench and carries a rotary arm which can be rotated by 360 degrees.
The centre of rotation provides a 35 mm mounting hole where probes can be accommodated. The rotary arm has two slots with a distance of 25 mm where mounting
plates or other components with 2 M4 threads with 25 mm distance can be mounted.
This module comes with fibre chuck where the optical glass fibre is placed into a
groove of the magnetic fibre chuck and held in position by two magnets. The length
of the protruding fibre is chosen in such a way that the end face of it is located in the
centre of rotation of the goniometer.

The transducer consists of a pre-loaded stack of piezo disks with a centre hole. The
piezo disks are connected electrical in parallel, resulting in a displacement of 10 µm
at 150 V. Typically 3 to 4 optical displacement orders require at 500 nm a mechanical
displacement of 1 µm. This is achieved by applying 15 volts only! To mount the piezo
to the kinematic mount like the MM-0440 (96) it is equipped with a suitable collar.

Modules & Components

The transducer consists of a pre-loaded stack of piezo disks with a centre hole. The
piezo disks are connected electrically in parallel, resulting in a displacement of 10
µm at 150 V. Typically 3 to 4 optical displacement orders require at a wavelength 500
nm a mechanical displacement of 1 µm. This is achieved by applying 15 volts only!
This module combines the MM-0504 piezo transducer with a kinematic mount onto
a 20 mm wide carrier MG20.
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36

MM-0510 Kinematic mount with axial translation on MG30

37

MM-0560 Two mounting plates C25 on MG20

38

MM-0620 Lamp socket GU10 on MG65

39

MM-0700 Turntable drive unit

40

MM-0800 Adjustable fog nozzle on MG30

The kinematic mount is fixed to a 30 mm wide carrier MG30. It is equipped with a
axial translation unit. It consists of a fixed body and a rotary insert. By turning this
precisely manufactured insert a translation of 250 µm per turn is achieved. The rotary
insert has a mount to accommodate components with a diameter of 22 mm.

Two C25 mounting plate are mounted side by side onto a 20 mm wide carrier MG20.
The optical centres of the plates are 20 mm off axis.

This module serves as base for lamps having a socket of GU10. The illustration on the
right shows such a module with an inserted energy saving lamp. The lamp socket is
connected to the mains with a two wire cable including an in line power switch. The
lamp socket is mounted into 40 mm mounting plate on a 65 mm wide carrier MG65.

A stepper motor driven turn table is mounted onto a heavy base made from black
anodized aluminium. The rotation range is 360° with a resolution of 0.6 arc min in
full step and 4.5 arc sec in 1/8 step operation mode. The maximum rotation speed is
50°/s and the maximum load 6 kg. The stepper motor is controlled by the DC-0100
controller (122).

This nozzle emits through a 1 mm hole a jet stream of water particles as required for
the LDA experiment. The height of the nozzle is 32.5 mm and has the same height of
the optical axis of the crossing beams. By turning the nozzle the horizontal position
of the jet outlet is aligned. The entire nozzle is enclosed by a removable coloured
Plexiglas housing which absorbs scattered laser light and collects the condensed water. The enclosure can easily removed and emptied.

OC - Optical Components

Modules & Components

1

OC-0005 Biconcave lens f=-5 mm, C25 mount

2

OC-0010 Biconcave lens f=-10 mm, C25 mount

3

OC-0020 Biconcave lens f=-20 mm in C25 mount

A biconcave lens with a diameter of 5 mm and a focal length of -5 mm is mounted into
a C25 mount with a free opening of 4 mm.

A biconcave lens with a diameter of 10 mm and a focal length of -10 mm is mounted
into a C25 mount with a free opening of 8 mm.

A biconcave lens with a diameter of 20 mm and a focal length of -20 mm is mounted
into a C25 mount with a free opening of 16 mm.
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4

OC-0040 Plano-convex lens f=40 mm in C25 mount

5

OC-0060 Biconvex lens f=60 mm in C25 mount

6

OC-0068 Biconvex lens f=60 mm in C25 extended

7

OC-0100 Front face mirror in C25 mount

8

OC-0120 Achromat f=20 mm in C25 mount

9

OC-0140 Achromat f=40 mm in C30 mount

A plano-convex lens with a diameter of 22 mm and a focal length of 40 mm is mounted into a C25 mount with a free opening of 20 mm.

A biconvex lens with a diameter of 22 mm and a focal length of 60 mm is mounted
into a C25 mount with a free opening of 20 mm.

A biconvex lens with a diameter of 22 mm and a focal length of 60 mm is mounted
at the end of a 25 mm housing. A C25 mount is attached to the housing to insert the
component into a C25 mounting plate.

A silver coated front face mirror with protective coating is mounted into a C25 mount
with a free opening of 20 mm

An achromatic lens with a focal length of 20 mm is mounted into a C25 mount with
a free opening of 8 mm.

An achromatic lens with a diameter of 25.4 mm and a focal length of 40 mm is mounted into a C30 mount with a free opening of 22 mm.

10

OC-0150 Biconvex lens f=150 mm in C50 mount

11

OC-0152 Biconvex lens f=150 mm in C25 mount

12

OC-0160 Collimator 445 nm in C25 mount

13

OC-0170 Collimator 808 nm in C25 mount

A biconvex lens with a diameter of 48 mm and a focal length of 150 mm is mounted
into a C50 mount with a free opening of 45 mm.

An aspheric glass lens with an anti reflex coating for 445 nm has a back focal length
of 4 mm and is suited to collimate the divergent laser radiation of a laser diode into
an almost parallel beam.

An aspheric glass lens with an anti reflex coating for 808 nm has a back focal length
of 4 mm and is suited to collimate the divergent laser radiation of a laser diode into
an almost parallel beam.

Modules & Components

A biconvex lens with a diameter of 22 mm and a focal length of 150 mm is mounted
into a C25 mount with a free opening of 20 mm.
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14

OC-0220 Cylindrical lens f = 20 mm in C25 mount

15

OC-0280 Cylindrical lens f=80 mm in C25 mount

16

OC-0320 Beam expander x2.7 in ø25 housing

17

OC-0360 Beam Expander x6 in ø25 housing

18

OC-0380 Beam expander x8 in ø 25 mm housing

19

OC-0400 Adjustable iris mounted in C25

20

OC-0420 LDA alignment aid

21

OC-0430 Fibre jacket in C25 mount

22

OC-0460 Transmission grating 600 l/mm

A rounded cylindrical lens with a diameter of 20 mm and focal length of 20 mm is
mounted into a C25 mount with a free opening of 16 mm.

A rounded cylindrical lens with a diameter of 20 mm and focal length of 80 mm is
mounted into a C25 mount with a free opening of 16 mm.

The beam expander is based on a Galilean telescope with one concave lens as entry
lens and a plano-convex as exit lens. The expansion ratio is defined by the ratio of the
focal length of the lenses. The entry lens is mounted into a C25 mount which screwed
to the 25 mm housing at which end the exit lens is mounted. This beam expander has
an expansion rate of 2.7. The telescope is aligned for far sight view and can be slightly
changed by turning the C25 mount to change the parallel wave front into curved ones.

The beam expander is based on a Galilean telescope with one concave lens as entry
lens and a plano-convex as exit lens. The expansion ratio is defined by the ratio of the
focal length of the lenses. The entry lens is mounted into a C25 mount which screwed
to the 25 mm housing at which end the exit lens is mounted. This beam expander has
an expansion rate of 6. The telescope is aligned for far sight view and can be slightly
changed by turning the C25 mount to change the parallel wave front into curved ones.

The beam expander is based on a Galilean telescope with one concave lens as entry
lens and a plano-convex as exit lens. The expansion ratio is defined by the ratio of the
focal length of the lenses. The entry lens is mounted into a C25 mount which screwed
to the 25 mm housing at which end the exit lens is mounted. This beam expander has
an expansion rate of 8. The telescope is aligned for far sight view and can be slightly
changed by turning the C25 mount to change the parallel wave front into curved ones.

The adjustable iris is mounted into a C25 mount and has a minimum opening of 1 mm
and the maximum opening is 14 mm.

This alignment aid is used to check the parallel adjustment of both LDA beams before the focusing lens is inserted. When both beams are passing the plate in various
distances they are parallel and they propagate in the same plane. During the LDA
operation this plate is turned by 90 degrees to prevent the LDA laser beams reaching
the photodetector.

A FSMA fibre coupler is mounted into a C25 mount to enable the use of optical fibre
with C25 mounting plates.

A transmission grating with 600 lines per mm is mounted into a 50x50 mm frame.
The thickness is 3 mm and fits into the filter plate holder MM-0060 (94).
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23

OC-0470 Wire 0.05 mm in 50x50 frame

24

OC-0480 Circular apertures in 50x50 mm frame

25

OC-0482 Gauze 300 mesh in 50x50 mm frame

26

OC-0484 Single slit 0.06 mm in 50x50 mm frame

27

OC-0486 Double slit in 50x50 mm frame

28

OC-0490 Sample transmission hologram (chess pieces)

29

OC-0500 Beam splitter plate ø 25 mount

30

OC-0510 Polarising beam splitter cube on 25 mm stage

31

OC-0520 Triple reflector in extended 1” mount

A thin wire is placed between two glass plates and is mounted into a 50x50 mm frame.
The thickness is 3 mm and fits into the filter plate holder MM-0060 (94).

A mask with circular apertures 0.30, 0.60, 1.0 and 1.40 nominal diameter is mounted
into a 50x50 mm frame. The thickness is 3 mm and fits into the filter plate holder
MM-0060 (94) and can be traversed to select the required hole.

A gauze with 300 mesh mounted into a 50x50 mm frame and serves as two dimensional coarse grating.

A mask with a 0.06 mm wide slit is mounted into a 50x50 mm frame. The thickness
is 3 mm and fits into the filter plate holder MM-0060 (94) and can be traversed to
select the best position.

A mask with two 0.06 mm wide slits is mounted into a 50x50 mm frame. The thickness is 3 mm and fits into the filter plate holder MM-0060 (94) and can be traversed
to select the best position.

A professional transmission hologram is framed in a 50x50 mm frame. The sample
shows what should be achievable with the holography experiment.

A polarizing beam splitter cube with a 20 mm side length and is set into a the collar
of 25 mm stage. The arrangement separates an incoming beam into two orthogonal
polarized beams. A prism is cemented to the cube in order to deviate an incoming
beam from the opposite direction. This component is specifically used in a technical
Michelson interferometer.

A rounded triple reflector with a 1 “ diameter is set into a 30 mm mount with a rear
cylinder with a diameter of 1”. This enables the component to be attached to a 1”
kinematic mount.

Modules & Components

The beam splitter plate has a splitting ratio of 50/50 % at a wavelength of 632 nm. It is
set into a slotted holder with a 25 mm mounting cylinder which can be inserted into
the adjustment holder OM-0010 (110).
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32

OC-0530 Ruby crystal in C25 mount

33

OC-0550 Nd:YAG rod in CR25 mount

34

OC-0710 Polarizer in C25 mount

35

OC-0720 Fresnel zone plate in C25 mount

36

OC-0730 Fabry Perot plate in C25 mount

37

OC-0740 Newton’s rings optics in C25 mount

38

OC-0750 Laser line filter 532 nm in C25 mount

39

OC-0754 Laser line filter 810 nm in C25 mount

40

OC-0756 Laser line filter 1064 nm in C25 mount

41

OC-0758 Laser line filter 980 nm in C25 mount

42

OC-0760 Laser line filter 1550 nm in C25 mount

An industrial Ruby ball with a diameter of 6 mm is placed into a C25 mount with a
free opening of 4 mm.

A CR25 mount is designed to fit into the 4 axes adjustment holder MM-0420 (96).
It consists out of the main body, a disk for holding a small optical component and a
threaded retaining ring. In this CR25 a 3x3 and 5 mm long Nd:YAG crystal with anti
reflex coating for 1064 nm on both sides is mounted.

A film sheet polarizer is set into a C25 mount with a tick mark as vertical polarisation
indicator. The free opening is 20 mm.

A mask with a fresnel zone designed for 532 nm, 99 fringes and a focal length of 100
mm is mounted into a C25 mount. The Fresnel zone plate has been calculated and
rendered by a computer and subsequently exposed to a high resolution black and
white film as used in the professional printing machines.

Two precise glass plates with a reflectivity 50% are set into a C25 mount. A precise
spacer of 3 mm separates the plates forming an air spaced Fabry Perot.

A combination of a glass plate and a plano-convex lens are set into a C25 mount in
such a way that the lens lightly touches the glass plate. To enhance the visibility of the
effect, the glass plate has a coating with 50% reflectivity.

A laser line filter with a central wavelength (CWL) of 532 nm and a spectral width
of 10 nm (FWHM) and a diameter of 12.7 mm is set into a C25 mount with a free
opening of 11 mm.

A laser line filter with a central wavelength (CWL) of 510 nm and a spectral width
of 10 nm (FWHM) and a diameter of 12.7 mm is set into a C25 mount with a free
opening of 11 mm.

A laser line filter with a central wavelength (CWL) of 1064 nm and a spectral width
of 10 nm (FWHM) and a diameter of 12.7 mm is set into a C25 mount with a free
opening of 11 mm.

A laser line filter with a central wavelength (CWL) of 980 nm and a spectral width
of 10 nm (FWHM) and a diameter of 12.7 mm is set into a C25 mount with a free
opening of 11 mm.

A laser line filter with a central wavelength (CWL) of 1550 nm and a spectral width
of 10 nm (FWHM) and a diameter of 12.7 mm is set into a C25 mount with a free
opening of 11 mm.
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43

OC-0810 Mica plate in C25 mount

44

OC-0820 Calcite crystal on rod and carrier

45

OC-0830 Optical quartz plate in C25 mount

46

OC-0840 Quarter-wave plate in C25 mount

47

OC-0850 Half-wave plate in C25 mount

48

OC-0860 Nd:YAG rod 1.3 µm coating, M16 mount

49

OC-0870 “Red 660 nm” SHG crystal mounted KTP in mount

50

OC-0880 GCL in CR25 mount

51

OC-0910 Filter KG5, 50 x 50 x 3 mm

A thin (0.1) Mica plate is mounted into a C25 mount and serves as optical retarder for
multiple orders.

A calcite crystal is shaped in such a way that a laser beam travels parallel to the crystal axis. By turning the crystal the laser beam travels perpendicular to the optical axis.
The crystal is mounted to a rod which has a special shaped top to accommodate the
crystal. The rod is screwed to the centre M6 thread of the 30 mm wide carrier MG30.

A quartz plate made from natural quartz with a thickness of 3 mm has a diameter
of 12.7 mm and is cut parallel to the optical axis of the crystal. The quartz plate is
mounted into a C25 mount.

A quartz plate made from natural quartz with a thickness of multitudes of λ/2 has a
diameter of 12.7 mm and is cut parallel to the optical axis of the crystal. The quartz
plate is mounted into a C25 mount.

Beside the well known emission wavelength of 1.064 µm of a Nd:YAG Laser another
wavelength centred at 1.3 µm can be obtained when using optimized optical components. This component provides a Nd:YAG rod which is coated for high reflectivity
at 1.3 µm.

A CR25 mount is designed to fit into the 4 axes adjustment holder MM-0420 (96).
It consists out of the main body, a disk for holding a small optical component and a
threaded retaining ring. Into this CR25 a 3x3 and 5 mm long KTP crystal is mounted
for the second harmonic generation 1330 → 665 nm with anti reflex coating for 1330
nm on both sides.

This coloured glass filter has a size of 50x50 mm and a thickness of 3 mm and is used
to block the near infrared radiation above 700 nm and transmit the visible part of the
spectrum.

Modules & Components

A CR25 mount is designed to fit into the 4 axes adjustment holder MM-0420 (96).
It consists out of the main body, a disk for holding a small optical component and
a threaded retaining ring. Into this CR25 a green core laser (GLC) consisting of a
combination of a Nd:YVO4 and KTP crystal is mounted. When pumped by an 808
nm laser diode the GLC emits green radiation at 532 nm but also residual 1064 nm
and 808 nm.
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52

OC-0920 V(λ) filter in C50 mount

53

OC-0939 Filter BG39, 50 x 50 x 3 mm

54

OC-0950 Filter RG1000 50x50x3 mm

55

OC-0970 Filter GG495, 50 x 50 x 3 mm

56

OC-0980 Filter UG11 in C25 mount

57

OC-1000 Laser mirror M16, flat, T 3% @ 632 nm

58

OC-1005 Laser mirror M16, flat, HR @ 632 nm

59

OC-1010 Laser mirror M22, ROC 100 mm, T 4% @ 532 & 632 nm

60

OC-1012 Laser mirror M12, ROC 100 mm, T 4% @ 532 & 632 nm

A V(λ) filter has the same spectral transmission curve as the spectral sensitivity curve
of the human eye. This filter is used in conjunction with classical lamps to study and
measure the optical power in radiometric and photometric units. The filter is mounted
into a C50 mount.

This coloured glass filter has a size of 50x50 mm and a thickness of 3 mm and is used
to block the near infrared radiation above 700 nm and transmit the green 532 nm
radiation created by second harmonic generation.

This coloured glass filter has a size of 50x50 mm and a thickness of 3 mm and is
used to block the radiation below 1000 nm and transmit the NIR part of the spectrum.

This coloured glass filter has a size of 50x50 mm and a thickness of 3 mm and is used
to block the blue radiation below 495 nm and transmit the visible part of the spectrum.

This coloured glass filter has a diameter of 20 mm and a thickness of 3 mm and is
used to transmit the UV radiation around 320 nm and to block the visible radiation
above 400 nm.

The M16 mirror mount is designed to accommodate 1/2” (12.7) mirror with a thickness of 1/4” (6.35 mm). The mirror is kept in position by a radially spring loaded flap.
At the bottom of the mirror a soft rubber ring is placed to achieve an elastic contact
to the surface of the mirror face to its adjustment holder. When the laser mirror is not
in use a protective cap with M16 thread is screwed on top of it. This laser mirror has
a flat surface and a transmission of 3% at a wavelength of 632 nm.

The M16 mirror mount is designed to accommodate 1/2” (12.7) mirror with a thickness of 1/4” (6.35 mm). The mirror is kept in position by a radially spring loaded flap.
At the bottom of the mirror a soft rubber ring is placed to achieve an elastic contact to
the surface of the mirror face to its adjustment holder. When the laser mirror is not in
use a protective cap with M16 thread is screwed on top of it. This laser mirror has a
flat surface and a high reflectivity (> 99.9 %) at a wavelength of 632 nm.

This laser mount has a short M22 thread at his rear side and is screwed into the “MM0510 Kinematic mount with axial translation on MG30” (95). The 1/2” mirror is
kept in position by a radial M4 grub screw with a plastic tip. This laser mirror has a
transmission of 4% ad 532 and 632 nm and a radius of curvature of 100 mm.

To attach the mirror to a piezo electric element it is mounted into a holder which fits
to the M12 thread of the piezo element. By means of a threaded ring the mirror is
pressed and centred against a soft rubber ring. This components contains a 1/2” mirror
with a radius of curvature of 100 mm and transmission of 4% at 532 and 632 nm.
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OC-1020 Laser mirror M16, ROC 700 mm, HR @ 632 nm

62

OC-1030 Laser mirror M16, ROC 1000 mm, HR @ 632 nm

63

OC-1040 Laser mirror M16, ROC 700 mm, HR @ 1180 nm

64

OC-1060 Laser mirror M16, ROC 100 mm, T 2% @ 1064 nm

65

OC-1070 Laser mirror M16, ROC 100 mm, HR @ 1064 nm

66

OC-1074 Laser mirror 1/2” in 1” mount ROC 100 HR@1064 nm

67

OC-1080 Laser mirror M16, ROC 100 mm, HR @ 1300 nm

68

OC-1090 Laser mirror M22, ROC flat, T 4% @ 532 and 632 nm

The M16 mirror mount is designed to accommodate 1/2” (12.7) mirror with a thickness of 1/4” (6.35 mm). The mirror is kept in position by a radially spring loaded flap.
At the bottom of the mirror a soft rubber ring is placed to achieve an elastic contact
to the surface of the mirror face to its adjustment holder. When the laser mirror is not
in use a protective cap with M16 thread is screwed on top of it. This laser mirror has
a radius of curvature of 700 mm and a high reflectivity (> 99.9 %) at a wavelength
of 632 nm.

The M16 mirror mount is designed to accommodate 1/2” (12.7) mirror with a thickness of 1/4” (6.35 mm). The mirror is kept in position by a radially spring loaded flap.
At the bottom of the mirror a soft rubber ring is placed to achieve an elastic contact
to the surface of the mirror face to its adjustment holder. When the laser mirror is not
in use a protective cap with M16 thread is screwed on top of it. This laser mirror has
a radius of curvature of 1000 mm and a high reflectivity (> 99.9 %) at a wavelength
of 632 nm.

The M16 mirror mount is designed to accommodate 1/2” (12.7) mirror with a thickness of 1/4” (6.35 mm). The mirror is kept in position by a radially spring loaded flap.
At the bottom of the mirror a soft rubber ring is placed to achieve an elastic contact
to the surface of the mirror face to its adjustment holder. When the laser mirror is not
in use a protective cap with M16 thread is screwed on top of it. This laser mirror has
a radius of curvature of 700 mm and a high reflectivity (> 99.9 %) at a wavelength
of 1180 nm.

The M16 mirror mount is designed to accommodate 1/2” (12.7) mirror with a thickness of 1/4” (6.35 mm). The mirror is kept in position by a radially spring loaded flap.
At the bottom of the mirror a soft rubber ring is placed to achieve an elastic contact to
the surface of the mirror face to its adjustment holder. When the laser mirror is not in
use a protective cap with M16 thread is screwed on top of it. This laser mirror has a
radius of curvature of 100 mm and a transmission of 2% at a wavelength of 1064 nm.

The M16 mirror mount is designed to accommodate 1/2” (12.7) mirror with a thickness of 1/4” (6.35 mm). The mirror is kept in position by a radially spring loaded flap.
At the bottom of the mirror a soft rubber ring is placed to achieve an elastic contact
to the surface of the mirror face to its adjustment holder. When the laser mirror is not
in use a protective cap with M16 thread is screwed on top of it. This laser mirror has
a radius of curvature of 100 mm and a high reflectivity (> 99.9 %) at a wavelength
of 1064 nm.

The M16 mirror mount is designed to accommodate 1/2” (12.7) mirror with a thickness of 1/4” (6.35 mm). The mirror is kept in position by a radially spring loaded flap.
At the bottom of the mirror a soft rubber ring is placed to achieve an elastic contact
to the surface of the mirror face to its adjustment holder. When the laser mirror is not
in use a protective cap with M16 thread is screwed on top of it. This laser mirror has
a radius of curvature of 100 mm and a high reflectivity (> 99.9 %) at a wavelength
of 1300 nm.

This laser mount has a short M22 thread at his rear side and is screwed into the “MM0510 Kinematic mount with axial translation on MG30” (95). The 1/2” mirror is
kept in position by a radial M4 grub screw with a plastic tip. This laser mirror has a
flat surface and a transmission of 4% at 532 and 632 nm

Modules & Components

The 1/2” laser mirror is set into an adapter with an outer diameter of 1” which fits
into the kinematic laser mirror adjustment mounts. The mirror is kept in position by a
radial grub screw with a soft nylon tip. This laser mirror has a radius of curvature of
100 mm and a high reflectivity (>99.9%) at a wavelength of 1064 nm.
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69

OC-1094 Laser mirror M12, ROC flat, T 4% @ 532 and 632 nm

70

OC-1096 Laser mirror M12, ROC 75 mm, T 4% @ 532 and 632 nm

71

OC-1098 Laser mirror M22, ROC 75 mm, T 4% @ 532 and 632 nm

72

OC-1110 Laser mirror 1/2” in 1” mount, ROC flat, HR 550-800 nm

73

OC-1114 Laser mirror 1/2”, ROC flat, HT 532, HR 540-700 nm

74

OC-1116 Laser mirror 1/2, ROC 250 nm, HR 520-700 nm

75

OC-1130 Laser mirror M16, ROC flat, HT 445, HR 580-725 nm

76

OC-1134 Laser mirror M16, ROC 100, HT 445, HR 580-725 nm

77

OC-1136 Laser mirror M16, ROC 150, HT445, HR 580-725 nm

To attach the mirror to a piezo electric element it is mounted into a holder which fits
to the M12 thread of the piezo element. By means of a threaded ring the mirror is
pressed and centred against a soft rubber ring. This components contains a 1/2” flat
mirror with a transmission of 4% at 532 and 632 nm.

To attach the mirror to a piezo electric element it is mounted into a holder which fits
to the M12 thread of the piezo element. By means of a threaded ring the mirror is
pressed and centred against a soft rubber ring. This components contains a 1/2” mirror
with a radius of curvature of 75 mm and a transmission of 4% at 532 and 632 nm.
This laser mount has a short M22 thread at his rear side and is screwed into the “MM0510 Kinematic mount with axial translation on MG30” (95). The 1/2” mirror is
kept in position by a radial M4 grub screw with a plastic tip. This laser mirror has a
radius of curvature of 75 mm and a transmission of 4% at 532 and 632 nm

The 1/2” laser mirror is set into an adapter with an outer diameter of 1” which fits
into the kinematic laser mirror adjustment mounts. The mirror is kept in position by a
radial grub screw with a soft nylon tip. This laser mirror has a flat surface and a high
reflectivity (>99.9%) in a wavelength range of 550 to 800 nm.

The 1/2” laser mirror is set into an adapter with an outer diameter of 1” which fits
into the kinematic laser mirror adjustment mounts. The mirror is kept in position by a
radial grub screw with a soft nylon tip. This laser mirror has a flat surface and a high
reflectivity (>99.9%) in a wavelength range of 540 to 700 nm and a high transmission
for 532 nm.

The 1/2” laser mirror is set into an adapter with an outer diameter of 1” which fits
into the kinematic laser mirror adjustment mounts. The mirror is kept in position by a
radial grub screw with a soft nylon tip. This laser mirror has a radius of curvature of
250 mm and a high reflectivity (>99.9%) in a wavelength range of 540 to 700 nm and
a high transmission for 532 nm.

The M16 mirror mount is designed to accommodate 1/2” (12.7) mirror with a thickness of 1/4” (6.35 mm). The mirror is kept in position by a radially spring loaded flap.
At the bottom of the mirror a soft rubber ring is placed to achieve an elastic contact to
the surface of the mirror face to its adjustment holder. When the laser mirror is not in
use a protective cap with M16 thread is screwed on top of it. This laser mirror has a
flat surface and a high reflectivity (> 99.9 %) at a wavelength of 1300 nm.

The M16 mirror mount is designed to accommodate 1/2” (12.7) mirror with a thickness of 1/4” (6.35 mm). The mirror is kept in position by a radially spring loaded flap.
At the bottom of the mirror a soft rubber ring is placed to achieve an elastic contact
to the surface of the mirror face to its adjustment holder. When the laser mirror is not
in use a protective cap with M16 thread is screwed on top of it. This laser mirror has
a radius of curvature of 100 mm and a high reflectivity (> 99.9 %) in a wavelength
range of 580 to 725 nm and a high transmission at 445 nm.

The M16 mirror mount is designed to accommodate 1/2” (12.7) mirror with a thickness of 1/4” (6.35 mm). The mirror is kept in position by a radially spring loaded flap.
At the bottom of the mirror a soft rubber ring is placed to achieve an elastic contact
to the surface of the mirror face to its adjustment holder. When the laser mirror is not
in use a protective cap with M16 thread is screwed on top of it. This laser mirror has
a radius of curvature of 150 mm and a high reflectivity (> 99.9 %) in a wavelength
range of 580 to 725 nm and a high transmission at 445 nm.

107
78

OC-1138 Laser mirror 1” mount, ROC 100, HT 445 nm, HR 580-725 nm

79

OC-1154 Laser mirror M16, ROC 150, HR640/HT320

80

OC-1200 Laser mirror C30, ROC flat, HR @ 632 nm

81

OC-2010 ST/ST SM Fibre patch cable, length 0.25 m

82

OC-2020 ST/ST SM Fibre patch cable, length 1 m

83

OC-2030 ST/ST MM Fibre patch cable, length 1 m

84

OC-2040 Set of 10 ST pigtailed MM fibre

85

OC-2100 SM Fibre collimator

86

OC-2110 SM Fibre optical isolator, 980 nm, ST terminated

The 1/2” laser mirror is set into an adapter with an outer diameter of 1” which fits
into the kinematic laser mirror adjustment mounts. The mirror is kept in position by a
radial grub screw with a soft nylon tip. This laser mirror has a radius of curvature of
100 mm and a high reflectivity (>99.9%) in a wavelength range of 580 to 725 nm and
a high transmission at a wavelength of 445 nm.

The M16 mirror mount is designed to accommodate 1/2” (12.7) mirror with a thickness of 1/4” (6.35 mm). The mirror is kept in position by a radially spring loaded flap.
At the bottom of the mirror a soft rubber ring is placed to achieve an elastic contact
to the surface of the mirror face to its adjustment holder. When the laser mirror is not
in use a protective cap with M16 thread is screwed on top of it. This laser mirror has
a radius of curvature of 150 mm and a high reflectivity (> 99.9 %) at a wavelength of
640 nm and a high transmission at 320 nm.

A flat laser mirror with a diameter of 1” is set into a C30 mount. The mirror has a high
reflectivity for 632 nm.

A single mode fibre with a 9 µm core and 125 µm cladding with a plastic buffer is
terminated with two ST fibre connectors. The length of the fibre patch cable is 25 cm.

A single mode optical fibre with a 9 µm core and 125 µm cladding with a plastic
buffer is terminated with two ST fibre connectors. The length of the fibre patch cable
is 100 cm.

A multimode optical fibre with a 50 µm core and 125 µm cladding with a plastic
buffer is terminated with two ST fibre connectors. The length of the fibre patch cable
is 100 cm.

A single mode optical fibre with a 9 µm core and 125 µm cladding with a plastic buffer
is terminated with one ST fibre connector and the other side is left blank. The length
of each fibre patch cable is 200 cm.

The collimator has a single mode ST connector and is set into a C25 mount. The
aspheric collimator lens has a anti reflex coating and transforms the divergent beam
coming from the connected fibre into an almost parallel beam.

Modules & Components

This module provides an fibre coupled optical diode based on the Faraday effect and
is used to force the oscillation of a fibre ring laser into one direction. The connection
to the diode is carried out with ST single mode panel jacks.
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87

OC-2200 Erbium doped fibre unit, ST terminated 1.5 m

88

OC-2210 Erbium doped fibre unit, ST terminated 4.0 m

89

OC-2220 Erbium doped fibre unit, ST terminated, length 8 m

90

OC-2230 Erbium doped fibre unit, ST terminated, length 16 m

91

OC-2300 SM-WDM coupler 980/1550 nm unit ST terminated

92

OC-2350 SM Four port fibre coupler unit

93

OC-2360 Fibre SM beam splitter unit

This module contains a spool with a 1.5 m long Erbium doped fibre. Both end are
terminated with single mode connectors and are plugged into single mode fibre panel
jacks.

This module contains a spool with a 4 m long Erbium doped fibre. Both end are terminated with single mode connectors and are plugged into single mode fibre panel jacks.

This module contains a spool with a 8 m long Erbium doped fibre. Both end are terminated with single mode connectors and are plugged into single mode fibre panel jacks.

This module contains a spool with a 16 m long Erbium doped fibre. Both end are
terminated with single mode connectors and are plugged into single mode fibre panel
jacks.

This wavelength division multiplexer is designed to feed the radiation of a 980 nm
Laser into a fibre loop for 1.550 nm. It is used as “pump gate” for Erbium doped fibres
in a linear as well as ring configuration. The individual in- and outputs of the WDM
are connected to ST connectors.

A 2x2 wide band Fibre optic coupler is designed for a central wavelength of 1550 ±
100 nm. At the two output ports a fraction of 10 % of the primary intensity is available.
The individual in- and outputs of the coupler are connected to ST connectors.

This component acts as fibre coupled beam splitter plate. It splits the incoming beam
into two beams of equal intensity. The individual in- and outputs of the coupler are
connected to ST connectors.
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94

OC-2410 Multimode fibre 1000 m 50/125 µm

95

OC-2440 Single mode fibre, 1000 m, 9/125 µm, ST panel jacks

96

OC-2450 Multimode fibre 1000 m, 50/125 µm, ST panel jacks

97

OC-2460 Multimode fibre, 2000 m 50/125 µm, ST panel jacks

98

OC-2500 Plastic optical fibre ST/FSMA, length 0.25 m

99

OC-2502 Plastic optical fibre ST/ST, length 1 m

The multimode fibre has a core diameter of 50 µm and a cladding diameter of 125 µm.
Along with the plastic coating the total diameter is 250 µm. 1000 m of such a fibre
are coiled on a drum.

The single mode fibre has a core diameter of 9 µm and a cladding diameter of 125 µm.
Along with the plastic coating the total diameter is 250 µm. 1000 m of such a fibre are
coiled on a drum and both ends are terminated with ST single mode connectors which
are plugged to single mode ST fibre panel jacks.

The multimode fibre has a core diameter of 50 µm and a cladding diameter of 125 µm.
Along with the plastic coating the total diameter is 250 µm. 1000 m of such a fibre are
coiled on a drum and both ends are terminated with ST connectors which are plugged
to ST fibre panel jacks.

The multimode fibre has a core diameter of 50 µm and a cladding diameter of 125 µm.
Along with the plastic coating the total diameter is 250 µm. 2000 m of such a fibre are
coiled on a drum and both ends are terminated with ST connectors which are plugged
to ST fibre panel jacks.

This plastic optical fibre has a diameter of 1 mm and a length of 25 cm and is terminated on one side with a ST-POF connector and on the other side with a FSMA-POF
connector

This plastic optical fibre has a diameter of 1 mm and a length of 100 cm and is terminated on both sides with a ST-POF connector.

100

OC-2510 Plastic optical fibre ST, length 10 m

101

OC-2520 Plastic optical fibre ST, length 20 m

102

OC-2530 Plastic optical fibre ST, length 30 m

103

OC-2590 ST-POF coupler

104

OC-S010 Set of mirror (ROC flat and 100 mm) for 520 nm operation

This plastic optical fibre has a diameter of 1 mm and a length of 10 m and is terminated on both sides with a ST-POF connector.

This plastic optical fibre has a diameter of 1 mm and a length of 20 m and is terminated on both sides with a ST-POF connector.

This plastic optical fibre has a diameter of 1 mm and a length of 30 m and is terminated on both sides with a ST-POF connector.

The coating of the mirrors is designed for high reflectivity (>99.98%) for 520 nm
to achieve the laser oscillation for this wavelength. The set consists of two mirrors
whereby one has a flat surface and the other a radius of curvature of 100 mm. The
mirror are kept in M16 holder and when not in use the provided plastic caps are
screwed on top for protecting the mirror surface.

Modules & Components

This coupler is used to interconnect two plastic optical fibres having ST connectors.
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OC-S020 Set of mirror ( flat and ROC 100) for 604 nm operation

The coating of the mirrors is designed for high reflectivity (>99.98%) for 604 nm
to achieve the laser oscillation for this wavelength. Furthermore the reflectivity is
designed for high losses above 630 nm and below 550 nm to suppress undesired laser oscillation in this ranges. The set consists of two mirrors whereby one has a flat
surface and the other a radius of curvature of 100 mm. The mirror are kept in M16
holder and when not in use the provided plastic caps are screwed on top for protecting
the mirror surface.

OM - Optical Modules
1

OM-0005 Beam expander lens f=-5mm, 4 axes kinematic mount

2

OM-0010 Adjustable beam splitter

3

OM-0020 Adjustable beam splitter on tee-piece MG65

4

OM-0030 Lithium Niobate Pockels Cell C-1043

5

OM-0040 Beam displacer 5 mm on MG20

6

OM-0060 LDA Beam splitter unit

This frequently needed component is ideal for the fine adjustment of lenses, microscope objectives, diode laser, etc. with respect to the optical axis of the rail set-up.
The displacement area is 5x5 mm and 10x10 degrees respectively. Different mounts
can be attached to the adjustment holder. The component is inserted into the adjustment holder and is kept in position by a spring loaded steel ball in the same way as
for the lens click mounts. Four precise fine pitch screws of repetitious accuracy allow
the translational (X; Y) and azimuthal (υ; φ) adjustment. This module comes with an
insert with a biconcave lens with a focal length of -5 mm.
The adjustable prism mount has a clear hole with a diameter of 25 mm to accommodate
various optical components like plates, prisms and beam splitting cubes. By means of
two fine pitch screws the optical component can be tilted precisely around its perpendicular axis. Furthermore the prism stage can be rotated around the perpendicular axis
of the optical component by means of a set screw at the side. The provided beam splitter
plate has a splitting ratio of 1/1 for radiation at a wavelength of 635 nm.

This unit consists out of two carrier which are fixed in such a way that a T piece is
formed. In the centre of the main axis the adjustable beam splitter is fixed with the
M6 centre screw. A 10 mm polarising beam splitter cube is mounted to 25 mm mount
and inserted into the clear hole of the adjustable prism mount. By means of two fine
pitch screws the beam splitter cube can be tumbled precisely around its perpendicular
axis. Furthermore the prism stage can be rotated around the perpendicular axis of the
optical component by means of a set screw at the side.

The Pockels cell is provided with an rotatable Brewster window. By loosening the
screw with the supplied tools the cap containing the window can be rotated. If a maximum of output power is reached, the screw is fastened again. The Brewster window
is covered by an additional cap which prevents the damage to the window as well as
shielding laser stray light coming from the window. The Pockels cell is connected to
its driver with a special high voltage cable which forms an integral part of the assembly and should not be exchanged

A 45° rhomboid glass prism is used to parallel offset the incoming beam by 5 mm with
respect to the optical axis. It is placed on top of a rod which is mounted on a 20 mm
wide carrier in such a way that the optical axis lies within the centre of the entrance
face of the rhomboidal prism.

Modules & Components

A Laser Doppler Anemometer (LDA) requires two laser beams coming from one
coherent source. This unit splits the incoming beam into two parallel beams by means
of a beam splitter cube and a 90° prism. To ensure that both beams are propagating
in the same horizontal plane and desired direction the beam splitter cube and the
90° prism is mounted on separate precise adjustable kinematic stages. The capstan
adjustment screws are spring loaded by a stack of cup springs for excellent long term
stability. A special tool (CA-0012, 126) is provided for convenient alignment.
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7

OM-0062 LDA Beam Displacer

8

OM-0066 LDA beam focussing unit

9

OM-0070 Dichroitic beam splitter unit on MG65

This unit shifts the beam which is travelling in direction of the optical axis in such a
way that both beams are travelling with the same offset from the centre optical axis.
For this purpose two 90° prisms are used which are mounted on separate precise
adjustable kinematic stages. The capstan adjustment screws are spring loaded by a
stack of cup springs for excellent long term stability. A special tool (CA-0012, 126)
is provided for convenient alignment.

A plano-convex lens with a focal length of 60 mm and a diameter of 40 mm is mounted into a XY adjustment holder. The lens is used to deviate and focus the two beams
of the LDA into one spot where the required interference pattern is created.

The transmitted light from the plastic fibre passes a microscope objective in order
to be focused onto the photo detectors. Inside the cube an adjustable dichroic beam
splitter separates the green and red radiation to the individual photo detector where
the light signal is converted to electrical signals. The photo detectors are connected
via BNC cables to the receiver section (DC-0030 Dual channel LED transmitter,
121). The mounting cube is screwed to a 65 mm wide carrier MG65.

10

OM-0200 Set of 4 optical filter

11

OM-0310 Dichroic mirror on rotary table

12

OM-0320 Front face mirror on rotary table

13

OM-0330 Glass plate on rotary table

This set of filters consists of three coloured Plexiglas filter with a size of 50x50 mm
with a thickness of 3 mm and one laser line in a C25 mount with a free opening of 11
mm. The coloured filter are as follows:
1.
Long pass filter red
2.
Band pass filter green
3.
Short pass filter blue
4.
Narrow band filter 532 nm

A dichroic mirror HR 530 nm and HT 630 nm is used as test mirror for the “Reflection
and Transmission” experiment. It is cemented to a rotary stage with a 25 mm stud
which fits into the goniometer “MM-0300 Carrier with 360° rotary arm “ (95).

An uncoated glass plate is used as test object for the “Reflection and Transmission”
experiment. It is cemented to a rotary stage with a 25 mm stud which fits into the
goniometer “MM-0300 Carrier with 360° rotary arm “ (95).

Modules & Components

A silver coated front face mirror is used as test mirror for the “Reflection and
Transmission” experiment. It is cemented to a rotary stage with a 25 mm stud which
fits into the goniometer “MM-0300 Carrier with 360° rotary arm “ (95).
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14

OM-0340 Transmission grating on rotary table

15

OM-0400 Rotary Polariser / Analyser 360° on Carrier 20 mm

16

OM-0410 Rotary quarter wave plate on carrier

17

OM-0450 Fresnel mirror assembly

18

OM-0460 Refraction prism assembly

19

OM-0462 Deflection mirror unit, left

A transmission grating with 600 line per mm is used as spectral analyser for the
“Reflection and Transmission” experiment. It is set into the slot of a rotary stage with
a 25 mm stud which fits into the goniometer “MM-0300 Carrier with 360° rotary
arm “ (95).

The polarisation analyser or polarizer has a horizontal rotary stage with a 25 mm
through hole bore and 360 degree scale with tick marks for each 5 degrees. It is attached to a 20 mm wide carrier. A film sheet polarizer is inserted into a C25 mount
which is set into the rotary stage and is kept with three M3 grub screws in position.
The module comes with aligned polarisation direction with 0 degree for vertical polarisation.

The polarisation analyser or polarizer has a horizontal rotary stage with a 25 mm
through hole bore and 360 degree scale with tick marks for each 5 degrees. It is attached to a 20 mm wide carrier. A quarter wave plate is inserted into a C25 mount
which is set into the rotary stage and is kept with three M3 grub screws in position.
The module comes with aligned position of the optical axis at 0 degree.

Two silver coated front face mirrors are arranged side by side so that they can simultaneously illuminated by an expanded laser beam. Each mirrors is mounted to a
kinematic adjustment holders allowing the horizontal and vertical tilt. The mirrors
are aligned with a small inclination to each other creating a partial phase shift inside
the illuminating beam.

The central part of an Abbe refractometer is the refracting prism. In this module a 90°
prism is attached on top of a base block. From left below the light enters the prism
block. Inside the 25 mm housing a lens is located to focus the incoming light to the
surface of the prism. The reflected part of the beam leaves right below the prism block
and another lens collimates the beam to an almost parallel beam. The entire unit is
attached to a 65 mm wide carrier MG65

A from left incoming beam is deflected by a silver coated mirror by 90 degrees down.
Subsequently it hits another silver coated mirror which deflects the light under 45
degrees upwards. The entire unit is attached to a 30 mm wide carrier M65.

Modules & Components
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OM-0464 Deflection mirror unit, right

21

OM-0510 Diode laser head in twofold rotary mount

22

OM-0520 Pulsed diode laser head in twofold rotary mount

23

OM-0540 Diode laser module 980 nm, ST fibre connector

24

OM-0550 Diode laser module 1550 nm, ST fibre connector

25

OM-0560 HeNe laser tube with XY and wobble alignment

A from left incoming beam under 45 degrees is deflected by a silver coated mirror
by 90 degrees up. Subsequently it hits another silver coated mirror which deflects the
light horizontal. The entire unit is attached to a 30 mm wide carrier M65.

A diode laser is integrated into a 25 mm housing with cooling fins. A Peltier element
and an NTC temperature sensor are used to measure and control the temperature of
the laser diode with an accuracy of ±0.1 °C. The diode laser is connected via a 15 pin
SubD HD connector to the controller “DC-0040 Diode laser controller MK1“ (121).
Inside the connector an EPROM contains the data of the laser diode and when connected to the controller, these data are read and displayed by the controller. The laser
head is inserted into a rotary stage which is attached to another rotary stage so that
the laser head can be rotated around its horizontal and vertical axis.

A pulsed laser diode is integrated into a 25 mm housing with cooling fins. A NTC
temperature sensor is used to measure the temperature of the laser diode. The diode
laser is connected via a 15 pin SubD HD connector to the controller “DC-0050 Pulsed
laser diode controller MK1” (121). Inside the connector an EPROM contains the
data of the laser diode and when connected to the controller, these data are read and
displayed by the controller. The controller provides the necessary voltage to load the
ignition condenser inside the laser head and the discharge pulse to release the laser
pulse. The emission wavelength is 905 nm with a repetition rate of 2 kHz and an
adjustable pulse width of 50 to 150 ns and a output energy of 4 µJ. The laser head is
inserted into a rotary stage which is attached to another rotary stage so that the laser
head can be rotated around its horizontal and vertical axis.
A laser diode is housed into a so called butterfly package. Inside the package the laser
diode is connected to a single mode optical fibre which is terminated with a single
mode ST fibre connector. Furthermore the laser diode is attached to a Peltier cooler
and a NTC temperature sensor to measure and control the temperature of the laser
diode. The fibre is plugged to an ST panel mount fibre jack of the module. The output
power is 250 mW as single mode radiation at a wavelength of 980 nm.
The diode laser is connected via a 15 pin SubD HD connector to the controller “DC0040 Diode laser controller MK1” (121). Inside the connector an EPROM contains
the data of the laser diode and when connected to the controller, these data are read
and displayed by the controller.

The laser tube is mounted into two XY adjustment holders. The tube can be aligned
parallel to the X and Y direction as well as slightly tumbled along its axis. This is
necessary to align the capillary with respect to the optical axis of the laser cavity.
A metal shield carries on its rear the required ballast resistor for a stable high voltage
discharge. Both the anode and cathode are insulated so that no electrical hazard is
possible. The Brewster windows are protected by soft silicon caps when the tube is
not in operation.

Modules & Components

A laser diode is housed into a so called butterfly package. Inside the package the laser
diode is connected to a single mode optical fibre which is terminated with a single
mode ST fibre connector. The fibre is plugged to an ST panel mount fibre jack of the
module. The output power is 250 mW as single mode radiation at a wavelength of
1550 nm.
The diode laser is connected via a 15 pin SubD HD connector to the controller “DC0040 Diode laser controller MK1” (121). Inside the connector an EPROM contains
the data of the laser diode and when connected to the controller, these data are read
and displayed by the controller.
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26

OM-0570 Littrow Prism Tuner

27

OM-0580 Birefringent Tuner

28

OM-0590 Single Mode Etalon with kinematic mount

29

OM-0596 Transverse Mode Enhancer

30

OM-0620 Collimating optics on carrier MG20

A way to select different lines of a laser is to use a Littrow prism. The Littrow prism is
made from fused silica which is the required substrate for IBS coating. The spectral
range of the IBS coating covers 580..720 nm with a reflectivity >99.98 %. The prism
is mounted into a precise adjustment holder where it can be smoothly tilted in vertical
or horizontal direction.

The double refractive or birefringent plate is mounted in a dual rotational stage. For
the intra-cavity operation the birefringent plate needs to be aligned in such a way that
the laser beam hits the plate under the Brewster angle to minimize the reflection losses. This can be accomplished by turning the rotary plate. In addition the birefringent
plate can be rotated around its optical axis by tilting the lever. By rotating the plate
its optical retardation δ is changed. If the retardation δ of two passes is a multiple
integer of the wavelength λ the polarisation remains unchanged. In all other cases the
polarisation is changed and will cause losses at the Brewster window.

To force the laser to operate in only one longitudinal mode a so called etalon is used.
It consists of a quartz cylinder with its end faces precisely ground parallel within a
few arc seconds. The length is designed so that the convolution of its free spectral
range with the HeNe cavity favours only one mode. The etalon is mounted into a
holder which is inserted into the adjustment holder. A provided hexagon key is used
to fix the etalon mount. Two precise fine pitch screws allow the sensitive tilt of the
etalon which is required to tune it inside the cavity to different orders of the etalon.

This module uses a very thin wire (< 50 µm) which can be adjusted in 5 degrees of
freedom. The translation XY, azimuthal tilting and rotation around its axis. Applied
inside a cavity, it will force the electrical field of the laser radiation to zero due to its
electrical conductivity. In this way the laser can be forced to oscillate on transverse
modes.

Modules & Components

A high precision aspheric glass lens is mounted into a click holder (C25) which is
inserted into the XY adjuster. By means of two fine pitch screws the collimator can
be adjusted accordingly. The glass lens has a focal length of 4.6 mm, the numerical
aperture is 0.53 and the clear opening is 4,9 mm. In addition the lens has a anti reflex
coating in a range of 700 .. 900 nm with a residual reflection < 0:5 %.
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31

OM-0622 Focussing optics, f=60 mm on carrier MG20

32

OM-0624 Nd:YAG rod in 2 axes kinematic mount

33

OM-0640 SiPIN photodetector on carrier MG20

34

OM-0650 KTP crystal SHG 532 nm, 5 axes mount on carrier MG20

35

OM-0660 Cr:YAG passive q-switch, 5 axis mount on MG20

36

OM-0670 Pr:YLF crystal in 5 axis mount on MG20

To obtain a very high intensity of the incident light the beam is focused by using a
biconvex lens with a focal length of 60 mm. The lens is mounted into a so called
click mount (C25) with a mounting diameter of 25 mm. The mount is clicked into
the mounting plate where three spring loaded steel balls keep the lens precisely in
position.

The adjustment holder comprises two high precision fine pitch screws. The upper
screw is used to tilt the moveable plate vertically and the lower one to tilt it horizontally. The mounting plate provides a M16 mount into which the laser mirrors holder
are screwed. The mirror is pressed against a mechanical reference plane inside the
M16 mount in such a way that the mirror is always aligned perfectly when removed
and screwed in again. The adjustment holder is mounted to the carrier that a “left”
operating mode is achieved and thus forming the left mirror holder of the laser cavity
including the Nd:YAG rod as active material. Due to the symmetry of the adjustment
holder it can also be changed to the “right” mode if required. The Nd:YAG rod is
coated on one side for HR 1064 nm, HT for 808 nm and has on the other side a anti
reflex coating for 1064 nm.

A Si PIN photodiode is integrated into a 25 mm housing (C25) with two click grooves
(PD). A BNC cable and connector is attached to connect the module to the photodetector signal box ZB1. The photodetector is placed into the mounting plate where it is
kept in position by three spring loaded steel balls.

For the frequency doubling or second harmonic generation a KTP crystal will be
used. The KTP (Potassium titanyl phosphate KTiOPO4)has a size of 3x3x6 mm and
is mounted into a disk with 3 mm thickness and gently clamped. The disk holding the
crystal is set into the mount where it is fixed by a threaded ring. The crystal mount is
inserted into the adjustment holder. It is kept in position by a spring loaded steel ball
in the same way as for the lens click mounts. Four precise fine pitch screws of repetitious accuracy allow the translational and azimuthal adjustment. The crystal mount
can be rotated free of play around its axis. This is important to rotate the crystal with
respect to the polarisation of the fundamental laser radiation. The end faces of the
crystal are polished better λ/10 and are coated with a high bandwidth anti reflection
coating of with a residual reflectivity R of 0.1%.

A Praseodymium doped Yttrium Lithium Fluoride crystal with a diameter of 5 mm
and a length of 6 mm is mounted into a disk with 3 mm thickness and gently clamped.
The disk holding the crystal is set into the mount where it is fixed by using the threaded retaining ring. The crystal mount is inserted into the five axes adjustment holder.
It is kept in position by a spring loaded steel ball in the same way as for the lens click
mounts.
Four precise fine pitch screws of repetitious accuracy allowing the translative (X,Y)
and azimuthal (υ,φ) adjustment.
The crystal mount can be rotated free of play around its axis. This is important to
rotate the crystal with respect to the polarisation of the pump laser radiation.
The Pr dopant level is 0.7% and the crystal is cut along its c axis termed also as c-cut
orientation. The end faces of the crystal are polished better λ/10 and are coated with
a high bandwidth anti reflection coating of 440 .. 740 nm with a residual reflectivity
R of <0,1%.

Modules & Components

The Chromium YAG crystal has a diameter of 5 mm and a thickness of 1 mm. It is
mounted with two disks into the crystal mount (CM) a threaded retaining ring (R)
keeps the crystal and the two disks in position. The crystal mount (CM) is inserted
into the ve axes adjustment holder (AH). It is kept in position by a spring loaded steel
ball in the same way as for the lens click mounts. Four precise fine pitch screws of
repetitious accuracy allow the translational and azimuthal adjustment.
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OM-0674 LBO crystal SHG 640 nm in 5 axis mount om MG20

38

OM-0680 Nd:YAG rod in 5 axes mount on carrier 20

39

OM-0700 Gyroscope turntable

40

OM-0720 Alignment laser 532 nm with power supply

41

OM-0780 Dual beat frequency detector

42

OM-0820 Gas cuvette assembly

For the frequency doubling or second harmonic generation 640 → 320 nm a LBO
crystal will be used. A 3x3 mm and 6 mm long LBO crystal is mounted into a disk
with 3 mm thickness and gently clamped. The disk holding the crystal is set into the
mount where it is fixed by using the threaded retaining ring. The crystal mount is
inserted into the five axes adjustment holder. It is kept in position by a spring loaded
steel ball in the same way as for the lens click mounts. Four precise fine pitch screws
of repetitious accuracy allowing the translative (X,Y) and azimuthal (υ,φ) adjustment.
The crystal mount can be rotated free of play around its axis. This is important to
rotate the crystal with respect to the polarisation of the fundamental laser radiation.
The Pr dopant level is 0.7% and the crystal is cut along its c axis termed also as c-cut
orientation. The end faces of the crystal are polished better λ/10 and are coated with
a high bandwidth anti reflection coating of 440 .. 740 nm with a residual reflectivity
R of <0,1%.
For the setup of a concentric Nd:YAG laser a Nd:YAG crystal has a size of 3x3x6 mm
and is mounted into a disk with 3 mm thickness and gently clamped. The disk holding the crystal is set into the mount where it is fixed by a threaded ring. The crystal
mount is inserted into the adjustment holder. It is kept in position by a spring loaded
steel ball in the same way as for the lens click mounts. Four precise fine pitch screws
of repetitious accuracy allow the translational and azimuthal adjustment. The crystal
mount can be rotated free of play around its axis. This is important to rotate the crystal with respect to the polarisation of the pump laser radiation. The end faces of the
crystal are polished better λ/10 and are coated with a high bandwidth anti reflection
coating of with a residual reflectivity R of 0.1% for 1064 nm.

The HeNe ring laser formed by the three laser mirror and a single mode etalon is setup on a rigid construction consisting of a solid base with a motor driven turn table.
The HeNe-laser tube has a length of app. 400 mm with Brewster windows. The tube
is mounted with soft rubber rings in two X-Y adjustment holder allowing the adjustment of the capillary with respect to the ring laser axis. The required alignment laser
as well as the dual beat frequency detector module are attached by M4 screws to the
turn table.
This module is designed as an attachment to OM-0700 Gyroscope turn table and
provides a green emitting DPSSL which is mounted into a 4 axes kinematic mount. It
is used for the initial alignment of the HeNe tube as well the three ring laser mirror of
the laser gyroscope. Four precise fine pitch screws of repetitious accuracy allowing
the translative (X,Y) and azimuthal (υ,φ) adjustment. The alignment laser is powered
by 5V USB wall plug power supply.

To measure the beat frequency it is required that the clockwise (cw) and counter
clockwise (ccw) modes are travelling collinear in one direction. For this purpose
the ccw modes is deflected via a half-wave plate into a polarizing beam splitter cube
where its is deflected by 90 degrees and travels from thereon in the same direction as
the cw mode. The two modes are passing on its way to the photodetectors a quarterwave plate which converts the polarisation state from linear into circular polarisation.
Both modes are split by a neutral beam splitter cube into two channels. In front of
each of the attached photodetectors a polarizer is placed, whereby one is turned by
45° to the other one to obtain a 90° phase shift. This enables to determine the rotation direction of the laser gyroscope by applying the electronic quadrature detection.

A 25 mm housing with a length of 200 mm is vacuum proof sealed by two optical
glass windows. The cuvette is held by two mounting plates on 20 mm wide carrier
MG20. The cuvette has two hose connections which are connected to the “DC-0110
Vacuum Controller “ (123).

Modules & Components
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OM-0840 Fringe detection unit on MG100

44

OM-0910 Single Mode HeNe laser with Zeeman magnet

The interfering beams of an interferometer are passing a quarter wave plate to convert the orthogonally polarised light into circular polarisation and distributed on two
channels at the neutral beam splitting cube . One polarising beam splitting cube generates a sine and a 180° phase shifted signal which are detected by the respective photo
detectors. The other polarising beam splitter cube is rotated by 45° and generates the
corresponding cosine signals to obtain a 90° phase to obtain a 90° phase shift. This
enables to determine the travel direction of the moving triple reflector by applying
the electronic quadrature detection. The unit is mounted onto a 65 mm wide carrier
MG65 and a removable Plexiglas cover protects the optics against dust.
Due to safety reasons with respect to the high voltage supply of the HeNe Laser tube,
the anode section is enclosed by an acrylic box. The length of the tube is designed in
such a way that the laser can only emit one longitudinal mode. To change the length
of the resonator for stabilisation purposes a bifilar arranged heater coil is applied
to the tube. Beneath the tube a linear array of strong magnets is located to create a
longitudinal magnetic field. Under the influence of this field the atomic states are split
according to the longitudinal Zeeman effect. The main laser intensity comes out of
the mirror at the cathode side (right) whereby a laser power leakage on the mirror on
the anode side (left) is used for the beat frequency detection.

45

OM-0920 POF Y coupler in C25

46

OM-0950 MO coupling optics, 4 axes kinematic mount

47

OM-1000 Bar code scanner

48

OM-1010 Configuration bar code symbol cards

49

OM-1020 Bar code sample cards

50

OM-1030 Set of beam blocker cards

51

OM-2100 Audio & Video upto fibre transmitter

A plastic optical Y coupler is housed inside a C25 housing. The coupler is used to
merge the beams of two plastic fibre coupled LEDs into one fibre. The two input connectors are of FSMA type, whereby the output is of ST-POF type.
A 20x microscope objective is attached to the 4 axes kinematic mount. Four precise
fine pitch screws of repetitious accuracy allowing the translative (X,Y) and azimuthal
(υ,φ) adjustment.

A commercial bar code scanner as they are in use at the cash desks in super markets
is modified to get the access to the relevant optical signals as the photodetector raw
analogue signal and the binary signal built from the analogue signal. Both signals are
available via two BNC panel jacks at the rear of the scanner. The data are transferred
via a USB cable to a connected computer like a note pad for instance. Control and
configuration commands are send to the controller of the scanner by reading special
bar code symbol cards.

A selection of necessary configuration barcode symbol cards is provided to enable
desired code recognition or other initial settings.

The scanner emits a series of scan lines to enable the 3D reading of barcodes. Each
scan line creates an optical signal which makes it difficult to identify and interpret
the resulting electronic signal. There fore the number of scan lines is reduced to just
on line by placing beam blocker cards in front of the scanner mirror except one.
The OM-2100 transmits composite video and two independent audio channels over
one multimode or single mode fibre. The modulated laser signal is available at an ST
fibre panel jack. Operating Wavelength is 1310 nm and the optical power is sufficient
for a maximum transmission length of 5 km with a 50 µm multimode fibre. When
using a single mode fibre the distance can be extended to 40 km.

Modules & Components

A set of bar code sample with simple coded words is used to compare and identify the
related analogue scanner signal.
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OM-2200 Audio & Video from fibre receiver

53

OM-3010 Iodine cell on carrier

54

OM-L445 Diode laser module 445 nm, 1 W

The OM-2200 receives composite video and two independent audio channels over
one multimode or single mode fibre. The optical fibre carrying the modulated laser
signal is connected to an ST fibre panel jack. The video signal is available at the BNC
panel jack and the audio stereo channel at attached cynch connectors.

The glass cell has a length of 200 mm and has a Brewster window at each side. It is
baked out at a high temperature and natural Iodine is distilled into the evacuated cell
and subsequently sealed. The cell is kept with soft rubber rings inside the two C25
mounts which are placed into two mounting plates. A Plexiglas cover protects the
valuable cell against damage.
For the efficient optical excitation of the Praseodymium doped YLF crystal a pump
wavelength of 444 nm at its full power is required. The pump laser diode is mounted
onto a Peltier element to control the operating temperature in a range of 10 .. 50 °C.
The output power is 1 Watt at a wavelength of 444 nm. A particularity of the blue
diode lasers is that its wavelength strongly depends beside the temperature with 0.05
nm/°C also strongly on the injection current with 3.3 nm/A. This device can emit
highly concentrated visible light which can be hazardous to the human eye. The operators of the diode laser module have to follow the safety precautions found in IEC
60825-1 “Safety of laser products Part 1: Equipment classification, requirements and
user’s guide” when connected to the controller.
The diode laser is connected via a 15 pin SubD HD connector to the controller MK1.
Inside the connector an EPROM contains the data of the laser diode and when connected to the controller, these data are read and displayed by the controller.

DANGER
LASER RADIATION
AVOID DIRCET EXPOSURE

TO BEAM
DIODELASER
PEAK POWER 1 W

WAVELENGTH 445 nm
CLASS IV LASER PRODUCT
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Laser Radiation

power max. 1 W 445 nm
Avoid eye or skin exposure to
direct or scattered radiation
class 4 laser product

OM-L500 Diode laser module 808 nm on C20

For the efficient optical excitation of the Nd doped YAF crystal a pump wavelength of
808 nm at its full power is required. The pump laser diode is mounted onto a Peltier
element to control the operating temperature in a range of 10 .. 50 °C. The output
power is 1 Watt at a wavelength of 808 nm. A particularity of the 808 nm diode lasers
is that its wavelength strongly depends beside the temperature with 0.25 nm/°C also
on the injection current with 0.05 nm/A. This device can emit highly concentrated
invisible light which can be hazardous to the human eye. The operators of the diode
laser module have to follow the safety precautions found in IEC 60825-1 “Safety of
laser products Part 1: Equipment classification, requirements and user’s guide” when
connected to the controller.
The diode laser is connected via a 15 pin SubD HD connector to the controller MK1.
Inside the connector an EPROM contains the data of the laser diode and when connected to the controller, these data are read and displayed by the controller.

DANGER
INVISIBLE LASER RADIATION
AVOID DIRCET EXPOSURE

TO BEAM
DIODELASER
PEAK POWER 1 W

WAVELENGTH 808 nm
CLASS IV LASER PRODUCT

LQ - Light Sources

Modules & Components

1

LQ-0020 Green (532 nm) DPSSL in ø25 housing

2

LQ-0030 Green (532) pilot laser with USB power supply

A green (532 nm ) emitting DPSSL is integrated into a C25 housing and is operated
with the “DC-0020 LED and Photodiode Controller” (121). The output power is <
5 mW. The diode laser is connected via a 15 pin SubD HD connector to the controller MK1. Inside the connector an EEPROM contains the data of the laser diode and
when connected to the controller, these data are read and displayed by the controller.

A green (532 nm ) emitting DPSSL is integrated into a C25 housing and is operated
by a 5 V wall plug power supply which is connected via a USB and 1.3 mm connector.
The output power is < 5 mW.

Invisble Laser Radiation
power max. 1 W 808 nm
Avoid eye or skin exposure to
direct or scattered radiation
class 4 laser product
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3

LQ-0040 Green (532 nm) stabilized Laser, 40 mW

4

LQ-0060 Red (635 nm) diode laser in ø 25 housing

5

LQ-0100 Neon spectral lamp

6

LQ-0200 White LED in ø 25 Housing

7

LQ-0210 Red LED in ø 25 housing

8

LQ-0212 Red LED in C25 with fibre jack

9

LQ-0214 Dark Red LED in ø 25 housing

A laser diode emitting 3 mW is mounted into a housing (C25) with 25 mm diameter.
The two grooves are provided for a defined position inside a mounting plate (C25).
The adjustable collimator can be removed if not required. The laser diode is powered
by connecting it via the 1.3 mm jack at the rear to the provided 5 V power supply
including the 1.3 mm to USB cable.

This small but very effective module contains a Neon lamp which is operated at 230
VAC with a few Nanoamperes only. It is contained in a C25 housing with a SM fibre
connector to allow the direct connection to a fibre coupled spectrometer. The Neon
lamps emits the well known atomic lines and thus serves as a calibration source. An
adapter is provided to connect the lamp to the mains line.

A high power white light LED with an emission surface of less 2 millimetre is contained into in a C25 housing. The LED is located closely to the front which has an
opening of 2 mm. Furthermore a current stabilizer is integrated as well into the housing. At the rear of the housing a 1.3 mm jack is located for the power supply. For the
operation a 5V power supply as well as a 1.3 mm to USB connection cable is provided.
However the LED can be operated also from other sources from 3.5 V to 16 V DC.

A high power red (635 nm peak) light LED with an emission surface of less 2 millimetre is contained into in a C25 housing. The LED is located closely to the front
which has an opening of 2 mm. Furthermore a current stabilizer is integrated as well
into the housing. At the rear of the housing a 1.3 mm jack is located for the power
supply. For the operation a 5V power supply as well as a 1.3 mm to USB connection
cable is provided. However the LED can be operated also from other sources from
3.5 V to 16 V DC.

A high power red (635 nm peak) light LED with an emission surface of less 2 millimetre is contained into in a C25 housing. The LED is located closely to the front
which has a fibre ST. For the operation the DC-0030 Dual channel LED transmitter is
provided. However the LED can be operated also from other sources via the 2.1 mm
connector, not exceeding the maximum current of 700 mA.

A high power dark red (670 nm peak) light LED with an emission surface of less 2
millimetre is contained into in a C25 housing. The LED is located closely to the front
which has an opening of 2 mm. Furthermore a current stabilizer is integrated as well
into the housing. At the rear of the housing a 1.3 mm jack is located for the power
supply. For the operation a 5V power supply as well as a 1.3 mm to USB connection
cable is provided. However the LED can be operated also from other sources from
3.5 V to 16 V DC.

LQ-0220 Green LED in ø C25 housing

A high power green (525 nm peak) light LED with an emission surface of less 2 millimetre is contained into in a C25 housing. The LED is located closely to the front
which has an opening of 2 mm. Furthermore a current stabilizer is integrated as well
into the housing. At the rear of the housing a 1.3 mm jack is located for the power
supply. For the operation a 5V power supply as well as a 1.3 mm to USB connection
cable is provided. However the LED can be operated also from other sources from
3.5 V to 16 V DC.

Modules & Components

10

In connection with the controller MK1-HP this laser module emits maximum 40 mW
tunable 532 nm radiation in single mode with a frequency stability of ±45 MHz. The
green emitting DPSSL is mounted between two Peltier elements and the laser head is
mounted into a 4 axes adjustment holder. Four precise fine pitch screws of repetitious
accuracy allow the translational and azimuthal adjustment. The laser is connected
to the controller with the 15 pin SubD HD connector which contains an EEPROM
where the parameters of the laser are stored. The controller reads the data and sets
the critical values accordingly.
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11

LQ-0222 Green LED in C25 with fibre jack

12

LQ-0230 Blue LED in ø 25 housing

13

LQ-0250 NIR LED in ø 25 housing

14

LQ-0300 Two mode HeNe laser Ø30 housing, 632 nm

15

LQ-0350 Pulsed diode laser in housing

16

LQ-0410 Energy saving lamp GU10, 9W/230V

17

LQ-0440 Tungsten filament white light source

18

LQ-0450 Tungsten lamp, GU10, 10 W/230V

A high power green (525 nm peak) light LED with an emission surface of less 2 millimetre is contained into in a C25 housing. The LED is located closely to the front
which has a fibre ST. For the operation the DC-0030 Dual channel LED transmitter is
provided. However the LED can be operated also from other sources via the 2.1 mm
connector, not exceeding the maximum current of 700 mA.

A high power blue (470 nm peak) light LED with an emission surface of less 2 millimetre is contained into in a C25 housing. The LED is located closely to the front
which has an opening of 2 mm. Furthermore a current stabilizer is integrated as well
into the housing. At the rear of the housing a 1.3 mm jack for the power supply is
located. For the operation a 5V power supply as well as a 1.3 mm to USB connection
cable is provided. However the LED can be operated also from other sources from
3.5 V to 16 V DC.

A high power near infrared (850 nm peak) light LED with an emission surface of less
2 millimetre is contained into in a C25 housing. The LED is located closely to the
front which has an opening of 2 mm. Furthermore a current stabilizer is integrated as
well into the housing. At the rear of the housing a 1.3 mm jack for the power supply is
located. For the operation a 5V power supply as well as a 1.3 mm to USB connection
cable is provided. However the LED can be operated also from other sources from
3.5 V to 16 V DC.

A helium Neon tube with a length of 18 cm is integrated into a black anodized aluminium housing with a diameter of mm. Click grooves are applied to accommodate
the tube in a C30 mounting plate or in two XY adjustment mounts (MM-0470 97).
The laser beam is precisely centred to the mechanical axis of the tube. The laser emits
an output power of 1.5 mW at a wavelength of 632 nm and two orthogonal modes with
a mode spacing of 900 MHz. For the operation of the tube the power supply DC-0062
(122) is required.

This diode laser emits pulsed radiation only when it is connected to the controller
DC-0050 (121). The controller provides the necessary voltage to load the ignition
condenser inside the laser head and the discharge pulse to release the laser pulse. The
emission wavelength is 905 nm with a repetition rate of 2 kHz and an adjustable pulse
width of 50 to 150 ns and a output energy of 4 µJ.

The energy saving lamp has a GU10 socket and fits into the socket which is attached
to a MG65 carrier. The electrical power is 9W at 230 VAC. The lamp is connected to
the mains via a cable with an in line switch. The lamp emits radiation with a colour
temperature of 6500 K.

A tungsten filament lamp is mounted into a 25 mm housing. The bulb has a diameter
of 2.5 mm and fits into on side of a FSMA fibre jack. The lamp is connected via 6
wires to the controller (DC-0270 Filament and LED lamp controller, 124). Two are
used to power the lamp, two are used to measure the voltage at the lamp and two are
used to measure the cold temperature of the lamp with a precise NTC resistor.

Modules & Components

The tungsten lamp has a GU10 socket and fits into the socket which is attached to a
MG65 carrier. The electrical power is 10W at 230 VAC. The lamp is connected to the
mains via a cable with an in line switch.
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DC - Devices and Controller
1

DC-0010 Diode laser controller MK1-HP

2

DC-0020 LED and Photodiode Controller

3

DC-0030 Dual channel LED transmitter and receiver

4

DC-0040 Diode laser controller MK1

5

DC-0050 Pulsed laser diode controller MK1

The diode laser module is connected via the 15 pin HD SubD jacket at the rear of the
controller. The controller reads the EEPROM of the laser diode and sets the required
parameter accordingly. The MK1 is powered by an external 12V/ 1.5 A wall plug supply. A USB bus allows the connection to a computer for remote control. Furthermore
firmware updates can be applied simply by using the same USB bus. The central settings knob rotates a precision optical encoder to set the temperature, injection current
and modulation frequency. Pushing the knob down shuts the laser immediately OFF.
The MK1 provides an internal modulator which allows the periodic switch on and off
of the diode laser. A buffered synchronisation signal is available via the BNC jacket
(MOD). The controller is equipped with a touch panel display and industrial highly
integrated circuits for the bipolar Peltier cooler as well as for the injection current
and modulation control of the attached laser diode. The injection current is stabilized
within ± 1 mA and the diode laser temperature within ±0.01 °C.

This microprocessor operated device contains an LED current controller and a photodiode amplifier. A touch panel display allows in conjunction with the digital knob
the selection and setting of the parameter for the attached LED or photodiode. The
controller reads the parameter of the connected LED from the EEPROM located inside the LED connector. The device comes with a 230 VAC / 12 VDC wall plug power
supply. Via the USB bus the device can be controlled and data read by an external
computer.

This microprocessor operated device contains a dual LED current controller and a
dual photodiode amplifier. A touch panel display allows in conjunction with the digital knob the selection and setting of the parameter for the attached LED or photodiode.
Two internal modulators are used to modulate the current of each LED. The two
channel photodiode amplifiers are converting the photocurrent of the connected photodiode into a voltage. The gain of the amplifier can be selected and the photo voltage
is displayed on the touch panel display.

The pulsed diode laser module is connected via the 15 pin HD SubD jacket at the
rear of the controller. The controller reads the EEPROM of the laser diode and sets
the required parameter accordingly. The MK1 is powered by an external 12V/ 1.5 A
wall plug supply. A USB bus allows the connection to a computer for remote control.
Furthermore firmware updates can be applied simply by using the same USB bus.
The central settings knob rotates a precision optical encoder to set the temperature,
injection current and modulation frequency. Pushing the knob down shuts the laser
immediately OFF.
The MK1 provides an internal modulator which allows the periodic switch on and off
of the diode laser. A buffered synchronisation signal is available via the BNC jacket
at the rear. The controller is equipped with a touch panel display and in conjunction
with the digital knob the parameter like load voltage, pulse width and repetition rate
are selected and set.

Modules & Components

The diode laser module is connected via the 15 pin HD SubD jacket at the rear of the
controller. The controller reads the EEPROM of the laser diode and sets the required
parameter accordingly. The MK1 is powered by an external 12V/ 1.5 A wall plug supply. A USB bus allows the connection to a computer for remote control. Furthermore
firmware updates can be applied simply by using the same USB bus. The central settings knob rotates a precision optical encoder to set the temperature, injection current
and modulation frequency. Pushing the knob down shuts the laser immediately OFF.
The MK1 provides an internal modulator which allows the periodic switch on and off
of the diode laser. A buffered synchronisation signal is available via the BNC jacket
at the rear. The controller is equipped with a touch panel display and industrial highly
integrated circuits for the bipolar Peltier cooler as well as for the injection current
and modulation control of the attached laser diode. The injection current is stabilized
within ± 1 mA and the diode laser temperature within ±0.1 °C.
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6

DC-0060 High voltage supply 4.0 - 7 mA adjustable

7

DC-0062 High voltage supply 5 mA

8

DC-0064 High voltage supply 6.5 mA

9

DC-0070 Piezo controller 0-150V

A novel and safe combination of high voltage and micro processor control form the
high voltage controller. The HeNe laser tube is connected via a special high voltage
BNC connector to rear of the controller. The precision 5 turn potentiometer sets the
discharge current in a range from 4.5 to 7 mA.
When the external 12 V is applied the controller starts while displaying the start
screen. This will take approximately 3.5 seconds. After that the user is requested to
authorize himself by entering the 4 digit pin code.

This device is used to operate a HeNe laser with a fixed discharge current of 5 mA.
The HeNe laser is connected to the high voltage BNC jack. A safety key switch prevents the unauthorised operation. The device comes with a 230 VAC / 12 VDC wall
plug power supply.

This device is used to operate a HeNe laser with a fixed discharge current of 6.5 mA.
The HeNe laser is connected to the high voltage BNC jack. A safety key switch prevents the unauthorised operation. The device comes with a 230 VAC / 12 VDC wall
plug power supply.

All voltages necessary for the supply of the Piezo-crystal and all monitor signals are
generated by this controller. In addition it contains a photodiode amplifier. The output
voltage can be adjusted from 10 to 150 V and the frequency of the integrated modulator for triangular signals up to 100 Hz. A monitor signal which is proportional to the
selected Piezo-voltage is provided via a BNC panel jack at the rear. The amplification
of the built-in photodiode amplifier can be selected from 1 to 100 in five steps and
the amplifier out put is available at the BNC panel jack at the rear. The controller is
equipped with a touch panel display and in conjunction with the digital knob the
parameter are selected and set.

10

DC-0080 Quad counter & 2 channel photodiode amplifier

11

DC-0090 Laser controller & exposure timer

12

DC-0100 Stepper motor controller

This device serves as 4 channel photodiode preamplifier and as quadrature counter.
The gain, offset and coupling as AC or DC can independently be set each channel
with the touch panel and digital knob. The output of each preamplifier is available via
4 BNC panel jacks at the rear of the device. From the four analogue signals the TTL
quadrature signals are formed and counted by the quadrature counter. The counter
signal is available as TTL signal at two BNC panel jacks at the rear of the device. The
principle of quadrature counting allows to interpolate one count event into 2, 4, 8
or 16 fractions enhancing the interferometer resolution up to λ/8. The controller is
equipped with a touch panel display and in conjunction with the digital knob the parameter like photodetector gain, pulse width and repetition rate are selected and set.

In addition to the functionality of the “DC-0040 Diode laser controller MK1” (121)
an exposition timer is added to this device. It allows to switch the attached laser on
for a limited time with a certain delay. Furthermore the display is darkened during
the exposure time to avoid undesired light which may effect the intended illumination.
The screen remains dark unless the panel screen is touched.

Modules & Components

This device controls two phase stepper motor with a maximum current of 1 A. The
stepper motor is connected via a 15 pin SubD HD connector located at the rear of the
device. The controller is operated by a microprocessor and a touch screen is used to
select the parameter to be changed. A digital knob is used to set the value for the selected parameter. The controller is used for rotation as well as translation stages and
the corresponding user interface is selected at the startup of the device. A USB bus is
provided to control and collect data with external software.
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13

DC-0110 Vacuum Controller

14

DC-0120 Si-PIN Photodetector, BPX61 with connection leads

15

DC-0124 Si-PIN Photodetector with ST jack and connection leads

16

DC-0140 Mini SiPIN photodetector with connection lead

17

DC-0160 InGaAs Photodetector with connection leads

18

DC-0164 InGaAs Photodetector ST with connection leads

19

DC-0170 UV Photodetector with connection leads

20

DC-0200 High sensitivity power sensor, 0.3-11 µm

The controller contains a precise pressure sensor with an operating range of 300 1100 hPa with an accuracy of ±0.1 hPa, a temperature sensor with an accuracy of ±0.1
°C and a humidity sensor with an accuracy of ±1%. The pressure cell is connected via
two flexible hoses to the vacuum controller. One hose is connected to the integrated
vacuum pump and the other one via a valve to the rear of the controller, where either
the surrounding air or another provided gas streams into the cell. The pressure inside
the cell is set by this valve and displayed on the controller. In addition, the temperature and humidity of the air or gas is displayed. The related index of refraction is
calculated by the processor applying Edlen’s formula.

A Si PIN photodiode is integrated into a 25 mm housing with two click grooves. A
BNC cable and connector is attached to connect the module to the photodetector signal box ZB1. The photodetector module is placed into the C25 mounting plate where
it is kept in position by three spring loaded steel balls.

A Si PIN photodiode is integrated into a ST panel jack which is mounted into a 25 mm
housing with two click grooves. A BNC cable and connector is attached to connect
the module to the photodetector signal box ZB1. The photodetector module is placed
into the C25 mounting plate where it is kept in position by three spring loaded steel
balls.

A Si PIN photodiode is integrated into a 12 mm housing. A BNC cable and connector
is attached to connect the module to the photodetector signal box ZB1.

An InGaAs photodiode is integrated into a 25 mm housing with two click grooves. A
BNC cable and connector is attached to connect the module to the photodetector signal box ZB1. The photodetector module is placed into the C25 mounting plate where
it is kept in position by three spring loaded steel balls

An InGaAs photodiode is integrated into a ST panel jack which is mounted into a 25
mm housing with two click grooves. A BNC cable and connector is attached to connect the module to the photodetector signal box ZB1. The photodetector module is
placed into the C25 mounting plate where it is kept in position by three spring loaded
steel balls.

The detector is provided with a wavelength independent (0.3 to 11 µm) thermoelectric
element and is designed for a power range of 500 µW to 2W with a resolution of 50
µW. The round sensitive area has a diameter of 19 mm. The detector is attached to a
20 mm wide carrier MG20 and requires for the operation the “CA-0260 Laser power
meter LabMax-TO “ (129).

Modules & Components

A UV (peak 360 nm) photodiode is integrated into a 25 mm housing with two click
grooves. A BNC cable and connector is attached to connect the module to the photodetector signal box ZB1. The photodetector module is placed into the C25 mounting
plate where it is kept in position by three spring loaded steel balls
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21

DC-0210 InGaAs Photodetector, ultrafast with amplifier 120 MHz

22

DC-0220 Si PIN Photodetector, ultrafast with amplifier

23

DC-0250 Active Si PIN Photodetector

24

DC-0260 Audio fringe detector

25

DC-0270 Filament and LED lamp controller

26

DC-0310 Laser frequency stabilizer

27

DC-0320 US particle generator

A fast InGaAs photodiode is built into a ST fibre panel jack and set into a C25 housing.
To achieve the high speed of 120 MHz the preamplifier is located close to the photodiode inside the C25 housing. For the power supply a junction box is provided which
also has a BNC panel jack for the amplified signal.

A fast InGaAs photodiode is built into a ST fibre panel jack and set into a C25 housing. To achieve the high speed of 400 MHz the preamplifier is located close to the
photodiode inside the C25 housing. For the power supply a junction box is provided
which also has a BNC panel jack for the amplified signal.

This Si PIN is connected via a 15 pin SubD HD connector to its control unit “DC0020 LED and Photodiode Controller “ (121). The EEPROM inside the connector
stores the sensitivity curve and other useful information of the detector which is read
by the microprocessor when connected to it.

This device is an audio amplifier with an input designed for a photodiode which is
connected via a BNC panel jack. Changes of the light intensity falling onto the detector will be converted into an audible sound. Either the built-in speaker or an external
earphone is used to listen to the light intensity changes. This detector is very useful
for white light interferometer to detect the appearance of fringes.

The controller is designed for precise control of the voltage and current of the “LQ0440 Tungsten filament white light source“ (120). The microprocessor evaluates
the temperature of the cold lamp to get the environmental temperature T0 which is
required for the calculation of the filament temperature. The touch screen displays
the current and voltage and the calculate resistor as well as the temperature of the
lamp body. The digital knob is used to set the current of the filament. The controller is
also used to operate LED and sets the touch screen display automatically by reading
the EEPROM information from the attached component.

The main part of the device is a digital PID controller. The controller is equipped with
a touch screen display and in conjunction with the digital knob the PID parameter are
selected and set. The input variable for the PID controller is the beat frequency of the
Zeeman split HeNe laser modes. The goal is to keep this frequency to its minimum.
Thus the input signal is amplified, digitized and the frequency determined by a counter. The output signal of the controller is designed to drive the heater coil of the HeNe
laser. The amplified input signal (beat frequency) is available via a BNC panel jack
at the rear of the device.

Modules & Components

To provide particles which can be detected by an LDA an ultrasonic particle nebuliser
using an ultrasonic crystal in conjunction with a blower is used. In a two step process a
jet of “dry” water particles is generated. The speed of the jet is controlled by an adjustable air blower. The device is filled with distilled and abacterial water. The speed of the
air blower is set via the touch screen and the digital knob. The display informs about
the temperature of the US transducer as well as about the water reservoir level. A push
button on the touch screen is used to switch the US transducer on and off.
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28

DC-0356 Pockels Cell HV Driver DQ21, HV and Trigger Cable

29

DC-0358 Pockels Cell Driver DQ21

30

DC-0380 Photodetector Junction Box ZB1

This Pockels cell driver is used for q-switch operations. The driver DQ21 has the
following properties:
Output voltage:
320..1940 V
Switching time:
11 ns @ 1.500 V and 30 pF cap. load
Delay:
54..1090 µS
Repetition rate:
max. 20 kHz
Trigger input:
TTL, a falling edge switches the high voltage off
An extra cable is provided. One end of the cable has a Lemosa connector for the
connection to the driver DQ21 and the other one provides a BNC connector with a
T-piece to monitor the trigger on an oscilloscope.

This Pockels cell driver is used for polarisation experiments. The driver DQ21 has
the following properties:
Output voltage:
320..1940 V
Switching time:
11 ns @ 1.500 V and 30 pF cap. load
Delay:
54..1090 µS
Repetition rate:
max. 20 kHz
Trigger input:
TTL, a falling edge switches the high voltage off

The signal box contains a resistor network and a replaceable 9V battery and is prepared to accept all kinds of photodiodes provided they are connected to the BNC
input (PDIN) as shown in the schematic of the figure below.
PD
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At the output BNCOUT of the signal box a signal is present which is given by the following equation:

IP =

Um
RL

31

DC-0384 Photodetector junction box with amplifier

32

DC-0800 CCD Camera Controller

This junction box provides in addition to the DC-0380 (see above) an 10 x amplifier.

Modules & Components

This microprocessor controlled device has a large 7 inch touch screen display. It is
designed to control the attached CCD camera DC-0810 (see below) and to display the
captured image. The control parameters for the camera like exposition time and aperture are set via the touch screen. The captured images can be stored on an attached
USB pen drive.
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33

DC-0820 CCD Camera Module

The color CCD camera module is mounted to a 30 mm wide carrier MG30 in such a
way, that the centre of the CCD sensor matches the optical height of the optical bench.
The focus is set manually while observing the result on the display of the DC-0800
camera controller.

CA - Cables and Accessories
1

CA-0005 Allan key SW 0.9

2

CA-0010 Set of test liquids

3

CA-0012 Set of tools for LDA

4

CA-0030 Set of development equipment

5

CA-0034 Set of developer chemicals

Fine hex screwdriver with a wrench size of 0.9 mm

A set of 3 test liquids filled into 15 ml dropping bottles with isopropyl alcohol (IPA),
distilled water and a 60 °Bx (Degrees Brix) sugar solution is provided. Brix is a
definition of the content of the dry matter in a solution. One degree Brix is 1 gram of
sucrose in 100 grams of solution.

For convenient alignment of the capstan screws of the prism stages of the LDA
Experiments. The tool comes with a removable 1 mm steel pin.

The set consists of a balance with an accuracy of 0.1 g, a 500 ml beaker with stirring
staff. A scoop is used to collect the chemicals from the bottles. Three lab dishes and
three film tongs are required for the development process. The ready mixed developer
and bleacher are stored in three wide mouth bottles.

The chemicals provided are good for 4 litres and are coming in sealed bottles.
PART A solution for 4 litres:
Catechol
40
grams
Ascorbic Acid
20
grams
Sodium Sulfite (anhydrous)
20
grams
Urea
200
grams
PART B for 4 litres:
Sodium Carbonate

Modules & Components

PBU-Amidol bleach for 4 litres:
Potassium Persulfate
Citric Acid
Potassium Bromide
Cupric Bromide
Amidol

120

grams

40
40
80
4
4

grams
grams
grams
gram
gram
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6

CA-0036 Sample object for holography

7

CA-0038 Photographic plate VRP-M, 532 nm, 63 x 63 mm

8

CA-0040 Set of 5 transmission gratings

9

CA-0050 Set of tools and connection cable

A white coloured chess figure is set on a pedestal. The height matches the optical
height of the holographic setup.

The fine grain blue and green sensitive photo plates are designed for holograms recording with pulsed and CW laser. The plates have a size of 63 x 63 mm and shall be
unseal and processed in indirect non-actinic light with use of a dark-red light filter
(transmission > 600 nm) or a dark red LED “LQ-0214 Dark Red LED in ø 25 housing“ (119).

This set comes with holographic transmission gratings with 1200, 600, 300, 100 and
80 lines per mm with a size of 50x50 mm.

This set is intended for the bar code reader. A torx screw driver of size T10 is used to
open the scanner to apply the mirror blinds or just to have a look inside of it. A USB
cable is added to the set.

10

CA-0060 Infrared display card 0.8 -1.4 µm

11

CA-0070 NIR Laser viewing card 980 nm and 1.5µm

12

CA-0080 Optics cleaning set

To convert invisible radiation in a wavelength range of 0.8-1.2 µm into visible light
this card is used. Depending on the incident power the visible spot ranges from orange
to white. This card should only be used for non focussed optical beams with less than
500 mw.

The CA-0070 is a credit-card-sized detector card for viewing light in the 790 to 840
nm, 870 to 1070 nm, and 1500 to 1590 nm wavelength ranges. The lower front surface of this durable plastic card is photosensitive and enables the easy location of
near-infrared (NIR) light beams and focal points. As it is not necessary to charge the
active region of the card before use, either CW or pulsed incident light will generate
emission, even when the card is used in a darkened room.

Modules & Components

Sensitive optics, especially used in connection with open frame lasers, the cleaning of
the optics surfaces is a substantial must to remove contaminations of the mirror surfaces. For this purpose soft cleaning tissues wetted with pure acetone are commonly used.
Clamp pliers are provided to hold the folded and wetted pad of the cleaning tissue. A
15 ml dropping bottle filled with “Optics cleaning Liquid” (acetone) is included as well.
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13

CA-0100 Flat panel TV

14

CA-0110 CCD day & night camera block module

15

CA-0120 Tablet PC Windows

16

CA-0130 Colour CCD Camera on tripod

17

CA-0140 DVD player with music DVD

18

CA-0150 USB Video frame grabber

19

CA-0200 Oscilloscope 100 MHz digital, two channel

To monitor video signal a state of the art flat panel TV of minimum 19 inch is used.
The model shown on the right is just an example, it may differ due to the fast development in this area. The monitor comes with integrated speakers, a composite, S video
and audio input.

The CA-0110 incorporates the Super HAD CCD II sensor that offers highly improved
sensitivity and colour reproduction. In addition, the camera can operate with a minimum illumination of 0.25 lx, resulting in a significant improvement in image quality
under limited lighting conditions with a high horizontal resolution of 530 TV lines.
The CA-0110 incorporates a 10x zoom lens. When used in combination with its 12x
digital zoom, the camera achieves a zooming capability of up to 120x. The CA-0110
features a Day/Night capability, which provides optimum sensitivity in both day and
night shooting applications. As the scene illumination darkens, the infrared fi lter is
automatically removed. The camera then switches to B&W mode enabling it to operate under a minimum illumination of 0.0004 lx. A junction board provides a BNC
jack for the composite video and a P/S2 jack for an S video signal. Another P/S jack
is used to connect to the RS232 interface of the camera which fully controls the iris,
focus and zoom and a lot more of specific features related to the exposition.

A tablet or notebook comes with a Windows based operating system with a minimum
11” display, a multicore processor 1.5 GHz and 4 GByte ram, a USB 2.0 bus. Due to
the rapid changes in this field the specification can be even better.

The colour CCD camera is mounted onto a tripod for table top operation. The iris of
the lens is controlled by the camera electronics, distance and focus can be set manually and independent from each other. The video signal is available at the rear of the
camera via a BNC jack. The power supply is connected with a two pin connector.

A state of the art DVD player is used as an audio as well as a video source. At the front
a USB connection is provided to accept USB sticks with video, audio and still picture
files. At the rear the two audio output channel as well the video out is available. To
use these, the provided BNC cable which is also used by the camera a cynch to BNC
adapter is inserted into the video cynch output. For immediate startup a music DVD
is added.

The audio and video signals of an external source like a camera or DVD player can be
connected to this device and are streamed vis the USB bus to a connected PC.

A frequently used and indispensable device for a variety of experiment is a two channel digital oscilloscope with a bandwidth of 100 MHz. The digital capabilities allow
the storage of the displayed curves on a USB pen drive as a graphics or a CVS data
file which can be opened with EXCEL or other sheet related software. The model
shown on the right is an example and may vary due to technical progress with even
better specifications.

129
20

CA-0210 Spectrum Analyser 100 kHz - 500 MHz

21

CA-0220 Multimeter 3 1/2 digits

22

CA-0260 Laser power meter LabMax-TO

23

CA-0262 Energy sensor head 300 nJ - 600 µJ

24

CA-0264 Power sensor LM2 VIS 50 mW / 1 nW

25

CA-0266 Power sensor PM3 0.5 mW to 2W

26

CA-0270 Fibre coupled spectrometer 200 - 1200 nm, USB

This spectrum analyser has a bandwidth of 100 kHz to 500 MHz and is used to detect
and display optical beat frequencies. The analyser comes with a BNC to PL adapter to
connect a SiPIN photodetector detector directly to the device. The input impedance is
set to 50 Ohms and the AC amplifier to an appropriate gain and the beat frequencies
up to 500 MHz can clearly be observed. The digital capabilities allow the storage of
the displayed curves on a USB pen drive as a graphics or a CVS data file which can
be opened with EXCEL or other sheet related software.

For measurements with an accuracy of minimum 3 digits behind the comma, a 4 digit
multimeter is required. Besides the measurement of voltage and current the multimeter offers also an Ohm meter. The model shown on the right is just an example and
may vary due to technical progress. A must is a current range with 0.1 µA resolution
and 0.1 mV in the voltage range.

LabMax is appropriate for anyone who needs to analyse and monitor laser output.
Data analysis can be achieved via statistical and trend analysis and stored in onboard
flash memory for future retrieval with the File Manager tool. Data can also be analyzed directly on a PC through USB and RS-232 serial connections, or by logging
data to a USB flash drive attached directly to the meter. The LabMax display and
meter can be positioned at many different angles so customers can place it within the
limited bench space typically available in a laser lab and still easily view the display.
LabMax-TO is directly compatible with most Coherent thermal and semiconductor
sensors and displays beam position for quick and accurate setup. These sensors offer
wavelength coverage from 190 nm to 12 µm and measure from nW to kW.

An energy sensor head for a measuring range of 500 nJ - 600 µJ in a wavelength
range from 0.19 - 12 µm. The diameter of the active sensor is 10 mm. The detector is
attached to a 20 mm wide carrier MG20 and requires for the operation the “CA-0260
Laser power meter LabMax-TO “ (129).

These high-sensitivity semiconductor sensor is ideal for CW laser measurements in
the nW to low mW level for a wavelength range of 0.4 to 1.06 µm. The detector is
mounted to a 20 mm wide carrier where it is kept in a post holder.

The spectral range of the spectrometer covers 200 to 1200 nm with a resolution of 1
nm. The entrance slit is 50 µm wide and the provided fibre has a core diameter of 600
µm. The spectrometer has a SMA fibre jack and the data are available via the USB bus.
The spectrometer comes with the USB cable and a Windows software.
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The detector is provided with a wavelength independent (0.3 to 11 µm) thermoelectric
element and is designed for a power range of 500 µW to 2W with a resolution of 50
µW. The round sensitive area has a diameter of 19 mm. The detector is attached to a
20 mm wide carrier MG20 and requires for the operation the “CA-0260 Laser power
meter LabMax-TO “ (129).
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27

CA-0410 BNC - banana adapter cable, 1m

28

CA-0450 BNC connection cable 1 m

29

CA-0510 Laser safety goggles 632 nm

30

CA-0600 Fibre inspection microscope

31

CA-0610 Plastic fibre connector mounting set

32

CA-0620 Optical fibre scriber and breaker

33

CA-0625 Fibre scriber, tungsten carbide

34

CA-0630 Adjustable plastic cover stripper

35

CA-0640 One step polishing film 2 µm, set of 50

This adapter cable is used for the connection of coaxial BNC terminated components
to the 19 mm banana receptacle of a digital multimeter.

This connection cable is made from high flexible RG174 coaxial cable and is terminated by a BNC Connector on each end.
The length is 1 m and the flexible cable it is ideally suited for experimental purposes.

For working with the HeNe laser with higher output coupler the use of this safety
goggle is recommended.

This hand-held microscope is designed for field use or lab inspection of optical fibre
connectors. It has a 200 x precision optics and two interchangeable pre-centred universal adapter for 2.5 and 2 mm ferrules.

Before the plastic optical fibre can be terminated with a connector the protective cover
has to be removed. This will be done with special stripping pliers. After that the fibre
is inserted into the connector in such a way that the bare fibre stands out app. 2-5 mm
from the ferrule. Subsequently the stand out bare fibre will be cut with the provided pliers and ground down with the polishing and grinding tool consisting of an acrylic base
plate, fibre chuck and coarse and fine polishing films.

For professional cutting of optical fibre a cleaver is required to provide perpendicular
cuts. Furthermore the surface quality of the cut fibre must be perfect especially when
a high light coupling efficiency is of interest. The plastic cladding is removed by the
Miller’s pliers and the bare fibre is clamped into the holding mechanism of the cleaver.
Bending the fibre and pushing down the lever with the ceramic blade scribes and breaks
the fibre.

A sharp tungsten knife is fixed to a pen and is especially used to scribe the protruding
part of the fibre in a connector. Pulling the scribed fibre makes it breaking and the
polishing of the fibre can take place.

This tool is called Miller’s pliers and is used to safely remove the plastic cover of an
optical glass fibre.

This polishing film allows the polishing in one step. That means no other films with
other graininess are required. The round shape makes it more convenient to perform
the polishing in a 8 shape.
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CA-0672 ST - connector multimode, Set of 60

37

CA-0710 Two part anaerobic epoxy for 150 connectors

38

CA-0726 Acrylic plate 230 x 140 x 3 mm

39

CA-0728 Fiber Optic Polishing Disc for ST, SC, FC

40

CA-0730 Cleaning wipes dry - 280 wipes per box

41

CA-0732 Dispenser bottle. Isopropyl alcohol

42

CA-0740 Epoxy Syringe

43

CA-0742 Fibre splint tweezers

44

CA-0744 Fibre optic scrap trash can

A set of 60 ST multimode connectors is used as training samples for connecting optical glass fibres to connectors.

There are many ways to bond the optical fibre to its connector. A fast method is to use
this two part anaerobic epoxy. The ferrule is filled with the epoxy by using a syringe,
before the fibre is inserted into the ferrule it is dipped into the bond activator. It hardens almost immediately and the fibre can be processed further.

For the polishing process a flat surface is required. The polishing media is stuck to the
plate by some drops of isopropyl alcohol.

To ensure a perfect perpendicular polishing the fibre ferrule is placed into the polishing disk.

After polishing the optical fibre, remaining particles needs to be removed with this
cleaning wipe wetted with isopropyl alcohol.

After polishing the optical fibre, remaining particles needs to be removed with a
cleaning wipe wetted with this alcohol.

The processing of optical fibres always leaves broken fibre parts behind. The are of
potential danger to accidently intrude the human body. Therefore all those splints
must be safely collected in a closable can. These tweezers help to collect the splints
and put it into the trash can.

The processing of optical fibres always leaves broken fibre parts behind. The are of
potential danger to accidently intrude the human body. Therefore all those splints
must be safely collected in a closable can.
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The syringe is filled with the epoxy for the bond of the fibre to the ferrule. The hollow
needle is attached and the epoxy is pressed into the ferrule.
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XT - Extensions
1

LE-0350 HeNe Fabry Perot Mode Analyser consisting of:

Item
1
2
3
4
5
6
7
8
9

2

Code
Qty. Description
Details page
DC-0070
1 Piezo controller 0-150V
122 (9)
DC-0120
1 Si-PIN Photodetector, BPX61 with connection leads
123 (14)
DC-0380
1 Photodetector Junction Box ZB1
125 (30)
MM-0020
1 Mounting plate C25 on carrier MG20
93 (9)
MM-0460
1 Kinematic mirror mount M16, left
96 (28)
MM-0500
1 Piezo transducer 10µ/150V in kinematic mount
97 (34)
OC-1010
1 Laser mirror M22, ROC 100 mm, T 4% @ 532 & 632 nm 104 (59)
OC-1012
1 Laser mirror M12, ROC 100 mm, T 4% @ 532 & 632 nm 104 (59)
UM-LM03 1 Manual Fabry Perot Resonator

LE-0620 Concentric Cavity Extension consisting of:

Item
Code
1
OC-0068
2
OC-1074
3
OM-0680

3

Description
Allan key SW 0.9
Pockels Cell HV Driver DQ21, HV and Trigger Cable
Lithium Niobate Pockels Celle C-1043

Code
DC-0170
OC-0068
OC-0980
OC-1138
OC-1154
OM-0674

Qty.
1
1
1
1
1
1

Details page
115 (35)

Details page
126 (1)
125 (28)
110 (4)

Description
Details page
UV Photodetector with connection leads
123 (19)
Biconvex lens f=60 mm in C25 extended
99 (6)
Filter UG11 in C25 mount
104 (56)
Laser mirror 1”, ROC 100, HT 445 nm, HR 580-725 nm 107 (78)
Laser mirror M16, ROC 150, HR640/HT320
107 (79)
LBO crystal SHG 640 nm in 5 axis mount om MG20
116 (37)

LE-1030 Birefringent tuner extension consisting of:

Item
1
2

7

Qty.
1
1
1

Details page
99 (6)
105 (66)
115 (35)

LE-1020 SHG 640 to 320 nm (UV) extension consisting of:

Item
1
2
3
4
5
6

6

Qty. Description
1 Cr:YAG passive q-switch, 5 axis mount on MG20

LE-0820 Active Q-switch Extension consisting of:

Item
Code
1
CA-0005
2
DC-0356
3
OM-0030

5

Description
Biconvex lens f=60 mm in C25 extended
Laser mirror 1/2” in 1” mount ROC100 HR@1064 nm
Nd:YAG rod in 5 axes mount on carrier 20

LE-0810 Passive Q-Switch Extension consisting of:

Item
Code
1
OM-0660

4

Qty.
1
1
1

Code
OC-1136
OM-0580

Qty. Description
1 Laser mirror M16, ROC 150, HT445, HR 580-725 nm
1 Birefringent Tuner

LE-1040 Littrow prism tuner extension consisting of:

Item
Code
Qty. Description
1
MM-0020
1 Mounting plate C25 on carrier MG20
2
OC-0060
1 Biconvex lens f=60 mm in C25 mount
3
OM-0570
1 Littrow Prism Tuner

Details page
106 (77)
114 (27)

Details page
93 (1)
99 (5)
114 (26)
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The experiments presented in this catalogue are based on the combination of a series of components and modules. Wherever applicable the same parts are used to minimize the costs. In fact, the most important part is the
optical bench along with the carrier which accommodate the individual adjuster and mounts. A smart design
of the optics mounts removes the necessity of using tools, maintaining a high precision and secure seat of the
optical mounts in their respective holders.
Each component or module is available separately allowing the customer inspired combination of new exciting
experiments.
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