NAIAATQINKA XAPAKTHPIZTIKA

To Biprio avtd mposPEPEL pia OAVIKT 1ooppoTio LeTah TG TVTIKNG OKPIPELOG Kot EVVOLOAOYIKNG E0TIO-
ong PondmvTac TOVg POITNTEG VoL SNULOVPYTGOVV IGYVPEC VITOAOYIGTIKES OEELOTNTEG EVD GLVEXNDC EVIGYVEL
TN oxéomn Tov AoYIGHOD pE TIG LEAAOVTIKES GTOVOEC TOLG Kot T {m1 Tovg.

EZTIAZH ZTIZ ENNOIEZ
EMBAGYNIH ITA LXHMATA

EpBaduvon ota oxApara  To amotéheopa tov [apadeiypo- Evioybovv ty ontici katavonon

106 7 £xel o yeopetpikn e€nynon. Mio S10vuGHOTIKY Topopé- TOV QOUNTOV SNULOVPYOVTUG KPIGIHLES
tpnon r(t) amotehodpevn and Swavicuate otabepod pétpov R t- GUVOEGELG HETAED YPAPIKAOV LOOTNTOV
¥VNAaTel pio KapmOAN 6TV ETLPAVELD. Lo SQaipog aktivag R e KO TV EVVOLOV TOV EMLGTHLOivVOVTOL.

KEVIPO oTNV apyn tov afévav (PA. Zynua 6). Avtd onpaivet 0Tt
0 ddvuopa 1 (t) givon gpantopevo otn ceaipo. AMG oroladn-
mote gvbeia epamtopevn og o ceaipa o Eva onpeto g P eivon
KAOETN TPOG TO AKTIVIKO S1AVLG O TOV KOTOANYELGTO P. AuTtd 0m-
paiver 6t to, Stavoopata r(t) ko r’ () mpémet va etvar opoydvia.

lagTopikd anueiwpa O asTPOVOROLTHE UpPYONd-

mrog (ot Bafvhdve, v Alyvrto kor tnv EA-

AMIOU) AmEIKOVIGOV TOV VOXTEPIVO ovpavo pe ofto-

W Oodpaotn axpifelo, aArd TO LOVIEAX TTOV YPNOYLO-

TOLOVGOV YUl VUL TEPLYPAYOLV TIG KIVIOELG TV TAO-

vitadv Bacilovov ot AavBaopévn vedlson g me-

PLOPag TV TAGVNTOV YOpo amd 1 ['n. Av kot o

IXTOPIKO ZHMEIQMA Eivai covtopeg ypovoypapieg  Apiotapyog (310-230 n.X.) eiye npoteiver tny 10éa

ot omoie¢ TomoBeTovV pnEikédevheg avokoldyelg 01 I’ mepiotpipetan yopo ord tov Hiwo, n 6v-

KL GTLLAVTIKES TPOOSOVG 6TO 16TOPIK TOVG Moo, YKEKPLEVN TpdTuian omoppipOnke kot oTn GuveyEld

Afvouv 6TOVC GOTNTES Lo Odpnon Tove Eeyaotnke yio oyedov 18 aumveg, uéypL v emnoyn

nov o Ilohwvde aotpovdpog Nicolaus Copernicus

(1473-1543) sronyyaye pio og1pé and eMAVOSTATIKES

18€e¢ oyeTikd ue 10 Hhod pog svetue, sopmept-

Aappavopgving kat g vndBeong 0Tt o1 TAOVATEG Tie-

proépovtal yopo amd tov Hiro. O Copernicus dvor-

&e oV dpOHO YO TNV EMOUEV YEVIG UOTPOVOLQY,

ENAAAAKTIKH Evboppivet tovg portntég mpokeuévon Hetal&ld Tov onolwv ol mo yvoatol Ntav o Tycho
Vo avamTHEOLV (Lo EVVOLOAOYIKT] KOTOVONGT TOL AOYIGHOD

€ENYOVTOG ONUAVTIKES 10€€G KOBOPA AALE U1 TOTLKAL.

G€ OPIOPEVA EMTEDYLATO LEYAA®V LLOOTLOTIKOV
KaOdC KoL EKTipNon Yo T onpacio Tovg.

EvaAAakTiky Ot mopopetpikés e€lodoelg g EMhenymg tov Hopadeiypotog 5 pmopodv va ypnoiuo-
nomBovv yo vo eénynbei pio fackr Srapopd peta&d g dtadpouns (tpoxtdc) ¢(t) kot Tng vrokeinevng
kopmoAng C. H kapumokn C givon o Edhenym oto eninedo evad 1 ¢(t) meprypapet pio cuykekpiuévn kivnon,
OV YIVETOL AVTI-®POLOYLOKA, EVOG COUATION0N TAV® GE VTN TNV EAAEWYT|. AV ETLTPEYOVLLE GTO ¢ VoL TAPEL
T1G Tég petady 0 ko 4, tote T0 crwpationo Oa dwypdyet Ty EAdetym 600 QopES.

‘Eva onpeio KAedi TG mopapéTpnong T@v KOPTLAGVY lvat T yeyovog 0Tt auTés dev elvat LOVAOTKES.
2TV TPOYUOTIKOTNTO, KEOE KapumOAn propel va mapapetpn et pe o ametpio omd d10popeTtkods TpOTOonG.
"Etot, Y10 mapddetypa, 1 mopafor y = z2 Sev mopapetpdron wévo amd v (¢, %) aArd eniong amd mv
(3, 1%) g mv (£2,t10) k.o.x.

Nttt et et ™ ™ e T e ™ e ™
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EZTIAZH 2E 2A®H, NMPOZBAZIMH MNMAPAGEZH NMAHPO®OPIQN

TTOU TTPORAETTEI KAI AVTIUETWTTICEI TIG QUCKOAIEG TWV QOITNTWV

YIENOYMIZEIX Eivot onpeidoeis teptdopion
OV GLVOEOVY TNV TPEYOVGa Dedpnon

e ONUAVTIKEG EVVOLEG TOV el ONoay vopitepa
670 KEILEVO Y10 VO SDGOVY GTOVG POITNTES

Lot GUVTOUT OVOCKOTNGT KOt VoL KAVOLV
GUVOEGELG LE OYETIKEG LOEEG.

YNENOYMIZH Onw¢ emonuavin-
K& TPONYODUEVEIS, UE TIS TOPOUETPT]-
OEIS OVOLOGTIKG, OVTIUETOTILOVUE THY
KGUTOAN S évay Opouo wavew otov
omoio «tal1dcbely 1) TOPOYLETPHON KOl
TNV TPOYIG WS EVY COYKEKPLUEVO TACIOL
LAV 0& QUTOV TOV OPOHO.

SRS NP e a S

YHMEIQXEIYX TPOXOXHX
TIpog1d0mo10vV TOVG POLTNTES Y10 GUYVEG
Tay1deg TOV EVOEXETOL VAL AVTILETOTIGOVV
GTNV KATOVONGT TOV VALKOV.

TPOXOXH Aev sivar amapaitnto va
HPHOYOTOINCEL KAVEIS TOV KAVOVa 7T0i-
POYDOYIONG THAIKOV VIO VO, DROAOYIOEL
™ pepixn mopaywyo e Eéiowane (1).
Kabog o mapovoueotis dev sloprarai
AmO TH HETOPINTI Y, UTOPODUE VO TOY
OVTIUETOTITOVUE O W10 oTaBEpa oTOY
Topayayilovue w¢ THOS TRV .

Tt

MNEPIAHYEIX ENOTHTAZX

Zuvoyilovv To CNHOVTIKA GMpEla oG EVOTNTOG
LLE GUVOTTIKO KO TEPLEKTIKO TPOTO KOt Sivouv
£1LAOT 6TO TL €ival GNUAVTIKO 0€ KAOE EvOTNTAL.

OI YIIOGEXZEIX MTOY EXOYN XHMAZXIA

XpNnoonotodv GOVTOUEG EENYNOELS KOt KaAG emAeyéval
mapadetypata yio vo fondncouvy Toug portnTég TPOKELEVOD
va ekTipioovy v aéio Tov vTobécewnv ota Bewpnpata.

47. H onpocio Tov vrodécsov

‘Eoct® 1 cuvap-
mon
9(z.y) = 2xy(z + y)a® + ¢

n onoia opiletanywa (x, y) # 0, evd g(0,0) = 0.
2V GoKNoN LT UTopEiTe Vo, amodeigeTe OTL
av ko g(z,y) elvar cuveyng oto (0,0) Kot ot
HepIkég mapaywyot g;(0,0) kat g, (0,0) vmap-
xouvv, 1 g(x, y) dev eivan drapopioiun oo (0, 0).

a) Na onodeiéete, ¥pNOYLOTOIOVTOS TOAKEG
ovvtetaypéveg, ot n g(z,y) eivor cuvexng
oto (0,0).

B) No ypnoiLoToceTe TOVG OPICHOVG e Pa-
on 1o 6pio yo va deifete 611 ot g, (0, 0) Ko
gy(0,0) vdpyovv kat eivar iceg pe To UNdEv.

v) Aci&te 6T ypappkonoinon mg g(z, y) oto
(0,0) eivarn L(z,y) = 0.

8) Acikte otLavn g(z, y) Nrav dwpopioyn oto
(0,0), tote Ba Empene va woydet Ot

lim 9127

h—0 h
21 ocvvéyELn, TopaTNPNoTE OTL KATL TETOLO
dev woyver kabdg g(h,h) = 2h. Avtd pog
odnyel oto cvpmépacpa 6t g(x, y) dev &i-
vau dwpopioyn oto (0, 0).

=0

11.5 MepiAnwn

o Mo édderyn. pe sotieg To onpeio Fh kot Fo, araptiletor amd To 60VoAro Tov onusinv Py ta orolo 1oydet
PF +PFy = K, 6nov K ma otafepd tétoto dote va woybel K > F1 5. H eélooon wag Edienyng otnyv

KOVOVIKN T 5 e&G | eval
a Z) B

Ot kopuég g EMhenyng sivon ta onpeia (£a, 0) ko (0, £b). Exkevipotnra: e = £, ue (0 < e < 1).
Aevletodoo: x = £ (av a > D).

T N et ™ e e et et
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EZTIAZH ZE A2ZKHZEIX KAI TTAPAAEIIMATA

Ta ZYNOAA ME AZKHZEIZ ENOTHTAZ TTPOCQEPOUV £VA TTEPIEKTIKO OUVOAO AOKAOEWY OTEVA CUVOEDEUEVWWV
ME TN Bewpia. AuTéG oI aOKAOEIG TTOIKIAAOUV o€ SUOKOAIQ aTTO AOKNOEIG POUTIVAG, OE JETPIEG KAI OE TTIO
dUOoKoAeg. ETriong, TepiAapfdvovTal EIKOVEG 01 0TToieg deixvouv TTPoBAATA TO OTTOIO ATTAITOUV aTTd TOV
@oITNTA va dwaoel pia ypatrth atrdvtnaon A amaitolv Tn Xpron TexvoAoyiag.

MPOTTOPACKEUAOTIKEG EPWTACEIG —————— Y) Apod yphyete Tov TOMO TNG GVVOEGTG

1. [ow amd T1g axdAovBeg pmopel va amoterel - F(x(t)) g sovapmon tov £, va Tpoywprice-

ovii Ty yia TV KAon f oG cuvapTong (53 csrf]v TOPOyDYIoN :EOD, va 8’7\,éy£v;8‘l.'8 oV To

F(z,y) $90 petaprntdv; (m’ors?»acu(x G’FO omoio Kamknléms GUUP®-

@) 5 B) (3,4) v) (3,4, 5). vel e TO amoTELEGLO TOV EPMTHLATOC [B).

3. Zto Zynua 14 answovifovtotl ot 1606TadIKEG
KOpmOAEG pag ovvaptmong f(x,y) kabdg Kot
po tpoytd r(t) m omoia Sravdetar otV Koted-
Buvon mov vrodekvoetat. Na ehéyéete av 1 mo-
pay®Yyog d% f(r(t)) eivon OeTikn, apynticn M ion
ue 1o undév ota onueion A-D.

T ™™ e et et ™ ™ e T et et ™™ ™™

KdaBe evotnta mpocspépet
NPOMNAPAXKEYAXTIKEX EPQTHXEIX
01 0TO1Eg EAEYYOLV TNV KATAVON G TOV POLTNTH.

2. H axéAiovdn mpdtacn eivar aAnbfig 1 wevdng;
Mua Stapopicn cuvaptnon ovéavetat pe puo-
ué | Vip| oy katebBovon tov Vip.

3. Na meprypdyete Tig 000 POCIKES YEOUETPIKES
WOt TES TOL dtavvopatog g kiiong V.

Aoknoe€ig TTpOKANONG
‘Eva kevtpiko oovoro ALKHEIEQN diddoket

Booticég Se€1otnTeg KOODG Kt TEYVIKEG EMIAVGNG 58. 'Eva yevikgopévo morlamhd olokMipopa

TPOPIULETOV, EVIGYDEL TV EVVOLOLOYIKY No amodeibete 2(')11 1:(2) tpUtQM) okogkﬁpwua ™mg
KOTOVONGN KOl TAPAKIVEL KATOOV VoL afet GUVdPT‘;CWG (z° +y ‘2i‘ z* +1)7% o& 6ho TOV
Aoy1oUd HEGH EVOLOPEPOVOMV EPUPLOYDV. xOpo R” givan {60 pe . To cuykekpiévo oho-

KM)poUo €ival YEVIKEVIEVO, ETOUEVAOS OMOKAT-
pmote TPOTO Yo p < R kot 6N cvvéyeln Bew-
pnote 0tL R — 00.

Aoknoeig

1. 'Eoto n ovvapmon f(z,y,2) = 2%y + 24 xa 59. Amodeite T oyéon

2 2 2
xr = 8%,y = st° ko z = s“t.
Y / / InrdA=—2

o) YmoAoyioTe TIG TPMOTEDOVOEG TOPUYDYOVG D 2

of of 0o

55’ 55’ 55 omov r = /22 + y2? ko D o povadiaiog diokog

; , e}

B) Ymohoyiote Tig mapaydyovg g—i, a_z’ % 2?2 + y? < 1. Tpdkertar Y10 £var YEVIKELUEVO

oloknpopua, apov 1 cuvaptnon Inr dev opile-
tot oto (0,0), emopévag Oa Tpémel va olokAn-

MN pPOGETE TPMTA 6TOV dakTOAMO a < 1 < 1, 6mov
0 < a < 1 xot ot cvvéyela va vrobécete OTL
a— 0.

60. Ovunbeite OTL TO YEVIKELUEVO OAOKAN PO
NMEPAITEPQ EMBAGYNXH
KAI IMPOKAHZXZEIX avartdoccovuv

EMIAEOV TIG YVAOGELS KOL TPOKOAOVV

—a _ 2 2 7
TOVG POLTNTES VO AVOTTVEOVY OKOLLOL Ho f fD " . d4’ avr 2_ v ;C +y* ko D eivon
0 povoadiaiog dlokog x° + vy~ < 1;

S N e P

1 ] p
fo x~%dx ovykiiver av kot uévo av a < 1.
INa moteg TWég oV a GLYKAIVEL TO OAOKAPO-

mEPLEGOTEPO TIG 0eELOTNTEG TOVC.
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IMAOYZIEX E®APMOI'EX 6mwg avtd to HovTéLo Yo T petafoln tov tAnfuepmv Onpevti-Onpapotog (tapokdtm)
KoL 00TO TO TOPAdELY L0 TTOV TTEPLYpAPEL TNV Beppokpacio Tov Pedpatog tov KoAmov (apiotepd) eviaybovy tn GuVAQELD
OV AOYIGHOV pE T1G (WEC TV POITNTOV KOl TOGEIKVYOVV T1) GNUAGTN TOV LOYIGUOD GTNV EXIGTNOVIKT EPEVVO.

MAPAAEITMA 8 Ymobéote 6tito Pevpo tov KoAmov €xer mAdtog 100 km ko m Oeppokpocio tov petafda-
Aeton Eekvavtog omd 15°C ota eEmtepikd Tov Opta péxpt 20°C oto KEVTIPO Tov. 0 TEPLYpdyoupe T Oep-
LOKPAGi0, GE GYéon pe TO TAATOG TOV pedpaTtog pe T suvdpmon T'(z, y) = 15 + 0.2z — 0.002x2. Emm\éov,
00 vroBécovpe 6t T0 BdOog Tov pevpartog ivar 1 km, evd to péTpo g TayOTNTAG TOV HETAPGALETOL KO-
Bdg peTapePOLACTE OO TO KAT® TPOG TO EMAV® HEPOG TOL GOUE®VA pe T cuvaptnon s(x,y) = 0.5+ 1.5y
m/s. IIpocdiopiote Tov puOud petapopds Beppotrag pécw poag ophoydviag drotopng tov Pevpotog tov
KoAmov pe dwouotdoelg 100 km ent 1 km.

AU Oo voloyicovpe tov (nrovpevo puOud H pécm Tou OMOKANPp®OUATOG:

100 / 1
H:// pcT (z,y)s(z,y) dA:pc/ (/ (15+0.2$—0.002m2)(0.5+1.5y)dy) dx
R T

100 1
= pc/ (15 + 0.2z — 0.002x%) </ (0.5 + 1.5y)dy> da
=0 y=0

MAPAAEITMA 8 ‘Eva povTéAo petaoAng TAnBuouwy Bnpeutn-Bnpduatog ‘Eotw 6Tt ot p(t) ko g(t)
aVaTAPIGTOVV TOVG LETOPBAAAOIEVOVS (e TO YpdVo t) TANOLGUOVG VG OnpevTy| Kot £vOS ONpdpatog ovtt-
otoiymg. Av cuvdudoovpe avtég Tig dbo cuvaptioets (q(t), p(t)) Bo Exovpe TV TaPAUETPIKN avoTapEoTOON
H0G KapmbAng oto eninedo gp. H kapmdin tov Zynuatog 10 avamaptotd Eva omAd LOVIELO TOV TPOTOL E
ToV 011010 PTopovV Vo, petafdAlovtal ot TANOVGHOTL AV TOV TV 300 (OTKMV EWOMV LLE TO TEPUGLLO TOV XPOVOUL.
Avolvote tov Tpomo e Tov omoio petafdilovtal ot dVo avtol IANBvGpol, Kabdg avEdveTotl o ¥pdvos, oTa
onueia A kot B g kopumdings. [lpocdiopiote av 1 KopmdAn StorypaeeTal fLe @POAOYLOKT 1] OVTI-®POLOYLOKT
@opd KaBdG 0 Ypovog t avEdvetat.

T ™™ et ot ™ e T et et ™™ e ™™

EINANAAHITIKEZ AXKHZEIZ KE®AAAIOY TIpoc@épouv £va mePLEKTIKO GUVOLO OIOKNGEMV GTEVE,
GUVIESEUEVMV LE TO VAIKO TOV KEQOAOIOV Y10, VOL TALPEXOVV ETTAEOV TPOPANLOTO Y10 TPOCOTIKT] LEAETT 1) EPYACIEG.

ETTavaAnTITIkEG aoKNOEIS KEQaAaiou

1. TIpocdiopicte Ta TEdiol OpIGHOD TV AKOLOVO®DV éxovrog toydra v(t) = (1,t,2¢%). Bpeite m
SLOVUCLOTIK®V GUVOPTHGEWDV. Béom tov copaTdoL TN YPOVIKN GTIYUN t = 2.
a) ri(t) = <t*1, (t+1)"1 sin7? t) 18. TIpoodwopiote T  SVLCHATIKY  GLVEPTNON
2 r
N Vi r(t)=(z(t),y(t)) oo R? mov wavormowl ™
B) ra(t) = < §= i e > oxéon r'(t)= — r(t) pe opykés ovvonkeg
2. Iyedidote ta ypaorpato tav ri () = (6, cos ) r(0)=(1,2).
ko r3(6) = (cos 6§, 6) oto eminedo xy. 19. TIpocdiopiote v r(t) vrobétovtag 6Tt

3. Bpeite po S10vOGHOTIKY TOPOUETPNGT Y10, TV /" 2
) r(t) = (4 —16t,12t“* — ¢t
topn Tov emeaveidy 2 + yt + 22% = 6 kot ) (5 = ’ )
x = y? otov R3. r'(0) = (1,0), r(0) = (0,1)

4. TIpocdlopioTe L0 SIVUCLOTIKY TOPOUETPNON 20. Enxbote v ()= — 1,t + 1,83 pe
YPNOUYLOTOLDVTAG TPLYWMVOUETPIKEG GUVAPTNGELS r(0)=(1,0,0) ko r'(0)=(—1, 1, 0).
Y10 TNV TOWUN TOL EMESOV x +y + z = 1 kot Tov
EMETIKOD KLAIVOpOV (%)2 + (5)2 = 1 otoVv

R3. r(t) = <sin2t,cos?t, 3t — 1> yial <t <3

N I TR

21. Ymoloylote TO0 KOG TNG TPOYLAG
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Eilpoocte svyvopoveg 6toug moAlovg ekmatdentikovs omd 11 Hvopéveg Iolteieg kot tov Kavadd ot omoiot
TPOSPePaY GYOMa oIV KatevOvvemn TG e£EMENG Kal TNG TEMKNG LopeNS ovToD Tov Pifriov. AvTéc cuvel-
GQOPES TOVG TTEPILAUPAVOVY SoKILAGIES TNV TAET, AVAGKOTNGOT YEPOYPAPOV KOl AGKNGEWDY, KOOMG Kot
GUULETOYN O€ EPEVVEG GYETIKA L To PLAL0 Kot YEVIKEG OvAyKEG LABMUATOV.

ALABAMA Tammy Potter, Gadsden State Community
College; David Dempsey, Jacksonville State University; Ed-
win Smith, Jacksonville State University; Jeff Dodd, Jack-
sonville State University; Douglas Bailer, Northeast Ala-
bama Community College; Michael Hicks, Shelton State
Community College; Patricia C. Eiland, Troy University,
Montgomery Campus; Chadia Affane Aji, Tuskegee Univer-
sity; James L. Wang, The University of Alabama; Stephen
Brick, University of South Alabama; Joerg Feldvoss, Uni-
versity of South Alabama; Ulrich Albrecht, Auburn Univer-
sity ALASKA Mark A. Fitch, University of Alaska An-
chorage; Kamal Narang, University of Alaska Anchorage;
Alexei Rybkin, University of Alaska Fairbanks; Martin Getz,
University of Alaska Fairbanks ARIZONA  Stefania Tra-
cogna, Arizona State University, Bruno Welfert, Arizona
State University; Light Bryant, Arizona Western College;
Daniel Russow, Arizona Western College; Jennifer James-
on, Coconino College; George Cole, Mesa Community Col-
lege; David Schultz, Mesa Community College; Michael Be-
zusko, Pima Community College, Desert Vista Campus,
Garry Carpenter, Pima Community College, Northwest Cam-
pus; Paul Flasch, Pima County Community College; Jessi-
ca Knapp, Pima Community College, Northwest Campus;
Roger Werbylo, Pima County Community College; Katie
Louchart, Northern Arizona University; Janet McShane,
Northern Arizona University; Donna M. Krawczyk, The
University of Arizona  ARKANSAS Deborah Parker, 4r-
kansas Northeastern College; J. Michael Hall, Arkansas
State University; Kevin Cornelius, Ouachita Baptist Uni-
versity; Hyungkoo Mark Park, Southern Arkansas Univer-
sity; Katherine Pinzon, University of Arkansas at Fort Smith,
Denise LeGrand, University of Arkansas at Little Rock; John
Annulis, University of Arkansas at Monticello; Erin Haller,
University of Arkansas, Fayetteville; Shannon Dingman,
University of Arkansas, Fayetteville; Daniel J. Arrigo, Uni-
versity of Central Arkansas CALIFORNIA Michael S.
Gagliardo, California Lutheran University; Harvey Green-

wald, California Polytechnic State University, San Luis Obis-
po; Charles Hale, California Polytechnic State University;
John Hagen, California Polytechnic State University, San
Luis Obispo; Donald Hartig, California Polytechnic State
University, San Luis Obispo; Colleen Margarita Kirk, Cal-
ifornia Polytechnic State University, San Luis Obispo; Law-
rence Sze, California Polytechnic State University, San Lu-
is Obispo; Raymond Terry, California Polytechnic State
University, San Luis Obispo; James R. McKinney, Califor-
nia State Polytechnic University, Pomona; Robin Wilson,
California State Polytechnic University, Pomona; Charles
Lam, California State University, Bakersfield; David McK-
ay, California State University, Long Beach; Melvin Lax,
California State University, Long Beach; Wallace A. Etter-
beek, California State University, Sacramento; Mohamed
Allali, Chapman University, George Rhys, College of the
Canyons; Janice Hector, DeAnza College; Isabelle Saber,
Glendale Community College; Peter Stathis, Glendale Com-
munity College; Douglas B. Lloyd, Golden West College;
Thomas Scardina, Golden West College; Kristin Hartford,
Long Beach City College; Eduardo Arismendi-Pardi, Or-
ange Coast College; Mitchell Alves, Orange Coast College;
Yenkanh Vu, Orange Coast College; Yan Tian, Palomar
College; Donna E. Nordstrom, Pasadena City College; Don
L. Hancock, Pepperdine University; Kevin Iga, Pepperdine
University; Adolfo J. Rumbos, Pomona College; Virginia
May, Sacramento City College; Carlos de la Lama, San Di-
ego City College; Matthias Beck, San Francisco State Uni-
versity; Arek Goetz, San Francisco State University; Nick
Bykov, San Joaquin Delta College; Eleanor Lang Kendrick,
San Jose City College; Elizabeth Hodes, Santa Barbara City
College; William Konya, Santa Monica College; John Ken-
nedy, Santa Monica College; Peter Lee, Santa Monica Col-
lege; Richard Salome, Scotts Valley High School, Norman
Feldman, Sonoma State University; Elaine McDonald, Sono-
ma State University, John D. Eggers, University of Califor-
nia, San Diego; Adam Bowers, University of California, San
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Diego; Bruno Nachtergaele, University of California, Da-
vis; Boumediene Hamzi, University of California, Davis,
Olga Radko, University of California, Los Angeles; Richard
Leborne, University of California, San Diego; Peter Steven-
hagen, University of California, San Diego; Jeffrey Stopple,
University of California, Santa Barbara; Guofang Wei, Uni-
versity of California, Santa Barbara; Rick A. Simon, Uni-
versity of La Verne; Alexander E. Koonce, University of Red-
lands; Mohamad A. Alwash, West Los Angeles College;
Calder Daenzer, University of California, Berkeley; Jude
Thaddeus Socrates, Pasadena City College; Cheuk Ying
Lam, California State University Bakersfield; Borislava Gu-
tarts, California State University, Los Angeles; Daniel Ro-
galski, University of California, San Diego; Don Hartig,
California Polytechnic State University; Anne Voth, Palo-
mar College; Jay Wiestling, Palomar College; Lindsey Bram-
lett-Smith, Santa Barbara City College; Dennis Morrow,
College of the Canyons; Sydney Shanks, College of the Can-
vons; Bob-Tolar, College of the Canyons; Gene W. Majors,
Fullerton College; Robert Diaz, Fullerton College; Grego-
ry Nguyen, Fullerton College; Paul Sjoberg, Fullerton Col-
lege; Deborah Ritchie, Moorpark College; Maya Rahna-
maie, Moorpark College; Kathy Fink, Moorpark College;
Christine Cole, Moorpark College; K. Di Passero, Moor-
park College; Sid Kolpas, Glendale Community College;
Miriam Castrconde, Irvine Valley College; llkner Erbas-
White, Irvine Valley College; Corey Manchester, Grossmont
College; Donald Murray, Santa Monica College; Barbara
McGee, Cuesta College; Marie Larsen, Cuesta College; Joe
Vasta, Cuesta College; Mike Kinter, Cuesta College; Mark
Turner, Cuesta College; G. Lewis, Cuesta College; Daniel
Kleinfelter, College of the Desert; Esmeralda Medrano, Cit-
rus College; James Swatzel, Citrus College; Mark Littrell,
Rio Hondo College; Rich Zucker, Irvine Valley College; Cin-
dy Torigison, Palomar College; Craig Chamberline, Palo-
mar College; Lindsey Lang, Diablo Valley College; Sam
Needham, Diablo Valley College; Dan Bach, Diablo Valley
College; Ted Nirgiotis, Diablo Valley College; Monte
Collazo, Diablo Valley College; Tina Levy, Diablo Valley
College; Mona Panchal, East Los Angeles College; Ron Sand-
vick, San Diego Mesa College; Larry Handa, West Valley
College; Frederick Utter, Santa Rose Junior College; Far-
shod Mosh, DeAnza College; Doli Bambhania, DeAnza Col-
lege; Charles Klein, DeAnza College; Tammi Marshall,
Cauyamaca College; Inwon Leu, Cauyamaca College; Mi-
chael Moretti, Bakersfield College; Janet Tarjan, Bakersfield
College; Hoat Le, San Diego City College; Richard Field-
ing, Southwestern College; Shannon Gracey, Southwestern
College; Janet Mazzarella, Southwestern College; Christi-
na Soderlund, California Lutheran University; Rudy Gon-
zalez, Citrus College; Robert Crise, Crafton Hills College;
Joseph Kazimir, East Los Angeles College; Randall Rogers,
Fullerton College; Peter Bouzar, Golden West College; Lin-
da Ternes, Golden West College; Hsiao-Ling Liu, Los An-

geles Trade Tech Community College; Yu-Chung Chang-
Hou, Pasadena City College; Guillermo Alvarez, San Di-
ego City College; Ken Kuniyuki, San Diego Mesa College;
Laleh Howard, San Diego Mesa College; Sharareh
Masooman, Santa Barbara City College; Jared Hersh, San-
ta Barbara City College; Betty Wong, Santa Monica Col-
lege; Brian Rodas, Santa Monica College; Veasna Chiek,
Riverside City College; Kenn Huber, University of Califor-
nia, Irvine; Berit Givens, California State Polytechnic Uni-
versity, Pomona; Will Murray, California State University,
Long Beach; Alain Bourget, California State University,
Fullerton COLORADO Tony Weathers, Adams State
College; Erica Johnson, Arapahoe Community College; Kar-
en Walters, Arapahoe Community College; Joshua D. Lai-
son, Colorado College; G. Gustave Greivel, Colorado School
of Mines; Holly Eklund, Colorado School of the Mines; Mike
Nicholas, Colorado School of the Mines; Jim Thomas, Col-
orado State University; Eleanor Storey, Front Range Com-
munity College; Larry Johnson, Metropolitan State College
of Denver; Carol Kuper, Morgan Community College; Lar-
ry A. Pontaski, Pueblo Community College; Terry Chen
Reeves, Red Rocks Community College; Debra S. Carney,
Colorado School of the Mines; Louis A. Talman, Metropol-
itan State College of Denver; Mary A. Nelson, University
of Colorado at Boulder; J. Kyle Pula, University of Denver,
Jon Von Stroh, University of Denver; Sharon Butz, Univer-
sity of Denver; Daniel Daly, University of Denver; Tracy
Lawrence, Arapahoe Community College; Shawna Mahan,
University of Colorado Denver; Adam Norris, University
of Colorado at Boulder; Anca Radulescu, University of Col-
orado at Boulder; MikeKawai, University of Colorado Den-
ver; Janet Barnett, Colorado State University—Pueblo; By-
ron Hurley, Colorado State University—Pueblo; Jonathan
Portiz, Colorado State University—Pueblo; Bill Emerson,
Metropolitan State College of Denver; Suzanne Caulk, Re-
gis University; Anton Dzhamay, University of Northern Col-
orado; Stephen Pankavich, Colorado School of Mines; Mur-
ray Cox, University of Colorado at Boulder; Anton Betten,
Colorado State University CONNECTICUT Jeffrey Mc-
Gowan, Central Connecticut State University; Ivan Gotchev,
Central Connecticut State University; Charles Waiveris,
Central Connecticut State University; Christopher Ham-
mond, Connecticut College; Anthony Y. Aidoo, Eastern
Connecticut State University; Kim Ward, Eastern Connecti-
cut State University; Joan W. Weiss, Fairfield University;,
Theresa M. Sandifer, Southern Connecticut State Universi-
ty; Cristian Rios, Trinity College; Melanie Stein, Trinity Col-
lege; Steven Orszag, Yale University DELAWARE Pat-
rick F. Mwerinde, University of Delaware DISTRICT OF
COLUMBIA Jeffrey Hakim, American University; Josh-
ua M. Lansky, American University; James A. Nickerson,
Gallaudet University FLORIDA Gregory Spradlin, Em-
bry-Riddle University at Daytona Beach; Daniela Popova,
Florida Atlantic University; Abbas Zadegan, Florida Inter-
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national University; Gerardo Aladro, Florida Internation-
al University; Gregory Henderson, Hillshorough Commu-
nity College; Pam Crawford, Jacksonville University; Pen-
ny Morris, Polk Community College; George Schultz, St.
Petersburg College; Jimmy Chang, St. Petersburg College;
Carolyn Kistner, St. Petersburg College; Aida Kadic-Ga-
leb, The University of Tampa; Constance Schober, Univer-
sity of Central Florida; S. Roy Choudhury, University of
Central Florida; Kurt Overhiser, Valencia Community Col-
lege; Jiongmin Yong, University of Central Florida; Giray
Okten, The Florida State University; Frederick Hoffman,
Florida Atlantic University; Thomas Beatty, Florida Gulf
Coast University; Witny Librun, Palm Beach Community
College North; Joe Castillo, Broward County College; Joann
Lewin, Edison College; Donald Ransford, Edison College;
Scott Berthiaume, Edison College; Alexander Ambrioso,
Hillsborough Community College; Jane Golden, Hillsbor-
ough Community College; Susan Hiatt, Polk Community
College—Lakeland Campus; Li Zhou, Polk Community Col-
lege—Winter Haven Campus; Heather Edwards, Seminole
Community College; Benjamin Landon, Daytona State Col-
lege; Tony Malaret, Seminole Community College; Lane
Vosbury, Seminole Community College; William Rickman,
Seminole Community College; Cheryl Cantwell, Seminole
Community College; Michael Schramm, Indian River State
College; Janette Campbell, Palm Beach Community Col-
lege—Lake Worth; KwaiLee Chui, University of Florida,
Shu-Jen Huang, University of Florida; Sidra Van De Car,
Valencia College  GEORGIA  Christian Barrientos, Clay-
ton State University; Thomas T. Morley, Georgia Institute
of Technology; Doron Lubinsky, Georgia Institute of Tech-
nology; Ralph Wildy, Georgia Military College; Shahram
Nazari, Georgia Perimeter College; Alice Eiko Pierce, Geor-
gia Perimeter College, Clarkson Campus; Susan Nelson,
Georgia Perimeter College, Clarkson Campus; Laurene
Fausett, Georgia Southern University; Scott N. Kersey,
Georgia Southern University; Jimmy L. Solomon, Georgia
Southern University; Allen G. Fuller, Gordon College; Mar-
wan Zabdawi, Gordon College; Carolyn A. Yackel, Mercer
University; Blane Hollingsworth, Middle Georgia State Col-
lege; Shahryar Heydari, Piedmont College; Dan Kannan,
The University of Georgia; June Jones, Middle Georgia State
College; Abdelkrim Brania, Morehouse College; Ying Wang,
Augusta State University; James M. Benedict, Augusta State
University; Kouong Law, Georgia Perimeter College; Rob
Williams, Georgia Perimeter College; Alvina Atkinson,
Georgia Gwinnett College; Amy Erickson, Georgia Gwin-
nett College  HAWAII Shuguang Li, University of Ha-
waii at Hilo; Raina B. Ivanova, University of Hawaii at Hi-
lo IDAHO Uwe Kaiser, Boise State University; Charles
Kerr, Boise State University; Zach Teitler, Boise State Uni-
versity; Otis Kenny, Boise State University; Alex Feldman,
Boise State University; Doug Bullock, Boise State Univer-
sity; Brian Dietel, Lewis-Clark State College; Ed Korntved,

Northwest Nazarene University; Cynthia Piez, University
of Idaho TLLINOIS Chris Morin, Blackburn College;
Alberto L. Delgado, Bradley University; John Haverhals,
Bradley University; Herbert E. Kasube, Bradley Universi-
ty; Marvin Doubet, Lake Forest College; Marvin A. Gor-
don, Lake Forest Graduate School of Management; Rich-
ard J. Maher, Loyola University Chicago; Joseph H. Mayne,
Loyola University Chicago; Marian Gidea, Northeastern Il-
linois University; John M. Alongi, Northwestern Universi-
ty; Miguel Angel Lerma, Northwestern University; Mehmet
Dik, Rockford College; Tammy Voepel, Southern Illinois
University Edwardsville; Rahim G. Karimpour, Southern
llinois University,; Thomas Smith, University of Chicago;
Laura DeMarco, University of Illinois; Evangelos Kobotis,
University of Illinois at Chicago; Jennifer Mc-Neilly, Uni-
versity of lllinois at Urbana-Champaign; Timur Oikhberg,
University of Illinois at Urbana-Champaign; Manouchehr
Azad, Harper College; Minhua Liu, Harper College; Mary
Hill, College of DuPage; Arthur N. DiVito, Harold Wash-
ington College INDIANA Vania Mascioni, Ball State
University; Julie A. Killingbeck, Ball State University; Kath-
ie Freed, Butler University; Zhixin Wu, DePauw Universi-
ty; John P. Boardman, Franklin College; Robert N. Talbert,
Franklin College; Robin Symonds, Indiana University Ko-
komo; Henry L. Wyzinski, Indiana University Northwest,
Melvin Royer, Indiana Wesleyan University; Gail P. Greene,
Indiana Wesleyan University; David L. Finn, Rose-Hulman
Institute of Technology; Chong Keat Arthur Lim, Universi-
ty of Notre Dame 10OWA Nasser Dastrange, Buena Vis-
ta University; Mark A. Mills, Central College; Karen Ernst,
Hawkeye Community College; Richard Mason, Indian Hills
Community College; Robert S. Keller, Loras College; Eric
Robert Westlund, Luther College; Weimin Han, The Uni-
versity of lowa; Man Basnet, lowa State University KAN-
SAS Timothy W. Flood, Pittsburg State University; Sar-
ah Cook, Washburn University; Kevin E. Charlwood, Wash-
burn University; Conrad Uwe, Cowley County Community
College; David N. Yetter, Kansas State University; Matthew
Johnson, University of Kansas KENTUCKY Alex M.
Mc-Allister, Center College; Sandy Spears, Jefferson Com-
munity & Technical College; Leanne Faulkner, Kentucky
Wesleyan College; Donald O. Clayton, Madisonville Com-
munity College; Thomas Riedel, University of Louisville,
Manabendra Das, University of Louisville; Lee Larson, Uni-
versity of Louisville; Jens E. Harlander, Western Kentucky
University; Philip Mc-Cartney, Northern Kentucky Univer-
sity; Andy Long, Northern Kentucky University; Omer Yay-
enie, Murray State University; Donald Krug, Northern Ken-
tucky University; David Royster, University of Ken-
tucky LOUISIANA William Forrest, Baton Rouge Com-
munity College; Paul Wayne Britt, Louisiana State Univer-
sity; Galen Turner, Louisiana Tech University; Randall Wills,
Southeastern Louisiana University; Kent Neuerburg, South-
eastern Louisiana University; Guoli Ding, Louisiana State
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University; Julia Ledet, Louisiana State University; Brent
Strunk, University of Louisiana at Monroe; Michael Tom,
Louisiana State University MAINE Andrew Knightly,
The University of Maine; Sergey Lvin, The University of
Maine; Joel W. Irish, University of Southern Maine; Laurie
Woodman, University of Southern Maine; David M. Brad-
ley, The University of Maine; William O. Bray, The Univer-
sity of Maine  MARYLAND Leonid Stern, Towson Uni-
versity; Jacob Kogan, University of Maryland Baltimore
County; Mark E. Williams, University of Maryland Eastern
Shore; Austin A. Lobo, Washington College; Supawan Le-
rtskrai, Harford Community College; Fary Sami, Harford
Community College; Andrew Bulleri, Howard Community
College  MASSACHUSETTS Sean McGrath, Algonquin
Regional High School; Norton Starr, Amherst College; Re-
nato Mirollo, Boston College; Emma Previato, Boston Uni-
versity; Laura K Gross, Bridgewater State University; Rich-
ard H. Stout, Gordon College; Matthew P. Leingang, Har-
vard University; Suellen Robinson, North Shore Communi-
ty College; Walter Stone, North Shore Community College;
Barbara Loud, Regis College; Andrew B. Perry, Springfield
College; Tawanda Gwena, Tufts University; Gary Simund-
za, Wentworth Institute of Technology; Mikhail Chkhenke-
li, Western New England College; David Daniels, Western
New England College; Alan Gorfin, Western New England
College; Saced Ghahramani, Western New England College;
Julian Fleron, Westfield State College; Maria Fung, Worches-
ter State University; Brigitte Servatius, Worcester Polytech-
nic Institute; John Goulet, Worcester Polytechnic Institute;
Alexander Martsinkovsky, Northeastern University; Marie
Clote, Boston College; Alexander Kastner, Williams Col-
lege; Margaret Peard, Williams College; Mihai Stoiciu, Wil-
liams College; Maciej Szczesny, Boston University MICH-
IGAN Mark E. Bollman, A/bion College; Jim Chesla,
Grand Rapids Community College; Jeanne Wald, Michigan
State University; Allan A. Struthers, Michigan Technolog-
ical University; Debra Pharo, Northwestern Michigan Col-
lege; Anna Maria Spagnuolo, Oakland University; Diana
Faoro, Romeo Senior High School; Andrew Strowe, Univer-
sity of Michigan—Dearborn; Daniel Stephen Drucker, Wayne
State University; Christopher Cartwright, Lawrence Tech-
nological University; Jay Treiman, Western Michigan Uni-
versity MINNESOTA Bruce Bordwell, Anoka-Ramsey
Community College; Robert Dobrow, Carleton College; Jes-
sie K. Lenarz, Concordia College—Moorhead Minnesota,
Bill Tomhave, Concordia College; David L. Frank, Univer-
sity of Minnesota; Steven 1. Sperber, University of Minne-
sota; Jeffrey T. Mc-Lean, University of St. Thomas; Cheh-
rzad Shakiban, University of St. Thomas; Melissa Loe, Uni-
versity of St. Thomas; Nick Christopher Fiala, St. Cloud State
University; Victor Padron, Normandale Community Col-
lege; Mark Ahrens, Normandale Community College; Ger-
ry Naughton, Century Community College; Carrie Naugh-

ton, Inver Hills Community College MISSISSIPPI  Vivi-

en G. Miller, Mississippi State University; Ted Dobson, Mis-
sissippi State University; Len Miller, Mississippi State Uni-
versity; Tristan Denley, The University of Mississippi  MIS-
SOURI Robert Robertson, Drury University; Gregory A.
Mitchell, Metropolitan Community College—Penn Valley;,
Charles N. Curtis, Missouri Southern State University; Vivek
Narayanan, Moberly Area Community College; Russell
Blyth, Saint Louis University; Julianne Rainbolt, Saint Lou-
is University; Blake Thornton, Saint Louis University; Kev-
in W. Hopkins, Southwest Baptist University; Joe Howe, St.
Charles Community College; Wanda Long, St. Charles Com-
munity College; Andrew Stephan, St. Charles Community
College  MONTANA Kelly Cline, Carroll College; Ve-
ronica Baker, Montana State University, Bozeman; Richard
C. Swanson, Montana State University; Thomas Hayes-Mc-
Goff, Montana State University; Nikolaus Vonessen, The
University of Montana; Corinne Casolara, Montana State
NEBRASKA Edward G. Reinke
Jr., Concordia University; Judith Downey, University of Ne-
braska at Omaha NEVADA Jennifer Gorman, College
of Southern Nevada; Jonathan Pearsall, College of Southern
Nevada; Rohan Dalpatadu, University of Nevada, Las Ve-

University, Bozeman

gas; Paul Aizley, University of Nevada, Las Vegas; Charlie
Nazemian, University of Nevada, Reno NEW HAMP-
SHIRE Richard Jardine, Keene State College; Michael
Cullinane, Keene State College; Roberta Kieronski, Univer-
sity of New Hampshire at Manchester; Erik Van Erp, Dart-
mouth College  NEW JERSEY Paul S. Rossi, College of
Saint Elizabeth; Mark Galit, Essex County College; Katarzy-
na Potocka, Ramapo College of New Jersey; Nora S. Thorn-
ber, Raritan Valley Community College; Abdulkadir Has-
sen, Rowan University; Olcay llicasu, Rowan University;,
Avraham Soffer, Rutgers, The State University of New Jer-
sey; Chengwen Wang, Rutgers, The State University of New
Jersey; Shabnam Beheshti, Rutgers University, The State
University of New Jersey; Stephen J. Greenfield, Rutgers,
The State University of New Jersey; John T. Saccoman, Se-
ton Hall University; Lawrence E. Levine, Stevens Institute
of Technology; Jana Gevertz, The College of New Jersey;,
Barry Burd, Drew University; Penny Luczak, Camden Coun-
ty College; John Climent, Cecil Community College;
Kristyanna Erickson, Cecil Community College; Eric Comp-
ton, Brookdale Community College; John Atsu-Swanzy, At-
lantic Cape Community College; Paul Laumakis, Rowan
University; Norman Beil, Rowan University NEW MEX-
ICO Kevin Leith, Central New Mexico Community Col-
lege; David Blankenbaker, Central New Mexico Communi-
ty College; Joseph Lakey, New Mexico State University;,
Kees Onneweer, University of New Mexico; Jurg Bolli, The
University of New Mexico; Amal Mostafa, New Mexico State
University; Christopher Stuart, New Mexico State Univer-
sity  NEW YORK Robert C. Williams, Alfred Universi-
ty; Timmy G. Bremer, Broome Community College State
University of New York; Joaquin O. Carbonara, Buffalo State
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College; Robin Sue Sanders, Buffalo State College; Daniel
Cunningham, Buffalo State College; Rose Marie Castner,
Canisius College; Sharon L. Sullivan, Catawba College; Fa-
bio Nironi, Columbia University; Camil Muscalu, Cornell
University; Maria S. Terrell, Cornell University; Margaret
Mulligan, Dominican College of Blauvelt; Robert Anders-
en, Farmingdale State University of New York; Leonard Nis-
sim, Fordham University; Jennifer Roche, Hobart and Wil-
liam Smith Colleges; James E. Carpenter, lona College; Pe-
ter Shenkin, John Jay College of Criminal Justice/CUNY;
Gordon Crandall, LaGuardia Community College/CUNY,
Gilbert Traub, Maritime College, State University of New
York; Paul E. Seeburger, Monroe Community College Brigh-
ton Campus; Abraham S. Mantell, Nassau Community Col-
lege; Daniel D. Birmajer, Nazareth College; Sybil G. Shav-
er, Pace University; Margaret Kiehl, Rensselaer Polytech-
nic Institute; Carl V. Lutzer, Rochester Institute of Technol-
ogy; Michael A. Radin, Rochester Institute of Technology;,
Hossein Shahmohamad, Rochester Institute of Technology;
Thomas Rousseau, Siena College; Jason Hofstein, Siena
College; Leon E. Gerber, St. Johns University; Christopher
Bishop, Stony Brook University; James Fulton, Suffolk Coun-
ty Community College; John G. Michaels, SUNY Brockport,
Howard J. Skogman, SUNY Brockport; Cristina Bacuta,
SUNY Cortland, Jean Harper, SUNY Fredonia; David Hob-
by, SUNY New Paltz; Kelly Black, Union College; Thomas
W. Cusick, University at Buffalo/The State University of
New York; Gino Biondini, University at Buffalo/The State
University of New York; Robert Koehler, University at Buf-
falo/The State University of New York; Donald Larson, Uni-
versity of Rochester; Robert Thompson, Hunter College; Ed
Grossman, The City College of New York; David Hemmer,
University at Buffalo/The State University of New
York NORTH CAROLINA Jeffrey Clark, Elon Univer-
sity; William L. Burgin, Gaston College; Manouchehr H.
Misaghian, Johnson C. Smith University; Legunchim L.
Emmanwori, North Carolina A&T State University; Drew
Pasteur, North Carolina State University; Demetrio Labate,
North Carolina State University; Mohammad Kazemi, The
University of North Carolina at Charlotte; Richard Carmi-
chael, Wake Forest University; Gretchen Wilke Whipple,
Warren Wilson College; John Russell Taylor, University of
North Carolina at Charlotte; Mark Ellis, Piedmont Com-
munity College NORTH DAKOTA Jim Coykendall,
North Dakota State University; Anthony J. Bevelacqua, The
University of North Dakota; Richard P. Millspaugh, The
University of North Dakota; Thomas Gilsdorf, The Univer-
sity of North Dakota; Michele liams, The University of North
Dakota; Mohammad Khavanin, University of North Dako-
ta; Jessica Striker, North Dakota State University; Benton
Duncan, North Dakota State University OHIO  Christo-
pher Butler, Case Western Reserve University; Pamela
Pierce, The College of Wooster; Barbara H. Margolius, Cleve-
land State University; Tzu-Yi Alan Yang, Columbus State

Community College; Greg S. Goodhart, Columbus State
Community College; Kelly C. Stady, Cuyahoga Communi-
ty College; Brian T. Van Pelt, Cuyahoga Community Col-
lege; David Robert Ericson, Miami University; Frederick S.
Gass, Miami University; Thomas Stacklin, Ohio Domini-
can University; Vitaly Bergelson, The Ohio State Universi-
ty; Robert Knight, Ohio University; John R. Pather, Ohio
University, Eastern Campus; Teresa Contenza, Otterbein
College; Ali Hajjafar, The University of Akron; Jianping
Zhu, The University of Akron; lan Clough, University of Cin-
cinnati Clermont College; Atif Abueida, University of Day-
ton; Judith McCrory, The University at Findlay; Thomas
Smotzer, Youngstown State University; Angela Spalsbury,
Youngstown State University; James Osterburg, The Uni-
versity of Cincinnati; Mihaela A. Poplicher, University of
Cincinnati; Frederick Thulin, University of Illinois at Chi-
cago; Weimin Han, The Ohio State University; Crichton
Ogle, The Ohio State University; Jackie Miller, The Ohio
State University; Walter Mackey, Owens Community Col-
lege; Jonathan Baker, Columbus State Community College;
Vincent Graziano, Case Western Reserve University; Sail-
ai Sally, Cleveland State University OKLAHOMA Chris-
topher Francisco, Oklahoma State University; Michael Mc-
Clendon, University of Central Oklahoma; Teri Jo Murphy,
The University of Oklahoma; Kimberly Adams, University
of Tulsa; Shirley Pomeranz, University of Tulsa ORE-
GON Lorna TenEyck, Chemeketa Community College;
Angela Martinek, Linn-Benton Community College; Filix
Maisch, Oregon State University; Tevian Dray, Oregon State
University; Mark Ferguson, Chemekata Community Col-
lege; Andrew Flight, Portland State University; Austina
Fong, Portland State University; Jeanette R. Palmiter, Port-
land State University; Jean Nganou, University of Oregon;
Juan Restrepo, Oregon State University PENNSYLVA-
NIA John B. Polhill, Bloomsburg University of Pennsyl-
vania; Russell C. Walker, Carnegie Mellon University; Jon
A. Beal, Clarion University of Pennsylvania; Kathleen Kane,
Community College of Allegheny County; David A. Santos,
Community College of Philadelphia; David S. Richeson,
Dickinson College; Christine Marie Cedzo, Gannon Uni-
versity; Monica Pierri-Galvao, Gannon University; John H.
Ellison, Grove City College; Gary L. Thompson, Grove City
College; Dale Mclntyre, Grove City College; Dennis Ben-
choff, Harrisburg Area Community College; William A.
Drumin, King's College; Denise Reboli, King’s College;
Chawne Kimber, Lafayette College; Elizabeth McMahon,
Lafayette College; Lorenzo Traldi, Lafayette College; Da-
vid L. Johnson, Lehigh University; Matthew Hyatt, Lehigh
University; Zia Uddin, Lock Haven University of Pennsyl-
vania; Donna A. Dietz, Mansfield University of Pennsylva-
nia; Samuel Wilcock, Messiah College; Richard R. Kern,
Montgomery County Community College; Michael Fraboni,
Moravian College; Neena T. Chopra, The Pennsylvania State
University; Boris A. Datskovsky, Temple University; Den-



XXVI

EYXAPIZTIEZ

nis M. DeTurck, University of Pennsylvania; Jacob Burbea,
University of Pittsburgh; Mohammed Yahdi, Ursinus Col-
lege; Timothy Feeman, Villanova University; Douglas Nor-
ton, Villanova University, Robert Styer, Villanova Univer-
sity; Michael J. Fisher, West Chester University of Pennsyl-
vania; Peter Brooksbank, Bucknell University; Larry Friesen,
Butler County Community College; LisaAngelo, Bucks Coun-
ty College; Elaine Fitt, Bucks County College; Pauline Chow,
Harrisburg Area Community College; Diane Benner, Har-
risburg Area Community College; Erica Chauvet, Waynes-
burg University; Mark McKibben, West Chester Universi-
ty; Constance Ziemian, Bucknell University; Jeffrey Wheel-
er, University of Pittsburgh; Jason Aran, Drexel Universi-
ty; Nakia Rimmer, University of Pennsylvania; Nathan Ry-
an, Bucknell University; Bharath Narayanan, Pennsylvania
State University RHODE ISLAND Thomas F. Banchoff,
Brown University; Yajni Warnapala-Yehiya, Roger Williams
University; Carol Gibbons, Salve Regina University; Joe Al-
len, Community College of Rhode Island; Michael Latina,
Community College of Rhode Island SOUTH CAROLI-
NA Stanley O. Perrine, Charleston Southern University;,
Joan Hoffacker, Clemson University; Constance C. Edwards,
Coastal Carolina University; Thomas L. Fitzkee, Francis
Marion University; Richard West, Francis Marion Univer-
sity; John Harris, Furman University; Douglas B. Meade,
University of South Carolina; GeorgeAndroulakis, Univer-
sity of South Carolina; Art Mark, University of South Car-
olina Aiken; Sherry Biggers, Clemson University; Mary
Zachary Krohn, Clemson University; Andrew Incognito,
Coastal Carolina University; Deanna Caveny, College of
Charleston SOUTH DAKOTA Dan Kemp, South Dako-
ta State University TENNESSEE Andrew Miller, Bel-
mont University; Arthur A. Yanushka, Christian Brothers
University; Laurie Plunk Dishman, Cumberland Universi-
ty; Maria Siopsis, Maryville College; Beth Long, Pellissip-
pi State Technical Community College; Judith Fethe, Pellis-
sippi State Technical Community College; Andrzej Gutek,
Tennessee Technological University; Sabine Le Borne, Ten-
nessee Technological University; Richard Le Borne, Ten-
nessee Technological University; Maria F. Bothelho, Uni-
versity of Memphis; Roberto Triggiani, University of Mem-
phis; Jim Conant, The University of Tennessee; Pavlos Tzer-
mias, The University of Tennessee; Luis Renato Abib Finot-
ti, University of Tennessee, Knoxville; Jennifer Fowler, Uni-
versity of Tennessee, Knoxville; Jo Ann W. Staples, Vander-
bilt University; Dave Vinson, Pellissippi State Community
College; Jonathan Lamb, Pellissippi State Community Col-
lege; Stella Thistlewaite, University of Tennessee, Knox-
villem TEXAS Sally Haas, Angelina College; Karl Hav-
lak, Angelo State University; Michael Huff, Austin Commu-
nity College; John M. Davis, Baylor University; Scott Wil-
de, Baylor University and The University of Texas at Arling-
ton; Rob Eby, Blinn College; Tim Sever, Houston Commu-
nity College—Central; Ernest Lowery, Houston Communi-

ty College—Northwest; Brian Loft, Sam Houston State Uni-
versity; Jianzhong Wang, Sam Houston State University;,
Shirley Davis, South Plains College; Todd M. Steckler, South
Texas College; Mary E. Wagner-Krankel, St. Mary’s Uni-
versity; Elise Z. Price, Tarrant County College, Southeast
Campus; David Price, Tarrant County College, Southeast
Campus; Runchang Lin, Texas A&M University; Michael
Stecher, Texas A&M University; Philip B. Yasskin, Texas
A&M University; Brock Williams, Texas Tech University;
I. Wayne Lewis, Texas Tech University; Robert E. Byerly,
Texas Tech University; Ellina Grigorieva, Texas Woman's
University; Abraham Haje, Tomball College; Scott Chap-
man, Trinity University; Elias Y. Deeba, University of Hous-
ton Downtown; Jianping Zhu, The University of Texas at Ar-
lington; Tuncay Aktosun, The University of Texas at Arling-
ton; John E. Gilbert, The University of Texas at Austin; Jorge
R. Viramontes-Olivias, The University of Texas at El Paso;,
Fengxin Chen, University of Texas at San Antonio; Melanie
Ledwig, The Victoria College; Gary L. Walls, West Texas
A&M University; William Heierman, Wharton County Ju-
nior College; Lisa Rezac, University of St. Thomas; Ray-
mond J. Cannon, Baylor University; Kathryn Flores, Mc-
Murry University; Jacqueline A. Jensen, Sam Houston State
University; James Galloway, Collin County College; Raja
Khoury, Collin County College; Annette Benbow, Tarrant
County College—Northwest; Greta Harland, Tarrant Coun-
ty College—Northeast; Doug Smith, Tarrant County Col-
lege—Northeast; Marcus McGuff, Austin Community Col-
lege; Clarence McGuff, Austin Community College; Steve
Rodi, Austin Community College; Vicki Payne, Austin Com-
munity College; Anne Pradera, Austin Community College;
Christy Babu, Laredo Community College; Deborah Hewitt,
McLennan Community College; W. Duncan, McLennan
Community College; Hugh Griffith, Mt. San Antonio Col-
lege; Qin Sheng, Baylor University, My Linh Nguyen, Uni-
versity of Texas at Dallas; Lorenzo Sadun, University of
UTAH Ruth Trygstad, Salt Lake City
Community College VIRGINIA Verne E. Leininger,
Bridgewater College; Brian Bradie, Christopher Newport

Texas at Austin

University; Hongwei Chen, Christopher Newport Univer-
sity; John J. Avioli, Christopher Newport University; James
H. Martin, Christopher Newport University; David Walnut,
George Mason University; Mike Shirazi, Germanna Com-
munity College; Julie Clark, Hollins University; Ramon A.
Mata-Toledo, James Madison University; Adrian Riskin,
Mary Baldwin College; Josephine Letts, Ocean Lakes High
School; Przemyslaw Bogacki, Old Dominion University;,
Deborah Denvir, Randolph-Macon Woman’s College; Lin-
da Powers, Virginia Tech; Gregory Dresden, Washington
and Lee University; Jacob A. Siehler, Washington and Lee
University; Yuan-Jen Chiang, University of Mary Washing-
ton; Nicholas Hamblet, University of Virginia; Bernard Ful-
gham, University of Virginia; Manouchehr “Mike” Moha-
jeri, University of Virginia; Lester Frank Caudill, Universi-
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ty of Richmond VERMONT David Dorman, Middlebury
College; Rachel Repstad, Vermont Technical Col-
lege  WASHINGTON Jennifer Laveglia, Bellevue Com-
munity College; David Whittaker, Cascadia Community
College; Sharon Saxton, Cascadia Community College; Aar-
on Montgomery, Central Washington University; Patrick
Averbeck, Edmonds Community College; Tana Knudson,
Heritage University; Kelly Brooks, Pierce College; Shana
P. Calaway, Shoreline Community College; Abel Gage, Skagit
Valley College; Scott MacDonald, Tacoma Community Col-
lege; Jason Preszler, University of Puget Sound; Martha A.
Gady, Whitworth College; Wayne L. Neidhardt, Edmonds
Community College; Simrat Ghuman, Bellevue College; Jeff
Eldridge, Edmonds Community College; Kris Kissel, Green
River Community College; Laura Moore-Mueller, Green
River Community College; David Stacy, Bellevue College;
Eric Schultz, Walla Walla Community College; Julianne
Sachs, Walla Walla Community College WEST VIRGIN-
IA David Cusick, Marshall University; Ralph Ober-
ste-Vorth, Marshall University; Suda Kunyosying, Shepard
University; Nicholas Martin, Shepherd University; Rajeev
Rajaram, Shepherd University; Xiaohong Zhang, West Vir-
ginia State University; Sam B. Nadler, West Virginia Uni-
versity WYOMING Claudia Stewart, Casper College;
Pete Wildman, Casper College; Charles Newberg, Western
Wyoming Community College; Lynne Ipina, University of
Wyoming; John Spitler, University of Wyoming ~WISCON-
SIN  Erik R. Tou, Carthage College; Paul Bankston, Mar-
quette University; Jane Nichols, Milwaukee School of Engi-

neering; Yvonne Yaz, Milwaukee School of Engineering;
Simei Tong, University of Wisconsin—Eau Claire; Terry Ny-
man, University of Wisconsin—Fox Valley; Robert L. Wil-
son, University of Wisconsin—Madison; Dietrich A. Uhlen-
brock, University of Wisconsin—Madison; Paul Milewski,
University of Wisconsin—Madison; Donald Solomon, Uni-
versity of Wisconsin—Milwaukee; Kandasamy Muthuvel,
University of Wisconsin—Oshkosh; Sheryl Wills, Universi-
ty of Wisconsin—Platteville; Kathy A. Tomlinson, Universi-
ty of Wisconsin—River Falls; Cynthia L. McCabe, Univer-
sity of Wisconsin—Stevens Point; Matthew Welz, Universi-
ty of Wisconsin—Stevens Point; Joy Becker, University of
Wisconsin-Stout; Jeganathan Sriskandarajah, Madison Ar-
ea Tech College; Wayne Sigelko, Madison Area Tech Col-
lege; James Walker, University of Wisconsin—Eau
Claire CANADA Don St. Jean, George Brown College;
Robert Dawson, St. Mary’s University; Len Bos, Universi-
ty of Calgary; Tony Ware, University of Calgary; Peter Da-
vid Papez, University of Calgary; John O’Conner, Grant
MacEwan University; Michael P. Lamoureux, University of
Calgary; Yousry Elsabrouty, University of Calgary; Darja
Kalajdzievska, University of Manitoba; Andrew Skelton,
University of Guelph; Douglas Farenick, University of Re-
gina; Daniela Silvesan, Memorial University of Newfound-
land; Beth Ann Austin, Memorial University; Brenda Da-
vison, Simon Fraser University; Robert Steacy, University
of Victoria; Dan Kucerovsky, University of New Brunswick;
Bernardo GalvaoSousa, University of Toronto; Hadi Zi-
baeenejad, University of Waterloo

H dnpovpyia avtng g éxdoong dev Ba giye yivel yopig ™ Ponbeia ToALdV avOpdTmv. Apyukd, B ovue
VO ELYOPLOTICOVLLE TO TPMTO, ATOLLOL LLE T OTO1a, ElyaipLe doVAEYEL Thve oty Topeia Tov Epyov. Ot Katrina
Mangold, Michele Mangelli kot Nikki Miller Dworsky tav ot facikoi dvOpwmot ot omoiot diaygipictnroy
TN pon G epyaciag, KAvovTag 6,T1 UTOPOLSOV Yid Vo, pLOUIGOVV TO TAVTO e AOYIKO TPOYPOUUATIGUO KOl
dtevBétnoay amoTeAeGLATIKG TIG SIAPOPES E1GPOLES BIPAOYPAPIKADV OVOGKOTGEMY 01 0TTOieg GUVERAANY
otV GpTio EVNUEP®ST TOV Epyov. H dovield Toug NTov eEAIPETIKN KOL ALTN 1) TEAEOTNTA GT dlayEiplon
oV épyov Pondnoe oto va Epbet g1 Tépag ot N €kdoon. H eumeipia tov Tony pe to Bifiio amod to Eexivn-
pé tov Pondnoe oo va dratnpnBel n Ypoer| Kol 1 €6TINGT EVOPUOVIGUEVT] LLE TNV OPYIKT OOUN KO OTTTIKN
Tov BipAiov. H patid tov mévem otn AenTopépeio Kot YvocT) TOV OVTIKEEVOL fondncay doTe T0 Keipevo
VO TEPAGEL TO UVOLLE TOV OGO TO SLVATOV 10 KOBoPA KOl ATOTEAEGLLOTIKAL.

O Kerry O’Shaughnessy cuvéBaAe GNUOVTIKG OGTE 1) S100IKOGI0 TAPUYOYNS VO TpoY®PEl e0pLvOuLa.
Evyopiotieg otov Ron Weickart tov Network Graphics yia tn de£10teyviky| Kot SnUovpyikn eKTELEGN TOV
ypoploTikov tpoypdppatoc. Ot Sarah Wales-McGrath (enelepyacio aviiypagng) kot Cristine Sabooni
(SropBdTpra TVTOYPaPIKOV SoKIimVY) Tapeiyay eEg1dkeLILEVT avaTpoPoddTnon. Ot evyapioties oG emi-
ONG GTNV EKTANKTIKT opdda Tapaymyng g Macmillan Learning: Janice Donnola, Sheena Goldstein, Alexis
Gargin kot Paul Rohloff.

O&LovLe 1O10UTEPMG VO EVYOPIGTHGOVUE TO LEAT TOL GUUPOVAEVTIKOL GVLPOVAIOV Ol omoiol Edwaav
AELOAOYEG OTAVTIOELG GE TOAD CUYKEKPLUEVESC EPWTNOELS CYETIKE LLE TNV TPOGEYYLIOT] KO TAPOVGIOGT) TOA-
AV onpoavtikoyv Oepdtmv: John Davis (Baylor University), Judy Fethe (Pellisippi State Community College),
Chris Francisco (Oklahoma State University) kat Berit Givens (California State Polytechnic University,
Pomona). O1 eleyktéc yia T podnupoatikn axpifeia tovo Math Made Visible foriOnoav dote va épbet ) teAt-
K1 £€K3001M GTN LOPOY| TOV gRPavieToL TOPOL.
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Emiong, 6€Aovpe va uY0pIGTNGOVLE TOVG GLVAOEAPOLS [LOG GTa TUAaTe Tov epyalopacte. Eipaote
TVYEPOT TOV SOVAEVOVE GE TUNUOTO, TOAD dPAGTHPLL TAVD 6T Lobnpotikd, 6mov Aapupdvovy ydpo ToAld
EVOLOQEPOVTA TPOYPELLLLOTO KOL AVOTTOGGOVTOL Kol GVINTOVVTOL £EVTVEG TAdAYOYIKES 10€ec. EmmAéov, O¢-
AOVLLE VO EDYOPLGTIGOVLLE TOVG POLTNTES LLOG OL OTTOT0L OIS EdMGOY EVEPYELDL, EVOLAPEPOV KOt EVOOVLGLUCLO
OV KAVEL TN S1O0GKAALD 0VTATOSOTIKY.

O Colin Ba Bere va evyapiotnoet o dVo tov modid, Alexa xkat Colton. O Bob 0a 110eke va gvyopioti-
GEL TNV 0IKOYEVELD TOV. AVTOL €IVOL TTOV LLOG KPAUTOVY KOAG TPOGYELMUEVOVS GTOV TPAYHOATIKO KOGLO, E101-
K6 6Tav Ta padnpoatikd tpoomtafovv vo pog dtevduvouy aAlde. Avto To PifAio aplepdveTal 6€ EKEIVOLG.

Bob xou Colin



1 [MPOKATAPKTIKH ANAZKOTIMHXH

Aoyiondg BepeMdvetor Tdveo oy Ghyeppo, TNV OVOAVTIKY] YEOUETPIO Kot TV Tpty@vouetpio. ¢ ek

TOVTOV, G€ AVTO TO KePAAN10 Ha BuunBovpe KATOEG TPOKATAPKTIKES EVVOLEG, OESOUEVA KOl TOTTOVG TOL
YPNCLOTOLOVVTAL OTO EXOUEVA KEQPAANLO. XNV TeEhevTaio evotnta eEetdlovpe TpOTOVS e TOVS 0TToiovg M
TEYVOLOYIO UTTOPEL VO, YPNCILOTOMOEL Yio Vo EVIGYDGEL TNV OTTIKY KOTOVOT|O T®V GUVAPTNOEDV KOl TOV
1010THTOV TOVC.

Davopevo TOAAVTOONG, 0TS O akpoieg ToAip-
poteg otov 6ppo tov Fundy otov Athavtikd Ka-
vadd, TEPLYPAPOVTUL LE TUITOVOEIDEIG CLVOPTI-
GELG OO TNV TPLYOVOUETPia.

1.1 TlpaydaTikoi apiBuoi, CuvapTHOEIC KAl YPAPIKES TTAPACTACEIG

EeKIVALLE e pia cOVTOUN BedpPNon TOV TPOYUATIKOV oplfudy. AvTto pag divel tnv vkaipio vo vevOuui-
COVUE KOTOlEG Pacikég 1010TNTES Kot Kabiepmpuévoug cuUPBOALGHOVG.

‘Evoc mpaypatikog apOpdg eival Evag aptBuog o onoiog mapiotdveral Pe Evay dekadikd aptOpd 1 pe
€val «OEKOOIKO aVATTUYUOY. YTTAPYOUV TPELS TOTOL OEKUIIKADV OVATTUYUATOV: TETEPUCIEVO., ATELPO. ETOAVOL-
Aappovopeva Kot dreipa pn emovoloppavopeva. o mapddstypo

g = 0.375, % = 0.142857142857 ... = 0.142857 m = 3.141592653589793 . ..
O apBpog % TOPLOTAVETAL LE EVOV TETEPAGHUEVO deKadIKO aplBpd, evd o % TOPLCTAVETAL LE EVOV ATELPO
emavolappavouevo dekadicd. H ypoppun ndve and to 142857 vrodnimvet 6Tt avtr 1) axolovdio exovaiopt-
Baveton ameipwc. To dekadikd avamTuya ToV 7 €ival Amelpo aALG Un eXavaAdUPavOLEVO.

To civoro OA®V TV TPAYHATIKOV aptBudv copPoiiletar pe éva évtovo R. T va unv vadpyet kivov-
VOG GUYYLOTG, AVAPEPOUACTE GE VAV TPAYLLATIKO aptBpd wo anhd og évav opifuo. Mropovue erniong va
YPNOOTOLOVE TO COUPOAO € Yio TNV £KPPOOT] «OVIKEL. Apal

a€R SwPéleton «to a avinkel oto Ry

To 6Ovoro tev akepaimv cuvhdng copforiletor pe to ypappoa Z. ' Apa, Z = {...,—2,—-1,0,1,2,... }.
"Evag puoeikog aprOpoég etvar £vag un apvntikdg aképatog, Onaadn €vog omd toug aptBpovg 0,1, 2, . ..

"Evag mparypotikds apBpog ovopdletor pntog av propei va mapootadet pe éva khdoua p/q, 6mov p Kot
q etvan axéparot pe ¢ # 0. To oOvoro Tov pntdv optdudv cvpforiletar pe Q.2 Ot opduoi mov dev eivan
p1Toi, OTOC 0 T KoL 0 /2, ovopdlovon dppiTor.

1. Avt) n emAoyn TpoépyeTan amd T yeppovikn AéEn Zahl mov onpaivetl «opBudcy.
2. And ) AéEn «quotient» Tov onpaivel Adyog.
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Mmnopobpe va Katahdfovpe av évag aptBpog etvor pntog omd 1o dekadikd Tov avamtvypa: Ot pntoi
ap1Bpol éxovv menepacpéVo M Arelpo exavaiapPovopevo dekadtko ovantuypa. EmmAéov, to dekadukd avé-
TTOYUO €VOG aptBpov givor povadikd, extdg amd v akdAovdn egaipeon: Kabe nemepoacuévog dekadtkoc
givan i60g pe Evav anelpo dekadikd atov omoio to ynoeio 9 eravorappaverar. INa tapddeypa, 1/2 = 0.5 =

0.499999. ..

AVO aAYEPPIKEG 1O10TNTEG TOV TPUYUATIK®OV apt@pdv eivol 1 avtipetadetiky 10t ta g tpdcsdeong
a+b = b+ a ko n eMpePIoTIKN 1B1OTNTA TOL YvopéVoD enti Tov abpoicpatog a(b + ¢) = ab + ac. Mropeite
va Bpeite Evav KaTahoyo pe Tepattépm 1010TNTEG ot [apdptnua B. Xt cuvéyeia, mapovoidlovpe kamoteg
W010TNTEG TV EKBETMV TIC OTOIEG YPNOYLOTOIOVUE TAKTIKA OTOV SOVAEVOVLE LE EKOETIKEC EKPPACELS KoL

GUVOPTNGELG.

Kavovag

Hoapdosrypa

Mndevikoc exbétng 0 =1

T'wopeva

bx
IInAika b

Apvnrtikoi exbéteg

Avvoun og dhvoun

brHY = bETY
 —pry

b= —

(bz)y —
PiCeg pi/n =

50 =1

25 X 23 — 25+3 — 28

jz _ 47—2 — 45
1
—4 _
S
(32)4 — 32(4) _ 38
51/2 — \/5

NMAPAAEICMA 1

o) 1671/2
Auon
1
—-1/2 _
a) 16712 = TRE

,Y) 416 . 4718 — 472 —

AN pio onpovtikn odyePpin oxéon givol 1o Stovopko avamtuypae Tov (a + b)™. AmodeivigTat 6To
Hopdpmpua I' kot yperdletor oty amddeién tov kavova T SVVOUNG Yo TIG Topay®dyovg otnv Evotnta 3.2.
Avortoecovtog to (a + b)" yuen = 2, 3, 4 naipvovpe

B) 272/3

1

1

Vv16 4
1 1
42 16

e (a+b)?=(a+0b)(a+b)=a®+2ab+ b

) 416 . 4—18 8) ?

Na Eavaypdyete Tovg Topakdto aplBpovg wg euokd aptpo 1 KAAGUA.

93

B) 27%/3 = (271/3)% = 32 = ¢

@)

— — -1 _
A

1
3

e (a+b)3=(a+0b)(a+b)? = (a+0b)(a®+2ab+b?) = a3+ 3a®b + 3ab® + b3

o (a+b)*=(a+0b)(a+b)3=(a+0b)(a®+3a®b+ 3ab® + b3) = a* + 4a3b + 6ab? + 4ab® + a*
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[Ipocé€te 0TI VIGPYOLY pEPIKE poTiPa TOL epEavilovtol €. Xe | YIIENOYMIZH n mopoyoviiko siva
K60e TEPIMTWOT 0 TPMTOG Ko 0 devTEPOC HpOC eivan a” kat na™ b, | o apifude
gvé ot dVo tehevTaiot opot sivon nab™ ! kon b”. Yrapyet vog yevi- nl=n(n—1)(n-2)--(2)(1)
KOG TOTTOG Y10l TO OVATTTVUYLLOL TTOL OVOLULALETON TOTOS SLOVOILKOD OV~

Apa,
atoypotos. Exppdletar ypnoiponoidviog tov cupfolopnd abpoi- r =1, 21=2)(1)=2
ouatog g e&NG: 31— (3)(2)(1) =
n
(a+b)" = Z n! a~PpP Kora oopfoon 0! = 1.

= (n—p)!p!

Eicdyovpe tov tomo tov afpoicpatoc oty Evomnta 5.1. Ilpog 10 mapdv, propodpe va KaTtoldBovE Tov
om0 Aéyovtag 0t (a + b)™ givan éva GBpotopa pe Gpovg (n%f)!p!a"*pbp pe évav 6po o Kabe p amd 1o 0
¢0g 10 n. Etot, ywo mapéderypa, oto (a + b)® ot mporor éocepig dpot eivar: gira® = ab, Fa’b = 8a’b,
arabb? = 28a5b? xon £5:a%b% = 56a°b3. Exteddvog Tig Tpatels pe toug vdAoumoug dpovg Bpickovpe
ot

(a+b)® =a® +8a"b+ 28a°b? + 56a°b* + 70a*b* + 56a°b° + 28a2b® 4 8ab” + a®

Amewcovilovpe Tovg TPAyRATIKOVS aptBpovg wg onpeia o pia e
evbeio (Zynpa 1) kot avaeepopaote o avth TV gubeia wg Tpay- 2 -1 0 1 2
patiki gvleio. T avtév tov Adyo ot mpayportikoi appoi cvxvé  Zxnua 1 To civoro TV TpaypoTIKOV
ovopdlovton enpeia. To onpeio mov avtictolyel 6To 0 ovopdleton  OPOHOY TaPIGTAVETAL (G piaL £VBET0L
apyn.

O paypotikot aptBpol eivor dtatetaypévol Kot PmopoOE va 10 SOVUE auTd SaTAGCOVTAS MG TPOG TN
0éon oV mpaypatikn gvbeia: o p etvar peyarlvTepog amd Tov g, Yypapoviag p > ¢, av o p givar de€ld Tov ¢
otV gvbeia tov apBudv. O p sival pkpdTePOg amd Tov g, ypagpovtag p < g, ov 0 p glval aploTePd TV ¢
otV gubeio TOV aplBpmv.

"Evag mpaypotikdc apBudc  kakeiton Oetikég av x> 0, apvntikég av x < 0, un Oetikég av x < 0
Kol pn apviTikog av > 0.

ADO GAAOL GNUOVTIKOT OPOL TTOL YPNGLULOTOLOVLE Kot YeTilovTon [e TN B€0m TOLG otV TparyLaTikn evdeia
elvar «peydroo» kat «ukpooy. Aéue 6t o p givol peydiog ov eivotl amopakpLGUEVOG od TNV apyn Kol OTL O
p glvan pkpog av Ppicketar Kovtd otnv apyn. Eved avtol ot opiopoi eival kdmmg acaeeic, 1 évvolo Tpémet
va glval Gaeng 6TO TANIGLO TOL CVTOL YPTCLLOTOLOVVTAL.

H améivtn Tipn evog mpaypoticod opBpod copfBorileton pe |al
Kot opileTon w¢ (Zynua 2):

lal
|

0
ZxAua 2 |a| givor n amdéotoon omd 0 a
£€mg TV opyn TOV aEdvev

ISIR e

a ava >0
la| = amdoTaon and Ty apyn =
—a ava<0

I mapdderypa, [1.2) = 1.2 xou |[—8.35| = —(—8.35) = 8.35. H b—al
aTOALTN TN EYEL TIG 1O10TNTES: . AE—
2 -1a0 1 2 b
la| = |—al, |ab| = |al [b] >xAua 3 H andotacn peta&d a ko b &i-

vat |b — al
H amootacn peta&d 600 mpaypatikdv apldudv a kot b givar |b — al,

1 omoia eivat To PNKOC TOV EVBVYPOULOV TUHOTOG TTOV EVAVEL TO @

kot b (Zynpa 3).

Avo mpaypotikoi apdpoi a kat b givor kovtd peta&d toug av 1 andotacn |b — al givar pikpn Kot avtd
cupPaivel av To deKadIKO TOVG avamTuypa TovTileTon o ToAAEG Baeis. TTio ouykekpyéva, av o dexadirno
avarroyue Twv a koa b tavtieton o¢ k Géoeig (ot del1d e vrodiaoTodig), Tote 1 andotaon |b — al eivaa
0 moAd 107, Apa 1 amdotoon petadd a = 3.1415 xar b = 3.1478 eivar 1o modd 10~2 emedn to a ko b
tovtiCovtal o€ 800 Béoelc. v TpaypatikomTa,  omdotaon ivol akpipag |3.1478 — 3.1415| = 0.0063.
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[Tpocé&te Ot 10 |a + b| dev givan ico pe |a| + |b| extog KOt av T a kot b govv To d10 TPOGNHO 1
ToVAdYIoTOV €vag omd Toug a Kot b gival unoév. Av éyovv avtifeta tpoonua, tote yiveton amlomroinor oto
GBpotopa a + b xau |a + b < |a| + |b|. T mopdderypa, |2 + 5| = |2| + |5| 0AAd |—2 + 5] = 3 10 onoio
givon pukpotepo and |—2| + |5 = 7. Ze kabe nepintwon, 1o |a + b| dev eivon moté peyaivtepo and |a| + |b)
KoL UTO oG OTVEL TNV OTA] GALAG CTUAVTIKY] TPLYOVIKI] OVIGOTNTO!

|+ 0] <a] + [b] (1)

[No to Staotipata ypnoyorolove kabopiouévo GUUBOMGHO. A0BEVI®V TOV TPAYLATIKOV apOU®Y a,
b pe a < b vmapyovv téocepa deotnpata e akpa o a kot b (Zynua 4). Ola €xovv pikog b — a aArd
SLPEPOVY GYETIKA LLE TA AKPO TOV TEPIAQLPAVOLV.

L | L |
L 1 L 1

a b a b a b a b

Khewot6 Sidotna [a, b) Avowtd Sidotpa (a, b) Huovowktd Sidotnpa [a, b) Huovowtd Sidotnpa (a, bl
(ta dxpa meprrappdvoviar) (ta dxpa eEopovvar)

>xAua 4 To técoepa S1OCTAHOTO LE AKPO. TA a KoL b

To khew616 SrasTnpa [a, b] givar 10 cHvoro OV TV Tpaypatikdv apBudv = pe a < x < b:
[a,b] ={z € R:a <z <b}

Zuvibwg to ypagoupe mo amhd ¢ {x : a < x < b} evodvtag 61t T0 & aviikel 6to R. To avoukté kot 0
NULOVOIKTO StdoTnpa gival Ta GOVOA

(a,b) ={zx:a<x<b} , [a,b) = {z:a <z < b}, (a,b] ={z:a <z <b}

Avowto didotnua (Ta dkpo e&apovvat) Huovowktod didotnpa Hpovowktd didotnpa

To drepo dibotnua (—oo, 00) eivar oAdkAnpn N Tparypatikn gvbeia R. Eva nudnepo didotnua givat
KAELOTO AV TEPIEXEL TO TEMEPOUGUEVO AKPO TOV KOl Eivar ovoiktd amd v avtifetn katevBvvon (Zynua 5).

[a,00) = {x: 2 > a}, (—o00,b] ={z:z <b}

[a’ OO) (_009 b]
2xAua 5 Kieroto nuidmepo dibotnuoa

To, avoiKTd Kot T KAEIGTA SIUGTALLOTO UTOPOVV VO TEPTYPOUPOVV ard | <r
avicotnteg amdAvtg tung. T mapddetypa, to dtdompa (—r,7) Tept- —3 ; o—

ypaoetar amd TV avicodmta |z| < r (Mo 6): - 0 '
ZxAua 6 To dudotnpa
lz| <r & —r<z<r < ze(-nr) ) (=rr)=A{a:|z| <r}

IT1o YEVIKG, Y10, £V SICTN A CURMETPLKS YOp® omd Ty T ¢ (Syfua 7): | 10 obupoio & dinfaleror «ei-
vai 160000vopo ey ko to abufo-
lt—cl<r & c—r<xz<c+r <& z€(c—r,c+r)| (3) |4o= moverionsypnoyonoiod-
e d1afaletar ¢ «GUVETGYETaLY.

Opota propovv vo Tapactadovy To KAEIGTA S106THLOTO, LE TO < VOL oVTL-

kaBiotator pe <. AvaQepOUACTE GTO 7" MG TNV OKTIVA KU1 GTO ¢ 0OC TO HEGO | r ; r ;
, 4 I , —0 + O—
N kévrpo tov dwwotnudtev (¢ — r,c+r) kot [c — r, ¢+ r|. Ta Slootipote. ¢ r c ctr

(a,b) &rovv péco ¢ = 3(a+b) kot axtiva r = (b — a) (Sypa 7). ZXAHa 7 (a,b) = (¢ —r,c+7)
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MAPAAEITMA 2 Na meptypayete o [7, 13] xpnoiuomotdvag o avicdTnTo andAutng Tung.

AGon To péco tov Srwotipatog [7,13] eivor ¢ = (7 + 13) = 10
KO 1 oKTive Tov 1 = %(13 —7) = 3 (Zynua 8). Eropévag: - ‘

(7,13 = {z € R: |z — 10| < 3} 7 10 13
Zxrua 8 To dwbotnua [7, 13] meprypdope-
T o |z — 10] < 3

MAPAAEITMA 3 Ileprypayte 10 GUVOAO S = {a: : ‘%x — 3‘ > 4} pe 6povg droTnUdToOV.

AUon Eivot evkoddtepo va Bempricovpie tpdta v avtifetn avicd- | 270 Hapaderyua 3 ypnowonorovus tov

mros ‘% T — 3‘ < 4. And ™ Zydon (2) £xovpe: av;’z,b’olzayo' U oo anyai’vsz «Evaoony:
H évwon AU B twv ovvélov A kor B

anoteleital omo OAa Ta. OTOLYEIO TOV
avijkovy ¢ite 1o A eite oto B (1] kai

1 1

1 ota 000).
—-1< 3T S 7 (Ipocbétovpe 3)
—2<z<14 (MoMamhaciélovpe pe 2) =20 14

>xnua 9 To chvoro
S:{m: |%x—3’ >4}

Apa,m ‘ %w—S‘ < 4 kovornoteiton 6tav To = avikeLoto [—2, 14]. To ovvolro S givan to coumdijpwpa, 1o omoio
anoteleitan amd OAOVG TOVG APLOOLS = 01 0ToioL dev avijkovy 6To [—2, 14]. Mmopove va meptypdyovpe To
S og v éveon Vo dwotnudtov: S = (—oo, —2) U (14, co) (Zxnua 9).

2 xediaon

H oyediaon eivar éva Bacwod epyadeio otov Aoyiopd, 6mog etvor | O svuforiouds (a,b) Oa uropoioe va
oV GAyePpa kot otnv Tprywvouetpio. No Bopnbovpe Eavd 0tL o1 | onuaivel to avoikto didothua to omwoio
opBoydvieg (1] kaptectavég?) cuvietayuéveg oto eninedo opilovion | ivar ioo pe o obvoro twv onueiwy
eméyovtag 800 kabetovg dEoveg, Tov dEova = kat Tov GEova y. Xe {r:a < T < b} 1 Oo P‘frO/’ObUS
éva Cevyog apludv (a,b) cvoyetiCovpe to onueio P mov Ppioke- VZ ;W—ta:i;,o mﬁwgo If;?”fgmgio Y
TOL OTNV TOUN NG KABETNG evbeiog oTov dEova & 6T0 a Kot TG KA- ’l: el piveras g/z)avﬁg s ro’anzi !; Z_
Betng evbeiog otov a&ova y oto b (Zynpa 10a). Ot apBpoi a kot b LLEVO TOD KEWEVOD.
glvar or z ko y ovvreTaypéveg tov P. H cuvtetaypévn x pepkég ¢o-
PEC KOAEITOL TETUNREVY KOL 1] GUVTIETOYUEVT] I KUAEITOL TETOYREVT.
H apyn tov a&ovev givar to onpeio pe ovvtetaypéveg (0, 0).

Ot d&oveg ywpilovv 1o eninedo o€ téccepa teTapTnropta e v Evoetn I-1V, ta omoia Tpocdiopilovion
a6 ta Tpdonpa TV cvvietayuévev (Zynua 10B). INa tapdadetypa, to tetaptnuopto I arnoteieiton and ta
onueia (z,y) térow dote z < 0 ko y < 0.

3. O 6pog «kapteotovoy avaeépetal otov ['dAro eihocoo kat podnpatiké René Descartes (1596-1650) tov onoiov to Aotivikd
ovopa ftav Cartesius. Tov motd@veton (pali pe tov Pierre de Fermat) n avokdAvym g avoAvTikng yeopeTpiog. LTo 6Tovdaio Tov
épyo La Géométrie o Descartes ypnNoLLOTOiNGe o YPAULATA X, Y, 2 VIO 0yVDOTOVS KOl a, b, ¢ yio 6Tofepéc, o ovppacn mov
akolovbeitat £mg onpepa.
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y
2+ II I
P=(a,b
b (@b (= +) (+,+)
1 +
X
: X
-2 —1 1 2 a
-1+ 111 v
(=) (+,-)
_2 4
(o) ®)

ZxAua 10 To opBoydvio GVGTN O GVVTETAYHEVOV () KOl Ta. TEGTEPA TETOPTNLLOpLa (B)

H omdotaon d peta&d d0o onueiov P, = (x1,y1) ko Py =
(72, y2) vroroyiletar ypnoomotdvrog To Tudaydpeto fedpnpa. Xto nt Qe
TyAua 11 Prémovps 611 T0 P Py givon n voteivovsa evog ophoyo- v, = 4]
viov Tprydvov pe mievpic a = |xg — x1| ko b = |y2 — y1|. Q¢ ex it Pym i)
TOVTOV 2 =l i
&> =a® +b° = (v3 — 11)° + (y2 — )" ; ; .
M M

O 10m0og TNg 0mOCTAONG TPOKVITEL TAIPVOVTAS TETPAYWVIKEG Piles. Syiiua 11 H andotaon d Sivetan amd tov
TOTO NG amOGTACNG

TOtrog TNG aéoTaong H andotacn peta&d tov onueiov P = (x1,y1) kaw Py = (22, y2) givon

d=+/(z2 —21)2 + (y2 — y1)?

A@pov &yovpe Tov TOTTO NG AMOGTAONG, UTOPOVLE Vo eEdryovpe y

mv e€iomon tov kbKhov pe axtiva 7 kot KEVTPO (a, b) (Zyxnua 12).

‘Eva onpeio (z,y) ovikel 6€ autov Tov KOKAO av 1 amdotaon omd to &)

(x,y) éog 1o (a,b) eivar r: ,
VE—aZ = =1

Tetpayovilovrog kot o 600 pEAN TpokvmTel N Kabiepwpévn e&icmon

KOKAOL aktivog 7 pe kévtpo (a, b): ; x
(x —a)® + (y — b)? =r? IxAua 12 Kokhog pe eéicwon

(x—a)?+ (y—b)?2 =12

®a Bounbovue TOpa KATOLOVE 0PLGHOVE KOl GLUPOAIGLOVG TTOV OLPOPOVV TIC GUVAPTIGELC.

OPIZMOZ M ovvaptnon f and éva cuvoro D cg éva cuvolo Y givar évog kavovag mov avtietoryilet
og k4Be otoyyeio = oto D éva povadd otoyeio y = f(x) oto Y. I'papovpe

f:D—=>Y




1.1 NMPATMATIKOI APIOMOI, YNAPTHZEIY KAI TPADIKEX MAPAZTAZEIZ 7

To cOvoro D ovopdletar medio opiopod g f Kot omotelel T0
GUVOAO TOV «EMTPEMOUEVOV oplopdtovy. ['a kdnowo x oto0 D 10
f(z) ovopdleton Tipn ¢ f oto = (Zynua 13). To wedio Tipdv R
g cuvaptnong f €ival 1o vrocHvoro Tov Y mov omoteleital 0md
Oheg Tig Tipés f(x):

R={yeY: f(z) =y ywkdmow z € D}

Avemionpo, GKEPTOUAGTE T1 GLVAPTNON f OG P KUYV 1 omoia
mapdyetl vo eEayopevo ¥ yia ke gicayopevo x oto medio opiopon

Mo ovoveptnon f : D — Y ovoudle-
tou emiong ametkovion. Ta avvolo D
xou Y pmopei va eivar owBaipero. Lo
TOPAOELYLLO, UTOPOVUE VO OPLTOVUE Uio;
ATEIKOVION OO0 TO GUVOAO TV {WVTo-
vov ovBpadnwy oto gdvoio twv @o-
otk aplBuav ovtiotoryiovias kale
ATOUO 0TO £TOC Yewwnaews Tov. 10 me-
010 TIUOV VTS THS ATEIKOVIOHS EIVOL
70 GUVOL0 TV ETAV YEVWHONS TV (W~

VIavay oTouwyv. 2tov Aoyiouo moildv
uetafintav o medio opiopov Ga umwo-
POVOE VO EIVAL EVO. GVVOLO ONUELWY GTO
0100140T0T0 ETITEOO KOL TO TEDIO TI-
L@V &va, abvolo aplBuwv, onueiov i
O10VOOUATOV.

D Zpo 14).

GOt Com

Iedio opiopo D Y

X —> — f)

EEeoydpevo

Mmnyaviy f

Ewsepydpevo

IxAua 14 Zkeeteite v f og o
CUMYOVIP TTOV TOEPVEL TO EIGAYOUE-
vo x Ko mapdyer o e€ayopevo f(x)

2xAua 13 M cvvaptnon ovti-
otoyilet éva otoygio f(x) o0 Y
oekabe x € D

Ipapovtag y = f(z) ywo po ovvaptnomn f avaeepOUacTe 6TO = MG TV aveEapTnTn petofinri kot
010 y oG TV EapTnuévn petafinty (yoti n Tin g e€aptdtan amd TV ETA0YN TOL T).

To mpmdTO PEPOG AVTOD TOV KEWEVOL OGYOAEITAL e GLUVOPTNOELS f OTOL TO TEdi0 OPLGLOD Kol TO TEdIO
TIW®V givar cuvoro Tpaypotikav aptudv. Otav n f opiletar amd évav TOT0, TO PVGIKO TTEdI0 OPIGHOD
NG €lval TO GOVOAO TOV TPUYUATIKOV OplOU®V T Y10, TOVG 0moiovg 0 TOTOG £xel vonua. ['a mwapdaderypa, 1
ovvapmon f(x) = /9 — x éer medio opiopod D = {x : = < 9} enedn opileton av 9 — = > 0.

[Mopaxdtm divovtar kdmota aAAo Topadetypoto Tedimy optopoD Kot CUVOAMY TIUMV:

fx) Igdio opropo D Tidvoro Tipdv R
a? R {y:y>0}
cos T R {y: -1 <y <1}
1
: -1 : 0
— feieAol) {yiyA0)

H ypagwn mapdaotacn pog cvvaptnong y = f(x) mpokvmtet
oyedialovtag ta onpeia (a, f(a)) Yo a oto medio opiopov D (Xyn-
pa 15). Av Eekiviioete amd © = a 6Tov Géova & Kol petaxtvnoeite
TPOC TO EMAV® OTN YPUPIKN TAPAGTACT KOl ETELTO TPOG TOV dEova i
eBavete oy T f(a).

To onueio pnosviepov N N pila pag cvvaptnong sival €vog
apudg ¢ térorog mote f(c) = 0. Ta onueio undeviopov eivar ot
TIEG TOL & OTOL 1] YPUPIKT TOPAGTACT] TEUVEL TOV dEova X.

10 Kepdhato 4 Oa xpno1onot|Govpe Tov AoyIoHo Yio Vo oY ESIALOVIE KoL VO AVOADOVLE YPOPIKES TTOL-
POCTACELS. L€ AVTO TO GTASLO0, Y10 VO GYESLAGOVLLE LI YPOPIKT TAPAGTOCT LLE TO YEPL LITOPOVLLE VO, SN U0V P-
YNOOVUE €Vav TIVOKA UE TWWEG TG cuvaptnong oxedialovtag ta avtictoyo onpeia (cvumepthappavovrog
T oNUElN INSEVIGHOD) KOl EVOVOVTAG TO UE LLLOL OLLOAT] KOLTTOAT).
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MAPAAEIFMA 4  Nao Bpeite Tic pileg kot va oyedifioete ™ ypopiky mapdotaon g f(x) = 23 — 22.

AUon Apyucé Mvoope Ty eéicoon 2® — 2z = x(z? — 2) = 0. Ot pileg e f eivar z = 0 ko z = ++/2.
INo va oyedidoovpe T ypapikn topdotoot, oxedidlovpe tig pileg ko pepucég Tuég amd tov [ivaxa 1 kot
TIG EVOVOVUE LLE Lo KAUTOAN (Zynpa 16).

Mivakag 1 1

T 3 — 2 4

-2 —4 |

-1 S S 75 5
0 0
1 -1
2 4

TxApa 16 Ipagum mapdotaon e f(x) = 23 — 2z

Ot ovvaptioelg Tov eppavifovtol ot epapproyég oev divovton
névta amd Tomove. Ta dedopéve Tov GLAAEYOVTOL OO TNV TOPO-
™mpnon N 1o meipapo opilovy cuVOPTNGELS Yl TIG omoieg iomg va
unv vapyel okppng Tomoc. Tétoleg cGuVOPTACELS LITOPOVV VO ELLQOL-
VIGTOVV gite Ypaeika gite and évav mivaka Tudv. o mapdderypa,
Bewpovpe ) palo Tov puALoL hyov g I'pothavdiag (Eymua 17)
TO 07010 KAADTITEL TO PeYOADTEPO HEPOG TOL VNG00 TG ['pothavdiog.
Ta dedopéva otov Iivaxa 2 kot oto Zynuo 18 cuiiéydnkay and tov
30pvPOpo GRACE (Global Recovery and Climate Experiment) g == : =
NASA kot dgiyvouv v aAdoyn ot uéla tov ndyov C' g cuvaptnon SxAa 17 To oAko méryou e Ipothav-
T0V YpOVOL ¢ amd Tig apyES ToL 2012. (ENUEWDOTE, Y10 TAPESELYHA,  Fiog
ottt = 1.46 onuaiver 0.46 ypoévio péca oto 2013.) o va oyedid-

GOVUE AVTN TN GLVVAPTNOT oXeSLALOVLE TO dESOUEVH OTO TOV TIVOAKE KOl EVAVOLLLE TOL GTUEID LUE Liol OUOAT
KOO, Oa dovpe OTL TOALA amd T Epyaieia TOV AoYIGHOD PUITOPOVV VO, EQAPHOGTOVV GTIG GUVOPTHCELS
7OV ONUIOVPYOVVTOL OO SESOUEVA e OVTOV TOV TPOTO.

arvepino/Shutterstock

Mivakag 2
Xpdvog  Metaforn g palog  Xpovog  Metafoin g palog S0
(étn omod a6 1n Iav. 2012 (¢t amd an6 1n lav. 2012
InIav. 2012)  (oe gigatonnes) In Iav. 2012) (o€ gigatonnes) 0 1 1 —— —
0 0 2.79 —794.51 ~500 \-"\ s,
0.21 138.53 3.12 —623.4 \/\ —~
0.54 —139.14 3.32 —624.41 1000 Noee
0.89 —487.05 3.70 —960.08
1.46 —355.26 4.46 —869.46 A0V mhryou tne Tpohavdiog
1.87 —518.52 4.91 —1153.08
2.21 —475.14 5.25 —1110.29

2.45 —474.96 5.44 —1115.94






