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Aim: To remotely sense the number density of rubidium using absorption spectroscopy targeting the D2 transition line

THEORY

Beer-Lambert Law

The Beer-Lambert Law describes the light intensity reduction by the absorption

Absorption Cross Section as a Function of Detuning

cross section (o), number density (N), and path length (). I, and I represents E m p | r‘i ca |
the light intensity that enters and exits the rubidium cell respectively. o (fdetuning) =g,V ( fdemning) ----- (Eqn. 4)
Gas Model
In (;_ji) = oNI [3] ----- (Eqn. 1) The absorption cross section (o) at resonance [1,4] varies with the detuning of light by

ﬂe Clausius—ClapeyrQ

equation  [5]  predicts
vapour pressure over a

the Voigt profile (V (fdemnm‘g))ﬂ accounting for doppler and natural linewidths. The

Voigt profile is expressed below, with f’ the variable of integration. g is defined to be
central frequency of the hyperfine transition (where fgetyning = 0)

. . physical state. The number
Do p p | er Linew! dth Convolving equations 2 and 3, V (g) = [L(f") =G (g — f') df" -~ (Eqn. 5) density ([A]) is then given
. . according to the ideal gas
Atoms observe a frequency shift (4f) from the Natu ral I_| nEWIdth law as a function of

laser’s frequency (f) proportional to its velocity Sat r at'o N Effe cts TOtal N um be I temperature (7).

: u I
(v) due tE) the doppl(_er effect. D(:fppler broadening The natural linewidth [1,4] quantifies the D . O b . .
as a function of detuning is Gaussian [2]. small range of frequencies around resonance €nsl ty ( JE cti Ve) To\ (b[1-%])
- i S As laser power decreases, the [A] = [A], Te T
F asrm)? :c[ atotms can absorb for excitation at zero proportion of ground state atoms Combining equations 1, 4 and 5, the
G ( Factunin g) =L T 267 - (Eqn. 2) SRR, 1 increases. At sufficiently low total number density of rubidium can _
V2na? L (fietuning) = S (Eqn. 3) ih d b A At 297.75 Kelvin, the
etuning " (fdetunmg)z powm::rs, €c measurcd numocer ln(fﬂ_(,_qﬁ) it density s
6.0659MHz density of ground state atoms can be given as N = - ; 5 where g’ ectimated as 1010

be approximated to be the total

number density of rubidium is the central frequency of the

transition where detuning = 0
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METHODOLOGY

Note: Solenoid coil was not used

To Determine I

780nm

Laser Cell was removed from the setup, and optical density An amplifier was used to add The data from the photodetector was recorded while a
(OD) filters were placed between the laser and gain to the weak absorption light power meter was also used to measure the
optical isolator. spectrums. averaged power of the sweep.
QD Filter
| "R

Optical Isolator

Measurements were repeated as combinations of OD filters with increasing magnitudes/

were used (OD 2.0 to 5.9) =
i GE
atactor Rubidium cell .

o To Determine I¢ &
A 1mm radius laser beam targeted the D2 line. An Cell was placed between the beam splitter and Same gain settings were The data from the The temperature of
oscilloscope was used to modulate the frequency of photodetector. OD filters were placed between the applied to the amplifier photodetector was the rub.ldlum cell was
the laser by varying the input current. The rubidium laser and optical isolator. according to laser power. recorded. determined by placing
cell was enclosed by a solenoid coil, though not used a tqmperature Prf)be
in this study. A photodetector measured the output l "R Measurements were repeated as combinations of OD filters with increasing magnitude against the rubidium
light intensity. were used (OD 2.0 to 5.9) cell.

RESULTS/DISCUSSION

Number Density (Spectroscopy) ; Absorbance as a Voigt Profile Potentials and Limitations of this Technique
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models, have a large degree of error [5]. For example, at

20 degrees Celsius, the Killian and Nesmeyanov models
deviate by 7% and 25% from the CRC model.
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