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1. Introduction 

In a recent article in this journal [1] a brief review was presented of the techniques of 
dispersive Fourier transform spectroscopy (DFTS), polarised oblique incidence reflection 
spectroscopy and attenuated total reflection (ATR) spectroscopy, and applications of these 
techniques to a variety of solids were discussed, including alkali halide crystals, pseudo-
displacive ferroelectrics, and bulk and low-dimensional semiconductors.   

In this article we discuss applications of power Fourier transform spectroscopy and ATR to 
insulating and conducting magnetic media.  If we consider surface modes in magnetic media 
from an experimental point of view, we discover that the materials pose two well defined 
measurement problems.  The magnetic modes, and hence the associated reststrahl reflection 
bands, in insulating materials like MnF2 and FeF2 have very narrow line widths, ~0.3 cm-1.  
Surface magnetic polariton modes lie within these narrow reststrahl bands, so that observation 
of these surface modes requires measurements at high resolution (~10-2 cm-1).  In conducting 
magnetic media, on the other hand, e.g. Cr, and the rare earth metals such as Dy and Ho, the 
conductivity is very high, leading to a reflectivity greater than 99.5%.  In such materials the 
high reflectivity due to the free carriers screens coupling of the incident beam to the magnetic 
modes and specialised techniques are required to achieve coupling. 

If the far infrared dielectric responses of dielectric and magnetic materials are compared, it 
is found that the associated far infrared reflectivity has an interesting and little-known 
symmetry property.  In the general case of a magnetic medium, i.e. a medium in which the 
complex permeability, μ(ω) ≠ 1, and the complex permittivity, ε(ω) ≠ 1, the Fresnel 
reflectivity at normal incidence has the form 
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In the case of a non-magnetic lattice, i.e. a simple dielectric with μ(ω) = 1, the reflectivity has 
the form 
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In the case of a magnetic material the magnetic resonance frequencies are usually found well 
below the lattice resonance frequencies.  To a good approximation ε ~ constant in the narrow 
region of the magnetic resonance and for the purposes of illustration can be set to unity, so 
that 
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It can be seen from Eqs. 2 and 3 that the symmetry of the reflectivity as a function of 
frequency for the magnetic and dielectric response functions is reversed.  This feature is often 
a helpful guide in the identification of magnetic modes and is illustrated in Fig. 1 using data  

 

Fig. 1 Illustration of the contrasting symmetries of the reflectivity for a magnetic medium (left) and a dielectric 
(polar) medium (right). (a) The magnetic permeability of FeF2, (b) the reflectivity near the magnetic 
resonance frequency, (c) the dielectric function of GaAs and (d) the reflectivity in the restrahl region.  The 
parameters used in (a) and (b) are for FeF2: ωR = 52.46 cm-1, ωA = 52.74 cm-1 and ε = 5.6.  The parameters 
for (c) and (d) are for GaAs: ωT = 271.3 cm-1, ωL = 296.0 cm-1 and ε∞= 10.9. 

for FeF2 and GaAs.  Also apparent from Fig. 1 is the very narrow line width, ~0.3 cm-1, of 
magnetic resonance features in insulating magnetic media like FeF2, which contrasts strongly 
with the large bandwidth, ~30 cm-1, in binary semiconductors like GaAs.  Surface magnetic 
polariton modes can only occur within the narrow bandwidth of the reststrahl band where μ < 
0, so, to observe them, a high resolution instrument is required. 

Another interesting difference between magnetic and dielectric materials which will be 
discussed later is that in magnetic materials the reflectivity can demonstrate strikingly non-



Terahertz Science and Technology,  ISSN 1941-7411                                                                     Vol.2, No.4, December 2009 

107 

reciprocal behaviour under an applied magnetic field, which means that the reflectivity can 
change dramatically if the applied field is reversed. 

In this article we review briefly calculated and measured data for FeF2, followed by a 
selection of calculated data on conducting magnetic materials, and measured ATR spectra for 
the rare earth metal Dy. 

 

2. Instrumentation 

A high resolution Fourier transform spectrometer [2] with a liquid helium-cooled ATR 
stage capable of operating at temperatures down to 1.6 K was constructed for measurements 
on surface magnetic polaritons in insulating magnetic materials like FeF2, as shown 
schematically in Fig. 2. It can be seen from the drawing that the layout of the instrument 
appears to be fairly conventional, but it contains many novel design features, as follows.   

(i) The “fixed” mirror is vibrated to provide phase modulation for the infrared beam, and the 
infrared interferogram is recorded using a liquid helium-cooled bolometer.  Phase modulation 
gives a significant improvement in signal to noise ratio compared with other modulation 
techniques [2].   

(ii) The moving mirror is mounted on a high precision hydraulic drive which provides a 
maximum mirror travel of 1 m to achieve a maximum resolution of 10-2 cm-1.   

(iii) A helium-neon laser beam is passed along the optic axis of the interferometer.  The laser 
beam is reflected away from the fixed mirror of the interferometer and reflected back along 
the optic axis by a small side mirror. This arrangement enables different modulation 
techniques to be used for the far infrared and laser beams.   

(iv) The moving mirror is scanned continuously to modulate the output from the laser, and the 
laser fringes are observed using a small photodiode and used to monitor the optical path 
difference with high precision.   

(v) The scan speed of the moving mirror and the vibration frequency of the “fixed” mirror are 
chosen carefully to provide modulation frequencies for the infrared and laser beams which are 
well separated.  The maximum modulation frequency of the infrared spectral components due 
to continuous scanning is 6 Hz at 100 cm-1, the maximum wave number for the instrument.  
The phase modulation frequency is 170 Hz, and filtering of the bolometer signal is carefully 
set to avoid any cross talk between the two modulations.  

(vi) The beam divider in the interferometer is constructed from a thin sheet of mylar which 
produces a strongly polarised output beam, the ratio of s:p polarisation (i.e. the ratio of 
vertical:horizontal polarisation at the beam divider and also at the sample) being 
approximately 5:1.  The wire grid polariser and roof-top mirror between the interferometer 
and the sample stage can be used to rotate the plane of polarisation so that the strong s-
polarised beam from the interferometer can be used to provide both s- and p-polarised beams 
at the sample.  The improvement in the S/N ratio (~ x 5) obtained in this way for p-
polarisation measurements (not shown here) easily justifies the slightly more complicated 
experimental arrangement.  Full details are given elsewhere [2]. 
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Fig. 2 Schematic diagram of the high resolution Michelson interferometer set up for ATR p-polarised 
measurements.  For further details see [2]. 

(vii) Measurements can be made either by oblique incidence at 45o angle of incidence, with 
the sample surface on the axis of the cryostat, or by attenuated total reflection (ATR) 
spectroscopy with a range of angles of incidence by using prisms cut with different angles.   

 

Fig. 3  Schematic diagram of the Otto configuration used for ATR measurements. 

The ATR stage was set up in the Otto configuration [3] on the base of a liquid helium-
cooled bolometer as shown schematically in Fig. 3.  Radiation is incident on the base of a 
prism at an angle of incidence greater than the critical angle, θc, for total internal reflection 
given by θc = sin-1 n-1, where n is the refractive index of the prism material, in this case Si, for 
which n = 3.413 and θc = 17.2o in the far infrared.  When the radiation is incident on the base 
of the prism, an evanescent wave with an enhanced wave vector is set up below the base of 
the prism.  If the sample is placed in an appropriate position near the base of the prism the 
evanescent wave will couple to both surface and bulk polariton modes in the sample. 

 

3. Magnetic Excitations in insulating media: FeF2 

We first present calculated magnetic polariton dispersion curves for FeF2 with and without 
an applied magnetic field as a guide to the interpretation of the experimental data which are 
presented later.  More details of the calculations are given elsewhere [4-8]. 
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3.1 Calculated magnetic polariton dispersion curves for FeF2 in zero applied field 

Calculated dispersion curves for FeF2 for the case of zero applied magnetic field are shown 
in Fig. 4.  Bulk modes are confined to the regions bounded by the light curved and horizontal 
lines and separated by the gap between about 52.5 and 52.8 cm-1. Surface modes lie on the 
thick lines in the reststrahl region between the two bulk regions, and the very thick curves at 
the centre of the lower branch of bulk modes describe surface resonant modes.  The light lines 
for reflectivity measurements at 45o angle of incidence are shown as nearly vertical lines, and 
scan lines for ATR measurements at 30o and 45o angle of incidence are drawn either side of 
the light lines.  It can be seen that the light lines cross the dispersion curves for the resonant 
modes, but they do not cross the dispersion curves for the surface polaritons.  Features from 
the resonant modes are therefore expected in the reflection spectra, but the surface polariton 
curves cannot be probed by ordinary reflection measurements.  The ATR scan lines on the 
other hand have sufficiently enhanced wave vectors to intersect the surface polariton curves, 
so ATR measurements can be used to probe the surface polariton curves. 

 

Fig. 4 Calculated s-polarisation dispersion curves for FeF2 for the case of zero applied field in the Voigt 
geometry.  The bulk regions are bounded by the thin curved and horizontal lines.  The surface modes are 
the thick lines in the reststrahl region between the bulk regions.  The scan lines are shown as nearly 
vertical lines for reflectivity (45o) and ATR (30o and 45o). 

 

3.2 Calculated magnetic polariton dispersion curves for FeF2 in an applied field 

Calculated dispersion curves for FeF2 in the presence of a small external applied field, Ho= 
± 0.15 T, are shown in Fig. 5. It can be seen that due to the Zeeman splitting of the doubly 
degenerate spin wave there are now three bulk bands, in each case bounded by light curved 
lines and straight horizontal lines.  Furthermore, the symmetry of the surface magnetic 
polaritons for positive and negative wave vector, ± k, has been destroyed by the applied field.  
This is striking in each of the reststrahl bands.  In the lower reststrahl band the surface 
polariton branch for (-Ho, -k) is pushed down to very near the top of the bulk band, and the 
branch for (+Ho, +k) now extends right across the gap.  In the upper gap, there is only a 
surface polariton branch for (-Ho, -k) bounded each end by surface resonant modes.  
Inspection of the reflectivity light lines and the ATR scan lines and the way they couple to the 
dispersion curves for both resonant modes and surface polariton modes indicates that different 
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spectra are now expected for both reflection and ATR measurements for ± Ho. This is 
therefore the origin of the non-reciprocal behaviour of the reflectivity.  Scott and Mills [9] and 
Camley [10] have explained the non-reciprocal behaviour more fundamentally in terms of the 
symmetry properties of the system. 

 

Fig. 5 S-polarisation dispersion curves for FeF2 for Ho = ± 0.15 T in the Voigt geometry.  The bulk regions are 
bounded by the thin curved and horizontal lines.  Surface modes (thick lines) and surface resonances (very 
thick lines) are also shown.  The scan lines are shown as the nearly vertical straight lines, as in Fig. 4. 

 

3.3 Comparison of measured and calculated far infrared spectra of FeF2 

(a) Reflection spectrum of FeF2 in zero applied field 

Measured and calculated reflectivity spectra for FeF2 in zero applied magnetic field are 
shown in Fig. 6.  First we note that the agreement between measurement and calculation is 
generally good.  Then, comparing these spectra with the calculated spectra for a magnetic 
medium shown in Fig.1, we see that the line shape has the expected symmetry.  The reststrahl 
band of high reflectivity is well-defined and bounded on the low frequency side by a deep 
minimum due to coupling to the surface resonance. 

(b) Changes to the reflection spectrum of FeF2 in the presence of an applied field 

Measured and calculated reflection spectra for FeF2 at 1.7 K in an applied magnetic field of 
± 0.15 T are shown in Fig. 7, and the onset of Zeeman splitting in a low field is clearly visible.  
There is again good agreement between measured and calculated results, and it is clear that 
there is now pronounced non-reciprocal behaviour. Comparing these spectra with the 
positions of the 45o scan lines on the calculated dispersion curves for Ho = ± 0.15 T shown in 
Fig. 5 we see two clear reststrahl bands for +Ho, together with a surface resonance dip near 
52.4 cm-1, consistent with the surface resonance on the 45o reflectivity scan line.  For -Ho the 
lower reststrahl band is more pronounced as there is no surface resonance in the lower gap, 
but the upper reststrahl band is less pronounced because of the surface resonance at the 
bottom of the narrow upper gap. 
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Fig. 6 Measured (solid line) and calculated (dotted line) reflection spectra of FeF2 with zero applied magnetic 
field and the easy axis aligned along the z-axis.  T = 1.7 K, resolution = 0.02 cm-1. 

 

Fig.7  Measured (solid lines) and calculated (dotted lines) reflectivity spectra of FeF2 at 1.7 K in applied fields of 
± 0.15 T.  The resolution is 0.02 cm-1.  SR marks surface resonances.  
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(c) ATR spectra of FeF2 in the presence of a magnetic field 

Measured and calculated ATR spectra for FeF2 in the Voigt geometry measured in s-
polarisation at 1.6 K at 30o angle of incidence in applied magnetic fields of ± 0.15 T are 
shown in Fig. 8.  The agreement between measured and calculate spectra is again generally 
very good, and the non-reciprocal behaviour is very clear.  The origin of this behaviour can be 
understood by comparing these spectra with the positions of the two 30o ATR scan lines in 
Fig. 5.  For (+Ho, +k), for the 30o ATR scan line the surface polariton is just above the middle 
of the lower gap, i.e. the lower reststrahl band, leading to a pronounced dip in the ATR 
spectrum near 52.6 cm-1. The upper reststrahl band is prominent as it is undisturbed by a 
surface polariton.  For (-Ho, -k), the surface polariton mode lies nearly at the lower bound of 
the lower reststrahl band, leading to a pronounced dip in the ATR reflectivity just above 52.4 
cm-1. The intersection of the 30o scan line with the narrow middle bulk band leads to a weak 
dip in the ATR reflectivity between 52.7 and 52.8 cm-1. 

 

4. Magnetic Excitations in Conducting Media 

4.1 Phenomenological calculations of the far infrared reflectivity of conducting media 

Turning now to conducting magnetic media, we shall see that the high conductivity leads to 
a quite different measurement problem.  In the case of Dy, a rare earth metal, which is 
ferromagnetic at temperatures below 89 K, the ferromagnetic resonance frequency is near 15 
cm-1. The optical constants in the region of the resonance frequency are n ~ 500 and k ~ 700, 
so that the real part of the far infrared complex permittivity,  

                                          ε’(ω) =  n2 – k2 ~  - 2 x 105                                                             (4) 

The reflectivity is high at all frequencies below the plasma frequency, which lies in the 
ultraviolet, and, using the above values of n and k, the background reflectivity in the far 
infrared, 
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where the complex refractive index  
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Consequently, the high reflectivity due to the free carriers completely screens coupling of the 
incident electromagnetic field to the magnetic excitations. For this reason magnetic resonance 
measurements on conducting media have always presented severe problems.   

For measurements on Ni, Dy and Tb, Sievers [11] made far infrared transmission lines by 
rolling alternate thin layers of metal and polythene sheet into coils.  By using a variation of 
this approach, Camley et al demonstrated theoretically [12] that magnetic resonances are in 
principle observable by far infrared spectroscopy on suitably structured planar metallic 
systems where, in a simple reflection experiment on an unstructured sample, the plasma  
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Fig. 8 Measured (thin lines) and calculated (thick lines) ATR spectra for FeF2 in the Voigt geometry. 
Temperature = 1.6 K, angle of incidence = 30o, applied field = ± 0.15 T. 

 

Fig. 9 Calculated reflectivity from an antiferromagnet structured in the form of a grating on a substrate as a 
function of frequency. 

reflectivity would mask the magnetic resonance.  They calculated the reflectivity from a 
sample structured as a grating in which the plasma reflectivity is eliminated by polarising the 
electromagnetic E-vector normal to the grating and using an angle of incidence of 45o; some 
of their results are shown in Fig. 9. The results shown in Fig. 9 (a) and (b) correspond to 
different values of the damping parameter, and the parameter f1 describes the fraction of the 
grating period occupied by the sample.  In the case of a continuous film (f1 = 1.0), shown for 
comparison, coupling is barely observable, particularly if there is significant damping, as in 
(b), and optimum results are obtained with a structured sample when f1 ~ 0.9.  It should also 
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be noticed that the form of the spectra corresponds quite closely to the expected form of the 
bulk reflectivity due to a magnetic reststrahl band (see Fig. 1) in the absence of any free 
carrier reflectivity.  For the best results such gratings need to be thick (~1-10 μm), with a 
period of ~ 1 μm, and with very narrow gaps, so they are very difficult to fabricate.   

However, Feiven et al [13] have more recently demonstrated by extensive modelling that 
even greater enhancement of the coupling to the magnetic response is achievable using 
reflection from a thin grating (thickness ~ 1 μm) placed at the base of a Si prism (in effect, an 
ATR experiment, though without an air gap). At large angles of incidence, close in effect to 
the Brewster angle for a Si/metal interface, variations in the permeability μ(ω) become 
significant, and can produce a pronounced magnetic resonance feature with reflectivity 
changes of the order of 10% at the resonance frequency.  Thus a combination of a grating 
structure to eliminate the plasma reflectivity and careful design to optimise impedance 
matching produces an enhancement of more than 2 orders of magnitude in the coupling 
efficiency.  This discovery opens the way to the study of most metallic thin film structures. In 
addition to transition metal structures, such as Cr, we have investigated rare earth metals, as 
described later. 

The advantages which can be achieved are illustrated in Fig. 10, where we compare 
calculations on five different structures with a nominal resonance frequency of ωm = 38 cm-1, 
corresponding closely to Cr.  We first consider calculations on continuous Cr films, Fig. 10(a).  
Curve A shows the reflectivity, R, from a Cr film with a thickness which exceeds the 
penetration depth (~ 0.3 μm), with the far infrared beam incident at normal incidence (0o) 
from vacuum; as expected, R ~ 1 throughout.  Curve B shows the reflectivity in s-polarisation 
at 85o angle of incidence, and curve C shows the calculated reflectivity with the far infrared 
beam incident at an angle of 85o from Si, i.e., an ATR experiment with the Cr sample pressed 
against the base of a Si prism.   

 

Fig. 10 Calculated reflection spectra of (a) Cr films and (b) Cr gratings.  See text for details. 
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In B and C, the experiments will be relatively difficult to set up because of the large angle 
of incidence, but the expected enhancements are large.  In Fig. 10(b) we show calculations on 
Cr gratings.  Curve D, which has been shifted up by 0.2 for clarity, shows the reflectivity 
from a grating 10 μm thick deposited on a semi-infinite Si substrate with the far infrared beam 
incident at 60o from vacuum; an easily measurable signal is calculated, but 10 μm thick Cr 
films are very difficult to deposit, so the experiment is not compatible with current technology.  
Finally, in curve E, the reflectivity of a Cr grating of thickness 1 μm on a 2 mm thick quartz 
substrate with the radiation incident at 60o from a Si prism is shown.  The most important 
advance in curve E is the additional enhancement in coupling efficiency achieved by 
impedance matching which allows the grating thickness to be reduced to 1 μm. This makes 
the grating structure practically realisable; we have already used prisms for ATR 
measurements on FeF2 with 55o angle of incidence, so all of the experimental conditions 
corresponding to curve E can be physically realised without difficulty.  Moreover, we have 
been careful to use realistic, rather than optimistic, parameters to model the magnetic 
resonance; for example, the line width may be less than the assumed value of 0.3 cm-1. 

Abraha and Tilley [14] have discussed the far infrared reflectivity of Dy, following earlier 
work on surface polaritons by Almeida and Tilley [15].  A reflectivity measurement in s-
polarisation involves the Voigt permeability and the reflection coefficient for reflection at an 
interface between media 1 and 2 has the form 

                                                    R = |(1 – f)/(1 + f)|2                                                               (7) 

where f is an appropriate ratio of impedances, i.e. f = μ1q2/μ2q1, where the normal components 
of wave vector, qi, are given by  

 qi
2 = ko

2(εiμi – sin2θo)                                                              (8) 

where ko is the wave vector in the external medium and θo is the angle of incidence.  It can be 
seen that a low reflectivity will be obtained under the impedance matching condition  

   f ~ 1, i.e. μ1q2 ~ μ2q1.                                                             (9) 

If medium 2 is a rare earth metal, the dielectric permittivity ε2 is large and complex, so f is  
normally large and complex, and R ~ 1.  In order that a significant change in reflectivity R is 
observable, μ2 needs to be ~ 0.  In fact, because of the fact that both ε2 and μ2 are complex, 
the maximum change in R occurs when Re{μ2} is negative, so the observed resonance is 
technically a surface polariton.  Moreover, the larger the value of ε1 (assumed real), the larger 
the change in R.  The above expressions apply to isotropic media; the situation is somewhat 
more complicated in anistropic media, but for a rare earth metal such as Dy μ2 can be 
approximately equated to the Voigt permeability μv, and the experimentally observed 
reflectivity resonance corresponds roughly to a zero in μv.   

 

4.2 Far infrared measurements on Dy 

Calculations by Abraha and Tilley [14] showed optimum enhancement for rare earth metals 
with a prism gap of 1 μm, and strong coupling was reported by Feiven et al [16] for Dy with 
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the sample nominally in contact with (i.e, pressed against) the prism.  Measurements were 
made on a b-cut single crystal of Dy with the sample in the Voigt geometry at 40 K using a 
silicon prism and various values of the applied magnetic field, and a measured ATR spectrum 
on Dy with an applied magnetic field of 6 T is shown in Fig. 11 [16].  The spectrum clearly 
shows a dip of ~ 25 % in the reflectivity near the resonance frequency with a linewidth of 
about 2 cm-1.  This is unlike the bulk magnetic reststrahl reflectivity response shown in Figs. 1 
and 9 and corresponds to an ATR dip due to coupling to a surface magnetic polariton as 
explained by Feiven et al [16] (see previous paragraph).  Measurements attempted using 
ordinary oblique-incidence reflectivity showed no observable features at all, corresponding to 
less than the detectable limit of ~ 0.5%.  The improvement in the efficiency of coupling to the 
resonance using ATR is thus close to two orders of magnitude, although the optimum 
experimental configuration was very surprising, as discussed below. 

 

Fig. 11 The measured far infrared ATR spectrum of Dy metal at 40 K.  Experimental parameters: Si prism, Voigt 
configuration, 30o angle of incidence, sample in contact with prism, i.e. “nominal” gap close to 1 μm.  
Coupling enhancement ~ x 100 compared with a simple reflection measurement.  

A graph of the mode frequency as a function of the applied magnetic field, Fig. 12, shows a 
field dependence similar to that calculated by Rossol and Jones [17]. 

 

Fig. 12 Dependence of the measured resonance frequency in Dy on the applied magnetic field at T = 40 K. 

In Table 1 we compare the key parameters for ATR measurements on a polar solid (GaAs), 
an insulating anitferromagnetic crystal (FeF2) and a highly conducting magnetic material (Dy).  
Previously, when studying ionic and covalent solids, we have considered that the width of the 
gap should scale with the wavelength of the surface polariton resonance, as is the case for the 
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decay length of the evanescent wave at the base of the prism.  It can be seen from the table 
that, although the results for GaAs and FeF2 roughly follow this trend, the result for Dy 
certainly does not. We speculate that, for Dy, the mismatch in the optical constants of the 
prism and the sample (~1:200) is so great that even with a very small gap it is not possible to 
couple to bulk modes, so there is no possibility of over-coupling even if a very small gap is 
used to couple to the surface polariton.  However, we do not know of any simple systematic 
arguments relating angles of incidence and ATR gap widths to the physical properties of the 
various classes of materials.  Thus, in this work, in each case the experimental design was 
based to a large extent on exploratory calculations, and we recommend this approach. 

 Polar solid Insulating AFM     Rare earth metal 
     (GaAs)         (FeF2)           (Dy) 
    
Wavenumber, ν ~300 cm-1    55 cm-1       ~15 cm-1 
    
Extinction 
coefficient, k      ~8         <1         ~500 
    
Wavelength, λ    ~30 μm     ~180 μm      ~650 μm 
    
Gap width, D    ~10 μm      ~20 μm        ~1 μm 
    
D/λ     ~1/3      ~1/9       ~1/650 

Tab.1 Comparison of the ATR prism coupling parameters for the cases of a polar solid, and insulating and 
conducting magnetic media. 

 

5. Conclusions 

We have reviewed a selection of calculated and measured far infrared spectra of insulating 
and conducting magnetic media and demonstrated that magnetic resonance phenomena in 
both types of material are easily observable.  In the case of insulators it is sufficient to use a 
high resolution instrument, in this case a Fourier transform spectrometer, and prism coupling 
to observe surface polariton modes.  For measurements on magnetic materials with high 
conductivity more care is required because of the very high reflectivity due to the free carriers.  
However, we have demonstrated by a combination of calculation and measurement that by 
using a combination of ATR techniques, samples structured in the form of gratings, and 
careful design to optimise impedance matching, it is possible to enhance the coupling 
efficiency by about two orders of magnitude compared with a simple reflectivity 
measurement.  This work demonstrates that screening due to reflection from conduction 
electrons need no longer be an obstacle to the far infrared or THz spectroscopic investigation 
of magnetic polariton modes in highly conducting media.  This is in striking contrast to the 
historical perception of spectroscopic investigations of magnetic modes in these materials. 
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