1) 9.8 Coriolis and Centrifugal Forces

nizzi-  Clear["Global’ ="]

a) moving south near north pole

nizs=  (* @ moving south near north pole %)
0 = 00{0, 0, 1};
r = {0, Sin[8], Cos[6]};
v = vO {0, +Cos[0], —-Sin[6]};

nize=  (* Direction: west: +x direction )

coriolis =2mCross[v, Q]

ourizel- {2 mvO QO Cos[O], O, O}

niz7- (* Direction: up and south: +y direction )

centrifugal = mCross[Cross[Q, r], Q]

outf127}= {0, m Q0?2 Sin[el, 0}

b) moving east near equator

nizel- (* @: moving south near north pole x)
Q = Qo{e, 0, 1};
r = {0, Sin[8], Cos[6]};
v=ve{-1, 0, 0};

nisi= (* Direction: up: +y direction %)

coriolis =2mCross[v, Q]

oupiz- {®, 2mv0o QO, 0}

nisz-  (* Direction: up: +y direction %)

centrifugal = mCross[Cross[Q, r], Q]

out[132]= {0, m Q0?2 Sin[o], O}

nies-  centrifugal /. {0 -» t/2}
Out[133]= {0, mQe?, @}
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c) moving south near equator

nisa= (* a: moving south near north pole %)
0 = 00{0, 0, 1};
r = {0, Sin[8], Cos[6]};
v=v0{0, 0, -1};

nis7=  (* Direction: up: +y direction %)

coriolis =2mCross[v, Q]

oupis7- {0, 0, O}

nise- (* Direction: up: +y direction )
centrifugal = mCross[Cross[Q, r], Q]

out[138]= {0, m Q0?2 Sin[el, O}

nise-  centrifugal /. {8 - 5t/2}
Out[139]= {0, mQo?, 0}

2) 9.9 Bullet problem

niao-  Clear["Global® "]

nia- Q = QO0{0, 0, 1};
r ={0, Sin[f], Cos[6]};
v =v0 {0, -Cos[f], Sin[6]};

nia4- (*# Direction :east:-x direction )

coriolis = 2mCross[v, Q]

outias- {-2mv0O QO Cos[6], 0, 0}

s values = {e - 40 Degree, vO - 1000, Q0 -

nias-  tmpl = coriolis[[1]] /. values

5
oufisel- — —— m 7T COS[40 °]
108

tmpl

In[147]:= Il . values

mg
oui47- -0.011369

27T

86 400

, g 9.8};
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3) 9.13 Plumb line problem

nisgi-  Clear["Global’ ="]

nag= Q = QO{0, 0, 1};
r =re{0, Sin[8], Cos[6]};

nisi-  centrifugal = mCross[Cross[Q, r], Q]

oursi- {0, mre Q0% Sin[é], 0}

nis2-  (*+ Take part perpendicular to gravity :Cos[68] %)
tmpl = centrifugal [[2]] Cos[6]

ouisz- M re Q02 Cos[] Sin[6]

tmpl

nms3-  tana =
mg

re Q02 Cos[6] Sin[6]

out[153]=

g

nisa-  tana Il TrigReduce

re Q02 Sin[2 6]
out[154r ~—————

2g

5) Foucault Pendulum

nissi-  Clear["Global™ +"]
nise- Qz = Q Cos[0]

ourisel-  Q Cos[0]

nis7- eta = amp Exp[-I Qz t] Cos[wO t]

oufis7-  amp @i T 0 Cos[e] Cos[t w0]

nise-  values = {wO » 16 Q, amp » 1, Q - 2}

ourisel- {wO > 16 Q, amp » 1, Q - 2 1}

nise-  F[t_, 8_] = eta /l. values

out{159]= g 2imtcos[e] Cos[32 T t]
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In[160]:=

Out[160}=

In[161]:=

In[162):=

In[163]:=

Plot[{f[t, /3] Il Re, f[t, m/3] // Im}, {t, O, 2}]

Wl 1,
W Mﬂ” WWMMW |

titles = {"North Pole", "Dallas", "Equator", "South America", "South Pole'"};

1.0 i

T 7T
ff[x_] := ParametricPlot [{f[t, X —] Il Re, f[t, X —] /i Im} ,
4 4
{t, 0, 1/4},

7T
PlotLabel - {t'itles[[x+1]], x," 6= ", x —}]
4

Table[ff[i], {i, 0, 4, 1}] /Il TableForm

Out[163]//TableForm=

{North Pole, 0, 6=, 0}

{Danas 1, 6=, %}
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i

{Equator ,2, 6=, ;}

1.0

05

-1.0

{South America , 3, 0=, %1

{South Pole, 4, 6=, i}

Problem 6

nisa- Clear["Global™ ="]

nies-  m = {{Cos[@], Sin[6]}, {-Sin[6], Cos[6]}};
m // MatrixForm

Out[166]//MatrixForm=
( Cos[6] Si n[e])
-Sin[8] Cos[O]
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nie7:- one = DiagonalMatrix [{1, 1}];
one // MatrixForm

Out[168]/MatrixForm=

(6 1)

nies= M = Aone J/ MatrixForm

Out[169])/MatrixForm=
(—/\+Cos[9] Sin[o]
-Sin[@] -A+Cos[0]
ni7o- eq = Det[m - Aone] // Simplify
oufizo)- 1 + A2-2A Cos|0]

ni7i- sol = Solve[eq == 0, A]
ouri7i=  {{A - Cos[O8] -7 Sin[6]}, {A - Cos[B] +i Sin[O]}}

ni72= sol /I TrigToExp
out[172]= {{/\ > e e}’ {/\ > é 9}}

ni7s= Al = Exp[+I 8] Il ExpToTrig
oui7a-  Cos[B] + i Sin[6]

ni7a- A2 = Exp[-I 8] Il ExpToTrig
oui7a-  Cos[B] - i Sin[6]

ni7s-  vec = {a, b}

ouizs-  {a, b}

ni7e-  €gqs = m.vec == Al vec

ouizel-  {a Cos[B]+ b Sin[6], b Cos[O] - a Sin[O]} == {a (Cos[6]+i Sin[B]), b (Cos[6] +i Sin[O])}

ni77-  Solve[eqs, {a, b}]
Solve : Equations may not give solutions for all "solve " variables .

ouri77- {{b = i a}}

ni7e-  Solve[m.vec == A2 vec, {a, b}]
Solve : Equations may not give solutions for all "solve " variables .

ouize- - {{b » -7 a}}

ni7e-  veecl = {1, I};
vec2 ={1, -I};

nisi}- m.vecl == Al vecl /I Simplify

oufisll-  True
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nisz= M.vec2 == A2 vec2 /I Simplify

oufiszl-  True

nies-  Eigensystem[m] // MatrixForm

Out[183]//MatrixForm=
(Cos[G]—iS‘in[e] Cos[6] +i Sin[6]
{7, 1} {-7, 1}

Problem 7

nies-  Clear["Global™ +"]

wies- m = {{Cos[8], Sin[8], O}, {-Sin[8], Cos[A], O}, {0, O, 1}};
m // MatrixForm

Out[186]//MatrixForm=
Cos[f] Sin[6] ©
-Sin[8] Cos[O] ©
0 (0] 1

nie7- one = DiagonalMatrix [{1, 1, 1}];
one // MatrixForm

Out[188]//MatrixForm=
1 0 0
0 10
0 01

nise- M = Aone [/ MatrixForm

QOut[189])//MatrixForm=

-A+ Cos[6] Sin[6] 0
-Sin[@d] -A+Cos[6] ©
(0] (0] 1-A

niso- eq = Det[m - Aone] // Simplify
outroor =(=1+A) (1 +A* -2 A Cos[6])

nien- sol = Solve[eq == 0, A]
e {{A > 1}, {A - Cos[8] -7 Sin[6]}, {A » Cos[6]+i Sin[oN}

niozr- SOl /I TrigToExp
ourez {{A > 1}, {A> e, (Ao €%}

nios= {A3, A2, A1} = A /. sol
cutiss- {1, Cos[6]-iSin[6], Cos[O]+i Sin[e]}
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In[194]:=

Out[195]=

In[196]:=

Out[196]=

In[197]:=

Out[197]=

In[198]:=

Out[198]=

In[199]:=

In[202]:=

Out[202]=

In[208]:=

0ut[203}=

In[204]:=

Out[204]=

In[205]:=

vec = {a, b, c};

eq = m.vec == Avec

{a Cos[f] + b Sin[f], b Cos[f]-a Sin[f], c}=={a A, bA, cA}

Solve[eq /. sol[[1]], {a, b, c}]
- Solve : Equations may not give solutions

{{fa-> 0, b-> 0}

Solve[eq /. sol[[2]], {a, b, c}]
- Solve : Equations may not give solutions

{{b->-ia, c-> 0}

Solve[eq /. sol[[3]], {a, b, c}]
- Solve : Equations may not give solutions

{{bo>ia, c-> 0}

vecl ={1, I, 0};
vec2 = {1, -I, 0};
vec3 = {0, 0, 1};

m.vecl == Al vecl // Simplify

True

m.vec2 == A2 vec2 // Simplify

True

m.vec3 == A3 vec3 // Simplify

True

Eigensystem[m] // MatrixForm

Out[205])//MatrixForm=
( 1 Cos[0]-iSin[6] Cos[B]+iSin[6]
{6, 0, 1} {7, 1, 6} {-i, 1, 0}

Problem 8

In[206]:=

In[207]:=

Clear["Global" "]

ne{{s,- V3 ) (- V3. )}/ %

m // MatrixForm

Out[208]//MatrixForm=

EN
T

» |0
[

for all "solve "

for all "solve "

for all "solve "

variables .

variables .

variables .



neos-  one = DiagonalMatrix [{1, 1}];
one // MatrixForm

QOut[210]/MatrixForm=

(6 1)

nei= m - Aone J/ MatrixForm

Out[211])//MatrixForm=

neiz- eq = Det[m - Aone] // Simplify
oueizl- 2 -3 A+ A2

neis- sol = Solve[eq == 0, A]
ouzzl=  {{A » 1}, {A > 2}}

neia=  sol /I TrigToExp
ouizial=  {{A » 1}, {A > 2}}

neisi= {Al, A2} = A /. sol
oupzrsl- {1, 2}

neie-  vec = {a, b};

eq = m.vec == Avec
5a +/3b V3 a 7b
out[217}= {—— y - + —} =={a A, bA}
4 4 4 4

neig-  Solve[eq /. sol[[1]], {a, b}]

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

)

3

nei9-  Solve[eq /. sol[[2]], {a, b}]

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

e {{o -3 ]

1
nz20)- vecl = {1, _};
43
vec2 = {1, - '\/g}:

nezz- m.vecl == Al vecl /I Simplify

outzel-  True
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ne2s- Movec2 == A2 vec2 /I Simplify

outzez-  True

ne2a-  Eigensystem [m] // MatrixForm

Out[224]//MatrixForm=

[{-%32’1} {ﬁl, 1}]




