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Water waves can do amazing tricks

Scientists have used waves created by a ring-shaped plastic structure to make a ping-
pong ball floating in a water tank rotate around its center and move in a fixed circular
path. Credit: Henan University

Pavel Houser

Scientists have discovered a way to manipulate water waves, allowing them to capture
and precisely move floating objects — as if they were being guided by an invisible force.
The method involves generating and linking water waves that create complex surface
patterns, such as twisting loops and eddies. Laboratory experiments have shown that
these patterns can attract nearby floating objects, such as small foam balls the size of a
grain of rice, and trap them in these patterns.

The research was carried out by an international team of scientists led by Nanyang
Technological University in Singapore (NTU).

Some patterns act like tweezers or towbars, keeping floating beads in place on the
water surface so they don’t drift away, even in the current. Others cause the beads to
rotate around their center and follow a precise circular or spiral path within the
patterns. Unlike regular waves, these wave patterns remain stable even when disturbed
by smaller, external waves.

The technique could be further developed, for example, to capture spilled liquids and
chemicals floating on the water, making it easier to “clean up”.



The method could also be extended to guide larger floating objects and possibly even
ships along a desired path on the water, even if they don’t have functioning motors.
Future research could also study waves even smaller than those currently being
experimented with, such as at the scale of cells.

“Our results are the first step in exploring how water waves can be shaped to move
objects, which has many potential applications in the future,” said co-author Shen Yijie
of NTU.

The water wave shaping technique was developed thanks to inspiration from Shen’s
previous work exploring the use of light waves to create complex structures or light
patterns. That research showed that small disturbances do not simply destroy these
light patterns, and can trap tiny particles such as yeast cells and metal nanoparticles.
By manipulating the light waves, it was also possible to move the particles trapped in
them, again by an invisible force.

During his research, Shen realized that since water and light share (and can have) a
wave hature, what his team had achieved with light waves might also be possible with
water waves. The researchers first conducted computer simulations and then
laboratory experiments in a water tank, where they created waves using various plastic
structures printed on a 3D printer and partially submerged in water. One of these plastic
structures was a ring connected to 24 tubes spread around it. The tubes were
connected to speakers that emitted low-frequency sounds that caused the water
surface inside the ring to ripple.

The researchers placed a small floating ball made of foam polyethylene in the water
tank and observed how the ball moved as the waves were created. The balls ranged in
diameter from 4.8 mmto 12.7 mm. The researchers also tested a 40 mm diameter ping-
pong ball.

By adjusting the size and frequency of the water waves, and changing whether some
waves moved together with others, they caused the waves to interact, overlap, and
merge, creating complex patterns on the water surface. These patterns captured a
floating ball and were able to hold it almost still, or spin it and move it precisely along a
circular or spiral path in the patterns, with a maximum deviation of 2-4 mm.

The team plans to continue working to determine whether water patterns can be
created underwater, and not just on the surface, and thus move submerged objects.
The technique could also be extended to investigate whether ships can be guided to a
specific location or along a desired path. Researchers would have to take into account



the disruptive effects of natural sea waves, which could destroy the water patterns if
these sea waves were too strong.

Since water patterns cannot be easily disrupted, future research could explore the
possibility of using them for data storage (PH note: this seems more funny and
spectacular than for something practically useful). The way the water in the samples
swirls is also similar to how light waves and electrons can behave, suggesting that water
waves could be studied as a more accessible surrogate for investigating some of the
quantum phenomena observed in light waves and electrons.

Bo Wang et al, Topological water-wave structures manipulating particles, Nature (2025).
DOI: 10.1038/s41586-024-08384-y
Source: Nanyang Technological University / translated, abbreviated

PH: linguistic note, “invisible force” is commonly used, but are forces usually visible
(gravity, electromagnetism...)?

Note about the analogies of water and light, that instead of light we could study water
waves: well, it reminds me a bit of the experiments where from what happens at a
waterfall it is concluded that Hawking radiation from black holes really exists. | don’t
have much confidence in these analogies.
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Védci dokazali pomoci vin, které vytvofili pomoci plastové konstrukce ve tvaru prstence,
primét pingpongovy mi¢ek plovouci ve vodni nadrzi, aby se otacel kolem svého stfedu a
pohyboval se po pevné kruhové draze. Kredit: Henan University

Pavel Houser

Védci objevili zplsob, jak manipulovat s vodnimi vlnami, coZ umozZnuje zachytit a
pfesné pohybovat plovoucimi objekty — jako by je fidila neviditelna sila. Metoda spociva
v generovani a spojovani vodnich vln, které vytvareji slozité povrchové vzory, napftiklad
kroutici se smycky a viry. Laboratorni experimenty ukazaly, Ze tyto obrazce mohou
pfitahnout blizké plovouci pfedméty, malé pénové kuli¢ky velikosti zrnka ryze, a uvéznit
je vtéchto obrazcich.

Vyzkum uskutecénil mezinarodni tym védcd pod vedenim Nanyang Technological
University v Singapuru (NTU).

Nékteré vzory funguji jako pinzeta nebo vleény paprsek, ktery udrzuje plovouci kuli¢ky
na misté na vodni hladiné, aby neodpluly ani v proudu. Jiné zp(sobuiji, Ze se kuli¢ky
otaceji kolem svého stfedu a pohybuji se pfesné po kruhové nebo spiralové draze uvnitf
obrazct. Na rozdil od béznych vln z(stavaji tyto vinové obrazce stabilni, i kdyzZ je
naruSuji mensi vnéjsi viny.

Techniku by bylo mozné dale rozvijet napfiklad k zachyceni rozlitych kapalin a
chemikalii, které se vznaseji na vodé, a usnadnit tak jejich ,,uklid*.

Metodu by bylo mozné rozsifit i na navadéni vétsSich plovoucich objektl a pfipadné i
plavidel po pozadované draze na vodé, i kdyZz nemaji funkéni motory. Budouci vyzkum by
mohl studovat naopak také jesté mensiviny, nez jsem s nimiz se experimentovalo nyni,
napfiklad v méfitku bunék.

»Nase vysledky jsou prvnim krokem ve zkoumani toho, jak lze vodni vlny tvarovat k
pohybu objektl, coz ma v budoucnu mnoho potencialnich aplikaci,” uvedl spoluautor
vyzkumu Shen Yijie z NTU.

Technika tvarovani vodnich vln byla vyvinuta diky inspiraci pfedchozi Shenovou praci
zkoumajici vyuziti svételnych vln k vytvofeni komplexnich struktur nebo svételnych
vzorl. Tento vyzkum ukazal, Ze malé poruchy tyto svételné obrazce jen tak neznici a
mohou v nich zachytit drobné ¢astice, jako jsou buriky kvasinek a nanocastice kov(.



Upravou svételnych vin bylo mozné pohybovat i §asticemi, které v nich uvizly, opét
jakoby neviditelnou silou.

Béhem svého vyzkumu si Shen uvédomil, ze vzhledem k tomu, Ze voda i svétlo maji
(mohou mit) spole¢nou vlnovou povahu, to, co se jeho tymu podafilo se svételnymi
vlnami, by mohlo byt mozné i s témi vodnimi. Védci nejprve provedli pocitacové
simulace a poté laboratorni experimenty ve vodni nadrzi, kde vytvofili viny pomoci
rliznych plastovych struktur vytisténych na 3D tiskarné a ¢astec¢né ponorenych do vody.
Jednou z téchto plastovych struktur byl napfiklad prstenec spojeny s 24 trubi¢kami
rozprostfenymi kolem néj. Trubicky byly napojeny na reproduktory, které vydavaly
nizkofrekvenéni zvuky, jez zpasobovaly vinéni vodni hladiny uvnitf prstence.

Védci umistili do vodni nadrze maly plovouci mi¢ek z pénového polyethylenu a
pozorovali, jak se mi¢ek pfi vzniku vlin pohybuje. PouZity byly kulicky o priméru od 4,8
mm do 12,7 mm. Védci pak testovali také pingpongovy micek o prdméru 40 mm.
Upravou velikosti a frekvence vodnich vin a zmé&nou toho, zda se nékteré viny pohybuji
spole¢né s jinymi, se zpUsobilo, Ze se vlny vzajemné ovliviiovaly, prekryvaly a spojovaly
a vytvarely na vodni hladiné slozité obrazce. Tyto obrazce v sobé zachytily plovouci
micek a dokazaly ho udrzet témeér nehybny, nebo roztodit a pohybovat se presné po
kruhové nebo spiralové draze v obrazcich, pficemz se od drahy odchylil maximalné o 2-4
mm.

Tym planuje dale pracovat na zjisténi, zda lze vodni obrazce vytvaret i pod vodou, a
nikoliv jen na hlading, a pohybovat tak ponofenymi pfedméty.

Tuto techniku by bylo mozné také rozSifit a zkoumat, zda lze lodé navadét na urcité
misto nebo po pozadované draze. Vyzkumnici by museli vzit v ivahu rusSiveé vlivy
pfirodnich morskych vln, které by mohly znic€it vodni obrazce, pokud by tyto morské viny
byly pfilis silné.

Protoze vodni obrazce nelze snadno narusit, mohl by budouci vyzkum zkoumat moznost
jejich vyuziti k ukladani dat (poznamka PH: to mi pfijde spis vtipné a efektni nez k
nécemu prakticky pouzitelné). Zplsob, jakym se voda ve vzorcich vifi, je také podobny
tomu, jak se mohou chovat svételné viny a elektrony, coz naznacuje, ze by vodni vlny
mohly byt studovany jako dostupnéjsi nahrada pro vyzkum nékterych kvantovych jevi
pozorovanych u vln svétla a elektronu.

Bo Wang et al, Topological water-wave structures manipulating particles, Nature (2025).
DOI: 10.1038/s41586-024-08384-y
Zdroj: Nanyang Technological University / pfeloZzeno, zkraceno

PH: lingvisticka poznamka, ,,neviditelna sila“ se uziva bézné, ale copak jsou sily obvykle
viditelné (gravitace, elektromagnetismus...)?

Pozndmka o analogiich vody a svétla, ze bychom misto svétla mohli tedy zkoumat vinéni
vodni: no pfipomina mi to trochu experimenty, kdy z toho, co se déje u vodopadu, se



vyvozuje, Zze Hawkingovo zareni ¢ernych dér skutec¢né existuje. PriliSnou dlvéru k témto
analogiim nemam.
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