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1.EIXATQI'H

H @uow elvan mepapatixg emotiun. Ov guotkol taQatneovV T QUOLKG QALVOUEVA KoL
TEOOTBOUV VO POOVV RAVOVIROTNTES KO CQYES, TOV OUVIEOUV QUTA TC QPULVOPEVCL. Av-
TG 0oL ovoyeTioels A€yovtal QuoLkés Bewpleg, 1, OTav eival oAU evEeleg xaL ®aAd Oepe-
Mopéveg, uotxol vopor. H avartugn wag guotrig Bemplag anattel dnpovgyrdtnta o€
Oha T 0tddLe. O QuoLrdg TEEMEL VO AATUTWVEL TS RATAAANAES EQWTOELS, VoL Oy edLAleL
TELQANATCL, TTOV UITOQOVV V' ATAVTIOUV EQMTHUATA KO OO T amoteAEopata va Bydlet ta
ratdAnra ovunepdopata. To Zy. 1-1 delyver dvo ddonua egyactioLa.

1-1 Avo goevvnurd gpyaotioLa.
(a) O rexhpévog mipyog g [MiCag
(Itakia). ZVp@ova pe v Tapddooy
o l'ahhaiog perémoe v rivion
OWRATWY, TTOU TEQPTOUV EAEVBEQ
RATW, LY VOVTAG Tt A6 AUTGV TOV
mipyo. A€yetan eniong 6n EByahe
OUUTTEQAOUATA YLCL TV R{VIOT) TOV
EXRQEUOUS TAQUTNOWVTAS TIG
aLwEOELS TV TOAVEAai®wV Tov
raBedoLrov vaov, tov fpioretot oW
and tov migyo. (b) To aotpovopurd
TAQATNENTIOLO, OV AELTOVQYNOE OTO
Sdaotnuro rewgopeio Columbia 1o
Aexéuforo tov 1990. Ta Gpyavd Tov
€xavay HETENOELS TG axtvoPoriog X
®OL TNG VTEQLWdOUG arTLvoPoriag
OTQOVOULKMV CVILKELUEVIV KO
Borjrav evdeitelg yia v mbavn
UaQEY HEAVAV 0TV OTC KEVTQU
HOXQLVAV YaAaELDV.

Emotiun eivor 0,11 EEpovue. Priocopio. eival 0,t1 oev CéEpovue.

B. RUSSEL



1) KAAXIKH ®YXIKH < 1900
i) NEQTEPH MONTEPNA ®YXIKH

I) KBANTIKH MHXANIKH

II) OEQPIA XXETIKOTHTAX

III) OEQPIA TOY XAOYX

V) ENOITIOIHMENEX OEQPIEX [TIEAIOY
V) EEQTIKEX OEQPIEX

A.Awotaw, 1949



«OL g€edifelc mouv mpokadeoe n avantuén tne oUYXPOVNG
Quatkng, dnuiovpynoav otou¢ Emotnuoveg to ocuvaiotnua
TTWC TO E6AQOC EPEUYE KATW ATTO TA TTOSLO TOUCY.

«Ta Atoua AEN civar avtikeiueva. Ocov opopd ta HAektpovia,
OV GYNUOTILOVY TO PAOLO TOD OTOUOD, OEV UTOPOVUE VO. TPOTOLOPIGOVUE
o’ avta obdte uéyebog odte toydTnTO 0VTE VA Kabopioovue tn Oéon
TOVC UECO, OTO YWPO TOV oToUoV. I'1” avTo AEUE OTI 0 KOTUOGS TOV OTO-

OV OEV EIVAL AVTIKELUEVIKOG, OV DTTOPYEL aTO XWPOYpovoy.

B. Heisenberg

THN AM®IZBHTHXH

«EINIXTHMH
EINAI
H ITIXTH
2XTHN AI'NOIA TQN
EIAIKQN»




TON EPQTA IIPOX TO ITAPAAOZEO

T evtoyia
mov oovavtninkape pe 1o napadoo!

Towpa vrmapyet eAmida
ot1 0a npoywprooope prpooTda.

Niels Bohr




TH MH AIIOPIWH
THY EEQ®PENIKHYX ITPOTAXHX

Omnoua 10¢a 6ev akovyeTal amo v dpxn

eSO PPeVIKI)
elvVal KaTadIKaopévr).




THN AM®PIBOAIA

«TO ITPOBAHMA EINAI OTI
ANOHTOI KAI #ANATIKOI
EINAI ITANTA BEBAIOI ME TON EAYTO TOYX
ENQ ZOPOI ANOPQIIOI
EINAI TEMATOI AITIO AM®IBOAIEX»

B. Russel

H IToAwteia too ITAatwva nepilapPaver tyv
AN yopia too ounAaiov..






ITPOTYIIA

[TATI KATAOEYTOYME
2TATIPOTYIIA;

AEN ©OA ATIOQPAZIZAME
NA ITEPAZOYME
AIIO THN I'EQYPA
AN AEN EIXE TA
I[TPOXTATEYTIKA
2TI2 AKPE2 TH2.
OTAN YITAPXOYN
TH ATAZXIZOYME
XQPIZ NA KPATIOMAZXZTE
ATIO TA TTPOXTATEYTIKA.
2KEDTEITE TO.




EATTIZOYME
OTI ®A
YITAPEOYN TEQYPES
[10Y ®A MAZX
META®EPOYN
ATTIO THN
OYTOITIA
(ITPOTYIIA)
STHN
[TPATMATIKOTHTA
1)

H MEAETH
TQN ITPOTYTIQN
®A EINAI H TEQYPA.




() A real baseball in flight

Baseball spins and has a complex shape.

1I
-

AIr resistance and
wind exert forces ..,
on the ball. 4

Direction of
motion
ek

Gravitational force on i‘:u]l
depends on altitude.

(b) An idealized model of the baseball

Baseball is treated as a point object (particle).

No air resistance. =" .
Direction of

o Tl motion
Gravitational force

on ball 1s constant.

NOMOI THE ®YZIKHX :
AITIOTEAEXMA =XTAQOEPA * AITIO

1

AITIOTEAEXMA = * AITIO
XTAOEPA




International System of Units - S

kelvin (temperature)
meter (distance)

ampere (electric current)

mole (amount of substance)

kilogram (mass)

>
>
>
B second (time)
e
B
S

candela (intensity of light)




TABLE 1-5 Sl Base Quantities
and Units

Unit
Abbre-
Quantity Unit viation
Length meter m
Time second S
Mass kilogram kg
Electric
current ampere A
Temperature  kelvin K
Amount
of substance mole mol
Luminous

intensity candela cd




MONAAA XPONOY 1s
(a) Measuring the second

Microwave radiation with a frequency of
exactly 9.192.631,770 cycles per second ...

Outermaost
electron
Cesium-133 - ] e
alium ~—

... causes the outermost electron of a
cesium-133 atom to reverse its spin direction.

Cesium=-133 - e ¥
#lom T

An atomic clock uses this phenomenon to tune
microwaves to this exact frequency. It then
counts 1 second for each 9,192.631.770 cycles.



MONAAA MHKOYzZ 1m

(b) Measuring the meter
0:00 s 0:01 s

N AV VWV VaVaVaVaVal ot
Light |« —
SOUTCE Light travels exactly

200792 A58 min | s.

MONAAA MAZAZ 1kg

1.4 The international standard kilogram
is the metal object carefully enclosed
within these nested glass containers.




Table 1.1 Some Units of Length, Mass, and Time

Length

Mass

Time

| nanometer = lom = 10" m
(a few times the size of the largest atom)

| micrometer = 1 pm = 10 m
(size of some bacteria and living cells)

| millimeter = I mm = 10" m

| kilometer

(diameter of the point of a ballpoint pen)

- —3
| centimeter = lem = 100 “m

(diameter of your little finger)

=1km = 10°m
(a 10-minute walk)

| microgram = lpug = ll]_ﬁg =107 kg
(mass of a very small dust particle)

Imilligom = Ilmg =107 g=10"ke
(mass of a grain of salt)

1 gram =1g =10"ke
(mass of a paper clip)

1 nanosecond = lns = 10775
(time for light to travel 0.3 m)

I microsecond = | pus = 107%s
(time for space station to move 8 mm)

1 millisecond = 1ms = 1075
(time for sound to travel 0.35 m)

TABLE

1.2

Masses of Various Bodies
(Approximate Values)

Body

Mass (kg)

Visible

— 1{]52

Universe

Milky Way
galaxy
Sun
Earth
Moon
Horse
Human
Frog
Mosquito
Bacterium
Hydrogen
atom
Eleciron

7 % 104

1.99 > 10%
5.98 x 10°¢
7.36 x 102
~10%
~10°
~ 107!
~10=2
—_— ]ﬂ—l:'r
1.67 x 10727

9.11 x 107




TABLE 1.3 Approximate Values of Some Time Intervals

Interval (s)
Age of the Universe 5 % 1017
Age of the Earth 1.3 % 107
Average age of a college student 6.3 X 107
One year 3.16 X 107
One day (time for one rotation of the Earth about its axis) 8.64 x 10
Time between normal heartbeats 8 x 107
Period of audible sound waves ~107%
Period of typical radio waves ~107"
Period of vibration of an atom in a solid ~107H
Period of visible light waves ~1071
Duration of a nuclear collision ~107=

Time for light to cross a proton ~107%




TABLE 1.4 Prefixes for Sl Units

Power Prefix Abbreviation
10724 VOCLo y
102 zeplo z
1018 atto a
10~ femio f
1071 pico P
107 nano n
10" micro AL
10— milli m
10—= centi c
10°1 deci d
10! deka da
10° kilo k
108 mega M
10¢ i (s
1012 iﬁ: T
1 [}:; peta P
10 exa E
10°! zella 7
1074 yolta Y




2HMANTIKA WHOIA

1,39m i
a (Ynd Y=1.385

1.38m  peyéBuvan)
H AkpiBela (precision)
TTEPIYPAQEI TO TTOCO Ol
ETTAVAAQUPBAVOUEVES HETPAOEIG EVOG
MEYEBOUG divouv BIAQOPETIKA
aTToTEAEOPATA

Me 10 6po MIOTOTNTA (accuracy)
EVVOOUE TO TTOOO KOVTA BPIiOKETAI N
METPOUMEVN TIUA ME TNV TTPAYMATIKI TIMNA
TOU PEYEBOUG

KaAn AkpiBeia KaAn AkpiBeia Kakn AkpiBeia
KaAf MiotétnTa Kakn Miotétnta Kakn MiotétnTa




AIAMETPOZ ENOZz KYAINAPOY d=56.47+0.02mm

56.45mm <=d <= 56.49mm

KEsUIl Mmay nave no more signincant ngures
than the starting number with the fewest

sigmhbicant figures: ’_,/"f
0.745 % 2.2 *’_”jq
3.885 ‘
1.32578 X 107 x 4.11 x 107 = 5.45 x 10

Addition or subtraction:

Number of significant figures is determined by
the starting number with the largest uncertainty
(1.e., fewest digits to the nght of the decimal
point):

27.153 + 1382 — 11.74 = 153.6



TA=H MEFE@OYS EKTIMHZH

YnoBéore ot yoagete puBuotopnua dteBvoic rataoromel-
ac, OOV 0 NEWAS OQATETEVEL A0 TA CUVOQU UETAPEQO-
viag ot Balitoa Tov xevoo aklag VoS OLOEXATOUU VOOV
oohapiwv. Eival dvvato; Oa ywpovoe 1600 ypvoagL ot Pa-
Mtoa; Aev Ba rav mapa Tohv fapU yLa Vo TO ONRWOOVNE;

1g=10€ Ta10°€ ---—--—--—-—--- 2>?
AlIA2TAZIAKH ANAAY2ZH
1
x = — at?
2

=—4{L

T



2 . AIANYZMATA

(a) We represent a displacement by an arrow
pointing in the direction of displacement.

Ending position: P,

ke

Displacement A

Starting position: P,
—
Handwritten notation: ﬂ

(b) Displacement depends only on the starting
and ending positions—not on the path taken.

N P2
A
Path taken

(c) Total displacement for a round trip
is 0, regardless of the distance traveled.




Py & Py I
Displacements A and A’ Displacement B has
are equal because they the same magnitude
have the same length as A but opposite

and direction. direction; B 1s the
negative of A.

KATEYOYNZH=AIEYOYNZH+®OPA
AIEYOYNZH OPIZONTIA, ®OPA AE=IA
AIEYOYN2ZH KATAKOPY®DH, ®OPA MNMPOz TA
KATQ

METPO = OETIKOZ APIOMOz + MONAAA
METPHzH2

ANTEBPIKH TIMH=NPOZHMO METPO
n.X

F
F=3N>0
AAyeBpikn tiun
F=-3N,
n

=+3N



(Magnitude of;f) = A= |E|

B




(a) The sum of two parallel vectors

—

C=A+8B

(b) The sum of two antiparallel vectors

A
ﬁ"

ﬁ-—q—_‘
C=A+EB B

—

A—B=A+ (-B)

Subtracting B from A ... 1s equivalent to adding —BioA. A (—E] =A-F
™
A — B - A -B A+(-B) = = -
—/_—+/ é 5—(**_3 U
=4 -
With A and B head to tail, \j*ilh_g and E head to head,
A B is the vector from the A- E_Es the vector frgm the
tail of A to the head of —B . tail of A to the tail of B .

o |
|
=l
+
-Eth



(@)

¥ The L'u_nmp-nm:nt vectors of ;{

(b)

l"}r :
A, = Asin#

A, = Acosét e



()

~B_ 1s positive:
3 [ts component
H vector points in
B, (+) the +y-direction.
(&

—
e B(=)

B, 1s negative: Its component
vector points in the —x-direction.

(b)

To povadiaio ditavuopa 7

T éxewpérpo |7 = 1



1.23 (a) The unit vectors 7 and j.
(b) Expressing a vector A in
terms of its components.

C)

The unit vectors 1 and y point in the
directions of the x- and y-axes and
‘ have a magnitude of 1.

1

y We can express a vector A n
| terms of its components as

—_————=——

B
I
Hﬂi

=l
|

e

<

|
|
-
bt
3
+
=
~



A= Al + Ay
B =B,+B,j
R=A+B
= (A + AJ) + (B, + B,j)

EXQTEPIKO NINOMENO AIANYZMATQN
DOT -
PRODUCT

(definition of the scalar

A+B = ABcos¢ = |A||B|C"‘H¢' (dot) product)



(a)

Place the vectors tail to tail.

d

A

(b) A - B equals A(E cos ).

( Magnitude of A) times {Component ﬂfﬁ
in direction of 4)

(€) A - B also equals B(A cos o)

(Magnitude of B) times (Component of _:;
in direction of B)




L 4 If ¢ is between
By 0Fand90° A-B
1 is positive ...
g
| L
N A

... becanse 8 cos ¢ = (0.

(b)

If & is between 90° and 180°,
= A - Bisnegative ...
B

H
- |
{

.. because B cos ¢ << ().

©

Ifd =90°A-B=0
_.| because B has zero component
in the direction of 4.
& = 90°
—=
e A

fef=f-fJ=k-k=(1)(1)cos0° = 1
i j=ik=jk=(1)(1)cos90° =0



A-B = (Aj+Aj+Ak)(Bi+Bj + B.k)
= A B, + Ad+B,J + Ad-B.k
+ Aj*Bi + Aj*B,j + AjB.k
+ Ak-Bi + Ak-Bj + Ak-B.k (1.20)
=ABi-i +ABi ]+ ABIk
+ABj-i +ABj-j+ AB.j-k
+ ABk-T + ABk-j + AB.k-k

(scalar (dot) product in
terms of components)

|

B =AB, + AB, + A_B.

E=QTEPIKO TINOMENO AIANYZMATQN
CROSS x PRODUCT

=
X
~-1i
Il
|
Sl
x
-l

C=4AXB
C = ABsin¢



(1) Place A and B tail to tail. AxXEB

@ Point fingers of right hand _
along A, with palm facing B.

@ Curl fingers toward B.

(@) Thumb points in _
direction of A X B.

(b) B x A = —A x B (the vector product is

anticommultative)

Same magnitude but
opposite direction

—

AXB=—-BX




-
X
-
Il
o 3
X
oy
Il
X
Eab
Il
=

-~

J

kxXxi1=—1

]
]!
I
ol
iy
Il
o~

J

(@) A right-handed coordinate system

3
X X
o 3
Il
|
i 3

X X X =
Il
a0

o
Il

| EXj:.-':.’
ixk=i

:fxf:j

(b) A left-handed coordinate system:;
we will not use these.

}.-
|
J /z
ok i
,.-"f
- i Tx
Pk
AXB=|A, A A,
B, B, B.

AXB=(Ai+Aj+Ak)X(Bi+Bj+ Bk)
= A, X B,i + Ad X Bj + A, X B.k
+ A,j X B + Aj X B,j + A;j X Bk
+ Ak X B,i + Ak X B,j + Ak X Bk



P —k
Ex§=t A, A,
X

B, "B,

—

A XB=(AB.—AB)i + (A.B, — AB.)] + (AB, — A,B)k

C,=AB.—AB, C,=AB,—AB. C,=AB,—AB

X

(components of C = A X B)



3 KINH2H 2E 1 AIA2TAzH
METABOAH Ax gvoc pey€EBouc x
Ax=x(teAkn TR — APXLKA TUA)

Awadopa tou A ano to B =A-B

Ax == Xp— X;

I

(3.1)
Metatonion Ax

-

Ax =y - X1,

™

(3.2)
Xpoviko dtaotnua At

At=t(teAlkn xpovikn oTyun)- t(apxtkni xPovikn oTyun)



Positionat r; = 1.0's Position at 1, = 4.0 s
START | FINISH

3 I
P § P,y
- O ) — /rL
| . ) |
I Displacement from 1, to#; |
| ' Y-axis - {
Ol ,x;=19m X = 27"7"',“1f
A Ax=(xy —x;)=258m =S

{ ‘x-coordinate of : x-coordinate of

£ dragsterat 1.0s dragster at 4.0 s
v is positive to the right of the When the dragster moves in the +x-direction, the displacement
origin (0), negative to the left Ax is positive and so is the average x-velocity:
of it. Ax _ 258 m
Upver = 77 = 2o — 801
av-x At 30 s

Tayxvtnta (speed — velocity)

O opoc¢ speed (ueon taxutnto N TaAxYUTNTA N
UETN ApLBUNTLKN TOXUTNTO) EKPPALEL TTOOO
pokpla taéldevel eva Klvnto aveéoptntou
dtevduvonc yla eva xpoviko otaotnuo At.
H peon tayvtnta opiletat amo tnv
amootaon N to dlaotnua s tou SLavUEL TO
KLVNTO €VTOC TOU XpoVvikoU dtaotiuatoc At.
Emteldn) to dudotnua eivat mavia BeTIKOC
aplOpoc n peEon ToxUINTA ElvolL TtavTa

BeTKkn.

Vavg = Ait (3.3)

O opoc velocity (ueon Oolavuouatikn
Tayutnta n  Olavuouatikn  Toxutnto)
kaUopilestal oto0 TNV UETATOTLON TTIPOC



xpoviko Sdtaotnua At. Emeldn n petatonion
elval OLOVUOMOTLKO MEYEBOC €TOL KAl N
TOXUTNTA OMwCG oploTnKeE TPV Elvol
dltavuopatiko peyeboc. To HETPO TOU
Sdlvetal amo tnv oxeon

(3.3)

Ax Xy — Xy
Vgpg = ——— = i
e At t— &

(MoAAEC dopEC N SLavuouaTikn ToXUTNTA TTOPLOTAVETAL
e deiktn mou SnAwvel thv SteLBuvon
Vy LETPO TNC SLAVUOUOTIKAC TaxUTnTac, vV Toxutnta)

X (m) For a displacement along the x-axis, an object’s average x-velocity

U,y-, €quals the slope of a line connecting the corresponding points
Dragster track 400 - ona graph of position (x)
(not to scale) versus time (1).
300 -
P, e X - P
|
. |
% |
200 - o |
. ¢ |
¥ :_‘..1'—\ =X
B £ T LA
o 100 a0s I _ Ax
= ) o : -+ Slope = rise over run = At
Py Ar=n—-1
Pyl® Y1 ittt halatutly inlatatete ! :
1 (s)
0 1 2 3 4
h t



Aovog X, kivnon ato +x

dx e "

Xf > Xj, E>0,v=m

dx —> N

xf < X, E< 0,v=-vi

Afovag x, kivnon ato -x

dx —> Ay

Xf > Xj, E>0,‘U=‘Ul

dx —> Ay

xf < Xj, E< 0,v=-vi

6 |

Distance (km)

5]
1

h t,

1 1 1 L A 1 1 1 1 I 4

00 10 20 30 40 50 60 70 80
Time (min)

JTIypLailo aplOuntikn taxvtnta

. Ax dx
v = lim = :
ar—=0 Af di

(3.5)



2TIypLaior SLavuopaTikn Taxutnta

v = lim 2 =%(3.5.1.1)
A dt

2.7 Using an x-7 graph to go from (a), (b) average x-velocity to (c) instantaneous x-velocity v,. In (c) we find the slope of the tangent
to the x-r curve by dividing any vertical interval (with distance units) along the tangent by the corresponding horizontal interval (with
time units).

@ (®) ©@
x (m) x(m)
400 - 400
Ar=20s 160
= _ L _ 160m
300 Ax=150m 300 T 0.
, K o s A%}
— 40 m/ LV e\oc
200 200 1 40 m/s %
I
I
100 100 - 1160 m
I
' L (s) t(s) —p=—X 1" "T- """ L t(s)
o, 1 2 3 4 0 1 2 3 4 s
As the average x-velocity v,,., is calculated ... its value v,,_, = Ax/Ar approaches the The instantaneous x-velocity v, at any
over shorter and shorter time intervals ... instantaneous x-velocity. given point equals the slope of the tangent

to the x-f curve at that point.

v =2(35.1)AE.
dt
Ax = vAt

v = f(t)
XQPO3 = TAXYTHTA x XPONO3



(a) x-t graph (b) Particle’s motion

Slope zero: v, = 0

The steeper the slope (positive or negative) of an object’s x-r graph, the
greater is the object’s speed in the positive or negative x-direction.

Megaon emnttayvvon

v, — v A

(3.6)

(3.7)

dv d [ dx e x

ia =

dt - dt \ dr e

v~ |

., C . 1y = 0 @i 0 X

.---Slope negative: .

0. <0

Ux i Jﬁ* - x

v=04%

i e (|) *—x

b .

Ip e x

SIo\pc positive: ' __.-‘ Iy %‘E S r
v, >0 7 0

" The particle is at x < 0 and moving

in the +x-direction.

From 1, to 7p it speeds up, ...

... and from 7y to i it slows down,
then halts momentarily at f.

From 1 to t;, it speeds up in the
—x-direction, ...

" ... and from tp, to tg it slows down

in the —x-direction.

(3.8)



Fosition {m)

Acceleration {m/s%)

Velocity {m /)

15
10
5
0
0 1 2 ] 4 5 f 7 8 9
Ti 1
{;;nt . Slopes on the x versus { graph
Slope  are the values on the v versus t graph.
. of 1)
d b v I3
3
2
1
a d
0 ]
LU 1 2 3 4 5 7] 7 8 9
Time (s)
) Slopes on the v versus t graph
are the values on the a versus f graph.
L
5 Acceleration
2
1
] - L L o 2
a 1 F 4 3 4 5 1] 7 8 a9
-2
-5
— Decelerati

j: i i i i What you would feel



Application Testing Humans at High
Accelerations

In experiments carried out by the U.S. Air Force
in the 1940s and 1950s, humans riding a
rocket sled demonstrated that they could with-
stand accelerations as great as 440 m/s®. The
first three photos in this sequence show Air
Force physician John Stapp speeding up from
rest to 188 m/s (678 km/h = 421 mi/h) in
just 5 s. Photos 4-6 show the even greater
magnitude of acceleration as the rocket sled
braked to a halt.




Q

<N

dv>0 L _dv,
@) g > 0=t
a) b

dv
C) E
q &

dat

av ,
<0,d=—1
’ dt




4. EZ12Q2EI2 KINHZHZ ME 2TAOEPH

ENITAXYN2H

d
a==—5dv=adt
dt

f;; dv = fot adt—> v — vy = at

vV=v,+at

Ouoiwg,

d
v=22_ dx = vdt
dt

[} dx = fjvdt—— [ dx = [} (vo + at)dt
X t t
fdx=fvodt+Jatdt——>
X0 0 0
x t t
fxo dx = v, [, dt +a [, tdt
1 .2
X —Xg = v0t+5at

1
X =x0+v0t+5at2

(4.1)

(4.2)
(4.3)

(4.4)
(4.5)

(4.6)

(4.7)

(4.8)






EAc00Oepn ntwon

(4.9)
m
Js = 1.6522, 2eAnvn
gy = 270%,'H7\LOC
1,
X = Xg +v0t+§at

yloL Kotokopudn Kivnon



1 2
yo +v0t+5at

y = O+O+%gt2 (4.11)

=
|

Epwtnon 1

Zto uPnAdtepo onueio tng eEAeBepn¢ mTtwong n vy=0 . H emttdyuvon
glval pndév

Epwtnon 2

EQv n emtayuvon oy au§AveL LE TOV XPOVO TOTE TO Saypopa vy — t
elval a) EuBeia ypappun B) kopunOAn kupth y) KapurnuAn koiAn

Concove /
Upward

[ % .: (___, Inc .. s ™

Slope — 1=

¥y
Vi

W .
Concave
, / Downward

of 1% X

NOpog naykoopag EAENG

M GM
F=Gr—12n=mg—>g=r—2 (4.12)



Fiber

(narrow beam)

e \
Light \
. source
@

G = 6.67 X 107" N-m?/kg>.

g = i Bplokoupe tnv M

r2



A B | C D E . G | H I
1 |ts vim/s m
> | ©) 1 (m/s) 10 vi(m) < Tithog ypadnpartog TitAog ypadrpatog
3 2 20 20 120 600
4 3 30 a5
5 4 40 80 100 00
6 5 50 125
7 6 60 180 50 00
8 7 70 245 o 200
9 8 80 320
10 9 90 405 20 200
11 10 100 500
12_ 20 100
13 |

o} v}

14:| :'l 1] 10 15 0 5 10 15

5. KINHZH 2E AYO KAI TPEIZ AIAZTAZEIZ

To locate the
particle, this
iz how far
parallel to z.

This is how far
parallel to y.

¥

] m]i 2 m]i /
(-3 m)i
ray

| This is how far
parallel to x.

0




(5.2)
AT = (x,1 + yo] + 2:K) — (xg + yy] + k)
(5.3)
Ar = (x; — -'f:l}il + (¥~ .‘*"JJ'i t+ (22 — -lJE~
(5.4)

AT = Axi + Ay) + Azk.

MEZH AIANY2ZMATIKH TAXYTHTA

- Ar
v
(5.5)
) .}._1:‘? + Ay) + Azk | Ax . Ay . Az .
Vavg = At “a A Ak
(5.6)
2TIFMIAIA AIANYZMATIKH TAXYTHTA
. dr
i' — __
di

(5.7)



As the particle moves,
the position vector
must change.

Ta.'l:u.gmu}

—_Thisis the

Eﬁhcﬂmﬂm
Path

x

L]

. d - o - dx - dy - dz -
P-E{xl+}]+zk]-drl+dr]+mk
Y = 1.-"1; + ”_1.-? + I-J:_,E,
(5.9)
dx dy dz
= — = — ncl L= —
= dt i dt . Vs t
(5.10)
. Va— ¥ Av
At Al
(5.11)
d—l
il V
ﬂ —_

(5.12)

(5.8)



d

a = E{v:i + P_J + v, k)

dv dv v

— x T _LT I
TR el

a= ﬂ';ih + E}.j + EIE,

(5.13)
dv dv dv
a = —, a, = —  and a. = -
dt dt dt
(5.14)
(a) Acceleration parallel to velocity (b) Acceleration perpendicular to velocity

Changes only magnitude
of velocity: speed changes:
direction doesn't.

Changes only direction of
velocity: particle follows
curved path at constant

-l.'_l/ speed.
ﬁ; ----- Tangent to path at P
Component of
a parallel to o ol
the path " . > Particle's path
— &
I

/ w~Normal to
- path at P

Cnmpn:n‘nent ofa
perpendicular to the path

gl




(a) When speed is constant along a curved
path ...

... acceleration is
normal to the path.

s
Normal at P

Fig. 4-4  The velocity v ol a
particle, along with the scalar

cormponeis of v,

(b) When speed is increasing along a curved
path .

s
Normal at F

path ...

- .
... acceleration points

ahead of the normal. ... acceleration points

behind the normal.

-
a

The vebocity vactor is always
tangent to the path.

Tangent -

Theee ara the x and ¥
cormponants of the vecior
at thig instant.

Paly

NAATIA BOAH

+ A projectile moves in a vertical plane that
contains the initial velocity vector U,

» Its trajectory depends only on v, and
on the downward acceleration due to gravity.

¥

Uy

-

-

-

——

#-‘
B,
iy

a, = 0, a, = —g

T JT]’E[jEClﬂl’}'
"y

b
Y
L
LY
Lt

*
X

(€) When speed is decreasing along a curved



3.16 The red ball is dropped from rest,
and the yellow ball is simultaneously pro-
jected horizontally; successive images in
this stroboscopic photograph are sepa-
rated by equal time intervals. At any given
time, both balls have the same y-position,
y-velocity, and y-acceleration, despite hav-
ing different x-positions and x-velocities.




At the top of the trajectory, the projectile has zero vertical

y (v, = 0), but its vertical acceleration is still —g.

velocit

v ‘." - - o,

¥y o
b -
T=a P
S~ vy, I
. Un 1
e 1 i

= 1
Usy ¥ Uy 1 ¥

V
N 1
N 1
= a, = — N [l
vy y 8 L1
) LA
Up . Yoy || 1
N 1
Y
\ i
oy N
— 3= . X '
O] Vo
Uy Uy, U2y U3y
G — = — = — — e - ————— — - e —— = —— = -

Horizontally, the projectile is in constant-velocity motion: Its horizontal acceleration
is zero, so it moves equal x-distances in equal time intervals.

VFigee ] -

L

= ¥p 1 T

(5.15)

Vg, = Vpoos @, and vy, = vgsin &,

Opwovtia Kivnon

1 2
—a

2

X =X, + Vgt +

X = Xg T Uyl
x = Xxo + vo(cosfy)t

Katakopudn Kivnon

— —_— S 15

Y =Y+ Vgt +5Gt°>

. . 1

Y = Yo] T Voytj 3
1 2

Y =DYo +”0yt_§.gt

A

gt*j

Vertically, the projectile
v, 18 in constant-acceleration
3y
motion in response to the
earth’s gravitational pull.
s vertical velocity

changes by equal amounts
during equal time intervals.

(5.16)

(5.17)
(5.18)



y =7y, + (vysinf,)t — %gt2 (5.19)
[IAnktpoAoynote v e€lowon €dw.
Opoiwg
vy, = v,Ssinf, — gt (5.20)

vy = (V5in@y)° —2g(y —yo) (5.21)

E¢lowon tng tpoxLag

x = xo + vy(cosOy)t (5.18)
AOvovtac we npog t avtikaBiotwvtac otnv
. 1
y = yo + (vysinby)t — Egt2 (5.19)
AapBavoupe yia Xo=0 Kot yo=0
Y=f(x)
gx*
2(vy cos f)°

v = (tan f)x —

(5.22)

BeAnvekec



R = -2 sin 26,
g

Mo rtowa Bp to R yivetau péyioto?

(a) Successive images of ball are

separated by equal time ntervals.

‘ Successive peaks decrease
in height because ball

| ;
‘ - loses energy with
: X each bounce.

‘ =
3

(b)

* Trajectories
are nearly
parabolic.

NpdBAnua



The ball and the can fall
the same distance h.

Enidépaon tov agpa



R P SR R AR ST
Fig. 4-13 (I) The path of a fly ball calcu-
lated by taking air resistance into account.
(II) The path the ball would follow in a vac-
uum, calculated by the methods of this
chapter. See Table 4-1 for corresponding
data. (Adapted from “The Trajectory of
a Fly Ball,” by Peter J. Brancazio, The
Physics Teacher, January 1985.)

Two Fly Balls®

Path 1 Path 11
( Aair) (Vacuum)
Range 98.5 m 177 m
Maximum
height 53.0m 76.8 m
Time
of flight 6.6s 795

“See Fig. 4-13. The launch angle is 60° and the
launch speed is 44.7 m/s.



6. OMAAH KYKAIKH KINHzZH

—

a n ORA Olrad kevipopdlog n axtwviki
EMLTAXUVON

ﬁ
d ypappikn emtdyuvon

The acceleration vector
always points toward the
center.

=)

=}
O
- 21

=]

The velocity
vector is always
tangent to the path.

(a) Car speeding up along a circular path (b) Car slowing down along a circular path (€) Uniform circular motion: Constant speed
along a circular path
Component of acceleration parallel to velocity:

Changes car’s speed

RN #~ Component of acceleration
N . . . .
‘/} S L perpendicular to velocity: .+ Acceleration is exactly
’ iy ,.‘; Changes car’s direction ’ =", perpendicular to velocity;
’ Kl Y A / a .
/ s P ’ no parallel component
[ i 4 AN V-2 ¥
! H ) ) ) i/ FEN - !
"‘ Component of acceleration perpendicular to r! s A ;’
1 velocity: Changes car’s direction ; Component of acceleration parallel ]

to velocity: Changes car’s speed To center of circle



Nepiodoc T,

ouxvotnta f,

KUKALK ouyvotnta w.

1
f=;(HZ)
_anad
®= T(s
w = 2nf

‘w
¥4

¥ .p

‘\9

x,

(5

(6.1)

o 1

V= vﬁ t v}.j = (-ysn H]i 1 (v cos H)j.

1

,.:(_

Vo

r

).

-,

1

|

VX,

r

j

(6.3)

(6.2)




dt rodt rodt

(-2)i+ (s>

. .

— V- a | 2

a = (——i::{‘:-s H)l + (— sin H)].
r r

L dv ( v dy, )f (v f."_rp)f
a=——=|-— e J-

— v , - 2 V2
a= Va:+ a:=—V(cosh)?+ (sinf)’=—V1=—,
: r r

)
2
a=—
y
(6.4)
2Tr
V=—
T
2,2
’ 1 2 _ 4'7-[ r
A0 6.5 gYovpue ,v° = =

Aro (6.1), (6.4) kau( 6.6)

0= w?r N Apgq = W1

ATt (6.5)
V= wr

r

(6.5)

(6.6)

(6.7)

(6.8)



7. 2XETIKH KINHzH zE MIA AlIAz2TAzH

¥
Frame A

Qr

Xpp
|

X

T X
XEA Xpy =Xpp + Xpgy

Xpqa = Xpg T Xpa. (71)

dd d _ d

E (Vvpa) = ——

Apy = dpg.

(7.5)

Napatnpntéc oe diadpopetikd cuotRpata avadopag
Tou KwvoUvtal Me otabepry oxetkn toxvtnta Oa
METPOUV TNV bl emitayvvon yia €va KWOUMEVO

ocwpatidio.

8. 2XETIKH KINHZH ZE AYO AIA2TAZEI2



Tpa

—

TRa

"rR

VR

Frame B

Frame A

— _ = —
Fpa = I'pg + I'pa.

(8.1)

— _ = —
Vpqg = Vpg T Vpa.

(8.2)



9.NOMOI TOY NEYTQNA

O 4 Baocwkég aliniemopaoels oty Dvon

1.Bapuvtikn aliniemiopaocn

(a) Gravitational forces hold planets together.

2. Hiektpopayvntikn
gAANAETIOPOON



(b) Electromagnetic forces hold molecules
together.

3. Ioyvpn aAinieniopaon

(¢) Strong forces release energy to power the sun.




(d) Weak forces play a role in exploding stars.

. ‘e -
Supernoya .

HAiektpoaoOsvig aiiniemiopaon
(HAiexktpopayvntiki) — AcOevic)
Meydin evorompuévn Osmpio (GUT)
(HAiektpopayvntiki — AcOevig -Ioyvp1y)

(Hiextpouayvntikny — AcOevijg -Ioyvpn -Bapvtikn)

4.1 Some properties of forces.

« A force 18 a push or a pull.
« A force 15 an inferaction between two objects
or between an object and its environment.
« A force 18 a vector quantuty, with magnitude
and direction.
‘ N Fll;t‘nrcc]l

—
=n F
Push —
Pull "X




4.2 Four common types of forces.

(a) Normal force n: When an ohject rests or
pushes on a surface. the surface exerts a push on
it that 18 directed perpendicular to the surface.

(b) Friction force f: In addition to the normal
force, a surface may exert a frictional force on
an object, directed parallel to the surface.

f&
y

(c) Tension force T': A pulling force exerted on
an object by a rope, cord, etc.

=~

(d) Weight w: The pull of gravity on an object
is a long-range force (a force that acts over
a distance).

|
Apm ™e Eraiiniioc n YrEpOeonc

Two forces F| and F, acting on a body at
point () have the same effect as a single force
R equal to their vector sum.

ol 2N
. = 5 ¥
2 Rd .
#
#
/
',./
o ;
:--
-




— —» —
R =F 1 + F 2
(a) Component vectors: }_7: and ﬁ (b) Component vectors F, and F, together
Components: F, = Fcos# and F, = Fsinf have the same effect as original force F.
v
.“
. . | - A
Bl 277 7
|
0 g . 0 X

~
e 1)

F)net=i'>1+?2 +F3+=ZF

Ot vopotr tov Newton ava@épovtal o€ vAIKA
onueia

1°¢ Nopog
Elval vontlkog vopog (2Ze €va KOOMO Ttou
QTOTEAELTOL QMO €va UALKO onuelo autod Oa
EKKLVE(TO eLUBLUYpappA KoL OpaAQ)
Eloayet tnv €vvola Tou adpavelakou
cvotnuato¢ avadopdc. ASpaveLKO cuoTHUA
avadopac ivol ekelvo To cUCTNUA OTO OTOLO
LoYUEL 0 1°¢ vopoc



. O 1° wvopoc «kabBopilet T KOTAAANAQ
cvotnuata avadopac ota ornoia Ba SouAevel
0 2°°VOUOCG
® |0OTPOTILKO CUUTTAV
F,.; = 0 T0TE U = otafepn) kaienopévacd = 0

2°° Nopog
L1
a=—F
m
F’m = ma (Newton’s second law).
(9.1)
Foox = ma,, Fo,,=ma, and F, B =ma..

(9.2)

Ornou m eivat n palo adpavelag

1 N=(1kg)(1 m/s?*) =1Kkg-m/s’.

Units in Newton's Second Law (Egs. 5-1 and 5-2)

System Force Mass Acceleration
SI newton (N) kilogram (kg) m/s”
CGS” dyne gram (g) cm/s
British” pound (Ib) slug ft/s*

1 dyne = 1 g-cm/s”.
"1 1b = 1 slug - ft/s”.



—
-

7 4 = 14 d‘l] - -
Eav F=OTorsa=00noreE=0—>dv=0—>v=const—>

1°¢ Nouog

Adpavelakd cuotipata oavadopac

Adpavelakdé ovotnua avadopa¢ eivat To
ocvoTNMA OTO Omoio XUEL o0 1°° vopoc tou
Newton.
Av egfaodalicovpe OtL O €va UALKO OnMELO
YF=0 téte vD=otalepri. Av BAémoups TO
owpatidlo va Kweital pe v=otabepr tote AEpe
OTL TO 81KO pac ocvoTnMa eival adPaveLOKO.
Av 10 BAéMOUME va Kwveiton pe vzotodepn totTE
dev eipaote o adpavelkd cuotnua avodopac
KoL MpEMeL va aAAafouvpe ocvotnpa. Evac tpomnoc
glvoll va EVOWHATOOO0UME LE TO owoTidLo.
2ta adpavelaka cuotpota avadopac LoXUEL n
énAadnl oL vopoL NG
DUOLKAG MPEMEL VAL LOXUOUV OIOAUTA KOl LE TOV
L6l0 TPOTMO ylLo MAPATNPNTEGC MOU KLvouvtal O
kaBévag aveéaptnta ano tov aAAo pe otaBepn
Taxvutnta



(@) Initially, you and the (b)

Initially, you and the
vehicle are at rest.

(€) The vehicle rounds a turn
at constant speed.

vehicle are in motion.™,

t=10

a

You tend to remain at rest as the

You tend to continue moving
vehicle accelerates around you.

with constant velocity as the

vehicle slows down around you.

You tend to continue moving in a
straight line as the vehicle turns.

To BayovL emtayuvetal we mpog tnv M kot dev eival adpavelakd cvotnua

avadopdg. O 1°° vopoc LoXUEL O£ KATIOLO CUOTHHATA oVaPOPAG EVW OE KATIOLO
AaAAa OxL.

INE

Your truck has brakes...the massive hunk of stone doesn't




(b)
Reference frame = car Reference frame = Earth



Path of ball according to boy

(b)

Path of ball according to woman

-
o 7 N
Qe







lr)

-
"rR
Tpa

VEA

- Frame B
TRA ‘
Frame A ‘
Uy = oTaBepn
R R Tpa = Tpp + Tga
drpy _drpp  drpy N S S
dt ~ dt dt pA — ¥PB T VBA
dvpy _ dvpg dipy
dt  dt dt
- -
Apy = App (9.3)
Emopévwg
- - = =
madpy = mdpg = Fpy = Fpp (9.4)

(a) According to person A (b) According to Person B

O A BAénet to C va KWveltal pe v; = otafepf — . F=0

O A slval adpavelakoc mapatnenTng

O B BAémeLto C va kweltowpe ¥, =0 > Y F = 0

O B eival adpavelakog napatnentng

O 1°¢ vopocg Oev amavid ToloC Tmapatnentng eival
akivntoc. OAa ta adpavelakd cuothpota ovadopag
elval Loodlvapua.



Mn adpavelako cuotnpa avodpopac

Edv to clotnua avadopdg B Kwveital pe mtdyuvon @, mou
TNV AEUE METOXLKA EMLTAXUVON KOL O Topatnpntng B
npoodlopilel Tnv emnttayuvon Tou ocwpatog P kat tnv Bplokel
dpg TOU TNV AEUE OXETIKH EMLTAXUVON TOTE N amOAuth
EMLTAXUVON TOU OWwpaTO¢ Omnmw¢ 6Oa tnv peTpouos
napatnpenti¢ A oe adpavelako cuotnua A Sivetal amo tnv
oxéon (9.5)

dﬁPA _ dﬁBA dﬁPB
dt ~ dt dt

ATIOAUTN ETUTAXUVON=HETOXLKA + OXETLKN
dps = @o+dpp (9.5)
mdp, = Mdy+mdpg —
mdp, — My = Mdpg =
Mdpg = Mdpy — MA,

Fpp = Fpy + Fy (9.6)
Mn adpavetakrn Suvaun= Mpayuoatiki Avvaun+Weuvdoduvapn
Onou



= -
FO — _mao (97)
- - -
mapB — mapA - mao

H ﬁo elval vmoBetiky Sduvapn (Pevdboduvaun) mou eivat
QTIOTEAECUA TNG ETUTOXUVOUEVNG KIVNONG TOU OCUOTAMOTOC
avadopdc¢ Tou Tapatnenty B. O un adpavelokog
napatnentic B avtihapBavetol kot pia urtoBetikn) SUvapn ﬁo
OL unoBetikeg duvapelc ekdppalouv tnv emnidpacn NG
ETITAXUVONG TOU CUOTAMATOC OTLC TTOPOTN P OELG TIOU Yivovtal
HECOO QO TO EMLTAXUVOUEVO oUoTnua, aAAd Oev eival
SUVAELG TTOU TIPOYUATIKA EVEPYOUV TIAVW OTO CWHLA OTIWC Ol
duvapelc aAAnAemntibpaong

Duoko peyebog otov Adpavelako mapatnpntr =

Quokd peyebocg otov Mn adpavelako mapatnpntn+
enibpoaon TNG LETOXLKAG ETLTAXUVONG

Apxn tou d’ Alembert



O Zav Mnatiot e Povt vi' Ahapumép Ntav ['dAlog pobnpatikog, unyavikds, uotkog, eiio-
000G Ko BEPNTIKAOC TNG LOVCIKNG. Oempeitan £vag amd TOLG GNUOVTIKOTEPOLS LoBN LT
KOVG Kot pLGIKOVG Tov 180v audva. EmmAéov Bordnoe tov Ntiviepd otn cvyypaen g nepi-
onung Eykvkiomaideiag.

I'évvnon: 16 NoeguPpiov 1717, Hapict, Nordia
Anefince: 29 Oktwppiov 1783, [opict, [ailria
[TAnpeg dvoua: Jean-Baptiste le Rond d'Alembert
Exnaidevon: Koléyo tov Tecodpwv EBvav (1735)

(9.8)
=0 (9.9)

Qu

m

T T
Qu

—m

Av BewpAooupe To —mad va gival pia UTIOBETIKA
duvapn avtidbpaong ﬁo oTNV KLvnon TOU CWHOTOG

F+F,=0 (9.10)
Me 10 TPOMO autd ta TpoBARpata SUVOULKAC
yivovtal npoBAnpata Loopporiac cupdwva e TV
Apxn tou d’ Alembert
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https://www.google.gr/search?sa=X&biw=1536&bih=732&q=%CE%9A%CE%BF%CE%BB%CE%BB%CE%AD%CE%B3%CE%B9%CE%BF+%CF%84%CF%89%CE%BD+%CE%A4%CE%B5%CF%83%CF%83%CE%AC%CF%81%CF%89%CE%BD+%CE%95%CE%B8%CE%BD%CF%8E%CE%BD&stick=H4sIAAAAAAAAAOPgE-LQz9U3SMkoKFTiBLEszcrSDLSks5Ot9AtS8wtyUoFUUXF-nlVqSmlyYklmft4iVuNzs87tP7cbCNee23xu57n9Cudbznee26twbsm5reebzzefW3O-ESIw9dyOc3vP953bu4OVEQBb8YaybQAAAA&ved=2ahUKEwiy1ubPvL7sAhWIDWMBHUoUA38QmxMoATARegQIDRAD

Av BewpriooupE OTL MAVW OE £va CWUO OLOKELTOL
EKTOC QO TIC TIPAYUOTLKEC OUVAMUELC Kal pia
npooBetn SVvopun ma ion Kot aviiBetn mpog Thv
OUVLOTOMEVN TWV TIPAYHUATIKWY SUVAUEWV TOTE TO
aBpolopa OAwv Ba  eilvat pnbdév. Autn n
davtaotiky Ouvaun emnedn  ekppalelt TNV
avtibpaon TOU OwHATOC ovopaletal Ouvapn
adpavelac N adpavelakn duvaun d’ Alembert. Tic
SUVALLELC QUTEC TLC avTIAapBAveTal Hovo €voc pn
adpaVELAKOC TTApPATNPEPNTAC ToU Klveital padll pe
TO OWHO TIPOKELUEVOU VO EPUNVEVCEL TNV
LOOPPOTIL TOU OCWMOTOC WC TPOC TO N
adpavelakd ovotnua. H «duvoun D’Alembert»
EXEL KATELOBLVON aVTIBETN TNC EMLTAXUVONC TOU KN
adpavelokoUu mapaATNENTA KoL TIMA lon HE TO
yLwopevo tng padac emni tnv enwtayxuvvon, 6nAadn
Fo= -m- oa. H duvapn auti o eva adpavelako
cvotnua avadopac e¢adaviletal.

Napadelypa ASpavelakoc — ASPaVELAKOC




Nl tov adpavewako mapatnpnt) (Mavw oto
Tpaivo av KOPoupe TO vpO TO CWHO €KTEAEL
eAeVBOepN MTWON HE EMLTAYUVON g

Mo Tov adpavelako mapatnpentn (mavw otnv n to
owWHO €KTEAEL TapaBoALkn) TtpoxLd, €Teldn €XEl
oTov afova x TaxuTnNTa Vv, EVW OToV Afova y EKTEAEL
eAeVBepn MTWON UE EMLTAYUVON &.

Kat ot 600 Bplokouv tnv dLa emitayvvon g

j{: P:F:}ﬂ “l!?

(a)

Path of ball according to boy

et/

i l ,
Path of ball according to woman

(b)

—]

////’-\\\\
* /

g

b

ZtaBepn TayvTnta ya tnv yuvaika — Mnéevikni tayxutnta yio to ayopt



Eidape ot yia ouotipata avadopdg mou Kwvouvial HE otaOepr) OXETIKA
ToxuTnTo LOXUEL

Napadeypa Adpavelakoc — Mn ASpavelokocg

ao

H emtdayvuvon ToOU METIPAEL O OOPOVELAKOC
napatnpentig otnv ' sival ar, evw a,, n twyxovoa
ETILTAXUVON TNC UITAAAC WG TIPo¢ To Bayovt

ATIOAUTN ETUTAXUVON=HETOXLKA + OXETLKN

- - -

a['=afw ~+ C(O

Enedi a,, = 0 (ool n undha Sev kiveital péoa
oTo Bayovl)

C_¥>p=6_f0

Mn adpavetakrn Suvaun= Mpayuoatiki Abvaun+Weuvdoduvapn
Onou

fla Tov pn adpavelako mapoatnpnti n UnaAa

LOOPPOTIEL OTTOTE TIPETIEL
Mn adpavelakn duvaun= Mpaypatikn Avvapun+Weuvdoduvaun->
0= Mpaypatikn Avvaun+Weudoduvapun



0 =mar-mag,

Noapadeypa 3

Akivntog mapatnpntng (Adpavewkog) A (emi tng
Thie)

H odaipa emitayUVeTOL LE EMLTAXUVON a AOYW TNG
duvaunc F mou aokel o AvOpwrmo¢ HECW TOou
e\atnpiov otnv odaipa F=ma

Kwvoupevog napatnpntng B (emi touv apaédiov)-
Mn abpavelakog

H odaipa tooppormeil Ektoc amo tnv duvapn amo 1o
XEPL TIPETEL VO OOKELTOL Kol pilor adpavelakn

duvapn ton kat avtiBetn €toL wote
Mn adpavelakn duvaun= Mpaypatikn Avvapun+Weuvdoduvaun->
0= Mpaypatikn Avvaun+Weudoduvapun

0= ma—Fo.




Man in falling elevator

is trying to determine why
the woman in the other

| falling elevator experiences
no apparent force.




_ﬁo{; —

dt
Professor B Professor B
e e =
( C O\ (i) N =
l C n t 5 ,[\ i \__(
——=x **rr O 4 (3 =N
— X S>> | ‘ [ ! |
£ b_

- |T I‘[ X Professor A

= ,5-%- ‘f e
I «_1 d LL‘

1
U -

| /’ /

(a) According to Frofessor A (b) According to Frofessor B

uotnuo avadopac B
dv, du

Vp=——"U>——=——7F"—>—Qa

dt dt

Mn adpavetakrn Suvaun= Mpayuatiki Abvaun+Weuvdoduvapn
-mo=0+F

EIAIKEZ NEPINTQzEIZ AYNAMEQN
i) BAPYTIKH AYNAMH

Tl
I

g = —Fg4j = mgj(9.11)
g — mg (9.12)

Bapoc

W=mg (9.13)

&

I
| B
Y fsti=cezia=s=r==a/



Scale marked
in either
weight or
ImMass Units

Fg: mg

iy KAOETH AYNAMH Fy
Awaypoppot EAEVOEPOU CWHATOC

Motion Maotion Motion
—_— —_— -
Ty Fx Fy
A E 48 Fr<ii A

(a) VF; (b) ¥ kg ) Y F;



The normal force Normal force 1_.\
is the force on A
the block from the
supporting table. Fy
v Block
The gravitational 7 The forces
force on the block § balance.
is due to Earth's ' v
downward pull. (a) (b)

YFrery = ma, (9.14)
Fy +F, = ma; (9.15)
Fyj — Fgj = md, (9.16)
Fyj—mgj = mad, (9.17)
Fyj = mgj + mad, (9.17)
Fyj = mgj (9.19)

Fy = mg (9.20)

Auvapelg og aveAkuotnpa

’
. Passenger

These forces
. compete.
Their net force
causes a vertical
(a) (b) acceleration.

—
il




Abdpaveiako cuotnua INc (Edapouc)
M=100Kg, g=10m/s?>. O BaAopoc emitayUVETOL
P0G Ta MAVW PE otabepr] ay=3m/s?

Atovacy
@, = % (9.21)
Fror = Zﬁy=m&y9ﬁ,\, + I?g = mad,, (9.22)
Free=Fyj — Fyf = mayj (9.23)
Fyj=mgj+ ma,j=m(g + a,)j(9.24)
Fy =m(g + ay) (9.25)

i) a,=0, F\=mg=100Kg 10ms2=1000N, Fy=F,
i) a,=3ms?, Fy =100Kg 13 ms2=1300N
Fret =Fn- Fg=1300N-1000N--> Fet=300N

Mn Abépaveiako cuotnua aveAkuotnpa,a,=0 wg
TPOC AUTO
Mn adpavetakrn Suvaun= Mpayuoatiki Avvaun+Weuvdoduvapn

Zﬁy+ﬁ0=0—>ﬁ,\,+1§,+ﬁo =0
- Fyj—mgj—ma,j=0-a, =0
Qc npo¢ pun adpavelakd cuotnua avadopac n
gTLTayuvon touv BaAdpou eival pndev dev LoYUEL
dnAadn o 2 vopocg tou Newton.



w = mg 1w = sme

-

| ' Il-“J 1 éi \- BY AR
w L \
=
’/mg‘
o
)
| ’mi , ’ mg
a ()

(a) (b) o l gup) (C) u‘ ¢ (down)

a
1(3ne)t=m&ﬁ For + By = md, > Fpf —mgj = mayj  (9.26)
Ma a,=0, aveAkuotApag o€ npeuia
Fer=w=mg (9.27)
b) yia a=1/2g
ﬁgl + ﬁjg = md, — Fg,j —mgj = ma,j -

1 3
Fgl=mg+may—>Fg,1=m(g+— >=m—

2 2
(c)
yla oy=g KoL aveAKuotrpa o€ kaBobo,
ﬁnet=m&y9ﬁg,‘l + % = md, —
FepJ —mgj = —ma,j

Ferf —mgj = —mgj->Fg; = mg —mg = 0 (9.28)
'H

W=F¢ =0 (9.29)

Av adnoeL Eval avTIKELPEVO auTo Ba awwpeital kKabwg
damedo yuvaika kat LoAUBL Exouv TNV WOLa emLTA)XULVON



g. To ¢oawopevo ovopaletal poawvopevn €AAewpn
BapUtntoag cneldny pEoca oto cuotnua avadopag tng
yuvaikag ta avtikeipeva spdavilovtal va pnv €xouv
Bapog, mapoAo nou n Baputnta cuvexilel va dpa

iii) TPIBH
Direction of
—— attempted
- slide
f
iv) TAZH
T T -

The forces at the two ends of
the cord are equal in magnitude.

(a) (b) (¢)

3°¢ Nopog (Apaon — Avtidpaon)

Otav 6o cwpata aAAnAoenidpoulv, oL SUVAUELC
TIOU OLOKOUV TA CWHOTO TO £€va oTto aAAo givaul
nAavta (0e¢ Kotd HMETPO KaL avtibetec o€
katevBuvon.

Ou duvapelg Spaonc — avribpaong eival




A) Tnc idlac puong

B) Apouv o€ SLapOopETIKA cwp AT

I O dopsac dpaonc toug eivar n evBeia movu
EVWVEL Ta SU0 ocwpata (ta KEvtpa palog tTouc)

20ppwva HE TOV 3° VOMO Ol OSUVAMELS
gndavifovral kot Levyn.

Av ta cwpata Kivouvtol o 3° Nopocg paivetal va
napofraleto

(Napadeypa otov HAeKTPOMAYVNTIOGUO)
(Napadeypa otnv oxeTkiotikl Mnxavikn)

FB‘I’: = _Ffﬂ

Book B Craite

{ ex)



Fep = —Fgc

Cantaloupe C

‘I l Table T

Earth E
(a)

These forces i‘” (normal force from table)

just happen

to be balanced F‘}_ (gravitational force)

(b)

Cantaloupe

i

(e)

These are
third-law force

pairs.

- So are these.




10. AYNAMH KAI KINHXH



(@)

()

B ¥
R 2
mg .
Hpeula
T

Erutayuvopevn
kivnon

OpaoAn

kivnon

Aovapn Tepng (N)

Xpovog (s)




(@ n (b) m (g n (dy n
T T T
‘ ) 14_] - f, — fe —
\ = D p— gt d - L
W
Mo ap | force, Weak applied fore L I Box shiding at
b esl. box remains 1 k 1o slid constant speed.
No ncton: Statie frict tc et Kineti 1
=0 fo = pgr = =y
(e) \ f \ ‘ / .
“s}mu _____________________
Y :
I
1
I
I
I
|
I
|
|
I
I
1
[ T

]i Ytatikn Suvaun Tppng

ﬁ;,max - #.-;F N>

(10.1)

Wuyxpn ouykoAAnon Sev eMITPETEL TNV Kivnon
fk Kwvntikny S0vapun TpBnc n Tppry OAloBong

fk - FLRFNa

(10.2)



e

\¥

(&)

2YTKOAAHZH — OAIZOHZH ENAAAA= NAPATEI TPIZIMO

ITINAKAX 1 YYNTEAEZXZTEZ TPIBHZ®

Emugpaveieg s Lk
ZVA0 O€ VA0 0,25-0.5 0,2
okl og Yookt 0,9-1,0 0,4
Xdarvpog o€ Lahvpa,
HAOUQEG ETLPAVELES 0,6 0,6
Xdarvpac 13 yahvpa,
e Almovom 0,09 0,05
Kaovtoowr o€ ENoo pmetov 1,0 0,8
Knowuévo EVALVO O%L
o€ ENOO y1ovi 0,04 0,04
Teqprov oe Teqrov 0.04 0,04

OuL vopou ywa tnv Tppn mpwrtodlatunwdnkav amod tov Leonardo
Davinchi 2 atwveg tpv o Newton avamtigel Tnv €vvola tTng duvapung

H eyt ovvoun otatmng Todng avapeso oe omoLo-
onmote Cevyog ENQwv, ymoig AIavom, em@aveLny arohoy-
Bel Toug Ovo emduevovg eumelQuxovg vopove. (1) Eivat
TQOOEYYLOTIXAL OVESAQTNTN TOV eUPUdOV eMagnc néoa oe
AL OO #a (2) elvan avahoyn Tng xabeTng Sivaunc.



H dvvapn g xvnuunic Toung fx uetako Enowmy, xwolg
ALTTOVOT), ETTLQAVELOY 0XOAOVBEL TOUS (DLOVE HVO VOROUC e
TN 0TaTLAn TOUN. (1) Avty elvan xatd mooéyyLom aveEdo-
TN A7T0 TO EUPUOOV NG ETUPAVELAS ETAPNS UECT O TIAA-
TLA OQLOL %at (2) elvar avahoyn g xaBetng duvaunc. H
OUVIUTN TNG HVNTUKNG TOUMS elval emiong hoywrd aveEdo-
TNTY OTTO TN OYETIXY TAYVTNTA UE TV OTTOLM OL ETLPAVELES
YALOTOOUV LETAED TOVC.

i) TpBN e€wtepikn eivat n tpn avapeoo oe
SladpopETIKA owpaTa

ii) TolBn eowteplkn elval n TPLBNR avapeoca os
TUNMaTa Tou dlou cuvexouC LECOU

iii) elvatL n tppn avapeoca o€
OTEPEOD KOl PEVOTO N AVAECO OE PEVOTA

KINHZH 2QOMATO2 2E PEY2TO

Avantvoostol  Suvaun OMIZOEAKOYZAZ D LLE
KateBuvon tnv KatevBuvon tTNS Kivnong Tou peuoTtou
WC TPOoC To owpa. Otav Loxouv oL TPOUTIOBETELC

A) Peuoto :agpag

B) Zwpa : AUBAU

) MeyaAn oxetikn taxvutnta — TupBwdng pon

D = ;CpAv?
2P 1‘)’(10.3)

Ornovu,



C ouveteAeotnc onmoBEAkovoag amo 0.4 -1

p €lval n mukvotTnTA

A n evepyocg emipavela Sltatoung tov cwpatoc (H kabBetn
emupaveLla otnv TaxvTNTA V)

—

Fig. 6-5 This skier crouchesin an “egg
position” so as to minimize her effective
cross-sectional area and thus minimize the
air drag acting on her. (Karl-Josef
Hildenbrand/dpa/l_.andov LLI.C)

As the cat's speed
increases, the upward
drag force increases
until it balances the
gravitational force.

=l

Falling

body D

N :

> F F
E

v v
(a) (b) ()

To ocwua pag eival EMITAYUVOLOUETPO

D — F, = ma,

(10.4)



o a=0

{CpAV? — F, = 0,

(10.5)

Vi n oplakn taxvutnTa

b= |2
CpA

Fig. 6-7 Sky diversin a horizontal
“spread eagle” maximize air drag. (Steve
Fitchett/Taxi/Getty Images)



OMAAH KYKAIKH KINHXH

2
Kevtpouodldog emitdyvvon a = % (10.5)
mu?

Kevtpouoldog Abvaun F = ma = p (10.6)
F = mw*R (10.6.1)




The puck moves
in uniform
circular motion
only because

of a toward-the-
center force.




FIGURE 5-13 Example 5-6. Forces
on a car rounding a curve on a flat
road. (a) Front view. (b) top view.

(a)

(b)



DYITOKENTPOZ = NAOOZ!!

®CAUTION

There is no real “centrifugal force

———

- e 5

-~ ~
,~ Force on ball
i exerted by
/ string \\\\\
" W
| Force on hand \\
| exerted by |
| string |
\\ ‘( /
/
\ j )
N\ s/
N ~ P 7/

FIGURE 5-5 Swinging a ball on
the end of a string.

FIGURE 5-6 If centrifugal force
existed, the revolving ball would fly
outward as in (a) when released. In
fact, it flies off tangentially as in (b).
For example, in (¢) sparks fly in
straight lines tangentially from the
edge of a rotating grinding wheel.

i ——a
- ~

s ~
7 AN ’
// DOESN'T A 7
21 W7/ /4
/ HAPPEN \//f"}f
| /4
i o —
\ \ |
\ "\ ,//,
\ \ //// /
\ \ /
N b/
~ X
S ==
(a) =

H d¢uyokevipoc OSuvaun eival adpavelokn
SUvapun dnAadn umtoBeTIKA. YIRAPXEL LOVO yLa TOV
neplotpedpopevo (Ln adpavelako nopatnpntn)



MNeplotpedpopevog mapatnpntng (Un adpavelakog) oto KEVIPO TOU
Slokou Slamiotwvel Loopporia opalpac we mpog autov. To epunvevEel
Aéyovtag nwe navw otn odaipa dev evepyel kapia Suvaun. Adyw tng
nopapopPwong tou elatnpiov o pn adPAVELOKOG TOPATNPNTAS
odnyeital oto cupmépaopa OTL N CUVIOTAUEVN TwV SUVANEWV €lval
un&év. Exoupe

MNopatipnon otov adpavelakd ovotnua= [Mapatpnon oTo uNn
aSPOVELOKO+UETOXLKI) ETILTAXUVON

ﬁa=ﬁua+m&(p—>ﬁua=ﬁa+ﬁ(p=0—>—Faj+ﬁ¢=O
—)ﬁ(szaj—)ﬁ(pzmsz

F, = mw*R



YTapxeL KEVIPOUOAOG yLa TOV [N adpaveLaKO mapatnentn;

Force on car
(sum of friction forces
acling on each tire)

-

Tendency for

iy |
|"" “I 4'. \ \ ” passenger (o
| o straight
(T ) x_*_~ R e
Fouc on” - ‘
passenger

Friction: toward the
center

A Normal force:
Iy helps support car

—
v

Car
7

Gravitational force:
fvg pulls car downward

The toward-the- v
center force is (a) Track-level view (#) Negative lift: presses
the frictional force. of the forces car downward

H @uyokevtpog ovvaun etvar 10 0motéAecua
NG AOPAVELUS



H 69vaun Coriolis

2T OowpaTta TOU  KlvoUvtolL OE  OXe€on  ME
NeEPLOTPEPOUEVA ouoTUaTa avadopdAc, EKTOC TNG
duyokévipou OSUvaung, epdavitetar kat n duvvaun
Coriolis

11. KINHTIKH ENEPI'EIA KAI EPT'O

nAnBog napatn- 5 PO Bapog koutou - 500 ypappdpia
pnBeviav KUBmV 70 ypappapla

= otab.



nAnBog rapatn- ’ TwPVO Papog koutiou - 500 ypappapla
pnBevimv KUBwV 70 ypappapla

otabun vepou — 20 ekatootd

- = otab.
0.6 skatoota

Agv vatapyovy Kvopaxua!!!
Y7rapyovv moOALEC HOPPES EVEPYELUS

Alha povo 2 gion evépyewns (Kwwnrikn —
Avvopikn)

MeTa@épeTor pe ToAL0VS TPOTOVS (EVOS 0o
JVTOVS ELVOL TO £PY0)

Zh's componkent Small initial This force does positive work
geSnowork kinetic energy on the bead, increasing speed
_____ 7 F and kinetic energy.
Wi
= 1rex K; O/K x
— Fo

I
I
([ A—
Bead -/ L
This component

does work. F
O//

N o=

Fig. 7-2 A constant force F directed at . -
angle ¢ to the displacement d of a bead on a Larger final o
wire accelerates the bead along the wire, kinetic energy K;//
changing the velocity of the bead from V to V. 5
A “kinetic energy gauge” indicates the result- 5 —

ing change in the kinetic energy of the bead,
from the value K to the value K.

Kiwntikn Evépyela

Displacement d
K = 1mv?  (kinetic energy).

2

l1joule =1J =1kg-m?s”.



Epyo W eival n evépyela ou HETADEPETOL ATIO 1 TIPOC EVAL
cwpa HEow tne duvapng mou dpa oto cwua. OTav n evEpyeLa
HLETAPEPETOAL OTO CWHA TO EPYO €ival BeTkO, Kal OTOV N
EVEPYELO LETAPEPETAL ATIO TO CWHA ELVAL APVNTIKO £PYO

smv* —smvj = F.d
(11.4)
W=F.d
(11.5)
W = Fd cos ¢
(11.6)
W=F-d

(11.7)

Miow O&Uvopn ektedel BOetikd €pyo oOtav  €Xel
SLavVUOUATIKA cuvioTwoao otV oL katevBuvon PE TNV
LLETATOTILON, KOl EKTEAEL apvNTIKO £pyo OTAV EXEL
SLaVUOUATLIK ocuvioTwoa otnv oavtiBetn OtevBuvon.
Noapayel pndevikd €pyo oOtav eival kKABsTtn otnv

LLETATOTILON
(11.8)

OEQPHMA EPIOY KINHTIKH2 ENEPIEIA2




AK =K, — K;= W,

(11.9)

MetaBoAn TNC KLVNTIKAC EVEPYELOC EVOC cwuatidlou =

OALKO €£pYO TIOU
Kf — Kj + W,

(11.10)
Kiwvntikn EVEpyeLla LETA TNV EKTEAESN TOU OALKOU £pyou=

Kwvntikn eveépyela mpiv To oALKO €pyo + TO OALKO €pyo
TIoU €XEL ekTeAe0BEL

"Epyo Baputikig Avvaung

FAN
Fg

The force does negative
work, decreasing speed
and kinetic energy.

—
Yo

)

-mgd

W = F,d = —F,jdj = —F;d = —mgd (11.11)
H
W = ﬁécf = Fydcosg = F;dcos(180°) = —F,d
(11.12)
Katd v nttodon
W = I?:qcf = Fydcosg = F;dcos(0°) = Fyd = mgd (11.13)



"Epyo mov gkteleiTtol KOTA TNV 0vOY MG Kol KG0000
OVTIKELULEVOD

N Does
i Upward _. negative
. F
displacement Object—_ work
Does ;; Does
F positive positive
work work
_/
ject =1 Does _| Downward
f; negative d ), displacement
work

(a) (b

ﬁK:Kf_Kf:Wa+Wg,

(11.14)

Mo K =K=0 aAAa ko otav K; =Kr toyUel
W, +W,=0
W,=-W,
W, = —mgd cos ¢

(11.16)

(11.15)

AYvapun EAlatnypiov — Nopog Tov Hooke

d= —% (11.17)
F=—kd (11.18)
F.= —kx (Hooke’s law),

(11.19)



x=0 Block
F=0 attached
to spring

—

X positive

d
F, negative I_‘:
}fmm o

X
-

()

x negative

d
5

’-:—x—l x
0
(¢)
‘Epyo ntov gkteAeitatl ano Avvaun EAatnpiov

W, = > —F, Ax,

(11.20)

Ax - 0

(11.212)
_I'}r .I'le

—k x dx

X; X;

= (~H0lL; = (~3R)(F — 3D,

||
A}
-
=
||



_ 1 2 1.2
W. — ik.r- ka_r

) I
(11.22)

EoTtw OTL Xj=X1 KOL Xf= X2

Wy = ~k[(x; — 22) (x1 + )] (11.23)

g

I I I
x=0 X =x X = X5

i) Eav x1>x2 6nAadny to ocwpa mAnoladlel tnv
Bcon woppomiag (x=0),to W>0
i) Eav xi<x2 dnAadn 1o cwpa amopokpUVeTaLl
aro tnv 8€on woppormiag (x=0),to Ws<0
iii) T x1=0, X2=X,
W, = —1 kx?

‘Epyo rtovu gkteAeitatl ano Ackouuevn Avvaun ,W,

AK =K,— K, =W, + W,,
Edv mplv Kal PETA TO oW lval akivnTo

Wﬂ' - _Wﬁi'

(11.24)

(11.25)



Epyo petafAntnc Abvaunc

—— Small initial

This force does positive work
kinetic energy

on the bead, increasing speed
F and kinetic energy.

Larger final
kinetic energy

Displacement d

Work is equal to the
area under the curve.

F(x)

7
IKJ ;
[

—_— )

We can approximate
that area with the area
of these strips.

Fx)

=
=
&

(a)

We can do better with
more, narrower strips.

(h)

For the best, take the
limit of strip widths
going to zero.

F(x) F(x)
] I
I 1
I 1
] W |
I ! | I
| : | :
0 X - = 7 T
Ax
() (d)

AW, = F,, Ax.

(11.26)

W= AW = > F,,Ax.
(11.27)

W= lim X F,,Ax.

Ax—0
(11.28)



f
W = f F(x) dx

(11.29)

F = Fi+ F)j + Fk,

(11.30)

d¥ = dxi + dy] + dzk.

(11.31)

dW = F-d¥ = F,dx + F,dy + E dz.

X

Ty Xy ¥r Iy
W—j dW—f dex+J E.,,dy+f F, dz.
r; X; i Lj

(11.33)
Oswpnua Kwntikne Evépyetac — Epyou petafAntnc Avvaunc

W = J I.F(x) dx = f f ma dx,

i (11.34)

ma dx = md—vdx.

_ dt
dv_dvdx_ﬂv
dt dx dt dx

ma dx :md—vvdx:mvdv.

dx
(11.35)

(11.32)



V.if 'l»’)r
Wmevdvsz v dv
V; V;

(11.36)

1 2 1 2

= Emvf — Emvj-.
W= K;— K, = AK, s
12. IXXYX

‘Eva cUOoTNO TIOU TTOPAYEL EPYO TIEPLEXEL EVEPYELA TTOU UIMOPEL
va amodwoeL e Tov Xpovo.

W
P —_—_
o At (12.1)
dw
P=—
dt (12.2)

Iwatt =1W =1J/s =0.738 ft - 1b/s
I horsepower = 1 hp = 550 ft-Ib/s = 746 W.

1 kilowatt-hour = 1 kW -h = (10° W)(3600 s)
= 3.60 X 105J = 3.60 MJ.



dW F cos ¢ dx dx
P=———= ' = F cos —
di di cos ¢ ( di )

P = Fv cos ¢.
P=F-v

(12.3)

13. AYNAMIKH ENEPI'EIA

Teyvika n Avvapikn evépyero U givar 1o €100¢ TG EVEPYELOS
OV OULVOEETOL ME TV OWMOPpQOOorn (owdToln) &vog
GUGTNLOTOS CONATOV TO 07T0l0 £EAGKOVY OVVAUELS TO £va
6TO GALO.

Yov meolo ovvapswv opilovpe £va YOPO MOV givor
TPOLKIOUEVOS ME TNV WO0TNTO VO OOKEL OULVAUELS OF
OCOUUTA. AVTOC 0 YOPOS AfyeTon TEDL0 dOvvapemv. To medio
OVOuGLETOL OTOUTIKO OTOV 1 HOPOPN] TOV TOUPAREVEL
aueTAPAnTn pe TOvV YPOVO OUPOPETIKG OvopdleTor pn
oToTIKO. Ol 1010TNTES TOV TEDIOV TTEPLYPAPOVTOL ATTO Pl
GLVAPTI|ON TOV (DO POV YU CTUTIKA TELX KL TOV YPOVOL Y10
1N GTOTIKA TEOLM TOV OVOUALETUL OVVUULKO.

Otav éva copo Ppedel g mEOL0 OVVAREMV TOTE NTOPEL VO
ogy0el ovvapelg ko AEpe 0TL £xel AvVo K EvEPYELO



AU=Us-Ui=-W->
U=Ui-W (13.1)

Eav to €pyo tn¢ duvapunc eivat Betikdo W>0
Tote n SuvapLKkn EVEPYELO EAQTTWVETOL

Eav to €pyo tnc¢ duvoung silval apvnTtiko
W<0 tote n SuvopLkn EVEpyELA AVEAVETOLL



AU = =W = —[wdy] = —[-mgj(y, — y1)] = AU
= —[-mgjj(y; —y1)] =mg(ly, —y1) <0

- ———-
yva—y <0
so w does
positive work and
F Y2 = Y1 gravitational

potential energy
‘ + M decreases:
—!"'E"_-;:.u < (0.

A,
Motion I

g

(b) A body moves upward

ther
Motion
Y

_1-"\ - _"l'l - U_
s0 w does

— — negative work

Ww=m o

£ ¥» — ¥ and gravitational

potential energy
Y2 INCTeases:

AU, > 0.




(&)

2 UVTNPNTLKEC KOL LN ZUVTNPENTIKEC OUVAELC

To ovotnua amoteAeitat amd Vo 1 TepPLOCOTEPA
cwpata

Mia SUvaun dpa avAapEcO 0TO CWHA KOl 0TO UTIOAOLTO
cvoTnua

Otav n diataén tou cuotuatog petafarietal n Suvaun
eKteAel €pyo W; mavw oOTO avrilkeipevo (cwpatidilo),
HetadEPoVTAC TTOOA EVEPYELAC QVALECO OTNV KLVNTLKA
evépyela K TOU OVTLKELUEVOU KOl OE KATOLO aAAO €L60C
EVEPYELOC TOU CUOTNHATOC.

Otav n 6lataén TOU OCUCTNHOTOC OVILOTPEDETAL, N
KatevOBuvon TNG evépyelag peTadopdc,  €Miong
QVTLOTPEDETAL, EKTEAWVTAC KATA TNV OlAPKELD TNG
Stadkaoiac avtic €pyo Wo.

Otav W;1=-W, 1o dAA0 €l00C EVEPYELOC TTOU CUUMETEXEL
OTLC HETABOAEC elval N AUVALLLKI) EVEPYELA KL AEUE OTL N
duvapn eival ZuvtnpnTikn

H Baputikn duvapn kat n duvaun tou elatnpiou eival
OUVTNPNTLIKEC SUVALLELC



OAec

Ol KEVTPLKEC SUVAUELC ELVOLL CUVTNPNTLKEC

To GUVOALKO €pyo TOU €KTEAEiTAL ATO pia cuUVTNPNTLKN
duvapn oe €va owpatidlo KAt HAKOC ULOG KAELOTNC
Stadpopnc eivat pndév

To €pyo mou ekteAeital amno pia ocuvtnpntikn duvaun os
gva owpatidlo mou kiveital og Vo onpeia dev e€aptatal
QIO TNV TPOXLA TToUu akoAouBeil To cwpatidlo

To €pyo ToU TapAyeTal Ao pia ouvtnpnTtky duvapn
elval avaktnowpo dnAadn eav npoodidetal BeTKO €pyo
Qo €Va WA O€ KATIOLO AAAO CWHA OE £val TUAMA pLa
kAewotnC Stadpopnc, pia ton moootnta aApvNTLKOU £pyoU
amodidetal anod To cwua otnV entotpodn

OL ouvtnpntkeéc OUVAMEL TIpoEpYovTal Omo Hia
Katnyopia mediwv ta ouvtnpnTika media

Mn ocuvtnPNTIKEG AUVAUELG

TpLBn

OrnioBeAkovoa

Oepuikn evépyeta AEN EINAI Auvapikn evépyela



Eotw OtL n duvaun €lvol cuvtnENTLKN

[
o

The force is conservative.
Any choice of path between

“ 2 the points gives the same
amount of work.

And a round trip gives
a 2 a total work of zero.

(b)

Wr:b,l - Wrrbza

(13.2)
Amobelen
Wﬂb.l + Wba,E - 0&
Wrrb.l = _Wba.z-
(13.3)
Wm’:uZ = = Wyo.
(13.4)

(13.5)



Epwtnua Eival ouvinpntlkéG oL  SuVAUELS TIOU
Q.OKOUVTOL 0TO oUOTNUA ;




AU = — f *F(x) dx.

(13.7)

BAPYTIKH AYNAMIKH ENEPTEIA

AU = —f (—mg) dy = mgf dy = mg[y]

Vi Vi

AU = mg(y;— y;) = mgAy.
U—U;=mg(y — y).
U(y) = mgy

(13.8)

(13.9)

AYNAMIKH ENEPTEIA ENAZTIKOTHTAZ

AU = —f (—kx) dx = kf'xdx = %k[xz} ,

AU = Lkx} — Skx?.
I (13.10)
Eav yia xi=0, U;=0 kat Us=U tote

U—-0=23kx®—0,



U(x) = kx?

(13.11)

14 ATATHPHXH MHXANIKHX
ENEPI'EIAX

o cuvTPNTIKES OVVANELS KOL Y10 OTTOUOVMUEVO
GUOGTIINLO LOYVEL

E..=K+U
(14.1)
AK =W
(14.2)
AU = —W.
(14.3)
AK = —AU.

(14.4)

ApyM Awetipnong ts Mnyoavikig Evépyelag
AE...=AK + AU = 0.
(14.5)
Av IapAyouV £pyo LOVO OL CUVTNPNTIKEC SUVAUELG
TOTE N UNXOVIKA EVEPYELA EVOG GUCTIHLOTOC
dlatnpeital

K, — K, = _(Uz_ Ul)a

(14.6)



V=4V

All kinetic energy

:Lf

=

/ U K
(h) (a)
v=0
All potential The total energy
energy does not change
(it is conserved).
U K
@
T: V= "Vinax

=

U
9))

K

\ 4;
U K
(e)

- L
i 11

U K

(b)

All potential
energy

()

v
U K
(d)

&~

All kinetic energy



14. Koaumvin Avvopikng Evépyelog

AU(x) = —W = —F(x) Ax.

(15.1)

H

AU (x)
Ax

AU(x) = —FAx »> F = —

Kol yLat amepooteg PeTaBoAEC
dU(x)

469) = = dx

(15.2)

F = —%G kxz) = —%ka = —kx (Nopog Tov Hooke)



Kapnvies — Avaypappota Mnyovikig evépysiog E=E(X)

Ulx) + K(x) = Epec-

K(I) = Emc:: _ U(Y) (15.3)
EAEyxw av n 15.3 mailpvel apvnTIKEG TLUEC.



(a)

(c)

(&)

U

0.

),

[0}

This is a plot of the potential
energy U versus position x.

Uix)

The flat line shows a given value of
the total mechanical energy Eqpec.

E. (D)

— At this position, Kis zero (a tumning point).
The particle cannot go farther to the left.

— At this position, K is greatest and
the particle is moving the fastest.

/E,m =501

/'K:S.Ojalxz

KE=10Jat x> x;

bl Xy - T X5

Force is equal to the negative of
the slope of the U(x) plot.

F(N) Strong force, +x direction
+
. /\ .
EIE ) a\_/&
Mild force, —x direction
()
v, Epe The difference between the total energy
and the potential energy is the
Ux) kinetic energy K.
61 Epee=5.0 1
5fF==1- /
ik K
3l
gl
1k
(d) nom W X = *

For either of these three choices for Eec,
the particle is trapped (cannot escape
left or right).

o, k. ()

RS
T

L 1
N N om N %



Uy, E,.. (1 Foreither of these three choices for £,
the particle is trapped (cannot escape

left or right).
& —1
4

.".l X .".:-; X | AL

A) Emec=4) Znpeia Avaotpodnc K=0, U=E, dU/dx<0 kivnon
ota deéLa

Emec=3J Znueia Avaotpodng K=0, U=E, dU/dx<0 kivnon ota
6e€la n dU/dx>0 kivnon ota aplotepa

B) Emec=4) Katdotaon adiadopng tooppomniag , K=0,
U=E,dU/dx=0 6€fLa ko aplotepd (lcoppomet)

N Emec=3) Katdotaon actaboug toopponiag K=0, U=E,
dU/dx>0 aplotepd kot dU/dx<0 d=€ua i} U’(x3)=0 ko U”’(x3)<0
A) Enmec=1) Kataotaon suotaboug toopporniag U=0, dU/dx<0
aplotepa Kat dU/dx>0 g€ i U’(x2)=0 ko U”’(x2)>0

EQv Emec=3] n meploxn x2<x<xs Oswpeitol we éva ppaypa
SUVOULKOU VW N TIEPLOXNA X3<X<Xs5 WC Eva ppEap (rtnyasdt
Suvapikou)



(a) A hypothetical potential-energy function U(x)

U Unstable equilibrium points are maxima
in the potential-energy curve. .,

"k

If the total energy E = E;, the particle can “escape™ lox > x,»7s E, |

If E = E;, the particle is trapped between x, and x4 Ey |- -

If E= E|. the particle is trapped between x, and x," "™ E,

Minimum possible energy is Ep; the particle is at rest at x;..”* e T et . -
b gy s ko a ! Eo | | Stable equilibrium points are minima
: : in the potential-energy curve.
I | I ! 1 ¥
o e Xa X Xp I X3 Xa -TI4

(b) The corresponding x-component of force F (x) = —dU(x)fd.r
I

| |
dUfdx < 0 dUJdx > 0 WUfdx < 0 dUfdx >0 ldUfdx <0

F F. =0 F.<0 F. =0 F,. <0 F.=0

X

x
i x U Xy X3 R

15. "Epyo mov
EKTEAELTOL OTTO



e€OTEPIKN oVVOUN
€ GLOTI L
1) H eotepikn dHvaun petofdiier LOVO TV KIVITIKN
evépyela o€ éva copa (AK=W)
i)  H eEotepkn ddvoun pmopet vo LeTafdiet Kot TV
OVVOLIKT] EVEPYELD GE EVOL GVUGTNO COUATOV

Xopic Tpibn

W= AK + AU,
(16.1)
W= AE_.. (work done on system, no friction involved),
(16.2)
Your lifting force
transfers energy to
kinetic energy and
otential energy.
- E Ball-Earth
T T T T T SVsLem
/’/f HHM“
/ S
—p | TO . A
W 1' 'ﬁhmv{' =AK+ AU ;J
&
| -
1Y —




Me Tpifin

The applied force supplies energy. So, the work done by the applied

The frictional force transfers some force goes into kinetic energy
of it to thermal energy. and also thermal energy.
Block—floor
I,-’O v ’_/.—-"_—"/-..:h“ system
— L — e N
;- PE—F [ =/  |ag.
- x wool = |
:>_. \\\ N—Aﬁth /;
d - ‘_.)/
(a) ()
F — fi, = ma.
. _ (16.3)
v: = v§ + 2ad.
(16.4)

Fd = smv* — Smv} + fid
(16.5)

Fd = AK + fd.

(16.6)

Fd = AE,. + f.d.

(16.7)

AEy, = fid (increase in thermal energy by sliding).

Fd = AE,.. + AE,.

(16.9)

W= AE,.. + AE,

(16.10)

(16.8)



16. AIATHPHXH

THX ENEPI'EIAX
W =AE = AE,.. +
(17.1)
ATTOLOVWUEVO ocUOThUA
AE=0 (17.2)

ﬂhErruclc + &Eth + &Eint =0 (17.3)
AEmec'l'A Eother=0m.4>

e Otav 6ev Spouv pn ouvTNPNTIKEG SUVAELG AVAETOL
OTO CWHOTO EVOC OLTTONOVWHEVOU CUOTAMATOC TOTE
AE;;, =0 ko AEint=0
Kot n AE =0

Oewpnua Kwvntikng Evépyelag — €épyou vs ApXng
Sdtatipnong tng Evépyelag

i) AvemAééovpe wg oloTNHA EVa GWHA OTO OMOLo
EVEPYOUV eEWTEPLKEC SUVAMELS TOTE EPapUOl{OUME
10 Oswpnua Kivntikig Evépyelag — €pyou

ii) AvemAé§oupe éva cUoTnUa 0To OoToio Sev
TLALPAYETOL £PYO ATO EEWTEPLKEC SUVAMELG TOTE
NPEMEL va EePOPUOCOUUE TNV ApXN Statiipnong
¢ Evépyelog



m

Av OEwWPOOVULE TO WA LLOVO TOTE TO £PYOU TTOU
TLOLPAYEL TO EATAPLO MAVW GTO CWHLO LOOUTOLL ME
TNV HETAPBOAN TNG KLVNTLKAG TOU EVEPYELOLG

Av Bswpnooupe to cuotnpa EAatiplo — Zwpa

te E = %mv2 + %kx2 , E=otaBepn

Fevikd otav oL SuVApELG Sev elval oTtaBepEC TOTE
ta tpofAfRpata yivovtal anAoUotePa HE TO
Oewpnpa Kwvntikng Evépyelag —'Epyou 1 tTnv apxn
SLaTPNOoNG TNG EVEPYELAG



17. KENTPO MAZAX KAI OPMH

Mnyoviké0 ovotnuo &ivar  €va GOVOAO
COUATOV 1 VAKOV onueiov to  omoia
TEPLEYOVTOL GTOV YDPO Ko TEPIPAAAOVTAL UE
Lio TPOYUOTIKT 1] von T entpavela. MEco otov
YOPO OVTO TA, COUNTO CAANAETIOPOVV KOL T
O0éon N n xivnon kdBe copatidiov eCaptdton
amo TNV B€on Kot Kivnon TV VTOAOITMV.

H aAAnAeniopoomn ekepaletal Ue TIC AEYOUEVEC
ECMOTEPIKES fnlﬁi_ualg.

‘Eva cvetnuo coudtov 0o ovoudletol KAELOTO
OTav 0gV OVTUALAGOEL VAN LE TO TEPIPAALOV

Tnv enidopaon tov mepdArlovioc TAvV® GTO
GUGTNUO TNV TTEPLYPAPOVUE UE TIG EEMTEPIKES
OVVAUELS

ATOROVOUEVO VOl VO KAEIGTO GVOTNUO, GTO
OTO10 0EV EVEPYOLV ECOTEPTKES OVVALLELS



(b)
To kévtpo pAlog €vOC CUOTAMATOC CWHATOWY elval &va
onuUelo to omolo Klveltalt wG UAKO onpeio Kkal OAeC ol
EEWTEPLKEC SUVALLELC VOL OLOKOUVTOL O€ QUTO

¥

Xeom

Ccom ‘
d ‘

(@)

This is the center of mass

of the two-particle system.

o
x

O£0n TOU KEVTPOU UALOC Xcom

X

CoIm

com

Mg

Shifting the axis
does not change
the relative position
of the com.



B m, myx, + m,x,
ICDIH mn + m d' xCD]’I’I n + n
1 2 1 2
myx; + myx, + msx; + + m,Xx,
'ECDH'I M

1

M 5 i (18.1)
1 n 1 n

H 2 m;y, Zcom — ﬁigl m;z;.

(18.4)
1
me = ﬂ E m;r;,
+=1 (18.5)
YTEPEQ cd)uata
Xecom = 5, 2 m;Xx;, Yeom = % § m;yi, Zcom = ﬁigl m;z;.
(18.6)
xcom:%f’tdms ycom:%_”ydma ZCGm:%J’dea
(18.7)

Oswpolpe OMOTENH cwpata SnAadn cwpata ota onola



H mukvotnta p=otabepn

dm M
p=——"= """,
av. Vv (18.8)
1 1 1
Xecom = V[de: Yeom = 7JJ’ dv, Zeom — 7‘[2 dv.

(18.9)

e BonBdel n ouppetpia. 2uvnBwe to Kévtpo palac ival to
onuelo ouppetplac n PBpioketat mavw oe  afova
OUMMETPLOC

Epwtnua Na Bpebei n B€on tou kévtpou palocg os KABe
nepintwon a), Adawpw 1,B)1,2,v)1,3,6)1,2,3,4




2 ° Nopocg tou Newton ywa cUuotnpo cwpotidiwv

k.= Ma_, (system of particles). (18.10)

o et €lval n ouviotapevn povo twv EZQTEPIKQN

AYNAMEQN «kat OXI twv E2QTEPIKQON AYNAMEQN
(6bnAadny Twv SuvApEwWV TTOU AOKOUVTOL QVAMECSO OTA
ocwpoatidla)

e To cvotnua sivatl kKAewoto. H pala M eival otaBepn

Aev €xoupe kapia mAnpodopila yla TNV E€mMLTAXUVON TWV
cwpatidlwy.

Fnct_i: = Macomhr FIICL}-‘ = Mﬂcmm}r FncL: = Mﬂcom.z'

The internal forces of the
explosion cannot change
the path of the com.




Path of head

Path of center of mass

Amtodelén tng

F...= Md,,  (system of particles).

(18.10)
ATo
1 —
?cum = Eigl m;r;,
(18.5)
MpokUTTTEL
M7, = mr, + myr, + msry + - -+ + m,r,,

Me napaywylon wg mpog t

MV, ., = myV; + m, + mvy; + -+ + m,v,.

Kot AL pe mopaywylon we mpog t

Ma,,, = ma; + mya, + myay + - - - + m,a,.

Ouwce



—

M@.,.=F +F, +F+--++F

n*

To Sltavuopatiko aBpolopa

ﬁl + 132 + - F, TIEPLEXEL EOWTEPLKEG KOl EEWTEPLKEC
SUVAELC oA ol EOWTEPLKEC SUVAELC
aAAnAogéoudetepwvovTal.




Opun (Fpoppkn Oppn)

ATIOLLOVWUEVO oUOTNUA 2 CWHATWY

v Apadon- Avtidpaon ﬁm = —ﬁlz -
F21 + F12=0

m
XFQI
\F 12

" \

Vo

S S dv, dv, d(m,v;) = d(myvy)
m1a1+m2a2:0_)mlg+m2 dt =0- dt dt =0

d(myv; + myv,)
_)

dt = 0 d (mlﬁl + mzﬁz) = O-Tae

‘Eva copd epguvntéc mpv amd tov Nevtwva elyov 6ToXacTel TAV®D
0T0 TPOPANLUA TOL «VIS MOLriX» - «KivnIPLag SOOVAUNG» - TOL EYEL
Evol KIvoOEVO avTIKEILEVO OTav gival tkavo va, BEcel o kivnomn Eva
dAro.

——

—

X F'aAAlax o Kapteolog etxe mpotetvel wg «vis
motrix» va Oewpeltal To yivopevo tneg palag
TOU CWUATOG ETL TNV TAXVTNTA TOV

O Nevtwv viobetnoe v mpotaot tov Kapte-
OlOV KAL TO YIVOUEVO «HACH L TAXVTINTO»



10 ovopacoe Quantitas Motus

H amoym tov xvouxpxnoe.

OtT'aAAoL édwoav otnv katvovpla £€vvola To o-
vopa Quantité de mouvement,

oL 'epuavot tnv elmav Impuls, ot Lovnodot eTtionc
Impuls,

ot ItaAot Quantita di moto, ot IToptoyaAot Quan-

tidade de movimento,
oL X¢pPot kolicine kretanja, ot ' EAAnvec OPMH.

—

P = mv (linear momentum of a particle),
(18.11)

2°¢ Nopocg tou Newton

. dp
F.=—.
net df
(18.12)
N dp d dv
F.=——=—mV)=m—=md.
net d! d! ( v) d! nad

(18.13)
Epwtnua Katatdéte wc mpog 1o HETPO TNG AUVAUNG TNG
4 eploxEc e dBilvouoa oeLpa.
P

AN
B
[




z _dP |
net — ? (system of particles),

(18.15)

dp = F(1) dt.

j dp = f F(7) dt.
— Pi

l_ﬁp



Q3H - QOHSH J

- ',
J = f F(1) dt (impulse defined).
[;

Iy Iy _,
f dp = f F(1) dt.
I I;

Ap = J  (linear momentum—impulse theorem).

(18.16)

(18.17)
ty
Foo j Fdt
avg - At
ti
xXf
Wavg = xj Fdx
X
J= [T Edt = Fy,at (18.8)

The impulse in the collision
is equal to the area under
the curve.

F
F(1)
J
| | !
b i

e

(a)

The average force gives
the same area under the
curve.

J

t

A i
T
()



Apxn dtatnpnong tTnG OppnG

e €va KAELOTO QIIOMOVWHUEVO ouoTnua
(Free = 0,] =0)

—

P = constant (closed, isolated system).

(18.19)

P; = P; (closed,isolated system).
' (18.20)

OALK] OpPUN O€ MOl APXLKN) XPOVLKN oTlyun t; =
OALKl OpUN O€ LETOYEVECTEPN XPOVLKNA OTLYHN tf

n OPMH, omwg ka1 ENEPT'EIA,

elvat « katt » mov petaBpaletal,

BéBawa, otnv meptmttwor) g OPMHL «avto»
Tov petafiBaletal

- AOYOV XaQn amod eva owua o€ €Va AAAO axi-
VNTO - Elval Eva dLxvuoua

Ye pla eAaoTik] kQOUOT] VA KIVOUEVO AVTIKEL-
pevo pe opun 10 povadwv pmoget va petaPipa-
oeL- o€ éva akivnro - ooun) 16 povadwv

KoL TO 010 va dxtnenoet ogur) 6 povadwv aAAa
pe avtiBetn katevOvvo



AvTo amodekvieTAL He PA0T TOUG VOHOUGS dLXT)-
OMOTG Kot onuaivel 0TL To cwpa petaPiPaoce
OQUTI] TTEQLOOCOTEQN ATIO OOT) €lXE

Zuotnua avodopag KEvtpou palog

H opun tov ocuotnUATOC WC MPOC TO KEVTIPO
palac tou givat unbev

Opunl Kol KWNTLKA EVEPYELA

OTLC KPOUGOELC

A) EAaotikn Kpouon , AK=0.

B) AveAaotikn Kpouon , AK£0

N TEAewa aveAaotikny (MAaoTiKR),ZUCOCWHATWHA,
AK=max



Movodiaotatn AveAaotikn Kpovon

Here is the generic setup
for an inelastic collision.

Body 1 Body 2
| vi; Vo
Before > R
® : x
m my
; Vi Vas
After — >
$J x
my my

Pii t P2i = Pyt Py
ml‘lf‘“ + mzvzt' = ”IIL’”' + .‘”:‘I’:J{‘.

Movodiaotoatn MAaoctikn Kpovon

In a completely inelastic
collision, the bodies
stick together.

T
Before = \_'_, =0

my my
Projectile  Target

v
After >

m, + my

myvy; = (m; + my)V

1,
V=—-——u,
my, + m,

Tayutnto Tou KEVTPOU palac

P=Mv_, = (m, +m)V

com com-*




P= Pi + P

— P _ Fli + 1'_52;'

Veom = :
R my + my m; + m,

(18.21)

EAaotikég KpoUoelg o pia diaotaon (Exkkevipn
Kkpouon)

OewWPOUHE MPOOEYYLOTIKA OTL AK=0

A) AKivnTtoc oTto)Xo¢

Here is the generic setup
for an elastic collision with
a stationary target.

Before 7
—l> v 9;=0
O x
m 7”2

Projectile Target

v Vg
After _{;j _éf
Q Q x

my Mo

MV = MV T NVyy

2m1V1z 2m1V1f + zmzvzf



my — mp

Vip = Vi

/ n4 + n, :
2m1

Vor = Vii-

/ niy I ni, :

(18.22)

i) ‘loeg palec, mi=m;

Vlf =(0 and sz — Vq;

i) ma>>m;
2my
Vlf ~ —Vy; and sz ~ Vii-
n,
i) mi>>m;

Vlf =~ Vq; and sz ~= 2V1i'

B) KwvoUpuevocg oTtox0¢

MyVy; + MpVy, = MyVip T NpVyy,

1 ) 1 7 1 9) 1 2
imlvli + §m2V2i — imlvlf + §m2V2f.



m; — m, 2m,

V1 — Vl- + V2'
/ m +m, ' m+m -
2m m, — m
B 1 2 1
sz — Vli + V2i'
m, + m m, + m
1 ) 1 2

(18.23)

EAaotikéc KpoUoelc og dU0 SLACTACELC

A glancing collision
that conserves

both momentum and Vy
kinetic energy.
> X
m Vi O

Pli+P2i=P1f+P2f’

Kli + KZi — Klf + KZf

Afovag X
mivy; = mlvlf COS 01 + m2V2f COS 62,




Afovag vy
0 = —myvyesin 6 + myv,,sin 6,

1 1 .
%mlv%l- = imlv%f + Emzv%f (kinetic energy).



18. IIEPIXTPO®H

Meplotpodikny Kivnon ekteAel €éva owpa OTav KABE CWHATIO TOU CWUOATOC
Staypadel kKUKMo , ta KEvipa &g OAwV TwV KUKAWV Bplokovtal mavw oe pia
guBela mou Aéyetal afovag tng meplotpodng, O afovag meplotpodng oTo
oxnua eivat o z.

5 "%‘ .
' e
R()[;lli()ll\-' Body This line is part
P axis Y of the body and
7N perpendicular to
a . the rotation axis.
O e

-~ Reference line

H ywvio tou Staypddel To Stdvuopa Béonc 7 evoc onueiou
Tou owpatog eival 0. Eav petpdue tv 6 o aktivia (rad)
TOTE €€ OpPLOUOV .

5
0=—
r (19.1)
. 2
1 rev = 360° = L 27 rad,
r

1 rad = 57.3° = 0.159 rewv.

Edv og xpovo At n ywvia petaBarietal katd AB n péon ywviokn
TAXUTNTA Wayg TOU CWHATOG 0TO XPOVLIKO Staotnua At opiletal cav



The body has rotated
counterclockwise
Y by angle 8. This is the
positive direction.

c<
AL
o)

o\

s

Rotation
axis

This dot means that
the rotation axis is
out toward you.

”2 - f}l A{}
m'd'-.'_g = =

.fz—f| AI‘

Reference line

This change in
the angle is
the angular
M iy, displacement
of the body
during this time
6 change.

x
O™ Rotation

axis

TA POAOTIA EINAI APNHTIKA
Kat n otypaia ywviakn taxvtnta 6a eival to 6pLo tneg oxéong 2.2
ylo QTTELPOOTH) UETOBOAN TOU XpOVoU.
. Ap do
w = lim =

Ar—0 At dt

(19.3)
Edv o€ xpovo At n ywviakrn toxutnto PeTaBAaAAetal Katd Aw n HEoN
YWVLOKA ETILITAXUVON O TOU CWHOTOC OTO XPOVLKO Staotnuo At
oplletal cav

o wy—w;  Aw
Gove T T AL
(19.4)
Kal n otypaia ywviakn enwtayuvvon o 8o eival to 0plo tng oxeong
19.4 yia anelpootn LeTOBOAR TOU XpOVOU.




a = lim

(19.5)

Ar—0

At

This right-hand rule
establishes the
direction of the
angular velocity
vector.

(a)

Axis

()

(o)



2]

The order of the
l, rotations makes
. ~ a big difference
,L in the result.

() (B)
Equations of Motion for Constant Linear Acceleration and for Constant Angular Acceleration
Equation Linear Missing Angular
Number Equation Variable Equation
(2-11) v =y, + at X = Xxp 6 — 6, w=wy+ at
(2-15) X = Xg = vt + zat® v w 0— 6 = ot + zar®
(2-16) 2=y} + 2a(x — x,) t t o = &} + 2a(0 — 6)
(2-17) x = x=13(vy + V)t a @ 0— 6 =3(w, + )t
(2-18) X — Xy = vt — zar* Vo @y 0— 6 = ot — zar’

Ané t oxéon (19.1) naipvoupe s=r6 (19.6)
Mapaywyilovtag tnv oxéon (19.6) wg mpog tov xpovo

ds deo
atdt
Emeldn n ypappikn taxuTnta vV gival
v =2(1917)
pe Bdaon kot tn oxéon (19.3) naipvoups,
v=wr (19.8),

KoL o€ Slavuopatikn popdn



7}) = 53677 (19.9),

Mapaywyilovtag tnv axéon (19.9) wg mpog tov xpovo

- dﬁ d6—>+—>df —>—>+—>—> k/\_l_l’e N
Ajip = — = —XTr + Wx— = axr + wxv = akxrt + wkxv
Tde T dt dt /
= ar(kxi) + a)v(kxj) = arj + wv(-1)

(19.20)

loxuel

.on = QTJ (19.21),

OTIOU Oltan

glval n epamtopevikn 1 EMITPOXLOC CUVLOTWOA TNC EMLTAXUVONG Tou cwipatidiov pe Stavuopa
Bonc r, onodte

amn=ar (19.22).

Kol

QArad = vm(_i) (1923)

glval n OKTLVIKN N KEVTPOUOAOG ETLTAXUVON ETTELSN) TO WA EKTEAEL KUKALKN Kivhon.

Ma tnv ogmvu«ﬁ ] KEVTPOUOAO GUVIOTWOA TNC ETILTAXUVONG LOYXVEL

Traa = 7 = @77 (19 24),
H ¢uoikn tng onuacia eivat otL eplypddel tn petaBoln povo tng dtevBuvong tng taxutnTog.
Amo (19.10), (19.11), (19.13) naipvoupe

C_ilin = C_itan + arad (19.25)

H aktivikn | KEVIPOROAOG enttayxuvon odelletal oTLg
evOOQTOULKEC OUVAMELC OUVOXAC OL OTolec eival
UTLEVOUVEC yla TNV OXETIKA B€0n TwV OTOUWV OTO
OTEPEO OWHA, €VW N EPOATTTOUEVIKA R EMITPOXLOC
ETLTAXUVON TtpoKaAEital amo pia e€wteptky dSuvapun



KINHTIKH ENEPTEIA XTHN IIEPIZTPO®H
— 1 2 1 2 ! 2 .
K = smyvi + sm,v; + smyv5 +

= 3 imp2

-

1 2 1 7
K = S imor) = H{ S mr )

Pom aopaverog I
I = 2 m!.r!? (rotational inertia)
(19.26)
K = %f{dz (radian measure)

(19.27)

Rod is easy to rotate
this way.

Rotation /

axis

Harder this way.

(b

I= j r2dm (rotational inertia, continuous body).

(19.28)

O o6pog | mou opiletal péow tnG oxéong (19.28) ovoudletal pomr) adpavelag
TOU CWHATOC WG MPOoG Tov dfova meplotpodnc. Movada tng pomng adpaveLog
elvat To 1Kgm? ,6mw¢ mpokUTTEL amd Tov 0plopd TNG. H porr adpdvelag sival
TO avtiotolyo pEyeBog tnNg palag otnv meplotpodikni kivnon. Ekppalel tnv
SduokoAia va Béocoupe €va ocwua o€ mepLotpodLkr Kivnon n He dAAa Aoyla tnv
TAON TOU OWHATOC va avOiotatal og PeTaBOAN TNG YWVLAKAC TOU TaXUTNTAC.



Ocopnuo TOV Tepdiinrioy aovoyv

=1, + MHh? (parallel-axis theorem).

(19.29)

z
Axis
Rotation 7 Chrough
axis
/y
0O CM
=
X
Table 10-2

Some Rotational Inertias

Axis
Hoop about
central axis

I= MR? (a) I=4M(R} + R3) &)

Axis Axis
Solid cylinder _ Thin rod about
(or disk) about ) axis through center
) central diameter ) perpendicular to
length

\,5\/’“ \/|

Annular eylinder
(or ring) about
central axis

(d)

I=3MR? + h ML? I= hML?
Axis Axis
Thin Hoop about any
spherical shell diameter
about any
2R diameter
I=3MR? &) I=$MR? )

[ Axis
/ (or disk) about
) ) central axis
/\ r
w\,

=

Solid cylinder

I=+MR?

Solid sphere
about any
diameter

n

Slab about
perpendicular
axis through

/I center

—a

I=$M(a® +b%) 2



H évvola tn¢ Pormtic — Mnxaviki pomn
H pon evocg puoikol SLavuopaTtikol HeYEBOUC A 10
orntoilo mpoodlopiletal pe Stdvuopa Béonc 7,

o A = #xA 19.30)
M (

A

S
TNV Teplmtwon mou 1o davuopa A TapLOTAVEL
SUvapn €XOULE TV LAXOLVIKE POTTH T TIOU OPLIETOL OOV

7 = PxF (19.31)
E LETPO

=rFsing (19.32)
kal povada 1o INm (ITpocoyn 6yt o€ Joule)

210 oynuo. daivetal n epappoyn duvaung F kat n
avtiotoln unyovikn pomn wg npog agova O.

A




But actually only the tangential
component of the force causes
the rotation.

7= (r)(Fsin ¢) = rF,

(19.33)

Emedn] 1 mocdt T 18ing 1600TAL [LE TNV OTOGTUGT TOV QOped NG dvvaung ard 1o

onueio O, dNhadn tov dEova TepoTpoPnc d=rsing To PETPO TNG POTNGS YPAPETUL GOV

! Line of __
| action of F

\ 0O L
:'h"I(}_lhllt\mLa_l_"[_Il_ o
of

7= (rsin ¢)(F) = r F,
(19.34)
H noootnta = ovopalstol poxAoBpayxiovac. Mo
TNV UNXOWVLKN POTIN LOXVEL M apyn TG EmAAANAL0C

?net — Iiv=1 fi (19.35)



Entlong eav o€ eva cwpa aloknBel pnyxovikn
pomn Oa AmOKTAOCEL YWVLAKA EMLTAXLVON .

0

Rotation axis

Toet = la¥ (Newton's second law for rotation).
(19.36)
Amdoedn
F, = ma,.
T= F,r = ma,r.
a, = ar)
a, = ar

= m(ar)r = (mr?)a.

I n ponn adpdverag Tov couatdiov (Evog copatidiov)
7= la



KINHTIKH ENEPI'EIA XTHN HEPIXTPO®IKH
KINHXH
AK = K; - K; = %fw} — %wa = W  (work—kinetic energy theorem).

(19.37)

H_If'
W = J. 7dB  (work,rotation about fixed axis),
6;

(19.38)
W = 7(6;— 6)  (work,constant torque).
(19.39)
P=——=10w (power, rotation about fixed axis).
dt
(19.40)
Some Corresponding Relations for Translational and Rotational Motion
Pure Translation (Fixed Direction) Pure Rotation (Fixed Axis)
Position X Angular position ]
Velocity v = dx/dt Angular velocity w = do/dt
Acceleration a = dv/dt Angular acceleration a = dwldt
Mass m Rotational inertia I
Newton’s second law F,.. =ma | Newton’s second law Toet = lav
Work W = [ Fdx| Work W=/[rdo
Kinetic energy K = imv? | Kinetic energy K =ilo?
Power (constant force) P=Fv Power (constant torque) P =710
Work —kinetic energy theorem W = AK Work —kinetic energy theorem W = AK




19. KYAIXH

OuoAn xivnon = yopic oAicOnon n avarnonon.

KbvAton=Metapopd tov kévipov nalactmepioTporn
OVTIKEYLEVOL YUP® amtd TO KEVTPO HALOC

com

() o>

(20.1)
(@) Pure rotation -~ (b) Pure translation — (¢) Rolling motion
- = - - - o
V="Veom v :>l‘.lll'll V= ")"‘L‘.[)Hl

T

= >

—

V.
O L

P
<J a
V="Veom V="Yeom o \ s
V="Yeom * Veom = 0



= wR

VC 0m
(20.2)

H kvlion cav auryne neprotpoon

(¢) Rolling motion

—— —
v=2

)
com

>

)
) COIN

.
-

com —

— —
V=—"VYeom*+?

0

Rotation axis at P

ATO V=Wwr £XOoUuE
Viop = (@)(2R) = 2(@R) = 2Veom,
(20.3)
H Kwvntikn evépysio tne KOMGNG

Auyng wepioTpoon
K = :hw?
- 2 pw,
(20.4)
— 2
IP - jrmm + MR ’
(20.5)
_ 1 2 4 lagp2..2
K = n0® + 1MRw?,
(20.6)
Emeldn woxvet
Veom = wR
MpokUTTEL

1 2 1 2
K = EICGmm =r E-ﬁ’fvcam'

(20.7)



AVVAUELE KOTA TNV KVALGT)

1) O 1poydg dev ohcbaivel-Xtotikn Tpiin

H otatwkn Tpifn) tpémer vo £xel TETOL0 KaTEVOUVVOY
KOl HETPO £TOL DGTE TO ONUELO EMTOAPS NE TO £00.POC
VO, £YEL UNOEVIKT] EMTAYVVGT)

Push on wheel /—\"hﬂul rolls forward

Friction resists rolling

ATO TNV oYEo

Veom = WR
[HapaywyiCoviag mc mpoc Tov Ypovo
“eom — 2 R (20.8)
dt dt
Anioon
Arom = AR (20.9)

1) O tpoydc orcbBaivel-Kivntikn tpiin
AEN IXXYEI H




Aeom = AR (20.9)

Epapuoyn :Kivnon o keKMUEVO €minedo
Y@pic oAicOnon

AvoCNTAUE TNV YPOUULKT ETLTAYVVO)

Olcom,x



Forces Fp and Fy cos 6
merely balance.

Forces F’;‘, sin 6 and g T‘gsin ) The torque due to ?S,
determine the linear determines the
acceleration down . angular acceleration
the ramp. around the com.
0
Atovag x

-

- = = -
Fnet,x = Macm,x — Eg,x + f:? — Macm,x
— —MgsinOi + fi = Macom 1

Onote
—Mgsinf + f; = Ma,om » (20.10)

Amo tnv (19.36)
- -

Rxf. = Id>R(-Dxf,i=1d » Rf,k =14

Apo Rfs=la (20.11)
Ioyvel
—Qcom = aR (20.12)
Am6 Tig (20.10), (20.11), (20.12), mpoxcbmtes
_ gsin 6
Geomx = = 4 T IMR?




Mikpoc mopovouaoTic UEYOAN N Qpom

Icom
MR?Z

== Murcpif Lo

Meyain n 0 ueydin n Acom

Evpson T1ayvtnToc 6T0 TEAOS TOV KEKAMUEVOVD EMITEOOV.
2

H

0 |

Yrapyer povo ototiki) TP kabog to copa osv oMobaiver. Ereron n
ovvaun TG oTaTIKIG TPLPNS 0EV HETUKLIVEL TO GNUEIO EQUPNOYNGS TNG OEV
napayel £pyo

Sphere, rolling to the right —

B
4
.

L .

A

!

Apyn ST pNoNG TNG UNYXOVIKNG EVEPYELNG

AEmec=0 =2 Emeci=Emect--

1 2 1 2
MgH = =Mv* +=1.,mw
2 2
"o v oeaipa 1oydeL
2 2
leom = S MR

vV = wR



Omnote

_ o
U= 7g

Edv eiyope povo odicnon

v=.,29gH

110te n TtoyOTRTO €ETVOL HEYaLDTEPY

10.16 Which body rolls down the incline fastest, and why?

APy OWLTNPNONG TG UNYOVIKNG EVEPYELNG
AEmec=0 -2 Emeci=Emect->

MgH =~ M2 + = Lomw?->
MgH = - MvZ,, + > cMR2w?.s

MgH = - gMvZ,, + - cMR?(*2m)2,

MgH = %(1 + C)Mvczom'9



—
_ | 2gh

vcom -
V1+C

(e) Hollow cylinder (f) Solid cylinder (8) Thin-walled hollow (h) Solid sphere
cylinder sphere
2

1= MR? I= MR 1=§MR2

1= MR R I= MR

FEYT

20. (Tpoyraxn)
YXTPO®OPMH 1 'QRNIAKH OPMH

(i) Thin-walled hollow



C(=7xP)

}; (redrawn, with
= tail at origin)

IS

Extension of ;;

()

(=7xp=m(F X7V
(21.1)

{ = rmv sin ¢, 12)

N
{ =rp, = rmyv
pJ_ 1 (21.3)
N

€=r,p=rmy,
(21.4)

Movada th¢ otpodoppig eivat 1Kg m?st



\.CHECKPOINT 4

In part a of the figure, particles
1 and 2 move around point O
in circles with radii 2 m and 4
m. In part b, particles 3 and
4 travel along straight lines at
perpendicular distances of 4 m
and 2 m from point O. Particle
5 moves directly away from O.

(&)

All five particles have the same mass and the same constant speed. (a) Rank the parti-
cles according to the magnitudes of their angular momentum about point O, greatest
first. (b) Which particles have negative angular momentum about point O?

_4ap
net dl‘

L de

Thet — d {

—

(single particle)

(single particle).

AmdOEEN NG (21.5)

And

€ = m(7 x V),

IHopaywyiCovtog

de

dv  dr

(21.5)

—=m|7 X + XV
dt dt dt
— = ml\r a Vv V).
dt
dt Y =
=m(7 Xd)=T7 X md.

dr



_de

?nﬂt df :

\.CHECKPOI NT 5

The figure shows the position vector 7 of a particle at a certain instant, and four choices
for the direction of a force that is to accelerate the particle. All four choices lie in the xy
plane. (a) Rank the choices according to the magnitude of the time rate of change (d?fdt)
they produce in the angular momentum of the particle about point O, greatest first. (b)
Which choice results in a negative rate of change about O?

—

. F y
Fy :

A B .

2TPOPOPUT] GLGTNUOTOS COUATIOI®V

L=C,+C6+C,+ ---+¢,=>7.
i=1 (21.6)

dL &, dt,

= =3

{
a = dt (21.7)

dL i
= Fnetj'
dt i=1

(21.8)

. _dL _
Thet — 5. (system of particles),

dt
(21.9)

I'oviekn opun 6TEPEOL CONATOS TOV
TEPLGTPEPETAL YOP® 0O OKAOVITO GOV



Otav €va 0TEPEDO OWLAL TLEPLOTPEDETAL YUPW ATIO EVaL 0TAOEPO
afova mou eilval agovag CUMHETPLAG TOTE T Slaviopata TG
YWVLAKAC ToXUTNTOC @ TNG O0TPOdOPUAC L KaBwe Kal TG
LNXOWVLKAC POTIAC T elval mopdAANAa Kot ot SteuBUVOELC TOUC
CUMUTILITTOUV PE TOV Afova MEPLOTPOPNAC .

o

|
L

S
TR
s »f" 7
X I

3=
Edv To owpa €lvoll OPOYEVEG KOl CUUMETPLKO WC TtPOG Afova
nEePLOTPOdNC TL.Y. WC TPog tov dfova Z tote L = Lk. 3e kdBe
GAAN miepintwon v @ = wk. To Stévuopa tne otpodopuiC
L Sev £xeL TNV KateLBuvon tou povasdiaiov k.

TNV TepiMTwon autl HE OKOMO va UTtoAoylooupe tnv
ywviokn emitaxvvon Bpiokouvpe tnv mpofBoAn L, touv L otov
afova Z onote

O .-
i hod [
rigid body <\
rotating
about z-axis

0, x

‘ = angular momentum of ith
/ particle of rigid body

l; = r;p; sin(90°) = rym;v; = nmor; = mirfo (21.11)



Ouwcg
LZ — ?:1 miriz W =w Z?:l mlrlz(zj‘lz)
Kol TeAlka

Omou n L, kot n | vumoloyilovtal w¢ mpog Ttov afova
NMeEPLOTPOPAC z. 2TNV TEPLTTWON TOU TO OWMA Elvol
OUMMUETPLKO KOl OLLOYEVEC WC TIPOC TOV Afova TEPLOTPODNC
€0TW ToV Aafova Z ToTe

L=LkAdl=L,ka L =I& (21.14)

H pnxavikn porr) Ba eival

7=2L_12%_ 5 (21.15)
dt dt

Av T = 0 tote n otpodoppur mopapével otadepn) % = 0 ko
N YWVLaKA Tayutnto nopapével ota@epn. Auto onpaivel otL
OTAV QTIOMOKPUVOUUE T SUVAELC TTOU EVEPYOUV TIAVW OTO
oteped o adfovag meplotpodnc Ba dwatnpel otabepny tnv
StevBuvon oto xwpo adol n w eival otadeph. Evac dfovac
Tou omoiou n &levBuvon oTo XWPO TOPAEVEL oTABEPN OTaV
Evo. Oowpo TepLloTpEPeTal yUpw amd autov amnoucia
efwteplkwv duvapewv ovopaletal eAevBepog afovag tou
owpatoC. ATmodelkvUeTOL OTL 0 KABe oOTEPEd owpa
OTIOLOUOATIOTE OXNUOTOC KOL HE OTMOoLadNTIOTE KATOVOWN
pnalac vrndpyouv 3 touAdylotov afovec mou ava dvo eival
KaBetol peTaél TOUC TIOU TIEPVAVE OO TO KEVTIPO palag ol
omolol elval eAevBepol atovec. Autol ovopdlovtal Kuplot
afovec adpaveioag Ed Ooov TO OTEPEO EXEL AEOVEC



OUMMETPLaC oL KUPLOL AEOVEC OO PAVELOLG CUMTILITTOUV HLE TOUG
eAevBepoug. OL avTioToLXEC POTIEC OOPAVELOC WE TIPOC TOUG
KUplou¢ afovec adpdvelag A€yovial KUPLEG POTEG
adpavelag.

21. APXH AIATHPHXHYX THX XTPO®OPMHX
H oAwn otpodopu EVAC cuoTHATOC Eival oTtaBepn
TOO00 OTO UETPO GO0 Kol 0TV KATteLOLvVOoN TG EAV N
OUVOALKN €&€€WTEPLKR pomn Mou 6pd mMAvVw OTo
ocbvotnpa eivar ion pe unbéév Autn n mpotaocn
arnoteAel TNV apxn dtatipnon tng otpodopunG Kal
GOPUAALOTIKA TEPLYPADETOL ATIO TNV OXEON



=9 (22.1)

Tnet = 47
And v (22.1) mpoxdmnel
. = a constant (isolated system). (22.2)

E!- = Z;- (1solated system).
(22.3)
2tnv mepinmtwon mov n | petafaAAeton  péow
METAPBOANRG TNG I', XWPIC OMWE N METABOAR va eival
onotéAeopa €EWTEPLKAC POMNAC N dlatpnon TNG
otpodopung smifardel va petafAnOeil n w. Tote
TIPETIEL AVOYKOLOTLKAL VOL UTTAPXEL YWVLAKN EMLTAXUVON
mou Oouwg Oev dwkaloAdoyeitar xwpic tnv Umapén
duvauncg Coriolis



Rotation axis

(@)




(o)

The student now has
angular momentum,
and the net of these
two vectors equals
the initial vector.



I'YPOXZKOIIIO

a) Xopig neprotpoen], Li=0
(@) Nonrotating flywheel falls

el 3 2
Axis
!
’
| K.
é}:i—_,J___ J w 2 Path of free end

When the flywheel is not rotating,. its weight
creates a torque around the pivol. causing it
to fall along a circular path until 1ts axas rests
on the table surface.

To B&poc w dnuovpyet pomn T
H onoia mpoxaAet petafoAn tng XTpo@opunc
dL

7=2_ L dlL =7dt
dat

(22.4)

(b) View from above as flywheel falls

y
dE A .= 0)
dL
dL 4y = |7
Pivot Al t
\ﬂ dL .

Flywheel



L t
de=det
0 0

b) Me nepiotpogn, Li

- Rotation of flywheel

y, 7 Torque due to weight
// force (as in Fig. 10.33)
“/ L X
M o
e Initial angular
@ ‘ momentum due to
— H rotation of flywheel
&t_./’

(b) View from above

Now the effect of the torque 1s to cause
the angular momentum to precess around
the pivot. The gyroscope circles around
its pivot without falling.

_1 —

o

dL

—

dL
dL

L

1

0

H Bapotikn dvvaun tpokaAel pomn Ommg Kot mTpiv.
Emewon to pétpo g Li e€optdtor povo and 1o o,



L=Il® n pomn tov Bapovg . TO yvpookodTo KiveiTal
opiovtua. H kivnon avt ovopdletal
nerantoon. H yovia ¢ sivor n yovia
RETATTOONS

10.35 Detailed view of part of
Fig. 10.34b.

In a ume dr. the angular momentum
vector and the flywheel axis (to which

it is parallel) precess together through

an angle dd.

dL
tan(dg) = dg = % (22.5)

Kar Q givon n yoviekn) ooty
NETATTTOONS

|a|

_de _ L _tz _1w
) = 5t dt L, Iw (22.6)




1rev

['a myv Fn ) = m

22. NOMOZXZ TOY NEYTQNA I'TA THN BAPYTHTA

mym,

F=G 5 (Newton’s law of gravitation).
r
(23.1)
. mym, ..
F=G 5 T.
r (23.2)
BAPYTIKH STA®EPA

G = 6.67 X 107" N-m?/kg’
= 6.67 X 107! m¥/kg-s?.

AEN OQPAKIZETAI H BAPYTHTA

MHAO ITPOE TH I'H ¢g=9.81ms™
I'H ITPOX TO MHAO gr=1x10"%ms

‘Fl.nct=F12+F13+F14+F15+"'+Fln'

M
E,nct = 2 Fii-
i=2

(23.3)
F = f dF,
(23.4)
M
F=G2"
;



Hg i 2 -
(23.5)
Variation of a, with Altitude
Altitude a, Altitude
(km)  (m/s?) Example
Mean Earth
0 0.83 surface
88 980 Mt. Everest
Highest crewed
36.6 9.71 balloon
Space shuttle
400 8.70 orbit
Communications

35700 0.225 satellite

Two forces act
on this crate.

(a)
The normal force | The net
is upward. Ly force is
: N toward
Crate
the center.
$Zi So, the
crate's
The gravitational . acceleration
force is downward. mdg s too.
(b)
A&ovag r
- - - - -
Fpet = Fe—> Fy + Fy = Fe—> Fy —may = —ma,— Fy —may =
—mw?R (23.6)
Onodte

mg-mog=-Mw?R->g=04-0°R (23.7)



©?R=0.034ms? (23.8)

Baputikn Avvapikn Evépyeia
Mia paa m déyeton Bapovtikn dvvoun amd pio GAAN pala M kot Kiveiton and
v 0éon A pe Sidvoopa 0éong 74 otnv 0éon B pe Stévoopa 0éong .
Tote
dUu

F=———>dU = —Fdr
dr

OloxkAnpovovtag
B . mM

[} dU == [ Fdr—— AU = — [] 6 53 dr—— Uy — Uy = —GmM [, T ——

T2

Ug —UA=—GmM[——] ——>UB—UA=—GmM[——+— o Up—U, =

B

Gmm |- - —] (23.9)

Eav rpy— OO,UA =0
Up = —GmM — (23.10)
B

GMm
2 (23.11)

This pair has

potential E-ﬂl!'l'g//
/ ey HEME tO0.

i Fla B

Here too.



a1, Crrrr e, Crrrnaimy
_ : 3 2 1
F2 Fys Fiy

H BAPYTIKH AYNAMH EINAI ZYNTHPHTIKH AYNAMH

‘ ,'I Actual path
|
dlU d { GMm , | ‘ " .frolm Ao G
F=— = ——| = A |/ is irrelevant.
dr dr ro, '.| " | Ir'
|/
GMm \ | Earth
_ G 1a
TAXYTHTA AIAOYT'HX

Taxutnta dtapuync xapoktnpilletal n eAAxXLOTN apxLK TaxutnTa Tou Ba mpEmel
va avarmntuéel Eéva cwpa (m.x. €vag mUPauAog) TTPOKELUEVOU VA UTIEPVLKACEL TN
Baputikn €AEN mou udlotatal autd otnv entpavela EVOG OUPAVIOU CWHATOC.
Otav $OAcEL OTO «ATELPO» N CUVOALKN) TOU eVEPYELA va elval undév (adou oto
anelpo n Suvaplkn evépyela eivat undev kat n Evvola tng taxutntag dtapuyng
EXEL VO KAVEL E TO YEYOVOC OTL OTO ATELPO N KLWVNTLKA TOU EVEPYELD TOU
QVTIKELHEVOU €lval pndév). OL mapamdvw cuvBnKeg opilouv TNV apXLKR aUTH
ToxUTNTO WG TaxuTnTa dtapuync.



https://el.wikipedia.org/wiki/%CE%A0%CF%8D%CF%81%CE%B1%CF%85%CE%BB%CE%BF%CF%82
https://el.wikipedia.org/wiki/%CE%92%CE%B1%CF%81%CF%8D%CF%84%CE%B7%CF%84%CE%B1
https://el.wikipedia.org/wiki/%CE%9A%CE%B9%CE%BD%CE%B7%CF%84%CE%B9%CE%BA%CE%AE_%CE%B5%CE%BD%CE%AD%CF%81%CE%B3%CE%B5%CE%B9%CE%B1

Some Escape Speeds

Body Mass (kg) Radius (m) Escape Speed (km/s)

Ceres® 1.17 = 102 3.8 % 108 0.64

Earth’s moon® 7.36 % 102 1.74 = 10° 2.38

Earth 5.98 x 10* 6.37 = 10° 11.2

Jupiter 1.90 x 107 7.15 % 107 59.5

Sun 1.99 = 10* 6.96 = 10¢ 618

Sirius B® 2 % 10® 1= 107 5200

Neutron star® 2 % 10% 1% 10° 2 % 10°

L GMm

K+U='m?+|-—]) =0

NOMOI KEPLER
1. NOMOZ TQN TPOXIQN
OLot o1 TAaviTEG KIvouvTol o€ EAAETIKEG TpOYEG €xovtoag tov HAo og pio gotia

R, ”ﬂ
-"'.----__--""-- ]
f’ -‘-“
b
ﬂ’, _,’-/’/ \\
\
! J%/
I F Fy
| - > |
A 1/
. -
~ -
"‘L,___‘ -_‘___.d
‘ The Sun is at
one of the two
focal points.

2. Nopog tov Eppadov

Mia ypapun mov evavel Tov mAovin pe tov Huo copovel ica
enPada o ioa YpoviKA S100TINLATO OTO EMITESO TG TPOYLAS



The planet sweeps These are the two
out this area. momentum components.

dA L

dt T 2m
3. Noépog tav [Teprédwv

T? = ( ;ﬂ; )r3 (law of periods).

Table 13-3

Kepler's Law of Periods for the Solar
System

Semimajor e
Axis Period (10~*
Planet a (100 m) T(y) vim?)

Mercury 579 0.241 2.99
Venus 10.8 0.615 3.00
Earth 15.0 1.00 2.96
Mars 228 1.88 2.98
Jupiter 7.8 11.9 3m
Saturn 143 295 2.98
Uranus 287 24.0 2.98
Neptune 450 165 2.99

Pluto 590 248 2.99




23. [XOPPOITIA KAI EAAXTIKOTHTA

IXOPPOIIIA
P = otabepd Kat L= otafepa

H opun avaeépetar o¢ mpog 1o KEVTPO HAlaS Kot 11 XTPOQOPUT) ®G TPOS TO
KEVTPO HAlog M ®G TPOG OTOL0ONTOTE AAAO oMEio

XTATIKH IXOPPOIIIA

—_
!
. _q_.
o

Supporing
edge

() (B () (el




dP

Foer = dr F:.,H =1 (balance of forces).
. dL
! nct (i "

Ty = 0 (balance of torques).

Kévtpo Bapoug

EAaotikoTnTa

Ax
. L —— \% ,.—l-{;/
| F -~
I \
—_ /
| W
I i —= ] Al
L+ AL ! | L I
L | 5 /
I ‘*»T—ff’i\
4 —
— ¥

(a) () (£)

Taon - EpeAkuopol -dtatuntikn — udpooTaTLKN

Awdtunon ovopadletal n katamnovnon nou epdaviletal og Eéva cwpa otav dUo
loeg KoL avtiBeteg SuvApELg evepyoUV KABeTa oTov dfova Tou.


https://el.wikipedia.org/wiki/%CE%9C%CE%B7%CF%87%CE%B1%CE%BD%CE%B9%CE%BA%CE%AE_%CE%BA%CE%B1%CF%84%CE%B1%CF%80%CF%8C%CE%BD%CE%B7%CF%83%CE%B7

TAon =UETPO EAAOTLKOTNTAC X TTApaApOpdwon

Ea Iplure .

Ultimate

strength
Yield -
strength |
- Range of permanent :
- deformation
—
- Linear (elastic) range
el
o
0 Strain (AL/L)

Taon =HETPO EAAOTIKOTNTAC X Tapapopdwon

Taon epeAkvopov
F AL
= F —,
A L

E , LETpO eAaoTikoTnTAG TOU Young




Awdtpnon

F Ax
— = (s .
A L

G, H€tpo AldTunong

YSépooTtatikn taon

AV
=B —
IF'-ll I-_I'

Some Elastic Properties of Selected Materials of Engineering Interest

Young's Ultimate Yield

Density p Modulus E Strength §, Strength §,
Material (kg/m?) (10° Nfm?) (10f N/m?) (10° N/m?)
Steel” 7860 200 400 250
Aluminum 2710 70 110 95
Glass 2190 65 S0# —
Concrete* 2320 30 40° —
Wood? 525 13 S0f —
Bone 1900 gb 170 —
Polystyrene 1050 3 48 —
“Structural steel { ASTM-A36). "In compression.
“High strength 4Douglas fir.

24. PEYZXZTA

YoV PEVOTO XapaKTNPL{OUUE EKELVN TNV KATAOTAON TNG UANG
n omola €xeL KABoPLOPEVO OYKO aAAQ OXL KOLBOPLOMEVO oYX
(maipvel To peuoTo to oxnua Tou Soxelou to omolo Bpioketal)
oe avtiBeon pe TNV OTEPEd KOTAOTAON ONMOU N UAN €XeL
KOOOpLOUEVO OYKO Kol KOBOPLOHEVO OXAMA KAl TNV agpla



KOTAOTOON OTOoU N UAN €UPLOKOMEVN OTNV KOTAOTAON QUTH
Oev €xelL oUTe KAOBOPLOPEVO OYKO OUTE KOOOPLOUEVO OXNUQL.
AUTOC 0 SLaYWPLOPOC €lval TEXVNTOC KAl TA OpLa AVALECO OTN
PEVOTN KoL OTEPEA KaTAotaon eival acadnc. MNa mapadetypa
N AodaAToC Kal To TAAOTIKO Bewpouvtal cav oTeEPE aAAd
LETA oMo Ll HoKpd Xpovikn mepiodo apxilouv va pEouv
OMWC TA ULYpA. ZTNV TEAYHATIKOTNTA €£€4v Mia ovoia
Xopaktnpllete oav oTeEPER LyPN N aEpla €oPTATOL OTTIO TV
Oeppokpaocia kat mieon otnv omoia Bpioketan. levikd o
XPOVOC TtoU artalteitol wote pio ovoia va aANdéeL oxApo UTTO
Tnv enidpaon plog e€wteplkng OSuvaupng eival ekeivog
xapaktnpilel tnv ouoia cav otepen , uvypn n aépa. H
UNXOVLKA TWV PEUCTWV OE LooppoTia  ovopaleTol
USPOOTATIKN EVW N LNXOVLKN TWV PEVOTWYV TIOU Bpilokovtal o€
Klvnon oov uépoduvapiki.

2TepEd. [ F
Pevotd Prmmmmm e e D
Am m P
= . = — (uniform density),
P=av: P71
(25.1)
dF, o _
p= (definition of pressure)
if.f'il

;'.I
A (25.2)



A small surface of area
dA within a fluid at rest

[
S

I

| |
- dFy
dFy, ~<_ g *

|
|
=

The surface does not accelerate, so the

surrounding fluid exerts equal normal forces
on both sides of it. (The fluid cannot exert any
force parallel to the surface, since that would

cause the surface to accelerate.)

1atm = 1.01 % 10° Pa = 760 torr = 14.7 Ib/in.2.

These surfaces differ
in area and orientation ...

¥+
—

—

Ty
I

dFy | :
.,

... but the pressure on

them (force magnitude 2dF,

divided by area) is the
same (and is a scalar).

Some Pressures

Pressure (Pa)

Pressure (Pa)

Center of the Sun
Center of Earth

Highest sustained laboratory pressure

Deepest ocean trench (bottom)
Spike heels on a dance floor

2 % 10% Automobile tire
4 % 10" Atmosphere at sea level
1.5 x 10% Normal blood systolic pressure®®
1.1 x10% Best laboratory vacuum
100

2% 10°

1.0 % 10°

1.6 x 104
10—11

p2=p1 + pg(yi — y2).

(25.3)



Three forces act on
this sample of water.

This upward force is due to
the water pressure pushing
on the bottom surface.

¥
Air Level 1 [¥=0
Li .]I

h

This downward force is
due to the water pressure
pushing on the top surface.

y

y=0

——

Gravity pulls downward
on the sample.

y
A—i
y=0 %
ata
The three forces
o 1_} _____ K o] balance.
‘ | o amp [
g ..
¥
(&)
(pressure at depth h).
(25.4)



AnoAvtn ntison p

Atpoodatplki nieon po

MOWVOUETPLKN 1} OXETLKN TILEON P - Po

Level 2 |

Ho
] Level 1 \I I I n

Apyn Tov Pascal

H petafoin ¢ wieong mov epappoleton 6€ £va £YKAEIGTO
OGVUTIECTO PEVOTO HETUOIOETUL CUEIMT 6€ KAOE TR PO

TOV PEVGTOV KUl TU TOL(MUOTA TOV dOYELOV TOV



... a large output
force.

A small input
force produces ...

Output | F

Lyt

Apyi Tov Apypiion

Fb =msg @ss)

v S
-p.h - Fe The buoyant force is due
(a) . T to the pressure of the
f \ surrounding water.

‘: b The net force is downward,
() SN <o the stone accelerates
F, downward.

£

Wood
— so the wood accelerates
E

” IF" The net force is upward,
[y

upward.




Otav ta pevota Bpiokovtal o kivnon, dnAadn pEouv, n pon
Touc Slakpivetal og U0 TUMOUC TNV OMAAR | OTPWTH  Kall

TV Tuppwén .

TNV OMOAN PON OL PEUUATLKEG YPAUMEG OSnAadrn oL TPOXLEG Tou
akoAouBouv ta cwpatibla tou peuotol dev TEUvovtal. Emiong n
ToXVUTNTO TWV oWHATIOlWV Tou peuctol Tou SLEpYoVTOL amod Hia
Statoun mapapével otabepn. AvtiBeta otnv TupPwdn por oL TPOXLEC
TEQvVovVTAL Kal oxnuoatilovtal UIKPEC Slvec og OAn TNV €KTOON TNG
PEVUMATIKAG YPAUMAG . H por armo KavoVvLKN LETATPETETOL O TUPPwWON

LETA Ao UL XAPAKTNPLOTIKA KPLoln TaxuTnTa Tou peuotou



me T Vot Bea Sar

e

Ta pevota Katad TNV Kivnon toug gudavilouvv tpLpn
QVOAUEOO. OTA VELTOVIKA OTPWHOTO TOU pEoToU ToU
oAloBaivouv peta€l touc. Auth n eocwtePLlki TPLRA
QVAUECO OTO OTPWHOATO TOU PEVOTOU YopaKkTnpiletol
e To peyeboc LEwdeg to omoio pag deixvel tov Pabuo
NG ECWTEPLKN AUTNC TPLBNC €AV glval PEYAAN N UKPN.
H eowteplknl tPWPN avAapeca oOToL OTPWHOTA TOU
PEVUOTOU UETATPEMEL HEPOC TNG KLVNTIKAG EVEPYELOG
TOU peuotol AOYyw Tou LwdOUC Of EOWTEPLKN
EVEPYELQ.
Emeld) n kivnon Ttwv TPAYHATIKWY PEUCTWV Elvol
TMOAUTIAOKN 1N HEAETN TOUC OQTMAOTIOLEITAL HE TLIC
akoAouBec mapadoxec mou mepypadouv eva LOAVLKO
PEVOTO.

e H pon slval xwpic tpLPEc

e H pon slval otpwtA

e To pevuoToO elval acuurmieoto

e H pon sivat aotpoBAn



H taxutnta evog ocwpatidiov P oto pevoto eival mavta KABetTn otnv
PEVUATIKA YPOUUN. Mio S€0UN PEVUATIKWY YPAUMWY OTIWE PaiveTal
oxnuatilouv éva owAnva pong. 2TV OTPWTN PO OL PEUMOTLKEC
YPOUUES SEV TEUVOVTOL KOL ELVAL TIEPLOPLOUEVEC EVTOC TWV 0pLwV TOU
owAnva pong.

OewWPOUE EVOL PEVUOTO TIOU PEEL OE EVAL CWARVA

Poline 2

Point | A,

|-l|:—|l-| ¥

Axy

H pado tou pevotol oto onpeio -1 tou cwAnva ivot
m1=pV1=pA1Ax1=pA;viAt (25.6)

opolwe N pala Tou pevotol OTo onpeio -2

M2=pV2=pA2Axo=pA,Vv,o At (25.7)

Emeldn to pEVOTO €lval ACUUTLESTO Kal N pon €ival otpwth, N pala

TOoU peucotoUl oto onpeio 1 Ba gival ion pe tn pala oto onpeio — 2

M1=M2 (25.7)

OTtOTE



A1Vi=AsVvo= constant (23

H (25.8) eival n eiowon cuvexeiag yla ta pevotd

1 2 1 3
Pt 3pvi + pgvy = p2 + 5pva + pgva.
(25.9)

p+ %pvz + pgy = a constant (Bernoulli’s equation).

(25.10
Mo peVOTO o€ npepia,vi=v,=0 n (2.59) yivetat

p:=p1+ pgly — y2)
(25.11)
Itnv nepintwon mou to peuotod dev aAlalel UPog evw pEEL

p+ %pvz + pgy = a constant (Bernoulli's equation).
,y=0
L L.
P17t 3pvi = P2t o3pvi,

(25.12



26. TAAANTQXEIX

Meplodikn Kivnon- ATTAGC ApHOVLIKOC TAAQVTWTAC

MNepodikn 1 Appovikn kivnon i TaAdavtwon i Aovnon
elval n kivnon ekeivn n onoia emavalappfavetal o€ ioa
Xpovika dtaotipata. H kivnon auvth €lval pia €16Kn
nepintwon kivnong n omoia cupPaivel otav n duvoun
nou dpa og €va owa €ival avaAoyn TNG HETATOTLONG
TOU OWHOTOC amo Kamola B€on LooppoTiag Ko
kKatevuBuvetal mavta mpog tnv B€on woppormiag . H
Kivnon eival emoavaloppfovopevn miow — UMPOC WG
npog tnv 6€on avtn.

Otav €va owpa tou ekteAet Appovikn kivnon Stepxetal
anod To onueilo woppormiag, TOTE N SUVAULK TOU
EVEPYELOL €lval elaxiwotn. H ox€éon mou ouvdEeLl Tnv
Suvapn F(X) pe tnv duvauikn evépyela U(X) divetal
armo TN oxEon

. dU(x)
dx

F =

(26.1)

2TNV MePLMTWon mou N SUVOLKN EVEPYELX avaAoyn
ToU X% OMwc¢ otnv oxéon

U(x) = %kx2 (26.2)



TOTE N aAyeBpikn TR TNS SUvAUNG HETA TNV

nopaywylon tng 1.1 divetal amnod tn oxéon

F=-kxX (26.3).
Kal og Stavuopatikn popdn,
Eqv x = x1
Tote

F = —kx1 (26.4)

Evw av

A

X = —xi
Tote

F = —k(—xi) = ki (26.5)
dnAadn n duvapun sival mavta avtiBetn TG
LLETATOTILONC.
‘Eva TETOL0 TAAOVTOUEVO CWHLOL TOU OTtolou N SuvaLKkn
gevépyela. Olvetal amd tn oxeon 26.3 Afyetal amAog
OPMOVLKOC TAAQVIWIAC KOl N Klvnon Tou armAn
opHovViKl ToAdviwon. Eva Tmopadsypa  amAou

OPUOVLIKOU TaAovtwtn €lval €va ocwpa paloc m mou



NPOcOEVETAL O€ Eva LOAVLKO afapEc eAatripLo tou gival

eAelBepo va KvnBel oe pia Asia emidpavela (ZxAua 1)

F
| e
- | WS R
P
x=0
| FS =0
(b | EL
L 5
;
F =i
)
ch 1
T |
T 1 x
et
Ao tov 6gUTepOo VOO Tou Neutwva
F = ma » —kxi = mail » kx = —ma
d?x
kx+ma=0—>mﬁ+kx=0 (26.6)

H eflowon aut) Tou TMEePLEXEL TOPOYWYOUG ovopaletal
dwadopikn e§iowon (AE). H Abon tng Sivel TNV petatomnion
NG palag oov cuvaptnon Tou Xpovou.

3TNV meplmtwon tou ehatnpiov, n efiowon (26.3) amotelel
Tov vopo tou Hooke kat n otaBepa k amoteAet tnv otabepa

Tou glatnpiou. H AE (26.6) woxUel yla omolovénmote amAo



OPLOVLKO TOAVTWTH Omou n otabepd K pmopet va oxetiletal
LE AAAOL XOLPOKTNPLOTIKA TOU CUCTAMATOC.

Amnobelkvuetal otL n Abon tng (26.6) gival n
x(t) = x,, cos(wl + @)

(26.7)

OTIOU X €lval To TTAATOG TTOU lvall N HEYLOTN QMOMAKPUVON

amo tn B€on Loopportiag,

R
R
(26.8)

glvall N KUKALKR ouxvoTnTa 1] YWVLOKN ToxUTNTo o€
novadec rad st

T elval n meplodocg kot

f_:l

T (26.9)
n ouxvotnta o€ Hz. H cuyxvotnta pLog amAng appovLKNG
Klvnong elvat aveéaptntn Tou MAATOUC TNE Kivnong. Emiong

¢ eival n apxwkn daon kat n napaoctaon (wt+d) n dpaon.



Displacemnt
at time {

,_Z Phase j

x(f) = x,, cos(@ 1+ Q)

Amplitude Time
Angular Phase
frequency constant
or phase
angle
The amplitudes are different,
but the frequency and
period are the same.
X
= ¥m
T Ay
=
g0
z
a “tm[
—Xx m




The amplitudes are the
same, but the frequencies

. and periods are different.

NN NN\

Displacement

(B)
This negative value
x shifts the cosine
curve rightward.
o=-1
1

N NN

This zero gives a
() regular cosine curve.

Displacement

H aAyeBplkn TLUA TG TaxvTnTa TNG Kivnong divetal ano tn oxéon

dx(t) _ d

(1) = S5 = =[x, cos(at + @)

v(t) = —wx,, sin(wt + ¢)  (velocity).
(26.10)
Me péylotn TR Um=wXn, (26.11)

Kat n aAyeBpkn TLUr tTNG EMITAXUVONC



dv(t) d
dt dt

a(r) =

| —wx,, sin(wf + ¢)]

a(t) = —w?x,, cos(wt + @)  (acceleration).

(26.12)

Me péyilotn TR TV

amax:wzxm (26 13)

a(t) = —wx(1),

(26.14)
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Acceleration

Edv yvwpiloupe tnv Tiun X(t) kat tnv taxvtnta V(t) oe pia xpovikn
OTLYHI) TLY.

Ma t=0 X=Xm Kol V=-Xm w Bpiokoupue tnv w.



ATO TIC OXEOELG

F =ma=—kx
a=—w’x
—kx = —mw?x
TPOKUTITEL

|k

(26.13)

m
T =257 | —
W'\Il k

(26.14)



KOl

1
f 27T

K

(26.15)

H ocuxvotnta f mou divetat and tnv oxéon (26.15) kat
N €lvatl n ouxvotnTa mToU TAAAVTIWVETOL TO CWHA OTAV
adeBel eAeVBepo Aéyetal puoiki cuxvotnta N
tbloouxvoetTNTA TOU CWOTOC.

H Sduvapkn evépyelo o€ omoLadATIOTE OTLYUN

U(t) = 3 kx? = Jkx2, cos®(wt + o).
(26.16)
H KlvnTKn EVEPYELOL O OTIOLAOATIOTE TN OTLYUN

K(t) = 1mv? = sme™x?, sin®(wt + o).
(26.17)
OL LEYLOTEC TLUEG TOUC Elval
Unax = 5 kx?, (26.18)

Kmax = 5k, (26.19)



H oALKr) LNXOWVIKA EVEPYELA Elvall

E=U+K =k, (26.20)

f/‘l_"[r] + K1)

L)

Energy

K(f)

! T/2 T
(@ As time changes, the

energy shifts between

the two types, but the

total is constant.

s L{x) + K(x)

Ui x)

Energy

Ki(x)

0 +x
OOINOYZA APMONIKH KINHZH

Edv n amAn opUoVLIKN Kivnon UTtOKELTOL o€ TPLPEC
TOTE N Kivnon €faoBevel Aoyw tNC TPPAC Kol
Aéyetal pOivovoa apuovikn Kivnon.

O@ewpwvtac oOtL n Oouvaun NG TPPNC Eelval

avtiBetn Katl avaloyn TNG TaxUTNTOC



f=-bv (26.21)

n Sltadopikn e€lowon tnE Kivnong yivetol

F + f, = md —» —kxi — bvi = mai - kx + bv = —ma
dx? dx

m—+b—+kx=0 (26.27)
dt dt

ornou b otaBepad avaloyiag (ctabepd anodoPfeong).
Eav n b eivat pkpn ,n Abon tng

AE (26.27) divetal ano tn oxéon

() = x,, e "M cos(w't + &),

(26.28)

Ormou

."I k B b-
N m dm*’

[

w:

(26.29)
Edv b=0 tote naipvoupe tnv



Eav
b « 2m

Tote

~ .
wWw=w
ATIWAELQ EVEPYELOG

E 1) = lk_.l:l E‘_Fmrm.,
(1) = 36X (26.30)

Rigid support

Zuykpivovtag tig oxeoelg (1.12) kau (1.24)

n ocuxvotnta f'<f eivat pikpdtepn kat n T >T and v Kivnon
Xwpeic TeBR. H TP KaAvel o apyn tnv kivnon. Na b=0

EXOUME W =Ww.



To mAdtog tng kivnong BaBuwaio pelwwveral oto undév. O

XPOVOG T pEoa otov omoio to TmAAto¢ nédtel oto 1/e tng

OPXLKAG TIMAG TOUu Af€yetal MECOG XpOvog (wNG TG

1 4
TaAdviwong
X
bt/ 2m
g Beg /lrfx(
N A A n x(!
TNVANR S (5
‘ | " | | .6"' Il || |v| '. ". A
0'1‘:'1&{""1‘[,""" I"‘,:' O
[ 1 “l"",|bg2‘.l\'1'3‘, YAYAVAVARERVAVAL:
RIRIRIRIAVRIRIAY V_\
‘ A 1 {1\ | J
| | | “.‘l \y_\
._\l"‘- \-'.\'mf_([/

Edv otn oxéon (26.28)

x(t) = x, e "M cos(w't + ),

B€coupe t=t, MPOKUTTEL OTL

2m
T=—
b

2 TNV MEPLITTWON TTOU

k bh-

.
m dm -

= () Or

N OLOLPOPETIKA OTOV
1o b amoktioeL tnv KplowA Ty b,

(26.31)

b= 2vVkm



bc=2mo (26.32)

TOTE

TOTE 10 oclotnUa Sev TAAAVIWVETOL Kol AEPE OTL lval
Kplolot armooBeVULEVO. ITNV TIEPLTTTWON AUTH OTAV TO
ocvotnua adebel amno tnv B€on wopporiag yupilel otnv
B£on LOoppPOTILAC KOL TIAPOHEVEL EKEL.

Edav b>Db.

dnAadn n tpLBN elval peyaAn to b yivetol tooo peyaio

TIOU To UTtoppll{o otnV oxXEoN

| k b-

N m dm*

E
I

ylvetat apvntiko kat n oxeon (26.28) dev eival mAéov Abon tng AE
n kivnon &ev eival kav eplodikr). To cwpa otav to cuotnua adebel
and tnv B€on woppormiag yupilelt otnv B€on wooppomiag Kot
TIOPOAEVEL EKEL AAAA KAVEL TIOAU TIEPLOCOTEPO XPOVO VO YUPLOEL ATIO

OTL oTnV ponyoupevn nepimtwon. H Avon ¢ AE etvonu



x = Ce ™ + Che™
2 (26.33)



AMNMNO EKPEMME2

(26.34)

Pivot :
point : L
|
|
|
|
I
| om
'--.__:__.--F
(a)
f‘ﬁe““g
}‘:E:sillﬂ‘ 1 Uit
component
This K4 merely
component Fy pulls on
brings the the string.
bob back
to center.
(8)
T=7 X Fj = —Lj x mgsinf(—1) = ngsin@(f X i) -
T = —Lmgsinfk
Opwce
- -
T=la
Onote
> mgsing a
a = —

(26.35)



Na @ (oe rad) wkpo ,sinf = 6
Me aAyeBpLkr TLun

mgl

ax = — .
1 (26.36)
loxUeL oTnV AmAn aPUOVLKN Kivnon

a(t) = —w’x(1),

(26.14)
Onote
T=2m.| ! :
N mgL
(26.15)
I = ml*?
(26.16)
L
T=2m,|—
g
(26.17)

DY2IKO EKPEMMEZ

f‘:E..‘i"lIIB

This component brings the
pendulum back to center.
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Table 10-2

Some Rotational Inertias

=
Hoop about ’/

central axis

Annular cylinder Solid cylinder
(or ring) about (or disk) about

central axis ) ) central axis

(a) I=$+M(R} + R3) (B) ()
Axis Axis
Solid cylinder Thin rod about [ Solid sphere
(or disk) about - axis through center about any
central diameter perpendicular to diameter
length 2R
1= MR + b MI2 (d) © 7= $MR? 2
P Thin Hoop about any Slab about
spherical shell }X diameter perpendicular
about any axis through
2R diameter center
o
. § ~—a
1= $MR* &) I= $MR? ) I= hM(a? + %) @@

MNa Aertt papédo (e)

_ — 1 172 — 1
I=1,,+mh’=35mL*+ m(zL) = smL*. 26.18

8L
57 7372

(26.19)



2TPODLKO EKKPEUEC

l lFixed end

Suspension wire

Reference line

+6,,
T= —K#.
(26.20)
T
I'=2m,|—
V &
(26.21)

EZANATKAZMENEZ TAAANTQZEIZ KAl ZYNTONIZMO2Z

Edv oto owpa aokeitol pia e€wteptkn meplodikni SUvapn Tote ekTeAEL
efavaykaopévn mePLodIki kivnon. H avtiotolyn taAdviwon AEyetal
efavaykaopévn taAdaviwon. Edav Bewprijooupe OtL n eéwtepLkn

nieplodikn duvaun divetal amnod tn oxéon

F" = E,cos(wgit) (26.22)



tote n Sadoplkn eElowon TG Kivnong yivetoau
I~:+fk + F" =md » —kxi — bvi + F"'i = mai -
ma + kx + bv = F,,cos (wgt) (26.23)

H oxéon (26.23) amotelel tnv AE tn¢ e€avaykaopevng
TOAQVTWONC.

H AUon tng AE (26.23) Sivetal amo tn oxéon

Frm .
X = ?msm (wat — @) (26.24)
Me
G = \/mz(a)czi — w?)? + b?wj (26.25)
Kaul
@ = cos™ ! b% (26.26)

Evw to mAdrtocg ival

x, =i (26.27)



Ano tn oxéon (26.24) mpokUTTEL OTL N €€AVOYKOOUEVN
TOAAVTWON EXEL TNV OLUXVOTNTA TNC EEWTEPLKAC SUVOUNG Kol
oxt tn ¢puowkn cuxvotnta (Wroouxvotnta) f tov cwpartog. H
amoKpLon OHWC TOU OoWwHOToC £€apTdtal amo TNV OXEon
UETOEL €EWTEPLKNC ouyxvoTnTag Kol TS GUCLKAG cuXVOTNTAC.
H kivnon sival apeiwtn appovikn kivnon pe cuxvotnta f'.

Ztnv nepintwon nov dgv untdpxet TpBnR b=0 kat w=wq
o napayovtag G=0 kat to mAAto¢ X'm yivetal amnelpo.
2TNV TPOYUOTIKOTNTA UTIAPXEL TTAvVTA KATola TELBNA Kal
£TOL OTNV TIPAEN TO Xm Yivetal TMOAU peyailo aAAd

TETLEPOLOUEVO.

Otav €xoupe g€ovaykaopeEVN TAAAVIWON UTIAPXEL Uit
XQPAKTNPLOTIKA TIUA TG EEWTEPIKAG ouxvotnTag f yla
TNV omola To MAATOC TNS TaAdvtwonc yivetal péywoto. H

Kotdotaon autr) AEYETAL CUVTOVIOMOG KoL N cuXVOTNTA



yla Ttnv omoia ovupPBaivel ocuvtoviopog Agyetal
ouxvotnta ouvtoviopol. Oco mo Mkpn €ivar n
otaBepa b t600 n cuxvotnTa cuvtoviopol MAnolalet
v $duolky ouyxvotnta taAdaviwonc. Mo pKpo b n
OUXVOTNTO CUVTOVLOMOU LooUTOL TTPOKTIKA ME T.

. b=50g/s

(least
damping)

:"unplilml:*

06 08 1.0 1.2 1.4



XAO2z

Y€ €vol aPUOVLKO TaAavtwTr ol e€lowoelg Sivouv tnv B£on, TNV TaxUTNTA Kol
TNV EMITAYUVON OE OTOLAONTIOTE UETAYEVECTEPN XPOVLIKI OTLYUN, EHOCOV £XOUV
800el oL TIWHEC TNG QAPXLKAG METOTOTLONG Xo KOL QAPXLKAG ToxUTnTAG Vo
Onotodnmote ocUOTNUA TOU OMOLoU TNV Kivnon pmopoupe va mpoBAéPoupe
MANPWG, £POcOV YVWPLOUUE TIC KATAAANAEG OPXIKEC ouvOnKeg ovopaletal
OTLOKPATIKO cUotnpa. 2t ¢uon OuwWC UNAPXOUV CcuoTHHATA  ToU
neplypadovtal ano SLopoplkeC €ELOWOELS , AAAA N XPOVLKA Toug EEALEN Oev
uropel va mepypadel 1 pnopet va npoPAedpBOel oe pUIkpO povo Babuo. Ta

CUOCTNHOTA QUTA OVOUATOVTOL XOLOTLKAL.

To XOPOKTNPLOTIKO TWV XOOTIKWV CUCTNUATWY £ival n evatodnoia Toug otig
OPXLKEG ouvOnKeG. Mol pukpr) aAdayn oTiG apPXLKEG oUVONKEG MPOKAAEL pia
MEYAAN aAAayn OTO0 TEALKO OmMOTEAeopA. o TNV HEAETN TWV YOOTIKWV
OUCTNUATWY XPNOLUOTIOLOUKE TO XWPOo TwV Ppacswv. O xwpo¢ Twv GACEWV
glvat €vag kapteoLavog (0pBoywvLog XwPog) UE CUVIETAYHUEVES TIG METABANTEG
mou xpeltalovtal yia va meplypadn mANpwg to cvotnua. To mAnBog twv
HETAPANTWY autwv pag Sivel kal To MARBOC Twv apxkwyv cuvBnkwv. MNa
TapASELYHa €AV EEETACOUUE TOV ATTAO APUOVLKO TOAQVTWTN XWPLC TPLREC TOTE
0 paokog xwpog eivat duo dlaoctdoewv pe PeTaBANTEG TNV B€on X KaL TNV
Toxutnta V. Eva onpeilo oto Ywpo Twv GACEWV aVTUTPOOWTEVEL TN oTlydLaia

B€on Kot TaxVTNTA TOU CWHATOC TIOU €KTEAEL ATTAR APUOVLKA TOAAVTWON.



O Xxwpo¢ TwV PACEWV yLa VA APUOVIKO TAAQVTWTN

Y=
N\

Eav twpa n Kivnon givat ¢pOivovoa appovikiy Tote 0 GaoLKOG XWPOG
TLOLPLOTAVETOL

Aot PR

ITnV nepintwon tnc eEavayKaoueEVNC EPLOSIKNC Kivnong

H kivnon umopet va Eekvoel pe éva PETABATIKO aKAVOVLOTO TPOTO
oAAa Ba kataAn€el oe appovLKn Kivnon HE ywVLaKn TaxUTNTo Wqg Kot
Ba amewkoviletal pe pla EAAelpn otov XwpPo TwV PACEWV TIOU



OVOUALETOL OPLAKOC KUKAOG VLaTL 08 aUTV KATAARYOUV TEALKA OAEC
oL TpoXLEC. H emidpaon twv oplakwv ouvBnkwv eival petafatikod
dalwvopevo mou e€aoBevel petd amd mMoAU xpovo adrivovtag To
oUOTNUA OE MLOL HOVIUN KOTAOTOON TOU €lval avefdptntn amo Tig
OPXLKEC OUVONKEC.

Exxivnon F

(b)

Av Bewpriocoupe TWPO Eva EAATAPLO TIOU eKTEAEL E€avayKAOUEVN TAAAVTWON

aAAQ n Suvapikn evépyela Teplypadetal anod tnv oxéon

UG = 2ha? (1-2)

(26.28)



rix)

Itnv nepimtwon mou X<< L maipvoupe to paoiko dtaypappa tou
appovikoU TaAovtwth. Eav 1o X glvol peyalo TOTE Ol CUVAPTAOELG

Tou SuvapLkoU StadEpouv apKeTA.

Eav twpa n Fm ylvel peyaAn TOTe TO CWHO TAAQVTWVETAL AVAULECQ
o€ U0 KATAOTACELG SUVALKNG EVEPYELAG KOL TO PUGIKO O18ypaLLLoL

CY)



(a) (b)

Mo pa Kpiopn TR tng Fm &gv umdpxetl KAELOTA KAUTUAN OTOV XWPO
Twv ¢$acewv oAA €va TOAUTAOKO OYNUO ocav KouBaplL Tou
OoVOUAeTaL XOOTIKOG 1 Ttapdéevog €AKUOTAG. To cwua daivetal va
TOAQVTWVETAL TIOTE OTO €va TOTE 0TO AAAO TNyadt Suvaplkolu n
niepldpEpeTol HETAEL TWV SUO XWPLC CUYKEKPLUEVEC TACELC. NEUE TOTE
OTL n kivnon eilval xooTikR. XapoKTneLloTIKO TNG XOOTLKAG Kivnong
gelval n esvaloBnola ot apxlkec ouvOnkec. Otav adriooupe TO
cvotnua va Eekvnoel amo OUo eAadpwC SLAPOPETIKEC OPXLKEC
ouvOnkeg ou armetkovidovtoal ano dUo dlapopPETIKA YELTOVIKA OnELa
oToV XwWpo Twv dacswv oL duo Kvnoelg mou Ba mpokLYPouv Ba

armokAivouv oAU ypriyopa N pia amo tnv aAAn.

H 60vaun emavadopadg tou eAatnpiov Ba divetat anod tn oxeon



kot n dtadoptkn e€lowon Ba divetal amod tn oxéon

ma + kx (1 — %) (1 = sz) + bv = F,cos (wgt) (26.30)

H (26.30) AUveTal povo aplBunTLka



