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H�IGJLKNMOIPJEK$KQIGRSRUT,K�VWM5XZY�[ZT,KZKZYP\^]_IP[`K�abTc]*d TfeOghRUT�MiabTcMOIkjGT�RmlO[ZTG\GT�XnKQJL[QXoIPJbX�]WIG[oK�abT�KogSpfIP[o[oT�pqXoVWIGMr\^s]tgm[oY�KZIP]_JbXoVWIGMiab]4d Y�u5JLgkXoVWIGMiaOT�K$pfIG[oaOT�K�j^VWlL[ogPMGXoT�K'vkwkx`yc]_T�K$pfIGMLabVWXZV_IPMLK�V_MOVWXZVtgh]_T�K$V_RUzEI5KQY�T�Kc{
∂2u

∂t2
− c2 ∂2u

∂x2
= 0 |A},~

u(x, 0) = f(x) |4�P~
∂tu(x, 0) = g(x) |*�G~

TfX�MLIPJLK$g=jGIPMLKNj^Jiu5JOT�KogUKQIG]WJOXZV_IPMiYfXogPV�X�abIGMOMOY�T'zLgh[
u(x, t) = f(x − ct) + f(x + ct) +

1

2c

∫
x+ct

x−ct

g(ξ)dξ |��5~
��IPJO[�p�T�]tgO\bMOIGJLK$g=jPIGMLK�a�d ghl?IP[`a�[oY�KZIP]_J1]tgS[ZY�zEIGMLKZT
V_RUzOJO]tKQV_IPMLMOT�]_]WT'abT']tgUpfIG[oabTG\bTfX�MOIGJLK$g=jPIGMLKNRUIPM5XZ[oYu5JOT�MOIGJLKczEIGJOjPIGMLK
VWM5XoY��P[oT�[c]_T�K�p�IPMLaOV�XoVWIGMLKcVWMLV�XoV_gP]WT,K'KQIGJLK
��IP[oRUT�K'abT�abVtKQXZ[oVWlOJOXZV_IPMr\rT�X�uGJ�d T�M�JOXZV_]WVtKZgPM5X� JLabVtpfV_T�JEKQT�RST�M5X�]_TczO[oVWMLp�VWz?TcabT'KQJOz?T�[oz?IGKZV�XoVWIGMr\^IPM�gh[o[ZV_jkghVWXNsm]_gSKQIG]WJOXZV_IPMr�OHnIPJLK�gh]_]_IPMLKNYfX`ghlO]_V_[N]tgmRS��RUTp`�OI5KQTG\5R�gPV_K�T�MiJOXZV_]WVtKZgPM5X$aOT��gG�fIGMip�IPR�lLVWMOYc]_T�K$�$��xf�N]WT,K$�$��\Op�T�K$abT�[ZMOV_T�[`K�g=�GgPMGX�]4d g=jkghM5X`gh�PT
abT'�PY�[ZT�[ghJOXZIPR�ghXZVtuGJLT�RUT�M5X�]WT,K$pfIPMEabV�XoVWIGMLK�V_MOV�XoV_gP]WT,K��O��T
Kop`�OY�RUgUabTc]tg�[oY�KZIP]_JbXoVWIGM1u5JOTcMOIPJEK$gh]_]WIGMLKNRST�MOT�[�T,KAX$]tg
KZJOVWjkgPMGXoT�{

u(x, t) �L�→ û(x, s) �E�→ ˜̂u(q, s) �L� −1

→ ũ(q, t) �E� −1

→ u(x, t)
�6H�IhXoT�[�u5JOT

t ∈ [0,∞]
\ abIPMLpUMLIPJLKgh]_]_IPMLKNTf�BT�pfXZJOT�[�abT�K$�$��zLgP[$[ogPzOz?IP[ZX�sUpfT�XQXoT
jkgP[ZVtghlO]_TP�^�3gh[�p�IPM5XZ[oTP\

x ∈] −∞, +∞[
\babIPMLp
MOIGJLK$gh]_]_IPMLKzO[oIbpfY�aOT�[$s�abT�K$�$��zEIGJO[�pfT�XQXoT�abT�[oMOV_��[oTP�

�?�   M�zO[oT�MLgPMGX$]tgU�$�¡abT']*d Y�u5JLghXZV_IPM |A}=~ zEgh[$[`ghzOz?IP[ZX�sm]tgSjkgh[oV_gPlO]WT t
\OabY�RUIPM5XZ[oT�[�u5JOT

−c2 d2û(x, s)

dx2
+ s2û(x, s) = sf(x) + g(x).

¢r�   M�zO[oT�MLgPMGX$]tgU�$��abT�p�TfXQXoT�abT�[oMOV_��[oTP\babT�RSIGM5XZ[oT�[�u5JOT
˜̂u(q, s) =

s

c2q2 + s2
f̃(q) +

1

c2q2 + s2
g̃(q)

IP£
f̃
TfX

g̃
KQIGM5X�]_T�K$�$�DabT�KN��IGMLpqXoVWIGMLK

f
T�X

g
�

¤��   M�zO[oT�MLgPMGX$]tgU�$�¥VWM^jPT�[oKZTP\babY�RUIPM5XZ[oT�[$u5Jrd IPM�IPlbXoVWT�M5X
ũ(q, t) = f̃(q) cos(ctq) +

sin(ctq)

cq
g̃(q) |4¦P~

§ �6¨1©5ª,«6¬��®OS¯*°B�±5²k³´©^µ ¯*®b²k±E�·¶ Y�RUIPM5XZ[oT�[�u5JOT'KZV�]_g��$�DabT
g(x)

TfX
g̃(q)

\Egh]_IP[`K
∫

x+a

x−a

g(ξ)dξ �L�−→
2 sin(aq)

q
g̃(q)

¸r�   M¹JOXZV_]WVtKZgPM5X�]WT�[oY�KZJO]WXoghXUV_M5XZT�[ZRUY�aOV_gPVW[oT�pfVWº»abT,KZKZJLK�\�TfX�]_T�K�[Z���P]_T�K�abT�Xo[ogPMLKQ]tgkXoVWIGMLKUz?IPJO[�]_T�K��$�!\zO[oT�MLaO[ZTc]tgS�$��VWM^jGT�[`KQTcabT |*¦G~ zEIGJO[�ghl?IPJbXoVW[ghJi[ZY,KQJO]WXoghX |��5~
}


