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1. A. Xootin andvinon (1)
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Ene1dn n paPoog xiveitar péca oce opoyevég payvntikd medio (OMII), pe
TaybvTNTo mov dev eival mapAAANAN oTiG dLVAUIKEG YpoupES, Ta elevBepa
NAeKTPOVIA NG d€xovTal payvntikn ovvaun Lorentz mov (0mwg mpokvmTel pe
TOV KavOVa TOV TPLOV daKTOUA®V TOL de&100 xepPlov) Exel POPA TPOC TO AKPO
K. Etol, n pdpdog tcodvvapel pe nhektpikn anyn mov €xel Tov apvntikod toéAo
oto K kot 10 Betikd o610 A kot 10 KOKA®pa TG pafdov tcodvvapet pe to
KOKAopo mov @aivetat dimha. H @opd tov pevpatog oto e€mtepikd KOKA®UQ
etvalr and 10 OeTkd mPOC TOV APVNTIKO WOAO NG TNYNG, OMOTE M QOPE TOV
pevpatog mov dappéet T paPfdo eivar and 1o K mpog 10 A.
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B. Yooty 1 anavinon (2)

Eme1dn n pdPdoc, n taydtnta Kot n £€viactn Tov poyvntikov mediov eival ava
dvo kabeta petalv tovg, N HEA and emaywmyn mov avantvocetatl otn papoo
gxevtyun E_ =DBoul (1).
YOpeova pe to vopo tov Ohm yia kAelotd KOKAOUA, N EVTOON TOL PEVUATOG
E Bul
nov Sappéet 1o KUK OO Exel T [ =—2 =—2 U ] = 2).
PP Moo el TIUN R, 2R R (2)
Eme1dn n paPfdog Swoppéetarl amd pedpa kot eivar KAOBETN o©TIC OVVOAUIKEG
YPOUUEG OHOYEVOVC payvnTiKoL mediov, déxetar payvntiky dvvaun Laplace
Bul =~ B(?

nov £yel uétpo F, =Bl —2 - F =B— (=

XEL LETPO I L R IR
Onwc mpokvTEl Omd TOV KOVOVA TOV TPLOV daKTOLA®V ToL 8e&100 Yeplov, M

v (3).

Qopa NG Fr 0 elvat TPOG TO TAV®.

Eniong, n paPfdoc Ppicketar oe Paputikd nedio, omdTe déxeTAL TO PAPOG TNC UE
QOpA TPOG TA KAT®.

Ene1dn n tayxdtnro g papdov mapapével otabepn, couemvo pe tov 1° vouo
Tov NevTOVQA, 1 GUVIGTAUEVT TOV OVVAUE®MV TTOV d&xeTal Ba 1coVTaL e UNdEV:

B*(? 2mgR
SF=0—*")-F =0=u»=F — mg = v=>0= n:gz
- 2R B*(
2. A. Zooeti 1 andvinon (2)
Nl — — NZ
Fc FC,Z
3 BF $ 3,
o A i A F iy AEEFF T S
—> VS d
1 _
W,

Metd 1t ypovikn otiyun t=0, ot copaipeg &éAkoviol pe MAEKTPIKEG
dvvapelg Coulomb mov €xovv avrtiBetn xatevbBuvvon kot ioo pETpA:

ElezzKC’ql’dlqz’:F

Ene1d1 otov xatakopveo aova kdbe coaipa 1coppomel, eivat
ZF1y=ZF2y=O, omoTE ZF]ZZFz =F.

Zopgova pe Tov Bepehdon VOO TG UNYXAVIKNG, 1 emTdyvvon Kabe
cpaipag Exel pétpo:

2L F
Mom;: o=—*=ao0=—7/_1)

2 m

2F, F
lNomz: o=—"2=a=—/(2)

m 2m

2
A7 11¢ (1) ko (2) mpoxkdmtel 0Tt o, = 2a,

B. Yooty 1 anavinon (3)

Metd v t=0, o1 e£mTEPIKEG SLVAUELS TOV JEYETAL TO GVOTNHA Eival Ta
Bapn amd tn I'm kot ot dvvapelg emaeng and to damedo. Emeldn kdbe
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cpoaipa 1ocoppomel otov kotakdpveo &Eova, 1 GLVIGTAUEV TOV
eEmtepkOV dvvapemv etvar punoév. 'Etcl, ovpgpova pe v apyn
dratnpnong g opung (AAO), n opun TOL GLOTNHATOC dlaTnpeitat.
Eniong, emewdn ot coeaipeg apyiCovv va Kvovvtal amd tnv npepio pe
NV ENLOPAOT] KEVIPIKAOV OVVAUE®MV, Ol TOYVTNTEC OV Ba ATOKTNGOVV
Ba £xovv v KatevBLvVoT aVTOV TOV dvvapewnv kot Ba Bpickovtal otV
10w evbeia. 'Etot, égovpe:

Uo=0 Us,=0

2, &«
1<D--"'-'--'--'--'.'-- B FEFTTFTF EEEEEE FEErET @ZZ

Zopgova pe v AAO: p = p, (1)

Apywkd (apéowc peta tnv t=0): Ot cpaipeg eivar akivnteg, omdte 1
0PN TOV GLGTNNOTOG Eivar undév: p,, ., =0 (2)

Telxd (tn oTiyun) mov 01 6Qeipeg EYovV TayvTNTeg v1 Kot wz): H opun

TOL. GLGTNUATOG Efvot ;MM - ;1 +;2 3)

H (1) ano 116 (2) ka1 (3) yiverou: 0= ;1 + ;2 4)

Enc1dn ot opuéc PBpiokovrar otnv'idta evBeia, n dtovuopaTikn oyéon
(4) woyber kot alyePpikd:

ol N U,
@) ————=mu, —mp, =0=>"mv, =2mv, S v,=—=v,=1m/s

Yooty | andviyon (1)

Emedn ot poveg duvapelg mov ekTEAOVV €pyo glvol ol MAEKTPIKEG
duvapelg mov eival STNPNTIKEG KOl ECOTEPIKEC OULVAUELS TOVL
OLGTNUATOG, OCUUPOVO HE TNV opyn OwTtnpnong Tng UNYOVIKNg
EVEPYELOG, N UNYOVIKY EVEPYELD TOV cvoThpatog datnpeitat ‘Etol, ya
Qo oTIyp opécmc Hetd v t=0 Kot yio TN OTIyUn TOL 1 ATOGTACT TOV
oQAPDOV EXEL VTOSITAACLOCTEL, EYOVE:

B iersy = Bumpeory = Uy ¥ Koy =U iy + Koy > U, +0=U, + Ky =
KTE)\ = Uapx - U = KTE)\ = ’éM_ /é1_42 = KTE)\ = /é q1dq2 - 2/é q1dq2 =

TEN d é
2

KTEA - UQPX B ZUQPX = KTE/\ = _Uapx = KTE/\ = _<_2/’L]) = Krsx = +2”J
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3.

A.

Yooty 1 anavinon (2)

6, S N
F
o ()

(A) v ™
) I

1°> tpémog (ue Bdon 1ig dvvaueig mov déyetor o payviArng): Kabdg o
Hoyvntng mAnctaletl to wnvio, avEAVETAL N LOYVNTIKY PON TOV TEPVA
uéca and avto. 'Etol, cvpgmva pe 1o vopo ¢ enayoyng, epeaviletal
oto mnvio HEA and emayoyn. Emedn 1o xdxiopo tov mnviov eivat
KAELSTO, OLOPPEETAL OO ETOY OYIKO PELUO KAl -TO TNVio- Ofutovpyel
poyvntikd medio. Zopoova pe Tov Kovova tov Lenzy 10 emayoywd
pELUO EYEL TETOO QOPA, OCTE HE TO OTOTEAEGUOTA TOV, VO
QVTIOTEKETOL OTNV attia Tov T0 mpokaiel. 'Etol, to payvntiko nedio tov
NVIOV, CVTICTEKETOL GTNV Kivi|cN TOL HAYVNATY, ONUIOVPYADVIAS GTO
ap1oTeEPO TOL GKPO VOTIO HOYVNTIKO TOAO, LE ATOTEAECUO O HAYVATNG
vo, emiPpadoveTal.

Opoimg, 6TAV 0 HAYVATNG amopaKpLVETOL 0td TO TVio, 610 deél AKpo
TOV NVIOL eu@avifeTal VOTIOC HOYVNTIKOC TOAOG, MOGTE O HOYVNTNG
oAl va emPpaddvetal.

Apa, m kivnon tov poyvintn etvar emPpadvvouevn kot v2 < v;. Apa,
dexT eivat poévo M Tun V=5 m/s.

2% 1pomog (evepyelaxd): Kabdc o payvnmng kiveital kovid cto mtnvio,
petafarietor n payvnTiky pon mov mepva péca amd avtd. ‘Etou
ocOpue®va pe to vopo g enaymyns avantoccetal HEA and emayoyn.
Ene1dn 10 xdxiopa tov mnviov eival kAelotd dtappéetorl amd pevua.
‘Eto1, MOy o@awvopévov Joule exivetatr Bepudtmra oto KUKAOUA.
2oppova pe v AAE opwg, 0ev vmdpyel mapoaywyn evépyelog amd TO
unoév. ‘Etol, agov n dvvapikn evépyeta Bapitntog Tov HOyviTn OV
petafarietarl Kot 0gv VIAPYEL AAAN TPOCPOPA EVEPYELQG GTO GVOTNUA,
Eva LEPOC TNGC KIVNTIKNG €VEPYELOG TOL payvntn Qo pETOTPEMETAL OF
BeppoTnTO KO 1 KIVNTIKY EVEPYELD TOL poyviTn Ba petodverat. Apa Kat
N ToxLINTO TOV payvhTn Ba peltwvetal, omote OBa eival

V2 < V1 2 V=5 m/s.
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B. Yooty | andvryon (3)

Apov 10 KOUKA®po doppéetal amd pedua, OTMOONTOTE EKADETOL
Beppotnta otnv aviictaon AMoym eavopévov Joule. ‘Etor: Qr > 0.

Emedn n Oeppommro mpoépyetatl amd TNV KWNTIKY EVEPYELDL TOV
Hoyvitn, to HEYoTO moco BOepuotntog mov pmopel va ehevbepwBel
glvar {60 pe v opylKn  KWWNTIKN  eVéPYEw, TOL  glval

1 1
Kl:Emvf:E(),él-lOZ]:ZO] (v OAN M KWNTIKY EVEPYELDL TOV

poyvitn petatpoanel oe Oepuotnto, M toxvTNTA TOL pOyvhTn Oa
unoeviotel, omodte dev Ba VILAPYOLY EMAYOYIKA PAIVOUEVA, TO KOKA® U
dev Ba dappéetal amd pevpa Kot dev Ba ehevbepavetal Ta BeppdTnTa)
Apa, 0< 0, <20 ]

Emopévamg, dextn pumopel va givat poévo n Qr=15J.

OEMA 3°

A. 1. To mototkd ddypappa p-V yio ™ petafor ABIA eivar 6Twg 6T0
oxnua.

P

2. Eg@appolovpe v kotaotatikn e£i0®on TOV 18aVIKOV aegpiov 6TV
KOTAOTAOT 1o0ppomiog A:

P 4102107
PV, ,=mRT,=T,=-—2_U0 1 — K =T, = 800K

nR iR
R
AB: H petaforn AB eivar adiafatikn, omdte 1o)(VEL O VOUOC TOV
Poisson:
Y
, . %4 C C +R 5
PV =PlV] =P =P, |—|, omov vy =—L=—~ - =
A" A B” B B A B] CL CL 3
N| 21077 g
épa P. =410 —| —— —
e m2[16-103m3]
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% 1 1
P, =410 [—] ﬁ;»P g0 N P—4105—£:>
8) w’ ( )3 w’ 2> w’

1 5
p 100N

8§ m
Egapuolovpe v Karacrarmﬁ e&lomon otV katdotoocn B:

20 16-10°
PV, = nRT,— =T, = T K = |T; = 200K
R

BI': H petafoin BI eivat 1660epun (omdte Tr=Tg), kot 1oyveL 0 VOUOG
tov Boyle:
PV,=PV. = (1)

AMG N TA eivar icoyopn, onote: 1. =17, =17, =2-10"»" (2)

&EZ 16-107°m° N
Apa, omd ™V (1)> P =82 =|P. =10°—
2107w’ m
3. Eme1dn to aépro eival 1daviko (dpa Kot Lovoatoutkd), N EGOTEPIKT TOV
gvepyelo otV katactoaon I eivat:
3 3
Ur =EnRTF = U :5-1-200 J=|Up=300]
B. H evépyeia mov avrolrdaccer 10 aéplo pe 10 mePPdArlov VEO pHOPOT|

Bepuotnrag o k4be perafoin eivat:
AB: ' H petaforn eivar adiofarikn omdte T0 aéplo dev aviaAldooel
feppotnta pe to mepifarrov, onradn Q,, = 0.

BI': H uz—:wBoM] etvat tcéespm], OTOTE

2.10°
= sRT, fﬂ— =—-R-200 (n =
Orr s —— Oy 1610 >/

B

(n2=0,7

Jo 200&41] = Oy =200(—(n2’)] = Oy =—3-2000n2J =
O = (—600- O )] = O =—420]

dnradn to aéplo amoPdirel pe popen Bepuomrag 420 J.
'A: H petafoin eivar 1céxcopn, omote

Opy =nC (T, —TH)—L— 0, ——ER(SOO 200) | = Opy = 9007

AnAad 10 0€plo amoppoa pe popen Beppotntac 900 J.
o O ovvieleotg anddoonc e g Bepuikng unyavng veoioyileton
anod TG 6YXECELC:

e:K ne=I[1-—

3
o, Qh 7
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omov Qp elval M GLVOMKY| EVEPYELD TOV TPOCPEPETAL VIO LOPPN
Bepuotrtag and to mepPariov oto aéplo kot |Qc| M ocvvohikn
evépyeln mov amofaiiel vd popen BeppoOTNTOG TO AEPLO GTO
nepfdirov, oe KaBe KOKAO.

Apa, ywoo tov mapamdve kOkho eivor O, = O, =900] Kou

Q.= Ly =—420]

2 8
AvtikaBiotdvtag otn (3) éxovpe: e = 1—M =e¢= 48 =le=—
900 J 90 15
I. O ovvteleotc amddoong tg unyavhng Carnot oivetar amd ™ oYéom

T,
e. =1-—=. H ehaytotn Bepuokpacio tov kvkAov ABI'A eival n Beppoxpacio
h

vd Vv omoia cvpPaivel n 1660epun ovunieon, dnradn Tc=Tp=200 K. Etoc,

EYOVUE:
T,=200K
p=2em Lo 8 T 2 T 1 20K L G0k
4 T, 415 T, 3 T, 3 T, 3

Ot dvvapelg mov déxetal To copATIdO KoTA TNV Kivnon Tov eivat:

And A éo¢ I': H payvntikn dvvaun Lorentz 13L amd TO LoyvnTiKO medio.

Ano T éoc A H ﬁL KOl M MAEKTPIKN OVvvVaun 13,71 and to MAiektpkd medio TOL
TUKVOT.

And AtwgZ:H I,
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A.

I'.

[Mopatnpodpue 611 Katd TV kivnon A éog Z, pe v enidpacn ¢ ﬁm
TO COUOTIO0 ATOKAIVEL TPOC TO BETIKO OMAIGUO TOV TLKVOTH (dNAAOT
N MAEKTPIKN dOvaun €xel opad avtibern ™G £VIaong ToL NAEKTPIKOV
nediov). Apa 10 NhekTpiKd QopTio TOL ival APV TLKG.

INoa v xivnon A éog I, 13L noiler To poOro TNG KEVIPOUOAOVL
dvvauncg (mpokaiel kevipopdro emtdyvvon). H axtiva R g kx|
TpoY1hg vroroyiletatl amd TN oxéon

pr="mv (1)

B-|q
To pétpo v ¢ TayvINTOG TOPAUEVEL 6TAOEPO, OTLOTE
v=v,=v,=2-10'm/s.

, , , v m , ,
Etot, m oyxéon (1) ypagetar R P KOl LE QVTIKATAGTOOT £YOVUE

4]

R 2:-10°m/s 1
17 10°C/Kg

—|R=2:10"m R=2cm

1°%.2pdmoC:

H xitvnon and to onueio I' émg 10 onueio A givar evbvypapun opain
omoTe, cHpPevA ue tov 1° vopo tov NELTOVA 1 GUVIGTALEVY TMOV
dVVAE®Y TTOL 0&yeTal TO cwpatioto Bo etvar undév. Emeidn oéyetan

800 povo dVVALELS, Ol dVVAELS aLTEG Oo efvar avtifeteg, omote n I
Ba &xer @opd mpo¢ ta kdtw. Egapuoloviac tov Kavova T@OV TPLOV
daKTOA®V TOV de£100 ¥EPLOV Kot maipvoviag vaoyn pag 6Tl To eoptio
etval apvntiko, Ppiokovpe 6TL-1 GOPA NG £VIAONG TOL HOYVNTIKOV
nediov elval ard tov avayvaoatny Tpog ty oerioo (X))

2°° 1pomOC:

Mo v xvokMkn kivnon and 1o onueio A ém¢ 1o onueio I', oe xabe
onupeto g tpoylag n £, €xel karevBvvomn mPog 10 KEVTIPO TOL KUKAOV.
Egappolovtag Tov kavova Tov TptdV 0okTOA®V ToL de100 xeplol Kat
noipvovtag vIoéyn pog 0Tl To Poptio givar apvnTikd, Ppickovpe OTL M
Qopd TN¢g £vraong Tov payvntikoL mediov eival amd Tov avayvworn
pog tn geiida (X))

A@ov¥ 1 kivnomn and 1o I' 610 A gival evBOypapun opoin cOpHEOVE pHe
tov 1° vopo tov Nevtova Oa eivat:
SF=0—*>F,-F =0=F,=F = E|g|=B-v|q|nuo0° =E=B-v

Avtikadiotoviac: E=17-2-10'm/s =|E=2-10°N/C]|

‘Eoto At,, Atf, ot ypovor kivnong and A émg I' xon and A éog Z avtictorya.
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1. Ynroloyiopnog tov Af

1°° Tpomog:

Av T n meplodog TG OpaAC KUKAIKN G Kivong Tov copatidiov 6to
OMOYEVEG payvnTikd medio, TOTE:

reM o2 L 608107,
B-|q| 17 10°C/Kg
To copotidio dtaypdeet NUKOKALO, OTOTE:

A1, :%T:Aq :%.6,28.10—5s:>At1 =3,14-10"s.
2°° 1poOmOC:
To copoatidio dtaypdeetl T6EO0 unkovg s =%~272'R =R pe tayvnTa

ctafepov pETpov L =), .
Emedn n kivnon elvot opoAn KukAikn, 1oy vEL:

R 3,14-2-107
=— A= A =T s A =S T A =3,14410° s
AVA v v, 2:-10°m/s
)4
2. Yrohoyiopnog tov At,
And 10 A 010 Z &yovpe +
Kivnon (GOPTICUEVOV

oOUATIO0V OE OLOYEVEC
niektpkod - medlo  pe

apyuen  TaxvmTa U1, A
KAOET OTIG OLVOUIKEG (O)

YPOUHES.

OpiCovpe opBoydviovg
déoveg x'Ox y'Oy pe
apyn 10 onueio A, 0mmg - - - - - oo

QaiveETOl GTO GYNUOL.

H «ivnon pmopet va Bewpnbel og emaAiniioa 600 KivicemV, H0G
Kivnong ot 01evbBvvon tov déova X, Kot pag otn devbuven tov déova
y.

Katd tov d&ova x To copatidto dev déyxetat kapia dSVvaun, onote eival
2F_ =0 xain xivnon etvat evbOypopun oparn. Apa,

v, =V, =otal Ka

x=v,-At,.

Katd tov d&ova y 10 copatidto déxetatl v nAekTpikn dVVAUN OTOTE,
epappolovtag Tov BepeMdON VOUO TNG UNYOVIKNC EXOVUE:
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E.
ﬂ:ay:2-103l-105£:>ay:2-108m/52

m C Kg

Anhadn To ocopotidlo exkterel gvBOYpapun opaid emTayvVOUEV
Kivnon yopic apyikn taydInto, OnOTE:

v, =« At, ko1

=0 B8) ()

Tn otiyu] mov 10 ocopatidlo e&épyetar amd to onueio Z €xel
petatonmiotel Katd tov afova y (katakopvea) katd d/2, omdte eivan
y=d/2.

Opmg %zZR:>d:4R:4-2~10Zm:8-102m.

EFy :m-ay:>E-|q|:m-ay =a,=

AvtikaBiotdvtag oty (1) éyovpe:

%:%ay Ay =>d =a,(At)) —58-107 =2-10"- Aty = A1, =2-107s..

A.  Eyovpue:

Epyo tnc poyvntikne dvvaunc F,

H F, eivan d10pKaOg KAOETN oTNV T030TNTA TOL copaTidion, ondte dev mapdyet

epyo: |Wg =0/

‘Epyo tn¢ miextpikng dHvaung £,

T Swdpopn and I éwg A eivar F,, L v omdTE WFFJA =0.

Apa, 1 NAekTpKN dVvaun ekteAel Epyo povo katd tv Kivnon and to A oto Z.
To &pyo avTod pPIOPOvE VO TO VTOAOYIGOVHE HE VO TPOTOVG:

0g 4 y
1= Tpomog
(72
Egpapuolovpe 10  Behpnua H + + + + + 4+ +
Metafoincg ¢  Kwntwkng >
Evépyelog yia 10 copartidlo, E AI':’A
omd 10 A 610 Z: Hi—-’” .
Al 47,
AK=XW, =K, -K, =W:""= (0) U
1 1
Em-uz2 —Em-ul2 =W " (2)

OTOL VL, TO HUETPO TNG TAXVLTINTOG
€000V amd TOV TLKVMTH G6TO onueio Z.

Oupog v, =v’, +Uf,y, radn v, =v; +Uf,y.

AvtikaBiotdvtog otn oyéon (2) éxovue:
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%m-(ul2 +uf,y)—%m-uf =Wt =W :%m-uf,y (3)

Amd v kivnon A éog Z éxovpe

_ _ g M 5 _ 3 M
v, =a,A;=>v, =210 ?-2-10 s=v,, =410 .
Me avtikatactaon otn oxéon (3) éxovpe

WFA;Z :%-1014Kg-(4-103m/s)2 :»W,g;’z =8-10"°J.

Apo |W, =8-10"J|

2°° 1poTOC

Oewpovpe onueio P tov d&ova x dote ZP L AP.
H ﬁM etval dtotnpntikn dvvaun, ondte T0 £pyo ¢ eivarl avedptnto and ™
dtadpoun Tov onpeiov epapuoyng ¢ and 10 A £mg 10 Z.

Opwg W}éjp =0 41011 F; L AP «at W;;jz =k, (PZ)= E|q|%

. |C]| &) |q| 5 -9
L — s = _— = “C = J
Eivat (’/Kg:>107 e 10°C /Kg =|q|=107C .

14
m

o

Etor Wy, =21 c 107C-4-107"m =W, >* =8-10"°J

Onodrte Wéjz =(0+8-10%)J = WFf;Z =8.10%J.

Apa Wy = 8:10°J
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