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Reconsideration of volcanic block kinematics (1)
— Equation of motion for ejected volcanic blocks —
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Many authors have discussed the eruption time sequence and the mechanism of volcanic
eruptions by estimating the ejected velocity of the volcanic blocks, with the aid of other factors
of eruptive phenomena. Equations of motion for the volcanic blocks have been proposed by
considering the factors, such as the air resistance, the influence of the wind, the inclination of
the explosion principal axis and so on. However, the equation of motion and its solution has
not been considered that the air resistance power was vector quantity for the flight of volcanic
blocks. In this paper a new equation of motion for the ejected volcanic blocks is proposed by
considering the air resistance power as vector quantity.
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LIx L & I

KANGH SN WEOMHEHEL RAEH 2 2 L1%, KIEAOESH= R L —%imT 5 9
R TCHD TEHETH L. FHOHESL I A O L ENERPRENWI L E2EZX D &,
IR 2 721 W 2 EREIC RS 5 Z LR EEIC - TL b, TDHITIE, ASoMEREAm
KL, VA AREE, REOHBHTZEL TUTOILDIORBEFE THLN, TNLOT—Z LR
L CKH TOEMOMEHERESCE N A ELZHEET 201X, 7R ofELZEhEEbhd. £
PAETIE, B7 AR 72 S0 X D55 TR0 22 AT R OO fRAT 70> & 55 B oW HH 3ok B SoMEg HH o 2 2 #E
ETDFERRRELNTIY, RO A EIXm VR THE SN D2, Mg & Ex 0%
e DHIERRF53Th D, AL, (1) £ 0o TR SN SR O &S0 0EE) H 12
KOMBERZERL, WREBZZ2). ZRICH EDONT (2) BOZEKIR, (3) BOZhE,
(4) BRITMOEEZ R EE2 T A—F L LTHAOETAHEFHREZRBZ 2, 250 5%R
Al 2 L FRHT, (5) —filL LT 2000 fEA BRI K ORHIESLIC#EIG T2 Z L2 HgE L
TS, KFHFIFENOLDE1HELT (1) KOWTHLIBKETLIHLDOTHD.

I #ERBEOERHFER

Matuzawa(1933)1Lk L& ERIRICITRI L, ZEREIEBIE L CEORITHE A ~, BHE1
m TWEDREITHIL, FEOEKDGEITITEROEIUIE 2 R THELIRZ RN,
50cm < HWOERIETIE 2km HTRATT 2 & EXIRFTORENER ARV & 2R LTz, FRHT
1m1$uﬂﬂma,1m3$8ﬂ125,1%9$9ﬂ185&%MEk,mmﬁﬂ0ﬂ2355
MRILME K, 18884 7 A 15 HAELILIME K, 1893 4 6 A 4 H EIEILME K7 & Tt S kL -
KINEILIZ DWW TEOHEZFHE LT, BAROKLOHITIEZEOREEREX, KEWIHET 200
—210m/s <HVDHLDTH D EHEL TN 5.
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e ( Igz)(dt) g

72720, dz/diz0m e E =41, dz/dez0n&&E 5=-1,
Koo ol
mdp' 244
B RROBEAR, K : RBROICHERD b DGR, g @ EMEE,
d : KIWESLOER, p' @ KLEEROEE, p:z =028 5KAE,
T,:z=0CBIDRKURE, p,:z=0I280 DKL

A= g.
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ThD.

BUEFRFK U= (Matuzawa, 193DIZHB W T, 2550 H 2 MRS EIZE < IPUIMSHmic
72 N TohoTRI METHD. INEHEIRI 5 L T2 LFHENRREDAL IITRD.
AT TIE L T OWPUCIT L T OEE 2, BOEHU I OEE 21T H 256525 2 TEHA
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Matuzawa(1933) DZELIEHIN z DB TH 2 DL, MIROELIKFINKEABE OB TH Y,
RREBEPES z OMBTHL Z LITER LTV D

—F, TOESEHUEOHRRR —EDER k DBEICHOWTIE, MEEHQ93DATTIZZE
DI E R LTz,

Tebb, EAUCHE < ZERKOBIUIAEE v O A RIS 25E101E, EROBIUNIE 0’
TRIND. k=mk LEWT, xiilhlBIEIBROIRRE DM % 0 L3 HUXES AT

%:—kvzcose, j—if:—g—kvzsinﬂ 3

THd.
RN B EFo TR OR S & 5 & BT,

ds=vdx* +dz? ,  v=ds/dt =+/(dx/dr) +(dz/dr)’

vecos@ =dx/dt, vsin@=dz/dt
Thd. Zhr ERIATIUE,

é%an/dg::—k@m/dg«h/dn, é%@h/dﬂ::—g—kﬁk/dﬂ«h/do.
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TRERT A—F  p=dz/dx BFIVTHRTIE,
w9 g PP
d(p)-C, d(p)-C.
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P(p) =1+ p* +log (p++/1+p* ),
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C,=@(ana)+—2>——
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Nagata(1938)i% Matuzawa(1933)% 5| il L, K54 K 0 & BB E L7z UL OiEE) RN
e LT

d’x dx
MEZ 4 Kpyd® (52 =0
dr’ Po (dt)
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d’z , dz,
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dr’ Po (dt) g

7L, dz/dix0D e E =41, dz/di0DeE 5=-1,
M= ORR, d=EROTHER, p —ZKOBE,
K =HEBRIIC M0 15 KU O IRE.

Nagata(1938)i% = D EBN HFER %A VT, 1938 4E 8 A 11 H =FIL/INEBI O BRICMEH U 7Z B
B v T OWE T DA DT DJGHEE 2 M@ LT, Z OWKDEBIEITE S &2 HEE L.

Minakami(1942)13 Nagata(1938)Z 5[ L, & HIZJAEHDOEE TR AN EE A RS
L7=.

d2
c( —v, cos$)’ =0,
d’y dy .
m?+c(a—vo sing)’> =0, (5)
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K, 193744 A 16 HWEK, 19384 6 A 7 HIEKOBFIZ L o TEM L7 KILBEO % T oA
5, EORPEE 2T LC T L7228 K LFITIZIESE LW A LI T L7z 2
L, FETKIEE TIHOBIIANORERS, BLOKOEIZBIT 28R4 OME &k OOt
LI L > CEEDENH -T2, ] EWEL TS,

H A 51983)1%, KILIZESLOBIE ORFYT & WHHEHE & b A 2 F2019 2 BT, BEKILIC
T RO K LEHZ 35mm AF—/L W AT THBMICHRE L [(1) FEIZHKH S 72k LE
DOYHEREKTHD. (2) HFRWEE Vinax OfEIE 110m,s 725 160m, s (2534 LTS, (3)
A E e \ZkF T 2 WIEE L Vimax-sinld e 282 720 . (4) K LIEFEDJET) & LT 130—270bars
NRELOLNDS. | EHEL WD, 2O TlE, Minakami(1942) DS RO FH &
ncTnsd

S5O - IQ984)1%, Minakami(1942) DIEE H RN & L DOMASIA L, MHME el
%195 WIEFE DBIRI Vimaxsinl® e Z M2 C, KIIABROBGERBEHICRT 237 A —% (O1lfk
W, @EMER, ORAPIHE, OBFEF#MOME, ORE) OEERE->T15.

Z 2 CAEH DL, Nagata(1938)LIKE, Minakami(1942), #+1 5(1983), #0 - nk(1984)
IZH W T, Matuzawa(19349)03 2 < B EN TRV, Tl D725 5 ).
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EERED S 2 3¢ Matuzawa,1934) [T R_RHNTWD X 91T, ZBRPETRITT 2RI H
SHEHUITRES TN K72 T TH TR hARETHD. ZOEZIHES T, KILABLOET )7
BRE—POLRBELTARADLZ LICTS.
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f=—k'V2(VIV)=—k'V -V
ThD. EEL KRGS
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L Gk ox,y,z HIAOEMRZ FLTHS.
ZIC, Kim=k L L, EEHEL,
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s,
d(Vi+V j+Vk) . .
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LD, Ik x y,z BOCHTT, ELHRAE LTRET S L,
dVX :_kV'VX ,
dt
v,
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drv.
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YROES T 50 x 2 HICE Y, V=PV LEL,
%MJVYHVZZ.VX:O,
dv. 2 2
d—t“+g+kw/VX +V -V, =0.

Iz X,z CRET DL, EHENL,
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in + kyJ(dx / ) + (dz/ dt)? (%) =0,

d’z

dz
dz 2 2(=) =
gk d’ (@l d () =0

L0, INEABDOEE TR LR U b0 E 2D, 2 TERbUREL &,

0B
k=A( To)

LE< L, Matuzawa(19349) DI HFBRXZDOLOTH S.
7272 L, Matuzawa(1933) & EIEEIZ,

l:6Kp(')’ A:pOTOg,
7wdp )29
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B KADWEAE, K : FIRIICHD b IR,
d : KIEROERE, p':km%%@%rﬁ, oz =01CK T BREIE,

T,:z=0ICBTDRRIBE, p,:z=0ICBT 2 REE,
Tho.
INEQ93D) DEB LR E, T A= p=dz/dx EHOTHRTIE
g pdp

= . pdz=—r
d(p)-C, d(p)-C,
LR, INEBES TR, BUEOPEE x Lz 35605, ZOBSOBRIZ k% z OB%E L

THD IADIE, Matuzawa(1934) OEE X OEE L COREOIMBE x & z 55N 5.
=721

@(p) =1+ p* +log(p++1+p*),

g
C, =@P(tana) +—=>——,
: ( ) KV?cos®a

V, o (3O & i 4 R

2%, Nagata(1938) DB SFERIL, k= Kp,d®/ M & EWTZHE O, Matuzawa(1933) i
HHEALFACLLDOTHD.
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Wiz, FUEDOZZ BT 2RITUIRIZONTHE 2 5.
Minakami(1942) TiZ

&
" k(i_U) - \
&
"™
&z
d2+§k( Y +mg=0. )

EV ) EH R TERIIN TN D

7220, dz/diz0DEE S=+1, dz/dt0D L E §=-1.

FH051983), HH - KOS DR LITE N TS, ZOEMFBEANKEEIN TS, =
ITWHT, JEH N7 b UDBITEIT DRITYRIZONTER D L, EXOBEIUIRK LD
FARPEREEARZ bV WIZBRT 20T, EXEMEZRED 2L LEEHAE, BHAOOKE ST
W2 AZHBIL, ZOJHE -WDHATHD. RATHESY bV OBIRO K L DR xHEE
Wix, W=V-UTh?h, ZOHADEKIOESIIRZ MV Fid
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F=—kW>W/W)=—k'W-W.

ZZT,
V=Vi+V,i+Vk, U=Ui+U,j

LELS L,
W=, ~U,)i+(V,~U)j+Vk -

LR oT, ZOHAEOEDFEAT

av
& mg+F.
m d[ mg
o,

mﬂ:mg—k'W~W,
dr

W=, ~U) +(,~U ) +V.

Thonb, “hkx,y,z CEHTS L,

d2 )
moT +kW(——U) =
d2
Yww&E-v)y=o0, >
d2 ( y) (8)
d2
d2+kW( )+mg=0. )

Zo (8) XY, Matuzawa(193)IZEB W TSN TWD =25+ 2 RIT9 2 MA@ < K
PUIRS F NI 72 I TH > TRT7 METHD ] 2EZELT-GAORES UICBIT5, &
#BHRATHD.

EFHFRERXDENVCLLPHEHRROERGTYVES

Matuzawa(1934) (28T TRIOFRL TIE E T OB E T OER 2T, MOBEPUT IO
HENZ T HDHEEB X CGHHREEZMEIC L. ZRTHEROEEOH 5 F LA D ITIIEITT
SLEbhd. ] LIRRTWBER, Matuzawa(1933) & Matuzawa(1934) O F-FfkE RN EERIC
XEDBRERTNT, COBRERRIODRIEL TR ZEBRMETHD.

ZZT, mﬁu%nwﬁﬁﬁ&ﬁ:iéﬁﬁ@ﬁ& Matuzawa(1933) D H) HFR A TG
Hiad—E & LEBAITmY 4 5 EH 5 (Nagata, 1938) D giE iR 2, [ U288 Pra e L
TRHA L Z o2 A 7=, Fig.1(a), (), (©) FZ=5EPE%, Katsuiet al. (197928 TH#H
HINTND, ERE 70~80cm DAEIIZXFIET D k fH 0.0006 m™t ZHWWT, MHPEEL 150
m/s, 250 m/s, 350 m/s & L7236 0, KUHMAE 40 FEx S 80 EMOMEMMBOLK TH S.
Fig.1 O#ER A28 ¢, Z5HHEEZ —ED 0.0006 m ™' & LIZ5A OWEE & 3% MRS o B
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Fig.1. Ballistic-curves for volcanic blocks .
Air resistance k= 0.0006[m ™ '].
(a): Vo= 150[m/s],
) () Vo= 350[m/s].
Ny Solid curve : Kodaira's equation(1931).

(0): V, = 250[m/s],

Dotted curve : Nagata's equation(1938).

2500

%% Fig.2 \ZaR LTz, FIBEENKEVIEEFHEBHEEN IR T2 Z E8HLNTH S, Fig.d3(),

) 1THHEE A2 —ED 250m/s & LT, 225 4EHEF4 D 0.0003 m™ !,

220 0.0012m !

L LG aoMEMBROHLEK THD. TNE2EAEL T, ZEXIRYUE & FEMIEREEOBRE R LT

DA Figd ThHD. ZEHIPUEN R E <702 LAHEREEN NS S ROEMPR RN,

Z OB HIFROEW ORI, AT OB SRSV T,

2 2
%:—kvzcosﬂ, %:—g—k\zzsinﬁ
L F R EH) HFEACNE, 193D %,
d*x d’z
—— =—k(vcos ), =—g —k(vsin )
e (v ) R (vsin @)

& LzEd iR X (Matuzawa, 1933)IZEIK L TR Y, Z D=l Z oEdh i,
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2 2
% =—(k cos @)’ cos b, % =—g—(ksin@)’sin@

800

700 H

600 -
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Difference of landing distances (m)

200 -~

100 150 200 250 300 350 400

Initial velocity Vo (m./s)

Fig. 2. Difference between the landing distances in Kodaira's equation(1931) and in Nagata's

equation(1938), for initial veloity and angles of projection. Air resistance &= 0.0006 [m~'].
1600 .
B % = oo | ! ! ! (b) & = 0.0012 [1/m) :
1400 |-
3000 |-
1200 |- -
2500 |-
1000 |- |
2000 |- ) : - J ~
E E 4
M 1500 ] N
1000 1 ]
500 V]
0 R \\‘ i L i e
0 500 1000 1500 2000 2500 3000 3500 0 200 400 600 800 1000 1200 1400 1600
x (m) x (m)

Fig. 3. Ballistic-curves for the initial velocity V, = 250[m/s].
(2):£=0.0003 [m~'], (b):k=0.0012 [m~'].
Solid curve : Kodaira's equation(1931). Dotted curve : Nagata's equation(1938).
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Difference of landing distances

200 i i i i i
0.0002 0.0004 0.0006 0.0008  0.001  0.0012 0.0014

Air resistance 4 [1/m]

Fig. 4. Difference between the landing distances in Kodaira's
equation(1931) and that in Nagata's equation(1938) for air resistance
and angles of projection.

Initial velocity Vo = 250[m/s].

1000 [
—oe—Kodaira eq. ;V0=252. 4[m/s] :
—— Nagata eq. ;Vo=217. 8[m/s]
No air-resistance:Vo=140[m/s]
800
600 |- .
E
200 f-e -
0 ; i ;
0 500 1000 1500 2000

x (m)

Fig. 5. Ballistic-curves for maximum landing distance 2km . Air resistance
k = 0.0006 [m~ '] for Kodaira's equation(1931) and Nagata's
equation(1938) and k=0 [m~ '] for no-resistance equation.
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Z W2 KR KPS IEOTRAITIC OV TIMEF SN T enole. AMTIXENLEBRE L
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X [
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