#5) Taylor 5.22

n - - Clear["Global’ ="]
no-eql = x''[t] + 2 B x"[t] + wO® x[t] ==

our - - WO x[t] + 2 B X'[t] + X"[t] == O

w1 dsol = DSolveleql, x[t], tI[[1]]
it o T ) ¢ e ) )

t
outf C; +e

n - be = {x[0] == x0, x '[0] == vO}
our - - {X[0] == X0, x'[0] == vO}

mn- - eq2 = Join[{eql}, bc]
ouf + J- {WO2 X[t]+2 B xX'[t]+ x"[t] == 0, Xx[0] == X0, X'[0] = vO}

m- - dsol = DSolve[eq2, x[t], tI[[1]] / FullSimplify

(VO + x0 B) S'inh[t A/ w02 + B2 ]
+
‘\/—WOz + ﬁz

Out[

T

. {x[t] > e " [x0 Cosh[t -we? + g? ]

}

m- - critical = {8 » wo};

m = XCrit[t_] = Limit[x[t] /. dsol, critical]

ouf - - @ "0 (X0 + t (VO + wO x0))

o - Plot[ xCrit[t] /. {x0 -» 0, v0 -» 1, wo » 1}, {t, 0, 5}]
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Outf « = F
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w- - Plot[ XCrit[t] /. {x0 » 0, v0 » -1, wo » 1}, {t, 0, 5}]

S T S S S RS S SR |
1 2 3 4 5

-01F

outf + J= r
-02

m- - Plot[{ xCrit[t], Exp[-twO ]} /. {x0 » 1, vO » O, w0 -» 1} // Evaluate, {t, 0, 5},
PlotStyle - {Red, Blue, Green, Thick}]
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outf + J=

0.4

0.2

o= XCrit[t] /. {vO - 0} // Simplify

our- - € 5" (1 + t wo) x0

27T
W xCritt] . {t 5 —, VO > 0} Il Simplify
wo

ouf- - @27 (1 +2 1) X0
2

o= XCrit[e] /. {t - —, Vv0 - 0} I Simplify /N
wo

ouf - - 0.0136009 x0

wo - XCrit[t] /. {t > 0, v0 » 0} // Simplify /N

ouff - - X0

#5) Taylor 5.22 The Wrong way!



Also See p.177: Critical Damping!!!

;- Clear["Global’ "]

5
=

- eql= x'"'[t] + 2B x"[t] + wo? x[t] ==
our - - WO X[t] + 2 B X[t]+ X"[t] == O

m- - dsol = DSolve[eql, x[t], tI[[1]]
-+ ‘\/—Wﬁ)2+[32 ) Cz}

—WOZ+B2 )

ouf « J= {x[t] - et('ﬁ' cy + et(

- - dsol@ = dsol /. {8 - w0}

our - - {X[t] - e "¢, +e " cy}

- - dsol® = dsol@ /. {C[2] » O}

our- - {x[t] » e " ¢,}

m- - eqX = x[0] == x[t] /. dsol0e

ouf - - X[O] == e e C;

m--egqX /.t >0

ouf - - X[0] == €3

m- - SO1XO = Solve[eqX /. t » 0, C[1]I[[1]]

our - - {€1 = X[O]}

m- - eqV = vO == D[x[t] /. dsol0, t]

our- - VO == —e *"° we C;

m--solVO = eqV /.t > 0

ouf - - VO == —w0O €

m- - SOLVO /. solX0

ouf - - VO == —w0O X[0]

Problem : if x[0] == 0, then vO = 0.

#6) Taylor 5.41

- - Clear["Global™ #"]

hw4_sol.nb | 3



4 | hw4_sol.nb

fo?

m - - ampw_] =

(we? - w?)* + 4 g2 w?

02

ouf + J- y
(-w? +w0?)" + 4w B

m-1-values = {f0 » 1, w0 » 1, B » 0.2};

In[

=
i

Plot[amp[w] /. values // Abs , {w, 0, 2}]

Out[

1
- - eql = — amp[w@] == amp[w]
2

fo? f0?
Out[ « = ==

8we? B (-w?+we?)’ + 4w B2

m- - sol = Solve[eql, w] // PowerExpand
ouf« - {{wa—\/WOZ—ZBZ—Zﬁ wo? + g2 }, {w-> \/w02—252—2ﬁ wo? + g2 },

{w—>-\/W02—2B2+2 AJwe? g2 + g* }, {w-> \/w02-252+2 AJwe? g% + g* }}

m- - Series[w /. sol , {8, ®, 1}] // Normal // PowerExpand // Simplify

ou - - {-wO + B, w0 -8, -w0O -8, wO + S}

m-1-wl. sol [/l PowerExpand // Simplify

our 1 {— \/W02—26<B+ '\/W02+Bz), \/w02—25(6+ w/w02+ﬁ2),
_\/w®2—2,82+2\/m, \/w02—232+2 ,32(w02+ﬁ2)}

w- - ((w/. sol /I PowerExpand /f Simplify) /. {w0?+g* - w0} // PowerExpand /I ExpandAll) /. {g* - 0}

o ]f{—\/woz—zw(DB, AW -2w0 B, - A/wo?+2w0 B , \/w02+2weﬁ}



m- - (Series[&, {8, 0, 1}] & /@ %) /| PowerExpand // Normal // Simplify

ou - {-wO + B, w0 -8, -w0 -8, wO + S}

Inf+ Ji= Ser‘ies['\/1+c , {€, 0, 2}]

e €2

ouf+ - 1+ —=—+ O[E]3
2 8

#7) RLC

mn - 1- Clear["Global’ *"]

m - - XR =R}
1

xC = —;

wcC

XL =wlL;

z = Sqrt[xR* + (xL - xC)?]

1 2
outf « J- R? + (— —+ L W)
cw

voltage

n - - current =
z

voltage

2 1 2
\/R +(—CW+LW)

Outf » ]=

m- - soll = Solve[D[current , w] == 0, w]

1

Outf

1
n - - maxCurrent = current /. {w - —} Il PowerExpand
c L
voltage
outf » ] ———————
R
1
n- - eql = current == — maxCurrent
2
voltage voltage

outf « ]= ==

| : = :
\/R +(_cw+LW)

2R

] i 1
Byl L Uiy~ B Uiy £ Cdrard
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o - sol2 = Solve[eql, w] // Simplify // PowerExpand
\/2L+3CR2—\/E e V4LR*+3cR? \/2L+3cR2-«/§ e VaLR?+3cRY
outf « = {{W—)— }, {W—) }’
V2 e V2 et
\/2L+3cR2+«/§ e VaLR?+3cRY \/2L+3cR2+\/§ e VaLR?+3cR?
{w- b {w- }
V2 et ’ V2 e

m- - valuesl = {R = 10, ¢ - 20+107°, L -» 200 ~ 107>, voltage - 200};
values2 = {R - 20, c - 20 -107°, L » 200 - 107%, voltage - 200};

m- - current /.{valuesl, values2} // Re

outf + J- {200 Re[ ! ]’ 200 Re[ - ]}
2

n - 1- Plot[current /. {valuesl, values2} // Re // Evaluate,
{w, 0, 1000},
PlotStyle - {Red, Blue},
PlotRange - All,

GridLines - Automatic]

20 -

outf - ]= 10




m- - Plot[{current /. valuesl, 2 current /. values2} // Re I/l Evaluate,

Out]

In[

Out[

In[

Out[

In[

Out[

In[

Out[

In[

Out[

In[

Out[

In[

Out[

{w, 0, 1000},
PlotStyle - {Red, Blue},
PlotRange - All,

GridLines - Automatic]

20 -

= 10

200 400 600 800 1000

;- current /. valuesl
200

oo s(-2e sy

- eql

=

voltage voltage

J= ==

2 1 2
\/R +(—CW+LW)

2R

- NSolve[eql /. valuesl, w]

- {{w > 545.173}, {w » —-545.173}, {w > -458.57}, {w > 458.57}}

- 545 - 458
- 87

- NSolve[eql /. values2, w]

- {{w > -594.047}, {w > 594.047}, {w > 420.842}, {w > -420.842}}

- 594 - 420
- 174
- 174187

=2
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quality factor

Inf ],:Q:_r__L_—__C:_ _
R R ®oCR R RYC
X X
Out[]Q:OJ_rL__L:L:_C:lL
R R ®CR R RAC
Sqrt[L/c]
- - ————— [. valuesl
R
ouf - - 10
Sqrt[L/c]
i+ - = |, values2
R

ouf+ - 5



