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[bookmark: _Toc151030363]Introduction
For this assignment, I have been tasked to simulate the movement of a spring powered model dragster car by using two different Numerical Integration methods. I will firstly be looking at some different types of these NI methods and then with this research, we can create two different C++ programs, each using one of these NI methods. Afterwards, I shall be comparing the two programs against each other, including their results, and see how they differ from each other.

[bookmark: _Toc151030364]Part 1 - Research
[bookmark: _Toc151030365]What is Numerical Integration?
Numerical integration (NI) is the method that we use to be able to calculate the integral [1] (the value of the area under a graph showing the relationship between an independent and dependant variables [2]). We use numerical integration to then be able to estimate the values of definite integrals, especially in cases where finding when an approximate value is sufficient or finding the closed-form expression for the integral is challenging. The two main methods of NI that we will be taking a look at are Euler’s and the Midpoint rule.
[bookmark: _Toc151030366]Euler’s Method
Euler’s method is a form of NI that uses linear approximation to be able to update each value at each time step [3]. It essentially breaks up each section of the interval into smaller steps so and creates an estimate based on the data it currently and previously has and then predicts what the next step is going to be. We then compare these results to the actual results. The formula we use for Euler’s method is as follows [4]:
yi + 1 = yi + h f (xi, yi)
The formula contains the following units: 
· yi + 1 = the next estimated value of the solution.
· yi = the current y value of the solution.
· xi = the current x value of the solution.
· h = the interval between each step
· f (xi, yi)= value of the derivate of the solution at this current point.
First, we need to be able to define the ODE (ordinary differential equation) using the formula [5]:
dy/dx = f(x, y)
This formula contains the following unts:
· y = the dependant variable.
· x = the independent variable.
· f(x, y) = the rate of change.
We then use Euler’s formula and input each of the value we know into the equation such as h, xi, yi. When it comes to h, the smaller the number (step size), the more accurate our results will be as a whole. After inputting this information, we now need to iterate the equation. We work out what our slope is at its current position (x and y), update our values within our equation with these new figures and continue to do so until we have reached our endpoint. We then save our values that we get from each step which when laid out will give us our approximation of our line. We can then compare this to our actual results later on [6].
One advantage of using Euler’s method is that it only requires that single calculation for the function. This means the process of using this method is quick and basic and does not require a complex understanding of the situation.
Another advantage of using Euler’s method is that it is easy to implement however, because of this it means that it isn’t as accurate as some of the NI methods out there, such as the Midpoint Rule.  [7]

[bookmark: _Toc151030367]The Midpoint Rule
The Midpoint rule is another method of NI that estimates the integral of a function by calculating the area under the graph by dividing it up into equally wide rectangles. It can easily be applied as long as the rectangles are of equal width. [8] The formula for the Midpoint Rule is as follows:
[image: A black and white math symbol
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The function contains the following units:
· i = “ith” or currently selected rectangle.
· n = number of rectangles under the line.
· mi = the midpoint
· f(mi) = the function that is calculated at the midpoint of the “ith” rectangle.
· Δx = the width of each rectangle.
The midpoint is calculated using the following formula:
[image: A black and white math equation
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Where xi-1 is the value of the left point of the rectangle and xi is the right. Add both of these and then diving them by 2 will give us the exact midpoint of the “ith” rectangle which we can then use as the height of our rectangle. We then times the midpoint by the width of the rectangle to give us our area for that “ith” rectangle. We do this for all of our rectangles and then add up each of the areas under our line which will then give us our approximation of the integral. [8]
One of the main advantages of using the midpoint method is that it’s really simple to use for less complex curves on graphs. Because it is simply splitting up the area under our curve into rectangles and then adding up the area of said rectangles to give us our integral estimate, it is one of the easiest methods of NI that we can use while still being more accurate than using Euler’s method. 
However, accuracy can vary. The number of rectangles you create will affect the accuracy of our estimate. The more rectangles you create within the area under our curve, the more accurate our estimate will become.
Overall, if one were to pick which method to use, it would really come down to how accurate you wish the results to be. Although Euler’s method is a quicker and simpler solution, using an NI method like Midpoint will give you better results at a still relatively quick amount of time, you just need to go that little bit further.

[bookmark: _Toc151030368]Part 2 – The Program and the Results
The following two programs have been created to simulate the movement of a spring powered model dragster car. Both programs will model the velocity and position of the car using an iteration rate of 0.01 seconds until the car comes to a halt. The only difference between the two programs is that the first one will use Euler’s method and the second will use the Midpoint Rule. We will then compare the results of both programs and see if the results differ by using two different NI methods. We also have a section of code on both programs that will open an excel file and plot the results into a table for us.
[bookmark: _Toc151030369]Program 1 – Euler’s Method
The first program I created used Euler’s method. As we discussed above, Euler’s method is a form of NI that uses linear approximation to be able to update each value at each time step [3]. Below is a breakdown of the program (the whole script can be found in the appendices):
· The variable names I have used within the program all relate to what they represent and can be easily identified as such. This makes everything else later on much clearer to program by using names such as “mass” and “tstep”.
[image: ]

· Then we have the section of code that will output the results into a csv file (in this case it was an excel file called “Velocity data.csv”). 
[image: A black background with green and red text
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I did originally have issues with this piece of code as the data was not being written to the file. This was simply because I had missed out the closing statement for this at the end of the program.
[image: ]

· Then we had our do-while loop that would continually run until iniV (velocity) was equal to 0.00. I set this condition to 0.00 as I felt that was a suitable number for it to stop. If I had set it to 0.0, the car might have still been moving slightly (although incredibly slowly) at that range.
[image: ]
Within this do-loop, I include the tractive force calculation, the drag force calculation, the acceleration calculation, Euler’s method section for updating the position and velocity and the output section where we displayed the time, position, and velocity.

· The code I used to calculate the tractive force (ft) looked like this:
[image: ]
Here we declare a variable for ft. then we take the iniX value and if it is less than or equal to 16.0m, it calculates the tractive force via the formula given in the brief. However, if the statement is false then it sets the tractive force to 0.

· Next, we have the section of code that will calculate the drag force of our vehicle. Here is what the code looks like in the program:
[image: A black background with white text
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I created another variable for drag force named “fd”. Just like with the tractive force section, there is an if statement that is used to determine the drag force currently applied to the vehicle. It takes the current value of iniV or the current velocity of the vehicle and if it is less than or equal to 0.0m/s, it will set the drag force to 0. 
However, if the current velocity of the vehicle is anything above 0m/s, then it will use the formula given in the brief to calculate the drag force. It will take the coefficient of rolling resistance, the mass, the acceleration due to the gravity, the current position of the car, the drag coefficient, the air density of the frontal area of the car and the current velocity of the vehicle squared and throw it all into the equation which looks like this:
Fd = CR.mg  + ½ CD AV2

· Next, we work out the current acceleration of the vehicle. To do this, I used this piece of code:
[image: ]
Here we create a new variable called “a” which is just acceleration and to calculate its value we take our tractive force, minus the drag force and then divide that number by the mass.

· The code I used to be able to calculate the position and velocity of the vehicle using Euler’s method was next and looks like this:
[image: ]
Here we take the initial value of the velocity, the acceleration value of the car and the timestep. We use these values to be able to work out the new velocity of the car. This is how the code would look in pseudocode:
New velocity = current velocity + (acceleration * timestep)

To work out the position of the car with this new velocity, we take the initial position of the car (iniX), the velocity and the timestep. This is how the code would look in pseudocode:
New position = current position + (velocity * timestep)
With this, we now have the new position of the car for that timestep. This process will repeat until the velocity is greater than 0.00m/s.

· The next three lines of code are all sort of similar.
[image: A black screen with text
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The first line simply outputs what we wish to see on the console when we run. It tells us what the unit represents and then the value of said unit. The next line gives the csv file mentioned earlier some headings for the data that is about to be added. The third line updates the total time that has past when the code is running. It essentially means it takes the current total time and adds it to the current time step the program is running and then makes that the new time value.

· And the final piece of code simply lets the user know that the car has stopped as soon as the do-while loop has finished.
[image: ]
[bookmark: _Toc151030370]The Results
After running the code, the console appears and runs the entire code very quickly. Our end results look like this:
The start of the code:
[image: A screen shot of a computer
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As we can see here, the velocity very quickly increases as soon as the simulation starts.
[image: A screen shot of a computer
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Then the velocity reaches its highest point around the 0.85 seconds mark and starts to decrease.
[image: A screen shot of a computer
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Then as we hit 1.7 seconds, it comes to a stop and the program lets you know that it has indeed stopped.
As mentioned earlier, these results are then automatically plotted into a table on an excel file labelled time, position, and velocity with the units they represent. From here, we can then create some graphs to show us what the results actually look like.
[image: A table with numbers and symbols
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Here is what our results look like in graphs:
[image: A graph with a blue line
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Here we can see the graph created for the velocity. We can clearly see that as time goes on, the velocity line creates a nice curve showing change.
[image: A graph with a line
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We can also make a graph for the position of the dragster. The graph above shows us the rate in which the dragster changes position. We can also create another graph combing the two values together:

As we can see from the graph, our cross point is around the 1.2 second mark. This is the point where our velocity decreases, our position starts to slow down, and we start to stop.
But how accurate is it? Well, we know that as velocity decreases, the speed at which we travel will also decrease. So, so far that appears to be true. We also know that once the vehicle starts, the velocity should increase rapidly. This also appears to be true as we can see from the second graph that the rate in which the vehicle travels distance starts off quick and then begins to slow down.
[bookmark: _Toc151030371]Program 2 - The Midpoint Rule
The second program I created uses the Midpoint Rule. As stated earlier, the Midpoint rule is another method of NI that estimates the integral of a function by calculating the area under the graph by dividing it up into equally wide rectangles. [8] Hopefully, because the Midpoint Rule is more accurate than Euler’s method, we should see a difference within our results.
Both programs are identical to each other except for the contents within the do-while loop. Just like with the first program, we have a do-while loop that will continue to run while iniV (current velocity value) is greater than 0.00m/s. 
As you can see from the snapshot below, I have replaced the Euler’s method section with the bits and pieces we need to be able to use the Midpoint Rule.
[image: A screen shot of a computer program
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The first part of the new code is as follows:
[image: ]
This section is used to be able to calculate both the position and velocity of the vehicle using the Midpoint rule. The first line calculates the current position of the vehicle by taking the current position of the vehicle and adds it to 0.5x of the current velocity * the current time step. 
The second line then gives us the current velocity of the dragster. It takes the tractive force and minuses the drag force from it and then divides it by the mass to then be able to work out what the acceleration of the dragster is at that time step. Upon writing this, I realised that I should have created a separate set of variables for the tractive force and drag force like I did with my other program, just to tidy it up a bit.
The next part of the new bits of code is as follows:
[image: ]
This part updates the velocity and position however this now uses Midpoint instead of Euler’s. To update the velocity, it takes the initial value of the velocity, the current value of the velocity of the dragster at the midpoint and times it by the current time step. How we work out the current position of the dragster stays the same as before using the iniV and times it by the time step.
[bookmark: _Toc151030372]The Results
After running the code, these are our results:
The start of the console:
[image: A screen shot of a computer
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Just like with the previous program, the velocity increases very quickly from the get-go.
[image: A screen shot of a computer
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Then as we reach the 1.6s mark, the velocity peaks and starts to decrease.
[image: A screen shot of a computer
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And by the end, the dragster comes to a stop at around the 2.66 seconds mark.
The results are then automatically plotted into a table on an excel file labelled time, position, and velocity with the units they represent. From here, we can then create some graphs to show us what the results actually look like.


Here we can see what our velocity is like using the Midpoint rule. As we can see, the velocity rapidly climbs up until it reaches roughly the 1.7 seconds mark and then it starts to decrease rather rapidly and comes to a halt after an additional second.
[image: A graph with a line
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This graph represents the total distance the dragster covers. The graph, just like the one using Euler’s method, shows us the rate in which the dragster changes position. As we can see, the dragster travels a total of 27m within roughly 2.7 seconds.
Combing the two graphs gives us this, showing the cross point at around the 1.7s mark:
[image: A graph with lines and numbers
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[bookmark: _Toc151030373]The Comparison
Although the results are similar, there are some major differences that need to be considered. Now we know that Euler’s method isn’t as accurate as Midpoint and after creating programs and seeing the results, we can now confirm this.
When we take both of the velocity graphs from each program and put them side by side, we can see a difference:
[image: A graph with a blue line
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We can see that the shapes of the curves are slightly different. The one using Euler’s is a little more symmetrical than the Midpoint one and the height of velocity the program that used Euler’s is around 0.8 seconds. However, the highest point of velocity of the Midpoint program is around 1.7 second mark. As we know that Midpoint is more accurate than Euler’s, we can take the Midpoint result as the actual result.
However, it does also seem that the rate of velocity is roughly the same, even though the Midpoint reached a greater velocity. We can see that around the 0.7 seconds mark on the Euler’s graph, the velocity is at 11m/s. when comparing this to the Midpoint graph, we can see that the dragster hits the same velocity around the same time. However, instead of stopping there like with Euler’s, Midpoint keeps rising for another second and reaches a velocity of 17m/s. The velocity also decreases a lot faster with the Midpoint Rule than that using Euler’s. 

We can also take a look at the distances each program reached:

[image: A graph with a line
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Although the shape of the curve is almost identical, the numbers show a rather large difference. We can see that the dragster lasts around a whole second longer than the one using Euler’s method. We can also see that the dragster that utilised the Midpoint rule went a much greater distance than the one using Euler’s. We can see that the Euler’s dragster reached roughly 11m within 1.7 seconds and then stopped whereas the dragster using Midpoint reached roughly 27m within 2.7 seconds. If we look at when the dragster using the Midpoint rule reached 11m, we can see that it reached 11m around the 1.4 seconds mark. 
We can also compare the two combined graphs:
[image: A graph with blue and green lines
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When we look at the two graphs, we can see that the Midpoint one seems more accurate. If you look at the cross point of the Midpoint one, we can see that the cross point between the two lines is different to the one using Euler’s. The point where the velocity reaches its highest point is exactly where the rate of travel for the dragster stars to slow down, which makes sense when the velocity starts to decrease. However, when we take a look at the one using Euler’s, it doesn’t really make much sense as the point the two lines cross later than when the velocity starts to decrease. This would not really make sense as once that velocity starts to decrease, so should the rate of travel just like the Midpoint dragster did.
We can also make some changes to our set units and see what our results come up with.
Our original mass was set to 1.0kg. To play around with the units, I have set the mass to now equal 5.0kg. From here we can now see how making the dragster heavier will affect the position and velocity over time.
[image: A graph with blue and green lines
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Here we can see a fair difference between the two results. As our new mass is 5 times heavier than the original, our distance only reaches a total of 3.4m instead of the original 11.6m. We can also see that our velocity has also changed. It’s highest value of the original program came to roughly 11m/s whereas with our new program, it has reached 2.5m/s.
This is our results for the Midpoint program setting the mass to 5.0kg:
[image: A graph with lines and numbers
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Just like with Euler’s, our result have changed a fair amount. The total distance travelled is now at roughly 10.5m where originally it was around the 27m mark. Our highest velocity has also changed and is now at roughly 5.5m/s whereas originally the highest was around 17m/s.

[bookmark: _Toc151030374]Conclusion
After creating both programs using the two different Numerical Integration methods, running them and then comparing the results, we can clearly see that the Midpoint rule is the far more accurate NI method than Euler’s. 
The results we received from the Euler’s method program gave us some decent and arguably sensible results however when we compare it to the more accurate Midpoint rule, we can see how much out of proportion they actually were. The Midpoint rule gave us a greater distance travelled as well as a higher velocity reached but at a pace that made a lot more sense than the program using Euler’s method. 
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[bookmark: _Toc151030376]Appendices
[bookmark: _Toc151030377]Program 1 – Euler’s Method#include <iostream>
#include <fstream>
using namespace std;

int main() 
{
    float iniX = 0.0; // Initial position (meters)
    float iniV = 0.0; // Initial velocity (m/s)
    float mass = 1.0; // Mass of the vehicle (1 kg)
    float grav = 9.81; // Acceleration due to gravity (m/s^2)
    float cr = 0.21; // Coefficient of rolling resistance
    float cd = 0.34; // Drag coefficient
    float ad = 1.2; // Air density (kg/m^3)
    float area = 0.01; // Frontal area of the vehicle (m^2)
    float tstep = 0.01; // Time step (0.01 seconds)
    float totalTime = 0.0; // Total time elapsed

    //opening a file and outputting the results into that file
    ofstream myfile;
    myfile.open("Velocity data.csv");
    myfile << "Time (s), Position (m), Velocity (m/s)" << endl;


    do //loop will continue to run until iniV (velocity) = 0.00
    {
        //calculating the tractive force via the posistion of the vehicle (iniX)
        float ft;
        if (iniX <= 16.0)
        {
            ft = 1.2 * (16.0 - iniX);
        }
        else
        {
            ft = 0.0;
        }

        //calculating the drag force (fd) based on the velocity of the vehicle (iniV)
        float fd; 
        if (iniV <= 0.0)
        {
            fd = 0.0;
        }
        else
        {
            fd = cr * mass * grav * iniX + 0.5 * cd * ad * area * iniV * iniV;
        }


        //calaculating the acceleration of the vehicle
        float a = (ft - fd) / mass;

        //updating both position and velocity of the vehicle using Euler's method.
        iniV += a * tstep;
        iniX += iniV * tstep;

        //displaying the time, position and velocity to the user
        cout << "Time: " << totalTime << "s, Position: " << iniX << "m, Velocity: " << iniV << "m/s" << endl;

        myfile << totalTime << "," << iniX << "," << iniV << endl;

        totalTime += tstep;
    } 
    while (iniV > 0.00); //keeps running the code while the velocity is greater than 0.00m/s

    cout << "The car has come to a stop." << endl;

    myfile.close();

    return 0;
}


[bookmark: _Toc151030378]Program 2 – The Midpoint Rule#include <iostream>
#include <fstream>
using namespace std;

int main()
{
    float iniX = 0.0; // Initial position (meters)
    float iniV = 0.0; // Initial velocity (m/s)
    float mass = 1.0; // Mass of the vehicle (1 kg)
    float grav = 9.81; // Acceleration due to gravity (m/s^2)
    float cr = 0.21; // Coefficient of rolling resistance
    float cd = 0.34; // Drag coefficient
    float ad = 1.2; // Air density (kg/m^3)
    float area = 0.01; // Frontal area of the vehicle (m^2)
    float tstep = 0.01; // Time step (0.01 seconds)
    float totalTime = 0.0; // Total time elapsed

    // Opening a file and outputting the results into that file
    ofstream myfile;
    myfile.open("Velocity data.csv");
    myfile << "Time (s), Position (m), Velocity (m/s)" << endl;

    do // Loop will continue to run until iniV (velocity) = 0.00
    {
        // Calculating both position and velocity of the vehicle using the Midpoint
        float midpointX = iniX + 0.5 * iniV * tstep;
        float midpointV = iniV + 0.5 * ((1.2 * (16.0 - midpointX)) - (cr * mass * grav * midpointX + 0.5 * cd * ad * area * iniV * iniV)) / mass;

        // Updating the velocity and position using the midpoint rule
        iniV += midpointV * tstep;
        iniX += iniV * tstep;

        // Displaying the time, position, and velocity to the user
        cout << "Time: " << totalTime << "s, Position: " << iniX << "m, Velocity: " << iniV << "m/s" << endl;

        // Write the data to the CSV file with a newline character
        myfile << totalTime << "," << iniX << "," << iniV << endl;

        totalTime += tstep;
    } while (iniV > 0.00);

    cout << "The car has come to a stop." << endl;

    myfile.close();

    return 0;
}


The simulation of a dragster using Euler's Method 
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Float // Initial position (meters)

Float // Initial velocity (n/s)

Float =1.8; // Mass of the vehicle (1 kg)

Float grav = 9.81; // Acceleration due to gravity (u/s"2)
float 21; // Coefficient of rolling resistance
Float 3u; // Drag coefficient

float // Air density (kg/m"3)

Float 61; // Frontal area of the vehicle (u"2)
Float
float
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//opening a file and outputting the results into that file
ofstrean myfile;

myfile.open(Velocity data.csv
myfile << "Time (s), Position (m]

Velocity (n/s)" << endl;
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myfile.close(),
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while (iniv > @.86
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float ft;

if (iniX <= 16.6)

{

£t =12+ (16.6 - iniX);
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Cr * mass % grav + iniX + 0.5 * cd * ad + area * iniV * iniV;
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float a = (ft - fd) / mass;
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//updating both position and velocity of the vehicle using Euler's method.
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//displaying the time, position and velocity to the user

cout << *Time: * << totalTime << "s, Position: * << iniX << *n, Velocity: * << iniV << *n/s* << endl;

myfile << totalTime << *," << iniX << " << iniV << endl;

totalTime += tstey
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cout << "The car has come to a stop." << endl;
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Time: @s, Position: ©.60192m, Velocity: €.192m/s

.81s, Position: ©.69575937m, Velocity: .383937m/s
.025, Position: ©.6115168m, ©.575746m/s
.03s, Position: ©.6191905m, ©.767364m/s
.e4s, Position: ©.6287777m, ©.958726m/s
@55, Position: ©.6402754m, 1.14977n/s
@65, Position: ©.6536797m, 1.34043n/5
.07s, Position: ©.6689861m, 1.53064m/5
.e8s, Position: ©.6861896m, 1.72035n/s
.09s, Position: .165284m, Velocity: 1.98948m/s

.1s, Position: 0.126264m, Velocity: 2.69797m/s
.11s, Position: ©.149122m, Velocity: 2.28576m/s
.125, Position: .17385m, Velocity: 2.47279m/s
.13s, Position: .26044n, Velocity: 2.659m/s
.1as, Position: .228883m, Velocity: 2.84432m/s
.15s, Position: ©.25017m, Velocity: 3.8287m/s

0000000000900
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-79s, Position: 5.18227m, Velocity: 16.477m/s
.85, Position: 5.28724m, Velocity: 10.4979m/s
.81s, Position: 5.3924m, Velocity: 10.5152m/s

.82s, Position
.83s, Position

5.66308m, Velocity: 10.5397m/s

csoocoooo0es

8309995, 5.76855m, Velocity: 10.5468m/s
8499995, 5.81406m, Velocity: 10.5564m/s
8509995, 5.91956m, Velocity: 10.5566m/s
8609995, 6.62503m, Velocity: 10.5473n/s
8799995, 6.13044m, Velocity: 10.5406m/s
.889999s, 6.23575m, Velocity: 10.5305m/s
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Time:
Time:
Time:
Time:
Time:
Time:
Time:
Time:
Time:
Time:
Time:
Time:
Time:
Time:
Time:
Time:
The car

.56s, Position
\575, Position
\585, Position: 11.4889m, Velocity: 2.79889n/s

11.4311m, Velocity
11.4609m, Velocity

3.16158m/s
2.98671n/s

.59s, Position: 11.5151m, Velocity: 2.61618n/s
.65, Position: 11.5394m, Velocity: 2.43264m/s

-61s, Position: 11.5619m, Velocity: 2.24832m/s
-625, Position: 11.5825m, Velocity: 2.06329m/s
.63s, Position: 11.6013m, Velocity: 1.8776m/s

-64s, Position: 11.6182m, Velocity: 1.69131n/s
-655, Position: 11.6332m, Velocity: 1.56449m/s
.65, Position: 11.6464m, Velocity: 1.31719m/s
-67s, Position: 11.6577m, Velocity: 1.12047m/s
-68s, Position: 11.6671m, Velocity: ©.941391m/s
.69s, Position: 11.6747m, Velocity: .753013m/s
.75, Position: 11.6803m, Velocity: ©.564396m/s
.71s, Position: 11.684m, Velocity: @.375601n/s
.72s, Position: 11.6859m, Velocity: ©.186686m/s

.73s, Position: 11.6859m, Velocity: -0.00228718m/s

has come to a stop.
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1 [Time(s)  Position (m) Velocity (m/s)
2 0 000152 0192
3 001 000575937  0.383937
4 002 00115168  0.575746
5 003 00191905 0767364
6 004 00287777 0358726
7 005 00402754 114977
8 006 00536797 134043
B) 007 00689861 153064
10 008 0086189 172035
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do // Loop will continue to run until iniV (velocity)

{

// caleulating both position and velocity of the vehicle using the Midpoint
loat midpointX = iniX + 8.5 # iniV * tstep;
Float midpointV = iniV + 8.5 * ((1.2 * (16.8 -

ipointX)) - (cr * mass * grav * midpointX + 8.5 * cd * ad * area * iniV * iniV)) / mass;

// Updating the velocity and position using the midpoint rule
iniV += midpointV * tstep;
iniX += iniV * tstej

// Displaying the time, position, and velocity to the user
cout << “Time: " << totalTime << "s, Position: * << iniX <<

® << dniV << *m/s* << endl;

// vrite the data to the CSV file with a newline character
myfile << totalTime << =, << iniX << *,* << iniV << endl;

totalTime += tstep,
} while (iniv > 8.00);
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Float midpointX = iniX + @.5 * iniV « tstep;
Float midpointV = iniV + 8.5 * ((1.2 * (16

- midpointX)) - (cr * mass * grav % midpointX + 0.5 % cd + ad * area * iniV * iniV)) / mass;
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iniV += midpointV * tstep;
iniX 4= iniV * tstep;
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.8273996m, Velocit;
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