Problem 1

Clear ["G'Loba'L‘ *"]

f[x_] == c[n] Sin[n x]

f[x_] =c[n] Sin[nx]

rhs = Integrate[ 1Sin[37 x], {x, 0, n}]

2

37

lhs = Integrate| c[37] Sin[37x]"2, {X, 0, 27}]
tc[37]

eq = lhs == rhs

2

tc[37] = 3—7

Solve[eq, c[37]]

{{ersmo 57 ])

Problem 3

Clear ["G'Loba'L‘ *"

Lag[qi_,L_ ,Qi_,t_:t] :=

D[ D[L, (D[qi[t],t])],t]-D[L,qi[t]]==Qi};
Lag[qi_List,L_,Qi_List,t_:t] :=

(D[ D[L, (D[qi[[#]]1[t],t])]1,t]-D[L,qi[[#]][t]]1==Qi[[#]]
)& /@ Range[l,Length[qi]l];

Protect[Lag];

Problem 3: Sphere Rolling on a Fixed Sphere *part cis wrong*

Remarks and outline

Solution

Clear ["G'Loba'L‘ *"
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Part a
Tcm = %m (r'[t]2 +r[t]? el’[tlz);

Trot = 03

T=Tcm+Trot;

V=m g r[t] Cos[e1l[t]];
L=T-V

-gmCos[61[t]] rt] +%m (r’[t]2+r[t]zel’[t]2)

constraints= { r[t]-a-b==0 }

[-a-b+r[t] =0}

constraintRule = DSolve[constraints , {r}, t]

{{r > Function[{t}, a+b]}}

vars = {r[t], 61[t]};
Qeq = Sum[A[j] «D[constraints[[j, 1]], vars[[#]1], {j, 1, 1}] & /e {1, 2}
{A[1], O}

(egMotion = Lag[{r, 61}, L, Qeq]) ;

Column|[egMotion]

gmCos[el[t]] -mr[t] 61 [t]2+mr”[t] = A[1]

—gmr[t] Sin[el[t]] +2mr[t] r[t] 61 [t] +mr[t]2 61" [t] ==

Part b
NEED TO FIX ORDER HERE

({esol, A1S01} = Flatten|
Solve[Flatten[eqMotion //.constraintRule], {61 [t], A[1]}] /.Rule » Equal]);
Column [
{esol,
A1Sol}]
o1 [t] == esintalitl

- a+b

A[1l] ==gmCos[6l[t]] -amel’ [t]>-bmel [t]?

eqe = (eSol[[1]] -eSol[[2]])
_gSinfel[t L 017 [t]

a+b

DO INDEFINITE INTEGRAL HERE, AND AFTER SUBSTITUTE IN LIMITS

Clear[inteTMP]
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inteTMP[t_] = Integrate[eqe o1'[t], t]
gCos[ol[t 1 177172

a+b T2 oLt
inte = inteTMP[t] - inteTMP[0]

_gCos[61[0]] gCosfol[t]] 1 .., 2.1 4 2
=+ b + 2+ b 291 (0] +2Gl [t]

inte = inte /. {61[0] » 0, e1'[0] - 6}

__g ,gClos[ol[t]] 1
a+b a+b 2

ol [t]?

sole = Solve[inte = 0, {61'[t]}][[1]] // Simplify

, /2 Jg-gCos(elt]]
{el [t] > - At }

Part c

eql = A1Sol /. A[1] - 0 //. sole

~2am (g-gCos[el[t]]) 2bm(g-gCos[el[t]])
a+b a+b

0 ==gmCos[ol[t]]

sol2=Solve[eql,Cos[61[t]]] //Simplify//Flatten
2
{Cos[el[t}] N 3}

sol3 =
Solve[sol2 //. {Rule -» Equal}, e1[t], InverseFunctions -» True] /. {C[1] » @} // Normal //
Flatten

{91 [t] - -ArcCos|

w N

2
|, e1rt] eArcCos[Eﬂ}

(61[t] / Degree) //. sol3[[2]] // N
48.1897
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Problem 4: Bead on a Rotating Hoop

Remarks and outline

Solution

Lag[qi_,L_ ,Qi_,t_:t] :=
D[ D[L,(D[qi[t],t])],t]-D[L,qi[t]]==Q1;

Lag[qi_List,L_,Qi_List,t_:t] :=
(D[ D[L, (D[qi[[#]]1[t],t]1)]1,t]-D[L,qi[[#]1]1[t]]1==Qi[[#]]
)& /@ Range[l,Length[qi]];

Protect[Lag];
Clear["Global’ "

Part a

x2rRule =
{x;y, z} » {(rsin[e[#]] Cos[w#]) &, (rSin[e[#]] Sin[w#]) &, (r Cos[e[#]]) &} // Thread;

yRule = {& > (n- ¥[#] &)};
T= %m (x'[t]*+y [t]*+2'[t]?) //. x2rRule /. yRule // Simplify
Zmr? (w2 sin(u(t] )2+ ¥ [t)?)
V=mgz[t] //. x2rRule /. yRule // Simplify
-gmr Cos[y[t]]
L=(T-V)
gmr Cos[¥[t]] +%mr2 (0 Sin[yt] 12+ ¥ [t]?)
eql = Lag[y, L, 0, t] // Simplify
mr((g-rw? Cos[y[t]]) Sin[y[t]] +ry”[t]) =

eq2=M/.dI"[t]—)0
mr

(g-rw? Cos[y[t]]) Sin[y[t]]

eq2
Sin[y[t]]
{{cOs[w[t}] > —g—}}

r w?

Solve[ =0, COS['I’[t]]]



