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Δίνονται από το φύλλο απαντήσεων τα παρακάτω :
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23.
Δύο μεταλλικά σφαιρίδια m1 =m2 =500g που φέρουν ηλεκτρικά φορτία Q 1 =Q2 =Q=+5μC βρίσκονται στην ίδια κατακόρυφο. Το Q 1 είναι στερεωμένο στο ελεύθερο άκρο κατακόρυφου ελατηρίου και το Q 2 είναι δεμένο στο άκρο αβαρούς μονωτικού και μη εκτατού νήματος, όπως
φαίνεται στο σχήμα. Η απόσταση της θέσης φυσικού μήκους του ελατηρίου από το φορτίο Q 2 ισούται με D=20cm. Το σύστημα των δύο φορτίων ισορροπεί με το ελατήριο συσπειρωμένο και το νήμα τεντωμένο.
Δίνεται: Το μέτρο της επιτάχυνσης βαρύτητας g=10m/s2 .
Η ηλεκτρική σταθερά k c=9∙109 Νm2 /C2 .
[image: ]
4Α. Aν το μέτρο της δύναμης Coulomb ισούται με το μέτρο της τάσης του νήματος, τότε το μέτρο    
       της δύναμης του ελατηρίου ισούται με:
        α) Fελ=3,75Ν β) Fελ =5Ν γ) Fελ =7,5Ν δ) Fελ=2,5Ν
        Να αιτιολογήσετε την απάντησή σας.
4Β. Η σταθερά Κ του ελατηρίου ισούται με:
       α) 25Ν/m β) 75Ν/m γ) 22,5Ν/m δ) 50Ν/m
       Να αιτιολογήσετε την απάντησή σας


ΚΑΛΗ ΕΠΙΤΥΧΙΑ




Ο  καθηγητής 
Ράγκος Ιωάννης
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[ 01 buvapes avaueoa oe 5Uo onuetaxd nAeKTpIKd: QOPTia Eivat TAVIA ANWOTIKES.
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[} Ado Getikd popriopévec opaipes TomodeTovvrat o pua opiopévn andotaon
HETaEy ToUG. Drav SUTARoIdO0UHE TV anoTaoN TWV OPaIpUY Kat SUTAGOIAO0UE
GUYXPOVS TO YOPTIO Ka TwY 600 OPaLPUY, Ot BUVALELS TaPaREVOUY OTaTEpES.
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Epwrtiioeis moAAamArig emtAoyrig
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[ 400 povwpéves petathixéc opaipec éxouv popria +2uC kot -5uC avriotoya. Tig
EDVOUJIE OE ENAQI] KAt TLG AMOAKPUVOULE, TPOEXOVTAG Va Mapapévouv NAEKTpUd
anopovwuéves ané to nepibddov Tous. Me Bdon v apxi Swipnong tou
nAsxTpIkoU @opTiou LeTd TV enawr Touc oL opalpec éouv popria avrioToua:
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Mowa ané g napaxdtw Tuég Yopriou Sev uropei va xeL éva PoOPTIOUEVO olpa.
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[] 4o onuetaxa gopria g kat g, Bpiokovrat oe andotaon r. Av utdacidooups T
éva poprio ket SUTAGLACOUE Kal TNV QNGoTON HETAED TOUS, TO HETPO TG SUVauNG
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[ névw otv evdeia (g) ota onueia A kat B eivar otepewpéva axAdvnra Svo
onpewakd nAExTpud poptia Q=+Q kat Q=+4Q AVTIOTOWE MOV AMEXOUY HETAED TOUG

andotaon r. Eva nausi, DéAet va agrioet onuetakd nAEKTpUG optio q e éva onueio
g eudeia (e) ore vat wopportei.

()~

To onueio auté Bplokerat:
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@. 070 PECO Tou EVTUYPaupOU TUriuaTOC AB.
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6. kdnou aviyeoa ota 6o popria.
. apiotepd ané to onpeio A.

8. Seéud ané o anpeio B.
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Dopriopévn odaipa bépel poptio Q=-6,4 uC. Nooa nhektpévia npénet va npoohdPet f va anoPdiiel n
odaipa yia va anokticet doptio Q'=-1,6 uC;
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Aiverat to doprio Tou nAektpoviou q.=-1,6:10*°C.
a) vampoohdBet 3107 nhektpovia
B) vaanoBaMet 3-10°  nhextpévia
v) va mpookdBet 510" nhextpovia
6) va anoBaMet 5:10°  nhextpovia

Na awtiohoyrioete Ty andvinon oa.
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i) Bvo opoweg odaipes dépouv dopria +Q Kk +3Q Kau Eivar
TOMOBETNUEVES 0TS KopudEs A Kat B 1000KeAOS  Kau opBoywviou
Tpy@vou ABF, S dalvetat oto oxiua. METagd Toug aokelral anwotkii
nhextpu SGvayn Coulomb  ion pe F=18N. Kpativeag Teq He HOVWTIKE,
yavua, dépvw oe enadri Tig 500 odaipeq yio Kavd Xpoviks Sidotpa Kau
ot GUVEXEW TG TOTOBET® oG KopUDES B K T Tou Tpvou. H véa
Sovapn mou Ba aoKe(TaL HeTaEd TouC Elva

@9N  BII12N  y)6N 5)24N

8+

ey
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ii) No attiohoyrioete T enthoyrj oas.
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[ ]"Eoto tperg dpotor spupioi petaiuoi ayyoi (A), (B) kat (I) iong axivag. O (A) éxet
Ok goptio Qx=+6Q (6mov Q pia mocdTTe Berikod gopriov), o (B) siva agdpriotos
evi> ev vopilovpe 1o goptio Qr tov (I). Tpaypatorowodys v axdhovdn Swwdiasia:
Bépvovue o e T00S ayeyoss (A) Kat (B) PETad 100 Y1 apKeTi Gpo Kat KATéTY T0Vg
amopaxpivoups. Bépvovps ot emapi Tovs ayeyos (B) kat (I) pEtads Tovs 1o apketd dpa.
Kt KaTomy Tovg anopaxpovovp. 1o tékog mg Studiasiog o (B) éxet optio +2Q. To apyd
goptio Qr mov &ize o (') eivan:

«-Q B0 1.4Q

Na emhégere m owoti andvenon. No amokoyiioets my arivinon oug.
Ot petadhicol ayoYof £ivat EVOEVOL HE HOVOTIKES PEBSOVE, (GOTE VO TIC HETAKIVOBHE YOPIc
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VL ETNPEALOVUE TO POPTIO TOVC.
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| |'Evag pabnTig gopricel BeTika pia petariki ogaipa. H udda tng ogaipag

i. Tapapéver oTabepr),
EmAé€Te T owoTh amdvinon

augavera, i, peidoveran
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[] EMAEETE TIg EIKOVES TIOU QVATIGPIOTOUV GWOTG T CUTIEPIPOPG TOU NAEKTPIKOU EKKPEHOUS
ka1 BIkaloAoyraTe TV eTMAOYH Gag.

H paBBog oTig eIk6VeS a Kai & éxel poprio +10UC Kan oTIG €ikéveg B kai y goprio -10uC. H ywvia
EKTPOTIfIG TOU NAEKTPIKOU EKKPENOUG EIvar 1 1310l Kal OTIG TEOTEQIG TEITTWIOEIG.

+10uC -104C +10uC
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[ ] Mia peralikiy opaipa eivai gopriopévn apvnTikd pe goptio -Q. Me katdAnAn
BiaBiKaoia BIaPEGYOUY aTI6 T OPaipa Ta oG TG NAEKTPOVIC. TGTE TO YopTio Q; Tou B

amokrfioel Ba oouTal e
a.Q;=-Q/2 B.Q=+Q/2

Y.Q:=+2Q  B. ey EMUPKOGY Ta SEBOPEVT YIG VGl GUTIEPAVOUE

Na amohoyiioere Tnv Swevinoi gac
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[L] Avo peraMikég opaipe A kai B £xouv apvnTikg gopria pe amohutes Tipég lgal kar lgs |,
avrioToixa, e Igal>lgs|. H améoTaon Twv kévipwy Toug eivan r kai aAAnAemIdpOUY pE
Buvapn F=10N.

AQOU ETAQEPETE TO TIAPAKATW OXAMA OTO TETPGSIO GUG Va OXESIGOETE TIG BUVAMEIS
Coulomb oTig 560 TQaipEC.

el
G
A
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®épvoupe Ot emagh T ogaipa A pe pia iBla agopTioT ogaipa [ kai perd amé Aiyo
amopakpdvoupe T T Moia n Sovapn GANAEMISPATNS TwY 0QIPHY A Kai B pETd Ty
amodkpuvon g I'; E€nyeioTe Tig amavifioeig o,
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NEIPAMATIKO[ |

Z& éva epyaoiipio PuOIKrG, TPEIS HaBNTES Bpiokouv péoa ot BUo EGAA KouTid, BUo
HETAANIKEG TTAGKES. Of HaBiTéG BEAOUY va HGBOUY v O PETAANIKEG TTAGKES Eival QOpTIOpEVES
KaBus kai 600 Elval T0 poptio Toug. To epyacTripio Bev BIaBETEI KATIOI0 EIBIKG GpYavO
TPNONG POPTIOV KaI ATIOQATIZOUY VA XPNTIHOTIONTOUY éVa YNPIaKS BUVGHBHETPO (T
oToio, G€ GVTIBEDN WE TO PNXQVIKO BUVAUGHETPO, £XEI TNV BUVaTOTTA Vel PeTpd SUvapn
X09piG Vet EMNKOVETa ] Val GUOTIEIPWVETa) HEVGANG GKpIBEIRG i Tov &g TpoTo: Kpepidve
70 BUVAOUETPO GTI6 TV TGV TAEUPG TOU GE Eva WAO OTAPIYA Kal OTNY KGTw TAEUPG
70U, TIPOOAPTOY TNV pia HETOAAIKA TAGKG. ETNV GUVEXEID TOTIOBETOUV TV BeGTepn
pETaAAIK) TAGKa O€ KATOIG QITOTaCN TG TV TP, METposy TNy améoTaon aur pe

XdpaKa.

Mo i

Exiiua 1: Mepapariki Sidragn
it var pnv GAAGEE T0 apxIKG QOPTIO Twy TAGKEY o HaBTEG pepivnoay GoaTe KaB' 6An TV
SladIkaoia va Qoposv EIBIKA QVTIOTATIKG (HOVwTIkd) ydvria. ETiong TomoBémaav eidiko
QVTIOTATIKG (HOVWTIKG) UAIKG OTO GMLEIO ETTAQAC TOU SUVAOPETPOU HE TNV HETAANIKE TIAGKG,
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ApxIKG 01 paBnTég katéypawav T EVBEIEN TOU BUVAPGHETPOU Xwpig TNV TTapoudia g
BeGTEpNS TAGKAG KAl OTNV GUVEXEID TIg EVBEIEEIS Yia BIGPOPEG ATTOOTAOEIS PETAED Twv
TAaKibV. O JETPROEIS GaivOVTal 0TV TIAPaKAT THivaKa.

ATt6oTaon perags Twv | EvoeEn Auvapdperpou (N)
TAak@v (cm)

“Xuwpig v Tiapouoia 120

g Bedrepng TAGKag
2 480
3 281
1 209
5 1.77
B 162
7 149
B 142
9 138
10 135
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A@oU TeAeiwaav TI HETPATEIS, Of HABNTEG KaTG AGBOG AKOUNTMOAY TIG TTAGKEG PETAEU TOUS,
ITV ouvéxela TIpOOTIGBNOGY Vo EmavaAdBouv To TiEipapa Gpwg N EVSEEN Tou
BUVaOETPOU £piEvE OUVEXWG OTABEPT GTNV apXIKr] EvBEIEN Twv 1,2N avegdprTa amd Ty
QI6OTAON PETAED TwV TAGKGHV. ANPIOUPYVIAS £Va QUTOOXEBIO NAEKTPIKG EKKPEWES e Hia
ki pTidAa ao GeA6A, TapaTfipnoay 6 kapia o Ti U0 TAGKeG Sev AMNAETIBPOGOE
VE TO EKKPERIEG.

Aiveral n NAEKTPIKN] OTaBEG K=9-10°Nm2/C2.

1. O1 TIAGKEG {Tav QOPTIOREVEG PE YOpTIO iBIOU T} avTIBETOU TTPOTTIHOU;

2. Me Bdon TNV TrElpapaTiki S1a5IKAGia Kal TiG TTApaTdvw PETPRGEIS, VA UTIOAOYICETE Wovo
TV NAEKTPIKI] BUvapn, Fe, PETAEY Tw TAGKGY Kl Ve OXESIGOETE TO SIdYPaja NAEKTPIKITG
BUvapng — améoTAGNG HETAEY TWY TAGKEV.

3. Tict 1010 AGYO ETG TV EMaQr] Twv 500 TAGKGY T0 BUVAHOETPO £BeIXVE OTaBEpr EVBEIE;
4. Not UTTOAOYIGETE TNV TIHA TWV QOPTIWY Twv 500 TIAGKV:
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MEIPAMATIKO| |

%0 Epyaotiipio buoikiig umidpxel n
TapaKdTw BIGTAEN Yia T HEAET TwV

NAEKTPIK@V BUVGREWY. 70 éva GKpO

MG, UTIpxel aKAGVITA TOTTOBETNEVOG

Q0BNTPAG  KaTAOKEUAOWEVOS a6

HOVWTIKG ~UAIKG, TIOU  PETPG  Kal

Karaypage T SUvapn TIou aoKeiTal O

pia ogaipa, N oToia TPocapUGIETal

KkatdMnAa o€ autév. AoBETer emiong

KaTGMNAG. BIaopQWYEVD  SIGBPOUO,

GTov omolo popel va ToTroBeTEEl Kai

va kivnBei BAON, £TTIONG KATGOKEUAOWEV ATT6 HOVWTIKG UNIKO, 1) OTIOia QEpE! 0TV TTdve)
EMQAVEIG TNG Ia UTTOBOXT Yid TV TOTI0BETON Caipag,

Méow piag perporaivias, akpieiag evog mm, UTIGpKEl N SUVATOTYTG ETPRONG TG
améoTaoNg TG BAOTG A6 TOV AIOBNTAPG KAl TAUTOXPOVE TOV KEVTPLV TwV BUO GRUIPGY.

Téhog, n Bidagn mepAapBAver GpOIEG Opaipeg akTivag r = 19 mm, o oTioleg HTIOPOUY Va
@oprioToUV pe T PO piag NAEKTPOOTATIKAG pNxavig. H PETa@opd Twv Ceaipiv
TIpaypaTOTIOIETal AT EBIKA KATAOKEUGOWEVES AABIBEG TIOU TIOTPETIOY TV EXPOPTIOT
Touc.
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Abo amid TIG 0gaipeg PEpovTal Ot eTTag Kai gopridovial ue T BoriBeia TNG NAEKTPOOTATIKAG
pnxavrig. AkohouBuwg iaxwpigovrar, n TGN TOTOBETEITal GTOV AIoONTHPA, Evé) N SEUTePN
o™ Bon. H évBeign Tou aiodnTrpa eivan 5,84 mN.

£ cuvéxeia, kai Xwplg va peTaBAMBEl n amréoTaon aioBnipa — Bdong, N opaipa Trou eival
TomoBempév 0T Bdon EpxeTar o€ emagi pe pia TpiT agdpTioT ogaipa. Merd Ty
aTOPGKPUVON TNG TRITNG CPaipa, N EVBEIEN Tou aioBnTipa yiveral ion pe 2,72 mN

T GuVEXEIQ, pia TETAPT O@aipa, ETTIONG AGOPTIOTN, EPXETAI OE ETTAQH LE T Opaipa TG
Baong. Merd my aTiopidkpuvon TG TETapTNG @aipag, n EVBEIEN Tou aioBNTpa yivera 1,49
mN.

EmavahapBaverai To 510 ki yia TIEUTTTN 0aipa, e TeAi EvBeign Tou aioBnTripa 0,68 mN.
A1 SUpTTANPWOTE Tig Kevég OTrAES Tou Trivaka Trou Ba BEiTe 0To BGMo ATIaVTTOEWY pe
TIC KATGAANAEC TIHEC,




image30.png
Emeidn dev eipaote o B¢0n va yvwpifoupe akpiBug To goprio kaBe ogaipag oe Coulomb
(C), pmopoUpE, BewpivTag wg povdda pérpnong kdmoia aubaipet / Tuxaia TOGSTTA
opriou q (Tou ot kdToia BBNa avagépETal kai wg arbitrary unit, arb. Unit ff a.u.), va
EKPPAZOULE TIG TIHEG TOU YOpTIOU KABE 0PaIpag O OXESN PE AUT (TT.X. 20, 280, -7, 412, ...).
A.2. KaTaoKeudoTe To idypapiia TS SGvapng PETagy Twv SUo 6Qaipiv OE ouvapTon pe
TV TIL TOU YIVOREVOU TWV QOpTIwY TOUS.

lolo 1} TToI GUNTTEPAGYATA TIPOKUTITOUY T T0 BIdYPAMHA TOU KATACKEUATTTE;

A.3. 01 BUVAREIG PETAY Twv BUO GRIPLV GTOUG TIAPATIGVW TIEIPAPATIOOUS, TTOU TI TIHEG
ToUg KaTéYpaWE 0 IoBNTAPAG, fiTav EAKTIKEG f amiwoTikég; No BIkaloAoyATETE T amdvimor
oag.

A.4. Evag padNTri gopTioe 500 0@aipeg, Tig T0TT0BEMOE GTov aioBTripa kai o1 Bon Kai
KaTéypaye TIG eVBEIEEIS TOU CIOBNTPA VI BIGQOPETIKEG ATIOOTAGEIS PETEG ToUg. Of
peTprioeig Trou éAaBe TTapouoidloval oTov TTapakdw Tivaka:

AmboTaoN PETags WV 0QaIpGY (cm) | AGvapn PETaEs Twv ogaiptov (mN)
5,00 586
6,00 3,79
7,00 3,06
8,00 2,27
9,00 1,63
10,00 147
14,00 0,69
20,00 038

ATIG TIg TIHEG KATAOKEGAE T0 TIAPAKATL) BIGYPAHYA TG SUVapNG PETAEY Twv 5UO OpaIpWY
€ GUVGETNON HE TN HETAEU TOUC aTToaTaon.
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ATT6 T Ypagikr| Tou TIapdoTaon, KaTéAnge oTa akoAouba oupTEpGoHaTa:
. H nAEKTpIKI] BUvapn eival QvTIoTPOQ GVAAOYN TG GTTOTATNG PETAED TwY CQaIPWY.

B. OTaV Ta KEVTPQ TV OQQIPWY TTEXOUV PETAEG Toug 18 cm n Svayn TTou aokel N pia oy
AN ivar 2 mN.

Y. OTav Ta KEVIpA TWY OGAIpGY ATTéXOUY 12 ¢m, of 0Qaipeg AAMAETIBPOUY e SUvapn
pétpou 1 mN.

5. 110 QTIGOTO0N TWV KEVIPWY TwY OQIP®Y io pE 3 cm, N PETagy Toug Bovapn eivar 16 mN

Me TIOIG QTG QUTA GUPQVEITE, e TIoIa BIGQuVEITE Kai yiari;
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TivLIEvO T0U GopTiou Twv TQaIPWY (arb.)

AGvapn pETags 1w oaipdv (mN)
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A.2.
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O Tuprivag Tou atéou Tou aopeatiou (Ca) éxer goprio 3,210 "8 C. To goprio evog 16vT0G, £0TW
A, Tou oToIXElou auTos éxel T 3,2:10°° C.

A. TI0I0G Eivall 0 jNXAvIOHOG ETATPOTITG TOU GT6HOU ToU AOBECTIOU T I6V;

B. M60a mpwr6via kai moa NAEKTPOVIQ €XEI T0 GTOHO ToU AoBECTIOU;

. Néoa Mpwi6via Kai Tooa NAEKTPOVI BIGBETE! T0 16V A;

A. Eva dMo 16v aoBeariou, £0Tw B, éxel goprio 1,6:107"° C. Moo amé Ta 800 dvia éxel
peyahUtepn paca; Na amoAoyAGETe TNV amtévir} oag.

E. Ta 16via A kai B TomoBerolvial o€ améotaon Tou eivar oAU peydAn o€ oxéon pe Tig
BiaoTdoei_Toug, OT6TE GAANAETIBPOGY KATA TPGTIO TIOU TIEPIYPAETAI aTI® TOV VOO T0U
Coulomb. Tlpog Troia KaTedBuvon Bat KivNBOUY €€ airiag TS AAANAETIBPaONS auTHG;

£T. Moio am Ta 500 16via SéxeTal NAEKTPIKA BUvapn Peyahitepou pérpou; Na aimoAoyAoeTe TNV
amdvmor oag.

Aivetar n iR Tou NAEKTPIKOU QOPTIOU Tou TTpwToviou ion pe 1,6:10™ C.
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[_]To &inAavé oxrpa avanapioTd duo NavouoIOTUNEG OQaipeg A
a1 B, pikpiig paZac, nou &ivar avapTnyEveC og vipaTa. Apxika ol
ogaipeg €ival PopTiopéves pe @optio q n kABe i, ondTe
100pPONOUY OTIG BECEIC MoU paivoVTal OTO OXALa.

5™ ouvéxeia @optifoupe T opalpa A pe Goptio 10q, evi To A
@oprio TG B napapével apeTaBANTo.

ENIAEETE exeivo anod Ta akoAoUBA OXAUATA NOU aVTIOTOIXEl o™ Véa BEaN 100ppONiaG TGV
0PaIpdV.

[0) @i




image37.png
[ H opaipa A gopriou 4uC €ivar akAGVNTA OTEPEWHEV OTO HOVWTIKG TPATIE]! Kal N
ogaipa B 100pporrel akpIBiS a6 Tdvw TG Ot améaTacn 20 cm. Av n pdla g ogaipag
B eiva 0,1Kg Troia eivan 1 Tipr Tou @opriou Tg;

e B

A




image38.png
[} H opaipa A Tou TTponyoUpEVoU epwriijiaTog TOTTOBETABNKE
070 PETAMIKG Bioko €vog aTié Ta 800 NAEKTPOOKGTIIA TOU
Bimhavo oxfaTo Kai N 0aipa B 0T0 PETaAIKO Sioko Tou
@M\ou. Ze Tolo Sioko TIoTeGETE 6T TOMOBETABNKE N CYaipa A
Kai 0€ TT00 N 0@aipa B; YTOBEGTE 611 KATE TNV PETAPOPd: Twv
OQIPEV 0TO PETAAIKO BIOKO TwV NAEKTPOOKOTIIWY 10 QopTio
Toug B¢ peTaBAMeTal.

Diverar Kyp=9-10° N-m?C? kai emmdyuvan mg Bapumrag omy
emaveia g Mg 10 mis?.
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[ To uétpo tng Suvapns avdueoa o€ 500 onuetaxd nAextpwkd poptia avédvetar,
6Tav N pETaED TOUG aNGoTaoN HEDVETaL.
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[ Ta dropa eiven nAextpwd ovbétepa yrarti anoteAovvran and ioous apuduois
MPWTOVIWV Kat VETpOViwv.
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[} Ado Jetixd popriopéves opaipes Tonodetolvrat o€ pua oplopévn andotaon
HEtagl toug. To pétpo tng Suvaung nou aokel n npd opaipa ot Sevtepn ivat
{00 e To pETPO TG BUVauNG TOU aOKE N SEUTEPN TTY MPWTN.




