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E E G  D I AG R A M

AC E  TA B L E
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R E L AT I V E  AG E  E F F E C T  C H A R T

 
W H AT  YO U  W E R E  G I V E N  TA B L E

“Biological stuff” Do you have grit?

Having destructive sexual urges Do you resist acting upon them?

Being a natural marathoner Do you fight through the pain?

Not being all that bright Do you triumph by studying extra hard?

Having a proclivity toward 
alcoholism Do you order ginger ale instead?

Having a beautiful face
Do you resist concluding that  
you’re entitled to people being  

nice to you because of it?
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P R E -  A N D  P O S T LU N C H  T R AC I N G S 
S U P E R I M P O S E D  C H A R T

 
 

C H AO S  T H E O RY  TA L K  D O C U M E N T
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C H AO T I C I S M  A N D  S E N S I T I V E  
D E P E N D E N C E  E X E RC I S E

 

—

 
 

As the main point, starting with either of these rules, if you know the 

starting state (i.e., the pattern in row 1), you can accurately predict what a 

row anywhere in the future will look like. Our linear universe again.

Let’s go back to our row 1:

Now whether a particular row 2 box will be open or filled is determined 

by the state of three boxes—​the row 1 box immediately above and the row 

1 box’s neighbor on each side.

Here’s a random rule for how the state of a trio of adjacent row 1 boxes 

determines what happens in the row 2 box below: A row 2 box is filled if 
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and only if one of the trio of boxes above it is filled in. Otherwise, the row 2 

box will remain open.

Let’s start with the second box from the left in row 2. Here is the row 1 

trio immediately above it (i.e., the first three boxes of row 1):

One of three boxes is filled, meaning that the row 2 box we’re consider-

ing will get filled:

Look at the next trio in row 1 (i.e., boxes 2, 3, and 4). Only one box is 

filled, so box 3 in row 2 will also be filled:

In the row 1 trio of boxes 3, 4, and 5, two boxes (4 and 5) are filled, so 

the next row 2 box is left open. And so on. The rule we are working with—​

if and only if one box of the trio is filled, fill in the row 2 box in question—​

can be summarized like this:

There are eight possible trios (two possible states for the first box of a 

trio times two possible for the second box times two for the third), and 

only trios 4, 6, and 7 result in the row 2 box in question being filled.

Back to our starting state, and using this rule, the first two rows will 

look like this:
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But wait—​what about the first and last boxes of row 2, where the box 

above has only one neighbor? We wouldn’t have that problem if row 1 were 

infinitely long in both directions, but we don’t have that luxury. What do 

we do with each of them? Just look at the box above it and the single 

neighbor, and use the same rule—​if one of those two is filled, fill in the 

row 2 box; if both or neither of the two is filled, row 2 box is open. Thus, 

with that addendum in place, the first 2 rows look like this:

Now use the same rule to generate row 3:

Keep going, if you have nothing else to do.

Now let’s use this starting state with the same rule:

The first 2 rows will look like this:

Complete the first 250 or so rows and you get this:
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Take a different, wider random starting state, apply the same rule over 

and over, and you get this:

Whoa.

Now try this starting state:

By row 2, you get this:

An actual shell on the left, a computer-generated pattern on the right
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RU L E  2 2  E X E RC I S E

if it could have arisen from multiple different starting states, another 

defining feature of the chaoticism of this system.

Finally, consider the following starting state:

Which goes extinct by row 3:

Introduce a smidgen of a difference in this nonviable starting state, 

namely that the open/​filled status of just one of the twenty-​five boxes 

differs—​box 20 is filled instead of open:

#1:

#2:

#3:

#4:
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P I C T U R E



10

M O L D  PAT H WAY S  F I GU R E

M O L D  PAT H WAY S  D I AG R A M

Initially, the slime mold fills every path (panel a); it then begins retracting from superfluous paths 
(panel b), until eventually reaching the optimal solution (panel c). (Ignore the various markings.)
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T O K YO  T R AV E L I N G  S L I M E  M O L D  D I AG R A M

 
T Y P E S  O F  N E U RO N S  I N 

C O R T E X  L AY E R S  F I GU R E
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R A D I A L  G L I A  F I GU R E

 
C A N T O N  B A R  F I GU R E

Radial glia radiating outward from the center of a cross section
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KO C H  S N OW F L A K E 
C O N S T RU C T I O N  D I AG R A M

Now three dimensions. Take a cube. Each of its faces can be thought of 

as being a three‑by‑three grid of nine boxes. Take out the middle-​most of 

those nine boxes, leaving eight:
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M E N G E R  S P O N G E  I L LU S T R AT I O N

 
 

B R A N C H I N G  PAT T E R N S  I N 
C A P I L L A RY  B E D S  F I GU R E

Branching patterns in capillary beds
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T E X T B OX  D R AW I N G  O F  A  N E U RO N

 
 

T U B E  G ROW I N G  F I GU R E

A classic textbook drawing of an actual neuron



16

N E U RO N  G ROW I N G  F I GU R E  1

 
 
 

N E U RO N  G ROW I N G  F I GU R E  2

 
N E U RO N  G ROW I N G  F I GU R E  3
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WO R L D  R E L I G I O N S  T R E E

 
 

H I S T O RY  O F  R E L I G I O U S  B R A N C H I N G  ( P I E C E )

One tiny piece of the history of religious branching
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N E U RO N S  G ROW I N G  F I GU R E

 
 

8 0 : 2 0  RU L E  D I AG R A M S
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E X A M P L E  O F  E M E R G E N C E  1

 
 
 
 

E X A M P L E  O F  E M E R G E N C E  2
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O R G A N O I D  N E U RO N S  F I GU R E

E M E R G E N T  I N D E T E R M I N I S M  D I AG R A M  1
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E M E R G E N T  I N D E T E R M I N I S M  D I AG R A M  2

 
 
 

F R E E  W I L L  C U RV E
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A P LY S I A  C A L I F O R N I C A  F I GU R E

 
 

A P LY S I A  S N - M N  C O N N E C T I O N  D I AG R A M
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A P LY S I A  S N _ E XC _ M N  RO U T E  D I AG R A M

 
A P LY S I A  S N/  M N/  E XC /  I N H  

C I RC U I T RY  D I AG R A M
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A P LY S I A  T S N  D I AG R A M

 
 

E R I C  K A N D E L’ S  A P LY S I A  F I GU R E  1

Some minor details: 5HT is the chemical abbreviation for the neurotransmitter 
(serotonin) used by the TSN. SCP and L29 fine-tune the system; we’ve ignored them,  

for simplicity.  There are 24 SNs in a siphon, converging on to 6 MNs.
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A P LY S I A’ S  G I L L  M E C H A N I S M  D I AG R A M  1

 
A P LY S I A’ S  G I L L  M E C H A N I S M  D I AG R A M  2

 
A P LY S I A’ S  G I L L  M E C H A N I S M  D I AG R A M  3
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A P LY S I A’ S  G I L L  M E C H A N I S M  D I AG R A M  4 

A P LY S I A’ S  G I L L  M E C H A N I S M  D I AG R A M  5
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E R I C  K A N D E L’ S  A P LY S I A  F I GU R E  2

 
A P LY S I A  C A L I F O R N I C A  P I C T U R E

Aplysia californica. As should be obvious, the one on the left is happy, in an  
unreflective kind of way. The one on the right is a wonderful Aplysia stuffie that could  

be your child’s comfort object all the way until their freshman year of college.  
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B L I N K I N G  E X A M P L E  D I AG R A M  1

 
B L I N K I N G  E X A M P L E  D I AG R A M  2
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B L I N K I N G  E X A M P L E  D I AG R A M  3

B L I N K I N G  E X A M P L E  D I AG R A M  4
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B L I N K I N G  E X A M P L E  D I AG R A M  5
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C O N D I T I O N E D  A N D  U N C O N D I T I O N E D 
S T I M U LU S  TA B L E

CO N D I T I O N E D ST I M U LU S AN D T H E 
P E O P L E W H O L A BOR E D TO 

G E N E R AT E T H AT A S S O C I AT I O N
U N CO N D I T I O N E D ST I M U LU S

1. Muslims, according to  
European nationalists a. Vermin, rodents

2. Jews, according to the Nazis b. Thieves, pickpockets

3. Indo-​Pakistanis, according  
to half the Kenyans I know c. Opium addicts

4. Irish immigrants, according  
to nineteenth-​century WASPs d. A malignancy, a cancer

5. Roma, according to  
centuries of Europeans e. Violent superpredators

6. Mexicans, according to Donald  
Trump (this is a freebie thrown in) f. Rapists

7. Young African American men,  
according to swaths of White America g. Shop owners who cheat you

8. Chinese immigrants, according  
to nineteenth-​century America h. Cockroaches

9. Tutsi, according to the Hutu  
architects of the Rwandan genocide i. Drunken Papists
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H Y P O T H E T I C A L  N E U RO N A L  C I RC U I T 
D I AG R A M  1

H Y P O T H E T I C A L  N E U RO N A L  C I RC U I T 
D I AG R A M  2
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H Y P O T H E T I C A L  N E U RO N A L  C I RC U I T 
D I AG R A M  3
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H Y P O T H E T I C A L  N E U RO N A L  C I RC U I T 
D I AG R A M  4

H Y P O T H E T I C A L  N E U RO N A L  C I RC U I T 
D I AG R A M  5
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H Y P O T H E T I C A L  N E U RO N A L  C I RC U I T 
D I AG R A M  6

 
I D E N T I C A L  T W I N S  B R A I N  F I GU R E

The photograph displayed by Torrey
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P I C T U R E

 
 

P I C T U R E
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P I C T U R E

 
 

P I C T U R E
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P I C T U R E

 
P I C T U R E
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P I C T U R E

 
 

P I C T U R E
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S A N T I AG O  R A M Ó N  Y  C AJ A L  
N E U RO N  D R AW I N G

 
 

N E U RO N  S U B PA R T S  D I AG R A M
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N E U RO T R A N S M I T T E R  D I AG R A M

 
 

N E U RO M O D U L AT I O N  D I AG R A M
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S I G N A L  S H A R P E N I N G  D I AG R A M  1

 
S I G N A L  S H A R P E N I N G  D I AG R A M  2

 
S I G N A L  S H A R P E N I N G  D I AG R A M  3

S I G N A L  S H A R P E N I N G  D I AG R A M  4
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T Y P E S  O F  PA I N  C I RC U I T  D I AG R A M


