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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?

I —
Granular materials

R IR I R L L T P R L I LI R T T P R I N LT )

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
E fact 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-Suirez’
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: awide swath of grains risesin
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

7N ) 4

[ § —_ -

A S N

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 sepregating convection rolls’,
and from meticulous computational com-
parisons that revealed that convection
dominates over percolation in producing
segrepation 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

NATURE| VOL 429 | 27 MAY 2004 | www.nature.com/nature
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OPINION Open Access

Physics in the kitchen

Peter Barham

Abstract

The kitchen is a laboratory and cocking 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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Induction of Pluripotent Stem Cells
from Mouse Embryonic and Adult
Fibroblast Cultures by Defined Factors

Kazutoshi Takahashi' and Shinya Yamanaka'**

' Department of Stem Cell Biology, Institute for Frontier Medical Sciences, Kyote University, Kyoto 606-8507, Japan
2CREST, Japan Science and Technology Agency, Kawaguchi 332-0012, Japan

*Contact: yamanaka@frontier.kyoto-u.ac.jp
DOl 10.1016/}.cell.2006.07.024

SUMMARY

Differentiated cells can be reprogrammed to an
embryonic-like state by transfer of nuclear con-
tents into oocytes or by fusion with embryonic
stem (ES) cells. Little is known about factors
that induce this reprogramming. Here, we dem-
onstrate induction of pluripotent stem cells
from mouse embryonic or adult fibroblasts by
introducing four factors, Oct3/4, Sox2, c-Myc,
and KIf4, under ES cell culture conditions.
Unexpectedly, Nanog was dispensable. These
cells, which we designated iPS (induced plurip-
otent stem) cells, exhibit the morphology and
growth properties of ES cells and express ES
cell marker genes. Subcutanecus transplanta-
tion of iPS cells into nude mice resulted in
tumors containing a variety of tissues from all
three germ layers. Following injection into blas-
tocysts, iPS cells contributed to mouse embry-
onic development. These data demonstrate
that pluripotent stem cells can be directly gen-
erated from fibroblast cultures by the addition
of only a few defined factors.

INTRODUCTION

Embryonic stem (ES) cells, which are derived from the in-
ner cell mass of mammalian blastocysts, have the ability
to grow indefinitely while maintaining pluripotency and
the ability to differentiate into cells of all three germ layers
(Evans and Kaufman, 1981; Martin, 1981). Human ES cells
might be used to treat a host of diseases, such as Parkin-
son's disease, spinal cord injury, and diabetes (Thomson
et al., 1998). However, there are ethical difficulties regard-
ing the use of human embryos, as well as the problem of
tissue rejection following transplantation in patients. One
way to circumvent these issues is the generation of plu-
ripotent cells directly from the patients’ own cells,
Somatic cells can be reprogrammed by transfeming
their nuclear contents into cocytes (Wilmut et al., 1997)

or by fusion with ES cells (Cowan et al., 2005; Tada
et al., 2001), indicating that unfertilized eggs and ES cells
contain factors that can confer totipotency or pluripotency
to somatic cells. We hypothesized that the factors that
play important roles in the maintenance of ES cell identity
also play pivotal roles in the induction of pluripotency in
somatic cells.

Several transcription factors, including Oct3/4 (Nichols
et al., 1998; Niwa et al., 2000), Sox2 (Avilion et al., 2003),
and Nanog (Chambers et al., 2003; Mitsui et al., 2003),
function in the maintenance of pluripotency in both early
embryos and ES cells. Several genes that are frequently
upregulated in tumors, such as Stat3 (Matsuda et al.,
1999; Niwa et al., 1998), E-Ras (Takahashi et al., 2003),
c-myc (Cartwright et al., 2005), KIf4 (Li et al., 2005), and
p-catenin (Kielman et al., 2002; Sato et al., 2004), have
been shown to contribute to the long-term maintenance
of the ES cell phenotype and the rapid proliferation of
ES cells in culture. In addition, we have identified several
other genes that are specifically expressed in ES cells
(Maruyama et al., 2005; Mitsui et al., 2003).

In this study, we examined whether these factors could
induce pluripotency in somatic cells. By combining four
selected factors, we were able to generate pluripotent
cells, which we call induced pluripotent stem (iPS) cells,
directly from mouse embryonic or adult fibroblast cul-
tures.

RESULTS

We selected 24 genes as candidates for factors that
induce pluripotency in somatic cells, based on our
hypothesis that such factors also play pivotal roles in the
maintenance of ES cell identity (see Table S1 in the
Supplemental Data available with this article online). For
p-catenin, c-Myc, and Stat3, we used active forms,
533Y-p-catenin (Sadot et al., 2002), TS8A-c-Myc (Chang
et al., 2000), and Stat3-C (Bromberg et al., 1999), respec-
tively. Because of the reported negative effect of Grb2
on pluripotency (Burdon et al., 1999; Cheng et al., 1998),
we included its dominant-negative mutant Grb2ASH2
(Miyamoto et al., 2004) as 1 of the 24 candidates.

Cell 126, 663-676, August 25, 2006 ©2006 Elsevier Inc. 663
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Figure 6. Characterization of iPS Cells Derived from Adult Mouse Tail-Tip Fibroblasts

(A) Morphology of IPS-TTFgfp4-3 on STO feeder cells.

(B) RT-PCR analysis of ES marker gene expression in iPS-TTFgfp4 celis (clones 1-5 and 7). We used primer sets that amplified endogenous but not

transgenic transcripts.

(C) Contribution of iPS-TTFgfp4-7 and iPS-TTFgfp4-3celis to

iPS into C57/BL

Embryos were analyzed with a fluorescence microscope at E7.5 (upper panals, iPS-TTFgipd-7) or E13.5 (lower panels, iPS- TTFqipd-3). Scale bars -

200 um (upper panels) and 2 mm (lower panels).

(D) The E13.5 chimeric embryo was sectioned and stained with anti-GFP antibody (brown). Cells were counterstained with eosin (blue).

showed that iPS-TTFgfp4wt cells also most

of the ES cell marker genes (Figure S6).

We transplanted 2 iPS-TTF4 and 6 iPS-TTFgfp4 clones
into nude mice, all of which produced tumors containing
tissues of all three germ layers (Table S6 and Figure S3).
We then introduced 2 clones of iPS-TTFgfp4 cells (clones
3 and 7) into C57/BL6 blastocysts by microinjection. With
iPS-TTFgfp4-3, we obtained 18 embryos at E13.5, 2 of
which showed contribution of GFP-positive iPS cells
(Figure 6C). Histological analyses confirmed that iPS cells

670 Cell 126, 663-676, August 25, 2006 ©2006 Elsevier Inc.

ted to all three germ layers (Figure 6D). We ob-
served GFP-positive cells in the gonad but could not de-
termine whether they were germ cells or somatic cells.
With iPS-TTFgfp4-7, we obtained 22 embryos at E7.5, 3
of which were positive for GFP. With the 2 clones, we
had 27 pups born, but none of them were chimeric mice.
In addition, iPS-TTFgfp4 cells could differentiate into all
three germ layers in vitro (Figure S7). These data demon-
strate that the four selected factors could induce pluripo-
tent cells from adult mouse fibroblast cultures.
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TIHE OF FLIGHT MASS SPECTROKETRY

Koichi Tanaka, Yutaka Ido, Satoshi Akita,
Yoshikazu Yoshida and Tamio Yoshida

Central Research Laboratory, Shimadzu Corporation,
1 Nisinokyo-Kuwabaracho, Nakagyo-ku, Kyoto 604, Japan

[ Introduction ]

The laser desorption time-of-flight mass spectrometer
has been developed in order to analyze non-velatile, thermally
labile and high mass organic molecules. In this spectrometer we
have made improvements on all stages of mass spectrometer ( ion
source, mass separation. detector, electronics }.

[ Equipment ]

The construction of the laser desorption time-of-flight
mass analyzer is shown in Fig.l. Figure 2 shows the bleck di-
agram of TOF spectrum measurement system.

-~ Ion source --

N: laser ( Wavelength:337nm, Pulse width:about 15nsec,
Pulse energy:4mJ) Max.) was used for iorization. "Rapid heating”
[1) is achieved by irradiating pulsed laser on sample surface.
As for sampple preparation, "Ultra fine metal powder (UFP) and
glycerol matrix method "
increasing the yield of high mass mclecular ions, and decreas-
ing the yield of fragment ions(2].

In comparison with Bulk, UFP has the fellewing features

+ High photo-absorpticn

was found to be very effective for

Lov heat capacity
Zxtremely large surface area per unit volume
This UFP matrix method seemed tc enhance the speed of
heating even further.
-- Mass separation --
Generally, TOF-HS has the following Characteristics
— Very high transmission
— Measurement time of less than a few hundreds . sec

~ 185 —

(MIZEII:H LYITS-S-R!DES r:-[op 7’—:

BB LD,

4«ﬁ2m%$nﬁir%ot.

A new gradient-electric field ion reflector for a time-
of-flight mass spectrometer has been developed in order to im-
prove mass spectral resolution by energy focusing [3]. In the
TOF mass spectrometer consisting of a free ion drift region and
a new ion reflector, the motion of the same ®/z ions is gquasi-
single oscillation of the same period. Therefore, the flight-
times of the same m/z ions are focused to a constant even if
the initial kinetic energy of the emitted ions are scattered

The TOF mass separation system was designed to permit
2asy switching between "Reflector type” ( V:=>Vo ) and "Linear
type” ¢ V=0 ).

° TOF SIGNAL

:kif

L v,

T
START SIGNAL

Fig. 1 Construction of the Laser Desorption TOF Mass Analyzer.

== Defettor ==
Micro channel plate (MCP) or secondary electron pulti-
plier (SEM) is usually used to detect ions, electrons or pho-
tons. Ions of larger m/z generally have low velocities in TOF-
MS. So the detection sensitivity of MCP has a tendency to de-
crease in higher mass regions.
Higher detection sensitivity for high mass ions was

— 186 —
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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 ¢t =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 1i|mit of
small, planar deflections take the form

L*k (s, 1) + T?k 2(5,1) =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 k(0,t) 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/ /v1.

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 [rames shot with a fast camera at 1000 Hz:
(a) release t; = 0, (b) intermediate frame t; = 0.01597", (c)
frame just before rupture ¢t = 0.05097", and (d) after rupture
ta = 0.05967T". 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. J]. Beenakker

Philips Research Laboratories, 5600 J4 Eindhoven, The Netherlands
(Received 14 July 1986)

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

space-filling network.

PACS numbers: 82.70.Rr, 68.90.+g

Coarsening of soap froths is an interesting and familiar
process in which soap 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 polycrystaltine solids.! Recently, cellular
soap-film networks have appeared in the literature on
condensed matter as prototypical systems with topologi-
cal disorder.? It is, in fact, the topological aspect that
distinguishes this process from what is known as Ostwald
ripening, which is the coarsening of precipitated grains in
a 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-field theory was developed around 1960 by
Lifshitz, Slyosov, and Wagner®* (LSW). To my

knowledge, there is no comparable theory that incorpo-
rates the topological constraints of a network. It is the

purpose of this paper to present such a mean-field theory
for the cnarcenine of 5 two-dimencional gaan-film nets

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

dA/dt =k (n—6), (1)

with k =(x/3)ou. The total arca of the system remains
constant in time, as it should, by virtue of Euler's
theorem that the cells have six sides on average. The
description of the netwark dynamics consists of two prob-
lems, which can be dealt with separately 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 does the distribution of areas evolve in
time? I first turn to problem (1),

It is observed experimentally that large cells tend to
have many sides. I attribute this correlation to the rela-
tively low surface energy of a many-sided cell.'"® Consid-
er an n-sided cell bounded by a regular polygon con-
structed by circular arcs meeting at 120° angles. For a
given length § of the cell perimeter, its area A is given by



FiG. 1. Two-dimensional soap-film network, traced from an
experimental photograph made by Smith (Ref. 5). The froth
lies between paraliel glass plates, spaced about 4 mm apart.
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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 <5, squares and circles coincide.)



SHRERELBEV E5RHE%

1To T
AIMAEDERSIZSMLE D !

INERNdNIL, kEZEL TE
fm L T2y !

AT I == ] LS | 0™ = Ay == L




	スライド 1: 自由研究のテーマえらび
	スライド 2: 私の研究れき
	スライド 3
	スライド 4
	スライド 5
	スライド 6
	スライド 7
	スライド 8
	スライド 9: さあいよいよ今日のおはなし！
	スライド 10
	スライド 11: ビー玉と２Ｂ弾を混ぜる
	スライド 12
	スライド 13: みんなもミックスナッツでためしてみよう！
	スライド 14: 土石流（どせきりゅう）のたいせきぶつ ノルウエイの島のちそう
	スライド 15: 自由研究のテーマ選び みんながよくするまちがい（その１） 
	スライド 16: よくあるまちがい（その２）
	スライド 17: よくあるまちがい（その３）
	スライド 18: よくあるまちがい（その４）
	スライド 19: じゃあどうするか？
	スライド 20: 誰かの研究を参考にする例！
	スライド 21
	スライド 22
	スライド 23: 考えてもなかなかいいテーマが みつからないときは-------
	スライド 24: ここで動画をみてください
	スライド 25
	スライド 26
	スライド 27
	スライド 28: 先行（せんこう）研究と比較する
	スライド 29: 私の研究を発展させるには？
	スライド 30
	スライド 31: 台所（キッチン）は研究の宝庫！
	スライド 32
	スライド 33
	スライド 34
	スライド 35
	スライド 36: そしてもしテーマが決まれば
	スライド 37: たとえば「くもの糸の研究」
	スライド 38: 研究発表の重要性（じゅうようせい）
	スライド 39: Novel prize 2012 
	スライド 40
	スライド 41: 2002年ノーベル化学賞：田中耕一
	スライド 42
	スライド 43: きょうの実験！ スパゲティを折るとどうなるか？
	スライド 44
	スライド 45: スパゲティを折った結果を調べてみよう！
	スライド 46
	スライド 47
	スライド 48
	スライド 49
	スライド 50
	スライド 51: そのほかのちょっと面白い例
	スライド 52: 泡の形や大きさに注目
	スライド 53: 今日の研究が面白いと思った人

