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Streed, Covent Garden, a great auk's egg in
fin condition was sobd for two hundred
guinexs. .. This is a considerable falling-off
from thi thres hundned guineas oblalned
for the [t specimen sold by Me. Shivens,
Ehix reason belng attribabed to the tact that
saveral other fine emples are in the market
From Nafwre 26 May 1904,

Frgure 1| Nuts wivy do brazils abways rise 1o the tog?!

Granular materials

The brazil nut effect — in reverse

Troy Shinbrot

In a box of mixed nuts, the brazilzs nsa to the top. In granular mixturas
in ganeral, depanding on their size and density, the ‘brazil nuts’ may
zink instead. This reverse effect has now been explored further.

very farmer can attest to the corious
E fact that the largest crop each spring

is the boulders that appear, untenddad,
on open fiebds. Commaon wisdom holds that
this crop is loosened from the sodl by frost
heave, and rises because small pebbles can
slip bencath large boulders, but not vice
versa . This is the ‘brazil mot effect’ —
narmed for the fact that, in a container of
mixed nuts, the brazil nuis always seem to
rise 1o the top (Fig. 1) Because similar
processes and effects oocor in pharmaceuti-
cal, chemical and food processing, the prob-
lern of gramular segregation has earned
serions altention” — and now, in Plyscal
Review Letrers, Huoerta and Huiz-Sudres’
aild the lutest piece of the purede.

The first complication o the simple
picture of pebbles slipping beneath boulders
{termed “percolation’) was the demonstra-
tion that a tapped bed of grains“convects’ina
regular pattern:a wide swath of grains risesin
the cenire of a conlainer, and thin margins
correspondingly sink”, According to the con-
vection pichure, large ‘intruder particles rise
with the surrounding bed, and then find
themselves simply unable 1o fit info marnow

2004 Mature Publishirg Groug

downwelling margins, This mechanism was
confirmed by a clever experiment in which
the convection rolls were reversed and., as
predicted, large particles migrated to the
bottom of vibrated beds®. Later confirmations
came  from  magneic-resonance-imaging
experiments that conclosively demonstrated
the presence of segregating convection rolls®,
and from metioulous computational com-

parisons that revealed that convection
dominates over percolatbon in producing
segregation indeep beds”,

Ower the past decade, however, our
understanding of the segregation of large
particles in vibrated beds has been chal-
benged by experiments revealing  ihat
although large heavy “intrudier” particles can
indeed rise im vibrated beds of finer graims,
equally large light intruders can sink, con-
trary to expectation and commaon experi-
ence. Mow lermed the “reverse brazil nut
effect’ this observation’, made by mysell and
Fernando Muzzio, is explained by nesther the
convetion nor the percolation description.
It s so counterintuitive that a reviewer of
the original manuscript reporting the effect
insisted that it could naot be correct; and the

SUATUHE | WO 405 | 37 8N 3004 | wrener s e, coomd natu s
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OPINION Open Access

Physics in the kitchen

Peter Barham

Abstract

The kitchen is a laboratory and cooldng is an experimental science. When we cook we generally follow a recipe
[either written of from rmemony; we select, quantify and process the ingredients and then senve the food to our
friends, family or guests. A good cook (or scientist) will keep records inoa notelbook of exactly what they do so that

they can repeat the experiment (recipe) s requined

Duiring the meal, as we cat we note how good the food
is, where there is room for improvement and what is
particularly liked. In effect we analyse the results of the
experiment = the good scientific cook will keep notes of
these discussions and use them to draw preliminary con-
clusions about how to improve the recipe, After several
mare tesis of the recipe, we may then begin to derive a
maded to explain our resubis and to undersiand how and
why making small changes to the recipe produces differ-
ent qualities in the final dish = we can then wse that
understanding and apply it to other recipes, so continu-
ally improving our cooking skills.

This is nothing more than the application of the scentific
method to cookery = simple but highly effective. If taken
seriously and applied properly there i= no exouse for any
sciendifically trainecd person nd o beosme a superb cook.

But is there more Lo physics i the kitchen than ensur-
ing physicists are good cooks? Can physics help chefs
with mo scientific background improve thelr own cook-

cnsure some degree of consistency betwoen cooks there s
a need 10 have some asurance that the tempersiwres used
in different kitchens are closely similar (if not the same),
Without the use of expensive scentific equipment the
only casy way Is to use 3 phase transithon that ocours at a
fixed temperature = and the simplest and most accesaable
of these s (o wse bolling water. Comman practice when
couking vegetables, for example, is therefore simply o put
them in bolling water lor & fixed time. This can provide a
systern which & sufficiently reprosducible that the same
recipes can be used by cooks around the world and ensine
they get similar results. But & it? We tesch our children
that waber badls at 100°C, but it B only muoch later when
those who progress on to higher levels of education begin
o learn that the boiling point of waber is not xed, but sc-
tnmlly quite variable - for example, in Denver, Colorado,
which & about 1.6 km above sea level and where the at-
mospheric pressure is around 85 kPa, water boils at
around 94T
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Width of "cooked" region in mm

Figure 1 Cooking potatoes. Graph of the measured width of the
cooked region of a potato as a function of the square root of the
cooking time in minutes at two different temperatures.
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Science that inspires

¢ Cell

Induction of Pluripotent Stem Cells
from Mouse Embryonic and Adult
Fibroblast Cultures by Defined Factors
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Fragmentation of Rods by Cascading Cracks: Why Spaghetti Does Not Break in Half

Basile Audoly and Sébastien Neukirch

Laboragioire de Modélisation en Mécanigue, CNREUniversitég Paris VI, 4 place Jussiew, Paris, France
(Received 22 December 2004, published 25 August 2005)

When thin brittle rods such as dry spaghetti pasta are bent beyond their limit curvature, they often break
into mone than bwo pieces, Wypically three or four. With the aim of understanding these multiple breakings,
we sludy the dynamics of a bent rod that is suddenly released at one end. We find that the sudden
relaxation of the curvature at this end leads to a burst of Aexural waves, whose dynamics are described by
a self-similar solution with no adjusiable parameters, These fexural waves locally ircrease the curvature
i the rosd, and wie argue thal this counterintuitive mechanism is responsible for the fragmentation of brittle
rods under bending. A simple experiment supporting the claim is presented.

DO 100 103 Phy sRevLetl. 95005505

The physical process of fragmentation is relevant to
sevieral areas of science and technology. Because different
physical phenomena are at work during the fragmentation
of a solid body, it has mainly been studied from a statistical
viewpoint [1-5]. Nevertheless, a growing amount of works
have included physical considerations: surface energy con-
tributions [6], nucleation and growth properties of the
fracture process [7], elastic buckling [8.9], and stress
wave propagation [10]. Usually, in dynamic fragmentation,
the abrupt application of fracturing forces (e.g., by an
impact) triggers numerous elementary breaking processes,
making a statistical study of the fragment sizes possible.
This is in contrast (0 quasistatic fragmentation where a

PACS numbers: 62.200ME. 4650040, 46.70De

advance. In the model problem, the rod is initially uni-
formly bent and at rest. This is achieved by clamping one
end and applying a moment M, at the other end: M, plays
the role of the internal moment transmitted across the
section that is about o fail: see Fig. 1. At time ¢ =0,
this end is suddenly released as the applied moment M
is removed instantaneously. The rod no longer is in equi-
librium, and we study its subsequent dynamics.

The dynamics of thin rods are described by the cele-
brated Kirchhofl equations [13], which in the Ijmit of
small, planar deflections take the form

Lix (s, 0) + Tox 2(s, 1) =0, (1)
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Figure 4.13 Length distribution of spaghetti noodles before (black) and after
(red. blue and orange) fracture into three pieces.

[ From Zaziski 2003; pages 83-84]
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FI1G. 2:
equations for an initial half-circle configuration, ke = «/L.
The curvature at the free end k(0,f) relaxes to zero within
the first few time steps (inner solution of the boundary layer
problem) while it is given in the intermediate regime (2) by
the universal self-similar solution (4) (outer solution). At later
times, for { ~ T, rellections take place on the clamped end s =
I.. Bottom: self-similar solution describing the intermediate

regime with £ = s/\/vL.

Top: numerical solution of the nonlinear Kirchhofl

1.

. fr.-

1 t,

FIG. 3: A dry spaghetti can be broken by releasing one of
its ends. The pasta 15 first bent into an are of cirele with
a curvature slightly below its limit curvature. The lower
end is clamped. The upper one is suddenly set free at time
tg = 0. Selected frames shot with a [ast camera at 1000 Hz:
(a) release L, = 0, (b) intermediate frame £, = 0.01597", (c)
frame just before rupture {. = 0.05091", and (d) after rupture
tg = 0.05967T. Numerical simulations based on the nonlin-
ear Kirchholl equations are superimposed, without any ad-
justable parameters: rod prolile (dotted line) and osculating
circle (dashed lines) at the point of largest curvature {(arrow).
Note that the rod breaks at the point of maximal curvature.
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Evalution of Twa-Dimensicnal Soap-Film Metworks

L. W, J, Beeaaklker

Philipy Resrarok Laborativicd, 500 JA Elslborea The NMerhenlasds
R ecrivnd 14 Jay FRRE)

od foar iha

g of a twodi i soap-film setwork. Thin

A mean-Nald 1heary i p

ey engelaina (1) the correlation Botween arga and nembar of sidos of the ool and (11 1B ancmalom
ahnoe of dysamical scaling bww, which i shown 8 bave jin origin in b fopologics] coménini of a

pase-Tillang nerari

PALCK sambare B 7Ky, fE ey

Coarsening of soap froths 15 &6 inleresling &ed familiar
process in which soap cells lower their surleoe free energy
by increasing their average size. Traditiosally, metallur-
givts have studied this proces a3 modsl for graan
grewth in  palyeryslallise sl ! Receatly, ecllular
saap-lilm actworki Bave appeared 18 che lierature on
condensed maiter as proiotypioal sysiema with pepologi-
cal diwsrder.? 0t s, i fect, the topalopical aspect that
distimguishes this process (rom what i Ergen gy Oigwald
ripening, whish is the coamening of precapatated graind in
a wutiea. Whercas thete oft haid well-separated, ap-
pronimavely spherical grains, bere the cell shapes aze con-
strained by the meiwerk topology: Sphenical cells cannot
fill wpace. Poor Osfwald ripening. a wory succesdul
mean<lechd theory was devcloped around 1960 by
Lifikite, Slyosev, and Wapser™ (LEW)L To my
knowledge, there o B> comparade theory tha incorpoe
rales ihe topologikcal constraints of a network. [ B8 the
purpons of 1his paper B0 present pech a mean-lcld thoory

L 1 srrarirmine o 4 levchmencimal chandilm sl

ul':-;-u-u"ﬂ-nd cell, one then caidly Serivil van Messann's
Law 3¥

dAfdr =k (a—&h, {1l

willki k =(=f3)ap. The betal arca of the system remains
COfrlER 0 Leiee, & W dhould, by viter of Euler's
Iheoreny that the ool Bave dix dsdes on average The
descripison of the setwork dysambcs cosdists of Lwe peobs
kms, which can bs dealt wilh soparaiely as & resali of the
sepadaleen of 1 wtales mentioned above: (1) What is
i pedarssa berween 1Be arca and aumber of ixlcy of the
welly; and (XF how does the duviebations of apeas cvolve B
e B [t duen b probdem (1),

It b cbscrved cxpeyimendally that large cells tend bo
have masy skdes. | atsribele this corrclatsen lo the rela-
nively low surface eserpy of a manyssided cell™ Conud-
er am a-sided cell bousded by & repular polypon oos:
wiructed by circular arcs mesting st 120° angles. For o
preen kength 5 of the Goll povimetor. s area A is givon by



FIG. |. Two-dimensional soap-film network, traced from an
experimental photograph made by Smith (Ref. 5). The froth
lies between parallel glass plates, spaced about 4 mm apart.

10 o
- [ = | ]
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FIG. 2. Plot of the relation between cell area and number of
sides, from the minimizing of expression (6). For comparison,
markers show A (n)/A as obtained in the simulation of Ref. 12.
(The different markers correspond to three different networks;
for n =35, squares and circles coincide.)
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Flate 3, Thick dried starch layers with colusns, View is on the botiomside of the
specimess:; lamgp drying was performed froen the other side. (a) Large fing-gencration
crack vigible in fronl, showing chamcioristic plussose nupiurne sinachaes, radiating
from e crmck ypocenier o the (original) 1op of tse specimen. (b) Specimen broken
imtn pieces, The cobumns develop repularity within aboul 5-10 mm from the
{original) lop. Soveral cases of jolning columas can be soen.

Flate 4. (a) Detailed side vicw and {b) botiom view of the starch columng af the same
specimen (red har is | cm long). The top row of columns in Flate 4b agrees with the
columng in Plate da.
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Figure 2. (top) Side siatistics of the polygons in three
starch specimens. (bottom) Side stalistics i::': differeni ba-
sall column locations (modified from Walker [1993]. re-
printed with permission of Geological Society Publishing

House),

e F B
Mumoer of sides

MIURNAL OF GECFHYSICAL RESEARCH. VOL. 100, %0 B7, PAGES 15.239=15243, JULY 10, 1968

irch columns: Analog model for basalt columns

heard Mller

e off Messorology wd (eeopliyssc, LW, Ceoethe Universny, Frunkiun s Wi, (s

iwract, Desiceation of starch-water mixiures produces tensile-crack patierns which
ear 1o be interesting, but largely unknown study objecis for fraciure mechanics, struc-

1 geology, and volcanalogy. This
mns in starch. Starch

paper concentrales on columnar jointing and on
umng have polygonal cross sections and are very similar 1o
alt columins, They are produced by lamp drvi

slarch spocimens with dimensions of

eral centimeters and have diameters in the millimeter range. The columns develop be-
I'a crack front which propagates from the surface into the interior. The experiments,

ported by , Show

in that e ratio AP AF = (fi WG LT AY increascs
with timse unily, of that #(r)/ 7 increascs
with tlime ssd sgproaches the rato LG8 of total crack
longth I and ol srea A, E , LA can Be laken
s i rabiy of crncl length and arca per ol of tha crack
mm.ﬂmillnﬂthhﬂﬂ.lpqgﬂl
8 bowed than the sctual L4, there will be o tromd Soward
el @ wyibem bocauag lens engugy an required 1o realize it
Thas trend implics straighiening of cracks from regped v
wrzirotl azad lincar segments and & prefevence for pelyional
eclhy A crack wywlom withows preferentinl directon thes
comnints mecessarily of area-fillsg equilatena] polygosa,
ind among them eguilineral Bexagoen bave the loweat L4
ratio. This ideal eonfigeratson i, hewever, not resched in
nabgre, Bl oaly a cleae comfigeralion, comamting of
genenal benugom and the coghboring pohgas, pentageoss
it hepuagons.

unSims Akl

X ray tomaograms. show that polvgonal regularity of the crack pattern is not

b Colsaaade: Eatablatiee Problem

Smarch experimenis so i coptnbule ity o B wiution
of e coloresds-retsblabers problom in meadoaiersd basal
foewn, where abropd changes from tin, wregulas, nos ver:
lical columns (mishlsture) % thick, regulss, versl
columsn (colonnade} are observed, ofien wi Besizostal
planes and comesponding 1o one (dowmwasd) coslag &
rection [Spry, 1962, Dvlirafl and Ayobe, 1987) A2 leant
sonies of ihetue casca apparently can bo explamad by wador,
Bewang Broogh the newly aeded jombs vaporizing and
cflicaenily cooling the basali, theveby producing the en:
tablsturg charscher, whereas the coloanades cormeigosd 1
wooling pereeds wilheal waler seocis AR inleresling
quesiion, hawever, 1 whether such changes cas aleo oocur
wiThiil esvirenmental venstions and reflect
MIliwhn:mﬂ|mhmﬂ'ﬂ.

Walker | 1993]; repristed withi
e
Flow basth mides.

’ Bl e i |
Fligure £ Side view of & 1-1h.ltl:-l:_iu'lulﬂ.rthh Bow which has cooled from above aedl Bdew (from

fom of ecleni Pk i W ;
i|mmhmhﬂmmﬂm"umﬂmu{ﬁlz

to the details of
ol the samalanity

cxperiments des
o ke one hand,
ilp 1o clarify sei-
el em the other
dizcaszes simple
e CofIraclion if

1 which the ana-
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