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EONIKON & KAITOAIXTPIAKON ITANEIIIZTHMION AOHNQN
Xewwepvo E€dunvo
Axadnuaiko ‘Etog 2024-2025

ANTIZTOIXIZH KEPAAAIQN
HALLIDAY-RESNICK YOUNG
PAPAKOZ GIANCOLI
WALKER FREEDMAN
EYOYTPAMMH 1.6,1.7 2.1,2.2,23, |21,22,23,24,25, |21,2.2,23,24,
KINHZH 2.4,25,2.6, |26,27,28,29 2.5,2.6
2.7,2.8,2.9

KINHZH ZETPEIZ | 1.6,1.7 3.5,3.6 41,4.2,4.3,4.4 3.1,3.2
AIAXTAZEIZ
KYKAIKH KINHEH | 1.8 5.2,5.5 4.7 3.4
KINHZH BAHMATQN | 2.3 3.7,3.8 4.5,4.6 3.3
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BT PAVIVIENCIN E0)

Méon Tayvtnta: Metatomion (Ax) oe Soopévo xpoviko Staotnua (At)

A B As
o v, o=

X v At

o
o)
\j

AXx

Zrypato Tayvtnta: To 6plo TG peong taxvTnTag v,, yloe At =2 0

. . AX dx
v=limv_ = lim — — V=—
At—0 At—0 At dt

YToAOYLOUOG TNG LETATOTILONG ATIO TNV CUVAPTNOLAKN EEAPTNOT TG TAXVTNTAS AXTIO TO XPOVO

]de = jvdt <:>X—x0:jvdt @x:x0+jvdt

Xp ty to to
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ENAONEREANVIIVIE SN

Méon Emitdyvvon: Méeom aAdayr) g taxvtntag (Av) oe Soopevo xpoviko Staotnua (At)

Av
A B Av

O > d

X v At

Ax

Zrypato Emtdyvvon: To 6plo ¢ péomg emtayvvong a,, yla At =2 0

. . Av dv
a=lima,,= lim— — a=—
At—>0 At—0 At dt

YToAOYLOHOG TNG TAXVTNTAG ATO TN XPOVIKN EEAPTNOT TNG ETMLTAXVVOTG

j.l-dv = 't[adt = V—V0=jadt = V=V0+jadt

Vo ty to ty
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dv d (dxj d?x

YToAoylopog TG TaXVTNTAG ATIO TN XWPLKN EEAPTNOT TNG EMLTAXVVOTG

dv = adt < VdV=adt(%)<:> vdv=adx

dt

IVVdVZTadX & v’ ;Vg :Tadx

Vo

X0 X0
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BT PANVIIEL KON e

‘Otav Sivetal 0ToLAdNTTOTE KIVUATIKY) oxEon (amdoTaonS — TaYVTNTS -
ETILITAYVVOTG) CUVAPTI|OEL TOV XPOVOV, TOTE £lval SuvaTi) 1| EVPECT) TWV
UTIOAOLTIWV ELTE UE TTHPAYWYLOT ELTE LE OAOKAT)PWOT), CUUPWVA UE TO OYNUA:

X = X(t)

v =V(t)

a=alf(t)
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- BrOrTeAVVE I HZ L BEI202 815 KN LD,

Mapaderypa 1

Av divetal n B€om X cuvapTioEL Tov Xpovou X=X(t), ToTE

x=x(t) =4t3+2t°+t+6
dx
v(t)=E=12t2+4t+1

!

dv
a(t) :E:24t+4
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ENOVAIPAVIVIEKAN

— -

[Mapaderypo 11

Av SlveTal n TayVTNTA V CLVAPTI|CEL TOV XPOVOU V=V(t), TOTE

x(t) = fv(t)dt = f(12t2 + 4t +1)dt =4t3 +2t2 +t+ C

]

v(t) =12t* + 4t + 1

!

dv
a(t) =E=24t+4

[Ipoooxn: H otabepa C mov tpokVTITEL attd TNV 0AoKANpwon KabBopileTal amo Tig
ApPXLKES oLVONKES TOV TTPoBANUATOG.
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BT PAVIEL N E0E

[Mapaderypa 11 - Eme€epyaoio apyikwyv cuvOnkwv

Av Sivovtal oL apytkeEg ovvBnkes {t,=0, x,=6}, TOTE amd TO TPONYOUUEVO TIPOPLAN IO
TIPOKVTITEL:

x(t) = jv(t)dt = j(th2 +4t+ 1)dt =4t3 + 2t +t+C

X(t=0)=6-C=6

Znueiwon): Xp1oLLOTOLWVTAS 0PLOUEVA OAOKANPWUATH TO (810 aTTOTEAETUA UTTOPEL
va e€ayBel kal wg e&NG:

dx X t t
U=E=>dx:vdt =>de=fv(t)dt= (12t% + 4t + 1)dt >
X0 to to

x —x9 = (43 + 2t% + t) — (4ty> + 2ty% + ty)

t0=0 , XO=6

——— x—6=4t34+2t’24+t—-0 = x =43+ 2t*+t+ 6
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ENOVAIPAVIVIEKAN

— -

‘Otav divetal ) TaxVTNTA V oLVAPTHOEL TNG B€0M G v=V(X), TOTE OL EELOWOTELS Kivnong
BplokovTal LE TO TTAPAKATGW CKETMTIKO:

dx dx dx
v=v(x) © E:v(x)@ ﬁzdt @jm=Jdt=t

Mapadeypa: v = 24/x pe apyikéc ovvOnkeg {t=0, x=4}

dx dx

= = =d 1d— dt =
v = v(x) @E—v(x)@m— t (:fﬁ x—j t=t

AX.
Vx+C=t = V4+C=0 = C=-2

x = (t+2)?
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BT PAVIVIENCIN E0 e

Opoiwg, 6Tav divetal n emtayvvon a cuvapTNoeL TS B€ong a=a(x), TOTE oL E§lOWOELS
Klvnong Bplokovtal LUE TO TAPAKATW OKETITLKO:

dv dv dx dv
a=alx) yri a(x) © FPr T =alx) © EU =a(x) © vdv =a(x)dx

fvdv =Ja(x)dx

MapdSetypa: a = 63/x pe apykés ouvOfkeg {t=0, x=0, v=0}

vdv = a(x)dx jvdv =j63{/§dx = fvdv =j6x1/3dx =3

v? 3 v? 9 AZ.
7+c=6x4/3Z & 7+C=§x4/3 — 0+C=0 > C=0

V2 =9x*? o p=3x23

Me Bdaom To TpoNyoUUEVO TTAPASELY L ATIO TNV TIAPATIAV®W OXEOT) EEAYETAL KAL T
e&lowomn ¢ 0éong x = t3.
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OV EINITAK

ZTNV OPOAd ETLTAXVVOUEVT ELBVYpAUUN KiviioT loxVeL a = otabepa

t
V=V0+Iadt©V=V0+a(t—t0)
Lo

t t t t
x:x0+jvdt <:>X:XO+I[VO+a(t—tO)]dt :x0+vojdt+aj(t—t0)dt

to ty ty ty

!

1
X:x0+vo(t—t0)+5a(t—t0)2
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OWLANA BT

a = const

v=v,+at

X=Xo+V,t +%at2

v=v(t)

0
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OWLAA LB TTEFEY

a =constant v_v ATtadoupn} Tov xpovou
v=v,+at t= :
a
X=Xy+V t+yat2
0™ Yo 2 v-v, 1 (V v,y)°
2 a

— 2()(—)(0)a=2V0(V—V0)+(V—V0)2

R

vi=vi+2(x—x,)a

= 2(x—X%,)a=v’-v;

ZT1 0X£0T AUTH KATOANYOUUE KoL PE
TNV 0AOKANpwoN: ﬁ

Ve -V
d-a(x-x,) = v* :V8+2a(x—xo)

vdv =adx = ‘I]vdV:Tadx =

Vo X0
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ONIAIASEIITAX YA

' ; a =constant
AmaAoupr) ™G EMLTAYLVONG
Vv=v,+at
_ 1/ 52
a_V_Vo X—x0+vot+Aat
t
lv-v, »
1
= X=Xg+Vot+=(v-v,)t VgtV
2 > X_X():
2
Vo +V

TN 0XE0T AUTH KATAAYOUUE Kol

LE TNV TTAPAKATW 0AOKAT|pwOT),

X t
Kavovtag xpromn tov epupadol tou dx=vdt = jdx = jvdt = X—Xy =
tpameliov oto Stdypaupa v(t):

Vo +V
2

t

X0 0
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\ BARrOEPA T

O e€lowoels TGS Kivnong Yo oTabePT) ETLTAXVVOT) UTTOPOVV VU EQAPUOCTOVV
OTNV TEPITTTWON TNG EAEVOEPN S TTTWONG (EMLITAYVVON g = -9.8 ms2).

Katakopuen BoAn

a=-—g
S, v=v,—gt
1 >
‘ Y:}’o"‘Vot_Egt
g
v H o :
04 YmoAoywopog peyiotov vpouvg H
v=0=>t= Yo
8
vo, 1 v2 Vi
Vo =H=y(t=vo /g) 5 H=v, Lo g0 Y0
2 28 2g
2
H=Y0
28
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ANNRACES YK

Awdvuopa O€omng

r=r,+I, +L, =xi+yj+zk

Metatomion
ot | (=5 Ry b )

AT = (X, —%)i+(y, —y1)i+(z; -2 )k
AF= Axi + Ay] + Azk

X

Méon Taxvmta

. AT AXi + Ay} + Azk  Ax- Ay~ Azr
Vo= = =—1i+—j+ —Kk
At At At At At
Taxvmta
. .. Ar _ dr I S A A ~
V= llm—r:>V=£= i(x1+y]+zk): Xm 4 dy] + %k
At—0 At dt dt dt dt dt
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TayvmTa
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_ (2, 2, .2
a—\/ax+ay+aZ
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V:E: i(xf+yj+zlA<) =%f — dyi - dzf(
dt dt d dt dt
V=v,i —I-Vy’]: + VZlA<
v=yv2 4 V2 42
Méon Emitdyvvon
= =
At At
Emitdyuvon
. .. Av _ dv d 2 A A dv, » dVy ~ dv,
a=lim—=a=—=—(v,i+v, j+v, k)= i+ j +
At—0 At dt dt dt dt dt
a=a,i +ayj + azﬁ




Y Direction of v at @

Kata ) kivnomn tov cwpatog amo to A cto B
1 LETATOTILOT) AS TTAV®W GTNV KOAUTTUAT
dlvetal amo to 1o AB.

. .. Ar . [ArAs
v=lim—=lim| ——
At—>0 At At—=00 As At

. . Ar\ .. As
=v=| lim— | lim —
As—0 AS )\ At—0 At

210 6plo autod To As yivetal (00 e TO PETPO AT, OTIOTE 0 TPWTOG OPOG
AVTITTPOOWTEVEL Eva pHovadilaio Stdvuopa, E@ATTONEVO oTn Sladpoun
(KapumoAn) oL TTEPLYPAPEL TNV KIVNOT) TOV CWUATOG.
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Zopo Kwveltat oty tpoxtd C kat

XPOVIKI oTlyun t £xeL TaYVTNTA V KAL

emitdyvvon a. H emitdyvvon a €xel mavta
~ C KaTeLOLVON TTPOG T KOIAX TNG TPOYLAG.

<!

|

MTopovpe va avaAVGOUE TNV

i eTLITAYLVVON 0€ SV0 KABETEG CUVIOTWOEG:
% Z€ UL EQATITOWUEVIKT] OTNV TPOXLA KAl O
Ll KABETN) ocuvioTWOoO.

© E. Stiliaris, UoA 2024

E@amntopevikny Emtayvvon: AAAayn 6Tto HETPO TGS TaXVTNTAG

Kd&Betn Emitdyvvon: AAAayr) ot StevBuvon ™ TtaxVTNTaS
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il uy’
‘Otav 1 TpoxLd Sev elvat evOVYpapun,

. dp TOTE TO povadiaio Stdkvuopa up aAradel
Uy i, diy KateLOLVVON KoL 1 THPAYywYOS TOUL WG

1 A TLPOG TOV XpOVOo VTToAoY(leTaL WG EENG:

r o
dia, =[u,|de Gy =1-do u, =10, de
X

OToV TO povadilaio dtavuopa Uy, To 0TIolo elodysTal yia va kaBoplost tnv
katevBuvon ¢ petafoing duy eival kaBeto oto uyg, oSnAadn kabeto oty

e@amMTOUEVIKY SlevBuvon ™G TpoxLds. Etot:

Uy _g 40 _g dods_g Ao _g 4@ 5 v

dt dt V“dsdt N ds ode " p

di, =u,dp =
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AN VAETIARY N

_ dv _ d . ~ dv du,
a=—=a=—(u,v)=u;—+ \%
dt dt dt dt
it ot Loy S 5 as

Tdt Np Tdt N p T N

E@antopevikn (emtpodyia) emtayvvon ap: PuBpog aAiayng tov petpov g
TOYVTNTOAG. € TEPLTITWOT OUAATIS KAUTTVAOYPAUUNS KIvonG (LETPO TAXVTNTAS
v otafgp0), 1 EQATITOUEVIKY ETILTAYVVOT] ar E§a@avileTal.

KdBetn (kevtpopoAog) emitayvvon ay: AAAAleL TNV KatevOBULVOT TNG TAXVTNTAS.

e evBVYpapun kivnon n aktiva KaumuAdtntag p amelpiletal, omoOTE 1) KAOETN
emLTdyvvon undeviletal.
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BITITA LN EE K

‘Onw¢ amodelYTNKE OTH TPONYOVUEVH, 1 ETLITAYUVON OTNV YEVIKEVUEVT
KQUTTUAGYpapun kivnom ek@pdletal pe TIg §U0 ocLVIoTWOoEG ay (EmTpo)La)
Kal ay (kevtpopoAo):

Av 806el 1o Stdvuopa Béong r(t) wg ouvvaptnon tTov XpOvou, TOTE Elval
UKOAN 1 TIAPAYWYLOT) TOU KOL 1) EVPECT] KL TWV VTTOAOITIWV KIVIUATIKWY
neyebwv, TG Taxv TN TS V(1) KAl ™G emitayvvong a(t):

T =x@) i +y()j+zt)k

o OXe  dys 0z
t—— —k t t tk
v(t) m dtJ+dt Vi (0 1+ v, (1) j+V, (1)

dv, » dv ~ o dv, -~ ~ n ~
at)=—>i +—L j+—Zk=a, (t)i+a,(t)]j+a, (k
() o pral e <Oi+a,(t)j+a,(t)

Yta emopeva mapovoldletal n pebodoloyla yia tnv €VUPECT TNG AKTIVAG
KOUTTVAOTN TS P ATIO TA SLAVUOUOTA TNG TV TNTAG Kol TG TayvTnTog v(t)
KaL NG emITayvvong a(t).
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1" M€60d0og¢

['a Tov VTTOAOYLOUO TNG AKTIVAG KAUTTVAOTNTAS P ATALTEITAL ] YVWOT] TOU
LETPOV TNG ToXVTNTAG KAL TNG KEVTPOUOAOVU GUVIOTWOUG:

Vv
p

2

V2

an

I'vwpllovtag Twe n EMTPOXLX CUVIOTWOA A TG

ETILTAXVVONG Elval oUVEVLBELOKT) PE TNV TaxVTNTA V, TOTE:

ar

a-

U

av

T=4a-

< | <

\Y

a’=as+ay = ay=a°—as

AVTIKOBLOTWOVTAG OTNV TTAPATIAVW CXECT), 1] AKTIVX
KAUTTUAOTNTAG p VTTOAOYL{ETOL:

© E. Stiliaris, UoA 2024
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 BIFTACONE

2" M€8060¢

EEetdlovpe To e€wTePIKO YIVOUEVO TWV SLAVUOUATWYV V Kal a. [oyvouv:

Uxd=Vx (3 +8;)=Vxa, +¥x8; =Vxa,

Vxd|=|vxdy|=|V|[ay|sin90° = va,

|\7><§|
ay =

\Y

AVTIKOO1OTWOVTAG TNV OXECT TNG AKTIVAG KAUTTUAOTITAG, EXOVLE:

v? v? Vv

p=—=p= =

:N |uxaliv

w

©
Il
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BITITACCNIEE iV T AN

[Mapaderypa

To Stdvuopa B€onG KIvnTov 0TO €MITTESO TTEPLYPAPETHL ATO TNV €lowon:
F(t)=2t0 +4t?
Na vtoAoyloBel | aktiva KAUTLAGTNTAS p GOV GUVEPTNOT TOL XPOVOU.

1" M€60od8og¢
V(t)=2i +8t]

YmoAoyiloupe TNV TaxVTNTA V KAL TNV ETLTAXVVOT] @ TOU KLV TOV: . .
ait)=0i + 8]

Bpiokovpe to pétpo g ap (mpoBoin g emitdyvvong otnv katelBuLvon TG TaYVTNTAG):

v V4 + 64t° V4 + 64t°

ay =40, =328V (8)- (21 +8t]) 64t
Vv

64t’ 16
YmoAoyioupe Tn cuvicTWoN Ay : ay =qa°—-af = \/64 - = Trioi
4 + 64t

4 + 64t>
V2 4464t (4+64t7)F (1+ 16t2 )3/2
KO TEALKQ: p= = ~ = —— p=
an  16/+/4 + 64t 16 2
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| BIIFTACENDIECGN

2" M£Bodog

V(t)=2i +8t]

YmoAoyiloupe TNV TaxVTNTA V KAL TNV ETLTAXVVOT @ TOU KLV TOV: X A
at)=0i + 8]

Bplokovpe To pétpo Tov eEwTEPLKOV YIvouévou |vx al :

i j k
Vxd=2 8t 0/=16k = [Vxd|=16
0 8 0
Ve
YmoAoyi{ovue TNV aKTiva KAUTUAOTNTAG LE Bdon T oxEon: | P = ‘\7 ﬁ‘
X

"Txa 16
(1+16t2)
T2

© E. Stiliaris, UoA 2024 -27 -



KYKATRH RINE

KukAw| Kivinon: H tpoyia eivat kokAog
otaBepng aktivag R, omodTe n Tayv TN TA ElVaL
TIAVTO EQATITOUEVT) TNG KUKALKTG TPOXLAS Kol
KaBeTn otV emPBatiki aktiva.

To pétpo ™¢ TaxvTnTag Ba Sivetal amo:

f=5_-4Rr.g-r%
dt dt dt

H moootnta dO/dt ovopdletal ywviakr) TaxOTnTo @
~de
dt

)]

H ywviakn tayvmmta eivat Stavuopatiko pEyedog pe HETpo w, Slevuvon kabet
oTo emimedo kivnong kat @opd kabopllopevn amo Tov kavova Tov §e€Lov xepLov.

Movada ywviakns taxvtntag: rad/s = s

© E. Stiliaris, UoA 2024 -28-
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O

H xukAwkn kivnon oto ywpo pmopel va eptypa@et and to Sidvuopa BEongr. Omwg
ELVOL TIPOPAVES ATIO TO TAPATIAV®W OYT O LOYVEL YEVIKA:

— —

V=Q@XT

V| =|@|F|sina =w(rsina)=wR = Rj—f

© E. Stiliaris, UoA 2024 -29-
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OpaAr) kukAkn kiviion: H yoviakn tayvtnta w
TIAPAUEVEL XPOVIKE oTaBepT)
5 w = dO/dt = const
0
[Teptodog T : O amattoVeEVOS XPOVOS YA ULo TIAT)PT
TEPLOTPOPT
w =21/T = 2nf
Zuyvotnta f : AplOuog meplotpo@wyv otn povada
TOL XPOVOU
f=1/T
['a otaBepn ywviakn TayvTnta LoXVEL
do
o=—-=d0=adt= jde jmdt:e 0,=ot= | 0=0, +ot

0, 0

© E. Stiliaris, UoA 2024 -30-



ZT1 YEVIKN TEPITMTTWOT TNG KAUTUAOYPAUUNS Kivnong
eldaue OTL LOYVEL:

a=u;—+Uuy—=a,; +a,

. o~ dv . Ve oL L
dt 0

To ug kot uy elvat povadiaia Stavoopata, EQATTOUEVO
OTNV TPOXLA KAl KABETO avTioTOoLXA.

ZTNV MEPLMTTWON KUKALKNG Kivnong:

e H axtiva kapmuAdtntag p mapapevel otabept) Kol TaUTI(ETAL e TNV akTiva Tov KUkAoL R

e H ypapuikn tax0tnta v ek@paletal LEoW TNG YWVIKKNG V = w R
e H ypapuikn emitdyvvon dv/dt opolwg ek@pdletal amod v ywviakn dv/dt = R dw/dt

© E. Stiliaris, UoA 2024 -31-

- do n 2 A
a=R—uU++®°RuU
dt T N




H emitayvvon otnv KukAKY) Kivnon £xel SV0 CUVIOTWOES
ap Kal ay, EQATITOUEVLIKT Kol KAOETN 0TV TPOXLA
avtioToLya.

~ ~dw. -
a :Rd—uT +w’R 1,
£

e H epamntopevikn cuviotwoa a eivat vtevBuvn yia v
QAAQYT] TOU HETPOV TNG TAYVTNTAG V

e H cuviotwoa ay avtloTolyel 6TV KEVTPOUOAO ETLTAYVVON

OMAAH KYKAIKH KINHXH
ZNV 181K TEPITTTWOT) TN G OUAANG KUKALKIG Kivnong, ) moootnta dw/dt undeviletal
LLE ATIOTEAEC A VA TIAPAUEVEL LOVO 1) KEVTPOUOAOG ETITAYVVOT W?R, 1) oTola elvat wg

© E. Stiliaris, UoA 2024 -32-




Alavuopatikog YmoAoylopog Emitayvvong

[Tapovoldletol 0w PO EVOAAAKTIKY TTPOCEYYLOT
UTIOAOYLG OV TNG ETLTAXVVOTG TNV OLAAT
KUKALKY Kivnon.

A=V ki, Ty T

dv dv,- dv,- d
dt dt dt t

(-vsin®)i +di(vcose)]

To pétpo ¢ TaXVTNTAG V 0TV OUAAT KIvnom
TAPAUEVEL OTABEPO:

a= —Vcosed—eY —VsmOd—(: j =—vwcosdi —vwsinj

!

—

a=—-m"Rcos0i —@°Rsinfj = |5| = (:)ZR\/cos2 0+sin“0 =m°R
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HAALIA BOA s

Kivnon cwuatidiov (xwplg
QVTIOTACELG) OE KATAKOPLPO
emimedo 0oV eMOPA HOVO 1
otabepn) emTA)YLVON TNG
eAevBepnC TTWONG 8.

To cwpa BAAAeTOL PE apyIKN
« | TaxdITA Vo=V, U0 Ywvia 0,=6,

Vo=V 1+Vy j=V,c050,1+Vvsinb,

Kata ) Siapkela ¢ kivnong to Stdvuopa 8€one r kabws kot To Stdvuopua g
TAYXVTNTAG V HETABAAAOVTAL OLVEXWG, EVW TO SLAVLUCOUA TNG ETILTAYVVONGC a
Tapapevel otabepo (a=-g).

To BAnua Sev €xel opllovTia emitdyvvon!

2NV mAdyia foAn n opt{0vTia katL n KATakopuen
klvnon elvat aveéaptnTteg n pia amo tnv dAin.
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IIAATTATBOATT s

E€lowoels ¢ Kivnong

OpuovTtia Kivnon

X—Xg=Vot = x:x0+(vocoseo)t

Katakopuen Kivnon

1 1
Y—Yo =V0yt_58t2 = Y=Y "‘(Vo Sineo)t_ Egtz

v, =V,sin@, —gt

2—
y

2

2
vy —Voy

—(y-y,)a ==> | vi=(vysin6,) —2g(y-y,)
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IAATIATBONT:

E€lowon ¢ Tpoxiag

H e&lowon ™¢ kivnong mov PokUTITEL €4V CUUTIAEEOVE TNV 0PL{OVTLX KOL KATAKOPLPT)
OUVIOTWON TNG ATTOCTAOTG, ATHAELPOVTAG TOV XPOVO ATIO TIG EELOWOELS NUTEG.

X =X, + (v, cos0, )t =) t=

v,Cc0s0,

Y=Y, +(V0 Sin90)t— %gt2

l 2

B : X=X, 1 [ x-X
Y=Y+ smOO)VO cos 0, 2g v,c0s0,
y =(tan@, )x — X’
’ 2(v,cos8, )
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BeAnvekeg

H opilovtia amdéotaon R mov Staviel To fANpa 0Tav eMOTPEPEL 0TO ap)XLko VoG EKTOEEVOTG.

y(m)

R=x-x,=(v,c050,)t

v;=50m/s

0 xpOVOoG TITI)oNG VTIOAOYI{ETAL ATIO TNV

o KATAKOPLEM KLvnonm, €ToL WOTE y-y0=0:

0=(v, sinOO)t—%gt2

AmaAei@ovtag Tov Xpovo atd TI§ TAPATIAV®

x(m)

50 100 150 200 250 eCLOWOELS KATAAYOUUE OTNV OXEOT:
2v2 v
R=""5sin®,cos0, = | R=—"5sin20,
8 8

To uéytoto feAnvekés emirvyyavetal yia BoAn ue 6,= 45°
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