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Aoknon 1

[Mopaviog exktoéedetar pe yovia @ =60° ®G TPOG TV KATAKOPLEO, LE UNOEVIKN OPYLKN
ToOTNTA. AV 1] UNYAvY] TOv TUPAHAOL, TOV TPOcdidel emtdyvvon o =30 m/s® kot AerTovpyei Y10
t; = 10s petd v ekTOEEVOT, VTOAOYIOTE TO HEYIGTO VYOGS Kol TO PEANVEKEG TOL TVPAVAOL OV TOV.

(YroBerovue ot n I'n aro medio Polng eivar erimedn, 1 aVTIoTOOH TOV 0EPO. UNOOUIVI] KOL OTL 1]

Si1ebOvven tov Topabrov eivar otabepr. Aivetar n emtdyvvon e fapdTnroc g = 10 m/s°).

Q

Y2 lf 2 3
Y1 1
yA

X1 X2 X3

Avon

AvaAivovpe v BoAn o€ Tpia TUAHOTO:

1. Ext6&evom péypt ofnoo tov Kivnpa.

‘Exovpe ohvBetn kivnom pe pUndevikn opyikn ToyLTNTO Kol GUVICTMGES EMITAYVVONG, KATOUKOPLON
ay = (o cos@ - g) kat opliovTia ion pe oy = o sing.

Qg gk T00TOL Oa Eyovpe 6TO TELOG TV t] OEVTEPOAEMTOV:
1 1 . .
YI:E-(a-cosq)—g)-tlz, XI:E-oc-sm(p-tlz, V, =(a-cosp-g)-t, , V,=a-sing-t, o6mov

V €voi o1 GYETIKEG GLVIGTMGES TNG TOYVTNTOG.

2. XMoo Tou KvnTipo HEYPL TO avATATO VYOS TNG TPOYLIC.

‘Exovpe cdvletn kivnon pe apyikég tayvmmres (cuvietmoes) Vi kot Vyi 6To¢ vroloyictnray 6To
(1) ko GVVICTOGES EMLTAYLVOTG, KATAKOPLON Oy = g Kot opiovTia ion pe ayx = 0. H kivnon avt Oa

JlopKESEL MG OTOL PUNOEVIOTEL 1) KATOKOPLET TAXVTNTA, OTOV

0=(a-cosp-g)-t,—g-t, = tzz(a-coscp-g)-tl
g
PNV 1]
! (a-cosp-g)-t; 1 (a-cosp-g)° -t
Y2:(a'COS(P-g)'tI'tZ_E'g'tzz:(a'COS(P'g)' . I_E'g' g2 L

_(0-cosp-g)* -t 1 (a-cosp-g)’-t] 1 (a-cosp-g)’ -t/
g 2 g 2 g

(0 cosp-g)-t;
g

X, =0a-sin@-t, -t, =a-sing-



Kot to péyroto vyog icobvtan pe:

1 ) _0)? .12
H:Y1+Yz25'(a~coscp—g)-t12+%.(a cos<pg g)’ -t _

30m/s? - cos60° — 10m/s?)?
0.5-

- -100s? =375m
10m/s

=0.5-(30m/s” - c0s60° —10m/s*) -100s” +

3. Amd 10 avdToTo KOs PEXPL TO E60.POG

Av 0 xpdvog kaBodov eivar ts, TOTE 1GYVEL:

H:l-g-@ = t,= 2-H

2 | ¢
Yovendg X, =V, -ty =oa-sind-t, - /2_H
g

To BeAnvekég Ba 1oovTON LE

. -0)-t2 .
(0-cos9-g)-t, +o-sing-t, - 20
g

08’ - (30-cos60°—10)

1 . .
B=X,+X, +X, 25-a-sm(p-t12 +o-sing -

—0.5-30m/s> -sin60°-100s> + 30m/s’ - sin60° - 10 +30m/s® -sin60° - 10s - /75s =

=4848 m

Aoknon 2

Ake&mtotiog mpaypotonolel ehevbepn mrtdomn amd ogpomAdvo. Av 1M KATOKOPLON
avtiotaon tov aépa aviotoyel oe pio emrdyvven k= -b-v, 6mov v 1 TOYOTTA TOL OTOV
Kotakdpupo GEova kot b=0.5s", vrohoyiote ™V oploky TodTNTO TOVL B0l ATMOKTHGEL 0OV
eyKataleiyel To agpomAdvo Kot Tov ¥povo t; mov Ba amontnBet yia vo amoxtioet to 0.99 avtng g
OpLOKNG ToYLTNTOC. OepOVTag OTL 0 XPOVOG t) Elvan 0 YPOVOG TOV ATOLTELTOL Y10 VO OTOKTNGEL TNV
oplaKN TOYVTNTO, VITOAOYioTE TOCO Bl £yl kaTéPEL o 2 min. (Aivetor i emtayvvon ¢ fopdTnTag
g=10m/s’).
Avon

Kotd 10 mpdto dtdotpa g ttdong 1oydeL ) oxéon

ZFY =m-0¢:>m~g—mb-v=m-u:>g—b-v=c(li—1) (1)

Ortav amoktioel oplakt| tayvTnta, to dv/dt =0

2
Tovenwg g-b-v,, =0=>v, = % = lgr?s/?

=20m/s.

o vo vmoAdoyicovpe Tov ¥poévo mov amarteitor yw va amoktioel t0 0.99 v v,

enegepyalopaote v (1) ko £xovpe:



99 -b- 1 -b-0.99-v
do =dt = L-Iogg »d(g=b-v) bU)z.[tdt = L-lng =t =
g-b-v -b 7 g—b-v 0 -b g
2_ —1_ X -1
{ = l_l.ln10m/s 0.5s ()2.99 20ms _ 05-(-4.6)=9.2s
0.5s 10m/s

I"o va vroloyicovpe 10 KatakOpLPo dtdotnua mov Ba dtovocel o€ 2 min = 120s, Tpénel va
VTOAOYIGOVUE TO OACTNHA S| TTOV SLOVVEL ETTAYVVOUEVOS (G Ypdvo t; = 9.2s) Kou to ddoTnua sz
OV SLAVOEL LE TNV OPLOKT) TOYVTNTO GE YPOVO:

t, =120.0s —9.2s =110.8s
Amo v oyéon (1) éxovpe:

Lol Ll g Lett

g-b-v ~b % g-bwv b b e

n&bvo_ g=b-v_ e buv=-ge”+g = d—x=§'(1—e_b't)
; » T

[ By = =& ([ acm) £ o)

-2
5 =L tl+l.(e—b<n ~1) =10msl f9254 1 (0507 —1)| = 20-7.22m = 144 4m
b b 0.5s~ 0.5s

S, =V, 't, =20m/s-110.8s =2216.0m

Kot S=8;+ S, =144.4m +2216.0m = 2360.4m

Aoknon 3

"Evag texvntog 60pueopog talldedel og KUKAIKY] TpOYLd YOP® od TNV YN Kol 6€ andeTaoN
500 km am6 v empdveln avtmg. H mepiodoc tov dopvpdpov petdveton kdbe pépa katd 0.35 sec
AOy® NG avtiotaong tov aépa. Ymoloyiote v Kabnuepvny LETAPOAT] GTO VYOG KOl G€ TOGO YPOVO
0 00pLPHPOg Ba TANGLacel TV atudsearpa e yng (10 km). H axtiva g yng eivon 6370 km.
Avon

Ag oyvonocovue apylkd TV avtioTtaon Tov a€po Kol oG LVTOAOYIGOVUE TNV TEPIOO0 TOV
d0pLPOPOL GTNV WOAVIKT OVTI KATAGTACT. OE®PAOVTOS KUKAIKY TNV TPOYLA TOL SOPLOAPOL EXOVLLE:

Kevtpopodrog dvvaun = dvvaun EAENS yng-60pveopov

mv®  GMm
=7 2 (1)

r r

Omov r = (R+h), kot BéPata h eivar to Hyog tov dopvedpov and v YN, M elvon n pala e
MG, m giva 1 pao tov dopLEOHPOV, VL M TaXHTNTA TOV doPLPOPOV, Kot G 1 [Taykdoo oTabepd g

Bapuntag.



H toyvmto v Bpioketatl amd To PNKOG TG TPOYLAS Sl TNG TEPLOJOL TNG TPOYLG:

27r

b 27T (27r)?

2 2
v

210 P1PAio (oehodeg 90-91, e€lomoelg 1.53 ko 1.54) pmopeite va Bpeite v Tiun Tov g 610
vyog tov 500 Km.

M- -m G- M
—=>g=— (3)

B=mg=G

Yuvvovalovrog elomoetg (1) kot (2) ko (3) €govpe:

- S Ay @
(G-M/ry GM g.-r g.

) 4777 _ 4% _ 47 B 47’y

2mv e€icwon (4) N uévn dyvoot mapdpetpog ival n T Tov g 610 Vyog Tv 500 km.
Mmropovpe vo to vroAloyicovpe pe 6V0 TpdémoLS, gite and v eiocwon (3), avrikabiotoOvtog Tig
Twés G, M, xar 1, €lte YPNOWOTOIOVIOG TNV TIU TOV g OTO VYOG TOL O0PpLGOPOL Kol
petafaiiovtag v TN ovt pe Paon v petafoin g amdotacng amd R oe R+r. T
SOKTIKOVS AOYOVS 0.C TO KAVOLLLE KOt [LE TOVS OVO TPOTOVG:
g, = (6.67x10"" N m* kg?)x(5.98x10**kg)/(6.37x10°m + 0.5x10° m)* =
(39.886x10")/(6.87x10°%)? m/sec’ = 8.45 m/sec’,
TPOPAVAS KPOTEPT] TN Ot eKEIVN GTNV EMPAVELD TNG YNC.

O deV1EPOC TPOTOG VTOAOYIGHOV TOL g 610 VYOS Twv S00 km givon o e&ng:

: -M , , , .
8, = e Kol g, = . KoL SoupdvTaG TIG 600 £EIGMCELS £YOVLE:

& GMI/R* 7 _ 637

R2
2 —W—Fz g. :(r—z)g}q7 —Wx9.81(m/secz) :8.43(1’}’1/S602)

Telkd, avtikadiotdvtog TNV TN Tov g 6To VYOG TOV d0pvuedpov otV e&icmon (4)
Bpiokovpe 6T1 N TEPiodog elval

472 6.87x10°m
8.43ms 2

T2 = = Tsp0 = 5672s  dnhady 94.5 min.

Evé 610 Hyog tov 10 km to g mpokvntel avtictoo g = 9.779 (m/sec’) kau



T10=5075.08 s

H dwapopa etvor AT=Ts00-T10=5672-5075.08=596.9 s

Enopévac emedn kdOe pépa ybver 0.35 devtepdrento amd v TEPI0G0 TOL 0L GUVOAIKES LEPES Y10l
va pewwbet ota 10 km, mincialovtag v atpoceatpa g yng Oa eivar 596.9/0.35=1705.4 nuépec.
Avtikafiotavtag v Ty g teptodov T oy e&icmon (2) éxovpe:

27r _2-3.14159-6.87-10°m _ ., - m.
T 5672s " sec

D=

["a va vroAoyicovpe v Kabnuepvn petafoAr| Tov Hiyovg Ady® g avTicTaoNS TOV aEPQ
vroAoyiCovpe TV mocooTtiaia pHetafoAn g meptddov:
AT = 0.35/5665 = 6.17x10 tng kofnuepvig teptddov, £va moAD HKpd Toc0oTo TG TEPLOdov. Ia
va 000uE TOG0 petafdiietal To Vyog Eavayvpvdue oty eicwon (4):

2.3
, 4rr

Y = ki’ (%)

6mov k = 47°/GM = o100epd. H petafor} Thg meptodon Kat Tov HYOUC G £vaL EIKOGITETPAMmPO Eivat
AT xat Ar, avtiotorya. H e€lowon (5) pmopetl va ypagel emopévag mg:

2TAT =3kr*Ar (6)

1N omoia pe TIS KATAAANAEG TPAEELS KO AVTIKOTAGTAGELS OO TPONYOVUEVES EEIGMGELG
pmopet va ypapet og:

2T AT
A= 2

Opog and ™y e&iowon (4) kr* = T/r, ondte aviikadotdviag otny kicwon (7) XOLLE:

o 2T-AT _2AT-r_2 AT ®)
{TZJ 3.7 3 T

r

Xy e&lomon (8) PAémovpe TV peTafoAT] TOL VYOLS GOV GLVAPTNON YVOOTAOV
TOPOUETPOV. AVTIKOOIoTOVTOG 0NV (8) HE TIG YVOOTEG TIUEG EXOVLE:

Ar = %(6.87 -10° m););;ﬂ =0.28km . To dyoc emopévog petafaireton kotd 0.28 km

2sec
nuepnoing. BePaimg n andvinon avtn dev elvar axpiBdg cwot yiati Oempel otabepn v

petafoin oto Kabnuepvo Hyog.

Mua o axpifig mpocéyyion sivor n €€ng:



Hoipvoupe wg apyucd Myog (amd To KEVTIPO TS YNS) To To = 6.87x10° m, kot wg tehkd vyoc ta 10

Km méve ond ty emeéveto e yne, dniady rr= 6.38x10° m. Téhog Oewpdvrag Tt 0 Sopuedpog

Ba Tpoceyyicel TNV atudGEAPO 6 N NUEPES TOTE 1) TEMKT] TEPI0S0G TOL dOPLEAPOL OBa givat

Tr=To— 0.35n. Enopévag propodpe va mapaywyicovpe v e&icmon (5) Kot pe Ti¢ KatdAAnAeg

TPALeLg va KOTAANEOVUE:

dr 2dT rdr 27, dT ey 2 (T,
—=——:>I — == —=Inl—|=— -
r 3T nop 3% T A 3 1,

YvveyiCovtog Tig Tpaéelg Ppiokovpe:

©)

(3/2) (3/2)
» T, : T, , —

ml 22 e —~ml = il = _|5,-035n (10)
Ty 3 T, Ty T, Ty T,

Kot tedikd Avovtog og Tpog n xovpe:

L5 L5
1_(6.38) T 1_[6.38) 5665
6.87 6.87

_ _ 1700 npépec.
" 0.35 0.35 MHEPES

Mupn dtapopd 6Tov aptBpud Tmv Nuep®V arnd Tov Tponyovuevo vroroyiopd. H ovoia gival

OTL Ypig «kadoO» 01 dopLPOPOL dev elvar Yo Tavta. Kdmowo otryun xdvouv apketd Hiyog hote

VO KOTOGTPAPOLV TANGLALOVTAG 1) EIGEPYOUEVOL GTNV ATHOCOOLPOL.

Eniong yuo v e€£dptnon tov Hyoug amd v mePiod0 UTOPOVLE VO TAPUGTICOVIE YPOPIKE TNV

GLVAPTNON

h, =1, -1, xoono (4)

1/3 1/3
h, = (G—MTﬁJ = (GM (T, —0.35n)2j

2

47’ 4r
hy=5.0x10°m
1
(T,~0.35-n) xGM & .
h, = pp -6.37x10"m =
Vs

(5.665><103s—n><0.355/day)2 x(6.67x107""N-m kg *)(5.98x10*kg)

47

b2

(5.665x10%s —nx0.35s/day ) x(3.98866x10" N -m-kg ')

47

H ypaouc] mtapaotacn tng 6xéong avtig givae:

1

—-6.37x10°m =

= —6.37x10°m



500000 —7T v T - I 1 T 1 T 1T * 1

450000 — —
400000 — —
350000 — _
300000 — _
250000 — _
200000 — _
150000 — _

100000 |- -

DISTANCE FROM EARTH (m)

50000 - -

0 M B I RN R R T R
0 200 400 600 800 1000 1200 1400 1600 1800

NUMBER OF DAYS n

e 1700 nuépec to Dyog amd v emedvela g I'mg eivar 10121m 60nwg mpokvmTeL amd TNV YPOPIKN
napdotacn. H kabnuepvn petafoin tov vYyovg eitvar Aoudv
B (500000—10121)m
- 1700 days

= 288.164m/day

Aoknon 4

A. Mia covida paloag m tomoBeteiton mhve o€ éva keKAMUEVO eminedo ympig TpPEG mov
oynpotiCel yovia 0 pe to opildvtio eninedo kol Tave g tomobeteiton Eva pikpod koppudtt M oto
omoio dtveton pia pkpn @Onon ®cte va amoktoet apykn toyvtnta v. No Bpebel n andotaon d
mov Ba €yel davvoet 1o copa palag M m otrypn mov 1 tayvTd Tov Ba eitvon v/2. H cavida dev

KIveital o€ oxéon pe To KEKMUEVO eMmEDO.




Avon A.

Oewpobe cvotnua aEdvov e Tov aZova X mapdAAnAo oto eminedo kot Oetikn dievbuvon
TPog ta KAt kot dova y kabeto oto emimedo. o va eivar to m akivnro, Ba mpémel n mpog Ta
EMAVO SVVaUT TNG KIVNTIKNG TPPNG va givat iom e TNV TPog T0. KATO GLVIGTAOGH TOL Bapovs dpa
F, = mgsin0
Apa 1 cuvolikn dvvaun oto M Ba glvan
YF, =Mgsin0+ mgsin = Ma

, . +m
bpo o = gsinb

XPNOYWOTOUDVTOG TN GYEOM U,,2.8>\ = Ug —2ad o6mov d elvar m omdotacn OmTOL M TOXVTNTO
Vre) = V/2 TpoKOTTEL OTL

B 3U§M
~ 8gsinO(M +m)

B. '‘Eva copa palag m npepel oe éva kexkhMpévo eminedo mov oynuatiler yovio 0 pe to
oplovtio eminedo. [lown etvan n ehdytotn dvvaun F mov mpénet va epappootel 610 chpo OoTE v
KivnOel mive 610 KeEKAMPUEVO EMITESO TOPAAANAO e TO 0p1LOVTIO EMMESO OTWS PAIVETAL GTO GYNLLOL;

H otafepd g otatikng tpiPng pneta&h tov cOUOTOG Kol TOL OVTIKEWULEVOL IVt Ls.

> F

e sin

(@) )
Avon B

Ot duvapelg Tov ACKOVVTOL GTO GO EIvaL
To Bdapog tov B otnv katakdpuen dievbuvon pe eopd mpog to katm, 1 dvvaun F otn dievbuvon
g kivnong, n otatikn PPN f pv 10 codpa va apyicel va kveital, 1 kdOetn 6to eninedo dvvaun
N pe d1ev6vvon mpog ta TAve.

A@o¥ 10 oo givor étopo va Egkivnoetl va oAloBaivel oto eninedo, n otatikn tpPn Oa
pémel va. Exel T HEY1oT T ™ =g N.

Avoivovtag Tig dvvapelg o dvo dEoveg mapdAinia (x) Kot KaBeta (y) pe 10 KEKAUEVO
eninedo Kot amd 10 SIAYPAUO TOV ATEAELOEPO®UEVOL CONOTOSC TOV oYNHaTos (B) 1oyvet

YFy=0, N=mgcos0 xot dpa f= ps mgcosd (D)



. H ddvaun mc tppng Ba mpénel va oynuatifel kdmowo yovia ¢ yroti apyikd icoppomel Tig
000 AALEC OLVALELS TOL OLOLYPALLLLOTOG,

H ehéyiom dvvaun ya va apyicet va omcBaivel to copa Ba givor

F =fcoso (2)
Ko
f sing = mg sinf fsind =mgsind = f = mg‘sm@ 3)
sin®
Avtikadiotdvtog v (3) oty (2) KaOdS kot To €osd = /1 —sin’ ¢ wpoxvmTEL
F =mgsin6 -1 4
8 sin” ¢ @
Avtikobiotdvrag v (3) oty (1) mpokvdmTel
1 cosf
p’s (5)

sin ¢ ~ sinb

Omnote pe avtwkatdotaon g (5) oty (4) mpoxdmTel OTL

F= mg\/uf cos’ 0 —sin’ 0

Oo mpémel usS>tand 10aAAmg 0 copo Ba apyicel va olcbBaivel ko yopic v epappolopevn
ovvaun. Edv w<ys , mov givar n cuvnong nepintmon, 1o copa Oa apyicel va emtaydvetal LeTd TNV
exktvnon tov.

B’ 1pémog Amd 10 oynua Adym S 160ppoTiog TV SVVAUE®V £YOVLE

f=psmgcosO

mgsin®

F= \/,ufng2 cos’@—m’g*sin’ @

N TEAKA

F= mg\{pf cos’ B —sin’ @



Aoknon S

BMuo BaAietar amd v kopuen ktipiov vyoug H, pe apykn toyvnta pe p€tpo v, = 40m/s ko
otevbuvon 30° amd v oplovTo, mPog To KAT®. AV 1 c@aipa OTPEXEL TO OEVTEPO MGV TNG
dwopoung (H/2) oe ypovo t, = 1.0s, vmoroyiote tov ¥podvo T mov amorteitor yio vo TéoEL 6TO
£00poc, T0 Dyoc H kot v taydnta pe v onoio KTumdel To £60(OG.

OewpHoTE TV AVTIoTOOT TOV aépa apentéa. (divetar n emrdyvvon e fopiTyrac g = 10m/s”)

H/2

Avon

H toydmta aveldetal oe 00 GLVIGTAGES Vyo = V-c0830°  Kat vy, = v-sin30° pe eopd v
Qopa NG emMTAYLVONG g.

Av t; givar 0 xpovog otov omoio Ba davvbel To Tp®TO NIGL ™G dadpoung hy kot t; o
xPOVOG Yo To deVTEPO hy Ba 1oydovy o1 e€lodaoelg:

T=t;+t, (1) koo H=h;+h; (2) «otpePaingh;=h;

Amo v tedevtaio Oa £xovpe (€xovtog v OYn OTLV; = Vy, + g - t1):

1 1 1
h,=h, = uyo-tl+5.g-tf =(Uyo+gtl)-t2+5-g-t§ :Uyo-t2+g-tl-t2+5-g-t§

1 1
Uyo'tl +E'g't12_0yo't2 _g'tl'tZ _Egté :O

mov gtvan dgvtepofada e€icmon g mpog o t;. ‘Exovue Aowmdv:

gt +2-(0,, —g-t,) t, — (g t; +2-0,-1,) =0 Kkm

(0, —g ) E 0, —g L) +g (g 20, 1)

1 =

g

—~(40-sin30°—10-1.0) % /(40 -5in 30°~10-1.0)> +10-(10-1.0+ 2 - 40 - 5in 30° - 1.0)
= S

10
—10£+/100410-50 < —10£+/600 - —IOj:24.5S
10 10 10

H apvntum pila amoppintetal, cuvenmg telkd  t; = 1.45s

O ocvvolkog ypovog eivar T=1t; +t, =1.45s + 1.0s = 2.45s

10



H=v, -T+%-g-T2 =40m/s-sin30°-2.455 +0.5-10m/s” - 2.45%s*> =79.0m

H vy cuvictooa g toxdnTog Oa elvar:
Vy =y + g - T =40m/s - sin30° +10m/s” - 2.45s = 44.5m/s
KOL T Uy = Ve =0-c0530° =40m/s - cos30° = 34.64m/s

To pétpo g TeMKNg TaydTnTOaG Efvar L, = VA44.52 +34.64°m/s = 56.4m/ s
€xel opa TPOC T KAT® Kol oynuatilel yovia 6 og mpog to opildvtio 6mov

3
0 = arccos

64 =52.1°
4

Aoknon 6

A. Mo umdido. Tov Tévvig KIVElTol G KOTakOPLQO EMIMEDO, £TGL DGTE Ol GUVIETAYLEVEG
0¢ong g va divovtat amd TIg 6YECELS:
m=1% dmouKoEmuuLl CE S

v =4t - 4.9t OnoU ¥ OF N1 KU1t 8 §

Na BpeBodv w¢ cuvdptnon tov ypoévov (a) To ddvucspa BEong g urndrog , (B) n TaydnTa Kou (y)
N emrdyvvon e undArag. No oxedlaotel 1 Tpoyld TS 6€ cVLGTNUO CLUVTETAYUEVOVY (X, ¥) (Na
xpnoyomorn et pAetpé yopti).
Av vrotebel 6T 0 A0 BpiokeTar 6TO OVOTATO GNUEID TOL OVPOUVOD AKPIPDOG TAVE® ATO TNV OPYN
TOL GLUGTNUOTOG GLVTETAYUEVAY, Vo Bpebel | TaydTNTO TG OKIAG TG UmdAlag kol 1 BEon g TV
YPOVIKN oTiypn] =3 2 Ko va onpewwbei 6to dtdypappa e TpoyLis Tov oYeOICATE.

B. X¢ copa palag m = 2kg aokeiton dvvaun mg popeng F = 8i - 4tj , dmov n dvvaun
petpiétan o€ N kat o xpovog t oe s. To copa v ypovikn otryun £ = & givan axivnro. Na Bpebovv
(o) M omdGTOCT TOV COUATOG OO TNV OPYLKN TOL BEGN Ko

(B) to d1Gvuoua BEGNG TOL TV YPOVIKN GTIYUN OV TO GO0, OTOKTA ToyvTnTa. 15 1l s

Avon

11



g

* - P -+ ar -+ - - -
o) 7 = 181+ (4t — 49t7)], B.) ¥ === 181+ (4 - 9.86)], y) & = = = —9.8].

ar

0 ~—

- \‘(\54, -32.

-50 T
N
|
|
|
|
|
T
|
|
|
|
|
|
|
T
|
|
:
|
Y

L]

0 40 80 120 160

y(m)

Tnv ypovikn otiyun £ = 35 n Kivnon g oKuig ¢ pndAag yivetor otov a&ova X. Apa

¥, = 18l xon x = v, t = 54m.

B.
a=L=n =47 -2t
m
Eivou 6pog @ =E=?f:;ﬂ5 =¥ —-¥,= _r;&r;fr =|v = 41 —t7]|
Eniong |#] = 18 m/5= 16t° + t* = 228 = [z = 35]
Enedn #{0) =0, épovpe = I:'EL:E-T: =|Ff =21 =t%/3]
7 =18l— 9= |7 = ¥18% + 9° ~ Z0.1m.
Aoknon 7

. o &= 32 Bpiokovpe OTL

Yopo pdlog M = lkg pmopet va oMcBaiver yopic tpipég oe oprloévtio ddmedo. To coua

e€aptdtor amd 10 £va GKPO VILLATOG, TOL OTTOI0L TO BALO GKPO GLVOLETOL LECH OOVIKNG TPOYOATNG

o oopa palog m = 0.5kg, 6nwc poaiveton 6to oyNua. Av 1 6Y£0T TOV GLVOEEL TIC TOYVTNTES U, KoL

u,, efvon w, = ru, (1), omov r = z(z* — B3I,

12



(@) vo Bpebel n oyéon oL GLVILEL TIG EMTOYVVOELS &, KOl &, TNV GTIYUT TOL TO GOGTNHO

apnverol eAevBepo va kvnOet,

(B) vo. Bpedsi 1 Téiom Tov VipaTog TV oty Katd Ty onoio iy = 80cm kot B = 307 xan
(v) va amoderyBei n oxéon (1).

(Aiverou n emizdyovon e Papirnrac g = 9.8 m/s’).

Avon
=SSy )= pEyy &g : : ; A£00
o) = & g W ¥y) =TT Vyg Inv otiypn mov 1o ovotnua agnvetar eAe0epo

du,

elvar v, = 0, ondte o, = r?} =ar (1}.

B.)Ein30% = ? =z = L6m kot enedn v = z(z% — k)12 = [r = L15m]
INa 1o copa palag m woydet

ZE’,_ =ma, =T —F=ma, =a, = -2 + 906

[Na to copa palag M 1oyvet

Z F, = Ma, = Tcos30® = Ma, 2 Teos30° = Mra, — .. T=356N
v.) Av x 1 Béom 10V cOpATOg M TOHTE

=xtthizx=(z"- )i

e otz e B2
(2% = h) ™2 (20—

ok
|

&

B =

13



To d—‘: exepalel To puOUd e TOov omoio mePvVAEL TO VIO otd TV TPOYaAia, Tov givat i60g
_ da . = g Fy—1/2 =
He ¥y = 3. Omote ¥ = 2(3° = hg) ™ v, = [, = 10, ]

Aoknon 8

[Mapammpntg Ppioketor €viog adPAVEINKOD GULOTHUOTOS OovaPOPAS S°, mov Kiveitol
gvBhypoppa pe otabeph Taydnto 10 m/s. O wapotnpnthig ektoéedel cdpa vitd yovia 60° o oyéon
pe tov d&ova x tov cvotnuatog. [Hoapatnpntig eVPICKOUEVOS GE AKIVITO AdPOVEINKO GVUGTNIA S
PAEmEL TNV PmAALO va KIveiTon KOTakOpLQa. Xg o0 VYOS £PTACE 1 WTAAAL GE GYEON e TO onueio
ekTOEELONC? TYEAAGTE TOLOTIKA TNV TPOYLE TG UmdALaG oe kdBe adpavelakd cvoTUa. (divetor n

emtéyovon e fopbmyrac g = 9.8 m/s°).

Avon
o —_
Tnv otypn g ektdEgvong 6to oot S’ 1oyvet: ':33 =tan 60 =3 (1).
Av u gtvon ) oyetikf TaydTTa Tov S’ WC TPOG TO S TOTE V) = Vi + U = 0, 00D 0 TAPUTNPNTHS GTO

3

S BAémer povo katoaxdpven kivnon. Apa v, = —u==10"/ To ‘=’ dnldvel 011, T0 cOUO

extoEeveTal ue eopd avtifetn g @opdg kivnong tov cvotiuatog §'. Tote amd v (1) §xovue

v, = vy = —10v3 m/s. Enewdy w2 = 2gh=|h = 153 m]

FI L SI Y L S
"
I
h I
3 k4

Aoknon 9

A. Abo avtokivnta Eekvouv amd npepio kot kKivovvion otny ot evbeion AB to éva mpog To
Ao tavtoypova. To avtokivnto 1 Eexvd amd 10 onueio A pe ToydINTA Vi Kol TO ovToKivnto 2
Eexwva amo 1o B pe taydmra vo. H emtéyvvon tov avtokwvitov 1 glvan o Ko £xel opd mpog to A

KOl TOV 0VTOKIVITOL 2 glvat o kol £xel eopd mpog to B. Ttn dudpkeia g kivnong ta avtokivinta

14



oLVVAVTIOVVTOL 000 QOPES, Kot TO XPovikd Oldotnua wov pecorafel petald towv 600 cLVAVINGE®V
etvon t. Na Bpebei n amodctaon AB.
Aven

Kdévovpe addayr cvotiuatog avaeopds, vrobétoviag 0Tt 1o avtokivnto 1 wov ekivd and
10 A givan o€ npepia ot 0éom x=0 . H taydto Kou 1 emtdyvvon Tov avtokvitov 2 amo to B
etvar —(v1+vy) kot (o +op) avtictoryo.

O1 ypdvor cuvavinong tov 1 ko 2 divovtar omd ™ Adon g devtepofadiiag e&icwong
1
0=xp —<’U1 +U2)t+5(041 +OL2>t2

7oV Y€l Avon

<Ul +D2)j:\/(1)1 +U2>2 —2XB(OL1 +0L2)
OLl—|—OLz

t =

ovv

KoL paL TO YPOVIKO SLAGTNHA TOV HeGOANPEl LETAED TV OVO GLVAVINGE®V Eival

2\/(1)1 + vy )2 —2Xxp (ul +0L2>
QG +OL2

t =

dpa itz (OLl + OL2 )2 = (Ul + 'UZ )2 — 2XB (Otl + Otz) Kot

_ (U1+U2>2 1 2
XB_2(0L1+0L2> 8(0C1+0L2)t

B. To vepd og éva motdu kuAd pe otabepn tayvra 0.5 m/s. ‘Evag dvBpomog koAvpmdet
avtifeta mpog 10 pevua dravdovtag amoctaon 1 km kot emotpépel oto onueio exkkivnong. Av o
dvBpwmog pmopel voo KoAvpmnoet pe toyvtnta 1.2 m/s oe oxéon pe akivnto vepd, mdéco ypdvo Ha
YPEWOTEL Yo TN Odpour); Xvykpivete tov ¥povo avtd pe 1o ¥povo mov Ba ypelactel yuo
dradpoun avt dv To vepd MTav akivnto.

Avon
Edv 10 vepd NTav akivnto, o xpoévog mov Ba yperalodTov Oo frav

ﬂ_ 2000 m
v 1.2m/s

=1.67x10%s

O olMxd¢ xpdvog mov yperdleton yio T dwdpoun Ba eivar o xpdvog yia vo kivnBei Tpog ) por| Tov

TOTOUOV (trp) AALG Kot avtiBeto 1O VTNV (tev:) . Apa

1000 m

3
t., = =1.43x10s
YT (1.20—0.50)m /s

15



Kot

1000m

TS (1.2040.50)m /s

Ondte GUVOMKA 0 YPOVOG TNG dradpoung Ba givar
toy =1,43x10° +588 =2,02x10%s

Onoc avapevotay te>t

Aoknon 10

Eva motép €xel mAdroc d. ‘Evoc yapdg pe ™ Bapxa tov dacyiler Eva motdut 600 Qopég.
Tnv mpodT QOpd, TEPVA TO TOTAUL GTOV EAGYLGTO Ypdvo t. Tn debtepn opd Tepva T0 TOTAUL KOTA
TETOL0 TPOTO DOTE N UETATOTION KOTA TN GOPA TOL PeLHOTOC va. gival eEAdylot o€ ypdvo 3t. [Towd

gtva 1 ToOTNTO TOL PEVUATOG TOL TOTALOL ; Na Bpefolv OAeg o1 TBAVEG amavINGELS.

v

>
S

=]}

: M ToLTTO TG PapKag ™G TPOg TV YO

<!

: M TaxvTNTO TG PAPKOG OE GYEON LE TO PEVLULA TOV TOTALOV
V: 1 TOYVTNTO TOL PEVUATOG TOV TOTAUOV MG TPOG TNV OxON

‘Eocto y etvan n 81€00vvor tov peOaTog ToL ToTapo, X 1 KAOET 67 auTtdv Kot @ 1 yovia
mov oynuotiel n taydTa TG PapKag v pe v o).

H ocvvoln toyvmta g Pdpkoc o¢ mpog v 0xOn u oovtor pe to dfpoicpo TV
TOYLTNTOV TG PAPKOS MG TPOG TO PELLO TOV TOTOUOV V KOl TOL PEVUATOS TOV TOTAUOV MG TPOG

mv 0x0n V 0nwg paivetot 610 oy

G=v+V
A A
d "
AN
Vv
A%
v >

16



‘Eoto T o ypoévog diéhevong g Papkag. Ao 1O StdypapLLo. TPOKVTTEL OTL

p_d_d_ d
u vsin d

)

Ko dpa 1 LETATOMION KATA TN QOPA TOV peLIATOG Oa efvat

y=u,T=(V—vsin)——=(V—vsinb)

vsin ® vcos

3)

IMo va etvan gEAdy1otog 0 YPOVOS oTNV TPMOTN dtéAevoN Ba Tpémet amod (2)

dT_O d| 1 ]:O:>—COS¢

—=0=—|— =0=cosd=0=d=90° xt Gpo 0 ghly16TOG dVVOTOG
do do (sino sin? o)

YPOVOC EMTLYYAVETOL OTAV 1 TayVTNTO v oynuatifel yovia 90° ue tnv oyon.

Apa v =d/t (1).

AvT6 OV ENOVLE EfvaL VO ENOYLOTOTOGOVHE £Vl | OAVTY Tr) TOV Yy, dnhodh o v (kat
oL 10 y). OétovTag TV Tapdywyo Tov y* ion pe 0 TpoKvITEL

Zy% =0 Kot apa TPoKHTTOVY dVO AVGELG

1) y=0 omradn and mv (3) V =vsinf=vcosd

Mmnopei va yivel povo otav 1 taxdTNTe TOV PELIATOS TOL TOTOUOV €ivol TO UIKpN omd NG
Baprag V<v. k1 dpa 1 taydmra g Bhpkag v oe oxéon pe T0 pedo, TPEmel va gival KaBet
oTNV TOYLTNTO TG o€ oxéom pe v 0xOn u. Tote o yoapdg pmopel vo undevicel v TAdyo
LETATOMION TOV Kotevhuvovtag v PApKo TOV £T0L MOTE 1| Y-CLUVIGTMOGO TNG GE OXE0N LE TO
vepd vsind va eivar iom ko avtifetn pe v ToLTNTO TOL PELUATOG TOV TOTOUOD V Ommg

QOIVETOL OTO TOPAKAT® GYNLLOL.

\_'/
s

v

Y o0tV TV TEPInTOon N TaydTNTA TG PAPKOC GE oxéon Ue TV OxOn u Tpénet va eivar

2
u= VZ—V2:>§: —v? 4)

d [d

omov avtikataostioape v v amd v (1) kot n toyvtd 01éAevong u gival oty x devbuvon

Kol dtovvetl amootaon d og ypovo 3t. Avvovtag TV Taparave wg tpog V TpoKOTTEL OTL

17



= 0.943 (5)

2) Edv etvar V>v 101€ and v (3) Oa mpénel 1o y >0 mwov onpaivel 0t n Pdpra petaxiveiton
Tpog 1O pevpa  Kabdg dwoyilet to motdul. T'avtiv MV WEPImTOON Yoo Vo

EAOYLOTOTOUCOVE TNV HETATOTIOT BTOVTOG

dy/d0 = 0 and v (3) Ppickovpue

!/ . .
ﬂ:[ vd —dtane] _Vy sinfd_d [Vsme—l]zonmdpa
do  (vcosb Vo ocos?0 cos’® cos?Ol V
v v )
sinf;, = v = €080, =4/1— [V] (6)

Avrma@tord)vwg TG (6) kat (1) omv (2), ot M)GSLQ mov dtvovv T=3t divovv 1 devTePn Adon

T= =3t= ——— 0an’Omov TPOKVTTEL OTL

ved oy 061g (7)

W2t

Hopoatnpnoceic

L. Ot 800 mBavég Aoelg (5) kai (7) mov mpokvyav Oelyvouy OTL 1| TOYVTNTA TOL PEVLOTOG
npénet va, etvar 6% pukpdtepn 1 peyaAdtepn amd v tayvTa g Paprag!
I I kéOe Aoon, N katevBvvon g Bapkac-tov Tpocdiopiletar and TNV Eopd. Tov V -givain

dw , av kot 1 KatevBvuvon g dtadpoung g Papkag oe oxéon pe v oxon- dmwg

kobopileton omd 10 U -givar puotkd Stapopetikh. Avtd gaiveton yoti ) katedBuvon divetar

amo 10
cosO:E:M:l )
v d/t 3
III.  H devtepn Aon mov diveton amd v e€icmon (6) deiyvel 6T
v=Vsin=Vcosd 9)

18



Kl dpa 1 ToayxdTTo TG PAPKS GE GXECT LE TO pEdUO V, TPETEL va eivon kABeTN TNV
TayHTNTO TNG O YoM e TNV OxON u.

IV.  Edv avtikatootioovpe v tipunq e v omd v (1), g 0 and mv (8) kar g V.  and v (7)
omv (3) , PBpiokovpe 6t N petaTdOmon ™G PapKag TPOG TN POPA TOL PELLATOS Yo T
devTepn Avon elvar
y=d/\8~—0354d

V. Edv 10 mpoPinua {ntovoe anid mpog oo katevbuvon elayiotomoleiton n mAdylo HeTaTOTIoN

™G PapKog ®¢ TPOG TNV TOYDTNTA TOV PEVUATOS TOL TOTOUOV Oa elxe pdvo pion Adon v TpoTN.

AMG Cntdet 600 mpdypata o) va Bpodpe ) KatedBuvon Omin (V) 1 omola B ddcet v eldyiom

LETATOMION Yo KAOE Ty TG ToVTNTOS TOL PEOLHOTOC TOL ToTApoV V Kot B) emedn yuo kdbe Ty

V (dnhad koatevBovon Omin ) 0 xpoévoc dtéhevong g Papkog kabopileton amd v T NG

tayvTTag ¢ (e&icwon 1) - va fpodpe OAeg TIG SUVATES TOYDTNTEG TOL PEVUOTOS TOV TOTULOV Y10l

TG 0Toieg 0 XPOVOG aTOG Elvan 3t

Agvtepog Tpomog : H devtepn amdvinon npokimtel Kot oG €E1G
H ocvvolum toyvmta g Pdpkog o¢ mpog v 0xOn u wwovtor pe to dfpolcpo TV

TOYLTNTOV NG PAPKOC OC TPOG TO VEPO V Kol TOV VEPOL ¢ TPog TNV OxOn V dnwg paivetal oto

Sy

i=v+V

|
|
\ |

\_

H wopven tov owvidouatog u pmopel vo eivor omovonmote méve otov kOkAo. T va

v

ehayiotoromBel | amdotacn mov N Papka peTatomileTon KOTA T EOPE TOL PEOUATOG, 1) YOVIN TOV
10 u oynuotilel pe to V Ba mpémel va givar p€ylotn ®ote vo givol gpoamtopévn otov KOKAO,

oynuatiovtag éva opBoydvio Tpiymvo OTmG GOIVETOL TOPUKATO.
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[Mapamnpodpe 6T1 0. TPpiyVO TOL GYNUATOG Eivor Opoa
V/u=L/d.Apa L=dV/v=Vt
AMG L=uT xon dpa u=Vt/T. Zopewva pe to mobaydpeo Bewpnpo
(d/ty’=v*=V2u’= V[1-(t/T)*]
Apob t/T=1/3

vy dit

J1—(t/T)? T

20
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