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A fundamental study on time-varying phase of earthquake ground motion
by evolutionary spectrum analysis
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This paper presents properties of time-varying phase of a seismic motion

derived from evolutionary spectrum analysis by means of complex
demodulation. The changes of instantaneous frequencies introduced to
time-varying phases are explained by using an example of sine wave with
slightly different frequencies. Influences of time-varying phase on Fourier
spectrum and response of filtered seismogram are also illustrated. Finally, it is
suggested that the second order differences of envelopes of filtered
seismograms may be associated with instantaneous frequencies.
Key Words: evolutionary spectrum, time-varying phase, complex envelope
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HLThH, R2S)ERMBEOENILVBFAETHS.

G—0 -«

i
x;(f) =2 Becos{Awks +
pry

}

}

0~k+6
-cos{aw;t + 3

+i]A “k~ Afcos{(ao, £ Awk)t+ &} (27
k=1
ZITC, BriEd-i & AxOVOTRIVNEVWGOEE, 413
Ak & Ak DOTRLREVVEIZRET S0 2R LTS,
FEEEHOFBIX, A AxDLERTTATRE,
A-k< A DEZWXT AT S,

RRNOE BB T HEEOFLAKRSEITIo; TH
3%, S—HOFEFELRADEEABIE T, MRS
AL ITPw, E1372 620, Lizdo TR, ji
OHID X 5 I FLEFEEE TSN OBERRS E VOB
BRIz o TRy, Lal, BT 28 EOE
B3, H7ZBI2HLEAKDLSTHD (K-9).

IO X S ICHIBEESRIE T, BREFREEICH LT —
Y TIRECM RN EREICBR L TN, L L, K3 %R
BLINETRAELIE, SRR BERBREICRWT
R-7 L FROE/LOFER R TENS. & Z2E, B30
F0=2.054Hz TIX, FEZ 3 O aKRCEREEEROE/L
B —2R 31z, AR 6 BOBNr—R 2ITIEFFEY L
TWVW5L5Ths.

4. 3 HREEFTREOUERO 2 BizES L BRSO
[P (]

K1) 5 bbb L I, HEDHIRF ODBRLEFE
REARIIIRSE TR <, TR, BV eA-L REBROBE
R H HIITE R ORI L BHHOERINTVWS. Gk
L BEAFROBRIE, AEREERCRIT 57— ) iRIB
EATAROBMRIZIEY T 5. FaR D 21X, MHH T — ) =
WEEOF TR - BEEEEKICRIT 2 2 h b 0BRER
LTW5a. &I 5T, HMEBEHIREEODEHRAH/IMIEH
BEKTHHHE, BEARITAKENOHERTES D).
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04 — BFEREEE fo=0.251Hz
— T -
03} fo=0.28Hz
A a=100
0.2 L L 1 1 ]
§~12‘ f0=0.576Hz
#® o8} A fo=0.56Hz
fé i/ '\ AN ) a=80
o 1

10 15 20 25
7 (sec)

fo=2.054Hz

J) ¥ $t(Hz)

10 15 20 25
Bi [ (sec)

K-10 fie(t) & BREEE I 0 brig

UL, —RICHERIE OAKRD B/ M HES BB & 1R
BBV, I TIEEROESERNT, BRI O
EURERR & BERAAR OB R IR

R-10 ICIX MR IR OBARO 2 BES L BRE
BELBLTWS. 2L, BERO 2 BEESIIRAD fie(r)
TEHEZTWS.

fie(t) = fo+ aA?P(t) (28)

ZIT, aldMEROREE, AP(r) ILERRO 2HOES
ERLTHWD. BPiie OEEZRLTHS. o i, S
MR 2 B OREINEILE fo IoR L THK -/ 5 1%
FERRLTNDS, 28, SHEEICHT 5 a OEIIRT
SERAMICIRE L=,

BERBRBOAE T, fie(hix LicMmoELERLT
WBBR, ZORFAELORMEIIBREERE L LB X <
BELTWBZ bbb, 2L, MESHREOAE
B LB BB AEHT B DI2iX, =& 2T, BB
DEMERO 2 B2 EBFERICBIT 2 ER S04 —~F~0
EEUONET D00, HEEOBRREOFEHECIFLER
EITRLT, 2 BESOBRLOBEE ED X 5 IZHET S
OMRE, ZLOBRERDS.

5. ¥¢¥

ABFFTIL, CD I & BAMKRCHEIIE L, IS

B AFEEAVEEND L OBREBEL, WHECL
BIEE ALY ML LSRR BT 5 - LR L.
KRIT, CD AT & o TRD I HBEIIRIE O AER & BHEE
BAEHERL, ZhbOEBRFMEC >N TR L. &
BNIEEREEEDBHEUTOL IS,
(DFEEH A2 PV L B AN bR L BB
By, BRI 5 AEIMOE EC X 5 &b
Ev. oL, BRBEOT7— U ALY MR IC K
THEH 1 BRERDEETE, STLLEBETERVE
BELS. ' ' '

QHRBIHIRE OB AT, BRRSS RN ELE
FTHHE, DTHHEBROBFTTRELELL, F0H
HNOBATTILD BN RE/LE LTS,

Q) HEEEFRIE OB AR R ORENELE, AEib
THCERDZZOOEREILRIFEHOEND & LK
L35, EREOH T, BFEAREORRBELBEIER
FICB T 5 PLREEUSN ORGSO BIL L > THBTE
7=,

(HHUBBIE NI DA D 2 BEE Ly & TR R L ik
L, WESEET RN E(LOREERTZ L ML
7z,

(SYBMBM DS DRES 2 BB R AR B ORI
{LOHIAEDR, X OIITEERD 2 By & BN E RN
OREHBILOBREED L I ITHEFHOV I 2 b~ 3
VICHAWANISROBETH .
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