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Fig. 1. Outer view of the squeezer head. 

the linewidth.17 .20 .21) Samples employed are ultra
high pure germanium (70 ohm-em) kindly sup
plied by Dr. H. Yonemitsu at the Tokyo Shiba
ura Electric Company. Balanced bridge non
resonant superheterodyne spectrometers operat
ing at 35 GHz and 70 GHz have been used . These 
simplified detection systems make it possible to 
operate at less than 10- 7 watt with quite a toler
able signal-to-noise ratio. Carriers are generated 
by white light illumination from an 8Y-50W pro
jecter lamp and through a Toshiba infrared glass 
filter IRD- IA, which is to cut the wavelength less 
than 0.9p off. 

The light intensity is weakened by operating 
the lamp at 1.5",,4Y and using an optical iris to 
a void the broadening due to carrier-carrier inter-
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Fig. 2(a). Alignment of the piston, sample and silica 
rod at the central part of the parallel squeezer. 

(b). Local details of the mechanism of the 
squeezer. 

A: Pushing rod 
B: Stainless-steel balls 
C: Piston (shaded part) 
D : Sample through the waveguide 

actions. 22 ) The sample is directly immersed in the 
liquid helium bath. 

A typical feature of the absorption lines is 
shown in Fig. 3. 

2.5 

~ = 35 .3 GHz 

X = 1.03 x 10' kg / em' 

T = 1.5 OK 

3.0 
xlO' 

MAGNETIC FIELD IN OERSTED 

Fig. 3. A typical quantum spectrum for H, XI/<l11 ) . 
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§ 3. Determination of Inverse Mass Parameters 
and Deformation Potential Constants D .. 
andD .. , 

Figures 4(a) and 4(b) show the angular de
pendence of effective mass of the hole cyclotron 
·:esonance lines obtained under the application of 
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Fig. 4(a). Anisotropy of the effective mass for the 
hole resonance with x//<111> and X = 1.9 X 1()3 kg! 
cm2• 
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Fig. 4(b). Anisotropy of the effective mass cf the 
hole resonance with X//<l00> and X = 1.42 X 1()3 kg! 
cm2• 

high stress, where the angle 8 taken along the 
abscissa is between the stress and the magnetic 
field directions. The stress dependences of the 
effective mass in the geometries of X, HII(l11 ) 
and X, HII( 100) are shown in Figs. 5(a) and 5(b), 
respectively. One can determine inverse mass 
parameters and deformation potential constants 
from the above data. The strain Hamiltonian H. 
constructed by Kleiner-Roth231 in terms of the 
angular momentum operator J is 

H.=DaY(eZZ+ ellll+ eu )+ ~ D{ (Jzz - tJz)ezz 

+ (JIIZ-fJz) ew +(J.z-fJ2)eu ] 
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Fig. 5(a). Dependence of the effective mass of the 
hole cyclotron resonance lines on strain para
meter121 s' for x, H//<111> and 35 GHz at 1YK. 
The solid and dashed curves refer to the theoreti
cal calculations given by the second order pertur
bation and by matrix diagonalization, respective
ly. 
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Fig. 5(b). Dependence of the effective mass of the 
hole cyclotron resonance lines on strain parameter 
s for X, H//< l00) and 35 GHz at 1.5°K. 

where eu , ••• , ezll , . . . are strain components 
while DaY, Du and Du' are the valence band de-


