Problem #1) Slider on incline

(see hand written)

(see hand written)

Problem #2) Moment of Inertia

ni= Clear["Global’ *'"]

nz- Llocation = {
{1, 0, 0},
{06, 1, 2},
{0, 2, 1},
{3, 1, 03,
{1, 3, 0}
};
mass ={1, 2, 2, 3, 3};
v = {vx, vy, vz} = {1, 0, 0}, {0, 1, O}, {0, O, 1}};

nMax = 5 (*» Number of masses )

ousl- 5

Note, we program diagonal and off - diagonal with different formulas below!!!

ne- Clear[term]
+mass[[n]] (Location[[n]]. location[[n]] - (Location[[n]].V[[il])*2)

-mass|[[n]] (location[[n]].V[[i]] * Location[[n]].VI[]I])

term[n_, i_, i_]:

term[n_, i_, j_]:

noi- mat = Table[ Sum[ term[n, i, jl, {n, 1, nMax}], {i, 1, 3}, {j, 1, 3}I;
mat // MatrixForm

QOut[10]/MatrixForm=

50 -18 ©
-18 41 -8

0 -8 71



2 | final_v04.nb

Problem #3) Rotation Matrices

1 V3 1 V3
14+ 1 44 ~1
mi=( s )= 2 T )=

2 2 2 2

-1 0
Mi=| 0 -1 0 M5:((1) g) M6=<38
0 0 -1 2
ANSWERS :

M1: Yes, rotation by 8=r1/3

M2: No, need one negative and one positive Sin@ term
M3: Yes, rotation by 180 Degrees

M4: No, this flips all axes. (This is a parity transformation.)
M5: No, this will stretch the y-axis.

M6: No, this will stretch x-axis and compress y-axis

Problem #4) EigenValues and EigenVectors

Inf11]:=

In12]:=

In[18]:=

out[13]=

In[14]:=

Out[14]=

In[15]:=

Out[16]=

Clear["Global" %"]

5 06 o0
27 8

m=033,
o & 2
3 3

(* Just a cross check on the below %)

Eigenvalues [m]

{13, 5, 5}

(* Just a cross check on the below %)
Eigenvectors [m]
2

{{0, oy 1}, {0, —2, 1}, {1, e, 0}}

one = DiagonalMatrix [{1, 1, 1}];
Det[m - A one]

325-155 A+23 A% - A3
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ni7- sol = Solve[Det[m - Aone] == 0, A]
oui7- {{A » 5}, {A » 5}, {A » 13}}

=0 // Thread

nis- eqs = (m - Aone).{a, b, c}

8¢
ot {a(5—/\) =0, — +b(9-A)==0, 6b+C(9-A) == o}
3

nig=  SOL[[1]]
oufi9)-  {A » 5}

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

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

3b
Out[20]= {C - - _}
2

mei- vl={a, by, c} /. soll

3b
Out[21]= {a, b, ——}
2

nez2- vl={a, by, c} /.soll /.{a> 1, b-> 0}
oupz- {1, 0, 0}

nes- M.Vl == 5v1

outeal-  True

nea- v2 ={a, by, c} /.soll /.{a» 0, b -1}

3
Out[24]- {0, -1, —}
2

hn2si- MeV2 == 5v2

outesl-  True

neer- SOL[[3]]
oupel-  {A » 13}

ne7- sol3 = Solve[eqs /. sol[[3]], {a, b, c}I[1]]

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

3b
out[27]= {a >0, c-> —}
2

nes- v3 ={a, b, ¢} /.s0ol3 /. {b-> 1}

3
Out[28]= {O, 1, —}
2
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9= M.vl == 5 vl

oufegl=  True

B0 Mev2 == 5v2

oufao=  True

3= mMmev3 == 13 v3

oufzi=  True

Problem #5) Tides

naz- Clear["Global™ ']

nes- distMoon = 384000 « 10°;
distSun = 150 ~ 10° « 10°;
mSun = 2 » 10%%;
mMoon = 7.3 » 10%%
g=6.67 ~107";

mo =1;
Part a)
gm0 mMoon
nger-  fmoon = ————
distMoon?

fmoon // ScientificForm

Out[40]//ScientificForm=

3.30207 x 107°

g mO mSun
nat-  fsun = -_—

distSun?
fsun /I ScientificForm

Out[42]//ScientificForm=

5.92889 x 1073

fsun

In[43]:=
fmoon

outas- 179.551

Part b) Let’s look at the difference of the forces on opposite sides of the earth.

Note: this is extra and was not part of the required problem.
The key idea is the DIFFERENCE between the front and back face of the earth;
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hence, the SLOPE of the force.

na- rEarth = 6400 » 103

g mO@ mMoon
nasi-  fmoonNear = 5
(distMoon - rEarth)?
gm0 mMoon
fmoonFar = H
(distMoon + rEarth)?

fmoonNear
fmoonFar

oua7-  1.06895

g mO mSun
nuei-  fsunNear = 5
(distSun - rEarth)?

g m@ mSun
fsunFar = H
(distSun + rEarth)?
fsunNear
fsunFar

ouso-  1.00017
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Putting things on the same scale, the difference between the ffront and back of

the earth is about 7 percent for the moon, and TINY for the sun!!!

In[51]:=

Out[51]=

In[52]:=

out[52]=

[ g mO mMoon g mO mMoon
pr = Pt )/ )
r distMoon )’

{r, distMoon - rEarth, distMoon + rEarth}, AxesOrigin - {Automatic, 0.95},

PlotStyle - Blue,
Ticks - {{{distMoon - 0.8 rEarth, "Near Side"},

{distMoon, "Center "}, {distMoon + 0.9 rEarth, "Far Side"}}, Automatic}

1.02
1.01
1.00
0.99
0.98
0.97

0.96

! ! !

% Near Side Center Far Side

g mO mSun g mO mSun
p2 = P'Lot[ / , {r, distSun - rEarth, distSun + rEarth},
r distSun

AxesOrigin - {Automatic, 0.95}, PlotStyle - Red,
Ticks - {{{distSun - 0.8 rEarth, "Near Side'"}, {distSun, "Center"},
{distSun + 0.9 rEarth, "Far Side"}}, Automat‘ic}]

1.00 |
099 [
o8 |
097
096

! ! !

Near Side Center Far Side




Problem #6) M and K matrices

ns3- Clear["Global' "]

m 2m 0O
msa- Tmat =|12m m 0 |3
0 0 m

Tmat // MatrixForm

Out[55]//MatrixForm=

m 2m 0
2m m 0
0] O m

wse- Vmat = k{2, 1, -1}, {1, 2, 1}, {-1, 1, 2}};
Vmat // MatrixForm

Out[57]//MatrixForm=

2k k -k
k 2k k
-k k 2k

nsei- mat = Vmat - Tmat w2
mat // MatrixForm

QOut[59]//MatrixForm=

2k-mw2 k-2mw?2 -k
k-2mw2 2k-mw2 k
-k k 2k-mw?2

neoi- Det[mat] /. {k » 1, m» 1} // Expand

ouso- 3 w2 -6 w2?+3 w2?

ne1- Det[mat] // Factor

ousi- 3mw2 (k-mw2)?

mez2i- SOl = Solve[Det[mat] == 0, w2] // Simplify

- {{wz > 0}, {wz > E}, {wz > E}}

nes- eql =mat .{a, b, c} == 0 // Thread;
eql // Column
-ck+b(k-2mw2)+a(2k-mw2)==0

o= Ck+a(k-2mw2)+b(2k-mw2)==0
—ak+bk+c(2k-mw2) ==

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

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

oues- {b » -a, c > a}

final_v04.nb | 7
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nee- evl ={a, b, c} /. soll /.{a > 1}/ Simplify
ouesl- {1, -1, 1}

ne7- mat.evl /. sol[[1]]

oup7- {0, 0, O}

nesi- sol2 = Solvel[eql /. sol[[2]], {a, b, c}I[[1]] / Simplify // PowerExpand
Solve : Equations may not give solutions for all "solve " variables .

outesl-  {C = a - b}

neo- ev2 ={a, b, ¢} /.sol2 /.{a> 1, b 1} /I Simplify
oupe- {1, 1, O}

nro- mat.ev2 /. sol[[2]]
ouro- {0, 0, O}

n7i- ev3 ={a, b, ¢} /.sol2 /.{a>»> -1, b 1} // Simplify
ouri- {-1, 1, -2}

n7z- mat.ev3 /. sol[[3]]
ourz- {0, 0, 0}

n7s- eVecs = Normalize /@ {evl, ev2, ev3} // Simplify
1 1 1 1 1

1 1 2
out73}= {{ﬁ ‘ﬁ: ﬁ}’{ﬁ’ ﬁ’o}’{_ﬁ’f’_ g}}

n74- Vdiag = eVecs .Vmat.Transpose[eVecs] // FullSimplify ;

Vdiag // MatrixForm

Out[75]//MatrixForm=

0o 0 o
0 3k 0
o o &

3

n7e- Tdiag = eVecs.Tmat.Transpose[eVecs] // FullSimplify ;
Tdiag // MatrixForm

QOut[77]//MatrixForm=

_n 0 0

3

O 3m 0

e o =
3

Part B Look at motion
Note: this is extra and was not part of the required problem.

n7er- values ={m - 1, k » 1};



In[79]:=

out[79]=

In[80]:=

Out[80}=

In[81]:=

outg1]=

In[82]:=

out[82]=

In[83]:=

out[83]=

In[84]:=

Out[84]=

In[85]:=

Out[85]=

In[86]:=

out[86]=

sol /. values

{{w2 - 0}, {w2 > 1}, {w2 > 1}}

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

model = evl (x0 + vOt) /. {w - Sqrt[w2]} /. sol[[1]] /. values /. {x0 » 0, vO - 1}
{t: _ta t}

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

{eit’ eit’ O}

mode3 = ev3 Exp[I w t] /. {w = Sqrt[w2]} /. sol[[3]]1/. values

{_eit, et _zeit}

model +{-1, 0, 1} /. values

(-1+t, -t, 1+1t}

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

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

2

final_vo4.nb | 9
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ns7- Plot[mode3 +{-2, 0, 2}/. values // Re, {t, 0, 10}]

out[87)=

Problem #7) Mass and pulley

nesi- Clear["Global” "]

Problem 1: Mass and pulley

p \ a m,

neop- Clear["Global’ #"]

1 1 1
meo- Tenergy = —ml x1'[t]* + —m2 x2 '[t]* + — Inertia 6'[t]® /. {Inertia - km3 r?}
2 2 2

1 1 1
ougor  — m1 X1 [t]? + — m2 x2'[t]* + — m3 r? k 6t]?
2 2 2

noti- Vpot = -ml g x1[t] Sin[a]- m2 g x2[t];

Without Lagrange multipliers [as a cross check]
Note: this is extra and was not part of the required problem.
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nezi-  constraintl = x1[t]+ x2[t] - len == 0}
dsoll = DSolve[constraintl , x2, t][[1]]

outesl-  {X2 - Function[{t}, len - x1[t]]}

nea- constraint2 = r 6[t] - x1[t] == 0}
dsol2 = DSolve[constraint2 , 6, t][[1]]

x1[t]
out[95)= {9 - Function [{t}, ]}
r

neei- Lag = Tenergy - Vpot /. dsoll /. dsol2

1 1 1
oues- g m2 (Llen = x1[t]) + g ml Sin[a] x1[t]+ — ml x1'[t]*> + — m2 x1'[t]* + — m3 k x1'[t]
2 2 2

ne7- Variables [Lag]
ourer- {g, len, ml, m2, m3, «, Sin[a], x1[t], x1[t]}

nos- €ql = D[D[Lag, x1 '[t]], t] - D[Lag, x1[t]] ==
oues)- g m2 —gml Sinfa]+ml x17[t]+m2 x1"[t] + m3 k x1"[t] ==

neor- check = Solvel[eql, x1 ''[t][[1]] // Simplify

g (-m2 +ml Sin[a))
Out[99]= {Xl"[‘t] - }
ml+m2+m3«k

With Lagrange multipliers
nioo-  constraintl = x1[t] + x2[t]-len == 0;
constraintl [[1]]

ouioi- = len + x1[t] + x2[t]

nioz-  constraint2 = r 8[t] - x1[t] == 0}
constraint2 [[1]]

oufioz= = X1[t]+ r 6[t]

mio= qlistl = Al D[constraintl [[1]], H#] & /@ {x1[t], x2[t], O[t]}
ourios-  {Al, Al, O}

nios- qlist2 = A2 D[constraint2 [[1]], H#] & /@ {x1[t], x2[t], O[t]}
oufios- {-A2, 0, r A2}

nios- qlist = qlistl +qlist2
oufiosl- {Al-A2, A1, r A2}



12 | final_v04.nb

In[107]):=

Out[107}=

In[108]:=

out[108]=

In[109]:=

out[109)=

In[110]:=

out[110}=

In[111]:=

out[111]=

In[112]:=

out[112)=

In[113]:=

out[113}=

In[114]:=

out[114]=

In[115]:=

out[115}=

In[116]:=

Out[116]=

Lag = Tenergy - Vpot

1 1 1
gml Sin[a] x1[t]+gm2 x2[t]+ — ml x1'[t]* + — m2 x2'[t]* + — m3 r? k 6'[t])?
2 2 2

Variables[Lag]
{g, m1, m2, m3, r, k, Sin[a], x1[t], x2[t], x1'[t], x2'[t], O'[t]}

eql = D[D[Lag, x1'[t]], t] - D[Lag, x1[t]] == qlist[[1]]
—gml Sin[a]+ml x1"[t] == A1-A2

eq2 = D[D[Lag, x2 '[t]], t] - D[Lag, x2[t]] == qlist[[2]]
—gm2+m2 x2"[t] = Al

eq3 = D[D[Lag, 6 '[t]], t] - D[Lag, O[t]] == qlist[[3]]
m3 r? k 07[t] == r A2

eq4 = D[constraintl, {t, 2}]
X17[t] + x2"[t] ==

x2sol = Solve[D[constraintl , {t, 2}], x2 ' '"[t]I[[1]]

{x2"[t] » -x1"[t]}

eq5 = D[constraint2 , {t, 2}]
-X1'[t]+ r 67[t] ==

Solve[{eql, eq2, eq3, eq4, eq5}, {x1''[t], x2 '"[t], @' '[t], A1, A2}] // Simplify

g (-m2 +ml Sin[a]) g (m2 -ml Sin[a]) g (-m2 +ml Sin[a])
{{xl”[t] > , X2°[t] » , 6°[t] »
ml+m2+m3 kK ml+m2+m3«k r(ml+m2+m3k)
gm2 (ml+m3 k+mlSin[a]) gm3 k (-m2 +ml Sin[a])
Al - , A2 }}
ml+m2 +m3 kK ml+m2+m3 Kk
check

g (-m2 +ml Sin[a])
{xl”[t] N }
ml+m2+m3k
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Problem #8)Non-Intertial Frames

See handwritten for full solution

A

7= Q = Q0{0, 0, 1};
r =r0{0, Sin[d], Cos[6]};
v =v0 {0, -Sin[d], -Cos[6]};

2

- values = {e - 57 Degree , vO -> 100, t - 100, Q0 - , r0 - 6400 103};

24 60 ~ 60

nizi- (* Direction :east: -x direction %)

coriolis = 2mCross[v, Q]

ouizi- {~2mv0O QO Sin[f], O, O}

ni22)-  (# East dis negative x axis %)

eastForce = {-1, 0, 0}.coriolis

ourizz= 2 mv0 QO Sin[6]

nizs=  (* Direction +y direction %)

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

ourzs- {0, mr0 Q0% Sin[é], 6}

ni24- (*+ Project component of centrifugal tangent to the earth's surface %)
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tangent = {0, Cos[8], -Sin[6]};

In[125]

(* Check it 1is perpendicular to v (and r) and points south %)

{tangent .v, tangent.r}

ourizel- {0, O}

niz7- southForce = centrifugal .tangent
owizr- mr@ Q0% Cos[] Sin[6]
eastForce

nizg)- eastAcc =
m

ourizel- 2 vO QO Sin[6]
southForce

nizg-  southAcc =
m

ouizs- @ QO Cos[8] Sin[6]

1
nisoj=  (* X=X0+vO t + ;atz*)

1
southDisplacement = — southAcc t?
2

1
oupao-  — r@ t2 Q0% Cos[6] Sin[6]
2

niz- southDisplacement //. values // N

ou1st= 77.3005

W (x X=x0+v0 t + fatz*)

1
eastDisplacement = — eastAcc t?
2

ouraz-  t2 vO QO Si n[o]

niss- eastDisplacement //. values /I N

oui33- 60.9898

Part c: let v be East (negative x direction)

- Q = QO0{0, 0, 1};
ro {6, Sin[6], Cos[6]};
vo {_1, 0’ 0};

r

v

nis7-  (* Direction: +y direction %)

coriolis = 2mCross[v, Q]

ourtz7- {®, 2mv0o QO, 0}
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nize-  (*» Direction: +y direction %)

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

ourzs- {0, mr0 Q0% Sinfd], 6}

Problem #9) Without gravity

niser-  Clear["Global™ %"]
1 1

maoe T = —mlr? @1 '[t]* + — m2 r? ¢2 '[t]*;
2 2

1
ma- V= — k(r ¢l[t]-r @2[t])’;
2

niaz- lag=T=V

1 1 1
ourtaze = — K (r ¢1[t] - r ¢p2[tD* + — ml r? ¢p1[t]* + — m2 r? ¢p27[t]?
2 2 2

ni4s:-  D[D[lag, ¢1 '[t]], t] - D[lag, ¢1[t]] // Expand
ouraa K r2 ¢1[t]-k r2 ¢2[t]+ml r? ¢17[t]

ni44:- D[D[lag, ¢2 '[t]], t] - D[lag, ¢2[t]] // Expand
ouriaa- —Kr2 @l[t]+ Kk r? ¢2[t] + m2 r? ¢27[t]

npasi=  Tmat = {{ml I"2, 0}, {G, m2 FZ}};
Tmat // MatrixForm

Out[146]/MatrixForm=
[ml r 0 )
0 m2r?
nia7-  Vmat = k r? {1, -1}, {-1, 1}};

Vmat // MatrixForm

Out[148]//MatrixForm=
[ kr2 -kr? )
-kr? kr?
ni4g- mat = Vmat - Tmat w2 ;

mat // MatrixForm

Out[150]/MatrixForm=
[krz—merwZ -kr?

-k r? kr2-m2r? w2
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nisi= mrule = {m1 - m, m2 - m};
mat = mat /. mrule;

mat // MatrixForm
Out[153])//MatrixForm=
[krz—mrzwz -k r? )

-kr? kr2-mr? w2

nisq-  (* without gravity, the symmetric mode will just spin, so w=0 %)
sol = Solve[Det[mat] == 0, w2] // Simplify

2k
Out[154]= {{wz - 0}, {wz - —}}

m

nissi-  eql = mat .{a, b} == 0 // Thread;
eql // Column
-bkr’+a(kr’-mr? w2) ==

(0]
Out[156]=
—akr’+b(kr’-mr? w2) =0

nis7-  soll = Solve[eql /. sol[[1]], {a, b}I[[1]] / Simplify
Solve : Equations may not give solutions for all "solve " variables .

ouris7=  {b » a}

niss- evl ={a, b} /. soll /. {a - 1} // Simplify
ourse- {1, 1}

nise-  sol2 = Solvel[eql /. sol[[2]], {a, b}I[[1]] / Simplify // PowerExpand
Solve : Equations may not give solutions for all "solve " variables .

ourisa-  {b » —a}

nieo- ev2 ={a, b} /. sol2 [.{a > 1} // Simplify
oureo- {1, -1}

niei- eVecs = Normalize /@ {evl, ev2} // Simplify
1 1

1 1
out[161]= {{\/E’ ‘\/5}’{'\/3’_'\/5}}

niez- Vdiag = eVecs .Vmat.Transpose[eVecs] // FullSimplify ;

Vdiag // MatrixForm

Out[163]/MatrixForm=

0 0
(O 2kr2)



nies- Tdiag = eVecs .Tmat.Transpose [eVecs]

Tdiag // MatrixForm

QOut[165]/MatrixForm=
mr 0
0 mr?

Part B Look at motion

Note: this is extra and was not part of the required problem.

nies- values ={m->1, k> 1, r » 1};

nie7= sol /. values

ourte7-  {w2 » 0}, {w2 > 2}}

/. mrule // FullSimplify ;

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

ourtes- {1, 1}

e~ model = evl (X0 + vO t) /. {w -» Sqrt[w2]} /. sol[[1]] /. values /.{x0 - 0, vO - 1}

oures-  {t, t}

ni7o- mode2 = ev2 Exp[I w t] /. {w = Sqrt[w2]} /. sol[[2]]/. values

{eiﬁt’ _eiw/ft}

Out[170]=

ni71- Plot[model +{-2, 2}/. values // Re, {t, 0, 10}]

12

out[171]=

final_v04.nb | 17
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ni72- Plot[mode2 +{-2, 2}/. values /I Re, {t, 0, 10}]

out[172]= n n n 1 n n n 1 n n n 1 n n n 1 n n n 1

Problem #9) With gravity

Note: this is extra and was not part of the required problem.

ni73-  Clear["Global’ ="]
1 1

miza- T= —=mlr? @l '[t]* + —m2 r? ¢2 '[t]*;
2 2

1
nmzs- V= =—k(r ¢1[t]-r ¢2[t])2;
2

nize-  Vgravityl =ml gr (1 - Cos[¢1[t]]);
Vgravity2 = m2 gr (1 - Cos[¢2[t]]);

nizer-  (* Expand for small angles x)
Vgravityl = Series[Vgravityl, {¢1[t], ©, 2}] // Normal

1
ouize- — gml r ¢1[t]?
2

nizer-  (# Expand for small angles %)
Vgravity2 = Series[Vgravity2, {¢2[t], 0, 2}] // Normal

1
ouire- — gm2 r ¢p2[t]?
2

niso-  lag = T=(V+Vgravityl +Vgravity2)

1 1 1 1 1
oupieo- = —gmlr ¢l[t]? - —gm2 r ¢p2[t] - — k(r ¢p1[t]-r ¢2[t])> + — ml r? ¢p1[t]* + — m2 r? ¢p2[t]?
2 2 2 2 2

nie1- D[D[lag, ¢l '[t]], t] - D[lag, ¢1[t]] // Expand
oupe- gmlr gplt]+k r? ¢p1[t]l-k r? ¢2[t]+ml r? ¢p1°[t]
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niez- D[D[lag, ¢2 '[t]], t] - D[lag, $2[t]] // Expand
ouizze —K P2 @1[t]+ gm2 r ¢2[t] + k r? ¢p2[t]+m2 r? $p27[t]

ez  Tmat = {{ml r'z, 0}, {0, m2 rz}};
Tmat // MatrixForm

Out[184]/MatrixForm=
[ml ) )
0 m2r?
mies-  Vmat = k r? {1, -1}, {~1, 1}} + DiagonalMatrix [{m1gr, m2 g r}];

Vmat // MatrixForm

Out[186]//MatrixForm=
gmlr+kr? -kr?
-kr? gm2r+kr?

nie7- mat = Vmat - Tmat w2
mat // MatrixForm

Out[188]//MatrixForm=
[gm1r+kr2—m1r2w2 -kr?

-kr? gm2r+kr?-m2r?w2

niser- mrule = {m1 - m, m2 - m};
mat = mat /. mrule;

mat // MatrixForm

Out[191]/MatrixForm=
[gmr+kr2—mr2w2 -kr? )

-kr? gmr+kr?-mr? w2

nioz)-  (# With gravity there 1is no zero frequency )
sol = Solve[Det[mat] == 0, w2] // Simplify

out[192]= {{wz - %}, {wZ - 2m—k + %}}

nies-  eql =mat .{a, b} == 0 // Thread;
eql // Column
-bkr’+a(gmr+kr’-mr?w2)==0

Out[194]=
—akr’+b(gmr+kr’-mr?w2)==0

nios- soll = Solve[eql /. sol[[1]], {a, b}I[1]] / Simplify
Solve : Equations may not give solutions for all "solve " variables .

ouries-  {b - a}

nios)- evl ={a, b} /. soll /. {a -» 1} // Simplify

ourtee- {1, 1}
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nie7- sol2 = Solve[eql /. sol[[2]], {a, b}I[[1]] // Simplify // PowerExpand
- Solve : Equations may not give solutions for all "solve " variables .

ourie7-  {b - —a}

nios- ev2 ={a, b} /.sol2 [.{a > 1} // Simplify
ourtes- {1, -1}

nies- eVecs = Normalize /@ {evl, ev2} // Simplify
1 1 1 1

{{\/E «/E}’{«/E’_«/E}}

neoo-  Vdiag = eVecs .Vmat.Transpose[eVecs] /. mrule // FullSimplify ;

out[199)=

-

Vdiag // MatrixForm

Out[201]//MatrixForm=
( (0] r m+ 2 k )

neozi- Tdiag = eVecs .Tmat.Transpose[eVecs] /. mrule // FullSimplify ;
Tdiag I/l MatrixForm

Out[203])//MatrixForm=
[ m r2 [0] )
(0] m rz

Part B Look at motion
Note: this is extra and was not part of the required problem.

neos- values ={m-» 1, k> 1, r-»>1, g > 1};

neos-  sol /. values

ouzos-  {{w2 » 1}, {w2 » 3}}

neosi- model = evl Exp[I wt] /. {w = Sqrt[w2]} /. sol[[1]] /. values

Out[206]= {eit, eit}

neo7- mode2 = ev2 Exp[I wt] /. {w - Sqrt[w2]} /. sol[[2]]/. values
{ei\/?t, _ei«/Et}

Out[207}=



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

Out[208]= n n n 1 n n n 1 " s " !

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

Out[209]= n n n 1 n n n 1 " s " !

Problem #10) Relativity:
Part a)

m
neioj= X = 0.5 10%s 3108 —
S

outziol-  150. m

Part b)

10 ~ 103 m
In[211]:= y o —
X

ouz11l- 66.6667

Part c)
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1
we- bSol = Solve[g == ———, B]i12I]
1-p2
A/-1+g?

out[212]= {[)‘ -
g

)

neiz= B 1. bSOl 1. {g - vy}
ouz1z-  0.999887

Part d)

Bl + B2
4= — /[ . {1 - B2, B2 -» 0.8}
1+p61p2

ouei4- 0.97561

Relativity: EIC

1
neis-  values = {pl - 275, p2 > 18, mp» 1, me » —3;
2000

neie)- g = DiagonalMatrix [{1, -1, -1, -1}];

Part e

nzi7:-  proton = {pl, 0, 0, pl};
electron = {p2, 0, 0, -p2};
pl2 = proton + electron

ouzig-  {pl+p2, 0, 0, pl-p2}

ne20= €Qq =S =

pl2.g.pl2 /I Simplify
oupzo- 4 plp2 ==s

nee-  soll = Solve[eq, s][[1]]
ouze1- {S > 4 pl p2}

neezi-  Sqrt[s] /. soll

ouz22l= 2 Af pl p2

neea-  Sqrt[s] /. soll /. values // N
ouezs- 140,712
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Part f

niz24p-  proton = {mp, 0, 0, 0};
electron = {p2, 0, 0, -p2};

pl2 = proton + electron

ouz26l-  {mp + p2, 0, 0, -p2}

nee7- eq =S == pl2.g.pl2 // Simplify
oufzz7l- S == mp (Mp + 2 p2)

neesi-  soll = Solve[eq, s][[1]]
ourzesl-  {S = mp (mp + 2 p2)}

neeo-  Sqrt[s] /. soll

out[229]= mp (mp + 2 p2)

neso- (¢ @ smaller number %)
Sqrt[s] /. soll /. values // N

ous0- 6.08276

Part g

ns1-  proton = {pl, 0, 0, pl};
electron = {me, 0, 0, 0};

pl2 = proton + electron

oupess- {me +pl, 0, 0, pl}

neaa- eq =S == pl2.g.pl2 /I Simplify

ouzs4- S == me (me + 2 pl)

ness-  soll = Solve[eq, s][[11]

oupzssl-  {S - me (me + 2 pl)}

nese-  Sqrt[s] /. soll

Out[236]= me (me + 2 pl)

nee7-  (# @ very small number )
Sqrt[s] /. soll /. values /I N

oues7-  0.524405



