KYMATIKH

. Mnxavika Kupara
Malnua 5°

.  YmépBeon Kupatwy

ll. 2uvoplakEC oUVONKEC

I1l. AvakAaon — d1a6Aaon KUPATWY
V. ZuuBoAn Kupyatwy

2XApaTa Kal dlaypdupata (61Tou dev UTTAPXEl ava@opd) aTrd MNavetmoTnuiakr Puoiki
Young & Freedman, kai atmé Quoikn-Baoikéc apxéc Halliday, Resnick & Walker



When two waves overlap,

Apxr'] an ETEOL)\?\HMOLC r,] UT(ép@EOr]q KU Hdtwv we see the resultant wave,

—  not the individual waves.

Ac urtoB€ooupe otL og pia xopdn dtadidovtal dvo (1 meploocotepa) -
KOpota, yq(x, t) kat y, (x, t). TOTe n YeETATOMION EVOC TUXALOU
ONUELOU TNG XOPSN G X TN XPOVLKNA OTLyun t Ba poKUTITEL Ao TO
aBpolopa TwV HETATOMIOEWY TIoU Ba TtpoEKUTTAY o KAOs KU
Eexwplota, SnA.

y(x,t) = y1(x,t) + yo(x,t)

AUTO o@eiAetatl oto oTL n kKuuatikn eéiowaon givat ypauutkn. Av ot
KUUOTOOUVOPTAOELS Y4 (X, t) Kat Y, (X, t) IKavomoLloUV Tn KUMOTIKH
g&lowon, dnA.
azyl(xlt) . i azyl(xit) KOLL aZyZ(x't) _ i aZyZ(x't)

ax2  v?2  ot? ax2  v2  9t?

TOTE TIPOKUTITEL OTL

(aBpoilovtag katd HEAN TG U0 €ELOWOELC KAl XPNOLUOTIOLWVTOC TLG —-
LOLOTNTEG TWV HEPLKWV TIOPOYWYWV) -
0?1 ()Y, (6t) _ 1 220 ed+y,(x) | 9%y (u) _ 1 %y (%)
2 2 2 2 2 2
0x v ot 0x v ot Fig. 16-11 A series of snapshots that
Inueilwon: To ibLo LoxVEL yLa omolodATIOTE YPOULKO cuVOUACHO show two pulses traveling in opposite
AUCEWV TNG KUPATLKAG g€lowong directions along a stretched string. The

superposition principle applies as the




2 UVOPLOKEC OUVONKEC

MeExpL Twpa UTIOBECOE OTL TO AKOC TNG X0PONC elval «ametlpo», dnA. OTL dev £xeL ouvopo. Emiong
UTTODECALE OTL N YPOLULKY TTUKVOTNTA TNG XOPONNC MapapEveL otaBepn).

2ta emopeva Ba eéetdoouvpe 1o cupPBaivel av dev amalttioouvpe n xopdn va €xeL movtol TNV WOLla
VYPOUULKA TTIUKVOTNTA (A akopa, va €xeL €va rp Vo otabepa dkpa).

Oa urtoBgooupe, we Eva amAo mapadslypa, oty kKabwc Stadidetal mpoc ta Se€ld (+x) Eva apUOVLIKO
KUMO KOTO MNKOG UG TEVIWHEVNG XOPONG KE YPOUULKA TTUKVOTNTA [, CUVOVTO OE KATIOLO ONUELO
(€otw oto x = 0) €va «ocUVOPO» UETA OO TO OTOLo N XoPoN £XEL SLADOPETLKN YPALLULKA TTUKVOTNTA,
Ha-

AnA. u(x) = {

Fotw y;(x, t) = Aysin(wt — k{x)

Uy, x <0
U, X >0

14 - w - F 14 I 14 14 14 14 I I 14
omnou k; = — V1 = Y ornou F eival n taon tng xopdnge. Yrnobetoupe otL n F elvat n dla og oAa ta
1 1

onuela tng xopdng, d1otL av dev cuveRalve auTo Ba eixope o€ KATIOLO ONUELO pHn uNdevikn opllovtia
gmLTA)ULVON.



2 UVOPLOLKEC OUVONKEC — AvdK?\aﬁn - AtaBAaon

«Y,

\/\f\/\ /\/\ﬁ

2to onueilo x = 0 pmopet va cupPouv ta €NC:

. T0 KUpa va e€akolouBroel va dtadidetal katd UKo NG xopdncg He dtadopetiki taxvtnta dtadoong

F

Uy = [—,F
2 Mz'n

1. va ouvexioel va dtadidetal oto mpwto HEPOC TNC Xopdnc akoloubwvtac avtiBetn katevBuvon dladoong,
OnA. va «avoKAQOTELY, N

1. va. cupPBouv kot ta dVo, dnA. pépoc Tou KUpatog va SdtadoBel meépa amo to x = 0 koL €va PEPOC va
avokAooTel. Oa EEETACOUE QUTH TN YEVIKOTEPN TTEPLITTWON.

Npoonintov kVpa: y,(x,t) = A;sin(wt — kyx), Stadidetal mpog ta Sefla yia x < 0 pe taxuTnTa vy = kﬂ = ui
1 1

AvakAwUevVo KUpa: v, (x, t) = A,sin(wt + k;x),01a6i6etal mpog ta aplotepd yox < 0 pe toxutnTa vy

Awaddopevo kopa: y; (x,t) = Azsin(wt — k,x), Stadidetal mpog ta de€ld yia x > 0 pe taxvtnTa v, = kﬂ = ui
2 2

n SLOAWUEVO KOO




YUUPwva YE TNV apxn TS ETAAANALOC TO KU TtoU SLadLOETOL OTO OLPLOTEPO
TUApo TNS xopdnc (via x < 0) stvau :
y(x,t) = y,0x, t) + y,(x,t) = Asin(wt — kix) + A,sin(wt + k1x),x <0

210 6l TuNpa tTne xopdne (x > 0) exoupe povo to dtaddbopevo Ttunua, OnA.
y(x,t) = y3(x,t) = Agsin(wt — k,x),x > 0



YYNOPIAKEY YXYNOHKEZX (otnyv oterapn, x=0)

To otoelwdec THNUA TNS XopONCS oto onuelo x = 0 tn Tuxaila XpPOVLIKN
OTIYMUN t EXEL HlOL CUYKEKPLUEVN ATIOMAKPUVON ato Th BEon LooppoTiac.
Elval mpodavég Aowndv ot Ba nmpenel y(x, t)|o- = y(x, t)]o+ (N
ouvapTNoN y €lvalt GUVEXNG, Qv 0V NTav, 1 Yopdn Ba Eomaye o1
olemapr)). AUTH €lval n ItPWTn cuvopLaKkn cuvenkn.

Entlonc, n katakopudn duvoun umo tnv enidpacn TN omoilac Kwettal
Katakopuda 1o otolxelwdeC TUNUa oto X = O TIpEMEL va €XEL
ouykekpluevn T, 6nA. Ba mpemnel F, (x, t)[o— = F,(x,t)]o4+ (8nA. N

ay(x t)
ox

lo+- AUTH €lval n S€VTEPN GUVOPLAKN ocuVORKN.

cuvaptnon eivaw cuvexng). Exoupe deLotl E, = F

ady(x,t) | __dy(x,t)
ax 077 ax

, QPOL TIPETIEL




Edbapnoloupe tTig SUo cuvopLlaKkEG GUVONKEC:
1n: Assin(wt) + Aysin(wt) = Az sin(wt) =2 A; + A, = A3 =1+ % — %
1

1

2" : —ky A; cos(wt) + k, A, cos(wt) = —k, A; cos(wt) = k1 (A{—A,) = kA3 >

A A
k(1 —A_i) = sz_j

, , , , , A A ,
Opiloupe TouC ouvteAeoTeC MAATouC avakAaoncg kat dtabAaong r = A—z Kol = A—3, OTIOTE
1 1
_ _ ki—k;
t=1+r = Tk,
loodVvaues skppdosig:

_ _ 2kq

ki(l—71) =kyt b= =k

ki +k,

2k,

t =
ki+k,



ELOLKEC TTEPUTTWOELC

ky—ky, , 2k
 kq+ky ' kqy+ky

(a) ky =k, 2 r =0katt =1 (n nepintwon Tou 0debovtog KUUATOG o€ Amelpn xopdr otabepnc

TIUKVOTNTOC)

(B) k1 < k, 2 r < 0 mou onuaivel 0TL To avakAwpevo KOpa ypadetal ws —|A, |sin(wt + kix) =
|As |sin(wt + kyx + ) dnA. €oupe allayn $AonG KATA T 6To cUVOPO KOOWG TtNYAiVOUE Ao
TO ALYOTEPO TIUKVO OTO TIEPLOCOTEPO TIUKVO TUNHA TNG XopdnG (BupnBeite otL k o< (/1).

(y) ky > k, 2 r > 0, dev €xoupe allayn daong oto clvVopo KABwE nyaivou e amno to
TEPLOCOTEPO TIUKVO OTO ALYOTEPO TTUKVO TUNHA TNG X0pONG

k1 k1
Zak “ka

(8) ky D021 =1 > — 1 kot = ¢ 0
KLyt kp—oo Kii1 kpmoo
2 2

Y€ QUTNA TN TEPLITTWON €XOULE OALKN avakAoon pHe aAlayrn ¢Aaonc Katad Tt.



H toxUc Tou avokAwWUEVOU Kot OLOOLOOUEVOU KUMOTOC

OupOHACTE OTL N péon LoxUg eivat ion pe Py, = %,/quzyﬁl = %Fa)ky,%l, drou edw avtl

YL T0 ¥, EXOUHE Ta A, A, As.
YrtoAoyiloupe tov Adyo R tn¢ avakAWUEVNC ITPOC TN MPOCTILITTovoa HEDN LoXU Kal To Aoyo
T tnc StadLdopevng pocg tnv mpooTintovoa Peon LoxU:

1 2 2
R — SFwk 47 2 (kl—kz)
= 2 — —

SFwki A k1+k;

1 2
T . EkazA% _ kz tz . kz ( Zkl ) . 4k1k2
=7 =

SFokiAT K ki \ki+kz)  (ky+kp)?

ki+k5—2kky+4kiky,  (ki+ky)?
(k1+k3)? B (k1+k3)?
SlLaTnpELTaL N LNXOWVLKI EVEPYELQL.

Napatnpolpe OTLR + T = = 1, OMwWC amalteital yla va



[la Ta mAatn: t=14r

Mo tnVv loyu: R+T=1



>UUPBOAN KUpATWV

Av duo nutovoeldn kupata (dlou MAATOUC Kol UKouc kKupatog dtadidovtatl mpocg tnv ibla katevBuvon

KOTA LAKOC oG TEVTWHEVNC XOPONAC, CUMPAAOUV KoL TTAPAYOUV Eva ETIONC NULTOVOELOEC KOO TTOU
Stadidetal otnv idta StevBuvon

yi(x.1) = yy sin(kx — wt) vix, 1) = vi(x, 1) + vol(x, 1)
= = Vp SIN(kx — wt) + v, sin(kx — wt + ¢).

Va(x, 1) = v, sin(kx — wt + ).

0 + 0 +
sinf + sing = Zsin< _(p) cos< <p)

Mergx)témon

1 1

To mpokUTToV KUpA Eivat emiong y'(Get) = lzymC°S§¢] sin (kx —wt 5‘75)
NUTOVOELOEC EYKAPOLO KUMOL ME = , -
SwadopeTikd NAGTOC Kol H anoAutn
Siadopetiky Pdaon, ald S YA tou TaAavtoupevog
ouxvotnta Kot idta tayvtnta Ko SiveL o 0pOg
kateUBuvon duadoong TAQTOC

) 2

1
y' = ‘Zymcosqu‘

AUTA LoXUOUV yla UUBOAN KUMATWY (00U TTAATOUG



KOpata pe Stadopa

Napadeilypata cUUBOANG EYKAPOLWY KUUATWY OE XOpOn - ‘Zymcos%qb‘

KOopata pe Stadopa

daong
$aong 0 (2«m, yevika) (vevikd (2x+1)m) EvSLapeon Katdotaon
oe ¢paon 2> EKTOC paong~>
peyaho mAatog UnSevikd mMAATOC
¥ Y ¥
—— —— ——
yi(x f) yi(x ) Yol x, ) yi(x f) yolx, )
and ]
/ N\ AV VAV
¢=0 ¢ =n rad ¢=%ﬂf rad
¥ Y ¥
/\( ¥'(x, i}/\ y'(x, f)
(%,
. / y'(x f) . /\

\/




Erteldn eva nULTOVOELOEC KU AL ETTAVOAQLUBAVEL TO OXNUO TOU KAOE 2Tt
rad, pta dtadopa daonc 21 rad AVTIOTOL(EL OE PUETATOTILON TOU EVOC
KUMOTOC WC ITPOC To AAAO KATA armootaon Lon KE To MNKOC KUMATOC A.

M.x. av Ta Kupata exouvv dtadopd pAaonc 1, UIMTOPOULLE VA TIOUHE OTL
elval ektoc dpaonc kata 0.5 unkKog KLU PATOC.

Atadopad daonc kot To €i6oc TS CUMPOANRC TTOU TIPOKUTTTEL

Awadopd ddaong oe MAdtog Tou Eidog
, ' ocupfBoAn
Moipec rad A KOMOTOG HBoANg
0 0 0 2y, Fully constructive
120 ;?r 0.33 Vo Intermediate
180 s 0.50 0 Fully destructive
240 3 0.67 Vo Intermediate
360 27 1.00 2y, Fully constructive
865 15.1 2.40 0.60y,, Intermediate

“The phase difference is between two otherwise identical waves, with amplitude y,,, moving in the
same direction.



[Tapadeyua
AUo opola nutovoeldn eykapota kKupoata dtadidovtal mpoc tnv idla katevBuvon pLag

TEVTIWMEVNC XopONC Kot oupPBaAriouv. To mAATOC Tou KABe KUpOTOC €ival 9.8mm Kat N
Sdtadopa daong petafL toug eival 100°. (o) Mowo elval To MAATOC TOU TPOKUTITOVTOC

TPEXOVTOC KUpaTOC Kal tL eldouc cupBoAn €xoue.

y'(xt) = [2ymco s%d)] sin (kx — wt + %d))

= (2)(9.8mm)cos(100°/2)

Ym = ‘ZYmCOS%(p
= 13mm < 2 X 9.8mm = 19.6mm
- «Evélapeon» cupBoAn
(B) Moo Stadopa paonc (oe aktivia) petaL Twv dVo KUUATWY, Ba SWOEL CUVIOTAUEVO
KOO TAATouC 4.9mm
Vi = |2ymcos%¢| = 4.9mm = (2)(9.8mm)cos%¢ >¢ =

1_49mm . 45 636rad

2COS™ " o (o gmm)



Atavuopata paonc — Paocopec (phasors) Muyadikn avamopaotaon

Eva dtavuopa daong (n pacopac) sivat Eva eldoc Stavuopatog mou eplotpedeTal YUpwW armo tnv apxn Tou (mou ival
oKAOVNTN oTNV 0PXN TOU CUCTAMATOC CUVTETAYMEVWY) HE YWVLOKA TaXUTNTA (0N HE TN YWVLOKA TAXUTNTO TOU KUMOTOG Kol
TIAATOC (00 e To TTAATOC Tou KUHOTOC. H ywvia mou oxnuatilet pe tov oplloviio agova tn xpovikn otiyun t = 0 toolTol pe
0 =kx+ o,

Rotating
phasor

The next crest is about to \ [
move through the dot




Muwadikol aplOpot:

I e e N H
-3-2-101 2 3

To turn this

original vector —\
T —r——————

3ol 0 1 2 3

into this one
multiply the original by —1

Lo 1N

_3 __3
) )
-1 + 1
40 L1 | [
T A
] g
13 iE

So to turn this original vector

into this one

N

multiply by V=1 |

3.0

because doing

=3 and —1 times the

that twice will

give V—1\=1=—1

original vector
will give this one



z = Re(z) +i[Im(z2)]

To | eivat ypoppévo pntd yia va ooc umevupiost 4Tt To
bOVTAOTIKO THAMA ELVOL KATA KAKOC TNC KABETOU. (1o 00

UEPN SEV UTTOPOUV Vo MPooTeFOUV aAyeBplka 0w LOYUEL KoL OTNV TTEPIMTWON TWV
OLaAVUCUATWV)

Onwc kat ota SLAVUOHATA YLOL TO LETPO EVOC ULyodLKoU
apLlOpov XpNOLLLOTIOLELC TN OXEoN:
z| = \IRe(2)|2 + |[Im(2)|?

KOl N ywvia Tou pyadtkol aplBpou armo ToV TIPOoYLOTLKO
afova eival:

Im(z))

6 = arctan (Re )



Imaginary
axis N

z = Re(z)+ Im(z)(7)

Im(z)

@ = arctan
+ Re(z)

I L L L L I L L L L L L L L I L L L L I \

LB B s s e A . 7
T Real

cos @ T Re(z)=|z|cos @

axis

av yvopilete 10 uéyebog (| z |) ko ) pdon (0) evoc uryaotkov apBuov z,
N YEOUETPLO TOL GYNUATOC OelyveL OTL TO Tparyuotiko (Re) ko 1o

eavtooTiko (Im) Tunua Tov z umopovv va Ppebodv ypNGIULOTOIOVTOS TIG
OYECELG:

Re(z) = |z|cosO Im(z) = |z|sin6




[l T0 VTOGVVOAD OV aoTEAELITON OTTO OAO. TOL GTLELDL TTOV
oynuatiCouv Evav KOKAO YOp® oo T0 KEVIPO GE ATOGTOC
aKpPoC pog Lovaoog.

Re(z) = |z|cos@ = 1cos6
Im(z) = |z|sin@ = 1sin®

OmOTE KAOE HIyao1KOC aplOUOC 6TOV LOVOOLOL0 KOKAO UTOPET
VoL YPOQTEL MC:

Z = cosO + isin6



O povaolwniog KOKAOC OTO  ULYOOKO €mimedo  €lval 1otoitepal
YPNOLOC GTNV KOTOVONOoN TV “Phasors’, mov TpoovapEPLLE.

O1 pdcopeg TEPLYPAPOVTOL G OOVOGUOTO TTOV TEPLGTPEPOVTOL
YOPW OO TOV HOVOOLNIO KUKAO GTO ULYOOTKO EMITEOO KOt Y1 ALTO
UTOPEL VO OVOLLOGTODV KO KGTPEPOUEVO OLVOGLLOTOY.

Imaginary
axis

Unit

circle
Phasor rotates
anti-clockwise

Phasor begins
at this position



"‘Evog A0yog yio Tov omoio o1 @AcopeC etvarl eEAIPETIKE YPTGILOL GTNV
avAaAvoT TOV KouATov eoiveton 6to oynuo. Onmg paiveton 6to 0eE10
TUNLLOL TOV GYNUATOG, KOOGS 1 @AoT TEPLoTPEPETAL, T} TPOPOAT) TOL
PAGOPO. GTOV PUVTAGTIKO AEOVO KATOYPAPEL EVA, JUITOVOELDEC KOO
KaBm¢ avcavetor 1o 0. Kat, Onmwe gaivetal 610 KAT® LEPOC TOL 1010V
GYNUATOC, | TPOLOAN TOL PAGOPU TAVE® GTOV TPAYUATIKO AoVl
KOTOYPAPEL EVOL GLVTTOVOELDES KOO KAOWDC Tpoympd To 0.

Imaginary Imaginary part of rotating

axis phasor produces sine wave

Rotating
phasor

Real
axis

1

i
[
|
[
|

|

|

|

1

P

Real part of rotating phasor
produces cosine wave

~{




2x€oelc tou Euler

MLt va armtAouoTeuBOoUV Ol LABNMATIKEC TTPAEELC UE TOUC HLyadLkoUg
aplOpouc, Ba xpelaoTel var EKPPAOTEL TO Z WC CUVAPTNON TIOU EXEL

TO0O0 TO HEYeBoC 600 Kal tn daon
KoL €lvat Looduvapn Ye TNV Ekppaocn Z — cosf + isinf

dz

i —Sin® + icos® = i(cosO + isinf) = iz
dZZ_ @ _.9_,2( 9 ..9)_-2
102 = —cos® — isin@ = i“(cosO + isinf) =iz

= —Z
omOTE KADE POPA TOV TALPVETE UioL AAAN TOPAYDYO, TAIPVETE
EVOLV TOPAYOVTA 1 AAAG OLOLPOPETIKA 1] GLVAPTNOT UEVEL
aueTdPAN TN



16

Zz=e

dz .
(10 — g
T 1(6 ) [z
d?z

W — i2(€i9) — iZZ

Yxeon tou Euler

eI — cosO + isind

Avutn n e€lowon Bewpeital ano oplLoUEVOUC LAONUATLKOUC
Kol PUOLKOUC WC TNV TILO CNUAVTLKN €lowaon Ttou
eTILVONONnKE TOTE.




Imaginary Imaginary part of rotating
axis phasor produces sine wave

Rotating
phasor

Real
axis

Real part of rotating phasor
produces cosine wave




et — cosBH +isinb

¢ 47 = (cost +isiné) + (cos —isinb)
— costH +cost +isinf —isinf = 2cosb
856‘ + 6—1'9
cCosH =
T 1l GLVAPTNCN GLVNTOVOU

This phasor

umopel va avamropoactodet oo
N\ o OO0 OVTIOETO TTEPLOTPEPOUEVDL
- _avoopoTo (Pacopes), Kabwg
Lo e ™ 10 0 av&avel TepIoTPEPOIEVO
N aAPLoTEPOOTPOPO KoL TO €Y
s TEPLOTPEPETAL 0ECLOGTPOPL

-1.0

-1.0



¢ — e = (cosH +isinf) — (cos —isinf)

= cosH —cosH +isinf — (—isinf) = 2isinf

| i _ =it
Sin @ = ,
Im.aginary 2 1
L0 ‘Etor n__ovuvdptnon  1Tov  Nutdvov
S | N uropel vo avamapaoctadel amd Tovg
ckise i \ clockuise OVo avtifeta TEPIOTPEPOUEVOL

avoouato (pdoopec) €9 kar -e1 o
VO OMOLONTOTE Yvia N mpdcheon
AVTOV TOV PAGE®VY Kol 1] Oloipeon Ue
Unit 70 21 aodidel TNV TIUN TOV TJUTOVIOL
i . VTN TG YOVIOGC.

-1.0




Xprjon tnc¢ MyadIknC ovamapaotaone TwV oPHOVIKWY KU LATWY OTh
LLEAETN TNC CUMBOANC
Ac mapoupe duo appovIKA KUpata e SLadopeTIKA TTAATN, Katl SLadpopeTkn apXLkn dacn, aAAd pe

TNV 0l KUKALKR ouyvotnta kot do kupataplBpo, mou Owadidovtalr oe pla yopdn. Oa
XPNOLLLOTIOL)COULLE TN ULyadLKn avamapaotacn:

yl(x: t) - yl?nei(ﬁcx—mt)

yz (x! t) - yZ?H.Ei(kx_{Ut-'-(p)

@ewpolpe tnv uttEpBeon Twv duo KUPATWYVY O Eva onpelo X TnNC xopdnc:
yr(xl t) = V1 (JC, t) + Y2 (xr t) — ylmei(kx_wt) + yzmei(:kx—mtﬂoj =

y'(x,t) = ei(:kx"““[ylm+y2.m_€f@]9 QPUOVIKO KOO pe TNV (Ola KUKALKR] ouXvOTNnTa KOl
KupataplBuo kat tnv idta dtevBuvon duadoonc.

O opoc [ylm + yzinei@] glval evag Hyadilkog aplBpocg mou pnopel va ypadel wg
Vi €%
OTOTE

y'(x, 1) =y e!kmort)



[ I | 17
ylm_|'J"2Jr1rt"5')ltlnl _yme

Ag BpoU e Twpa To MAGTOC V,, KatlTn ddon 6 tou kopatog v’ (x, t):

XpnotpomnoloUpe tn oxéon Euler ¢! = (cos ¢ + isin ¢)

Yim T V2 m.ei(p =Yim T Y2m (cos @ + isin QO) =
— (ylm + Y2m COS (p) + l Yo2m sin @

|yr| - I(ylm + Y2m CDS@) +1 Ya2m sin Qol — \/yfm. + y‘zzm_mszgo + 2}’1?11}’2?1150599 + y%.menzgo

Y2m Sin @
(Y1m+Y2m cos @)

— \]yfm. + yzzm + 2}’1-;ny2-mf‘95¢3 KAl n d:’dgn Ba elval tanf =
(Gnu |€i(kx—mt)| — 1)

Agite otL Qv yy,, = V5, TIPOKUTITOUV OL OXECELG TIOU £iyaple NON amodelfel TPLYWVOUETPLKA OTO TIPONYOU LEVO

, Q 1 sin @ Q
uadnpa |y'| = v /2 + 2cosp = yy, 146032 > = 2¥m ‘cosqu ‘ Kot tanf = i) tan=
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