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> with(plots) :
> with(plottools) :

with(Physics[ Vectors]) :
Setup(mathematicalnotation = true) :
> Q:=10,0,0]
Q:=1[0,0,0] @
> A= [x4,y4,0]
A = [x4,y4,0] 2
> G:= [x4, ¥4, zA]
G = [x4, yA, zA ] A3)
>a:=23
a=3 )
> xA:=5
xA =15 (5)
> yA:=175
> zA =a
zA =13 @)

> SFAIRA = plot3d([xA + a-sin(0) -cos(0),y4 +a-sin(0) -sin(0),z4 +a-cos(0) |, 0=0..Pi,
®»=0..2-Pi, style=surface, color =red, transparency =0.70, ) :

EPIPEDO := cylinder([0,0,0], 10,-1, strips=100) :

pA = pointplot3d( A, symbol = solidcircle, symbolsize = 10, color = yellow) :

pG = pointplot3d(G, symbol = solidcircle, symbolsize = 10, color = yellow) :
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P& := pointplot3d(Q, symbol = solidcircle, symbolsize =15, color = RED) :

v

opts = (color = black, thickness =2, linestyle=4) :
QA = line(Q, A, opts) :

QG = line(Q, G, opts) :

GA = line(G, 4, opts) :

v
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| > Xar = arrow((0, 0, 0), (15,0, 0),0.2,0.8, 0.1, cylindrical_arrow, fringe = red, color = blue) :
| > Yar := arrow((0, 0, 0), (0, 15,0),0.2, 0.8, 0.1, cylindrical_arrow, fringe =red, color = blue) :
| > Zar := arrow((0, 0, 0), (0,0, 15), 0.2, 0.8, 0.1, cylindrical_arrow, fringe =red, color = blue) :
| > Xtext := textplot3d([16, 0, 0, "X"], font= [arial, bold, 141]) :
| > Ytext := textplot3d([0, 16, 0, "y"], font= [arial, bold, 14]) :
| > Ztext := textplot3d([0, 0, 16, "z"], font= [arial, bold, 14]) :
| > Qfext = textplot3d([-0.5,-0.5, 1, "Q"], font = [arial, bold, 141]) :
| > Atext := textplot3d([xA + 0.4, yA +0.4,0 + 0.5, "A"], font = [arial, bold, 141]) :
| > Gtext := textplot3d([XA + 0.4, yA + 0.4, zZA + 0.5, "G"], font = [arial, bold, 141]) :
> display( Qtext, Xar, Yar, Zar, Xtext, Ytext, Ztext, pA, pG, p€2, Qtext, Atext, Gtext, 24, £2G, GA,
SFAIRA, EPIPEDO, scaling = constrained, axes = normal, orientation = [ -45, 45, 0], axes
| =none) :
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| > restart

| > with(Physics| Vectors]) :

| > Setup(mathematicalnotation = true) :
| > with(plots) :

>Q =Q k

Q=Qk @)
(> G4 _=-a k
i GA—=-ak )
_> Q4 =x(t)- i+y(t)J R

QU =x(0) T +y(0) ] (10)



>R =-GA +Q4

i Ri=ak+x(t)i+y(1)] an
> uG_=diff (R_, 1) . ) R
i uG:=x(t)i +y(t)j 12)
> aG _=diff (uG ,t) .
i aG=X(t)i +V(t)j (13)
> maG _=-mg k+P_ R R R
i m(X(t)i+y(t)j)=-mgk+P 14)
> isolate((14), P ) . R R R
I P=m (X(t)i+y(t)j)+mgk a5)
> 1 =-a_kxrhs((15)) N R R
i Ti=ay(t)mi —aXx(t)ymj (16)
> %-m-az-diff(a)_(t),t) =7
5>

M —aY()mi—aX(t)ym] a7

=> simplify(isolate( (17), diff (@ _(1),1) ), Symbolic) R
o) = - 5 (X(t)ngy(t) i) (18)
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TIMH THE o(7) TIPOZ ANTIKATALTAZH .! @(f) = 200 L =X(0) j)

2a

=> UAE == Q x (x(t)- i+y(t) ) R R
i UAE =-Qy(t) i +Qx(t)j 19
> udS = uG_+ o (t) %X (-a-_k) R R . _
i uAS :==x(t) i +y(t) j —a (o(t) xk) (20)
(> (19)=(20) ~ ~ ~ ~ L
i -Qy(t) i +Qx(t) j=x(t)i +y(t)j —a (o(t) xk) Q1)
[ > diff (1hs ((21)), t) =diff (rhs((21)), ) . ~
i QY1) i +Qx() ] =X1) i +5(1) ] —a (o) xk) @2)
> simplify(algsubs((18), (22)), symbolic) o R

Q ((1) ] —y(n) 1) = TEIL 4 TYIL (23)
(> Ihs((23)) — rhs((23)) =0

oo IXO Y 5 (e YO
I i ( Qy(t) ) )—I—] (Qx(t) ’ ) 0 24)
> Component(lhs((24)),1) =0 .
Qv — X0 25)



> Component(lhs((24)),2) =0

Qx(1) —l% =0

> sys = (25), (26)

g = -Qy(n — 22U g g - X g

2 2

> ics =x(0) =x[0],y(0) =y[0], D(x) (0) =-Q-y[0], D(y) (0) =Q-x[0]
ics = x(0) =x, ¥(0) =y, D(x) (0) = -Qy,, D(») (0) =Qx,

B sol := dsolve([sys, ics])

[ 2Q¢t 2Q¢ 2Q¢t
5 7y, sin 7 X, €08 7 cos Yo
sol == |x(t) = - 0 _ ! + ! (1) = 7
2 2 2 Y 2
7 2Q¢
. sin 7 X, - 5%,
i 2 2
> sol[1]
. (ZQtJ (29:)
5y 7y, sin 7 X, cOs
x(t) =- - ! + !
i 2 2 2
> sol[2]
” 2Q¢ 7 s 2Q¢
. cos 7 Yo ) sin 7 X, 5%,
Y 2 2 2
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] Q
> A-cos(d) =x[0]
A cos(8) =x,
[ > 4-sin(8) =y[0]
Asin(8) =y,
> A=sqrt((x[0])*+ ([0])?)
A=/ x +y
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\‘ O =arctan ( EC) J
Xo

2
5x, 7Acos(2$t +8)
2 2
> diff (37),t) =0
Asin( +5) Q=0
> isolate((38), t)
76
t:__
2Q
> diff ((37), 1$2)
2Acos( 2§2t +6) 92
7

> subs((39), (40))
2 A cos(0) Q@
7

> minX =evalf (subs((39), (37)))
minX = -2.500000000 x, — 3.500000000 4

To wpcdTo min(x(t)) ywo : = 2_-1 =—%-% npwvtor=0.
7
Sy 20Q¢
>y(x)——20+A ((j—FS)
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) 2Q¢
] 5%, N 7Asm( 2 -I—SJ

i 2 2
(> diff (43),1) =0

Acos( 2§2t +6) Q=0
=> simplify(isolate((44), t) )

_7 (r—239)
i 4 Q)
(> diff ((43), 1$2)
2Asin( 2§“ +8j o
) 7

(> subs((45), (46))

. T 2
2Asm( 2)9

7

> maxY= evalf (subs((45), (43)))
maxY = -2.500000000 y, + 3.500000000 4

7(m—29)

pevaT0£=0.
4 Q

To tpcdto maxy(t) yia : t=

7 2 2 , , 2-Q
5 [ x, +y, 5 ne Toviakn tayora 7
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