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ERSouadiaio Mpoypapua

Aevtepa 10:00-11:00
Tpitn 11:00-13:00

Mepmtn 11:00-13:00




Mporeivopevn BiBAloypapia

MALLIDAY - RESNICK - WALKER

®YZIKH A ENIZTHMONEZ
KAI MHXANIKOYZ g¢¥FKﬂdfltlxrtI:Kﬂ

Mnxavikn
TaAAVIWOEIG Kol Mnxavika Kupara.

% Topog A
OEPUOBUVAPIKN MHXANIKH - KYMATA

Ixetikotnta = OEPMOAYNAMIKH
 £x YOUNG KAl FREEDMAN ‘

DYXIKH (Touoc 1 Ekb.4n), DYZIKH MNA EMNIXTHMONEX MNavemoTnuiakn Puoikn
Halliday, Resnick, Walker, KAl MHXANIKOYZ, R. TOpoG A" Mnxavikn

kbooeic Gutenberg Serway, J. Jeweftt O¢eppoduvapikn, Young-
(MeTagppaon X. Freedman, Eké0o¢€Ig
BappoyAng), Namadnon

KAEIAAPIOMOZL ElE



Mepiexopeva Madnuarog

Mepiexopeva (OAN) Tov HaBRUATOC

1.Movabeg, pLOIKEC TTOOOTNTES KAl SIAVLOUATA.
. EBLYPauUN Kivnon.

. Kivnon o€ 800 n 1peg SI00TACEIC.

. Nopol Tou NevTwva.

. Epappoyec Twv vouwy Tou NeLTWVA.

.'Epyo kal KivnTIKN evEpyelQ.

. ALVAUIKN EVEPYEIQ KAl SIATNENON TNG EVEQYEIQC.
. Opun, wBNoN Kal KPOLOEIC.

. [1EPIOTPOPIKN KIVNON OTEQERYV OWUATWV.
10. Avbvapikn TNC TTELICTPOPIKNG KIvNOoNG.
11. looppoTtTia KAl EAAOTIKOTNTA.

12. BapoutnTa.
13. Mep1obikn kKivhon,.
14. MNXAVIKN TV PELOTWV.

NV 0O NG MWD




eclass

(.’4 upatras eclass X

&« c ® © & https;//eclass.upatras.gr eee & | | Q Search N O © W =

MAatpoppa TnAeknaidevong

Tovéeon xpnotn
l’j opa xpnotn (username)

V'  Baokeg EuAoyeg

= Ma6npata

£ Eyypagn
[58 Eyxeipibia
B sxetika

L Emkoivwvia

> Avoikta pabnpara

H mAat@oppa upatras eclass amoteAel £éva oAoKANPWHEVO Z0OTNUA ALaXEipLonNG HAEKTPOVIKWY & Tuvbdedepévol Xproteg: 195
Mabnudtwy. AKOAOUBEL TN YA0COPLa TOU AOYLOPLKOU aQVOLKTOU KWwaika Kat uttootnpilel tnv
unnpeoia AcUyxpovng TnAEKTTaiSeuong Xwpic epLlopLlopolc Kat SEcPEVOELS. H TipooBacn otnv
UTNpeoia yilvetat pe tn xprion evog amiol puAAopeTpnTr (web browser) xwpic tTnv amaitnon
EEELSIKEUPEVWV TEXVIKUIV YVUIOEWV.

8:56 AM
O Type here to search

\

30-Sep-19 51
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% upatras eclass | Eyypapn x Ieg

&« c ‘@' Q0 a https://eclass.upatras.gr/modules/auth/registration.php - {? Q, Search N @O & HH =

~
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Apxikn Zehiba

MAatpoppa TnAeknaidbevong

Eyypagr|

= Emotpopr
“ Baokég EmAoyic PoLTnTh
= Maenparta Z0vSEoN PE AAAD AoyapLacpo:
UE TLOTOToiNoN Yéow UPnet

[ Eyxerpiba ALSaokovta
B =xetka Altnon NEou Aoyoplagpol pE:

. JIE MLoTOTIoiNoN péow UPnet
. Emxowwvia

> Avowktd padnipata

Opow Xpriong

9:05 AM

Z ENG E 51
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(Q upatras eclass | Eheyyog Itor: X

&« c ‘m‘ @'m & https://eclass.upatras.gr/modules/auth/altnewuser.php?auth=4 e 1:7 O\ Search in O & HH

~

Apxikrn Zehiba Eyypagpn

NAatgoppa TnAekmnaibeuong
FAeyyog Zroyeiwv Xprjatn (Pe maotomoinon péow UPnet)

‘Ovopa Xpriotn MexpL 30 yapaKtrpeg
¥ Baowéc EmhoyEg {username)
= Ma@npata ZuvOnpaTtLKo ZuvBnuatiko (password)

(password)
& Eyypapi
Y A

B rxetika

. Emxowwvia

2> AvolKTd pabnpara

Opow Xprjong

§ . @05 AM

ENG - 51
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) upatras eclass | Emhoyn palng. X

<« c ‘Q‘ OO0 a https://eclass.upatras.gr/modules/auth/courses.php we ) T} Q, search N 60 @ K =

~
& pkara =
# XapTopuhakLo
XapTopuAAKLO XpRoTn
Emhoyr| paBnpdtwy
* Fruotpogr

¥  Baowkéc Ehoyég

= Eyxelpifia

Katnyopia: Navermotrpie Natpwy » PUoLKng

AAAo (PHY) - 0 SiaPéoipa padrpata

Metamtuxiako (PHY) - 23 Sa8éowa pabfpata
B mxetka

. Emkowwvia Mpomtuxiako (PHY) - 71 &uaséoipa padnpata
» Emdoyéc Xpijotn

> AvoTta pabipara

Opow Xpriong

i) . m s NG BT AM =

O Type here to search 0-Sep-19



] upatras eclass | Emtioyn pon. X e

O

= [0 O O

O Type here to search

« (& ‘@' DU & https:/feclass.upatras.gr/modules/auth/courses.php?fc=95

eclass

KAAZIKH MHXANIKH (PCC208)

KYMATIKH-®UOLKN Twv TOAQUTWOEWY KOL TWY KUPatwy ( PCC206)
MaBnuatikr) Avaiuon (PHY1968)

MaBnuatikr) Avaiuon (PHY1912)

MAGHMATIKH @EMEAQIH THZ KBANTOMHXANIKHE (PHY1909)

M) avLKN - PEucTopnyavikn (PCC101)

MHXANIKH TON PEYZTON (EECAZ7)
Mnyavikn Twv PEuoTwv (PHY1906)

Muikponhektpovikn (PHY1920)
ZuvBnuatiko pabnuartoc:

MIKTA OhokAnpwyéva Zuotrpara (PHY1928)

MovTépva PUCLKr (PHY1956)

MNEIPAMATA EMIAEIZHE @YZIKHE (PHY1964)

MEIPAMATA ETIIAEIZHE @YZIKHE | (PHY1966)

MEIPAMATA ETMIAEIZHE @YZIKHE 1l (PHY1965)

B8

s (@) f:r Q, Search

in @ ® K

BaoiA£Log ADUKOTIOUADC
FewpyLoc AeuBepLWTNC
ABavaolog Apyupiou
rewpyLog Mmpodruag
Anuntplog Zouphag

KAPAXANOY TANATIQTA-
KPONTHPAZ XPIZTOPOPOL

BaoiAelog ADUKOTIOUADC
Baoihelog AoukOTIOUAOG

Inupidwy Bhaoong

IMupidwv BAaoonc

Xapahapmoc AVaotoTouhoc,
IMUpog KovITOmouAog

Eudyyshoc Bitwpdrog

ItavpoUAa Mewpyd, Eudyyshog
Bltwpdrog

ItaupoUia Mewpyd, Bitwpdrog
Eudyyehog

)
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[TPOXOXH: H eyypapn oto eclass
O€ KAUIA TTEQITITROON &€
OLVETTAYETAI SNAWON TOL




duvoikn (Kopwvida 1V EmoTtnuov)

OepeAIOSNG EMOTAMN Xwpileral o€ mEVTE PaciKoLS KAASOLG

» AOXOAEITAI PE TIC PACIKEG APXEC TOL COUTTAVTOG. » KAQOIKN UNXAVIKN

®» ATTOTEAEI TN PACN YIA OAAEC ETTIOTNMEC. » OePUOSLVAUIKN

» O| BACIKESC APXEC TNC Eival ATTAEC. » HAekTOOUQYVNTIOUOC
> IXETIKOTNTA
» KBavTikn pnxavikn

T’- /) =p
V-B=0
Sl oD
VxH=7+"
ot
OB
ot

VxE

\

J. C. Maxwell M. Planck N. Bohr A. Einstein E. Schrédinger W. Heisenberg
(1831 -1879) (1858 ~1947) (1885 -1962) (1879 —1955) (1887 -1961) (1901 -1976)
Nobel 1918 Nobel 1922 Nobel 1921 Nobel 1933 Nobel 1932

VO Momanslt '



https://www.youtube.com/watch?v=PCxP24qj2UQ
https://www.youtube.com/watch?v=v40OcJ7rfSE
http://www.nobelprize.org/mediaplayer/index.php?id=1557
https://www.youtube.com/watch?v=5mwHXBn6mcM
https://www.youtube.com/watch?v=UVAeYeMobzo
https://www.youtube.com/watch?v=_329f0EQ5do
https://www.nobelprize.org/prizes/physics/1932/heisenberg/biographical/

2

Max Karl Ernst Ludwig Planck “in recognition of the services he

d
M. Planck

(1858 —1947)
Nobel 1918

V : .
b

T
LN

(1887 —-1961)
Nobel 1933

E. Schrodinger

rendered to the advancement of Physics by his discovery of

energy quanta”

(1885 -1962)
Nobel 1922

Niels Henrik David Bohr “for his services in the investigation of

the structure of atoms and of the radiation emanating from
them”

Albert Einstein “for his services to Theoretical
Physics, and especially for his discovery of
the law of the photoelectric effect”

Werner Karl Heisenberg “for the
creation of quantum mechanics,

A. Einstein the application of which has,
(1879 —1955) inter alia, led to the discovery of
Nobel 1921 ]

the allotropic forms of hydrogen

W. Heisenberg
(1901 -197¢)
Nobel 1932

Erwin Schrodinger and Paul Adrien Maurice Dirac “for the discovery of new productive forms of

atomic theory”


http://www.nobelprize.org/mediaplayer/index.php?id=1557
https://www.youtube.com/watch?v=5mwHXBn6mcM
https://www.youtube.com/watch?v=UVAeYeMobzo
https://www.youtube.com/watch?v=_329f0EQ5do
https://www.nobelprize.org/prizes/physics/1932/heisenberg/biographical/
https://www.nobelprize.org/prizes/physics/1918/planck/facts/
https://www.nobelprize.org/prizes/physics/1922/bohr/facts/
https://www.nobelprize.org/prizes/physics/1921/einstein/facts/
https://www.nobelprize.org/prizes/physics/1933/schrodinger/facts/
https://www.nobelprize.org/prizes/physics/1933/dirac/facts/
https://www.nobelprize.org/prizes/physics/1932/heisenberg/facts/

KAaoikn ¢puoiIKn

» Ol TOUEIC TNC MNXAVIKNG KAl TOL NAEKTPOUAYVNTIOWOL €ival BACIKOI VIO
OAOLC TOLC LTTOAOITTOLG KAASOLC TNG KAQCIKNC KAl TNS OLYXPOVNGS PLOIKNC.

= KAaoikn ¢LuoIKn
®» AvamTuxonke Toiv armo 1o 1900.
® )¢ apfn TN BEpATIKN evOoTNTA BA AOXOANBOVLUE PYE TNV KAATIKN UNXAVIKN.

Eival yvwoTn KAl WS VELTWVEIQ UNXAVIKA N ATTAWG UNXAVIKD.

10YXpovn pLOIKN
1900 péxpl onuepa



Ta OgpeAIddN HeYEON KAl O HOVASEC HETPNONS TOLG

Movada pétpnong oto Sl

Mrikog UMETPO
Mada XIAIOYypaAUHO
Xpobvog OEUTEPOAETTTO

/ O@¢epuoKpacia Kelvin

/ HAeKTPIKO peuua ampere




OeUENSON PEYEDN TNC PNXAVIKNG

MéyeBog Movdada pétpnong (SI) AlaocTaceig
MAKOC m [L]
Mada Kg [M]
Xpovog S [T]

OAQ TO LTTOAOITTA PEYEON OTN PNXAVIKN UTTOPOLY VA EKPOATTOLY WG
oLVAPTNON TV TRIWV OEUENIDEWYV UEYEDWV.




£C OPIOUEVV PLOIKWV MeyeBwyv — MNKOGC

Kﬁﬂapa T T IlIIIIIIIIIIlIlII

100 102 |

I
1
MeyaAopopia /::\ " h
Mopia ] : /
104
/
Atopa /
b
AuTOC 0 Kbaouocg
muprive 101 o Mikp6¢ o Méyag
TpWTOVIA, VETPO

10%

Xopbwv oparod
gUPTIaV




Tl KAl TTC «PAETTOLEN?




How many light-years away?

Earth is approximately...

8.3 light-minutes % 4.3 light-years away
from the Sun mn from Proxima Centauri,
our closest neighboring

star

320 light-years 26,000 light-years

from the North C‘P) away from the center

Star, Polaris == of our galaxy, the Milky
Way

2.5 million light-years 13.4 billion light-years

from Andromeda, the ‘ away from one of the

nearest large galaxy oldest galaxies ever
found, called GN-z11

Light-year: is the distance light travels in one Earth year (9 trillion km)



EUENIDSN povada.

[NooBeuaTo

AVTIOTOIXOLV o€ Svuvapelc Tov 10 KAl UTTOPOLV VA XPNOIPOTTOINBOLY UE OTTOIASNTTOTE

Eival (umo)moANaTTAGCIa TNG BepeAiddouc povadag (T mm=10°m, 1 mg = 103 g)

m Ipobéuata yra duvduers Tov Oéka

Avvapun IIpoBepa Yvvtunon Avvapun IIpoBepa Yvvtunon
107 YLOKTO y 10° XtAto k
10721 (emto Z 10° Heya M
10718 aTo a 10° yLya G
1071 PEUTO f 10*2 TEPQ T
10712 TUKO P 101 TeTa p
1077 Vavo n 108 exa E
1076 WKPO u 102! (eta Z
107? XtAtooto m 10 ylotTa Y
1072 EKATOOTO C
107! dekato d




APAYWYA LEYEDN

(805 ) MO porsous
EuBadov empaveiag m? [L2]
‘OyYyKOC LouaTtog m?3 [L3]
TaxotnTa (UETPO) m/s [L/T]
Emraxovon (WETPO) m/s? [L/T?]
[TokvoTNTA Kg/m3 [IM/L3]

Ta TTA@AYWYA PYEYEON UTTOPOLY VA EKPOACTOLY WS MABNUATIKOI CLVOLATHOI TV BEUENISWY UEYEOWV.



AlaoTartikn availovon

= Mia TEXVIKN N oTToia pag emTPEMEl va eAey§ovpe av Jia e§iocwon £XEl TH OWOTN
Hop¢N N Hag PonOas va amodei§ovpe Evav padnuaTtiko TOTTO.

®» MTTOPEITE VA XEIPIOTEITE TIC SIACTACEIC (UNKOG, pAla, XPOVOG, CLVOLACKOI) WG AAYERPIKO
UEYEDN.

»/ [10000EeCN, APAIPETN, TTOAATTAACIACUOG, SIQipeon

Ta 6VO okEAN TNC EICWONC TTPETTEI VA £XOLV TIC i61EC SIOOTACEIC.

» Mia e€icwon €ival CWOTH HOVO AV Ol SIaCTACEIS KAl 0Ta SV0 OKEAN TNG €ival I6IEC.

®» Agv UTTOPE VA SWCEI TIC APIBUNTIKES TIWEC TV TTAPAYOVTWY: ALTOG €iVAl O TTEQIOPICHOCS TNC.



AlaoTarikn avaiovon - 1

Mag emiTpemel va eAéyEovpe av pia e§icwon £XEl TN OWOTH HopPPN

Aivetaln e€icwoon: x=1/2at? L
| . . P — = — =L
EAeyxoLuE TIC SI00TACEIC KABE OKEAOLC: s <3

H e€iowon eival SI00TATIKA OWOTH

« AcifTe OTI N oXéon u = at gival SIaocTATIKA OWOTH OTTOL U &ival N TaXLTNTA,
a n £mraxvvon kai t o xpovog.

AYIH

O1 SiaoTaoceig kKal ota S5V0 OKEAN TIPETTEN va gival ol

i51EG

H taxotnta £xel SiaoTtaocelg L/T [u] = [at] = E . L — E - E —
H emraxovon £xel SiaoTacelg L/T? T

O XpOVvoC &xel SlacTaocelc T




AlaoTaTikn availvon - 2

Mag BonOasl va amodeifovpue evav padnuartiko Tomo (1m.X SiacTarnkn
avaAvon VOHOL HE aAYERPIKES SLVAMEIC)

NQ LDTTOAOYIOETE TOLC EKBETEC M KAI N

myn
Xoca't
AYIH [ \m -
O1 §100TACEIC KAl oTa SLO OKEAN eivar L xX] = [a™t"] = L = (ﬁ) T"=L=0n T
H emtakovon éxel Silaoctaoelg L/T?

) : >L = LmT(n—Zm] =L = LmT[n—Zm]
O xpoOvoc exel dlaoTtaoelg T
= LlTﬂ - LmT(n—Zm]

Apa: m=1 kal n-2m =0 eMOYEVS N =2

x < at?



AlaoTarikn avaivon - 3

Mag PonOael va amodeiovpe é&vav padnuarnko Tomo (m.x
SiacTartikn avalvon VOHoL HE alYERPIKES Suvapeig)

YmoO&eoTe OTI N EMTAXLVON A £VOC OWUHATISIOL TTOL KIVEITAI PHE OMAAR TAXLTNTA U O& KUKAO
aKkTivag r givar avaloyn mpog Kamoia SVvaun TG aKkTivag r, €é0T® I" Kal kamoia dvvaun NG
TAXLTNTAG U, £€0T® U™ . Na LTTOAOYICETE TIC TIMEG TV N KAl M KAl VA YPAWETE TNV ATTAOLOTEPN
Hop®N HIag e§icwong yia TNV emTaxvvon a.

AYXIH
I n,,m
H emTAyBvon éxel Slaotaoeig L/T2 a=kr*v
H taxuTnta exel Siaotaoelg L/T m . . B
O xpOVvog exel Slactaoec T Lz — o (E) = Lz — Lo L = Lz = =
H akTiva éxel SlaoTtdoeic L T T T ™ T4 ™
Apa: m=2 kal ntm=1 EMOYEVWS n = -1
=12 _ LV
a=kr v-=a=k—

r




AlaoTartikn availvon - 4

ATO TO TEipAPA TTPOKOLMTEI OTI TO PEYIOTO LBYOG h, ., TTOL aAvépxeTal €va CWPA TO OTIOIO
EKTEAEI KATAKOPLPN POAN TTPOG Ta eMAVE £§apTATAl ATMO TV APXIKN TAXLTNTA U, AAAQ Kal
TNV €miTaxovon Tov mediov PapLTNTAS g. AVAKAALYWTE TNV ATTAODOTEPN HOPPN TOL VOHOUL
TTOL TA OLVSEEL.

AYIH
Emouevag epapuolovTag Tn AIaoTaTikn avaAvon EXOLLIE:

h_ o ulgPf

o X ulglh SL=(LTH*(LT2)F=L =LeT YT 2 = L = Le*BT-(+28)  omore:

a+p =1
a+2p =0

EmAboLUE TO COOTNUA KAI TIPOKLTITE: B = -1 Kala = 2

2
u
ETTOLEVAG: hmaxoc 0 Evéon owoTth oxéonevar: . = —=
g




AlaoTarikn availvon -5

EmOupobue va LITOAOYIOOLHE MIa OXéon TTOL va oLvdéel To «euPadovn A TOL
opilovia YEYOVOT®WV HIAaS pavpng Teumag pe Tnv pala tng m. MN'vepilovpe OTI TO
eupadov A e€apraral amo tn pala m TG HavPNG TPLITAG, TRV TAXLTNTA TOL PWTOG C
Kal Tn oTa0gpa TG TaykooHiag EAENG G.

A = G*mPcY (1)

Na 1N otaBepa TNG MNMaykoouiac EAENC xpnoiuoTtTolc 1o NOuo TNG Naykoouiag ‘EAENG:
m,m Fr-
— L. Apa: G=L3M1 T-2
r? m.,m,
mopéveg ané v (1): [2 = (L3 M_lT_Z)“Mﬁ(LT—l)Y

3a+y=2

qatb=0 [ a=p=2 _ (2,02 4
-20-y=0 | Y=-4 A4 =6"m"c

YOUQVA We TN levikn Bewpia TNG IXETIKOTNTAG, O 0PICOVTAG TV YEYOVOT®Y €ival TO ONUEIO OTOV XWPEOXPOVO EVIOG TOL OTTOIOL TA YEYOVOTA SV UTTOPOLYV
VA ETTNPEEACOLY TOV TTAPATNENTH, KABWG N BApLTNTA ICOSLVAUE UE KAPTTOAWON TOL XWPEOXPOVOL. ANAAdH, eival TO "onuEio XwpPIc emaTpoen”, SnAadn To
onueio oTo OTToI0 N PAPULTIKN EAEN YiveTal TOCO SLVATH, WOTE KABE SiIapuyn va gival adbvaTn, akOPA Kal auTr ToL PWTOC. Mnyn: Wikipedia




BaOuwTta Kal Siavuouartika HEYEon

®» ‘Eva pLOIKO UEYEDOC AVNKEI OTNV KATNYOPIA TV BABUDTOV HEYEO®Y, OTAV YIA TNV
TTEQIYPAPN TOL ATTAITEITAI VA YVWPEICOLUE PHOVO TO PETOO TOU.

» Eva pLOIKO PEYEDOC eival SIavLOoUATIKO OTAV YIA TNV TTEQIYPAMH TOL ATTAITEITAI VA
YVWEICOLIE TO PETPO KAl TNV KATELOBLVOT TOV.

- Hapd&a/;a: AmooTtaon kaiMerartomion

YWMATIOIO KIVEITAI ATTO TO ONUEIO A OTO ONUEIO B akoAoLBwvTac TN
S1a5p0uN TTOL LTTOSEIKVLEI N SIAKEKOUMEVN YPAUUN.

ALTN €ival N amooraon 1oL SIEvLoE: BABUGTO pEYEOOG.

Meraromon: n oouummayng evBeia oL evovel TO A pe TO B.
AveEapTNTN ATTO TN S1IAdPOUN TTOL AKOAOLOEI TO CWUATIOIO PETAEL
TV SLO CNUEIWV.

Meraromon: §1avuouaTIKO HEYEOOG.



Alavoopara-NpooOeon SiavoouaTt®Vv

» Aldvoopa A (1 A)  pe uétpo AL (7 A)
»TO UETPO TOL SIAVOOUATOC £XEI PLOIKES OVASEG.

»TO UETPO EVOC SIAVLOUATOC €iVAI TTAVTA BETIKOC APIOUOC.
»loa SiIavLoUATA @ EXOLV TO i8I0 PETOO KAl TNV ibia Katevbuvon (A = B kal Exouv
i61a SieLBLVON KAl POoPA) - ALTO PAC ETITEETTEI VA JETABECOLUE TTAPAAANAG £va

SIQVLOUC O€ PIa vEQ Beon.

xS

==N}

g




» ' OTTOL -B aVTiBeTO TOL B

KATELOLVOEIC.

We would draw h {
— A &
B here if we were N &
. . =3 A >
adding it to A. | " B
¥ 4

A-3

¢ Adding —Bto A
is equivalenL to
subl.ra_(_:l.ing B
from A.

A@aipegon Siavoouatwyv

A+(—A)=O

Vector G = A — li is
the vector we must
add to B to obtain A.

» [evikd opidovpe WS avTiBeTo evoc SiIavLOPATOC TO SIAVLOUCA TO OTI0I0, OTAV
TPOOTEOEI OTO APXIKO, Sivel UNSEVIKO SIOVLOUATIKO ABPOIoHA.

»TO apxIKO SIAVLOUA KAl TO AVTIOETO TOL Ba £xoLv 610 PETPO AANG QVTIOETEG



©&con onueiov OTO XWEO: TLOTNHA CLVTETAYHEV®V

Kapreoliavo obatnpa MoAIKO GOOTNUA CLVTETAYHEVGV
GUVTETAYHEVEV
y
y
10 (% y)
o(x, y)
.
5
2
(—3= 4) .(5’ 3) 0 X
O
| [ 1,
0 5 10 o

OI AEOVEC X KAl Yy TEUVOVTAI OTNV > OpiCoulua v apxnN TWV afovmV KAl Evav Aagova
APXN TV CLVTETAYHEVAV. avapopag (agovag x).

=T onueEia avamapioTavTal pe 1o » To onueio PpiokeTal o€ AMOOTACN r ATTO TNV APXN
Zebyoc (x, y). TV AfOVWV OTNV KATevLOLYVON TNG YWVIAG €, N OTToId
LUETPIETAI APIOTEQOOTOOPA ATTO TOV Aova avapopac.

» Ta onueia avarmmapioTtavTtal he 7o {evbyoc (r, 6).



» Mg BAon TO 0POOYWVIO TRIYWVO TTOL
oxnuaTieTal ammo TIC r Kal 4

MeTATPOTIN TTOAIK®V OLVTETAYHEVWYV O& KAPTETIAVEG

0 ©¢on - NMOAIKEC CLVTETAYUEVEC:
N

x (m) - /x2+y2

= /(=3.50 m)? +(~2.50 m)?
= 4.30 m

(=3.50, —2.50)

A U N

X =rCos 0 Siw:%’
y =rsin 6 r
, , , cos =% 4

® AV Ol KOPTECIAVEG OLVTETAYMUEVEG ElvVal r
YVWOTEC: _ 7

tane= X tan 0 = x A -

X
3
r=\/ X% +y? 3
y (m)

©con - Kapteolaveg ouvretayuevec: (x,y) = (3.50, =2.50) m

tan¢9=¥= -2.50m
X -350m

€ =216° (30 TeETAPTNUOPIO)

=0.714




LOUVIOTWOES S1IAVOOHATOG

YLVIOTWOA Eival N TTEOROAN €vOC SIavOOUATOC TTAVW O€ £vav afova

—

»Ta A, kai A &ival of SIaVOCHATIKEG CLVIOTROEG TOL A,

Eival Siavoouara, ormote akoAovBoLV OAOLC TOLC KAVOVEC
TGV SIQVLOOUATOV.

—_—

A=AX+Z\y

»Ta A, Kal A, eival BABUWTA YeEYEDN. ©a AvVAPEQOUAOTE OF
ALTA WG TIC CLVIOTWOEC TOL A .

A = Acosd A, =Asind

A
A=A +A a f=tan'—L
A

X



LOUVIOTWOES S1IAVOOHATOG

- x(n, 0,

/|
/0
/

| x =1 cost sin

= r sinf sin ¢

Z =T COS Y




Movaédiaia Siavbouara Kdi CLVIOTOOEC SIaVLOUATRV

0
J= |1
0
1 4 > y)
0 f:j:ﬁ:1
0

-Eva povaédiaio Siavooua éxel pETPo ico pe 1
-Ta povaédiaia sSiavoopata opilovy uia
OLYKEKPIUEVN KATELOLYVON KAl §EV EXOLV

KATTOIA OAAN PLOIKN CNUACIA.

»H cuvioTwoa A, gival ibia e TO
yivouevo A, 1 kain ouvioTwoa A,
€lVal i8I0 PE TO YIVOUEVO A, § K.OK.
»T0 TTANPEC SIAVLOUA UTTOPEI VA
EKPOAOTEI WG:

n
]

A=Ai+A)]

»Eva onueio Tov emMITTESOL XY EXEI
KOPTECIAVEC OLVTETAYMEVEC (X, ¥).

»TO ONUEIO UTTOPEI VA OPICTEN ATTO
TO SiIavuoua Beong

F=xi+Yj
»H mapammave oxeon Sivel TIC
OLVIOTWOEC TOL SIAVLOPATOC KAl

TIC OLVTETAYMEVES TOUL.




NMpooBOeon SiavuouATWYV PE XPNON Hovadiai®v SiIavLOoHATOV

—

» Xpnoigomolodue TN oxion R =A+B

>T<'>Ta
R=(Ai+Aj)+(Bi+Bj

R=(A

R=R,i+R]

»Apa, R, = A, +B,kaiR =A, +B,

R
— JRZ+R? O-tan"'
R

X

+B,)i+(A, +B,)j

X
|

EmékTaon oTig TPEIC S1Ia0TACEIG
R=(Ai+Aj+Ak)+(Bi+B,j+Bk)
R=(A,+B,)i+(A +B,)j+(A +B,)k
R=R,i+R j+Rk

R=\R2+R:+R? @, =cos” Ry wam.
R

EméKTaon o€ mePICoTOTEPA TV SVO Siavbopara

R=A+B+C

R=(A +B,+C,)i+
+(A, +B,+C,)k

(Ay +B, +Cy)j



79 P(x, y,2)

—— Ty

To dwavuoua BEcemg
EVOG GTULELOL GTOV Y OPO.

\

AlavOoHaTa oTIC TPEIGC SIACTACEIG

= . .
A OB =xi+y,jtzk

Pg(xzs Vs 22)

X / /P(xl’yl*zl

OP—.?Cl‘l‘le +z,k

To oravuouo aro to P
oto P, eivar PP, = (X, — X1 +
(o =yl + (2, — k.



NMpooBOeon Siavoouartwy e Xpnon yovadiaiwv Siavoouarwy - 1

NQ UTTOAOYICETE TO ABPOICUA TRV SIAVOCUATOV PETATOTIIONG A KAl B OTToL A = (2,01 + 2,0))m
Kal B = (2,01 —4,0))m

R=4+B=(2,0i+2,0)m+ (2,0i—40))m = (4,0i —2,0/)m

YTTOAOYICOULUE TO HETPO TOL SIAVOCUATOGC R

R = [R2+R2=1/(3,0)% + (-2,0)?m =20m

YTTOAOYIOOULUE TN YWVIA TOL SIAVOOUATOC R ue Tov afova x

o R _—20m_
= — p— _— — -
P"7R, 20m




NMpooBeon SiavoouaTwyV PE Xpnon povadiaiedv Siavoouat®yV - 2

‘Eva cwuaTtidio TTpayuaToTTolEl TPEIG SIad0XIKEC UETAKIVAOEIC:

Ar; = (151 + 30f + 12k)m Ar; = (231 - 14j — 5k)m A1; = (-13i + 15)m
Na OTTOAOYICETE TN CLVICTAPEVN PETATOTTION KABWGS KAl TO PETOO TNG.

AYIH

YTTOAOYI{OLUE TTPWTA TN CLVICTAUEVN YETATOTTION TOL

owuaTdiov ~ A

AT = AT{ + AT, + Ar; = (15i+ 30j + 12k)m + (23i— 14j — 5k)m
+(—13i+ 15j)m = (25i + 31j + 7k)m

YTTOAOYIOOULWE KATOTTIV TO JETPO TNG CLVIOTAUEVNG METATOTTIONG

R| = \]Ri + R24+R2 = /(25)% + (31)% + (7)?m = 40m

i : 6*—‘I;L)"““—ZS—S—0625=>r5*—5132‘D
F'vopilovue o1 COSU, = R 120 8 x — 921,
R 31 R, 7
-_— }' — —_— — — }' — — j— o
CDSB}, — F = E = 0,775 — 9}} = 39,20 CDSBZ R 40 0,175 — 92 79,9




NoAAamAaociacudg / Siaipeon pe BaducdTh TOCOTNTA

®»T0 QTOTEAECUa  TOL TIOAAATTAQCIOCUOL N TNS  dlaipecNS  €vOg
SIAVOOUATOC PE pIa BABUWTA TTOCOTNTA €ival SIOVLOUQA.

®» 0 YETOO TOL SIAVLOUATOC TTOAATTAaoIaleTal N SiaipeiTal e TN PaBuwTN
TooOoTNTA.

®»Av N BABUWTN TTOCOTNTA €ival BETIKN, TO SIAVLOUA TTOL TTOOKVTITEl £XEI TNV
TELOLVON PE TO APXIKO SIAVLOUA, VW AV Eival APVNTIKN TO SIAVLOUA
TTOY TTOOKULTITEI £XEI AVTIOETN KATELOLYVON ATTO TO APXIKO SIAVLOUA.

B=mAmeR= |§| = |m||/_1)|

B 1 /f, avm > 0
B 1l /T avm <0



Eo®TEPIKO YIVOUEVO S1IAVLOUATOV

®» [DAPOLUE TO ECWTERIKQ, YIVOUEVO » AVTIUETAOETIKN 1610TNTA.
5Vo Siavuoparey g A-B. > A.B_B.A

© eivain yoovia petagy Tev A kai B. » ETTIUEQIOTIKN 181OTATA TOL TTOAGTIAQCIAGUOD.
A-B= ABcos?@ > A(B+C)=AB+AC

» TO EOWTEPIKO YIVOUEVO gival
BaOUWTO pEyedoOG.

EoWTEPIKA YIVOUEVA uova&aicov Siavuoparwv

»YE UOP®DI CLVIOTOTWY: ij:i R jf( 0

A=Ai+Aj+AKk
B=B,i+B,j+Bk
AB=AB +AB,+AB,

AB AT AZ+AZ[BZ+BF+B? AR

AB +AB,+AB, AB,+AB,+AB, A‘B

cosf =




EowT1EPIKO YIVOUEVO Siavuouatwy - 1
[Napaderyua LTTOAOYICHOL E0WTEPIKOL YIVOUEVOL

Ta Siavbopara 4 kar B sisovTal amd Tig oxéoeig A = 2i + 3j kal B = —i + 2j

a) Na LTTOAOYICETE TO ECWTEPIKO YIVOUEVO A » B
B) Na vmoAoyiceTte TN Ywvia 6 petald Twv V0 SIAVLOUATWV.

AYZH
Q) Ae«B B=(21+3))- (1+2;)——21-t+j;/ -1+6; J=-2+0-0+6=14
B A=|H=JA§+A§=\/22+32=\/13
B)/ Tvwpilovue OT: cosO = = AAAG
B=|B =JB§+B§,=\/(—1)2+22=\/§

S . AB 4 1 4
TTOUEVDD cosg = = =
RS AB V135 /65

Mg vrroAoyilovpue eav SVo Siavbouara sival Kadera, mapAaAAnAa n avrimapAaAAnAaq;




EoC®TEPIKO YIVOUEVO SIAVLOUATRYV - 2
[Napadelyua DTTOAOYIOHUOL ECWTEPIKOL YIVOUEVOL

Eva cwparidio déxetal pia o1abepr) Svaun F = (5i + 2j)N KaI DPIOTATAI YIA YETATOTIION OTO ETTTTESO Xy
n ottoia &idetal Ao TN oxéon Ar = (21 + 3j)m Na vroAoyioete To Epyo W oL TTapadyel N Sbvaun oTo
owuarTidIo.

AYIH
0 0

F -ﬂF:QS{+2j)-(2i+3j) :SE-ZEWZJ?-@ =10+0+0+6=16]

TO/aTTOTEAETHA TOL ECWTEPIKOL YIVOHEVOL SVO SIAVLOUATWY Eival TTAVTA £va
BAOMQTO METEOOL



EEOTEPIKO YIVOUEVO SIAVLOUATOV
»[1a SVo otToiadnmmoTe SiIavuouaTa A «aiB :
»To SIavVLOPATIKO (EETEPIKO) YIVOUEVO reovAkal B givar éva ToiTo Siavuoud, TO
C=-AxB
»To péTpo ToL Siavbopatocg C eival AB sin 6 H StevBuvon Tov Siavioparog C eiva

» O cival n yovia Tov oxnuaTideTal eTad Teov A kal B, | kdem ato emiedo mov opifouv Ta A
kat B. EmAéEte T owotr) gopd e Tov
»H mocoTnTa AB sin @ 1000TAl JE TO EUPASOV TOL . Kavova Tov dekLov xepLov.
ToPAANAoYpGuuoL TTov oxnuartilovy Ta A kal B.

H &1evBuvvon Tou Cc €ival KABETN OTO EMITTESO TTOL
oxnuartiCovv Ta A kal B

I
>
X
=

C

»O KAALTELOG TPOTIOG YIA VA TIPOCSIOPICOLHE TNV
kaTevLOLVON ToL SlavvopaTtoc € eival va
XPNOIUOTIOINCOLUE TOV KAVOVA TOL SEEI0L XEPIOD.




1610TNTEC EEDTEPIKOL YIVOUEVODL - 1

» 270 SIAVLOUATIKO YIVOUEVO SV IOXVEI N AVTIMETABETIKN I610TNTA. H GEI0A YE TNV OTTOIC
TTOAAQTTAGCIAZoLE Ta SLO SIAVLOUATA £XEI ONUACIA.

» [0 va AARETE LTTOWN TN TelPd, BLUNOEITE OTIAXB = -Bx A EnicngAx(-E) - _AxB
»Av A||B (6 =0°1r 180°), TdTeAxB =0

» Emionc, AxA=0.
»Av ALB, T(')TE‘AXE‘ — AB.
> 170 SIaVLOOUATIKO YIVOUEVO IOXVEI N ETTILEPIOTIKA 1610TNTA: A x (B + C)= A xB + A x C

E€orepika yivopeva Xpnon opilovodv

HO c16|qioo\£ 5'°AV°‘Z”°T°°V To 81IaVLCPATIKO YIVOLEVO UTTORE VO EKPOACTEI O€ HOPPR 0PILOLTAG
ixi=Jxj=kxk=0 WG i j k
I e -~ AR A Al A Al A A
ixj=—jxi=k AxB=A A Al=g g|'"lg g1TB B
A~ A A A ~ Bx B Bz y z X z X y
J X k =—Kkx J=1 y
kxi=—ixk= j » AV avamnTLuEoLE TIC 0PICOLOEC, TTAIPVOLUE TN OXEON

E'I_I'iO' ,i\ — E = —,i\ 3 rs = 2 n ~

NS ix(-3)=-ixj AxB=(AB,-AB,)i-(AB,-AB)j+(AB,-AB, )k




NMapadeiypara vmoAoyiopoL EEwtepikon MNvouevov - 1
Aivovtal Ta SiavOopara A =2i +3j, B = —i + 2j
YrmoAoyiote To AxB
AYIH
A xB = (2i + 3)x (—i + 2j)
= 2ix (1) +2ix2j+3jx(—i)+3]x 2]
=0+4k +3k+0 =7k

Xpnon opilovov ?




NMNapadsiypara vmoAoyiopoL E€wTepikoL MNvopevou - 2

Aivovrtal n Sbvaun kai n 8&on:

—

F=(2.001+3.00)N" Na vroAoyioere Tn pnxavikn pori 7 eav 7 = #xF
r=(4.00i+5.00j)m

AYIH
7 = 7xE'= [(4,00i + 5,00§)N]x[(2,00i + 3,00§)N] =

(4.0062-007T31 2 (4, 00)S700) x5 ] - [(12,00% — 10,00%)] = 2,00k Nm

| (5,00)(2,00)jxi + (5.0013:-607]%)

YmevOopidooue: ixi = jxj = kxk =
i j =k jx k ) kxi = j
jxi = —k kxj = ixk = —j




H evvolia tng mapaywyovu (derivative)

'EoTw éva peyeOocg y mouv e€apraral (peraPaAlAeral) cuovapTnoEl EVOS AAAOL HEYEOOLGS X
y =1(x)
m,m,

Taxornta: NS f(t) BapuTikn §0vaun: |EEC 5 —>F = f(r)
I

Emrayxovon: [O8Es f(t)

Avvaun Laplace: |EL — IZ X é

ELBVYPANUOG PELHATOPOPOS AYWDYOG




AY

H evvolia tng mapaywyovu (derivative)

y

oX

Xv

/ Xo X
, A
KAlon: A_y H kAion Tng €vB¢iag AB
X




H evvola tng mapaywyovu (derivative)

\ L »
_--"1_———_*7A;.;_ )
-

L
——

Xo X

Ax
. A Ay dy
KA\lon: 2y — = —
AX AX| o dX
H kAion Tng cvBciac AB H kAion TG epanTopévng o¢

OTTOIOSNTTOTE ONMEIO TNG KAUTTOANG
https://upload.wikimedia.org/wikipedia/commons/8/8c/Derivada?2.qif



https://upload.wikimedia.org/wikipedia/commons/8/8c/Derivada2.gif

H évvola TN mapaywyou

NMNapaywyog 1nG
ovvapTnong y(x) wg mMPog x

dy
dx

Ti exeppader:

« Tnv kAion TG KaptLAnG f(x) covapTnoei
TOL X O€ OTTOIOSNTTOTE
TLUXAIO oNUEIO TNG

. I'Iooo yenyopea (N qpya) HeETAPBAAAETAI TO
y OLUVAPTNOEl TOL HEYEOOLG X

KANONEL NMAPATIQritHL

(fx)£g(x))'=t'(x)£g'(x)

(¢ f(x))=c f'(x) (fx) - g(x)) =1"(x) - g(x) + f(x) - g' (%)

!

(LJ __g® (f(x) J’sz(x)g(x)-f(x)g'(x)
e®))  [e®] g(x) [

g'(f(x)) 1= g'(f(x)) £ '(x)

Hapayoyor pucikov suvapmicenv

(¢)=0
(x)=1

(x")'=vx""!, veN*

() -

(v kabe x> 0)

(MuX)' = cvvx

(ovvx)' = - nux
1

(Inx)' =—, x>0
X

1
(Infx])'=—
X

(epx) =—
GuvV X

(09x)' =-—
nu'x

@) =¢

(o) =a* Ina

Hapayoyor covicTov cvvaprﬂcam\l

([f]Y=v [£(x)]"£ '(x)

W) = =10 100

(Muf(x))' = covtx)-£'(x)

(ouvi(x))' = - nuf(x)- £ '(x)
X)) = —— £
(nf(x)’ = 7o 1. 9> 0

' :L [
(In[f(x)]) f(x)f (x)

(e6f(x)) = (x)

cuvif(x)
1
()

(c0f (x)) = -£'(x)
(er(x))' =efm-f'(x)

(afm )' — o™ ‘Ina-f'(x)

([f(x)]‘ ) =t[f(0)] " 1'(x)




(

H évvola Tng mapaywyovu (derivative)
10VvOeTN ovvapTNOoN
(sin3x) =cos3x (3x) =3cos3x
Napaywyion MNvopévou
(x2Cc0osx) =(X2) cosx+ x2(COSX) =2XCOSX - X2SiNX
MNapayayion MnAikov

si 9)'_(5in9)’cos€ —sinf(cos0)’ _ cosOxcosf+sinf*sinf _ 1
0s6 cos? 6 cos? 6 cos? 6

Napaywyog AlavoopaTtikob Nvouevou

— —

E(Axé)—d‘“xémxﬁ
dt dt dt




H évvolia ToL OAOKANPGHATOG

U A AX = VAL U A

v=0otab. v=0t10b.

& . o >
s Af t 2 At t




H évvoia Tov OAOKANPGHATOG

L
L =f (1)
- L
| L AX = Zu(t)At j u(t)dt
REREER R OPIIMENO OAOKAHPQMA
S ‘2.?...._.53. i
Uy, 4oty i f

KANONEXI OAOKAHPQIHL




Baoika OAokAnpwuara

[e*dx =e*+cC

L.

9

(Y]

4.

dx=x+¢

h+l

x"dx =- +¢ (nz-1)
’ n+1

[

\
X

’ & :llll‘cv.\‘+b‘+c
Jax+b a

je““ dx=—e®™ +¢
a

.
: a
ja" dx=——+c
Ina

ax

. e
j xe® dx =

a

(ax-1)+c

o)

e ax

-3
a

j.\" e dy=——(a"x" -2ax+2)+c

37, — X
JxPdx="+C

1
Je¥*dx = e’ + ¢



Baoika OAokAnpouara

10. jlnxdx:x hx—x+tc
sinxdx = —cosx+C |
f o R 11 Junlndx-——cos/nJrc
SINsSX x——scosx C
cosxdx = sinx+cC
J 1 12. | coskx dx ——31nln+c
0s3xdx = gsmx+c
15, jtan/n d\———lncosl\\+c
14. Jcotk\ d\——ln51nk\+c




MaOnuaTikog ®opHAANICHOC

: . Aiavoouara:
XWPEIKEC TUVTETAYUEVEG: NpooBeon Kal AQaipeon

©¢on oNnuEioL OTO XWPEO EoWTEPIKO VIVOUEVO
KAPTEOIAVEC CLVTETAYUEVEC Egoo'rgp”(c') YIVC'DUEVO

Alapopikog Aoyiouog:
[NapAywyog
OAOKANPWTIKOG Mepikn Mapaywyog
Aoyioudg: PLBUOG peTaBoANG
ETTIPAVEIOKS (Xpovikn Mapaywyog)
OAOKANpwuaTa
EmmkautToAIa
OAOKANPWUATO
Opla oANOKANPWOoNC
ANQYN HETARANTAGC
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