
Problem T
Particle Simulations

Problem ID: particle

Your solution to this problem must be implemented using an object-oriented approach. Any other

solution will receive zero points, even if the testing system judges it correctly.

Particle simulations have been used successfully to model physical and social phenomena such as chemical
reactions and the motion of human crowds. In this problem, you will simulate the motion of a single particle
in a two-dimensional box.

Throughout this problem, we will make use of the standard Cartesian coordinate system and refer to loca-
tions and velocities as pairs of numbers (x, y). We consider a box to be square where each side has the same
size (i.e., length). For example, a box with size = 10 has dimensions: [0, 10]⇥ [0, 10]. The point (0, 0) is
the bottom left corner of the box and the point (10, 10) is the top right corner.

A particle is defined to have an initial location (a, b) and velocity (i.e., speed) (xv, yv). You will simulate
the movement of the particle in box by advancing it N number of time steps. A particle moves within the
box from location (a, b) to location (a + xv, b + yv) in one time step. For example, a particle at location
(1, 1) with velocity (�1, 0) will have a new location at (0, 1) (i.e., (a+xv, b+yv) = (1�1, 1+0) = (0, 1))
after moving one time step. A particle’s velocity remains unchanged when moving.

As the particle moves within the box, it will eventually collide with a wall, causing it to change velocity in
the following manner:

• Colliding with a vertical wall (contact with the left or right wall) will change the particle’s velocity
from (a, b) to (�a, b).

• Colliding with a horizontal wall (contact with the top or bottom wall) will change the particle’s veloc-
ity from (a, b) to (a,�b).

For example, a particle with velocity (�1, 0) that ricochets off the left wall will begin moving to the right
one unit per time step with a new velocity of (1, 0) (i.e., (�a, b) = (�(�1), 0) = (1, 0)) A particle with
velocity (1, 1) ricochets off the top wall will begin moving to the bottom one unit per time step with a new
velocity of (1, 1) (i.e., (a,�b) = (1,�(1)) = (1,�1)). A particle’s location remains unchanged when
ricocheting off a wall.

Your task for this problem is to design and implement three classes: Point, Particle, and Box that
simulates a particle moving within a box for N number of time steps. You are responsible for determining
the appropriate attributes (also known as instance variables) and methods for each class. The only required
methods are a specific constructor and the simulate method inside the Box class:

• Implement a constructor that initializes a Box instance and takes in three arguments: the initial loca-
tion of the particle, the initial velocity of the particle, and the size of the box. The box must define an
attribute that holds a Particle object that represents the particle moving within the box.

• Implement a method called simulate in the Box class that simulates a particle’s movement in a
box. This method takes in one argument, steps, that represents the number of time steps for the
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simulation. For example, if simulate is called with steps=4 then a box with size = 10 and
a particle starting at location (1, 1) with velocity (1, 1) will move to a final location of (5, 5) with
velocity(1, 1) after 4 simulation time steps.

As a reminder, your solution to this problem must be implemented using an object-oriented approach.

Any other solution will receive zero points, even if the testing system judges it correctly.

Input

The input contains information pertaining to simulating a particle in a box for a certain number of time steps.

The input begins with a line containing a single integer: the value N (1 < N  100) that represents the
number of time steps for the simulation.

The input is followed by a line containing a single integer; the value S (1  S  100) that represents the
size of a box.

The input is followed by a line containing two real numbers separated by a single space. The two real
numbers represent the initial location of the particle in the box. The first real number is X (0  X  size)
the initial x location and the second real number is Y (0  Y  size) the initial y location.

The input is followed by a line containing two real numbers separated by a single space. The two real
numbers represent the initial velocity of the particle in the box. The first real number W (0  W  100) is
the initial x velocity and the second real number Z (0  Z  100) is the initial y velocity.

Output

The output is the location and velocity of a particle in a box after N number of simulation steps.

The output begins with the final location of the particle after N number of simulation steps. The first line
contains two real numbers separated by a single space. The first real number is the final x location and the
second is the final y location.

The output is followed by the final velocity of the particle after N number of simulation steps. The line
contains two real numbers separated by a single space. The first real number is the final x velocity and the
second is the final y velocity.

Sample Input 1 Sample Output 1

2

10

9 1

1 -1

9 1

-1 1

Sample Input 2 Sample Output 2

3

10

1 1

-1 1

2 4

1 1
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Sample Input 3 Sample Output 3

5

10

1.0 1.5

2.5 1.5

8.5 9.0

-2.5 1.5
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