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C2STEM System

e Synergistic Learning of Physics and Computational Modeling
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Non-profit organizations are limited in their ability to provide medical assistance to persons in remote areas due to financial
constraints. In this scenario, we need to transport medicine to a remote tribe in the Amazon rainforest. Currently, the needed
medicine is in the port city of Fortaleza, the capital of the Brazilian state of Ceara. In order to conserve cost, the medicine will
first be driven to Macapa. It will then take a boat to Manaus, where it will then be flown by drone over the tribe's location and

safely dropped.

The route to deliver food to the village can be very dangerous for the people because of extreme weather. To overcome this,
we will be training robots (Robbie - Truck, Rosa - Boat, Rey - Drone) to complete each portion of the journey. In this unit we will
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What is the C2STEM environment ?

* Based on NetsBlox (you worked in this
environment earlier)

* Provides custom physics blocks to support
vour Physics-based modeling tasks

— What is a custom Physics block?

* Modeling tasks are contextualized

— i.e., you will apply your physics and computing
knowledge to model real world scenarios
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C2STEM: Synergistic Learning

* How do we achieve synergistic learning?

— Make the model building language match physics
concepts and principles

— Adopt computational practices that facilitate and
support programming
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ldea 2: Object-oriented modeling

* What is an ‘object’?
— Independent entity: existence and has behaviors

— Operates in an environment

— Behaviors and its existence defined by properties
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Object-Oriented Programming

* Define objects — name
— Properties

— Behaviors (which are function of their properties
and the environment)
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What are advantages of the object
representation?

e Abstraction

— Can only choose properties and behaviors of
interest

* Can derive behavior of a system

— In terms of the behavior of indiidual objects

T
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MODELING AND SIMULATION IN C2STEM

run.c2stem.org




The learning-by-modeling
progression

Study
Build output &
Computational graphs to

Specification Experriment
of the target with the Plan your
scenarioto target Model

model scenario

Model verify
model

Assessments
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Studying Motion in Physics

Newton’s Three Laws

e First law

— An object at rest stays at rest and an object in motion stays
in motion with the same speed and in the same direction
unless acted upon by an unbalanced force.

e Second law

— Newton's second law of motion pertains to the behavior of
objects for which all existing forces are not balanced. The
second law states that the acceleration of an object is
dependentupon two variables - the net force acting upon
the object and the mass of the object.

* Third law
— For every action, there is an equal and opposite reaction.
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Interpreting Newton’s First and Second

;m ars Balan< Forces are Unbalanced
Objects at Rest Objects in Motion - l .
(v =0m/s) (v #0m/is) There is an acceleration
a=0m/s? a=0m/s? A
The acceleration The acceleration
depends directly depends inversely
. . upon the upon the
Stay at Rest Stay in MOthI} =net force™ cbject’s mass.
(same speed and dir'n)

e Figure 1 (First law): no unbalanced forces on
object, i.e., acceleration,a=0

then velocity of object, v remains unchanged

* Figure 2 (Second law): unbalanced force on
object, then a
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A Mathematical Representation

a =0 then v=constant

d
a= j); acceleration is the rate of change in velocity (speed)
l

_ds

v =—; velocity (speed) is the rate of changein distance traveled
4

wheret is time

if v=0 then object is at rest
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Kinematics

 Deals with the motion of bodies, often abstracted
to points

* Doesn’t consider the cause for the motion (e.g.,
force)

 Equations of motion
u :initial speedof a body att =0;

a . acceleration
speed of body after time t,
v=u+axt

s :distance traveled by body in time t

S=ut+—axt
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Expanding the Mathematical Relations

g ) -vit) _ds _s()-s(t)
dt  t,-1, P T—

Suppose t, =t, + At
_w(t + Af) = (1)
) At v
v(t, +At)=v(t,) +ax At

Suppose t, =1, + At

_ st +A)-s(t)

) At

s(t, +At) =s(t)+vx At

a

If acceleration, a = 0 then If velocity, v = 0 then

velocity,v changes over time distance, s changes over time
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Building simulation models

* Distance moved by body traveling at speed, u in
time g% : d = v. 2%
— What about multiple g4’s?
* Initial Step:d,=d
* Iterative Step:d,=d,+v.i%; d,==d; + v.i§
— What if object has a constant acceleration, a ?
— Initial step: d,=d; vy =v
— Next Step: v,;=v, + a.g& d;=d, +v,.i%
— &next: v=v,+a.0& d,=d;+ Vv,

* To save repeated writing of equations, we create
a simulation step
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Exercise 1:
Build Computational Models

 Make a turtle agent walk at constant speed to
make a regular shape
 Make a turtle agent walk at an increasing speed

defined by a constantacceleration to make the
same kind of shape

— What form will this shape take?
 Make a turtle agent walk at a decreasing speed

defined by a constantacceleration to make the
same kind of shape

— What form will this shape take?
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Building Object movement models

 Make a vehicle travel on a road with constant
speed

* Used,; =d +v.gg

* Repeat

 Make vehicle travel on road with constant
acceleration
* Update speed: vi,; =V, + 0.i% ;
* Update distance traveled: di,; = d; + v,, g%
* Repeat
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Learning activity progression
1-D Motion

Instructional Task - Develop Simple Motion Simulation

Instructional Task - 10 Velocity: Elaborate Your Simulation

Instructional Task - 10 Velocity: Model Planning

Check-In #1

Model Building - 10 Velocity: Simulate the Motion of a Truck

Check-In #2

Instructional Task - 10 Acceleration: Changing Velocity

Check-In #3

Model Building-1D Acceleration: Make Your Truck Stop

Challenge Problem: Deliver the Medicine to the River!

7/15/2017 CTE 2017 Panel: CT Developi

The Challenge

Time to complete the first part of our journey (green) in Brazil. The truck should begin
at rest on the road at the far left side of the stage. Given the map and the environment
speed limits, program the medical truck to start at an initial location and accurately
arrive at the final destination along the Amazon river.

ITints:

+ - Don't forget vour Resources section!
* - Planning is kev - refer back to vour model planning tools to help organize vour code.
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Let’s get started

 Work on your own
e But, feel free to discuss with one another

 We are here to guide, help, & answer your
guestions
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