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lor, An Introduction to Error Analysis, 2nd edition, (University Science Books, Sausalito (CA),
1997). Tapatnphoelc xon oY OALA TOU, XAUTE TNV YVOUT TOV AVXY VWO TOY, Vo utopoloay Vo BEATO-
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© Copyright 2002



©. X. Xpnotidne, I'evixd Turue, Iav/uwo Hatpdy

Avtt [Tpordyou

OAn autrj n unédeon dev Siapépet moAD and xelvy T yYvwoTh woTtoplo yia
TNV uUTH Tou autoxpdtopa Thne Kivac. Xe xavévav dev emtpendtav va 8¢l tov
autoxpdtopa e Kivag xow to eptnua frav: Iow eivor to urnxoc te uitng
Tou autoxpdtopa; I va o Beeic apyilec va Sacyileic T ydpa pwtévTac Toug
xatolxous TS TL unxog elye n uutn Tou autoxpdtopa. Telixa Beloxeis to unxog
TS A6 TOY UECO GO TWV ATAVTHOEWY ToU cou Edwoay ot dudpopot Kivélor. Ko
vouileic ot n anavinot] oou elvon axpiBric eneldr) ftay ueydioc o apriuds twy
gowTnIéviwy. Aev elvar Guwe autéc 0 owoTéc Tednog i va Beeic xatt. Otav
pwtds moAdolc avipdmouc mou dev yvwpellouy TITOTE yia QUTO TOU TOUS PWTIC,
dev wyelel oe tinota va BydAelc Tov UECO CpO TWV ATAVTHOEWY TOUC.

Richard Feynman
and 1o Biiio tou: Xiyovpa Ja aoteicteote, xlpe Feynman!
Exdéoeic Tpoyohlo
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1  Oplopol xon sf.S'q ccpooxp.dc‘cow

Sy emotiun 1 AN opdAua (error) dev gépel TRV cuvndiouévn évvola Tou UTdpYEL 6TOUC GPOUG
Addoc 1) mapadpout) (x. yxdpa). To opdhuc oTic ETOTNUOVIXES UETPNOELS EVVOEL TNV AVATOPELXTY
ofBefoudtnta mou eupaviletar oe dAeg ti¢ Yetprioetc. Etot, ta opdhuota Sev elvar Adin nou unopovyv
va e€aherpiolv tekeiwe dtay xdmotog efvon TOAD TEOGEXTIXAC 1 GTAY YENOLLOTOLOUVTOL TELRAUUATIXES
ovoxevéc (bpyava petprioewmv) ueydine axpifBetac. To xahltepo nou unopel va ehnilel xaveic eivor
VoL xpaTAoEL ToL o@dAUaTa 660 YiveTon utxpdtepa xat var €yet ula atomoty extiunon ya To 1660
ueydho etvon autd.

1.1  Anbiuto xo Lyetixd Mpdiuo
Aueon uétenon uide puotxic nocdtnrac cuuPaiver otay Swfdlouue Ty xhluoxa 1§ v YneLomy
006vn evhe opydvou (.. ydpaxac, ypovouetpo, Boktduetpo xhn). ‘Etor, Yo ovoudlovue uétonon
TNV AUEST, UETENOT) XOU EXTIUNCN TOV UTONOYLOUO ULAS PUOLXTHC TURAUUETEOU Ond JAAEC AUECH [E-
Tpoluevec TosdTNTES (M.y. Yiveton extiunomn tne avtiotaone R and tic uetpolueves noodtntee tdon
V' xou pedua I). To anotéheoua e queonc wétpnome 1 tne extiunong wde Quotxfc noodtntag ©
YedpeTon:

T = Tpest £ 0 (1)

OTOU Xpest = (M xohOTEEN EXTiUNON TOU Z)

(xenotuonotolue tov bpo extiunon yoti 6nwe Vo So0UE 0TA EROUEVA TO Thest UTOPEL VO TRO-
%0l xon ooy UEGOC 6pOC amd ENAVORAUPBAVOUEVES UETPTOELS TNG (OLoC QUOLXNC TOCOTNTAC UE TNV
(St uédodo pétpnonc.)

xot 0z = (andAUTO OQPIAUA NS LETENOTC).

To anéhuto opdiua elvon mdvtote évog Yetndg apriuog: oz >0.

H eZiowon (1) exgpdlet tny menoileon pog 61t ) owoth T e x Beloxeton mdavdtota 010
StdoTNUO UETUEY Tpest-0L O Thest 0.

ox

’ Tpest ‘

To oyetxd o@dlua e © =

elvon pla adidotatny Vet nosdtnra (Siywe Lovddec) 6mou 10 GOUPONO |Tpest| Elvar 1 amdhuty
TN NS Thest-

x 100%

To et T0I1C EXATO CQPINUA TNE T =
| Thest |

elvon ulor tpooeyylotixd €vdelln yio Ty notdtnta wtde wétenorne. ‘Etor, nepinou 10% oyetxd
o@dhua etvar ouvidwe évdeln uLde apxetd yovdpixhc uétpnone (m.y. ota 10 K'm uio yovdpixy
uétpnon unopel vo eugaviler opdhua tepinov 1 Km). 'Eva oyeuxd opdhua nepinouv 1% 4 2%
yopoxtneilel uta mpooextixy| uétpnon xou elvon xovid oto BEATIoTO Tou Unopolue vo eAni{ovue
ota metpduota evoc Ewoaywywol Epyaotnplou Puoixic.
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1.2 Tuyoia xon Xvotnyuotixd Spdipoto

Tuyata (random) opdluata eivow dhec ot metpopotixéc oBEBotdTNTES TOU UTOEOVUY VO ATOXONU-
pOolV ue emaveindn tov uetpocwy. Exgpdlouvv tny avandgeuxtn oefondtnta mou eugavileto
o€ Oheg TIg UETPROELL.

Yvotquoatixd (systematic) opdAuata eivon Ohec ot netpapatixéc afeBatdtntec mou OV unopolyv
vou amoxohu@ioly Ue enavdindn 1oy uetphioewy. Avipontvo Al xor xoxy) phiulon Twv opydvewy
uétpnone (n.y. étav n otddun evéc Luyol dev eivar 6wotd euduypouutouévn) eivat cuvrdiouévee
TNYEC UEYAAWY CUOTNUATIXGY TQPUAUATOV.

AZiler va dooete daitepn mpocoyl| o€ UepXd TopAdElYUATH CUOTNUATIXOY TOUAUNTOY TOU
ogethovton oe avlpwnva A Aoyw anpooeliog 1 anctplog twv newpouatiotdy. To gouuvéuevo g
TapdANaE NS ToU TpoxaAe(ton T.y. OTay TOTOUETOVUE TO XEQPIAL oG amd TNV (lo TAEUpd Xat UeTd
and v avtidetn tou deixtn xatd v avdyvwon utac uetptxic xAuaxog (oe éva ypovouetpo 1
avohoyxd Bohtéuetpo xhn) etvon ovvniec nopdderyua anpooeiiac. ‘Eva nopdderyua anetplog eu-
paviCetan xatd TNy extiunomn g enttdyuvone e PopdtnTtac g Ue anhd exxpeUEc, OTOU TO UHxog £
ou uneleépyEToL 610V TUTo g=412¢/T? mpénet vo To Yetpdte and 10 onueio avdpTnone Tou viuaToc
€we 10 %x€vTpo PBdpoug tou Baptdiou xat dyt and To URXOC TOU VAUATOS UOVOV.

1.3 Enuoavtixd dneloa

‘Otav xodoptodel 10 o@dhua dx ude wétenong, ToTe T oNUAVTIXA Yngla TNG Tpest UTOPOVUY VAL
xodoptooly 0Ty TEAXT| ATdVTNOT).

I'evixée xavévag: e xdde tehxr) oandvinon 10 TEAEVTHHo onUAVTIXG Yneio NG Tpest TEEMEL
va efvar ouvidwe e dtag tdEne ueyédouc (mou onualver oty dtar dexadixy unodiaipeon) pe to
oQaiuaL 0.

Hapadetyuata

92.81 +£ 0.3 =92.8 £ 0.3

92.81 £3 =93 +3

92.81 & 30 = 90 £ 30

r = 3.1234 x 10* £ 2 m = (3.1234 £ 0.0002) x 10* m
v = 8.123456 + 0.0312 m/s = 8.12 £ 0.03 m/s

‘Otav exteholue ula oetpd aptdunTixmy TedEemy yio VoL BEo0UE TN Tpest, T.)Y. UE UTONOYLOTY
XELROS, dev ypeetdletar Vo 0TpOYYUAEDOLUE TI¢ TWWéG o e Brua, odlld 6To TEMXO amoTéAEoU
uovo.

1.4 Avtiotouyio petadd Snuovtixoy ¢neloy xow Syetixony Lgalprdtony

To oyeuxd o@dhua oyetileton Ue tov apud Twv onuavTixey Ynelwy. Auté umopel va govel
glxoha av deytodue ot x&e aprdude ue N onuavixd Ynpia topovotdler ogdhua (oafefondtnro)
nepinov 1 610 N-10016 Ynglo. ‘Etor ov apriuol =21 xou y=0.21, mouv éyouv 0o onuavtixd Ynela,
Yedpovtal cUUGeYe Ue TNV clUPaoy tou avagépaue wg: v=21 + 1 xar y=0.21 £+ 0.01. Tapdho
mou ot 800 apriuol €youv eviehms Sta@opeTind andluTa o@dhuata Tapatnpolue 6Tt eugaviCouv 1o
(S0 oyetnd opdiu:
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ox oy 1 0.01

= = = =0.05=5%
‘ Thest ’ ’ ybest ‘ 21 021

‘Etot, 10 yeyovée 6t ot aprduotl 21 xon 0.21 () 2.1, 7 0.0021 xn) éyouv 3o onuavtixd ¢nelo
elvart LoodUvao ue to vo tolue 6t eivan 5% aféBonot. Me tov dto tpémo, to 21.0, ue 3 onuoavtind
dmelo etvar 0.5% aféfono. Atuyme, auvth 1 yprown avietolyla eivar U6VO TPOCEYYIOTIXT.

[Mo topdderyuo o aprdude 10, ue dbo onuavtixd Pnela, onuaiver: 10 £ 1= 10 £ 10%, eved
o apdude 99 (ue dVo onuavtixd Yngla xon autdc) onuaiver: 99 + 1=99 + 1%. Tivetonw howndy
eU@avES OTL TO OYETIXO O@dAUa Tou cuvdéetar Ue Slo onuavtxd Ynpla Peloxetar oto Sidotnua
uetol 1% xon 10%, avédroya ue 1o npwto Yngio tou aprduol. Etot urnopolue vo opicovue uio
TROGEYYLOTIXT, avTIoToLy (ol UETHED GNUAVTIXGY YNGlwY XoU OYETIXOY COUNUATOV:

[Tivoxoag 1: Tpooeyyiotin aviiototyio UETHE) onNUAVTIX®Y YNpiwy xoL OYETIXOY GQPUAUATOVY.
Aprdude onuavixdy dnploy  Eyetixd o@diuo uetadlh 1| yovdptxd

1 10% »on 100% 50%
2 1% »on 10% 5%
3 0.1% »on 1% 0.5%

2 Kavéoveg Metddoong Xgaludtwy

Yuvidoe o xadoplouds ULaG QUOIXTC TOPUUETEOU TEOXVUTTEL And TV WETENOT, GAAWY QUOIXGDY
TOCOTATOV (T.). N NAEXTEXT avTioTaon TPOXUNTEL and TNV UETENON TNS TAOTC XAt TOU PEVUATOC).
INa autée Tic mepnt@oelc npénet vor xooptoVoly XAVOVES UETABOONS TV CQUAUIT®WY atd TIC
uetpRoec. evixg, ot xavdvee uetddoone opaludtwy avapépovial 0TV TERINTLoN 6Tou €)Youv
uetpndel didpopec TOGOTNTES T,..., W UE CQIAUA O,..., dw xou {NTdue va yenoluonondoly autég
ot Tég yra v utohoyioovue pla tosdtnta q. To o@dipota ot ..., w petadidovion uéoa amd
TOV UTOAOYLOUOG X0 TEOXUAOUY €VaL GPAAUN 6TO ¢ GOUPWVA UE TOUC UXOAOUYOUC XAVOVEC.

2.1 Adpoloparta xow Arogpopég

Ay
g=z+..+z— (u+..+w), (2)

(69)* = (6x)* + ... + (02)% + (0u)? + ... + (6w)? (3)

uovov dv ta opdhuorta eivan aveldptnTo xon TUy ol
4 4 z. Z 4 ’ .
Av 1o odhuarta Sev etvon aveldptnta ueTalh Toug TOTE:

0g <dx+..+0z+du+ ..+ dw (4)

TOU oY UEL OE OAEC TIC MEPLTTWOELL.
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2.2 Twopeva xou IInAixa

Av
T X .. X2

q_u><...><w7

OGRS G IC RO B

uovoyv dv tar opdluota elvar aveEdpTnTa xou TUyaloL.

161€

‘Av ta ogdhuata dev eivan aveldptnTa uetah Toug ToTE:
dq ox 0z ou ow

42, =2y (7)
lg| ™ [z IR | w |

TOU oY UEL GE OAEC TIC MEPLTTWOELL.

2.3 Metpoduevy nocotnta entl otadepd apLdud

Av B eivor évog yvwotdg xou otaepde aprdude (n.y. B=n) xou

q = Bz, (8)
161€
dq = Béx 9)
1 lwodlvaua
oq ox
1 _ 1
KL 1o

2.4 X@dApo prdg dOvaung
Av n elvan évoc YvwoTtog xat otoepdc aprdude xau
q=za", (11)

161¢
— = In| (12)

H e&lowon (12) deiyver 6t yia n >1 10 yetadidduevo opdiuo dg ueyedivetor, eved yra n <1
10 6QPEAU 670 0g outxplveTon (T.y. dtay undpyet TeTparywvixy pila, dtou n=1/2, 10 o@dhua oo
dq vrodimhaordletar). To cuunépaoua eivar dtt Yoo var xpatioouue To 0g oo yiveton UtxpdTtepo
TEENEL VO UETPNOOUUE UE 600 Yiveton Peyahitepn axplBela Tic QuUOXéS TOGOTNTES TOU LPOYVOVTOL
oe xdmota d0voun n >1, Gote vo eNTOYOVUE TO EAAYLOTO SUVATO GQIAUA GTO I.
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2.5 X@dApa oc cuVAETNON ULAS ETABANTYS

Av g=q(z) etvar pra ouvdpnomn tou z (T.y. e Tprywvouetexy 1 exdetiny ¥ hoyaprduxy| cuvdp-
o) TotE:

o= 4

I dx (13)

Ty nepintwon nou 1 g(x) elvon wia nepinhoxy ouvdptnon uidc pwetaBhntic Téte eivar euXORS-
TEEO VO YPNOLUOTOLEITE TOV 160dUVapo TUTO:

5q :’ Q(mbest + 5.’E) - q<$best) ‘ (14)

2.6 Tevixdg TOMOG YL UETABOOT CPANUATOG

Av g = q(z, ..., z) elvou yta ouvdptnom TV ...,z ToTE:

(6q)% = <8—z(§x)2 bt (8—35Z>2 (15)

uévov &v 1o o@dhuata etvon aveldptnta xan tuyade. (Ia tig uepiée napaydyoue dq/oz,...,
0q/0z Bhéne 10 uoInUaTixd CUUTATPWUL GTO TENOC TOV ONUELOCEWY).

’ 7 2. A /. 4
Av 1o og@dhuarta Sev elvon aveldptnta UETAED TOUG TOTE:

oq < }@‘&c—k...—k 99
ox

% 0z (16)

TOU oY UEL OE OAEC TIC MEPLTTWOELL.
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2.7 Tlogadelyuota Metddoong pahudtwy

1) Ilept ave€aptnoioc opoludtwy

[o v unoloyioouye v petddoon opdluatoc e ¢ = z(y — zsinu) and T UETPOVUEVES
TOGOTNTES T, Y, 2, U oaxohoudoUuE T tapaxdte Phuata: o) urnoloyilouue v cuvdptnon 0(sin u)
and v eZiowon (13), B) uetd 1o ywbuevo z eni sinwu and v ediowon (3), Y) LeTd TV dtagopd
d(y — zsinu) and v elowon (3), §) xou téhoc to Ywouevo x(y — zsinu) and v eZiowon (3).

Avth 1 Priuc-tpoc-fua Stadixactio Sev unopel Vo €@opUOCTEl 08 GUVIPTACELS TOU TEELAO-
Bévouv touldytotov o ueTtaBANTy 1 onola eugavileton teplocdTERO And Uldl Gopd, OTWS GTNV:
g =y —xsiny. Ot dVo bpot dev eivar aveldptntor yotl eloptwvton and v y. ‘Etor, yo va
UTOAOY{GOVUE TO OPAAUA g TPETEL YOI EQUPILOCOUUE TOV YEVIXO TOTO and Ty €E.16.

2) EZdptnon ogpoludtony otic duvdueLc

Arb v ekiowon (12) yvwpilouue 61t 0 ogdhua oty cuvdpetnon q=x2 elvor:

o o
29 _ 90
lal T[]
Axolovdoviae buwc éva anatnhé emtyelpnua urnopodue vo Yewpfioouue 1o q=1% = T X ,

onéte olugva Ue TV egiowon (6) yia to Yvduevo éyouue:

2 2 2
(30)7 = (B2) s (22) B0 g b
q x z q K

10 ovunépacua eivar Adoc. Tlpw deite tnv andvinom, unopeite va Bpeite ol eivan to Addog ;

(To A&oc eivar 61t 1) e€iowon (6) toylel LOYOY Ay Tl GPIAUOTA OTOUC DAPOPOUS TPy OVTES
etvor aveZdptnra. ‘Otav hotndv ypdgouue 10 =22 = x X x, oL 8o ot (z xor x) Sév elvon ave-
Edptntot xou enouéveg 1 eiowon (6) dev toyvet.)

3) Extiunon tou g ue éva anhé exxpeuée

H repiodoc tohdviwone T evée anhol exxpepone eivor T=2r(£/g)'/?. Métenon tou ufixoug £
and 1o onueto avopThoene Tou viuaToC €we o x€vipo PBdpouc tou Poptdiouv xou tne T' umopel va
uog dwoet ulo extiunon e emtdyuvong e Papltntoag g:

g =4n%/T?

Avuté 1o anotéheoya pog divel o g ooy ouVdpTNoN TwY TELOY TapaydVIwy 412, £ xon T2, Egboov
Tar avtioTorya o@dhuata efvar avegdpTnTo o TUY kol UTOROUUE VoL EQUPUOCOVUE TNV BHUo-Tpog-
Bua uédodo uetddoone opoludtwy. Etotr, o mopdyovioc 42 Sev éyel opdluc VG 10 oYETXO
o@dhua oto T2 Sivetor and tny e&lowon (12):
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"Apo 10 oyeTind o@dhua otV andvinor pac yia to g diveton and v e&iowon (6):

() - () - ()

i = (=) +(2—

g l T

4) Extiunon tou ouviekeotr| Siddhaong and 1o véuo tou Snell

‘Oray uta axtiva gwtéc etopyeton and tov aépa o YLaki ot ywviee eto6dou ¥; xan diddhaong
U, optlovtar wg 1 andxhon and Ty xdeto 6To onueio ew6ddou g Sempdvetag xar oyetilovrar
UeTaEl Toug UE To VoUo tou Snell: sind;=7 sind,., 6nou 7 elvon 0 ouvteheotrc didyhaong Tou yuo-
Aov. ‘Etot, uetpoviog Ti¢ Yovieg 106dou U; xou diddhaong ¥, unopolue va €yovue Uta extiunom
TOoU 7:

sinb;

n= sinb,

Enedn o ouvtekeotric diddhaong 7 elvon pio oyetind nepinhoxy tprywvouetpxr) ouvdptnon 80o
aveEpTnToy UeTaBANT®Y Hog Steuxolbver va ypnotponoticouue Ty e&lowon (6) yio to nnhixo,
o€ éva Biuc-npoc-friua UTOAOYLIOUO, TAEd VoL EQUEUOCOUUE TO YEVIXO TUTO YPTOLUOTOLOVTOS TNY

elowon (15):
(577)2 (6sin9i)2 (6sin9r)2
—) == + | =
n sin 6; sin 6;

Mo va Bpolue 1o oyetind opdiuo tou nuLtévou xde yoviog yenotuonotolue Ty eiowon (13)
Y10l TO GQAAUA GUVAETNONG LS UETOPBANTAC:

0sinf = ‘dzlgﬁ‘ dsin @ = | cos 0|66, oc rad
‘Etot 1o oyetxd opdhua elvou:
dsinf
i =| cotf | 60, oc rad
| sin 6|

ITpooéyovue 6TL GTOV UTOAOYLOUS CHUNUATODVY TELYWVOUETEIXMY GUVAPTHOE®Y Ol YWVIEC UTO-
hoyilovton ndvtote o axtivia (1 rad=n/180°).
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3  XYratiotixr AvdAuon Ecpoc)\y.o'c'cmv

3.1 Meéon tiun xaw Tunixy Andxiion

Trodétouue bt suliéyovior N uetpRoelc 1, Ta,..., TN Yo TV Do tocdtnta o, dhec ue TNV (Sra
Y p Y Y Y Y Y

uédodo. Me tnv mpotmdleor 61t Oha tar opdhuora efvon Tuyatar xou Utxpd matpvouue tor axohoudal

anotehéouara

1) Méon

H xohOtepn extiunon yia v npayuotixd T tou @ elvon 1 uéorn tun (mean value) tov N
UeTENoEWY:

1 N
T = N ;1‘1 = Tpest (17)

2) Tumxt, andxhion

To péoo eipog NG XATAVOUNE TOV CQYUAUATOY YOpw and TNy Uéor 1w TV N UeTpioEny 21,
Z2,..., TN dlveton amd v tunxr andxhon (standard deviation):
1 XN

2 _ 2
02 = N1 i:1(:nl T) (18)

Autdg o oploude g TUTIXAC AmOXALOTG, TOL GUY VA amoXaAelTan o TUTLXY) amdxhion delyuotog
(sample standard deviation), eivor 0 Td xotdhinhoc yio 10 oxond pac. H minduoutond tunt-
xf andxhor (population standard deviation) Peloxeton avtixatotdvtac tov nopdyovta (N-1)
otov mapovouaoth ue 10 N. ‘Ocol Aotndy yenotuonotoly ETOLUES CUVIPTHOELS UTOAOYLOTOVY YL VOl
Beolv v tumxy andxhion mpénet va dteuxpvicouy tody and toug 800 optouolc yenowuonotel o
UTONOYLOTHC.

H tumxy| andxhion o, expedlel 10 €0p0g TNC XATAVOUNG TWV CQUAUATOY TOU €YEL Yo XEVTPO
e v péon twh. To elpoc o elvon 10 dpto euntotochvre tou 68%, tou uoc héet 6t undpyet
68% miavotnta yia xde po uétenom x1, T2,..., rn vo Bploxeton wéoo oe pla andotaon o, and
TNV TEAYUATIX TR T = Tpest-

Yy npdén autd nou Eépouue eivan ot N UETPNOELC X1, X2,..., TN, 6Tou T0 N elvon 1660 Ueydho
660 0 Stoéotuog YEOVOC UaC XaL 1) UTOUOVY Uog EMLTRETEL Vol To xdvouue. Baotlduevor ot autég
e N uetpnuéves Twée, n xoAltepn extiunon tne mpoyuatixnc TWhAC Tou @ elvon 1 yéon Tl T
xan 1 xohOtepy extiunoy Tou €dpoug TNe xatovounc Twv N Tuev Yipw and v T eivar 1 Tumxr
andXALOT) 0.

3.2 Metddoon cpaludtwy atny 0, TS ¢(T,Y, ..., 2)

To npbBinua e YETAd00NE CPUAUITLY TEOXVTTEL OTAY UETPOVUUE €vary aptdUd SLUPOpETIXMY PUOL-
AWV TOCOTATWY T, Y, ..., Z, OAEC UE Ta Stxd TOUC GPAAUATA, xot LTS VEAOUUE VOl YENOLULOTOLOOUUE
aUTéC TIC TOOGTNTES YLt Yol uTohoyioouue tny ouvdptnon ¢(z,y, ..., 2). Av ot Stagopetixéc nood-
™MES T,Y, ..., 2 UTOXEWVTOL UovoV o tuyala ogdhuata tdte N xde uio Yo eppaviler évar ebpog
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XATAVOUNS O, Oy,...,0. AmodetevieTon 61t ot 1uée e q(x, Y, ..., 2) xoTavéuovton Yipe and Ty
xahUtepn extiunon e ¢(T,7, ..., Z) pe tumxf andxhon (ebpoc):

9q 2 9q 2
2

H eZiowon (19) éyer avdhroyn popen ue authv tne eliowone (15). Autd delyver ot 1 Tumxd
ATOUMOT 0 UTEYEL TOV PONO TNE 0q YLt TNV UETADOOT aveldoTnTwY Xot TUY oY GHIUNUATWY.

Ay Sty mepintwon mov q(z,y, .., 2) = &t +y+ ...+ 2 W€ N 07 = 0240, + ... + 02, Yo
oL uepéc Tapdywyot otny €E€.19 eivar puovada.

3.3 Tumuxy andxiion and v Yoy LWy o5

H tumut| andxhon and v uéorn tun oz Beloxeto egapudlovtag tny €2.19 yio 1ic N petproetlg
x1, T2,..., TN NG Blag tocdTNTAC T8

Ened ot x1, x2,..., N €lvon dheg petprioeic ¢ (Sag mocdtnTag = 0 VpOg xatavoung eivar
10 {310 Yiar OhEC o (00 UE 0yt O = ... = Oy = Oy
Ané tov optoud g péone tiurc (€€.17) npoxinter 6t bhec ot uepixéc mopdywyot elvar {oec:

oT oT i

dr, 7 dzy N

"Apa 1 (07)? avdryeton otny:
1 2 1 2 0.2

Enouévec 1 tumuer amdxhion and tny uéon tiun oz eivo:

ag

= NTQC/Q = tuyoio o@dhua (20)

Oz

Fiveton Zexdopo mAéov 6Tl 6TV UETPAUE Ul TOCOTNTO T TOANEC QOEES TOTE 1) Uéon T T
QUTOVY TV UETERoewY elvon 1 xohbtepn extiunom e (T = Tpest 0NV €€.1) eved M) TUTLXY ambXhio,
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and v Wéom T oz ebvon o xakf uétenon tou tuyaiov ogdiuatoc (o = dx oty €€.1). ‘Etou
n €&.1 yivetau:

Og

xbestﬂ:(h:fiafzle:w

(21)

Tou onualver 61, Paolbuevol otic napatneoec Uog, avouévouue ue nriavotnta 68% xdie
uwétenom e , mou €ytve Ue tov (8o 1poémo, va Peloxeton 610 Sdotnua UeTald T — oF XU T + 0F.

3.4 KputhipLo anodoyrg VoG UETENEVOU ATOTEAEGILATOG

Yuvidwe 1 metpouatixt extiunon otny €€.21 umopel va ouyxpriel Ue uta YvwoTth B avouevoue-
VI TWH Tegp TOU €xel mpoxlet elte and tny Vewplo elte and dhha axpBéotepa netpduora. H
ACUUPOVI TNC Tegp ONO TN Tpest: |Thest — Teapl|, TUPEYEL EVaL xprThPLO amOSOYRC TOU UETENUEVO
AMOTEAECUATOC Lpest:

Tpest — X
t — ’ eS ea:p’ (22)
oz
4 2 ’ 4 ’ 4 ’ 7z 4 z7
omou t elvar 0 aprludg Tou Uag AEEL OTL 1) Tpest SIUPEPEL AN TNY Tegp AATA t TUTIXES AMOXAIOELS.
H oz elvar 1 tuminy) andxhion g Tpest = T. Lot To0 TELpdU AT EVOC EXTASEUTIXOY EQYAGTNEOU (QU-
o unopolue va xatopticouue xprtipta anodoyfic tou otneiloviat 6NV AoUUPOVIL |Thest — Texp)
=toz. 'Etou

AV [Tpest — Teap| < 1.80% 10 anotéheoua elvon arodexto.

’ 4 /. / ’ 4 4
AV |Tpest — Texp| > 2.607 10 anotéheoua dev elvar anodextd. Apo npénet va enavahdBouue to
nelpopo (v epyaotnptoxy doxnon).

‘Av 1.90% < |Tpest — Teap| < 2.507 10 TMElpaqua Sev xatarfyel oe ouurnépaoua. Apo mpémet vo
eTAVUAGPOLUE TIC UETPHOELS TROOTAOVTAS VoL EVIOTIGOUUE O To CUCTHUATIXG OPIAUAT.

‘Otay UTGEY 0LV GNUAVTIXE CUCTHUATING GYINIATA TOTE 1) 07 SIVEL THY CUVIOTHOOA TOU Tuyaiou
OQPANUATOC: 0T pqn=07z. AV AOTOV UTEEYEL TEOTOC VO EXTUUACOUUE TNV GUVIOTOOO TOU CUOCTH-
LoTX00 OQANUATOS OTsys TOTE, UTOVETOVIAG OTL TA 0Tpqn XOU 0T 4ys Elvor aveldpTnTa, Utar hoyixh
EXPEAOT] Y10 TO ONXO GYANUA 0o ELVAL:

(0210t)? = (02ran)® + (07 sys)? (23)

OvoudZouye Aoywaf Ty éxppoon tTne (0x40t)? yiotl Sev undpyet auotneh podnuotixd anddetén
¢ €€.23.
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3.5 Ilopdderypa otn Ltatiotixy AvadAuorn LQoApudtny

Avuté 10 mopdderyua e€etdletl TNV TeplnTwON 61OV N OTATIOTIXY AvaAUGT Sev UTopel Vo EQapuooTel
anevdelog oTic UETPHOELS AAAS untopel 0TI TEAXEC AnMAVTHOELS.

Trotdétouue 611 Yéhovue va uetprioovue Ty otoepd ehatneiou kK YpOVOUETEOVTOG TIC To-
haviooelg ude ualog m mou elvor otepatwUéVy ato dxpo tou ghatrpiov. I'vwpllouue and
oToRyEeddn unyavixh 6t 1) neplodog e tahdviwone eivar T=2x(m/k)Y/2. ‘Etot, yetpdvroc ta T
xon m Bploxouue tny k:

k = 4n’m/T?

O amholotepog 1pdmog va Bpolue v k elvar va yenotuonoticouue Ula Yvootr udalo m xot v
xavouue Sidpopeg mpooexTixég petproete g 1. ‘Oung elvon md evSlapépoy Vo YpoVoUETEHOOUUE
Tohkéc popéc v T yio mohhég SraopeTtixéc udleg m yoti, T.y., Ue aUTOV TOV TEOTO UTOPOUUE Vol
enahnietoovue 61t T? ~ m xof vo petpRoovue Ty k). Eotw hotndy é1t natpvouye Ti¢ UeTphoelc
Tou moapovatalovion oTig TpdTeg dVo Ypauués tou Ilivaxa.

[Tivaxoag 2: Metproeig e otadepds ehatneiovu.

uélam (kg)  0.513 0.581 0.634 0.691 0.752 0.834 0.901 0.950
neplodoc T (sec) 124 1.33 136 144 150 159 1.65 1.69
k=d4r?m/T? 1317 1297 x\«

[Mpogavag dév €yet vonua vo unohoyioouue Uéoeg TWIES Yo T StapopeTixéc Udlec 1 Ti¢ dto-
popeTixés meptodoug yiatl Sev elvan StagopeTinés uetproelg g (Stac mosdtntag. Ote unopolue
VoL UGOUUE XATL Yo T oQAAUaTe ouyXxpivovtag Tic Stapopetinéc THuéS e udlag 1 g meptddou.
[Mopdro autd umopolue va cuvSLdoouue xde Ty e m ue v avtiotoryr e 1" Yo var uroho-
yioovue v k, 6nwe detyvouue oty teheutata ypouur tou mivaxa. Ou anavtroec Yo tnv k otny
teleutata Ypouun elvon Oheg UETPNHOELS TNS (Slag TOGOTNTAG XAl ETOUEVKS UTOXEWVTOL OF OTUTLOTIXY
avdhuon. Suyxexpruéva, n xohitepn extiunon tne k efvon 1 uéon Tk kpess = k=13.16 N/m xou
10 VYO GPEAUA OKygp Elvar 1 TUTIXY amdxhon and T uéon T 073=0.06 N/m (xdvete dhec
T npdletc ya doxnon). ‘Etor, n tehind) andvtnon elvon: k=13.16 + 0.06 N/m.

Trodétouue twpa 61t 0 Luyde mou ypnotwonotfinxe yio Ty Uétenon twv ual®y elye ouoty-
uatxd opdhua tepinov 1% xon 1o ypovéueTpo mou yenotuonothinxe Yo Ty Uétenon e neptédou
elye 0.5%. Enedn to o@dhuatoa otnv m xon T elvon aveZdptnta Unopolue var yenoluonoticouue
™V €€.6 Yior var fpolue TNV GUVIOTOOA TOU CUOTAUATIXOU GPIANUATOC 0Kyt

2 2 2
(5ksys) _ (5msys) i (257;?8) — (1%)2 + (0.5%)2

kbest m

= Okgys = (1.4%) X kpest= 0.014 x (13.16N/m)= 0.18N/m
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H ohuary tumind| andxhon yio tnv k unopet vo Bpedel and v €£.23:
(0ktot)® = (Okran)? + (Sksys)® = (0.06)* + (0.18)* = 0kyor = 0.19N/m

H tehwed, andvinon etvon: k=kpest & 0ktor= 13.16 = 0.19 N/m = 13.2 £ 0.2 N/m.

4 Tlpocopuoyr) xUmOANG OE TeELpoLATLXA dESOUEVA (UE TN UEVOBO
eAayloTwY TETEAYTOVLY

Ocewpolue N Lebyn petphoewy (z1,41),...,(xN, yn) and dbo uetafintéc = xou y. To mpbBinua

mou avtipetonilovue eivon va fpolue Tic BEATIOTES TWWES Yol TIC TUPUUETEOVS TNG XOUTUANS Tpo-

COPUOYTE TV dESOUEVLY amd TN YeaPIXT TapdoTaoy NG ¥ WS cuvdptnon tne z. Trnodétouue ot
uovov ot UeTPHoElS NS ¥ eugavilouy unoloylowwo o@IAuaTa EVE Yo TNV & efvon aueAnTéa.

4.1 Euvdeia ypouuR: y = A+ Bz

Av 1 y axolowdel ura ypauuxy oyéon: y = A+ Bx, xat av Oheg oL UETPNOELS NG Y €Y0UV Ta (St
ogdiuarta, tote 1) BéNTIoTy extiunon twv otatepdyv A xou B elva:

. Sl Yy —AZ T Ty (24)

xou

_NY iy — > iy

B
A

6mou o mopovouaothc A elvat:

N N 2
ACNS 2o (y) (20)
=1 =1

Me Bdomn ta yetpnuéva onuela, n BéEATioty extiunon tou o@dhuatog oty UETENON NG Y ElvaL:

1
(0)) = y—5 20 — A — Bay)” (27)
N-2i5
Ta o@dipota tov A xou B elvou:
>
(04 = (0, =] (28)

xou
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4.2 Euvleia ypauuy and tny aey? towv afoveyv: y = Br

Av 1 y axohovdel uta yoouuwxr oyéon: y = Bz, xou av 6heg oL UETPNOEIC TNS Y €youv To (St
opdAuate, Tote 1) BéATiotn extiunon e otadepdc B elva:

B= szx?j (30)
Me Bdon ta petpnuéva onuela, n BéEATioty extiunon tou o@dhuatog oty UETENON NG Y ElvaL:
(09)* = ﬁ 3 (yi — Ba;)? (31)
i=1
To opdhua tou B elvou:
(05)? = (Zozyﬂz; (32)

4.3 Exdetixh cuvdptnon: y = AeP”

Av 1 y oxohoudel pio ypouuxr oyéon: y=AeBT 16t unopel va yetatpanel ot pio ypouuxy
Exgpao:

y = AeP? & 2 =In(y) = In(A) + Bz (33)

Me auth] 0 UETATEOTY UTOPOVUE VoL €QopUOCOUUE TNV Ypouutxy uédodo mpocapuoyhc ue
eNdytotar teTpdywva (€2.24, 25, 26) v tic petofAntéc z xou x. Ouwc, axdurn xor av dhec ot
UETENOELS TNC Y €xouv Ta (St opdAuata ToTE o o@dhuata oTig TWwée z; = In(y;) dev elvoun (ot Yo
xd0e z;. Lougwvo Ue toug xavdvee uetddoone ogdhuatoc (e€.13) éyouue ¢ = z = In(y):

dz(z)
dx

Oy

Oy = ? (34)

Oy, =

‘Etor av 1o 0y elvon (St yiar 6heg Ti¢ uetpnioels, 10 o, uetofdiieton (to o, auidver 6oo o Y
uetdvetan). Hpogavde n uetofinth z = In(y) dev avomotel tny anaitnon yia (Sio o@dhuora ot
xade uétpnom.

Mapbho mov undpyet auotney uédodoc Yo aut Ty tepintwon (Boaoileton oe weighted averages),
oty TedEn cuyvd dev unopolue va elpacte otyoupol 0UTE 6Tl Tol GHANUATE TWY Y Elvor TESYUOTL
otolepd. Luvidwe Tol opdhUaTa TaPoUSLaLouy Uixet) LETUBOAT xon xdvet uixpt| Stapopd tota uédo-
dog yenowuornoteiton. Xe xde nepintwon, 6tay Tor o@dAuaTa dev elvar YVwoTd, 1 aneulelog yeron
TV eEloWoemy 24 ewg 26 diver wor amhf xan Aoyt (av oyt Ty PédTiotn) extiunon twv oTtodepdy
A xou B oty €€.33.

‘Etot, ot eliodoeic 24, 25 xar 26 (6yt duwe xou ot €€.27, 28, 29) unopoly va ypnotdonotobviat
Yo TNy mpocapuoyy e xahitepne evdelog otny €€.33.
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4.4 Teopuixn eg&dptnon and dbo petaintés: z = A+ Br + Cy

Av éyovue wa oepd yetphocwy (24, ¥i, 2i), ¢ = 1,..., N, 6Tou ot z; €youy 1o (8o 6PEAU EVE ot
i ®OU Y; EYOLY QUEANTEN OQAAUTA, TOTE AV 1) UETOPANTY 2 e€opTdran Ypouuixd and Tig Vo dAAeC
x xow y: 2 = A+ Bz + Cy, n Béhtiot extiunon v otadepdy ouvieheotwv A, B, C xadopileton
and TNy AoT TOU CUCTAUATOC XAVOVXWY EELOWOEWY:

N N N
AN-FBZ%-FCZ% = Zzz
i—1 i—1 i—1
N N N N
Ain+BZx?+Cinyi = inzi

i=1 i=1 =1 i=1
N N N N

A i+ BY zyi+CY_yl = Y iz (35)
i=1 i=1 i=1 i=1

4.5 Acutepofdduto noludvupo: y = A+ Bx + Ca?

Av éyovue wa oepd uetphoewy (z4,yi), @ = 1,..., N, 6mou ot y; €youv To (B0 opdhua eve oL z;
€Y OUV AUEANTEN CQPIAUOTAL, XoL LOYVEL OTL: Y = A+ Bz+Cz? (m.y. t0 Uog evic owuaTOC TOU TEQPTEL
e€0pTdToL amd TO TETEAYWYO TOU YEOVOU: Y = Y, + Vot — (1/2)gt?), 1é1e 1 Pédtior extiunon 1wy
otodepwy ouviereotwy A, B, C xadopileton and v ADom ToU GUOTAUATOS Xavouxdy el0WoEwY:

N N N
AN—l—BZmi—i-CZx? = Zyi
i=1 i=1 i=1

N N N N
AY @i+ BY 2 +C) 2} = ) awi
i=1 i=1 i=1 i=1

N N N N
AZ:C?+BZ:C?+CZ$? = ZSC??/@ (36)
i=1 i=1 i=1 i=1

H yevue] neplntworn evdg mohuwviuou avetepne te€ne and n = 2 dev e€etdleton 8w yrotl
TETOLEG UOPYES AMAVTIOVTOL OTUVIOTERN OTNY PUALXY.

4.6 H poppn: y = Af(z) + By(x)

Av n uetofinti y éyer v woppt;: y = Af(z) + Bg(x) (n.y. 10 otrymato tAdtog evéc tohavtol-
uevou Bdpouc ot éva xdeto avoptnuévo ehathplo: y = Acos(wt) + Bsin(wt), ue ¢ = wt) 161€
1 Béhtiotn extiunon v otadepwy cuvieheotwv A, B xadoplleton and v Abon Tou cusTAUATOq
XAVOVIXQ)Y €ELOWDCEWY:

N

N N
AN [f@)> +BY_ flz)gla:) = > yif(w:)
] =1 =1

Zjvl N N
A> " flm)g(@) + B [gx)l? = D viglwi) (37)
i=1 i=1

i=1
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5 TYnodevyua Avagopds yia Epyactnpiaxy| ‘Acxnon
[Tapouatdletor 0 evdedetyévoc TEOTOC GUYYEUPTC ULUC AVAPORAS EQYACTNOLUXWY UETENCEWY.
5.1 ITopddetyuo UE EAAYLOTA TETEAYW VA
Tithoc: Baduovéunon ehatnpiou yia uétpnon udloc (Zuyodc Eratnplov).
Hy/vio: ...
Ovéuarta ouvepyoat®v: 1)..., 2)..., 3)....
YKOIIOYX THY AYKHYHY

H xotaoxevy| evog Luyol ehatnplou amontel tny Boduovounon utag xhipaxag yio tny Létenon
ooy amd TV emuixuvor tou ehatnelou. I'o autd 10 ox0Td AvapTOlUE TO €Val dXPO TOU EAUTY-
plou and éva dxounto othptyud, xpeuolue éva dloxo {uyol 6to dAlo dxpo, xou TotoveToluE éval
UETEO 0T TAYLAL TNG XATAOXEUNC YL VAL UETEOVUE TNV EMURXuUVoT Tou ehatnpeiou. o va unopel
va yenotuonotniel &g {uydg npénet va Bpolue Ty cuoyétior uetalh g udlog oto dioxo xat g
EMUAXUVOTS ToU ehaTnplou.

[IEPITPA®H METPHYXEQN

[ty Baduovéunon naipvouue tévte udlec (N = 5) wwv m;=2 kg, i = 1, ..., 5 xou tic npocdé-
TOUUE ULa-ULa, XotarypdpovTag To aviiotoryo uixog tou ehatnplou ¢; and 1o onueio avapthoeng
070 dXoUTTO OTAPLYUA €W TO dANo dxpo tou. Ot uetprioelc nopovotdlovion OTIC TPWTES TEElS
othieg tou Iivaxa.

Mivaxag 3: Mdlec m; (oe kg) xon emunxiveec ¢; (o cm) yua tov {uyd ehathipto.

Apude Soxuic i =my y =1 m? mgl;
1 2 42.0 4 84
2 4 48.0 16 194
3 6 51.3 36 308
4 8 56.3 64 450
5 10 58.6 100 586

N=5 Smi=30 Y £4;=256.6 Y m2=220 Y m{;=1,622
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(o))
o

ha

S

N

1N
o

MHKOZ EAATHPIOY (cm)
= -

w
(3]

4 6
m (kg)

Syfua 1o Teoagueq napdotacn twv dedouévwy and tov nivoxa uetpocwy xou tne evideiog mou
TpoxVnteL and Ty wédodo Twv ehayioTwy TETPAYWOVKV.

ENTEZEEPTAYIA METPHYEQN
Trotétovtag 61t 0 ehatripto txavornotel Tov vouo tov Hook, mg = k¢, 16te:

fzfo‘i‘(%) & {l=A+Bm & y=A+ Bz, 6nov z; < m;, y; <

onou £, = A elvon 10 unxog tou ehatnplouv diywe Bdpoc xon Al=(-{, eivar 1 avtioTtoryn emnt-
urxuvor. To unxog € elvon 1 e€aptnuévn UeTaBANTH ¥y xou 1 wdla m 1 avedptntn UeToPAnTy .
H Baduovéunon tou Luyol emttuyydveton and tov mpoodoptoud twy otadepdv A xoauw B = g/k
ue v pédodo edayiotwy tetpary@vwy (e€.24, 25, 26). O npoodioptopdc wwv A xar B amontel tov
uTohoyloud 1wy adpotoudtev: Somg, S04, Som?, xon Y. mil;. T autd 10 oxond urohoyilouvye
T¢ mocdtnTee m2 xon mil; otic dvo teleutaleg othlec Tou mivaxa peTpRoswy xou T avtioTolya

anoteréouata napouatdlovtal 6TV TeEheuTala Yeouun tne xde oTRANG.

Topa 0 utohoyioude v otatepwmv A xou B umopet va yiver aneuvdeloc. Xougwva e vy €€.26
o mopovouaosthc A efvon:

2

N N
A=N> m?- <Zm> =5 x 220 — 30% = 200
=1 =1

To onuelo tounc A e evdeiag ue Tov xdeto dlova y Siveton and v €€.24:

i SmIY b — Y mi Y mil; 220 x 256.6 — 30 x 1622

—39.0
A 200 an
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Téhog, and v €€.25 Pploxouue v xhion B:

B
A 200

= 2.06 cm/kg

H ypaguei nopdotooy twv metpauoatixey dedouévmy xor g unoloyouévng evdeiag and tig
Téc v A xou B divetar oto oyrua.l.

YTIIOAOI'TEMOY XPAAMATON

Me Bdon ta uetpnuéva onueta, n Béhtioty extiunorn tou o@diuatog otny Uétpnon e y = ¢
elvon (€2.27):

1 X 1
S0 — A~ Bm;)? = ———(1.2544 + 1.3456 + 0.0036 + 0.6724 + 1) = 1.4253

N —2“ 5—2
=1

(00)°

= o0p==11.1939 cm = +1.2 cm.

Auté 1o o@dhua onuetdveTon oe xdle onueio Tou oyfuatoc-1 ue uixpd eutiypauua TURUAT
(error bars) mopdhhnho w¢ tpdc Tov dEovo-y Tou éyouy urxoc: op = 1.2 em, exoatépwiev xde
onuelov.

To ogpdhpota wwv A xou B etvar (€2.28 xon 29):

2 220
ZXLZ = (1.2)2ﬁ = 1584 = 04 = +1.2586 ecm = +1.3 em

(04)? = (00)°

pded)

N 5
(oB)?* = (O’g)zz = (1.2)2% =0.036 = op = +0.1897 em/kg = +£0.19 cm/kg

Yot 10 o o dexadixd Ymplo xadopilovton and 1o yeyovég du B= 2.06 cm/kg
TEAIKA ATIOTEAEXMATA

Tao telxd anotehéouata vV UETpRoEwY Yedpovtal uoll UE To GOAAUATO XL TEPLEYOLY TNV
TeEMXT| 6TpoYYLLOTOMoN TV onuavTixwy Ynelov. Etot,

1) A=39.0£13cm =39+1cm.

2) B=2.06=+0.19 cm/kg = 2.1 £0.2 cm/kg.
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YTYMIIEPAYMA

H Borduovéunon tou ehatnptou ue v uédodo ehayiotwv tetpaywvony édwoe Ty ediowor Podl-
uovéunonc (calibration line) oOugwye Ue TNy onola T0 cUYXEXELUEVO ENATAPLO UTOpEL Var AetToup-
yhoet w¢ (uyoc. H egiowon Baduovéunone etvou:

0=+ %m = (39+1) + (21 £0.2)m

Yougova ue auth v e&lowon, av wo ualo m avtiotoryet oe unxog ehatnptou £=53.2 cm 1t61e
o Cuyodg uog divet:

(- A (53.2—39) em
= = =6.7619 kg = 6.8 k
" B 2.1 em/kg g g

To yeyovog 61 mpoxintouy 8lo onuavtixd Yngla otov tpocdoptoud g Udlag cuveRdyeTaL,
oluguva ue tov Ilivoxa-1 (oeh.5), é1t 10 oyetnxd o@dhua e (tou elvar to o@dhiua tou Luyov)
elvon peta€l 1% xou 10% 1 yovdewd nepinouv 5%.

ANAPOPEX

[o Ty ouyypagh authc TN avapopds yenotuortotinxay eElOOELS and I TUPUXATL AVOLPO-
pég:

1) X. Xpnotidne, Avdivoy Hewpouotixdy Xpadudiwy oty Puowxr, oehidec 4, 5 xau 14, onuewd-
oelg and Ny nhextpovixy dtevuvon oto Sadixtio: www.des.upatras.gr, Touéac Puouaic.

2) J. R. Taylor, An Introduction to Error Analysis, 2nd edition, (University Science Books,
Sausalito (CA), 1997), oehidec 184 éwc 186.

TEAOY ANA®OPAY
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6 Modnuatixd Xuunirpnua
6.1 Mepixég IMapdywyor

‘Eotw 1 npayuotixd cuvdptnon ¢(x, y, ..., ) TOAMGY UETABANTOV T, Y, ..., 2 dtadétel uepixée mopo-
Yoyous wc npoc autée e uetofintéc. T vo Ppolue v uepx napdywyo 0¢/0x xpotdue Tic
ShheC TAUPAUETEOUS Y, ..., 2 OTadEPES Xat TopaywYILOVUE UOVO WS TPOG .

Hopaderyuo: Av 1 q(x,y) = 2%y + 3y 161e 7

dq _d(@*y+y®)
or dx =27y

[Mo va Bpolue v dg/0y xpatdue 1o x otadepd xou napaywyilovue ubvo we tpog y

dq  d(z*y+y°) 2 2
=7 I 7 3
By y s s ]

6.2 IToAhaniég Mepuxég ITapaywyor

‘Eotw 61t o pepixée napdywyot dq/0x, dq/0y, xon dq/0z tne npayuotixhc ouvdptnone q(z,y, 2)
undpyouv xat etvon ouveyeic. Av autéc oL mapdywyol UE TN OElpd Toug €youv cuveyels Ueptxég
Toporyyous téte hue 1 q(z,y, 2) eivon d00 gopéc ouveyhe napaywyiown % ot q(z,y, 2)
€yeL ouveyele moAdanAés uepnéc mapaywyous Seutépas talews. Alvouue uepnd mopadelyuata
YLt TOV TPOTO TOU YPPOUUE QUTES TIC UEPIXES TOPOYWYOUS avdTepns 1dews 6tay 1 ¢(z,y) elvan
OLVAPTNOY) LOVOY TV T XAl Y-

@_E(@) @_3(@> 0%q _2(@) %4 _3(@)
0x2 Oz \0x) 9y 0Oy \Oy/) 0xdy Oz \dy/) Oydx Oy \Ox

Ot 9%q/ 020y xon 0%q/Oydx Meyovion uewxtée uepués tapdywyol Seutépag tafewe xan elvan {oeg
UETaEl TOug:

9%q B 0%q
oxdy  Oyox

Hopdderyua: Bpette dhec tic uepxée napaydyous deutépac télewe e ¢(z,y) = my+(x+2y)2.

dq dq

8:6—y+2(x+2y),8y—x+4(x+2y)
2 2 2 2

0% _, 9q 9q 9%q _ .

Ox? " Oy? Y 0xdy Y Oyox B

6.3 DBiBAoypagpia

Awavuouatixéc Aoyiouoe, J.Marsden-A.Tromba, Ilavemotnuioxés Exdooec Kpring, Anddoon
ot EXipvixd amd tov A, Tavvénoudo, napdypagot 2.3 xou 2.6.
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Avtl Emthéyou

T auté o eye ovoudlew diec autéc Tic UTOTWEUEVES EMLOTIUES, EMLOTNAILES
Aatpelog Tov goptiou, yatl axoiovdoly dlec Tic Staduxaoics xou Tic UopPéc emoTy-
povixijc épeuvac, dAAd ydvouy xdatt ovotaotixd. Topa enfarletan, Péfona, va ooc me
TL YAVOUV.

UTTpYEL TAVTA EVA YopaXTNEIOTIXG TOU Anouotdlel OTIS EMOTHUES AQTpelaS TOU
poptiov. Auté elvan xatt mov eAnilw vo uddete xatd TNy didpxela TWY oTOUSLY oS -
xdtL mou Oy Adue Eexddopa Tt elvon aAdd Yo mpooradjow va coc Sieuxpwiow. Elvou
éva eldoc EIIINTHMONIKHY, AKEPAIOTHTAY, o apyy emothuovxic oxédne
mov avtotolyel oe andAuty eviyuotyta. Av xdvews éva nelpaua, mpénel v avapepeic
xou oto xadetl mou umopel va Seiel 6Tt T0 anotéAeoua Sev oylet - Oyt UGYO o€ OTL
motelels 6Tt 10 anodewxviel. Ilpénet va eAéyEeic tic autieg mou elvon Suvatd va e€nyolv
T anoteAéouatd oou. Ilpénel va avagepleic oe mpdyuato mou népaoay oné Ti oxé-
¢n oou, addd mou ta Eyeic anoxieioel oe xanowa dAda nepduata. Oo mEEneL axdun
va xataypdgelc tnv xdde AenTOUEQEIX OYETIXA UE TA TELHUATA, WOTE AUTOC ToU Yo
aoyolnel va elvau olyoupoc 61t €youy anoxleloTel.

xou undpyet avipwroc mou Aéel 6Tt elvon doyetn anaitnon vo enavaAnelel éva
relpoua. Eivew auté EINIYTHMH; ... Avtéc o avipwroc uilnoe... xou Tt mplTeve
voullete; Ilply exmoudevtel xdnotog, va gpevvdtan edv Eyel avotnta vo BydAel noA-
Ad anotedéouata xow Gyl Vo oTaTaAdTAL YeovoS oE @ihddoous poitnTéc mou delyvouy
uev evliagépov alda Bydalouy uévo tuyaia anotedéouata. Elvon moll emwxivéuvo vo
axorovlelc tétolar taxtixy] oty Sibaoxadia - vo diddoxeic Touc portnTéc nws va Pyd-
{ouy ovyxexpiuéva anoteAéouata xaL Gyl WS VA XAVOUY TEWHUATA (UE ETLOTNUOVLXT)
EVTYUOTNTAL

I quté e euyrj xave yia oag: v €yete TV xadl) TUyn onou Peedeite va elote
eleviepol va Sratnpeite To €i00¢ TS axEPAUOTNTAC TOU EXW TEQLYPAPEL XL VoL UV TiLe-
oTelTe, ané avayxn va Sixtnerioete Ty Véon oag 1j ano oLovouLxXT) avayxn, Vo TeodwoeTe
auty) Ty axepanotnto. Moxdpl vo €yete navta auth tny edeuvdeplo.

Richard Feynman
ané 1o Bihio tou: Xiyovpa Ja aotecteote, xlpie Feynman!
Exd6o¢eic Tpoyahia



