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Background:

The goal of this project is to create a rigid-body dynamics physics engine in order to allow physics students to visualize and solve physics models. Rigid-body dynamics is the study of the motion of non-deformable, free-moving bodies through space. Such setups involving rigid bodies are prevalent throughout physics courses, leading to the value of such a simulation. The engine will improve upon many current models by focusing on approximating mathematic techniques with a small percent error, such as Runge-Kutta 4 integration and the Separating Axis Theorem. The physical responses to these collisions will be calculated by representing rigid bodies with grids of ellipses, approximating the physical responses to collisions. The engine interface will allow for the speedy input of a variable number of rigid body and interaction mechanisms, specifically optimized for an educational environment.

Description:

The proper visualization of physical models is required to properly understand physics concepts, yet such visualizations can be difficult to produce without the assistance of concrete examples. It is often not possible to simulate models using actual physical components in the classroom, and computers can therefore be substituted as a valuable tool towards allowing students visualize physics setups. This project will design such a physics simulation, specifically targeted towards physics students for classroom use. The use of computer simulation engines in academic physics environments has many further advantages. Precise results can be obtained from computers with almost no error margin, and the model can be examined from a number of different perspectives over varying time intervals to obtain results. The goal of this project is to develop such a physics engine, so that physical setups can be visualized on a computer with maximum accuracy, and the complex interactions between rigid bodies and other physical objects can be studied. The engine will focus on 2-dimensional space, due to its common use in introductory physics courses and its consistencies with 3-dimensional space. The Runge-Kutta 4 integration methods and the Separating Axis Theorem for collision detection will be primarily researched and implemented to improve the simulation over many current models, and physical responses to collisions will be calculated by representing bodies as grids of ellipses.

Physics engines present the unique problem of combining small-scale rigid-body oriented interactions with large-scale physics engine scalability. Research into rigid body dynamics engines can be broken down into the microcosmic lower-level interactions between rigid bodies, and the macrocosmic large-scale design structures of physics engines. On the microcosmic level, this simulation uses the Runge-Kutta 4 methods of integration, the Separating Axis Theorem, and grids of ellipses to calculate impulse forces and collisions. On the macrocosmic level, the model-view-controller design is used by the engine to separate collision detection algorithms and other interactions from the rest of the engine.

My program can accurately simulate a number of physical phenomena, using algorithms such as the Separating Axis Theorem, Runge-Kutta 4 integration, and physical laws such as Hooke’s law and Newton’s Law of Universal Gravitation.  Inputs are predefined physical models, the outputs are graphical simulations of the setups, and my program runs by graphically displaying a simulation of the inputed physical objects over a time step. My program is testing whether such a physics engine can be implemented in an educational environment.


