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that of a polycrystalline wire. At low energies, the trapped gas 
may playa significant role in addition to other factors such as 
crystalline transparency. 

The author is indebted to Dr. E. V. Kornelsen for permis:oion 
to use his unpublished data on saturation numbers of inert gas 
ions in tungsten. Thanks are also due to Dr. D. G. Worden for 
reading the manuscript. 
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A partially successful attempt has been made to measure the 
magnetic moment per unit volume of ferromagnetic materials as 
a function of pressure to the loo-kbar region. The apparatus, an 
early version of which has been described previously,' consists 
basically of two opposed Bridgman flat anvils of alumina. One 
anvil also acts as a dielectric-filled microwave resonant cavity 
for an x-band spectrometer, allowing electron spin resonance 
studies to be made to high pressure. The sample to be studied is 
placed in contact with the anvil-cavity and covered with a 
pressure-transmitting medium which in turn is encircled by a flat 
pyrophyllite gasket. Indium has proven to be the most suitable 
pressure transmitting medium. This system consistently performs 
well to pressures above the Bi I-II transition ("-'26 kbar) and 
somewhat less reliably to pressures about the Bi III-V transition 
("-'76 kbar). Bismuth transitions are used as calibration points. 

The following technique is used to measure the magnetization 
of a ferromagnetic sample as a function of pressure. A small flat 
disk which will fit inside the pyrophyllite washer is formed from 
the sample material. A very thin coating of DPPH is placed on 
the bottom of the disk and in contact with the cavity anvil. The 
pressure assembly and sample is then as shown in Fig. 1. In this 
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FIG. 1. A drawing showing the sample arrangement relative to the 

pressure seal and the cavity anvil. 
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FIG. 2. (a) Idealized EPR absorption vs magnetic field graph for DPPH 
on the face of a uniformly magnetized disk. (b) Derivative graph of 
idealized absorption graph in (a). (c) Experimental tracing of DPPH 
on the face of a uniformly magnetized disk of nicke!. (Not to scale.) 

configuration it is the rewnance of the DPPH which is displayed 
by the spectrometer. DPPH is a strongly resonant free radical 
which exhihits a narrow absorption peak. Separate investigation 
has shown that the DPPH resonant position is independent of 
pressure to above the pressure of the Bi III - V transition. Con­
sequently, any change in the magnetization of the ferromagnetic 
sample is observed as a shift in the expected resonance position 
of the DPPH. This is due to a change in the demagnetizing field 
of the sample in which the DPPH finds itself. 

The demagnetizing field of a thin disk lends itself to the above 
measurement. The disk is first uniformly magnetized in the 
z direction chosen along a diameter. The important direction of 
the demagnetizing filed for observational purpose is also the 
z direction. This component of the demagnetizing field has a 
magnitude on the surface of the disk which has a relative mini­
mum at the axis of the disk. The apparent resonant field of the 
DPPH is both raised and spread out as a result of the 
demagnetizing field; however, there is a sharp lower edge to the 
resonance because of the relative minimum. Figure 2 shows the 
calculated absorption curve for DPPH in the demagnetizing 
field, the first derivative of the absorption, and a recorder tracing 
from the spectrometer for a nickel sample. The spectrometer 
presentation is a first derivative presentation. The demagnetizing 
field HD is then given by HD=Ha~HDPPH, where Ha is the 
apparent resonant field of the DPPH at the center of the sample 
and HDPPH is the actual DPPH resonant field. Saturation mag­
netization of the sample can now be calculated from HD: M.= 
[(a2+t2)li2/7rtJHD, where t is the thickness of the sample and a 
is the radius. While this is possible, it is not too useful since 
sample dimensions become very critical in the calculation, and 
measurement of sample dimensions introduces the limiting error. 
A more useful approach is to use a known value of M. at zero 
pressure for each sample and find the proportionality constant 
for each sample. This constant is then used for subsequent 
computations at higher pressures. It should be noted that the 
proportionality constant does not depend on the absolute dimen­
sions of the sample but only on the sample shape. As a result, 
assuming uniform sample compressibility and no deformation, 
the same constant of proportionality is valid to high pressures. 

Small sample disks of nickel and iron were prepared. The disks 
were about 0.010 in. thick and 0.060 in. in diameter. In the case 
of nickel, the applied magnetic field necessary to cause saturation 
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FIG. 3. Saturation magetization for nickel as a function 9 
of pressure. Error flags indicate standard deviation. ... .;: 

Q) 
C 
01 
o 

::E 

540 

530 

520 

510 

500 

is approximately the same as the field necessary for DPPH 
resonance at x-band. The results obtained for nickel are shown 
in Fig. 3. The magnetization data is accurate to ±1 G while the 
error in pressure is 5 kbar or 20%, whichever is greater. This data 
can be compared with that of other workers.2-4 No valid results 
could be obtained for iron since at x-band the resonance of DPPH 
occurs at magnetic fields well below the applied field necessary to 
saturate iron. The resulting magnetization of the iron is non­
uniform and the accompanying demagnetizing field does not 
provide useful data. 

This electron paramagnetic resonance method of measuring 
magnetization is very sensitive and the resonance position itself 
can be measured with high precision because of the narrowness 
of the free radical resonance line. This method has the added 
advantage of being independent of sample compressibility and 
search coil areas and/or deformation. A limitation of this technique 
is the requirement of magnetic saturation at low magnetic fields. 
This limitation could be removed, perhaps, by choosing in place 
of DPPH a probe material which requires higher fields for re­
sonance at x-band, or by using a higher frequency microwave 
spectrometer. In practice other problems also arise which are 
associated with the press. The particular geometry in which the 
sample is mounted is very sensitive to any difficulty in the pressure 
anvil assembly and pressure transmitting medium, often resulting 
in nonhydrostatic loading and bulk deformation of the sample. 
Additionally, accurate in situ calibration of this type of press is 
very difficult leading to pressure measurement as a limiting source 
of error. 
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It is known that the propagation of an electromagnetic wave 
in an isotropic plasma is simiJar to the propagation of the wave in 

Pressure (kilobcrs 

a dielectric medium. When, in addition, there exist coagula of 
finite dimensions and are much smaller than the wavelength of 
the propagating wave, their effect can be studied (a) by consider­
ing the concentrations as scatterers, or (b) by considering an 
effective index of refraction. Papasl has found the equivalent 
index of refraction of a spatially periodic plasma and he applied 
his results to plasmas with periodically spaced spherical coagula. 
In this note we develop an effective index of refraction when the 
inhomogeneities are not periodically located and, in addition, 
there exist k number different coagula embedded in the plasma. 

Generalizing the works of Odelevskii2 and Korneenko,3 we 
assume that we have k different types of coagula, each type having 
a specific volume concentration {3ik and a specific electron density. 
Next we take a volume Vo whose total surface is So. The surface 
So is composed of the outside surface S, the surfaces S'k around 
the ith coagulum belonging to the kth type and the surfaces 
belonging to cuts from the outside surface S to Sik. Using the 
divergence theorem 

(Voy,=O) , (1) 

we find the relation 

/, rPoV'if;·dS- ~ (~/, <poV'if;.dS)= r V<po·V'if;dV. (2) Js k-o i=oJS ik ivo 
where the subscripts 0 and i indicate that the quantities involved 
belong to the volume Vo or Vi 

Choosing first V<I>o= -Eo and V,p=n (n unit vector 1. to the 
surface S) Eq. (2) becomes 

- r E.ndV= /, rPoV'if;.dS- ~ ( ~ /, cJ>oV,p.dF;). (3) J Vo Js k-l i-o JS ik 

The boundary conditions at the surfaces between the inclusions 
and the host medium ate <I>o=rPav(Eav= -VrPav) and <1>0 = cJ>ik. 
Introducing these conditions into Eq. (3) we find the relation 

- r E.iidV = - r Eav.iidV + ~ (~r Eik'iidV). (4) J v 0 J V k-I i-o J v ik 

Using average values for the field quantities, Eq. (4) becomes 

k • 

Vn'Eav= Von·E*o+ ~ ( ~ Vikn·E*'k), (5) 
k=l ,,=0 

where V = Vo+ ~k (~. Vik) , and the symbol * indicates the average 
value of a quantity. 

Introducing the new relations Vif;o= -Eo and VcJ>=n, and the 
boundary conditions EkV,p.k=<oV,pO=EavV,pav into Eq. (1), we 
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