subs := {omega®@ -» Sqrt[k/m], zeta->c/ (2*Sqrt[mxk]), x0 - -g*m/ k}

xt = A x Exp[-zeta x omega® » t] * Sin[Sqrt[1 - zeta~2] » omega® » t + phi] - g / omegad~2

g
- i AeOm8®Tza i phi 4 omegad t \/ 1 - zeta® }

omega0?

vt = FullSimplify[D[xt, t]]

A e—omegaet zeta omegae

(\/ 1-zeta® Cos {phi +omegad t \/ 1 - zeta? } - zetaSin {phi +omegadt \/ 1 - zeta? ] )

energy = M* g+ X+K*Xx"2/2+mxv~2/2 == mxg* (X0-A) +k* (x0-A)"2/2) /. subs

m v k x2

g
+E8mMX + -A- —

1
+—k (7A7

gm)z
2

k

=gm
2

Solve[energy, A]

\/g2m2+kmv2+2gkmx+k2x2 \/g2m2+kmv2+2gkmx+k2x2
- -

it . J {a . J)

\/kmv2+ (gm+kx)?
k

amplitude =

\/kmv2+ (gm+kx)?
k

getphi[A_, isUp_] := If[isUp, ArcSin[ (x + g / omega®~2) / A], s - ArcSin[ (x + g / omega@~2) / A]]

experiment := {g -9.8, m-> 3, k> 2, c » 0.3}
initials := {x > -5, v 3}
amplitude /. experiment /. initials

10.3726

getphi[amplitude /. experiment /. initials, True] /. subs /. experiment /. initials

1.20871

Minimize[{ ((xt +5) 2+ (vt-3)~2) /. subs /. experiment /. {t » 0}, A >0}, {A, phi}]
(0., {A->10.6008, phi - 1.15558} }
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{xt = -5, vt ==3, A >0} /. subs /. experiment /. initials

{-14.7 +Ae®%tsin[phi+0.814964t] = -5,

— Ae™®%% (9.998123 Cos[phi + ©.814964 t] - ©.0612372 Sin[phi + ©.814964t]) == 3, A > 0}
3

Solve[{xt == -5, vt == 3, A > 0, phi >0, phi < 2% x} /. subs /. experiment /. initials /. {t -» @},

{A, phi}]
{{A > 10.6008, phi - 1.15558} }

xt /. subs /. {t » 0}

gm
- — +ASin[phi]
k

vt /. subs /. {t » 0}

k c? cSin[phi]
Al- | ]1- Cos[phi] - —— "~
m 4km 2+ km

Solve[{xt == x, vt ==v, A >0, phi > 0, phi < 2% x} /. subs /. experiment /. {t - 0}, {A, phi}]
$Aborted

xt /. subs /. experiment /. {A -» 10.60077410113466  , phi » 1.155576128610492", t -» 9}
-5.

vt /. subs /. experiment /. {A - 10.60077410113466 , phi -» 1.155576128610492" , t -» 0}
3.

xt /. subs /. {t - 0}

gm
- — +ASin[phi]
k
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FullSimplify[vt /. subs /. {t » 0}]

k 2 cSin[phi]
A | — 1- Cos[phi] - ————
m 4km 2+ km
m
Solve[{—g—+ASin[phi] = X,
k
k cSin[phi]
Al - Cos[phi] - ——— ==v,g20,k>0,m>0,c20}, {A,phi}]
m 2Vkm

\/kmvz+(gm+kx)2
k

Fullsimplify[Solve[—g*|n/I(+ *Sin[phi] == x,phi]]

gm+ k x

{{phi - ConditionalExpression[n-—ArcSin{ J +2nC[1], C[1] € Integers}},

kaf+(gm+km2

gm+kx

{phi - ConditionalExpression[Arcsin[ } +2nC[1], C[1] € Integers}}}

kav2+(gm+kxﬂ

gm+ kx

{{phi—aConditionalExpression[n-—ArcSin[ ] +27xC[1], C[1] € Integers]},

Vkmv2+(gm+kxf

gm+k x

{phi—aConditionalExpression[Arcsin[ ] +2xC[1],

‘¢kmv2+(gm+kxﬁ

C[1] € Integers]}} /. experiment /. initials

{{phi - ConditionalExpression[1.93288 +21C[1], C[1] € Integers]},
{phi » ConditionalExpression[1.20871 + 2 1C[1], C[1] € Integers]}}
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Plot[xt /. subs /. experiment /.
{A -> 10.372559954032564, phi -> 1.2087096232338574" }, {t, 0, 25}]

-20
(X""'[t] +2 xzeta xomegad » x'[t] + omega@®"2 x x[t] == -g) /. subs
C K X' [t]
kx[t] m
+ +X7[t] = -8
m Vkm
DSolve[{(x"''[t] +2 x zeta » omegad » x ' [t] + omega®”~2 » x[t] == -g) /. subs}, x[t], t]
—c \“““?mf\/? Vi 2-akm |t -c \““‘(:Tm+\/? Vi 2-akm |t
gm — —
Hx[t] S5-2ie 20kn Cl1] +e 2nkn cm}}
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DSolve[{(x"''[t] +2 x zeta » omega® » x ' [t] + omega®”~2 » x[t] == -g) /. subs,
x' [0] == Vl, X[O] == Xl}, X[t], t] // FullSimplify

C\/E \/m7+\/r\/c274km t

1 |\ Jkm /c-akm ¢ K
Hx[t] - e 2w e cl-1+e fewr — /m (gm+kx1) +
2Kk324/c2-4km .

P |
e - Vm sk Vc-4km |t
/[ n

\fkm \Vc2-4km t N

Jk |[[1+e ewr 26 2n i gmyc*-4km +

Nkm \cakm t Nkm A\ c2-akm t

20 1ve e [k Vmafkmvic|1re oot ka2 oakm xt 1

1 -

e 2«/?“
2k¥24/c2-4km

[ c hﬁ+ \V c2-akm
Vin Veakm t Kk \/E\/mt [\/T Vi k lt
cl-1+e Vewr - Vm (gm+kx1)+'\’k 1ie Ve -2e 2V Vi
m

Vkm Vc2-akm t

gmVci-akm +2 [-1+e Vewr \/?\/F\/Hv1+

m\/cz—dkmt
1+e Vewr k\/c2—4km x1||| /. experiment /. {x1 - -5, vl > 3, t > 0}

-5.+0.1
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[c\/:T"/T+\/T\/mt

1 -
newsol := e 2vm Vkn
2k¥2/c?-4km
crl S Vs c2-4akm
cl-1+e ewr — vm (gm+kx1l) +\k ||1+e Vw2 2vm Vim gm
m

Vkm Vc-4km t Vkm Vc2-akm t

Ve2-akm +2|-1+e Vew \/?\/F\/km Vit |1+e Voo k\/c2—4km x1

FullSimplify[DSolve[
{(x""[t] +2 % zetaxomegad » x "' [t] + omega®”~2 » x[t] == -g) /. subs, x'[0O] == vl, x[O] == x1},
x[t], t], {Element[t, Reals], Element[vl, Reals], Element [x1, Reals], Element [m, Reals],
Element[g, Reals], Element[c, Reals], Element [k, Reals], m>0, g >0, c 20, k > 0}]

{{x[t]»;
2k~ c2-4km

e c2-akm |t ‘c+\s“c274km t

| \/c274km t { \/c274km t
e 2n l+e n -2e 2n gmyc?-4km +c|-1+e = (gm+kx1) +

\2-akm t Jakn t
k|2 |-1+e = mvli+ [l+e = ]\/c2—4km x1 }}
1
news ;= —————
2k\/c2—4km

[cﬂl c2-akm ]t \/Tt ‘cnl c2-4km )t
o= m

V c2-4km t
e 2m l+ve n -2e 2m gm'\/cz—4km +c(—1+e m ](gm+kx1)+

\ c2-akm t V c?-4km t
k[2[—1+e n ]mv1+[1+e n ]\/c2—4kmx1]

news /. experiment /. {x1 - -5, vl 3, t » 0}

-5.+0.1
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Simplify [ExpToTrig[news]]

c+c2-4km

2m

t (c+\/c2—4km)t

J—Sinh{

1

2k c?-4km

Cosh[

T

—cgm+gmyc®-4km -2kmvl-ckxl+kyc®2-4km x1+

\c?-4km t

m

(cgm+gm\/c2—4km +2kmvli+ckxl+kyc?-4km x1 }—
(c+x/c2—4kat [ 2
J+cnginh[ﬂ} +gmyc2-4km

2m m
[ c2-4km t \Je2-4km t \Je2-4km t
m m

Cosh{

2gm/c?-4km Cosh{

Sinh —J +2kmv1$inh{

" J+ckx1$inh[

| +
/ (c+\/c2—4km)t
kyc?-4km xlsinh[ﬂJ —2gmyc?-4km Sinh[

m 2m

}

FullSimplify[news]
1
2k c?-4km

[ akm ¢ lu\/ c-akm |t
\2-akm )

l+e m -2e 2m

gmy c2-4km +c

(& 2m

i [c+\/c274km "t [

—1+es m J(gm+kx1)+

e akm t
ki2|-1+e n

\““‘c274kmt
mvl + [1+e " ]\/c2—4km xl]

news /. {\/cz—4km > p, X1 > X, v1->v}

(c+p) t pt pt pt

e_% ((1+e%—2eT) gmp+cC (—1+e7) (gm+kx) +k(2 (—1+e7) mv + (1+e7) px))

2k c2-4km
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Plot[news /. experiment /. {x1 » -15, vl » -15}, {t, 0, 25}]

| I— n n n 1 n n n n 1 n n n n 1 n n n n 1 n n n n 1

5 10 15 20 25

-5

-20

-30

Plot[news /. {g>9.8, m>2, k->2,c->0.1} /. {x1 > -5, vl » 3}, {t, 9, 160}, PlotRange » All]
4}

-6

L L L Il L L L Il L L L Il L L L Il L L L

|
20 40 60 80 100

news /. {g>9.8, mn»3,k->2,c->4} /. {x1 > -5, vl » 3} // FullSimplify

oiaf2 |t 2.
14,7473 sz ((4.85+1e.e409 i) + (4.85 - 10.0409 1) esifoe
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FullSimplify[DSolve[{(x''[t] +2 » zeta x omega®  x ' [t] + omega®"2 x x[t] == -g) /. subs,
x'[0] ==v1, x[0O] == x1}, x[t], t], {Element[t, Reals], Element[vl, Reals],
Element[x1, Reals], Element[m, Reals], Element[g, Reals], Element[c, Reals],
Element [k, Reals], m>0, g >0, c>20, k>0, c*2<4xkxm}]

1
Hx[t] IR
2k32+/c?-4km
'c+nv“‘7cz+4km t ek ‘:cw‘/—czmkm |t
e 2n ill+e = -2e 2n gm [k (-c?+4km) -2k’ mv1+

iy -cZiakm t

2e » k3/2mv1+11Jk3 (—c2+4km) x1 +

i -ciakm i -cakm
ie%\/ﬁ (-c®+4km) x1+c[—1+e#]\/?(gm+kxl) }}

Fullsimplify[
1 "\/T]t T [\/T]t
TrigReduce [ExpToTr‘ig[ e 2n il|l+e m -2e 2n g

2k¥24/c2-4km
iV -c2eakm t

m k(—c2+4km) -2K¥?mvi+2e = k3/2mv1+.i1\/k3 (—c2+4km) x1 +

iew\/ﬁ (—c2+4km) X1+c[—1+clei -czr:“kmt]'\/?(gm‘LkXI) ]]]

$Aborted

ExpToTrig [Exp[Sqrt[-1] * x]]

ExpToTrig [Exp[Sqrt[-1] * x]]

Cos[x] +1Sin[x]

TraditionalForm [

1 [cnﬂ/-c?mkm]t imt [mﬂ/-c’mkm )t
Style[ e’ 2n ifl+e” = -2e 2m gmy[k(-c+akm) -
2k¥24/c?-4km

i\/-czukmt
2K32mvi+2e” n K Zmvi+dLfk3 (—c2+4km) x1 +

iV -c?+dkm t 3 2 iV -c2+dkm t
ie” k> (-c*+4km) x1+c|-1+e” = Ak (gm+kx1) ,FontSize->34]]
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1 ~ t(cﬂ' v 4 k m—c? )
26322 —4km

e 2m
C\/z(—l +ew e )(gm+kxl)+

igm \/k(4km—cz)
ey t[erivakm-c )

e » —2e m + 1|+

1it\/4km—c2

2P mvle +

ix1 \/k3 (4km—cz) eit@ +

ix1 K (4km=c?) =262 mvl

FullSimplify[DSolve[
{(x""[t] +2 % zeta»xomegad »x"'[t] + omega®”~2 » x[t] == -g) /. subs /. {c > Sqrt[4+xk*m]},
x'[0] ==v1, x[0] == x1}, x[t], t],
{Element [t, Reals], Element[vl, Reals], Element[x1, Reals], Element[m, Reals],
Element[g, Reals], Element [k, Reals], m >0, g >0, k > 0}]

e'\s@t g m_eﬁtm+Mt}+k(xl+t v1+\Ex1
{{xtt1> ” )




o



