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L.
A classical example of & ehactic system is the Lorentz systen
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Use o = 10, b = §/3, B = 28 and other values. Try to figure ous why the
behaviour is called chaotic.
2.

The diagram helow shows a voltage source u driving a DC motor through a
sesistar . The DC motor drives a shafl which consisis of a mass conaected o
aspring. AL the othes end of the spring is the upper j

ut of & double peadlum.

(a) Make a Modelica model and simulate it with a sinusoidal «. Choose the
parameters to get an interesting response. How many initial conditions have to
De set? What happens if damping is added to the spring?

(b) Replace the spring with an ideal gear. How is the responss altered? How
many initial conditions are there now?

() Explain why the number of initial conditions is difierent in (a) and {b).





3.

Create a model of four colliding spheres arranged in a row, on a floor without any friction. For all collisions the restitution coefficient e takes on a constant value that does not depend on the velocities. The restitution coefficient can vary between 0 and 1. A further precondition is the equality of the diameters d of the spheres, their masses mi and distances a from each other. 








In the model description the relative quantities are variables:

y1 = x2 - x1 - d


y1' = x2' - x1'

y2 = x3 - x2 - d


y2' = x3' - x2'
y3 = x4 - x3 - d


y3' = x4' - x3'

For determination of the remaining absolute quantities the summation equations of motion for the inner distances (y1, y2, y3) and the absolute variable x1 are needed. The initial conditions are chosen so that sphere 1 strikes the other initially motionless three spheres with velocity v0. An influence of external forces is not considered. 

Equations of motion:

x1'' = 0 

x1'(0) = v0


x1(0) = 0

y1'' = 0 

y1'(0) = - v0


y1(0) = a

y2'' = 0 

y2'(0) = 0


y2(0) = a

y3'' = 0 

y3'(0) = 0


y3(0) = a

Collision 1-2:

x1' = x1' + (1 + e)*m2 / (m1 + m2)*y1'

y2' = y2' + (1 + e)*m1 / (m1 + m2)*y1
y1' = -e*y1'

Collision 2-3:

y1' = y1' + (1 + e)*m3 / (m2 + m3)*y2
y3' = y3' + (1 + e)*m2 / (m2 + m3)*y2
y2' = -e*y2'

Collision 3-4:

y2' = y2' + (1 + e)*m4 / (m3 + m4)*y3
y3' = -e*y3'
Compute the distance-time functions y1(t), y2(t) and y3(t)  by simulating the system during the time interval 0 <= t <= 15, using e = 0.2, d = 1, a = 1 and v0 = 1.

4.

Create a class that performs Bubble Sort on an array of numbers. The basic idea of Bubble Sort is to compare two neighbouring objects, and to swap them if they are in the wrong order. The algorithm repeats this process until it makes a pass all the way through the list without swapping any items (in other words, all items are in the correct order). This causes larger values to "bubble" to the end of the array while smaller values "sink" towards the beginning of the array. 

5.

What is the main difference between Modelica and other object-oriented programming languages like C++ or Java? Why is Modelica so useful in the area of modeling and simulation?

6.

Create a class containing an instance, plane1, of the class Plane below and give the mass variable a value. Create another class, which inherits the previously created class. In this class the type of plane1 should be changed to FlyingPlane, the type of mass should be changed to MyReal and the variability prefix of mass should be changed to parameter instead of continuous-time variability. Moreover, the value of the velocity variable should be changed to 200. It should still be possible to perform further modification of the plane1 instance. It is possible that changes in the classes below are needed in order for this to work.

class Vehicle

  Real mass;

end Vehicle;

class Plane

  Real mass;

  Real velocity = 0;

end Plane;  

class FlyingPlane

  
  extends Plane(velocity = 100);

  
  Real altitude = 11000;

end FlyingPlane;

type MyReal = Real;

7.

What is the noEvent operator used for? Give an example of when it is necessary to use noEvent to avoid problems and what kind of problems it can prevent.

8.

For each of the classes below, if a class is incorrect explain what is wrong and motivate why it is not allowed. Also modify it into a valid class.

(a)

record Double

  Real x;

equation

  x = 2*x;

end Double;    

(b)

function Divide

  input Integer numerator;

  output Real result;

  parameter Real denominator = 10;

equation

  result := numerator / denominator;

end Divide;

class DivideCall

  Real divide;

equation

  divide = Divide(12);  

end DivideCall;

(c)

model C

  Real x;

  Real y;

  constant Real u = 7;

  parameter Real high = 12;

  parameter Real low = 3;

equation

  y = if u > high then high 

  
  else if u < low then low 

  
  else u;

algorithm

  when time <= 2 then
    x := 4;

  end when;

  when x <= y then
    x := 6;

  end when;

end C;

(d)
class D

  Real x;

  parameter Real y = 4;

equation

  if y >= 2 then
    x = 5;

  end if;

  if y <= 20 then
    x = 10;

    y = 7;

  end if;      

end D;

9.

Describe the characteristics of a continuous time system as well as a discrete event system. Give an example of a hybrid system.
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