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Particle Transport Simulation 

Introduction: The particle transport simulation is designed to help students gain a deeper level of 
understanding of the relationship between velocity and particle size. Students will be able to manipulate 
the velocity and particle size to see if the particle will move. The mathematical component will require 
the students to analyze a particle portion of the graph using the simulator and Earth Science Reference 
Table (ESRT).  

 

Objectives: 

Students will be able to explain the relationship between steam velocity and particle size. 

Students will be able to explain the math that derives the Relationship of Transported Particle Size to 
Water Velocity Graph. 

 

Learning Targets: 

I will be manipulate the velocity and particle size in the simulator.  

I will be able to explain how particle size and stream velocity are dependent on one another for particle 
transport. 

I will be able to find and label the x coordinate and y coordinate for specific points on the graph. 

I will be able to justify that a function is linear using the Relationship of Transported Particle Size to 
Water Velocity Graph. 

I will be able to categorize the particles based on their particle size. 

I will be able to find the slope and y-intercept of the Relationship of Transported Particle Size to Water 
Velocity Graph. 

I will be able to describe and categorize the type of function in the Relationship of Transported Particle 
Size to Water Velocity Graph.  

I will be able to determine the equation of the function in the Relationship of Transported Particle Size 
to Water Velocity Graph   

I will be able to interpret the Relationship of Transported Particle Size to Water Velocity graph found in 
the ESRT. 

 

 



 

Earth Science Standards:  

2.1v Patterns of deposition result from a loss of energy within the transporting system and are 
influenced by the size, shape, and density of the transported particles. Sediment deposits may be sorted 
or unsorted. 

 
Standard 1 Analysis, Inquiry, and Design:  

MATHEMATICAL ANALYSIS: 

Key Idea 1: 

Abstraction and symbolic representation are used to communicate mathematically. For example: Use 
eccentricity, rate, gradient, standard error of measurement, and density in context 

Key Idea 2: 

Deductive and inductive reasoning are used to reach mathematical conclusions. For example: Determine 
the relationships among: velocity, slope, sediment size, channel shape, and volume of a stream. 
Understand the relationships among: the planets distance from the Sun, gravitational force, period of 
revolution, and speed of revolution. 

Key Idea 3: 

Critical thinking skills are used in the solution of mathematical problems. For example: In a field, use 
isolines to determine a source of pollution. Construct and compare linear, quadratic, and exponential 
models and solve problems. 

 

Mathematical Standards: 

CCSS.MATH.CONTENT.HSF.LE.A.1 

Distinguish between situations that can be modeled with linear functions and with exponential 
functions. 

 CCSS.MATH.CONTENT.HSF.LE.A.1.A 

Prove that linear functions grow by equal differences over equal intervals, and that exponential 
functions grow by equal factors over equal intervals. 

 

Cross-cutting concepts: 

3. Scale, proportion, and quantity. In considering phenomena, it is critical to recognize what is relevant 
at different measures of size, time, and energy and to recognize how changes in scale, proportion, or 
quantity affect a system’s structure or performance. 



4. Systems and system models. Defining the system under study—specifying its boundaries and making 
explicit a model of that system—provides tools for understanding and testing ideas that are applicable 
throughout science and engineering. 

5. Energy and matter: Flows, cycles, and conservation. Tracking fluxes of energy and matter into, out of, 
and within systems helps one understand the systems’ possibilities and limitations. 

7. Stability and change. For natural and built systems alike, conditions of stability and determinants of 
rates of change or evolution of a system are critical elements of study. 
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Getting to know your:  
Relationship of Transported Particle Size to Water Velocity Graph 
 

Directions: You have been given the x and y coordinates for the following 10 points. Using these 10 points 
let’s prove that the plotted function is linear when x ≤ 100 and find the equation to the function.  

 

*Fill out the following table below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Point x y 
1   
2   
3   
4   
5   
6   
7   
8   
9   
10   



Use the relationship of transported Particle Size to Water Velocity Graph to answer the following questions. 

1.  

a. What particle category does point 2 fall into? 

 

b. What particle category does point 10 fall into? 

 

 

c. Calculate the 
𝛥𝛥 𝑦𝑦
𝛥𝛥 𝑥𝑥

 between point 2 and point 10. 

  

 

d. What is the vocabulary term for what we found? 

2.  

a. What particle category does point 5 fall into? 

 

b. What particle category does point 7 fall into? 

 

 

c. Calculate the 
𝛥𝛥 𝑦𝑦
𝛥𝛥 𝑥𝑥

 between point 2 and point 10.  

 

 



3. When x ≤ 100 what do you know about the function of your Relationship of Transported Particle Size 

to Water Velocity Graph. Tell us as much as you know about the function. 

 

 

4.   Assuming that the function has the same characteristics for all values 0 ≤ x ≤ 100. Find the value of y 

when x = 0. What is the vocabulary term for this?  

 
 
 
 
 

 

5. Using your work from questions 1-5. What is the equation of this function when x ≤ 100?  

 

 

 

 

6. Use the graph’s function line or equation when to help you answer the following: 

a. If the input or Stream Velocity is 100 (cm/s) what is the output or maximum particle size (cm) 

the stream can transport.   

 

b. If the output or Particle Size of a particle is .006 (cm) what is the minimum input or Stream 

Velocity (cm/s) in order for the stream to transport the particle.    
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Central Focus 

 What is the relationship between particle size 
and velocity in Particle Transport?



Objectives 
● Students will be able to explain the 

relationship between steam velocity 
and particle size.

● Students will be able to explain the 
math that derives the Relationship of 
Transported Particle Size to Water 
Velocity Graph.



Learning Targets 
● I will be manipulate the velocity and particle size in the simulator.● I will be able to explain how particle size and stream velocity are dependent on one another for particle transport.● I will be able to find and label the x coordinate and y coordinate for specific points on the graph.● I will be able to justify that a function is linear using the Relationship of Transported Particle Size to Water Velocity Graph.● I will be able to categorize the particles based on their particle size.● I will be able to find the slope and y-intercept of the Relationship of Transported Particle Size to Water Velocity Graph.● I will be able to describe and categorize the type of function in the Relationship of Transported Particle Size to Water Velocity Graph.● I will be able to determine the equation of the function in the Relationship of Transported Particle Size to Water Velocity Graph  ● I will be able to interpret the Relationship of Transported Particle Size to Water Velocity graph found in the ESRT.



Cross-cutting Concepts
3. Scale, proportion, and quantity. In considering phenomena, it is critical to 

recognize what is relevant at different measures of size, time, and energy and to 
recognize how changes in scale, proportion, or quantity affect a system’s structure 
or performance.

4. Systems and system models. Defining the system under study—specifying its 
boundaries and making explicit a model of that system—provides tools for 
understanding and testing ideas that are applicable throughout science and 
engineering.

5. Energy and matter: Flows, cycles, and conservation. Tracking fluxes of energy and 
matter into, out of, and within systems helps one understand the systems’ 
possibilities and limitations.

7. Stability and change. For natural and built systems alike, conditions of stability and 
determinants of rates of change or evolution of a system are critical elements of 
study.





The Simulator 

Particle Power Slider
Velocity Slider

Grass 
Patches

Stream
Patch

Particle

Particle size

Velocity



The Function of the Buttons

Setup - goes to a default “start” mode, any adjustments made prior will reset.
Go Once - will make the simulation begin per the set parameters ONCE
Go - simulation will begin and end on one tick
ParticleSizePower - a slider that will control the size of the particle
ParticleSize - uses a logarithmic equation on the slider and displays on the monitor. 

The number in the monitor can be seen in the ESRT graph.
VelocityPower - a slider that will control the size of the velocity of the stream
Velocity - uses a logarithmic equation on the slider and displays on the monitor. The 

number in the monitor can be seen in the ESRT graph.



Demonstration 



Limitations to Model

● Couldn’t show the entire spectrum of types of particles.

● Silt through Pebbles
○ Couldn’t show the other 3 types of particles due to their 

particle size being too small or too large.
○ Clay, Cobbles and Boulders absent from final model

● Couldn’t change the size of the particle turtle



Positives of the Model

● Accurately shows the Relationship of Transported Particle Size 
to Water Velocity

● The mathematical measurements for particle size and velocity 
needed for the stream to transport the particle is correctly 
represented 
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