Ofua :
LY TNULOTLKT] OVOTaP3oTOacT) VOGS AVIYVEVTI
Bapvtikov Kvpartov ,

M¢ elaTnPiov pne 0V0 TAVTOTIKES PalES 6TIS
GKpES TOVL
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el cos(a) i + cos(d) 7 + cosic)

— —
cos(a) el + cos(d) e2 + cos(g)
—

k
e2 | =| cos(d) i + cos(e) 7 + cosif) k | =| cos(b ol + cos(e) o2+ cos( 1)
k

23 cos(g) i + cos(k) j + cosi) cos(c) el + cos(f) o2+ cos(i)
—* - L - - — —
el =cos{a) i + cos{b) j + cosic) k i= 3

-
cos(a) el + cos(d) e2 + cos(g) &3

—~ — — —
—

e2=cos(d) 1 + cos(e) 7 + cos(f) k J=cos(b) el + cos(e) e2 + cos( 1) e3

- —

e3=cos(g) i + cos(h) 7 + cos(i) k k= cos(c) el + cos(f) e2 + cos(i) e3

METAZXHMATIEMOZ EYETHMATON|

'ff_fx =4, cos(a) + 4, ,cos(d) + 4, cus(g]x"

A}_ =4, coalb) + 4 ,cos(e] +.4_;cos(h)

'\MA‘_:AEI cos(c) +4_,cos(f) +4_; cos(i)

Na yapalovps Elwoa1dn Kopmnoviy ( Kvkiual | Eiieurtuag )
TS omoiag Ta 6v0 (2) dwpa Al , Bl va mepvovv and dvo (2) enpsio A , B avrictorya 6to yopo .

I'TA AAAATH AIEYOYNEIHE THE AIETEPZHE , AAAAZOYME TO: 1 — £-sin(©)
LE: 1+ h-sin(©)

B
> with(Physics[ Vectors])
[&x, "+ ., ChangeBasis, ChangeCoordinates, Component, Curl, DirectionalDiff, 1)

Divergence, Gradient, ldentify, Laplacian,N, Norm, Setup, diff]

> Setup(mathematicalnotation = true)




[ mathematicalnotation = true|

with( plots) :
a=+4
b:=2

ApBpog Elnkoosov i

n=23>5

IMiatoc Toravrmons &

h:=20.5
x4 =-2
yA =2
zA =1
xB =1
yB:=4
zB =1
K = (x4 +xB)

K = A+ VB)
2

(zA +zB)

K =
z 2

K = [xK, yK, zK]

a:=4
b:=2
n:=23>5
h:=0.5
xA = =2
yA =2
zA =1
xB:=1
yB =4
zB =17
1
K :i=-—
* 2
yK =3
zK =
1
=|-—,3
|: 2) b

MHKOSAK := \/ (A[1] —K[l])z-l— (A[2] — K[

MHKOSAK :=

27]>2+ (A[3] —K[3])
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> A:= [xA, yA, zA]

_ A:=1[1-2,2,1] as)
> B := [xB,yB, zB]
i B:=1[1,4,7] (19)
> MHKOSAB = (A[1]1—B[1])>+ (4[2] — B[2])> + (4[3] — B[3])>
i MHKOSAB = 7 (20)
> BHMA = M

BHMA = % @1

> AB = spacecurve( [A[1]+ A-(B[1]—A[1]), A[2] +A-(B[2] —A[2]), A[3] + A (B[3]
i —A[3])],A=0.1) :
> rA_=A[1]-_i+A[2]-_j+A[3]_k

i P =-27+2] +k 22)
> B =B[1]_i+B[2] j+B[3]: k
i FBi=i+4)+7k @3)
>

—>

— — — —

AB
APXH TOY [el,e2,e3] TO XTHMEIO A | e3= ‘—_,.—
| AB

. BHMA -
HELIX == | -a+ a-cos(¢),+ b-sin(¢), L
2-Pi
S
. (rB_—r4 )

> 3= Norm(rB_—rA ) ) ) )

o (3i+2/4+6k) /49 24)
i 49
>
> Norm(e3 )
i 1 (25)
> C:= [xC, yC, zC]
i C = [xC, yC, z(C] (26)
> rC_=C[1]_i+C[2]_j+C[3]_k ) ) )
i rC:=xCi +yCj +zCk 27
> simplify((rC_—rA_).e3 =0)

3xC 4 | 2yC 6zC _
I 7 7 +—7 +—7 0 (28)
> numer(lhs((28))) =0

3xC—4+4+2yC+6zC=0 (29)

SOS : EHAAHOEYETAI ko1 ya : [xC=--4 , yC=2 , zC=2]



> rCl_=-4- i+2- j+2- k

i FClim-47+2] +2k 30)
L (rCl —rA4 )
> = N (rCl —rd ) o
el = ('2’”;")5 31)
>
> Norm(el )
L ! (32)
> e2 =e3 Xel A
—  2Ja9J5i 3Ja V5,  4Ja 5k
i A VT 2 T s ©3)
_> Norm(e2 )
i 1 (34)
>
>
. BHMA -
HELIX == | -a+ a-cos($),+ b-sin(0), . 0
2-Pi
>

EITIBOAH AIET'EPXHX SINUS XTO XHMEIO B otnv d100vven

Tov d&ova BA .
| >

> (-a+ a-cos(§))-el_+ (b-sin(p))-e2_ + (BHM

2-P1

.0-(0.5 - h

-sin(e)))-e3_ Y K[1]- i +K[2]- j+K[3]- k
(1.600000000 /35 — 1.600000000 cos( ) V35 + 0.01632653061 sin(¢) V49 V5 (35)
+0.006820926132 6 49 — 0.006820926132 ¢ sin(©) V49 — 0.5000000000) 7 + (
-0.1224489796 sin( ) /49 5 +0.004547284088 ¢ \/ 49
— 0.004547284088 ¢ sin(©) V49 +3.) j + (-0.8000000000 5
+ 0.8000000000 cos(d) /5 +0.03265306122 sin(¢) V49 5

+0.01364185226 0 V49 — 001364185226 ¢ sin(©) V49 +4.) k

| >
> HELIXBK = [ Component((35), 1), Component((35), 2), Component((35), 3) ]
HELIXBK = [1.600000000 /5 — 1.600000000 cos(¢) v/5 (36)

+0.01632653061 sin(¢) v 49 V5 +0.006820926132 ¢ /49



—0.006820926132 ¢ sin(©) 49 — 0.5000000000, -0.1224489796 sin(¢) /49 5
+0.004547284088 &/ 49 — 0.004547284088 ¢ sin(©) v/ 49 + 3.,

-0.8000000000 /5 + 0.8000000000 cos( ) V5 + 0.03265306122 sin() v/ 49 5
+0.01364185226 049 — 0.01364185226 ¢ sin(©) V49 + 4. ]

EITIBOAH AIET'EPXHX SINUS XTO XHMEIO A 6tnv

oevBuvon tov dEova AB.
>

> (-a+a-cos(-¢))-el_+ (b-sin(-9))-e2 + (ZZJJKA-(])-(—O.S
‘r1
+ h-sin(e)))-e3_ FK[1]- i +K[2] j+K[3]- Kk
(1.600000000 /5 — 1.600000000 cos(9) V5 —0.01632653061 sin () V49 V5 (37

—0.006820926132 ¢ /49 + 0.006820926132 ¢ sin(©) V49 — 0.5000000000) 7
+(0.1224489796 sin(¢) V49 V5 — 0.004547284088 ¢ /49
+0.004547284088 ¢ sin(©) V49 +3.) j + (-0.8000000000 5

+ 0.8000000000 cos( ) 5 — 0.03265306122 sin(¢) 49 5

— 001364185226 0 49 + 0.01364185226 ¢ sin(©) V49 +4.) k

>
_> HELIXAK = [ Component((37), 1), Component((37), 2), Component((37), 3) ]
HELIXAK = [1.600000000 /5 — 1.600000000 cos(¢) v/5 (38)
—0.01632653061 sin(d) v/ 49 V5 — 0.006820926132 ¢ \/ 49
+0.006820926132 ¢ sin(©) V49 — 0.5000000000, 0.1224489796 sin () V49 V5
—0.004547284088 &/ 49 + 0.004547284088 ¢ sin(©) v/ 49 +3.,
-0.8000000000 /5 + 0.8000000000 cos(¢) V5 — 0.03265306122 sin(¢) /49 /5
| —0.01364185226 /49 +0.01364185226 ¢ sin(©) V49 + 4.]
>

> animHELIXBK := animate(spacecurve, [HELIXBK, 0=0..n-2-Pi, color= blue], ©=0.2
_ -Pi, frames =101) :

> animHELIXAK = animate(spacecurve, [HELIXAK, 0=0..n-2-Pi, color= blue], ©=0.2
-Pi, frames =101) :

>

TO XHMEIO A o7o [el,e2,e3]

> 41 = [0, 0, MHKOSAB- (0 + h-sin(©))]
Al = [0,0,3.55sin(0)] 39)

_ TO XHMEIO B o7o [el,e2,e3]
> BI = [0,0, MHKOSAB-(1- h-sin(©))]




>

>

>

>

| >

| >
| >
| >
| >
| >

Bl :=[0,0,7 —3.5sin(©) ]

=> AIBI == [BI[1]4+ A (AI[1]—BI[1]),BI[2]+ \-(AI[2] —BI[2]), BI[3] + A (41[3]

—BI[3])]
i AIBI :=[0,0,7—3.5sin(©) +A (7.0sin(©) —7) ]
(> AIBI[1]
i 0
(> AIBI[2]
i 0
(> AIBI[3]
i 7—3.5sin(0©) +A(7.0sin(0©) —7)
| >

> lindB — AIBI[1]-el _+AIBI[2]-e2 +AIBI[3]-e3 +A[1]|- i+ A[2]- j

+A[3]- k

linAB = (0.4285714286 V49 —0.2142857143 sin(©) / 49

+0.4285714287 Lsin(©) V49 — 0.4285714286 A /49 —2.) i
+ (0.2857142857 /49 — 0.1428571429 sin(©) 49
+0.2857142858 Lsin(©) V49 —0.2857142857 AV 49 +2.)
+ (0.8571428571 /49 — 0.4285714286 sin(©) 49
+0.8571428574 A sin(©) V49 — 0.8571428571 A 49 + 1.) k

_> ABxyz := [ Component((45), 1), Component((45),2), Component((45),3) ]
ABxyz == [0.4285714286 /49 — 0.2142857143 sin(©) /49

+0.4285714287 Asin(©) V49 — 0.4285714286 A/ 49 —2.,0.2857142857 49
—0.1428571429 sin(©) /49 +0.2857142858 Asin(O) 49

—0.2857142857 A 49 +2.,0.8571428571 /49 — 0.4285714286 sin(©) /49
+0.8571428574 Asin(©) 49 — 0.8571428571 A/ 49 + 1. ]

evalf (subs({L=0,0=0}, ABxyz) )
[1.000000000, 4.000000000, 7.000000000 ]
evalf (subs({A=1,0=0}, ABxyz) )
[—2.,2,1.]

> animAB = animate(spacecurve, [ABxyZ, A=0..1, color = gold, thickness =3, linestyle=1 ],

©=0..2-Pi, frames=101) :

> AB := spacecurve( [A[1]+ A- (B[1]1—A[1]), A[2] + A (B[2] —A[2]), A[3] + A (B[3]

—A[3]) ], A=0..1, color =red, linestyle=4) :
pA = pointplot3d(A, symbol = solidcircle, symbolsize=10) :
pB = pointplot3d(B, symbol = solidcircle, symbolsize=10) :
pK = pointplot3d(K, symbol = solidcircle, symbolsize=10) :

0O = pointplot3d( [0, 0, 0], symbol = solidcircle, symbolsize =10) :
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x,0,0],x=-5.5..5.5, linestyle=3, thickness =1, color = blue) :
| > 0,y,0],y=-6.5..6.5, linestyle =3, thickness =1, color = blue) :
| > axZ := spacecurve( [0, O z],z=0.7.5, linestyle=3, thickness =2, color = blue) :
> axZl1 := spacecurve([0, 0, z],z=0.5.5, linestyle =13, thickness =2, color = blue) :
> ARaxX == arrow([5.5, 0, 0], [0.5, 0, 0], width=0.1, head length =0.3, shape
= cylindrical_arrow, color = blue) :
> ARaxY == arrow([0,6.5,01], [0, 0.5, 0], width=0.1, head length=0.3, shape
= cylindrical_arrow, color = blue) :
> ARaxZ = arrow([0,0,7.5], [0, 0, 0.5], width=0.1, head length =0.3, shape
= cylindrical_arrow, color =blue) :
> ARaxZl = arrow([0,0,5.5], [0, 0, 0.5], width=0.1, head length =0.3, shape
= cylindrical_arrow, color = blue) :
> tX = textplot3d([6.1, 0.0, 0, "x"], color = gold, font = [arial, bold, 141]) :

> axX = spacecurve( |
axY := spacecurve( [
([

(

| > 1Y = textplot3d([0, 7.2, 0, "y"], color = gold, font = [ arial, bold, 14 1)
| > 17 := textplot3d([0, 0, 8.2, "z"], color = gold, font = [arial, bold, 141]) :
| > 1Z] = textplot3d([0, 0, 6.2, "z" ], color = gold, font = [arial, bold, 141]) :
| >
> tA = textplot3d([A[1] — 0.4, A[2], A[3] — 0.1, "A"], color = blue, font = [ arial, bold,

14]) :
> tB = textplot3d([B[1], B[2] + 0.5, B[3] + 0.3, "B"], color = blue, font = [ arial, bold,
14]) :

>
>
EINIBOAH AIETEPXHX XTO XHMEIO B otv d1e90vvon Tov
| GEova BA .
| >
(> BI[1]-el_+BI[2]-e2_+BI[3]-e3_+A[1]-_i+A[2]- j+A[3]_k
(04285714286 /49 — 0.2142857143 sin(©) V49 —2.) i + (0.2857142857 49 (49)

—0.1428571429 sin(©) V49 +2.) j + (0.8571428571 /49

—0.4285714286 sin(©) 49 + 1.) k
_> [ Component((49), 1), Component((49), 2), Component((49), 3) ]

[0.4285714286 /49 — 0.2142857143 sin(©) 49 — 2., 0.2857142857 /49 (50)
—0.1428571429 sin(©) V49 + 2., 0.8571428571 Y49 — 0.4285714286 sin(©) v 49
+1.]

> animB = animate( pointplot3d, [ (50), symbol= solidcircle, symbolsize =15, color = green,
©=0.2-Pi, frames =101, trace = OO) :

EIIIBOAH AIET'EPXHX XTO XHMEIO A otnv o1e00vvoen tov
| GEova AB .
> Al[1]-el +AI[2]-e2 +AI[3]-e3 +A[1]- i+A[2] j+A[3] k
(0.2142857143 sin(©) V49 —2.) i + (0.1428571429 sin(©) V49 +2.) (51)
|+ (0.4285714286 5in(©) V49 +1.) k
B [ Component((51), 1), Component((51), 2), Component((51), 3) ]

(52)



[0.2142857143 sin(©) V49 — 2., 0.1428571429 sin(©) V49 +2., (52)
| 0.4285714286 5in(©) V49 +1.]

> animd = animate( pointplot3d, [ (52), symbol= solidcircle, symbolsize =15, color = blue], ©
=0..2-Pi, frames =101, trace=00) :

> display(animHELIXBK, animHELIXAK, animA, animB, animAB, OO, axX, axY, axZ, ARaxX,
ARaxY, ARaxZ, tX, tY, tZ, pA, pB, pK, AB, tA, tB, axes = none, scaling = constrained, title
="ANIMATION\nXXHMATIKH ANAITAPAXTAXH ANIXNEYTH BAPYTIKQN
KYMATQN\NWXABBAZX I1. TABPIHAIAHY", titlefont = [ arial, bold, 14 ], orientation
=[55,75,0]) :

ANIMATION
EXHMATIKH ANATTAPAYTAYH ANIXNEYTH BAPYTIKQN KYMATQN
YABBAY II. TABPIHAIAHE




