nso- Clear["Global™ ']

Diagrams

Inf « ]=

sin®

[« J:= 1 cos O

0 sin 6

cos 6

Rotations

Length of a vector

mia4- one = DiagonalMatrix [{1, 1}];
one /I MatrixForm

Out[135]//MatrixForm=
01

nisel-  vecl = {vx, vy};
vecl /I MatrixForm

Out[137]//MatrixForm=
( vy )
vy
nizer-  lengthl = vecl.vecl
out[138]= vx? + vy2

nise-  MatrixForm /@ {vecl, one, vecl}

o )25
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nia0)-  Length2 = vecl.one.vecl
Out[140]= VX2 + Vy2

niat)-  Lengthl == length2

oufiat=  True

Length of a rotated vector

In[142]:=
m // MatrixForm

Out[143]/MatrixForm=
( Cos[6] Sin[e])
-Sin[0] Cosl[O]
nf44- vec2 =m.vecl;
vec2 /I MatrixForm
Out[145])//MatrixForm=
(vx Cos[6] + vy Sin[6] )
vy Cos[8] - vx Sin[f]

In[146]:=

{( vx Cos[6] + vy Sin[6]
Out[146]=
o vy Cos[8] - vx Sin[f]

)

nt47:-  length3 = vec2.one.vec2

)

m = {{Cos[6], +Sin[6]}, {-Sin[6], Cos[O]}};

MatrixForm /@ {vec2, one, vec2}

10
01

vx Cos[f] + vy Sin[6]
vy Cos[8] - vx Sin[6]

ouiar= (vy Cos[6] - vx Sin[6])? + (vx Cos[6] + vy Sin[6])?

length3 // Simplify

In[148]:=

Out[148]= VX2 + Vy2

Diagram Rotations

xVec = {1, 0};
yVec = {0, 1};

m.xVec // MatrixForm

In[150]:=

m.yVec // MatrixForm

Out[152)//MatrixForm=
Cos|[6]
( -S1in[] )
Out[153)/MatrixForm=
Sin[8]
( Cos|[6] )

In[154]:=

makeVec[v_] := Arrow[{{0, 0}, V}]

)}
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niss- doPlot[680_] :=
{Blue, makeVec[xVec], makeVec|[yVec], Red, makeVec[m.xVec], makeVec[m.yVec]} /.

{6 -» 60 Degree} /I Graphics
nieo-  doPlot[-15]

A

Out[160]=

Boosts

Length of a vector

niesi- g = DiagonalMatrix [{1, -1}];
g I/l MatrixForm

QOut[169])/MatrixForm=
( o )
0 -1
nizop= VI = {vt, vx};

vl // MatrixForm

QOut[171)/MatrixForm=
(Vt )
VX
ni72-  MatrixForm /@ {vl1, g, v1}

S AN

ni7z-  length4 = vl.g.vl

out[173]= V‘t2 - vx?
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Length of a rotated vector
[Note, this is a symmetric matrix, NOT anti-symmetric.]

ni7a= b = {{Cosh[g], +Sinh[y]}, {+Sinh[yg], Cosh[yl}};
b /I MatrixForm

Out[175]//MatrixForm=

(Cosh[w] Sinh[w])
Sinh[y] Cosh[y]

ni7e- V2 = b.vl;
v2 [/ MatrixForm

Out[177]//MatrixForm=
( vt Cosh[y] + vx Sinh[y] )
vx Cosh[y] + vt Sinh[y]

nizer-  MatrixForm /@ {v2, g, v2}

{( vt Cosh[y] + vx Sinh[y] ) ( 1 0 ) (vt Cosh[y] + vx Sinh[y] )}
Out[178]=
e vx Coshly] + vt Sinh[w] )’ \® -1/’ \vx Cosh[y]+ vt Sinh[y]

nie1-  Llength5 = v2.g.v2 /I Expand
ouisr- vit? Cosh[y]? - vx? Cosh[y]® - vt? Sinh[y]® + vx? Sinh[y]?

niezi-  Length5 /f Simplify

out[182]= Vt2 - vx?

Diagram Boosts

neei- b = {{Cosh[g], +Sinh[y]l}, {+Sinh[y], Cosh[y]}};
b // MatrixForm

Out[67]/MatrixForm=

(Cosh[w] Sinh[w])
Sinh[y] Cosh[y]

nes- tVecl = {1, 0};
xVecl = {0, 1};
b.tVecl // MatrixForm
b.xVecl /I MatrixForm

Out[70]//MatrixForm=

(Cosh[w])
Sinh[y]

QOut[71]//MatrixForm=
( Sinh[y] )
Cosh[y]
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n72- doPlotBoost [w0O_] :=
{Blue, makeVec[tVecl], makeVec[xVecl], Red, makeVec[b.tVecl], makeVec[b.xVecl]} /.
{y » yO} Il Graphics

nios- doPlotBoost [0.4]

Out[195]=

Cosh & Sinh

n7a- Plot[{Cosh[w], Sinh[yl}, {¢, -2, 2}, PlotStyle - {Red, Blue}]

4}

Out[74]= I A L L TR L L L T L L L L L A I

4+

nrsi- 1 == Cosh[@]® - Sinh[w]* I/ Simplify

ou7sl-  True
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wer- Plot[{Cosh[w]®, Sinh[y]’}, {w, -2, 2}, PlotStyle - {Red, Blue}]

out[197]=

Boosts: y B representation

Length of a vector

n- vl ={vt, vx};
vl // MatrixForm

Out[78]//MatrixForm=

()

- MatrixForm /@ {v1, g, v1}
{( vt ) ( 1 0 ) ( vt )}
: vx /)7\o -1)” \vx

neo-  Llength4 = vli.g.vl

In[79

out[79

Out[80]= V‘l:2 - vx?

Length of a rotated vector
[Note, this is a symmetric matrix, NOT anti-symmetric.]
nsi= b2 ={{y, By}, By, v}};

b2 // MatrixForm

Out[82]//MatrixForm=

(v ﬁv)
By v
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nes= V2 = b2.vl}
v2 /I MatrixForm
Out[84]//MatrixForm=
vty+vx By
( VX y+VvtBy )

nesi-  MatrixForm /@ {v2, g, v2}

{(vty+vxﬁy) (l 0) (vty+vxﬁy)}
Out[85]=
o vxy+vtBy) \e -1/ \vxy+vtBy

ngel-  Length5 = v2.g.v2
ougs (~VX Y =Vt By) (VX y+ Vvt By)+ (Vty+vx By)?

};

nes-  Length5 = length5 // Simplify

1

ne7- rule = {V2 -
1-p8°
out[88]= (— vt? + sz) (— 1+ /32) V2

neo-  Length5 /. rule [/ Simplify

Out[89]= vt? - vx?

Boosts: {e,p}

Length of a vector

neo-  pl = {el, +p};
pl // MatrixForm

QOut[91]/MatrixForm=
(%)
p
nozi-  MatrixForm /@ {pl, g, pl}

R )

nesi-  Llength = pl.g.pl

Out[93]= el?- p2
neq- mRule = {e1? - p? » m1?, e2? - p? » m2?}

ouea- {el? -p? » m1?, e2? - p? » m2?%}

nesi-  Length /. mRule

ouesl- M1l 2
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neel- p2 = {e2, -p};
p2 // MatrixForm

QOut[97]//MatrixForm=
( i )
-p

nesi- pl2 = pl +p2
oupel- {el +e2, O}

Length of a rotated vector
[Note, this is a symmetric matrix, NOT anti-symmetric.]

neo- b2 ={{y, By}, By, v}};
b2 // MatrixForm

QOut[100]/MatrixForm=
(v Bv)
By v
nioi-  PpP2 = b2.p2;

pp2 // MatrixForm

QOut[102]/MatrixForm=
(e2v—pﬁv)
-py+e2py
nios-  eq = pp2 == {m2, 0}
oufios)- {€2y-pBy, -py+e2pBy}=={m2, 0}

nios:- sol = Solve[eq /I Thread, {8, y}I[1]]
p e2 m2
el

out{104]= {B > —, vy
e2 e2?-p

nios)- bgRule = sol /. mRule

p e2
Out[105]= {[3 > —, V- —}
e2 m2

nios-  b2Lab = b2 /. bgRule
b2Lab /I MatrixForm

Out[107])/MatrixForm=
2 P
m2 m2
P2
m2 m2
niog=  (b2Lab .p2 /I Simplify) /. mRule
ourtos-  {m2, O}
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nios=  (b2Lab .pl // Simplify) /. mRule

b

ele2+p? (el+e2)p
Out[109]= { }
m2 m2



