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NI

7=~ EONIKON & KAITOAIZTPIAKON ITANEITIIXTHMION AOHNQN
} Xewepvo E€dunvo
Axadnuaiko ‘Etog 2024-2025

LTATIKH IXOPPOIIIA ZQMATOX

> looppotia Zwpatidiov
> Ltatikn looppoTia Ztepeo ZWUATOG

KENTPO MAZAXY (BAPOYZX)
» Oplopog Kévtpouv Madlag (Bapoug)
» Evpeon Kévtpov Malag pe OAokAnpwon



NI

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

ANTIZTOIXIZH KEPAAAIQN
HALLIDAY-RESNICK YOUNG
®APAKOZ GIANCOLI
WALKER FREEDMAN
IZOPPOIIA 7.2 12.1,12.2, 12.1,12.2,12.3, 11.1,11.3
SOMATOS 12.3 12.5,12.6
KENTPO MAZAX 6.1, 6.2 9.8 12.4 11.2
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120PPONIA ZOVIATIMOE

H 1ooppoTia VAIKoU cwpatidiov oto Xwpo eEac@aAlletal 0Tav To SLAVUCUATIKO
ABpoLopa TWV ETTEVEPYOUVTWV ¢ aUTO Suvapewv undeviletal.

Ve

N

D F;=0

1

1

N

H ocuvOnkn avtn eival tlcodVvaun pe Tig
TPELG ETILUEPOVSG CLUVONKEG TTOV
AVAPEPOVTUL OTOV UNOEVIOUO TWV
OUVIOTWOWV TWV SUVAUEWV KOTA
UNKOG TwV aEOVWV X, , Z.

Eldwn) mepinmtwon: looppotia TpLwv SUVANEWV TTOV EVEPYOUV TTAVW OE
ocwpatidio.
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DIOPEOIIAN IVATTATON s

looppotia Tplwv Suvapewv o€ cwUATiSLO

Ky
A
Y | |
B —— . Fl
(04 ﬁ’ F3 B

F,

Edv oL tpelg Suvapelg tooppomoly, TOTE amapaltnta oxnuati{ovv eminedo
TPLYwVO, OTTOTE LOYVEL O VOUOS TWV NULTOVWV:

FE K K
sina  sinf} siny
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OPPONIANOMATTAIO

[Mapaderypa: Opoyevis oaipa Bapouvg W kol aktivag R cuykpaTeital Le TEVIWHEVO OKOLVI O
Aglo Tolyxo kal o€ amoéotaon L mavw amod To kEvTpo ¢ oaipag. Bpeite: (a) Tnv tdon oto okowi
(B) Tn SVvaun Tov e€aokel 0 TolYoG oTNV oPAipa.

L
S —
N I..]
E@apuolovtag Tov VOO TWV NULTOVWV: ( T— W _ w _w L* +R? )
T W ) N ) sin @ L/w/LZ 1+ R? L '
sin90°  sin(180°—0) sin(90° +0 ‘
( ) sinGY +9) W_ N o N-w_weotp=wR
sin® cosO sin© L )
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IONO NI ASH I O)

['a ™V 1ooppoTia 6TEPEOY CWUATOG EIVAL AVAYKALO VO EEAOQPAALOTEL
LOOPPOTILA TOGO WG TIPOG TIS LETATOTIOELS, 0G0 KL WG TIPOG TIG TIEPLOTPOPES.

N
Z Fi =0 IooppoTia w¢ TPOG TNV HETATOTILON
=1

N
Z‘T:i 0 IooppoTia WG TTPOG TNV TTEPLOTPOPT)
i=1
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[20220MA ZTELBOL ZOUATOZL

[Tapaderypo: To mapakdtw oxnua Stvel TNV K&dtoPm opoyevous padov o€ OTATIKY
tooppotia. Na BpeBovv ot Suvdpelg F; xat F,,.

20N
t_ 4d == 2d

d—»%«—d

10N
30N

Fy

ZUVOALKY) pOTIN WG P0G TO SeEL0 AKpo ™S pafBdou:
20-8d—-10-4d—-F,-2d-30-d=0= F, =45N

Mn&eviouo6G cuvioTapEVTG SUVAUNG:
20—-10-F, -30+F,=0 = F,=20+F, =65N
-7-
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\ OPPONIANTEPEOY XAMATOR

Opoyevng §okog unkovs 8m kat Bdpouvg 200N elval otepew eV GE TO(X0, EVW TO GAAO TNG dKPO
vmofactdletal pe cuppatdéokowvo oe Ywvia 53°. AvOpwtog Bdpous 600N oTékeTAL O£ ATTOCTAOT)
2m ato tov Toi)o. Na uTtoAoyLo00UV 0L AOKOUEVEG ATIO TOV TOLXO KL TO CUPUATOCKOLVO

duvapelg otn Soko.

2 R \
a 6 53.0°
£ | |
= "200 N
-
) 600 N
ZFX =Rcos@—Tcos53° =0 T=313N
>'F, =Rsin0+ Tsin53° — 600N — 200N =0 = | 9=71.1"
> 1=(Tsin53°)-8m—600N-2m—200N-4m =0 R =580N
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\ 2OpPOMIA 2TE2BO 200AT04

To mpoBANUa TG oTNPLENG okaAag o€ damedo e TP Kal o€ Aeio Tolyo.

"1 268 N
—— —
Frictionless
wall
5 Fp = 1020N
4.0m 180N
n, IUm W_IBON
\IW—SOON l
Blf,  '531° o g = 750 X
EFx =fi t (_nl) =0
M F,=n,+ (—800N) + (—180N) = 0 n, =268N

> n2:980N
f, =268N

L
|

n, (4.0m) — (180N)(1.5m) — (800N) (1.0 m)

+ n,(0) +£(0) =0
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RENTROMAZAY YOMATOY

Oplopog k€Evtpov nalog CwUATOS

— — + o 2.m
Xo o = MXy T MaXy T MizX3 _ i
xlf)l ”:2 cm ml + m2 + m3 + ttt z
m.
m d L
[
X X3,Y3 szyi
CM . y _omyyp T may, Tomgy; oo 5
e — —
2 o my + my, + my+ -
% 1 2 3 Em
O . I
I
m;z;
myz; + myZy, + myZz o0 Z -
< — =
m ml+m2+m3+"' Zm
i
i
St
— — — i
N _m1r1+m2r2+m3r3+"'_ i
Fem =

m1+m2+m3+“‘ B z
m;
i
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LENTPO BAROYZ ZOMATOL

Oplopog kévtpov BAPovs cwWUATOG

H dvvaun Baputntag 1_3; umopel va BewpnBel wg To

o X9,)9 Stavuopatiko abpolopa (cuviotapevn Suvaun)

1>1 ’ 4 -

Ing TWV BapuTikwVv SVUVALE®Y m,g; TTOV POVV OTA
I'"‘lg EEXwPLOTA oTOLXElX M, EVOG EKTETAUEVOV COUATOG.
LG X303
Imsg Avti n Baputikr dUvapn F, aokeitat o’ eva
X ’ ’ ’ ’
O onpeio mov ovopaletal kevtpo Bapoug
(CG: Center of Gravity) ToL COUATOG.
F, = Mg

S

Edv to g mapapével otabepo yia OAa T 6TOLYEL TOL CWUATOG, TOGO OE
Evtaon 000 Katl o€ dlevbuvon (TmaparAnAio oToXELWOWV SUVAUEWV), TOTE:

To kévtpo BApous CWUATOG CUUTIITITEL LE TO KEVTPO Halas.
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IOAVENANVIIZSKSIN AR ON S AIEON 2R SHIVIAYE

['ati To kévtpo BAPOUG CWUATOG CUUTILTITEL LE TO KEVTPO nalag;

X ,"r. 4 7
X191 2,2 w¢ po to O Kal povo yla tnyv katevbuvon x.

mg

CG X X3,)3
’ 1 1

ZUVOALKT) POTI| TWV OTOLXELWV TOV CWUATOG

Pom) ™ ¢ Baputiknig Suvaung

T =Xcgl; = XCGZFi = XCGZmig
i i

o
S

F = I\’Ig

ATIUTWVTAG T=T,,,; KATAAT)YOUUE OTN OXEOT:

[Ipemel va eAeyyBel kaL 1 Statripnon ™S POTNIGS TWV SUVAUEWV
WG TPOG TLVXALO onpelo. Xwpig BAGBN TGS YeEVIKOTNTAG YIVETAL

T="Thet < Xcg Zmig = in m;g < Xcg Zmi = in m; ==> (X¢c™= Z—m:XCM
i i i i i
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ZuveyMs katavoun VANG: Ta abpolopata avtikaBioTavTol He 0AOKApWUATA

MXy + MoXy, + MgXz + -

Kem = m, + m, + ms + - B
1 2 3 Em
i I
Emiyi
y :m,y1+m2y2+m3y3+---: i
cm
m1+m2+m3+"‘ 2
m;
i
m.z.:
m1z1+mzzz+m3z3+"'_§f: -
Lem — -

m1+m2+m3+"' z
m;

H yewpETPLKT) CVUUETPLA TOV CWUATOS ATTAOVOTEVEL TOUS VTTOAOYLO OV,
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M _ M
jdm M
M

zdm zdm
J J
dem M -

M




Noa BpebBel To ké€vtpo Bapoug opoyevous pdfdov TuKVOTNTAS Py KaL U1 KoUG L pe T pebodo
NG 0AOKATPWOTG, TIOV WG YVWOTOV EVPLOKETAL OTO YEWUETPLKO TN G KEVTPO.

Eav Sltatd&ovpe ™ pafdo kKata unkog Tov
agova X Kol Oewpr)oovpe OTL €xel TAGTOG D
kot VPog h, TOTE yla Eva aTtelPOOTO U1 KOG
dx toxVovv:

*—; dV=D.h-dx

dx dm=p,dV=p,-D-h-dx

“xd “<(o.Dh)d Dh( xd 2
Jyxdm [ x(pDh)dx  poDh['xdx (12/3) L

_ T L
[am  [(odhdx  pdhf'ax L 2

Xcm

[d)¢ StapopPWVETaL TO ATOTEAEOUX QUTO EGV 1) p&PSo¢ SeV elvat oUoyEVNG;
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Na BpebBet To kévtpo Bapoug avopoloyevous pafdov unkoug L, dtav ) mukvotnTd ¢
efaptdTal ypappulka amd to pnkos me: p(x)=py(1+x/L).

yi
‘OTtWG TPOTYOUHEVWG, YLIA EVA ATIELPOCTO
unkog dx toyvouv:
- L -
dV=D-h-dx
X
# - dm:pdV=pO(1+E)-D-h-dx
dx

IOLde I: xpo(l - ithdx ) f:x(l + f)dx ) L% N L%L ) SL%

tem T T L L 2 3L
J, dm ) P0(1+)L(thdx ) (1+)L(jdx L+LAL L

5
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\ Brebafl CBNTPOCVIAZAL

Noa BpeBel To kEvTpo BAPOUG OPOYEVOUG TTAAGKAS XTI LATOS LOOOKEAOUG TpaTteliov Ue
Bdoeis L kat 2L kot VPog D.

y 1 Ze Tuxaio VoG ¥ Kal ylx otolyelwdeg dy To unkog x
TOV oTolXElOV SiveTal amo T oxéon:

x=2L-YL=1|2-2
D D

Omote:  dV=x-h-dy= L(Z gj h-dy

. IOD])ydm:IODypOL(Z—%jhdy f ( 3/)61)' p*-D /D / D’
"dm ODpoL(z—%jhdy O( —%)dy 2D—DAD 3D
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NI RINA P OY MAZA

Kévtpo pddag kwvov vous H (kat aktivag R)

O xwvog ToToBeTE(TAL UE TOV AEOVA TOV KATH U1KOG
TOV Z KAL) KOPUPT] TOV VX GUUTIITITEL PUE TNV APXT] TWV
—~ R ~ afovwv. Elvat mpo@avég mws Adyw ovppeTplag:

—— f dz Xem =Yem =0

EmiAéyovtag Aemto dloko ayovg dz og VoG z, Tov
y oTtolov 1 akTiva elval 1, LoyVEL:

r

—=—=r=zZ—
X H H

z

2
Ométe: dm=p,dV =p, nr’dz = p, n(zgj dz

Izdm J‘Zpon(%_l)zz dz j 2°dz Ijzl;ll 3
4

J'dm Po- %mR*H - YH YH

Apa T0 KEVTPO P&lag KdVou améxel amd T kopu@n Tov: | Zoyy = ¥4 H
N wwodvvapa ¥4 H amod ™ Bdon tov.
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ENPEYEIKENAPO;

A@alpeon TUpAToS palag aAmd CWUN CUUUETPLKOV OYNUATOS

Eav amd to 6loko aktivag R touv oynuatog apatpedel
KUKALKO TUN U OKTIVOG I' 0€ ATOOTACT X ATIO TO Ap)LKO
KEVTPO PALAG TOU CWUATOG, TOTE TO VEO KEVTPO HeTATIOETL
OTNV amdoTAON Xy, YLO TNV OTIOla LoYVEL:

- X
X-m=Xy-:(M-m)
o0Tou M 1) apyikn pala ToV CWUATOS Kol m 1 puala Tov
OWUATOG IOV APALPELTOL.
Hapdderypa
Edv 1 aktiva Tov apyikov (opoyevoug) diokov eival R kat Tov
TUUATOG IOV aatpeitat r = R/4, to de x = R/2, toTe:
d: mayog Tov Siokov
M =p,nR*d M

R M
=>Xx-Mm=Xy - M-M=——=X,-(M——
m:pom‘zd:pon(%)zdzl\%6 v ) 2 16 " ( 16)

Omorte: XN = %o R
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