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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
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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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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. 2.8: 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
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11
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16
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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. 2.11: 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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