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Consider a tree trunk. One may imagine a broken line consisting of two
straight segments. The one is a perpendicular ascending from the centre of its
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base disk to the centre of the disk at the height z, and the other a horizontal
stretching from there to the stem surface of radius 7. We will call the line a
“S-S broken line”. If the distance between two points A and B on the same S-
S broken line is defined in terms of time necessary for the tree tissue to
spread over the interval (A, B), all the points of the stem surface are
equidistant from the centre of the base disk. This means a stem surface a kind
of a sphere. We will call it a stem quasisphere €. An equation of the

quasisphere @ at age f is

=y (7)o ()
in which H, R (2) are limiting values of the stem height and of the radius # of
the height z, and w ™', @' the inverses of the growth curves of the stem
height z and of the radius 7 at the height z, respectively.
Let us define a kind of index function # (f, 2, 7) of three variables age f, height
z and the radius 7 as
1 if (fzne
0 if (thene

We call it a stem Heaviside function. Then # is a ‘weak solution’ of a linear

u (t, z, r):[

homogeneous partial differential equation
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in which % is a gradient of its stem curve, and the stem surface is a
characteristic surface of the equation. In other words, the solution # = 1 jumps
into another solution # = 0 discontinuously on the stem surface. Therefore the

stem surface can be regarded as a kind of ‘wave front’ of its growth.

Quasisphere, difference diagram, stem taper curve, S-S broken line, Principle
of Huygens, Stem Heaviside’s function, weak solution of linear homogeneous
partial differential equation of the first order
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oJB

Ju
[54] L) = a +b@+ az

THOET, Fho. LICHBRLEHEM 2.

d(av) i a (bv) - d(cv)

[55] M(v)= ox ay 0z
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ELE T, LBy 3SR IB EBIUZFONATIEY OO L 595,
HI B FTIIEEOEZ AL LET, T TCTL), M) IZZhEho &
urFLTERLLE

d(auv) o (buv) . 9(cuv)
ax E oy + 9z

ER D FETH, ZAUENT P uv(a,b,e) = uvp DFEF (divergence) & 72 D F
To ZOFEFERERBEFRIIOWTHSTT 5L, Gauss DFEOTEHICL -
T, TR OB LOERFTROETORTIZE) 3. T4bb

fff(vL(u)—uM(v))d0'=ff div (woy) do
4 B
—jaz‘fuvuvds

ERNESF, SITYIIER OB TORMEHRY PVTHDET., 2T
Gauss DFEFOERL &9 OiE, ZHoH 5 M U7z o E AT 2287 5 it
HTHli- SN TWBE ZORITE 5K DD 5 EAFHAE L L3,
FNEFRUEDTHEDN, TOERMPSTHM L iFiuds bhv v ) Bk
hHEE, ROBTRIALLZLOTHNET, EIATHEICL-T, 3B L
Tid. v=0TH N ET06H. SNAOHELIXETHIE T, T2 Tud®
Lu)=0DfFTholctTrE,

[58] fffuM(v)dcr:O
B

DY - RIER D TR A,
Wiz, dBLETEU L LB L) REEME v IZOWT [58] AU D 32 T,

[59] ffva(u)dU =0
B

B L ETHhE, ETFEOERERIZE-T

[56] vL(u) — uM (v) =

[57]

[60] L()=0

THAIEILEDET, COLHIERMEE v I L THTEM 59T
BAoN5 L) fE%e. OGS HERO “F§V i weak solution” &V nE§,
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T e
LFROEB B, ES5ICHERGICL T o0 B, & B I25H
. B w (T F R F N o S T T

[61] B, LTiZ u = ;= const

[62] B, LTI U = 5= const

El, FAENTFROEBT L@ =0DRIIhoTw3d, BREG LT
E o # uy TAREFIZ R -TWEELET (H10),

ZTOLE, HE B L B,DF I

DNWT

[63] ffva(u) do =0
B,

o [fforwaco
B,

FHYZEETHE, HBESKRTD

[65] fffﬂL(u)d6=fffuM(v)dU:0
B B

BENVEEFT, TOLEEEICE > TR B ETIXME o TESWNICE
OTHYETHE, FRLFROFERIZO VT Gauss DFET O EH 2 5
&

[66] [ffuM(v) do=+ ffuuﬂVdS
B G

(67] fffuM(u}dO' o ffuvﬂvds
B, G

2BET. SITVIRG LOBMEMNY b, FRB E By £ ISR L
TTERYHNE#20Ic, KAFE2204RTHY T, 671U &
T

10. 459838 B, B, LR G
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[68] fffuM(v) do=0

B\U B

THD FT05, (681 & [69] &EMAT

[69] f f (11— us) pvdS =0

G
FHELNFET, L2l BRCETE 2 THY T2 5. ZoFSE
BEHOTOONT FVORR v BIET TR TREZY T8A. Thids
R G OYFHOES % (dedydz) & L7z & &,

[70] %:%:%

BROE->TWAIEEZERLET. T4bb, LA X ) afEmiesit
G, o0 MMz 52w EANEH S hDTH ) £1,
Hivbh ORI

du , dz 9w | dz R’ _ ou _
7] ot Ydr oz Tdr R or 0

LT, ZOs T IE

dt _dz __ dr
[721 1" d @ R®@
dt dt R

%D 45 JhiMBEmoFER 22112420 £5. DLEoFHAILL-
T, ¥ Heaviside BIEL w A%, =1 O DB BRFH CAEEIZ 0 =012
Borlw )y ZEXEHLEMIRD T L.

Wi & LT o
AEOWREHERNE VI &, FlZE—RKLoEhid

2%u 29%u
73 L8 st
(7] a2 ¢
DEIIZZEORMSHFENTETREL S LW I ICEbR T E T8,

ZhE g

4 (Fred)(F-eZ)u=o
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LHIELTRSE, #hEh

[75] %—‘;+cg;‘ 0, %—?—cgi‘ao

L) —BOSBROBSEOME LD EAHY £5, ZhEY “Fo
.

[76] u=H(x+ct)

ZHHET, TNEDMHEN shock wave & LT, EHICHES ¢ TIEBLTH
R e

M, LICHFER 1. TR ETREHOTERTH
DFEF. ZhidSloboda KRERPFHEL TV AR FERZ-7-0THY %
To TOXYITHBREMmMIE, 7272 —HIISSMIIEA L THT 9 0 £ M wave
front & L TOELIKHE S ZoTHY £,

o)

— RO R, FEISREFE RO F IRV TR, BEIrOMERIZ L -
THROTMHSA T LES- LB oTwE LA, Lol BEffe L
IZ. u=const bEMTHL LI AN FENRREFE L IR TW2DT
&hiﬁo:@:tu#%uimﬁkﬁﬁﬁrowr%r<mmvéé;5

CRWES, DLERDSHTHE L P L ) 2NFRSBROEFEICIZEWE
BLWIE I,

72E7:%, W.E Willams DET, Wbz “SHVi" L) OOFE
THIY, FREMEPEAFCT, LLEOX ) 2L ) ORFICEREL:®
Td Y ¥ (Williams 1980)0 HDPSIRYBE->TREFT L. “FH0FE" v K
&L S.L. Sobolev® “— [y 42 f#" generalized solution T& ¥ . Courant-
Hilbert {2, B AR D wave front & L CREBR E R TW2RTH ) 355,
TOTFWRII I 0HEW» S rh D ¥ A TL 7 (Courant and
Hilbert 1996, Petrovsky 1954) . i, i f f ./; uM(v)do =0 & v HlRE->
SOEEMEE 22T
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(7] f f oL (u)dS = 0
oB

RWMRET L) HOBUEHMTH-ARTH D 5. T TIHTLEEE A
By OB support DFEZ R/ L TWBHBI LY ¥ £HIEDirac®
S-BA¥As, Aok E T ALEME f@ i LT

[78] f £@) 8@ dz=F0)

TERENLZOLEWE-IILTVET, LA oT, ZITHRELAZLS
2 B4913 L. Schwarz O #8 B $% distribution DBE& AT, 19504EIZHTL 5 F T
HoH0E, FAPUED ROSHFEECEIHLS ISR TR o720
T& Y F 7 (Gelfand and Shilov 1964) c FAAEEIZ L7z Williams DAL, "5
VIR 20 QIEBERSE V) RICEECTWERATLEZOT, 20
Wi Ze DD ) FEATL

RO RS SRR T S BRI oW TIX, TE¥ Schwarz DR E
DHDOH, FNEAELLTH2LDTH- T, FOHEOWREIR. il
DHEPLIFEFELRELZT-OTHY T, LIANENALI LI, —Ho
FHERRUZOWTOMTEIE, FIICAEL STV LI REIHVET. A
%% John DHFETDH, "HVF OERET _FEOFERCO VTR, BY
BiIFEE LT, BB ATHRRLZLEILRET, o830 EEHLTVWET
5, —EOHFERICO>VTIE, FRIGESAETHHLTWADT, i h
REL =5 F L7z (John 1978) ¢

BLMA, THLT, BIEFIOFEHELRITHZ R ) OREEL - LA
WY ek ZRTHY 5. Lo Ll

[ B2 I wave front & UTIER T % B D Quasisphere Tdh 5 |
EVWHZETHNET, WHTEATRETE, BRI HMORTHSB L
VBB EIHAEVER o TwET,
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