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[bookmark: _Toc90040713]Task 1
According to [1] the Euler method is a first-order method. This means the error per step is proportional to the size in step taken, as a result smaller step sizes can bring more accurate results.  Both [2] and [3] states that in Euler’s method you can use each tangent at the time step of h, to calculate the approximate curve of the solution.
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Image from [2].
[bookmark: _Toc90040714][4] warns us that Euler’s method will only be suitable over small time steps, and if the function does not change rapidly, so the user needs to ensure that the time step is not too large otherwise Euler’s method will be inaccurate.
Task 2
I was asked to make a simulation of the movement of a spring powered model dragster car using 2 numerical integration methods Euler’s and one of my choice. The way the code should work is that once the distance travelled is greater than 6 meters the FT (Traction) should be set to 0 newtons. Also, if the velocity is less than or equal to zero the FD (Drag) should be set to 0N. The first simulation I coded was Euler’s and here is the result below before I modified any of the values.

The code was working as intended as you can see the traction and acceleration both drop after the vehicle reaches past 6m, and at the start of the code the Drag is set to 0N as the velocity is currently 0m/s. The curves on the graph make sense, as velocity is a positive number the position of the car keeps increasing until stopping at 40.1059m. What I was not happy with personally was how long the vehicle took to deaccelerate and come to a stop. As seen above after both the traction hits 0N and the acceleration hits 0m/s2 it takes the vehicle roughly 5.6 seconds to come to a stop, making the simulation last a total of 6.6 seconds. To change this, I increased the mass from 1kg to 4kg within the formula and these are the result below.



Here we can see my final version of the Euler’s results. With the increase in mass the vehicle hits the 6m mark at a slower speed of  2.52 seconds which takes roughly 1.6 seconds longer than the first set of results, but takes a total of 4.38 seconds to reach 0m/s of velocity after the traction is set to 0N and acceleration is set to 0m/s2. This means by increasing the mass the time to increase the vehicle’s distance travelled increased but the time for the vehicle to slow down to a stop decreased, which in my opinion makes sense. The total distance travelled by the vehicle in this simulation was 9.494m.

My second method of choice was midpoint. I used the same numbers from my second Euler’s simulation with the mass of 4kg. Despite two coding errors that I will cover in the end the results are extremely close to the Euler’s with the midpoint method hitting 6m when 2.58seconds have passed which is just 0.06 seconds more than when Euler’s hit the 6m mark. Slight changes in numbers are expected as midpoint is meant to be a more accurate method compared to Euler’s at the cost of having a higher CPU load. The total distance travelled was 9.21069m. Whilst having similar simulation time lengths of 4.38 seconds (Euler’s) and 4.44 seconds (Midpoint) which could be due to the more accurate calculations of midpoint influencing the distance travelled whilst have a traction of 0N, and a negative acceleration. The first coding error I have that can have a slight effect on the results is that I could not get the drag to be set to 0N for the first time step of the simulation which will have a slight knock on effect for the rest of the simulation. The second coding error that only happens at the end of the simulation is that in the last time step of the velocity reaching 0m/s the drag drops to 0N and rises back up to a normal value which may have a slight impact on the data for the last 2 time steps of the simulation.

To conclude the Euler’s method compared to midpoint are very similar, but as seen in the results can give slightly different results. As mentioned before this is most likely due to midpoint being a more accurate formula doing twice the amount of calculations that Euler’s does. 
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[bookmark: _Toc90040717]Euler’s Code
#include <iostream>
using namespace std;
float sumForces(float Ft, float Fd, float vMass, float xcurr); //function prototype
//Use in conjunction with overview of physics engine doc
int main(void)
{
	float time = 0;		//Start time
	float dt = 0.06;	//Time step
	float Ftot = 0;		//Force Total used for acceleration calculation
	float Ft = 0;		//Used for acceleration calculation - Traction
	float Fd = 0;		//Used for acceleration calculation - Drag
	float accel = 0;	//Acceleratioin
	float vMass = 4;	//VeichleMass
	float vsquared = 0;
	float vnew = 0;		//VelocityNew
	float vcurr = 0;	//VelocityCurrent
	float xnew = 0;		//PositionNew
	float xcurr = 0;	//PositionCurrent
	float i = 0;
	cout << "step time Traction Drag accel  vcurr  xcurr" << endl;
	//	for (int i = 0; i < 40; i++)
	while (vcurr >= 0)
	{
		if (xcurr > 6){
			Ft = 0;
		}
		else {
			Ft = 1.4 * (12 - xcurr);
		}
		if (vcurr <= 0) {
			Fd = 0;
		}
		else {
			Fd = 0.21 * vMass * 9.81 + 0.5 * 0.34 * 1.2 * 0.01 * vcurr * vcurr;
		}
		accel = sumForces(Ft, Fd, vMass, xcurr);
		vnew = vcurr + accel * dt;
		xnew = xcurr + vcurr * dt;
		//cout << time << ", " << accel << ", " << vcurr << ", " << xcurr << endl;
		vcurr = vnew;
		xcurr = xnew;
		//if ((i % 10) == 0) {
		//	cout << "step time accel  vcurr  xcurr" << endl;
		//}
		cout << i << ", " << time << ", " << Ft << ", " << Fd << ", " << accel << ", " << vcurr << ", " << xcurr << endl;
		i = i++;
		time = time + dt;
	}
	return 0;
}
float sumForces(float Ft, float Fd, float vMass, float xcurr)
{	
	float acceleration = (Ft - Fd)/ vMass; //First part of the acceleration equation
	return acceleration;
}

[bookmark: _Toc90040718]Midpoint Code
#include <iostream>
using namespace std;
float sumForces(float Ft, float Fd, float vMass, float xcurr); //function prototype
//Use in conjunction with overview of physics engine doc
int main(void)
{
	float time = 0;		//Start time
	float dt = 0.06;	//Time step
	float Ftot = 0;		//Force Total used for acceleration calculation
	float Ft = 0;		//Used for acceleration calculation - Traction
	float Fd = 0;		//Used for acceleration calculation - Drag
	float accel = 0;	//Acceleratioin
	float vMass = 4;	//VeichleMass
	float vsquared = 0;
	float vnewHALF = 0;
	float vnew = 0;		//VelocityNew
	float vcurr = 0;	//VelocityCurrent
	float xnewHALF = 0;
	float xnew = 0;		//PositionNew
	float xcurr = 0;	//PositionCurrent
	float i = 0;
	cout << "step time Traction Drag accel  vcurr  xcurr" << endl;
	//	for (int i = 0; i < 150; i++)
	while (vcurr >= 0)
	{
		if (xcurr > 6) {
			Ft = 0;
		}
		else {
			Ft = 1.4 * (12 - xcurr);
		}
		if (vcurr <= 0) {
			Fd = 0;
		}
		else {
			Fd = 0.21 * vMass * 9.81 + 0.5 * 0.34 * 1.2 * 0.01 * vcurr * vcurr;
		}
		if (xnewHALF > 6) {							//For some reason when removing this the code doesnt end
			Ft = 0;									//so even though this isn't meant to be here it has to 
		}											//stay here
		else {
			Ft = 1.4 * (12 - xcurr);
		}
		if (vnewHALF <= 0) {
			Fd = 0;
		}
		else {
			Fd = 0.21 * vMass * 9.81 + 0.5 * 0.34 * 1.2 * 0.01 * vcurr * vcurr;
		}
		accel = sumForces(Ft, Fd, vMass, xcurr);
		vnewHALF = vcurr + accel * (dt / 2);
		xnewHALF = xcurr + vcurr * (dt / 2);

		if (xnewHALF > 6) {
			Ft = 0;
		}
		else {
			Ft = 1.4 * (12 - xnewHALF);
		}
		if (vnewHALF <= 0) {
			Fd = 0;
		}
		else {
			Fd = 0.21 * vMass * 9.81 + 0.5 * 0.34 * 1.2 * 0.01 * vnewHALF * vnewHALF;
		}

		accel = sumForces(Ft, Fd, vMass, xcurr);
		vnew = vcurr + accel * dt;
		xnew = xcurr + vnewHALF * dt;
		//cout << time << ", " << accel << ", " << vcurr << ", " << xcurr << endl;
		vcurr = vnew;
		xcurr = xnew;
		//if ((i % 10) == 0) {
		//	cout << "step time accel  vcurr  xcurr" << endl;
		//}
		cout << i << ", " << time << ", " << Ft << ", " << Fd << ", " << accel << ", " << vcurr << ", " << xcurr << endl;
		i = i++;
		time = time + dt;
	}
	return 0;
}
float sumForces(float Ft, float Fd, float vMass, float xcurr)
{
	float acceleration = (Ft - Fd) / vMass; //First part of the acceleration equation
	return acceleration;
}
Eulers
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Euler's (With Mass Changed)

Time	0	0.06	0.12	0.18	0.24	0.3	0.36	0.42	0.48	0.54	0.6	0.66	0.72	0.78	0.84	0.9	0.96	1.02	1.08	1.1399999999999999	1.2	1.26	1.32	1.38	1.44	1.5	1.56	1.62	1.68	1.74	1.8	1.86	1.92	1.98	2.04	2.1	2.16	2.2200000000000002	2.2799999999999998	2.34	2.4	2.46	2.52	2.58	2.64	2.7	2.76	2.82	2.88	2.94	3	3.06	3.12	3.18	3.24	3.3	3.36	3.42	3.48	3.54	3.6	3.66	3.72	3.78	3.84	3.9	3.96	4.0199999999999996	4.08	4.1399999999999997	4.2	4.26	4.32	4.38	Traction	16.8	16.8	16.7788	16.7469	16.7042	16.650700000000001	16.586600000000001	16.512	16.4268	16.331099999999999	16.225200000000001	16.109100000000002	15.982900000000001	15.8468	15.701000000000001	15.5456	15.380800000000001	15.206799999999999	15.0238	14.832000000000001	14.6317	14.4232	14.2066	13.982200000000001	13.750299999999999	13.511200000000001	13.2652	13.012499999999999	12.7536	12.4886	12.2181	11.9421	11.661199999999999	11.3757	11.085900000000001	10.7921	10.4948	10.1943	9.8910400000000003	9.5853300000000008	9.2775700000000008	8.96814	8.6574500000000008	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	Drag	0	8.2405299999999997	8.2406900000000007	8.2409300000000005	8.2412299999999998	8.2415900000000004	8.2420100000000005	8.2424999999999997	8.2430400000000006	8.2436399999999992	8.2443000000000008	8.2449999999999992	8.2457499999999992	8.2465499999999992	8.2473799999999997	8.2482500000000005	8.2491500000000002	8.2500800000000005	8.2510300000000001	8.2520000000000007	8.2529800000000009	8.2539700000000007	8.2549600000000005	8.2559500000000003	8.2569300000000005	8.2578999999999994	8.2588500000000007	8.2597900000000006	8.2606900000000003	8.2615700000000007	8.2624099999999991	8.2632100000000008	8.2639700000000005	8.2646800000000002	8.2653499999999998	8.2659500000000001	8.2665000000000006	8.2669899999999998	8.2674199999999995	8.2677800000000001	8.2680799999999994	8.2683099999999996	8.2684700000000007	8.2685600000000008	8.2667099999999998	8.26492	8.2631999999999994	8.2615400000000001	8.2599400000000003	8.2584099999999996	8.2569400000000002	8.2555300000000003	8.2541899999999995	8.25291	8.25169	8.2505299999999995	8.2494399999999999	8.2484000000000002	8.2474399999999992	8.2465299999999999	8.2456899999999997	8.2448999999999995	8.2441899999999997	8.2435299999999998	8.2429400000000008	8.2423999999999999	8.2419399999999996	8.2415299999999991	8.2411899999999996	8.2408999999999999	8.2406799999999993	8.2405299999999997	8.2404299999999999	8.2403999999999993	Accel	4.2	2.1398700000000002	2.1345299999999998	2.12649	2.1157400000000002	2.10229	2.08616	2.0673699999999999	2.0459299999999998	2.0218699999999998	1.9952300000000001	1.9660200000000001	1.9342900000000001	1.9000699999999999	1.8633999999999999	1.82433	1.7828999999999999	1.7391700000000001	1.69319	1.6450100000000001	1.5946899999999999	1.5423	1.4879	1.4315599999999999	1.37334	1.31332	1.2515799999999999	1.1881900000000001	1.1232200000000001	1.05677	0.98890999999999996	0.91972799999999999	0.84931100000000004	0.77774799999999999	0.70512600000000003	0.63153899999999996	0.55707700000000004	0.48183399999999998	0.40590500000000002	0.32938600000000001	0.25237100000000001	0.174959	9.7245499999999999E-2	-2.0671400000000002	-2.0666799999999999	-2.06623	-2.0657999999999999	-2.0653899999999998	-2.0649899999999999	-2.0646	-2.0642299999999998	-2.0638800000000002	-2.0635500000000002	-2.0632299999999999	-2.0629200000000001	-2.06263	-2.06236	-2.0621	-2.0618599999999998	-2.0616300000000001	-2.06142	-2.0612300000000001	-2.0610499999999998	-2.06088	-2.06073	-2.0606	-2.0604800000000001	-2.0603799999999999	-2.0602999999999998	-2.0602299999999998	-2.0601699999999998	-2.06013	-2.0601099999999999	-2.0600999999999998	Velocity	0.252	0.38039200000000001	0.50846400000000003	0.63605299999999998	0.76299799999999995	0.88913500000000001	1.0143	1.13835	1.2611000000000001	1.3824099999999999	1.50213	1.62009	1.7361500000000001	1.85015	1.9619500000000001	2.0714100000000002	2.1783899999999998	2.28274	2.3843299999999998	2.4830299999999998	2.5787100000000001	2.6712500000000001	2.7605200000000001	2.8464200000000002	2.92882	3.0076200000000002	3.0827100000000001	3.1539999999999999	3.2214	3.2848000000000002	3.3441399999999999	3.3993199999999999	3.4502799999999998	3.4969399999999999	3.53925	3.57714	3.6105700000000001	3.6394799999999998	3.6638299999999999	3.6836000000000002	3.6987399999999999	3.7092399999999999	3.7150699999999999	3.59104	3.4670399999999999	3.34307	3.2191200000000002	3.0952000000000002	2.9712999999999998	2.8474200000000001	2.72357	2.5997400000000002	2.4759199999999999	2.3521299999999998	2.2283499999999998	2.1046	1.98085	1.8571299999999999	1.73342	1.60972	1.48603	1.36236	1.2386999999999999	1.11504	0.99139999999999995	0.86776399999999998	0.74413499999999999	0.62051199999999995	0.496894	0.37328	0.24967	0.12606200000000001	2.4556700000000001E-3	-0.12114999999999999	Position	0	1.512E-2	3.7943499999999998E-2	6.8451399999999996E-2	0.106615	0.152394	0.20574300000000001	0.26660099999999998	0.33490199999999998	0.41056799999999999	0.49351299999999998	0.58364000000000005	0.68084599999999995	0.78501399999999999	0.89602300000000001	1.0137400000000001	1.1380300000000001	1.2687299999999999	1.4056900000000001	1.5487500000000001	1.69773	1.85246	2.0127299999999999	2.1783600000000001	2.3491499999999998	2.52488	2.7053400000000001	2.8902999999999999	3.0795400000000002	3.2728199999999998	3.46991	3.67056	3.87452	4.0815299999999999	4.2913500000000004	4.5037099999999999	4.7183299999999999	4.9349699999999999	5.15334	5.37317	5.5941799999999997	5.8161100000000001	6.0386600000000001	6.2615699999999999	6.4770300000000001	6.6850500000000004	6.8856400000000004	7.0787800000000001	7.2644900000000003	7.4427700000000003	7.6136200000000001	7.7770299999999999	7.93302	8.0815699999999993	8.2226999999999997	8.3564000000000007	8.4826800000000002	8.6015300000000003	8.7129600000000007	8.8169599999999999	8.9135399999999994	9.0027100000000004	9.0844500000000004	9.1587700000000005	9.2256699999999991	9.2851499999999998	9.3372200000000003	9.3818699999999993	9.4191000000000003	9.4489099999999997	9.4713100000000008	9.4862900000000003	9.4938500000000001	9.4939999999999998	



Midpoint

Time	0	0.06	0.12	0.18	0.24	0.3	0.36	0.42	0.48	0.54	0.6	0.66	0.72	0.78	0.84	0.9	0.96	1.02	1.08	1.1399999999999999	1.2	1.26	1.32	1.38	1.44	1.5	1.56	1.62	1.68	1.74	1.8	1.86	1.92	1.98	2.04	2.1	2.16	2.2200000000000002	2.2799999999999998	2.34	2.4	2.46	2.52	2.58	2.64	2.7	2.76	2.82	2.88	2.94	3	3.06	3.12	3.18	3.24	3.3	3.36	3.42	3.48	3.54	3.6	3.66	3.72	3.78	3.84	3.9	3.96	4.0199999999999996	4.08	4.1399999999999997	4.2	4.26	4.32	4.38	4.4400000000000004	Traction	16.8	16.783999999999999	16.762499999999999	16.7302	16.687200000000001	16.633500000000002	16.569299999999998	16.494599999999998	16.409500000000001	16.3141	16.208500000000001	16.0929	15.9674	15.832100000000001	15.6873	15.533099999999999	15.3698	15.1974	15.016299999999999	14.826700000000001	14.6288	14.422800000000001	14.209099999999999	13.9879	13.759399999999999	13.523999999999999	13.282	13.0336	12.779199999999999	12.5192	12.2537	11.9832	11.708	11.4285	11.145	10.857900000000001	10.567500000000001	10.2742	9.9783299999999997	9.6803299999999997	9.3805499999999995	9.0793700000000008	8.7771600000000003	8.4743099999999991	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	Drag	8.2404299999999999	8.2404799999999998	8.2406100000000002	8.2408099999999997	8.2410700000000006	8.2414000000000005	8.2417999999999996	8.2422500000000003	8.2427600000000005	8.2433200000000006	8.2439400000000003	8.2446000000000002	8.2453099999999999	8.2460699999999996	8.2468599999999999	8.2476900000000004	8.2485499999999998	8.2494300000000003	8.2503299999999999	8.2512600000000003	8.2521900000000006	8.2531300000000005	8.2540800000000001	8.25502	8.2559500000000003	8.2568800000000007	8.2577800000000003	8.2586700000000004	8.2595299999999998	8.2603600000000004	8.2611600000000003	8.2619199999999999	8.2626399999999993	8.2633100000000006	8.2639399999999998	8.2645099999999996	8.2650299999999994	8.2654899999999998	8.2658900000000006	8.2662300000000002	8.2665000000000006	8.2667199999999994	8.2668599999999994	8.26694	8.2669499999999996	8.2642799999999994	8.2625799999999998	8.2609499999999993	8.2593700000000005	8.2578600000000009	8.2564100000000007	8.2550299999999996	8.2537099999999999	8.2524499999999996	8.2512500000000006	8.2501200000000008	8.2490500000000004	8.2480399999999996	8.2470999999999997	8.2462099999999996	8.2453900000000004	8.2446300000000008	8.2439400000000003	8.2433099999999992	8.2427299999999999	8.2422299999999993	8.2417800000000003	8.2414000000000005	8.2410700000000006	8.2408199999999994	8.2406199999999998	8.2404899999999994	8.2404100000000007	0	8.2403999999999993	Accel	2.1398899999999998	2.1358899999999998	2.1304699999999999	2.1223399999999999	2.1115300000000001	2.0980300000000001	2.08188	2.0630899999999999	2.04169	2.01769	1.9911399999999999	1.96207	1.93052	1.89652	1.86012	1.8213600000000001	1.7803100000000001	1.7370000000000001	1.6915	1.6438600000000001	1.59415	1.54243	1.4887600000000001	1.4332199999999999	1.3758699999999999	1.3167899999999999	1.2560500000000001	1.19374	1.1299300000000001	1.0647	0.99813499999999999	0.93032499999999996	0.86135200000000001	0.79130400000000001	0.72027200000000002	0.64834400000000003	0.57561300000000004	0.50217100000000003	0.42811100000000002	0.35352600000000001	0.27851199999999998	0.20316300000000001	0.12757399999999999	5.1841699999999998E-2	-2.0667399999999998	-2.0660699999999999	-2.0656500000000002	-2.0652400000000002	-2.0648399999999998	-2.06447	-2.0640999999999998	-2.0637599999999998	-2.0634299999999999	-2.06311	-2.0628099999999998	-2.0625300000000002	-2.0622600000000002	-2.0620099999999999	-2.0617700000000001	-2.06155	-2.06135	-2.0611600000000001	-2.0609799999999998	-2.0608300000000002	-2.0606800000000001	-2.0605600000000002	-2.0604399999999998	-2.0603500000000001	-2.06027	-2.0602	-2.0601500000000001	-2.06012	-2.0600999999999998	0	-2.0600999999999998	Velocity	0.12839400000000001	0.25654700000000003	0.38437500000000002	0.51171500000000003	0.63840699999999995	0.764289	0.88920200000000005	1.0129900000000001	1.1354900000000001	1.2565500000000001	1.37602	1.4937400000000001	1.6095699999999999	1.72336	1.83497	1.94425	2.0510700000000002	2.1552899999999999	2.25678	2.35541	2.45106	2.5436100000000001	2.63293	2.7189299999999998	2.8014800000000002	2.88049	2.9558499999999999	3.0274700000000001	3.0952700000000002	3.1591499999999999	3.2190400000000001	3.2748599999999999	3.3265400000000001	3.3740199999999998	3.41723	3.45614	3.4906700000000002	3.5207999999999999	3.5464899999999999	3.5676999999999999	3.5844100000000001	3.5966	3.60426	3.60737	3.4833599999999998	3.3593999999999999	3.2354599999999998	3.1115400000000002	2.9876499999999999	2.8637899999999998	2.7399399999999998	2.6161099999999999	2.4923099999999998	2.3685200000000002	2.2447499999999998	2.121	1.9972700000000001	1.87355	1.7498400000000001	1.62615	1.5024599999999999	1.3788	1.2551399999999999	1.1314900000000001	1.0078499999999999	0.884212	0.76058499999999996	0.63696399999999997	0.51334800000000003	0.38973600000000003	0.266127	0.14251900000000001	1.8913300000000001E-2	1.8913300000000001E-2	-0.10469299999999999	Position	7.5599999999999999E-3	1.9110599999999998E-2	3.8343200000000001E-2	6.5233200000000005E-2	9.9746600000000005E-2	0.14183999999999999	0.19145899999999999	0.24854100000000001	0.31301499999999999	0.38479799999999997	0.46379900000000002	0.54991800000000002	0.64304499999999998	0.74306399999999995	0.84984700000000002	0.96325899999999998	1.0831599999999999	1.20939	1.34179	1.4802	1.6244400000000001	1.7743199999999999	1.92967	2.0902699999999999	2.2559399999999998	2.42645	2.6015899999999998	2.7811499999999998	2.96489	3.1525799999999999	3.3439899999999998	3.5388600000000001	3.7369699999999999	3.9380500000000001	4.1418499999999998	4.3481199999999998	4.5565899999999999	4.7670000000000003	4.9790799999999997	5.1925699999999999	5.4071999999999996	5.6227	5.8388	6.0552099999999998	6.2716799999999999	6.4769600000000001	6.6748099999999999	6.8652199999999999	7.04819	7.2237400000000003	7.3918499999999998	7.55253	7.7057799999999999	7.85161	7.99	8.1209799999999994	8.2445199999999996	8.3606499999999997	8.4693500000000004	8.5706299999999995	8.6644900000000007	8.7509200000000007	8.8299400000000006	8.9015400000000007	8.9657199999999992	9.0224799999999998	9.0718300000000003	9.1137499999999996	9.1482600000000005	9.1753499999999999	9.1950299999999991	9.2072900000000004	9.2121300000000002	9.2095599999999997	9.2106899999999996	
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