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i} Sunlight is white, made of
all the colors of the rainbow.

[ 1+ D3R LV

A Space is black because
there is almost nothing in
the void to reflect sunlight.

E] Blue and violet light is scattered
by Earth’s atmosphere, turning the
sky blue (we don’t see violet well).

GRAPHIC BY ROBERT ROY BRITT
Not to Scale

attps://gph.cf2.quoracdn.net/main-gimg-

i;)3f51 3149i bd]9fe

{and sunsets are red)

The longest wavelength of light we can see is red.

N\
\N\N\N\NSNS

The shortest we see are blue and violet.

1 At sunrise and sunset, the light passes

through more atmosphere to reach you,
so even more of the blue and violet is
scattered, along with some of the green,
but orange and red still get through.

SOURCES: NOAA; NASA; The Weather Book;
Stephen F. Corfidi; Phil Plait
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Street, Covent Garden, a great auk’s egg in
fine condition was sold for two hundred
guineas... This is a considerable falling-off
from the three hundred guineas obtained

for the last specimen sold by Mr. Stevens,
the reason being attributed to the fact that
several other fine examples are in the market.
From Nature 26 May 1904.

Figure 1 Nuts: why do brazils always rise to the top?

Iy — | §
Granular materials

B L T T T Y

The brazil nut effect — in reverse

Troy Shinbrot

In a box of mixed nuts, the brazils rise to the top. In granular mixtures
in general, depending on their size and density, the ‘brazil nuts’ may
sink instead. This reverse effect has now been explored further.

very farmer can attest to the curious
Efaa that the largest crop each spring

is the boulders that appear, untended,
on open fields. Common wisdom holds that
this crop is loosened from the soil by frost
heave, and rises because small pebbles can
slip beneath large boulders, but not vice
versa'. This is the ‘brazil nut effect’ —
named for the fact that, in a container of
mixed nuts, the brazil nuts always seem to
rise to the top (Fig. 1). Because similar
processes and effects occur in pharmaceuti-
cal, chemical and food processing, the prob-
lem of granular segregation has earned
serious attention’ — and now, in Physical
Review Letters, Huerta and Ruiz-Sudrez’
add the latest piece of the puzzle.

The first complication to 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 rises in
the centre of a container, and thin margins
correspondingly sink*. According to the con-
vection picture, large ‘intruder’ particles rise
with the surrounding bed, and then find
themselves simply unable to fit into narrow

©2004 Nature Publishing Group
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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 magnetic-resonance-imaging
experiments that conclusively demonstrated
the presence of segregating convection rolls,
and from meticulous computational com-
parisons that revealed that convection
dominates over percolation in producing
segregation in deep beds".

Over the past decade, however, our
understanding of the segregation of large
particles in vibrated beds has been chal-
lenged by experiments revealing that
although large heavy ‘intruder’ particles can
indeed rise in vibrated beds of finer grains,
equally large light intruders can sink, con-
trary to expectation and common experi-
ence. Now termed the ‘reverse brazil nut
effect) this observation’, made by myself and
Fernando Muzzio, is explained by neither the
convection nor the percolation description.
It is so counterintuitive that a reviewer of
the original manuscript reporting the effect
insisted that it could not be correct; and the

N.-\TL‘RI-‘.| VOL429{27 MAY 2004 |www.natulc.com/nalurc
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' Flavour

OPINION

Physics in the kitchen

Peter Barham

Open Access

Abstract

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

they can repeat the experiment (recipe) as required.

During the meal, as we eat 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
more tests of the recipe, we may then begin to derive a
model to explain our results and to understand how and
why making small changes to the recipe produces differ-
ent qualities in the final dish — we can then use that
understanding and apply it to other recipes, so continu-
ally improving our cooking skills.

This is nothing more than the application of the scientific
method to cookery — simple but highly effective. If taken
seriously and applied properly there is no excuse for any
scientifically trained person not to become a superb cook.

But is there more to physics in the kitchen than ensur-
ing physicists are good cooks? Can physics help chefs
with no scientific background improve their own cook-

ensure some degree of consistency between cooks there is
a need to have some assurance that the temperatures used
in different kitchens are closely similar (if not the same).
Without the use of expensive scientific equipment the
only easy way is to use a phase transition that occurs at a
fixed temperature — and the simplest and most accessible
of these is to use boiling water. Common practice when
cooking vegetables, for example, is therefore simply to put
them in boiling water for a fixed time. This can provide a
system which is sufficiently reproducible that the same
recipes can be used by cooks around the world and ensure
they get similar results. But is it? We teach our children
that water boils at 100°C, but it is only much later when
those who progress on to higher levels of education begin
to learn that the boiling point of water is not fixed, but ac-
tually quite variable — for example, in Denver, Colorado,
which is about 1.6 km above sea level and where the at-
mospheric pressure is around 85 kPa, water boils at
around 94°C.
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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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Induction of Pluripotent Stem Cells
from Mouse Embryonic and Adult
Fibroblast Cultures by Defined Factors

Kazutosh Takahashy' and Shimyn Yamanaka '

' Doparamect of Stem Coll Bogy, inatmae for Froster Med cf Scences. Xyotn Universty, Kyoto (08-8307, Jason

‘CREST, Jpan Sounce ind Tectnokogy Agency. Kawagucti 3520012, Jepan

‘Cortact pamanakairontier kyotow ac
DO 10010Vl 2006.0T N4

AUMMARY

Ditferentiated colis can be reprogrammed to an
ambryonic-ike state by transfor of nuclear con-
tents Into oocytes or by fusicn with embeyonic
stem (ES) colls, Ltth in known about Tacsors
thnt induce this reprogramming. Hane, we dem-
onsirate induction of pluripotent stem cels
from mouse embryonic or adult foroblasts by
introducing four factory, Oct¥a, Sox2, c-Mya,
and Kits, under ES cell cufture conditions.
Unaxpectedty, Nanog was dispensable. These
cells, which we designated IFS {Induced phinip-
otat stam) cells, exhibit the marpholegy and
growth properties of ES cells and axpress ES
oell marker genes. Subcutaneous transplanta-
tion of IPS cells nto nude mice resultod In
tumors containing a vanety of lissues from all
threa gaem layars. Following injection into bias-
tocysts, S cals contribated 1o Mouse ombry-
ome dewedopment. These data demonsirate
that pluripotent stem cells can ba directly gan-
erated from fibrobast oultures by tha addition
of only a fow defined factors.

INTRODUCTION

Emtryone: soam (B calix. which are derived bom e in-
ror ool mass of mammakan uas'a:cyux mw the abity
o gow y whin cy g
o abity to derentiaie nto oels of nl tvee goem layors
Evans and Kautwan, 1851, Mamie, 19813 Huwan E3 cels
might De umad to treet 3 host of desaesss. 5uch s Parkin-
300's disease. spal cond iy, and dabotes (Thomson
o al 1005, Howwver, twarw are sthical OITCutis regied-
ng the e of human smbryae, an wel % He problem of
TE0ue ropecton SoRowing tranaplantason In pasents. One
way % creumven Faae e i the genenation of plu-
rpotent cels dmctly fam e patients” own celfs.
Somatic cols Can De reprogrammed by rarsfanieg
Per nucioar confents ibto cocytes (WM m o 1967)

of ty hmon wih £S5 cets (Cownn ol al, 2005, Tade
et al, 200Y), Incoting that unferszed oggs and €5 colls
contugn lacions that can conlir LOEQotency o pluspalenty
10 somatc caln. We typothesaed that the facions hat
phay Importan rodes 0 the malnterance of ES cel identty
wao play povirial rodes in e ndhucton of plunposency in
Lomans oeds.
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Fragmentation of Rods by Cascading Cracks: Why Spaghetti Does Not Break in Half

Basile Audoly and Sébastien Neukirch

Laboratoire de Modélisation en Mécanique, CNRS/Université Paris VI, 4 place Jussieu, 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 more than two pieces. typically three or four. With the aim of understanding these multiple breakings.
we study 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 flexural waves, whose dynamics are described by
a self-similar solution with no adjustable parameters. These flexural waves locally increase the curvature
in the rod. and we argue that this counterintuitive mechanism is responsible for the fragmentation of brittle
rods under bending. A simple experiment supporting the claim is presented.

DOI: 10.1103/PhysRevLett.95.095505

The physical process of fragmentation is relevant to
several 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 to quasistatic fragmentation where a

PACS numbers: 62.20.Mk, 46.50.+a, 46.70.De

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 to fail: see Fig. 1. At time 7 =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 Kirchhoff equations [13], which in the li|n1it of
small, planar deflections take the form

L“x_s.(s, 1+ T",K.,z(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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FIG. 2: Top: numerical solution of the nonlinear Kirchhoff
equations for an initial half-circle configuration, ko = 7 /L.
The curvature at the free end x(0,%) 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 ~ 1", reflections take place on the clamped end s =
L. Bottom: self-similar solution describing the intermediate

regime with £ = s/ /7t.

FIG. 3: A dry spaghetti can be broken by releasing one of
its ends. The pasta is first bent into an arc of circle with
a curvature slightly below its limit curvature. The lower
end is clamped. The upper one is suddenly set free at time
la = 0. Selected frames shot with a fast camera at 1000 Hz:
(a) release to = 0, (b) intermediate frame ¢, = 0.01597", (¢)
frame just before rupture t. = 0.0509 7', and (d) after rupture
tg = 0.0596 7. Numerical simulations based on the nonlin-
ear Kirchhofl equations are superimposed, without any ad-
justable parameters: rod profile (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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Evolution of Two-Dimensional Soap-Film Networks

C. W. ] Beenakker

Philips Research Labaratories, 5600 JA Eindhoven, The Netherlands
(Received 14 July 1986)

A mean-field theory is presented for the coarsening of a two-dimensional soap-film petwork. This
thooey explains (1) the correlation betwoen arca and number of sides of the cells, and (2) the anomalous
absence of dynamical scaling laws, which i shown to have its origin in the topological constraint of a

space-filling network,

PACS numbdery. 270 Rr, 64.90.4¢

Coarsening of soap froths is an interesting and familiur
process in which soup cells lower their surface free energy
by increasing their average size. Traditionally, metallur-
gists have studied this process as a model for grain
growth in polycrystalline solids,! Recently, cellular
sonp-film metworks have appeared in the lierature on
condensed matter us prototypical systems with topologi-
cal disorder.? It is, in fact, the topological aspect that
distinguishes this process from what i known as Ostwald
ripening, which is the coarsening of precipitated grains in
u solution. Whereas there one has well-separated, ap-
proximately spherical grains, here the cell shapes are con-
strained by the network topology: Spherical cells cannot
fill space, For Ostwald ripening. a very successful
mean-ficdd theory was developed around 1960 by
Lifshitz, Slyosov, snd Wagner’* (LSW). To my
knowledge, there s no comparable theory that incorpo-
rates the topological constraints of a network. [t is the
purpose of this paper to present such a mean-ficld theory

for tha rearcnine of & twondimencnnal cann.film net.

of an n-sided cell, one then easily derives von Neumann's
law 3

dA/dr =k{n—6), (n

with &k =(a/3)au. The total arca of the system remains
constant in time, as it should, by virtwe of Euler's
theoremn that the cells have six sides on average. The
description of the network dynamics consists of two prob-
lems, which can be dealt with scparately as a result of the
separation of time scales mentioned above: (1) What is
the relation between the area and number of sides of the
cells; and (2) how docs the distribution of arcas evolve in
time? 1 first turn to problem (1).

It ts obscrved experimentally that large cells tend to
have many sides. 1 attribute this correlation to the rels-
tively low surface encrgy of 4 many-sided cell.' Consid-
er an n-sided cell bounded by a regular polygon con-
structed by circular #rcs meeting at 120° angles. For a
given length 5 of the cell perimeter, its area 4 is given by



Fi1G. 1. 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.

101 o
— [+ }
N
s_ o x o
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Y. | ] | |
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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 A4 (n)/A4 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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Plate 3. Thick dried starch layers with columns. View 15 on the bottomside of the
specimens; lamp drying was performed from the other side. (a) Large first-gencration
crack visible in front, showing characteristic plumose rupture structures, radinting
from the crack hypocenter at the (original) top of the specimen. (b) Specimen broken
into pieces. The columns develop regularity within about 5-10 mm from the
(original) top. Several cases of joining columns can be seen

Plate 4. (a) Detailed side view and (b) bottom view of the starch columns of the same
specimen (red bar is | em long). The top row of columns in Plate 4b agrees with the

columns in Plate da.
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irch columns: Analog model for basalt columns

hard Miiller

ute of Meteorology and Geophysics, | W. Goethe University, Frankfurt am Main, Cieemany

itract. Desiccation of starch-water mixtures produces tensile-crack patterns which
ear to be interesting, but largely unknown study objects for fracture mechanics, struc-
I geology, and volcanology. This paper concentrates on columnar jointing and on
imns in starch. Starch columns have polygonal cross sections and are very similar to
alt columns. They are produced by lamp drying starch specimens with dimensions of
sral 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 X ray tomograms, show that
ety oy s e daatsann ® sun ehouinaa puan
in that the ratio AD ! AF = (e(1)/ G)I(L/ A) increnses
with time approsching unity, of that e(1)/ G increases
with time and spproaches the mtio L4 of total cmek
length L and total area 4 Equivalently, L/4 can be taken
as the mtio of crack Tength and area per cell of the crack
system. Then, if there is & orack system whase L/A per eell
{8 lower than the actual /4, there will be a trend toward
such a system because less enorgy s reguired to cealize it
This trend implies strnightening of cracks from rugged 1o
smooth and linear seg and » prefi for polygonal
cells. A orack system without proferential directions then
consists necessarily of area-filling cquilateral polygons,
and smong them equiluteral hexagons have the lowest LA
ratio. This wdesl configurntion is, however, pot hod in

polygonal regularity of the crack pattern is not

6.4. Colonnade-Entablature Problem

Starch experiments 50 far contribute litthe 1o the solution
“{“ 1 A, %) T M1 m 1, 2 1 hlllh
flows, where abrupt changes from thin, irregular, non ver-
tical colummns (entablature) to thick, rogulur, vertical
columns (colonnade) are obwerved, often at horzootal
planes und correaponding 1o one (downward) cooling di-
rection [Spry, 1962, DeGraff and Aydin, 1987). At least
some of these cuses apparently can be explained by water,
flowing through the newly d joints, vap g und
efficiently cooling the basalt, thereby ucing the en-
tablature character, wh the col & d 10

g ds without water acoess. An mteresting

mature, but only a cloae configuration, isti

g of
geoem! hexagons and the neighboring polygoas, pentagans

and heptagons.

&, Side view of 3 5 m thick Icelandic lava
of Geol

Figure
Walker [1993]; reprinted with permissi

¥ 'howm.iomhnnuchdlmmnhomu
withaut pronounced environmental vanations and reflect
transitions between two baxic states of a cooling and frue-

.

flow which han cooled from above and below (from

ieal €

sety Publishing House). Walker's sketoh to

the right illustrates the increane in column thickness and decrease in complexity into the interior of the

flow froen both sides.
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