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numerical integration methods

Numerical integration is used to estimate the definite integral of a function for a specific point. The definite integral is the signed area under the curve of a function that can lay on any two points on the x-axis, the reason you'd used the numerical integration method is if it is impossible to have a closed-form expression for the integral that your using, A few examples of numerical integration methods are the midpoint rule, and the trapezoidal rule.

Midpoint
The midpoint rule works by finding the midpoint of multiple points, between the point you wish to show  then using them to fairly accurately estimate the value of the desired point its does this but using the change in each of the points in order to find the final point.
The formular used to use the midpoint rule is “ ∫baf(x)dx≈[f(¯x1)+f(¯x2)+⋯+f(¯xn)]Δx “.
The main advantages that come with using the midpoint rule are that it is one of the simplest integration methods to use, and it also requires less computing power compared to more sophisticated methods such as the Simpsons rule, this is because it requires far fewer functions to uses also with fewer calculations, it is also quite accurate as it takes multiple points of information for in between each point to estimate the final point, it is one of the better integrations and will perform far better and be more accurate that other methods such as the endpoint rule.
It is also fairly simple to implement into code, this is because all that is required for it is a function that will run a for loop for a specific amount of times depending on how high the number is it increases the accuracy of its estimation, you then need to call apon the value later in the code in order the calculate the next stem then the proses repeats until you have the data you require.
Though there are some disadvantages of using the midpoint rule, due to the fact it uses the change in the midpoints that it calculates it can end up being quite inaccurate if there are any quick changes or if there is a lot of curvature, for cases with rapid drops and rises the Simpson rule would be more suited. along with that if the points are not equally spaced it can drastically affect the accuracy of the midpoint rule.

trapezoidal rule
The trapezoidal rule is quite similar to the midpoint rule as it makes separate points under the curve into trapezoids rather than rectangles like the midpoint, the trapezoids are then used in order to estimate the curvature that you need. The trapezoidal rule uses linear approximation.
The advantages of the trapezoidal rule is its accuracy when dealing with more curved functions, especially compared to the midpoint rule the trapezoidal gives far more accurate measurements compared to the rectangles that the midpoint uses. On top of that it is better suited for dealing with unequally spaced points in the integral, as the trapezoids provide more versatility when it comes to that compared to the midpoint. The trapezoidal rule also works as a starting for Simpson's rule, which is more advanced and can be far more accurate. It is similar to the midpoint in the fact that they are both fairly easy to implement in coding.
The disadvantage of the trapezoid rule compared to the mid point is that although it performs better on curved functions it is far less effective on smooth functions and the midpoint would provide greater accuracy, it is also less useful on oscillatory functions. The trapezoid rule also uses both endpoints to evaluate the function which makes it more accurate at the cost of the damned on the computer as it will have to evaluate more than the midpoint rule.
Semi-Implicit Euler 
Semi-Implicit Euler is by far the simplest of the integration methods, It works by using the current velocity adding it to the acceleration, and then times it by the time step. If you wish to then calculate the position you add the position to the velocity times the time step. Its use in game development is usually for “rigid body movements”.
The 2 calculations would look like this :
Velocity = Velocity + (Acceleration * dt)
Position = Position + (Velocity * dt)
The advantages of this are that it is extremely simple to program as it only requires very basic code and only about 2 lines for this method, as well as that it is more accurate than the explicit Euler. Along with that, it is much faster to implement than other high-order techniques. This method is also known for its stability when it comes to using Oscillatory Systems, especially compared to the implicit Euler which would more than likely have stability problems when used for Oscillatory Systems.
Some of the disadvantages would be that like the midpoint method, its accuracy will suffer if there are rapid changes, and a method like implicit Euler would be more suited and adaptable to successful changes. It also struggles to work with very stiff systems due to the way its time step works and it is always the same throughout which may cause errors.








Program

Semi-implicit Eulers method

This code worked as intended 














Midpoint
This program is the same as the semi-implicit version of the cod other than the velocity calculation was changed and a new function was added in order to calculate the midpoint.
Unfortunately this program doesn’t work as intended as it seems to have a problem that makes the program run far quicker than it should the other method estimated that I would stop in about 6 seconds but this one completely stopped after only 0.13 seconds, as for some reason starts to decelerate after 0.03 seconds. I'm unsure what is creating this error.
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150 .13 seconds, Distance: 6.13 meters, Velocity: 5.92 m/s, Acceleration:-2.72
e // oTime: .14 seconds, Distance: 6.12 meters, Velocity: @ m/s, Acceleration:-2.13
o ime: .15 seconds, Distance: 6.12 meters, Velocity: @ m/s, Acceleration:@
> ©.16 seconds, Distance: 6.12 meters, velocity: @ m/s, Acceleration:@
153 0.17 seconds, Distance: 6.12 meters, velocity: @ m/s, Acceleration:@
154 // Uitime: o.18 seconds, Distance: 6.12 meters, velocity: @ m/s, Acceleration:@
155 .19 seconds, Distance: 6.12 meters, Velocity: @ m/s, Acceleration:@
156 0.2 seconds, Distance: 6.12 meters, Velocity: @ m/s, Acceleration:@
o .21 seconds, Distance: 6.12 meters, Velocity: @ m/s, Acceleration:@
e ] .22 seconds, Distance: 6.12 meters, Velocity: @ m/s, Acceleration:@
.23 seconds, Distance: 6.12 meters, Velocity: @ m/s, Acceleration:@
159 0.24 seconds, Distance: 6.12 meters, Velocity: @ m/s, Acceleration:@
160 = IMime: 8.25 seconds, Distance: 6.12 meters, velocity: @ m/s, AccBleration:e
161 .26 seconds, Distance: 6.12 meters, Velocity: @ m/s, Acceleration:@
162 X= .27 seconds, Distance: 6.12 meters, Velocity: @ m/s, Acceleration:@
e .28 seconds, Distance: 6.12 meters, Velocity: @ m/s, Acceleration:@
e .29 seconds, Distance: 6.12 meters, Velocity: @ m/s, Acceleration:@
e 0.3 seconds, Distance: 6.12 meters, Velocity: @ m/s, Acceleration:@ v
166 if (V< 0.0) {
167
168 v = .
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Output ~ax
Show output from: [EEIE] B ®
The thread @xsdbc has exited with code 0 (0x0). -
"Project2.exe’ (Win32): Loaded 'C:\Windows\Systen32\kernel.appcore.dll’ .
*Project2.exe’ (Win32): Loaded 'C:\Windows\System32\msvert.dll’
“Project2.exe’ (Win32): Loaded *C:\Windows\System32\rpertd.dll
The thread 0x6094 has exited with code @ (6x0). LI
The thread 0x1e74 has exited with code @ (0x0).
The progran '[13400] Project2.exe’ has exited with code @ (ex2).
‘ >
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- (Global Scope) ~ ) main) ~% 2
| float Fd = dForce(V, M, P, Fa, CD, CR, G); g
| return (Ft - Fd) / M;
}
3float midpoint(float V, float timeStep,float X, float M, float P, float Fa, float (D, float CR, float G)
85 {
| float vI;
for (Float I = 8; I < tineStep; I += timeStep/5)
{
| vI=Acceleration(X, V, M, P, Fa, CD, CR, G);
] VI;
; X+ V  (tineStep + I);
}
Teturn V;
Zint main() {
| float timeStep = 6.81; // Time step for simulation
| float totallime = 8.0; // Total simulation time
| const float (R = 0.2 // Coefficient of rolling resistance
| const float M = 1.6; // Mass of the vehicle (in kg)
| const float G = 9.81;  // Acceleration due to gravity (in m/s"2)
| const float CD // Drag coefficient =
© Noissues found | b m161 Ch9  SPC  CRIF
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-u g
- (Global Scope) ~ ) main) ~% 2
float X = 0.9; // Initial distance traveled -
float V = 0.8; // Initial velocity
float T = 0.9; // Initial time

//open Excel file

ofstrean myfile;
myfile.open("AssMid.csv")
myfile << "Time(seconds),Distance(meters),Velocity(m/s),Acceleration(n/s*2)\n"; //Putting into file

// Simulation loop
while (T <= totalTime) {

// Output time, distance, velocity, accel

i // Update distance, velocity, and time using numerical integration
#loat A = Acceleration(X, V, M, P, Fa, (D, (R, G);
| V= midpoint(V, timeStep, X, M, P, Fa, (D, CR, @);

| X=X+ V * timeStep; //calculating distance

if (V< 0.0) {

i v=o.0;

T =T + timeStep;
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