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ABSTRACT EXPERIMENTAL METHOD
People have been trying hard to demonstrate time dilation with high costs * The lasing wavelength depends on temperature. Our way to scan the
and complicated methods. In 1960, Mdssbauer utilized the relativistic spectroscopy is to heat up the laser diode to a certain temperature then
Doppler effect to change the energy of gamma rays to reach the resonance turn off heating power to make the temperature of laser being cooled
frequency and demonstrated the resonant absorption of some atoms. We down naturally while photodiode detecting the intensity of probe beam
propose a hovel way to show it which involves frequency shift in saturated passing through the cell.
absorption spectroscopy. In our experiment, we found out the Doppler * The temperature changes of laser diode measured by thermistor with time
broadening caused by thermal motion of atoms and derived Boltzmann are recorded and plotted. [Fig.7]
constant. * Linearly proportional relationship between them is found near the range
THEORY of absorption spectrum. Hence, for each temperature corresponds to a

1. Saturated absorption spectroscopy : wavelength, the relationship between lasing wavelength and time can be

Atoms should have thermal motion if the temperature is above O K, the claimed to be linearly proportional. 4

transition frequency shifts by Doppler effect, hence the absorption * ! ! ! ! ! 4510 ! T

spectroscopy is broadened. To resolve the narrow transition line, one can 55/ = e e oHaser) - 3: ' \ Igggjgéﬂ_
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apply two counter-propagating laser with the same frequency but 53
different power on the atoms. The transmittance of the lower power laser g s2s!
(probe) increases at the exact transition frequency and forms a Lamb dip § s
pecause the higher power laser (pump) saturates the ground state 515l
nopulation. ol
2. Transverse Doppler Effect:
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According to special relativity, time dilation occurs when an atom moves , Time (s) , , , Wavelength (nm), _
: : g Fig.7 Temperature (laser diode)-Time plot Fig.8 lasing wavelength within scanning range
fast. The magnitude of shift of transition frequency can be calculated by RESULT
Lorentz transformation. .
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Fig.1 Absorption frequency shifted due to time dilation effect wavelength. and Gaussian fitting curve
EXPERIMENT SETUP DISCUSSION
o _{_f’”’f_ 4\ Photodiode | remperature 1. The noise of the signal from photodiode is too large to observe the Lamb
——— ;ﬁnﬁer """'YH | controller | dip. It maybe a result from the unsteady performance of heating system
” when laser diode is in a relatively high temperature state.
oot 2. The thermal velocity distribution is given by Maxwell-Boltzmann
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distribution, so the Doppler broadened spectral bandwidth can be
described as

Oscilloscope MNarrow Linewidth

Diode Laser

A )Ny |
D . HHJ-:}' Probe Beam \zi_f_ff Mi T 8kT [n2
ata output Mirror | ~ irror Af — f
) FWHM > Jo
] Saturation Beam ‘ Low noise \ mc
=  ProbeBeam | Current Driver Comparing with the Doppler broadening from our experiment. We can
— FlectricalSignal get the Boltzmann constant of 1.170 x 10743]/K with an error of
_Fig.2 Block diaﬁram of experiment 15.3%(1.38064852 x 10~%3J/K).
1. Home made potassium vapor cell:
[Fig.4] The transition wavelength for potassium from 4s to 5p state is CONCLUSION
about 405nm.[1] [Fig.5] The cell was made by reducing the air pressureto 1. Doppler broadening of the absorption spectroscopy of potassium has
107> torr. The temperature of the cell is kept at 403K while conducting been observed.
our experiment. 2. The measured Boltzmann constant is about 1.170 x 107%3] /K.
2. External cavity diode laser (ECDL) [Fig.6]: 3. Thermal motion is characterized.
Made with 405nm laser diode and 1200 g/mm blazed grating REFERENCE

3. Low noise current driver:
Low noise current driver maintains a stable current to the laser diode and
therefore increasing the stability of lasing wavelength. The circuit of the
driver is referred to [3]. The output current drift is about 700 nA/hr

4. TE cooler with PID control:
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Fig.4 Potassium
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Fig.3 Experimental setup



