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Abstract

The Reasonant Sphere Technique (RST) is a powerful tool to measure elastic and anelastic properties of a
solid sample. In RST, free oscillations of the sample are excited by impulsive input, and the output waveform
data are acquired as a function of time. Generally, the resonant spectrum has been obtained by spectral analysis
using Fast Fourier Transform (FFT) in which the degree of dissipation of the vibration energy (internal
friction) is measured by the broadening of the resonance peaks. As is well known, attenuation properties
(degree of dissipation) can not be determined by FFT itself and peak resolution depends on the data length and
sampling frequency in FFT analysis. To reduce these difficulties, we introduced a new spectrum analysis
technique called Sompi method (SOMPI), developed by Yamamoto et al. (1986) and Kumazawa et al. (1990),
where predominant eigenvalues of frequency as well as eigenvalues of decay can be determined with a high
degree of accuracy. We applied SOMPI to RST data and determined elastic moduli and internal friction. The
results show that internal friction Q12— of a single crystal MgO by SOMPI analysis demonstrates positive
value although the present FFT analysis as well as previous works (Sumino et al., 1976; Oda et al., 1994) show
negative values. This suggests that SOMPI analysis for RST is more effective than FFT technique especially

for estimates of internal friction values.
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Fig.1. Block diagram of resonance sphere technique(RST). T and S are transducer and specimen

respectively. (a)FT method: A sample is vibrated by pulse external force from transducer and time-series

data of amplitude is measured. (b) Schematic illustration of a balance for measurements of spectrum

against supporting force W applied to the specimen.
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initial amplitude and initial
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Fig.3. The f-g plots of synthetic namiso data (closed circle) and results (open triangle) calculated by SOMPI
from synthesized waveform (Fig.2a) for AR order of (a) 500, (b) 800, (c) 1000, (d) 1200 and (e) 1700. In

these figures, if frequency and growing rate values calculated by SOMPI give close agreement with those of

synthetic namiso data, open triangles (calculated) should be superimposed on closed circles (synthetic). Note

that most of all the synthetic namiso values can be obtained by the SOMPI in the AR order of more than

1200
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Fig.4. The f-g-A plots of results calculated by SOMPI from synthesized waveform (Fig.2a) for AR order of
(a) 500, (b) 800, (c) 1000, (d) 1200 and (e) 1700. Note that initial amplitudes are large where frequency and
gradient values of both synthetic namiso data and calculated results by SOMPI are in close agreement.
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Fig.6. The FFT amplitude spectrum plotted against the frequency for RST time-series data where transducer
of (@) P wave and (b) S wave are used, respectively.
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Fig.7. The f-g-A plots of results calculated by SOMPI at AR order of 1200 for RST time-series data where

transducer of (a) P wave and (b) S wave are used, respectively.
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Fig.8. Plots of (a) resonance peak frequency and (b) half-width of the peak frequency of eigenfrequency
mode B1u-1, by FFT method, against the different supporting forces applied to the specimen. Five runs
are performed to estimate the effect of asphericity of an aspherical specimen. Note that extrapolated
values of a resonance peak frequency and a half-width at W=0 shown in (a) and (b) are slightly different

among five runs.
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Fig 9. Plot of (a) resonance peak frequency and (b) eigendecayrate of eigenfrequency mode Blu-1, by
SOMPI method, against the different supporting forces applied to the specimen. Five runs are performed to
estimate the effect of asphericity of an aspherical specimen. Note that extrapolated values of a resonance

peak frequency and an eigendecayrate at W=0 shown in (a) and (b) are slightly different among five runs.
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Table 1. Computed and observed eigenfrequencies of MgO.

C : Computed frequency. o : Standard deviation OF : Eigenfrequency by FFT analysis.
Os : Eigenfrequency by Sompi analysis. — : No data (Unresolvable peaks)
No. mode C (MHz) OF (MHz) 0S (MHz) OF-C(MHz) 0S-C(MHz)
1 Blu-1 0.51296 0.51282 0.51298 —0.00014 0.00002
2 Ag-2 0.51299 051328 051348 0.00029 0.00049
3 Au-2 0.59510 0.59537 0.59558 0.00027 0.00048
4 Blg-1 0.62540 0.62627 0.62638 0.00087 0.00098
5 Blu-2 0.69697 0.69707 0.69721 0.00010 0.00024
6 Ag-3 0.75468 0.75497 0.75513 0.00029 0.00045
7 Blg-2 0.82803 0.82822 0.82828 0.00019 0.00025
8 B1u-3 0.83708 0.83722 0.83740 0.00014 0.00032
9 Ag-4 0.85366 0.85332 0.85298 —0.00034 —0.00068
10 Blu-4 0.87646 0.87666 0.87682 0.00020 0.00036
11 B1g-3 0.88414 0.88422 0.88449 0.00008 0.00035
12 Au-3 0.92617 0.92496 0.92545 —0.00121 —0.00072
13 Ag-5 0.95242 0.95250 0.95341 0.00008 0.00099
14 B1u-5 1.04191 — — — —
15 Blg-4 1.04220 1.04230 1.04243 0.00010 0.00023
16 Ag-7 1.04709 1.04726 1.04739 0.00017 0.00030
17 B1g-5 1.06731 1.06710 1.06730 —0.00021 —0.00001
18 Ag-9 1.08910 1.08914 1.08958 0.00004 0.00048
19 Au-5 1.10554 1.10585 1.10598 0.00031 0.00044
20 B1g-6 1.13895 1.13965 1.13982 0.00070 0.00087
21 B1u-6 1.14659 1.14667 1.14687 0.00008 0.00028
22 Au-6 1.20410 1.20450 1.20526 0.00040 0.00116
23 Blu-7 1.25732 1.25745 1.25766 0.00013 0.00034
24 B1u-8 1.26810 1.26828 1.26839 0.00018 0.00029
25 Blg-7 1.29165 1.29185 1.29173 0.00020 0.00008
26 Ag-11 1.31435 1.31444 1.31501 0.00009 0.00066
27 B1g-8 1.31659 1.31673 1.31777 0.00014 0.00118
28 B1u-9 1.31820 1.31810 1.31869 —0.00010 0.00049
29 Au-8 1.33972 1.34007 1.34020 0.00035 0.00048
30 B1u-10 1.35344 1.35396 1.35392 0.00052 0.00048
31 Blu-11 1.37730 1.37730 1.37675 0.00000 —0.00055
32 B1g-9 1.38239 1.38265 1.38315 0.00026 0.00076
33 Blu-12 1.40364 1.40393 1.40351 0.00029 —0.00013
34 Au-9 1.42763 1.42751 1.42737 —0.00012 —0.00026
35 B1g-10 1.44283 1.44299 1.44326 0.00016 0.00043
36 Ag-12 1.45291 — 1.45561 — 0.00270
37 Ag-14 147118 147122 147221 0.00004 0.00103
38 Blg-11 1.47408 1.47382 1.47442 —0.00026 0.00034
39 Au-10 152330 1.52387 1.52329 0.00057 —0.00001
40 Blu-13 154264 1.54240 1.54251 —0.00024 —0.00013
41 Blg-12 155229 155278 155290 0.00049 0.00061
42 B1g-13 155669 155705 155719 0.00036 0.00050
c =0.00033 5 =0.00057
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Table 2. Elastic moduli of Periclase(MgO).

(1) Oda et al.,(1994) (2) Suzuki et al., 1989 (3) Present study (by FFT analysis) (4) Present study (by

Sompi analysis) (GPa)
(1) (2) (3) (4)
Cu 296.15+0.13 296.18 296.68+0.06 296.73+0.14
Cp 95.35+0.12 95.38 95.18+0.06 95.01+0.14
Cus 155.89+0.05 155.89 155.93+0.02 155.96+0.05
K 162.28+0.12 162.31 162.35+0.05 162.25+0.11
Cs 100.40+0.04 100.40 100.75%0.06 100.86+0.13
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JARENTIEE A EED LR, TR
mHZEERLTWD, f-g-AX (Fig.10(c)) %
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Fig 10. (a) Resonance spectrum by FFT, (b) f-g plot by
SOMPI and (c)f-g-A plot by SOMI are shown for eigen
values of frequency mode Blu-8 in the same range of
frequency. SOMPI results with AR orders ranging from
500 to 2000 with the increment of 100 are superimposed.
Noth that the Blu-8 mode in f-g and f-g-A plots shows
the typical two-fold splitting of resonance peaks,

although FFT result in (a) shows a single peak.
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ELTHIEINTEARY MDY =7 B3, 1765
ECIEHRICBISE R A2 G En b oT, ZDO X
57— A0, JEEEIER U720 iR e oo 4
705 AT RV L TR LT,

4.3 NEBEBROHTEHR

WNEBEEEE ORI EIAER Uiz, SMF L7 B RS
. CPEE, B EES Table. 3, FFT 35 X OF
THEDFFATHE R O B U 72 NEBEEBR D5 IR
# 4 Th D, JATHFSE (Sumino et al., 1976 ; Oda et
al., 1994) O WNEEEER OEIL AT CW {EZ Hu iz
RICE > THEESNTE LD TH D, NHBEEE
HEERRE LT DL, FFRIEICE-ST

fRNT ST, AT FFT fEATRE R L -
T BTl & 13 Table. 4 (4). G)ICRBND K
IR D2 IR LTz, SEATHIE D NETEEER &
L Th, B<ERDEZRLTHND ZEN
3%, BRICKERENRONZDIF Q' Th
%o AWFZED FET RLEATHIZED Qu IX A DI
Lo TV D, AFETE T Qut BNIEDE & 72
STW5D, WNEEE L 1T, BEIRICISHENZ 7=
& XA LD ERNROT HOEN (MAHDOT
) EINTWAHToD, WEEENSADMHEIZZR
HEWH Z TSN ED SOTHNETL T
HEVIEIIRD, ZOOADMEITA VR
WITTH D, NHEEORER LD & AR

mode FFT Sompi method
f (MHz) half-width:f*(kHz) f (MHz) eigen value of growing rate:g
Ag-1 0.513046 0.0219 0.513490 0.0112
Au-1 0.595245 0.0271 0.595493 0.0202
Blg-2 0.828217 0.0309 0.828333 0.0127
Blg-3 0.884483 0.0388 0.884671 0.0078
Ag-5 — — 0.952447 0.0286
B1g-5 — — 1.067260 0.0057
Au-4 1.105685 0.0346 — —
Blu-6 — — 1.146810 0.0107
Blu-9 1.318080 0.0566 — —
Blu-11 1.377170 0.0056 — —
Au-9 1.427582 0.0405 1.427560 0.0180
B1g-10 1.443146 0.0314 — —
Blu-13 1.542685 0.0275 1.542580 0.0129
Blg-14 — — 1.653830 0.0253
Blu-17 1.666050 0.0569 — —
Au-14 1.677320 0.0424 — —
B1g-18 1.835750 0.0552 — —
Blg-21 1.894958 0.0185 — —
Blg-24 — — 1.967790 0.0046

Table 3 Comparison of the half-widths and eigendecayrates of MgO by FFT analysis, with those by SOMPI

method. Modes indicated by “—” are not used in calculations of internal friction.
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Table 4. Internal friction(x10~) of single-crystal MgO. (1) and (2)Sumino et al.(1976) (3) Oda et
al.(1994) (4)Present study(FFT) (5)Present study(Sompi method)

(1) (2) (3) 4) (5)
Qut 0.23+0.61 0.52+0.74 0.32+0.07 0.29+0.37 0.26+0.26
Q' —0.35#1.79 —0.79+2.15 —0.11+0.22 —0.46+1.15 0.050.85
Quq? 1.87+0.16 2.92+0.21 0.24+0.05 0.65%0.20 0.26+0.16
Qc*t 0.0 0.0 0.15+0.13 —0.00+0.66 0.18+0.49
Qgt 0.51+0.14 1.15+0.18 0.53+0.06 0.64+0.20 0.36+0.16

ZED FFT fif RAZHA fFEDORIR DO ST DN S
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M2 L5 &, FFT CIHRIEAY N & W EARENEL
B, FRETIERELSHE LA H o1, #ik
IZOW T, Figlo(a),(b)> 5. FFT 13HiR LT
VIR AR Y ROV ERE TR S BLEL Ok
DGEanboTc, ZTNHOHENGL, FFT L0 %
FEEO ST R EVRIIBRE ) 2 Ff > T D Z &M
%, E72 FFT Tik, [Rl— B TS E
DRI DD AT MV ERIT 5 Z & I3R
Bk 72, FFT CIEEAHEE & L CTil-o
TWIZ AN FLH IR LT AT Frd—
DTholc W AEEMELZE 2 bD,

FATHIFFERS FRT fRATRS SR 2 IV CHRIE L 72N
R L | A EERRTRE R 2 IO THIE L 72N
EEROMES R DREIT, REL2TTRD
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Fig 11. Example of resonance spectrum for

eigenfrequency mode Ag-3, demonstrating that

it is difficult to measure the accurate

half-width due to peak splitting.
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F o, FFT SRS & o TRl el
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728, FFT Tld—o0 b —27 L LTHEINT
b, BREBRORR D E— 7 PMFEET D Al Retk
DD,

(2) FFT ® A7 F LD 727321 Fig. 11 O &
INHERL TWDE LD LB LD, ZOHAIT
AR A RE S DB, MR L TV DAY b
VDT IERE R B HIRR 2 51137, IEL Ve
TENE ORNE D KEE & 72 > TWDAREMED B 5,
(3) FFT %, AT bAEEFET 28D
RIFE AV EAA L EFIC & » THBEIICIRE > T L

- : Theoretical spectrum

@—® : The peak frequency
shift due to inadequate

sampling interval

1 1
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Fig 12. Example of resonance spectrum for eigen values
of frequency mode Blg-4, demonstrating the peak
frequency shift due to sampling interval (frequency).
FFT spectrum (black line) with sampling points (closed
circles) shows spurious peak frequency (dotted line),
whereas theoretical spectrum (gray line) gives the true

peak frequency (broken line).
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