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10 actually means “1 ten and 0 ones.” The same principle applies 
to binary, only you have to start a new column much quicker 
because you just have zero and one to work with. So, starting 
with one and going to two requires you to add a new column to 
the left and start over at zero.

In binary the number two is written as “0010” (the extra 
columns with zeros to the left are just to clarify we are writing 
in binary). The binary digit “0010” means “1 two and 0 ones” 
because the second column represents two or two to the first 
power (21). To get to the number three, you simply add one to 
the right column like this: “0011” is three in binary. The binary 
digit “0011” means “1 two and 1 one.”

As binary numbers get bigger, you add more columns and 
these columns represent a larger number with base two. The 
base, two, gets multiplied repeatedly to the power of the number 
of the column. The exponent signifies the power of two or, in 
other words, how often to repeat the multiplication of the base 
two (exponentiation just means repeated multiplication). So if 
we write 24, it means 2 * 2 * 2 * 2 = 16.

If we write out the columns for base two numbers it looks 
something like this. 

26 = 64 25 = 32 24 = 16 23 = 8  22 = 4  21 = 2  20 = 1

In the rightmost column the exponent is zero,32 and by defini-
tion two raised to the power of 0 = 1. As we move to the left the 

32  Any number raised to the power of 0 = 1. 
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exponents get larger. You may notice that the resulting values 
from raising the base two double at each column as we move to 
the left. This is the inverse of the binary logarithm. In other 
words, for example, the binary logarithm of eight is three.

Many computer-programming books explain how to 
transform base ten numbers to binary. For example, to 
represent the number 88 (which you will recall in base ten 
means “8 tens and 8 ones”) in binary you would need to write 
“1011000.” It can now be seen how binary numbers are dif-
ficult for humans to read. They soon require very long digits, 
but it is truly ingenious to use them to give instructions to 
computers.

If we examine each column starting from the left, we see 
that the leftmost column is 26, which equals 64. How many 64s 
are in 88? The answer is one. The remainder is 24. We move 
one column to the right to get to 25, which equals 32. There are 
no 32’s in 24 so column six is zero. The next column is 24 = 16 
and there is one 16 in 24 so we write a one in that column. We 
repeat this process as we move to the right to get 1011000 = 88.

Look at these columns again: 

26 = 64 25 = 32 24 = 16 23 = 8  22 = 4  21 = 2  20 = 1

You can begin to see why we refer to 64- and 32-bit machines 
to describe or classify computers—this corresponds naturally 
to the base two numbers. A 32-bit machine uses 32 bits to iden-
tify each address in its memory. This can also refer to the set 
of wires that connects the components within the computer like 
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up entire gymnasiums and only had a few bytes of memory. If 
we were to look closely at what is happening with the voltage 
on a logic circuit, for example, we would find something quite 
interesting. One third of the values on a logic gate in a computer 
circuit lie between one and zero.

Fig. 1 Gate Transfer Function with “1/2” Areas Defined

This figure gives us a sense that there is quite a lot between 
one and zero. It should be clear from the graph36 above that 
computer switches could sometimes get stuck between on and 
off—a condition called metastability. This can happen when 
the signal oscillates rapidly between zero and one, existing in 

36  This figure is taken from the seminal paper “Byzantine Fault Tolerance, 
from Theory to Reality” by Kevin Driscoll, Brendan Hall, Håkan 
Sivencrona, and Phil Zumsteg. Much of this chapter is based on this paper, 
which is available for free online. 
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Leibniz wrote:

This way of calculating should not be employed for 
the practice of ordinary calculation; but it could 
contribute a great deal to the perfection of science. . . . 
Some people have admired in it the surprising analogy 
between the origin of all numbers out of 1 and 0 and 
the origin of all things from God and Nothing: from 
God as the principle of perfections, and from Nothing 
as the principle of privations or of the voids of essence, 
without need of any matter independent of God in 
addition to that.

Leibniz’s binary numbering system and the calculus he also 
invented were actually attempts to prove that God exists. He 
intended binary to be a universal formal language that could 
express the principles of all sciences. He probably would not be 
too pleased that, in addition to the marvel of modern comput-
ing, his sacred binary number system is also exploited for cat 

Fig. 2 Two examples of Leibniz’s  
binary notation and calculation
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The figure shows the LSD and serotonin molecules side by side, 
with the bonds that correspond in the two structures in thick 
lines. This image is taken from David E. Nichols’s short paper 
“Serotonin, and the Past and Future of LSD.”

Recent brain imaging studies with psilocybin using fMRI 
and magnetoencephalography, which can measure the tiny 
magnetic fields generated by the brain, have shown that there is 
widespread desynchronization of the ongoing oscillatory activ-
ity in the brain during the psychedelic state. Desynchronization 
means that patterns of brain activity become disorganized, and 
the communication between neurons can be disrupted. The 
desynchronization on psilocybin is due to the increased excit-
ability of deep-layer pyramidal neurons, which are densely 
packed with 5-HT2A receptors.

Furthermore, the connection between the frontal and 
the parietal areas of the brain is disrupted on psychedelics. 
However, the activity between normally distinct brain regions 
becomes more correlated on psychedelics, especially among 
areas that participate in more than one sensory modality. 
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