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ABSTRACT

An atomic line filter (ALF) is an advanced optitend-pass filter used for the filtering of electiagmnetic radiation
with precision, accuracy, and minimal signal strénfpss. Atomic line filters work via the absorptior resonance
line of atomic vapors and so may also be designatedtomic resonance filter (ARF). This paper Wwiihg out the
role of atomic line filters in the filtering of el#omagnetic radiation in three context, absorpti@aemission
(ALFs), faraday filters and voigt filters with tihgdrinciples. Also in this paper we will look at Jwaatomic line
filters are most often used in LIDAR and other ebsms in laser tracking and communication. With shigerior

filtering system of an ALF, a non-intensified CCRynbe used with a continuous wave laser more effily.

Atomic line filters with pass-bands of about 0.0041 have been developed to improve the backgroyadtien of

conventionally filtered laser receivers.

INTRODUCTION

A technical definition of an atomic line filter &s an “ultra-narrow-band, large-acceptance-angt#rdpic optical
filter”. Ultra-narrow-band” defines the thin rangé frequencies that an ALF may accept; an ALF galhehas a
pass-band of 0.001 nm. Atomic line filters alseédhaide acceptance angles (near 180°) which ishendtnportant
characteristic of the devices; conventional digledilters based on the spacing of reflective efractive layers
change their effective spacing when light entel@naéngle (Gelbwachs, el ta, 1977).

The predecessor of the atomic line filter was thigared quantum counter, designed in the 1950s icpldhs
Bloembergen. This was a quantum mechanical amptHigorized by Joseph Weber to detect infraredatimti with
very little noise, (Bloembergen, 1958). Zero spaetaus emission was already possible for X-ray ardrga ray
amplifiers and Weber thought to bring this techggldo the infrared spectrum. Bloembergen descrifgch a
device in detail and dubbed it the infrared quantounter. (Gelbwachs, el ta 1977).The media ofdlaesvices
were crystals with transition metal ion impuritie®sorbing low-energy light and re-emitting it retvisible range.
By the 1970s, atomic vapors were used in atomiovgpantum counters for detection of infrared etaotgnetic
radiation, as they were found to be superior torttegallic salts and crystals that had been used. primciples
hitherto employed in infrared amplification weret pogether into a passive sodium ALF. This desigd those that
immediately followed it were primitive and sufferddom low quantum efficiencyand slow response time
(Goodwin, 1974).

As this was the original design for ALFs, many refeees use only the designation “atomic line filterdescribe

specifically the absorption-re-emission constructig®eber, and Marvin, 2003).
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In 1977, Gelbwachs, Klein and Wessel created fits¢ active atomic line filter. Faraday filtersgewkloped
sometime before 1978, were “a substantial improvefrever absorption-re-emission atomic line filtefsthe time
(Gelbwachs, el ta, 1977). The Voigt filter, patehby James H. Menders and Eric J. Korevaar on Augfis1992,
was more advanced. Voigt filters were more compadtcould be easily designed for use with a permtamagnet.
By 1996, Faraday filters were being used for LIDARhen el ta, 1996). Atomic line filters are inhethg very
efficient filters, generally classified as “ultréagh-Q” as theirQ factor is in the 10to 1¢ range. This is partially
because the, crossed polarizer's serve to blochackground light with a rejection ratio betterrth0°. The pass-
band of a typical Faraday filter may be a few GHie total output of a Faraday filter may be aro66&6 of the
total input light intensity. The light lost is refited or absorbed by imperfect lenses, filterswaindows. (Chen el
ta, 1996).

The band-pass of an atomic line filter is usuatiya to the Doppler profile of the vapour cell, tiegural range of
frequencies at which a vapour cell will be excibgda pure light source (Popescu el ta, 2005). Déyepler profile

is the width of the spectrum of Doppler shiftediatidn emitted by the vapour cell due to its thelrmation. This

value is less for larger atoms at lower temperatuaesystem considered more ideal. There are somanstances
where this is not the case, and it is desirablmasie the width of the transition line larger thie Doppler profile.
For instance, when tracking a quickly acceleratiject, the band-pass of the ALF must include withithe

maximum and minimum values for the reflected lifffitzpatrick, and Richard. 2002).

MATERIALS AND METHODS

The accepted method for increasing the band-pasdvies placing an inert gas in the vapour cell.sTgas both
widens the spectral line and increases the trassmnisate of the filter. (Chen el ta 1996)
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Figure 1: The diagram of vector graphic depicts arabstraction of the methodology of an absorptiomne-
emission ALF.

However, only a narrowband may bypass two broadffiteds and create a very precise and accurats fiHere, a
careful manipulation of the frequency of incominght may be translated into a special translati®opesc el ta,
2005). A similar strategy is employed in both Fanadnd Voigt filters, though in these filters, thalarization of
the light is shifted and not the frequency.

An absorption-re-emission atomic line filter absotbe desired wavelength of light and emits lidtat tbypasses
broadband filters. In passive absorption-re-emisgibFs, a high-pass filter blocks all low-energgaming light.
The vapour cell absorbs the signal, which coincidéh the vapour's thin absorption line, and thd’'seatoms
become excited. The vapour cell then re-emits theas light by undergoing fluorescence at a lowerqtiency
(Korevaar,1989 ). A low-pass filter blocks radiatiabove the frequency of the fluorescent lightatnactive ALF,
optical or electrical pumping is used for excitithgse atoms so they absorb or emit light of difiereavelengths
(Fitzpatrick, and Richard 2002),. Hence for acthld-s, other systems of conventional filters maynieeded.
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Figure 2: Polarization of light by a Faraday filter
(Taisuke, 1978)

A Faraday filter, magneto-optical filter, FADOF BFADOF (Excited Faraday Dispersive Optical Filterks by
rotating the polarization of the light passing tgb the vapor cell. This rotation occurs near fitsac absorption
lines by the Faraday Effect and anomalous dispersdmly light at the resonant frequency of the vagaotated
and the polarized plates block other electromagmatiiation. This effect is related to and enharmethe Zeeman
Effect or the splitting of atomic absorption lines in theesence of the magnetic field. Light at the resbn
frequency, of the vapor exits a FADOF (Faraday Bispye Optical Filter) near its original strengtht lwith an
orthogonal polarization. Following the laws whiabvgrn the Faraday effect, the rotation of the tageadiation is
directly proportional to the strength of the magméeld, the width of the vapor cell and the Verdenstaniwhich
is dependent on the temperature of the cell, wagtheof the light and sometimes intensity of theld) of the
vapor in the cell. This relationship is representesifollowing equation:

A Voigt filter is a Faraday filter with its magnetfield shifted to be perpendicular to the directad the light and at
45° to the polarization of the polarized platesalWoigt filter, the vapor cell acts as a half walate, retarding one
polarization by 180° per the Voigt effect
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Figure 3: A diagm of the parts of a Faraday filter.
(James etal, 1992)

In a Voigt filter, the magnetic field would be regd 90 degrees. Note that the two polarizer plateperpendicular
in direction of polarization. Preceding an atonmelfilter may be a collimator, which straightensident light rays
for passing through the rest of the filter congilie however, collimated light is not always nesay, the
collimator, a high-pass filter blocks almost hdltlwe incoming light (that of too long a wavelengtim Faraday and
Voigt filters, the first polarizing plate is useére to block light. The next component in an atolime filter is the
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vapor cell; this is common to all atomic line filte It either absorbs and re-emits the inciderit)igr rotates its
polarization by the Faraday or Voigt effect. Foliog/the vapor cell is a low-pass filter, designedblock all of the
light that the first filter did not, except the dgsated frequency of light which came from the flescence. In
Faraday and Voigt filters, a second polarizingelatused here.

Other systems may be used in conjunction with #& of an atomic line filter for practicality. Forstance, the
polarizer’s used in the actual Faraday filter ddoitick most radiation, “because this polarizer'syomork over a
limited wavelength region, a broad band interfeeefilter is used in conjunction with the Faraddiefi’. The pass-
band of the interference filter may be 200 timed tf the actual filter. Photomultiplier tubes (PbJ)Ttoo, are often
used for increasing the intensity of the outpuhalgo a usable level. Avalanche photomultiplievkjch are more
efficient, may be used instead of a PMT. While gverplementation of each kind of ALF is differetihe vapor
cell in each is relatively similar. The thermodynarproperties of vapor cells in filters are cargfutontrolled

because they determine important qualities of ilber ffor instance the necessary strength of ttagmetic field.

Light is let into and out of this vapor chambervegy of two low-reflection windows made of a matesach as
magnesium fluoride. The other sides of the cell hayof any opaque material, though generally a-tresastant
metal or ceramic is used as the vapor is usuaply &etemperatures upwards of 100 °C.

Most ALF vapor cells use alkali metals because h&firt high vapor pressures; many alkali metals dage
absorption lines and resonance in the desired rspe€bmmon vapor cell materials are sodium, patassind
caesium. Note that non-metallic vapors such as me@y be used. As the early quantum counters udetistate
metal ions in crystals, it is conceivable that saamedium could be used in the ALFs of today. Thigresumably
not done because of the superiority of atomic vapothis capacity.

Atomic line filters are most often used in LIDARdather exercises in laser tracking and detect@rtheir ability
to filter daylight and effectively discern weak rravband signals; however, they may be used ftariilg out the
earth’s thermal background, measuring the effigesof antibiotics and general filtering applicato
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Figure 4: Diagram of the receiver end of a laseracking system
( Popescu, 2005).

DISCUSSION AND CONCLUSION

Laser tracking and communication

Without an atomic line filter, laser tracking andnomunication may be difficult. Usually, intensifiezharge-
coupled device cameras must be used in conjunatittnsimple dielectric optical filters (e.g. interence filters) to
detect laser emissions at a distance (Gelbwadias1€l77). Intensified CCDs are inefficient andessitate the use
of a pulsed laser transmission within the visibpecrum. With the superior filtering system of ahFA a non-
intensified CCD (Charge-Couple Device) may be usil a continuous wave laser more efficiently. “Atiz line
filters with pass-bands of about 0.001 nm have bdemeloped to improve the background rejection of
conventionally filtered laser receivers”. The tot@ergy consumption of the latter system is “3@%atimes less”
than that of the former, so space-based, undenaattagile laser communications with ALFs have be®posed
and developed.
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LIDAR (Laser Imaging Detection and Rangiramprises firing lasers at relevant portions efdtmosphere where
light is backscattered. By analyzing the refledeskr beam for Doppler shifts, wind speeds and wlinections in
the target region may be calculated. However, withbe ability to effectively track weak laser sidm collection
of atmospheric data would be relegated to timegagfwhere the sun's electromagnetic emissionsatidnown out
the laser's signal ( Hoffner, and Fricke-Begemar2@05). The addition of an atomic line filter toeti.IDAR
equipment effectively filters interference to tlasér's signal to the point where LIDAR data camdikected at any
time of the day. For the past decade, Faradaydilteve been used to do this. Consequently, ssigrithow
significantly more today about the Earth’s middimasphere than they did before the advent of thBGRA

Recommendation

For all of their efficiency, atomic line filters emnot perfect; there are many sources of errofnaise”, in a given
system. These are manifest as electromagneticti@mdiadependent of the working processes of thierfand the
intensity of the signal light. One source of elithe thermal radiation of and within the ALF ifs&ome thermal
radiation comes directly from the filter and happém be within the band pass of the second broad bier. More
noise is created if the filter is designed for autitip the infrared range, as most of the thermdiatéon would be in
that spectrum. Therefore careful should be obsetwadinimize these errors.
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