Chapter 2
The battle against noise in physics

In this chapter and in the next we discuss what we believedarthin difference
between physics and the social sciences, namely the highdémoise which spoils
and often altogether forbids the measurement of many searables. This could
seem a fairly unconventional view. Usually many other défeces are underscored,
for instance the role of individual freedom, the diversitydacomplexity of human
behavior and so on. More specifically it is often stated thatdcial systems are in-
herently more complicated in the sense that societies asmprany different kinds
of agents and interactions (ii) physical phenomena can bergbd in the laboratory
through experiments which can be repeated whereas sosiahdiions, it is argued,
cannot be repeated. We do not mean that these differencext drist but we believe

that they are not as fundamental as one may have the impnesdiost sight.

The first point can be readily dealt with by noting that theeleof complexity de-
pends on how much detail one wants to take into account. Saanlacular level,
the dissolution of a piece of sugar in a cup of tea is a phenomei horrendous
complexity in the sense that it involves many kinds of moleswand a great diver-
sity of interactions. In contrast, for many social phenom#re precise nature of the
agents is unimportant. For instance, the field of demogrdpbyses on the num-
bers of birth and deaths, a perspective in which most otheiakteatures become

irrelevant.

The second argument may at first seem to be rock solid but it bausonsidered in

the light of the two following remarks.
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e Strictly speaking, an experiment cannot be repeated evphyisics. Consider
for instance the swing of a pendulum which is one of the sist@&periments one
can think of. If we measure its period of oscillation with aision of 0.1 sec-
ond, two successive experiments may indeed give identsailis, say 1.2 second.
However, if we are able to make high precision measuremeitiisam accuracy of
10~% second, successive measurements will lead to differenttsesay 1.200123,
1.200759 and 1.200023. There may be several reasons arpgl#uese fluctuations.
One can for instance invoke drafts, vibrations of the cgilif the building to which
the pendulum is attached. These vibrations are due to matyr$éa people walking
at the same floor or at the floor above, vibrations due to truc&ss or even planes
in the vicinity of the building. These are high frequency sk but there are also
low frequency perturbations. Suppose for instance thaexperiment is repeated a
few hours later; due to the rotation of the Earth on its axesphbsitions of the Sun
and Moon with respect to the pendulum will no longer be theesahms will modify
the directions of their gravitational forces which will gtitly change the periddIn
short, the question of whether or not it is possible to repoedan experiment really
depends on the level of accuracy that one wishes to achieve.

e To complete our argument, it must now be shown that in theatsciences
it is indeed possible to repeat quasi-experiments in a wagwis similar to what
is done in physics. For definiteness and in order to make taudsion more con-
crete we consider a specific phenomenon, the so-called @ezttect. According to
this effect some people are induced to commit suicide whey lédarn of other peo-
ple having committed suicide. This effect was first studigdavid Phillips some
thirty years ago in an influential paper (Phillips 1974More specifically, Phillips
analyzed the fluctuations in monthly numbers of suicides@eUnited States in the

month following the announcement of a suicide on the firstepaigthe New York

LIn technical terms this is called a tidal effect.

2]t should be noted that in spite of numerous (but non-conmgrand non-cumulative) studies, the reality of this effect
has not yet been established with certainty. We will coméacthis point in the next chapter. Here we use this effect as
an example of a quasi-experiment and the reality of the efdrelevant for the present discussion.
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Times. For the time being let us accept Phillips’s result that cerage there is a 2.5
percent increase in suicides following the publicationwtsle stories as compared

to months in which no suicide story was published. In a systesory perspective
there is a close parallel between the Werther effect andairegf a pendulum. This
parallel is schematically illustrated in Fig. 2.1. Obvitshe Werther experiment
can be repeated as often as one wishes. It can be repeatedyieaarbetween 1851
(when theNew York Times began to be published) and now. It can also be repeated in
any country in which there is a newspaper similar toklee York Times. TheTimes

of London or many other major newspaper published in Europeaintries can be
used in the same way which means that the experiment can bategpin several

different countries.

There is however a major difference between the swing of adglem and the
Werther effect. For the former the signal to noise ratio iscmilarger than one
(ratios exceeding one hundred are not difficult to obtaif)eras for the Werther

effect it is smaller than one.

Throughout the history of physics and chemistry, signakemimg and noise reduc-
tion have been (and still are) permanent concerns. It israktiverefore to draw on
this knowledge and this is why we first consider two exampfgshgsical phenom-

ena. The first one is the familiar pendulum that we selecteddsimplicity. In spite

of this simplicity, it is a source of useful principles andidglines. The second ex-
ample, the detection of gravitational waves, is of intebestause it is still awaiting a
satisfactory solution. For this reason it provides a uspéubllel with social science

problems.
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1 Improving the signal to noise ratio in the pendulum experinent

The signal to noise rati@ /N can be raised either by increasing the sighabr
by reducing the noiséV3. This could seem a fairly trivial remark but it has far
reaching consequences especially for social phenomettze trase of the pendulum
the step of increasing the signal is done almost withoutkthgnabout it. Nobody
would give the pendulum an initial deviation of only two ordlk degrees. It is
clear that with such a small amplitude, the movement woulanioeh influenced
by friction at the articulation point or by air turbulence.n@he contrary, if the
pendulum oscillates with an amplitude greater than, sayeifiasks, its energy is
large with respect to the energy of perturbing factors, itsvement will be more
regular and the measurement of its period will be more at¢eurdhis method of
raising the signal to noise ratio plays an important roleiffecent chapters of this
book; for the sake of brevity we call it thextreme value technique. Naturally, it
has inherent limitations. In the case of the pendulum th&lrdeviation cannot be
made larger than 180 degrégsr if one wishes to study the variations of the period
as a function of the initial angle, small oscillations catim@avoided. This raises the
guestion of whether there are other noise reduction tectesigFrom our previous
discussion of the pendulum experiment we know that therehmyle-frequency as
well as low-frequency sources of noise. How is it possiblestiuce their impact on
the movements of the pendulum? In the following lines we a@rarseveral kinds of

means which can serve this purpose.

e Ifthe experimentis performed in a vacuum container the mnégee pendulum

will no longer be subject to high frequency fluctuations du#he air turbulence.

¢ If in addition the experiment is performed overnight whee Huilding and its

SStrictly speaking, the signal to noise ratio is rather (ia tiotations of Fig. 2.1J/(X)/o(N). However, when the
noiseN is of the same magnitude as the sighdlLX) it is difficult to know if there is really a signal; this is whyenoften
replaceH (X)/o(N) by Y/o(N). Such a substitution is particularly welcome for the Werthigect or for the detection
of gravitational waves. For a system subject to high levélsoise H(X)/o(N) <« Y/o(N) ~ 1; for a system subject
to a low level of noiseY/o(N) > H(X)/o(N) > 1.

“Initial deviations of more than 90 degrees require of coarpendulum with a rigid arm.
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surroundings are much quieter than during day time, theuaiains due to exoge-

nous vibrations will be greatly reduced.

e The exogenous influence of the Sun and Moon cannot be eliedinabwever,
if the experiment is performed at times when the Sun and Moare in the same
configuration, this effect can be reduced. Alternativel/wae know the strength of
the gravitational forces and the way in which they influertoe mmovement of the
pendulum it is possible to compute appropriate correctidtegurally, these correc-
tions can only be made because we know the laws which goversytetem. In the

time of Galileo it would have been impossible to perform saaltulations.

All these improvements will raise the signal to noise ratid aeduce the error bés
Naturally, such high accuracy experiments have little imomn with standard class
room experiments. What lessons can be drawn from this sieydenple? First, it
must be stressed that the noise has been cut off at its solinigis an important
point. In economics and in the social sciences the standatdadology is to select
the data without giving much attention to the issue of noeghiction, and then to
subject these noisy data to statistical analysis in the tiwgtea signal will emerge
Unfortunately, no statistical treatment can substantiatiprove the signal to noise
ratio; it is only by enlarging the data set and by making usadtfitional informa-
tion pertaining to the system under consideration that itpeas to noise ratio can
be raised markedly. The pattern matching technique thatxaenme below is an

example of this kind. More generally, the pendulum exampdéeas us realize that

5The planets, especially Jupiter, may also have an influemicié is much smaller.

6In the previous enumeration we mentioned only hardware dvgments in the experiment itself. Naturally, for any
experimental device the precision can be increased by mgakiarge number of measurements and taking the average;
the averaging technique will be considered in more dettst lan.

"This assertion can be illustrated by the example of Phidlipaper about the Werther effect. Among the 33 suicide
stories that he selected are cases as different as Ameriteasses (Carole Landis and Marilyn Monroe) and various
political figures including a Soviet defector (Victor Krawenko), an Egyptian Field Marshall (Abdel-Hakim Amer) and
a Chinese Army leader (Lo Jui Ching). All these events aresicmned indiscriminately which results in a high level of
noise. Naturally, it is only through a better understandifithe phenomenon that a selection can be made which would
raise the signal to noise ratio. The fact that an improveelcsign is possible is suggested by the observation thatanly
few cases contribute significantly to the signal.
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the battle against noise can only be won if we have a good ledyd about the sys-
tem under investigation and the sources of noise. Becaegenére unaware of the
turbulence produced in the wake of the pendulum by the dragtal@ir resistance,
physicists of the seventeenth century would have been enalentify this source
of noise. Similarly, building a device that can shield thaghdum from the vibra-
tions of the building requires a good knowledge of the phg/sitvibrations. Inci-
dentally, this example illustrates the fact that all subiSedf physics are connected:
to make an accurate measurement of a phenomenon in the fiel@afanics one
needs a good understanding of fluid mechanics, astronomgcr@acoustics. The
fact that in the social sciences many subfields are patentlgrideveloped helps to

explain why it is so difficult to perform accurate measuretaen

The main point is the fact that in physics, whatever theit,abe required improve-
mentscan be made. This leads us to the crucial question: how can omease
the accuracy of observations in the social sciences? Betoreng to this point, we
wish to discuss an example of physical measurement in whiglptoblem of noise

reduction is more serious than in the case of the swing of dydam.

2 Noise reduction in the detection of gravitational waves

Gravitational waves are ripples in the fabric of space-tihen they pass through

a detector they will decrease the distance between two tass@s. This effect is
very small however10~!® meter over a distance of 4,000 meters between the test-
masses. In order to detect the effect of a gravitational wheedistance between
the test-masses must be measured with a precisiarbdfd—2° percent. In spite of
being shielded in a concrete cover, the vacuum pipe whichecis the test-masses

IS subject to many sources of vibrations: trucks on nearagspmicro-earthquakes,

sound waves due to supersonic planes, thermal variatiahsaforth.

In order to achieve this daunting objective two methods aexluwhich it is worth-
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while to detail because they constitute two major techrsqfesignal detection. The
first technique relies on pattern identification. It is a coomexperience that even in
a very noisy place such as a pub we are able to identify a fanmielody however
softly played. We do this by pattern matching. Our ears amnbare wonderful
pattern matching organs. Catching gravitational wavea®)is not unlike what our
ears do routinely. Of course, the pattern of the signal dépeipon the source. A
supernova and a spinning neutron star have very differgnespatterns. Moreover,
for a spinning star the period is specific to each pair of st#s there are many
other mechanisms which can trigger gravitational wavess @asy to realize that
the number of patterns to search can become very large malatigrn matching
a formidable computational task. The second techniquesen using several de-
tectors. As we already noted micro-earthquakes or flucnatin the measurement
devices can cause disturbances that simulate gravithgeweats. Such factors are
site-dependent and are unlikely to happen at two widelyrsgpa sites. This is why
there are 5 different sites: one in Germany, one in Italy, ianfapan and two in the
United States.

Several lessons can be drawn from this example.

e It emphasizes the importance of havidifferent realizations of the same phe-
nomenon. If the sources of noise in these realizations ar@astively correlated
they will to some extent cancel one another, thus improviggad identification. An
even more favorable case is when the sources of noise arévedgaorrelated for
in this case noise reduction can be much greater. This cagdwhfortunately is

not very common is discussed in the next chapter.

e It shows how crucial it is to have some information about thigeeted shape
of the signal. In the case of gravitational waves we have Hesnthere are many
possible candidates which means that a broad range of pati&ching tests must
be performed. In the social sciences the situation is eveme ihfficult in the sense

that usually one knows very little about the shape of theaitrat is to be expected.
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For instance, in the case of the Werther effect we do not kin@xiting of possible
excess-suicides. Actually, even if somehow we were abletovthat the time scale
of the phenomenon is a matter of days it would be difficult teetadvantage of this
knowledge because in most countries only monthly suicide diae available.

e For the detection of gravitational waves it is of criticalportance that the
signal is as big as possible. Only phenomena of cataclysnmogoptions have a
chance of being detected. We are in this case in the saméi@ite in the social
sciences in the sense that (i) the signal cannot be changal @i) big events are
rarer than small events. Thus, the detection of the phenomenconditioned by

favorable circumstances which are out of the control of #s=archer.

3 Pattern matching: a simulation

How can pattern matching be used in the social sciences?2R2gshows how the
response of a system to an impulse looks like when the levadist is progressively
increased. This simulation was performed by using the Woflg linear stochastic
equation:

Yi=aY 1+ Ni+0y, a<1 (2.1)

where N, is a Gaussian random variable of mean zero and standardtidavig
the Kronecker symbad,;, which is non-zero only fot = ¢, describes the input
shock. The first graph in the panel of Fig. 2.2 corresponds te 0 and shows
the purely deterministic response, a steep increase fetldwy an exponential fall.
Wheno is equal to 8 we see that the exponential fall is very distbated no longer
recognizable. However it can be noted that the steep inensaill visible. Let us
now forget for a moment that the graphs in Fig. 2.2 were gdadray a simulation
and assume instead that they correspond to a social phepartteat one wishes to
identify. The identification is highly conditioned by whaewnow about the shock.
Parameters which are of particular importance are the titmenthe shock occurred

and the sign of the shock. If these two parameters are knoershlck can still
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roughly be identified on the three graphs in the second litggnf2.2. This example
clearly shows how important it is to have as much informatsrmpossible about the

shock.

How does the simulation of Fig. 2.2 compare with the situatioat one faces in
the case of the Werther effect? Fig. 2.3 shows the monthlyuaiions of suicide
rates in the United States. The short spiky fluctuations easa@nal variations; it is
well known that in the northern hemisphere suicide rateshgouigh a maximum in
May-June and through a minimum in DecentbeBecause of these huge seasonal
fluctuations the identification of the Werther effect is v@rgpblematic even if one

knows the date of the suicide story published in s York Times,

The techniques which have emerged from our discussion ofipalyexperiments,

namely the extreme value technique, the multi-observatpproach and the various
forms of pattern matching, will be examined in more detaithia next chapter in a
social science context. They will be illustrated by sevesamples through which

we will get a better feeling of their potential and limitatm

8The seasonal pattern of suicides has been studied by Mdd@19, pp. 136-142) and by Durkheim (1897, chapter
3, section 4).
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Input System Output Signal/noise
+ noise

X ——> Y=H(X)+ N H(X)/N

® Swing of a pendulum

Angular deviation

—>

The mass is shifted

H(X)/N > 100

® |) Werther effect ii) Detection of gravitational waves
i) Monthly number of suicides

%/]\ — L/ \'\/VA\ H(X)/N <1

i) Fractional length change

i) Suicide story in the New York Times
if) Supernova core collapse

N

Fig.2.1 Signal to noise ratio in three experimentsThe figure illustrates the response of a system to an
input X in the presence of background noi&e In the first experiment (second line) the mass of a pendulum
is displaced and one observes the angular deviation. Inetiperiment it is easy to get a signal to noise
ratio H(X)/N which is higher than one hundred. The third line illustrai®e situations in which the signal

to noise ratio is smaller than one: the detection of a pos3itérther effect (explained in the text) and the
detection of possible gravitational waves produced (fetance) by the collapse of the core of a supernova. At
the time of writing both effects are still hypothetical. $tsituation will last until the signal to noise ratio can
be substantially increased. In the rafi X')/N the denominator must be replaced by a suitable estimate of
the noise; when the sources of noise are clearly identifiecthplitude of the noise can be estimated directly;
when the sources of noise are not known, which is usually #ise in the social sciences, a possible estimator

of N is the standard deviation(Y") of Y.
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Fig.2.2 Response of a first order system to a shock in the presee of increasing levels of noiseThe
figure represents the outpl of a system defined by the following stochastic recurrenceatgn:

Yi=aY1+0€e + 01, a=0.97

wheree, is Gaussian noise of mean zero and standard deviation & gnoepresents a shock occurring at time
t1 = 30; o takes the values), 0.4, 2, ,4, ,8. Aso isincreased it becomes more and more difficult to identify
the signal. In fact signal identification crucially depermtshow much information we have about the signal.
If one knows that a sharp vertical discontinuity is to be eteé it can be recognized even in the graphs with
o = 8. In contrast, the exponential relaxation process is muckrerddficult to identify in the last graphs.
The vertical dotted lines indicate the relaxation timdefined byY; = e~t/T. Note that this relaxation time
can also be observed very roughly in the overall shape of tbadbpeaks; it can be seen that their duration
is approximately of the order af. This is of course not surprising because the response ayiftem to the

shocks generated by the noise is of the same nature as itheesto the deterministic shoék, .
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Monthly suicide rate
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Fig. 2.3 Monthly variations of the suicide rate in the UnitedStates. The vertical scale refers to annualized
monthly rates per 100,000 population. Monthly fluctuatidtisn line) are seen to exhibit a seasonal pattern
with a maximum usually occurring in May (represented by tippar curve) and a minimum in December
(lower curve). The difference between seasonal maxima anthra was 27% in the 1930s but fell to 9% in
the 1950s. Surimposed on this seasonal changes are siddstantial changes both in the seasonal pattern and
in the average annual suicide rate. These changing feathaks the identification of any signal very difficult.

Source: Linder and Grove (1943), Grove and Hetzel (1968).



