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H KYMATIKH EEIZQZH
|KAGE ZYNAPTHZH THX MOP®HS |

V(X,t) = f(x—0ot)

y(X,t) = g(x+ut)
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XQPO ME TON TPOT10
y(x,t) =f(x-vt)
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XYNEXH2X KATANOMH
BEAAYXTIKOTHTAY AAPANEIAX

H OY2H EINAI 2YNTHPITIKH!
AEN EIIITPEIIEI THN EITAOH

METAEY TQN AOMIKQN AIGOQN!
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TO ITPOBAHMA:
EAN AHMIOYPI'HOEI
MIA EI'KAP2ZIA AITATAPAXH
2. THN IAANIKH XOPAH
H AIATAPAXH GA AIAAOGEI
XQPI2 ITTAPAMOPOQ2H
ME MIA KAAA KAGOPIZMENH
OA2ZIKH TAXYTHTA;
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TITIPEIIEI NA KANOYME;
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2E ENA TYXAIO
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KAI NA ATTIOAEIZEOYME OTI
IKANOIITOIEI THN
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‘MHMA THX XOPA

2




F(x+dx,t)

y “ f = - X+dX Yy 1N
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2. Exoope ovvexr) katavopn padag Kat aopavelag

3. Ou T, p etvat teTOleg WOTE vA HHOPEL vd
ayvornbet To Ppapog g xopor)g prKovg dx.

4. Av Kal OtV KAataotaoT) g HApapop@P®OT1)g To
Tpnpa dx exet empunkovbet ol OLVAPELG PE TIG
OIIOlEG EAKETAL TO THIHA A0 T XOPO1] IIOV
EKTELVETAL APLOTEPA KAl OCld A0 ALTO E£XOLV
netpo T.



5. To otolyelwOeg TP A dx Kiveltatl arokAeloTIKA
EYKAPOLd, POVOV HAPJAANAA IIpOg Tov diovd y
KATA TN OlEAELON TNG O1aTAPAXNG.

6. Ot xAloelg oe OAeg T1g Beoetg g YopOor|g wG mPOg
TOV 0P1{OVTIOV aCovda e1vVatl HUKPEG.

7. Aev vriapyoovv TPPEG e To TIEPPArAoV.
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2 YNEITQ2

H HITA ETKAP2ZIA AIATAPAXH

ATAAIAETAI XTHN IAANIKH XOPAH

XQPI2 ITAPAMOPOQ2H

ME MIA KAAA KAGOPIZMENH

TAXYTHTA AIAAO2ZH2..




[TPEIIEI NA

«ANAKPINOYME»

TOYX

TYIIOY2Z OY2IKH2X!
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H TAXYTHTA AIAAOXHX
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BEEAPTATAI

AITO TH
MOP®DOOAOI'TA THX ATATAPAXH?2..
ATAMOPOOQNETAI
AIIO ITAPAMETPOYX
THX TPAMMHYX META®OPA2.




T TIIATIH T EINAI XTON APIOMHTH;
U= _|— TITIATIH y EINAI 2TON ITAPONOMAXTH;

T BEAAYXTIKOTHTA
. AAPANEIA

INERTIA

uck has brakes..the massive hunk of stone doesn't.
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H ITAHPO®OPIA EINAI OTI 2E AEAOMENH XOPAH (T,p)
ATAAIAETAI H AIATAPAXH

V(X,1) = f(Xx—0t)+ g(X+ut)

f(X,t) =X"—20xt +0°t°
g(X,1) = X° + 4oxt +40°t%)

NA AIKAIOAOI'H®EI ITATI H ITTAHPO®DOPIA EINAI
ANANOAZMENH.
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TAXYTHTAX ATAAOZHX
AIIO THN
- XYXNOTHTA

AEN EXOYME ITAPAMOPOQ>H TOY ITAAMOY

KATA TH AIAAOZH TOY.
H AIATAPAXH
AIATHPEI TH MNHMH TH2.

AEN EXOYME
ATAXKEAAXMO-AIAXITIOPA
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I'NQPIZETAI KATIOI ®AINOMENO
OIIOY H TAXYTHTA AIAAOXHX
EEAPTATAI AIIO TH 2YXNOTHTA;
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2YNOWH
0°y(x,t) _ 1 0%y(xt)
OX° v° o’

~ o3 TPAMMIKH AIA®OPIKH EEIZQSH
=/ AEYTEPAY, TASEQY.
e STA®EPOI SYNTEAESTES.
ENAY SYNAYASMOS AYSEON EINAI EIIZHY,
AYZH.
H FENIKH AYZH EINAI THY MOP®HY

V(X,1) = f(X—0ut)+ g(x+ot)

APXH THXZ EITAAAHAIAX




TI 2YMBAINEI OTAN 2YNANTH®OYN;
EEAPTATAIl

(b}t=*r (d) + =37

OTAN AEN EXOYME ITAPOYXIA
MH I'PAMMIKQN OAINOMENQN
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H EMITAXYN2H
EXEI POPA
[MPOX TATIANQ
Oroy
H KAMIMTYAH
2 TPEO®EI
TA KOIAA
[MPOX NMANQ
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EINAI MIKPOTEPH THX

"MAOHMATIKHX"
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HTAN AYTO ANAMENOMENO;



EXOYME AOIKA 2Y2THMATA
OXI MEMONQMENOY2 TYNOYZ

YMNOOEZEIZ — TYTOZ
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H AIAAOXZH MIAX ATATAPAXHX

IKANOIIOIEI TOYZZ
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EXOYME

EITI2HMANEI:

H XPHXH ITPOTYITQN

EXEI 2YNEIIEIE2!




1. H otabepotnta tov petpoov g T,
eV TIEPALTEP® TTAPAPOPPOVOVTAL TA THIPATA
TG YOPOI)G AIIO TA OIIOld OEPYETAL 1] OlaTApPaAX1),
OTpaivet 0Tt TO
PETPO EAACTIKOTNTAG TOL Young
etvat pnoev!




2. Kabe otoryetmoeg tprjpa dx Kiveitatl armokAeloTikd
Eyxkapoua,
povov napdAAnAa npog Tov agovda vy,
KATd T1) OlEAELOT TG OlaTAPAXNG.
f@ @ ENA EI'KAPZIO KYMA
. [IQZ AIAAIAELOPMH %7,
~ A TH AIEYOYNZH AIAAOZHX TO@Qx
OIIOY H ZYNIXTAMENH TQN AYNAMEQl\fy
EINAI MHAEN;
2TV OPAYPATIKOTTA
AVAmntooovTat
Eyxkapoteg kat Ataprjkelg Atatapayxeg-Aovapetg.
H o0levdr) Tovg meprypda@eTatl aro
MH IPAMMIKOY2 OPOYX 2TH A.E.K.
[TOY 2TO ITPOTYTIO EXOYN AI'NOH®EIL
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>, 3. H ATAAOZH EINAI
Qn EITITPEIITH
AOAES TIZ SYXNOTHTES.
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H ATAAO2ZH AEN EINAI

EITITPEIITH
/ [TA OAES TIZ

2YXNOTHTE-2.




H AAPANEIA
APA Q2. OIATPO
[1OY KOBEI TIZ YWHAEX

>2YXNOTHTE2.



. dm

H T ﬂ=&

H AAPANEIA
IXEIQAOY2Z TMHMATOX dx

H ATAAO2ZH AEN EINAI

EITITPEIITH
/ [TA OAES TIZ

2YXNOTHTE-2.




TO AYTI MAXZ EINAI ATEAEX
AEN AIEI'EIPETAI

AITO OAEX TIX 2YXNOTHTE2.

OA MIAHXOYME T'TA TIX
«ATEAEIE2Z».



EXOYME MEAETHXEI
TH ATIAAOXH
HITIQN
EI'KAPZIQN AIATAPAXQN XE
IAANIKH XOPAH.

TA AIIOTEAEXZMATA EPAPMOZONTAI
ME EAAATTQMENH AKPIBEIA
2 TIX TIPATMATIKEZ XOPAEZ.

OAA TINONTAI

AITO AOI'O KAI ANAT'KH

AEYKITITIOX




[TPEIIEI NA EIMAYLTE KOINQNIKOI!
NA KOYBENTIAZOYME ME TOYX TYTIOYX!
EINAI TYTIOI!
NA TOYX OEPNOYME
2. TA OPIA TOY2!
KATANOOYME
KAAYTEPA TO PAINOMENO.

EAEI' XOYME
EAN ENAX TYTIOX EINAI
AANOAXLMENOL.
KATAAABAINOYME
OTI KAITOIA YTIO®EXH
MAX EXEI AIADYTEI!




T [TATIH T XTON APIGMHTH,;

D= |[— I'TATIH H 2. TON ITAPONOMAXZTH;
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T EAAYTIKOTHTA
1 AAPANEIA INERTIA

uck has brakes..the massive hunk of stone doesn't.
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TTATI HTAN ANAMENOMENO
>TON TYIIO H ITAPOYZIA TOY
(n-1);

AN EAIAETO H ITAHPO®OPIA
OTI ZTON TYIIO YITAPXEI TO
(n+1)

TTATI ©A TH @EQPOYZAME

AANOAXMENH,;




A=¢ecV

[1Q2 ATTIOAEIKNYETAI O TYITO2Z THX ANQXH2

B
OTAN TO 2QMA EXEI
TYXAIO 2XHMA;




f(x+ot) TI 2YMBAINEI OTAN 2YNANTH®OYN;
EEAPTATALI :
(@) t =0 {c)t=27 % ;
g(x+ot)
F & o
\\(
_____ ,’/ ‘\{* .
L T ER
B t=1 (d) + =37

MH IPAMMIKA ®AINOMENA



PABAOXZ @EPMAINETAI KATA AT
KAI 2TH 2YNEXEIA WYXETAI KATA AT.
I TO MHKOX THX PABAOY MIKPAINEI!

0 KATI AEN ITAEI KAAA!

Al .. =al AT

|, + Al

|, +Al,;

Al _yry = ally + Al )(-AT)
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H XPYZH ITPOTYIIQN:
EINAI AITAPAITHTH
I'TA TH MAOHMATIKH IIEPI'PAPH
TOY $YZIKOY KOXMOY.

EINAI XPHXIMH
I'TATI EIIITPEIIEI NA ANAI'NQPIZOYME

2E IIOIEX EIKONEXZ
TOY IIOAYIIAOKOY KOZMOY
ANTIZTOIXOYN
Ol OEMEAIQAEIY IAIOTHTEZ
IIOY AIEIIOYN
THN ITPAT'MATIKH XYMIIEPI®OPA TOY.




EXOYME AOIKA 2Y2THMATA
OXI MEMONQMENOY2 TYNOYZ

YMNOOEZEIZ — TYTOZ




ITPEITEI NA EIMAYLTE KOINQNIKOI!
NA KOYBENTIAZOYME ME TOYXZ TYTIOY X!
EINAI TYTIOI!

NA TOYX OEPNOYME
> TA OPIA TOYX!
KATANOOYME
KAAYTEPA TO PAINOMENO.
EAEI' XOYME
EAN ENAX TYTIOX EINAI
AANOAXLMENOL.
KATAAABAINOYME
OTI KAITTOIA YTIO®EXH
MAX EXEI ATAD®YTEI!



0°y(X,1) 1 0°y(X,1)
OX* v°  Ot°

EINAI X HMANTIKO
OTI H A.E.K
EXEI
[IPAITMATIKOY2Z 2YNTEAEXTE2;




0y (X, 1) 1 0y (X, 1)
OX* v Ot?

EINAI AYNATH H EPMHNEIA TQN YAIKQN KYMATQN
ME THN KAA2XIKH EZI2Q2H TOY KYMATOZ;

oV(x,t)  hr* O*P(xt)
ot 2m  ox°
EAEY®EPH EEIZQZH SCHRODINGER
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0°y(X,1) 1 0°y(X,1)
OX* v° Ot

EXEI MONO TIPATMATIKOYXZ XYNTEAEXTEX
EITOMENQY AEXETAI KA®APA TIPATMATIKEX AYXEIZX.

H y(x,t)
IIEPTYPAPEL U1d UETPNOTUN QUOIKI] Olatapax).

o¥(x,t)  h* O*P(xt)
ot 2m  OXx°

H W(x,t)
EINAI MITAAIKH.
AEN MITIOPEI NA ITEPITPA®EI
MIA METPHXIMH ®YXIKH AIATAPAXH
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A
KAA2Z2ZIKO ¢

NA BPOYME
2 E MIA 11

H KYMATOXYNAPTHXZH

W(x,t)
CN ANTITTPOXQII]

CYEI ENA

DPYXIKA ITAPATHPHXIMO KYMA

ANNA ENA
KYMA ITIIOGANOTHTAZXZ.
TO TETPAT'QNO
THX AIIOAYTHX TIMHZ THX W(x,t)
AINEI THN
IIYKNOTHTA IIIOGANOTHTAX

TO ZQMATIAIO
CPIOXH TOY XQPOY.




Z. & ‘I have never in
W  my lite learned
' — Nevoh~ anything from any
E§$Elz man who agreed
with me.”

Dudley Field Malone

ATADQNIEX!



Teloc Evotntac



Xpnuatodotnon

* To mapov ekmaldeuTLKO UALKO EXEL avamtuxBel oto mAaiolo Tou
ekmaldeuTtikol £pyou tou dLbaokovTa.

* To £€pyo «Avoikta Akadnpaika Madnpata oto Maveniotipio ABnvwv»

EXeL xpnuatodotioel povo tnv avadlapopdwaon Tou eKTToLOEUTIKOU
UALKOU.

* To £€pyo vAomoleital oto mAaiolo tou Emyelpnoiakol Mpoypdpupatoc
«Ekmaiidevon kot Ata Blou Mabnon» kat cuyxpnpatodoteitat oo tnv
Evpwrnaikn Evwon (Eupwnaiko Kowvwviko Tapeio) kat amo €Bvikoug

TTOPOUC.
EMXEIPHLIAKO [POITPAMMA  _ o
S EKMAIAEYZH KAl AIA BIOY MAGHZH & EZI-IA
’; : EREVIVON GTNY UOVWVid TNE YVWIET . UV U<
D

YNOYPTEIO MAIAEIAL KAl BPHLKEYMATQON

EvpwnaikiiEvwon EIAIKH YMHPEZIA AIAXEIPIZHE

E KO Ki 6 Tapeis
B Me tn cuyxpnpatodotnon tng EAAGSag kan tng Evpwmaikig Evwong
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>NUElwpa lotoplkovu EkbOoewv Epyou

To mtapov €pyo armnoteAel tnv €kdoon 1.0.

i‘k , , ,
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>NUElwpa Avadopag

Copyright EBvikov kat Karmodilotplakov Mavernotiuov ABnvwy, Kwvotavtivog
Eutaéiac 2015. «Eloaywyn otnv Kupatikn. Atadoon eykapotag dtatapoaxng o
xopdn». Ekdoon: 1.0. ABAva 2015. AtaB<oipo amnod tn diktuakr dtevBuvon:
http://opencourses.uoa.gr/courses/PHYS11/
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>NUelwpa Adelodotnonc

To tapov LALKO StatiBetal pe Toug 0pouc tne adelac xpnong Creative Commons
Avadopd, Mn Eumnopikn Xprion MNapopota Atavopun 4.0 [1] i} petayeveotepn, Alebvig
‘Ekboon. E&atlpolvtal ta autoTeAN £pya Tpitwyv m.X. pwrtoypadiec, Staypappata
K.A.TT., TOL OTIOLOL EUTTEPLEXOVTOL OE QUTO Kall Ta omtoia avadEpovtol pall e TouG
OPOUC XPrONC Touc oTo «Xnuetwpo Xpnong Epywv Tpltwv».

OE0)

[1] http://creativecommons.org/licenses/by-nc-sa/4.0/

Q¢ Mn Epmopwkn opiletal n xpron:

e 10U dev mepN\aBAVEL AUECO 1) EUUECO OLKOVOULKO OPEAOG ATTO TNV XPrON TOU £PYOU, yLd
TO SlavopEa Tou €pyou Kot adelodoyo

* 1ou Sev meplAapPaveLl olkovouLkn) ouvaAlayn we npolnodBeon yla tn xpnon n npooBaocn
OTO £pyo

* Tou 6ev poomopilel oto SLavouEa Tou £pyou Kal adelodOX0 EUUECO OLKOVOULKO ODPEAOC
(rt.x. Stadbnuioelg) amod tnv tpoPoAn tou Epyou o€ SLadIKTUAKO TOTIO

O dwkatoUxo¢ pmopel va mapexel otov adelodoxo Eexwploth adela va XpnOoLUOTIOLEL TO €pYO YL
TIopLKA xprion, ebocov autod tou {ntnbeL.

A=,
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Alatnpnon ZNUELWHATWY

Ornoladnmnote avamapoywyn N SLookeun Tou UALKOU Ba TtpEmel
va oupmepltAapBavet:

" 10 2nueiwpa Avadopdg

" 10 2nuelwpa Adelodotnong

= N 6nAwon AlatApnong ZNUELWUATWY

" 10 2nueiwpa Xpnong Epywv Tpitwv (edooov umdpyxel)

noll e touc ouvodeVOPEVOUC UTIEPOUVOEGLOUC.

d  AITLOAOYNON TNG KPATLIKAG MOpEUBACNC
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>NUelwpa Xpnong Epywv Tpltwv

O Ewkoveg, ta Zxnpota, to Ataypappota kot ot Qwrtoypadiec nmov
XPNOLLOTIOLOUVTAL OTO TIAPOV £PYO0 AITOTEAOUV QVTLKELUEVO
NIVEVMOTLKAG WOtoktnoiog (copyright)

e | ALTLOAOYNON TNG KPATLKAG TOPEUBACNC
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