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Exponential Growth

Linear First-Order Positive Feedback System
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First-Order Linear Positive Feedback System

~ % » State of the|
System S

" Net ds
Incr@ — =Net Increase Rate =gS
/ A AR dt

Fractional Net
Increase Rate

9

Q#’ opulation .
Populat 9P _Births —bP
dt

T

Fractional
Birth Rate
b

Phase Plot: Linear 1st Order Positive
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Doubling Time (t,)
Structure: % =gS
Behavior: S, = S, exp(gt)
Doubling Time: 2S5, = S exp(gty)
2 = exp(gty)
In2 = gt
t,=In2/g = 0.693/g

Rule of 70: t,= 70/(100g%)
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Linear First-Order Negative Feedback System
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Linear First-Order Negative Feedback System
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Half Life (t,)

Structure: dP _ —dP

dt
Behavior: P, =P, exp(-dt)
Half Life: (1/2)P, = P exp(-dt,)
1/2 = exp(-dt,)
In(1/2) = -dt,,

t, = -In(1/2)/d = 0.693/d

Rule of 70: t;,= 70/(100d%)

Multiple Loops
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Structure (phase plot) ——— Behavior (time domain)
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Fractional Rates Depend on Population
Relative to Carrying Capacity
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