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Did slippery sand help Egyptians build the pyramids?
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73' 3 FIG. 1 (color online). Wall painting from 1880 B.C. on the
S —— 749 tomb of Djehutihotep [1]. The figure standing at the front of the

2 — oy sled is pouring water onto the sand.
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0 ° ; 1'0 1T5 2‘6 PRL 112, 175502 (2014) PHYSICAL REVIEW LETTERS a0t

Displacement (mm)

Sliding Friction on Wet and Dry Sand
FIG. 2 (color online). Force-displacement curves for wet and

{ h v A. Fall,' B. Weber,' M. Pakpour," N. Lenoir,’ N. Shahidzadeh,' J. Fiscina,** C, Wagner," and D. Bonn'
dry Iranian sand. Inset: Picture of the setup. The picture on the left Van der Waals-Z Institute, IoP, University of Science Park 904, 1098XII Amsterdam, Netherlands
e olidi : : Institute for Advanced Studies in Basic Sciences, P.. Box 45195-1159 Zanjan, Iran
was t'aken while sliding over dry normalized san'd. The picture on 1,";, torial Imaging, UR Notvic, 77420 Champs.sar Murns, Framee
the right was taken while sliding over normalized sand wetted s *Experimental Physics, Saarland University, D-66123 Saarbriicken, Germany
5 B B “Gravitation Group, TATA Instiute of Fundamental Research, 1 Homi Bhabha Road, 400005 Mumbai, India
Zlﬂllffib ,‘;’;‘e‘i IIn tl;esdry sa;le(;, a heap clea:lyfbpu\li((ijs up ﬂll“ front of (Received 28 August 2013; revised ipt reccived 13 2013; published 29 April 2014)
© sied. © x 7. . cm § 1s out o with o . ‘We show experimentally that the sliding friction on sand is greatly reduced by the addition of some—but
edges (as the. Egypmm SIed) and a roughm_ass _Of 35_/“_11 with not too much—water. The formation of capillary water bridges increases the shear modulus of the sand,
sandpaper on its bottom; the results were qualitatively similar but which facilitates the sliding. Too much water, on the other hand, makes the capillary bridges coalesce,
2 2 resulting in a decrease of the modulus; in this case, we observe that the friction coefficient increases again.
less reproducible with a smooth bottom.

Our results, therefore, show that the friction coefficient is directly related to the shear modulus; this has
important repercussions for the transport of granular materials. In addition, the polydispersity of the sand is
L 2 - shown to also have a large effect on the friction coefficient.
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Nobel Laureates in Physics 2026 http://www.nobelprize.org/

“IceCube — 21—~V /BHBAFINDRENGHMRE FEYERROSIXILF—=a— )/ DFER”

ERT2\ NOBELPRISET I FYSIK 2026 ) T ENSKAPS | . .
W THE NOBEL PRIZE IN PHYSICS 2026 ;;WQ%KQEMI:;}Y!CIIEECE The Royal SWGd'Sh Academy Of SC'G”CGS haS deC|ded
to award the Nobel Prize in Physics 2026 to
Francis Halzen
gg,g7,;@;;;;1’,;;’:,,"5@g;g’,,'gfg‘;';,g;"ggj;;;sgiffj “for decisive contributions to the IceCube Neutrino
A SR R Observatory and the discovery of high-energy

neutrinos of astrophysical origin.”

“for decisive contributions to the IceCube Neutrino
Observatory and the discovery of high-energy
neutrinos of astrophysical origin”

§
g
g
°
g
:
:
g

Francis Halzen

University of Wisconsin—Madison, USA
Born 1944, Belgium

#NobelPrize
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© Johan Jarnestad/The Royal Swedish Academy of Sciences
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£ NOBELPRISET | FYSIK 2026 ) VETENSKAPS.
THE NOBEL PRIZE IN PHYSICS 2026 2/ AKADEMIEN

THE ROYAL SWEDISH ACADEMY OF SCIENCES NOBELPRISET I FYS' K 2026 ;\v:'c‘::-k slr‘yfg\}SKAPS
P THE NOBEL PRIZE IN PHYSICS 2026 &2 M\AD[MIFN

* 1930 - the neutrino is proposed by Wolfgang Pauli.

“l have done a terrible thing — | have postulated a
particle that cannot be detected!”

The neutrino (v) ...
* 1956 — Clyde Cowan and Frederick Reines provide
experimental confirmation.

... a ghostly messenger from space.

The neutrino was immediately understood to be an
ideal astronomical messenger.
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VETENSKAPS-
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A5 KUNGL.
NOBELPRISET | FYSIK 2026 )} VETENSKAPS:

THE NOBEL PRIZE IN PHYSICS 2026 \&<£/ AKADEMIEN

THE ROYAL SWEDISH ACADEMY OF SCIENCES

1930 — the neutrino is proposed by Wolfgang Pauli. g

‘I have done a terrible thing — | have postulated a e
particle that cannot be detected!” 1945

Photo; Nobel Foundation Archives

1956 — Clyde Cowan and Frederick Reines provide
experimental confirmation.

F. Reines

The neutrino was immediately understood to be an 1995
ideal astronomical messenger.
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Number of neutrinos :

« High-energy neutrinos from astrophysical : : : § §
sources are very rare. e > IlceCube cascade data

« Cubic-kilometre-sized detectors are needed. Background
NEUTRINO : : $ - :
SOURCE Particles and neutrinos

« In 1988, Francis Halzen proposed to use ks UL LA UL
: : : : : atmosphere.
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ICE WITH BUBBLES

4 4/
HOLES WITH ___» VERY CLEAR ICE
PHOTOMULTIPLIERS

(teraelectronvolt, TeV) (petaelectronvolt, PeV)

Bs&) NOBELPRISET | FYSIK 2026
F. Halzen and J. Learned, Proc. 5th International Symposium e Y N : ; ; ;
#NobelPrigeVery High-Energy Cosmic-Ray Interactions, £.6dz, Poland. k. L, TH E N OB E L PRIZE | N PHYSICS 2026 4 l\?s}sgﬁg?ﬁc'?i(;ge Collaboration, Physical Review Letters 136 (2026) 121002.

( Antarctica

«lceCube Ice

- Borehole
& /

Light sensors

Video: lceCube Collaboration

2,450 m

Light

2,820 m (bedrock)
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Nobel Laureates in Physics: Japanese Laureates

INEER (2002)

Za— MU/ RXZORBHIZEBICXT LT

jointly to Raymond Davis Jr. and Masatoshi Koshiba "for pioneering contributions
to astrophysics, in particular for the detection of cosmic neutrinos" and the other

half to Riccardo Giacconi "for pioneering contributions to astrophysics, which
have led to the discovery of cosmic X-ray sources".

iRHEE (2015)
“—a—hU/ICBENBEEERULEZa— N /IRBIOER

for the discovery of neutrino oscillations, which shows that neutrinos have mass

Nobelprize.org

https://www.nobelprize.org/prizes/physics/
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Nobel Prize

IceCube Laboratory

Data is collected here and
sent by satellite to the data
warehouse at UW-Madison

Digital Optical
Module (DOM)

5,160 DOMs
deployed in the ice

J—=NIVIEFE 20265F

Nobel Laureates in Physics 2026

|EEBLIBE

Sountd FoLeE NEUMTRING OESERVATORY

86 strings of DOMs,
set 125 meters apart

2450 m

Antarctic bedrock

. S e
A National Science Fou 1dation-
managed research facility

///

o 60 DOMs
on each
string

)

DOMs w
are 17 _I
meters

apart =
-

https://www.icehap.chiba-u.jp/icecube/img/icecubelmg04.jpg
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Nobel Laureates in Chemistry 2026 http://www.nobelprize.org/

FEERARICHE T SIFRIMNRE & U E CRBERORRICH LT

The Royal Swedish Academy of Sciences has decided
to award the Nobel Prize in Chemistry 2026 to

Henri B. Kagan and Kenso Soai

“for the discovery of non-linear effects and
autocatalysis in asymmetric organic synthesis.”

[1l. Niklas Elmehed © Nobel Prize Outreach

7Y « AA> Université Paris-Sud, Orsay, France
RasE= RRIBEIKER/RERIR

© Johan Jarnestad/The Royal Swedish Academy of Sciences
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Nobel Laureates: Japanese Laureates
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2. 1F ) 2.3 EZDEA HEE p48

1581 BEEDER (law of inertia)
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INEER (2002)
Za—KMNY/RKXEOERPLGEBICHLT

jointly to Raymond Davis Jr. and Masatoshi Koshiba "for
pioneering contributions to astrophysics, in particular for the
detection of cosmic neutrinos" and the other half to Riccardo
Giacconi "for pioneering contributions to astrophysics, which
have led to the discovery of cosmic X-ray sources".
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Why science teachers
should not be given
playground duty.
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conservation law of momentum
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conservation law of momentum
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Vector addition

figure 7.20 The momentum vectors of the two balls after
the collision add to give the total (initial) momentum of the
system. The paths of the two balls are approximately at right
angles after the collision.
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2. 1% ) 2.6 bEdS:EF ) 2.6.3 AEFSHFFH
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conservation law of angular-momentum
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