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1] SOLIDS 1 SPACE FIELDS
Vector In‘cegrals Derivalives
1l LINE INTEGRALS 1 GRAD
1l FLUX INTEGRALS 1 CURL
1l TRIPLE INTEGRALS Hl DIV
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1) NONLINEAR LINEARIZATION
2) DIVISION BY ZERO IN LAGRANGE

3) NOT TRYING AN INTEGRAL THEOREM

4) LACK OF FIGURE IN INTEGRATION
5) MIXUP OF DIMENSION FOR GRAPHS

©6) FORGETTING THE -1 IN CROSS PRODUCT
7) USE Pdx+Qdy FOR LINE INTEGRALS

8) FORGETTING INTEGRATION FACTOR

9) WRONG ORIENTATION
10) FINAL RESULT IS NOT WRITTEN
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5.4 Other Alternatives as the Universal Building Block of Life 93

Dirk Schulze-Makuch

(1989) suggested that zeolites may also be used by silicon-based life as en-
zvme mimics. Still, the problem of a suitable solvent at these temperatures,

Louis N. Irwin

_ Life
in the
Universe

Pxpectations

and Constraints

as discussed for silicone. remains.

a. Silanes H H H
l | l
H-Si—-H H-Si-Si-H
example: silane | ' example: disilane
H H
b. Silicones CH, [ CH, | CH,

CH,-Si-0| -Si - O -Si-CH,

|

c. Silicates O

(;l-‘l3 example: polydimethylsiloxane
n

SiO,* tetrahedron as basic building block with
silicon atom in the middle surrounded by 4 oxygen
atoms, tetrahedra can combine into chains, double
chains, sheets, rings, and 3-dimensional structures
(see Figure 5.5)

Fig. 5.4 Structure of (a) silanes. (b) silicones, and (c¢) silicates.

04 5 Building Blocks of Life

Isolated Tetrahedra:

Example: Olivine

Rings of Tetrahedra:

; {w* Example: Beryl

Single Chains of Tetrahedra:

Example: Pyroxene

'_‘_;?'-ﬁT
4 )
o';'l.-A-".-o
Double Chains of Tetrahedra: e ( Example: Amphibole
‘—I. g
<;:~;:. »‘;;“;"\.,
Yl Bl
Tetrahedra in Sheets: < =4 » Example: Kaolinite (clay mineral)
o O e
N ‘./"F' ‘\"‘_:fﬁ'.
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Source: tthsqgei12 Youtube, 8 times sped up, added music by Angelis
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G=(V,E) 1s a graph. V are vertices = nodes,
E are edges = connections. Also important:
triangles, tetrahedra etc (complete subgraphs)



Grabient

df(a,b)
f(a) =——————p1(b)

Gradient df(a,b) = 1(b)-f(a) = 4

4 3
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Curl”

dF(a,b,c) = F(a,b)+F(b,c)+F(c,a)

N7

dF(x)=4+3-5=2 dF(x)=5-3-4=-2
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outgomg incoming
X E*&—

DEEI Gradi_ent d*F(x) = ) F(e) - > F(e)

e coming in e going out
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d*F(x)=4+3-6=1




Sums to- cero- g(x)=d"F(x))
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Fis a 1-form The sum of g values is O
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Dual Cur dH(x) =) H() - » H(@})

orientation fit orientation not fit

W W dH(x)=-5+1
X A dH(y)=7+5
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