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Introduction
For this report I shall be going through the Euler’s method, how I shall be using his method to simulate the physics and how effective his method is whilst showing off the advantages & disadvantages of his method. I will Show the method in play by using a spring powered car with different variables to simulate the conditions of a real car. Using the method, I aim to get an estimation that is a replica for a scaled down race car. 
	How physics are used in games to help simulate such things as balls, items falling and more. Starting with basic mechanics then going on to use more complex calculations with more variables include such as wind force, the angle of impact on items to add spin to balls. 
Main body
[bookmark: _Toc813718]Dragster car using Euler’s method
[image: https://i.gyazo.com/e14f69196a4a76c29a2948baebc88502.png]When using his method to help implement physics for a model car I would have to ensure that the increments are small so using the given timestep of (0.06) milliseconds would scale a model of a real car down to that of a spring powered drag car.  
As provided, the cmd can show the user that every time the clock counts + 0.06 ms then the distance travelled by the car is greater each time and the acceleration is decremented since forces such as mass of the car, gravity and wind etc is applied. Eventually the car should come to a stop and the acceleration of the car will be = 0 meaning the potion of the car has changed and is now at a stand still since no acceleration is there to push the drag car forward. 

[bookmark: _Toc813719]Drag car Results
Changing variables to allow for a change in results was expected. Making the car heavier would mean a greater force of acceleration would be required for the car to travel further or faster.
From what I have learned throughout is that the physics in programming needs to relate to that in real life and this goes along with a game’s engine. The more time invested into adding more factors/variables can make for a more realistic simulation.
[bookmark: _Toc813720]Euler’s Method [1]
The most basic numerical method out there to help solve first order first degree with a differential equation. He method itself is name after a man called Leonhard Euler. This method although being simplest, it can be used as a template for a rather complex method(s) with its step-by-step/error per step effectiveness. Using Euler's Method, you can simply approximate the solutions to at least a couple of first order differential equation and thus helping your estimate to always run with the step and follow a pattern. For the spring powered car, we can use the Euler's method as the advantages for this can help us get an estimated guess for all the variables used such as speed, distance, time & more. [2]
[image: Image result for fifa ball physics]	Me using the method to show that as the time goes up then so does the distance. ONLY in small increments over an 8 step-by-step format with little to non-change in variables. Here is a chart to help show the method and how it can useful to solve equations and getting the key information the user needs. 
 [3]Video games when made need to have physics for player movement to bullets being fired. Using FIFA as an example for how the physics play such an important part as a skill shot called “Knuckle shot” is a move for a player to make the ball have spin by kicking it from the side or below to confuse their opponent. In the picture shows a small plotted path in which the ball follows or has previously been in. This helps show the method as it’s small increments at a time with factors and variables applied as the ball has its velocity go up from the player’s foot impacting the ball. Games like FIFA will require a more advanced method to calculate physics.
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Another chosen method is the Trapezoidal rule, like Euler’s with it being used for approximations and being a first order polynomial. Method(s) are used to help find the information the user needs and apply their information into the formula to get their results. With this method/rule you are to follow two steps and with the graph you can easily compare results with other chosen methods to see if your information is approximately accurate. 
[image: https://i.gyazo.com/3a78f16521b11b9558e9756daa1aaf55.png]












This method isn’t used as often and is found to be harder to use out of the two but need to be noted is that the larger x is in the situation the more precise your result will be. Out of the two methods shown the Euler’s one is more commonly used, and I would preferably use this over the Trapezoidal rule.
 Conclusion 
Physics are real, used in day to day and seen in the smallest of objects and using various methods can help give more accurate results making the game engine physics seems that of real life. Many methods can be proven to have advantages and disadvantage but finding one that suits your simulation you desire is simple down to the performance your machine can run at and how in dept you are needing to go to get an even nearer result.
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	Velocity inputted
	Tractive force(ft)
	Drag force (fd)
	Acceleration(a)
	Time (Mp/s)
	Distance (meters)

	1
	0
	0
	0
	0
	0
	0

	1
	9
	18
	2.22
	15.77
	0.06
	0.056

	2
	9
	18
	2.22
	13.54
	0.12
	0.154

	3
	9
	18
	2.22
	11.79
	0.18
	0.276

	4
	9
	18
	2.22
	9.72
	0.24
	0.407

	5
	9
	18
	2.22
	6.87
	0.3
	0.531

	6
	9
	18
	2.22
	4.64
	0.36
	0.631

	7
	9
	18
	2.22
	2.42
	0.42
	0.692

	8
	9
	18
	2.22
	0.19
	0.48
	0.698



==================================================================================================
car.cpp

==================================================================================================

// Dragster car.cpp : Defines the entry point for the console application.

#include "stdafx.h"
#include <iostream>
#include <time.h>
#include <Windows.h>

using namespace std;


int main()
{

	float ft;	//Tractive force (Ft=1.5(12-disGone)
	float distance = 0;	//Distance travelled (metres) by car
	float time = 0;	//Time (Seconds)
	float fd; 	//Drag force (Fd = Cr, m, g + 1/2 Cd p A V*V)

	float cr = 0.21; //Rolling Resistance
	int m = 1;	//kg
	float g = 9.81; //m/s*2
	float cd = 0.34; //Drag coefficient
	float p = 1.2; //Air density (kg/m*m*m) 
	float a = 0.01; //Frontal area of vehicle
	float v = 0; //Velocity

	cout << "Please enter distance: " << endl;
	cin >> distance;

	//Since it's a small model car the max distance
	//in which it can travel will be 8 meters.
	if (distance > 8){
		ft = 0;
		cout << "Distance greater than 8: " << distance << endl;
		cout << "Tractive force(ft): " << ft << endl;
		cout << "Car stopped!" << endl;
	}
	else{
		ft = 1.5 * (12 - distance);
		cout << "Distance less than 8: " << distance << endl;
		cout << "Tractive force(ft): " << ft << endl;
	}

	//Getting the user to input velocity;
	cout << "Please enter velocity: " << endl;
	cin >> v;

	//Force drag worked out in single line
	fd = (cr * m * g) + ((cd * p * a * (v * v))/2);
	cout << "Drag force(fd): " << fd << endl;
	cout << "Distance: " << distance << endl;

	if (v <= 0){
		fd = 0;
	}

	float travel = 0;
//Loop to keep decrementing the speed of the dragster car as it travels over time and distance
	while (ft > 0 )
	{
		ft = ft- fd;
		a = ft / m;

		time = time + 0.06;
		travel = travel + (( a * 0.06) * time);

//Print out results of the drag car
		cout << "-----------------------" << endl;
		cout << "Acceleration: " << a << endl;
		cout << "-----------------------" << endl;
		cout << "Time: " << time << endl;
		cout << "-----------------------" << endl;
		cout << "You've Travelled: " << travel << "		In this amount of time: " << time << endl;

	}
	cout << "						" << endl;
	cout << "-----------------------" << endl;
	cout << "Acceleration is now at 0" << endl;


	return 0;
}
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==================================================================================================
Main.cpp

==================================================================================================

#include "Vector.h"

float Radian2Deg(float radians);

int main()
{

	Vector3* vector3D = new Vector3(4, 5, 2);

	cout << "Please enter first vector(x, y, z): " << endl;
	cin >> vector3D->x >> vector3D->y >> vector3D->z;
	cout << "1st vector location: " << vector3D->x << vector3D->y << vector3D->z << endl;

	cout << "Length of 1st vector: " << vector3D->Length() <<endl;

	Vector3* V1Norm = &vector3D->NormaliseV();

	cout << "1st vector Normalized: " << V1Norm->x << V1Norm->y << V1Norm->z <<endl;

	// Radius
	float radius = V1Norm->Length();

	//The Polar angle
	float theta = atan2(sqrt(pow(V1Norm->x, 2) + pow(V1Norm->y, 2)), V1Norm->z);

	//The Azimuthal angle
	float phi = atan2(vector3D->y, vector3D->x);

	theta = Radian2Deg(theta);
	phi = Radian2Deg(phi);

	cout << "Spher coords are: " << radius << theta << phi << endl;

	//Make the 2nd vector and allowing user to input data.
	Vector3* distanceVector3D = new Vector3(10, 10, 10);

	cout << "Please enter second vector(x, y, z): " << endl;
	cin >> distanceVector3D->x >> distanceVector3D->y >> distanceVector3D->z;
	cout << "2st vector location: " << distanceVector3D->x << distanceVector3D->y << distanceVector3D->z << endl;

	//Used for the distance between the 2 vectors.
	float distance = vector3D->DistanceBetween(distanceVector3D);
	cout << "The Distance for Vector 1 & Vector 2 is: " << distance << endl;
	
	//Used for the distance between the 2 vectors squared.
	float distanceSqrd = vector3D->DistanceBetweenSqrd(distanceVector3D);
	cout << "The Distance of Vector 1 & Vector 2 Squared is: " << distance << endl;


	return 0;
}

//Used to do the Convertion of radians -> degrees.
//For the spherical coordinates
float Radian2Deg(float radians) {


	return radians * (180 / 3.141592653589793238);
}

==================================================================================================
Vector.cpp

==================================================================================================

#include "vector.h"

//construct
Vector3::Vector3(void) {};
Vector3::Vector3(float myx, float myy, float myz)
{
	x = myx;
	y = myy;
	z = myz;
}
void Vector3::Scale(float s)
{
	x = s * x;
	y = s * y;
	z = s * z;
}
void Vector3::Add(Vector3 & v1, Vector3 & v2)
{
	v1.x = v2.x + v1.x;
	v1.y = v2.y + v1.y;
	v1.z = v2.z + v1.z;
}
Vector3 Vector3::getVector(float x, float y, float z)
{
	return Vector3(x, y, z);
}
void Vector3::Add(Vector3 & v1)
{
	x = x + v1.x;
	y = y + v1.y;
	z = z + v1.z;
}

//Returns the distance between the vectors
float Vector3::DistanceBetween(Vector3* v) {
	float distance = sqrt(pow(v->x - x, 2) + pow(v->y - y, 2) + pow(v->z - z, 2));
	return distance;
}

//Returns the distance between the vectors squared 
//(distance * distance)
float Vector3::DistanceBetweenSqrd(Vector3* v) {
	float distance = sqrt(pow(v->x - x, 2) + pow(v->y - y, 2) + pow(v->z - z, 2));
	distance = distance * distance;
	return distance;
}

// Returns the length of the vector
float Vector3::Length() {
	return sqrt(x * x + y * y + z * z);
}

// Normalizes the vector
Vector3 Vector3::NormaliseV() {
	Vector3 v;
	float length = Vector3::Length();

	if (length != 0) {
		v.x = x / length;
		v.y = y / length;
		v.z = z / length;
	}

	return v;
}


==================================================================================================
vector.h

==================================================================================================
#pragma once

//Math.h used for pow & sqrt
#include <math.h>
#include <time.h>
#include <vector>
#include <iostream>

using namespace std;

//*****(note x,y,z are not private–should they be?)
#ifndef VECTOR_H
#define VECTOR_H

class Vector3

{
public:

	float x;
	float y;
	float z;

	//construct
	Vector3(float x, float y, float z);
	Vector3(void);
	void Scale(float s);
	void Add(Vector3 & v1);
	void Add(Vector3 & v1, Vector3 & v2);
	Vector3 getVector(float x, float y, float z);
	float DistanceBetween(Vector3*  v2);
	float DistanceBetweenSqrd(Vector3* v);
	float Length();
	Vector3 NormaliseV();
	//these are  currently public – should they be private?
	//-----------------------------------------------------
	//The x, y and z are required to be public to be able to returned
	//Simply because you are creating a pointing to a new vector3
	//If set to private it would be un-accessable.
};
#endif
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==================================================================================================
Plane.h

==================================================================================================
#pragma once

//Math.h used for pow & sqrt
#include <math.h>
#include <time.h>
#include <vector>
#include <iostream>

#ifndef PLANE_H
#define PLANE_H

class Plane{
public:
	//Needs to be public in order to return x,y,z.
	float x;
	float y;
	float z;

	//construct for the Plane.h
	Plane(void);
	Plane(float x, float y, float z);
	Plane getVector(float Vector[3]);
	Plane getVector(float Vector[3]);
	Plane NormizePlane(float Vector[3]);
	float Length();


private:

};
#endif
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==================================================================================================
Plane.cpp

==================================================================================================
#include "Plane.h"

using namespace std;

//construct
Plane::Plane(void) {};
Plane::Plane(float myx, float myy, float myz){
	x = myx;
	y = myy;
	z = myz;
}

Plane::getVector(float Vector[3]){

		cout << "Please enter the vector coords (x,y,z)" << endl;

		cin >> Vector[0] >> Vector[1] >> Vector[2];
		return Vector[3];
}

// Returns the length for the plane
float Plane::Length() {
	return sqrt(x * x + y * y + z * z);
}

Plane::NormizePlane(float Vector[3]){
	float lengthOfPlane = Plane::Length();

	if (length != 0) {
		Vector.x = x / length;
		Vector.y = y / length;
		Vector.z = z / length;
	}

	return Vector[3];
}

Distance (meters)	
0	5.6000000000000001E-2	0.154	0.27600000000000002	0.40699999999999997	0.53100000000000003	0.63100000000000001	0.69199999999999995	0.69799999999999995	
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