;> with(plots) :
> with(Physics[ Vectors])
[&x, "+, ., ChangeBasis, ChangeCoordinates, Component, Curl, DirectionalDiff, Divergence, €))
Gradient, Identify, Laplacian,N, Norm, ParametrizeCurve, ParametrizeSurface,

ParametrizeVolume, Setup, diff, int]

> Setup(mathematicalnotation = true)
[ mathematicalnotation = true | ?2)

>

TIAPATHPHZH :
Mo omowdrjmote Awivuepe A (@éescc, Toyvmnrec , Pomic , EmTeyiveens Kim. ) Tov £ivol 6uvdpTner] Tov ypdvou t 1601 1) 6761 (A) .
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BAYIKO : I'd AAPANEIAKO mapatypyi o Movedwia Awvicpora P ,¢ rou MH Adpaveiaxab

CUCTAHOTOE GUVTETHYHEVIDY
Meropaiiovrar Lovaptijeer Tov Xpovov .

Emopévac mpinel va Yroloyilovpe Tig Hopayoyovs tov Movediwwiov Aeveepatov Zovepticsr Tov Xpovov .

* tou ASpavelakol

BAZIKO : I'dé MH AAPANEIAKO(nepiotpe@opevo) maparnypyti te Movadiaia Arovicpata 1 , J cuctiparos cuvtetaypévwy
Mezrapailovrar Zvvaprice Tov Xpovov .

Enopéveg npenel va Yroloyilovpe Tig Ilupoyoyovs Tov Movedwiov Atavvspatav Zvveptijoer tov Xpovov .
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S I S Y A S IS N IS A X[B] == axpand(p-cos(5+ a)) + 0O[1] Xy=p cos(6) cos(a) — psin(6) sin(a) + 0,
P (p24)
¥[B] = expand(p-sin(6 + a)) + O[2] Fo=p sin(6) cos(a) + pcos( o) sin(a) + 0,
:
1P
¢‘ rb,=.r4-cus(¢] 7_1'J§51n(¢] XB = ms(q')-(x'liol] 7Sin(¢)-(1{4702] +0,
! : })'B?r_rsin(ﬁb] 7_1:|§cus(¢] Y= sin(¢)-(X__1—01] +cos(¢]-(}§—02) +0,
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Oépa :

YAko6 onueio P ualac m gvpioketon evtdg Agiov opiloviion corfva
Ko ovvdéeTal otnv eAebBepn akpn ofopoig elatnpiov pe PLOIKO
UNKOG § Kat eAatnplokn otabepd k.
To ghatnpro Bpioketor vidg TOV TEPIGTPEPOUEVOL pE GTOOEPT
YOVIHKN ToxOTNTo [@] YOpW 0o KatoKOpLOO AEovo coOANVa. .
O d&ovoag mepioTpoPng OEpyeTal and Vv apyn TV aovov O(X,y,z) .
1.Na gupebei n 0éom 1ooppomiog tov copatidiov P kot ot avtidpdoelg
TOL GOANVOL .
2. Av 10 copatidwo extpanet ehdyiota and v 0Eon 1oppomiog Tov ,
va teptypagel 1 kivnon tov , 6tav apedei eredBepo .
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Avvajelg eoKobuEVESD o b
EML TOV TEPLGTPEQPOPEVOD Kl
TorovToousvon Y LKoo

onpsiov P

‘B=papog Tov copatiéiov P
H=H ésvvopn Hook 1 ackovpevn amo 10 £10T1)p1o 6T0 GOUATIONO
A=H dvvupun evTidpucs Um0 TOV COANVA . 1] CGKOVHEVI] 6TO GONUTIONO .

Avon :
"Eotmoav B=papog tov copotidiov P

H=H 60vapun Hook 1 ackovpuevn oo To ELOTIPLO GTO COUUTION0
A=H ovvaun avtidopaons amé ToVv 6OAVA , 1] GGKOVUEVT] GTO



oCONOTION .

>
=> omega = omega- k
o= ok 3)
(> T = T(1)-_i
Ti=T(1) i “)
=> B =-mg k
Bi=-mgk G)
(> H =k (T(t)-5) i
Hi=-k (T(t) —s) i 6)
(> A=Ay j+ Az k
A=Ay + Ak )
=> omega = omega- k
=0k 8)
>
_>

la. EEIZQYXEIX KINHXHY QY ITPOX TO SO MH

| AAPANEIAKO XYXTHMA-TAPATHPHTH
> u o] =diff (T, 1)

5 d :
_ i = (E T(t)) i ©)
> a_[o]=diff (u_[c],1) )
_ a_:= [% T(t)) i (10)
>
>

1b. EEIXQYEIX KINHXHXZ QX ITPOX TO s, AAPANEIAKO

| YYXTHMA-ITAPATHPHTH
> u [Q]:=u [c]+ omega xT_

g, = (% T(t)) i+ oT(l);) 11)
=> a [Q]:=diff (u_[Q],t) + omega_ xu [Q]
Q=i d—ZT(t)—(DZT(t) +2m(i T(t))A' 12)
Q a7 d J

Enopévag :



> m-ZQ=B_ +H +A4

2
m [2 (d—z T(t) — o T(1)

Jrzoa(i T(f))}]=—k(T(z)—s) P Ayj 4k (-mg+ Az) (13)

dr dt
=> Component(lhs((13)), 1) = Component(rhs((13)), 1)
T mo + j—; T(t)] m=-kT(t) + ks (14)
=> Component(lhs((13)), 2) = Component(rhs((13)), 2)
2(% T(t)jmeAy (15)
=> Component(lhs((13)), 3) = Component(rhs((13)), 3)
0=-mg+ Az (16)
>
> Fygokentros :==-m-omega_x (omega_Xx1 )
Fygokentros := T(t) im (x)2 a7
=> Coriolis :==-2-m-omega_xu_[c]
Coriolis = -2 (% T(t)) imo (18)
=>

Mmopovpe va ypayovpe yia v 8o woppomiag Tisor :
> H + Fygokentros=0

i (-k(T(t)=s)+ T()mo) =0 (19)
=> Tisor := solve((19), T (1))
Tisor = k—g 0)
-mo® +k
> B +A_+ Coriolis =0
j(Ay—2(% T(z)jmwj+l}(—mg+Az)=o @1
=> Component((21), 2)
Ay—Z(% T(t)jmo)=0 @2)
> Component((21), 3)
“mg+ Az=0 @3)
=> Ay=solve((22), Ay)
Ay=2 (% T(z)j mo Q4)

> Az=solve((23), Az)
Az=mg (25)




\%

2. Meratomon Kota € amwo Ty 0¢on

160PPOTLNG .

Tl :=¢(1) i
HIl :=-k-((Tisor + €(t)) - Tisor) -_.

i
HI =-ke(t) i

ul_= (% e(t)) i

ul_[o] = diff (T1_, 1)

al [o] :=diff (ul [c],1)

ul [Q]:=ul [c]+ omega xTI_
- d : p
ulQ = ( i e(t)) i +e(t) ]

al [Q] = diff (ul _[Q],t) + omega_ xul [Q]
2
@ e(t) — u)ze(z)

al = 1
dr

5 +2m(%e(r))}

m-al [Q]=B +HI +4_
m| i d—ze(t)—mzs(t) +2m(ie(z)j‘ — ke(t) i +Ay] +k (-mg+ Az)
7 T j 0y g

Component(lhs((32)), 1) = Component(rhs((32)), 1)

2
-€(1) m(o2 + [% e(t)) m=-ke(t)
simplify( (33), 'symbolic' )
2
-m (co2e(t) - % S(t)] — —ke(r)

2
simplify(isolate[(%), % 8(t)], symbolicj

d_2 _ 8(1)(—m0)2+k)
dl2 S(t)—— m

Component(lhs((32)), 2) = Component(rhs((32)),2)

(26)

27

(28)

(29)

(30)

(€2Y

(32)

(33)

(34)

(35)

ML
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2 (% e(t)j m®=Ay

Component(lhs((32)), 3) = Component(rhs((32)),3)
0=-mg+ Az

Mmopodue va ypoyoupe :

e(t) + (—a)2+

[
=)

2
d
2

. ) £(?)

k
m
d2

dr

2 k 2
ode = subs( -0 +—=n, (38))
m
2

d 2
ode := — €(t) + n"g(t) =0
ar

ics == D(€)(0) =0, €(0) =€[0]
ics == D(e) (0)=0,€(0) =¢

dsolve( { ode, ics}, €(t))

0

(1) =g, cos(nt)

diff ((41), 1)
% e(t) =-g,nsin(nt)

2
Onov : n= / -0 + L3 : N KUKAIKT] 60yvOTNTO. .

m

APMONIKH TAAANTQXH

(36)

37

(33)

(39)

(40)

41)

42)

Me Kvkikn XvyvotnTta n yopo amo tnv 001 woppomiog Tisor.

Eivon :

(36)



> (37)

(> Ay =subs((42), lhs((43)))

> isolate((44), Az)

>

2 (E S(t)j m®=Ay
O0=-mg+ Az
Ay=-2¢g nsin(nt) mo

Az=mg

Or AvTidpaceig Tov Loiva -

A.V=

-mnsin(nt)

Az=mg

. k
> Fygokentrosl =subs| (41),-m-omega_ X | omega_X i —j + £(1)
-mo +k

Fygokentrosl =

2 2 g
m (—socos(n 1)mo + kg cos(nt) —|—ks) i

2
-m® +k

(> Coriolis] =— subs((42), 2-m-omega_x ul [c])

Coriolisl =2 g nsin(nt) mwj

=> HOOKI = subs ((41),- k- ( Tisor + €(t) — s) +_i)

HOOKI = -k [

(> Tisor- i+ Tl

2k
> n=sqrt(—co +—)
m

ks

2

+ g, cos(nt) —s i
-mo +k

i [L +€(t)j

43)

(44)

45)

(46)

47

(48)

49)

(30)

(1)



EOPAPMOT'H
AgOONEVU PE OLUGTAGELG :
© = 1rad-s”?

s = 2.50m
m = 1kg
k=218
5
g = 9.80—
S
e[0] == 1m

Tisorl = subs({omega=1,5s=2.50,m=1, k=2,g=9.80}, Tisor)
Tisorl = 5.00 (52)

subs({omega=1,5s=2.50,m=1,k=2,2=9.80}, (51))

n=1 (33)
subs({omega=1,5s=2.50,m=1,k=2,2=9.80,n=1}, (45))
Ay=-2¢gsin(1) (54)
subs({omega=1,5s=2.50,m=1,k=2,2=9.80,n=1}, (46))
Az=9.80 (35)
subs({omega=1,5s=2.50,m=1,k=2,2=9.80,n=1}, (47)) )
Fygokentrosl = (80 cos(?) + 5.00) i (56)

Fygokentrosla= Component(rhs((56)), 1)

Fygokentrosla=¢, cos(t) + 5.00 (57)

0
subs({omega=1,5s=2.50,m=1,k=2,2=9.80,n=1}, (A48))

Coriolis] =2 g, sin(?) j (58)
Coriolisla = Component(rhs((58)), 2)

Coriolisla =2 g sin(r) (59)

subs({omega=1,5s=2.50,m=1,k=2,2=9.80,n=1}, (49)) .
HOOKI = -2 (2.50 + €, cos(t)) i (60)

HOOKIa = Component(rhs((60)), 1)
HOOKla=-5.00 — 2 g, cos(r) (61)



>

> &l = subs((53), rhs((41)))

gl == ¢, cos(?)

AIIEIKONIXEIX
>

®som tov Kévrpov g Loaipoc:

X[8] = (6.00 +¢[0]-cos(t) )-cos(d) :
¥Y[S] = (6.00 +€[0]-cos(t))-sin() :

® m‘)

Avvapelg uoKobUEVES

ETL TOV TEPLCTPEPOUEVOD KUL
Tolavroousvor Yikon
onueiov P

-B=papog Tov copatidiov P

H=H ésvvopn Hook 1 ackotpevy) oo 10 £L0TI|P1oO 6TO GOUATIH0O

A=H és0vapun evTidpuci)s amo TOV GOV , 1] CCKOVHEVI] GTO CONUTIONO .

(62)



;> ARXH := pointplot3d([0, 0, 0], color = black, symbol= solidcircle, symbolsize=20) :
> ZAXON = arrow( (0, 0, 0), (0,0, 5), width=0.15, head width=0.3, head length=0.4, fringe
_ = blue, color = green) :

> XAXON = arrow((0, 0, 0), (10, 0, 0), width=0.15, head width=0.4, head length =0.8, fringe
_ = blue, color = green, transparency =0.70) :

> YAXON := arrow((0, 0, 0), (0, 10, 0), width=0.15, head width=0.4, head length =0.8, fringe
_ = blue, color = green) :
=>

> TROXlIAisor = spacecurve([6.00-cos(a), 6.00-sin(a), 0], a=0..2-P1, color = blue, thickness
_ =2, linestyle=1) :

> pointP := animate(pointplot3d, [ [ 6.00-cos(a), 6.00-sin(a), 0], color=blue,
symbol =solidcircle, symbolsize=7],a=0 ..2-Pi, frames=100) :

> lineOP := animate( spacecurve, | [ (0 + A-(6.00 — 0) ) -cos(a), (0 + A-(6.00
—0) ) -sin(a), 0], A=0..1, numpoints =100, color = blue, thickness =2,
| linestyle = 4], a=0.2-Pi, frames=100) :

> lineOPplus = animate( spacecurve, [ [ (0 + A-(6.00 + 1.0-cos(#) -0) ) -cos(1),
(0 +A-(6.00 + 1.0-cos(#) -0) ) -sin(?), 0], A =0 ..1, numpoints =100, color




i =blue, thickness =2, linestyle =4 ], t=0..2-Pi, frames =100 ) :
> pointPplus = animate(pointplot3d, [ [ (6.00 + 1.0-cos(?) ) -cos(?), (6.00 + 1.0
-cos(t)) -sin(t), 0], numpoints =150, color =red, symbol = solidcircle,
L symbolsize=51,t=0 ..2-Pi, frames =100, trace=99) :
>

>

> LINOI = animate(spacecurve, [[ (0 +¢(0.5—0))-cos(a), (0 +¢(05—0))
-sin(a), 0],¢=0..1, thickness =3, color=red, linestyle=1], a=0 ..2-Pi,
| frames =100, trace=0) :
> LINI12 := animate(spacecurve, [[ (0.5+ ¢ (0.5—0.5))-cos(a) — (0 + ¢ (0.5
—0))-sin(a), (0.5+1¢(0.5—0.5))-sin(a) + (0 +¢(0.5—0))-cos(a), 0]
,t=0..1, thickness =3, color=red, linestyle=1], a =0 ..2-Pi, frames =100,
| trace=0) :
> Pointl := animate(pointplot3d, [ [ (0.5-cos(a), 0.5-sin(a), 0) |, symbol
L =solidcircle, symbolsize =71, color=red], a=0 ..2-Pi, frames=100) :
> Point2 := animate(pointplot3d, [ [ (0.5-cos(a) — 0.5-sin(a), 0.5-sin(a) + 0.5
-cos(a), 0) |, symbol =solidcircle, symbolsize =71, color=red], a =0 ..2-Pi,
| frames =100, trace=2) :
> Point3 := animate(pointplot3d, [ [ (5.50 + 1.0-cos(¢#) ) -cos(?), (5.50 + 1.0
-cos(t)) -sin(t), 0], color =red, symbol =solidcircle, symbolsize =71, t=0..2
_ -Pi, frames =100, trace=2) :
> Point4 :== animate(pointplot3d, [ [ (5.50 + 1.0-cos(¢) ) -cos(z) — 0.5-sin(7),
(5.50 + 1.0-cos(?) ) -sin(z) + 0.5-cos(?), 0], symbol =solidcircle, symbolsize
_ =17, color=red], t=0 ..2-Pi, frames =100, trace=2) :
>
[> X3 :=5.50 + 1.0-cos(?) :
;> Y3:=0:
| > Xplus :== 6.00 + 1.0-cos(?) :
[ > Yplus:=0:
> X1 = X3+ A (Xplus — X3)
XI =550 + 1.0 cos() + 0.50 A

> Y1 := Y3+ A (Yplus — Y3)
YI:=0

(> XX7 = XI-cos(t) — YI-sin(t)

XX1 = (5.50 + 1.0 cos(¢) + 0.50 1) cos(¢)
(> YY1 = XI-sin(¢) + YI-cos(t)

YY1 = (5.50 + 1.0 cos(¢) + 0.50 A) sin(¢)

> LIN3Pplus = animate(spacecurve, [ [XX1, YY1,0],A=0..1, color=red], t=0
..2+Pi, frames =100, trace= 2) :

>

(63)

(64)

(65)

(66)



\%

\%

v

v

>
>

X4 :=5.50+ 1.0-cos(?) :
Y4:=0.50:
X = X3+ A (X4 — X3)
X = 15.50 + 1.0 cos(¢)
Y:=Y3+ A (Y4—13)
Y:=0.50 A

XX = X-cos(t) — Y-sin(¢)

XX :== (5.50 + 1.0 cos(?)) cos(z) — 0.50 sin(¢) A
YY := X-sin(t) + Y-cos(?)

YY = (5.50 + 1.0 cos(#)) sin(¢) + 0.50 A cos(¢)

> LIN34 = animate(spacecurve, [ [XX, YY,0],A=0..1, color=red], t=0..2-Pi,

frames =100, trace=2) :

BHMA - ¢

HELIX = | ~a + a-cos(¢),+ b-sin(9),
_rﬁ=:rf1~::ns(q)] —_1;155111(43)
vg=n,sin(0} --_liiicus[{p)
YEL := 0.50-cos(¢)
YEL := 0.50 cos(0)
ZEL := 0.50-sin(0)
ZEL = 0.50 sin(¢)
._ (5.00 + 1.0- cos(t)) ¢
XEL = 0.50 + : .
XEL = 0.50 + (5.00 + 1.0 cos(?)) ¢
10T
XXEL := XEL-cos(t) — YEL-sin(¢)

(5.00 + 1.0 cos(z)) O
10m

XXEL = [0 50 + ) cos(t) — 0.50 cos( @) sin(¢)

YYEL := XEL-sin(t) + YEL-cos(t)
(5.00 + 1.0 cos(z)) O
10m

YYEL := [0 50 + ) sin(¢) + 0.50 cos( ) cos(?)

ZZEL := ZEL
ZZEL = 0.50 sin(0)

2-Pi

(67)

(68)

(69)

(70)

(71

(72)

(73)

(74)

(75)

(76)



> HELIX := animate(spacecurve, [ [XXEL, YYEL, ZZEL], $ =0..5-2-Pi, color = black, numpoints
_ =150, thickness =5, linestyle =1 ], t=0..2-Pi, frames =100, trace =2) :
B

> KEIM := textplot3d([[10.2, 0, 0, "X", font = [arial, 16, bold]], [0, 10.2, 0, "y", font = [ arial, 16,
_ bold]], [0, 0, 5.2, "z", font = [arial, 16, bold]]]) :

>

> display( KEIM, ARXH, ZAXON, XAXON, YAXON, TROXIAisor, pointP, lineOP, lineOPplus,
pointPplus, LINOI, LIN12, Pointl, Point2, Point3, Point4, LIN3Pplus, LIN34, HELILX, axes
= none, scaling = constrained, orientation = [ 55, 75, 0], title
="ANIMATE\ITEPIETPO®H & AAPANEIAKEX AYNAMER\nXABBAX I1.
TABPIHAIAHE", titlefont = [ arial, 14, bold])
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