
Positive feedback

Alarm or panic can spread by positive feedback among a herd
of animals to cause a stampede.

Causal loop diagram that depicts the causes of a stampede as a
positive feedback loop.

In sociology a network effect can quickly create the positive feed-
back of a bank run. The above photo is of the UK Northern Rock
2007 bank run. See also viral video.

Positive feedback is a process that occurs in a feedback
loop in which the effects of a small disturbance on
a system include an increase in the magnitude of the
perturbation.[1] That is, A produces more of B which in
turn produces more of A.[2] In contrast, a system in which
the results of a change act to reduce or counteract it has
negative feedback.[1][3]

Mathematically, positive feedback is defined as a positive
loop gain around a closed loop of cause and effect.[1][3]
That is, positive feedback is in phase with the input, in
the sense that it adds to make the input larger.[4][5] Posi-
tive feedback tends to cause system instability. When the
loop gain is positive and above 1, there will typically be
exponential growth, increasing oscillations or divergences
from equilibrium.[3] System parameters will typically ac-
celerate towards extreme values, which may damage or
destroy the system, or may end with the system latched
into a new stable state. Positive feedback may be con-
trolled by signals in the system being filtered, damped,
or limited, or it can be cancelled or reduced by adding
negative feedback.
Positive feedback is used in digital electronics to force
voltages away from intermediate voltages into '0' and '1'
states. On the other hand, thermal runaway is a positive
feedback that can destroy semiconductor junctions. Pos-
itive feedback in chemical reactions can increase the rate
of reactions, and in some cases can lead to explosions.
Positive feedback in mechanical design causes tipping-
point, or 'over-centre', mechanisms to snap into posi-
tion, for example in switches and locking pliers. Out of
control, it can cause bridges to collapse. Positive feed-
back in economic systems can cause boom-then-bust cy-
cles. A familiar example of positive feedback is the
loud squealing or howling sound produced by audio feed-
back in public address systems: the microphone picks up
sound from its own loudspeakers, amplifies it, and sends
it through the speakers again.

1 Overview

Positive feedback enhances or amplifies an effect by it
having an influence on the process which gave rise to it.
For example, when part of an electronic output signal re-
turns to the input, and is in phase with it, the system gain is
increased.[6] The feedback from the outcome to the orig-
inating process can be direct, or it can be via other state
variables.[3] Such systems can give rich qualitative behav-
iors, but whether the feedback is instantaneously positive
or negative in sign has an extremely important influence
on the results.[3] Positive feedback reinforces and nega-
tive feedbackmoderates the original process. Positive and
negative in this sense refer to loop gains greater than or
less than zero, and do not imply any value judgements as
to the desirability of the outcomes or effects.[7] A key fea-
ture of positive feedback is thus that small disturbances
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2 1 OVERVIEW

get bigger. When a change occurs in a system, positive
feedback causes further change, in the same direction.

1.1 Basic

Input Output
A

B

A basic feedback system can be represented by this block dia-
gram. In the diagram the + symbol is an adder and A and B are
arbitrary causal functions.

A simple feedback loop is shown in the diagram. If the
loop gain AB is positive, then a condition of positive or
regenerative feedback exists.
If the functions A and B are linear and AB is smaller
than unity, then the overall system gain from the input to
output is finite, but can be very large as AB approaches
unity.[8] In that case, it can be shown that the overall or
“closed loop” gain from input to output is:

Gc = A/(1−AB)

When AB > 1, the system is unstable, so does not have a
well-defined gain; the gain may be called infinite.
Thus depending on the feedback, state changes can be
convergent, or divergent. The result of positive feedback
is to augment changes, so that small perturbations may
result in big changes.
A system in equilibrium in which there is positive feed-
back to any change from its current state may be unstable,
in which case the equilibrium is said to be in an unstable
equilibrium. Themagnitude of the forces that act to move
such a system away from its equilibrium are an increasing
function of the “distance” of the state from the equilib-
rium.
Positive feedback does not necessarily imply instability
of the equilibrium, as many stable systems present a
positive-feedback architecture.[9]

1.2 Hysteresis

Main article: Hysteresis
In the real world, positive feedback loops typically do not
cause ever-increasing growth, but are modified by limit-
ing effects of some sort. According to Donella Meadows:

“Positive feedback loops are
sources of growth, explosion,
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Hysteresis causes the output value to depend on the history of the
input
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In a Schmitt trigger circuit, feedback to the non-inverting input
of an amplifier pushes the output directly away from the applied
voltage towards the maximum or minimum voltage the amplifier
can generate.

erosion, and collapse in systems. A
system with an unchecked positive
loop ultimately will destroy itself.
That’s why there are so few of
them. Usually a negative loop will
kick in sooner or later.”[10]

Hysteresis, in which the starting point affects where the
system ends up, can be generated by positive feedback.
When the gain of the feedback loop is above 1, then the
output moves away from the input: if it is above the input,
then it moves towards the nearest positive limit, while if
it is below the input then it moves towards the nearest
negative limit.
Once it reaches the limit, it will be stable. However, if the
input goes past the limit, then the feedback will change
sign and the output will move in the opposite direction
until it hits the opposite limit. The system therefore shows
bistable behaviour.
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2 Terminology

The terms positive and negative were first applied to feed-
back before World War II. The idea of positive feedback
was already current in the 1920s with the introduction of
the regenerative circuit.[11]

Friis & Jensen (1924) described regeneration in a set of
electronic amplifiers as a case where the “feed-back” ac-
tion is positive in contrast to negative feed-back action,
which they mention only in passing.[12] Harold Stephen
Black's classic 1934 paper first details the use of negative
feedback in electronic amplifiers. According to Black:

“Positive feed-back increases the
gain of the amplifier, negative feed-
back reduces it.”[13]

According toMindell (2002) confusion in the terms arose
shortly after this:

"...Friis and Jensen had made the
same distinction Black used be-
tween 'positive feed-back' and 'neg-
ative feed-back', based not on the
sign of the feedback itself but
rather on its effect on the ampli-
fier’s gain. In contrast, Nyquist and
Bode, when they built on Black’s
work, referred to negative feedback
as that with the sign reversed. Black
had trouble convincing others of
the utility of his invention in part
because confusion existed over ba-
sic matters of definition.”[11](p121)

3 Examples and applications

3.1 In electronics

Regenerative circuits were invented and patented in
1914[14] for the amplification and reception of very weak
radio signals. Carefully controlled positive feedback
around a single transistor amplifier can multiply its gain
by 1,000 or more.[15] Therefore, a signal can be amplified
20,000 or even 100,000 times in one stage, that would
normally have a gain of only 20 to 50. The problem
with regenerative amplifiers working at these very high
gains is that they easily become unstable and start to os-
cillate. The radio operator has to be prepared to tweak
the amount of feedback fairly continuously for good re-
ception. Modern radio receivers use the superheterodyne
design, with many more amplification stages, but much
more stable operation and no positive feedback.
The oscillation that can break out in a regenerative ra-
dio circuit is used in electronic oscillators. By the use

A vintage style regenerative radio receiver. Due to the controlled
use of positive feedback, sufficient amplification can be derived
from a single vacuum tube or valve (centre).

Positive feedback is the amplification of a body’s response to a
stimulus. For example, in childbirth, when the head of the fe-
tus pushes up against the cervix (1) it stimulates a nerve impulse
from the cervix to the brain (2). When the brain is notified, it
signals the pituitary gland to release a hormone called Oxytocin
(3). Oxytocin is then carried via the bloodstream to the uterus (4)
causing contractions, pushing the fetus towards the cervix even-
tually inducing childbirth.

of tuned circuits or a piezoelectric crystal (commonly
quartz), the signal that is amplified by the positive feed-
back remains linear and sinusoidal. There are sev-
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eral designs for such harmonic oscillators, including the
Armstrong oscillator, Hartley oscillator, Colpitts oscilla-
tor, and the Wien bridge oscillator. They all use positive
feedback to create oscillations.[16]

Many electronic circuits, especially amplifiers, incor-
porate negative feedback. This reduces their gain,
but improves their linearity, input impedance, output
impedance, and bandwidth, and stabilises all of these pa-
rameters, including the closed-loop gain. These parame-
ters also become less dependent on the details of the am-
plifying device itself, and more dependent on the feed-
back components, which are less likely to vary with man-
ufacturing tolerance, age and temperature. The differ-
ence between positive and negative feedback for AC sig-
nals is one of phase: if the signal is fed back out of phase,
the feedback is negative and if it is in phase the feedback
is positive. One problem for amplifier designers who use
negative feedback is that some of the components of the
circuit will introduce phase shift in the feedback path.
If there is a frequency (usually a high frequency) where
the phase shift reaches 180°, then the designer must en-
sure that the amplifier gain at that frequency is very low
(usually by low-pass filtering). If the loop gain (the prod-
uct of the amplifier gain and the extent of the positive
feedback) at any frequency is greater than one, then the
amplifier will oscillate at that frequency (Barkhausen sta-
bility criterion). Such oscillations are sometimes called
parasitic oscillations. An amplifier that is stable in one
set of conditions can break into parasitic oscillation in an-
other. This may be due to changes in temperature, supply
voltage, adjustment of front-panel controls, or even the
proximity of a person or other conductive item. Ampli-
fiers may oscillate gently in ways that are hard to detect
without an oscilloscope, or the oscillations may be so ex-
tensive that only a very distorted or no required signal at
all gets through, or that damage occurs. Low frequency
parasitic oscillations have been called 'motorboating' due
to the similarity to the sound of a low-revving exhaust
note.[17]

Digital electronic circuits are sometimes designed to ben-
efit from positive feedback. Normal logic gates usually
rely simply on gain to push digital signal voltages away
from intermediate values to the values that are meant to
represent boolean '0' and '1'. When an input voltage is
expected to vary in an analogue way, but sharp thresh-
olds are required for later digital processing, the Schmitt
trigger circuit uses positive feedback to ensure that if the
input voltage creeps gently above the threshold, the out-
put is forced smartly and rapidly from one logic state to
the other. One of the corollaries of the Schmitt trigger’s
use of positive feedback is that, should the input volt-
age move gently down again past the same threshold, the
positive feedback will hold the output in the same state
with no change. This effect is called hysteresis: the in-
put voltage has to drop past a different, lower threshold
to 'un-latch' the output and reset it to its original digital
value. By reducing the extent of the positive feedback,

B
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t
The effect of using a Schmitt trigger (B) instead of a comparator
(A)

the hysteresis-width can be reduced, but it can not entirely
be eradicated. The Schmitt trigger is, to some extent, a
latching circuit.[18]

Illustration of an R-S ('reset-set') flip-flop made from two digital
nor gates with positive feedback. Red and black mean logical '1'
and '0', respectively.

An electronic flip-flop, or “latch”, or “bistable
multivibrator", is a circuit that due to high positive
feedback is not stable in a balanced or intermediate state.
Such a bistable circuit is the basis of one bit of elec-
tronic memory. The flip-flop uses a pair of amplifiers,
transistors, or logic gates connected to each other so that
positive feedback maintains the state of the circuit in
one of two unbalanced stable states after the input signal
has been removed, until a suitable alternative signal is
applied to change the state.[19] Computer random access
memory (RAM) can be made in this way, with one
latching circuit for each bit of memory.[20]

Thermal runaway occurs in electronic systems because
some aspect of a circuit is allowed to pass more current
when it gets hotter, then the hotter it gets, the more cur-
rent it passes, which heats it some more and so it passes
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yet more current. The effects are usually catastrophic for
the device in question. If devices have to be used near
to their maximum power-handling capacity, and thermal
runaway is possible or likely under certain conditions, im-
provements can usually be achieved by careful design.[21]

A phonograph turntable is prone to acoustic feedback

Audio and video systems can demonstrate positive feed-
back. If a microphone picks up the amplified sound out-
put of loudspeakers in the same circuit, then howling and
screeching sounds of audio feedback (at up to the maxi-
mum power capacity of the amplifier) will be heard, as
random noise is re-amplified by positive feedback and
filtered by the characteristics of the audio system and the
room. Microphones are not the only transducers subject
to this effect. Record deck pickup cartridges can do the
same, usually in the low frequency range below about 100
Hz, manifesting as a low rumble. Jimi Hendrix helped to
develop the controlled and musical use of audio feedback
in electric guitar playing,[22] and later BrianMay was a fa-
mous proponent of the technique.[23]

Video feedback.

Similarly, if a video camera is pointed at a monitor screen
that is displaying the camera’s own signal, then repeating
patterns can be formed on the screen by positive feed-
back. This video feedback effect was used in the opening
sequences to the first ten series of the television program
Doctor Who.

3.2 Switches

In electrical switches, including bimetallic strip based
thermostats, the switch usually has hysteresis in the
switching action. In these cases hysteresis is mechani-
cally achieved via positive feedback within a tipping point
mechanism. The positive feedback action minimises the
length of time arcing occurs for during the switching and
also holds the contacts in an open or closed state.[24]

3.3 In biology

Positive feedback is a mechanism by which an output is en-
hanced, such as protein levels. However, in order to avoid
any fluctuation in the protein level, the mechanism is inhibited
stochastically (I), therefore when the concentration of the acti-
vated protein (A) is past the threshold ([I]), the loop mechanism
is activated and the concentration of A increases exponentially if
d[A]=k [A]

3.3.1 In physiology

A number of examples of positive feedback systems may
be found in physiology.

• One example is the onset of contractions in
childbirth, known as the Ferguson reflex. When a
contraction occurs, the hormone oxytocin causes a
nerve stimulus, which stimulates the hypothalamus
to produce more oxytocin, which increases uterine
contractions. This results in contractions increasing
in amplitude and frequency.[25](pp924–925)

• Another example is the process of blood clotting.
The loop is initiated when injured tissue releases
signal chemicals that activate platelets in the blood.
An activated platelet releases chemicals to activate
more platelets, causing a rapid cascade and the for-
mation of a blood clot.[25](pp392–394)

• Lactation also involves positive feedback in that as
the baby suckles on the nipple there is a nerve re-
sponse into the spinal cord and up into the hypotha-
lamus of the brain, which then stimulates the pi-
tuitary gland to produce more prolactin to produce
more milk.[25](p926)

• A spike in estrogen during the follicular phase of the
menstrual cycle causes ovulation.[25](p907)
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• The generation of nerve signals is another example,
in which the membrane of a nerve fibre causes slight
leakage of sodium ions through sodium channels, re-
sulting in a change in themembrane potential, which
in turn causes more opening of channels, and so on.
So a slight initial leakage results in an explosion of
sodium leakage which creates the nerve action po-
tential.[25](p59)

• In excitation–contraction coupling of the heart, an
increase in intracellular calcium ions to the car-
diac myocyte is detected by ryanodine receptors in
the membrane of the sarcoplasmic reticulum which
transport calcium out into the cytosol in a positive
feedback physiological response.

In most cases, such feedback loops culminate in counter-
signals being released that suppress or breaks the loop.
Childbirth contractions stop when the baby is out of the
mother’s body. Chemicals break down the blood clot.
Lactation stops when the baby no longer nurses.[25]

3.3.2 In gene regulation

Positive feedback is a well studied phenomenon in
gene regulation, where it is most often associated with
bistability. Positive feedback occurs when a gene ac-
tivates itself directly or indirectly via a double negative
feedback loop. Genetic engineers have constructed and
tested simple positive feedback networks in bacteria to
demonstrate the concept of bistability.[26] A classic ex-
ample of positive feedback is the lac operon in E. coli.
Positive feedback plays an integral role in cellular dif-
ferentiation, development, and cancer progression, and
therefore, positive feedback in gene regulation can have
significant physiological consequences. Random motions
in molecular dynamics coupled with positive feedback
can trigger interesting effects, such as create population
of phenotypically different cells from the same parent
cell.[27] This happens because noise can become ampli-
fied by positive feedback. Positive feedback can also oc-
cur in other forms of cell signaling, such as enzyme ki-
netics or metabolic pathways.[28]

3.3.3 In evolutionary biology

Positive feedback loops have been used to describe as-
pects of the dynamics of change in biological evolution.
For example, beginning at the macro level, Alfred J.
Lotka (1945) argued that the evolution of the species was
most essentially a matter of selection that fed back en-
ergy flows to capture more and more energy for use by
living systems.[29] At the human level, Richard Alexan-
der (1989) proposed that social competition between
and within human groups fed back to the selection of
intelligence thus constantly producing more and more
refined human intelligence.[30] Crespi (2004) discussed

several other examples of positive feedback loops in
evolution.[31] The analogy of Evolutionary arms races
provide further examples of positive feedback in biolog-
ical systems.[32]
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During the Phanerozoic the biodiversity shows a steady but not
monotonic increase from near zero to several thousands of gen-
era.

It has been shown that changes in biodiversity through
the Phanerozoic correlate much better with hyperbolic
model (widely used in demography and macrosociology)
than with exponential and logistic models (traditionally
used in population biology and extensively applied to
fossil biodiversity as well). The latter models imply that
changes in diversity are guided by a first-order positive
feedback (more ancestors, more descendants) and/or a
negative feedback arising from resource limitation. Hy-
perbolic model implies a second-order positive feed-
back. The hyperbolic pattern of the world population
growth has been demonstrated (see below) to arise from
a second-order positive feedback between the popula-
tion size and the rate of technological growth. The hy-
perbolic character of biodiversity growth can be simi-
larly accounted for by a positive feedback between the
diversity and community structure complexity. It has
been suggested that the similarity between the curves of
biodiversity and human population probably comes from
the fact that both are derived from the interference of
the hyperbolic trend (produced by the positive feedback)
with cyclical and stochastic dynamics.[33]

3.3.4 Immune system

A cytokine storm, or hypercytokinemia is a potentially
fatal immune reaction consisting of a positive feedback
loop between cytokines and immune cells, with highly el-
evated levels of various cytokines.[34] In normal immune
function, positive feedback loops can be utilized to en-
hance the action of B lymphocytes. When a B cell binds
its antibodies to an antigen and becomes activated, it be-
gins releasing antibodies and secreting a complement pro-
tein called C3. Both C3 and a B cell’s antibodies can bind
to a pathogen, and when a B cell has its antibodies bind
to a pathogen with C3, it speeds up that B cell’s secretion
of more antibodies and more C3, thus creating a positive
feedback loop.[35]
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3.3.5 Cell death

Apoptosis is a caspase-mediated process of cellular
death, whose aim is the removal of long-lived or dam-
aged cells. A failure of this process has been implicated
in prominent conditions such as cancer or Parkinson’s
disease. The very core of the apoptotic process is the
auto-activation of caspases, which may be modeled via a
positive-feedback loop. This positive feedback exherts
an autoactivation of the effector caspase by means of
intermediate caspases. When isolated from the rest of
apoptotic pathway, this positive-feedback presents only
one stable steady state, regardless of the number of inter-
mediate activation steps of the effector caspase.[9] When
this core process is complemented with inhibitors and en-
hancers of caspases effects, this process presents bista-
bility, thereby modeling the alive and dying states of a
cell.[36]

3.4 In psychology

Winner (1996) described gifted children as driven by pos-
itive feedback loops involving setting their own learning
course, this feeding back satisfaction, thus further setting
their learning goals to higher levels and so on.[37] Win-
ner termed this positive feedback loop as a “rage to mas-
ter.” Vandervert (2009a, 2009b) proposed that the child
prodigy can be explained in terms of a positive feed-
back loop between the output of thinking/performing in
working memory, which then is fed to the cerebellum
where it is streamlined, and then fed back to work-
ing memory thus steadily increasing the quantitative and
qualitative output of working memory.[38][39] Vandervert
also argued that this working memory/cerebellar positive
feedback loop was responsible for language evolution in
working memory.

3.5 In economics

3.5.1 Market dynamics

According to the theory of reflexivity advanced by
George Soros, price changes are driven by a positive feed-
back process whereby investors’ expectations are influ-
enced by price movements so their behaviour acts to re-
inforce movement in that direction until it becomes un-
sustainable, whereupon the feedback drives prices in the
opposite direction.[40]

3.5.2 Systemic risk

Systemic risk is the risk that an amplification or lever-
age or positive feedback process is built into a system.
This is usually unknown, and under certain conditions
this process can amplify exponentially and rapidly lead
to destructive or chaotic behavior. A Ponzi scheme is

a good example of a positive-feedback system: funds
from new investors are used to pay out unusually high
returns, which in turn attract more new investors, caus-
ing rapid growth toward collapse. W. Brian Arthur has
also studied and written on positive feedback in the econ-
omy (e.g. W. Brian Arthur, 1990).[41] Hyman Minsky
proposed a theory that certain credit expansion practices
could make a market economy into “a deviation amplify-
ing system” that could suddenly collapse,[42] sometimes
called a "Minsky moment".
Simple systems that clearly separate the inputs from the
outputs are not prone to systemic risk. This risk is more
likely as the complexity of the system increases, because
it becomes more difficult to see or analyze all the possible
combinations of variables in the system even under care-
ful stress testing conditions. The more efficient a complex
system is, the more likely it is to be prone to systemic
risks, because it takes only a small amount of deviation
to disrupt the system. Therefore, well-designed complex
systems generally have built-in features to avoid this con-
dition, such as a small amount of friction, or resistance,
or inertia, or time delay to decouple the outputs from the
inputs within the system. These factors amount to an in-
efficiency, but they are necessary to avoid instabilities.
The 2010 Flash Crash incident was blamed on the
practice of high-frequency trading (HFT),[43] although
whether HFT really increases systemic risk remains con-
troversial.

3.5.3 Human population growth

Agriculture and human population can be considered to
be in a positive feedback mode,[44] which means that
one drives the other with increasing intensity. It is sug-
gested that this positive feedback system will end some-
time with a catastrophe, as modern agriculture is using
up all of the easily available phosphate and is resorting to
highly efficient monocultures which are more susceptible
to systemic risk.
Technological innovation and human population can be
similarly considered, and this has been offered as an
explanation for the apparent hyperbolic growth of the
human population in the past, instead of a simpler
exponential growth.[45] It is proposed that the growth rate
is accelerating because of second-order positive feedback
between population and technology.[46](p133–160) Techno-
logical growth increases the carrying capacity of land for
people, which leads to more population, and so more po-
tential inventors in further technological growth.[46](p146)

3.5.4 Prejudice, social institutions and poverty

Gunnar Myrdal described a vicious circle of increasing
inequalities, and poverty, which is known as "circular cu-
mulative causation".[47]
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3.6 In meteorology

Drought intensifies through positive feedback. A lack
of rain decreases soil moisture, which kills plants and/or
causes them to release less water through transpiration.
Both factors limit evapotranspiration, the process by
which water vapor is added to the atmosphere from the
surface, and add dry dust to the atmosphere, which ab-
sorbs water. Less water vapor means both low dew point
temperatures and more efficient daytime heating, de-
creasing the chances of humidity in the atmosphere lead-
ing to cloud formation. Lastly, without clouds, there can-
not be rain, and the loop is complete.

3.7 In climatology

See also: Climate change feedback

Climate “forcings” may push a climate system in the di-
rection of warming or cooling,[48] for example, increased
atmospheric concentrations of greenhouse gases cause
warming at the surface. Forcings are external to the cli-
mate system and feedbacks are internal processes of the
system. Some feedback mechanisms act in relative iso-
lation to the rest of the climate system while others are
tightly coupled.[49] Forcings, feedbacks and the dynam-
ics of the climate system determine how much and how
fast the climate changes. The main positive feedback in
global warming is the tendency of warming to increase
the amount of water vapor in the atmosphere, which in
turn leads to further warming.[50] Themain negative feed-
back comes from the Stefan–Boltzmann law, the amount
of heat radiated from the Earth into space is proportional
to the fourth power of the temperature of Earth’s surface
and atmosphere.
Other examples of positive feedback subsystems in cli-
matology include:

• Awarmer atmosphere will melt ice and this changes
the albedo which further warms the atmosphere.

• Methane hydrates can be unstable so that a warming
ocean could release more methane, which is also a
greenhouse gas.

The Intergovernmental Panel on Climate Change (IPCC)
Fourth Assessment Report states that “Anthropogenic
warming could lead to some effects that are abrupt or ir-
reversible, depending upon the rate and magnitude of the
climate change.”[51]

3.8 In sociology

A self-fulfilling prophecy is a social positive feedback
loop between beliefs and behavior: if enough people be-
lieve that something is true, their behavior can make it

true, and observations of their behavior may in turn in-
crease belief. A classic example is a bank run.
Another sociological example of positive feedback is the
network effect. When more people are encouraged to
join a network this increases the reach of the network
therefore the network expands ever more quickly. A viral
video is an example of the network effect in which links
to a popular video are shared and redistributed, ensuring
that more people see the video and then re-publish the
links. This is the basis for many social phenomena, in-
cluding Ponzi schemes and chain letters. In many cases
population size is the limiting factor to the feedback ef-
fect.

3.9 In chemistry

If a chemical reaction causes the release of heat, and the
reaction itself happens faster at higher temperatures, then
there is a high likelihood of positive feedback. If the heat
produced is not removed from the reactants fast enough,
thermal runaway can occur and very quickly lead to a
chemical explosion.

4 See also
• Chain reaction
• Donella Meadows’ twelve leverage points to inter-
vene in a system

• Hyperbolic growth
• Reflexivity (social theory)
• Stability criterion
• Strategic complementarity
• System dynamics
• Technological singularity
• Thermal runaway

4.1 Similar terminology
• Vicious/virtuous circle: in social and financial sys-
tems, a complex of events that reinforces itself
through a feedback loop.

• Positive reinforcement: a situation in operant con-
ditioning where a consequence increases the fre-
quency of a behaviour.

• Praise of performance: a term often applied in the
context of performance appraisal,[52] although this
usage is disputed.[53]

• Self-reinforcing feedback: a term used in systems
dynamics to avoid confusion with the “praise”
usage.[54]
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4.2 Analogous concepts

• Matthew effect

• Self-fulfilling prophecy

• Virtuous circle and vicious circle

4.3 Examples

• Autocatalysis

• Meander
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