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1.4 Around the Origin
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1.7 Seeing Uncertainty
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2.2 Key for Dynamic Graphs
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2.4 Space Re ection
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2.6 Circles and Re ections
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2.8 Summary: Dynamic Graphs of Quaternions
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3.6 Length of Basis Vectors
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3.10 Analytic by the Cauchy-Riemann Equations
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4.4 Must Do Physics
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4.4 Must Do Physics
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4.5 Lagrange Densities
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4.6 Fields
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4.6 Fields
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4.6 Fields
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4.7 Stresses, Forces, and Geodesics

v(-o—eu—n; " - ::‘ ) ;
l 7" =
1 2 3
H= @_A L

cat

L=3( (& p2+(@92+(@g +(@2>2 (S0 (57 (57 (B
o (BH (B2 (B2 (222 (B )2 (2 )2 (2?9

-_@ _ @ @ @ @ _ @A
@(@A) c@t c@t c@t cot cat
cat




_1 @ @ @
H=3( (55?7 (&) (&) (&% (c@t D2+ ()2 + (S
@
H(DB)2 4 (D)2 (D)2 (D)2 (2hy24 (L )2 (¢ )2 (&
H= 2Ga)* 2 (G0 2l g+ 2 (G
2 @A/ 2 2 @ \2
_((C@t @) )@ _((c@t @)) _((c@t (52
(222 222 B0+ (B4
+((22)2+2 22 B0 4 (B8)2) 4
@A. @A. @A
g (C@f @x’ @y’ )
— @A @ . @A @. @A @
E=cl 5ot o ot @ <ot o7
- @A @ @4 @., @A @
e=c(+ g @v’ e ey’ car @
— @A @f., @A @A., @A @A
B=c(+3 @ @ ax' @ oy
bzc(@@-@@-@@
@y z’ @z @x’ @x @y
H=2( ;8+39%2 iEe+iB’+1b)
=f(A;r A)
- a Q
r L—@—Ar A t g rr A
Q _ @
@A ~ (@r A)

)2
)2)



4.7 Stresses, Forces, and Geodesics
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4.7 Stresses, Forces, and Geodesics
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4.8 Relativistic Gravitational Force
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4.8 Relativistic Gravitational Force
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4.9 Classical Gravitational Force
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4.9 Classical Gravitational Force
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4.9 Classical Gravitational Force
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4.10 Quantization
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4.10 Quantization

P= e @, @.@ , 0.@A,
=h G( @tr A c@t @x’c@t ‘@y c@t @z)

Lcem!
J = 2A

<}
wl




Leem= = m %(Jq J)A 2—in Ar A

= n( 1 (@? @ G

(¢ mic TA BAY oA
(G (@ () @92
()24 (202 +( L2+ (27
(S)2+ (B2 +(SH2+ (L2
(22)2+ (@A)Z 2+ (D))

- e :hpE( © . @5 04, @4

) c@t cat’ cat’ cat




4.10 Quantization
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4.11 The Standard Model
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4.11 The Standard Model
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s ) handlesthe derivatives of the metric
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4.14 Units
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