Problem #1)

n - - Clear["Global" %"]

1
m-1- T==—mb"2(d61"2+d62"2+d63 "2)
2

1
our- - — b?(d61? + d62? + de3%)m
2

1

- V=—kbM2((61-62)"2+(62-63)"2+(63-61)"2) /| Expand
2

our- - b> k812 -b? k61 62 +b? k 622 - b? k 61 63 - b2 k 62 63 + b2 k 632

m-p-lag=T=V

1

our- - — b?(d61? + do2” + do3*) m- b k 61% + b* k 61 62 - b* k 62% + b” k 61 63 + b” k 62 63 - b* k 63°
2

= D[T, d61]

our- - b2 del m

m- - Tmat =mbA2DiagonalMatrix [{1, 1, 1}];
Tmat // MatrixForm

Outf » J/MatrixForm=

b?m 0 0

- - D[V, 61]
our- - 2b*k 61 -b? k 62 - b? k 63

o - Vmat =kb?2{{2, -1, -1}, {-1, 2, -1}, {-1, -1, 2}};
Vmat // MatrixForm
outf « J/MatrixForm=
2b%2k -b%k -b%k
-b?k 2b’k -b>k
-b?k -b?k 2b%k

n- - mat = Vmat - Tmat w2
mat // MatrixForm
Out[ « J/MatrixForm=
2b2k-b*mw2 -b?% k -b? k
-bZ k 2b2k-b?mw2 -b2 k
-b% k -b? k 2b?k-b*mw2
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- d[D[lag, dé1], t] - D[lag, 1]
our- - 2b* k 81 - b* k 62 - b* k 83 + d[b* d61 m, t]

n - - d[D[lag, d62], t] - D[lag, 62]
ou- - -b> k81 +2 b* k 62 - b* k 63 + d[b*> d62 m, t]

m - - d[D[lag, d63], t] - D[lag, 63]
our- - -b> k81 -b? k 62 + 2 b* k 63 + d[b” d63 m, t]

m- - sol = Solve[Det[mat] == 0, w2]

ouf -« J- {{wZ - 0}, {wZ - %}’ {w2 > %}}

m-- eql =mat .{a, b, ¢} == 0 // Thread
eql // Column
-b*k-b*ck+a(2b’k-b*mw2)==0

ouf- - —ab?k-b>ck+b(2b>k-b*mw2) ==
-ab’k-b*k+c(2b’k-b*mw2)==0

m- - norm = af2+bA2+ch2==x1

2 2 2
ouf - - A +b°+c =21

n- - eq2 = Join[eql, {norm}];
eq2 /Il Column
-b*k-b’>ck+a(2b®k-b*>mw2) ==
—ab’k-b*ck+b(2b’>k-b*mw2)==
T ab?k-bik+c(2b k-b mw2) =

aZ+b?2+c?==1

m- - soll = Solve[eq2 /. sol[[1]], {a, b, c}] // Last

Solve : Equations may not give solutions for all "solve " variables .

1 1 1
, b , C >

o R

m--evl={a, b, c}/.soll
1 1 1

E R

outf + J=

Out[



Inf

Out[

In[

Out[

Inf

Out[

In[

Out[

- sol2 = Solve[eq2 /. sol[[2]], {a, b, c}]

Solve : Equations

(I ey B O e N (T R e
{b—)%(—a+ m), c- %(—a—m)}}

- (* Let's look for a solution where one of them is at rest %)

ev2 ={a, b, c} /. Last[sol2] /. a-> 0

1 1
{o, 7 'f}

;- ev3 = Cross[evl, ev2]

{ 2 1 1 }

=\~ T T T T T
V3’ V6 +e

- eVecs = {evl, ev2, ev3}

-

1 1 1 1 1

-

N A M B FR

Part B Look at motion

m-1-values ={k » 1, m-> 1};

In[

Outf

In[

Outf

In[

Out

In[

Out[

- sol

-

k

3 3k
: {{wz > 0}, {w2—> T}, {wZ N T}}

- model = evl Exp[I w t] /. {w -» Sqrt[w2]} /. sol[[1]]

1 1 1

]{«/E’ﬁ’«/E

}

- mode2 = ev2 Exp[I w t] /. {w -» Sqrt[w2]} /. sol[[2]]

E«E\/Zt
e m

i'\/g-\/?t
e p

]—{0, \/E ) -

\2

- mode3 = ev3 EXp[I w t] /. {w -» Sqrt[w2]} /. sol[[3]]

2 K
J:{_ ;eﬁ\/jta

eiw/g\/gt ei‘\/g\/?t}
N

may not give solutions for all "solve " variables .

hwi10_sol_v02.nb | 3
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n- - Plot[model +{-2, 0, 2}/. values // Re, {t, 0, 10}]

Out[ » ]=

our = \ /\ /\
n n n 1 n n n 1 n n 1 n n n 1 n n n r

-2

n - 1- Plot[mode3 +{-2, 0, 2}/. values // Re, {t, 0, 10}]

outf + J=




n- - Plot[mode2 + mode3 +{-2, 0, 2} /. values // Re, {t, 0, 10}]

out[ » ]=

m- - (* a cross check )
Transpose [eVecs] == Inverse[eVecs]

eVecs .Transpose [eVecs]

ouf - - True

our- - {{1, 0, 0}, {0, 1, 0}, {0, O, 1}}

m- - Vdiag = eVecs .Vmat .Transpose [eVecs] // Simplify ;
Vdiag // MatrixForm

Outf » J/MatrixForm=

0 0 0
® 3b%k 0
0 0 3b%k

n- - Tdiag = eVecs .Tmat.Transpose [eVecs] // Simplify ;
Tdiag /I MatrixForm

Outf » }/MatrixForm=

b2m © 0
® b*m o0
0 0 b2%m

Problem #2)

n - 1- Clear["Global" *"]

hwi10_sol_v02.nb | 5
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1 1
m-j=T==—mv2+ — Ibar wBar *2;
2 2
(x1'[t] - x2 '[t])
wBar = 5
L
1
Ibar = — mL"2;
12
(X1 '[t] + x2 '[t])
vel = 5
2
v2 = vel?

T Il Expand /I Factor
1 2

our- - — (X1Tt] + x2'[t])
4

1
our - - = m (XLTE]® + x1'[t] x2'[t] + x2'[t]*)
6

(x1[t]+x2[t]) 1
o=V ==mg ——————+ — Kk (X1[t] "2 + x2[t]*2) // Simplify
2 2

1
i - = (-g m (XL[t] + x2[t]) + k (x1[t]* + x2[t]?))
2

m--lag=T=V;

m - DID[T, x1'[t]], t] // Expand

1 1
our- - — mx17[t]+ — m x2"[t]
3 6

n - DID[T, x2 '[t]], t] // Expand

1 1
ouf - - — mX1'[t]+ — m x2"[t]
6 3

n- - eql = D[D[lag, x1 '[t]], t] - D[lag, x1[t]] // Expand
gm 1 1

ouf- - = — + Kk X1[t]+ — m x1"[t] + — m x2"[t]
2 3 6

n- - eq2 = D[D[lag, x2 '[t]], t] - D[lag, x2[t]] // Expand

gm 1 1
- — + k X2[t]+ — mx1"[t]+ — m x2"[t]
2 6 3

°

m
m - - Tmat = — {{2, 1}, {1, 2}};
6

Tmat // MatrixForm

Outf[ » J/MatrixForm=

|

w3 o |3
N ————

EYERCRE]



m- - DIV, x1[t]] // Expand

gm
ou - - = — + K X1[t]
2

m - 1= D[V, x2[t]] /I Expand

gm
our - - = — + k x2[t]
2
oo Vmat = k{1, 6}, {0, 1}};

Vmat // MatrixForm

Outf » J/MatrixForm=

(6 )

m- - Tmat [/ MatrixForm

Outf » }/MatrixForm=

|

n- - mat = Vmat - Tmat w2

w3 o |3
N ————

EYERCRE]

mat // MatrixForm

Outf » J/MatrixForm=
K - w2 w2
- 3 - 6
m w2 k mw2
- 6 - 3

m- - sol = Solve[Det[mat] == 0, w2]

i {{w2 s 2m_“}, {w2- 6m_k}}

mn- - eq0 =mat .{a, b} == 0 // Thread

1 mw?2 1 mw?2
outf /’:{—_bmw2+a(k— ):: 0’——amw2+b(k__

6 3 6 3
m- - norm = afr2+bAr2 ==

2 2
our--a - +b"==1

n- - eqs = Join[eq®, {norm}]

1 mw?2 1 mw?2
outf /7{——bmw2+a(k— )::0,——amw2+b(k——
6 3 6 3

m- - soll = Solve[eqs /. sol[[1]], {a, b}]
1 1

ouff j{{a%—f, b—)—E},{aa E, b - E}}

)::0, a?+b? == }

hwi10_sol_v02.nb | 7
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Inf

Out[

In[

Out[

In[

Out[

In[

Out[

In[

Out[

In[

- evl ={a, b} /. sol1[[1]]
1 1

“wE

- sol2 = Solvel[eqs /. sol[[2]], {a, b}]
1 1 1 1

T

]{{a%—ﬁ,b—)f},{aﬁﬁ,b—)—ﬁ}}
- ev2 ={a, b} /. sol2[[1]]

e ]

e

- evl.ev2

-0

- eVecs = {evl, ev2}
1 1 1 1

]{{_\/5’_\/5}’{_\/5’ \/E}}

;- eVecs .Vmat .Transpose [eVecs] // Simplify // MatrixForm

Out[ » }/MatrixForm=

In[

(6 )

;- eVecs . Tmat . Transpose [eVecs] // Simplify // MatrixForm

Outf » J/MatrixForm=

In[

In[

Out[

In[

Out[

[ﬂo]
2

o %
6

Part B Look at motion

- values ={k » 1, m > 1};

- sol
2 k

6 k
o 2. o 25
- model = evl Exp[I w t] /. {w - Sqrt[w2]} /. sol[[1]]
ei 2 \/? t ei A2 \/? t
" {_ vz ’ 2 }




- - mode2 = ev2 EXp[I w t] /. {w » Sqrt[w2]} /. sol[[1]]
{ ei V2 \/? t ei 2 \/? t
- )
NG V2
n-1- model +{-1, 1} /. values
& A2t & V2 t

yl_

NI

m- - Plot[model +{-1, 1} /. values // Re, {t, 0, 10}]

Outf = |

ouff « J= {— 1-

Out[

In[

outf « ]=

hw10_sol_v02.nb | 9
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5
=

Out

Inf

Outf

In[

Outf

In[

Out[

In[

In[

Out[

1 2
- Plot[— model + — mode2 +{-2, 2}/.values //Re, {t, 0, 10}]
3 3

- {x1, x2} == eVecs .{n1l, n2}

nl n2 nl n2
L)

N2 A2 A2 A2

- {x1, x2} == eVecs .{n1, n2} /. {n1 > 1/2, n2 > 1/2}

(X1, x2} == {—L, 0}

(X1, x2} == {-

- mix[a_] := amodel +(1-a)mode2 /. values /Il Re
mix[1/2] /. {t > 0} // Simplify

- doPlot[a_: 1/2] := Plot[a (model +{-1, 1} /. values)+(1-a)(mode2 +{-1, 1} /. values)
Il Re, {t, @, 10}]

- doPlot[1/4]
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Problem #3)

n - - Clear["Global’ ="]

1 1
- T=—mx1'[t]A2+ —mx2'[t]*2
2 2

1 2 1 2
ouf- - — mxL1[t]" + — m x2'[t]
2

1 1
mep= V= = (3 k)x1[t]*2 + — (2 k) (x1[t] - x2[t])*2 // Expand
2 2
5
our - - — k x1[t]* = 2 k x1[t] » x2[t] + k x2[t]?
2
m-p-lag=T=V;

- = D[T, v1]

ouf« - O

n- - DID[lag, X1 '[t]], t] - D[lag, x1[t]]
our- - 5 K XL[t] - 2 k x2[t] + m x1"[t]

w1~ DID[lag, X2 '[t]], t] - D[lag, x2[t]]
our- - =2 K X1[t] + 2 k x2[t] + m x2"[t]

m-1- Tmat = m DiagonalMatrix [{1, 1}];
Tmat // MatrixForm

Out[ « J/MatrixForm=

(5 )

- - D[V, x1]

ou - - O

- - D[V, Xx2]

ou - - ©

n- - Vmat = k{{5, -2}, {-2, 2}};
Vmat // MatrixForm

Outf » J/MatrixForm=
( 5k -2k )
-2k 2k
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Outf

In[

- mat = Vmat - Tmat w2

mat // MatrixForm

J/MatrixForm=

Out

Inf

Out[

Outf

Outf

Outf

Inf

outf

Inf

Outf

Inf

Out

(5k—mw2 -2k )
-2k 2k-mw?2

;- sol = Solve[Det[mat] == 0, w2]
k 6 k

o 5 o 2

- eql =mat .{a, b} == 0 // Thread;

eql // Column

-2bk+a(5k-mw?2) ==
—2ak+b(2k-mw2) ==0

o= norm = af2+bA2 ==

J= 32 + b2 ==

i 1- eq2 = Join[eql, {norm}];

eq2 // Column
-2bk+a(5k-mw2)==0
L -2ak+b(2k-mw2) =0

aZ+b?==1

- soll = Solve[eq2 /. sol[[1]], {a, b}] // Last

,f:{aai,bei}

s Vs

- evl ={a, b} /. soll

1 2
)
NENG
- sol2 = Solve[eq2 /. sol[[2]], {a, b}]
2 1
fao-= b0 =) fas =, b -
NERNE
- ev2 ={a, b} /. Last[sol2]
(= -—]
L5 s
- eVecs = {evl, ev2} /Il Simplify
1 2 2 1

J{{\/g’ \/g}’{\/g’_\/g}}

2

5

1

\'s

j}



n - - eVecs .eVecs

our - - {{1, 0}, {0, 1}

m- - Vdiag = eVecs .Vmat .Transpose[eVecs] // Simplify ;
Vdiag // MatrixForm

Out[ « J/MatrixForm=
(5 6x)
0 6k
n- - Tdiag = eVecs .Tmat .Transpose [eVecs] // Simplify ;

Tdiag I/l MatrixForm

Outf » J/MatrixForm=

(6 )

Part B Look at motion

m-1-values ={k » 1, m > 1};

- = SOl
k 6 k
= {{wZ - —}, {wZ - —}}
m m
- - model = evl Exp[Iw t] /. {w - Sqrt[w2]} /. sol[[1]]
ei \/? t 2 ei \/; t
Outf /:{ ) }
NG
- - mode2 = ev2 Exp[I w t] /. {w - Sqrt[w2]} /. sol[[2]]
5 ei V6 \/? t eli 6 \E t
Outf ]:{ y - }
NG NG

n- - model +{-1, 1} /. values

Out[

-

eit Zeit
, 1+ }

NENG

outf « ]= {— 1+

hwi10_sol_v02.nb | 13
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m- - Plot[model +{-1, 1} /. values // Re, {t, 0, 10}]

Out[

Out[

Outf

m - - {X1, x2} == eVecs .{n1l, n2}
nl 2n2 2nl n2 }

Vs 5 N5 A5

our - {X1, X2} == {
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- - {X1, x2} == eVecs.{nl, n2} /.{nl > 1/2, n2 » 1/2}

o ,{xl,x2}=={ > ! }

245 245

- mix[a_] := amodel +(1-a)mode2 /. values // Re
mix[1/2] /. {t > 0} // Simplify

In[

—
I

3 1
Out ]7{ I} }
245 245

- doPlot[a_: 1/2] := Plot[a (model +{-1, 1}/. values)+(1-a)(mode2 +{-1, 1} /. values)
Il Re, {t, 0, 10}]

In[

—

- - doPlot[1/2]

Out[

Problem #4)

n - 1- Clear["Global’ *"]

1 1
mop- T=—mLx'"[t]A2+—m2 (x'[t]+L 8'[t])A2 // Expand
2 2

1 1 1
- —ml x[t]* + —m2 x[t]? + Lm2 x[t] &[t] + — L? m2 o[t]?
2 2 2

Out

-

1
m- - V=m2gL(1-Cos[O[t]]) + — k x[t]* // Expand
2

1
our- - gL m2 - g Lm2 Cos[O[t]] + — k x[t]?
2

m-1-lag=T=V

1 1 1 1
ouf - —gLm2+gLm2Cos[O[t]] - — k x[t]* + — ml x'[t]* + — m2 x[t]* + L m2 x'[t] O[t] + — L? m2 6'[t]?
2 2 2 2
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m- - rule = Cos[O[t]] -=> Series[Cos[O[t]], {6[t], O, 2}] // Normal

[t1?
our - - Cos[O[t]] » 1 -

m-1=V=V I, rule /| Simplify

1
our- - = (k x[t]* + g L m2 6[t]%)
2

m - = D[T, x '[t]]
o - m1 X'Tt]+m2 x[t] + L m2 6]

m- = D[T, @ '"[t]]
our- - L m2 x[t] + L® m2 @7t]

n - - tll = Coefficient [D[T, x '[t]], x '[t]]

ouf - - m1 +m2

m- - t12 = t21 = Coefficient [D[T, x '[t]], @ '[t]]

our - - L m2

n- - t22 = Coefficient [D[T, 68 '[t]], 6 '[t]]

outf « J- L2 m2

oo~ Tmat = {{tl1l, t12}, {t21, t22}};
Tmat // MatrixForm

outf + J/MatrixForm=

ml+m2 Lm2
Lm2 L2m2

- 1= D[V, X[t]]

Ou

7= K X[t]

- 1= D[V, 6[t]]

our - - g L m2 o[t]

m- - v1ll = Coefficient [ D[V, x[t]], x[t]]

our - - k

m- - v12 = v21 = Coefficient [ D[V, x[t]], O[t]]
ouf« - O

n- - v22 = Coefficient [D[V, 6[t]], O[t]]

our - - gL m2
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no- Vmat = {{vll, v12}, {v21, v22}};
Vmat // MatrixForm

Out[ « J/MatrixForm=

- = Tmat // MatrixForm

Outf » J/MatrixForm=

ml+m2 Lm2
Lm2 L?2m2

m- 1= (* X Equation )
D[D[lag, x '[t]], t] - D[lag, x[t]] // Simplify

ou - - K X[t]+ (m1 + m2) x"[t] + L m2 6"[t]

m-1-(* @ Equation x)
D[D[lag, @ '[t]], t] - D[lag, 6[t]]
our- - g Lm2 SAn[o[t]] + L m2 x"[t]+ L? m2 6"[t]

m-1-values ={ml-»>1, m2->1,L->1, g-> 1, k> 2};

m- - mat = Vmat - Tmat w2 ;
mat // MatrixForm

Outf » J//MatrixForm=

k- (ml+m2) w2 -Lm2 w2
-Lm2 w2 gLm2-L12m2 w2

m- - mat =mat /. values // Simplify ;
mat // MatrixForm

Outf » J/MatrixForm=
( 2-2w2 -w2 )
-—w?2 1-w2

m- - sol = Solve[Det[mat] == 0, w2] // Simplify

o {{w2 - 2- 2}, {w2 2+ 2]}

m-1- eql =mat .{a, b} == 0 // Thread
eql // Column

a(2-2w2)-bw2=0
b(l-w2)-aw2==0

out[ » ]=

m- - soll = Solve[eql /. sol[[1]], {a, b}[[1]] /. values // Simplify

Solve : Equations may not give solutions for all "solve " variables .

outf « J= {b - ’\/E a}
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m-1-evl={a, b} I.soll /.{a - 1} /i Simplify

ouf - J= {l, '\/E}

m- - sol2 = Solve[eql /. sol[[2]], {a, b}[[1]] /. values // Simplify // PowerExpand

Solve : Equations may not give solutions for all "solve " variables .

ouf + J= {b—) —’\/E a}

m-1-ev2 ={a, b} I.sol2 /.{a > 1} /| Simplify

ouf - = {l, - ’\/E}

n- - eVecs = Normalize /@ {evl, ev2} // Simplify

1 2 1 2

ol s sl

m- - Vdiag = eVecs .Vmat .Transpose[eVecs] /. values // FullSimplify ;
Vdiag // MatrixForm

Outf » J/MatrixForm=

L0

3

0 4
3

mn- - Tdiag = eVecs .Tmat .Transpose [eVecs] /. values // FullSimplify ;
Tdiag /I MatrixForm

Outf » }/MatrixForm=
22+ 42) 0
o -if2evR)

Part B Look at motion

mn- - sol I. values

:{{w2—>2—'\/5},{w2—>2+ «/3}}

Outf » -
- - model = evl Exp[Iw t] /. {w -» Sqrt[w2]} /. sol[[1]] /. values
ouff « J= {eivz_ﬁt, '\/Eei‘z_ﬁt}

- - mode2 = ev2 Exp[Iw t] /. {w -» Sqrt[w2]} /. sol[[2]] /. values
{Bi '\l2+’\/3 t’ _ \/Eei '\l2+'\/§ t}

outf « ]=

m- - model +{-1, 1} /. values

{—1+eimt, 1+42 eimt}

outf « ]=
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m- - Plot[model +{-1, 1} /. values // Re, {t, 0, 10}]

Out[ » ]=

Oout[ » ]=

In[

Out[

4+

- - {X1, x2} == eVecs .{n1l, n2}

nl 2 nl 2
ot - {X1, x2} { f =2, — - [= nz}
3 3 V3 3
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- - {X1, x2} == eVecs .{nl, n2} /. {n1 > 1/2, n2 » 1/2}
1 1 1

1
P— - =)
243 6 243 6
m- - mix[a_] := amodel +(1-a)mode2 /. values /I Re
mix[1/2] /. {t > 0} // Simplify

ouf - - {X1, X2} == {

our - - {1, O}

m- - doPlot[a_: 1/2] := Plot[a (model +{-1, 1}/. values)+(1-a)(mode2 +{-1, 1} /. values)
Il Re, {t, 0, 10}]

- - doPlot[1/2]

outf « ]=

L

T

Problem #5 & 6)

ni- Clear["Global® ']

nei- mass = mDiagonalMatrix [{1, 1}];
kmat = k {{2, -1}, {-1, 2}};
mass // MatrixForm

kmat // MatrixForm

QOut[4]/MatrixForm=
(5 )
0 m
Out[5]//MatrixForm=
( 2k -k )
-k 2k
ne- mat = kmat - w2 mass

mat // MatrixForm

Out[7]//MatrixForm=
( 2 k-mw2 -k )
-k 2k-mw2
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neg- Det[mat]

oup 3 k% -4 kmw2 +m? w22

no- sol = Solve[Det[mat] == 0, w2]
k

o {2 e )

nio-  vec ={a, b};
eqs = mat.vec == 0 /. sol[[1]] // Thread

ouiti- {ak-bk==0, —ak+bk==0}

niz- Solvel[eqs, {a, b}]
Solve : Equations may not give solutions for all "solve " variables .

ouriz-  {{b - a}}

nis- evl = {1, 1}
ouptz- {1, 1}

nia- vec = {a, b};

eqs = mat.vec == 0 /. sol[[2]] // Thread
ouris- {~ak-bk==0, —ak-bk==0}

nie- Solvel[eqs, {a, b}]
- Solve : Equations may not give solutions for all "solve " variables .

ouriel= {{b - -a}}

ni7- ev2 = {1, -1}
ouiz- {1, -1}

Part B Look at motion

nisr-  tmpl = al Cos[wl t - 61]

oupig-  al Cos[twl - 61]

nio=  tmpl M TrigExpand
oupie)- @l Cos[twl] Cos[61]+al Sin[twl]Sin[61]

neop-  tmp2 = bl Cos[wl t] + cl Sinfwl t]
ouzo)- bl Cos[twl]+ cl Sin[twl]

nei- Listl = CoefficientList [tmp2, {Cos[twl], Sin[twl]}]
ot {{0, cl}, {b1l, O}}
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nez-  List2 = CoefficientList [tmpl // TrigExpand , {Cos[twl], Sin[tw1]}]
ouz- {{0, al Sin[61]}, {al Cos[6]1], O}

Part B Look at motion

nes- values ={k » 1, m » 1};
nea- sol /. values

oupa-  {{w2 - 1}, {w2 > 3}}

nesi- model = evl Exp[Iwt] /. {w - Sqrt[w2]} /. sol[[1]] /. values
oues- {e'%, '}
nee;- mode2 = ev2 Exp[Iwt] /. {w - Sqrt[w2]} /. sol[[2]] /. values

{ei\/?t, _ei«/Et}

Out[26]=

ne7- model +{-1, 1} /. values

Outf27]= {— 1+€'%, 1+¢ t}

nee- Plot[model +{-2, 2} /. values // Re, {t, 0, 10}]

3

out[28]= L L L L L

nee- Plot[mode2 +{-2, 2} /. values // Re, {t, 0, 10}]

3+

Out[29]= . . . . .




nzo)- Plot[model + mode2 +{-2, 2}/.values // Re, {t, 0, 10}]

4+

Out[30}=

Part B Look at motion

na- model = evl (bl Cos[wt] + cl1 Sin[w t])/. {w - Sqrt[w2]} /. sol[[1]] /. values;
model // MatrixForm

Out[32]//MatrixForm=
( bl Cos[t]+ cl Sin[t] )
bl Cos[t]+ cl Sin[t]

nas- mode2 = ev2 (b2 Cos[w t] + c2 Sin[wt]) /. {w - Sqrt[w2]} /. sol[[2]] /. values;
mode2 // MatrixForm

Out[34]//MatrixForm=

b2 Cos[\/g t]+c2 Sin[\/; t]
—b2Cos[«/§ t]—czsin[w/g t]

nes- X[t_] = model + mode2
oussi- {bl Cos[t]+ b2 COS[ NE) t] +cl Sin[t]+c2 Sin[«/g t],
bl Cos[t] - b2 Cos[/3 t]+c1 Sin[t]- c2 Sin[+/3 t]}

nier-  V[t_] = D[x[t], t]
Out[36}= {cl Cos[t] + '\/E c2 Cos[\/g t] - bl Sin[t] - \/g b2 Sin[«/g t],
cl Cos[t]- 4/3 c2 Cos[\/g t]- b1 Sin[t] + /3 b2 S'in[\/g t]}

nis7= X[0]
our- {bl+ b2, bl -b2}

nizel= V[O]

out[38]= {Cl + '\/5 c2, cl- '\/3 CZ}
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Find x={a,a} v={0,0}

m- - eql = x[0] == {a, a} // Thread
ouf - - {b1 + b2 == a, bl -b2 == a}

- solb = Solve[eql, {bl, b2}II[1]]
our - - {b1 » a, b2 » 0}

m- - eqlv = v[@] == {6, O} // Thread

ouf « J= {Cl+\/§c2 =0, cl—\/gcz == }

m- - solc = Solve[eqlv, {cl, c2}][[1]]

our - - {c1 » 0, c2 > 0}

mn - 1= X[t] 1. solb /.solc /. {a - 1}
our - - {Cos[t], Cos[t]}

m- - pl = Plot[ x[t][[1]] /. solb /. solc /. {a > 1}, {t, 0, 10}];
p2 = Plot[ x[t][[2]] /. solb /. solc /. {a - 1}, {t, 0, 10}];
GraphicsGrid [{{pl, p2}}]

Outf » ]=

-0.5 - -0.5 -

Find x={a,0} v={0,0}
n7a- eql = x[0] == {a, 0} // Thread
ourr4- {bl+ b2 ==a, bl-b2 == 0}
n7si- solb = Solve[eql, {bl, b2}][[1]]

a a
out[7s}= {bl > —, b2> —}
2 2

ne- eqlv = v[@] == {0, O} // Thread

out[76]= {Cl + ’\/E c2==0, cl- '\/g Cc2 == 0}
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n77- solc = Solve[eqlv, {cl, c2}][[1]]

our7= {€cl > 0, c2 » 0}

ne- X[t] 1. solb /. solc /.{a > 1}

Cos[t] 1 Cos[t] 1
out[78]= { + — Cos[\/g t], - = Cos[«/g t]}
2 2 2
mre-  pl = Plot[ x[t][[1]] /. solb /. solc /.{a - 1}, {t, 0, 10};
p2 = Plot[ x[t][[2]] /. solb /. solc /. {a - 1}, {t, 0, 10}];
GraphicsGrid [{{pl, p2}}]
0.5}
AN i 2NN B \/'\\
05} —0.5;
10} -1.0 |
Problem 6)

Find x={0,0} v={a,a}

mn- - eql = x[0] == {0, 0} // Thread
our- - {bl+b2 == 0, bl - b2 == 0}

m- - solb = Solve[eql, {b1l, b2}][[1]]
our - - {b1 » 0, b2 » 0}

m- - eqlv = v[@] == {a, a} // Thread

ouf « J= {cl+\/§c2 == a, cl—\/gcz == a}

mn- - solc = Solve[eqlv, {cl, c2}][[1]]

our - - {c1 » a, c2 > 0}

m- 1= X[t] 1. solb /.solc /. {a-» 1}
our - - {Sin[t], Sin[t]}
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m- - pl = Plot[ x[t][[1]] /. solb /. solc /. {a - 1}, {t, 0, 10}];
p2 = Plot[ x[t][[2]] /. solb /. solc /. {a - 1}, {t, 0, 10}];
GraphicsGrid [{{pl, p2}}]

0.5

outf + J- P T W

-051

Find x={0,0} v={0,a}

neo-  eql = x[0] == {0, 0} // Thread
oueo)- {bl+ b2 == 0, bl-b2 == 0}

o~ solb = Solve[eql, {bl, b2}[L]]
ouppil- {bl > 0, b2 - 0}

nez-  eqlv = v[0@] == {0, a} // Thread

out[92]= {Cl + ’\/E c2==0, cl- '\/E Cc2 == a}

nea- solec = Solve[eqlv, {cl, c2}I[[1]]

a a
Out[93]= {Cl > —, C2 - - }
2 243

nea-  X[t] 1. solb /. solc /.{a - 1}

{S'in[t] Sﬂ'n[“/g t] Sin[t] 51'”[“/3 t]
Out[94]= - +
2 24z 2 243
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mesi- pl = Plot[ x[t][[1]] /. solb /. solc /.{a - 1}, {t, 0, 10}];
p2 = Plot[ x[t][[2]] /. solb /. solc /. {a - 1}, {t, 0, 10}];
GraphicsGrid [{{pl, p2}}]

0.6 0.8

0.4 0.6

0.2 0.4

. . | . 0.2

out[97]= 2 4 6 8 10

-0.2 L
10

-0.4 -0.2

-0.6 -0.4

-0.8 -0.6

Problem #7)

neg- Clear["Global™ ='"]

d oL ok - .
58751 = 87)1 or  (my+my)Li¢;+myLiLypy =—(my+my)gLip; (11.41)
and

d o8 _oe

—— = or  m,L Ly L2y = —mygL,py. (1142
dtd¢, ¢, 2LiLogy +myL; by mygLyg,.  ( )
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ny

A double pendulum consists of one pendulum attached to another. Double pendula are an example of a simple
physical system which can exhibit chaotic ® behavior. Consider a double bob pendulum with masses 1 and

My attached by rigid massless wires of lengths I; and l5 . Further, let the angles the two wires make with the

vertical be denoted #; and #2 , as illustrated above. Finally, let gravity be given by g. Then the positions of the

bobs are given by

) = Il;sin#,

N = =l cosb,

T2 = Iysinb; + Iy sinf,

y2 = =lcosb — lacosb,.

The potential energy of the system is then given by

V = migy +magy:

—(mi + m2)gly cos by — magls cos B,

and the kinetic energy by

2

- Ll . 2
T = zmv;

1, ;
+ 3Mav;

= %7"][{9% + %mg[lfe'f + 1220.3 + 211129192 (T()S(gl - 02)].

noo)=  X1[t_] = 11 Sin[61[t]];
y1[t_] = - 11 Cos[OL[t]];

x2[t_] = 11 Sin[61[t]] + 12 Sin[62[t]];
y2[t_] = - 11 Cos[81[t]] - 12 Cos[82[t]];

x3[t_] = 11 Sin[61[t]] + 12 Sin[62[t]] + 13 Sin[63[t]];
y3[t_] = - 11 Cos[61[t]] - 12 Cos[62[t]] - 13 Cos[63[t]];



wios- VI[t_] = Sqrt[x1'[t]* +y1 '[t)’] // Simplify / PowerExpand

ourios)- L1 81'[t]

wio7- V2[t_] = Sqrt[x2 '[t]* + y2 '[t)’] #/ Simplify / PowerExpand

ou107)- x/u2 61'7t]* + 2 11 12 Cos[61[t] - 62[t]] 61[t] 62'[t] + 122 62'[t]?

wios- V3[t_] = Sqrt[x3 '[t]* + y3 '[t)’] #/ Simplify / PowerExpand

cuics 4 (L1 Cos[BL[t]] 61'[t] + 12 Cos[62[t]] 62[t] + 13 Cos[63[t]] 63 [t])* +
(11 Sin[61[t]] 61'[t] + 12 Sin[A2[t]] 62'[t] + 13 STn[63[t]] 63'[t])?)

Look at single pendulum case

1
nios-  tKineticl = — ml vi[t]® // Simplify
2

1
ouios-  — 112 m1 61°[t)?
2

niio=  VPOtl = ml g yl[t]
ouiio-  —g 11 ml Cos[O1[t]]

nii-  Lagl = tKineticl - vPotl;

miiz- eql = D[D[lagl, 61 '[t]], t] - D[lagl, 61[t]]
ouriz- g 11 ml SAin[61[t]] + 117 m1 61"[t]

niiz-  Series[eql, {#1[t], O, 1}] // Normal // Simplify
ourrie- - 11 ml (g 61[t] + 11 617[t])

Look at double pendulum case

wia- list = {81[t], 61 '[t], 62[t], 62 '[t]};
rule2 = (Outer[Times, list, list] // Flatten) - 0 // Thread
ourns- {61[]* » 0, 61[t] B1[t] » O, O1[t] - 62[t] » O, 61[t] 62'[t] - O, O1[t] 61'[t] > O,
e1'[t]* » 0, 82[t] 61[t] » 0, O1'[t] 62[t] » O, O1[t] - B2[t] » O, 62[t] OL[t] » O,
02[t]> > 0, 62[t] 62'[t] » O, OL[t] 62'[t] » O, O1'[t] B2'[t] » O, 62[t] 62'[t] » O, 82'[t]

1 1
mie-  tKinetic2 = — ml vi[t]* + — m2 v2[t]* // Simplify
2 2

1
ourer — (117 (M1 +m2) O17t]% + 2 11 12 m2 Cos[61[t] - 62[t]] 61[t] 62'[t] + 122 m2 62'[t]?)
2
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ni17:- VPot2 = ml g yl[t] + m2 g y2[t]
outi7- —g L1 ml Cos[O1[t]]+ gm2 (- 11 Cos[A1[t]] - 12 Cos[B2[t]])

nig=  lag2 = tKinetic2 - vPot2};

niie-  D[lag2, @1[t]] // Simplify
ourtie- =11 (g (M1 +m2) SAn[61[t]] + 12 m2 Sin[61[t] - 62[t]] 61[t] 62[t])

nizop-  D[lag2, 61 "[t]] /I Simplify
ouizo- 11 (11 (m1 +m2) 61°[t] + 12 m2 Cos[61[t] - 82[t]] 62'[t])

mizi- eq2l = D[D[lag2, 61 '[t]], t] - D[lag2, 61[t]] // Simplify
ouiizi- L1 (g ml Sin[O1[t]]+ g m2 Sin[1[t]] +
12 m2 Sin[61[t] - 62[t]] 92’[‘(]2 + 11 (ml+m2)61"[t]+ 12 m2 Cos[O1[t] - B2[t]] 92"[t])

ni22)- eq2la = Series[eq21l, {01[t], 0, 1}, {62[t], O, 1}] // Normal // ExpandAll
ouizz- g 11 ml 61[t]+ g 11 m2 61[t]+ 11 12 m2 01[t] 62'[t]* - 11 12 m2 62[t] 62[t]* +
112 ml 617[t]+ 112 m2 617[t] + 11 12 m2 62" [t]+ 11 12 m2 81[t] » 62[t] 62"[t]

nizs-  €q2la = eq2la /l. rule2 /I Simplify
ourizg- L1 (g (M1 +m2) 61[t] + 11 (m1 + m2) 61"[t] + 12 m2 62"[t])

w2~ eq22 = D[D[lag2, 62 '[t]], t] - D[lag2, 62[t]] // Simplify
ourza- 12 m2 (g Sin[B2[t]] - 11 Sin[O1[t] - 62[t]] 617[t]* + 11 Cos[O1[t] - 62[t]] O1"[t] + 12 62"[t])

nizs-  €q22a = Series[eq22, {#1[t], 0, 1}, {62[t], O, 1}] // Normal // ExpandAll
ourzs- g 12 m2 62[t]- 11 12 m2 61[t] 61°[t]* + 11 12 m2 62[t] 61[t]* +
11 12 m2 817[t] + 11 12 m2 61[t] « 62[t] 61" [t] + 122 m2 62"[t]

nizel- €q22a = eq22a /l. rule2 /I Simplify
ourizs- 12 m2 (g 62[t] + 11 81"[t] + 12 62"[t])

Double Pendulum: find eigensystem

{eq21a, eq22a}
In[169]:= Ne{mi->my,m2->m, 11 L, 12> L} // Simplify // TableForm
Lm

Out[169])/TableForm=
2 g O1[t]+ L (2 O1"[t] + 62"[t])
g 62[t] + L (61"[t] + 62"[t])

mMat = L {{2, 1}, {1, 1}};
mMat // MatrixForm

Outf » J/MatrixForm=

"



mi7z- vMat = g {{2, 0}, {0, 1}};
vMat // MatrixForm

QOut[173])/MatrixForm=
(s ¢)
0 g
ni7s-  vMat - w2 mMat // MatrixForm

Out[175])//MatrixForm=
(2g—2LW2 -Lw2 )
-Lw2 g-Lw2

nizer- SOl = Solve[Det[vMat - w2 mMat]== 0, w2] / Simplify

-2+ 42)g 2+4/2)g
oul[179}- {{WZ > - %}, {WZ 5 (%}}

m- - soll = Solve[(vMat - w2 mMat).{a, b} == 0 /. sol[[1]] / Thread, {a, b}I[[1]]
2 (— 1+ '\/E) a
-2+ '\/E }

m-1-evl={a, b} /.soll /.{a—-> 1} [/ Simplify

outf « J- {l, ’\/E}

ouff « J- {b > -

nieg- sol2 = Solve[(vMat - w2 mMat).{a, b} ==0 /. sol[[2]] // Thread, {a, b}I[[1]]
2(1++/2)a
2+ '\/E }

nioo)- ev2 ={a, b} /.sol2 /.{a-> 1} // Simplify

out[190]= {l, - \/E}

out[189]= {b > -

mn- - evMat = {evl, ev2};
evMat .mMat.Transpose[evMat] // Simplify // MatrixForm

Outf » }/MatrixForm=
2(2+ A2 )L 0
0 ~2(-2+ \2 )L

nie7-  evMat .vMat.Transpose [evMat] // Simplify // MatrixForm

Out[197]//MatrixForm=

(s o)
0 4¢g
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Look at triple pendulum case

mies-  List = {81[t], 61 '[t], 62[t], 62 '[t], 63[t], 63 '[t]};
rule3 = (Outer[Times, list, list] // Flatten) -» 0 // Thread

ourza {61[]* » 0, O1[t] O1[t] » O, O1[t]~ 62[t] » O, O1[t] 62[t] -» O, OL[t] - 63[t] » O, 61[t] 63[t] » O,
O1[t] O1'[t] » O, OL[t]* » 0, 62[t] 61[t] » O, 61[t] 62[t] » O, 63[t] 61[t] » O, OL'[t] 3'[t] » O,
61[t] « 62[t] » 0, 62[t] 61[t] » O, 62[t]* » 0, 62[t] 62'[t] » O, 62[t] ~ 63[t] » O, 62[t] 63[t] » O,
O1[t] B2'[t] » O, OL[t] 62°[t] » O, 62[t] B2[t] » O, 62'[t]*> > O, 63[t] 62'[t] » O, 62'[t] 63'[t] » O,
61[t] « 63[t] » 0, 63[t] 61[t] » O, 62[t] « 63[t] » O, O3[t] 62'[t] » 0, 63[t]* > O, 63[t] 63[t] » O,
61[t] 63[t] » 0, 61'[t] 63[t] » O, 62[t] 63[t] » O, 62'[t] 63[t] » O, 63[t] 63[t] » O, 63'[t]* > 0}

1 1 1
mpso-  tKinetic3 = —ml vi[t]* + — m2 v2[t]* + —m3 v3[t]* // Simplify
2 2 2

1
ouraor — (117 m1 61°[t]* + m2 (117 61[t])* + 2 11 12 Cos[61[t] - 62[t]] 61'[t] 62'[t] + 12% 62'[t]*) +
2

m3 (11 Cos[O1[t]] 617[t] + 12 Cos[62[t]] 62'[t] + 13 Cos[O3[t]] 63 [t])* +
(L1 Sin[e1[t]] 61°[t] + 12 Sin[62[t]] 62 [t] + 13 Sin[63[t]] 63'[t])?))

nisi- VPoOt3 = ml gyl[t] + m2 g y2[t]+ m3 g y3[t]
ouisil- —g L1 ml Cos[O1[t]]+ gm2 (- 11 Cos[O1[t]]- 12 Cos[B2[t]]) +
gm3 (- 11 Cos[01[t]] - 12 Cos[62[t]] - 13 Cos[63[t]])

nizz-  lag3 = tKinetic3 - vPot3

niss-  D[lag3, @1[t]] // Simplify
cutizs =11 (g (ML +m2 +m3) STN[OL[L]] + O1'[t] (L2 (M2 + m3) STn[OL[t] - 62[t]] 62'[t] + 13 m3 Sin[OL[t] - 63[t]] 63[t]))

nisa- D[lag3, 61 '[t]] /I Simplify
ouizg= L1 (L1 (ml+m2 +m3) 61'[t] + 12 (m2 + m3) Cos[O1[t] - 62[t]] 62'[t] + 13 m3 Cos[O1[t] - 63[t]] B3°[t])

wizs- eq31 = D[D[lag3, 61 '[t]], t] - D[lag3, O1[t]] // Simplify
oupas L1 (gml Sin[OL[t]]+ g m2 SNn[O1[t]] + g m3 Sin[O1[t]] + 12 (M2 + m3) Sin[61[t] - 62[t]] 62'[t]* +
13 m3 Sin[01[t] - 63[t]] 63'[t]? + 11 m1 61"[t] + 11 m2 61"[t]+ L1 m3 O1"[t] +
12 m2 Cos[61[t] - 62[t]] 62"[t] + 12 m3 Cos[61[t] - 62[t]] 62"[t] + 13 m3 Cos[61[t] - 63[t]] 63"[])

nise-  eg3la = Series[eq31, {#1[t], O, 1}, {62[t], O, 1}, {63[t], ©, 1}] / Normal // ExpandAll
oupse- g 11 ml 61[t]+ g 11 m2 61[t]+ g 11 m3 61[t]+ 11 12 m2 61[t] 62'[t]* + 11 12 m3 61[t] 62[t]* -
11 12 m2 62[t] 62 Tt]* - 11 12 m3 62[t] 62'[t]* + 11 13 m3 61[t] 63 [t]* - 11 13 m3 63[t] 63 [t]* +
112 m1 617 [t]+ 112 m2 617 [t] + 112 m3 617[t]+ 11 12 m2 62°[t] + 11 12 m3 62" [t] +
11 12 m2 @1[t] « 62[t] 62" [t]+ 11 12 m3 61[t] » 62[t] 62"[t] + 11 13 m3 63" [t]+ 11 13 m3 61[t] » 63[t] 63 [t]

nie7- eq3la = eq3la /. rule3 /I Simplify
ouiaz - L1 (g (M1 +m2 +m3) 61[t]+ 11 (m1+m2+m3)61"[t]+ 12 m2 62"[t] + 12 m3 62"[t] + 13 m3 63"[t])
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wize- €q32 = D[D[lag3, 62 '[t]], t] - D[lag3, 62[t]] // Simplify
ouas- 12 (g m2 Sin[B2[t]] + g m3 Sin[62[t]] - 11 (m2 + m3) Sin[A1[t] - 62[t]] 61 [t]* +
13 m3 Sin[62[t] - 63[t]] 63'[t]* + 11 m2 Cos[OL[t] - 62[t]] 61 [t] +
11 m3 Cos[61[t] - 62[t]] 617[t] + 12 m2 62"[t]+ 12 m3 62"[t] + 13 m3 Cos[62[t] - 63[t]] 63"[t])

nise-  €g32a = Series[eq32, {#1[t], O, 1}, {62[t], O, 1}, {63[t], ©, 1}] // Normal // ExpandAll
ouprae- g 12 m2 62[t] + g 12 m3 62[t] - 11 12 m2 61[t] 61[t]* - 11 12 m3 61[t] 61[t]* +
11 12 m2 62[t] 61°[t]* + 11 12 m3 62[t] 61'[t]* + 12 13 m3 62[t] 63'[t]* - 12 13 m3 63[t] 83'[t]* +
1112 m2 617[t]+ 11 12 m3 617[t] + 11 12 m2 61[t] » 62[t] 61"[t] + 11 12 m3 O1[t] ~ 62[t] 61 [t] +
122 m2 627 [t] + 122 m3 62°[t] + 12 13 m3 63"[t] + 12 13 m3 62[t] ~ 83[t] 63"[t]

nia- eq32a = eq32a /. rule3 /I Simplify
ourtao- 12 (g (M2 +m3) 62[t] + 11 (m2 + m3) 61" [t]+ 12 m2 62" [t] + 12 m3 62"[t] + 13 m3 63"[t])

nia- €933 = D[D[lag3, 63 '[t]], t] - D[lag3, 63[t]] / Simplify
oue- 13 m3 (g SAN[63[t]] - 11 Sin[O1[t] - 63[t]] 61[t]* - 12 STn[62[t] - O3[t]] 62[t]* +
11 Cos[A1[t] - 63[t]] 61"[t] + L2 Cos[62[t] - 63[t]] 62" [t] + 13 93”[t])

niez-  eg33a = Series[eq33, {01[t], O, 1}, {62[t], O, 1}, {63[t], ©, 1}] / Normal // ExpandAll
ouraz- g 13 m3 63[t] - 11 13 m3 61[t] 61[t]* + 11 13 m3 63[t] 61'[t]* -

12 13 m3 62[t] 62'[t]* + 12 13 m3 63[t] 62°[t]* + 11 13 m3 61"[t] +

11 13 m3 @1[t] ~ 63[t] 61"[t] + 12 13 m3 62"[t] + 12 13 m3 62[t] ~ 63[t] 62"[t] + 13 m3 63"[t]

nss- eq33a = eq33a /. rule3 // Simplify
ouraa- 13 m3 (g 63[t] + 11 617[t] + 12 62"[t] + 13 63"[t])

ni44- {€q3la, eq32a, eq33a} // TableForm
Out[144]//TableForm=
11 (g(ml+m2+m3)01[t]+ 11 (ml+m2+m3)61"[t]+12m2 62"[t]+ 12 m3 62"[t]+ L3 m3 63"[t])
12 (g (m2 +m3) 62[t] + 11 (M2 + m3) 617[t]+ 12 m2 62"[t] + 12 m3 62" [t] + 13 m3 63"[t])
13 m3 (g 63[t]+ 11 61"[t]+ 12 62" [t] + 13 63"[t])

Look at double pendulum case in matrix form

n4s-  eq2la
eq22a

outis UL (g (M1 +m2) 61[t]+ 11 (ml +m2) 61"[t] + 12 m2 62"[t])

ours 12 m2 (g 62[t] + 11 617[t] + 12 62"[t])
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w47~ mMat = {{D[eq2la, 61 ''[t]], D[eq2la, 62 ''[t]]},
{D[eq22a, 61 ''[t]], D[eq22a, 62 ''[t]]}};

mMat // MatrixForm

QOut[148]//MatrixForm=
112 (ml+m2) 1112m2
1112 m2 122 m2

nae-  kMat = {{D[eq21a, 01[t]], D[eq2la, 62[tI]},
{Dleq22a, 61[t]], D[eq22a, O2[t]]}};
kMat // MatrixForm

Out[150]/MatrixForm=
g 11 (ml +m2) 0 )
0 gl2m2

nisi- values ={ml-»>m, m2 »>m, g-» 1, 11 » len, 12 » len, len > 1};

nis2-  mMat /. values // MatrixForm

kMat //. values // MatrixForm

QOut[152]//MatrixForm=
( 2m m )
m m
Out[153])/MatrixForm=
( 2m 0 )
0 m
nis4-  eq = Det[kMat - w2 mMat] == 0 //. values

outis4= 2 m?-4m?w2 +m?>w22 == 0

niss-  sol = Solvel[eq, w2]

ouss {{w2 > 2- 2}, {w2 5 2+ /2}}

nisel-  vec ={a, b};
eql = (kMat - w2 mMat).vec == 0 /. sol[[1]] //. values

oul[157 {—(2-\/3)bm+a(2m—2(2—\/z)m), —(2—\/§)am+b(m-(2—\/§)m)}==

niss- soll = Solve[eql, {a, b}] // Simplify
Solve : Equations may not give solutions for all "solve " variables .
2 (— 1+ \/E) a
ouss- {{b > - ——=—1}
-2+ '\/E
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miss- evl ={a, b} /. sol1[[1]] /. {a -» 1}

2(—l+ '\/E)}
—2+'\/E

nieo-  vec = {a, b};

eq2 = (kMat - w2 mMat).vec == 0 /. sol[[2]] //. values

out[161}= {—(2+ \/E)bm+a(2m—2(2+ \/E)m), -(2+ \/E)am+b(m-(2+ ﬁ)m)}::@

out[159]= {l, -

niez- sol2 = Solve[eq2, {a, b}] // Simplify

Solve : Equations may not give solutions for all "solve " variables .
2(1++2)a
out[162= {{b > - —}}
2+ 42

nies- ev2 ={a, b} /. sol2[[1]] /. {a » 1}
2(l+ '\/E)
2+'\/E }

nfesq= evl /I'N
ev2 /I N

out[163]= {l, -

outea-  {1., 1.41421}

ourtes-  {1., -1.41421}



