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[bookmark: _Toc778414]Introduction

This report shall be divided into three main task areas, with each task exploring integration methods, vectors and planes, and sphere to sphere collision respectively.  Where appropriate, screenshots, graphs, equations and tables have been included as a further visual aid to the related discussions.
[bookmark: _Toc778415]1. Task 1
1.1 [bookmark: _Toc778416]Euler’s Method – What is it?

Euler’s method is a formula that can be applied to first order differential equations to find a numerical result.  The method allows for future positions to be calculated based off an initial starting point given that the velocity, acceleration and a timestep is known [1].  In the simplest description, for each timestep, find the sum of the force and add it to the velocity.  Lastly, compute the new position by adding the velocity to it.  It should be noted however that the results that are returned are not accurate and that there are much better, but progressively more complicated methods for numerical integration such as Verlet, Midpoint and Runge-Kutta to name a few.  
1.2 [bookmark: _Toc778417]Euler’s Method – How does it work?
Within this section, screenshots of Euler’s method written in C++ code shall be inserted to highlight each stage of the algorithm.
Firstly, a starting position, timestep, velocity and acceleration value are needed.  These have all been assigned the value of zero except for the timestep which shall be set to 0.06.  A screenshot of this has been provided in figure 1.
[image: ]
Figure 1 - Starting Initialisation
Next, each of these variables needs to be equated in order for the next position to be calculated.  Acceleration shall be looked at first and this is worked out by dividing the force over the mass, the force in this case is comprised of the tractive force (ft) minus the drag (fd).  This is highlighted in figure 2.
[image: ]
Figure 2 - Acceleration Equation
Now that the acceleration has been discovered, the velocity can be calculated.  For this to be done, the old velocity is added to the delta time and then multiplied by the acceleration and this will yield the new velocity for the next iteration.  Once the new velocity has been found, we are finally able to find the new position by adding the old position to the delta time and multiplying by the velocity as shown in figure 3.
[image: ]
Figure 3 - Updating the fields

Lastly the current velocity, position and time need to be updated so that fresh calculations can be undertaken on the new values on the next iteration of the cycle.  This is shown in figure 4.
[image: ]
Figure 4 - Updating Position, Velocity and Time

1.3 [bookmark: _Toc778418]Velocity Verlet Method – What is it?

The Velocity Verlet method, which is different to its closely related cousin, the Verlet method (or leapfrog method), is considered to be much more exact in its calculations and is therefore more commonly found in game development.  It differs from its Eulerian predecessor in the way in which it reaches its solution, and this shall be explained in the next section.
1.3.1 [bookmark: _Toc778419]Velocity Verlet Method – How does it work?
This section will provide screenshots that outline the key features of this algorithm.
To begin with, all variables should be set to zero with the exception of the delta time, which has been set to 0.06, this can be seen in the previous section in figure 1.  Once this is done, the acceleration needs to be calculated based of the tractive force, drag force and mass.  This can also be seen in the previous section in figure 2.  Now that these initial steps have been completed, the new velocity is ready to be equated.  For this to be done, the current velocity is added to the sum of 0.5 multiplied by the result of the current acceleration multiplied by the new acceleration.  This answer is then multiplied itself by the timestep, see below for the equation and figure 5 for the example in code.

[image: ]
Figure 5 - Setting the new velocity


Now that the new velocity has been discovered, the new position is ready to be found.  Found below is both the equation for this algorithm and a screenshot of it in C++ code.

[image: ]
Figure 6 - Setting the new position
Lastly the relevant fields are updated ready for the next iteration, as shown in figure 7.
[image: ]
Figure 7 - Updated values
1.3.2 [bookmark: _Toc778420]Advantages
· Not as expensive as other Runge-Kutta methods, such as RK4
· More precise readings when compared to Euler’s method
· ‘Real enough’ to accurately represent position updates in the majority of games
· Relatively simple to implement 
1.3.3 [bookmark: _Toc778421]Disadvantages 
· Not as accurate as other higher-order integration methods such as RK4
· More expensive that lower-order methods such as Euler


1.4 [bookmark: _Toc778422]Comparison Between Euler and Velocity Verlet



Graph 1 - Velocity Verlet Method


Graph 2 - Euler Method
As shown by the graphs above, the Velocity Verlet method finished the simulation with a stopping point of 48.9 while Euler finished with a stopping point of 43.4.

[bookmark: _Toc778423]1.5 Popular Integration Methods Used in Games

Listed below is a list of methods that are widely used throughout the gaming industry with their advantages and disadvantages along with them [2].
1. Euler’s Method
a. Is 100% accurate providing that the rate of change is constant
b. Is simple to implement
c. Provides a good base understanding of the concept 
d. It is computationally inexpensive to run
e. Inaccurate should the rate of acceleration change
f. Inaccuracy increases as the change increase
2. Verlet [3]
a. Very popular method used by many game studios such as IO Interactive’s Glacier Engine
b. Far more stable that first-order methods
c. Computationally inexpensive when compared to the relatively accurate results it can achieve 
3. RK4
a. Extremely accurate
b. More complex to implement
c. Expensive computationally
2. [bookmark: _Toc778424]Task 2 

2.1 [bookmark: _Toc778425]Vectors and Planes
[bookmark: _Toc778426]2.1.1 Distance Between Two Points

To find the Euclidean distance between two points, the x, y and z positions of both points must first be known.  Once found, the distance can be uncovered by applying Pythagoras’s Theorem to each of the points, the formula can be found below:
P1 = (a, b, c)
P2 = (x, y, z)
Euclidean Distance  = 
An example of this equation in C++ code has been provided below in figure 5.
[image: ]
Figure 8 - Distance Between Two Points Algorithm
The function will take in a reference to a secondary vector as an argument (v2) and perform the equation stated above upon it.  If comparing it to the equation above, the object that is calling the function assumes the role of P1 and the argument vector assumes the role of P2, the result is then returned as a float.  One of the major pitfalls of this method is that it uses the sqrtf() function from the math.h standard library.  This method is very expensive to run and whilst the effects of using it may not be apparent when used sparingly, if it is run every frame or cycle in a loop, an impressive drop in performance will be noticed. 





2.1.1.1 Testing

	Test Number
	Test Description
	Expected Result
	Actual Result
	Outcome (Pass/Fail)

	1
	Testing positive integer values:
v1 = (9, 4, 5)
v2 = (4, 2, 8)
	6.16441
	6.16441
	Pass

	2
	Testing positive floating-point values:
v1 = (3.4, 4.1, 6.5)
v2 = (11.4, 1.2, 2.8)
	9.27900
	9.27900
	Pass

	3
	Testing negative integer values:
v1 = (-13, -5, -14)
v2 = (-1, -11, -2)
	18.00000
	18.00000
	Pass

	4
	Testing negative floating-point values:
v1 = (-1.5, -2.5, -14.6)
v2= (-10.1, -7.11, -2.2)
	15.77885
	15.77885
	Pass

	5
	Testing mixture of floating-point and integer values:
V1 = (1.5, 2, 14)
V2 = (10, 7.11, 2.2)
	15.41434
	15.41434
	Pass

	6
	Testing mixture of positive and negative integer values:
V1 = (1, 2, -14)
V2 = (2, -9, -2)
	16.30950
	16.30950
	Pass

	7
	Testing mixture of positive and negative values and mixture of integer and floating-point values:
V1 = (1.1, 19, -11.4)
V2 = (-2, 9, -23.2)
	15.77498
	15.77498
	Pass

	8
	Testing mixture of positive and negative values and mixture of integer and floating-point values with some set to zero:
V1 = (1.1, 0, -11.4)
V2 = (-2, 9, 0)
	14.85159
	14.85159
	Pass



[bookmark: _Toc778427]2.2.2 Distance between two Points Squared

This method aims to achieve a very similar goal to the method explained previously with the main  difference being that the result of the equation is not square rooted, this saves computational expense.  Found below is the new formula for finding the Euclidean distance squared:
P1 = (a, b, c)
P2 = (x, y, z)
Euclidean Distance  = 
C++ code that showcases this has been included in figure 6 below.
[image: ]
Figure 9 - Distance Between Two Points Squared
With its working parts operating in a near identical manner to the previous method, the only real difference is that the sqrt() function has not been included or implemented in the code.  This saves the CPU from running the expensive function each time that this is called.
2.2.2.1 Testing

	Test Number
	Test Description
	Expected Result
	Actual Result
	Outcome (Pass/Fail)

	1
	Testing positive integer values:
v1 = (9, 4, 5)
v2 = (4, 2, 8)
	38.00000
	38.00000
	Pass

	2
	Testing positive floating-point values:
v1 = (3.4, 4.1, 6.5)
v2 = (11.4, 1.2, 2.8)
	86.10000
	86.10000
	Pass

	3
	Testing negative integer values:
v1 = (-13, -5, -14)
v2 = (-1, -11, -2)
	324.00000
	324.00000
	Pass

	4
	Testing negative floating-point values:
v1 = (-1.5, -2.5, -14.6)
v2= (-10.1, -7.11, -2.2)
	248.97212
	248.97212
	Pass

	5
	Testing mixture of floating-point and integer values:
V1 = (1.5, 2, 14)
V2 = (10, 7.11, 2.2)
	237.60211
	237.60211
	Pass

	6
	Testing mixture of positive and negative integer values:
V1 = (1, 2, -14)
V2 = (2, -9, -2)
	266.00000
	266.00000
	Pass

	7
	Testing mixture of positive and negative values and mixture of integer and floating-point values:
V1 = (1.1, 19, -11.4)
V2 = (-2, 9, -23.2)
	248.85002
	248.85002
	Pass

	8
	Testing mixture of positive and negative values and mixture of integer and floating-point values with some set to zero:
V1 = (1.1, 0, -11.4)
V2 = (-2, 9, 0)
	220.56992
	220.57000
	Pass



[bookmark: _Toc778428]2.3.3 Plane Methods

For the Plane class, two methods needed to be defined and an explanation of the factors that influenced that choice were to be provided.  The two methods that have been selected were:
1. FindNormal() – The reason that this method was chosen was because that each plane object should hold the responsibly of finding and storing its own normal vector.  
2. NormalizeVector() – The results of this function can be used when working with cameras in the game world to find out whether or not a particular object can be seen by the camera.
Evidence of this definition has been included in figure 7 below.
[image: ]
Figure 10 - Plane Method

[bookmark: _Toc778429]2.3.4 Vector Projection

A method has been formulated which can be called by any vector within the program, and it can project itself onto any other vector that is necessary.  A screenshot of the C++ code has been shown below in figure 11.

[image: ]
Figure 11 - Vector projection function



2.3.4.1 Testing

	Test Number
	Test Description
	Expected Result
	Actual Result
	Outcome (Pass/Fail)

	1
	Testing positive integer values:
v1 = (14, 2, 8)
v2 = (1, 11, 3)
	(0.4580, 5.0831, 1.3740)
	(0.4580, 5.0831, 1.3740)
	Pass

	2
	Testing positive and negative floating-point values:
v1 = (3.4, -4.1, 6.5)
v2 = (-11.4, 1.2, -2.8)
	(5.0663, -0.5332, 1.2443)
	(5.0663, -0.5332, 1.2443)
	Pass

	3
	Testing negative integer values:
v1 = (-14, -2, -8)
v2 = (-1, -11, -3)
	(-0.4580, -5.0831, -1.3740)
	(-0.4580, -5.0831, -1.3740)
	Pass

	4
	Testing positive/negative floating-point values and positive/negative integers along with zero:
v1 = (0, -4.1, 6.5)
v2= (-11, 1, 2.8)
	(-1.1945, 0.1085, 0.3040)
	(-1.1945, 0.1085, 0.3040)
	Pass



[bookmark: _Toc778430]3. Task 3

[bookmark: _Toc778431]3.1 Investigation of Sphere to Sphere Collision Detection

The sphere class that has been created will allow any sphere object to call a function called HasCollided(Sphere otherSphere) that takes in another sphere object as an argument and checks to see if there has indeed been a collision.  Pictured below in figure 12 is the method responsible for collision checking.
[image: ]
Figure 12 - Sphere to sphere collision



[bookmark: _Toc778432]3.1.1 Tests

	Test Number
	Test Description
	Expected Result
	Actual Result
	Outcome (Pass/Fail)

	1
	Testing positive values:
Sphere1 = (4, 6, 8)
Sphere2 = (3, 5, 7)
	Collision
	Collision
	Pass

	2
	Testing floating-point values:
Sphere1 = (3.4, 4.1, 6.5)
Sphere2 = (11.4, 1.2, 2.8)
	No Collision
	No Collision
	Pass

	3
	Testing positive and negative integer/floating-point values:
Sphere1 = (-14.2, 2, 8.2)
Sphere2 = (-1, 11, 3.3)
	No Collision
	No Collision
	Pass

	4
	Testing positions in the same place:
Sphere1 = (0, 0, 0)
Sphere2 = (0, 0, 0)
	Collision
	Collision
	Pass
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Position (m)




Euler Method

Velocity (ms)	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	4.5	4.5599999999999996	4.62	4.68	4.74	4.8	4.8600000000000003	4.92	4.9800000000000004	5.04	5.0999999999999996	5.16	5.22	5.28	5.34	5.4	5.46	5.52	5.58	5.64	5.7	5.76	5.82	5.88	5.94	6	6.06	6.12	6.18	6.24	6.2999900000000002	6.3599899999999998	6.4199900000000003	6.4799899999999999	6.5399900000000004	6.59999	6.6599899999999996	6.7199900000000001	6.7799899999999997	6.8399900000000002	6.8999899999999998	1.08	2.0304199999999999	2.9695100000000001	3.8919999999999999	4.7926900000000003	5.6665400000000004	6.50868	7.3144099999999996	8.0792800000000007	8.7990899999999996	9.4698899999999995	10.088100000000001	10.6503	11.153499999999999	11.5952	11.973100000000001	12.2852	12.53	12.3872	12.2448	12.1029	11.9613	11.8202	11.679500000000001	11.539199999999999	11.3993	11.2598	11.120699999999999	10.9819	10.8436	10.7056	10.5679	10.4306	10.293699999999999	10.1571	10.020899999999999	9.8850099999999994	9.7494499999999995	9.6142099999999999	9.4792900000000007	9.3446800000000003	9.2103900000000003	9.0763999999999996	8.9427099999999999	8.80931	8.6762099999999993	8.5433900000000005	8.4108499999999999	8.2785899999999994	8.1465899999999998	8.0148600000000005	7.8833900000000003	7.7521800000000001	7.6212200000000001	7.4904999999999999	7.3600300000000001	7.2297900000000004	7.0997899999999996	6.9700100000000003	6.8404600000000002	6.7111299999999998	6.5820100000000004	6.4531000000000001	6.3243999999999998	6.1958900000000003	6.06759	5.9394799999999996	5.8115500000000004	5.6838100000000003	5.5562500000000004	5.4288699999999999	5.30166	5.1746100000000004	5.0477299999999996	4.9210000000000003	4.7944300000000002	4.6680099999999998	4.5417399999999999	4.41561	4.2896099999999997	4.1637599999999999	4.03803	3.9124300000000001	3.78695	3.6615899999999999	3.53634	3.4112	3.2861699999999998	3.1612399999999998	3.0364100000000001	2.91168	2.7870400000000002	2.66248	2.5380099999999999	2.4136099999999998	2.2892899999999998	2.1650399999999999	2.0408599999999999	1.91675	1.7926899999999999	1.66869	1.5447500000000001	1.4208499999999999	1.2969999999999999	1.1731799999999999	1.04941	0.92566899999999996	0.80195799999999995	0.67827300000000001	0.55461099999999997	0.43096699999999999	0.30733899999999997	0.183721	6.0110900000000002E-2	-6.3495499999999996E-2	Acceleration (ms^2)	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	4.5	4.5599999999999996	4.62	4.68	4.74	4.8	4.8600000000000003	4.92	4.9800000000000004	5.04	5.0999999999999996	5.16	5.22	5.28	5.34	5.4	5.46	5.52	5.58	5.64	5.7	5.76	5.82	5.88	5.94	6	6.06	6.12	6.18	6.24	6.2999900000000002	6.3599899999999998	6.4199900000000003	6.4799899999999999	6.5399900000000004	6.59999	6.6599899999999996	6.7199900000000001	6.7799899999999997	6.8399900000000002	6.8999899999999998	18	15.840299999999999	15.6516	15.374700000000001	15.0115	14.5642	14.035600000000001	13.428900000000001	12.7479	11.996700000000001	11.18	10.3027	9.3701399999999992	8.3878299999999992	7.3616299999999999	6.2975599999999998	5.2018199999999997	4.0807099999999998	-2.3803800000000002	-2.3731200000000001	-2.3659699999999999	-2.3589199999999999	-2.3519700000000001	-2.3451200000000001	-2.3383799999999999	-2.3317299999999999	-2.3251900000000001	-2.31874	-2.3123900000000002	-2.30613	-2.2999700000000001	-2.2938999999999998	-2.2879299999999998	-2.2820499999999999	-2.2762600000000002	-2.2705600000000001	-2.2649499999999998	-2.2594400000000001	-2.2540100000000001	-2.2486600000000001	-2.2434099999999999	-2.2382399999999998	-2.2331599999999998	-2.2281599999999999	-2.2232400000000001	-2.21841	-2.21366	-2.2090000000000001	-2.2044100000000002	-2.19991	-2.1954899999999999	-2.1911499999999999	-2.1868799999999999	-2.1827000000000001	-2.1785899999999998	-2.17456	-2.1706099999999999	-2.1667299999999998	-2.1629299999999998	-2.1592099999999999	-2.1555599999999999	-2.15198	-2.1484800000000002	-2.1450499999999999	-2.1417000000000002	-2.1384099999999999	-2.1352000000000002	-2.1320700000000001	-2.129	-2.1259999999999999	-2.1230799999999999	-2.1202200000000002	-2.1174400000000002	-2.1147200000000002	-2.1120800000000002	-2.1095000000000002	-2.1069900000000001	-2.1045500000000001	-2.1021800000000002	-2.0998800000000002	-2.0976400000000002	-2.0954700000000002	-2.0933600000000001	-2.0913300000000001	-2.0893600000000001	-2.08745	-2.08561	-2.0838399999999999	-2.0821299999999998	-2.0804900000000002	-2.07891	-2.0773899999999998	-2.0759500000000002	-2.07456	-2.0732400000000002	-2.0719799999999999	-2.0707900000000001	-2.0696599999999998	-2.0686	-2.0676000000000001	-2.0666600000000002	-2.0657800000000002	-2.0649700000000002	-2.0642200000000002	-2.0635300000000001	-2.06291	-2.0623499999999999	-2.0618500000000002	-2.06141	-2.0610400000000002	-2.06073	-2.0604800000000001	-2.0602900000000002	-2.0601699999999998	-2.0601099999999999	Position (m)	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	4.5	4.5599999999999996	4.62	4.68	4.74	4.8	4.8600000000000003	4.92	4.9800000000000004	5.04	5.0999999999999996	5.16	5.22	5.28	5.34	5.4	5.46	5.52	5.58	5.64	5.7	5.76	5.82	5.88	5.94	6	6.06	6.12	6.18	6.24	6.2999900000000002	6.3599899999999998	6.4199900000000003	6.4799899999999999	6.5399900000000004	6.59999	6.6599899999999996	6.7199900000000001	6.7799899999999997	6.8399900000000002	6.8999899999999998	6.4799999999999996E-2	0.18662500000000001	0.36479600000000001	0.59831599999999996	0.88587700000000003	1.22587	1.61639	2.05525	2.5400100000000001	3.0679599999999998	3.6361500000000002	4.2414300000000003	4.8804499999999997	5.5496600000000003	6.2453700000000003	6.9637599999999997	7.7008700000000001	8.4526699999999995	9.1959	9.9305900000000005	10.6568	11.3744	12.0837	12.7844	13.476800000000001	14.1607	14.8363	15.5036	16.162500000000001	16.813099999999999	17.455400000000001	18.089500000000001	18.715299999999999	19.332999999999998	19.942399999999999	20.543600000000001	21.136800000000001	21.721699999999998	22.2986	22.8673	23.428000000000001	23.980599999999999	24.525200000000002	25.061800000000002	25.590299999999999	26.110900000000001	26.6235	27.1282	27.6249	28.113700000000001	28.5946	29.067599999999999	29.532699999999998	29.99	30.439399999999999	30.881	31.314800000000002	31.7408	32.158999999999999	32.569400000000002	32.972099999999998	33.366999999999997	33.754199999999997	34.133600000000001	34.505400000000002	34.869500000000002	35.2258	35.5745	35.915599999999998	36.248899999999999	36.5747	36.892800000000001	37.203200000000002	37.506100000000004	37.801400000000001	38.088999999999999	38.369100000000003	38.641599999999997	38.906500000000001	39.163899999999998	39.413699999999999	39.655999999999999	39.890799999999999	40.118000000000002	40.337699999999998	40.549900000000001	40.7545	40.951700000000002	41.141399999999997	41.323599999999999	41.4983	41.665500000000002	41.825200000000002	41.977499999999999	42.122300000000003	42.259700000000002	42.389600000000002	42.512099999999997	42.627099999999999	42.7346	42.834699999999998	42.927399999999999	43.012700000000002	43.090499999999999	43.160899999999998	43.2239	43.279400000000003	43.327500000000001	43.368200000000002	43.401499999999999	43.427300000000002	43.445799999999998	43.456800000000001	43.4604	43.456600000000002	Time (s)


Position (m)
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// Find the updated velocity and position
velocity = oldVelocity + dt * acceleration;
position = oldPosition + dt * velocity;
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// Assign the new values to their older counterparts
oldVelocity = velocity;
oldPosition = position;

// Update the time step
time += dt;
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// Set the new velocity
dv = velocity + 0.5 * (acceleration + newAcceleration) * dt;
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// Set the new position
dx = position + velocity * dt + ©.5 * acceleration * (dt*dt);
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// Update acceleration, velocity and position for next iteration
acceleration = newAcceleration;

velocity = dv;

position = dx;

// Update time
time += dt;
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float Vector::DistanceBetweenTwoPoints(Vector & v2)
{

; return sgrtf(((v2.x - x)*(v2.x - x)) + ((v2.y - y)*(v2.y - y)) + ((v2.z - z)*(v2.z - 2)));
}
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float Vector::DistanceBetweenTwoPointsSqd(Vector & v2)
{
; return ((v2.x - x)*(v2.x - x)) + ((v2.y - y)*(v2.y - y)) + ((v2.z - z)*(v2.z - 2));
}
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Vector FindNormal();

Vector NormalizeVector();
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Vector Vector::ProjectedOnTo(Vector & v2)
{

‘ Vector vectorResult;

float dot

VectorDotProduct(v2);

float mag = VectorMagnitude(v2);

vectorResult.x
vectorResult.y
vectorResult.z

dot / (mag*mag) * v2.x;
dot / (mag*mag) * v2.y;
dot / (mag*mag) * v2.z;

return vectorResult;
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bool Sphere::HasCollided(Sphere otherSphere)
{

float distanceBetween = DistanceBetweenTwoPoints(GetPosition(), otherSphere.GetPosition());

if (distanceBetween < (GetRadius() + otherSphere.GetRadius()))

Lo

; ; return true;
LT

; else

I ¢

! E return false;
¥

}
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float dt = 0.06; // Delta time

float velocity = 0; // Velocity of vehicle
float position = 0; // Distance traveled
float acceleration = 0; // Current acceleration
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// Calculate the acceleration from the traction force minus the drag force over the mass
acceleration = (ft - fd) / mass;




