ENQZH PYZIKQN KYMPOY

30" MArKYnPIA OAYMMIAAA ®YSIKHE
(aprepwpévn otn pvhipn tou Avdpéa Mavayn)
I AYKEIOY (B° ®@aon)
Kuptakn, 20 Maptiouv 2016
Qpa: 10:00 - 13:00

Oényiec:

1) To éokiuto anoteAcital ano €L (6) oeAibec kat mévte (5) Fuara.

2) Na anavtijoste o€ 0Aa ta Féuara tou Sokiuiou.

3) Kades Fua BaduoAoyeitat pue 20 uovadeg. e kade Féua ot povades KAds EPWTHUATOC
paivovtal oTo TEAOG TOU EPWTHUATOC.

4) Zto tetpadio anavtioewv va avaypdetal ekadapa o apltIuos Tov JEUATOC Kal TOU
EPWTNUATOC TTOU ATTAVTATE.

5) Emutpémetaln xprion Uovo un npoypauuati{OUEVNS UTTOAOYLOTIKAG UNXAVHG.

6) Acev enutpénceran n xpron dtopYwtikou vypou.

7) Emutpénctrar n xprnion MONO unAe n puavpou ueAavioU. (OL Ypa@IKEG MOAPOACTAOELS
Uropouv va yivouv ko pe HoAUBL).

8) Ta oxnuara twv deudtwy Sev givat uno KAipaka.

9) Aiverai: g = 9,81 m/s?.

NMPOTEINOMENEZ AYZEIZ

OEMA 1°

Qavtooteite OtL €xete €va TPAMEll agpa TAVW OTO

omoio umopouv va KivnBouv 10 diokotl. H umapén tou @ v
aépa BonBa otov ekundeviopd Twv TPLRWV Kal UIMopeite
ETOUEVWG OTOL EMOMUEVA VA OYVONOETE TIG TPLREG.

Oewpnote OtL ot 10 Siokol eival tomoBetnuévol o€ ﬁ

TPLYWVLIKA dlataén onwg ¢aivetal oto SumAavo oxriua g a

kot elval apykd akivntol (urmtoBéote dtL n UMapén tou e‘e o
aépa dev mpokalel petakivnon twv Siokwv). Evag 11° /
6lokog (o Slokog pe to voupepo 0), pixvetal e apxLkn a o ° @

I
TOXUTNTA U, KATA WPNKOG TOU Afova CUMUETPLAG TNG '

/s I
TpywvikAg  dlatagng twv umdlommwv 10 Slokwv. /- K/v(
s/

Oewpnote OTL 6AoL oL Slokol €xouv TIG OLEG SLOOTATELS 450
Kol pado. AKpLBwG HETA amd OAEC TIC CUYKPOUOELG TIOU

ouvéBnoay, ool Slokol Bplokovtal og Kivnon Kol TOLEG
oL TaXUTNTEG TOUG;
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ENQXH ®YXIKQN KYIIPOY 301 IIATKYIIPIA OAYMIIIAAA ®YXIKHY I AYKEIOY (B’ ®aoy)

AYZH:

Amo tnv kpouon tou Silokou 0 kat 1 emeldn Ta cwpata €xouv TtV dla pala Kol cuykpouovtal
KEVTPLKA, avtoAAdoouv taxUtnteS. Etol o diokog 0 otapatd kot o §iokog 1 amoktd TaxutnTa U Kat
Kwveitat otnv 6la StevBuvon pe tov dioko 0 KATA HAKOG TOU AEova CUUHETPLOG TOU CUOTAUATOG.

O biokog 1 €pxetal o€ eAaoTIKN) KpoUon He Toug diokoug 2 kat 3. O
duvapelg emadng mou avamtuooovTal KOTA TNV Kpouon TwV TpLwv
ocwpatwyv ¢aivovtal oto Suthavo oxApa. Ou SUVAMEL] AUTEG Tou
elvat dpdong-avtibpaong avamtuooovtal otnv €uBeia mou evwvel
To KEVTPA TWV Siokwv Kat emopévwg Ba oxnuatifouv ywvia 45° pe
NV Aova CUMUETPLOG TOU CUOTAMATOG.

Ao diatripnon TnG opunG Katd HAKOG TG y-6lelBuvong (katd WRKog 450
Tou agova cuppETplag) Ba €xoupe OTL:

Piy = Piy+ Doyt Py = mU; = mU] + mu,, + mb;, = V="0],+0,,+0,, (1)
Me Baon tig SuvApELG TTOU avamTUoooVTaL KAtd TV Kpouon, o &iokog 1 petd tnv kpouon Oa
Kweltal pe taxvtnta U] otnv StelBuvon TG apxlkng tou TaxlTntag (Katd prikog tou dfova

oupMeTpilag) evw ol Siokol 2 kat 3 Ba kwoulvtal kot ot §Uo He ToxUTNTEG (SLoU pETPOUL,

U,|=|0,|=v kot 8tevBuvon nou oxnuatilet ywvia 45° pe tov dova cuppetpiac. H (1) ypadetat:
2 3

2

u:ul’+02c51)v(45°)+u301)v(45°):>u =U{+2v§:}0=0{+\)\/§:>l)1' —v-n2 (2)
Ao tn Slatrpnon tng evépyelag Oa €xoupe:

1 1

—mv® ==mu> +=mv; +=mo; = 0> =0> +2V (3)
2 2 2

AvtikaBlotoupe tnv (2) otnv (3) KaL EXOUE:
02=02+2v2—20\zx/§+2v2:>4v2:2uvﬁ:>v:ug (4)

Ou blokol 2 KkaL 3 €MOMUEVWE META TNV KPoUOoN KLvoUvVIAL HE TAXUTNTEG MUETPOU V= U\/E/Z.
Avtikatdotoon tou teAeutaiou amoteAéopatog otnv (2) divel OtTL petd v Kpouon o Siokog 1
elvat akivnrog:

v =0-— U—\/_:>UI—U v=>v =0m/s (5)
Amo TV otypn ou ot Siokot 2 kat 3 kwouvtal o 45° ywvia wg npog tov dova cUPHETpLag, TOTE
bev €pyovtal oe oUykpouon He To 6loko 5 evw cuykpouovtal KeVTPLKA He toug Slokoug 4 kat 6
mou €xouv (6la pala. XTI CUYKPOUOELS QUTEG avTOAAAoOUV TaxUTNTeG, £€ToL oL Sdiokol 2 kat 3

akwntornolouvTal Kot ot Siokot 4 kat 6 kvouvtal o€ 45° ywvia wg pog Tov d€ova GUMHETPLOG HE

TaxVTNTO LETPOU V= U\/E/z.

O 6iokog 4 cuykpoUETOL LETWTILKA HE ToV Sioko 7 Kol o 6{oKog 6 CUYKPOUETAL LETWTILKA LLE TOV
6loko 10. Onwg kat mponyoupévwg ot Slokol 4 kat 6 aklvntomolouvtatl kat ot 7 kot 10 kivouvtal he
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ENQXH ®YXIKQN KYIIPOY 301 IIATKYIIPIA OAYMIIIAAA ®YXIKHY I AYKEIOY (B’ ®aoy)

TaXUTNTEG Lloovu pETpoU (V= u\/E/Z) Kot pE ywvia 45° we tpog tov d€ova ocuppetpiag. OL Siokot 8
Kal 9 mapapévouv akivntol yiati Bplokovral otnv epamnrtopeviki StevBuvon kivnong twv diokwv 4
KOl 6 KOl EMOPEVWE KapLd Suvaun dev edpapuoletal mAvw TOUG.

210 TEAOG OAWG TWV CUYKPOUCEWYV, HOvo ol diokol 7 kat 10 Bplokovtal og kivnon, o kaBévag e

TOXUTNTA LETPOU V= uﬁ/z kat o€ ywvia +45° we npoc tv apxkr StetBuvon tou Siokou 0.

OEMA 2°

A. e évav opBootdtn, o omoiog eivat
TIPOCAPUOCHUEVOC OE QUOEAKL KPEULETOL
HE To vAua 1 pa pikpn odaipa palag M, g
amoe TNV oOomolo KPEULETAL MECW TOU 2

vAuato¢ 2 pla Sevtepn Hkpn odaipa
nalac m. Me tnv enidpaon eEWTEPLKAG

neplodikic  Svvaung 1o apafdkt F=F nuwt
avaykdZetal vo ekteAel am\f QpHOVIKA (@) @

TOAQVTWON UKPoU TIAATOUC o€ opll{ovTia

SlevBuvon e KUKALKN ouxvotnTa W.

Na Seiéete OtTL yla va mapapével To vipa 1 ocuvexwg katakdépudo Ba mpémel To PRKog L tou
VAUATOG 2 va ival (oo pe

L=%(1+%)

(8 povasdeg)

B. Eva cwpa palag m Bploketal mavw o€ Aselo opl{ovtio eninedo kat eival cuvdedepévo péow duo
TlavopoLOTUNTIWVY eAatnpiwv otabepag K oe akAovnta otnpiypata. H odaipa Bploketal akivntn
otn B€on woppomiag kat ta eAatipla €Xouv To GpUGCLKO TOUG UNKOG. 2TO TILO KATW oxnua dpaivetal
n katoyPn ¢ didtaéng.

K ! K
1111111111111111111‘”11]’]’ JISSIISISSSIL.
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ENQXH ®YXIKQN KYIIPOY 301 IIATKYIIPIA OAYMIIIAAA ®YXIKHY I AYKEIOY (B’ ®aoy)

(o) Na e€etdoete Katd mOco 1o cwHA Oa eKTEAECEL AMAR APLLOVLKH TAAAVTWON, OV TO EKTPEYPOUUE
Alyo, mapdAAnAa pe tn StevBuvon Twv eAatnpiwv.
(6 povadeg)

(B) Na e€etdoete katd TOCO TO CWHA Ba EKTEAECEL ATTAN OPLOVLKH TOAAVTWOT), OV TO EKTPEYPOULE
Alyo, kaBeta otn SlevBuvon Twv eAatnpiwv.

(6 povadeg)
Ynodei§n: Mmnopeite va xpnoLLOTIOIOETE TNV POoEyylon yla € K 1

1 1
14+e)2=1-—=¢.
2
AYZH:

A. Apou TO vAuO 1 TIOPOMUEVEL OCUVEXWG
Katakopudo, oto cuotnua twv duo odatpwv Sev
aokouvtal e€wteplkeg SUVAUEL oTnv opllovTia
SlevBuvon. Auto onpaivel OTL To KEVTPO HAlag Tou
ouOTAUATOC TOpPaUEVEL akivnto. Maipvovtag wg S
opxn Twv afovwyv To KEVTPO HAlaG TOU CUOTHUATOG
Kal oUpPoAilovtag TIG O€0€l TwWV CWUATWVY UE
nale¢ M kow m pe X ko x, avtiotowxa, n B€on tou
KEVIpou palag otov opilovtio agova Ba Sivetal
arnod tn oxéon

_M-X+m-x_

Yew = T Mt m

Apa Touvd
M-X+m-x=0

S e

OL 6Uo odaipeg ekteAoUV amAl  OPUOVLKN

TAAQVTWON PE KUKALKA ouxvotnta w. TomoBetolue Tud
TG Suvapelg mou aockouvtal ota SUO CWHATA OE «—

i tuxaia Béon NG TAAAVTWONG TOUG. TNV

oo}
P
<

katakopudn StevBuvon Ba €xoupe Touvvd = mg.
Ma UKPES ywvieg ¥ autn n oxeon pag Sivet

Ztnv opLlovtia StevBuvon aokeital Suvaun

_ooltixl _ g mg m
Mpd =T=——==mg— —L|x|(1+M).

Auth n 80vaun eival Suvaun emavadopdg yLa To cwua Hdlag m pe PETpo ioo ue mw?|x|. Apa

maw?|x| =?|x|(1+%)
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Anoé 6w mpokUMTEL OTL

L=%(1+%)

B’ Tpomog

To odapidlo palag M exteAel YpOoUMLKN apHOVIKH TAAdvTwon otov afova _Fonuowt
X HE ouxvoTNTA W.

Ma po tuxaia petatomnion x; tou M amnd tn 0.1, n Yetatonion tou m eivat
xq + Lnub.

MNa va mopapével 1o M ouvéxela o€ katakopudpn Ofon TpeEmeL n
ouviotapevn Suvaun otov dafova x va eivalr ion pe v efwteplki
neplodiky duvaun (to odalpiblo kat To apafdkt va €xouv tnv dla
gmtayuvon).

Idapiblo M: Ma; =S, = Fonuwt = Snub = Fynuwt = S =F, kat
0 = wt
a1 = Fonl,l(l)t/M .

Idaipidlo m:
—a, = =S, /m= a; — w’lnuwt => Snuwt/m + Snuwt/M = w?Lnuwt

Emedn n ywvia tg taldviwong eivatr pikpr, wxvel ot ovvl = 1 omodte otov dfova y
S, =mg = Sovwb =mg = S=mg

AVTIKOOLOTWVTOG QUTO TO ATOTEAEGHA OTNV TILO TIAVW OXECH EXOUE:
2 _ 9
g +mg/M = w’L => L —F(1+m/M)

B. (a) Otav to cwpa amopakpuvBel and tn B€on wooppormiag tou Ba aokoluvtal oe auto duo
SuvApELg oo Ta eAaThpLa.

LLNRRRNNRRRUNRNR 2>

H ouvoAikn SUvaun otnv opilovtia StevBuvon Ba eival ton pe
IF=F +F,,
6nov F, = F, = —K - %. Apa
JF =—-2K-x.
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ENQXH ®YXIKQN KYIIPOY 301 IIATKYIIPIA OAYMIIIAAA ®YXIKHY I AYKEIOY (B’ ®aoy)

Anoé v tedeutaia oxéon amodelkvUEeTOL OTL TO CWHA Ba eKTEAECEL AmA OPUOVIKI TAAAVIWON,
adou aokeital og auto duvaun enavadopdg.

B. (B) EktpEmou e To cwpa KABeTa otnv apxikr dtevBuvon Twv eAatnpiwv Kot oxedLAloupE TIG
SUVAUELG TTOU aloKOUVTOL OE QUTO.

ZupBoALloupE TO apxLIKO HAKOG KABE eAatnpiou Ue | Kal TO VEO TOUG MNKOG, OTAV EKTPETIOULE TO

owpa, pe I'. H ouvoAik SUvapn Tou aoKeitaL 0TO WU Eivat JF = E) + 1?2, onov F; =F,=F =
K({l' = 1).

AvaAuovtag tig 6uo duvauelg oe afoveg mMapAAAnAa Kal KABETA PE TN LETOTOTLON TOU CWHOTOG
Bplokoupe oTL

l
SF = JF, = —2Fouvg = XF = —2K(l' — l)% = JF = —2Ky (1 _F)

1

SF = —2K (1—;> = SF = —2K 1—<1+(X)2) ’
N Ty T T l

Edapuolovrag tnv mpoogyyLon mou MEPLEXETAL OTNV UTIOSELEN , OTou &€ = (%)2 Bplokoupe otL

SF = —2Ky -+ (y )2 SF=—%0s

= — = = = —
AN 12y

Apa n §Uvaun mou ackeitol 0To owpa eivatl avdloyn Tou y3 Kot OxL Tou y, OMwG amalTeitaL yLa va

elval n tahaviwon oA appovIKA. ZUVETWG, TO owHa §ev eKTEAEL AmAR OpLOVLKH TAAAVTWON O€

QUTH TNV tEPLMTWON.

OEMA 3°

To oupBoAoueTpo elval pLOL CUOKEUR, n omola XPNOLUOTOLElTaL yla TtV akplBry HETpnon
QMOCTACEWV Kal HE TN BonBela tng omolag avixvelBnkav KUpota BapuTikng aktivoBoAiag. Xto
OUUBOAOUETPO, Uia LOVOXPWHATIKA TN GWTOC EKTEUTEL Uia pwTelvh S€oun, n omola Slatpeitot
ota SUo amd €va nuULETapPyUpoUEvo emtimedo katomtpo M kat n pwon 6€éoun Klveltal mpog to
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ENQXH ®YXIKQN KYIIPOY 301 IIATKYIIPIA OAYMIIIAAA ®YXIKHY I AYKEIOY (B’ ®aoy)

katomtpo M; Stavuovtag andotaon L; evw n GAAN pLon Kweltal mpog to Katomntpo M, dtaviovtog
anootaon Ly. Katd to Staxwplopod tng deoung dwtdg n pia Séopun voiotatal petafolni pdong
EVW N &AAn oOxL. O 6Uo béopeg adou avakAaotoUv ota katomtpa M; kat M, emiotpédouv Kal
oUMUBAANoUV. H glkOva TG cUPPBOANG mapatnpeital and Evav avixveutr), o omoiog tomoBbeteital
QITEVAVTL A0 TO KATOTITPO My, OMw¢ paivetal otnv Mo KATw €lKOVA.

M,

DdwTeVn YN

% >

?wavsurﬁq

(a) Av oL amootdoelg Ly kat L, Stadépouv petau toug katd amodotaon d, va efaydyete TIg
OUVONRKEG EVIOXUTLKAG KOl KATAOTPEMTIKAG CUUPBOANRG TwV SU0 dWIEVWY SECUWY, CUVAPTHOEL TOU
MAKOUG KUHATOG A.

(5 povadec)

(B) Otav ouL amootdoelg Ly kat L, twv Bpoxtovwv tou cupBoAOueTpou apxlkd eival (ogg, o
KEVTPLKOG KPOOOOG elval OKOTEWOC. Av 0 évag Bpaxiovag petakivnBel katd AL, petpoupe 125
dwTeEWVOUG KPOOOOUG, OTAV TO HAKOG KUMATOG TNG aktwvoBoAiag sival 632,8nm. Na umoloyioete
TNV anootaon AL Tng petakivnong tou Bpaxiova.

(4 povadec)

(y) O beiktng 8taBAaong n eival évag adldotatog aplBuog, o omoiog Sivel To Adyo NG TaXUTNTOG
TOU PWTOG OTO KEVO € TIPOG TNV TAXVUTNTA TOU GWTOG OE KATIOLO LETO U.

n=-
v

Otav oL anootdoelg Ly kat L, elvat ioeg kol TomoBeTACOUNE UMPOOTA amod to KAtomtpo M; €va
Aentto Sladaveég mAakidio axoug D pe deiktn S1aBAaong n, petaAAAETAL O OMTIKOG SPOUOG TTOU
akoAouBel n pla dwtewvn d€oun katd anodotaon AL. MNa tnv emavadopd Tou ontikou Spouou
aUTAG TNG dWTELVNG SE0UNG OTO OPXLKO TOU MNKOG TO KATOTITPo M; Ba pémet va petakivnBel mpog
TOV QVLXVEUTA Kata anootoon AL.
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ENQXH ®YXIKQN KYIIPOY 301 IIATKYIIPIA OAYMIIIAAA ®YXIKHY I AYKEIOY (B’ ®aoy)

i.  Xwpig tnv mapepBoln tou mMAakLdiou, o xpoOvog Tou xpeldletal To dwe yla va SLavuoeL TV
anootaon Ly (amo to katontpo M oto M;) eivat t1=L;/c. Me tnv mapepBoAr tou mAakidiou
10 pw¢ Slavuel andotaon L1-D pe taxvtnta ¢ kot andéotoaon D pe taxutnta u.
Na urtoAoyioete Tn petaBoAni AL Tou omTikoU §pOOU CUVAPTACEL TwV D Kal n.
(6 povadec)

ii. Av XpnOLWOMOLOUUE HOVOXPWUATIKO PwC HAKOUG KUPOTO¢ 580nm Kal TomoBetricoupe
UMPOOTA o To KAtomtpo M; éva mAakidlo mayxou¢ D=2,5um, Katd tnv PeTakivnon tou
Katomntpou M; yla emavadopd tou ontikol Spopou, mapatnpol e 3 evaAlayEg GWTEVWV
KOL OKOTEWVWV Kpooowv. Me Baon tnv mAnpodopia auth, va umoloyioete to Oeiktn
S1aBAaong tou mAakidiou.

(5 povadec)

AYZIH:
(a) OL 8U0 amootdoelg Ly kat L, Stadépouv katd anodotaon d.
|L1 - L2| =d

To unkog t™¢ Stadpoung tng déoung 1 anod to M oto M; kat Tiow oto M Looutal pe 2L; evw TG
Stadpoung e 6€oung 2 ard to M oto M2 kat micw oto M woouTtal pe 2L,

Apa n ouvoAikn dtadopd Spopou Twv duo deopwv dwTog lval

Eneldn oL 6Uo pwtevég Séopeg £xouv Stadopd daong T n cuvlnKn yla eVIOXUTLKA cUBOAR eival

2d = (:c + %) A=>d= (:c + %)% 61100 k=0,1,2,3,...

KOLL OVTLOTOLXOL Ol CUVONKEG YLOL KATAOTPETTIKY) OUUPBOAN elvat

2d=KA=>d= :c% omou k=0,1,2,3,...

(B) Av n diadopd twv dvo amootdcewv L; kat L, eival AL kat mapatnpouvtal 125 ¢wrtetvol
kpooool Kkatd tn Metakivnon tou Ppoaxiova. AnAadn katd Tn MeTOKivnon Ttou Ppaxiova
€EVOAAACCOVTOL O OKOTELVOG KOl 0 GWTEWVOG Kpoooog 125 dopeg HEXPL va KaTaAnEou e TAAL o€
OKOTELVO KPOGTO.

Apa, k=125

AL = (125)63’2ﬂ = AL = 39550nm rj AL=39,6um
(v) i. Xwpig to mAakidlo, o xpovog mou xpelaletal n SEopn ylo va AL amno to M oto M; kat va

eTLoTPEYPEL elval

2L,

t, =
! c
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ENQXH ®YXIKQN KYIIPOY 301 IIATKYIIPIA OAYMIIIAAA ®YXIKHY I AYKEIOY (B’ ®aoy)

Me tnv napeuBoAr tou mAakidiou, o xpovog yivetat

2L, —2D 2D 2L, —2D 2nD 2L, — 2D (n—1)
ty=———+—=>t, = + => t, =
C v C C C

Apa, n peTaBoAn tou ontikou §pouou LooUTaL HE

AL = 2D(n —1)

‘H avtiotowa, n mapepPoAin tou mAakidiou Looduvapel pe aAlayr oto HAKOG TG amoéotaong Ly
kata D(n — 1)

(y) ii. Av katd tn 616pBwon tou UARKoOUG TNG HAKoUG TG Stadpoung mapatnpouvtal 3 pwielvol
Kpooool Tote K=3.
1)\ 4 1015

7
D(n—1) = (k+3)3 =>2500(n ~ 1) = 1580 =>n —1 = 30 =>

n=1+0,406=>n= 1,406

OEMA 4°

Ito €va dkpo afapoug, aywylung papfdou

elval MPoCaPUOCUEVO €va PLKPO HETOAALKO

odalpiblo, to omoio esdpamtetal pag Asiag,

aywylung odalplkng emidpAvelag  aKTIVOG

R =0,785m . To &eltepo Gkpo tng paBdou -

elval TPoOCOPUOCUEVO OTO  KEVIPO  TNG I B 1 0

|+

(.

. 5¢ A . .
oVUOTNUA CUVOEETOL PE NAEKTPLKA Ttnyn Ko : Ly

[

[

[

|
odaipag pe TETOLO TPOMO £T0L WOTE N pAPBSOC :
VO UIOPEL va TIEPLOTPEPETAL YUPW OO QUTO :
XWPLG TPLRBEC Kal xwpic To odalpidlo va xavel :
enadn pe tnv emddavela tng odaipag. To |

|

tomoBeteital 0 KATAKOPUPO  OUOYEVEC
HOYVNTIKO TESl0  HayvnTIKAG  EMAYWYNAG
B =0,5T, onwg daivetal oto oxnua. Av n
paBdog meplotpadel  ylupw amd  TOV
Katakopudo afova He OUyYKeKPLUEVN opda,
ywviokn taxutnta w = 5 rad/s kot oxnuatilovtog ywvia ¢ pe tnv Kotakopudo, TOTE N ywVLOKA
TaxuTnTa MEPLOTPOodG Kat N ywvia ¢ Ba mapapeivouv otabepeg.

(a) Na e€nynoete ylati n dpopd meplotpodrg Ba mpemet va eival autr) mou GalveTAL OTO OXAUA YLA
va elvat Suvatn n meplotpodn tng paBdou pe otabepr) ywvLokr ToxuTNTA.

(8 povadec)
(B) Na umtoAoyioete T ywvia ¢ .

(7 povadec)
(v) Na urtoAoyioete TNV nAekTpeyepTIK SUvaun tTng mnyng &.

(5 povadec)
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ENQXH ®YXIKQN KYIIPOY 301 IIATKYIIPIA OAYMIIIAAA ®YXIKHY I AYKEIOY (B’ ®aoy)

AYZH:

(a) Av n paBdog ektparnel and Tnv Katakdpudo ackeital o€ aut SUVON Ao TO LayvNTKO Ttedio.
H Suvaun auth, cupdwva Pe Tov kavova tou §ELov XepLov, yLa TO OTLYULOTUTIO TTou daiveTal oTo
oxnua Ba eival kaBetn oto emninedo tng oeAidag pe popd mpog Ta HEoA, av n ekTpomnn thg paBdou
ylveL mpog ta aplotepd, Onwg oto oxAua. Auti n Sduvaun Ba avaykdcel t pafdo va
TiepLOTPEDETAL YUpWw amd katakopudo afova, o omoiog SlEpxetal amod to akivnto onueio Tng
pafdou pe tn dopd meplotpodng mou dpaivetal oto oxnua. H ywviakn toxvtnta neptotpodnig Oa
auvéavetal 600 n paBdoc dlappestal amod peVUA UE ATOTEAECUA VO AUEAVETOL KOL N ywvia Tou
oxnpatilel n paBdog pe tnv katakopudo. Opwg, € tnv kivnon tg pafdou péoa O0To LAYVNTLKO
niedilo mapdyeTal oTa AKPA TNG EMAYWYLKN TAoN, N onoia cUpdwva Le Tov kavova tou Aevig Ba
€xeL avtiBetn moAkdtnTtal ad tnv mnyn. Oco auvfdvetal n ywviokn taxlTNTA AU§AVETAL KAl N
ETIAYWYLKN TAON KAl LELWVETOL N EVIAON TOU peUpATOC ou Stappeel tn pafdo. Mo pa Tun g
YWVLOKAG TAXUTNTOG Wy, N EMAYWYLKA TAON YIVETOL 0N WE TNV TAON TNG TINYAG ME QITOTEAECHA N
€VTAON TOU PEVHATOC 0TO KUKAwHA va pndeviotel. Tote undeviletal kal n Suvapn mou ackeital
otn pAaPdo, He AMOTEAECHUA N YWVLOKN TaXUTNTA VO OTOHATACEL va auEdvetal kat N paBdog va
OUVEXiZeL vau Kveltal Pe Tn oTadepr) YwvLakn TaxuTNTa w,, . Alvovtag, Aoutov, otn paBdo apxikn
ywviakn Taxutnta ion pe w,, He Gopd mepotpodrg Onwe daivetar oto oxrfua n pdpdog Oa
KLWelTal xwplg va Stappéetal amo pevpa kat, dpa, xwplg va ackeital oe avti duvaun amod To
HayvnTiko medio.

Av nieplotpéPoupe tn paPdo mpog tnv avtiBetn katevBuvon n emaywyLkn TAon ou Ba tapAyeToL
Ba mpootiBetal otnV TAON TNG TINYAG HE QMOTEAECUA VA AUEAVETAL N €VTOON TOU PEVUMATOG TTOU
Slappéel ™ paBdo kat, cuvenwg, va auvfavetat n duvaun otn papdo amod to payvntko nedio. H
Svapn auti Ba €xeL tnv bla ¢opd, OnMwg Kat
iponyou Hévwe, dnAadn Ba €xeL avtiBetn dopd amod tn
dopa meplotpodnc tng papdou. Autd Ba €xeL ocav
amotéAEoua ™ ypryopn emBpaduvon Kol
akwvntomoinon ¢ paBdou otnv katakopudn BEon.

(B) To odawpidlo ekteAel opaAn KukAlk kivnon e
aKTiva RN Kot Ywviakn Taxutnta wy, . H ouviotapevn
Twv SUVAPEWV TIoU aokouvtol oto odalpidlo amoteAel
TNV KEVTPOUOAo SUvaun

F. = mw,, *(Rnue)

Ito odpapiblo ackouvtat n Suvaun tou PBdpoug, n
kaBetn dUvaun t™g odalpikng emtdAveLaG Kat, LECW TNG
paBdou, n avtibpaon amd to onueio otNPLENg NG

\ 4

paBdou. OL dUo teAeuTaieg Suvapelg eival opoppomeg kat Sivouv pia cuvoAlkr Suvaun T katé
UnKog tng papsdou.

-

AvoAlovtag tnv T o¢ 800 ouVLOTWOEC Ba €xou e B
Tnuep = m(Rnue)w? , Touvg —mg =0

Ao QUTEG TG OXECELG TIPOKUTITEL OTL

ouvp = = ouvvp = 0,5 = ¢ = 60°

w?R
(v) H emaywywkn tdon, €., mou mapdyetal Katd tnv neplotpodrn tng papdou divetal anod tov
Tono
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AP
Sgn = A_t .
Mo pa neplotpodn tng paBdov At =T = 2n/w kaw AP =B - AS,

ornou AS eival to epPfadov tou kUKAou Tou Slaypddel To éva akpo tTnG paBdou kat Tov omoio
TEUVOUV KABETA OL LayVNTIKEG SUVALKEG YPAUEG.

Apa

e B-AS Bm(Rnup)®  BR*onp’e
;T 2mlew 2

Otav n paPdog MepLoTpEPETAL LE YWVLAK TOAXUTNTA Wy)- EXOUUE € = .

Apa

OEMA 5°

Y& MEPAPOTO PUOLKNG OTOXELWOWY CWHATLSIWY Elval ONUAVTIKO va oVOYVWPLOTEL O TUTTOC TWV
owpatdiwv (p, T, K*, W, e) Tou ekmépunovtat amo o onpeio okéSaonc Twv SeoUWV (o€ mepimTwon
ETUTAXUVTWV) 1l oo To onueio dtdomaong evog cwpatidiou. Av To cwuatidlo sivat poptiouévo, n
TPOXLA TOU Umopel va kataypodel o€ KATAAANAO QVLXVEUTH TPOXLWYV, KOL N OPpUA TOU UIMopEl va
uTtoAoyLoBel amo tnv HETPNON TNG KAUTUAWGONG TNE TPOXLAG O€ €val LayvnTiko medio. Evag Tpomog
yla va avoyvwploTeL o0 TUmo¢ Tou ocwpatdiou, eival va umoloyloBel n taxutntd ToUu (KO
EMOPEVWG va e€axBel éupeca n palo TOU) PETPWVTIAC TOV XPOVO MTIAONG TOU, AnO TO Onueio
TIAPAYWYNG TOU OTO ONUELO OMOU UTIAPXEL £VOG QAVLXVEUTIC TIOU UETPA XpoVvikeG Stadopés. O
OVILXVEUTAG OWUTOC oOvopaleTal TAOOTIKOG OmvOnplotng Kol €ival KOTOOKEUAOUEVOG Qo
KATAAANAO TTAQOTIKO UALKO TO omoio Sleyeipetal otav LovioTel and KAmolo cwpatidlo. To UAKO
omodLeyelpeTal YUE TNV EKTOUTH dwToviwy, Ta omola cUAAEyovtal HE KOTAAANAEC OUOKEUEG
(pwTomoANAMAQCLACTEG) TTOU UETATPETIOUV TO GWTOVLIA OE NAEKTPLKO GHLO.

21O OUYKEKPLUEVO TIPOBANUA, Bewprote OTL oag SLVETAL PLa TETOLA AVIXVEUTIKN Sldtagn, omwe to
TapaKATw oxnua. H didtagn amoteleital and Evav avixveuTH TPOXLWV HECA OE HayvnNTLKO medio
€VOC SUTOALKOU payvAtn emaywyng 1,5T. O avixVeUTC TPOXLWY UETPA TNV akTiva, R, KOpmUuAwong
NG TPOXLAG €VOC doptiopévou cwupatidiov kKabBwg autd mepvd amd To PoyvnTiko medio. H
okpiBela PETPNONG TNG AKTIvAG KAUMUAWGONG Yla TOV AVLXVEUTH Tou TpoPAnuatog ivat 3mm. H
aviXveuTikn Siatagn mepllappavel emiong Suo MAAOTIKOUG OTILVONPLOTEG UE TOUC QVTLOTOLXOUG
dWTOMOAAAMAACLAOTEG TOUG, OL OTtoloL £lval TomoBetnévol oe amootacn 10m PeTaly Toug, OTWG
daivetatl oto oxfua. Ot GwWTOMOAAAMAACLOOTEG UTOPOUV VO AVIXVEUOUV XPOVLIKEC dLadopég duo

R(\D SUTOAIKOG pLayvATnG

TPOXL& CwHaTLSiou

rtAaotikoi omveOnpLotég
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onUdTwY peyoiTepec Touldytotov Twv 100ps (1ps=10"*sec).

To XOpPOKTNPLOTIKO AUTO OPLlEL TO KPLTAPLO TNG MOLOTNTAC HLOG UETPNONG XPOvou. Zuvnbwg, n
TUTUKN) QmOKALON XPNOLUOTIOLELTAL yla va TeEplypAPoupe TNV SLaKPLTIKN Lkavotnta. H Slakpltiki
LKOWVOTNTA MLOG OVIXVEUTLKAG Slatagng avtutpoowreleL v yEVEL TNV afeBaldtnta otnv PETPNON
€VOG HeyEBouUC mou Sivel n Slatagn Kot EMOPEVWE TNV Lkavotnta tng didtagng va dtaxwpiosl duo
SLaOPETIKEG LETPNOELG LETAED TOUG.

Oewpnote OTL BEAETE va XPNOLUOTOLNOETE TO CUCTNUO AUTO yla va Slaxwploete dopTiopéva
ruovia (HéZo roviou my=140MeV/c?) and poptiopéva kadvia (nala kaoviou m=494 MeV/c?). To
doptio Twv SUo CWHATLSIWY EXEL ATOAUTN TIUN OMWG KAl aUTO Tou NAektpoviou. Ta cwpatidla
€xouv opun 1,0 GeV/c kat n TpoxLd Toug HOLALEL LE QUTH TOU OXUATOC.

(a) No urtoAoyioete TN SLAKPLTIKI LKAVOTNTO TOU QVIXVEUTH OO YLOL TNV 0PN TWV CWHATLSLWV.
(6 povadec)

(B) Na umoAoyloete TN OSLOKPLTIKA LKAVOTNTO TOU OQVLXVEUTH 0©0¢ yla TNV taxlutnta Twv
ocwpattdiwv.
(6 povadec)

(v) Nowa eilval n péylotn opur mMOU UMOPoUV va €Xouv T cwuatidla mépa and tnv omoia dev
UTopEeite va EeXwpPLOETE UE TIC UETPNOELG TIOU Ba KAVETE ol CWHATIOL Elval TLovia Kot mola
KaovLaL.

(8 povadec)

Ynodewén 1: Mnopel va davel xpriouo va owomownBei n mpooéyyion (1 + )72 = 1+ -¢ yia
Ynodeién 1: Mmnop XPnoLpo va xpnotuornotnBet n mpooeyyion SEY
€ K 1, 6nwg mPoKUTTEL Ao TO SLWVULKO QVATTTUY AL,

Yrobewén 2: Aivetaw 6t 1eV = 1,6 X 1071°] kau to dpoptio evdg nhektpoviov eivar Q, = 1,6 X
10719C . H tayVtnta tou Pwtdg eivar ¢ = 3 X 108 m/s . Na petatponég povadwvy Loxvouv:
1Mega (M) = 10°%, 1Giga (G) = 10°, 1Tera (T) = 102, 1micro (p) = 10°®, 1nano (n) = 10°, 1pico (p) =
10™.

AYZH:

H tpoxid tou doptiopévou ocwpatidiov kapmuAwvetal eawtiag¢ tng duvaung Lorentz mou
e€aokeital oto cwpatidlo Adyw ¢ UTaAPENC Tou HayvnTikou mtediou. H SUvaun Lorentz sivat:

F=(Qe)oxB=> F =(Qe)uBnué
(1)

ornou 6 n ywvia petafd tTou Slavuopatog TNG TAXUTNTAC v KAl TOU SLavUOUATOG TG MOyVNTIKAG
emaywyns B, kat Qe 1o ¢optio tou cwpatidiov ekppacuévo cav moAamAdaclo tou ¢optiou, e,
TOU nAektpoviou.

Y& opolopopdo payvntiko nedio kabeto otnv StevBuvon kivnong tou cwpuatidiou, n ywvia O sivatl
90° (6w¢ oTNV MEPIMTWON TOU TPOPAAHUATOC) KOL EMOUEVWE N TOXUTNTO TAPUUEVEL AUETABANTN
o€ UETPO Kol To Poptio ekteAel KUKALKN TpoxLd akTivag R. METpwVTag TNV OKTVA QUTH UMOPOULE
VO UTTOAOYLOOUUE TNV 0PN TOU cwiatidiou.

Ma 6=90° Ba éxoupe and tnv (1) otu: F =QevB (2)
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kat n duvaun F eival kaBetn ota Stavuopota tng TAXUTNTAG KoL TNG KAyVNTIKAG €maywyng. H

aKtiva R pmopet va urtoAoyloBet wg €€Ng:

- AD

F=2P (3)
At

Ta cwpatidla Kol vTal OPWG JE TOXUTNTEG TTOU €(val TIOAU KOVTA 0TNV ToXUTNTA Tou GwToG Kal

An6 tov 2° vopo tou Neltwva:

Ba npemnel va elcagoupe dlopBwoelg. Av n pdala npepiog tov owpoatidiov eivat m,,, n opun Tou

elvau: D =ym,0 =ymycp (4)
, , , 1 1 )
omou y glval o mapayovtag Lorentz: y = = (5) ko f=— (6)

\/ 0> 1= c

==
c
. . . , = AU

Amo 1 e§lowoelg (3), (4) kau (5), Ba éxovpe ot F = ym, A (7)
AN\G T0 owpa EKTEAEL KUKALKT TPOXLA KaL N KEVTPOROAOG emLTdyuvon eivat:

_Av v’ F

ey, =E——=a4=—=
At R ym,

(8)

2 e)uB e)BR
AvtikaBiotoupe tnv (2) otnv (8) divel: v & =>v= & (9)
R ym, ymy
Ao tnv (9) kaw TNV (4) €xoupe Ot p = (Qe) BR (10)
OL povadeg PEtpnong otnv mponyoU Uevn oxéaon sival p oe kg m/s, e oe Coulomb kat B o€ Tesla.

MoAAamAactdloupe tn (10) pe tnv toxvTNTa ToU PWTOC, (c =3x108 ”%) OTOTE £XOUUE:

pc :(Qe)cBR (11)
AN\G Opurn x Taxutnta = EVEpyELa KOL EMOUEVWG OL Hovadeg pétpnong tng (11) eival o€ Joule (J).
1J elvaL n evépyela mou amoktd to ¢optio evog Coulomb oe duvaukd 1V. Itnv cwpatidlakn
¢duowkn, n povada PETPNONG TG eVEPyeLag eival to eV kat TTOAAATTAAGLA TOU, TO OTOLO AVTLOTOLXEL

oTNV eVEPYELA TIOU atokTd. poptio evdc nhektpoviou, e, (le =1,6x10712C), oe Suvayuko 1V.
1

L6x10

And tnv (12) n (11) yivetau pce = (Qe)cBR (novdbeg eV) = pc=QcBR (povddeg eV)

(13)

Adol ¢=3x10° ”% n (13) oe povadeg GeV yiverat: pc =0,30BR (uovadeg GeV) (14)

Eropévwe: leV =1,6x10"°J =1J = V (12)

Ao tnv (14) BAEémoupe OTL UMOPOUKE VA XPNOLUOTIOL)OOUUE TOOO TNV KAAGLK OGO Kal TV
OXETIKLOTIKA Tpooéyylon (e€lowon 4) ywa va ekdpdooupe TNV KOUMUAWON TG TPOXLAG TOu
ocwpatdiou.

(o) Ao tnv e€lowon (14) BAEmoupe OTL N LETPNON TG OPUNG Tou cwuatidiou eéaptdtal anod tnv
HETPNON TNG OKTIVOG TNG KUKALKAG TPpoXLAG SeSopévou otL to doptio Tou cwpatidiou gival yvwotd
OTIWG KalL N €vtaon Tou payvntikou mediou. Emopévwe n afeBatdtnta tng LETPNONG TNG OPUAG, Op,
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(to opdApa dnAadn otnv opun) Ba eaptatal amd tv apefadtnta, SR, otnv UETPNON TNG
OKTLVOG TNG KUKALKAG TPOXLAG. EmMopévwg:
op OR
p R

Ao to MPOPANUA EXOUME OTL N aKpiBELa TNG KETPNONG TNG AKTIvaG KOUMUAwoNG eivat SR=3mm

(15)

EVW N opun twv owpotdiwv eivat 1 GeV/c. Ano tnv (14) Ba €xoupe: R=L Kl

0,3B
OVTLKATAOTACN otnv (15) Slvet:
oP _OR 35,02 _0.003m 57— 22 2 0.00135 = 2L~ 0.135%
p D p  L0[GeV] p p

(B) Eva cwpatidlo mou kiveital pe toxutnta U, dtaoxilel pla andotacn L o€ xpovo t. Emopévwg n
aBePfaidtnta, du, oTNV HETPNON TNG TAXVUTNTOG EVOG CWHATLSOU Yyl CUYKEKPLUEVN amootaon L,
e€aptatal ano v afepaidtnta, 6t, 0TN LETPNON TOU XPOVOU TIOU amalteital yio va KaAudOet n
anootaon auth. Qotooo XPELAZETAL VO UTTOAOYLOOUME TNV LKOWOTNTA TOU CUOCTAMOTOC HOG Vo
Stoxwpilel dladopetikég TaxUTNTEG METAEU TOUG. Emopévwg Ba mpémel va umoloylooupe tnv
oxéon:
&o_or -
v At
omou 6t n SLakpLtikn kavotnta twv ¢wrtomoAamAaciaotwy kot At, n dtadopd xpovou mou
xpeLtdlovtal Vo cwpatidia yla va kaAuPouv TNV dLa andotacn. ITo CUYKEKPLUEVO TIPORANKUA, N
aBefaldtnta otnVv LETPNON TOU Xpovou, &t, elval 100ps, N XPOVLKA LKAVOTNTA TOU CUCTALATOG TWV
600 PpwrtomoAamAacLooTwV. XPELATETAL ETIOUEVWG VOL UTIOAOYLOOU LLE TNV TtocOTNTA At.
MNna d0o cwpatidia palag m; KoL m,, ONMwWE 0To TaAPoOV MPOPRANKUA, 0 XPOVOG MTAONG t; TOU KABE
L L L

owpatdiou divetal anod tnv oxéon: L=—=——=— (17)

v v, cp.

1 Ci 1
c
AN\G yLo cwpatidlo paog m; kal opung pj, N EVEPYELA TOU Elval: Ef = mgc4 +pic? (18)
Kat avtikatdotaon tng (4) Sivel:
21
Ei2 = mgic4 + mgic47/2ﬂ2 = mgic4 (1"' 72ﬁ2) = mOl [1 +7° ! j = E = 72mgic4 (19)
y?
2
Ao tnv (4) kat tnv (19) Ba €xou e oOtTL: pe_ M = f= E = L (20)
E  mycy Jmict+pic®

L \/mglc4 +pl

AvtikaBiotoUpe otnv (17) tv (20) kaw éxoupe: £, = 1+ molc (21)
P,
2
Oswpwvtag OTL (mol.c/pl.) = ¢, <1 kol xpnolponolwvtag To avAanTuypa (1+8 =1 581.
L(, 1 L. m.c
N (21) Siveu: L==|14+=g |6 =2 1+20 (22)
c 2 c 2p;
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Xpnotgomnolwvtag v teAevtaia eflowon pnopouue va Bpouue tnv dtadopd xpovou wote Vo
ocwpatidla pe paleg m Kal m; KoL AVTLOTOLXEG OPUEG p1 KAl p, va KaAuouv tny idla andotaon L

L m2,.c? mi,c? L(mic* mic?
t,—t, :—(1+ 0 -2 = -t = | - (23)
¢ 2p; 2p) 2¢\ p P>
MNna cwpatidia g idlag opung kat dStadopetikng palag, n (23) divet:
_ _ L 2 2 2 2
At=t —t, —sz(mmc —my,C ) (24)

Avtikataotoon yla ta dedopéva tou mpoPAnpartog Sivel:
10

At = L] (

2x3x10°[m/s]1*[ GeV?/c? ]

0,494> ~0,140%)[ GeV>/c |

N At:éx107 x0,224=0,0374x107 =3,74x107 [ s ]= Ar =3, 74ns

1
Avtikatdotoon otnv (16) Sivet: ov _Olns _ 0,0267 = ov =2,67%
v 3,74ns 1))

(V) Zwpatidla dtadopetikig palag, ta omoia KaAAUTTOUV TNV amndotaon L pe xpovikn Stadopd
TOUAQXLOTOV TOON WOoTE va Staxwpilovtal amo toug GwToMOAAATTAACLACTEG, N AVWTEPN TLUA TNG
OpUNG TIoU pmopel va €xouv, divetal amnd tnv e€lcwon (24)

L
At=6t= p* < _(m§2c2 —mgzcz) = p< mgzc2 —m§2c2)
2¢ot

Sesil

AplOuntikn avtikataotaon Sivel:

10 ; .
< J—
p_\/ZX?)Xlnglooxlolz (09494 0,140 )

3
= p< \/%0,224[@1/2/&} = p<6,11GeV/c

Av ta cwpatidia €xouv opun peyaAutepn amd 6,11 GeV/c téte TO cUOTNUA TOU avadEPEL N

aoknon 6ev Ba punopéoet va ta SlaxwpLoel.

TEAOYX AOKIMIOY
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