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1.Declaration
The work of this report has been completed under the supervision of Gordon Dickers. | declare

that this report is the product of my own work and is not being submitted for any other degree
etc.

May Davies.

2.Abstract

This report goes over code for various different tasks involving vectors, and also involving numeric
integration. Some of these tests also end up failing.

3.Introduction

This report is a report that aims to cover a few areas of games architecture and mechanics over, and
as such will go over some areas of the physics involved in video games in depth for some of these
tasks. The first task looks over Euler’'s numerical integration method, as well as some other
integration methods, as well as a coded example for a spring powered model dragster car for each
method discussed.

The rest of this report then goes over a scenario for writing a vector class for a games engine, using
pre-existing vector classes and will go over some details of vector operations. The second task also
goes over a planes class that should be capable of outputting a normalized plane vector and the
distance of a point from a respective plane. the final task of the report involve sphere-to-sphere
collision detection, of which will use the vector class developed within the second task.

4 Part One

4.1.Euler’s Numerical Integration
One particular method of Numerical Integration is known as Euler’'s Method. Euler’'s Method was
made by Leonhard Euler, and was published in his book Institutionum Calculi Integralis which was

published in 1?55*
Sk

Euler’s Method is a decent method of numerical integration, in that it can be used to make
aproximations for what is about to happen to something based on its current position and velocity,
to then approximate the next position and velocity [2]. A simple way of showing a formula would be
as follows, which assumes that there is a separate function for position and velocity:

XI'+1:X{'+h,.X’
=X, +h.V

Vigr= Vi +h. v

= V{' + hF(X{,V[)/m

It should be noted that there is a formula nearly identical to this in Bishop and Van Verth’s book
Essential Mathematics For Games & Interactive Applications A programmers Guide in that the last
line also has a value t in the function of F(Xi, Vi) which represents Taylor’s Series[2] however, this




formula is specifically on the current timestep only, so for Euler’s numerical integration, the value of
tis not shown.

In this particular example, X represents position, while V represents velocity, and h represents the
timestep (which in some cases may be referred to as delta t for change in time). Attention should
also be paid to the last equation. The section for F, is a function for acceleration, which is then
divided by mass.

While Euler’s Numerical Integration method can be pretty useful for video games, as it does not
require a lot of processing as the physics are simplified in comparison to reality, it does however
have one particular flaw. If the timestep ( the value for h in the previous equations) is too big, then
inaccuracies will begin to occur, as the next calculation for the position for example, requires the
current position to be added to the product of h and X'. The reason for this inaccuracy is that for
each and every iteration of X, is based on approximation, so if a timestep is huge, an inaccuracy will
occur, which will result in wildly different results in comparison to a small timestep [3].

A good example of this, could be a car travelling at a fast speed, and then suddenly coming to a stop.
In Euler’s method, if the time step is too large, the car could come to a stop and then move in the
opposite direction as there is effectively extra energy when there shouldn’t be.

4.2Verlet Integration

An alternative integration method to Euler’s method could also be considered, which is known as
Verlet Integration. Verlet Integration is a method of integration that can typically be used in video
game programming, as it happens to be particularly handy for simulating bodies that could be
considered soft like rope, blankets, vines and such other objects that can somewhat change shape in
some way without losing their original shape (so for instance, not a liquid such as water)[4].

It should be noted that there are several different versions of Verlet Integration that can be used in
video games. These include Verlet (aka positional verlet), Leapfrog Verlet, and lastly Velocity
Verlet[4]. For this particular report, the chosen method of Verlet Integration is Velocity Verlet.

4.2.1Velocity Verlet

Velocity Verlet is an interesting method of integration, as in Velocity Verlet, when actually
performing the calculation, acceleration is calculated twice as opposed to only doing it once as seen
in Euler. The following is an equation for Velocity Verlet:

Visijz=Vi+h [2a
Xiv1 = Xi+ RVig1 2

Visr =Vig1 2+ by [20544

It should be noticed that upon close inspection, acceleration has to be calculated twice in this
formula. First it must be calculated at the start in order to get the value of velocity at the half step,
and then the next acceleration must be calculated before the full step of V, which can be seen in the
last line of this formula with 2ai+1.

It should be noted that here there is no function for force, which was seen in Euler. The reason for
this is because with verlet, a single step of Euler or any other first order integration must be done
first, and then Verlet can pick up from there.




4.3Scenario Work

The scenario for this particular report that requires code to be written for is for a model dragster car
that is being pushed by a spring. The tractive force of the spring is as follows:

Ft =15(16 —x)
It should be noted that when x is greater than 8, Ft must be set to 0 newtons.

This particular scenario also requires that a drag force calculation also be done on the dragster car,
which consists of the following formula (wherein Fd is drag force):

Fd = Cymg + 1/, CppAV?

Cr is coefficient of rolling resistance. For this scenario this needs to be 0.21

m is mass. The car’s mass in this scenario is 1kg.

g is the force of gravity. For this scenario, gravity is set to 9.81 m/s?

Cp is the coefficient for drag, which is set to 0.34.

p is the measurement for air density. In this scenario, air density is 1.2kg/m?

A represents the area at the front of the vehicle which is 0.01m?

V is of course, the velocity of the vehicle, which will be calculated using the previously discussed
methods of numerical integration.

It should also be noted that if the velocity is ever reach below 0, then Fd should also be set to 0. This
is to prevent any oscillation to be shown in the simulation due to any possible issues with the
timesteps.

This scenario’s information will be presented twice to the user. The first time around the simulation
will be ran using Euler Integration, and the second time around the simulation will be ran using
Velocity Verlet Integration.

The Euler Integration method has been implemented first. The code for this can be seen in Appendix
A, and for Verlet Integration please see Appendix B.

It should be noted that one of the requirements for the scenario is to save the data from the car
scenario to a file, as such, the method that is used for this scenario is going to make include
<fstream> in c++ in order to write and read to a file[5].

Proof of correct file handling can be seen below, with a text file created for each integration method
used.
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File Edit Format View Help File Edit Format View Help

Euler's method on car scenario A }Jeluf_ity Verlet method on car scenaric -
N, time, X, v, ,Acceleration N, time, X, v, sAcceleration
2] 9.98s 9.43metres 2.85 19.88m/s/s Euler ©.00s 8.43metres 2.85 19.00m/s/s

1 0.15s 1.27metres 5.6@ 18.36m/s/s a 8.15s 8.85metres 5.60 18.36m/s/s

2 9.38s  2.49metres 8.17  17.1@m/s/s 1 @.38s  1.7@metres 8.26  17.71m/s/s

3 8.45s 4.86metres 18.46 15. 26m/s/s 2 8.45s 2.93metres 108.73 16.45m/s/s
4 0.60s 5.92metres 12.39 12.90m/s/s 3 8.608s 4.54metres 12.92 14.68m/s/s

5 9.75s 8.01metres 13.91 10.12m/s/s 4 8.75s 6.48metres 14.74 12.18m/s/s
6 9.98s 9.9 8metres 13.16 -5.00m/s/s 5 @.98s 8.69metres 16.14 9.28m/s/s
7 1.85s 11.84metres 12.41 -5.88m/s/s 6 1.85s 11.11metres 15.39 -5.88m/s/s
8 1.28s 13.59metres 11.66 -5.08m/s/s 7 1.28s 13.42metres 14.64 -5.88m/s/s
9  1.355  15.23metres 18.91  -5.@@m/s/s 8 1.35s  15.62metres 13.88  -5.@8m/s/s
10 1.50s 16.75metres 10.16 -5.08m/s/s 9 1.50s 17.7émetres 13.13 -5.08m/s/s
11 1.65s 18.16metres 9.41 -5.88m/s/s 1@ 1.65s 19.67metres 12.38 -5.88m/s/s
12 1.80s 19, d6metres 8.66 -5.08m/s/s 11 1.80s 21.53metres 11.63 -5.80m/s/s
13 1.95s 20.64metres 7.91 -5.00m/s/s 12 1.95s 23.27metres 10.88 -5.80m/s /s
14 2.10s 21.72metres 7.15 -5.00m/s/s 13 2.10s 24.9@metres 10.13 -5.88m/s /s
15 2.25s  22.68metres 6.40  -5.80m/s/s 14 2.35s 26.42metres 9.38 -5.88m/s/s
16 2.48s 23.53metres 5.65 -5.08m/s/s 15 2.48s 27.83metres B.63 -5.88m/s/s
17 2.55s 24.26metres 4.90 -5.00m/s/s 16 2.55s 29.13metres 7.88 -5.08m/s/s
18 2.78s 24.89metres 4.15 _5.88m/s/ s 17 2.70s 30.31metres 7.13 -5.88m/s/s
19 2.85s 25. 4Bmetres 3.40 -5.88m/s/s 18 2.85s 31.38metres 6.38 -5.88m/s/s
20 3.80s 25.79metres 2.65 -5.00m/s/s 19 3.00s 32.33metres 5.63 -5.08m/s/s
21 3.15s 26.08metres 1.90 -5.08m/s/s 28 3.15s 33.18metres 4.88 -5.08m/s/s
22 3.30s 26.25metres 1.15 -5.08m/s/s 21 3.308s 33.91metres 4.13 -5.88m/s/s
23 3.45s 26.31metres 9.40 -5.08m/s/s 22 3.45s 34.53metres 3.38 -5.88m/s/s
24 3.60s 26.26metres -0.35 -5.08m/s /s 23 3.68s 35.84metres 2.63 -5.88m/s/s
25 3.75s  26.26metres -8.35  0.00m/s/s 24 3.75s 35.43metres 1.88 -5.88m/s /s
26 3.90s 26.26metres -@.35 8.00m/s/s 25 3.90s 35.71metres 1.13 -5.08m/s/s
27 4.85s 26.26metres -8.35 8.08m/s/s 26 4.85s 35.88metres B.38 -5.08m/s/s
28 4.20s 26.26metres -B.35 8.88m/s/s 27 4.20s 35.9%4metres -0.37 -5.88m/s/s
29 4.35s 26.26metres -8.35 8.00m/s/s 28 4.35s 35.94metres -0,37 -5.08m/s/s
w29 4.50s 35.94metres -0.37 -5.88m/s /s .

Ln1, Coll 100% ‘Windows (CRLF) UTF-8 Co = o Er—— e

It should be noted that at this point, several of the original values for the Fd equation were changed
in order to have the car stop at a reasonable point to demonstrate both the Euler integration, and
the Velocity Verlet integration without having too much data as to speak. These are the values at the
time of writing for simulation that have changed from the scenario:

Cr=0.51

A=0.10m?

Cp=0.45

timestep: 0.15s

This debatably could be too large of a timestep, however, this timestep allowed the car to come to a
stop within 30 iterations, which was what would be decided to be a decent frame for testing that the
integration methods actually do work.

The following graphs have been produced as a result of the data calculated through first the Euler
method, and then the Velocity Verlet method. (See next page for Euler Chart and Velocity Verlet
chart respectively). Additionally, for the results shown above, a table of results can also be seenin
Appendix C.




Euler Dragster Car

velocity

0 015 03 045 06 075 05 105 12 135 15 165 18 19 21 225 24 255 27 285 3 315 33 345 36 3/5 35 405 42 435

Time [s]

Velocity Verlet

0 015 03 045 06 075 09 105 12 135 15 165 18 195 21 2235 24 255 27 285 3 315 33 345 36 375 39 a05

Time (s}

At a glance, these two charts may appear the same, however in closer inspection, it can be seen that
there are some slight differences between Euler and Velocity Verlet. It can be seen that with each
step that the margin of error between Euler and Verlet increasing as the simulation goes on. The
only time that Euler and Velocity verlet are ever the same within this particular simulation is in the
first 2 steps of integration, after this point there is a considerably increasing gap between the two.
Euler’s integration actually even ends in a shorter amount of time than Velocity Verlet does, as can
be seen by the graphs above. It should however be noted that possibly due to timestep, that the car
supposedly stops moving at a negative velocity, which of course is impossible, the reason for this is
because a piece of code had to be written to prevent the position from continuing to increase at a
steady rate, which checked to increase position based on if the velocity and the drag were both
equal to 0. The reason this problem occurred of course is because the large timestep meant that
eventually, a value for velocity would be written below 0.

A potential fix for this could have possibly been to decrease the timestep the closer and closer the
simulation got to 0 velocity, however this in itself could be an inefficient use of Velocity Verlet. Aside
from this, it could also be suggested that the reason that the car stops later in Velocity Verlet than it
does in Euler could be due to it possibly being much more accurate, thanks to the acceleration
having to be calculated twice within each iteration of Velocity Verlet.




4.3 1Testing Harness

The following section of this report is a testing harness for the Dragster Car scenario, which goes
over some of the tests done both during and post development of the Dragster Car simulation used
for this particular report. It should be expected that not much validation testing should be necessary,
as the program is being written in a way that does not allow user inputs outside of a main menu. (i.e,
the values necessary for the simulation are not changeable by the user, only by the programmer.)
tests 1-10 are on the Euler system, while tests 11 onwards are Velocity Verlet.

Test | Test Expected Actual Result Success?
No. Result Changes?
1 User enters | Input should 2 Fail. Didn"t
an input fail. User actually use
thatisnota | should be told string
number for | to pick again. stream, so
the main cin >>
menu to menulnput
select the would not
simulation get asked
for again,
and would
instead be
infinitely
looped.
Implement
stringstream
to fix this.
2 Repeat of See test 2 Success.
Test 2. expected result
3 Enter 1in Car Scenario Success
ordertogo | should be
tothe Car navigated to.
Scenario
4 Test that Ft should be Success
initially Ft output as 24
should be newtons.
equal to 24,
as 1.5%(16-
x) when x is
0should
output 24.
5 Test that Fd should be Success.
the first 5.00 (not
value for Ft | 5.0031, as
is correct, there is already




given that
Coefficient
Roll =0.51,
m=1.00, g =
9.81, the
(1/2),
Coefficient
drag =0.45,
air density =
1.20, area
=0.10, and
at this stage
velocity is 0,

roundingto 2
decimal places
implemented
in code.

thus vA2 is
0.
Using the
calculation
for Fd, this
should be
5.0031
Check that Velocity should Success.
the outputs | increase as
increase acceleration is
velocity as positive. Only
acceleration | the first few
is positive. results will be
checked as
opposed to all
30.
Check that Once x = 8, ft Success.
once x is 8 should become
that Ft 0.
becomes 0.
Check that Acceleration Success.
once the should move
value of x from being
has past 8, 10.12m/s/s to
that a negative
acceleration | acceleration
should (aka
instead deceleration)
become
deceleration
Check that x | X should stop No screenshot available. X did not stop increasing, uncertain asto | Fail. Forced
stops changing once | why in particular. Could potentially be down to stepsize, though all | the
changing velocity is less | step sizes attempted so far have yield the same result. simulation
once thanO. to no longer
velocity is calculate x

less than 0

and v once v




10 Check that Fd should
whenv <0, | becomeO.
fd becomes
0.

11 Check that Values should
the values all be reset.
used
previously
have been
reset to the
values that
were
changed in
section 4.3.

12 | Check that Watching the
the first variables from
step test 11 for the
performed Euler section,
before then compare
going to the Euler
straight in that appears in
toVelocity | theinitial step
Verlet is for Velocity
Euler Verlet. Results

should be the
same.

13 Test that Ft should be
initially Ft output as 24
should be newtons.
equal to 24,
as 1.5%(16-

x) when x is
0should
output 24

14 Test that Fd should be
the first 5.00 (not
value for Ft | 5.0031, as
is correct, there is already
given that roundingto 2
Coefficient | decimal places

L
=
¥ x
@ v
v
L
L
L
-
w (
L
v
v

time

CoefficientRoll

o 2 O K N OO O

ttcoeecoecoeeoe

is less than
0.

Success.
Note: only
for the
timestep
that the car
is first
classed as
stopped is
acceleration
still -5. After
that step,
acceleration
becomes 0.

Success.

Success.

Success.

Success.




Roll =0.51,
m=1.00, g=
9.81, the
(1/2),
Coefficient
drag =0.45,
air density =
1.20, area
=0.10, and
at this stage
velocity is 0,

implemented
in code.

thus vA2 is
0.
Using the
calculation
for Fd, this
should be
5.0031
15 | Check that Velocity should Success.
the outputs | increse while
increase acceleration is
velocity as positive. Only
long as the first few
acceleration | results will be
is positive. checked as
opposed to all
30.
16 Check that Once x = §, ft Success.
once x is 8 should become
that Ft 0.
becomes 0.
17 Check that Acceleration Success.
once the should become
value of x negative after x
has past 8, >8
that
acceleration
should
instead
become
deceleration
18 | Check thatx | X should stop No screenshot available. X did not stop increasing, uncertain asto | Fail. Forced
stops changing once | why in particular. Could potentially be down to stepsize, though all | the
changing step sizes attempted so far have yield the same result. simulation




Text Document

Text Do

to no longer
calculate x
and v once v
is less than
0.

Success.

Success.

v

once velocity is less
velocity is than 0.
less than 0

19 Check that Fd should
whenv <0, | becomeO.
fd becomes
0.

20 Check that Files for Euler Mame Date modified
File and Velocity Debug 0/11/2020 22:35
handling Verlet should ++ Source.cpp 26/11/2020
creates the be made once & GAMAssignment.vceproj. user 25/11/202
. . . EulerResults txt 20/11/202
files for the simulation R

VelocityVerletResults.bet 29/1
Euler and has been P4l GAMAssignment.voxproj 251
fOf VEIOCHV executed. 1 GAMAssignment.voproj.filters 251
Verlet
21 Check that Data from y - Notepad
s " p
thedata euler :FI|€ Edit Format View Help
. . 1% Euler‘s method on car scenario
from the simulation 3 N, time, X, v, JAcceleration
H : 5@ 8.088s B.43metres 2.85 19.88m/s/s
SImUIatlons ShOUId be 1 B.15s 1.27metres 5.60 18.36m/s/s
has been written to 2 8.38s  2.49netres 8.17  17.10n/s/s
3 B.45s 4. @ometres 10.46 15.26m/s/s
saved tothe | EulerResults.txt 4 0.60s  5.02metres 12.30  12.90m/s/s
Euler text 5 @.75s  B.@lmetres 13.91  108.12m/s/s
d t 6 8.99s 9.98metres 13.16 -5.@8m/s/s
ocument. 7 1.85s  11.84metres 12.41  -5.00m/s/s
8 1.20s 13.59metres 11.66 -5.08m/s/s
9 1.35s 15.23metres 18.91 -5.06m/s/s
18 1.58s 16.75metres 108.16 -5.88m/s/s
Ln1, Col 1 100%  Windows (CRLF) UTF-8

22 ChECk th at Data fl’OI’T‘I the .. VelocityVerletResults.txt - Notepad
the data Velocity Verlet File Edit Format View Help
from the simulation Velocity Verlet method on car scenario

. N, time, X, ' yAcceleration
Velocity should be Euler ©.80s  ©@.43metres 2.85  19.00m/s/s
Verlet written to ] 8.15s B.85metres 5.68 18.36m/s/s

- - . - 1 8.38s 1.78metres 8.26 17.71m/s/s
simulation is | VelocityVerlet- | |, p')c. 5 lg3netres 10.73  16.45m/5/s
saved tothe | results.txt 3 0.60s  4.54metres 12.92  14.60m/s/s
Velocity 4 0.75s 6.48metres 14.74 12.18m/s/s
Verl 5 9.98s 8.69metres 16.14 9.28m/s/s
erlet text 6 1.655  11.1lmetres 15.39  -5.00m/s/s
document. 7 1.28s 13.42metres 14.64 -5.08m/s/s
8 1.35s 15.62metres 13.88 -5.88m/s/s
9 1.58s 17.78metres 13.13 -5.00m/s/s
Ln1,Col 1 100%  Windows (CRLF)  UTF-8

Success.

Success.




23 Check that Should reset Fail. No
neither mass to 1kgif a code was
Euler nor negative value actually
Velocity for mass was written for
Verlet can set. this. Write
be ran using code for
a negative this.
mass, as a
negative
mass is
impossible.
23 Repeat of Should set Success
test 22. mass to 1kgin i
both i 8 etres v ion =19.0@m/s/s
simulations.

Other changes made after testing include cleaning up the outputs for both Velocity Verlet, and for
Euler, as previously the outputs displayed in testing were outputted twice of which one had no unit
measurements displayed. Additionally, the initial simulation now states that it is indeed a Euler
simulation. In testing this was previously not seen, so a user would not be able to see that the first
simulation was Euler. On top of this, there was also a little pause added between the simulations so
that the user could press any key to continue to Velocity Verlet, as opposed to both simulations
being output immediately in a huge list to the user.




5.Part Two

For this particular scenario, the rest of the report will be broken down in to 3 tasks. The first task, is
to describe and program the mathematics necessary for a vector class that should include a distance
between two points calculation, as well as a point to point distance squared.

The second task of this scenario is to create a plane class, which should have the attribute of a
vector, as well as a point. The point will represent a point on the plane, and the vector will represent
the plane normal. Then, there should be a method that can be used to calculate the distance of a
particular point from the plane.

The final task is a task on creating a part of the program to be used for sphere to sphere collision,
which should be used to calculate if two different spheres (or bounding volumes) have collided.

It should be noted that some of the code for this has already been given, and as such, means that
the files Vector.cpp, and Vector.h already exist.

5.1Task 1

Before beginning, it should be noted that past this point, Object Oriented Programming is being
used. The reason for this is because it allows the idea of multiple instances of one “object” to exist at
once, without having to repeat as much code as would be seen usually within procedural
programming. OOP usually consists of a class, which can be used to create objects that have the
properties of that class already configured[6].

Before any programming happens, first, the formula for the distance between 2 vectors in a 3D
space is as follows:

2
X = J(Ax - x)Z + (Ay_ y) + (Az_Bz)2
In this Equation, the dimensions of each vector are represented by their respective x, y and z values.

So, with this knowledge, a distance can be calculated as seen below.

A=(2,75)
B=(5,09)

\/(2 —5)24+ (7-0)2+ (5—9)? = 8.60 to 2 decimal places.

It should also be noted here that the next part of the program wants the distance squared between
two points, in which case, the value for distance would simply be calculated again, except without
square rooting[7], and as such would be the following formula:

X=(A— x)2+(Ay7 y)2+(Aszz)2
2-=52+(7-02+(5-92=74

To see the code that has been written (as well as the already included Vector.h and Vector.cpp),
Please see Appendix D. It should be noted that as a square root is necessary to be performed,
math.h has been included for this task, as math.h has a square root method that can be used for this
particular task. Additionally, some changes have also been made to the files that were given, as
some parts have been changed for the code. It has also been assumed that the measurements for
the velocities is in cm, and as such will be output as cm in the program.




5.1.1Task One Testing
This section of the report is a testing harness for Task 1 of Part Two. This will be used to test the
function of the program for Task 2.

Test Description | Expected | Actual Result Pass/Fail
Number Result
1 Check that | Program Pass
the user should
can navigate
navigate to | to the
the Vectors | section on
part of the | vectors.
program
2 Check that | Should by Pass
invalid default set
inputs for X,y and z
vector 1 to 0.
(such as
(Bob, J,
Daniels))
are invalid.
3 Check that | Should set Pass
invalid X, yandz
inputs for | to 0.
vector 2
(such as
(Jack, L,
lones)) are
invalid
4 Check that | Distance Pass
Distance between 2
between 2 | points
points should be
outputs as | Ocm?2
0 if all
inputs are
0.
5 Check that | Square Pass
Squared distance
Distance between 2
between 2 | points
pointsis 0 | should be
ifallinputs | Ocm.
are 0.
6 Check that | Should Pass
ifvector1 | output
is (2,7,5) distance
and vector | as
2is(5,0,9), | 8.60~cm"2




that
distance
should be
8.60~cmn"2

Check that
if vector 1
is (2,7,5)
and vector
2is(5,0,9),
that square
distance
should be
74cm.

Should
output
74cm for
distance
squared.

Check that
if the user
enters
nothing
what so
ever for
both
vectors
that all
values
should
default to
0.

All values
should
default to
0.

The distance between
The distance square

gram will

ulate

the distance

Pass

Pass




5.2Task 2 — Plane Class

For this part of this report, the task is to create a class that is used for a plane. This class should able
to calculate the plane normal, by normalising a vector, and then using a point (Py) in order to
represent a point that is somewhere on the plane. Once this is done, it will be necessary to calculate
the distance that a point may be from the plane.

Firstly, in order to normalise a vector, the magnitude of the vector is needed[8]. In order to calculate
a vector’s magnitude, the following formula will suffice.
ol = J(4% + 435+ 42)

Then, from here, to normalise the vector, this can be done by dividing each part of the vector by its
magnitude with the following equation.

g =
|

12|

This in turn will produce a normalised vector, which can then be used as the plane normal for this
task. The plane calculation is as follows (note that x is a 3 dimensional point on the plane).

x.0+d=0
The value of d (for distance) is calculated by using:
d= —(Py).0

The code can be seen for this program within Appendix

Test Description | Expected Actual Result Pass/Fail
Number Result
1 Check that Na\.rigates to Programming\Year 2\GAM\GAMAssignm GAMAssignment\Deb| Fail
the user can | the planes t of the u would 1
navigate to | area of the
the planes program.
part of the
program
2 Repeat of Navigates to Pass
test 1 after | the planes
adding in area of the
code to program.
actually
navigate




Pass

Pass

Test that Results

the user should
can'tenter | appearas
invalid either 0 or
inputs, like | NaN.
typing bob

for the pre-

normalised

values.

Test that Should

the user output 0 or
can'tenter | NaN.
invalid

inputs like

jeff for

Pzero.

Test that Should

the user output 0 or
can'tenter | NaN

invalid

inputs like

jack for the

point that is

on the

plane.

Check that User should
the user can | be able to
enter 0 all enter0,as 0
the way is a number.

through out
the
program.

Pass

Pass




Uncertain.

Check that Entering
with actual | different
numbers numbers
the should
calculations | display
output the correct
correct equations
results. matching
with those
already
discussed.
Check that Plane
the plane equation
equationis | should be
equal to equal to 0.

Zero.

Fail




5.3Sphere to sphere collision
Sphere to sphere collision is also required for this report. Sphere to sphere collision is used to detect
the collision between 2 different spheres. It is particularly useful for video games as it can be used

for bounding volumes.
This can be detected using a sphere to sphere intersection formula [9].

The following formula can be used in order to calculate sphere to sphere collision in a 2 dimensional

area.
(G =G).(C; = C) < (R + Ry)?
In this equation, C represents the point for a circle, and R represents the radius of a circle.

As the C is made of points, it will be necessary to make use of the vector class that has previously

been used.

To see the code for this particular part of the program, please see appendix F.
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Appendix A — Euler Code.

endl << endl << endl;




Appendix B — Velocity Verlet Integration Code

cin.get();

out endl <« dl <« <« "Beg g Ve » Wit ngle ste E " <« endl




Appendix C— Euler and Velocity Verlet Tables.

Euler

W N lsw N

W NN NN NN N NN e e s el el =l il =
CJ\DWHUHD:&UJNHO\DWH@G&LUMHO

time

0
0.15
0.3
0.45
0.6
0.75
0.9
1.05
1.2
1.35
1.5
1.65
1.8
1.95
2.1
2.25
24
2.55
2.7
2.85
3
3.15
3.3
3.45
3.6
3.75
3.9
4.05
4.2
4.35

Velocity

2.85
5.6
8.17
10.46
12.39
13.91
13.16
12.41
11.66
10.91
10.16
9.41
8.66
7.91
7.15
6.4
5.65
4.9
4.15
3.4
2.65
1.9
1.15
0.4
-0.35
-0.35
-0.35
-0.35
-0.35
-0.35

Velocity Verlet

n
(Euler)

W 0o~ s W N

w N NN NN N NN e e e Ll il =l 2

Time

0
0.15
0.3
0.45
0.6
0.75
0.9
1.05
1.2
1.35
1.5
1.65
1.8
1.95
2.1
2.25
2.4
2.55
2.7
2.85
3
3.15
3.3
3.45
3.6
3.75
3.9
4.05
4.2
4.35
4.5

Velocity

2.85
5.6
8.26
10.73
12.92
14.74
16.14
15.39
14.64
13.88
13.13
12.38
11.63
10.88
10.13
9.38
8.63
7.88
7.13
6.38
5.63
4.88
4.13
3.38
2.63
1.88
113
0.38
-0.37
-0.37
-0.37




Appendix D




Vector.cpp & X Source.cpp

Assignment




ectorh & X Vector.cpp Source.cpp

*| GAMAssignment

VECTOR_}




Appendix E

¥, userinpZ
* userIngY




Appendix F

clear

endl
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