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Abstract

This study examines the physics governing the synchronized 

swimming of ducklings in formation after their mother, 

emphasizing its educational value for secondary physics 

instruction. Recent studies in fluid dynamics indicate that 

ducklings get energetic advantages by situating themselves 

in particular areas of their mother’s wake, where 

constructive interference of surface waves diminishes drag 

and improves propulsion. This biological behavior exhibits 

fundamental physics principles through concepts such as 

surface wave creation, wave interference, energy transfer, 

and dynamic equilibrium. The research introduces a 

multifaceted methodology for instructing these notions 

through the amalgamation of observational data, computer 

modeling, and experimental simulation. Students are urged 

to explore wave physics via inquiry-based learning and 

transdisciplinary links to biology and engineering. The study 

encompasses classroom-ready resources, including lesson 

plans, simulation activities, and visual aids that facilitate 

conceptual comprehension and scientific processes as 

delineated in the Next Generation Science Standards 

(NGSS). The duckling formation, situated inside a genuine 

ecological framework, effectively illustrates wave processes, 

providing a concrete basis for examining abstract physics 

concepts. The results underscore the pedagogical 

significance of real-world events in enhancing students' 

scientific literacy, systems thinking, and recognition of the 

coherence of natural principles across several disciplines. 
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1. Introduction 

The natural world is filled with instances of motion and energy transfer that exemplify fundamental physical concepts. The 

organized line of ducklings trailing their mother across a tranquil lake has historically symbolized instinct, maternal nurturing, 

and survival. Yet, beneath the facade of this ostensibly straightforward behavior exists a complex interaction of 

hydrodynamics, energy optimization, and collective motion. Recent study has demonstrated that swimming is not just a 

behavioral activity but also biomechanically beneficial. Research indicates that ducklings gain energetic advantages by 

carefully orienting themselves within the wave field created by the mother duck's movement [1]. This phenomenon exemplifies 

the influence of physics on biological systems and provides a persuasive framework for enhancing the instruction of wave 

dynamics and fluid mechanics in high school physics.  

The phenomenon of animals harnessing energy from their surroundings to minimize their own energy consumption is well 

recorded in nature. Fish aggregate in schools to utilize vortices, birds navigate in V-formations to optimize energy expenditure, 

and marine mammals draft behind one another during extensive migrations. Likewise, ducklings seem to exploit the wake 

produced by their mother as she navigates through the water. This wake comprises a pattern of transverse and divergent waves 

generated by the disturbance at the water's surface. When ducklings align themselves in particular positions concerning wave 

crests and troughs, they encounter positive interference of wave energy, which diminishes hydrodynamic drag and offers a 

forward thrust. The ducklings are riding the waves, utilizing the kinetic energy conveyed by the fluid medium for their 

movement. The wave field generated by the leading duck establishes areas of less resistance, enabling the following ducklings 

to conserve energy while sustaining velocity [1].  

This wave-riding behavior has been validated through high-resolution numerical simulations and empirical observations. 

Researchers employed computational fluid dynamics to simulate the wave field produced by a leading duck and analyzed the 

flow patterns experienced by ducklings at different positions. The findings demonstrate that when ducklings are positioned 
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accurately within the constructive interference zones of the 

wave pattern, they can attain energy savings of up to 62% 

compared to swimming in isolation. Furthermore, the 

advantage extends beyond the duckling directly following 

the mother. A properly spaced line of ducklings can engage 

in a chain of energy transfer and mutual support, creating a 

dynamically stable and energy-efficient convoy [1].  

This occurrence serves as an exemplary case study for the 

application of theoretical knowledge to real-world systems 

in physics education. It enables students to transcend 

theoretical wave equations and interact with the concrete 

ramifications of wave motion, energy transfer, and fluid 

resistance. Furthermore, it corresponds with contemporary 

pedagogical methods that prioritize inquiry-based learning 

and the utilization of genuine phenomena to ground 

scientific comprehension. Incorporating the duckling wave-

riding phenomenon in the classroom enables instructors to 

cultivate conceptual links among subjects such as wave 

interference, energy conservation, and Newton's laws of 

motion.  

This setting facilitates the incorporation of computational 

thinking and modeling into physics teaching, enabling 

students to simulate or visualize wave interactions and 

anticipate optimal placements for energy conservation. The 

tale additionally advocates multidisciplinary instruction, 

connecting physics with biology, environmental science, 

and engineering. This embodies the objectives of 

contemporary science education frameworks like the Next 

Generation Science Standards (NGSS), which promote 

contextualized, interconnected, and intellectually rigorous 

learning.  

The examination of ducklings following their mother in her 

wake beyond mere curiosity; it is a valuable instructional 

opportunity. It illustrates the cohesion of scientific ideas 

across disciplines, fosters critical thinking, and offers a 

compelling story that enables students to perceive physics 

not merely as a collection of equations, but as a means to 

comprehend the intricacy and beauty of the natural world. 

 

2. The Physics of Surface Waves and Wave Drag 

2.1 Wave Generation and Propagation 

The motion of a body over a fluid's surface produces a 

complicated wave pattern, influenced by various interacting 

factors such as the object's speed, shape, and size, together 

with the fluid's characteristics. The mother duck's movement 

across the pond or lake disrupts the fluid equilibrium, 

causing vertical and horizontal displacement of the water. 

This disturbance triggers the creation of waves that radiate 

forth from the body, producing a distinctive wake pattern 

consisting of both transverse and divergent elements. 

Comprehending the generation and propagation of these 

waves is crucial for recognizing the energetic advantages 

that trailing ducklings gain while swimming in their 

mother's wake.  

The theoretical basis for wave propagation in fluids is rooted 

in classical hydrodynamics. Surface waves on a fluid 

interface are disturbances that propagate along the boundary 

between two media, specifically water and air, conveying 

energy without a net movement of matter. The principal 

wave types produced by the movement of the mother duck 

are gravity waves and, to a lesser degree, capillary waves. 

Gravity waves are primarily influenced by the restoring 

force of gravity, which seeks to restore the displaced water 

surface to balance. These waves generate the extensive V-

shaped wake that is readily discernible behind migrating 

waterfowl. Capillary waves, conversely, are propelled by 

surface tension, with their effects being more significant at 

shorter wavelengths, especially near the disturbance.  

As the duck advances, it generates a persistent disruption in 

the fluid, creating a wake characterized by overlapping 

wavefronts. The Kelvin wake pattern, initially articulated 

analytically in the 19th century, delineates the geometric 

configuration of these wakes. Kelvin's hypothesis posits that 

the angle of the wake in relation to the direction of travel 

remains constant for deep-water gravity waves, measuring 

around 39 degrees in total, or 19.5 degrees on either side of 

the trajectory. The waves inside this angle are categorized as 

transverse waves, which line with the direction of motion, 

and divergent waves, which propagate away from the axis of 

travel. This pattern is distinctly evident behind the mother 

duck, as concentric ripples and angled crests delineate a 

uniform hydrodynamic field (Fig 1). The distinctive Kelvin 

wake creates a symmetrical pattern behind the duck, where 

ducklings position themselves to take advantage of 

diminished drag zones and utilize wave-induced propulsion.  

Wave production is not solely a visual occurrence; it 

possesses energetic consequences for anyone traversing or 

engaging with the fluid. A body moving at a steady speed 

through water must consistently provide energy to sustain 

the generated wave pattern. This requirement represents a 

type of resistance termed wave drag, which occurs primarily 

owing to energy radiation through wave creation. For the 

mother duck, this signifies that a segment of her metabolic 

energy is perpetually transformed into wave energy that 

travels behind her. Nonetheless, this identical energy can be 

utilized by ducklings that align themselves correctly inside 

their wake. 

 

 
 

Fig 1: V-shaped wake produced by a mother duck with ducklings 

positioned along energy-efficient paths 

 

The wavefronts generated by the leading duck travel at a 

velocity dictated by the dispersion relation for gravity-

capillary waves, which is contingent upon both wavelength 

and the physical characteristics of the water, including 

density, gravity, and surface tension. Waves of longer 

wavelengths, characteristic of gravity-dominated conditions, 

propagate more rapidly than shorter wavelength capillary 

waves. Under real-world conditions, such as a tranquil pond, 

the interaction between these two wave types produces a 

composite field in which energy is allocated over various 

frequency bands [6]. Ducklings following their mother 

navigate a structured energy landscape, where optimal 

location can lead to synchrony with advantageous wave 

phases.  
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From an educational perspective, the formation and 

transmission of these waves can be elucidated by 

comparisons to ripples produced by a stone dropped into 

water or by examining wave interference patterns in ripple 

tanks. Extending this to the examination of biological 

systems, such as the mother-duck formation, enables 

students to recognize the significance of physical principles 

in real-world occurrences. It also prepares for the 

introduction of more sophisticated concepts such as wave 

energy transfer, phase relationships, and momentum 

conservation in fluid systems.  

Through the visualization of wave production and 

comprehension of their propagation, students acquire a 

fundamental grasp of the environment in which the 

ducklings exist. This conceptual foundation is crucial for 

examining how the ducklings orient themselves in the 

mother's trail to reduce energetic expenditure—a subject 

elaborated upon in later sections. 

 

2.2 Surface Tension and Capillary Effects 

Gravity waves primarily influence the large-scale 

characteristics of the wake generated by a duck traversing a 

body of water, whereas surface tension significantly 

contributes to the intricate structure of the wave field, 

particularly in proximity to the moving entity. In little 

disturbances—like those produced by the leading edges of a 

duck's body or the feet of ducklings swimming at the 

surface—capillary effects become prominent. The effects 

are dictated by the cohesive forces among water molecules 

at the water-air interface and are especially pertinent to 

comprehending the intricate interactions of ducklings with 

the wave environment generated by the mother duck.  

Surface tension originates from molecular interactions 

inside the liquid. Molecules near the fluid's surface 

encounter a net inward pull resulting from an imbalance in 

cohesive forces, which minimizes surface area and produces 

surface tension. The force is defined by the surface tension 

coefficient (σ), usually expressed in newtons per meter 

(N/m), which indicates the energetic expense of altering the 

fluid interface. When an item, like the webbed foot of a 

duckling, depresses the water surface, a restoring force 

corresponding to the curvature of the deformation is 

produced. This force not only opposes deformation but also 

conveys energy through the fluid as capillary waves—short-

wavelength, high-frequency surface waves primarily 

influenced by surface tension rather than gravity [10].  

Capillary waves are distinct from gravity waves in both their 

primary restoring force and their dispersion relation. The 

phase speed of capillary waves escalates as the wavelength 

diminishes, contrasting with the behavior seen by gravity 

waves. Consequently, capillary waves propagate swiftly 

over the surface in reaction to high-frequency perturbations, 

such as those produced by little motions or pronounced 

characteristics on the duck's body surface. The waves are 

most pronounced in the near-field wake—the area directly 

surrounding the moving object—where the fluid interface 

experiences constant localized deformation [9].  

For ducklings, which possess minimal mass and surface 

area, capillary waves represent a substantial element of their 

hydrodynamic surroundings. While paddling and 

repositioning in the wake of the mother duck, they confront 

not only the overarching gravity-driven wave field but also a 

more intricate arrangement of ripples and pressure gradients 

generated by surface tension dynamics. These nuanced 

capillary characteristics can affect buoyant distribution, 

lateral stability, and propulsion efficiency. The interplay 

between the ducklings' movements and the surrounding 

capillary waves can create a feedback system that assists 

them in remaining inside the advantageous areas of the 

mother's wake. This dynamic positioning facilitates the 

preservation of hydrodynamic equilibrium, reducing drag 

and optimizing the forward force derived from wave 

interactions [1].  

In educational contexts, surface tension and capillary action 

are frequently demonstrated through laboratory activities, 

such floating paper clips, witnessing water ascending small 

capillaries, or analyzing the meniscus in graduated 

cylinders. Although these demonstrations illustrate the 

essential characteristics of surface tension, the actions of 

ducklings traversing a landscape of gravitational and 

capillary waves provide a more comprehensive and nuanced 

depiction. It correlates surface tension with movement, wave 

interference, and energy conservation in an ecological 

framework. This motivates students to transcend rote 

memorizing and cultivate an awareness of the manifestation 

of physical laws in dynamic and biologically pertinent 

systems.  

Furthermore, examining capillary waves in the context of 

animal behavior improves scientific literacy and systems 

thinking. It illustrates that even minute pressures like surface 

tension can produce macroscopically observable effects 

when integrated within a network of biomechanical and 

ecological interactions. This provides a significant 

opportunity for high school physics curricula to integrate 

concepts usually taught in isolation—such as forces, waves, 

and fluid properties—into a cohesive and authentic narrative 

of real-world physics. 

 

3. Hydrodynamic Benefit of Wave Riding 

3.1 Constructive Interference and "Wave Surfing" 

At the heart of the energetic efficiency observed in 

ducklings swimming behind their mother lies the The 

energetic efficiency of ducklings swimming following their 

mother is rooted in the notion of constructive interference, a 

fundamental idea in wave physics applicable to this 

biological scenario. Constructive interference transpires 

when multiple wavefronts converge, causing their 

displacements to amplify each other, so producing a wave of 

increased amplitude. Ducklings following their mother 

utilize the wake's interference to harness wave energy, 

thereby diminishing the metabolic expense of propulsion. 

The ducklings are not simply swimming through calm 

water; they are "surfing" on the undulating surface generated 

by their mother's movement, leveraging the wave field's 

constructive aspects to maintain forward momentum (Fig 2). 

Positioning beside the peaks of the wake enables ducklings 

to use constructive interference, enhancing propulsion and 

minimizing energy consumption.  

The wake produced by a moving duck comprises a periodic 

arrangement of surface waves, structured into transverse and 

divergent elements. These waves propagate from the source 

at angles dictated by the object's velocity and the 

characteristics and depth of the water. As the mother duck 

advances, each movement of her body and legs produces a 

series of wavefronts that propagate backward and laterally, 

creating a rhythmic and repetitive pattern. These wavefronts, 

akin to those in a wave or ripple tank utilized in physics 

education, can interact either constructively or destructively 
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based on the phase relationship between their crests and 

troughs [6].  

When a duckling is oriented so that the incoming wave 

crests are in phase with its speed, it undergoes an additive 

impact on its movement—a net forward force resulting from 

constructive interference (Fig 1). Positioning beside the 

peaks of the wake enables ducklings to harness constructive 

interference, so enhancing propulsion and minimizing 

energy consumption. 

 

 
 

Fig 2: Ducklings are positioned on wave crests behind the mother 

duck 

 

The wave-surfing mechanism is most efficient when the 

duckling's body is oriented with particular areas of the 

mother’s wake where wave amplitudes enhance propulsion. 

The work by Yuan et al. [1], utilizing computational fluid 

dynamics, revealed that ducklings positioned at appropriate 

longitudinal intervals behind the mother enjoy a decrease in 

the net hydrodynamic force necessary for locomotion. This 

transpires as the intersecting waves at these intervals 

provide regions of positive pressure gradients that facilitate 

the propulsion of the duckling forward. These zones 

resemble a succession of miniature ramps on the water's 

surface, enabling the ducklings to glide rather than paddle, 

akin to how a surfer rides a wave to accelerate without 

exerting muscular effort (Fig 3). This diagram demonstrates 

the propagation of energy through periodic disturbances, 

similar to how wave crests facilitate the consecutive 

movement of ducklings for enhanced propulsion  

 

 
 

Fig 3: Conceptual model of energy transfer via wave interaction 

along a chain of masses 

 

This image will enhance the physical comparison between 

wave-based energy transmission and the biomechanical 

coordination of ducklings in formation. Please inform me 

whether you would like me to compose a paragraph that 

specifically analyzes this image in relation to the findings of 

the Yuan et al. study [1].  

In contrast to conventional surfing, where the wave is a 

fleeting disruption, the wake generated by a duck serves as a 

persistent and renewed source of wave energy. Provided the 

mother advances, the following ducklings can stay inside a 

beneficial zone of constructive interference. This presents 

the notion of phase locking in biological locomotion, a 

phenomenon where the movement of a follower 

synchronizes with the wave phases of the leader's wake. 

Maintaining this synchrony necessitates continual micro-

adjustments by the ducklings, possibly involving both 

sensory input and motor control to sustain the energy-

efficient configuration.  

The notion of surfing in wave mechanics serves as an 

exemplary analogy for students studying energy transfer and 

interference. In standard secondary physics instruction, 

constructive and destructive interference are frequently 

illustrated by light or sound waves utilizing sinusoidal 

graphs and abstract representations. The scenario of 

ducklings riding a flowing wave created by their mother 

presents these concepts through a visually captivating and 

concrete illustration. It enables educators to demonstrate that 

constructive interference is not merely a mathematical 

concept but also a mechanism with practical implications in 

the real world, particularly in biological locomotion.  

This setting facilitates the modeling of periodic functions 

and wave interactions with digital technologies. Students 

may utilize software to simulate wave trains and examine 

the impact of positional and phase alignment variations on 

the resultant wave amplitude. They can subsequently 

correlate these models with the actual data from the Yuan et 

al. study [1], enhancing their comprehension of the 

application of theoretical physics principles to real-world 

systems. This method also facilitates the attainment of 

learning objectives related to system thinking, as it 

illustrates how individual behavior (duckling location) is 

contingent upon and reacts to a larger dynamic system (the 

wave field).  

The ducklings' capacity to utilize constructive interference 

illustrates a natural optimization approach based on physical 

principles. It demonstrates how animals can develop 

behaviors that utilize fundamental concepts like wave 

superposition and energy conservation, transforming 

physical limitations into biological benefits. It connects the 

abstract with the observable, enhancing the instructional 

framework of physics education through genuine scientific 

phenomena. 

 

3.2 Dynamic Equilibrium and Group Stability 

The seemingly easy movement of ducklings following their 

mother on the sea exemplifies not only wave surfing and 

constructive interference but also dynamic equilibrium 

within a self-organizing biological system. Dynamic 

equilibrium, in this context, denotes the ongoing adjustment 

of locations and movements by individual ducklings in 

reaction to the variable conditions of the fluid environment. 

Despite the intrinsic instability of water surfaces and the 

intricacy of interacting wave patterns, the ducklings sustain 

a cohesive and stable formation, exemplifying the ability of 

biological systems to self-regulate amid dynamic physical 

limits.  

This formation is not fixed nor inflexible. Each duckling 

consistently adjusts its position, velocity, and paddling 
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intensity to stay inside the ideal areas of the mother’s wake. 

These regions, defined by diminished drag and 

advantageous wave-induced push, are not static but fluctuate 

according to the mother's velocity, variations in water 

resistance, and the ducklings' own disturbances of the 

surface. To retain their position within this advantageous 

zone, ducklings must execute continuous adjustments, 

uphold lateral alignment, and maintain spacing that 

facilitates energy conservation and stability [1]. The outcome 

is a convoy-style configuration that maintains general group 

cohesion via decentralized input instead of centralized 

authority.  

This behavior can be analyzed through the principles of flow 

stability and wave coupling in hydrodynamics. The 

ducklings function as coupled oscillators, reacting to the 

spatial-temporal configuration of the fluid field produced by 

the leader and the actions of their nearby companions. If a 

duckling deviates slightly from the appropriate wave phase, 

it may experience heightened resistance, necessitating a 

corrective action to re-establish itself inside a zone of 

constructive interference. These corrections demonstrate the 

system's inherent capacity to achieve equilibrium, a 

characteristic of dynamic stability. This phenomenon 

resembles other biological systems, such as fish schools 

maintaining coordinated forms in turbulent currents or 

starlings altering their trajectories in murmuration [7].  

The study by Yuan et al., use computational simulations to 

validate the presence of pressure nodes and wave troughs 

behind the mother duck, where ducklings preferentially 

position themselves [1]. These positions are associated with 

minimal hydrodynamic expense and maximal stability. The 

simulations indicate that these benefits depend on the 

spacing between ducklings. When ducklings are situated too 

near, interference patterns may become erratic, diminishing 

the energy advantage and heightening the risk of disrupting 

the entire assembly. Conversely, excessive spacing leads to 

an inadequate capture of energy from the wave field. 

Consequently, the observed development signifies an 

evolving balance between optimizing individual energetic 

efficiency and preserving overall group cohesion.  

The phenomena of dynamic equilibrium in a fluid-mediated 

system is a valuable teaching opportunity in high school 

physics instruction. It encourages students to contemplate 

how stability might arise in systems exposed to constant 

external disturbances. Lessons may include video study of 

duckling locomotion, modeling of oscillator 

synchronization, and simpler experiments with floating 

items in a wave tank to replicate group dynamics. These 

activities cultivate an understanding of the intricacies of 

coupled systems and underscore the significance of physics 

in elucidating coordinated motion in both biological and 

manmade environments.  

Furthermore, familiarizing pupils with the concept of self-

organizing systems—where order emerges from local 

interactions instead of centralized directives—facilitates the 

cultivation of systems thinking and interdisciplinary 

reasoning. Physics education is progressively anticipated to 

equip students with the ability to comprehend intricate, 

adaptable processes in nature, society, and technology. The 

formation swimming of ducklings, regulated by fluid 

dynamics and behavioral adaptation, exemplifies this 

system. It illustrates how physical rules impose limitations 

while simultaneously facilitating the formation of steady, 

efficient, and exquisite patterns of motion in living 

creatures.  

The ducklings' capacity to sustain group formation via 

dynamic equilibrium exemplifies a significant interaction 

between physics and biology. Their movement demonstrates 

the ability to harness and balance physical forces for 

collective stability, as well as the adaptive responses of 

organisms to their environments to maximize energy 

efficiency. Through the examination of this behavior, 

students acquire insights into fluid dynamics as well as the 

overarching principles of coordinated motion and the self-

regulatory behavior of complex systems. 

 

4. Implications for Physics Education 

4.1 Engaging Contexts for Wave Physics 

A continual challenge in secondary physics teaching is the 

difficulty of rendering complex topics approachable and 

meaningful to students. Wave physics frequently 

experiences decontextualized training; students engage with 

sine waves on paper, mathematical equations for frequency 

and wavelength, and theoretical discussions of interference, 

yet rarely observe the real-world applications of these 

topics. The instance of ducklings swimming in formation 

after their mother offers a genuine, observable, and 

engaging environment for students to investigate essential 

characteristics of wave motion and fluid dynamics, while 

concurrently recognizing the real-world relevance of these 

phenomena.  

The hydrodynamic interaction between ducklings and the 

wave field produced by their mother's movement inherently 

familiarizes students with the principles of amplitude and 

wavelength. As the mother duck traverses the water, she 

generates a cyclic wake of surface waves, each with 

quantifiable height and distance between crests. These 

waveforms are not only passive characteristics of the water's 

surface but dynamic structures that influence the drag and 

thrust experienced by trailing ducklings. By examining the 

placements of ducklings within the wake, students can 

deduce the spatial periodicity of the wave pattern and 

directly associate it with the concept of wavelength. 

Likewise, the fluctuations in wave height provide a tangible 

illustration of amplitude and its significance in ascertaining 

wave energy.  

Wave interference, a fundamental concept in wave theory, 

also arises organically from this situation. The ideal 

arrangement of ducklings within the wake illustrates 

constructive interference zones—areas where overlapping 

wavefronts amplify one another, generating net forces that 

facilitate propulsion. If a duckling enters an area where 

interacting waves negate each other or generate turbulence, 

it encounters heightened resistance, exemplifying the idea of 

destructive interference. This behavioral alignment 

facilitates a discussion of superposition physics in an 

intuitive and visually grounded way, demonstrating to 

students that interference patterns extend beyond laboratory 

optics and are integral to ordinary nature events.  

Furthermore, the duckling example elucidates the principle 

of wave energy transmission. Students can investigate how 

the energy transmitted from the mother duck's muscular 

movement into the water is conveyed by the wave field and 

becomes available to the following ducklings. This 

illustrates that waves are not merely disturbances but 

conduits of energy, capable of exerting power on objects in 

their trajectory. The ducklings, by positioning themselves 

strategically inside this field, convert wave energy into 
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mechanical advantage—an concept that effectively links 

physics to biology. The concept of energy transfer through 

waves, typically illustrated using mechanical models or 

sound transmission, is thereby anchored in a biologically 

pertinent and emotionally impactful example.  

Surface tension and fluid resistance, concepts frequently 

addressed superficially in high school curricula, are 

revitalized through this illustration. At the diminutive scale 

of ducklings engaging with surface waves, surface tension 

significantly influences the near-field wave environment and 

dictates the energetic expenditure of locomotion. Students 

can be instructed to examine how the curvature of the water 

surface, particularly adjacent to the edges of the ducklings' 

bodies, generates capillary waves and produces either 

resistance or support based on the local fluid dynamics. This 

discourse facilitates a more profound investigation of fluid 

mechanics, encompassing drag forces, laminar and turbulent 

flow, as well as the influence of viscosity and cohesion on 

wave production.  

Educators might structure classroom inquiry around 

engaging, student-generated questions, such as: Why do 

ducklings align in a straight formation rather than disperse 

randomly? What is the impact of spacing among ducklings 

on their swimming effort? Is there a reliable mathematical 

model that can characterize their behavior through wave 

equations? These inquiries promote hypothesis formulation, 

modeling, and analysis, matching effectively with inquiry-

based pedagogies and the Next Generation Science 

Standards' focus on scientific procedures [8]. Students may 

encounter challenges in creating physical or computational 

models of wave interactions, estimating energy savings 

depending on placement, or simulating interference patterns 

with digital tools.  

The behavior of ducklings trailing their mother exemplifies 

a significant transdisciplinary phenomenon. It offers a 

significant framework in which the abstractions of wave 

physics are rendered tangible, functional, and intellectually 

stimulating. It also underscores the significance of physics 

in comprehending life and motion within the natural world, 

aiding in the demystification of science and fostering a sense 

of wonder and inquiry. 

 

4.2 Modeling and Simulation Activities 

The intricate and dynamic wave-riding behavior exhibited 

by ducklings swimming following their mother provides an 

excellent opportunity for incorporating modeling and 

simulation into physics education. Students derive 

substantial benefits from actively developing, testing, and 

revising models of physical processes, rather than only 

seeing or theorizing. Modeling the hydrodynamic 

interactions of ducklings allows learners to investigate wave 

characteristics, interference patterns, and force dynamics in 

an engaging and intellectually stimulating way. It also 

fosters scientific processes including data interpretation, 

computational reasoning, and systems thinking, which are 

increasingly prioritized in national and international science 

education standards [8].  

A method for representing this system in the classroom 

entails simplified physical simulations. Students can utilize 

a shallow water tank to simulate the impact of a body 

traversing through water and examine the resultant wave 

patterns. By maneuvering a small object around the tank at a 

constant velocity—such as a motorized rubber duck or one 

tethered by a string—one can see the generation of surface 

waves, encompassing both transverse and divergent 

elements. Positioning diminutive floating objects behind the 

mobile "mother duck" enables pupils to investigate the 

influence of spacing on the movement and stability of the 

subsequent objects. These physical, miniature models 

promote conceptual understanding of processes such as 

wave creation, interference, and wake dynamics.  

Students can thereafter advance digital modeling settings to 

enhance their comprehension. Software platforms like PhET 

Interactive Simulations and GeoGebra offer accessible tools 

for visualizing wave propagation and superposition. 

Students can utilize these platforms to create sinusoidal 

waveforms that simulate the wake generated by the mother 

duck and manipulate the wavelength, amplitude, and phase. 

By replicating the arrangement of ducklings along the wave 

crest-trough sequence, students may examine how 

constructive and destructive interference influences the 

theoretical net pressures acting on each duckling (Fig 4). 

Modifiable factors, including amplitude, wavelength, and 

velocity, enable students to simulate wave behavior and 

investigate ideal alignment for energy-efficient motion with 

digital tools. 

 

 
 

Fig 4: Simulation of duckling positioning along a propagating 

wave 

 

In sophisticated environments, basic Python simulations or 

spreadsheet applications can be utilized to create bespoke 

models that integrate several ducklings and variable wave 

parameters.  

These modeling activities not only reinforce academic 

concepts but also encourage metacognitive thinking on the 

essence of scientific models. Students may evaluate the 

premises, advantages, and constraints of physical and digital 

representations. Physical water tank simulations can 

demonstrate authentic fluid dynamics, such as turbulence 

and wave decay, which are lacking in idealized computer 

models. In contrast, digital models provide accurate control 

and measurement of variables that are challenging to 

manage in a physical fluid system. Through the exploration 

of these forms, students cultivate a more comprehensive and 

sophisticated grasp of the physical system being examined 

and the epistemological function of models in science.  

Integrating the modeling of duckling wave-riding behavior 

corresponds with the educational objectives of phenomenon-

based learning. Instead of considering waves as discrete 

subjects, students interact with them to comprehend a 

cohesive and significant phenomenon. They are driven to 

enhance their models to incorporate observable behaviors—

such as the energy savings noted in actual ducklings—
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thereby grounding abstract notions like wave energy 

transmission, constructive interference, and drag in genuine 

investigation. This method reflects the process of scientific 

inquiry, wherein models adapt to new evidence or enhanced 

comprehension.  

Furthermore, the application of modeling in this setting 

promotes interdisciplinary integration. Educators may 

encourage students to investigate the biological 

ramifications of the model, including the significance of 

energy efficiency in animal movement, or to examine 

engineering analogies, such as how drones or submarines 

could replicate comparable tactics for energy conservation 

in fluidic contexts. By doing so, modeling surpasses content 

silos and fosters the cross-disciplinary reasoning esteemed 

in modern STEM education [2].  

Through structured modeling and simulation exercises 

focused on the ducklings' interaction with surface waves, 

students are acquiring knowledge about waves while 

developing a physicist's mindset. They are urged to pose 

prediction inquiries, examine variables, picture unseen 

forces, and refine explanations. Cognitive and epistemic 

processes are fundamental to the objectives of high-quality 

science education, enabling students to apply their learning 

to novel contexts and obstacles. 

 

4.3 Experimental Extensions 

While modeling and simulation provide essential tools for 

conceptual understanding, experimental activity remains a 

cornerstone of effective physics education. Offering students 

the opportunity to engage with real-world systems through 

empirical investigation not only reinforces theoretical 

knowledge but also cultivates critical thinking, measurement 

skills, and scientific inquiry. The wave-riding behavior of 

ducklings lends itself to a variety of experimental extensions 

that can be adapted for use in secondary classrooms, ranging 

from simple analog setups to more complex investigations 

involving motion tracking and fluid dynamics. 

 

 
 

Fig 5: Simplified experimental setup to investigate wave-induced 

forces on a floating object 

 

Although modeling and simulation are vital for conceptual 

comprehension, experimental activities are fundamental to 

effective physics teaching. Providing students the chance to 

interact with real-world systems through empirical 

examination enhances theoretical understanding while 

fostering critical thinking, measuring proficiency, and 

scientific curiosity. The wave-riding behavior of ducklings 

permits numerous experimental extensions suitable for 

secondary classrooms, from basic analog setups to intricate 

investigations including motion tracking and fluid dynamics.  

Illustration 5. Streamlined experimental configuration to 

examine wave-induced stresses on a buoyant item.  

An essential experimental configuration may consist of a 

shallow water tank—such as a sizable clear tray or 

aquarium—filled with water and fitted with a smooth 

dragging apparatus (Fig 5). A wave maker produces surface 

waves that go towards a floating platform with a duck 

model, emulating the wake interaction observed in duckling 

formation swimming. A diminutive object symbolizing the 

mother duck, such as a plastic figurine or an altered toy 

boat, can be dragged consistently through the water utilizing 

a pulley, thread, or motorized track. As the lead object 

traverses the tank, students will witness the emergence of 

surface waves trailing after it, exactly mirroring the V-

shaped Kelvin wake pattern observed in actual ducks. 

Subsequent items of comparable size and form, mimicking 

the ducklings, may be positioned at different intervals 

behind the leader to examine the impact of spacing and 

alignment on movement.  

Students can develop ideas on the ideal positioning of the 

trailing objects to minimize resistance and evaluate them 

through multiple experiments. Measurements may 

encompass the ease of movement (e.g., acceleration upon 

release), estimates of drag force (utilizing spring scales or 

motion sensors), or the deflection angles of wave patterns. 

Through the comparison of the behavior of items positioned 

at various longitudinal and lateral offsets, students can 

objectively discern areas of constructive interference and 

diminished drag, reflecting the advantages observed in 

actual ducklings [1]. This practical assignment pushes 

students to correlate observed data with the concepts of 

wave interference, energy transfer, and fluid resistance.  

In technologically equipped classrooms, video analysis tools 

like Tracker can be utilized to capture and examine motion 

trajectories and wave patterns in slow motion. These digital 

instruments allow students to gather more accurate data on 

velocity, acceleration, and displacement, and to visualize the 

propagation of disturbances throughout the water surface. 

The integration of experimental data with motion graphs and 

vector analysis offers a multidimensional perspective on 

complex fluid systems.  

These experimental extensions facilitate collaborative, 

project-based investigation. Student groups may be assigned 

to formulate their own inquiry centered on the primary 

question: how may trailing objects in water diminish their 

energy expenditure by harnessing waves? Certain groups 

may concentrate on altering the dimensions, form, or 

buoyancy of the objects, while others may examine the 

impacts of varying water depth or object velocity. This 

design-oriented learning method promotes creativity, 

problem-solving, and contemplation of scientific 

experimentation, while emphasizing fundamental physical 

principles.  

Furthermore, these experiments might be contextualized 

within wider multidisciplinary issues. Discussions may 

encompass the ecological ramifications of animal 

locomotion tactics, bio-inspired engineering (e.g., 

underwater vehicle design), and human activities such as 

drafting in cycling or swimming. These links facilitate 

curriculum integration among physics, biology, and 

technology, enhancing students' understanding of the 

coherence of scientific knowledge.  

Significantly, these experimental endeavors foster diversity 

and accessibility in physics teaching. Students who find 
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abstract or mathematical reasoning challenging frequently 

excel in practical settings where they may see, manipulate, 

and engage in discussions about physical systems in real 

time. The duckling wave-riding scenario, characterized by 

its visual clarity and biological significance, effectively 

engages a varied array of learners, rendering physics more 

accessible and relatable.  

In conclusion, the design and execution of experimental 

research on the duckling wake-surfing phenomenon enriches 

physics education by rendering wave ideas concrete and 

empirically verifiable. These activities enable students to 

function as scientists by formulating inquiries, devising 

methodologies, gathering evidence, and creating 

explanations. They enhance conceptual comprehension 

while cultivating scientific reasoning and respect for the 

explanatory capacity of physics in elucidating the natural 

world. 

 

5. Conclusion 

The wave-riding action of ducklings swimming in formation 

after their mother exemplifies the interplay between physical 

principles and biological strategies in nature. What may 

initially seem like a straightforward instance of parental 

following behavior is, in reality, a complex interaction of 

fluid mechanics, wave interference, and energy 

optimization. This phenomenon, corroborated by 

observational data and computational fluid dynamics 

simulations, underscores the significant influence of 

physical principles on biological motion and offers a 

valuable framework for reevaluating the teaching of physics 

in secondary education.  

The duckling formation exemplifies fundamental principles 

in wave physics: the creation and transmission of surface 

waves, constructive and destructive interference, and the 

conveyance of mechanical energy via a medium. By 

positioning themselves strategically in the mother's wake, 

ducklings can use wave energy, so minimize hydrodynamic 

drag and realizing considerable energy conservation. This 

behavior is not arbitrary; it demonstrates a dynamic 

equilibrium and spatial awareness that corresponds with the 

physical configuration of the wave field. The advantages are 

both biomechanical and pedagogical—this natural instance 

provides educators with a chance to instruct abstract physics 

principles within a realistic, interdisciplinary, and engaging 

framework.  

Incorporating this phenomenon into physics instruction 

advances many educational objectives. It promotes 

conceptual comprehension by anchoring theoretical 

concepts in practical systems, stimulates inquiry and 

experimentation via classroom modeling and simulation 

activities, and establishes interdisciplinary links with 

biology, engineering, and environmental science. The 

illustrative and accessible character of the example 

accommodates varied learning requirements and fosters 

scientific literacy by enabling students to perceive physics 

not merely as isolated equations but as a framework for 

comprehending the world.  

As education transitions to phenomenon-based learning, 

modeling, and the cultivation of scientific behaviors, the 

case of duckling wave-riding exemplifies curricular 

significance. It enables students to observe, inquire, 

examine, and elucidate the complete spectrum of scientific 

activity that reflects the endeavors of both physicists and 

biologists. Through the examination of ducklings navigating 

waves, students gain an appreciation for the 

interconnectedness of natural systems and the elucidatory 

capacity of physics in articulating the graceful, efficient, and 

even unexpected solutions devised by evolution.  

Ultimately, instructing physics through such events 

transcends mere knowledge transmission; it fosters 

curiosity, interdisciplinary reasoning, and a feeling of 

wonder. It asserts the significance of science in daily life 

and urges learners to perceive the universe as an 

interconnected system regulated by comprehensible and 

discoverable principles rather than as a mere assemblage of 

isolated facts. The duckling wake-riding activity serves as 

an instructional instrument that connects theory and 

observation, enhancing comprehension and motivating 

future scientific minds. 
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