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Q KAHOWEA - HEHIH

Q Eriias (%)
o BAAADIEARN I ME DA
o BAIAADH
o BAIAAD Fourier
o R LR — @D Fourier D&
o R B — Fourier R DLE
o 7 Lo A% — L Fourier 21D 54
0 Z LB (BH) — HERRFE Fourier ZH#10 %G
o W DR ZDILH
@ BAAAL LM DR
o XE FENEB TOMY (M DIEFH)
o JuH: BAEROAHAHERE
o BN oEAROMNE



ARHODOWEA - EAKEHIH

o AHD T —=ix 1'BEAIAAD Fourier 1%, Fourier Z#1DfE) ¥
WO HD (fFE/ — b [1] D8§7), ZOEEX ZHRT 2 2 ¥ Ak
BEZDOH,D LA, Fourier fEHTIX. Fourier 12 & 3 BVREH SR 0D
FRMTDSFEIRIC I o 2 STV B P, BB SRR O FIHAERED
Rkl UCHL) B 5,

HIZ N OREZEDOHBRE T, BAAADFHEE WD Z & HHIKESE D
LRV (REDEA FUE TFIXIL -« T4 VR —] THDH),

o LAR—IPHRE2EENLRVE DI, ZIRAHTD Zoom + 7 4 X7
7 —1%12/21(2K)12:00-13:00 235, £ DX 1/11(2K)12:00-13:00
TF, X—LTOEMILARATSZIFTET, )
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7 BHIAA (L) EEROEH

f,e:R—-CIINLT, fxg:R—-C ZXXTED 3,

(1) Frg()i= [ fx-y)g) oy (<)
JEHH 27 DEEEL f,g: R - C T LT, f*xg: R — C ZXATED 5,
1 T
) Fre()i=5- [ fx=neb) dy (xeR)

f,g:Z—CIZNLT, fxg:Z—C EZXNTED S,

(3) fxg(n): Z f(n—k)g(k) (neZz).
k=—0c0
JE N OBE fog: Z — CITNLT, f*xg:Z— C ZRNTED 5,
N—1
(4) fxg(n):= f(n—k)g(k) (ne€Z).
k=0
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7.2 BAIAADIEARR 2 EE D

THGEAL, FEERAR Y BIERE LB ARAADERN L EE 2T 2 DIk, (&
HFDIFFEE T DISNT) MRS o RWEERETH 5,

Tz e T EEL W,
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7.2 BAIAADIAR T2 MEE DR

THGEAL, FEERAR Y BIERE LB ARAADERN L EE 2T 2 DIk, (&
HFDIFFEE T DISNT) MRS o RWEERETH 5,

FEEOREHZ LTA L S, By OIEFZE (Fubini DERE) 12X D

(g + F) * h(x) = / T (g A)x — y)h(y)dy

[ ([ et - sy o) ) o
-/ (/:’Og((x—u)—nh(y) dy) F(u) du

:/jo g * h(x — u)f(u) du
= (g* h)*f(x).
ThbOH (gxf)xh=(g*h)*f.

FeTHHEL W,
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7.2 BAIAADIAR T2 MEE DR

THGEAL, FEERAR Y BIERE LB ARAADERN L EE 2T 2 DIk, (&
HFDIFFEE T DISNT) MRS o RWEERETH 5,

FEEOREHZ LTA L S, By OIEFZE (Fubini DERE) 12X D

(g + F) * h(x) = / T (g A)x — y)h(y)dy

[ ([ et - sy o) ) o
-/ (/:’Og((x—u)—nh(y) dy) F(u) du

:/w g % h(x — u)f(u) du
:(;TM*fu)
Thbb (g+f)xh=(gxh)*f. ®ZITHEZFNT
(Fxg)xh=(gxf)xh=(gxh)=f=Fx(gxh).

FeTHHEL W,
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73 BAAALDHE| BEBRiIOIE 2 5B DEN

FAICEP NI AR ER OIE2 EHDOEN (KT > v - TxLF—) &
11
4meo x|

U(x) =

B H i %8 htt BENHEYE 7 — ) 2541 5 12 8] ~BHAHB~


http://nalab.mind.meiji.ac.jp/~mk/fourier2021/

7.3 BAIAADE| B DIE 5 GiEES D ENL

H H

RSB PN B B O 2 BLOEM (K7 Y& v b« THALF—

11
4meo x|

U(x) =

U DAL x(—1) BEBEHICKS:
1 x
47l'€o |x|

ZZT e BEZEDFERTH S, SI HMNETIE

E(x) = —grad U =

C2?&%4xm4%%n(cﬁﬁ§¢®”ﬁﬁ)
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7.3 BAIABDH]  Einf OIE S EES DENL

BB A B AR O 2 BHOEN (BF Y > vl - THLE—) &

1 1
U(X) = 471'50 m
U DL x(—1) SEBHITK 5:
1 X
E —grad U =
(x) = —gra prewEl
ZIZT e BZEZEDFEELRTH %, SI iR TIE
7
co= 0 - 8854 x 107 %F/m  (c IZEZEHOIEHEE).

4mrc?

o FUMIZER Q AEANTLAER S u(x) = QU(x)
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7.3 BAIABDH]  Einf OIE S EES DENL

RSB PN B B O 2 BLOEM (K7 Y& v b« THALF—

H H

11
U(X) o 471'80 m
U OHBE x(—1) HBEHICK 3:
1 x
E(x) = —grad U = e |X|
ZIT e FEZEDHEERTH S, SIHMRTIE
7
o= 10 =8.854 x 10 PF/m (c |ZEZHDIEHT).
47 c?
o FAICER Q AEANTVE ARSI u(x) = QU(x)

0 My ICHEM Q EINTVBRRHIE u(x) = QU(x — y)
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7.3 BAIABDH]  Einf OIE S EES DENL

JFRRICEI NI BN REROESEHDOEN (KT vl s THAF—) &

H H

11
U(X = 47r80m.
U DABE x(—1) HEHICK 5:
1 x
E(x —grad U =

(x) = —gra prewEl

ZIT e FEEDFBETH S, SI HIRTIE
7
g0 = 417?C2 =8.854 x 10 PF/m (c |ZEZHDIEHT).

o FAICHEM Q WEHINTWVSER LI u(x) = QU(x)
0 My ICHEM Q EINTVBRRHIE u(x) = QU(x — y) N
@ My, ..., yn IKBM Q, -+, Qu VEDIPN TV B2 51X u(x ZQ,U(X Y)-

Jj=1
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7.3 BAIABDH]  Einf OIE S EES DENL

JFRRICEI NI BN REROESEHDOEN (KT vl s THAF—) &

H H

1 1
U(X) = 471'50 m
U DL x(—1) SEBHITK 5:
1 X
E —grad U =

(x) = —gra prewEl

ZIZT e BZEZEDFEELRTH %, SI iR TIE
7
co= 0 - 8854 x 107 %F/m  (c IZEZEHOIEHEE).

4mrc?

° E)E\k'ﬁf Q PEIPNTVERHIE u(x) = QU(x)
0 My ICHEM Q EINTVBRRHIE u(x) = QU(x — y) N

© Riyi, ..., yn WHEW Qu, -, Qu BBESINTVBASLIR u(x) = QU(x — ).
j=1

o I B M AN A LTWT, DS q(y) LT AL &

= /ﬂ@ U(x — y)a(y)dy = U = q(x).
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7.3 BAIABDH]  Einf OIE S EES DENL

BB A B AR O 2 BHOEN (BF Y > vl - THLE—) &

1 1
U(X) = 471'50 m
U DL x(—1) SEBHITK 5:
1 X
E —grad U =

(x) = —gra prewEl

ZIZT e BZEZEDFEELRTH %, SI iR TIE
7
co= 0 - 8854 x 107 %F/m  (c IZEZEHOIEHEE).

4mrc?

° E)E\k'ﬁf Q PEIPNTVERHIE u(x) = QU(x)
0 My ICHEM Q EINTVBRRHIE u(x) = QU(x — y) N

© Riyi, ..., yn WHEW Qu, -, Qu BBESINTVBASLIR u(x) = QU(x — ).

Jj=1

o ZERICEMASHFEIIC A LTWC, BES g(y) LT3 L &
= /ﬂ@ U(x — y)a(y)dy = U = q(x).

HAREME WD b o ¥ SHHHELIBEDREN S, BAAAI L o T ROMBBRI NS,
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7.4 B AIAAD Fourier Z {4

NITHIZ) TEELEDI1C. ED Fourier ZH#TH.
Ffxg)l=ER FfFg

NI AIRTASR
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7.4 B AIAAD Fourier Z {4

NI HIZ] TEELZE DT, ¥ D Fourier 1T,

Ffxg)l=ER FfFg

DL D 3D
R ¥ 70 % BIEL E2k1] AN
R _EDBIRL B Fourier ZEH2 F|fxgl =V2nFfFg
R Lo JEHIRRL Fourier fR%X Flfxg|l= FfFg
7 LOFEMREE (A N)  BEBL Fourier 24 F|fxgl=NFFfFg
Z L oBI% BERLIR R Fourier Z5#2 F[f x gl = FfFg
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7.4 BAIAAD Fourier 24
NITHIZ) TEHELEE DT, ED Fourier Z¥2T 3,

Ffxg)l=ER FfFg

DI D LD,
X5 ¥ 70 % B E2Xiiii JAS:N
R FoDRI%K D Fourier 241 Ff x gl = V2nFfFg
R Lo JEHIRRL Fourier fR%X Flfxg|l= FfFg
7 LOFEMREE (A N)  BEBL Fourier 24 F|fxgl=NFFfFg
Z L oBI% BERLIR R Fourier Z5#2 F[f x gl = FfFg

274 RIZWETRTOHBEZEH TS, 22 LVWHHAL TAS,

o FEHAIE. T or MDNERE I L Th 6, BREIRT 2 3 EEATT§,
o MR DY G, MMt/ & 25035 %,
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741 R O — EED Fourier 22D &

(5) Z[f xgl(€) = V2r 7 f(£) 7 g (€).
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741 R FOBE — EE D Fourier 21D %55

(5) F[f x gl(&) = V2r T (£)Fg(§).
SEEH h:i=fxg Bk
FIF + g](€) = \/% j; h(x)e " dx
= \/% _Z </: f(x — y)g(y)dy> e "dx
1

— ([ vt ax) oy

- \/% /_i (/f: Flx — y)e—’xﬁdx) g(y)dy.

D () NOILFEED % lim TRLU TR, ZREMRT L, u=x—y tBLL,
dx =du, x = u+y, e ¥ = e W& = o=V GF ZME
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741 R OB — HE D Fourier E#1D %G &

(5) Ff xg](€) = VorF£(£) 7g(€).
SEEH h:i=fxg Bk

Ff * g](¢ f/ h(x)e ™ dx
-/ ( JRCE y)g(y)dy) e dx
— ([ vt ax) oy
-/ ( JARCE y)e—"“dx) g(y)dy.

HAD () NDJAREDE lim TRL TS, BBEHT S, u=x—y 28L&,
dx =du, x = u+y, e ¥ = e W& = o=V GF ZME

oo i R—y . .
/ f(x —y)e ™dx = lim / f(x —y)e ™dx = I|m / f(u)e e " du

R—oo | _ R—o0 R—y

R—y . . 0o .
v I|m / f(u)e ™ du= ef’yg/ f(u)e ™ du.

— 00 R— y

O B, T y BN 2 e s, MEEIHATLE S,
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7.4.1 R FoBK — B D Fourier 054 FFHHOEE

TORIIRAL T

FIf g€ r / (e [~ rwea) etr)ay

= — u)e “Sdy h P
=VorF () Fe(§). O
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7.42 R FoEIHREE — Fourier (R D&

JEHA 2 DBAEL F: R — C @ Fourier Z#t Ff 2 Z. f @ Fourier fREITH %
FF(n) = F(n) = %/ F(x)e™dx (ne ).

Ff. 7 —-CTds,
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7.42 R FoEIHREE — Fourier (R D&

JEHA 2 DR f: R — C D Fourier 242 Zf 1%, f @ Fourier (RETH %

FF(n) = F(n) = % /_ﬂ Fx)e ™dx (n € 2).

Ff: 7 —-CTbhs,
JEEA 2 DRAEL fLg: R C WAL T, f & g DEAAA fxg %
1 s
f + g(x) ::g/ f(x—y)gly)dy (x€R)
TED S,
frg:R— CIWEH 2r TH S (Fxv 7 13HH),
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R EOJEMBIE — Fourier fREX D5 &

(6) Ff +g)(n) = F71f(n)7g(n).
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R EOJEMBIE — Fourier fREX D5 &

(6) F[f «gl(n) = 7f(n)Fg(n).
S h:i=fxg Bl

FIF +g](n) = % /_ﬂ h(x)e™ ™ dx

1 T 1 T —inx
—5- [ ([ - netiay) e e

- (2:r)2 /,7; (/:r f(X*Y)g(y)e*’"de) dy

= L, ([ o) st o
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R EOJEMBIE — Fourier fREX D5 &

(6)
S h:i=fxg Bl

FIF +g](n) = % /_ﬂ h(x)e™ ™ dx

1 T 1 T —inx
—5- [ ([ - netiay) e e

Ff x gl(n) = Ff(n)Fg(n).

™

B (271r)2 /:r (/:r Flx=vlely )eimxdx) v
= ﬁ /_7; (/_7; f(x — y)e_i"de) g(y) dy.

HAD () N2BEED T2, u=x—y B x=—71DLZFu=—-m—y,

x=mDLEu=n—y x=u+y, dx=du e ™ = e~ inuty)n — g=inug—iny =3 2
ViYW

™ . T—y ) ] Ty '
/ f(X — y)e_'"xdx = / f(u)e_’"(”+}/) du = e_’”}// f'(u)e—mu du.
—r — .
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742 R _FOERREE. — Fourier (2 D5E ZERH i =

B u s f(u)e ™ ZJAM 2 TH B0, [ —y, 7 — y] TOEDZ [-7, 7] TD
BT FE LW,

/ f(x —y)e ™dx = ef’-"y/ f(u)e™™ du.
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742 R _FOERREE. — Fourier (2 D5E ZERH i =

B u s f(u)e ™ ZJAM 2 TH B0, [ —y, 7 — y] TOEDZ [-7, 7] TD
BT FE LW,

/ f(x —y)e ™dx = ef’-"y/ f(u)e™™ du.

Il = s [ (e [ e au) ety o

(27’[’ -7 -7
- i/ﬂ Flu)e ™ dut /W (v)e ™ d
Tom ) 27 7Trg Y Y

=Z7f(n)Fg(n). O
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743 7 L OFHIBEIEN — BEEL Fourier 2D 55

NeNIHLUTw:=e*/N 5L, FM N OFEF f = {f}jez ITHL
T. f @ Fourier Z#1 ¥ 1%, BEEY Fourier ZHUICIED 2 570, TbDH

N—
Ff(n) = F(n) Z ()w™™ (ne7)

TEE S Ff: 7 C %, (A f Fourier Z#" ¥ IES,
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743 7 L OFHIBEIEN — BEEL Fourier 2D 55

NeNIHLUTw:=e*/N 5L, FM N OFEF f = {f}jez ITHL
T. f @ Fourier Z#1 ¥ 1%, BEEY Fourier ZHUICIED 2 570, TbDH

N—
Ff(n) = F(n) Z ()w™™ (ne7)
j=0
TEX2 Ff:Z—C %, (FHEF) f O “Fourier Z4" LI,
CAUIEW N OBFITH 2. f(n+ N) = F(n).
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743 7 L OFHIBEIEN — BEEL Fourier 2D 55

NeNIHLUTw:=e*/N 5L, FM N OFEF f = {f}jez ITHL
T. f @ Fourier Z#1 ¥ 1%, BEEY Fourier ZHUICIED 2 570, TbDH
~ 1

Ff(n)=f(n):= N 2 flw™™ (nen)

Il
o

TEX2 Ff:Z—C %, (FHEF) f O “Fourier Z4" LI,
CAUIEW N OBFITH 2. f(n+ N) = F(n).
—%. AN OB f,g: Z - CITHLT, f& g DEAAA frg %

2
—

fxg(n):= f(n—Kk)g(k) (neZ)
0

TEDD, frg: 7 — CIIEM N ORI TH 3,

x
I
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743 7 L OFHIBEIEN — BEEL Fourier 2D 55

NeNIHLUTw:=e*/N 5L, FM N OFEF f = {f}jez ITHL
T. f @ Fourier Z#1 ¥ 1%, BEEY Fourier ZHUICIED 2 570, TbDH
~ 1

Ff(n)=f(n):= N 2 f(hw™ (nez)

Il
o

TEX2 Ff:Z—C %, (FHEF) f O “Fourier Z4" LI,

AU N ORBICH B F(n+ N) = F(n).
—F. BN OB f,g: Z - CIZHLT, f& g DEAAA fxg %

N-1
fxg(n):= f(n—Kk)g(k) (neZ)
k=0
TEDD, frg: 7 — CIIEM N ORI TH 3,
Fix
(7) F[f = gl(n) = NFf(n)Fg(n).
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743 7 L OFHIBEIEN — BEEL Fourier 2D 55

SEBA h:=fxg Bk

N—

1= 1
FI gl = 3 hjw "fz,\,z<

Jj=

- >y (Z Fj— k)w_"j> (k).

-

N—

fU - k)g(k)> w™"

-

k=l
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743 7 L OFHIBEIEN — BEEL Fourier 2D 55

SEBA h:=fxg Bk

N—1

1 N—1 ) 1 N—1
I 8l(n) =y X HGk = (Z - k)g(k)>

j=0 \ k=

NZ(fm—k)w ) g(k).

J

HAD () ND Y 2E(BT) LT b, =]k tBLL, j=0DL & L=k,

J=EN—-1D X l=N—-1—k j=l+k w W =w "M = =, TH 05,
N—-1 ) N—1—k N—1—k
Di—Kw W=D f(Ow MW =0 Y f(w ™
j=0 =—k L=—k
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743 7 L OFHIBEIEN — BEEL Fourier 2D 55

SEBA h:=fxg Bk

1 N—1 ) 1 N—-1 /N—-1
FIF +lln) = 5 >0 = 3 (Z - k)g(k)>

- >y (Z Fj— k)w_"j> (k).

HAD ( )AD Y ZER(BT) BT 2, L=k £BLL, j=00DL X (= —k,

J=N-1DYEI=N-1—k, j=L+k w W =w mMHD) = =rl,=rk CHEHE,
N—-1 ) N—1—k N—-1—k
Di—Kw W=D f(Ow MW =0 Y f(w ™
j=0 1=—k L=—k

BE L F(Ow™ " ZEH N OFBIITH 05, L= —k —k+1,---, N—1—k
W BME £=0,1, -+, N— 1 I3 3RNTEFE LW,

N—1—k

N—-1
SO =D (0w ™
£=0

l=—k
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7.4.3 7 FoEB — BB Fourier ZH DS 3

Wz

w " i f(e)w"f) g(k)

S
(

w™ Z_ f(ﬂ)w_"é) g(k)
=0

N—1
il —nl —nk
rPILCERD IS

=NZf(n)Fg(n). O
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7.4.4 7 EORE (BH) — BEAURE Fourier ZH#AD5 &

B {xp}nez ITH LT, X(w Z Xn€ ™ (w € R) % {Xp}nez OBEER

M Fourier 2 ER L 7=, THDEH|D “Fourier B TH 3,
Thbb, f:Z - CITHLT,

FF(E) = F(€): an)e'"f (¢ €R)

n=—oo

TEES Ff=F:R—C %, () f D “Fourier 4" LIL.R, iU
21 @JEI;EHB&&VG%%O

—H. f,g:Z—-CITHLT, f& gDEAAAE frxg:Z—C EZXATE
LRI

oo

frg(n)= Y f(n—kg(k) (neZ)
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7.4.4 7 EORE (BH) — BEAURE Fourier ZH#AD5 &

BBl hi=fxg 2Bk

FIfrgl©) = > h(me™™ = 3 (Z f(n—k)g(k)> e

= > ( > f(nk)e""ﬁ) g(k)
S (fj f(ﬂ)e-“fe-"kf> £(k)
k=—o0c0 \f=—c0
= ( > f(f)e"“> < > g(k)e"k5>
l=—00 k=—oc0

= 7f()7g(§). U

B H i %8 htt BENHEE 7 — ) 2541 5 12 8] ~BHAHB~


http://nalab.mind.meiji.ac.jp/~mk/fourier2021/

7.5 W e DRfRE Z DS

7.5.1 BAIAR LW DR

W FTRELR BIR D B AABIT DNV TR, RORAHED 31D,

df . dg
9) (f g) = rE=fx -
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7.5 W e DRfRE Z DS

7.5.1 BAIAR LW DR

W FTRELR BIR D B AABIT DNV TR, RORAHED 31D,

df . dg
9) AfU g) = rE=fx -

INEFTICE. HOHE ToMs (M5 L5 OIEFH) 2 E 43Uz BV,
R TEZRINZEIHELRZRE LR VWEBOSE

(e g)(x) = "/ F(x — y)g(y) dy
/‘**fx— g(y) dy
:[rfkfyMWMW

= % * g(x).

(s FToMnyE EXiconwTidE, RDRF 4 FTaxXxy b3, )
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752 XE MRS FOMD (Moo ey DIER

F:la,b] x [o, 8] 3 (x,€) — F(x,€) € C 25 C* iz oid

d [ ’o
d—g/a F(X,{)dX:/a ang(Xag)dX (€ € [a, b]).

CHIIBED T F A FICH-TWVB Z A2 W,
IREETOBEED LH L, ROFEMIE, Hi#ld Lebesgue BT THD 5,
(10) ]%F(x, 5)\ <ot [ ebode < oo

Ziie S o BEIET 25813

dig/_o; F(x,8)dx = _Z%F(x,f)dx (€ € [a, b]).
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752 XE HEmELE FOMIT (1857 & FE 77 DNEF 2L #1)

F:la,b] x [o, 8] 3 (x,€) — F(x,€) € C 25 C* iz oid

i/b Fx, €)dx = /bﬁF(x O)dx (€ € [a,5]).
dg J, ' . 08 '
CHIMED 7 F 2 MTH > TW3 2 2HE W0,

IREETOBEED LH L, ROFEMIE, Hi#ld Lebesgue BT THD 5,
’2
0§
Ziie S o BEIET 25813

(10) Fix, 5)\ <o0). [ pled < +oo

d% /_O; F(x, &)dx = _Z (%F(x,s)dx (€ € [a, b]).
Fourier %*ﬁ@i%/ﬁ\\ F(X, f) = f(X)e*ixév ‘%F(X, 5)‘ — |7I'X€7ixéf(x)’ _ |Xf(X)| <
H5D5,
- | ol < oc

DI D SLTUE OK. EFROFERNIZEE L v, EH 2S5 2 ¥ BRI TD 2,
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7.5.3 J0H: 2UTEAOPIHIERE (1)

# (f538) BRXOVWIERE: f 52 ohky &, XAEHET v 2RKD &,

(12a) ur(x, t) = uw(x,t) (x €R, t >0),
(12b) u(x,0) =f(x) (x€R)
""" Bk s iz, BERICRW—RRBEORREDET L TH 5 (HALX

HYITERNE T D)o u(x, t) XA ¢, (L x TOMDIRE, ISP 71
TH 5,
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7.5.3 J0H: 2UTEAOPIHIERE (1)

# (f538) BRXOVWIERE: f 52 ohky &, XAEHET v 2RKD &,

(12a) ur(x, t) = uw(x,t) (x €R, t >0),
(12b) u(x,0) =f(x) (x€R)
""" Bficifuix s iz, BERICRW—RRBREORREDET L TH 5 (HALX

HYITERNE T D)o u(x, t) XA ¢, (L x TOMDIRE,  ISPINRE 71
TH 5,

FREDEE R x 1I22WT Fourier 221 LT, 28 t IOWTOHEMm R
j‘éo
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7.5.3 J0H: 2UTEAOPIHIERE (1)

# (f538) BRXOVWIERE: f 52 ohky &, XAEHET v 2RKD &,

(12a) ur(x, t) = uw(x,t) (x €R, t >0),
(12b) u(x,0) =f(x) (x€R)
""" Bficifuix s iz, BERICRW—RRBREORREDET L TH 5 (HALX

HYITERNE T D)o u(x, t) XA ¢, (L x TOMDIRE,  ISPINRE 71
TH 5,

FREDEE R x 1I22WT Fourier 221 LT, 28 t IOWTOHEMm R
j‘éo

u(x,t) & x IZ2WT Fourier ZH#EL7:b D% 0(¢,t) £ BL, TirbbB
(13) 060 = Fltx0l© = = [ uxe o (R t>0)

u(x,0) = f(x) O % Fourier Z#13 % &
(14) a(¢,0) = ().
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7.5.3 J0H: 2UTEADOPIHIERE (2)

Ur = e DTB%E Fourier ZHE L & 3,
F [u(x, £)] (€) = (i) F [u(x, )] (§) = —€%0(¢, 1),
F [ue(x, )] (€) = V% [ O; %u(x, t)e ™€ dx = %7 [ O:O u(x, t)e ¢ dx
= Date 0

THEH55
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7.5.3 J0H: 25O wIHIERE (2)
Uy = Uy DA% Fourier Z#:L X 5,

F [ue(x, 1)] (€) = (i€)* F [u(x, )] (€) = —€2a(&, 1),

7 __L [ g 01 [T —ixg
Fue(x, )] (&) = \/E\/oo atu(x, t)e dx = 61\/%/00 u(x, t)e dx
9,
= au(f, t)
THEH55
0
(15) &fl(f, t) = _€2ﬁ(€7 t)’
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7.5.3 J0H: 2UTEADOPIHIERE (2)

Uy = Uy DA% Fourier Z#:L X 5,
F [ta(x, )] (§) = (i€)* F [u(x, 1)] (€) = —€2(¢, 1),

F lue(x, 1) (&) = \/% /Z %U(X, t)e ™S dx = %— /C: u(x, t)e ¢ dx

0
= au(g, t)
THBNH
0

(15) &fl(f, t) = _€2ﬁ(€7 t)'

(14), (15) 1X. B HEXOWAEMETH 5, ZIUIBEDITRT %,

(16) a(¢, t) = e 0(€,0) = e 1 (€).

d = -
(%D d—izay, y0) =y =y=ype* 2WnirIlt,)
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7.5.3 J0H: 2UTEAOPIHIERE (3)

Ffxgl=V2rFfFg LW RREBOHZ 5, Fourier £#is \/%—Tre_tgz
Y75 BB G(x, t) DSBIUZ. (16) 1%
66, t) = Vor ieffﬁzf(s) = VIRG(E. () = F[G( 1)  F1(6)
Vi

CEXMZ OND, WA%ZY Fourier ZH#1L T u(-,t) = G(-, t)* f. TibbH

(17) ) = [ " G(x -y, OF(y)dy
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7.5.3 J0H: 2UTEAOPIHIERE (3)

Ffxgl=V2rFfFg LW RREBOHZ 5, Fourier £#is \/%—ﬂe_tgz
Y75 BB G(x, t) DSBIUZ. (16) 1%
ﬁ@ﬂﬁzfg'v%f4éﬂ0:w@EaéﬂﬂQZ%?WCJNfHO

™

CHEEZ oM D, MiA%ZY Fourier ZH#L T u(-,t) = G(-,t)x f. $72Db

(17) wmn:/wcw—%ﬂﬂnw.

—0o0

G(-,t) X3 Fourier ZH#aTRD HNL B,

G(x,t) := \/%9* [e*tgz} (x).
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7.5.3 J0H: 2UTEAOYIHIERE (4)

M ETHTI, $DHTHLL

(19) u(x, 1) / Gx—y, )f(y) dy (xR, t>0),

(20) G(x,t) = \/‘WefiT (xeR, t>0).

S AR O MINIERIRE (122), (12b) DROLRTH 5,
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7.5.3 IbH: BUTRERXOIHMERE (4)
DT 7z, 2D TELL

(19) wxt)= [ G-yt dy (xR £>0)
(20) G@¢);:7%ﬁf*% (x€R, t > 0).

S AR O WINIERIRE (122), (12b) DROARTH 5,

WY RAREE BV . 20 u DI (12a), (12b) DfFTHZ L. %
TSRO =B DD Z EDEEATE 2 (Z DR TIIERT 5),
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7.5.3 IbH: BUTRERXOIHMERE (4)
DT 7z, 2D TELL

(19) wxt)= [ G-yt dy (xR £>0)
(20) G@¢);:7%if*% (x€R, t > 0).

CNDBRER O WIHAERIRE (12a), (12b) DEDNRTH 5,
WY RAREE BV . 20 u DI (12a), (12b) DfFTHZ L. %
TSRO =B DD Z EDEEATE 2 (Z DR TIIERT 5),

G RGO WIIERMEDEZAR (the fundamental solution to the heat
equation), Green B8%X (Green function), & %\ 3##% (heat kernel), Gauss 1%
(Gaussian kernel) ¥ I %, FEFHEICHEHLRBETDH 2,
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7.5.4 BFERoREAEOMNE

1 Xz

(F45 20) G(x,t) = e " (xeR, t>0).
At

~

fEED t >0 0L T
G(x,t) >0, / Glx,t) dx = 1

DI D LD,

G lE. 90, 78k 2t DIEMD R OMEREERFICE L W,

t(>0) ZEELREE, x G(x,t) DF T 7 IZFERIROHFRT, x=0T
=212k oTW5,

x fil e ORI CTH EN /587 DOEED 11272 -> T3 (Eid, BEOHTIAR
T, PIHHMEDF o TOZBREIMREIND Z L ZEKT 2),

SIHL 2t RIS HBI LTS %, I ORSE L & I, EMAD > TS
LI TH 5,

t ZFEEL T, x— G(x,t) DZ 7 70T, KEoKEL & biczhny
SET 2, A X—=YZEOHFIET LRV, HEE—RICL2TTEHTD
F2EMLTHRZ Z e 2ED 5,
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7.5.4 BFERoREAEOMNE

BRIy 7 Y 27T 704 %,
Mathematica TEAERDEARE B 5
Glx_, t_] := Exp[-x"2/(4 t)]1/(2%Sqrt[Pi*t]);

g=Plot[Table[G[x,t], {t, 0.1, 1.0, 0.1}], {x, -5, 5}, PlotRange->All];
Manipulate[Plot[G[x, t], {x, -5, 5}, PlotRange->{0, 3}], {t, 0.01, 2, 0.01}]

M 1 BAHEROEARMR G(-,t) (t=0.1,02,...,1.0)
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7.5.4 BFERoREAEOMNE

gnuplot T7 =X =Y a Y &E-oTALD, £

anim.gp

plot [-10:10] [0:1] G(x,t)
t=t+dt
if (t<Tmax) reread

DES57%7 74 “anin.gp” ZHE L THBWT (Visual Studio Code % Atom D & 5 7%
TEFRAD - L7 4 X—TIEZERW). gnuplot T

fgnuplot> G(x,t)=exp(-x*x/(4%t))/sqrt (4*pixt) )
gnuplot> t=0.1
gnuplot> Tmax=5
gnuplot> dt=0.01
gnuplot> load "anim.gp"

(7=X—>a>GIF 21E3)

gnuplot> set term gif animate delay 10
gnuplot> set output "heatkernel.gif"
gnuplot> load "anim.gp"

- J

t=0.125 0.0l XAT t=5%T, G(-,t) DI I IDMEHET =X - a VTHilY 5,
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| B |

7.5.4 BFERoREAEOMNE
H(x,1) ——

025 | / \
02t / = \ ,
\\
015 | / ,
A
01 - / 1
i
]
005 | :
o s ‘
-10 5 0 5 10
2: BHBEROEARM H(,t) D t=1,2,3,4 TDFF 7
(EEMELY 7 — ) T25H 55 12 [ ~B Ao~

#i B htt

H H


http://nalab.mind.meiji.ac.jp/~mk/lecture/fourier-2019/heatkernel.gif
http://nalab.mind.meiji.ac.jp/~mk/lecture/fourier-2019/heatkernel.gif
http://nalab.mind.meiji.ac.jp/~mk/fourier2021/

7.5.4 2R OEABMOMNE I FITRHK

G i, MEICIE, B 0 CRAICHMRRSELNHEIC. ZORIMEE (1)

LTWREZ R T TH 2,
2

G HANBAER T a(xﬂ*E;G&J)

t— +oo DL E G(x,t) > 0 THBH, t - +0 2 LTH 0 LIHDETIE 0 IBRT
5. FEBE ( )

. _J o0 x#0

rlgﬂo G(x:t) _{ +oo  (x=0).
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75.4 BAGERNOEARBEOME 1ZITRK

G &, PEME. B 0 THAICHMARIEINIZGEIC. ZORMRE (JEH)
LTWREERTBEBTH 5,

2
G HEDRARN T a(xﬂ*E;G&J)

t— +oo DL E G(x,t) > 0 THBH, t - +0 2 LTH 0 LIHDETIE 0 IBRT

%, FEB
Iim G(X7 t):{ :)Loo Eiigg

(Z 25 HEBEEGRZ BT I U 7255)
Hik t = 40 DL X, G(x,t) 1F Dirac DT ILREIBUILRS %

tinJ:O G(x,t) = 6(x).

G X Dirac D7V XEEAIHAE L § 2 A5 EXOOIAEREDETH 2

15}
ot

(— & LB YIRROBERT L S 5, )

G(x,t) = 6:2 G(x,t), G(x,0)=d(x).
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[1] HEHthED  (EEUE Yy 7 — v =& #:) G438/ — b, http://nalab.mind.
meiji.ac.jp/ mk/fourier/fourier-lecture-notes.pdf, LAFjiE TH|{5
e 7 —) ZZH ) L \WnWS R4 PR S5DRE LR, (2014~).
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