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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
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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.
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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
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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.
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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.
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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
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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

