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1 H mwpodT™) avoywyy
1.1 AOpoioyn xatd Abel
Osdpnua 1.1 (Abpoton xatd Abel). Eotw 0 < y < x mpayuatixol apfuol xar f : [y,z] — R
ovvex s TTapaywyiown. Oswpobue Ty axolovbior pryadixdy aptuy (an)n>1 xat yioo xdbe
t > 0 opiovue
A(t) = Z ap,.
n<t

Tore oxvet

S anf(n) = A@@)f(z) — A)f(y) - / AW 1) dt.
)

y<n<z

Osodpnpa 1.2 (Torog dbpotong Euler). ‘Eotw 0 < y < x mpayuatcol apbuol xar | : [y, z] — R
ue ovveyh mopaywyo f' oto |y, x]. Tote

xT x
> = [ swder [ {0 r@a ) o) - (@) 1@
y<n<z Y Y
drov {t} =t — |t]| elvou T0 xAaouatixd ugpog.
Ov mopoxdtw 300 €QOEUOYEG ELVOL YOEOXTNELOTIXES YLOL TO TUWG YOYNOLULOTOLOVUE TOV TOTTO
abpororg.
Ozwonuo 1.3. Ia x > 1 woxvet
1 1
Zzlogac—i—’y—FO(), )
n x
n<x
orov v elvar 1 otabepa Tov Euler, opiloueyn amo

R

,-)/:1_ t2



Emimiéoy,

, 1
'y—xll)ngo Zﬁ—log:r

n<x

Arddeiln. Epoppolovpe to Oedpnua 1.2 yroo ty ouvéptnon f(t) = 1/t xow y = 1. Téte {1} =0

wou f'(t) = —1/t2, dpo
Z / dt+/ {t}(—)dt—{x}

1<n<x

1_ AU €3
z:n—1+logas—/1 tTdt_T

n<x

Emopévwg

[Mpocbétovpe xon apalpodue f1 —2}

dt:
log:c+( / {—2 t)+ zw?dt—T.

n<x
Optlovrog v =1— [° % dt maipvovp.e

1
Y - =logz o+ {}dt {‘T}
n x
n<x
Topa 0 < {t} < 1, dpa

o {t 1 1 1
0</ {Q}dt</ Sdt=—, g{}gf
s U z U x T

Apo to vrororo efvar O(1/x) o mpoxdTTeL n (1). Térog, xabwg & — oo to O(1/x) teiver 670

0, omtote .
|
> L toga =
n<x
dNAadh v = limy—s 00 (En<x ~ —log x) O
Optopotl

o x > 0 6éTovpe:

m(z) :=#{p<z: prmpwrog},  O(z):=) logp,
p<z

=Y A(n)= > logp,

n<x pk<z

XKoL

6mov A eivar ) ouvdptnon von Mangoldt: A(n) =logp av n = p YLOL XATTOLOY TTPWTO p %o k > 1,
xo A(n) = 0 oaAhde.

Ozwonuo 1.4. To xabe T > 2 woyvovy 0L TAVTOTYTES

O(x) = m(x)logx — /; m(t) dt,

o) = 2oL [0

log x t(logt)?

Xot

3



Arnodeéy. Egoppdlovpe 1o Oedpnua 1.1 pe y = 2,

an = 1{n TEHTOG) f(t> = logt, A(t) = Zan = ﬂ(t>'
n<t

Tére

Z anf(n) = Z logp = 6(z) — log 2.

2<n<lzx 2<p<lz

To Bewpnua 1.1 Sivel

r dt
0(z) —log2 = m(z)logx — m(2)log 2 — / m(t) e
2
Enedy w(2) = 1, ot 6pot log 2 amaieipovror, xor moipvovpe
x
t
0(x) = m(x)logx — / 71'5) dt.
2
Epoppélovpe méAL to Oewpnpo 1.1 pe y = 2,
1
an = (logn) 1{71 TPGOTOG} f)=—, At) = Zan =0(t).
logt et
Tote 1
_ o8P _
> anfn)= > g p = 7(z) — 1,
2<n<lzx 2<p<zx
ETIOUEVLG
(@)~ 1= 00)— — 02— [ o) S0y
m(x) —1=0(z — — .
logz log 2 9

Ened 0(2) = log2, o 6pog 6(2)/log?2 eivor 1 xou amadeipetar pe 1o —1 aplotepd. Eniong

Apa
6 Tt
REYL Iy
logz [y t(logt)
O
Ozdpnua 1.5. o xale x > 1 toyvet
] 2
0 < () — O(x) < YEUOBD) @)

2log?2

Ewdwxorepa, yioo x > 2 Exovue

P(z) = 0(z) + O(v/z(log z)?).

Arddeln. H aviodtnro ¥(x) — 0(x) > 0 eivon dupeon, opod 1 P mepthopBéver 6Aoug Tovg 6povg
e 0 %o emLTTAéOY TLC BLVELGPOPEC aTtd TPGHTES duvdete pF ue k > 2.
[ 1o dvw Qpdypo, Eextvdue amd Tov opLtopd

Yle) =Y An) =Y AG").

n<x k<x



Op.adomoLdvtog wg Tpog tov exbétn k maipvoope

() :Z Z logp:ZH(xl/k).

To &Bpotopa wg Tpog k eivor oty TEEEN Tenepaopévo, Stott B(y) = 0 dtav y < 2 (Sev vTdpyoLY
rpdtor < 1). Apa (/%) = 0 yiae 2'/% < 2, SqAadA o

log x

log2'

ZUVETG

V) —b(z) =) oM = Y o).

k>2 2<k<logz/log2

T k> 2 éyovpe z'/F < VvV, dpa (povotovia g 6)

0(z'/*) < 0(/x) Yo x6e k > 2.

Emopévwg
log x
—0(x) <40 . .
blo) - 0le) <0V 5
TéAog,
0(vx) = Z logp < Z log v < \/zlog+/x.
p<V= p<Vz
Apo
U(x) — (z) < Valog Vi - \BE — 7. 1082)°
v = a:ogxlog2— v 2log?2’
1oL elvor axpLBue to (2). O

Afppa 1.6. o x > 3 oyvet

Todt Clm /a: dt ng
= (
2

- < .
5 logt ~ logz’ logt)?2 ~ (logx)?

AnddeiEy. Oétovpe u = /x. o t € [u, z] éxovpe logt > logu = %log x. Apa

Todt vodt /“ dt u— 2 T

—u x x
5 logt 5 logt logt = log?2 * %logm <\/E+ logx) <logx>

——<u+-—-—— T .
2 (logt)? (3 log)? (logz)? ™ (log)?

O
Ozwonua 1.7. Ot Tapoaxdtw TEOTACE Vol lGOOVVAUES:
x
x) ~ 3
") ~ o 3
0(z) ~ , (4)
() ~ . (5)



ArnodeEn. Améd to Oedonuo 1.4 éxovpe, Yo x > 2,

x
t
O(x) = m(x)logx — / Wi) dt.
2
Aroroc: , m(z)logz _ _m(x) ,
PWYTOG UE T X0iL YOAPOVTOG ——— T/logz Topvovue
0 1 [*x(t
R At ©)
x x/logx x )y t
(3) = (4). Yrobérovpe 6t w(x) ~ x/logx. Tote vdpEyeL otabepd C > 0 Wote Yo t peydAa
t
w(t) < C—o.
logt
Apa
1 [*x(t 1 [* dt 1
/ ( ) dt < — _— << .
T o T z Jo logt log x
ZUVETIOG
1 [*x(t
/ W()dtHO (x — 00).
T Jo t
Emntotpépovtac otv (6) xoL yponotpomotdvtag 0Tt Jl(:gx — 1, maipvoope @ — 1, dnAadn

O(x) ~ x.
(4) = (3). A6 10 Oepnua 1.4éyovpe emtiong

7(z) 9<x>+/j o)

- log x t(logt)?
apo
() _ 0(x) N logm/ 0(t) it @
x/logx x x Jy t(logt)?

Yrobétovpe () ~ x. Tédte vrdpyet otabepd C' > 0 wote v t peydra 6(t) < Ct.'Etol

1 oot 1 Toodt 1
ng/ ()th<<ogx/ S < :
x Jy t(logt) x  Jo (logt) log z

; . , ; . , , w(x)
Sty (7) Aowrdy, o dedtepog bpog teiver oto 0 ot 0 TPWTog teivel oto 1, omdte oflogz 1,

dnhadA m(x) ~ x/logw.
(5) <= (4). Anté 10 Bepnua 1.5 woyder 0 < P(x) — O(x) < Cy/x(logx)? yiow & > 2. Atowpdhvtog

UE T TolPVOLLE
lim (W - W) 0.

T—00 X xT
Apa O(z) ~ x av xow pévo av P(x) ~ .
Sopmepaivoope ot (3), (4), (5) eivar Loodbvopes. O
E@doov Bérovpe v aodeiEovpe 6t () ~ x, xdvovpe Ty e Booixd] avarywY, e Bdon
TO TTOPOXATW Bedpnua.

Ocdpnua 1.8 (Korevaar-Zagier). Eotw (an)n>1 axolovlio ue a, > 0 xou oplfovue, yior v > 1,

A(zx) := Z .

n<x
Ay T0 Yevixevuévo oAoxINpwo
© Alx) — =z
———dx
o

ovyxAvet, Tote A(x) ~ x, xabdg x — 0.



ArmodeEy. Oétovpe

I(y):/OOA(t)_tdt.

2
y t

H vmébeon 6w [ A(g_t dt ovyxAiver tooduvapel pe I(y) — 0. O amodeigovye 6t A(z)/x — 1.
Yrobétovpe, Tpog &roro, 6t limsup, ,  A(z)/x > 1. Tote vrdpxet A > 1 xou drelpo ¢ pe

A(z) > Az. T tétoro  xow x8be t € [z, Az] woyder A(t) > A(x) > Az, &oo

Ax _ Az _
I(:c)—[()\:c):/ A(tt)ztdtz/ %dt.

Me v alhoyn petofAntig t = vr Taipvovue

Az A
Ar —t A—0
/x 2 dt:/1 5—dv=A—1—1logA>0.

v
Opwg I(x) — 0 xow I(Ax) — 0, oo I(x) — I(Ax) — 0, dromo. Avéhoyo amoxAeieton xon 1 oyéon
liminf, o0 A(x)/x < 1. Apa A(z)/z — 1. O

1.2 “Eva @uowxd avtixsipevo: Mellin—tdémov oloxAjpmpo

Mo o > 1 opilovpe

Fp(z) —w
Tormrdé, ()
(x) —x
F(1) :/1 S,

dpo T0 epyTNpe elvar av To F(0) umopet vo «xotéBer» péyot o = 1 pe menepaopévn tps. pog
T0 POV gpYolouaoTe Lévo oto o > 1, 6Tov 6Aa elvorl aTOAVTWS VoL

1.3 H obvdeom pe v ovvaptnon Mangoldt
Afppa 1.9. T xabe o > 1 woydet

* Y(x 1<~ An
/1 f£+id$=(,z7ga)~

n=1

Arddeln. Ao tov opoud P(z) =, . A(n) xaw emerdfq A(n) > 0, propodue va epoapudoovpe
Tonelli ot voo avtohAdEovpe abpolopa—oroxinpw.o:

djjfz dr = / Z A(n) | 277 Lda
1 T 1 n<w
1 n

= ZA(n)/ Lin<a) 0 N dr = ZA(n)/ z 7 da.
n=1 n=1

° 1
/ % Vde = Zn70,
" o

omtHTe TTalpvovpe To {NTOVUEVO. O

INo o > 0 éyovpe



EmimAéoy yia xébe o > 1 toydet

gz e 1
dr = “dx = ,
/1 v T = /1 z T p—

ETOUEVWG TTalpvoLUE TNV axdAoLdn LodTrTa.

Mpéroaon 1.10. Ia xabe o > 1 wyvet

Flo) =~ i Am) 1 ©)

1.4 XZ0Ovdeon pe v cuvapTnoen C

Ewoéyovpe v ouvéptnon ¢ we oetpd Dirichlet:
1
Z — (o> (10)

Adupo 1141 (Mapoydyion ™g ¢ v o > 1. No xébe o > 1 woydet

CI(U) _ _Z logn.

nU

n=1

Arodeén. Tioxabe € > 0 7 oeLpd Zn21 71101‘% OUYXALVEL, OTTOTE ¥] OELPAL TWY TTHEOY WY WY GUYXALVEL
opoLépoppa oto [1 + €,00) (Weierstrass M—test). Apa emitpénetar N wapoydyton g (10) yio
o>1. O

To xpiotpo aptBuntind yeyovdg eivor pLo tavtdtta yrao T von Mangoldt ocuvdptnom.

Adppa 1.12 (Tavtétnto Stowpetwv yiow A). o xcbs axdpowo n > 1 woydet

logn = ZA(d). (11)

din

Anddeidn. Avn =[], p?j, téte logn = > 1 ajlogp;. Ot Stoupéteg d Tov n pe A(d) # 0 eivou
oxpLfog oL SuvapeLg pg‘? pe 1 <k < aj, doo

m m
ZA ZZlogpj:Zajlogpjzlogn.
dn j=1k=1 j=1
O
A(n
Afppa 1.13. Na xabe o > 1 5 ospa Z (U) oVYXAVEL aTTOAVTOS.
n>1 n
Andde&n. loyver A(n) < logn, doo
oo oo
|A(n)| logn
S Shemn
n=1 n=1
O

co



Ozsdpnuoa 1.14. o xale o > 1 oyvet

o) _§n A 0

Arode&n. Améd to Afppo 1.11 éxovpe

Xoprnotpomolobpe Ty towtdtntoe (11):

o)=Y 2= S A@)
dln

n=1

o o > 1 6ot ot 6pot givar pun apvntixof, ortdte (Tonelli) avadiatdooovpe:

, oo 1 o0 [e.e] 1
(O =S AT 2 =MD Y
d=1 n>1 d=1 m=1
dln
. Ad) =1 = A(d)
d=1 m=1 d=1
Ened? ((0) > 0 yro 0 > 1, Srapodpe xow madpvoope ty (12). O

1.5 Xvpmwépoopo

Yvvdvalovtog v [pdtooyn 1.10 pe o Bedpnua 1.14 Taipvovpe, yio xdbe o > 1,

1) 1

Flo) = o((lc) o—-1

(13)

Eexwvioope amd ™ P xon to xpLtipto Korevaar—Zagier, xat @tdoope oto 6Tt v UEAETN TNG
obyxAtong Tov (??) Looduvapel pe TO Vou XOTOAEPBOLUE TN CLUTEPLPOPE TOL SeELOL PEAOLG TOL
(13) xaboc o | 1.

INoti avaykactikd 0o Tepdoovpe o pULyadixy ovaAvoy).

Mapoatipnoy 1.15 (Tt Sev apxel vo peivovpe oto o € R). Méypl €8¢d SovAédape poévo pe
mpoypotixd o > 1. To emduevo Pripo Bo Ntay v Tepdoovype aTo

F(1) = /100 (:‘22_1’@,

MG o Th Sev TPorVTTEL Lévo amd ) Yvwon tov F(o) o o > 1. Mpdyportt, av mdpovpe

> E(z) d — /OO sin(log =) dx

E(z) := zsin(log 1), Fg(o) = ot e

UE ™V Aoy LETOBANTYS U = log  mpoxVTTTEL

1

Fg(o) = / e D sinudu = (G—1241
0 —



dooa limy ) Fg(o) = 1. Tlpdypott, évag Ypyopog ToOTOG YLor TOY TEAELTALO LTOAOYLOPO Elvat
o o . o0 i
/ e~ @D gin y du = %/ e (@ Dugit gy — %/ e @=1=0u gy,
0 0 0
Moo > 1 éyovpe R(o —1—1i) =0 —1> 0, dpo

/ ef(aflfi)u du = #
0 c—1—1

Emopévwg

o° 1 c—141 1
(-DugGinudy=S— =G _ ]
/o e sinudu =& 1= \S‘<( 1)2 1> ( 1)2 1

Qotéo0o o gin(l -
Fg(1) :/ sm(ogm)dx:/ sin u du,
1 0

x
oL JeV GUYXALVEL. ANAaST: axOun %o TOAD x0T GUULTEPLPOEE Yiow OAa Tar o > 1 (xouw péhioTo
OToPEN optov ato o | 1) dev eyyvdton obyxhon oto o = 1.

H ocwotq mpdabetn mAnpopopio eivar va ehéyEovpe v optaxi evbeior R(s) = 1, dnhadA T
ovpPoaivel Yo § = 0 + it. XTO TOPATTAVE TUPADELYUOL, O OVTIOTOLYOG UETOOYNULOTLOUOG Elvart

1

Fi(s) = m’

1oL é)eL OAoLg ot § = 1 + i, INAadY Thvw oty R(s) = 1. Avtég o avwpaieg avtiotol oy
OE TOAAYTWOELS xoL EivoL oxPLBOE aTO TOL TPETEL VoL ATTOXAELCOLPE OTYY TEPiTTTWON T1¢ (.

10



2 Eméxtoaomn Tov OpLtopod g cuvaptnorg ¢

Appa 2.4, Eotw (ap)p>1 pe an € C xou éotw

(429
F(s):= —, s=o+it
nS
n=1
Av vrdpyet 09 € R téroi0 dote Y 0, 7?7"()' < 00, T0TE YMox xafe o1 > 00 N OElPA oLYXAVEL

=

(s

Z an logn

ue ouotduopn obyxhon oe xabe RN(s) > o1 > o

OTTOADTWG KOl OUOLOUOPPO OTO NUETLTEOO > o01. Emrniéoy, n F elvar oAouopen oto

R(s) > og xa

AnddeiEn. T s pe R(s) = o > o1 éxovpe

ol _ lal

Gnp
n? — nor’

ns

Emeldn Zn>1 |a”‘ < 00, T0 M-xprthpto Tov Weierstrass Sivet opotdp.open odyxiion oto R(s) > o1.
Apo n F eivon oovsxng exel.

—s5 —slogn

[ v ohopopeio, Topotnpodpe 6Tt xébe bpog s — apn elval oAGpopeN xo

Yo 0 > 01 LoyVeL

= ape

anlogn| |an|logn < |an|logn

ns ne not
AMG yro %60 € > 0 oyver logn < nf yio n apxetd peydhro, ondte (w.y. moipvoviag € =
(01 —00)/2 1>, ‘a"u‘ign OLYXALVEL. ApoL M GELPE TWY TTOEOYWDYWY GUYXALVEL OUOLOULOPPO. HTOY
R(s) > o1. A6 1o Bedpnua 20.7 ovprepaivovpe 6tL F' eivor 0AGpopen xow 6Tl emitpémretol

Topoywyion 6p0-000. O
Mpdraocyn 2.2. INa R(s) > 1 opllovue
ns’
n=1

Tote n oelpd ovyxAiver amodbtwg yia R(s) > 1, 0pller oAduopen ovvdptnon oto {s : RN(s) > 1},
xou yir xabe R(s) > 1 woyder

> logn
CI(S) - Z E
n
n=1
UE ouoLduopPn oUYxMon oe xdbe nueninedo R(s) > 1+ (0 > 0).
Arodeén. Epoppdlovpe to Afupo 2.1 pe ap = 1 xat og = 1. O

Hopatipnon 2.3. Oétovpe Hy := {s € C: R(s) > 1}. H oeLpd

dev ouYxAiveL opodpopea oto Hi.

1



Mpdryportt, €0Tw TPOG drtoTo 6Tl oLYXALVEL opoLépopa ato Hy. Tote, omd to xprtipto Cauchy
Lo opoLOLopeY obyxAom, yto € = 1 vmépyer N € N tétoro wote yio xébe £ > k > N xow x60e

s € Hy vo toydet
0

1
2

n=k

<1

Etduxdtepa, awtéd toydeL yio xébe mopayuatixd s > 1 (apob (1,00) C Hi). o mparypotind s > 1
6ot ot dpot eivor Betixol, Gpo

1
Y =<1 (>k>=N,s>1).

1

n’

Agrvovtog tdhpar s — 1T, xon yonowwomoldvtag 6t Yo x&be otabepd £,k éxovue % —
Tolpyovpe

|
E —<1 ({>k>N).
— N

TéMog, aphvovtog £ — o0 xorcoc?wwoup.s ot

Zlg1 (k> N),
n:kn

ATOTTO, ETELON N OEUOVLXY] OELPA atoxAlvel. Apo 1 opytxn vTtdbeon eivon Pevdc.

Mpétaoy 2.4. Octovue

= Aln
-3 )

Tote n F elvar xald opiouévy xouw oAduoppn oto R(s) > 1, xou

o

Z A(n logn

n=1
UE ouotduop@n alyxhion oe xabe R(s) > 1+ 0.

Arddeiln. Xonotpomorobpe 6t 0 < A(n) <logn yio x&be n > 2. a0 > 1 éyovpe

i_o; |A(n Zlogn

oo eoppoloovpe to AMppo 2.1 pe og = 1. O

Mpéraon 2.5. Ocwpobue to queninedo ) = {s € C : R(s) > 1}. Yrobérovue drt yix xcbe
mpaypotxd s > 1 éyet 1On amodeybel n TavtoTyTA

— ) A
n=1

Tote 1 (Bl TavTdTyTo toyVeL Yior xAbe pryodixd s € (L.
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AnddeiEn. Amé v Tpdtoon 2.2 n ¢ xow n ¢’ eivon oAbuoppeg oo Q. Antéd v Mpbdraon 2.4 7

F(s):= Z A(?)

n

n=1

etvo 0AGRopen 670 2. Apa ot To yvopevo ((s)F(s) eivor 0AGpopen cuvdptnon oto .
Opilovue ™y oAOoPPY cLVEPTNOTN

H(s) == —(C'(s) = C(s)F(s) (s €Q).

A6 v umdBeom, v xébe mpoypotixd s > 1 woyver H(s) = 0. To obvoro (1,00) C Q éyer
onueio ovoawpevong evtdg tov 2 (T.y. oto s = 2), Gpa ard ™V Apy ) Avohutixig Zvvéylong
(Identity Theorem) ovpmepaivovpe 61t H = 0 oc 6h0 to 2. AnAadA

A(n)

—((s)=¢(s) Y

n=1

yia xébe s € (L.
O

Afppa 2.6. Eotw Q) C C avowxtd, sg € Q xou f: Q — C odduopen. Yrobérovue ot f # 0 xou
ot f(sg) = 0. Tdre vrdpyet axépatos m > 1 xou 0Aduop@n cvvéptnon h oe xdmowx yertovid
Tou 5o ue h(sg) # 0 térow dote

f(s) = (s —s0)"h(s)

Yt 8 xovTd oto Sg. O m elvou povadixds xat Adyetoar téEn (f moAldamAdTnTa) Touv Undevixosd
0TO S0.

Arddety. Emedn f eivar oAopopen, vtapyet r > 0 xow avémroypo Taylor
o0
f(s) = an(s—s0)"  (ls—sol <r).
n=0

Ao f(sp) = 0 moaipvovpe ag = 0. Eredf f # 0, dev elvow 6hoL oL ovvtereotég pundéy, Gpo
vTdpyeL eAdytotog m > 1 pe ap, # 0. Téte

f(s) = Z an(s —sp)" = (s —so)™ Zam+k(s — s0)".
n=m k=0

Otovpe
[e.e]
h(s) := Z amari(s — s0)".
k=0
H h eiva 0AGpopen oo |s — so| < r xow h(sg) = am # 0. H povadixdtnro tov m mpoxdmtet oo
™ povadixdtnto tov Taylor avamtdypoatog. O
Ocdpnua 2.7. o xdbe s pe N(s) > 1 woyder ((s) # 0.

Antddeity. "Eotw mpog dromo 6Tt vrdpyet so ke R(sg) > 1 xow ((so) = 0. H ¢ eivor oAdpopen oto
R(s) > 1, Gpo t0 sp eivor undevixd xdmorog téEng m > 1, dnAad# vrdeyer 0AGLoPEN h xovTd
o7o so pe h(sp) # 0 wote

((s) = (s —s0)"h(s).
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Térte

¢'(s) = m(s — s9)™ Lh(s) + (s — s9)™H (s),

ondte M (' (s) éxer undevind oxpLfig TéEng m—1 oo sq. looddvapa, —('(s) éxer pndevind axpLBeig
TéEng m — 1 oto sp.
Ané v Tlpdtaon 2.5 éyovpe oo R(s) > 1 v TowtdTnTO

) =@ F(s), Fle)= Y A0

n>1

H F eivor 0A6p.open ato R(s) > 1 (amd amdAuTtn oOY*ALGN), GO XOVTE GTO S) ELVOL TTETEPUGUEV.
Emopévwg to yvopevo ((s)F(s) éxet undevixd téEng TovAdytotov m 670 sg, opod 1 ¢ éxeL TéEn
m exel.

Apa to opLotepd péhog —('(s) Ba émpeme vou éxet undevind TEENG > M 070 S, TOL AVTLPEOXEL
ue o 6T éxet TEEN oxptPug m — 1. Atoro. Toverng ((s) # 0 yro R(s) > 1. O

2.1 Mepopopeixi cuvéyeta tng ((s) oto R(s) > 0
Ocodpnua 2.8. Ia s € C ue 0 = Re(s) > 1 woyver

i AU

S
s—1 1 tst1

(s) =

AmodetEy. Am tov tomo abpoicewg touv Euler, maipvovue

d ont= 1+/xt—5dt+/x{t} (t=*) dt — {“’;}.
1 1 z

n<x

YToAoYL{oVTag To TTHPOTIAVL OAOXANPWUOTO XUTAAYOVUE OTNY LOOTNTA

S

Zn*sle_ SRR U S o O S

1-s s—1 x5 , tstl

n<x

TMepvévtag 6to 6pLo T — 0o (xow yonouwomotdvtag 6t o > 1 dote x17° — 0 xow {x} /2° — 0),
TOLPVOLULE TO {NTOVUEVO. O

Ocodpnua 2.9. H oyéon tov Oeswpriuatog 2.8 diver avadvtixs ouvéyion tng ((s) oto querninedo
o >0, ue anAo nolo oro s =1 xot vwolowro 1.

Amode&y. E@doov n ouvdaptnon

— i L +1
S =
s—1 s—1

elvar ovoluTen oe xébe onpeio Tov o > 0 extédg amd €vav amAd TéAo oto s = 1 pe vmdroto 1,
opxel vo delEovpe 6TL N cLYVEETNOY

>t
so= [ e

elvar ovolvTien oto o > 0.
IMo xébe m € N opiCovpue

mo{t
fm(8) :/ t{s‘*‘}l dt  yweseCpeo>0.
1

14



Emedf 10 ohoxAnpwTéo eivar avalutixy] ouvdptoy Tov s, dev eivar dVaxolo va dovue Ot fr,
elvot avoluTiny oto nuLerinedo o > 0.
EvoAhoxtind, Yodoovpe to fi,(s) wg duvapooelpd. Mapoatnpodue 61t

fm(g) :/1 {t} e~ (s+1) logtdt / {t} —]ogt? (S+1)n i,

{t} (=logt)"(s +1)"

>

Me 7o fedpnua Fubini, wcopo()ue vou oAAGEovpE TN oeLpd OAOXAPWOoYG ot abpoloews xow TTolp-
VOUUE

> <3 (\logﬂ(:‘!\ +1)" ol Togtl(ls|+1)

n=0

n=0

—logt)"(s+1)"
n!

m
dt < / s gt < 0.
1

Fnls) = ZSH /{t} “logt)"d

n=0

oL £lvoil SLYOPOCELPE WG TTPOG TO S.
T vou 3obpe 6t fr, — f opolbpopea oc xébs ovpmoayéc voodvoro Tov o > 0, Bswpodye
70 NWLETITESO 0 > § %o TOLPVOLE

) =S| < [t s =

P 6 .
m om? — om

Apo, av €, > 0 doboby, propodpe va StaréEovpe M > 0 mov eEaptdton amd €, oAAd oyt oo
w0 s (my. M = (62)~1/9) této10 date | fm(s) — f(5)| < € yi x40 m > M xon x&be s € C pe
0 > 6. ALTO ONOXANPWVEL TNY aATtOSELEN. O

2.2 Mn pndeviopds g ¢ ot Yoouuq R(s) =
Aqppo 2.10. INa R(s) > 1 wydet

) 3 A
(s) ~ 2w
xou N Oeld GLYXAVEL ATOAVTWE xat ouotduoppa oe xabe uerninedo R(s) > 1+ €.
ArmodeEy. Ilpoxdmrel dueoo omd T TAPATIAVE. O
Adppo 211, To xabe 6 € R woyve:

P(6) := 3+ 4cos 0 + cos(20) = 2(1 + cos 0)?

Appo 2.12. ‘Eoto t € R\ {0}. It 0 > 1 6rovue

G(o) = |¢(0) ]’ [¢(a +it)[* [¢(o + 2it)|.
Tore:

1. G(o) > 1 vt xctbe o > 1.
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2. Iio ovyxexpleva,

onov P eivat onwg oto Ajuuec 2.11.

AnddeEn. T o > 1 éyovpe ((0) # 0, dpo oL moobdtteg ' /¢ opilovton xaw eivo OAGPOPPEC.
Bijpa 1: MMapbywyog tov log G(o). Ta 86 u € R xow 0 > 1 toydet

d !
%log|C(a+iu)| =R <i(0+iu)> .

Mpdyport, Ypdpouvyue
C(o+it) = u(o,t) +iv(o,t), u,v:Q — R,

xo vtobérovpe 6t ((o + it) # 0. Tote

log (0 + ) = 3 loglu(e, 1) + v(a,)?),

omoTe, Yo t otabepo,
UUs + V Vs

0 .
—log|((o +it)| = 2102

do
ATO TV GAAY, eTteldn) 1 C eivor 0AGpOopOT, ExoLuE

(o +it) = ug(o,t) +iv,(o,t),

oo
(lo+it)  us+ivy  (ug +1iv5)(u —iv)  wle +00; UV —VUy

= = (3
C(o +it) u+ v u? + v? u? + v? u? + v?

ZOVETIWG

((o+it)\  uus+vv, _ 0 )
Re({(a—i—it)) = = —log|((o +it)|.

u? +v? do
Emeldy (log C)/ = (/¢ 6mov ¢ # 0, xotohfyovpe

9 log [¢(o + it)| = Re((log () (o + it)).

90
Apa L 105 0(o) = 3%(?(@) + 4§R<§(0 + z't)) + &e(i(a + 2z't)) .
Ermouévoc
_% log G(o) = 3%(—%(@) + 4?R<—€(a + z’t)) + ?R(—Cg(a + 2it)> .

Bipa 2: Xpnon tg Dirichlet ostpdg (Afppa 2.10). o o > 1 €yovpe

C/ . A(n A(n —iulogn
_C(O-_'_Zu)_ZTLU(J"iz‘L_ZTEU)e lg’
n>1 n>1
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xo emeldN N oOYXALOY elvor aTtOALTY, TA{PVOLUE TTPAYUOTIXA UEETN 6PO-060O0:

§R<—C/(U + iu)) =3 ATEZ) cos(ulogn).

C n>1

Apa
d A(n
—%logG(U) = Z TE )<3 + 4 cos(tlogn) + cos(2tlogn) ) Z —) P(tlogn).
n>1 n>1

Me to Afjppo 2.11 éxovpe P(+) > 0 xow pe A(n) > 0 maipvovpe

—% logG(o) >0

Apoc - log G(0) <0, dnhadi 0 log G eivon pbivovoa wg mpog o.

Bpa 3: TIépaocpa 6to 6pto o — o0o. INa xébe atabepd u €xovpe

((J+iu):1+2n_(”+i“) = |¢(o+iu) - 1| < Zn

n>2 n>2

O'—}OO

Apa (0 +iu) — 1, ondte G(o) — 1 6tav 0 — 00. Enerdy log G eivan @bivovoa oto o, éyovpe
Yo xabe o > 1:
logG(o) > lim logG(o) =0,
g—00

dnradn G(o) > 1. O

Ocodpnua 2.13. Ioxde ((s) # 0 riax xdbe s € C ue R(s) =1

Ardde&n. Oo deiEovpe 6t (1 +it) # 0 yio xébe t € R. Yrmobérovpe, mpog dromo, 6t
C(1+it) = 0.

Amé 1o Oedpnpo 2.9, 1 ((s) elvar avorutix? oc xébe onpeio g evbeiog R(s) = 1 extdg and
évor A6 TOA0 670 s = 1. Apa (3(0) éxer TOho T&ENC 3 670 0 = 1 xou emiong (H(o + it) éxe
undevixd téEnc TovAdytotov 4 610 0 = 1 (3nAadY at0 onueio s = 1 + it). Tuvemng

lim ¢*(o +it) 3(o) = 0.

o—1t
EmmAéoy, emedy] ¢ eivor avalotixy oto onueio 1 + 2it (apob t # 0), eivow xow ovvexhg exel,

omoTE
lim ((o + 2it) = ¢(1 + 2it).

o—1t
Apa
lim ¢ +it) 3(o) (o + 2it) = 0.
o—1+

Opwg, otd to Aupo 2.12 toydet 6t yio xabe o > 1,
1¢H (o +it) (*(0) ((o + 2it)| > 1.

Emouévog 1o 6plo xabie o — 1T dev pmopei va eivon 0, mov eivon &rtomo. Apa n vrddeon
C(14it) = 0 eivor Pevdig, xan ovverdg ((1 + it) # 0 yo xébe t # 0. Mali pe to t = 0 (6mov
vTéEYEL TOAOG), Ttatpvovpe 6Tt ((s) # 0 yia xébe s pe R(s) = 1. O
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Hopotionon 2.14. INoti emAéEape autée Tig duvdpelg; To towx PBaoileton ae ddo TavToyPOoVES
OTOLTNOELG:

(i) ®@rovpe pn apvrxdtyTa. Oérovpe éva TELYwVORETELXO TTOALWVLLO P(#) tétoto hote
P(0) = ap + aj cosf 4+ azcos(20) > 0 V6,
YLOL YOU GUULTIEQAYOLUE OTL
d A(n)
——1logG(o) = Z?P(tlogn) > 0.

do
n>1
To amAoboTEPOD “TETPAYWVO” ToL Slvel TOALWVLUO KéyEL Babud 2 ivor

(1+cosf)? = %(3 +4cosf + cos(29)).

T vou Tapovpe axépatovs ovvteleotés (Haote vo avttotowody oe axépates duvdpels g (),
ToMaTTAoaLalovpEe el 2 xow Ta{PVOLUE oXELPBWG

P() = 3+ 4cosf + cos(20) = 2(1 + cos§)* > 0.
Avté e€nyel To oyfuo Twv duvapewy 3,4, 1.

(i) @éAovpe To UNdevixd va “vixdel” Tov ToAo 610 1. Kovtd oto o = 1 éxovpe [((0)| < (0—1)71
(t6hog TéEng 1), eved av vREye undevixd oto 1 + it téEng m > 1 t6te |((o + it)| < (o — 1)™
Apa, oy TTEPELS

¢(0)|* [C (o +it)[*
ue (Brovc exbétec ag = a1 (6mwe Bo TPoéxumte amd T0 TOALGYLYO 1 + cosf A 2 + 2 cos B), Tote
yiow artAG pundevixd (m = 1) Oo éxerg exbém

—(ag) +axm = —ag +ap-1=0,
dAad7 o yvdpevo dev telvel avoyxaotixd oto 0 6tav o | 1, dpo dev Taipvelg avtipaon omd
0 G(o) > 1
Y10 36 pog G(o) oL exBéteg eivan ay = 3 yioe Tov 6o 610 s = 1 %o a3 = 4 i T0

vrotthéuevo undevind oto 1 4 it. Téte yra m = 1 maipvetg

—-344-1=1>0,
on6te avayxaotixd G(o) — 0 av vTAEye undevixd, xou étol xAeiver n avtigoon. Tt avtd o
“ouYrEXPLUEVES” SuVAUELS elval axPLBKOE aVTEG TTOL YPELGLOVTOL: TIPOEPYOVTOL OTtd TETOAYWYO
(Gpor pun apvnrxdTTe) xon TowTéypova éxovy 4 > 3 (Gpo To pndevind LTEPLOYVEL TOL TOAOD).

3 To «utyodixd» Korevaar—Zagier

Ocodpnra 3.1 (Korevaar—Zagier). Eotw f : [0,00) — C @payudvy xow oloxinodowun oe xdbe
x2etotd ppayuévo vrodiaotnue touv [0,00). Otovue

/ f@)e T de  (Re(s) > 0).

Yrobétovue ot vrdpyet avoxtd obvolo G C C pe {Re(s) > 0} C G xou 0Aduopen eméxtoon
¢ g oto G (tny omola ovuPorllovue wdA ue g). Tote T0 ABPLOTO 0AOXAGPWU

/Ooof(x)dx

oLYXAVEL xat LoyVet



Anddeln. Oérovpe M :=sup,q|f(z)] < oo. o T' > 0 opilovpe

T
:/0 f(x)e™**de (s €C).

—ST

1) To gr civor oAGpoppo (entire). o xdébe s € C 1o x — f(x)e elval OAOXANPWOLUO OTO

[0, T, dpor o g7(s) opiletor. EmtmAéoy, yia h # 0 ypdupovpe

(s+h /f s €0 =1 _1dx.

Io otobepb s xat yiow b pixpo, toydet (ue to Bewpnua péong TLeAg oty TEAYULOTR LETABANTA)

bl < g ¥ (0<z<T),

e~hr 1
<ze

OTLOTE TO OAOXANPWTED XVPLOPYELTOL OTTO TNV OAOXANPWOLUY cLVapTYoY M zeelsl dmov M =
Sup(o,7) |f|. Apa, artd t0 Bedpnuo xvpLaEYNULEVNG GOYXALONG, LTTOPOVUE VO TTEQAGOVKE GTO GPLO
h — 0 péoa 0T0 OAOXARPWULAL XOL TTOLEVOLUE

—hx -1 T
/ f(x)e™** lim —— dz = —/ xf(x)e * dx.
h 0

Emopévoc gr stvor pryadixd mopaywyiotun o xébe s € C, &pa oAdpopen ato C.
2) Etoyog. Apxel va deifovpe 6t gr(0) — ¢(0) 6tov T — oo. Hpdrypott, gr(0) = fOTf(a:) dz,
Gpo o fooo f ovyxAiver xow toobtan pe g(0).

3) Emthoy xopmdAng ohoxApworg YO amd to 0. Xtabepomoiodue R > 0. Oétovpe

Lr:={it: |[t|] <2R} C{Re(s) =0} CG.

7

T %40 onueto z € L vrdpyer avowxtog dtoxog B(z,r,) C G (emed to G eivor avorxtd). Amo
ovpméyeta tov Ly (Heine—Borel) maipvovpe memepaopévn vroxdAvdy, doo vidpyet § = 6(R) >
0 téroix hote

D:={ze€C: |z| <2R, Re(z) > -2} C G.

Téte emiong N *AELOT XOUTTOAY
C:=0{z€C: |z2| <R, Re(z) > -0}

Bploxetow péoo oto D xow mepuxdeier 1o 0. (Tewpetpixd: eivor 1680 tov xdxhov |z| = R yia
Re(z) > —d poli pe ™ yopdi Re(z) = —4.)

4) Tomog Cauchy yia g — g7 %o «<x6Awo» Carleman. H ouvépton hr(z) := g(z) — gr(2) etvon
0AGP0peY, 6T0 D (g Staupopd 360 0AGpopY®Y). Apa artd Tov TiTo Tou Cauchy oto 0 Taipvovpe

9(0) — gr(0) = — /C 9(z) —gr(2) (14)

2ri z
[Mapatnpodue T 4TL:
H (g — g7)(2)e*T eivar oAépopen 610 D o 670 z = 0 éxel Ty (Sio Ty pe g — gr.

o H(g—gr)(2)eT- % elva emtiong oAGpopen ato D, Gpa To ohoxApwpé g TTevw oto C'

etvor 0.
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Yovenwe, tpoobétovtog to pndév oto (14), maipvovpe Ty Looduvopio

900~ 910) = 3 [ (02) —ar(e) e (14 55) . (15)

2mi z
5) Atdomaon C = CL U C_. Oétovpe
Cy:=CnN{Re(z) >0}, C_:=CnN{Re(z) <0}.

(Tow onpeia pe Re(z) = 0 eivow menepoopéva xal dev Tailovy p6Ao.)

6) Extipnon oto Cy. INa z € Cy woydet |z| = R xow Re(z) > 0, ordte

00 —zt (Rex)t Mef(Rez)T
o) —or() = [0 td = g —ar@) <M [ et - L
T ez
EmnAéoy, yia 2| = R éyovpe
<1+22>1 _ 11+ e%| :2|c050| :2|Re(z)|
R2%/ 2z R R Rz
6mov z = Re. Apa, oo O,
2N\1|  Me (Re2)T 2Re(z) 2M
— 1 7> -l < ce(Re2)T —
‘(g o)) e (1+ 75 Rez ¢ R R
Emopévwg
1 . dz| 1 2M M
— = (1 —)— < — 2 length = 16
i o @@ (L ) T o T b < a0

aepot length(C) < wR.
7) Extipnon oto C_: dtbomacy o g xon gr. Ano (15),

[ w-am0=[ a0~ [ o

(i) O dpog pe gr. H ovvéaptnon
2
2\ 1

eivol OAOLLOPPY] OE TTEPLOYY] TTOL TIEPLEYEL TOV «OPLGTEPO DVAUXO» TTOL TIEPLXAEIETOL AVOAUETA GTO
C_ xow 670 0pLoTEPd NULXOHALO

= {|z| =R, Re(z) <0}

(ebooy o BvAaxag awtog dey TepLéyet to 0). Apa, pe Topapdpewon xoumiing (Bedpnuo Cauchy),

/CQT( ) ZT<1+Z22>dz=/,gT(z)eZT(l—i—;Z)dj,

o z € C” éyovpe Re(z) < 0 %o

T T e—(Rez)T
mﬂmg/ﬂﬂme®mﬁgM/‘e®WﬁgM.
0 0 | Re z|
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SyAue 1: To ywpto {|z| < R, R(z) > —I} (ontaopévo) xow to mepiyooppo Cr: nyo0pd R(z) = —0
(x&B0d0g) xou to T6E0 |2| = R oo RN(2) > —0 (dvodog).

Apa, 6Ttwg oLy (xow AL |2| = R),

2

gT(z)eZT(l + Z—) !

1 Me~(Re2)T oReD)T 2|Rez| 2M
R?/ z

< — = —.
~  |Rez| R? R?

"Etol maipvovpe, axptPug 6mtwg oto (16),

1 T 22\ dz M
— Hl14+ =)—| < —. 17
omi /CQT(Z)6 < +R2> P amn

(i) O dpog ue g. Oérovye
2
2\ 1
H(z) =gz (1—1——)7.
()= 92) (14 55 ) -
Emned to C_ eivon ovpmayée, 10 0 ¢ C_ xow m g ivor 0AGpopen (&po ouveyhic) oe yertovid Tov
C_, n H eivow ovveyrig oto C_ xow CLVETHG OULOLOLOPQOL PEOYUEVT EXEL:

B := sup |H(z)| < oc.
zeC_

T xé0e 2 € C_ éyovpe Re(z) < 0, oo €T — 0 xabdg T — 00 xou emtione
| = e®eT <1 (T >0).

Emopévwg
|H(z)e*T|<B (zeC_, T>0),

%o ETELON H(z)e'ZT — 0 onpetoxd oto C—, ard 10 Bedpnuo xvpLopynuLévng odyxAtong (pe LéTpo
uixoug mévw oto C_) moipvovpe

lim H(2)e*l dz =0,
T—oo Jo_
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OnAadm

1 T dz
FL e MO (1+ R2> 0 (18)

8) Xvumépaopa. And (15) xou tig (16), (17), (18) maipvovpe: yio xébe otabepd R > 0,

2M
lim sup 9(0) — g7(0)| < =~
T—o00

Aedopévou € > 0, emréyovpe R 1600 peydro wote 2M /R < £/2. Ererta, and (18) maipvovpe
T tétoto ote yioo T > T va toydet

ot 90 ( )t

Tére, yioo xalbe T > To, amo (15) mpoxvmtet |g(0) — gr(0)] < e. Apoc gr(0) — ¢(0).

<e/2.

Ténog, enerd? gr(0 fo x) dz, ovpmepaivovpe 6Tt fo () dz ouyxAiver xou oodTon pe
9(0). =

TMapoatipnoey 3.2 (Tt stodyovpe to Bdpog e”(l + E—i)). To Bépocg éyet dLmAd poro. TTpwToy,
yroe Re(z) > 0 éyovpe

(g — g7)( /f e dr, = (g— gr) /fT+u> ~#u gy,

orote |(g — g7)(2)e*T| < M/ Re(z) (opordpoppa wg mpoc T) xow i Re(z) < 0 o e Siver
exbetind amooBeon xobig T — 0o. Acdtepov, 6Tov xUxA0 |2| = R oyvet

2

‘( 2>1’:2IRe<Z>I

) R?
omdte 0 mopdyovtag | Re(z)| axvpdver to 1/ Re(z) mov mpoxdmtet ard Ty mponyodueyn extipnon
®oL 70 0AOXANPWTED Yivetan taEng O(1/R?) mévw 670 T6E0, oo T0 OAOXMPLUG TTEYe GE TEEO
wixovg O(R) eivar O(1/R). Téhog, enerdn e (1+ 2—22) =140(z) 6tav z — 0, To LTGAOLTTO GTO
z = 0 dev aM\dlet, omdte 1 etoaywy” Tov Bdpoug emitpéneton (Beddpnuor Cauchy/vmoroiTtwy).

Mopationen 3.3 (Tott mopopopendvovpe amd C_ oe C' ). OEAOLUE VO EXTUUAGOLE

/_gT(z) (14—?)%

To mepiypoppo C_ mepLéyet TuApo mévw ot x0pdY Re(z) = —4. Exel pmropel va toyvet

T T €5T
l92()] = ] / f(t)e‘“dt‘ < [ eta= L
0 0

T 6T

OTOTE 0 TOPAYOVTOG €' OTTAMG aXLEWVEL TO €
malpvovpe @bopd 6tovy T — o0.
Avtifeta, ato 0pLlaTtePd NULXOXALO

xo péver péyebog téEng 1/6, dnrady dev

C" :={]z| =R, Re(2) <0}
éyovpe yia Re(z) < 0 v extipnon

M
| Re(2)|’

lgr(2)e”| <
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EVE TGV 0Tov xOxAo |z| = R oyvet

2

<1+i>1 _ 2|Re(z)]'
R?) z R?
Apa 10 1/| Re(2)| oxvpciveton o T0 ohoxAnpwtéo ppdoacta opotbpopea ané O(1/R?), mpdyuo

7oL divetl
22\ dz

[, e (14 55) % = o/m)

H avtixoatdotoon tov C— anéd to C emtpémeton (mopopdppwon xounding / Bedpnpo Cauchy),
316t n ouvéptnom z — gr(z)e’ (1+ 2—22)% etva 0AGpropeY oty TTEPLoyh awvdueoa otic C xou

C” (0 «opLotepds BOAaxac»), N omolo dev meptéyet to z = 0.

Méptopa 3.4 (Tauberian). ‘Eotw f : [1,00) — C @payuévy xow oloxdnodown o xabe [1,T)].
N R(s) > 0 Orovue

o) = [ e

Ay vrdpyet avoxtd U C C pe {R(s) > 0} C U térowo éote 10 g vo éxet 0Aduoppn eméxtoon

oto U, t6te 10 yevixevuévo odoxdipwuo [ f(x) d?m ovyxAiver xou toovton pe g(0).

AnddeiEn. Oérovpe F(t) = f(e') yro t > 0. Téte

g(s) = /000 F(t)e st dt

(oMY petafinic ¢ = ef). Egapuélovpe 1o Ockdpnuo 9.3 oto F xow maipvovpe 61t fooo F(t)dt
vrépyet xat toovtor pe g(0). Me v avtioTpoen alhoy| HeTtoBANTHS,

/OOOF(t)dt:/loof(x)C?.

O

3.1 “Eva Bondnuxd Mppo: eoyxhon [(A(z) —x)/2? = A(z) ~x
Adqupa 3.5. Eotw A :[1,00) — R abéovoa. Av 1o yevixevuévo oloxAfpwua

CA(t) —t

[,

1 t
ovyxdiver, 1ote A(x) ~ x dray & — 00, SnAady @ — 1.
AnodeEy. Ymobétovpe mpog Gromo 6t limsup,, ., @ > A > 1. Téte vmdpyovy dmelpo = pe

A(z) > Ax. T éva tétoto = xow yia xébe t € [z, Ax], and vy adEnon maipvovpe A(t) > A(x) >

Az, dpa
Az . Az .
/ A®) =t s / ATt

Me oAhoyh t = ux (dnAadh dt = x du) éxovpe

Az A

Ar —t A—u

/ 2 dt = / " du =: ¢(\) > 0,
T 1

otalepd mov eEaptdton pévo amd A. Apa, yio drelpa T LoydEL

00 o o0 _ Axr _
/ A(t)tdt_/ Mdtz / Mdt >c(A) > 0.
T t2 Az t? z t2
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‘Opwg tor V0 oPLOTEPA OAOXANPOUOTO ELVOL OVPEG EVOG CLYKALVOVTOS OAOXANPWULOTOC, Gpat XD
Tz — o0 xow T dvo Teivovy oto 0 xol v Stopopd Tovg TEETeL va Telvel oto 0, dtomo. Apoa
limsup, ., A(z)/z < 1.

Opoiwg, av liminf, A(m)/x < ,u < 1, t6te i Gmetpa z éxovpe A(x) < pxr xow yio
t € [ux, x] maipvovpe A(t) < A(z) < px, oo

/ / a ——/ “ zudu =: —c(n) <0,
u
p pw 1

xa Eové Tollpvovpe avtipoon pe T oUYxALoN Ty 0vPKY. Apa liminf, . A(x)/x > 1. Tuverndg
Alw) . O
xX

Ozopnua 3.6. 'Eotw a, > 0 xou

~Yan

n<x

Yrobérovue ot A(x) = O(z). Oétovue tn Dirichlet oepd

o

a

F(s):=)_ ni R(s) > 1.
n=1

Yrobgrovue ot n F(s) éxer avalvting ovvéyeia oto R(s) > 1 extds and évay andd Tw6ho 670

s =1 ue vebérorro 1. Tdte

Alz) ~xz  (x — 00).

Anddeiln. Bapa 1: Mepuxq d0poton o R(s) > 1 toydet n towtdnton:

a, A(X) X A(x)
E: X5 +S/ x8+1d$.

n<X

Enedh A(X) = O(X) xow R(s) > 1, éyovpe A(X)X™° — 0 xabdg X — 00. Apa, TepvivTog
o7to 6pto X — 00,

> Afx)
F(s) = s/l i (RGs) > 1), (19)
Biua 2: Apaipeon Tov wéAov 670 s = 1 xow avadvtixy cvvéyeta oto R(z) > 0. Oétovpe
s =14 z (omdte N(2) > 0) xou opilovpe
F(l1+z2) 1
H(z) = ——F — —.
(2) 142 z
H vrébeon “F éyer amhé méro oto § = 1 pe vmérotro 17 wooduvapei pe to 6t F(1 4+ z) =
L+ (onduop@oc 6poc) xovté ato z = 0. Apax 0 H(z) eivon oA6pop@oc oe yertovid tov z = 0 xa
emLmAéoy €yeL avaALTLXH cuvéyeta oo R(z) > 0.

Bijpa 3: Avarapdstacn tov H. Ané (19) pe s = 1 + z waipvovpe, yro R(z) > 0,

F(1+z):/°°A(x)dx:/°°A(x)m_zd:r‘
1 1

1+2 p2+z x x

Emniong yroe R(z) > 0 oydet

Apa, yro R(z) > 0

H(z) = /100 (Aix) - 1) z=? dg. (20)
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Bipoa 4: EQoppoyn tov Oswpipotog. Oétovpe

Ané A(z) = O(x) éxovpe 6t f eivan Qporypévn oo [1,00), xow eivar ohoxAnpwotun oe xébe [1, X].
H oyéon (20) Aéer 6t yroe R(2) > 0 n Mellin petooynuotiopévn g f eivow H(z), n omola (amd
70 BApa 2) éxer avadutixn ouvvéyeto oto R(z) > 0. Apa, and o Oedpnua 9.3, T0 OAOXAAPLUO

Biupa 5: Topmépacpa A(z) ~ x. H A(z) elvor adEovoa (emetdh a, > 0). Emopévwg, omd to

OUYXALVEL.

Afppo 3.5 ovumepaivovye @ — 1, dnradh A(x) ~ . O
Mévet va amodetEovpe OTL Tor TOPATIAVEL UTTOPOVUE VoL TO EQOROEUOCOVUE YLOL TV CLUVEPTYNOY

.

Ozwpnua 3.7 (Extipnon Chebyshev). Opillovue t0 ovvaptnon von Mangoldt

logp, avn= pF Yoo x&mwowo TeWTo P xouw k> 1,
A(n) :=

0, StopopeTIXAL,

xat 0 ovvaptnon Chebyshev

b(@) =Y An)  (e>1),

n<x
Tote woxVet
Y(x) =<z  ouoduoppa yioo x> 2,

dnAadi vrdpyovy oTabepés ci,co > 0 dote crx < P(x) < cox yior xdlbe x > 2.

ArddeiEn. 1) "Evo Mppo Lo evaAAoooOUeves 6eLpég. Av (ay )n>1 lvan axolovbion un ocpyntixy

TEoYROTiXGY TToL @Biver TTpog To 0, TotE N oeLpd > ooy (—1)"Lay, cvyhiver xou toydet

oo
a—az < Y (~1)" ey < a1 —az+as. 21)
n=1

Mpdeypott, ta pepind abpolopota Ypodpovtol wg
(a1 —a2) + (a3 — as4) + -+ > a1 — az,
EVE
(a1 —az +a3) — (asg —as) — - < a1 — az + as,
E—:TEELB‘/] agj_l — agj Z 0 %o azj — a2j+1 Z 0.

2) Optopdg g 1'(x) o todtion pe Y~ logn. T z > 1 Bétovpe

n<x
T(z):= Z?,Z)(%) .
n<x
Qa detEovpe 6L
T(z) = Z log n. (22)
n<x
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XPENOUWLOTIOLOVIE TNV XAXGLXY] TAVTOTNTO

> A(d) =logn, (23)

dln

7N omolor TEOXVTTEL amd Ty Topoyovtoroinon n = [[ p*: 1o dbBpotopa oto djn pe A(d) # 0
Siver -, aplogp = log n. Apa

Dlogn=> > Ad)=> Ad)D 1= Ad) > L

n<zx n<z d|n d<z rfilgx d<z k<z/d
ANG .
DA Y 1=Y 3 A@ =Y v(}) =T,
d<z k<z/d k<z d<z/k k<z

ortdte Loybet (22).

3) Aovprtot) Yo Y . logn ko cuvémeta yia T'(z). T z > 2 éxovpe (60yxpLon abpoiopotog

UE OAOXANPWULOL)

n<x

x xr
/logtdt < Zlogn < / logtdt + log x,
1 n<w 1
Gpo
Zlogn =zlogx —x + O(logz)  (z>2). (24)
n<x

Me (22) ovpmepaivovpe
T(z) =xlogx — z + O(log x) (x> 2). (25)

Emopévwg
T(z) - 2T<g> = (log2)z + O(logz) (x> 2). (26)

(TTpdeyporte, avtixabiotwvrog Ty (25) ota 300 PEAN xal OTTAOTIOLHOYTOGC, TTA{PYOLUE TOV XVPELO 6O
(log 2)x, eved tor oot mapopévovy O(log x).)

4) Evadlacoopevo abpotopa yio T'(z) — 21 (x/2). Aro tov opLopo,
x x x
7@ -20(5) = 2w (5) =2 2 w(5)-
(z) 2 Z v n Z v 2n
n<z n<z/2
Emed? (y) = 0 vyt 0 < y < 1 (10 dBpotopo eivor xevo), éxovpe ¥(x/(2n)) = 0 étav x/2 <

n < x, onoTte - -
> ¥(3,) :gﬂ(zn)‘

n<z/2

T(z) - 2T(g> -y 1/1(%) —2 Zw(%) . (27)

Me oAray Seixtn m = 2n €xovpe

SSUEANME

n<x m<x
2|m

Apa
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xot étot To dekl pérog tou (27) ypdpetor wg

S o(2)- X u(E)-Sere(E),
m TEQLTTOC m &oTloc B

EmmAéoy, av n > x t6te x/n < 1 xou ¢(x/n) = 0, dpo

T(x) — QT(g) - i(l)”_l¢(2) . (28)

n=1

5) E@oppoyf tov (21). o otabepd x > 2 Oétovpe ay, := Y(x/n). Enedi n ¢ eivor un @bivovoa
G GLYEPTNON TOL 0PLoUATOG %ot & /N EBivel pe To n, N axohovbio (a,) eivor un adEovoa. Eniong
an, = 0 vt n > x, dpa a, — 0. Enopévwg propobpe va epoppdoovpe to (21) ot oetpd (28)
%ol TolPVOLUE

v - w(3) < i(—mlw(i) < v -v(3) +v(3): (29)
Sovdudtovtog (26) xaw (28)~(29) maipvovye, yiot xébe x > 2.

b(x) —@z)(g) < (log2) z + O(log ), (30)

() —@z)(g) +¢(§) > (log2) = + O(log ). (31)

6) Ave @paypa 1(r) < x. Oétovpe 1 Tov UéyLoto axépato pe 2" < x (ométe /27 < 1 xou
P(x/27) = 0). Tpdpovue TAeoxomxd

=0
Eoapuélovrac ty (30) oto /27, maipvovue
¥(55) —¥(5) < (10g2) 55 + Oflog(w/2')).
Abpoilovtog yio j =0,...,7,
,
P(z) < (log2) x Z Zlog(:p/?j)
o j=0

"Exovpe 37 277 < 2 xou

<

Zlog x/27) = (r+1)logz — (log2) = O((logm)2),
:O

qpo
Y(z) < 2(log2) x4+ O((logz)?) <z (x> 2). (32)

7 Kérto @obypa (x) > x. Ané (31) xou (32) (epoppoopévn oto x/3) maipvovpe

() _¢<§ Q(I(Z))gQ)x+O((logx)2),

2) > (log2) x —¢(§> + O(logx) > (log2) x —
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OnAadm

x log 2
@) = (5) = 2= a0+ 0((10g)?). (33)
Apo vTGPYEL To > 2 TEToLo doTe Yo xAbe T > Tg vou LoyVEL
T log 2
) - (3) = s (34)

Téte, yioo & > T, TRAEOROTGYTOG 6TTS TELY xow. e@apuélovtog (34) oto /27 6o x/27 > mp,

vz 3 (0(5) o) 2 5 X 52

<g<J <<

Taipvovpe

6mov J elvar o péylotog axépotog pe x/ 27 > x¢ (omére ijo 277 > 1). Téhoc, av Bécovue

log 2
c1 = min{ 8 min w(x)} > 0,

6  2<z<z¢ X

tote c1x < P(x) v Ao Tar x> 2.

Amé (32) maipvovpe emiong () < cox yroo xémoro ca > 0 xow yioo 6hot Tow x > 2. Apo
Y(x) < x opoldpoppa yro T > 2. O
Mapationon 3.8 (Toti 1 1 txavorotel Tig vobéoelg Tov Bewpruatog 3.6). Oétovue a, =
A(n) > 0 xou

A(x) =) an=>Y_ An) =(z).

n<x n<x

A6 v extipnon Chebyshev, Ochpnua 3.7, mov amodeiEope mponyovpévwg éxovpe Y(x) K ,
doo A(z) = O(x). H avtiotoryn Dirichlet oetpd eivor

Fs)=Y" AT(:).
n=1

I R(s) > 1 yvwpilovpe 6t

) A
G 2w
dnaadh F(s) = —('(s)/((s) oto nuieninedo R(s) > 1.

Amté ™ oyéon mov amodeiynxe v ™ ¢ (avohotind cvvéyton g ¢ oto R(s) > 0 pe amhoé
T6A0 670 s = 1 xow vIOAoLTo 1), suumepaivovpe Gt

e H ((s) eivor 0A6popen oto R(s) > 1 extiég and anid néro oto s = 1.

e 310 R(s) > 1 Sev vrapyovy undevixd g ¢ (n ((s) = D>, <1 n~° éxeL Oetinr] mporyportxy
e e s > 1, xow N avoduTtin g ouvéyeta oto R(s) > 1 dev pmopel vo amoxtioet
undevixd mévew ot yoopuh R(s) = 1 ywpic v mapafLaletor N Yvwoty Lop@y Tov TOAOL
oto 1).

Soverng, n ouvdptnon F(s) = —('(s)/((s) éxer avorutixs ouvéyeto oto R(s) > 1 extdg and
evdeydpeveg dlopopeieg oto onueion 6mov ((s) = 0 xow oto s = 1. Tto R(s) > 1 Suwg dev
gyovpe undevixd, qpo N Lovy Ldtopopeio Tpoépyetol amd to s = 1.

TéAog, emeldn xovtd ato s = 1 €yovpe

1

((s) = 1 +h(s)  pe h oA6popen xovtd oo 1,
S —_—
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TOLPVOLLE

/ __# /(s _4/(3): 1
CEO="GoE e TEy Teoa

Apan F(s) = —('(s)/((s) éxer amAd mdlo oo s = 1 pe vrdloro 1.
Me éAAa Adyta, yiow Ty axohovbio a, = A(n) toyxbovy GAeg oL boBéoeLg Tov Oewpruatog 3.6.

+ (oAdpoppog 6pog xovté oto 1).

4 To Oewpnuo Dirichlet 6= aptOunTinég Tpoddouvg

Ozwpobpe q > 2 xou (a,q) = 1. Opilovpe ™ ovvdptnon Chebyshev oe apLBuntinh TPdOd0O

¢(x;Qa a) = Z A(n)

n<x
n=a (mod q)

I Re(s) > 1 opilovpe tn Dirichlet oetpd

Fra(s) = Y Aln)

n>1
n=a (mod q)

Enedh A(n) > 0 xow ¢(x; q,a) < 1(x), and to Chebyshev @pdypa yio v ¢ éxovpe ¥ (x;q,a) =
O(z) »ou n Fy4(s) ovyxhiver yio Re(s) > 1.
Ocopnua 4.1 (Oedpnua Dirichlet yioo Tpwtoug oe apLbuntixég TPoddovg (avoAvTixy LoPEH)).
‘Eotw q > 2 xat a ue (a,q) = 1. Opilovue

A
P(x;q,a) = Z A(n), F,o(s) == Z 15?) (Re(s) > 1).
nzan(?nid q) nzan(?nid q)

Tozte:

1. H F,,(s) emexteivetar uepopoppxd oto nquerninedo Re(s) > 1 xar éxer exel povadind
anAo modo oto s =1, ue vwoiomo

1
Ress—1 Fya(s) = ——.
(=) ¢(q)

2. Ioxber n aovumTOTIXY

Y(x;q,a) ~ @ (z — 00).

Toodbvaua, vrdpyovy drepor mpdtor p = a (mod q).

Mepwxn @Bpoton Oétovpe A(x) := ¥(x;q,a). T Re(s) > 1 toyvet N ¥Aaoixh TouTéTHTo LEPLUAG

aBpotorng
Aln) _ AX) ¥ A(z)
2w = +5/1 i1
n<X
n=a (q)

Enedh A(X) = O(X) xow Re(s) > 1, éyovpe A(X)X™° — 0 6tav X — 00, omdte TEPVHOVTOG
070 6pLO
o
U(x;q,a)
Fq,a(s) = 8/1 W dx, (35)

yioe Re(s) > 1. AxptBug 6mwg oty amddetEn tov Ozwpiuatog twv [Mpwtwy, yio vo Tépovpe
aovpTTwTX] ™G Y (T; ¢, a) XeeLalouaoTte TANEOPOPLa YL TN avaluTixh eTtéxtoom TG Fy q(s)
uéypt v ubeia Re(s) = 1.
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4.1 0pBoywvLtéTHTo YOPOXTHPWY oL ovoywyh o —L' /L
Afppo 4.2 (OpBoywvidtnra). o (a,q) = 1 xau xdbe axéoono n 1oyet
1 _
1= (q9) — 7) Z X(a) X(n)7
X (mod gq)

omov to dbpotouo TEéxel o dhovg toug Dirichlet yopaxtioes modulo q (smextevduevoue ue
x(n) =0 drav (n,q) > 1).

Anddely. Av (n,q) > 1,16t X(n) = 0 vt xéibe X, eved 1y,=q(q) = 0 emerd” (a,q) = 1. Av (n,q) =
1, t6te T TéTRTO Elvor axpLBg N 0pBoYWILOTTO TWY YoPoxTAPWY Tng owddog (Z/qZ)*:

1 () (m) = 1, m=a (mod q),
QO(Q)ZX:X( x(n) {0, n # a (mod q).

O
[ Re(s) > 1, amd to AMfjppa 4.2 Taipvoope
1 An)x(n
Fq,a(s) = Z Y(a) Z ( 7)5( ) (36)
v(q) n
X (mod q) nz1

Optopdg L(s, x) (wg Dirichlet oetpé, xwpig Euler wpoidv). Tio xébe yopoxthpo x opilovue

L(s,x) := Z XSZ), Re(s) > 1,

n>1

%o emiong

Fy(s) ==Y M, Re(s) > 1.

ns
n>1
Adppor 4.3. o xébe n > 1 woyder 3y, A(d) = logn.

Anddeity. (Omwe oo TIOIL) Av n = pF, t6te Sape AMd) = Alp) + -+ + A(p®) = logp =
log(p*)/k; A& pévo o d = p cuuB&Aret, doo apr Ald) = logp® = logn. Av n dev eivon
dvvopn TpwTov, To dbpotopa ivor 0 = log n; CLYOALXE TtaipyoLUE TNY TOVLTOTYTOL. O

Mp6raon 4.4. To Re(s) > 1 wybet n tavtdtyTa
—L'(s,x) = L(s, x) Fy(s). (37

Arddeiln. (AxpLBug 6mwe oto IO yioe Ty ¢, ohAé pe x.) Tt o := Re(s) > 1 T o := Re(s) > 1
oL OELEQ
x(m) A(n)x(n)
L(s,;x) = Y = Fls)=) ——

m
m>1 n>1

OUYXALYOLY ATTOADTWG, oLPOV

SRl A A

m>1 m>1 n>1 n>1
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Emopévwg pmopodue vo moAamAaatdoovpe TG V0 aelpég xot vo avoldlatdEovpe To SLTAS dbpot-
opo (Tonelli/Fubini), ondte maipvovpe to Cauchy product:

L(s,X)Fy(s) = x(m) ) A(n)x(n)

ms ns
m>1 n>1

Twpa opoadorolobpe ToUvg Gpovg wg Tpog k = mn: yio otabepd k > 1 oo Moetg mn = k
oVTLOTOLYOVY oxPLPWg atoug dlatpéteg d | k 8étovtag n = d xow m = k/d. Apo

DR D DE-) DY () RUNE
m>1n>1 k>1 dlk
ONAadN

L 0Re = X S} ) v,

E>1 dk
Av (k,q) = 1, t6te x(k/d)x(d) = x(k) »ouw
ZX<Z> x(d)A ZA k)logk
dlk dlk

ue to Adupo 4.3. Av (k,q) > 1, t6te x(k) = 0 %o x&be 6pog ot0 dbpotopa eivor 0 (emerdn téte
d N k/d éxer xowé dronpétn pe q), dpo AL 0 cuvtereotig etvon x (k) log k = 0. Zvverndg

Lis B (s) = Y2 X008k,
E>1

TéAog,

x(k) x(k)logk
R D

k>1 k>1

ométe matpvoovpe (37). O
Ocdonua 4.5. TNa xabe yopaxtihioo X xat xdbe s ue Re(s) > 1 woyver L(s,x) # 0.

AntddeEy. (I8t axpiPg tdéa pe 1o Oepnpo 2.7 oto 11OI1.) ‘Eotw mpog dtomo étt L(sg, x) =0
yLo xémoto so pe Re(sg) > 1, xow éotw m > 1 n téEn tov undevixod. Téte — L' (s, x) éxel undevixd
TGENG oxpLBdS m — 1 070 So. Opwg ard y HMpdraon 4.4 éxovpe —L'(s, x) = L(s, x)Fy(s), 6mov
F,, eivar oA6popen oto Re(s) > 1 (amd ambéivtn obyxiion), Goo to Seki uéhog éxel undevixd
TéENg TOLAGYLoTOY M 6TO S. Avtigaon. Apo L(s, x) # 0 oto Re(s) > 1. O

Méptopa 4.6. X710 Re(s) > 1 woyvet

L A(n)x(n)
“ji(S,X) ZZEE: s
n>1
Arddeiln. Avowpobpe v (37) pe L(s, x) (emrpénetar amd 1o Ocdpnuo 4.5). O

Apa, a6 (36) xow to Kop. 4.6, maipvovpe oto Re(s) > 1:

Fals) = ——— 3 x@) Z s, (38)

L
X (mod q)
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4.2  Avadvtni ovvéxeta tov L(s, x) 6to Re(s) > 0 (dmwg yra v ()

Afupo &.7. Av x eivar un xbptoc xapaxtipoag modulo q, T0Te Tar ucpied abpoiouato

Sy(x) = x(n)

n<x
elvar poayuéva, dniadn Sy(x) = O(1).

AnddeiEn. E@dboov x eivor pn xdptog, vmboyet a pe (a,q) = 1 xow x(a) # 1. Téte, emedy) o
ToAaTAoLooUOG Ue a netabétel To TANPeg obotnua LIToAolTwy modulo g, éxovpue

sooe Y11 x(n) = 0. Tpdpovrag N = kq + 1 pe 0 < r < q moipvovpe

N q r r
D xm)=k> x(n)+ > x(n) =Y x(n),
n=1 n= n=1 n=1
oréte [0y x(n)] < Yhoy Ix(n) <7 < q. 0

Mopdrtaon 4.8. Av x elvar un xbptog yapoxtipas modulo q, tdte n L(s,x) emextelvetar w¢
0Aduop@n cvvdptnon oto nueriredo Re(s) > 0.

Arddeln. (Onwg to Oedpnua 2.9.) T Re(s) > 1 epappdlovpe peptxy) dbpoton oty Dirichlet

oetpé tov L(s, x): ) %.(2)
x(n oo x
L(&X):ZnS:S/ xXS-‘rl dx.

n>1 1

Am6 o AMupa 4.7 éxovpe Sy (x) = O(1), dpo To ohoxAfpwue cuyxAivel Yo Re(s) > 0. Emuiéov o
OAOXANPWTEOS TTLPNVAG ELVOLL OAGLOPPOS WG TTPOG S XOL 1] SUYXALOY ELVOLL OULOLOLOPEPY OE GUULTIAYY),
om6te n L(s, x) etvo oAGpopen oto Re(s) > 0. O

Mpéraon 4.9. Na Tov xbpLo yapoxtioa Xo modulo q wyvet v Re(s) > 1 5 tavtdtyra

Lis.xo) = ¢() 3 149,

dlq

Apa n L(s, x0) éxet uepopoppixi cuvéyeto oto Re(s) > 0 ue anAd ndlo oto s = 1 xou vdlowro

AmodetEn. XponoLLomoLoDUE TNV THVTOHTTO

Téte yroe Re(s) > 1,

To ovpumépoopo yia Tov TOAO %o TO VTTOAOLTTO TTPOXVTTEL ot TO avtioToyo yiow v (. Tlpdyport,
OéTovpe
_ N\ Ad)

h(s) := o
dlq
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Emed? 10 ¢ eivor otobepd, to dbpotopa eivar memepaouévo (tpéyel oe memepaopévo mARbog
Sranpetodv d). Kabe 6poc d—* = 51984 giyou oA6pop@og oe 60 to C, Gpo xat to h eivar 0Aduoppo
oe dio 7o C.

Av ((s) éxer amAd oo 070 s = 1 pe vorotmo 1 xan h eivor 0AGPoPEY, ToTE

Res,—1(C(s)h(s)) = h(1) Ress—1 ((s) = h(1).

Emopévawce, ard L(s, xo) = ((s) h(s) maipvovpe

Ress—1 L(s, yo) = h(1 Z“ H<1—;>:@(Q).

q
dlq plg

4.3 M pundeviopos ot yooppn Re(s) =1, t # 0
Ozpnuo 4.10. o xdbe Dirichlet yopoaxtioa X xat xdle t # 0 woyvet

L(1+it, x) # 0.

Arddeln. (Onwg 610 Oedpnua twv Mpdhtwy yioe ™ ((1 + it) # 0, pe 1o (3Lo TELYWYORETOLXO
TOALOYLEO.) XENOLLOTIOLOVILE TNV OWLOOTTTOL

3+ 4cosf + cos(20) = 2(1 + cos 6)?

INoa o > 1 6étovpe
G(o) :=((0)3 L(o + it, x)* L(o + 2it, x?).

Moo > 1 6ha tow wén eivoe pn undevixd (yroe ¢ amd to Oepnpa 2.7 tov MBI, yro L ord to
Oedpnuo 4.5), doo M log|G(0)| eivon xadd opLopévn.

Hopoywyilovtag wg Tpog o xo yenotponotnvrog (o) ty towtétnro —¢'/¢ = > A(n)n™*°
amd Ty anddetEn tov Oswpruatoc Twy Hpdktwy, () to Méptopa 4.6 yrao —L' /L, maipvovpe yio
o>1:

_%log’g( )| —Z 75 )<3+4R( (n)n _’t)+Re(X(n)2n_2“)) > 0.

n>1

Mo voo eréyEovpe to ' ‘
3+ 4 Re(x(n)n™") + Re(x(n)2n_2”),

apxel v to xévoope Yo 1 pe A(n) # 0, Sqaadh yia n = pF. Av p f q. téte x(p) eivar pilo g
povédog, Gpa vTapyet ¢p € R pe x(p) = €'r . Me TN TOMATAAGLAGTIXGTITO TTOLPVOLLE

) » o . By
X(pk) = X(p)k = elk’¢p7 (pk) it _ o itlog(p™) _ e zktlogp.

Oétovtag
Op := ¢p — tlogp,
EYOVLUE

X(pk)pfikt — eik(d);;ftlogp) _ 6ik9p = Re(X(pk)pfikt) — Re(eikGP) — COS(kep)7

xo emtiong ‘ ‘ '
X(pk)2p—z2kt _ €Z2k€p = Re(x(pk)2p—z2kt) _ COS(2]{20p).

Apo, v n = p* pe ptq,

3+4 Re(x(n)n_it) + Re(Xm)Qn_%t) = 3+ 4cos(kf)p) + cos(2kb)).
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Av p | g, t6te X(pk) = 0 xou ot dbo TpoypaTixol 6poL pundevifovroatl, omdTe pével amAtg 3. Apa
2 1og|G(0)] < 0 xou m log |G(0)] eivon pun abEovoa oto (1,00). Apat Yo xdfe 1 < o < 2 1oyver

log|G(o)| > log|G(2)]

Emedn G(2) # 0 (6heg or ovvaptioeis ((2), L(2 +it, x), L(2 + 2it, x?) eivon memepaopéveg xou
un pndevixée), éxovpe |G(2)| > 0. Oétovtag

c:=19(2)],

TolPVOLLE
|G(o)| > ¢ (1<o<2).

"Eotw mpog dromo 6t L(1 + it, x) = 0 yia xémoro t # 0. Emedh n L(s, x) eivor 0AGpopon
oe yertond tov 14 4t, o 1 + it elvor undevixd xdmotag téEng m > 1, dnAadn vdEyeL OAGLOPEN
h pe h(1 4 it) # 0 wote

L(s,x) = (s— (1 +1it))™h(s)  (ywr s xovté oto 1 + it).
Oétovtag s = 0 + it xou apyvovtag o | 1 maipvovpe
Lo +it, )| < o — 1™

Emopévwe, o mapdyovtac L(o + it, x)* éxet undevind téEng 4m oto o = 1.
ATt6 v G, M ((8) éxer amhd mOAo ot0 s = 1, dpar ((0)? éxer TONO ThENG 3 0T0 7 = 1 now

S = (=17 (o 41).

Téhoc, emerdn 2t # 0, 0 onueio 142it Sev eivor To 1, dpa 0 Tapéyovtac L(s, x2) eivon oAdpoppoc
o€ YELToVLd Tov 1 4 24t %ol oLVETIG PEOYLEVOS xoL U UNOEVLXOC exel:

|L(o +2it,x*)| =<1 (cl1).
Yuverwe, vt o | 1,
G(0)| = 1¢(0) P |L(o +it, x)|* |[L(o + 2it,x*)| < (6 = 1) % - (0 = 1) - 1 = (o — 1)*™ 7,

Emewdi m > 1, éxovpe 4m — 3 > 1, doa (0 — 1)*m=3 — 0 étav o | 1. Aqradi |G(a)] — 0 xabidg
o} 1, oe avtigoon pe 1o xdtw Qdypa |G(o)| > >0y 1 <o < 2. O

Mapotionon 4.11. Avt = 0 xow X eivo yun ToayuoTiedc un xOPLog XepoxTeac, T6Te X2 # Xo %ot
7 dto arddetEn (ue t = 0) diver L(1, x) # 0. Mo wparypotinods g xuplovg Yopoxtipeg EXOVE
X% = xo o t6TE eppaviletar wéhoc oto L(s, x?) 610 s = 1, ométe 10 mopahve eTuysionue

dev apxet. Exel ypetdletor to xhaoixd Bedonua tou Dirichlet L(1, x) # 0.

4.4 Mmn pndeviopog 670 s = 1 yio TEAYROTIXOOG PN ®VPLOVE YopaxTiess (LéBodog
Lambert)

Qo dvyoovpe ploe xhawotxh or6detEn 6w L(1,x) # 0 étav x eivow mpayuatieds pn x0pLog
xopoxtipos. H amddetEn Baoiletal o pio Lambert—oectpd kot o éva amAd emiyeipnuo «@pory-
UEVO/Apporyto» xolbg r — 17.

Avppo 4.12. ‘Eote x un xbptog Dirichlet yopoxtipag modulo . H ogtpdt 3, ~ 1 x(n)/n ovyxiiver
xot oplfovue

L(1,x) = x(n)
n=1

n
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AnodeEn. Egoppdlovpe peptwn dbpolon:

X(n) _ S (N) [N Sy(@)
> = +/1 dz.

2

N x
n<N
Egooov Sy (z) = O(1), to w — 0 o t0 ohoxkfipwpo [ Sy (z)z ™2 dz ovyxhiver amorbTwc.
Apoen D1 X(n)/n ovyrhiver. O

Ozwonuo 4.13. ‘Eotw Y mpaypatixdg xat un xvptog Dirichlet yapoxtioag modulo q. Tote

L(1,x) # 0.

Anddeiln. Bipa 1: Optopdg tng Lambert-oetpdg xat amdivty ocbyxion. Na x € (0,1) opi-
Covpe

oo xn
Fla) = Y x) o
-z
n=1
Mo 0 <o <1époopel—2a™>1—uzx, doa
x" "
'X(n)l—x” ~1-x

Emopévag n oetpd yioe to f(2) ovyxAiver amoAbtwg (xor opotbpoppa oe xébe [0, o] pe xo < 1).

Bipo 2: Avamtoype f(z) =3, 51 ¢na™ pe ¢y > 0. T 0 < 2 < 1 woyvet

AOY® NG aOALTYG GOYXALGYG LTTOPOVIE Vo oAAGEoLUE TN gelpd abpoloewg xow Talpvovpe

flx) = Zx(n) Zx"j = Z Zx(d) ™= Z Cma™, Cm = Zx(d).

n>1 j>1 m>1 \djm m>1 djm

Oo amodeiEovpe 6Tt ¢y > 0 yroe x40 m (e8¢ yponotpomotodue 6T X eivor Tpayuatixds). Exeldy

elval TOMOATAAGLOOTLXY GUVEPTNOY, QPO PXEL YO LTIOAOYIOOVUE TOL Cp-

* Avp|q tote x(p) =0 xaw x(p’) =0y 7 > 1, dpo

k
e =Y _x(p') =x(1) = 1.
=0

* Avpfqro x(p) =1, téte x(p’) = 1 o

o Avpfqxa x(p) = —1, 6t X(p’) = (—=1)7 o

b 1, k Gpriog
Cok = E —1)7 =<7 ’
pk ( ) {07

k Tmeprttoc,

ot TTAAL Cph > 0.
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Apo e, =[], Copm) = 0 Y100 %60 M.
EmunAéoy, emetdn ¢ > 2, umbpyeL TpahTog p | ¢ xow téTe, dmwg eldape, cpr = 1yt xéibe k > 1.
APt UTTAPYOLY &TTELPOL DEIXTES M UE Cy > 1.

Bijpa 3: To f(x) tetvet 670 dmetpo xabwg x — 17, Tldpe évay mpwto p | q. T xébe K > 1,

K K
flx) = Z emax™ > Zcpkzvpk = prk.
k=1 k=1

m>1

Aobévtoc M > 0, SiéheEe K > 2M. Eneidh 2P — 1 étov  — 1, umdpyer 2o € (0,1) chote
2" > % yio x8be = € [x0, 1). Téte yro xébe tétoro = xow x&be 1 < k < K woydet z" > 2P > %
oo

1

K
f@) 2y o =2 K-S =M.
k=1

N3l

Apa f(z) = 400 xotd phxog © — 17, dnhadh n f Sev eivow Qporypévn xovtd oto 1.

Bijpo 4: Av L(1,x) =0, téte 10 f(z) civor @paypévo xovté oto 1 (avtigaon). Mo n > 1
xow x € (0, 1) opiCovpe
1 z"
(1—-2z) 1—2an

bp(x) == -
Hapatmpodpe Tpoto 6t by (x) > 0. Hpdyport, by () > 0 toodvvapel pe

= na" <— T4t na",
n(l—x) — 1—2z" l—2 — -

xo awté Loyvel emedd v 0 < x < 1 éyovpe 2F > 2" > 2" yiw k = 0,1,...,n — 1, dpo
l4x+--+2" 1> na™
Ou ypetaotobpe emiong ot yroo x&be otabepd x € (0,1) n axohovbion n +— by (x) eivon
pOivovoa row tetver ato 0. To by () — 0 eivow dpeco amd
1

0<b, < 0.
- (x) - n(l — x) n—oo

Mo ™ povotovia, Bétovpe
An(x):zl—{—x—}—---—i—aj”_l, By(z)=1+x+- -+ 2"

Toérte
" " xn+1 xn+1

1—z"  (1-2)A,(2)’ 1 -2t (1 —2)By(x)’

%Ol UE OTTAN TTPAEY TTotlpyoLE

1 1 "
bn(x) = bngr(z) = 1—ux <n(n +1) An(@‘)Bn(x)) .

Apo apxet va Settovpe ot Ay () Bp(z) > n(n + 1)x™. Me AM-GM,

Ap(z) > (x0+1+~~+(n—1))1/n _ x(n—l)/Q’ By (z) > (:L,0+1+~~+n)1/(n+1) — /2
n n+1

[MoAarAaotélovrog,

Ap(2)Bp(z) > n(n+ D)a™ /2572 — n(n 4 12" Y2 > n(n+ 1)2"
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(emetdh 0 < & < 1 xow 2"~ 12 > 2™). Apat by () — bpy1(x) > 0, SAadi by (z) eivon @Bivovoa. w¢
TEOG N.
Toypar, Yoo xébe N éxovpe v towtdtro (amAng omd Tov opLtopd Tov by,)

S = S S e,
n<N

n<N n<N

Tepvépe oto dpto N — 00. A6 to Afpper 412 10 3, o x(n)/n — L(1, x). Eniong, yio otobepd
z € (0,1), n oepé Y, 1 X(n)bn(x) ovyxiiver (Dirichlet test), emetdy to peptxd abpoioporto
Sy (V) eivon @parypéve xaw 1 by () eivon @bivovoa mpog to 0. Apa

L, x)

1—=x

fz) = > x(n)ba ().
n=1

Yrobétovpe mtpog Gromo 6t L(1, x) = 0. Téte
oo
f(@) == X(m)ba(x).
n=1

O deiEovpe bt To Seki péhog eivar opotduoppo poayuévo wg mpog = € (0, 1). Oétovue Sy (N) =
Y n<n X(n) xow C :=supy [Sy (V)| < co. Me ébpoton xoté pépn, yioe xébe N,

N-1
Y x(mba(x) = Sy (N)on (@) + Y Sy (n) (ba(x) = byt (2))-
n<N n=1
Hoaipvovtag amdiuteg TLpég xan ypnotpormorwdvtag | Sy (-)| < C xa by (x) —bp41(x) > 0, maipvovue
N-1
D x()bn(x)| < Coy(2)+C Y (bn(@) —bps1(x)) = Cbn(z)+C (bi(2)—by(z)) < Cbi ().
n<N n=1

AMG by (x) = ﬁ — 7% = 1 yux xdbe z € (0,1). Apa
Z x(n)b, ()| <C  yiedrataa N €N, z € (0,1).
n<N

IMepvdvtag N — oo, maipvovpe
lf(x)|<C  yx6ro oz € (0,1),

dnAadh to f eivon ppoypévo xovtd oto 1.
Auté avtipdoxet pe to BApa 3, 6mov deifape 6t f(x) eivon amepidploto xobog © — 17.
Apo n vredbeon L(1,x) = 0 eivon dromn xow ovverwe L(1,x) # 0. O

5 My pndeviopds 6to s = 1 yra wpoypotinodg yopoxtnees (Lébodog
Landau)

Adppa 5.1. Eotw x mpoyuoatixds Dirichlet yapoaxtipoag modulo q. o Re(s) > 1 woyvet

L) =Y 2% an =Y x(d).
n=1

dn

EmriAéoy an > 0 yta xabe n xot a,,2 > 1 yia xae m € N.
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s

Anddeln. (Xwpig Euler mtpoidv: pévo Cauchy product.) I Re(s) > 1 ot oetpég ((s) = >, w n~
xo L(s,x) = Zn21 X (n)n=*% cuyxAivovy amoAdTwS, GEo

)00 = 3 2 D2 x(d),

k>1 dlk

ométe ap =Ygy, x(d).

Ha = 1% x eivou ToAamhaotootiny, oo opxel vor eléyEovpe ak. Av p | g, tote X(p) = 0
xow ae = 1. Av p { g xow x(p) = 1, t6te app = k+ 1. Avp { g xow x(p) = —1, 16t€ @ = 1
o k dptio xow ape = 0 yroe k meprtd. Apo ayr > 0 xow yrow dptio exbém 2k woyber ayor > 1.
Emopévwg a, > 0 xou a,,2 > 1. O

5.1 OAoxApwon tng AdédetEng ne Tauberian

AT (38) BAémovpe 6t Fy o(s) Yodpetor wg menepaopévo Gbpotopa Aoyoplduixody mtopa-
YOYWwY L-cvvapthcewy. Amo v Hpdtoon 4.9 o 6pog Tov ®VELOL YopoxTAPO Xo Bivel aTtAd TTOAO
070 s = 1, eved and to OswpRpota 4.10 xou ?? (xow to TxoAto 4.11) maipvovpe 6Tt yrow xébe pn
x0pLo X M L(s, x) eivar ohopopen oto Re(s) > 0 xow dev pndeviletor ot ypoppi Re(s) = 1, dpa
n —L'/L(s, x) etvor 0AGpopen ot yertowd g Re(s) = 1. Sovenwg N Fyq(s) éxel pepopop@ixs
ovvéyton oto Re(s) > 1 pe povadixd amhdé mého oto s = 1 xow vrérotro 1/p(q). Mpdypott,
Bopilovpe 61t yior Re(s) > 1 (xow xotdmiy pe avoluTixy GUVEYLOM) €YOVLUE TNV OVATOPEGTOON
UECL OPOXTNOWY

Frals) =~ 30 o) (s

X (mod q)
Twoe x&be un xpLo yapoxthpo X # o éxovpe L(1,x) # 0, dpa n L(s, x) eivor 0Adp.open xoL pn
undevixn oe yeltovid tov s = 1, omdTe %(s,x) elvot emtiong oAOLOPEN exel. LLVETWG aVTOL OL
6pot dev divovy TOAo aTo s = 1.

O povoadixdg 6pog mov pTopel vor dHoEL avwUoAo Elvol 0 GPOG TOL XVOLOV YOPOXTNEO X0-
‘Exovpe (r.y. ané L(s,x0) = ((s) 2ogq 1(d)d™") 6t L(s,X0) éxer amhé mého 010 s = 1, bpa
YodpeTon xovtd 670 1 wg

L(s, x0) = S% +h(s), c¢#0, h orépoppn.

1

Téte

L s x0) = Lrog (s, x0) = ——— + (016 5000)

—(s = —1log L(s = ——— + (0AGpOopPOg 6pO

I » X0 ds & » X0 s_1 HOPYOg 0p0g),
apo

/ L/
Resg—1 f(s,x()) =-1 (Loo&')vocpoc Resg—1 <—f(3,X0)> = 1).

Ened? Xo(a) = 1, to vérotro g Fyq(s) oto s = 1 givan uévo n cvvelopopd tov Xo:

1 r 1
Ress—1 Fya(s) = ———Xo(a) Ress—1 —(s,x0) = ——— -1 (-1) = —.
o v(q) L ¢(q)
Apan Fyo(s) éxer povadied amhé moro oo s = 1 xar véroro 1/¢(q). E@appdlovtoag tpo to
(Sto Tauberian Gedpnua Tov ypnowpororhdnxe oto IOI (Wiener-Ikehara) otnv Fy 4(s) xar oto
A(z) = ¢¥(x;q,a) péow g Mellin avarapdotaong (35), xatadiyovpue
blaig.a)~ — (@ 00)
T;q,a) ~ —— T — 00).
v(q)
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Mpéraon 5.2. ‘Eotw q > 2 xat (a,q) = 1. Av woydet n acvuntwtid

Tq,a) ~ — T — 00),
Y( )(p<q) ( )
T0TE ) ]
ogp
= logz + O(1 T — 00).
S o gl ton oo
pEa(?nodq)

Arodeén. Oétoupe

1
ap = A(TL) 1nEa (mod q)>» A(t) = Zan = ¢(ta q,a)7 f(t) = z
n<t
E@appdlovtag to Oswdpnpo 1.1 oto didotqua [1, x] maipvovpe
A(n)1,= : (t;
Z ( ) ’I’Lfa(q) — w(*qu’ ) 1 q’ / w q? . (39)
n x
1<n<lz
To apLotepd pnérog ypdpetar wg
A(n) log p log p
P D D D Dl o
n<lx n < p k p
> b=z pr<z
n=a(q) p=a(q) k>2
pr=a(g)
0 devtepog Gpog eivar O(1), duote
logp logp logp 1 logp
OS2 Sl Ty TSl
i p /p p
<z p k>2 P
s
Apa ard (39) Tpoxdmret
1
yo lsp_ vlrig.a / LD g4 o), (40)
p<z b
p=a(q)

Tohpo ypnorpomotobpe v vrdbeon Y (t;q,a) ~ t/p(q). Tote Y(x;q,a)/z — 1/0(q) xau,
Yodepovtag ¥ (t; q,a) = ﬁ + o(t), éyovpe

¢tq’ T Y A T T o
/ _SO(Q)/l t+/1 O(t> a w(Q)lgm+0<l B)

Emotpépovtag oto (40), Taipvovpe

logp 1
= logx + O(1),
2 OR @)

p<lzx
p=a(q)

OTtwg O€hope. O
Mpéroaon 5.3. Y716 Tic (dteg vrobéoels, toyVet

T
p(q)logx
drov w(x;q,a) =#{p<z: p=a (mod q)}.

(x5 q,a) ~ (z — 0),
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AnodeEn. To emiyelpnua eivor oxptfvg To (8Lo 6Ttwg oto Bebdpnuo Twy [pwTtwy, pe avtixotd-
oTAOY,

P(x) ~ Y(z59,a),  O(x) ~ O(z;9,a),  7w(x) ~ 7(z5q,0)
[Mpdtar deiyvovpe 6t P(z;q,a) ~ x/p(q) ovverdyeton O(x;q,a) ~ x/p(q), emetdh N Sropopd
1 — 6 Tpoépyetan uévo amd Suvéuete p* ue k > 2 xow eivon O(y/zlogx). Emerta e@opp6lovpe
a&bpotom xotd Abel otny TawtéHT TR

O(x;q,a) = Y logp

p<z
p=a(q)

ue A(t) = m(t;q,a) xow f(t) = logt, xor xatariyovpe oto w(x;q,a) ~ x/(p(q)logx) 6mwe oTo0
xAoowx6 TOTI. 0

Afppo 5.4 (Zvvéneto Dirichlet yio g = 4). Ioyvet

1 1 1 1
Z %8P _ Qlog:L"JrO(l), Z %8P _ §log:c+0(1).
p<z p p<x b
p=3 mod (4) p=1 mod (4)
Erniong
logp 1
Z e ilongrO(l).
p<z
p=1 (4)

AmodetEy. Ou dbo mpwiteg oyéoelg elval 1 ednn mepintwon ¢ = 4, a = 3 1 a = 1 g yevxnig
OULVETIELOG

2 loip N 80(1(1) gz +0(1)  ((a.q) = 1).
p<z

p=a (q)

o v TplTN, YPdpoLpe

1 1 1
ngzogm()(ogf)
p—1 p p

Enedy ), B8P < 50, 10 opdiua abpoiler o O(1) xau modpvovpe

p2
log p log p 1
Yoo o=y == 4+ 0(1) = logz +O(1).

p<z p=1 p<z p
p=1 (4) p=1 (4)
O
Mpéraoyn 5.5. H e&lowon
2 =nl+1
Exel uovo memepaouéves AVOELS O un apvnTInols axepalovg (x,n).
Anddeln. ‘Eotw (x,n) Non. Tote
n! =28 —1=(2? - 1)+ 1)(z* +1).
Enedf 22 +1 > 22 — 1 xow 2 + 1 > (22 — 1), madpvovpe
n! > (22 —1)(2® = 1) (2* - 1)2 = (2® — 1)%,

oo

2 —1 < (a4 (41)
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Oétovpe
Ap:={p<n: pmrpdtogxow p=3 (mod 4) }.
A6 10 Afjupo AL, yio xébe p € A, woydet pt (22 + 1) (2t + 1), dpo 6An 1 Sdvoun tov p péon

oto n! Stonpel Tov Tapdyovta w2 — 1:
(p € An).

P | (a2 = 1)

221 > H pvp(n!).

Emopévwg
pEAR

Taipvovrtac AoyopiBuove xat yonotporolwvrac Ty (41) maipvovpe

1
Zlog(n!) > Z vp(n!) log p.
pEAn

logp _ Z log p.

Me to Afppo All4 éxovpe vy(n!) > n/p — 1, dpo

1

—log(n!) > E (ﬁ - 1) logp=n E

pEAn p PGAn p peAn
Apa
logp 1 1
E < —log(n!) + — g log p. (42)
p 4dn n
PEA, PEAR

Opwe, log(n!) = nlogn + O(n), emopéveg
1
log(n!) = 1 logn + O(1).

4n

Eniong omé v extiunon Chebyshev, Ocdpnua 3.7, maipvovpe 3 4, logp < > ., logp = O(n),
(43)

dpa 0 dedtepog dpog Tov (42) givor O(1). Tupmepaivovpe

Oupwe amd to Aqupo 5.4 yovpe
1 1
08P _ 5 logn + O(1),

2

p<n
p=3 (4)
O

1oL awvtLpdoxet pe (43) yion — oo (ot % > %). Apo T 1 TTOL ETLTEETOLY AVGY] EfVOL PEOYEVAL,

ONAXdY LTTAPYOLY UOVO TIETTEPAOUEVES ADTELS.
n+1
2

J

Aqppo 5.6. Nae P, = TR_, (k* + 1) woyver
va(Pp) =#{1 <k <n: k mepirtdc} = {

Anddetn. Av k eivon mepittoc, téte k2 =1 (mod 4), dpo k2 +1 =2 (mod 4) xow v (k2 +1) = 1.
O

Av k eivar &ptioc, t6te k2 +1 eivon meprttoc o va (k2 +1) = 0. Apa v2(P,) toobtar pe 1o TAifoc

TwY TEPLTTOY k < n.
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Afppa 5.7. Orovue P, = szl(k}Q +1). N %60 TtepLttd TEWTO P Lo)VEL

2n
p—1

vp(Pn) < 2Llogp(n2 +1)] +
Arnodeén. T i > 1 Bérovpe
ni=#H1l<k<n: pi\kz—i—l}.

Téte (xAootxd)
n

vp(Pp) = va k?+1) an,

k=1 i>1

xo 0 6pog n; pndeviletor Yo i > logp(n2 +1), 86 pf <k2+1<n?+1. Apa

[log,, (n?+1)]

Up(Pn) = Z n;.

Méver vo ppaEovpe T n;. N GTO(GEQO 1, n wootipion k? = —1 (mod p') éyel To mOAS 2 Moeic
modulo p’ (o u? = v? = —1 (mod p?) t6te p' | (u — v)(u + v) xow emerdh p civow TEPLTTG, Sev
uopet vor Stopel T TéYPove X0 Toug S0 TOEGYOVTES XWPEIC var avoryxdlel u = v (mod pt)).
Apa, 010 Stdomua {1,2,...,n}, x&Be mhpeg oot vTOAoiTwy modulo pb Siver To TOAD 2

AboeLg, oToTE
2n
m<2( 1) =242
P p
ZUVETG
[log,,(n*+1)]

2n 2n
vp(Pa) < (? +2) < T 2llogy(n” +1)).
i=1

O

Mpotaon 5.8. Ia xabe c > 0 vapyovY amelpor M TETOWO WOTE O UEYLOTOS TTOWTOS OLOULOETNG
o0 m? + 1 wavomorel
PT(m?*+1) > cm.

Arodeén. Oétoupe
n
H (K% +1), f(n) :=P*(P,) (o uéyrotoc mpthroc drapétne tov Py,).

Qo deiEovpe 6Tt

M — 0. (44)
n

Avté apxel: av 1 (44) LoybeL, Tote yro xébe ¢ > 0 vrdpyovy dretpan pe f(n) > cn. T tétoto n, o
nphtoc f(n) Stapel x&motov mapdyovta k241 pe 1 < k < n, dpa PT(k?+1) > f(n) > cn > ck.
"Etot moipvovpe ametpo m = k.

1) Kétw @péaypa yia log P,. Exedq k? + 1 > k2, éyovue
n n
=[[+*+1) > [[+ =(n)?
k=1 k=1

log P, > 2log(n!). (45)
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2) Totovg wEHTOLG UToPEl vau éxel To P,. Av p eivon meptttéc mpwtog xar p | (k2 + 1), téte
k* = —1 (mod p), dpa —1 eivorw TeTparywvixd vEGAOLTo mod p, odte p = 1 (mod 4). Svvemnddg
6oL oL eptTTol TTpwToL Stotpéteg Tov By, elvar =1 (mod 4), ko emimAéoy eivon < f(n) amnd tov
optoué tou f(n).

Apat, YOAPOVTOS TNV TTOLPOLYOVTOTTOING,

log P, = va(P,) log2 + Z vp(Py) logp.

p<f(n)
p=1 (4)

3) Ave @oaypa yro log P, péow twv vy(P,). Amté to AMupa 5.6 éxovue va(Py) = |(n+1)/2],
dpo v2(Pp) log2 = O(n).
Mo xébe TepLtto p e@app.dlovpe to Aqupa 5.7:
2n
p—1
ANG& Llogp(n2 +1)|logp < log(n? + 1) < 3logn yioe n > 2. Apat

Z Llogp(n2 + 1)J logp < 3logn - 7(f(n)),

p<f(n)
p=1 (4)

vp(Py) logp < 2Llogp(n2 +1)] logp + log p.

omouv T elvor M oLYAPTNAYN TANBOLE TEWTWY.
SUVETWG, YLoL 1 > 2,

log P < 6logn - n(f(n) +2n 3 bfgﬁ +0), (46)
p<f(n)
p=1 (4)

4) Xpnon tov yveootov extipnosoy (Chebyshev + Dirichlet). A7é v xAaowxy extipwnon Chebyshev

LoyOeL
T

(x > 2).

m(x) <K log

Erione, and to Afppa 5.4 éxovpe
lo 1
Z &p = —logy + O(1).
p—1 2
Py
p=1 (4)

Egappdlovtag ta oto (46) (ue y = f(n)) maipvoovpe

n 1
log P, <6logn - O(lojgc(f()n)> + 2n<§ log f(n) + O(l)) + O(n).
Anhodn
f(n)logn
log f(n)
Suvdvdilovtag (45) xan (47) xow Stopwvtag pe nlogn, yonoiporotdvrog log(n!) = nlogn —
n + O(logn), Taipvovpe

log P, < O( ) +nlog f(n) + O(n). (47)

1
co( Iy el g,
nlog f(n) logn
5) Topmépaopa. Av vripye C > 0 wote f(n) < Cn yio 6ho tar peydio n, Tote % — 1 xou
nlfé?)(n) = 0(1/logn) — 0, &po amd Ty mEoONYOLKEVN aviadTta Bo maipvape 2 < 1, dromo.

Apo to f(n)/n dev pmopet vo eivor @poypévo, dnrady toyvet (44), xow GUVETHG OAOXANPWVETOL
N atddeLtEn Tov LoYLELGUOD. O
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6 Avoaoxdmnon TOV ATELPWY YIVOUEV®Y

H évvola Ty dmelpwy YLVouévwy UTopel vou 0pLaTel LE TPOTTO TTAPOUOLO LE EXELVOY TWY ATEL-
pwv abpolopdtwy. Oewpodue To ATELPO YLVOUEVO

)
[I@n
n=1

6mov (xy,) elva axohovBio pryodixwy aptbuov. Mo xébe k € N, Bétovpe

k
Py =[] 2n = z1mows -2y,

n=1

T0 0Tol0 OVOUBLETOL UEQIXO YLVOUEVO TOL Hzozl T,

"Evog Ttpo@avig Tp0Tog vor 0piooupe T oOYXALoN TOL ATELPoL Yvopévoy |07z, elvon vau
Tovpe 6Tt 1 axorovdion (P) TV Leptxev Yvopévwy ouyxAivel. QoT600, Yo TEXVIXOUE AGYOUS,
elva YENOLUOTEPOS EVag EAXPEWS SLAPOPETLIXOS OPLOULOG,.

Optopog 6.1. Aépe 61t T0 drerpo yvopevo [[02 | ©, ovyxdiver av toydovy to eExg:
(1) vrdpyer Betindg axépatog k tétorog wote x, # 0 yia xébe n > k,

(il) vmépyet To dpLo

%o glvat un undevixd.
Av 1o [ & ovyxAivel, opilovpe Ty TLH TOL ©G
oo k-1 m
e (1) (L)

Z 7 7 7 z oo 3 7 ’
ATt6 oV TapaTtdve optopd BAémovpe 6t to [ [0 | 2, ouyxAiver oo 0 av xow povo oy vTTEEYEL
TOLAGYLOTOV €vog beTindg axépatog n TEToLog Wote T, = 0, xaL LTAPYXOLY POVO TETEPAUOUEVOL
TéTtool n. ['ow ToPAdELYpo, TO ATTELPO YLYOUEVO

0)(1)(1)(1)(1)(1) - -

ouYxAlvel ato 0, evdd Ta AeLpa YLvopevoL

(0)(1)(0)(1)(0)(1)---, (1) (;) (1) (;) (1) (;) ey ko (0)(D)(2)(3)A)(5) -

OTTOXALVOLY.
[ vou Stxoohoyfoovpe edxoAa 0 GUYRALGY YLVOUEVWY OTIWG

(-2 (-2 (-2 (- 4)
EHEDEE

elvat xpnoLpo vo vevbvpuioovpe tor axdéAoLO YVWOTA OTTOTEAETUATAL.
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Ozdpnua 6.2. Av to [[2 | x, ovyxAver, Tote Ty — 1.

AnddeEn. ‘Eotw N € N tétotog Hote oy, # 0 yio xéd0e n > N. Téte, yro xédbe n > N, éyovpe

[liiy i

[[=n @i
E@dboov ta H:L: N Li KO HZZJ%, ; ovYxAivovy o7To {8Lo pn undevixd épLo GToy N — 0O, TOLPVOLUE
Tn — 1, 6T 0€Aape. O

Qg ovvémela v ToV Tov DewpNuaTog, elvar cLYNOLOUEVD Vo YPOPOLUE ATTELP YLVOUEVOL OTNY
eLdLxY) HoPP™

8

(1+ap)

Il
—

n

xa vor Bopdpoote 6T, og évar GLYXAIYOY YLopevo, N axohovbio (a,) ouyxAivel oto 0. EmimAéoy,
ETUTPETOVYE Vo elvo ay, = —1 pévo yioo Temepaopévoug deixteg n. H amdAvTty odyxAion elvon
eniong evxoio va Bupdpoote.

Optopdg 6.3. 'Eotw (a,) axorovbio pryadikdy aptBudy. To drelpo ytvépevo

H (1+an)
n=1

AéyeTOL amOAVTWS CLYXAYOY OV TO
o0

[T+ lan))

n=1
oLYXALVEL.
2t ovvéyeta Stvoovpe to xpttipto Cauchy yio dmetpo yvéueve, to omoio elvol avGAoyo Ue TO
xpttnpto Cauchy yio dmetpo ablpoiopoata. Xty TEoyLoTxdTTa, %ol oL D0 EXSOYEG ATTOSELXVD-
ovtoL UE TapbLoLo TpdTo, 6w Bor dodue oto emdpevo Bewpnuot.
Bzopnpa 6.4 (Kortipro Cauchy). Yrobérovue o1t a, # —1 yia xdbe n. Tdte 10 dmelpo yvouevo

o0

H(1+an)

n=1

oVYXAVEL OV XL UOvO ay

m

li 1 =1

m,;zzloo(H; +an>> 7
n=

dnlady av ya xabe € > 0 vrnapyet N € N téroo dote yiao xabe m > k> N

m

[[a+an) -1

n=k

<e.

ArodeEn. Oértoupe
k
Po= ] +an).
n=1
Yrobérovpe mpota 61t t0 [[77 (14 ay,) ovyxAiver. Téte n axorovbio (Py) ouyxAiver oe xdmoLov

wn undevxd optbud x. Apa vrdpyet N1 € N tétoto dote

| Py| > |562| yio xébe n > Nj.
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‘Eotw tdpa € > 0. Eretd 1 (Pr) eivor axorovbio Cauchy, vrépyer N > Ni tétoto dote

|Pr—1 — Pnl| < |2| yioo x6be m >k > N.

Téte, yia x40 m > k > N, éyovpe

elz| P, lz| |1
P,y — P, P || =— -1 > — 1 1
5 > [Pect = Pl = |Peca] | 5 ' 5 |10 +an) -1,
n=~k
omoéTe
m
H(1+an)—1 <e,
n=~k

OTwg OENape.
[N v avtiotpoen xatebbvvoy, vobétovue 4Tt

m
P,
[Ta+an) =2
Py
n==k

ouYxAiver ato 1 étoy m, k — 00 xaw m > k. Oa deiEovpe 6t M (Py) ovyxhiver.
Oétovtog € = 1 xou ypnolromolwvtag To Bto emtyelpnua dmwe ota dmelpo obpoiopota,
BAémovpe 6t M (Pr) eivor @porypévn. Apa vrdpyet M > 0 tétolo wote

|Pu| <M  yioexébe k € N.

T vou detEovpe 6t (P) ouyxhivel, éotw £ > 0. Tote vrdpyer N € N tétoro wote

€
-1 ; >k > N.
‘Pkl ‘ i o e m > k >

[MoAamAaoLalovtog xon Tig d00 TAeLEEG pe | Py_1|, Taipvovpe

|Pr, — Pe—1] <€ yiaxébe m >k > N.

Apoa 1 (Py) etvow axohovbion Cauchy xat emopévmg ouyxAiver.
. , , L , . 1 . . .
Méver va Seifovpe 6t 0 6pL6 NG Sev eivan 0. Oétovpe € = 3, omdte vrdpyer M € N tétowo
woTE

M 1
H l1+a, -1 <§ oo xébe m > M.
n=M
Apa., eLdxdTepQ,
e o1
H 1+ay) 5 o x&be m > M.
n=M

Oétovpe
M-1
=[] 0 +an).
n=1

Téte to ¢ elvor pn pndevixy otobepd xo

m m
c
H1+an |c] H(l—l—an) >|2‘ yioo xée m > M.
n=1 n=M
Avté deiyver 6t 0 6pLo g (Py) Sev pwmopel vou givo 0. O
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X1 ovvéyela divovpe pLo oVVdeDY avdpeca oTo

o0 o0
H (1+ay) xou Z Q.
n=1 n=1

Qo dobpue 6Tt M dLAxELON oVAUESH OE CUYXALON XL ATIOXALOY] EVOS ATTELPOL YLVOUEVOL UTTOPEL VO
Yiver eketdlovtog To avtioTolyo amelpo dbpolopo. EEXVOUE HE Evor A0

Afppo 6.5. Av x € [0, 1], tdte
14+z<e® <14 27.

Arddei&n. Optlovpe tig ovuvaptihoeg f,g: [0,1] = R pe
flz)=€e"—z—1 xou g(x)=1+42z—€",

%o €QopOlovpe TV aLYNOLOUEVY] TEYVLXY] TOL QTTELPOGTLXOD AOYLOUOV YLow Vo Bpodpe Tor artdALTOL
axpdtata v f xo g. Exovpe f(z) > f(0) xou g(x) > g(0) yioe 6Aa T = € [0, 1], mpdrypor wov
dlvel v emtbounT avtedTTO. O

Ozdonpa 6.6. Eotw (ay,) axorovbio uryadixdy apbudy. Tote to dreo ywvduevo

[e.e]

[T+ lan))

n=1

OUYXAVEL oV XL UOVO aY 1) OELOA
o0
E |an|
n=1

ovyxAlveL.

Arodeén. Epoppdlovtag to TponyodUevo MU, Tolpvoue

H (14 fan|) < exp (Z ‘aﬂ) )

n=N n=N
xou
exp< Z |an|> < H (1+ |an|),
n=N

6mov N eivar opxetd peydrog wote |ay| < 1 yio 6Ao toe n > N. 'Emettor ypNnoLoTolo0ue 10
Oedpnua LovoTovixg aOYXRALGNG YLt VoL TTEPOLUE TO {NTodpevo. Ou AETTOUEPELES QLPTVOVTAL GTOV
oVOYYWOTY. O

Ozpnua 6.7. Ay 0

[e.9]

[T+ lan))

n=1

OUYXAVEL, TOTE XA TO
o0
[0+ o)

ovyxAiver. Me dada 20y, av to [[77 (1 + a,) ovyxdiver amoddtwg, T0Te oLYXAlver.
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ArmodeEy. Ymobétovpe 6Tt TO
o0

[T+ lan))

n=1
ouYxAlvel. Ao To TpoNYoduEvo Bedpnua émeton Ot |an| — 0, dpo vdoyer N € N térolo
wote a, # —1 yio 6Aa Toe > N. Apo 1 TEHOTY TEODHTOHEG TOL 0PLOUOD TNG GUYXALOYS TOL
1,21+ ap) wavomoteito.
BOétovpe

k k

P, = H(1+an) xow  Qp = H(1+|an|) yioo xé0e k > N.
n=N n=N

Mopotnpodue TpwTa 4T

Pk =1+ f7
6moL [ elvol TOADGYLPO WG TTPOG AN, AN 1, - - - 5 G, EVE
Qr=1+["

6mov xG&be 6pog Tov f* elvor N amdivTy TR ToL avtioTolyov Gpov Tov f. Emopévg
1P —1|=|f|<f"=Qr—1 vy xébe k > N.
levixdtepa, yiow OTTOLOSNTTOTE TTETEPOAGUEVO YLVOUEVO, LOYVEL

T+ a0 1] < [T+ Janl) 1. (49)

Twpo, yta m > k > N, arnd my (49) maipvovpe

1 <——1

‘ ’ Qk
X0l OUVETIWG

P

Pl = Il 52 - 1]

Qm )

<o (%1
Qk

= Qm — Q.

E@doov 1 (Qk) ovyxhivet, eivor axohovbioe Cauchy, dpo
Qm—Qr—0 6toy m, k — o0.

Apa xow M (Py) eivor oxorovBioe Cauchy, emopévwg ouyxAivet. Mévet pévo vo mopatnofioovpe 41,

OTTWG %o TTELY, TO 0pLd TNg dev Umopel va elvar 0, emteldn Tor Leptxd ovpalo YLVOREVO E[VOL TEALXA
z ’ [o¢] 3

xovtd oto 1. Apo to [[7° (1 + ay,) ovyxAiver. O

Arddeiéy. E@ooov n (Qk)r>N ovyxhiver,  (Pr)i>nN elvor emtiong ouyxiivovoo. Mévet va SeiEovpe
ot

lim Pk 75 0.
k—o00

ATt o xprtiplo Cauchy, vrdpyovy axépator M > N > 0 tétotol dhote

k
H +lan]) =1
n=m

1
<§ o xébe k> m > M.

48



Apa, ard v (49), Taipvovpe

1
Hl—i—an <§ oo xébe k> m > M.
Emopévwg
k
H(l—i—an o x60s k > m > M.
n=m
Etdixdtepa,
b 1
H (1+ap) 5 yio x60e k > M + 1.
n=M+1
Tote
k
lim |Pg| = lim H (14 ay)
n=N
M k
:klgrgo (H(1+an)) ( H (1+an)>‘
n=N n=M+1
M k
— (14 an)| lim [T a+an)
n=N n=M+1
1
n=N
AvTd oAouAnpdVEL TNV OTtddELEY. O
Méptopa 6.8. Ay 1 oepc
o0
D lasl
n=1
OUYXALVEL, TOTE TO YLVOUEVO
[e.e]
H (1+ap)
n=1
oUYXALVEL.
AmodeEn. Avtéd axohovbel apéowg amd To Tponyodueva Vo Bewpnuorto. O

A6 10 TOpaTdvw TopLoua, eival TP e0X0A0 Vo Sodue GTL To dmeLpo YLvopeve ato (48)
oLYXALYOULY.

7 Tomog yvopévou Tov Euler

Eipaote tpo €tolpol va ddhoovpe Ty amtddetEy tov tHTOL YLvopévou touv Euler, o omolog
OLVOEEL €val ATELPO ADPOLOUOL (LG TTOAAATTAXGLOLTTLXTG CUVAQTNONG KE EVAl ATTELPO YLVOUEVO. Atoit-
obnTind, o Adyog miow artd awTdY Tov TOTo Elvar To OepeAtddeg Bewpnuo g aELOunTLeng.

Beopnpa 7.1 (Torog yvopévou tov Euler). ‘Eotw [ o moldaniaciaotixs cuvéptynon. Ymobé-

> fn)
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ovyxAiver amoAbtws. Tote

S i) =T[a+ o)+ f* +---).
n=1

p

OOV TO YWOUEVO Aaufavetal Tavw o JAOUS TOUS TEWTOVS aplbuodc xar evor amoldTws
ovyxAvoy. Av, emmAéov, 0 | elvouw TAYOWS TOAAATAAGIAOTING, TOTE

Yo =1la-ren
n=1

p

AmodeEn. Oupdpaocte amd ToL TEONYOVUEVO ATTOTEAECUATO OTL TO

H(l—i—an)

n=1

Z’an’

OLYXALVEL ATTOANDTWG oY TO

OUYXALVEL.
Emouévwg eEetélovpe

n=2

STE A FE) +- 1 <D @I+ IFE) 4 <> ).
p p P

Apo T0 YvéuEvO
[TO+ @+ e +---)
P
OLYXALVEL TTOADTWG.
Bétovpue TP
Pla):= [+ o)+ f*) +--).
p<x
Toe otobepd x, 0 apLBudg Twv Topaydvtwy Tov P(z) eivor Tenepoopévog xot xdbe mopdyovtog
elvor amoAGTwG oLYXALVoVOO GELPE, 0oV M Y | f(1n)] ouyxAiver. Apa, amd To Bewpnuo Tov Cauchy
YLOL YLVOUEVOL GELOWY, UTTOPOVUE VO TTOAATIAQGLACOVIE TOVG GPOVG XOL VO TOVG OVOOLUTAEOVUE
ue omoLovdfmote TPoTo BAovE, xot To amotéAsoua B eEoxolovbel vor cuYXAlVEL aTOADTWG.
ATté v ToMamAaotaoTirdTyTa TS f, évog TUTIROC GPOC EXEL TN LOPPY

FEI)FW5?) - foph) = F01'P5” - pipb),
6mov
2=p1<p2<--<pp <7

elvar oL TP TOoL PLXPdTEEOL 1 [OOL TOL T XAl OL a1, Az, . . .,k Elval pn opyntixol axéporot. E@dcov
%&b n > 1 ypodpetal xatd Lovodiud TPOTO WG YLYOUEVO TOHTWY, TA{PYOLUE

P(x) =) f(n),
ncA

6mov A givor To GOVOA0 GAWY TwY BETIXWY axepoimY TwV 0TTolwY GAOL 0L TEETOL TTAPEYOVTES ElvaL
uLxpdTEEOL 1 (OOt TOL .
Tore

S f(n) — Pla) = 3 f(n),
n=1

neB
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6mouv B eivol To abvoho 6AwY Twy BTGV axepaimy TOL €X0VY XATTOLO TPWTO TAPEYOVTO LEYO-
AOTepO ToL . ETopévemg

> f(n) - P)
n=1

< UMD 1= D 1fm)] = [f (),
n=1

neB n>x n<x

%ol To Terevtaio telvel oto 0 dtay  — 00. Apa
o0
P(z) — E f(n) 6ty x — oo.
n=1

Av 7 f eivar TARPWG TOAATAAOLOOTLXY, TOTE

f")=f()"  ywxdbe n €N,

X0l TO YLVOUEVO YOAPETOL

[Ta+ @)+ @)+ @ +-) =[a - f)"

p p

Mapatnpodue 6Tt éxovpe 107 eEoaOAloEL TN GUYUALON TNG YEWUETOLXNG OELOAS
L+ f(p) + f(0)° + f()° + -

Apa | f(p)| < 1 xou 0 toTOG
o0
S f)r = - f)
n=0
TIOL £QOPUOLOLUE TTOPOTIEVL Elvor €YXVPOG. O

Egopudlovtog tov oMo yivouévov tov Euler oe amoAdtwe ovyxAlvovoeg Dirichlet oetpéc,
TolPVOLPLE TO oxOAOLOO aTTOTEAEGLOL.

Ozwonua 7.2. Ywobérovue ot 0 oepa

> fne
n=1

ovYxAveL amodVtws Y 0 > 04. Ay 1 [ elvar moldamiaoiaotiag xar to s € C éxer mparyuatixo
UEpog o > 0,, TOTE

S fnt =[O+ F@p + F6Pp > + ).
n=1 P

Emmiéoy, av n [ evar nhjpwe mollamlaociaotixny, ToTE

e}

Z f(n)n™ = H(l —fp ™ yeo > o,
n=1

p

Emimpoobeto, xalle Evor amd autd Tor yVoueva GUYXAVEL amoADTWS Yior 0 > Oy
AmtddetEy. Avtd axohovbel auéowg omd To Tponyoduevo Bewpnua. O
Avtixabiotddvtog ato Tponyoluevo Hewpnuo TLg
f(n) =1, p(n), ¢(n), d(n), o(n), A(n), x(n),

TolPvoupEe Tovg axdlovbovg THTTOLC.
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optopa 7.3. Ia s € C ue mpaypatind uépog o, Loyvovy oL TapaxaTw TUTOL:
@
C(s) = H(l —p )7t av o > 1.

P
(i)
— (n) s 1
;anl :1;[(1—}9 ):@ av o> 1.
(iii)
— A(n) —ov—1 _ §(2s)
== 1+p )" = ay o > 1.
25 1l o)
(iv)

L(s,x) =) X(Z) =[[a-x@pr™)" avo>1

n=1 P
Eminléoy, xdbe éva and ta ywdueva ota (i)—iv) cuyxAiver arolbtwg.

ArodeEn. Oupdpaote 6T 7

1

C(s) = >
n=1

OLYXAVEL OTTONOTWG YLt 0 > 1. Apor LTTOPOVUE VoL EQAPILOGOVUE TO TTEONYOLUEVD Bebprpor otn
xo vo. tépovpe to (i).
Emiong,
lun)n™% <n™7 vy xdbe n € N,

xow M oeLpd Y o0 n~7 cuyxAivel yio o > 1. Apo  oetpd oo (i) cuyxrAiver amoAdTwg Yo o > 1.
Opolwg, emeldn
A(n)[ <1 xaw  x(n)] <1y xébe n €N,

ot oeLpég ota (iii) xow (iv) ovyxAivovy entiong amoAdTwg yiow o > 1. E@doov oL cuvapthoelg A xow
X elvor TApwg ToMaTAaotaotikés, Taipvovpe to (i), (i) xon (iv) amd To Tponyoduevo Bewonuo.
Avtéd oAouANPWVEL TNV oTtdIELEY. O

210 ovvéyeta Bivovpe Evar axdun amotéAeopo Tov PBonbd otov vToAOYLORS Yivouévwy Euler
ytoo Dirichlet oetpéc.

Ozwpnuo 7.4. Y'mobérovue ot ov Dirichlet oelpég

oo oo
Z fr)n™®  xa Z g(n)n™*
ovyxAvovy amoAvtws v 0 > a xat o > b, avtiotoiywg. Tote yia
o > max{a, b}
LoxUet

(Z f(n)n‘s> (ng)n—s) =3 h(n)n~,
n=1 n=1 n=1

o7 70)0)

h=fxg
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etvar to ywouevo Dirichlet twv f xot g, dniody
n
hn) =" fd)g(5)-
=3 1o
n

Arddeiln. ‘Eotw o > max{a,b}. E@doov xat oL 300 oeLpéc

Z fm)n™  xou Z g(n)n™*

OLYXALYOLY ATTOAVTWG, UTTOPOVUE YO TLG TTOAAXTTAGLAGOVUE XL VO OVOSLATAEOLIE TOLG BPOVG
omtwg 0€hovpe. "Exovpe

(Z f(n)ns> (Z g(m)ms> =D > f(n)g(m)(nm)~*.
n=1

m=1 n=1m=1

OpoadomoLdVTaG TWEOL TOLG GPOVG YLOL TOLG OTOlOLE NM = k, 1 TOPATIAVL ExEEOOT YivVETOL

3 ( > f(n)g(m)> F = Rk
k=1

k=1 \nm=k
émov
b0 = X fglm) =3 f(@o(%)
nm==k dlk
AvTd oAouAnpdveEL TNV oTtddELEY. O

Moptopa 7.5. Na s € C pe mpayuoatixd uépoc o, twoytovy ot axdélovbor TomoL:

@)

= Sp(n) _ C(S — 1) _ H(1 _pfS)(l _plfS)fl oav o > 2.

2w T L

(i)
- d(n) 2 —s\—2
Zns :C(s):H(l—p ) av o> 1.
n=1 p

(iii)

oo
o(n) s s
Yoo o= =~ wo>2
n=1 P
Arnodeén. Epboov 1 ouvdptnon mAR0oug SLotpetv tXxavoToLel
d=1x1

Xol

> =dls),

n=1

Topvovpe amd To Oedpnua ?? xor To Méptopo ?? 6T

S dmn = ¢(s)¢(s) = (o) = [JA-p )2 o> L
n=1

p

Apo arodeiydnxe to (ii).

53



21N oLVEYELR, ETIELST
p(n)] < n,
EYOLPE
lp(n)n=°| < n'=7.

129 GuyxAiver yio 0 > 2, 7 oeLpé

> e(nn~®

n=1

E@dboov n oetpd Y oo n

oLYXALVEL ATTOAOTWG dTay o > 2.
Emumdéov, av N(n) = n eivor n tovtotixnd] optduntiny cuvdptnon, tote

1xp=N.

Apo, a6 0 Oedpnua ??, Taipvovpe yia o > 2t

AnAadn

%Ol ETTOUEVLIG
() ((s—1)
n® ¢(s)

Xpnotpomoldvtog Tpo to Ioptopa ?7?, Taipvovpe

S — 1— 1—s\—1
C(<<S>1) B HHp(u —];9—8))—1 =Tla-roa-p7,

n=1

p
ortéte amodeiydnxe o (1).
Opolwg, emeldn
o=Nx1,
malpvovpe amd to Bewpnua ?? 6T, Yo o > 2,
o oo o
o(n) N(n) 1
> - (3220 (3 ) = et o
n=1 n=1 n=1

Ko mé, amté to IopLopo 72,

((s=1)¢(s) =@ =p' ) Ta=p)~".

p

Apa amodeiydnxe xan o (iii).

Moptopa 7.6. ot s € C ue o > 1, woydovy:
(i) ((s) #0,
@ii)




(iii)

¢'(s) i -
=>» An)n™°.
)~ &
E3¢ 0 xAddog touv log ((s) emAéyeton tot doTe Vo elvon TEAYUATIXGS TTAYW GTOV TOOYUATING
akova.
Amode&y. ‘Eotw o > 1. And to [oplopo ??, yvwpilovpe 6Tt
o) =TJa-p)"
p

%0l OTL TO YLVOUEVO aUTO CLYXALVEL ATTOADTWG oL BV EXEL XovEvay UNdevind mapdyovta. Apo

C(s) #0.

AvT6 amodetnviet to ().
"Eotw tpa s € R pe s > 1. Hoaipvovtog Aoydptdpo xor otig dvo TAsvpég Tou yivouévou Euler
yoe T ((8), Tadpvovpe
log¢(s) = log(l—p~*)~".
p

[oe x80e Tpwto p, emedn [p~*| < 1, éxovpe

L — pfks
log(1—p~) ' =) “—
k=1

Apo

x© —ks
log¢(s) = D>
p k=1
p—k’s

Topa Tapatnpodue 6Tt 0 6pog “F— etvar axpLBug

A(p)
log(p*)

(")~
apot A(p*) = logp xou log(p¥) = klogp. Emouévec

log((s) = Z An) n=*.

logn

n=2

"Etot arodeiyfnxe o timog tov (i) yio mpoypotixd s > 1.
Mopoatnpodpe twpo 6TL
A(n)

logn

—S

<n?  (n>2),

ontdte N SeELd TAevEE Tov (ii) 0pilel avorvTLxy cuvdpETnon oto NuLeTinedo o > 1. Kot n aplotepn
TAELPE, wg log ((s) pe Tov emtAeypévo xA&do, eivar emtiong oavohuTiny oo (Sto nuLeninedo, ool
a6 to (i) m ((s) dev pndevileton exci. Emetd7 ot 300 avaluTLxég GUVOPTACELS GLUPWVOLY YLOL
OO ToL TTROYLOTLXE S > 1, oLEWYOVY TtavTod oto NuLentinedo o > 1. Apa o (ii) toydel yia xé0e
speo>1.

[ to (iii), Bopdpaote ™Y TOWLTOTNTOL

A x1=log,
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OnAadm

Z A(d) = logn.

dln

Apa, amtd to Oswpnuo ??, Taipvovpe

(Z A(n)n_s> ((s) =) (logn)n™".
n=1

n=1
A&
d [o@) o
RO WA WL
n=1 =1
omoTE

(Z A(n)n_s> ¢(s) = =C'(s).
n=1

Avopdvrog pe ((s) # 0, Taipvoope

BRIV
) ~ A

Omwg BEAope.
Evoddoxtixd, umopodue va Stapopicovpe Tov ToTo tou (i) xot vo médpovpe

SS ZZlogp ks :—ZA(n)nfs
n=1

p k=1

H amédetEn ohoxAnpwiOnxe.
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8 H eEiowon Tou Pell

"Evat yeYovdg Tou Aol ETTILLEVOLY VoL 00U Aéve Yia TV eElowon Ttov Pell eivor 6t o Pell dev
elye xopio oxéon pe avtyv. O Euler, o’ 6,7t @aivetar, éxove 1o Adbog v amoddoel To €pyo
Tov Brouckner otov Pell. Qotéoo, 10 évopa eEoxorovbel va yonolpomoleitar yiow T LEAETN TWV
axépotewv Aoewy (I, y) g eklowong

22— Ny? =1

Yo Stapopoug axepaiovg N. Av to N eivor téheto tetpdywvo, f av N < 0, dev elvar dVoxoho
vo Set xawveig 4Tt LTEEYOLY POvo oL TeTpLppéveg Avoelg (£1,0). H eEiowon tov Pell pe N = 8
euoviotnxe oty Aoxnon 1.1.3, oc oyxéon pe 10 €pOTNUX TTOLOL TELYwLxol optbuol elvar emiong
TETPAYWYO.

O Fermat Ytov 0 mpwtog poldnuotixdg mov Stotimtwoe Ty ewxooion 6t yioo N > 0, dtowv
t0 N Sev elvat TéAeL0 TETPAYWVO, LTLAPYOLY GTELPES TTOMEG AVoeLs. 'Ebece atoug auvadéipoug
oL Tt edxég mepimtwoels N = 61 xow N = 109, Aéyovtag 6t eiye StoaréEel opxeTd Utxpolg
apLBuodg pour ne vous donner pas trop de peine (“hote vo un oog dwoet LIEEPBOALXS X6TO™). T TNy
TEOYLOTIXOTNTA ORWG ETULIELXVVOTOY, OPOD OL EAGYLGTES ADOELS Elvort

1766319049% — 61 - 226153980% = 1 xou 158070671986249 — 109 - 15140424455100% = 1.

2TV TEOYLOTIXOTNTO, M LEAETN TwY eELlodoewy Tov Pell eival ToAd Todandtepy. O Apytpundng,
070 épyo H uérpnon tov xxAov, yponolpomoinoe 1o yeyovog 6t to 1351/780 eivor prow ToAD xon
TPooéyyLon Tov V3. O Aéyoc sivar 6t

13512 1

2 2 _ . .
1351 — 3 - 780° =1, omdte 502 S = man2

[Méoo yvadpLle o Apytpndng yia Ty eElowan tov Pell; To 1773 avoxohbebnxe éva yetpdypopo
ot BfAob7xn Too Wolfenbiittel. Ileptéypoupe éva TpdBAnuo mov eixe Béoet o ApyLundng atouvg
ouvadéipoug Tov Epatoalévn xor AToADYLO, Yoo évo wg Toinuo oe 22 diotiyo:

Av eloat empeAng xot co@ds, » EEve, bTTOAGYLaE ToV 0pLOKS Twv Podidy Tov ‘HAtov, Ta
omola xamote €Booxay otor Afddia tng Bptvoriog, xwELouéva os T€ooepa XOTTASLY
SLOPOPETINWY YPWUATWY, TO EVOL YOAOKXTOAELXO, TO AANO GTIATIVO LoOQO ...

H Opwoxia elvor n ZixeAio, t0 “toiywvixd” vnal. To mpdéPAnua cvveyilel mepLypdpovtog
TG oygocelg avéueoa ota UEYEDY TV XOTASLWY SLUPOPETIXWY YOWUATWY. LUVOALXA, LTTEEYOLY
ETITA YOOUWULUES EELOWOELS %Ol OXTW AYVWATOL: 0 0PLOUdC Ty ayeEAddwY ot Twy Todpwy xdbe
Xowuotos. Méypt €36, mpdxettaL yLow évar amtAd TEORANUa Yoo uxig GAyeBpog, av xat ot optbuol
mov eppoaviCovtor eivor peydrol. H pixpdtepn Abon eivor éva xomad: amd 50389082 Coa. O
Apytpundng Aéet 4tL, av pmopéaclg vou AboeLg uéypl €36, ToTE

... gy O o amoxoAéoovy apabdn M| adan otovg aptbuods, aAré oxdun dev Bo cuyxo-
TOAEYEIC VAUETO GTOVG GOPOVC.

2t ovvéyeta TPoobétel axdun dvo cuvbvnec: 6Tl 0 aELBUOE TWY ASLXWY Ko TWY LOVEWY
ToPWY vou efvor TETPAYWYOG optBudsg xow 4Tt 0 oELOdC TV XKITELYWY KoL TWY GTIXTWY TOOEWY VO
elvar TpLywvixdg opLipoe.

Ay giloot txavde, w Eéve, va Bpetg 6Ac avTd ... TéTE Bor OYELS OTEQAVWUEVOS e BOEX
xow Yvwpllovtog 6t €xelg xpLbel téAetog oe awté T0 €ldog copioc.
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Yotepa amd xdmoloug aAYEPPLXOVE PHETAOYNULOTLOUOVS, oL TTpbabeteg ouvlfxeg amattody T
Abom g eEloworng Tov Pell
x? — 472949492 = 1,

ue ™y Tpdobetn cuvbxn dTL To Y va elvor Statpetd amd to 9314. Mo avartapdoTtaoy Tng Adoy,
IOV TEPLYPAPETAUL TTHPOXATW, Beé0nue amd tov Amthor to 1880. To péyebog Tov xomadiod eivor
Tep(TTOL

776 -1 0206544

(o To 1895, 1 Mabnuatixny Aéoyn tov Hillsboro, oo Illinois, édwoe piaw amdvinoy pue TEocey-
Yo éwg 32 Sexadwxd Pnela. ApLépwony TEaoepa YPOVLOL GTOV UTTOAOYLOULS KOl OVOXOIVWOOY |LE
nepnedvio (Bell, 1895) 6t v tehxn amdvtnon eixe pixog wod pikt. H axpifig Aom Beébnxe amd
toug Williams, German xot Zarnke to 1965 (Williams, German, Zarnke, 1965), o évay IBM 7040
pe pviun poig 32K. To pror xohy ovlitnon tov mpoPAfupatog, BA. Vardi (1998). To BipAio tov
Weil (Weil, 1983) meptéyet mepLtoobtepa yrow Ty totopia tng eEiowang tou Pell.

AAyeBownn eppnveia TV ADGEWY

Ot Moetg g ekiowong tou Pell pmopody va tdwbody yewpetpind wg onuelon TAEYUOTOG TAVE
oe pton VIEEPROAY. Ouwg ptor odyePpixy epunveio eivor entiong TOAD ypNnoLwy. Mmopodue vo Ttopot-
Yovtomotficovue v eElowon touv Pell wg

(z+VNy)(z—-VNy) =1

Avté vodeixvieL va eEgTdaovpe optBuods g poppns £+ N ¥y, 6ToL T xoL Yy elvot axépatot.
Koatd xéiorov tpdmo, awtol potdlovy pe pryadixodg aptbuoie, pe to v N vo Tailer tov poAo Tov
1. Mmopolue va moAamAootdlovue T€ToLoug opLtbuods pe Tov Tpopavy xovéva:

(+VNy)-(a+VNb) =ax+VNay+ VN bz + Nby

= (ax + Nby) + VN (bz + ay).

Aoxnon Na deifete 61t av (x,y) eivon pio Aom g eEiowong tou Pell xow av (a,b) eivon pio
GAAY, t6te opilovtog
(a,b) - (z,y) = (ax + Nby, bx + ay)

molpvovpe pLa véa Aay. [lapatnpnote 6t  TEdEy - eival évag véog TpdTog ouYdLACUOD LELY®Y
onueiwv.

Me ot ™y ToEoTENoY, LTTOPOVUE vor TTOVUE OTL oL Aboelg ¢ ekioworng Touv Pell oynuorti-
Covv pLa opado. O xovévog TOAMATAAGLAGUOY YLow TOV oLVSLOOUS SV0 AdoewY eivol awTdE TOL
d60mxe TopaTtdvw pe To . To 0LdETePo aToLyElo TNg ouadag eivor 1 TeTpLpévn Abon (1,0), oo
ovtiotolyel otov optiud

1=14+VNO,

xal To avTioTEoo Tng Aorg (x,y) elvar n Aon (z, —y).

Adoeig modulo p

Emed” oe mpddt @don eivar dvoxoro vo Bpeboly axépoteg Adoelg g ekiowong tov Pell,
UTT0POVLE Vo aAAGEOLPE TO TTPOBANUO OE Evar SLaPOPETLXO OAAG cuYYEVLXO. Ay oToBepoTTOL oOLE
gva TtpWTo apLiud p, vtdpyovy Adaelg modulo p; TTwo evdioPépoy dp.weg eivat To epWTUA TOGES
AboeLg vTtapyovy modulo p.

2NV TEAYROTIXOTNTA, O oLTH TNV evdtnta Oor atodeiEovpe to eENg:
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Oedonua 8.1. Av p elvon mepttTo6 TEWTOS TOL SV Statpel To N, TOTE 0 APLOUCS TWY AVCEWY
NG LooTHUoG
22— Ny?=1 (mod p)

elvat

p—1, avordoyet a ue a> =N (mod p),
#(z,y) [2? = Ny* =1 (mod p)} =
p+1, OSwxpopetixa.

Xpetalbuoote TEWTH EVor AL
Afppo 8.2, Yrapyovy p — 1 Avoeig tn¢ e&iowong
22—w?=N (mod p).

Arodei&n. MTopolpe va ELoOYAYOVUE VEEC LETOPBANTES U XOL U, TTOU CLVYIEOVTAL UE TOL 2 XOL W
pe g ektotdoetg (modulo p)
u—+v U — v

uU=z—w, vV=2z+w <~ z = 5 w =

(Mmopobpe va Stotpéoovpe Pe To 2, emeldn o p eivor epLtto.) Tote

u-v=N (mod p) = 22 —w?=N (mod p).

Op.wg 7 ekiowon wg Tpog u xow v €xel axpLPug p — 1 Aoetg, Stétt yioe xA0e xAdon vToAoiTwY
u=1,2,...,p—1

Tolpvovpe pLor Aoan Bétovtog

V=

N
— d p).
~ (mod p)

AmodetEn Tov Oewpiuatos. 'Eotw Tpdta dtL
N =d®> (mod p).
Am6 to Mppo yvwptilovue 6Tt 1 ekiowon
22 —w?=1 (mod p)

éyet oaxpPug p— 1 Moeig (z, w). (Edd 0 aptbp.dg 1 mailer tov péAo tov N oo AMupoe.) Oétovtog

y=—,
a

roipvoope p — 1 Noelg (z,y) g eElowong
22— Ny>=1 (mod p).

(Tvwpitovpe 6t a Z 0 (mod p), opod to p dev drapetl to N.) Avtd amodetxvier ™y TEHT
TEP(TTWON,.

21N ovvéyela, og vmobéocovpe 6Tt To N dev elvol LEoTLLO UE xovéva TeETPAYwvo modulo p.
Eépovpe omd to Mppo 6t vitdpyovy p — 1 Aoelg (2, w) g eElowong

22—w?=N (mod p).
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EmumAéoy, xavéva améd to w Sev elvor tadtipo pe 0 modulo p, yroti Stopopetind Oo eiyope
_ 2
N =2* (mod p).

I'odpovpe v eklowon wg

22 N (mod p)
— T T = mo
w?  w? b
Me v aAhoyn) peToBANToY
1
T = ia y=—,
w w
maipvovpe p — 1 ANdoetg g eEloworng
2
z N
:EQ—Ny2E—2——251 (mod p).

EmumAéoy, xavéva amd to y Sev eivar (oo pe 0, apod eivor g pop@g 1/w. Yrdpyouy axplBeg
00 oxdéun ANoELS TTOL EYOVLY
y=0 (mod p),

onAadn oL
(+1,0).

Apo. GLYOALXA LTTGEYoLY P + 1 AboeLe. O

Oepnuo 8.3 (NOpog g TeTporywvtkig avttotpoehs). Eotw p,q 800 Stapopetixol mepittol

nowrot. Tote
() (@)=
p q

To Baowxo AMppo tov Eisenstein

Yo eEfc, p Bo elvon mepLTTdg TEWTOG MOk @ € Z pe p 1 a.

()=

ArmodeEn. T xébe Gptio oxépato u pe

Aqppo 8.4. Ioyvet

1<u<sp—-1,
éotw r(u) To eENdyLoto BeTind vGAOLTTo Tov au modulo p. Apa
r(u) €{1,2,....,.p—1}  xaw  r(u) =au (mod p).

Oewpodpe TP Tovg aPLOLong

(=1 r(u)
wg xAdoetc modulo p, Yooupéveg TAAL UE TO EAGYLoTO BeTind LTTOAOLTS TOUG,.

Ioyvptopdg 1: O apLbpol awtol eivor dAot dpTLot.
Hpdeyporte, av r(u) eivor dptLog, Téte

(1) () = r(u)
etvow Gotiog. Av r(u) eivon meptttds, TéTE

(~1)"“r(u) = —r(u) = p—r(u) (mod p),
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xow 0 p — r(u) eivan GETLog, apod p xow 1(u) eivon TEPLTTOL.

Ioyvotopog 2: OL apLOp.ol
(=) (u)

elvor avé SVo SropopeTixol xabwg To U SLaTEEYEL TOLg GPTLOVG aptbuog 2,4, ..., p — 1.
"Eotw
(=1)"r(u) = (=1)"r(v)  (mod p).
Tore
r(u) = +£r(v) (mod p).

Emeld1
r(u) = au, r(v) =av (mod p),

xoL a etvor avtiotpédLpoc modulo p, Talpvovpe
u==v (mod p).

Av ioyve u = —v (mod p), téte
u+v=0 (mod p).

AMG u,v € {2,4,...,p— 1}, dpa
2<u+v<2p—2
H pévn duvatdtnra yro vo elvot ToAamAdoto tou p sivor
u+v=np,
TEAYLO adVVALTO, POV TO aPLOTEPD PENOG Elval GPTLO eV TO OeEl TEPLTTE. Apal ovayraoTLxd
u=v (mod p).

Emedn 1 < u,v < p— 1, ovumepaivovpe 6Tt u = v.

Yrdpyovv axptPug (p — 1)/2 tétoto dptior apLBpot, xor Ppxope ot o
(—1) ) (u)

etvow (p — 1)/2 Sraopetixol dptror aptBpol modulo p. Apa amotedody avodtétaln Twy GETLwY
oLy
2,4,6,...,p—1.

Enopévwg, moramiaotdlovtde Toug, Talpvovue

H (=1)" Wy (u) = H v (mod p).
1<u<p—1 1<u<p—1
u GpTLOG u GpTLog

“)HT Hu (mod p).

Anhodn

Enedq r(u) = au (mod p), éxovpe

Hr( pl/zHu (mod p).
(— ) p1/2HU Hu (mod p).
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Koavévag amd toug dptiovg u Sev dtatpeital amd p, GEo LTTOPOVUE VoL TTAOTTOLAGOVUE TO YLVOUEVO
[ u, %o waipvoope
aP=V/2 = (—1)X®  (mod p),

6moL 1o dbpotopa exteiveton o GAa To Gotiar u € {2,4,...,p — 1}.
A6 Tov optopéd tou 7(u),

au=p H:J +r(u),

Emeld7 o u eivon dptLog, To au elval dptio. Emteldy o p eivor mepLtttdg, oy TTAPOLUE TYY TORATTAV
oxéon modulo 2, maipvovpue

0= wJ +r(u)  (mod 2).

Apa

r(u) = WJ (mod 2).

ZUVETG

Yorw) =Y V“J (mod 2).

p
Oétovtag u =2k, k=1,...,(p—1)/2, Bploxovpe
(p—1)/2 {M

alP=1/2 = (—1)2’€:1 P J (mod p).

Topa, amd To xpLthpLo tov Euler,

aP~D/2 = (a) (mod p).
p

Kot T 300 péln eivar (oo ue £1, dpa 1 odyxpton modulo p ocvvendyetal LodTyTo

(2) - ol

p

Moéptopa 8.5. o xabe mepirto TEWTO P,

Arode&n. Oétoupe

Téte a sivar oaxéporog xou
a=2"" (mod p).

Emnedy) évag aplbudg eivor tetporywvixd vmérotmo modulo p av xo pévov av to avtioTpo@sd Tov
elvot TETPOYWYLXO VTTOAOLTTO, EYOVUE
<a> <2>
p p

(12?> a (Z) En et )
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ANNG
2a =p+1,

- [252]-fog] -

3ot 1 <k <(p—1)/2 < p. Emopéving

2 (=1)/2, (p—1)/2 ((p—1)/2+1) p2-1
(p) ()RR 2 () TR (g

3. H BoAwxy propoy Tov Eisenstein yio wepLtto a

Mpdtaon 8.6. 'Eotw p mepittds mpdtog xat o mweprttds axépowog ue pta. Tdte

<a) ( 1)2(11 1)/2{pJ'

p
Arnodeén. Oétovpe

Emedh p xow a givor eprttol, o b eivar axépatog. Emimiéov

b=a-2"1 (mod p).

()-G) (5

Apa

Kot 6mwg mouy,

‘Etot

Amé To AMppo 8.4,

Emeldn
2b=p+a,
TOPVOLLE
{%W{@“WW—V+“W—“¢“J
b p b p
Apa

Amé6 to IlépLopa 8.5,

> Z(” /2,

) XOTOAYOUULE

B

ATTAOTIOLOVTOG TOY %OV TTOPEYOVT

(
(
()

— "B BN
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4. H tavtotnra Tty lattice points

Mpéroaon 8.7. Av p,q elvar dtopopetixol TepitTol TEWTOL, TOTE

(p—zlé/z B;EJ . (q—zzlil/z quJ - 1)4(q _ 1)‘

r=1 Y
AmodetEy. Oswpodye To BVoro

-1 -1
r={egeracestiticy< it

Eivow gpoavepd 6t
2 2 4 ’

Bewpodpue emiong v svbeio

L: y:gx.
p

Oa deitovpe 6T xavéva lattice point Tov R dev ovixer otnyv L. Mpdypott, av (x,y) € R wxoavo-
TToL0V0E

Y=z,

4
p
TOTE

py = qzx.

Enetdn p, q elvor oo xat Stopopetixol, Oo eiyope p | x o q | y, %t adbvarto opod
-1 -1
1§m§pT<p, 1§y§qT<q-

Apa xébe onueio tov R eivon eite avotnpd xdtw gite awotnEd Tévew omd ty L.
[ xG0e otabepd x € {1,...,(p — 1)/2}, 0 apBpdc Twv axepaiowy y pe

1§y<@
p

|

Apo 0 oLYOALGG opLbude Twy onueiwy Tov R xédtw and ™y L eivon

(p=1)/2
> 5]
p

z=1

elvat oxpLfog

Avtiotoya, yio xébe otafzpd y € {1,...,(q — 1)/2}, 0 apBudg twv axepoiwy T pe

1§x<@

q

H

7|

Avtég elvor 0 opLbude Ty onueiwy Tov R Tévw and ™y L ot ouyxexpLlpévn optlévTior Yoo .
Apat 0 oLYOALKOG 0PLOUGS TwY onuelwy Tov R mavw amd v L eivor

(¢=1)/2
> 3]
q

y=1

elvo
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IMpoobBétovtag toug dVo aptbrove, maipvovpe 6A0 t0 R. ETopévwg

5 L5y e me e

y=1 1
O
q—1
2
Tévw o Ty evleio
° . . o U —e—

Yy . ° . ° .

, 7o , . .

AOTW o v EUBELO{

0 X p—1

~ ‘

Zynuo 2: H toutdtnra Twv lattice points otnv amddetEy tov Eisenstein.

Oedpnuo 8.8 (Nopog g TETEOYWVLXAS ovTLoTEOPNS). EoTw P, q StotpopeTinol TepitTtol TOWTOL.

Tote
0)(0)-co
b q

ArodeEn. Améd v [pdtoaoy 8.6, emeldy o q eivar TepLttic,

<qu> 1= D022 |

(8 = ol

AvtioTouya,

q

<Z> <Z> :( )Z(p 1)/2{%J Z(q 1)/2L%J.

Topo epapudlovue v Ilpdtaon 8.7:

z=1
@) @ = ("

MoAaAaotélovrog,

Apa
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Moapadetypo (N = 2). Opilovpe pia ouvépton xs(n) wg ekhg:

+1, avn=1%7 (mod 8),
xs(n) =¢ -1, avn=3%5 (mod 8),

0, OLOPOPETLXA.
Térte, Yo xabe mepLttd TEWTO P, N €kiowon Tov Pell
22 -2y =1 (mod p)

EyeL
p—xs(p)

Abaelg modulo p, oOUPWYO PE TOV VOULO TNG TETPOYWVLXNG AYTLGTOOPYG.
Arodeén. Amd 1o Oedpnuo 8.1, 0 opLtOpdg Twv AdoEWY TNg LooTLinG
22 -2 =1 (mod p)

elvoun
{ p—1, ov 1o 2 elvar teTpdywvo modulo p,

p+1, ov 7o 2 dev eivor TeTpdyYwvo modulo p.

Apa apxel va xatahdPBooue moHTe 10 2 glvor TETPAYWYLXO LTTGAOLTTO modulo p.

O oLUTANPWUATIXOG YOROG Yo TO 2 Aéet OTL, YLor x4l TTePLTTO TTEWTO P,

Emopévwg,

<2)_ 1, oavp=1%7 (mod38),
P -1, aovp=34%5 (mod8).

(50)

Anrad¥ To 2 eivon tetpdrywvo modulo p oxpiPog étov p = 1,7 (mod 8), xow dev eivon TeTPdYwVO

6tov p = 3,5 (mod 8).
Apao:

) |2 —2P =1 (mod p)} = {

oL elval axELPg
P — xs(p)-

Hoapadetypa (N = 3). Opilovpe pro suvpton x12(n) wg ekhg:

+1, avn=1%11 (mod 12),
x12(n) =4¢ -1, aovn=5%7 (mod 12),

0,  JiapopeTixa.
Téte, yia xdbe mpwyto p # 3, 1 eElowaon touv Pell
22 —-3y°=1 (mod p)

EyeL
p —x12(p)

Aboelg modulo p.
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p—1, avp=1,7 (mod 8),
p+1, avp=3,5 (mod38),
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Anddeln. T p = 2, éyxovpe opioet x12(2) = 0. EmtmAéoy,
22 =3y’ =2 +4* (mod 2).

H odyxpton

22 +9y?>=1 (mod 2)
éyer oaxpfdg dvo Moetg, dnhadh tig (1,0) xan (0, 1). Apa xow N mepintwon p = 2 eivor GOREPWYN
UE TOV TUTTO, CPOV

p—xi2(p) =2-0=2.

Ac vroBéoovpe TP GTL P elvor TEPLTTOC TEWTOC UE P # 3. O XENOLLOTOLAGOVUE TOV VOO

NG TETEOYWILXNG avTLoTPo®Ys. [TpdTta Topatnpodue 6t modulo 3 toydet

12=1 (mod 3), 22=1 (mod 3).

Apo to 1 eivor teTpdywvo modulo 3, eved to 2 Sev eiva.
Toppwva pe to Oekpnuo (11.1), vrépyovy p — 1 Aoelg axplfodg dtay 10 3 givor TeTPdYWVO
modulo p, dnAady dtay
(+)
-] =1
p

Me tov VOO TNE TETPAYWILXNG oloLBatdTnTod,

(2) = (B) () = (B) (-

Toypa eEetdlovpe Tig Suvatés xAdoelg Tov p modulo 12.

Ilepintwon 1: p=1 (mod 3) xaw p =1 (mod 4).
Tore .
(2) =1 xaw (-7 =1,

0

Me 1o Kuwvelixd Oewpnpo YToroimtwy owtd tooduvopel e

omtoTe

p=1 (mod 12).

Hepintwon 2: p =2 (mod 3) xow p =3 (mod 4).
Téte .
(E) =-1  xo (—1)pT = -1,

0TOTE TTAAL

Avté ovpfaiver axplBg dtav
p=11 (mod 12).

Apa to 3 elvor teTpdywvo modulo p axpiBog dtay

p=1+411 (mod 12).

2Tig GMeg SV0 mepLmtioetg To 3 ey elvot TeTpdywvo modulo p.
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Ay

ToTE

Avté avtiototyel oty ®Ado

Ay
p=1 (mod3) xou p=3 (mod4),
TOTE p )
o
— 1 =1 —1) 2 = —1
G- P
omoTE

Avté avtiotolyel 0Ty ®AdoY

Yuvoilovtoac, éxovpe

-1, avp=5%7 (mod 12).

<3> B {1, avp=1411 (mod 12),

Apa, amé to (11.1),

-1 =1,11 d12
My |a®=32=1 (modp)}=qP~ 1 @PELIL (med12)
p+1, avp=57 (mod12),

0L elval axpLPwg
P — x12(p)-

11.4. Xvvaprioetg Dirichlet L

Avti 1 evotrTa B ovveyioel vo eEetdiler Tig ewdixég mepimtdoelg N = 3 xat N = 2, aAA&
ueydho uépog amd 6o oxorovbody Loxdovy YevixdtEPO. MTOPOVUE Vo TTEPOLUE TV GLYAPTNON
X 12, TTOU 0P{OTNXE VWPLTEPD, XOL VO T XOVOLULOTTOLAGOVILE YLOL VO 0PLoOVIE Evar Yvopevo Euler:

L(s,x12) = H (1 - xi2(p)p~) "

P TEWTOG
Toe R(s) > 1 xow yroe x6be wpyto p, Yvwpilovpe 6T
[x12(p)p~°| < 1.

Koabg
x12(n)x12(m) = x12(nm),
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TolpvovpE OTL

IR NS S TS R D O
5% 78 118 135 178 195 233
Xpnotpomolhvrog o xpLthpto obyxptong pe ™ ((s), umopodpe vo deifovpe 6t n L(s, x12)
ouYxAlver amoldtwg Yo R(s) > 1. Ko, 6mwg éyovpe det n L(s, x12) ovyxAiver (ue dbpotopa
xoté Abel) %o yio

0<R(s) <1

AvTté vTodetnvieL 4Tl x4t evdLaPépoy auuPaivel oto s = 1. Tlg poidlet to yvépevo Euler 6tov
s = 1; Tomwxa, av Bécovpe s = 1, maipvovpe

L(l.xi2) = ][] S S—— I1 -

- = —
b oo L X120/ P = xa2(p)

OL 6poL oTov TTopovouaaTh elvar axpLng o aptbuds Twy Abaewy g eElowaorg tou Pell modulo
p. Avto dev eivor 1660 Bowpaotd Ayo-toAd optoape ™ L(s, x12) étot dote va ovpPaivel awto.
To evtumtwotoxd eivor 6T avTdg 0 oPtbudg Siver pLoe Abamn g aEyLxng, axépotag eEiowang Tou
Pell.

Ozwonuo 8.9. Ioyvet

log(7 +4v/3) _ log((2+ v3)?)

L(1,x12) = NiD iv)

Mopotnphote 6Tt
1=7*-3.4%

Amodetly. ©élovpe va LTTOAOYICOVUE TN OELPA

RS S S S S R B )
5 7 11 13 17 19 23 ’

xonotpomoldvtog To ewpnuota Tov Abel. Agevig, ta peptxd abpolopata Tng oELPdS
> x12(n)
n

elvor mavtote oo pe 1, 0 ) —1, emedn n x12 elvor mepLodixy, Gpa 1 oelpd

L(1, x12)

oLYXALVEL.
Tdpor B€rovpe va ypnoipomoroovpe to Oswpnuo Tov Abel yior Tig SuvopooeLpés. AnAody,
opiovpe yio |z| < 1 tn oelpd Taylor

n

fra(z) =) xa2() i
n=1

565 .’£7 xll x13 :E17 $19 $23

B A TR TR T T IR R
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Av propéoovpe vo Bpodue pror xhetoti pop@y yioe ™ fi2(x) n omoio va eivar cvveyig oto
x = 1, téte N 0eLpd oL pog evdlapépet elvan amAng N TLh f12(1). Emetdd n x12(n) éxet mepiodo
12, propodpe vo yodovpe ™ fio(x) wg

e
{ $12k+1 $12k+5 $12k+7 11712k+11 }

2 k11 12k+5 12k+7 12k + 11

H ouvéptnon fia(z) elvor xémwg mepimhoxn. TV awtd maipvovpe mopdywyo xor Bpioxovpe

o0

fia(z) = Z {x12k 12k 12k46 x12k+10}
k=0
o
(1—1' _ x84t le%
k=0
1—a2t— a8+ 2!
1— 12
(A-2)1+2)
 l—a? 4ot

Edw, oto terevtaio Prpa, ypnoLpuomotioope 6Tt

4

1—a* =242 =1 -2)01 +2)1 — 2%+ 2% 4+ 2°)

ROUL
-2 =1 -2 +2H1 - 22 + 25+ 28).

H ouvédpton fi2(z) mov avalnrodue eivor Aoty pLar Topdyovoo Tng

(1—-2)(1+x)
1— 22424

7 omota eivor ion pe 0 oto & = 0 (emed” o otabepdg Gpog tng oeLpdg Taylor g fi2(x) etvon 0).
O Topovouao TG TOEOYOVTOTIOLE(TAL WG

1—2? 42 =1 +V3z+2H)(1 —V3z+22).
AP TO OANOXANPWLOL UTTOPEL VoL DTTOAOYLOTEL e PePLXA ¥Adopoto. Bploxovue 4t

(1—2)(1+2) 1{ 22 + /3 22 — /3 }

1—22+a% V12 1+\/§x+x2_1—\/§x+x2

Apa

1 2z + /3 20 — /3
le(x)_x/ﬁ{/1+x/§x+x2dx_ 1—\/§az+x2dx}'

AvTté tdpa elval €va eOx0A0 OAOXANPWUO PE oVTLXOTAOTOOY. Bploxovue 4t

fie(x) = {log(l + V32 +2?) —log(l — V3 + x2)}

1
V12

1 | 14+v3x + a2
= O .
V12 & —V3x + 22
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‘Oho awtd, péypr otypns, eivan éyxvpa yia x| < 1. Opwg to Skl péhog mopamdvew eivor
0pLoUEVO xal ovveyég oto = = 1. Apa to abpotopa tng oeLpdg eivor

f12(1) = \/11»2108<Z i_ g)

1
Nib; log((2 + \/5)2)

Mmopobue va opioovpe pion Tapopoto. ouvdpton L yioo N = 2:

Lis,xs) = ] (1—xs(p)p®) "

P TEWTOG
_ N xsn)
n=1 n?
B 1 1 1+1 1 1 1
- 35 5s 0 7s 95 115 135 158
TI&A:, »
Lilxs)= [ ———
b moeog P T X5(P)

elva éval ATELPO YLYOUEVO TTOL UETPE TOV 0pLtOd Twy AVoEwY Tng obYXELOMG
22 —24>=1 (mod p).
Ozwpnuo 8.10. Ioyvet
L(1, xs) log(3 +2v/2)
Y X8) = — =
X NG

Ko
1=(3-2vV2)(3+2Vv2) =32-2.22

Apo n Ty ™ L-ouvaptnong xwdixorotel poe Ao g e&ioworg tou Pell.

H formula tov Dirichlet ytax to class number

OTNY TEPITTMWOY XEVNTLXNG TEPLTTHS OspeAtdovg dtaxpivovoog

9 Ewsoywyn: and v eEiocwon tov Pell o7tig tetpaywvirés nop@ég oc
000 petofAnTég

"Evoe ot tor o xAaotxd Stogovtind mpoPAiuato eival 1 ekicwon tov Pell
22 —dy? =1,

omov d > 1 eivar axéporog ov dev eivol téAeLo tetpdywvo. To mTpdfAnue ot éxel dbo berc.
H mpwt elvan n moAdamwiaotootinyg 6. Av

22 —dy? =1 non u?—dv?=1,
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ToTE
(zu + dyv)? — d(zv + yu)? = 1.

loodVvapa, av ypddhovpe

a=z+yvd,  B=utoVd,

TOTE
KO

N(aB) = N(@)N(8) = 1.

Apa ot AMoetg ¢ Pell ouvdudlovtar ToAMaTAOGLAGTIXA.
H 8edepn elvan ) tetpaywye) 6¢m. H e€lowon tov Pell umopel va ypoptel wg

flz,y) =1, omov flz,y) = 2 dyQ.
AnAadn n Pell eivor o eElowon g popeg
az? + bxy + cy® = n,

OTTOL TWHPO

AvTté odnyel QLOLKE OTN YEVLUY EVVOLA TNG TETEXYWVLXTG LOPPTG o dVO0 UETOPBANTES.
Optopog 9.1. Mo tetpaywvixy uopey, oe 800 ueTafAntég eival Lo TapdoTooy
fla,y) = az® + bay + cy?,
6mov a, b, c € Z. o ™ ovpPoAilovpe xou pe
f=la,b,c].
H Staxpivovoo tng f eivar o axépoog
A(f) = b* — 4ac.
Mo topdderypa, n popen g Pell,
fla,y) =2® — dy* = [1,0, —d],

éxet Staxpivovoo

A(f)=0%—4-1-(—d) = 4d.

Apo m Pell avixel otn bewpio Twv popEoy pe Betixn Staxpivovoa. Avtibeta, dtov
A(f) <0,

N LopPN lval, VIO xATAAANAEG LTobEoELS, BeTind opLopévy, xal TéTE 1 YewueTPla TNG €lvoi TTOAD
OLOUPOPETLXT: OL XOUULTIOAEG

flz,y)=n

elvor eMeidete xot byt vTEPPOAEG.
Optopdg 9.2. H popoy f = [a, b, c] Aéyetow primitive owv

ged(a, b, c) = 1.
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Optopdg 9.3. H popey) f = [a, b, c] Aéyetow Oetixd oplouévy ov
fl@y) >0 yaxdbe (z,y) € 22\ {(0,0)}.

Toodvvopa, ylow pto popen f = [a, b, c], avtéd ovpPaiver oxpLBug dtoy
a>0 xou  A(f)<O.
To Baowxd pduo 0N Bewplor vty elvon: ote dV0 popPég TEEmeL vor Bewpobvtal «idteg»
oméd optbuntiny arodn; H owot) amdvinon eivor 6Tl ETLTPETOVUE AANOYEG LETAPBANTWY UE Oxé-

POLOVE GULVTEAEGTES Xait 0pilovaa +1, SuéTt Tétotec aAhayée eivar avTloTEédLuec Tévw oto Z2
%0l GO SLATNEOVY TO GOYOAO TWVY OXEPALWY TTOL TOPLOTAVOVTAL.

OpLop6g 9.4. AVo teTpaYwVLXEC LOPQEC [ xow g AEYOVTOL LGOOVVAUES OV VTTEQOYEL TVOXOLC

M= (f ‘81> € GLy(Z),  detM = +1,

TETOLOG WOTE
9(z,y) = f(pz + qy, vz + sy).

Ay amortioovpe emimAéoy det M = 1, maipvovpe pLo o AeTTTH €vvolo LooSLVOULOG.

Optop6g 9.5. Abo tetporywvirég Lopwéc f xoL g AEYovToL YYnoiws tooSOVaUES oY DTTREYEL

M= (f q> € SLy(Z)

s
TETOLOG DGTE
9(z,y) = f(pz + qy,rz + sy).

Optop6g 9.6. H yviota xAdon pLog tetpaywvtxic nop@yc f ivor to obvoro GAwY Twy HLopQLY
oV elvo YvroLa LooSVVaES e TV f.

H yvfota toodvvopio eivol 1 6woTh oygon yLa TY OOVSEDY] UE TLG AVATIOPAOTAOELS AXEQOLWY
%o, TEMXE, pe tov opLtbud xAdoewy. [pdypoatt, av 360 LopEéc elvar yYvnolwg toodVvaues, TOTe
plor ToPLOTAVEL Evay OXEQOLO 11 oY XOL LOVOY oY X0 V] GAAY] TOV TTOLPLOTAVEL, ETELDY] 1 GAAOYN
HETOBANTEY Svel o@LLOVOTHLOYTY ovTLoToLyio avapeoo oto oxépoto Lebyn (z,y).

Yy mepintwon A < 0, ot TpwTapyixés OeTind optopéveg poppéc pe dedopévn droxpivovoo
A Sropepilovtor o teTEPaopévo aplBud amd yvioleg xAdoetc. AuTo givol TO TEWTO OLGLOGTIXG
onueto g Bewplog. To TANBog oty TwY YYNolwy xAdocwy cvufoAiletor cuvnbwg pe

h(A)

xow Myetan aptbuds xAdoewy g dtaxpivovoag A. Tty TepiTTwon apvntixig dtaxpivovoag, 1
Oewpior TwY YYNolwy xAGTEWY YIVETOL ATTOTEAEGULOTIXT XOEN TTNY EVVOLOL TNG OVAYWYNG LOPPTS.

Optopdg 9.7. 'Eotw
f(z,y) = az® + bxy + cy?® = [a,b, (]
TEWTOEYLXY DETIXE 0PLOUEVY TETPOYWILXY] [LOP®Y 0 BV0 peTaBANTég e dtoxpivovoa
A =b*—4ac<0.
H popey f Myetow avdywyn av toybovy
|b] <a<c,
%ol ETLTAEOY, oy oLUPaivel pla amd TG LoOTNTEG
bl=a 4 a=c

THTE ATTOLTOVPE
b>0.
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H onpooio tov optopod avtol eivor 6Tl xébe yviolo xAdon TeQLEYeL axpLBwg évay TETOLo
«XOYOVLXO» EXTIPOCWTO.

Ocpnua 9.8 (Bedpnuo avoywyhs yro A < 0). ‘Eotw A < 0. Tote xdbe mowtopyxs yviolx
xAGON OeTind OPIOUEVWY TETOAYWVIXWY UOPPLY 0 OV0 UeTafAntéc ue Staxplvovoa A\ mepiéxet
oxpfeds ulor avaywyn Lopen.

Aev Oo arodeiEovpe €86 To Bedpnuor avTd: Bor TO YENOLLOTTOLNCOVUE WS XAXOLXO ATTOTEAETULOL
g Bewplag Ty TETPAYWILXOY Lop@Ewy. H cvvémetd tou eivar Tt 0 opLBudg twy proper classes
umopel va vToAOYLOTEL pE TO YEPL, apxel vo Bpodue 6Aeg Tig reduced primitive pop@ég pe ™
doouévn draxpivovoa.

Moépropa 9.9. Ta xdbe apvnrud Siaxplvovoa A < 0, o aptfuds xidoewy h(A) eivou (oog ue
70 TAHHOC TWY TEWTAOYIHWDY aVaYYwY BTG 0pIOUEVWY LoPQWY e Staxpivovoo .

Ydpyovy pévo memepoopéveg tétoteg reduced popeég. Ipdyport, o
[a, b, ]

efvor reduced xon éyer Sroxpivovoor A < 0, téte amd TLg avtadTNTES

bl <a<c
TOlPVOLLE
|A| = 4ac — b* > 4a® — a® = 3d>.
Apa
A
a <\ —.
- 3

Emopévwg vmépyovy pévo memepaouéveg SUVOTEG TLLES YLOL TO a, oL Ylo. xdbe Tétoto a pévo
TETEPAOPEVES SUVOTEG TLUES YLo TO b, evdd TéTe To ¢ xabopiletor amd ™ oyéon
b — A

da

Apa oL ovaywYeg pop@és pe dtoxpivovoo A eivor memepaopévec.

Hoapatipnon 9.10. Ztny mEEEN, Yiow vor vtoloyioovpe Tov aptbud xAdoewy h(A) yo wixph opvn-
TN Saxpivovoo A, apxet:

1. vo Bpodue dheg Tig axéporeg ToLadeg (a, b, c) pe

b2 — 4ac = A,

2. vo emiPBdarovpe Tig ovvbreg
b <a<c,

xat av [b| =afa=c 16t b >0,
3. VO XPOUTNOOVPE LOVO TLG TTRWTUPYLXES LOPPES, ONAXDY, EXELVES UE

ged(a,b,c) = 1.

To TAM00¢ TwY LoPEWY TTOL aopévouy eivar axpLBug to h(A).
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Mopéderypo 9.11. Ag voroyicovpe T0 TANO0G TwWY ¥AdoewY Yo T, dtoxpivovoo A = —15.
Or avdrywyeg TpwTopyixég Betind opLopéveg pLop@és [a, b, c] pe daxpivovoo —15 txavomotoby

/15
bl <a<c 2Ol a< §<3.
Apca=11Ma=2.

Av a = 1, t6te enetdn b% — dac = —15, 0 b mpéner var eivon mepLttoc xan |b| < 1, &po b = +1.
Enedn |b] = a, yio avéywyn pope mpéret b > 0, ondte b = 1. Tote

¥+15 1+15
CcC = = =
4a 4

4,
®olL TTO{PVOLULE TN LOP®Y|
[1,1,4].
Av a = 2, téte TN b eivon weprttog xon || < 2, dpo b = £1. T b = 1,

1+15
CcC = =
8

2,

OTTOTE TOLLPVOLUE TN LOPOTN
[2,1,2].
H popey [2, —1, 2] dev eivar ovdywyn, emetdy] ed¢) a = ¢ xow dpo TpémeL va éxovpe b > 0.
Apa LTTEPEYOLY aAXPLPWOEC GVO AVAYWYES TTEWTUPYLXES LOPMES TTOV AYTLGTOLYOVY GTNY OLoxi-
vovoo. —15, dnAadn
[1,1,4], 2,1,2].

ZUVETIOG

h(—15) = 2.

Méypt tdpa opioope tov aplBpd xAhdoewy h(A) wg t0 TARH0C TwY YVACLWY XAGGEWY TWY
TEWTOEYLXOY OETIXE 0PLOUEVWY TETEOYWVLXGY [LOPP®Y o€ V0 UeTafAnTéc pe dtaxpivovoa A < 0.
O optopde awtdg eivor xobopd droxprtoc. Mo va ouvdebel duwg pe por L-ocuvaptnoy, Tpémet vo
Tov ovoyeTioovpE LE TO TTANDOG ADTEWY JLOPOVTLXWDY EELGLTEWY.

Ay

f(z,y) = ax® + bzy + cy?

elvar pLoe TpwtoyLxy etind optopévn pope, opilovpe yro xdbe n > 1
ri(n) =#{(z,y) € 72 flz,y) =n}.
Me &M Abyta, o 7¢(n) givar To TAR00G Twy axepaiwy Aoewy g eEiowong
az? + bxy + cy® = n.

Ievixd, to 7¢(n) eEoptdrar amd ™ ovyxexpLuévn nop@? f, xar dev LTGEXEL aTAdg EVTOG
THTOC LOVO pE SLonpéteg Tov n. ‘Kotw

flv"‘7fh(A)

€val TANPES GVOTNUOL EXTIPOGWTIWY TWY YYNOLWY XAACEWY TTOWTUEYLXWY DTG 0PLOUEVRY LOPPLY

pe daxpivovoa A. Opilovpe
h(A)

ra(n) = Z Ty (n).

J=1
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Me éMo Abyta, To 7A (1) lvor T0 GLYOALXS TANOOG AVOTTOPOGTAGEWY TOL N ATth OAEG TLG YVAOLEG
xAGoetg pe droxpivovoo A.

To Bootxd apLbuntind yeyovog eivan 6Tt 1o ra(n), oe avtibeon e T0 Lepovouévo rf(n), €xeL
xAeLot6 Tomo. Av A < 0 eivon Bepeiuddng droxpivovoa, téte

ra(n) =wa Y xa(d),

dln

xal(d) = <§)

elvar o avtioTolyog TEaypoTinds yopaxtipog Dirichlet xou

6mov

6, A=-3,
wa =44, A=—4,
2, A< —4.

Sty etdiny] TepiTTwon mov eEetdlovpe €86, dMAadH 6toy A < 0 eivon TeELTTH BepeAtddng
oLoxpivovoa, EYOVIE TTAVTOTE
{6, A=-3,
WA =

2, A< =3,

omote, Yoo A < =3,

ra(n) = QZXA(d).

dn
Apa 0 0pLBpbe xAdoewy dev eAEYYEL TO TTANDOG AOGEWY ULOG TUYXEXOLUEYNS LOPPNG, OAAL TO

oLVOALXS TTANBog Aoewy dtay abpoloovue Tévw os dAeg TLg proper classes g (Stog dtaxpivovoa.

Nopadetypa 9.12. o A = —15 eidape 6t vIdpEyoLY axpPug dvo reduced primitive Oetixd

OPLOWLEVES LOPYEC:
[1,1,4] xou 2,1,2].

Apa
h(—15) = 2.

Ov avtiototyeg eElowyoelg eivoat
332+:cy+4y2:n %o 2x2+1:y+2y2:n.
Emopévwg

r_15(n) = 11,4 (n) + 720,9(n).

O yevixdg toTOG Slvel

7’_15(n) =2 Z X_15(d).

dn
AnAad,

—15
T[1,1,4] (n) + T12,1,2] (n) =2 Z <d> )

dln

Mo Topddetypo, étoy n = 1, éxovpe

D x1s(d) = x-s(1) = 1,

dJ1
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oo
Ti1,4(1) +7rp2,1,21(1) = 2.

Mpéyport,

2oy 4+ 4yt =1
éxet axpLPug Tig dbo AdoeLg

(1>O)a (_170))

eve 1 eElowan

202 4y 4+ 22 =1
dev éxel axépoateg Aoelg. Apo GLVOALXA LTTEEYOLY 2 AboELS, dTtwg TPOBAETEL 0 TOTTOC.

Otav n = 2, éyovpe

D x1s(d) = x15(1) + x-15(2) = 1+ 1 =2,
d|2
omoTE
T11,1,4)(2) +7p2,1,21(2) = 4.
Ko mpérypott, n eElowon
222 + ay + 2% =2
€EL TIG TETOEPLS AVOELG
(170)7 (_17 0)7 (07 1)7 (07 _1)7
EVO 1M
22 ay 44y =2
dev €xet axépoateg AoeLs.
H onpoaocio tov tdmoL avtob eivar 6tt, dtay abpoicovpe wg mpog n < X, to aptotepd pnélog

UTTOPEL YOl VTTOAOYLOTEL YEWUETOLXA UE ULETENON OXEPALWY ONUELWY OE EAAElELS, eV TO OeEl puéAog
vToAoYileTon avoAvTIXA Péow TNg L-ovvdptnorg

L(s,xa) = Z XAE’TL)‘
n=1

n

H tadtion twv dbo xbpLwy dpwy eivor axplBug n formula tov Dirichlet class number. To emdpevo
BrAua eivan var ouvdéoovpe ot T Bewpio e Tig TETPaYWwILXéS Pop@éc modulo TpwTovg. Av A
elvot évog ax€poog e

A=0%1 (mod4),

ToTE YLow % meELTTo TP TO P 1 A T0 obpPoro Legendre

()

pog Aéet av v Sroxpivovoor A eivor 1 dyt tetpdywvo modulo p. Otav n A eivor Gepediddng Stoscpi-
youoor, dNAod1| 8V TEOXOTTEL aTtd PLXPOTEET BLaXPIVOLON UE APALPEDT TETPOYWYLXOD TTHOEYOVT,
T0 GOUPOAO AVTO ETTEXTEIVETAL GE EVaY TRWTOPYLXO TEOYLOTLXO YopaxThpo. Dirichlet

[N g apynuinég Bepeitddetg draxplvovoeg, N avtiotolyy ostpd Dirichlet

— xa(n)
nS

L(SaxA) =

n=1
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xpUPeL péoo g Tov aplBud xAdoswy h(A). O otéyog pag eivor vo aodeitovpe 6t yroo A < 0
ettty OepeAtcddn Staxpivovoa Loydel
27
L(1,xa) = ——==h(A),
wav/|A|

6mov wa elvor 0 wa = 6 6ty A = —3, wa = 4 bty A = —4 xow wa = 2 6oy A < —4.

Me &Aoo AGyLar, phLor el TLU LG oVOALTLRNG GLVGPTNoNG, TN L (S, XA ), LeTpd évay xabopd
StaxpLtéd opLiuntind avodholwto, SNAad To TANHOG TwWY YYNOLWY XAQCEWY TETPOYWILXWDY LOPPLY
oc 300 petafintéc pe draxpivovoo A.

Optopdg 9.13. Oétouvpe

6, D=-3,
wp = 47 D=-4
2, D< —4

O o7téyog eivor vo amtoderybel to e€ng.

Bzopnpa 9.14 (Dirichlet class number formula: apvnTxy mepttth Tepintwon). Eotw D < 0
mepttty) Oeuehddns droxplvovoa. Tote

2

wp+/| D]

L(1,xp) = h(D).

10 Avtopop@iopol Ostixdt 0pLOUEVDY HLOPPOY

0 mpwtog Aemttdg apLbuntindg pog mov Oa ypetaotobue eivar o opLBuds yYviotwy awtopoppt-
oUWV LG TIPWToEYLXYS OeTind opLopévng popevg e dtaxpivovao D.
Optopdg 10.1. T pro popeh f = [a, b, ], opiCovpe
Aut®(f) = {M € SLy(Z) : [ = [},

6mov

May) = flor +qyra+sy), M= <f g) :

Afppa 10.2. Eotw [ = [a,b, c] mpwtapyux) Oetixd optoudvn popei ue doxpivovoa D < 0.

Ostovue
2a b 0 —1 -b —2¢c
Sf:(b 20)’ J:(1 0)’ Af:‘]Sf:(m b )
Toze:
1. A’j;:ng.

2. Av U € Aut™(f). tdte U avriperatibeton pe 1o Ag.

3. Kdbe U € Aut™ (f) yodpetar povadid ue tp uoper

t—bu
—cu
v=| 2
t+ bu
au
2
YO XATOLOVS axepalovug t, U TOL XAVOTOLOVY
t? — Du® = 4.

Avtiotpopa, xdbe térotog mivoxag avixer otqy Autt(f).
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Anodey. Tlpdra,

2
-b —2c b2 — dac 0
2 _ _ _
Ay = <2a b ) - ( 0 b2 —4ac) =D,

T éotw U € Aut™(f). H ouvdiun fU = f tooduvayet pe

Uts;u = S;.
Mpéyportt, av
2a b z
= a) x=()
ToTE
2f(x,y) = XTSfX.
Apa

2fY(z,y) = (UX)TSp(UX) = XTUTS;U X.

Enouévic 1 ouvdixn fU = f rooduvapei pe
Uts,u = S;.

Apo.
SfU = U_TSf.

UT_<8 —7’)
-q p)’
0 —1
=(1 0):

Ju-T = (q _p> —UJ

Ened det(U) = 1,

OTOTE, YLOL

vmoAoyilovyue dpeoo GTL

s —-r
HoMamAaoidlovtag Ty SpU = U -Ts o6 apLotepd pe J, madpvoupe
JS;U =JU TS, =UJS;.
AnAadn
AU =UA;y.

Emewdn D < 0 xow dpo D Sev eivan tetpdywvo ato Q, To eAdyroto movdvouo tov Ar mhve
om6 to Q elvor to
X?-D.

Emetdn to eAdytoto molvwvopo tov Ay eivan to X2 — D, éye Babué 2. Apa viépyet Stbvoopo
v TéT0L0 HoTE Ta v, A pv v amoteAoby Bdoy Tov Q2. Av U avupetatifeto pe tov A . tote 0 U
xofopileton amd to U(v), xow av

U(v) = av + yAypv,
tote, and ™ oxéon UAy = AU, maipvovpe emiong

U(Apv) = AfU(v) = zApv + yA%v.
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Apoa o U ovppwvel ot Baon (v, Apv) pe tov mivaxa xl + yAyr. Enouévwg
U=zl +yAy;.
ZUVETWE T0 GOVOAO TWY TVAX®Y oL avTiuetatifevtar pe tov Af eivon axptBug
Q[As] ={xl +yAs: z,y € Q.

Emopévwg vrapyovy povadixol z,y € Q pe

U=aly+yAs = (f”_by _26y>.

2ay =+ by
Oétovpe
t =2z, u =2y
Tote
t —bu
—cu
Uv=| 2
t+bu
au
2

Emedn o U éxer onépora atoryeio, ovpmepaivovpe 6t t,u € Z.
Amté v ekiowon A2 = DIy maipvovye

U= (zlh+yA;) = det(U)=2?—- Dy’
Mpdypott, omd TLg oxéoelg
tr(Af) =0  xou det(Af) = —D
%o TO YeYovog 0Tt yrow xéilfe 2 X 2 mivoxa A oydet
det(zly + yA) = 2 + zy tr(A) + y* det(A),

Taipyovpe
det(xIy +yAy) = 2? — Dy*.

Ened det(U) = 1, maipvoope
w2 —Dy? =1 == t2 — Du? = 4.

AvtioTtpooa, ov
U=zl +yAy pe a2 —Dy? =1,

TOTE

UTSU = (xl + yAp) ' Sp(zl + yAy).

Enedn Ay = J Sy, éxovpe .

Apo
UTSfU = x2Sf + :cy(A?Sf + SfAf) + yzA?SfAf = :C2Sf — yszA?c.
Egéoov A% = DI, naipvovyue
UT'S;U = (2* — Dy*)S; = Sy.

Apo U € Aut™ (f). To Mupa amodeiydnxe.
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éptopa 10.3. ‘Eotw f mpwtapyxy Octixd optoudvn pnopen ue meotrty OeueAddn daxpivovoa
D < 0. Tote

AnodeEy. Amd 10 TEONYOOUEVO AUULa, OL Proper oVTOLOPPLOUOL TOU f avTLoTOLXO00Y OTLG OiXé-
pateg Adoelg g Pell-tdmov eEloworng

t2 — Du? = 4.

Enedn D < 0, awtd ypdepetar
t2 4+ |DJu® = 4.

Av D < —4, t6te |D| > 7, dpo  p6évn Suvatétnta eivan u = 0, ontdte t = 2. Avtd Siver axpiPog
ToLG 3V0 AW TOPOPPLOUOVG o %o —Is.
Av D = —3, 1 eEiowon eivor
%+ 3u® = 4.

Mépo amd Tig Aoelg (t,u) = (£2,0), éxovpe xow Tig TéooEELg ADOELS
(t,u) =(1,1), (1,-1), (—-1,1), (-1,-1).
Yuvolxd maipvovue 6 proper avtopopELopovs. Apa

| Aut™ (f)| = wp.

11 Primitive avarapactéocsig xou pileg g b = D (mod 4n)

Optopog 11.1. T n > 1, optlovpe

h(D)
rp(n) = > _ #{(x,y) € Z*: fi(z,y) = n},
j=1
®ouL WD)
p(n) = Z #{(x,y) € Z*: fi(x,y) =n, ged(z,y) = 1}.
j=1

Optopdg 11.2. o n > 1, Bétovpe
pp(n) :=#{B (mod 2n): B2 =D (mod 4n)}.

Avqppo 11.3. T xafe n > 1,
p(n) = wp pp(n).

Arnodeén. To x6be j, 0étovpe

R;(n) = {(z,y) € Z*: fi(z,y) = n, ged(z,y) = 1}.
T x&Be j, n opddo Autt(f;) Spa ot0 R(n) pe

T -v:=Twv.
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‘Eotw v € R”; (n). Oa deiEovpe 6Tt 0 oTOBEPOTOLNTAG TOL ¥ ElvaL TETPLUUEVOG.
Hpdypatt, av T € Autt(f;) xaw Tv = v, ypdpovpe v = (x,y) xor emAéyovue

M = (x “,) € SLy(Z).
y v
Enetdn n mpwtn otiin tov M eivow to v = (x,y), éxovpe
F1(X,0) = fi(eX,yX) = X fj(z,y) = nX>.
Apot 0 GLVTEAEGTHC ToL X 2 GTN LOPPT fJM elva {00G e 1, oL ETOUEVLG
g =[n,B,C]
Yoo xémotoug axspaiovg B, C. Oétoupe

g = fjjw = [n7B7C] prdod’ U .= MﬁlTM S Aut+(g).

Eredn Me; = v xow Tv = v, éyovpe
U61 = €1.

7= )

g(X,Y)=nX%4+ BXY +CY?,

Apo o U éxeL 1 popen

o xémoto t € Z.
Toypo

oTtoTE
dU(X,Y) = g(X +tY,Y) = nX? + (2nt + B)XY + (nt* + Bt + O)Y™2.

Epboov U € Autt(g). éyovue gV = g. Suyxpivovtac tov cuvtereotd) tou XY, maipvovpe
ot + B = B,

oo t = 0. Emopévwg U = I, xou ovvertdig T = 1.
Apa o otabepomointig xabe v € R’; (n) etvon TeTELUpEVOS. ATt TO Decdpnu.a Tpo)LEc—oTadEpOTTOL T,

| Aut®(f;)]

Autt(f;) -v| =
AU = [ty ()

= |Aut®(f;)| = wp.

Yuvenwg xdbe tpoyta €xet axpLBudg wp ototyeio.
Ooa dciEovpe 6Tl TOo oVVOAO

h(D)
LI Rj(n)/ Aut™(f)
j=1

elvol o€ opELULOYOOLOYTY avTlaTolyla LE TO GUVOAO

{B (mod 2n): B*=D (mod 4n)}.

OéTouvpe

B h(D)
R(n) = | | R(n)/ Auct(f)).
j=1
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Qo opioovpe plo ametndvion
®:R¥(n) — {B (mod 2n): BZ=D (mod4n)}

xo O delEovpe 6Tl elvol aQLLOVOGAOVTY.

Optopée g O. 'Eotw [v] € R¥(n). émov
v=(z,y) € Ry(n)

yto xémoto j. Enerd# ged(z,y) = 1, vmépyet

M = ("; ;ﬁ) € SLy(7Z).

I'odpovpe
£t =n,B,C].
Tote
B? —4nC = D,
oo
B*=D (mod 4n).
Opilovpe

®([v]) =B (mod 2n).

H ® eivow xoA& optopévn. Hpdypott, oy ol&Eovpe T detvtepn othin tov M oe (u, v')+t(x, y),
t6te avxobiotodpe tov M pe
1t
o 1),

%ol 0 peoaiog ovvteAeotig alAGlet ané B oe B + 2nt, dpa n xAdon modulo 2n dev oaAAG&Lel.
Eniong, av avtixatasticovpe to v pe T, émov T' € Aut™ ( fj), wow to M pe TM, t6te

TM M

ométe N xhdon B (mod 2n) pévet idta. Apa @ eEaptéron povo amd Ty tpoytd [v].

H & civor exi. Eotw
B (mod 2n), f2=D (mod 4n).

EmAéyovpe évay axépoto exmpiéowno B tng 5 xow Bétovpe

B2-D

C:= in

Téte 1 popen
g=[n,B,C]

éyet draxpivovoa D. Eivarl mpwtapytxi: av xdmoltog mpohtog p dtatpodoe towtéypove tao n, B, C,
T6HTE OO

D = B* — 4nC
0o eiyape p? | D, dromo apot o D eivow mepLtth) Oepehddng Staxpivovaa. Eniong, eredi D < 0
X0l O TIPWTOG CLVTEAEOTNG TNG ¢ €lva 1 > 0, 1 g elvon Betixd opLtopéyn.
Apou M g avixel o povodixg Ywiote xAdon omd tg f1, .- ., fr(p)- Eotw 6t

g=f"
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Lot XETTOLO § %Ol XATTOLO

M = (Z “) € SLy(Z).

,U/

Téte n o™ othdn v = (x,y) Tov M xavomotel

f](xvy) =n xou ng(‘T?y) = 1’

S
v € R;(n).

ATt Tov optopd g P, maipvoope
®([v]) =B (mod 2n) = p.

Apa O eivon .

H ® civor 1-1. 'Eotw
‘Eotw

%o OLOAEYOLUE TT{VOKEG

UE TTPWTN OTAAYN TO V;, €TOL DOTE

H o6t
®([v1]) = @([v2])

onuolvel 6T
B; = By (mod 2n).

Apa viGpyeL t € Z pe
By = B + 2nt.

1 —t
Mé:zMg(O 1>.

!

’ ’ ! ’ ’ ’ 7 M2 ’ 7 ’ ’
H mpddtn otiAn touv M, eivo TéAL TO V2, EVE M LOPON fj2 €YEL TTPWTO CLUVTEAECTN 1L XL UECOLO

ovvtereot™) Bi. Emeldn n Staxpivovoa eivar D, o tpitog ovvteAeotyg xabopiletal avoyxkootiud
oo

Avtixobiotodpe tov My pe

c=22"=

Apa
M/
M= £ =[n,B1,C].

Emouévwg o fj, o fj, elvon yvioia toodvvapes. E@doov ol

Jis-o o fuo)

elval EXTPOOWTOL SLOPOPETLXWY YVNOLWY XAKLOEWY, OCLUTEPALVOLUE OTL

J1=J2 =:J.
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MMt € Aut™(f;).
Enopéveg oL mpiteg othreg tov My xow M5, dnhadi tow v1 xow va, oaviixovy oty St Aut™ (f;)-
TPOYLE. ApOL
[o1] = [v2].
Avté Seiyver 6L n D eivon 1-1.

Yvuvertg n P elvor apLpovoouovty, xon dpa

‘ﬁ*(n)‘ —#{8 (mod 2n): B2=D (mod 4n)} = pp(n).

%Ol ETOREVWS FYOLY OLLOLLOVOGHLOYTY OV TLaTOLY O

h(D)
|_| R;(n )/ Aut®(f;) +— {B (mod 2n): B*=D (mod 4n)}.

|_|73* (n)/ Aut®(f) | = pp(n).

Topa, yia xabe 7, To GOVOAO R?(n) YodpeTon g Eévn évwon Twy Tpoytdv tng Autt(f;). Emeidn
%&b TéToLor TPOYLA ExEL axpLPwg wp oTolxela, Taipvovpe

[R(n)] = wp [R5(n)/ Aut™ (f;)].

Abpoilovrog wg mpog j = 1,...,h(D), Boioxovpe

h(D) h(D)
Z [R5 (n)| = wp Y [R5(n)/ Aut™(f;)].
j=1

Ened n évwon
|_| RY(n)/ Autt(f;)

elvar Egvm, owto ypdpeTol

h(D)

) =wp |_|R (n)/ Aut™(f;)] -

A6 ™y apeLpovoouovtn avtiotolyio Tov Selfaue Tapamdvw, To TeAevtailo TANDog eivor {go
ue pp(n). Apo
¥p(n) = wp pp(n).

Téog, x&Be Aut™ ( f;)-tpoxé éxer axpLfus wp otouyeio, emeldn n Spdomn eivan eAevBepn xow
| Aut™(f;)| = wp.

Apa
rp(n) = wp pp(n).
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Aqppo 11.4. TNoc xabe n > 1,

o) =1 ().

g*In
AnddeiEy. 'Eotw f = [a, b, c] mpwrtopyixnh Lop@h xot
f(z,y) =n.
Av Oéoovpe
g=gd(z,y), x=gz0, Y=gy,
t6te ged(xo,yo) = 1 xau, emedf n [ eivor opoyevig Bobuod 2,
n= f(z,y) = g°f (0, yo)-

Apo x&be ovomopdoToon ToL N TEOXVTITEL LOVOSIXA OTT Lol TTPWTOEYLXY AVOTTORAITUCY] TOL
n/g?, vz xémowo g2 | n. ABpoilovtac mhvw oe GAax T [, malpvovpe axpPug Tov {nroduevo
TOTO. O

Avppo 11.5. H ovvaptnon pp evor moldamiaotaotie].
Arddeln. Av (m,n) = 1, téte and 1o Kivelixd Ocdpnpo Ymoroimwy, n tootLuio
B?=D (mod 4mn)
eivot LoodVvoun e To GVATNHLO
%> =D (mod 4m), f%>=D (mod 4n),
%o ot xAdoetg modulo 2mn avtiotolyoly axpLPwg oc (edyn xAdoewy modulo 2m xat modulo 2n.

Apo
pp(mn) = pp(m)pp(n).

Afqppa 11.6. ‘Eotw p mepirtds mpdtog ue pt D. Tote, yi xébe o > 1,
pp(p”) =1+ x0(p)-

Amtode&y. Emedy D eivan meptttog, xébe Ao g
=D (mod 4p“)

etvor meprtt. Apa 1 B (mod 2p®) xabopiletor povoorpovia amd ™ pila tng modulo p*. Emo-
uévwg apxel va petproovpe tig pileg tng

z2=D (mod p%).
Av xp(p) = —1, w6te 22 = D (mod p) Sev éxet Moetc, Gpa ovte modulo p&. Tuvemdc
pp(p®) =0 =1+ xp(p)-

Av xp(p) = 1, t6te n2? = D (mod p) éyer axpLpic 3o pilec modulo p. Kabepio «oveBaiver»
povoldixd oe piloe modulo p®. Tlpdyportt, av Uy LXavoToLe]

uj =D (mod p¥),
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{nreobpe évay t (mod p) wote
Upty 2= uy, + tp”

VO LXOYOTTOLEL

ui =D (mod p*T).

Avamrtbooovtog,
ui + 2ugtp® = D (mod pFt).

Av ypdupovpe
up — D = prm,

N ToEATAVE cuvixn YyiveTol
m+2urt =0 (mod p).

Enedn p 1 ug, o t xabopiletar povadind modulo p. Apa xébe pilo modulo PP aveBaiver povoadixd
oe pilo modulo pFTt. Suvemdc vdpEyoLY axEPGHS Sbo pilec modulo P&, ko doo

pp(p*) =2 =14+ xp(p).

Appo 11.7. ‘Eotew p mepirtds mpdtos ue p | D. Tdte

pp(p) =1,  pp(®*) =0 (a>2).

AmodeEy. Emedn D elvoar tetpaywvoeiedbepog, xdbe meptttdg mpwTog mov Siopel to D To
Jtopel axpLPig pion Popd.
o v = 1, {rodpe tig xAdoetg S (mod 2p) pe

% =D (mod 4p).

Modulo p, awté Siver
B2=0 (mod p),

doa p | . Eretdq D =1 (mod 4), x&be Moo eivor mtepttti. o Z/2pZ, n povodixh xAéon 1ov
etvor Tawtoypove 0 (mod p) xow mepLtty elvor 7

B=p (mod 2p).

Apo pp(p) = 1.
Ay a > 2 xow vTREYXE ADOT TG

=D (mod 4p®),
6t TEAL p | B, Goo p? | 2. A ™ abyxpron o maipvope tote p? | D, dromo. Apa

pp(p*) =0 (a=>2).

Afqppo 11.8. INo xabe o > 1,
pp(2%) =14+ xp(2).
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Arddei&n. Oupilovpe 61t pp(2%) eivor 0 apLBLig TwY xAdoewY
B (mod2°™)  ue  BZ=D (mod 2°72).
Hepirtwon 1: D =5 (mod 8). Kdbe mepittd tetpdywvo eivor ioo pe 1 (mod 8). Apa 1 tootipio
f2=D (mod 8)

dev €xetl Aoelg. Emopévewg
pp(2¥) =0 (a>1).

Enedn topo xp(2) = —1, maipvovpe

pp(2%) =0 =1+ xp(2).
Ilepintwon 2: D =1 (mod 8). Oa deitovpe ot

pp(2%) =2 (a>1).

INo a =1, ou Adoetg g
f2=D (mod 8)

elvor axpfeg ot dvo ePLTTég ¥Adoelg modulo 4, dnAady
B=1,3 (mod4).

Apa pp(2) = 2.
OEtovpue yevixdTteEpR, Yloo m > 3,

Ny = #{z (mod 2" 1) : 22 =D (mod 2™)}.
Téte pp(2%) = No2. Exovpe 180 N3 = 2. Oa deiEovpe 61t
Nps1 =Ny (m>3).

‘Eotw = (mod 2™1) pe
z>=D (mod 2™).

01 30 Svvatéc avudoels g xAdong * (mod 2™~ 1) e ¥Adoeig modulo 2™ eiva ot
x, x4 2m L

YroAoyiCovpe
(z+2m 12 — g2 = 2™y 4 222,

Emeld7 xdbe ANoon eivon mtepLtt, & eivor TepLttoc, dpo
2™y 4 2272 = 9™ (mod 2™,

Apo axpLpdc pion amé g Svo xh&oec = xaw x + 2™ ixavomotel v Lootpior modulo 2
Emopévwe xé0e Moo modulo 2™ avodévetar povadiné oe Aoy modulo 27+ xat étor Nyyyq =
Np.

Apa emoywykd Ny, = 2 yia 6ho Tae m > 3, dnAad

pp(29) =2 (a>1).
Enedn topo xp(2) = 1, maipvovpe
pp(2%) =2 =14 xp(2).

To Mypa amodeiydnxe. O

88



Hpéroon 11.9. o xabe n > 1,

rp(n) =wp ZXD(d).
dn
AmtddetEy. Amé to Afppo 11.4 xow to Afppa 11.3, éxovpue
* n n
o) = 37 (55 ) = o S ()
> 9 > 9
9%|n g%n
Qétovpe AoLmtdy
n
ap(n) = ZPD<2> .
2 9
g?In

Apxel va detEovpe oL

ap(n) = ZXD(d).

dn

H ap eivor moMamAaotootixh, enetdh n pp eivon toMamhaotoaotxd (Adupe 11.5). Apa oipxel
Vo UTTOAOY{OOVUE TLG TLUEG TNG OE TPWTES SUVAELG,.

() "Eotw p1 D, p weptrtdg. Antd to Afupo 11.6,

pp(P*) =1+xp(p) (a>1).

Av xp(p) = 1, t6te pp(p*) = 2 v %60 a > 1, xou étot

1, a =0,
ap(p?)=42+1=3, a=2,
a+1, YEVLXA,
xofdg
o /2] 9w 1, o meprrtoe,
ap(™) = Y pp(@* ) =1+2|a/2] + , =a+l
- 0, « dpTtiog,

AT6 TNy GAAY,

&7
j=0 7=0

Av xp(p) = —1, t6te pp(p®) = 0 yrae xébe @ > 1, dipa

o le/2] a—w 1, «a épriog,
ap(p™) = Y pp(p**) =
v=0

0, « mepLTTog.

AN\G

« 7
Z(—l)j _ {1, « GPTLOG,

0, « mepittéc.

Apa xoL TTAAL

ap(™) =3 xo(p).

7=0
(i) "Eotw p | D, p weptrtog. Ané to Adupo 11.7,

pp(p)=1,  pp(*) =0 (a=2).
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Apo yrow xébe o > 0,

Amé v A, xp(p) = 0, ontdte
Apa

(iii) H mepintwon p = 2. Ané 10 Ajupo 11.8,
pp(2*) =1+xp(2) (a=1).

AxpLBc pe ty (dta avdlvom drtwe oo (i), Tatpvovpe
ap(2) =Y xp(2).
Emopévwe, vt xébe mpwto p ko xé&be oo > 0,
o
ap(p™) =Y _ xp(p).
j=0

Emnetdy) xot ot 860 cuvapTtioels slval TOAATAAGLOOTIXES, ovUTEPaivovuE OTL Yiar xbbe n,

ap(n) =TT | Do xo@) | =D xo(d).
p|ln \J=0 dln
Apo
rp(n) = wpap(n) = wp ZXD(d).
dln

12 H ovoAuTixy] GGUUTTOTLXY

Aqppo 12.1. Ay

T0TE

YuVeTmdc N oelpd

ovyxAlveL.
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Anddeiy. Emedy xp eivan un xvptog Dirichlet yapoxtipog modulo | D), éxovpe

D]
ZXD(a) = 0.
a=1
Hpdyportt, av u eivor prow oxépoto. ¥xAéon modulo |D| pe xp(u) # 1, tote
> xpl@)= > xpla)=xp) Y xpla),
a mod |D| a mod |D| a mod |D|

om6te o abpotopa eivar 0.
Apa Tévw ot xébe AN TEPiodo pixoug | D
opEows ETETAL OTL

, To &bpotopo TG X p elvor undéy, xol amd oTd

Ap(x) = Op(1).
Twoe ™) abyxAton tov L(1, xp), epapuolovpe peptxi ohoxAfpwon (summation by parts):

xp(n) _ Ap(X) X Ap(t)
> = +/1 dt.

X 12
n<X

Ened Ap(t) = Op(1), to deki péhog ouyxrhiver dtav X — oo. Apa n oetpd L(1, xp) ovyxhivet.
O

Mpotaon 12.2. Ioyvet

S rp(n) = wp L(1,xp) X + Op(VX).

n<X

ArnodeEn. Améd v [pdtoon 11.9,

Z rp(n) = wp Z pr(d).

n<X n<X dln
Oétovpe
ap(n) = xp(d),  Sp(X):=> ap(n).
dln n<X
Tére

Z rp(n) = wpSp(X).

n<X

Apoa apxei va detEovue 6L
Sp(X)=L(1,xp) X + Op(VX).

Tpdpovpe
Sp(X)= > xpld).

dm<X

Oé¢tovpe Y = |V X | xow Bo yonorpomorioovpe v péhodo tng vmepPBorvg tou Dirichlet. Xewpi-
Covpe ta Levym (d,m) pe dm < X oe exciva pe d <Y xow oe exeiva pe d > Y. Etot

Sp(X) = E xp(d) + E xp(d).
dm<X dm<X
A<y a5y
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O TPwTog P0G YPAPETUL OUECHG

Z xp(d) = Z xp(d) {%J

dm<X d<y
d<y

[ Tov 3ebtepo Gpo, amd g ovtodtnreg d > Y xaw dm < X émeton 6t m < X /Y, ondre

Z xp(d) = Z Z xp(d).

dm<X m<X/Y Y<d<X/m
d>Y

Av yodpovpue

=> xp(n)

n<t
TOTE x
> xp(d)=A4p <m> —Ap(Y),
Y<d<X/m
%ol étot x
- Sl £ () -anrf)
d<y m<X/Y

21 ovvéyela ypnotpomolodpe ) pébodo dbpotong Tov Abel yio va uyxpivovue To

xp(d)
d<Y
UE TN OELPA
= xp(n
LLxp) =)
n=1

Eg@doov Ap(t) = Op(1), yra xébe Z > Y éyovpe

Z XDTETL) _ AD<Z> B AD}EY) +/Z AD(t) dt.
Y<n<Z

Aprvovtog Z — oo, Ttaipvovpe

3 XDn(n) __Ap(Y) +/°° Ap(t) .,

n>Y

Ened Ap(t) = Op(1), To ki pérog eivor

Apa

Me Y = [VX ], awté yivetou
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Bélovtog to oty mponyoduevy oyéon, taipvoupe
SD(X) = L(l, XD) X + OD(\/X)
MoAaAaoLdlovtog LE WD, XOTAAYOVE

> rp(n) =wpL(1,xp) X + Op(VX).

n<X

13 H yvewpeTtptxi] docLPUTTOTIXY
Appo 13.4. o xafe t > 0 vrapyet otabepa Cy > 0 tétotar dote yroo xdle poayuévo xvpto
obvolo Q C R? va woyiet
area({z € R* : dist(z,00) < t}) < Cy(L(9Q) +1).
Mcaioroa, umopel xaveis va mapet
area({z : dist(z, Q) < t}) < 2t L(09) + 7t

Amtddeily. Oa dhoovpe TEWTO TNV addetEn dtay 2 = P cival x0pTté TOAOYWVO e TTASLEEC

wioug
b1y b, LOP)=0l1+ -+ {p,.

Etwtepun fedvn. To abvoro
{z ¢ P :dist(z, P) <t}

omoteAeiton amd:
e opboywvieg Awpideg TAdTOVG T XAUTA PA%0G ®&be TAELEASG, GLYOALXOD eUPodoD

t(ly+ -+ ly) =t L(OP),

® %o XUXALXOUG TOPE(S axTivog t YOPw amtd TLg XOPLEEG.

Emeld7 to dbpotopo twv eEWTEQIUWY YWVLWY EVHS XVPTOV TTOAVYWYOL ElVaL 27, TO GUVOAXO EU-
Baddv Twv TopEwy elval

Apa

e 1: EEwtepxs {ovn (Opboywvieg Awpideg & Kuxhuxol topeic)
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Eowtepu fdvy. To abvoro
{z € P:dist(xz,0P) <t}

TIEPLEYETOL TTTY EVWOT TWY ECWTEPLXMOY AWPISWY TAGTOUS T xorTd P1ix0g Twy TALEWY Tov P. To
abpotopo Twv euPaddy aLTWY TWY Awpidwy eival

t(ly+ -+ ly) =t L(OP).

Apa
area({z € P : dist(z,0P) < t}) <t L(dP).

[TpoobHétovtag Tig dVO exTIUNOELG, TOlPVOLILE
area({x : dist(z, OP) < t}) < 2t L(OP) + nt*.

To yevixd @porypévo xvpT6 (2, Tolpvovpe pLor axoAovdior xLETWY TOAVYOVLY P, oL GUYXAL-
vouy atov () xatéd Hausdorff xou tétota thote

L(0P,) — L(09), area(P,) — area(f2).
Tlepveivtog 6To GPLO OTNY TToPOTEVW avadTyTo yia To. P, Toipvoupe
area({z : dist(z, Q) < t}) < 2t L(99) + 7t

AuTtd ohoxANEWVEL TNV aTtOdELE. O

Yyfuo 2: Ecwteptxy {dvn (EmixdAuvdy eowtepinddy Awpidwy)
Afppoa 13.2. Yrdpyet andlvty otalbspa C > 0 téroia dote yia xdle pooyuévo xvptd cbvolo

Q C R? va oyver
‘#(Q N ZQ) — area(Q)‘ < C(L((?Q) + 1).

1177
o=[z3]
Ave podyue. T xéde z € QN Z2, t0 tetpdywvo 2 + Q éyel euBadov 1, xon ta TeTpdywve auTté
elvor Eéva. Emtiong

ArodeEn. Oétoupe

z24+Q C Q4+ Q.

Apa
#(QN7Z?) < area(Q + Q).
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Topa, x&be onueio tov (2 + Q) \ Q améyer ané t0 I T0 TOAS V/2/2, cpod
Q c B(0,v2/2).

Emopévwg
area(Q) + Q) < area(Q) + area({z : dist(z,99) < v2/2}).

Amé o Appo 13.1, Talpvovpe
#(QNZ?) < area(Q) + O (L(0Q) + 1).

SyAuo 3: Twa xébe 2 € QNZ2, 10 tetpdywvo 2+ Q meptéyetar ato Q+Q. Enedq Q C B(0,1/2/2).
éyovpe L+ Q C Q+ B(0,v/2/2).

Karow poayuo. Oétovpe
Q% = {z € Q: dist(z,00Q) > V2}.
Qo deiEovpe 4tL

area(Q\oﬁ) <#QNZ?%.

Mpdypott, extdg omd Tor ONUELX TTOL OVNKOLY GTOL GVVOP TWY TETPOYWVWY TOU TAEYUOTOG
(6bvoro uétpov undév), xébe onueio x € R? avrixel oe povadixé TeTtpdywvo e LopPhc 2 + Q.
ue z € Z2. Av thpa x € Q\O/i xow T € z 4 Q, Tt yroe x&be y € z + Q) éyovpe

emeldy 1 Suéuetpog Tov Q eivor V2. Apa
y € .

Emopévwg
z+Q C Q.

Apo to onpeion Tov Q\O[ ROAOTTTOVTOL Ot TETEAY WV 2 + Q e z € QN Z2. To tetpbywve avté
elvar Egva xo €xovy euPadsov 1, ondte

area(Q\o/i) <#QnNZ?%.
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Amé ™V Gy,
Q\ Qo5 C {x : dist(z,00) < V2},

omote, pe to Afupa 13.1,
area(§2) — area(275) < C (L(69) +1).
Apo
#(QNZ?%) > area(Q) — Co(L(0Q) + 1).
Yuvdvalovtog tor VO PEAYRATO, TOLEPYOLUE

[#(QNZ?) — area(Q)| < C(L(9Q) +1),

yiow xdmoto. aréivTy otolbepd C. O

Syfpo 2: Av x € Q\O/i, 0AGxANPO T0 2z + () TepLéyeTan ao §)

Moéptopa 13.3. o Tig eddelpers

Ej(X) = {(z,y) € R*: fi(z,y) < X},

LtoxVet

#(B;(X) N Z?) = area(E;(X)) + Op(VX).
Anodeisy. To Ej(X) eivon éMeudn. Amo tov tomo Tou epPadod Eépovue 6t
27

N

Eminaéov, enetdh 1o E;(X) eivor opordbeto tov Ej(1) pe Adyo v X, to uixog Tou 6uv6pov Tov
LXOVOTTOLEL

area(E;(X)) =

L(OE;(X)) = Op(VX).
E@appdlovtag to AMupoa 13.2 pe 2 = E;(X), naipvovue

#(Ej(X)NZ?%) = area(E;(X)) + Op(VX).
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Anppo 13.4. No xabe 7,

area(F;(X)) =

ArtodeEn. H popen f; yodpeton wg
x a; bj/2
@) =@ »ei(1),  Q=(," J).
fi(z,y) ( y) J (y> J <bj/2 ¢
E@doov f; eivon Betind opLopévn, o Q; elvon ovpuetoinds betind opLopévos. Emimiéoy
b? B 4ajcj — b? @

det(Q)) = ajej — = —— — ="

H mepLoxn
E;(X)={veR?: vTQu < X}
elvor 7 etxdva Tov evxAeldetov dioxov axtivag VX PEow NG YORUULXTG ATTELXOVLONG Q;l/ 2, Apa

X X 2

= = = X
Vaet(@;)  /IDI/4 V/ID|

area(E;(X))

Mpéroaon 13.5. loyvet

S ro(n) = QT\FZ%D) X + 0p(VX).
n<X

Arodeén. Tro xa0e j, 0étovpe
N;(X) :=#(E;(X)NZ?).

Tére

Nj(X)=1+ Z #{(x,y) € Z*: fi(x,y) = n},
1<n<X

duote to onpeio (0,0) copBaiker axplfog pio popd xow diver Ty T 0. ABpoilovtag wg TPog 7,
Taipvovpe

h(D)
> Nji(X)=h(D)+ Y rp(n).
j=1 n<X
Apo
h(D)
> rpln) =Y Nj(X) — h(D).
n<X j=1
Amé 1o Appo 7?7 o to Appa 13.4,
27
(X)) = VD] X + Op(VX).
Abpoilovrtog yioe j = 1,..., h(D), maipvovpe
h(D)
27h(D)
N;(X) = X +Op(VX),
P /D]

diott h(D) etvow otabepds we mpog X. Enopévag

Z rp(n) = 27\7%) X + Op(VX).
n<X
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14 Amo6oetEy g formula Tov Dirichlet

Ar6deén tov Ocwpruarog 9.14. A6 v avorutixn acvpmtwtixny g [pdtaong 12.2, éxovpe

> rp(n) = wp L(1,xp) X + Op(VX).

n<X

AT ™) YewpeTpix aovumtwTixn g [lpdtaong 13.5, éxovye eniong

S ro(n) = 2%)) X +Op(vVX).
n<X

Agparlpwvrtog Tig dV0 oyéosls, Talpyovue

(wD L(1,xp) — 2%)> X =0p(VX).

Aronpodvtog pe X xat a@ivovtag X — 00, XOTOANYOLUE

2wh(D
wDL(17XD): ( )
vary
Apa
2T
L(1,xp) = ———h(D).
wp+/|D|

Avté axpLpug eivor 1 formula tov Dirichlet class number ytor ocpvyTixy] Tepttty) OepeAtddn Sraxpi-
yovaoo. O

Optopdg 14.1. 'Eotw D > 0 Oepeiddng Sraxpivovoa. T'pdegpovpe h(D) yio tov apLBud twv proper
HAACEWY TEPWTUEYLXWY OOPLOTWY SLOSLXWY TETPOYWILXWY LOPEKY dtaxpivovoog D. Amd xdébe
proper xAdom dtaiéyovue évay reduced avTiTpOoWTO

fj:[aj,bj,cj], b?—llajcj:D, CLj>O>Cj, jzl,,h(D)
Tow peo tétoto pop@y f = [a, b, ¢, Bétovpe

b+ VD —-b—+D
o@=—"", B = T 5.
2a 2a

WoTE

f(z,y) = alz — ay)(x - By).
Afqppa 14.2. ‘Eoto | = [a,b, c| mpwtapyu) adptoty popeh daxplvovoas D > 0. Oérovue

2a b 0 -1 -b —2c
Sf:(b 2c>’ ‘]:<1 0>’ Af:‘]sf:<2a b)'

1. A} =DI.

Tore:

2. Av U € Aut™(f). tdte U avriperatibeton pe 1o Ag.
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3. Kdbe U € Aut™ (f) yodpetar povadixd ue tn noper

t—bu
—cu
U= 2
t+bu
au
2
YO XATOLOVS axepalovg t, U TOL XAVOTOLOVY
t? — Du? = 4.

Avtiotpopa, xdbe tétolog mivaxas avixel atnv Autt(f).

Emmiéoy, av Uy # I3 elvon o proper avtouoppiouds s f ue to eddyioto ixvos > 2, tote

to — buo —eu
ur=| 2 ’
f to + bug
o Ty

Yo xamoouvg axepalovs to, ug pe ug > 0, xat av Oéoovue

_t0+u0@>

L,
2

ED

70t ot botués Tov Uy elvon ep xau 851.

AnddeiEn. O amodeiteic twv (1), (2), (3) eivar axpifuc ou iSteg dmwe oy 0pLoPEVT TTEPITTTWOTN
D < 0, opod xpnotpomolody Lévo Ty ToTOTYTH

) = 5anss(7)

™ oyéon UtSfU = S}, xou 10 YeYOvég 6Tl *dbe axépaiog mivaxag Tov avtipeTatiBeTon pe to Ay
elvo g woppis ol + yAy.
I v tedevtoio TpdTOGY, E0TW

to — bug .
U=\ 2 ’
f to + bug
aug 5

O proper aTOROPPLOP.OG LE TO ULxPOTEQOD (xvog > 2. E@dooy det Uy = 1, ov wdrotipég tou Uy elvou
ot pilec Tov
A —toA+1=0.

Xprnotpomolwvtog 6Tt t% — Dug = 4, mtaipvovpe

)\_toi\/t%—4_t0:|:u0\/5
N 2 N 2 ‘

Apoa M LEYOAITEEY] LOLOTLUY Elvort

_t0+u0\/5>

L,
2

€D

%o N GAAY elvou 651. O

99



Appo 14.3. ‘Eotw [ = [a,b, ] reduced mpwtapyues adptotn pwoppy dtoaxpivovoas D > 0, xat

a_—b+\/ﬁ _ —b—VD

2a h 2a

Ocrovue
f=zr—ay, n=x-7Py
Tote o Oeueiiddng proper awtouoppiouds Uyr Soor wg

(5777) — (651‘57 €D 77)

Yoverde,
n 27
——ep—.
3 Pe
Arodeéy. Tpdwovpe
t() — buo
v (P 1) _ 2 o
I r s to + bug
aug _—
2
Ay )
x x
-ur(;)
(2/) \y
Tote

¥ —ay =(p—ar)z+ (¢ — as)y.

Emedn n a elvon pilo g
aX?4+bX +¢=0,

EYOLUE
q—as=—a(p—ar),
omoTe
2’ —ay = (p—ar)(z—ay).
Twpa
to — buo —b+ \/5 to - ’u,o\/ﬁ 1
—ar = —au = =€5.
b 2 " 2 D
Apa
5/ _ El_)l .
Opolwg,
n’ =é&pn.
0 petaoynuotiopds Tov 1n/& axorovbel apéowe. O

Optopdg 14.4. ‘Eotw f = [a, b, ¢| reduced mpwtopyixh adptot popen Staxpivovoag D > 0, xow

—b++VD —-b—+D
a= Y2 p= V2
2a 2a

Mo Moo (2,y) € Z2 g ekiowong f(z,y) = n > 0 AMyetow xbpix avanapdotacy ov

z—ay >0
xou 5
l’_
1< y<5%.
T —ay
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Appo 14.5. ‘Eote f = [a,b, ] reduced mpowtopyxi adptotn wopei dtaxpivovoag D > 0, xau
n > 1. Tdre xdbe proper Aut™ (f)-tpoyd o7o

2
{(z,y) €27 f(z,y) =n}
TepLEXEL axpBus Evar xVpto otoxelo. To (Sto toylet xow oy meptoptoTovue atig primitive AVoeLs.

Anddeln. ‘Eotw (x,y) pe f(x,y) = n > 0, xow Hétovpe

§=x—ay, n=x-—By.

Apob
f(z,y) =a&n >0,

ot £,m éyovv 1o dLo mpbonpo. Enedn —Ir € Aut™ (f), avtixabiotdvrag av xpedleton to (z,y)
ue (—z, —y), propovpe vo vrobéoovpe 6t § > 0, Gpo xow 1 > 0.
OéTouvpe
T = E > 0.
Amt6 to Afupa 14.3, 1 dpéon tov Uy otélvel T0 1 610 5%7“. Emopévwg umtapyet Lovadiuds oaxéponog
m TETOLOG WOTE
1< efr < &%)

Téte o Uy (z, y) elvar xbpto.

T ™ povadixdmrar, av xou o 360 UT' (@, y), U}”/ (z,y) elvor xOpLa, T6TE

!
52Dmr, a%m re [1,5%).

Arapwvtog, Taipyovpe
2(m—m/’ 2 2
€ D( ) € (ep +€D)-
H pévn axépora dVvopun tov 5% péoa oe awTé TO StdoTnue eivar to 1, dpo m = m/'.
H tehevtaio mpdtoon oxorovbel emeldn xabe proper avtopop@louds €xet opilovoo 1, dpo
Sratnpet to ged(z, y). O

Optopdg 14.6. T'ia n > 1, opilovpe

h(D)
ro(n) = 3" #{(.y) € 22+ fy(ay) =, (2y) civon xpuo},
j=1
nolL
h(D)
ro(n) = 3 #(,y) €221 fy(ay) =n, ged(z,y) =1, (z,y) civos xdpio}.
7j=1

Optopdg 14.7. T n > 1, Bétovpe
pp(n) :=#{B (mod 2n): >=D (mod 4n)}.

Aqppo 14.8. o xabe n > 1,
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Amodely. To akyeBpixd népog tng avtiotolyiog avépeoo o primitive avamopootdoels xot pileg

™ms
f?=D (mod 4n)

elvor axptPg to (8o 6mwe oty mepintwoyn D < 0, ondte Bupilovpe pévo tor ovoLddy onueio.
Av (x,y) eivow primitive Aon g fj(z,y) = n, emréyovpe v,6 € Z pe

xd —yy =1,
xow 0étovpe
_(* 7
M = (y 5) € SLQ(Z).

Tére
fj oM = [naﬁ,,)/]

yLow xémotoug axepaiovg 5,7, xaw emedn n Staxpivovoo Srotnpeital,
=D (mod 4n).

EmtmtAéov, N xAdon tov B (mod 2n) eEoptdror pévo amd Tty proper xAdon tng primitive ovoro-
pbotaons.
Avtiotpopa, av
f?=D (mod 4n),

Tote

[n, 8, 752)
elvor TpwToEyLxy Lop@n Staxpivovoag D. Ilepvévtag oty reduced proper xAdom tng, Taipvovpe
ptoe primitive proper tpoyté Aoswv g fi(z,y) = n.

Sy apynTixn mepittwon D < 0, x&0e proper tpoxtd ovveto@épel wp primitive avamopa-
OTAOELS. XNV TToPOVo 0dPLOTY TEPITTWOoY, amd To AMpuo 14.5, x&be primitive proper tpoyLa
TEPLEYEL aXPLPWS Evay ®VPLO EXTTPOTWTO. Apal N TOEATAVEL avTioTolyio eival pior Tpog uia, xot
OLVETILG

Afppo 14.9. H ocvvaptnon pp eivar moldarwiaciootixy].
Artodeén. AxplBug 6mwe yioo D < 0, avtd axorovdel ad to Kivélixo Oedprnpo Yoroiwy. [

Mpotaon 14.10. o xafe n > 1,

rp(n) = xp(d).

dln

AmodetEy. H amddertn eivar n (St 6Ttwg yioe D < 0, pe pévn Staopd 1t to Afupo 14.8 Siver

ovtl yio
¥p(n) = wp pp(n).

Apo 0 mopayovtog wp cEopoviletal oe OAN TN CLVEYELX TOL ETILXELPNUATOG, XOiL TTOLPVOLUE

rp(n) =Y xp(d).
din

102



Hpéroon 14.11. Ioyve:

> rp(n) = L(1,xp) X + Op(VX).

n<X

Amtode&y. Auvtd amodetuvieTtal axplfug 0mtwg oty mepinttwon D < 0, Eextvdvrtog ortd tov TdTo

rp(n) = 3 xo(d).
din

xo afpoiovrog o n < X O

Afppa 1412, Yrdoye andivty otabepd C > 0 téroi tote yio xdbe pooryuévo ywoeio ) C R?
TOV 0TOlOV TO GUVOPO eivan évwan memepacuévov TAjfove evbvyoduuwy TunudTwy xow Cl-
T0Ewy va toyVet

[#(QNZ%) — area(Q)| < C(L(6Q) +1).

2
11
Q = |7 55 .
2°2
‘Omtwg o oTNY ®VPTH TEPITTWO, 1 évwon Twy lattice squares z 4 ), 6mov z € QN 72, TEQLEYETOL
oto  + Q, xou o TeTPdywvVe owTd eivor Eévar xa Gho éxovy epfaddv 1. Opoiwg, xdbe lattice

square Tov TEUVEL X0 TO 2 %o T0 CLUTARPWEE ToL TepLtéyetal oty L-yertovtd tov 0S). Apa 1
JLopoa.

ArodeEn. Oértoupe

‘#(Q NZ?) — area(Q)‘

ppboocton and otabepd el 10 euBaddéy e 1-yertovdic tov OS2,

Tpa, 1 1-yertovid evig evbuypaupov tufuortog wixovg £ éxet epfodov K £+ 1, xou to idto
toyveL xat Yo éva CH-t6E0 prinove £. Emetd to 052 eivar évemom memepoouévon TARH0UC TEToLwY
XOLUOTLOY, TO GUVOALXS eUPaddy g 1-yertovidg tov IS eivon

< L(99) + 1.
Avto divet To {nroduevo. O

Mpotaon 14.13. Ioyvet

> rp(n) = h(D)%(ED)X +O0p(VX).
n<X

Amode&y. o xébe reduced avtimpdowmo
fi = laj, bj, ¢jl;
OéTovpe

o —bj +vD
J 20,]' ’
xow optlovpe To YwELo

Q(X) == {(:E,y) ER*:0< fi(z,y) <X, z—ajy>0, 1< z= by <5%}.
T — a4y

ATt6 TOV 0pLoPG TV XVELWY AYOTTAPOCTAoEWY, To lattice points g 2;(X) eivor axpLBdg oL xbpteg
OVATOPUOTATELG OAWY TwV oxepaiwy 1 < X amd ™ nopen f;. Emouévwg

h(D)
> rp(n) = #Q(X)NZP).
n<X 7=1
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Oa deiEovpe 6TL, OpOLOPLOPPO WS TEOS 7,

#(Q;(X)N7Z2) = 8(eD) ¥ 1 0, (V).

vD
Abpoilovtog wg mpog j, Bo amodeiEovpe v TpdHTOON.
Oétouvpe
E=z—ajy, n=z-0by
Tore

fi(@,y) = a;én.
0 ToxwBrovie g oloryfg petafintow (z,y) — (&,1) elvan

det

omtoTe
a

dr dy = \/—% de dn.

Yo entinedo (€,n), to yweio ;(X) yedpeton

Ri(X) = {(g,n) 0<aEn<X, £>0, 1<n/E< g%}.

Qétovpe
r= Q, WoTE n=ré.
§
Tote
0<ajén <X <= O<ajT§2§X,
ONAadv|
| X
0<&E< | —.
a;r
Erniomng,
dn =&dr + rdé,
apo
dédn = EdEdr.
"Etot

. €2D X /(a;r)
area(2;(X)) = % /1 /0 £ d¢ dr.

To eowTeptxd oAoxApwuaL elvor
X/(a;r) X
[ ede= o
0 a;r

2 2
a; [0 X X D dr  log(ep)
Q(X)) = 2 dr = — — = X.
area((};(X)) = —= 20, T3 T)/1 . )

Méver va eAéyEovpe T0 pwixog tov ovvépov. To cdvopo tov R;(X) amoteleitar améd dbo
evBVvYpoppa TPAULOTO TTOL Bploxovtol Tavw oTLg NuLevbeieg

omoTE

n=¢&  wouw  n=eh,
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xabde xaL oo Eva T6E0 TG LTEPPOATS
a;én = X.

To %o evbdypappa TpARaTe €xovy TpoEavws wixos Op (v X). T to vTeEEPOAXS TOEO, YOG~

(VX)
povpe
X X X
n=—2:, P < E < .
a;§ ajep a;
To pfxog Tov elvar AoLToy
dn\ X2
1 — | d¢ = 1+ ——d vX.
i+ <d§) : /\/ Taa e

L(OR; (X)) <p VX.

Apa

H yooupixs oAyt petafantodv and (&, 1) oe (x,y) eEaptdrar povo and t nopet f;. Emeldi,
yior atobepd D, utdpyovy pévo memepaopéveg reduced ¥AGOELS, OL VOPUES TWV OVTIOTOLYWY YOO~
ULXODY UETATYNUOTLOUWY PEAGGOVTOL LOVO WG Ttpog To D. Emopévng

L(09;(X)) <p VX.

Egpoppdlovtog to Afupo 14.12, Taipvoovpe

#(Q;(X) N Z?) = area(Q;(X)) + Op(VX) = IO%/(%D) X 4+ 0p(VX).

Abpoilovroc v j = 1,..., h(D), xotoadiyovpe ato

> rp(n) = hD)1og(En) x , 6, (V).

neX VD
O
Ozwonua 14.14. INa xabe Osuciiidn doxpivovoa D > 0,
L(L xp) = h(D) log(sD).
VD
Amode&y. Zuyxpivoovpe Tig Ilpotdoetg 14.11 xow 14.13. O

Moéptopo 14.15. Eotw d > 1 tetpaywvosistbepoc, xar D n Osuchiddne Siaxopivovoa Tov
Q(Vd). snAasi

d, d=1 (mod4),
4d, d=2,3 (mod 4).

Tote 7 e&lowon Pell
2 —dy? =1

Exet un TETOWUEYY axépaty AVOT].
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ArnodeEn. Améd to Oedpnuo 14.14,

h(D)lo ED
L(1xp) = P 08ED)
vD
Emedn xp elvon mpoyportinds pn ®OPLOG YUPOXTAPOG, EXOVILE
L(l, XD) > 0.
Eniong h(D) > 1, dpa
log(ep) > 0, om6éte  ep > L.
Amé to Adppo 14.2, o
to + U()\/E
Ep=—pb )
2
ToTE
t2 — Dud =4
pe ug # 0.
Av D = 4d, t61e
t2 — 4du} = 4,

omoTE

2
to

t2 — du? = 4.

xou (%0, uo) elvo pun TeTpLLpévy Adom.
Av D = d, t6te

Av tg, ug glvar xow ot dbo qpTLoL, TOTE

2
to uo \ 2
2Ol TEAELDOOE.

Yrobétovpe Twpo OTL o, ug elvar xon ot dVo TeELTTOl, XaL BETovuE

to —i—’UJo\/&
o= —:.
2
Tote
t(] — UO\/g
o — =1,
2
oo
to — d
2
ZOVETIWG
ad+ad = t% — 3to,
xou
P —aB=(a—aNHat+1+a?) =uVd (i -1).
Apa

3 2
— —1
ad = t 23t0 + uO(t02 )\/21
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Emewdy) tg, ug eivor mepLtrol, xon ot 300 auvteAeoTég elval axéporot. Emopéveng
o =u + y\/g

Yt xémotovg axepaiovg T, y. Malpvovtag véppes, Taipvovpe
2?2 —dy? = 1.

E@doov o > 1, éyovpe a® > 1, ooy # 0. Enopévwe auté Sivel un tetorupévn Ao g eEiowong
Pell. O

15 To Oeswpnpo Vinogradov

216y)0¢ o oL TN TNV TaPGYPoupo elvo To axdAovbo Bewpnua.

Ocpnua 15.1 (Vinogradov). Kabe apxetd ueyadlog mepittos axépatos yoapetot ws abpotoua
TOLDY TRAOTWY.

OéTouvpe

rin) = Y A(k)A(k2)A(ks).
k1+ka+kz=n
H moodtra r(n) petpd, pe Baon, T avamapaoTdoels Tov N »¢ afpoiopatog Tty apLbudy,
6mov xabévoag elval eite TPWOTOG elte dHVOUN TEWTOV.
Oewpobpe tpa évav axépato N > 1. Opilovue ™ cuvdpToY

S:R—=C,  S(a)=Y_ A(k)e™*.

k<N

H S eivar 1-meptodinn, Sttt yro xée o € R éyovpe

Oé + 1 Z A 271'214: (a+1) _ Z A 27rika627rik _ S(O[)

Emopévag apxet voo t) peretobpe oto ddotua [0, 1].
Ydvovtog oty Teitn dHvouy, Tolpvovpe

S(@)P = > A(kr)A(ky)A(ks)emiRrthaths)a
ki1,k2,k3<N

Op.adomoLvtog Toug 6pove we TEog to dbpotoua n = ki + ko + k3, Yodpovue

S(a)? =) > A(k)A(k2)A(ks) | €2
n ki+ko+ks=n
ki1,k2,k3<N

OéTovpe AoLmtov
r(n, N) = > Alk1)A(k2)A(ks),

ki+ko+kz=n
k1,k2,ks<N

omoTE

Nae n < N éyovpe Tpopoavdg r(n, N) = r(n), apod ard ™ oxéon ki + ke + ks =npe k; > 1
énetar avtépota ki < n < N.
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Topo ypnotpomotobue Ty 0phoywtdTnTa Twy exbeTindy cuvaptioewy oto [0, 1]:

/1 627ri(m—7"b)a dov — ]_7 oy m =n,
0 0, avm #n.

—2mina

oA amAaaLélovToc Ty avdmtuEn Tou S(a)3 ue e %o 0O oxAnpwvovtog arné 0 €wg 1, amo-

povevovpe tov cvvtereoth r(n, N). Etot maipvovpe
1 .
r(n,N) :/ S(a)3e M gq,
0
Avty elvar axpLPug 1 TowTdTTAr TToL Bot YPNoLHoToLigovEE aT KEDOSO ToL XVXAOUL.
Optopdg 15.2. Ta Lo otabepd B, Oétovpe
P =1log?(N %o = —a—.
g (V) Q 1025 ()
Eniong, yto x&be mpoypotind x, ypodpoope

||| := min |z — m]|.
mezZ

Tére, yio xébe g < P xow b tétoro hote 1 < b < g xow (b, q) = 1, Bérovpe

b 1
Mb,qg) =<ac|0,]): |la——||<—=,.
(b.9) { 0.1) qH Q}
EmimtAéoy, Oétovpe

Mm=J Mb,g), m=[0,1)\M

q<P

1<b<q

(b,g)=1

To M (b, q) T ovopdlovpe Towrebovta ToEa, Ve To SLOGTALOTA TOL M Tor OVOUALoLYE EAdTTOVL
toéor.

Aqppa 15.3. To m eivar un xevo.

ArnodeEn. Kébe dbo mpwtedovta té6Em eivan Egva. Ilpdypatt, o
b v
- # =
qa q

6TC GTOV 0pLoRd, T6TE Yo peydho N oyver Q > 2P2, xou Gpo

Hb v
q ¢

Emopévog to t6Ea M(b, q) wow M(Y', ¢') dev téuvovron.
Apo To M, ov eivor N TETEPOOUEYN Evwon EEvwy xAetotdy ToEwY M(b, q), dev toobton pe
620 7o [0, 1), xo oLVeTS TO M lvor un xevo. O

2t ovvéyela g amddetEng Ha yoddovpe
1
r(N) = / S(a)de 2N go = / S(a)de 2N g 4 / S(a)de 2N g
0 m m
xoL Ba ppdEovpe xabéva amd To Vo ohoxAnpopoato Tov apolopotoc.
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16 IMpwredovta TOE:

Ozwpobpe o TPwTedoy TOE0 M(D, q). Tror x&be yopaxthpa Dirichlet modulo ¢ Hewpobpe to

éaBpotopo Tov Gauss

)= 3 x(m)e "

meZ/qZ

Bewpodpe emiong T0 TeTEPOOUEVO dbpolopa
1

e > xm)r(),

x mod g
6mov X elvor 0 pryadixdg culuyNg Tov X, dNAadY
X(n)=x(n) VneNlN.

Av (n,q) > 1, w6t x(n) = 0, dpo
1
5 5 =0
(ZS mod
Opwg yia (n,q) = 1 éxovpe 6t

q;) S X)) = qf Z S xm)x(m)e

X mod g mod g meZ/qZ

Ened? (n,q) = 1, yto x8be m € Z/qZ vrdpyer h € Z/qZ érolo tote
m =nh (mod q),

xa Gpo xafig to h Stotpéyet to Z/qZ, to idto xdvet xo To m. Apo

IRIPIR YT e

X mod gmeZ/qZ X mod q heZ/qZ

_ 1
#(q)
1
=00 2 2 X
L
?(q)

27rzm

27'rznh

X mod q heZ/qZ

Z e27-r;nh Z m

he€Z/qZ X mod q

21 ovvdptnon S(a), emeldn Soviedovpe Yo o € M(b, q), Ypdepovpe
b
=-+4c
q

Térte

Z A 27r1k c) +O(log2 N)
k<N
(k,q)=1
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MpGypott, T0 GQEALN TEPOXVTTTEL o apopécovpe amd To S(a) ToLg GPOLS YLOL TOUG OTOLOVG

(k,q) > 1 wg kg

Z A( 27rzk Z A 2mk >,

k<N E<N
(k,q)=1 (k,q)>1
®OL GUVETKC, eetdy |e2™F| = 1,

Z A(k‘ 27rzk Z A )

k<N k<N
(k,q)=1 (k,q)>1

Topa, av A(k) # 0, tote k = p¥ yioo xdmolov TpidTo p xou xémoto v > 1, eved A(k)

Av eumiéov (k,q) > 1, t6te avoryxoaotixd p | q. Apo

Z A(k) = Z Z log p.

E<N plg v>1
(k,q)>1 p’<N

[oe %8&0e oTabepd TPWTo P | ¢, T0 TARBog TwY exbBetdv v pe p¥ < N eivor 0 TOAD log V

log N
Z logp < logp-i =log N.
logp

v>1
pY<N
Emopévwg
Z A(k) < ZlogN < (logq)log N < log® N,
k<N plg
(k,q)>1

ool ot TEWTEHOVTA TOEX éxovpe ¢ < P = logP® N, xou dpa logq < loglog N < log N.

YUVETTHG

Z Ak zﬂlk ) + O(log® N).
k<N
(k,q)=1

Avt6 To dBpotopa, pe ypvion g (51) xor tov 6T

x(kb) = x(k)x(b) v (k,q) =1,

Yivetow
S(a) = Z A(k)(ﬁ(l) Z (kD) 7(%) €27%¢ 4 O(log? N)
k<N q X mod q
- qb(lq) S @) 3 x(k)A(R)EXT + O(log? N).

X mod g k<N

Xprnotpomolwvrog dbpoton xatéd pépn maipvovye

> x(k)A(R)e*TRe = TN N "y (n)A(n) — 2mic / e N x(n

k<N n<N n<u

z,x) = >_ x(n)A(n

n<x

Opilovpe THp
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Apoa n (53) EavorypdpeTtor g

N
Z x(k)A(k)e2™he = 2miNey, (N, ) — 271'2'0/ X (u, x) du. (54)
k<N 1

Oo YPNOLLOTIOLNTOVUE TNV LOYVEY] LOPPT TOL DEWPNUATOC TWV TEOTWY Yo aELOpNTLXES TTPO-
680vg oty axdAovby opoLépoppy SLaTdTWoY.

Ocpnua 16.1 (Ioxvpe1 opol6popEn LopEY Tov BeWEAUATOS TWY TEHTWY Yo aELOUNTLXES TEOG-
dovg). Ia xabe M > 0 vrdpyet otabepd C(M) > 0 térowx dote, ouoduoppa ws TEOS

2<u<N, ¢q<(logN)M (a,q) =1,

Vo oyUEL

. v ~C(M)\/lo
¢(UaQ7a)—¢(q)+0M(N€ o lgN),

o7 70)0)

Y(u;q,a) == Z A(n).

n=a (mod q)

H mopamdve popen eivor axptBdg auti mou ypetaldpoote, dLott oty cuvéyela Ha Tpémetl va
extipioovpe ™ P(u, x) opotdpopeo yio. 6Aa T u € [1, N].

Aqupa 16.2. Otovue

L, av x = Xxo,
0y =
07 av X ?é X0,

dmov X evar 0 x0pLog yapoxthpag modulo q. Tote, yia xabe yopaxtioo Dirichlet x (mod q),

ue
q < (log N)M,

toyvet ouoouoppo yior 2 < u < N ot
W(u, x) = 8y u+ Oy (Ne—Cl(M)\/logN) ’
Y xarowx Oetiery otabepa C1 (M), dmou

Y(u,x) ==Y x(n)A(n),

n<u

Arddeln. Epdoov x(n) =0 6tav (n,q) # 1, éyovpe

du,x) = > x(n)A(n).

(n,g)=1

OpoadoToLHvTasg THEo We TPOG TLE *¥A&oeLS bTToAolTTwyY modulo g, Taipvovpe

blu,x)= Y x@) D> An)= > x(@)¢(uqa)

a (mod q) n<u a (mod q)
N ()
I'pépovpe
u
Y(u; g, a) = —— + Ea(u),
( ) = (u)



démov, amd 10 Oedpnua 16.1, LoydeL OpOLOUOPPR WS TPOG G OTL

E.(u)=0pum (NeiC(M)\/IOgiN> .

Tére
= X v = 3 @ (4 Ew)).
el v(9)
a (mod q) a (mod q)
(a,9)=1 (a,q)=1
Gpo
U
Pux) = —= >, x(@)+ Y. x(a)Eu(u).
wla) o
a (mod q) a (mod q)
(a,q)=1 (a,9)=1

o to devtepo &bpotopa, enetdh |x(a)| = 1 6tav (a,q) = 1, éxovpe

Y. xX(@Eu(w)| < Y [Eau)l.
a (mod q) a (mod q)
(a,9)=1 (a,q)=1

Yredpyovy oxplfodg ¢(q) xA&oelg vrohoimwy a (mod q) pe (a,q) = 1, xow xobeptd and avtég

OULVELGQEPEL
O (NeCONViEN).
Emopévwg
> x(@)Eq(u) =On ((p(q) Ne—C(M)\/loTN) .
a (mod q)
(a,q):l
Apa
U
Ylux) = —= Y. x(a)+On (@(q) Ne—C(M)\/b,TN> |
wla) o
a (mod q)
(a,q):l
Opwg
S @) =P X=X
a (mod q) 01 oy X ;ﬁ X0-
(a,q):l
Emopévwg
d)(u’ X) = 6X u+ O (90((]) Ne*C(M)\/lOgiN> )
Apod

0(q) < g < (log N)M,

0 moAvAoyapLBuLxdg Topdiyovtag amoppo@dtal oty exbeTiny, (owg eAattivovtag TN otabepd

C(M). Apa
L/J(u, X) = 5X’LL + OM(Ne_Cl(M)m> 7

0Ttwg O€Aope. O

Emiotpépovpe twpo oty oxéon

N
Z x(k)A(k)e*mike = e2miNey, (N y) — 27Tz'c/ X (u, x) du. (55)
k<N 1
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Opilovpe
T(C) — Z eQm’kzc

1<k<N
xa, yroo xébe yopoxthpo x (mod q), Bétovpe
Ry (u) == ¥(u, x) — dy|u].

Am6 to AMppo 16.2 maipvoupe, opotdpopoa oo 1 < u < N, 6t
R\ (u) = On <Ne_K l°gN> (56)

yiow xéamoto Oetiny) otabepd K. Mpdyportt, ov X # X0, oTo givar axptfog 1o Aupo 16.2, eved oy
X = X0, TOTE
Ry (u) = ¥(u, xo0) — u+ (u— [u]),

xa 0 6pog u — |u] elvor PEarypévog oL GLVETHS amoppo@dtol ato (dto O-cduforo.

Avtixaiotddvrog

P(u, x) = Oy lu) + Ry (u)
otn (55), Bpioxovpe
Z x(k)A(Kk)e*mke = ¢, (NeQMNC — 277@'0/ e2mue y | du) —i—eQMNCRX(N)—ch/ >R (u) du.
k<N 1 1
AnAadn
2mwike __ 2miNc . . N 2miuc
D x(k)A(R)e*™ e = 6, T(c) + ™ NR(N) — 2mic | €*™“Ry(u) du.
k<N 1
A6 v (56) maipvovpe apéowg
eQWiNcRX(N) — OM (Ne_K logN) ,
eV emtiong
N .
/ eszucRx(u) du = OM <N2€_K logN) ]
1

Apa
3 x(R)A(R)E™ = 6, T(c) + oM((1 F e[ N)Ne K 1°gN) . 57)
k<N

T po emtioTpéPovpe oTn OYEoN

S(a) = 1 > T(0x0) Y x(k)A(K)e™* + O(log® N). (58)

X (mod q) k<N

Avtixabiotodvrac ty (57), Taipvovpe

1 _ — lo,
S() :SD(Q)X%; q)T(X)X(b) (5 7(c) + One (1 + [ N) N e KVIEN) ) 4 O(10g? N).

Emnetd) pévo o xdpLog yopoxtrpog ovufaiiel otov x0pLto 6po, owté yiveTon

S(a) = “X) 10y + 0y 80(1(]) S I+ eV N e EVEEN | 4 Of1og? N).

X (mod q)
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A6 to AMupo ?? éxovpe |T(X)| < /G evéd To Thibog Twy yopaxTipwy modulo g eivar o(q).
Emopévwg

S(a) = T ey 4 oM((1 +|e|N)aN e X logN) + O(log? N).

Amoppopavtag tov 6po O(log? N) oto opdipa, Beioxovpe

_ T(XO) —K+/log N
S(e) = 05 1) +OM((1 +]e|N)y/aN e g ) . (59)
Téhog, amd to Afppo 16.4 éxovpe T(xo0) = 1(q), doo
_ M —K/log N
Ste) =20 T(c)+0M((1+|c|N)¢§Ne g ) (60)

"Etot xdvope pla TpdTt) extipnoy, Ty omoio o) cvvéyeta Oa BeAtiddoovpe. Alvovpe Tpa Tov
opLoud tng ovvdptnorg Mobius.

Optopdg 16.3. H ouvéptnon Mébius p: N — {—1,0,1} opiletar wg

1, ovq=1,
p(g) =< (—=1)", v q sivor YLvOUevo T SLOrEXOLULEVLY TRWTWY,
0, av p? | g Y xémoloy TewTo p.
Afppa 16.4. ‘Eotw T(x0) éva dbpowoua Gauss xar 11(q) n ovvdptnon Mibius. Tote

7(x0) = u(q)-
Anodeéy. "Eyovpe

1<m<q
(m,q)=1
AMG glvol YVwoTd 0T
2mim
et =pu(g)
1<m<q
(maq)_l
XOENOLLOTTOLOVUE TNV TOVTOTYTOL
1(m,q):l - Z ,U(d>
d|(m,q)

Apa

q

Z e27rim/q _ Z 627rim/q Z M(d) _ Z:U’(d) Z 62m’m/q'
1<m<q m=1 d|(m,q) dlq 1<m<q
(m,q)=1 djm
®étovtog m = dr, mtaipvovpe
q/d
Z 627rim/q _ Ze2wir/(q/d).
1<m<q r=1
dlm

To tehevtaio dbpotopo eivar 0 av q/d > 1, eved etvor 1 av ¢/d = 1. Emopévwg névo o épog d = q

eTuPLdveL xo TolPVOLUE
e = ().

1<m<q
(m,q)=1

114



AT6 T TELYWYLXT ovlaoTTa BAETOLUE OTL

IT0Ol < g

Epapudlovtog ta dvo tedevtaio AMupoato moipvovue

1(q) “K+\/io
S(a):mT(c)—i—O((l—Hc\N)qu K %N).

T toe v € M(D, q), €xovpe amd Tov 0PLoPG TWY TPWTELOVTLY TOEWY 6Tt ¢ < P xou || < 1/Q.
"Etot, yio avTéd oL @, EYOVLPE

S(a) = M9 gy ¢ O(Ne Ve
yro xémoror Oetinn otobepd K.

Topo emloTpéPovue 6T0 OAOXANPWUO TTOL pog evSLaépet. AytixabioTodue pe Ty Topaméyvw
OXEON OL YE TNV OAACLYT] LETOPANTAG G = g + ¢ matpvovpe

. s l/Q . /
/ 83(05)6727”Na do = M(Q)g 67% / T3(C)€727erc dec + O<N267K logN) ’
M(b,q) ¢(q) ~1/Q

6mou ypnatponovioape ot u(q)? = p(q).
Tt vou exTLpoovpe 10 oAoxAfpwpa Tévew oto M, abpoilovpe T0 TopaTdveL TEVL ot GAo TaL
TEWTEVOVTH TOEQ KoL €XOLUE

A i 1/Q
/ SS(a)e—szNa do = Z lu’(q)3 Z 6_¥ /
m 0’ | (52, -1/Q
(b,g)=1

T3(C)e—27riNc de+O <N26—K” logN) :

(61)
yio xé&mota ety otabepd K. Mopoatnpodue ot

_ 2mibN 2mwibN
g e g = E e 9

1<b<q 1<b<q
(b,9)=1 (b,g)=1

dLotL pe ™y awvtxotdotoon b = g — b 1o 6Ovoro Twy vroroirwy pe (b, q) = 1 Tapopévet to (Sto.

cq(N) == Z e2ﬂfIbN.

1<b<q
(bv(I):l

To &Bpotopa awtd Aéyeton abporopa Ramanujan.

Btovpue TP

ApOunrtinég ouvaptioetg xaL 1 singular series

Optopdg 16.5. Mo aptOunrieyy ovvaptnon eivol pLa GLYRETNON
f:N—=C.
T 360 apLbuntixéc ocvvoptioelg f, g, opilovpe to dbpotoud Tovg onuetoxd:

(f +9)(n) = f(n) +g(n).
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Optopog 16.6. Mo aptBuntixd) cuvdpton f Aéyeton moAdamAaotootixny o

f(mn) = f(m)f(n)
yioo xé0e m,n € N pe (m,n) = 1.

Appa 16.7. Eotw f uoa woldardaociaoting ovvaptnon. Av

lim f(p") =0,

pY—o00
OToL TO OpLo Aaufavetal Tavew oc OAeC TIC TEWTES duvaues p¥, T0Te

lim f(n) =0.

n—o0

Anddeln. Apxet va deitovpe 61t yro xéfe 0 < € < 1 toyvet |f(n)| < & yia xébe apxetd peydro
n. Amé v vtébeon, To abvoro

Ey={p": [f(p")] > 1}

elvot emepoopévo. Oétovpe

To yvépevo awto eivor memepaopévo, oo A > 1.
OéTovpe TP

Enedn § > 0, to abvoro
Es = {p": |f(p")] = 6}

elvan emtiong memepacuévo. Bétovue
B .= H Y.

pYEEs

Téte B eivon évag memepoopévog Detinds axépoatog.
"Eotw tdpo n > B, xot ypdpovue v axpLB Topayovtomolino Tov

r
— Vi
n=||p;"
i=1
IoyvpLlépaote Gl LTAPYEL TOLAGYLOTOY €Vvag BEIXTNG ¢ TETOLOG WOTE

p;* ¢ E;.

Hpdrypott, oy 6hor Tow p; avixoav oto Eg, téte, emetdy) ta p;* eivor avé 360 Eévar xon xobévo
, i 5 ; n T p;
eppoviletol to TOAD pio opd, Oow elyape

T
n=[[r< I » =8B
i=1 pYe€Es

aToTO.
Apot LTLAPYEL TOLAGYLOTOV Evag OeixTNG © e

<0 =
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Tepo YwELLOLUE TOLG TTAPEYOVTES P;* OF TEELG XOTNYOPLEG:
fEil =1, a<[fp)l <1, |fp)l <6
Adyw TOAMATAAGLOOTIXOTNTAG,

[fm)l =TT 1F@)l.
=1

To YLYOUEYO TwY 6PWY TNG TEWTNG XATNYoPiag Elvar To TOAD A, apod xdbe tétorog Topdyovtag
owxeLl oto TETEPUOEVO abvoro E1. To ywopevo twv 6pwy tng dedTepng xotnyoplog eival To
ToAD 1. Téhog, vTdpyel ToLASYLOTOV €vag 6POC TN TELTNG xoTnyoplag, xot xobévag TéTolog 6pog
elvor pxpdtepog amd § = £/ A.

Emopévwg
€

A
yio xéBe n > B. Apa f(n) — 0. O

f(R)| <A-1- £
ANppo 16.8. o xabe € > 0 xar xdbe apxeta ueyado n toxvet
n'=¢ < ¢(n) < n.

Antddein. To dvw @pdypo d(n) < n elvon mpopavég yro xébe n > 1.
I 10 x&Tw Peaypo Bewpodue 0 cuvvéptnoy

1—¢
n
f(n) =~
¢(n)
H f eivow moramhaotaotix?. Emimiéoy, yia xdbe mtpeytn dvvoun p™,
om0 Y p L2
¢(pm) P — pm—l p—1 pme — pms'
Apa
lim f(p™)=0.
pMr—o0

Me e@oappoyn Tov AMupartog 16.7, Taipvovpe
1—¢

A )

Emopévwg, yio xd0e apxetd peydro n,

ONAodm

Afupa 16.9. Ostovue
Cq(N) — Z 827rzaN/q.

1<a<q
(a,9)=1

Tozte:

1. n ovvaptnon q — cq(N) eivar moAdamiaoiaotixd,
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2. av p*||N, tdte

(%), B<a,
Cpﬁ(N) = 7pa’ ﬁ:a+1,
0, 6>a+1.

ArodeEn. H TOMOTAOOLAOTIXOTYTO ¢ TPOS ¢ eivor dueon amd to Kiwélixo Ocwpnua Ymoloi-
V.
o Tov TOTOo o7TLg TPWTES duvaeLs, Ypdpovpe N = p*m pe p{m. Téte

_ 2miap®m /pP
cps(N) = E e .
1<a<p?
(a,p)=1

Ay B < a, 161e %60 exbétrg eivon axéporog o dpo xébe dpog sivor toog pe 1. Emopévwg
cpr (N) = 6(0”).

Ay 8 =a+1, téte
Cpat1 (N) — Z 627Tiam/P'

1<a<pot!
(a,p)=1

Kabe xAdon modulo p mov dev eivar TOAATAGGLO TOL P eppoviletal oxptfug p* @opéc, dpa

p—1
Cpa+l (N) _ pa Z eQm’rm/p_
r=1

E@dboov p 1 m, to tehevtaio dbpotopa ivor —1, dpo
cpat1(N) = —p“.
Télog, av B > «a + 1, t61e
)= Y eEmemie'

1<a<p?
(a,p)=1

O 6pot opadonotodvtar ae TARpeLS xAdaele modulo pP~%, xat to avtiotowo Gdpotoua exBeTiny
undeviletar. Apa
Cpp (N ) =0.

Afppa 16.10. Ogtovue
o0
1(g)cg(N)
S(N) =) =i
= o)
Tote 0 oelpd ovyxAiver amGAvta xow ouotouoPPa ws mpos N, xat emimAdoy Exel avanTuyua
Euler
1 1
o0 =TT (1- 5= I (1+ =77
pIN ptN

Eminioy, vrapyovy Ostixég otabepés c1, co tétoes wote yior xalbe wepttto N > 1 vor toyvet

c1 < S(N) < co.
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ArnodeEn. Améd to Appo 16.9 €éxovpe
|cg(N)| < é(q).

Apa
1(a)cq(NV) 1
¢(q)* |~ 6(q)?
Me to Afppa 16.8, yio xébe € > 0 xaw xébe apxetd peydro q,
¢(q) > q',
oTote
1 < 1
¢(q)? 7 g
Apa m oeLpa
oo
S 1(g)eq(N)
3
purRAC)

oLYXALVEL otV TOL ot pLdALaTa opoLdpop@a wg Tpog N.
E@dboov oL ouvaptioets 11(q), cq(IN) xon ¢(q) elvor TOMATAAGLOOTINES WG TEPOG ¢, 1] CLYEPTNOY,

q—
eivo emtiong moAamAaoLooTix. Apa
o0 B

I 3 p(p”)cps (N)

. = o’

Emedn pu(p®) = 0 yiae xé&be B > 2, nadpvovpe

p

Am6 to Afupa 16.9, av p | N, téte ¢p(N) =p — 1, eveh av p{ N, t61e ¢,,(N) = —1. Emopévwg

oo =T (~ g I ( )

pIN PN

[No o dvw Qpdypo, apxel va Topotnricovue 6Tt
1
S(N) < <1+> =:cp < 00.
1;[ (p—1)°

[t To %étw QEdype, enetdh N eivan wepLttoe, éxovpe 21 N, dpo 0 mopdyovtag yoe p = 2 givon

icoc pe 2. Emiong 1 1
[ (1-go) 2 I (- o) 2o

p|N, p>3 p>3
eV
IT(1+ ) >1
—_1)3) =
ke < (p—1)
Apa
1
S(N) >2 <1— >::cl>0.
1;[3 (p—1)?
P>
To Mypa amodeiydnxe. O
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To TEONYOVKEVO AMULLLOL ETILTPETEL VoL EXTLLACOLILE TO TLa Tng singular series ov avtioToLyel
oe q¢ > P.
Modypatt, amé to Afupoa 16.9 éxovue |cg(N)| < ¢(q). dpa

’u(q)cq(N)‘< 1
o(q)? |~ ¢(9)?

Emopévwg

M(Q)Cq(N) N 1
;3 o(q)® © q; b(q)?

Topoa, amd o Appo 16.8, yio xé&be € > 0 xow xabe apxetéd peydiro q,

o(q) = ¢,
omoTE
1 < 1
() ~ ¢
Apa

1 1
2 2—2¢
ey A CO e
Emewdn 2 — 2e > 1, amtd o %pLThpLlo OAOXAPWOULOTOC TTOLPVOLLE

1
Zqz_%<</

o
a2 dy < P
>P P
O¢tovtac twpa P = log? N, Bpioxovue
P25—l _ (lOgB N)Qa—l — log—B-‘rQBE N.

Av eTuréEovpe € > 0 apxetd pxpd dote 2Be < 1, téte

log” BT2B¢ N = O(log B! N).

ZOVETIWG
3 W — O(log P+ N) .
>P
ZOVETTWG
> W = &(N) + O(log #+' N) . 62

q<P

AT6 ™Y aVGALGY TV TTEWTELOVTWY TOEWY EYOLUE QPTACEL GTNY TOVTOTYTA

3 _—2miNa g _ 1(g)eq(N)
/{mS(a) e doa = Zi(ﬁ(q)g /

q<P -1/Q

1/Q ,
T(ﬂ)36727r1NB dﬁ + O(NZefK logN> 7

6mov

T(B): Z eQﬂinﬁ.

1<n<N

Mévet AoLTTOV var EXTLUNOOVIE TO OAOXANPWUO

1/Q ,
/ T(/@)Se—QmN,B dﬂ
-1/Q
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Ipépovpe

1-1/Q

1/Q . 1 .
/ T(6)36—27T2Nﬂ dﬁ — / T(B)SB_QWZNB d,B +0 /
-1/Q 0 1/Q
To T'(B) eivon yewpetpixf TPO0d0G, ETOUEVWS

eQm'(NJrl),B _ 627riﬂ
T(B) = e2miB _ 1 J

améd 6oL cLUTEPALVOLUE OTL
1

6mov
18] := min |3 — m)|
meZ

elvor N amdotoon Tou B amd Tov TANoLéotepo axépato. Ipdypoatt,

N
IT(8) <> 1=N.
n=1

X0l oTtH TOV TOPOTIAVE TOTO TIOLPVOVILE OXOUY

2
T < ————
T3] < s =
ooV o opLiunTNg €xeL LETPO To TOAD 2. Opwg
|€2™8 — 1| = 2| sin(wB)| = 2sin(x| 3]|).

Koforg 0 < 8] < 3. éxovue

sin(7|| A1) = 21 5]]-

‘Ertetot ot ‘
™7 — 1] > 48],
omoTE ]
T(B)| < 777
18]
ZUVETIOG
1
T(B) <« min(N, ) .
18]
Apo

1-1/Q 1/2 dj N2
T(B)[Pds <« K= ——.
/I/Q ol yQ log*® N

AT6 Y GAAN TTAELPEA, aTtd TNV 0p00YWVLOTYTA TwY eXOETIXWY,

1
/ T(IB)Se—QmN,B dﬂ
0
ULETPA TO TANDOC TV AVoEWY TNg eEloworng

ny+mng +ns =N, 1 <ni,ng,n3 <N,
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dnAad7 to TABog Twy avaropootdoewy Tov N wg abpoiopotog oLy Betindy axepaiwy. Avtd

N-1\ _(N-1N-2) _ N?
(5

elvar (oo pe

2 2 2
ZOVETTWG

1/Q ] N2 N2

T(B)2e 2 NB g = — 4+ 0 <> . (4.17)
/_1/Q log4B N

Sovvdvalovtog tig (62) xow (4.17), xotohiyovpe oTtny extiynon

/ S(a)de 2N go = 16(N)N2 +0 N . (4.18)
m 2 logP~! N '

17 EAd&ococovo toEax

To oAoxAjpwpo Tavew ot eAdacova toEx o detyfel 4Tt elvar TOAD pLxpdTEPO amtd Tov xBpLo
0pO0 TTOL TTPOXVTTTEL OO T TTWTEVOVTO TOEN. EEXLVAUE UE ULat OTTAY EXTINON:

< <max\s >/|S )? da.

/ S(a)Pe2riNe go| < <max\s > / 1S(a) 2 da.
m aem

Yrohoyilovpe tpa tov L2 -xavéva e S. A6 tov optopd

Z A 27rmoc

n<N

a)3€—27era dov

Apa

%ol amd Ty opfoywytdtnTar Twy exbeTiny,

/ S@)Pda= 3" Awn)

n<N

Emedn n A(n) eivow pn undevixs pévo otig mpoiteg Suvdpelg n = p¥, éyovue

> An)*= > (logp)® < (logN) ) logp = (logN) > A(n) = O(Nlog N).
n<N p¥<N p*<N n<N
Apa
1
/ 1S(a)[2 da = O(N log N). 5.1)
0

Méver va ppdEovpe to péytoto g S(a) ot eddocova T6Er. A6 TOV 0PLOPO TV EAOGTGV®Y

TO6EWY, av o € m, TOTE

1 log2B N
1<1n£P llge]| > 0~ N (5.2)

H extipnon mov ypetaldpaote yior T0 maxXqaem |S(a)| ovéyeton oe Babid extipnon yio exbetind
abpolopota g Mobius.
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Adupa 17.1. Eotw C > 0. Tote vrdpyet otabepc K = K(C) > 0 téroi dote yioo xcbe
apxeta yeyaio X, av 5 € R wavorowe!

1og28(C+4) x
inf lrg)| > & =%
1<r<log8K(C+4) x X

)

T0TE

Z lu(m)€27rim6 <o

C—-1 :
X log X

XONOLUOTTOLOVUE THPO TYY TOVTOTYTO

A(n) = Zlogdu(%) ,

d|n

M omoio toodvvapel pe ™ oxéon A = log *u. Emopévwg

S(a) = Z A(n)e?™ne = Z logd Z p(m)e2mimda

n<N d<N m<N/d

T xG0e atabepd d, Bétovpe
N
X =—, = da.
g P=de
H ouvbixn o € m, padi pe xotdAAnAn emAoyn Tov B g apxetd YUEYIAOL YOOUULXOD TTOAAXTIAC-
otov tov C, ovverdyetar 6t M 5 = da ixavomotel T Stoeavtixi vtdébeom Tov Adppartog 17.1 yia

7o pirog X = N /d. Etol maipvoope

N/d

2mimdo
Lo —F————"-
Z M(m)e C logcfl(N/d)

m<N/d
ZOVETTWG
N/d

|S(a)| <c Z logdm.

d<N

Me o Tpdyetpy extiunon,

N 1 N
S Lo —F5 = - <L0 —F=
[S(e)l <c logC’2 N dg;v d ¢ logC*3 N

Anrodi, yro %60 A > 0, emtiéyovtac tov B apxetd Pheydho we Tpog to A, éxovue

N
Sovdvdlovtag tig (5.1) xon (5.3), xotadiyovpe
. N N2
S(a)le N dn| <y ———  NlogN = Oy ——— | .
/m ()% Y| A 1ogAN o8 A logA*1 N
Apa, Eavaovopdlovtag T otabepd A, propodue vo Ypaovpe
. N?2
/ S(a)de N da = 0y T : (5.4)
m log® N

0 otéyog pog sivar to axdéAovbo Bedpnuo Tov Vinogradov.
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Ocpnua 17.2 (Vinogradov). Kdale apxetd ueyddog TeQITTOS axépatos YoapeTot w¢ apotoua
TOLDY TEADTWY.

[No v xotaAiEovpe os awtd, apxel vo amodetEovpe évar aoLUTTWTIXS YLor TO oTaOULOUEVO
TAM00¢
r(N)= > A(k)A(k2)A(ks).

ki+ko+ks=N

Bzopnpa 17.3. o xabe A > 0, toydet

2
r(N) = 5 S(N)N? +0 <(103];V]\T)A> ,

i xabe apxeta ueyado mepttto axépao N.

AmtddetEy. Amo T oyéon
1
T(N) — / S(a)3e—2ﬂzNa dov
0

XWPELLOLUE TO OAOUANPWHA OE TTPWTEVOVTO XOL EAGTTOVH TOEX:
r(N) = / S(a)Pe ?mNe go 4 / S(a)de 2N qq.
m m

ATé Ty extipnoyn ota TpwTevovTo TOEX TolPYOLUE

. 1 N2
3 _—2miNa - 2
/ S(a)’e da—QQ(N)N —H)((logN)Bl),

EVY) amd TNy exTiUNoY oTo EAdooOVa TOEX TTaipyovpe

3 —2miN N?

Emaéyovpe B = 9(A + 8). Tote xat oL 300 6poL GQRAALOTOS OTTOPPOPWYTaL OiTtd
N2
O\ +—=71 |-
(log V)

2
r(N) = % S(N)N? + 0 <(10;V]\7)A> .

oToTE

Méptopo 17.4. Kable apxetd ueyadog mepittds axépotog eivor abpoloua Towy TpdTwy.

Arodeén. Oétoupe

R(N):= Y (logpi)(logps)(logps),
p1+p2+p3=N

0Tov To dbpotapa exTelveTal LOVO GE TTRWTOVS P1, P2, P3. TOTE
r(N) = R(N) + E(N),

6mov E(N) eivow 1 ovvetogopd tov totédwy (ki, ko, k3) pe k1 + ko + ks = N, yio Tt omoleg
TOLAGLOTOV évag amd Toug k; eivor ddvapun mpwtov p¥ ue v > 2.
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Oa deifovpe 6t E(N) = o(N?). Mpdypott, 10 TAH00C Twy YWoinmy SUVAUE®Y TEHTWY Uéxot
0 N eivon
#{m<N: m=p" v>2}< Zﬂ(Nl/”) < N2,
v>2

Apa to TAR0og Twv TELddwy (k1, k2, k3) pe k1 + ko + ks = N xow pe TouAdytotov évay 6po yviola
dVvauy TEWTOL elvol TO TTOAD TAEEWS

N.NY2 = N3/2

ooV, OALG eTtLAeYel évag TéTolog 6pog, oL dAoL dbo xabopilovtor amd pior oYEon TG LOPMNG
u+v =N —k, norota éxer O(N) Moerg oe Betixolg oxepaiovg. Emeldn emtmiéoy

A(k;) <logN,
%&Be avticTotyoc 6poc éxet uétpo to oAb (log N)3. Emouéveg
E(N) < N*?(log N)? = o(N?).

Amé 10 Oepnpo 17.3 xot to Afupoe 3.18, vrapyovy atobepéc c1,co > 0 TéTtoleg Wote Yo
x6be apxetd peydro meptttéo N vo Loydel

1 < 6(N) < c.

Apa, emréyovtag .. A = 2, maipvovpe
2

r(N) = % S(N)N? + O((m?]\f)?) > N2

ZUVETKC,

R(N) = r(N) — BE(N) > 0

YL %G opxuetd peydhro meprtté N, emedh E(N) = o(N?).

Télog, 6hoL oL Gpol Tov eppavilovior oto R(N) eivor pun opvnuxol, xor péhoto Betixof
otoy LTTAEYEL avTioToyn ovarapdotaoy. Apa N avieétnto R(N) > 0 cvvendyetor 4Tt vThEyEL
TOLAGYLOTOY Pio TELASOL TTEWTWY P1, P2, P3 KE

N = p1 + p2 + ps3.

To mépLopo ortodeiydnxe. O
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Mopaptypa
18 Boaowd yia pyadixodg aptdpodg xot sdvora oto C

Optopdg 18.1. Kébe s € C ypdopeton povadixd wg s = o + it, 6mov 0 = Re(s) € R xou
t =Im(s) € R. To uérpo tov s eivour |s| = Vo2 + t2.

Optopdg 18.2 (Aloxol xat nueenineda). o sg € C xow 7 > 0 Bétovpe
A(sg,r) ={s € C:|s—sgo| <r}.

INa o9 € R 6étovpe
H,, = {s € C:Re(s) > oo}

Im Im
A A Re(s) = oy
S0l r s
*—>0
> Re o > Re
(o) O (®) To H,,,
dtoxog A(sg, ). pe 7 = Re(s) — og > 0.

Zynuo 4: Aloxog xow Skl nuteminedo.

Tpdtaoy 18.3 (Aviebtnreg yiow to pétpo). o z,w € C woydouvv:
|zt wl <zl +|wl,  [aw|=lz[|w],  [z/w]=|z]/|w] (w#0).

18.1 ZXiyxAwoy oto C

Optopog 18.4 (Zbyxiion axorovbiog oto C). Aépe 6t pra axorovbio (zn)n>1 C C ovyxaiver
oto z € C (xow ypdoovpe 2z, — z) o

Ve > 03N &ote Vn > N, |z, —z| <e.
Mpdtaon 18.5 (Kavdveg opiwv). Ay z, — z xou w, — w oto C, tote:
Zn + W, — 2 +w, ZpWy, — ZW, lzn| = |2].
Ay emimdéoy w # 0 xouw wy, # 0 yia n ueydda, tdte

Zn z

Wy, w

126



18.2 Xelpég pyadtxwy aptpoy

z

Optopdg 18.6 (Zerpd xou pepixd abpoiopoata). T (z,)n>0 C C Bétovpe Sy = Zflvzo Zn. Népe
Ot Y 07 ) Zn oLYAAVEL av 1 oxohovBia (Sn) ouyxAiver oe xdmoto S € C.
Mpdraon 18.7 (Kpitfpro Cauchy). H oeiod > 07 2, ovYxAlver av xaw udvo ay:

m

>

k=n+1

Ve > 0 dN dote Vm >n > N, < €.

Optop6g 18.8 (AméAvTy oOYXALoN). Adue Ot Y 0 2, oLYXAVEL amolbtws ov Y |2n| < 0.

Ozwpnua 18.9 (A6AvT) 6byxALoN = oOyxAon). Av Y o o |z,| < 00, TdTE N Y00 ) Zn CLYHAVEL

xolt
0 00
> w3 Jal
n=N-+1 n=N+1

18.3 Opotopopen cOyxAion

Optopdg 18.10 (Ouordpopen obvyxiion). 'Eotw A C C xow fp, f : A — C. Adpe 6n f, — f
ouoduoppo oo A oy

Ve > 03N dote Vn > N Vs e A, |[fu(s)— f(s)| <e.
Mapationon 18.11. H opotdpopen abyxhon fr, — f oto A woodvvapel pe

sup | fn(s) = f(s)] —— 0.

sEA n—oo

Ocdpnpa 18.12 (Kpitipto M tov Weierstrass). ‘Eotw fr, : A — C xow My, > 0 dote |fn(s)| <
M, yiox xcbe s € A. Ay > o2 | M, < 00, 10t Y fn oUYXAVEr ouoduoppa oto A.

19 H exOctinn ot ptyodixéc SLVAUELS

Optopdg 19.1 (ExBetixn). H exp : C — C opileton and

[e.e] Zn
E— — PR
e” =exp(z) = Z o
n=0
ZTL
Mapationon 19.2 (Zoyxhon g exbetinng). T 2z, = ] LoyVEeL ZZ# = n‘i-ijl — 0, dpoa 1 ogLpd
g exbetinig oLYKRAIVEL atOADTWG Yo xéfe z € C.
Mpéraocy 19.3 (Baowéc iétnree). Nox z,w € C oybovy TV = e*e¥, ¥ =1, xou
‘€Z| _ eRe(z).

Eniong et = cost +isint yioe t € R.
Optopog 19.4 (Mryadixh dovopn y° yroe y > 0). T y > 0 xow s € C Bérovpe

s . _sln
y =€ y7

6mou Iny eivor o mwpayuatids hoyaptbuog Tov Betinod y.
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20 OAGPOPYPEG GLVAPTNGELG XAl KVOAVTIXY] GUVEYLOY

20.1 Tomoloyixég "Evvoreg

Optopde 20.1 (Avowxtd/xietotd). @ C C eivow avorxtd av yiow xélbe z €  vrdpyer 7 > 0 pe
A(z,7) C Q. F eivow xletotd av C\ F eivon avorxto.

Optopog 20.2 (Zvprayée). ‘Eva K C C Myetor ovurayés av eivan xAetotd xoL Qporyuévo.

Optopos 20.3 (Zvvextixd). Q Aéyetor cLVeXTIXD oy BV YPRPETOL WG évwan dV0 EEVmY, Un XEVWY,
avoxtey (0TN OXETLXY TOTOAOYI) GUVOAWV.

Optopdg 20.4 (OAGpopey). ‘Eotw Q C C avowxtd. Mio f : Q — C Ayetar 0Aduoppn av yLo

%60e s €  vbpyet
. +h)—f(s)
oSG |
fis) = lim Y

TMpdtaoy 20.5 (AryePpiréc mpdEetc). Av f, g elvauw oAduoppec oto 2, w0te f + g xar fg eivau
oAduoppes. Av emmAéoy g(s) # 0 oe §2, 10t o f /g elvar 0Aduopen.

Oepnuo 20.6 (Weierstrass: 6pLo oAGp.op@wy). ‘Eotw Q avowxtd xow fr, : @ — C oAduoppeg.
Ay fn — [ ouotduoppa oe xdbe ovurnayés K C ), tdte f elvar oAduoppn oto ).

Oecdpnua 20.7 (Oedpnua Weierstrass: 6pLo 0AGROpQ®Y xo oOYxALon Topoydywy). Eotw 2 C C
avoxtd xot (frn)n>1 axolovlioc oAduoppwy cvvapticewy f : Q@ — C. YrmobBérovue dt:

1. fn — f opotdpoppo oe xabe ovprayéc K C €2,
2. fl' — g oporépopea oc xébe ovpmoyéc K C €.

Tote n [ eivar oAduopen oto Q, wyder [/ = g oto Q, xou udhota yioo xabe k > 1 éyovue
fT(Lk) — f®) ouoiduoppa oe xdbe ovumayéc.

Ozpnpo 20.8. Eotw Q C C avoxtd xou {fn}2, axorovbia avalvtixdy cvvapticewy oto
Q. Yrobérovue ot vrapyet f: Q1 — C térox dote f, — [ ouoduoppo oe xdle ovurayés

vroovvolo K tov Q. Tote, 1 | elvaw avadvtud oto Q xau wyde v f, — ' opoduoppa oe
xabe ovurayés vmoovvolo K tou Q.

AnddeiEn. 'Eotw s € Q. Apob 1o Q eivar avorxts, vrdpyet § > 0 tétolo dote A(s, ) € Q. O f,
elvow ouveyeic 0o €, oo kot aTov ¥Aetat6 Sioxo A(s, §). Apod f, — f ouotépoppa atov A(s, 6),
émeton 61 v f eivow ovvexrg otov A(s,d). Ewdixétepa,  f eivow ouveyfic oTo 5. Tuumepaivovpue
étoL 6t v f elvon ovveyyg oto (2.

"Eotw thpo 7 oLyt ok toAn TéTotor WoTeE v exdvo. g Y xabig xow T0 E0WTEPLKS TG
tpiywvo T(v*) va mepLéyovtan oto . Apob xébe f,, elvar avorvtixf oto €, yio xéfe n € N

A fu(s)ds = 0.

A@odb f, — f opotdpoppa oto cvopmoyég obvoro v, éxovpe

Ln@m—éﬂ@w

(6mov £(7y) etvor To puAxog g ¥). TuveTW,

L F(s)ds = 0.
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A@ob 1 f eivor o ovveyrg oto 2, amd to Ocdpnpo Morera BAémovpe 6t v f eivar avodotiny
oto (2.

Bcwpobpe THpa avorxté dioxo A(sg, 6o) date A(sg, dp) C Q xau éotw C(s0, o) N TEPLQEPELRL
Tou dtoxov. Amé Tov tomo Tov Cauchy éyovue

fr(s) = QL /C(SO . (57:( s)) dz e xébe s € A(sg, dp),

oL

!/ ]' / J () z
— - 7 2\ .
f (S) = i C(SO 0) ( )2 dZ YL x&0s s € (80,(50)

Hopatnpobpe 6t av s € A(so, do/2). t61€ |2 — 5| > 80/2 yroe x&be z € C(s0, o). dpar

, |[fn(2) = f(2)] 1
|fn(8) ( )| = or ~/C(80750) W ‘d2| = 27 '260(80,50 |fn |/ C(s0,%0) 50/2)2 ‘ Z|

Emeldy E(C’(So, 50)) = 27dg, Taipvovpe

swp |FA()=F(9)] € o max[fule)=f(2) ol =

1
o - < max n\2)—J(2)] — 0
s€A(s0,50/2) 9 seCls0.50) G0/2)? ~ 8 z60(50,50)|f (2)=f(2)|

xabdg n — 00. 'Etot amodetxvdovpe 6t yia xébe sg € Q vmdpyet dy = dp(sg) > 0 tétoo wote
fh = ' oporbpoppo otov A(so, 0o /2).

"Eotw tpa K ovunayég vmoobvoro tou (1. Oswpwvtog Ty avoxt) xdivdn tov K ard
Sioxoug A(s,0(s)/2). s € K. xou mepvivtag oe memepaopuévn voxdhodn, Beloxovye s1, ..., SN €
K xow 01,...,0n > 0 ddote

K C A(81,51/2) U---u A(SN,(gN/Q),
xow 10 f] — f’ opotdpopeo o ®ébe évay amd awtodg Toug dioxovg. Apob to TABog TwY Sioxwy
elvow Temepaopévo, ouurepaivovpe 6t fl — [’ opotdpopeo oto K. O

Osdpnua 20.9. Eotw Q C C avoxtd xow {fn}02 | axolovbio avalvtixdy cvvoapticewy oto
Q. Yrobérovue ot vrdpyer f: Q — C térowx dote n oepd Y 2 fn vo ovyxAiver otny f
ouotouoppo o xabe counayés vroovvoio K tou (). Tore, n | elvar avadvtieh oto 2 xot yio
xabe ovurnayéc K C ) woydet ot n oclpd

oo
>/
n=1

ovyxAiver opoduoppa ato K mwooc v f.

Arodely. T x40 n € N opilovpe s, = fi1 + -+ + fn. Kébe s, civar avorvtixy oto  xow
sn — [ opotdpoppa. oc xébe ovprayéic K C Q. Ané 1o Oedonuo A.1.1 éreton 6t v f elvar
avoduTixd 670 € %o 6t s, — [’ opotdpopeo oe xébe cvpumayéc K C (). Emeld

Sp=J14+ fus
ovLpTEPAEVOLPE 6Tt 1 OELPS > o | fr cuyxAiver opotdpoppa oto K mpog v f. O

Ocpnua 20.10 (Identity theorem). Eotw Q0 C C avowtd xou ovvextind xow f : Q — C
oAduoppn. Av 1o cbvolo {s € Q : f(s) = 0} &yer onuelo ocvoodpevons uéoa oto (2, Tdte
f=0 o070 .

MMoptopa 20.11 (Movadikdtnro ovalotixig ovvéyong). Av f,g elvar oAduoppes oe avouxto,
oLVEXTIXG §) xou CLUPWYOVY o GUVOAO ue onuelo ouoowpevons oto §), tote f = g oto (.
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21 Mriyodtnd 0AOXANOOU.OTO

211 Optopdg xot Baotxn extipnon

Optopdg 21.1 (OroxMpwua xaté winog xopmding). ‘Eotw v : [a,b] — C tpnuoatixd Ct xow F
ovveyric o€ oBVoho mov TepLéyet v Y([a, b]). Opilovpe

b
/F(s) ds ::/ F(y(#))~(t) dt.

Mpétaocy 21.2 (ML-oviodtria). Av |F(s)| < M mdve otgy xoumddn v xar U(7y) elvar to uihxog
NG, TOTE
/ F(s)ds
v

21.2 Ozsvpnpa xat toTwog Cauchy

< M ().

Ocwpnua 21.3 (Ospnuoa Cauchy). Av F' eivow 0Aduopen o avoixtd obvolo mov mepléyet éva
anAo xAetoto meplypaupoa I' xow to eocwtepixo Tov, TOTE

/F F(s) ds = 0.

Oewpnua 21.4 (Tomog Cauchy). Av F' elvar 0Aduoppn oe avoixtd obvolo mov TEeQLExeL Toy
xAetotd Sloxo A(so,r), t0te yix xdbe s € A(sp,r) LoyVet
1 F(w)

F(s)=— dw
21 | w— S

w—so|=r

Mopopa 21.5 (Edix? mepimtwon: «uméroio ato 0» ywpic Laurent). Ay H eivar oAduopen oe
YetTtovia evog amAol xAetotod meptypaupoatos I mov wepiéxet to 0 ot0 ecwtePiXO TOL, TOTE

1 H(s)
27”/1“ ds = H(0).

S

21.3 Topoapdépewon dradpopts (homotopy invariance)

Ozwpnra 21.6 (Mapapdbppworn dtadpopfc: ®¥Aetotéc xaunvie). ‘Eotw F oAduopen os avoutd
ovvoro U C C xau Tg, Ty 860 tuquatied C' xleiotéc xaumilec mouv eivow ouotomixéc yéoa

oto U. Tote
/ F(s)ds :/ F(s)ds.
To Iy

Hoapoationon 21.7. Tto Kep. 9 awtd ypnotporoteitor dtov to integrand meptéyet gr(s) (mov
elvol entire), OTGTE YTTOPOVUE VO TTOOAUOOPDTOVUE TO <KOPLOTEPO» KOUUGTL ULOC XOUTIOANC OF
Lo BOALXY %o TTOAN Yo exTLuvoets. [l o pépog mov meptéyet g(s) (6L entire), dev emitpéneton
YEVLXA TETOLOL TLOROULORPWTY].

21.4 “Evo ptxpo Mppo cuoumoyoTrog

Appa 21.8. 'Eotw A C C ovurayéc xar g oAduopen oc yerrovid xabs onueiov tov A (SnA.
Yo xébe a € A vrdpyet §, > 0 dote g evou 0Aduopen oto Al(a,d,)). Tote vrdpyer § > 0
dote g vo elvor 0Aduopen o 6An Ty {z : dist(z, A) < d}.

Ardde&n. Ou dioxor A(a,d,/2) oynuoatiCovy avoxtd xdhvppe tov A. At copmoydtnto vITdE-
XeL TemEpaopévo voxdhoppe A(aj, dq;/2). j = 1,...,m. Oétovpe § = min;dy, /2 > 0. Av
dist(z, A) < 6, ddheke a € A pe |z — a| < J. Ymdpyer j pe |a — aj| < dq; /2. Téte |2 — aj] <
|z —a| +|a—aj] <64 0a;/2 < ba;. bpa z € A(ay,da;) 6m0L g lvor OAGLOPPY. O
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22  AvoAuTtixég cUVOPTNOELS TTOV 0PLLOVTUL OLTTO OAOXANODOULOTO

Bzodpnua 22.1 (OAoxAnPwTLXY OULOLOP.OP®La ot cuuTayH = oAdpopotyTa). ‘Eotw 2 C C avor-
xtd xat f : [a,b] X Q — C térowx dore:

* yix xabe x € [a,b], n s+— f(x,s) elvou oAduoppn oo (2,

* v xdbe ovurmayés K C Q vrmdapyer gx € L'([a,b]) pe |f(z,s)| < gx(x) yix dAa T
se K.

Tote

F(s) == /abf(:z,s) dz

etvor 0Adu0p@n 010 ) xAUl ETUTEETETAL TOUOAYYLON UECH OGTO OAOXAGOWUNL:

b
F'(S):/ gs (z,s)dx.

Al Hpoaratrodpeva yra Dirichlet yapaxtioee (Yl x0%0oM oty 0wo-
octEn Tov Dirichlet)
Alll1  Opiopég xon Baoirée t3LétnTeg
Ytabepomotobpe q > 2. 'Evog Dirichlet yopaxtioas modulo g ivor pio ouvaptnon
x:2Z—C
UE TLG LOLOTNTES:
1. Meptodwétnro modulo ¢: x(n + q) = x(n) yio xébe n € Z.
2. MMoAarAastactxdtyro: x(mn) = x(m)x(n) yio xébe m,n € Z.
3. Mndeviopds extég TV AVTLOTEEPLUWY XKAACEMDY:

x(n)=0 <= (n,q) > 1

Emopévwg, av (n,q) = 1 téte x(n) # 0 xow péhwota |x(n)] = 1, oo x(n) etvor pilo tng povédoc.

All.2 0 xbdprog yopaxtipoc
0 xvptog () TeTotuuEVOS) YopoxThpag modulo g, Tov ovpPoliletor pe X, 0pileTon wg
1, (n,q) =1,
xo(n) =
0, (n,q)>1.

Aépe 6t évog yopoxThpag X eival un x0pLog o X # Xo-

AllL3  Xapoaxtipeg wg xopoxtipes opddag

To obvoro (Z/qZ)* twv ovtioteédruwy xAdoewy modulo ¢ eivar memepoouévn ofehovi
opéda (pe mPdEN Tov ToMamAactaoud modulo ) xor téEn ¢(q). Kébe Dirichlet yopaxthpog
X mepLopileton oto (Z/qZ)* o opadind xopoxthoo

X (Z/qz)* = C*,  x(ab) = x(a)x(b),

xou emexteivetan oto Z 0étovtag x(n) = 0 étav (n,q) > 1. To mAi0og twy Dirichlet yopoxthpwy
modulo ¢ eivor axppag p(q).
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All.4  OpBoywviétyra yopoxtipmy

o (a,q) = 1 xow xébe axépano n toyvet N Baotxn Toawtdtta (Seixtng TEOGIOL):

lh=a (9) — L Z Y(G)X(n)a

X (mod q)

6oL To &bpotopa TEEYEL o GAovg Toug Dirichlet yapaxtipeg modulo g (xow x(n) = 0 av (n,q) >
1). Teodvvopa, yio (a,q) =1 xow (n,q) =1,

1 1, n=a (q),
—— D X(a)x(n) =
¢(q) g 0, n#a(qg)
Avté givor N “opBoywvtdTnTo’” TNg OLXoYEVELOG YopaxTHPWY Tng opédag (Z/qZ)* .
Avppa All1 (Opﬂ/(\)ycow(')‘m‘ta YOPOXTAPWY péow PLloV Tng povédac). Odrovue G = (Z/qZ)*,
|G| = ¢©(q), xat G 0 obvoro twv yapoxtiowv X : G — C* (Dirichlet yopoxtipeg modulo q,
reptoptouévoug oto G). Tote toybouvy:
G) e a,b € G,
1 — 1, a=0>,
— D x(a)x(b) =
©(q) 2 0, a#b.

Ioodvvaua,

Gi) T x, ¢ € G,

a€eG

ArodeEn. XpnoLhomolodue pévo to Bewpruo Soufc TETEQOOUEVWY OPBEALOVOY OUEdwY: LTAQE-
XOLY OXEQULOL M, . . ., Ty XOL LOOULOPPLOUOG

G=Cpy x---xCh,,
6mov O, = (g;) eivar xoxhuxn opdda t¢Eng nj. Kébe otoyeio a € G ypdpeton (povadixd) wg

a=(g"....9"), 0<my<n;—L

Iepiypa@y 6AmY TV yopaxtipwy. o x&be j Bétovpe wj 1= e/ Kébe XOoXTNPOG X € G
avtiotoyel oe éva ddvoopa k = (ki,..., k) ue 0 < kj <nj — 1 péow tov tHTOL

-
¢ oy kits
Xe(gts i) = [ w0
j=1
(Tpdeypartt, évog opopopplopdg Crp, — C* xabopiletar o ™y Tt 0T0 gj, N oTTolo: Elvat 1j-007TH

ptlo g povédoag, dpo w;cj D

Apoa to obvoro G éyeL axpLBug ny - - ny = |G| = ¢©(q) yopoxthpeg o eivor axpLBig oL Xk.
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Am63etEn tov (i). Oétovpe ¢ := ab~! € G. Téte
D x(@x(®) = x(ab™) =" x(e).
x€G xe@ xe@G

Tpdgpovpe ¢ = (g1™, ..., g"). Téte, pe ™y TOPATEVL TEQLYPOPT,

ni—1 nr—1 r
_ kjm;
2 x@=> > [lv
XEé k1=0 kr=0j=1
r nj—1
kim;
-1 24,
j=1 k;=0

enteldn To GBpoOLoL.OL TTOPAYOVTOTIOLELTOLL.
Mo x&be j 10 eowTepnd dbpotopo elval YewueTplxy) TPG030G:

n;j—1

Jz: kmy _ g, my = 0 (mod n;),

=0 I 0, m;#0 (mod n;).
Apa T0 YLOUEVO LoobTaL PE N - - - Ny = P(q) oy %ot u6vo av m; = 0 yio G Tox j, SNAad” oy o
uévo av ¢ = 1 (toodbvapo a = b). Aapopetixd eivor 0. Arowpivrog pe ¢(q) maipvovpe to (i).

Am6detEn tou (ii). Oétovpe 1 := Y 1 € G. Térte
> x(@)g(a) = n(a).
acCG acCG

Ay X = 1), T0TE 1) €lvat 0 TETPLUWEVOS YXPAXTAPOG xax To GBpotopa eivar Y o 1 = ¢(q).

Av x # 1), tote N elvor pn TETELUPEVOS YOPaXTHPOS. Me TNV TEQLYPOQPY TWY YOEOXTAOWY
TOEATAVL, 1) = X UE xdmoto k # 0, dpa vrdpyet j pe kj # 0. Ilaporyovtomoldvtog dmmg moLy
(A& Thpa abpoilovpe wg TPOg a = (gil, o, gim), madpvovpe

r TLj—l

_ kjt;

> nla)=T[ > i
aceG 7j=1 t]‘ZU

T t0 j pe kj # 0, N yewpetpxn mpéodog Z?;gl wfj "= 0, épor 6h0 0 Ybpevo eivon 0. Etot

amodetxvoetor o (ii). O
Afppa AllL2 (Mo Baowxy Tawtétro g ouvdpong Mobius ywpic «avTioteoEn»). T xdbe
m € N woyvet
1, m=1,
> p(d) =
0, m>1.
dlm
Ardoen. Troem =1 éxovpe 3y p(d) = p(1) = 1.
"Eotw twpo m > 1 xow ypapovpe Ty avdAven G TEWTOLG

k
m:Hp?j, E>1, a5 > 1.
j=1

ATt tov oplopd g p, toydel 6t pu(d) = 0 ov o d dev elvor teTporywvoeAenbepog, evd av d eivor
TETPOYWYOEAELBEPOG e T TTPWTOLG Ttopdyovteg T6te u(d) = (—1)". Apa oo dbpotopa > dim u(d)
OGULVELGPEPOLY UOVO OL TETPOYWVOEAEDBEPOL dLonpéteg Tov M, dAody oL aptbuol g LopPrg

jeS
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xa i tétotoug d éyovpe pu(d) = (—1)%1. Emouéverc
doud= Y (-pFfl=a-1nF=o
djm SC{1,...k}
eretdf k > 1. Autd ohoxAnpdvel Ty amddeLEy. O
NMépopa All3. Ta xabe g € N xou n € N 1oydet
Tng—1= Y uld)=>_ pu(d).
dl(n,q) dlq

dn

Anddeiy. @érovpe g := (n,q). Téte and to Afupo Al.2 maipvovpe

1, g=1,
> u(d)ZZu(d)z{O, .

dl(n,q) dlg
mov etvon oxEBOg 1y q)=1. H 8e0tepn todmra elvan amAag tooduvvapio twv cuvinxoy d |
(n,q) <= (d|n=xod]lq). O
AllL5  Tpaypatixotl yopoxthpeg

Aépe 6t X elvon mpayuoatixds av x(n) € {0, £1} yio xébe n. loodbvap.a, x eivor Tporyportinds
oV xoL POVo oy
2
X~ = Xo;

6mov (%) (n) := x(n)2. Avtibeta, av X Sev eivor TEayLoTinde xon givon un xHpLoc, T6te X2 # Xo.

All.6  Ou L-6etpéc Dirichlet

o %dbe yopoxthpo X optlovpe yia Re(s) > 1

L(s,x) = Z X(n)

ns
n>1

H oelpd ouyxiver amohdtwg yioe Re(s) > 1 xow opiler 0AGpoppn ouvvéptnon exel. Me peptxn
dbporom o to Qpdrypo Sy (IN) = O(1) (yror un xOpto ) aodetxvdeton 6t n L(s, x) emexteiveton
G OAOpRopPPM cLVEETon 670 Re(s) > 0. T Tov xOELO yopaxThpa Yo LtoyveL ot L(s, xo) elvon
“oav” ™ ((s): éxer pepopop@ixy cuvéyeta 6o Re(s) > 0 pe amhé méro oto s = 1.

Afjppa All4 (Legendre: mpdyerpo xétw @pdyua). No xdbe mpdto p < n woydet
n n n
vp(nl) = [—J [,J > — —1.

>1 P
Adppa AlL5 (Mpdtor = 3 (mod 4) Sev Stawpovy 22 + 1 4 2* + 1). Eotw p mpdtoc ue p = 3
(mod 4) xow x € Z. Téte pta® +1 xow pta* + 1.

Anddetn. Av p | 2% + 1, 16t 22 = —1 (mod p), &po —1 eivar TeTporywvd LEGAOLTO Mod P,
mou toodvvopet pe p =1 (mod 4), &romo.

Av p | 2t + 1, t6te 2* = —1 (mod p), Gpa 28 = 1 (mod p) oMé& z* Z 1 (mod p), ométe 7
T4EN tov x o070 (Z/pZ)* eivon 8. Apa 8 | (p — 1), ovventdg p = 1 (mod 4), dromo. O
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