rt_cartesian.nb

(* RT *)

Apply [CO ear, Nanes["d obal " *"]];

O f[ General ::spell];

O f[ General ::spelll];

"Method |: cartesian coordi nates "

rC= {L Cos[theta[t]]/2, L Sin[theta[t]]/2, 0}
rA= {r[t] Cos[theta[t]], r[t] Sin[theta[t]], O} ;
rP={p Cos[theta[t]], p Sin[theta[t]], O}

Print["rC=",rC;

Print["rA=",rA];

Print["rP =", rP];

F21= {-f21 Sin[theta[t]], f21 Cos[theta[t]], O}
Print["F21 = ", F21];

F21 joint forces at Q( f21 and p unknowns )
Gl= {0, -mg, 0};
&= {0, -mg, 0};
al pha= {0, 0, theta' '[t]};
| O=m L"2/ 3;
"lOalpha - rCx GL - rPx F21 =0, (1)"
el=l O al pha-Cross[rC, Gl]-Cross[rP, F21];
elz=Sinplify[el[[3]]]==0

aA = d*2(rA)/dtr2 ="
aA=D[r A {t,2}]
"mM aA =- F21 + & =>"
e2= maA + PF21 - @;
"(X): n2 aAx + F21x =0 (2)"
e2x=e2[[1] ] ==
"(y): n2 aAy + F2ly - @ =0 (3)"
e2y=e2[[2]]==
"I A alpha - (rP-rA) x (-F21) =0, (4"
e2=| A al pha-Cross[(rP-rA), -F21];
e2z=Sinplify[e2[[3]]]==
"From Eq. (4) =>"
sol P=Sol ve[ e2z, p] ;
ps=p/.sol P[[1]];
Print["p =", ps];
"From Eq. (2) =>"
sol f =Sol ve[ e2x, f21];
f21s=f21/.sol f[[1]];
Print["f21 = ", f21s];
"From Egs. (1) and (3) => two CDE "
eql=elz/.sol P[[1]]/.sol f[[1]]
eq2=e2y/.sol P[[1]]/.sol f[[1]]

“numerical application”

rule={ms1l.,L-1,1A-1.,9-10.};

equationl=Si nplify[eql/.rule]

equati on2=Si npl i fy[eq2/.rule]

sol =NDSol ve[ { equati onl, equation2,r[0] ==. 1,t heta[ 0] ==. 1,
r'[0]=0.,theta'[0]=0.},{r,theta},{t,0.,1.}];

Plot[Evaluate[r[t]]/.sol,{t,0.,1.}, Pl ot Range-Al I,

AxesLabel »{"t[s]","r[nM"}];
Plot[ Eval uate[theta[t]]/.sol,{t,0.,1.}, Pl ot Range-Al |,
AxesLabel »{"t[s]","theta[rad]"}]

r5= (EBEvaluate[r[t]]/.sol/.t->.5)[[1]] ;
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t5= (Bvaluate[theta[t]]/.sol/.t->.5)[[1]];
Print["r[.5] =",r5 " nm];
Print["theta[.5] = ",t5, " rad"];

Met hod |: cartesian coordi nates

rc = {%LOos[theta[t]}, %LSin[theta[t}], 0}

rA = {Cos[theta[t]]r([t], r[t]Sin[theta[t]], 0}

rP = {pCos[theta[t]], pSin[theta[t]], 0}
F21 = {-f21Sin[theta[t]], f21Cos[theta[t]], 0}
F21 joint forces at Q ( f21 and p unknowns )

IOalpha - rCx GL - rP x F21 = 0, (1)

1

5 (-6f21p+3gLmCos[theta[t]] +2L2?mtheta’[t]) ==0

aA = dr2(rA)/dth2 =

{-2Sin[theta[t]]r’[
rt] (-Cos[thetaft
2Cos[thetaft]]r’[t
rit] (-Sinjthetaft

t]theta’[t ]+Oos[theta[ 11r7[t] +
J]theta’[t]2-Sin[theta[t]]theta’[t]),
Jtheta'[t] +Sin[theta[t]]r”[t] +
J]theta'[t]%? +Cos[theta[t]]theta”[t]), 0}

n2 aA = - F21 + & =>
(X): m aAx + F21x = 0 (2)

-f2lSin[thetajt]] +m(-2Sin[theta[t]]r'[t]theta [t] +Cos[theta[t]]r”[t] +
rit] (-Cos[thetaft]]theta' [t]?>-Sin[theta[t]]theta’[t])) ==

(y): m aAy + Rly - & =0 (3)

gm+f21Cos[theta(t]] +m(2Cos[theta[t]]r’'[t]theta [t] +Sin[theta[t]]r”
rit] (-Sinfthetaft]]theta [t]?+Cos[theta[t]]theta”[t])) ==

IA alpha - (rP-rA) x (-F21) =0, (4)
f2lp-f21r[t] +1Atheta”[t] ==0
From Eq. (4) =>

_f21lr[t]-1Atheta”[t]
P = 21

From Eq. (2) =>

f21 = mCsc[theta[t]] (-2Sin[theta[t]]r'[t]theta [t] +
Cos[theta[t]]r”[t] +r[t] (-Cos[theta[t]]theta [t]?-Sin[theta[t]]theta’[t]))

From Eqs. (1) and (3) => two ODE
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% (3gLmCos[theta[t]] +2L2mtheta”[t] -
6 (-lAtheta”[t] +mCsctheta[t]]r[t] (-2Sin[theta[t]]r’'[t]theta [t] +Cos[theta[t]]
r’[ft]+r[t] (-Cosfthetaf[t]]theta’ [t]2-Sin[theta[t]]theta’[t])))) ==0

gm+m(2Cos([theta[t]]r'[t]theta’ [t]+Sin[theta[t]]r”[t] +
rit] (-Sinfthetaft]]theta [t]?+Cos[thetalt]]theta’[t])) +
mCot [theta[t]] (-2Sin[theta[t]]r’[t]theta [t] +Cos[theta[t]]r”[t] +
] t] =

rit] (-Cos[thetaft]]theta [t]2-Sin[theta[t]]theta”’[t])) ==0

nunerical application

5. Cosftheta[t]]+r[t] (2. r'[t]theta’[t] -1. Cot [theta[t]]r”[t]) +
1.33333theta”[t] +r[t]% (1. Cot [theta[t]]theta [t]2+1. theta’[t]) ==0

10. +0. Cos[thetaft]]r’[t]theta’ [t] +1. Csc[theta[t]]r"[t] ==
1. Csc[theta[t]]r[t]theta [t]?
r[m
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- Graphics -
r[.5] = 0.0971902 m

theta[.5] = -0.444956 rad



