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How does Money

Understanding time-homogeneity in Monetary Systems

Memorize Social Interactions?
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Purpose of Monetary Systems

Persons

A

B

C

D

E
€100 €80

€40 €60 €10

€30 €70P
r
o

d
u

c
t 

A

P
r
o

d
u

c
t 

B

Time

Network Money Deposits

Memory of Transactions





Bookkeeping Networks

Clay Tablets



Bookeeping Networks

A
s
s
e

t

L
ia

b
ili

ty

A B

Tally Sticks



Bookeeping Networks

A
s
s
e

t

L
ia

b
ili

ty

A B

Tally Sticks

A

B

+1$

+1$

Network

B A



A

B
t

Map to

Particle

Excitations

A
s
s
e

t
L

ia
b
.

p

Bookeeping Networks

A
s
s
e

t

L
ia

b
ili

ty

A B

Tally Sticks

A

B

+1$

+1$

Network

B A



A

B

B

A

p

A
s
s
e

t
L

ia
b

. t

A

B

–1$

–1$

A

B

+1$

+1$

Network B A

Bookeeping Networks



A

B

B

A

p

A
s
s
e

t
L

ia
b

. t

A

B

–1$

–1$

A

B

+1$

+1$

Network

Bookeeping Networks

Mapping

Asset

Liability

Profit

Quantity

Momentum

p<0

Force dp/dt

p>0

Value

f(Energy)

Physica A 290:491-500 (2001)

Physica A 324:266-271 (2003)

B A



Z
A
B

A

Z

Z

A

p

A
s
s
e

t
L
ia

b
. t

A

B

–1$

+1$

A

B

+1$

–1$

B

Network

B

Z

+1$

Z

–1$
–1$+1$

A

B

B

A

p

A
s
s
e

t
L

ia
b

. t

A

B

–1$

–1$

A

B

+1$

+1$

Network

Bookeeping Networks

B A



Circular transfer

t

p

A
s
s
e

t
L

ia
b

.

B

C D

A

A

B

C

D

A

B

C

D

A

B

C

B

C

Trusted



Relational

B

C
D

A

C

A

A

B

C

D

A

B

C

D

A

B

C

B

C

Circular transfer

t

p

A
s
s
e

t
L

ia
b

.



Circular transfer

t

p

A
s
s
e

t
L

ia
b

.

B

C D

A

A

B

C

D

A

B

C

D

A

B

C

B

C

Trusted



Circular transfer

B

C D

A

A

B

C
D

Z

A

B

C
D

Z

A

B

C

Z

B

C

Z

Z

Z

Through
Bank Z

t

p

A
s
s
e

t
L

ia
b

.



Circular transfer

B

C D

A

Z

Z

A

B

C
D

Z

A

B

C
D

Z

A

B

C

Z

B

C

Z

Deposits

Credits

Through
Bank

with free Rate
Deposits : Credits

t

p

A
s
s
e

t
L

ia
b

.



Credit
Country

Deposit
Country

Exch.
Rate

...

...
Bank

...
EC

t

...Asset

Liab.

...

t

...

...
A D

Bank

A

Credit Creation Transfers...

...Transfers...

...Credit Termination Transfers

t

Bank

...

... ...

...

Bank

E

... D

...
Bank

...Bank

C

Traditional Banking ... has two currencies



A

BA

B

BA

B

A

A

A

B

B

B

A

A

B

p

A
s
s
e

t
L

ia
b

. t

A

BA

B

A

BA

B

p

A
s
s
e
t

L
ia

b
.

AB

AB

BA

BA

t

A

B

A

B

B

A

B

A

p

A
s
s
e

t
L

ia
b

.

B

B

A

A

A

A

B

B

A BNetwork

t

Bookeeping Networks



A

BA

B

BA

B

A

A

A

B

B

B

A

A

B

p

A
s
s
e

t
L

ia
b

. t

A

BA

B

A

BA

B

p

A
s
s
e
t

L
ia

b
.

AB

AB

BA

BA

t

A

B

A

B

B

A

B

A

p

A
s
s
e

t
L

ia
b

.

B

B

A

A

A

A

B

B

A BNetwork

t

Bookeeping Networks

A exchanges currency “ “
against currency “ “ from B



A BNetwork

A

BA

B

BA

B

A

A

A

B

B

B

A

A

B

p

A
s
s
e

t
L

ia
b

. t

A

BA

B

A

BA

B

p

A
s
s
e
t

L
ia

b
.

AB

AB

BA

BA

t

A

B

A

B

B

A

B

A

p

A
s
s
e

t
L

ia
b

.

B

B

A

A

A

A

B

B

t

Bookeeping Networks

A deposits cash “ “
at bank B and opens 
an account in bank
currency “         “



A

BA

B

BA

B

A

A

A

B

B

B

A

A

B

p

A
s
s
e

t
L

ia
b

. t

A

BA

B

A

BA

B

p

A
s
s
e
t

L
ia

b
.

AB

AB

BA

BA

t

A

B

A

B

B

A

B

A

p

A
s
s
e

t
L

ia
b

.

B

B

A

A

A

A

B

B

A BNetwork

t

Bookeeping Networks

Bank B outsources a
credit “ “ to A and
opens an account for
A in bank currency “       “



A

BA

B

BA

B

A

A

A

B

B

B

A

A

B

p

A
s
s
e

t
L

ia
b

. t

A

BA

B

A

BA

B

p

A
s
s
e
t

L
ia

b
.

AB

AB

BA

BA

t

A

B

A

B

B

A

B

A

p

A
s
s
e

t
L

ia
b

.

B

B

A

A

A

A

B

B

A BNetwork

t

Bookeeping Networks

Bank A gives bank B credit
line in “ “ and bank B
gives A credit line in “ “



Debt dynamics

Money Credit

Piggy Bank



Debt dynamics

A

BankA

Bank

A
s
s
e

t
L

ia
b

.

Time

Cash

Deposit

Money Credit

Piggy Bank



Debt dynamics

A

BankA

Bank

A
s
s
e

t
L

ia
b

.

Time

Cash

Deposit

Bank

Depositor

Bank

Debtor

A
s
s
e

t
L

ia
b

.
Time

Deposit Units
Credit Units

Payment with Credit

Money Credit

Piggy Bank



Debt dynamics

A

BankA

Bank

A
s
s
e

t
L

ia
b

.

Time

Cash

Deposit

Bank

Depositor

Bank

Debtor

A
s
s
e

t
L

ia
b

.
Time

Deposit Units
Credit Units

Payment with Credit



Debt dynamics

A

BankA

Bank

A
s
s
e

t
L

ia
b

.

Time

Cash

Deposit

Bank

Depositor

Bank

Debtor

A
s
s
e

t
L

ia
b

.
Time

Deposit Units
Credit Units

Payment with Credit



Nonlocal Effects
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Circular transfer with interest
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Traditional Banking ... ‘renormalized’

...
Bank

...
EA

... ...
A D

...Transfers...

t... ...
Bank

... t

...Asset

Liab.

t

...Bank

A

Entry of Persons...

...Exit of Persons

Bank

...

...
D

... D

...
Bank

...Bank

A



Exchange Rate between
Debts and Deposits

Debt from
the Past

Deposits for
the Future

Traditional Banking ... ‘renormalized’

Judgement in real-time by all
market participants

No Nonlocal Cantillon Effect

...
Bank

...
EA

... ...
A D

...Transfers...

t... ...
Bank

... t

...Asset

Liab.

t

...Bank

A

Entry of Persons...

...Exit of Persons

Bank

...

...
D

... D

...
Bank

...Bank

A



...
Bank

...
EA

... ...
A D

...Transfers...

t... ...
Bank

... t

...Asset

Liab.

t

...Bank

A

Entry of Persons...

...Exit of Persons

Bank

...

...
D

... D

...
Bank

...Bank

A

Under a Random Economy

Quantity

per Person



...
Bank

...
CA

... ...
A C

Liquidity transfer from A to C

t... ...
Bank

Instead of Credit Creation:

Under a Random Economy

Quantity

per Person



Stability of Monetary Systems
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Random Economy + Transfer Potential

Quantity limit
No transactions which

exceed the quantity of

money limit M.

Liability limit
Debts are limited to L.

Energy limit
No transactions which

exceed a quadratic

Energy measure of

money.

Cropped Head Tax
Head tax together with

highly non-linear social

security benefits for liabil-

ity holders.

Negative interest
Negative interest rate

imposed as money tax.

Results in transfer from

rich to poor.

Symmetric Head Tax
State  imposes  a  head  tax

which it  distributes  to  lia-

bility holders.

Crop.lin. Potential

Abs.lin. Potential

Parabolic Potential

Wealth Distribution by “Economic Boltzmann”

Physica A 321:605-618 (2003)



Random Economy + positive Interest



Random Economy + positive Interest

Work

more less

Work
less more



Random Economy + positive Interest

Work

more less

Work
less more



Random Economy + positive Interest

Work

more less

Work
less more


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59
	Slide 60
	Slide 61
	Slide 62

