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Directions
Your work should be bound in a 3 tab folder or 3 ring binder. The first page 
should be a title page containing the school name and the names of the project 
team members. The second page (and third or more if needed) should contain 
the table of contents for the project write-up. The subsequent pages should 
contain well written solutions to exercises 1-9 (stated on the last few pages of 
this document). The final portion of your write-up should contain a description 
and URL for the YouTube video requested in exercise 10. Exercise 10 is worth 
25% of the total grade on the project. Exercises 1-9 are equally weighted.
Note: Some of the problems will require the use of a computer, and possibly 
some programming.
All work will be evaluated based upon quality, clarity, precision and presentation.
Project solutions can be submitted in either of the following ways:

1. On the day of the contest between 8 and 9 am.
2. Via email to jmorgan@math.uh.edu by 8am on the day of the contest. In 

this case, the document should be attached as a pdf.
Email questions and comments, and check the contest homepage for 
updates.



How Do We Plot Objects in 
3 Dimensional Space?



In this case, the View-Plane is 
Rotating

      
Rotating the view of

cos ,sin ,cos 2t t t

You will have to 
play the slide 
show in Power 
Point to see the 
rotation.

The axes show are axes for the 
view plane (to be discussed 
shortly).



Orthogonal Projection - Concepts

• Direction to the “eye” (only valid in 3 
space)

• Orthogonal coordinate system on a view 
plane.

• Orthogonal projection onto the view plane.



Fundamental Concepts I



Fundamental Concepts II



Fundamental Concepts III



Fundamental Concepts IV



Fundamental Concepts V



View Plane With Orthogonal 
Coordinate System



Orthogonal Projection
(3 Space Version)
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x

View Plane
ax + by + cz = 0

Assume a and b are 
not both zero.

eye = [a b c]T

(orthogonal to the view plane)



Orthogonal Projection
(3 Space Version)
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View Plane
ax + by + cz = 0 eye = [a b c]T

(orthogonal to the view plane)

coordinate 
axes in the 
view plane.



Orthogonal Projection
(3 Space Version)

z
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x

View Plane
ax + by + cz = 0 eye = [a b c]T

(orthogonal to the view plane)

coordinate 
axes in the 
view plane.

rightup



Orthogonal Projection
(3 Space Version)

z

y

x

View Plane
ax + by + cz = 0 eye = [a b c]T

(orthogonal to the view plane)

coordinate 
axes in the 
view plane.

rightup

up = projection of  [0 0 1]T onto the 
view plane

= [0 0 1]T  proj
eye

[0 0 1]T

right = up x eye



Orthogonal Projection
(3 Space Version)

up = projection of  [0 0 1]T onto the 
view plane

= [0 0 1]T  proj
eye

[0 0 1]T

right = up x eye

Then normalize these two vectors. 

z

y

x

View Plane
ax + by + cz = 0 eye = [a b c]T

(orthogonal to the view plane)

coordinate 
axes in the 
view plane.

rightup

P = (x0,y0,z0) is a point. 



Orthogonal Projection
(3 Space Version)

up = projection of  [0 0 1]T onto the 
view plane

= [0 0 1]T  proj
eye

[0 0 1]T

right = up x eye

Then normalize these to unit vectors.

z

y

x

eye = [a b c]T

(orthogonal to the view plane)

coordinate 
axes in the 
view plane.

rightup

P = (x0,y0,z0) is a point.

Q = The projection of  P onto the view plane.



Warning: Orthogonal projection 
can create illusions because 

there is no perspective.



Can you see the illusion in this 
rotating view?

You will have to play the slide show in Power Point 
to see the rotation.



Matlab Code
(.m file to create a rotated view w/o face shading)

hold off

x=[0 0 0 0 0 NaN 1 0 NaN 1 0 NaN 1 0 NaN 1 0 NaN 1 1 1 1 1];
y=[0 0 1 1 0 NaN 0 0 NaN 1 1 NaN 1 1 NaN 0 0 NaN 0 0 1 1 0];
z=[0 1 1 0 0 NaN 0 0 NaN 0 0 NaN 1 1 NaN 1 1 NaN 0 1 1 0 0];

P=[x;y;z];
P=P-1/2;

plot([NaN],[NaN]);
axis([-2 2 -2 2]);
axis manual
axis off
ginput(1);
hold on

for i=0:2000  
theta=pi/4+i*pi/200;
eye=[cos(theta) sin(theta) 1];
up=[0 0 1];
pup=up-dot(up,eye)/dot(eye,eye)*eye;
right=cross(pup,eye);
u=right/norm(right);
v=pup/norm(pup);
xp=u*P;
yp=v*P;
plot(xp,yp,'b');
axis([-2 2 -2 2]);
axis off
drawnow
hold off

end

Note: If you do not have Matlab, then you can use this as pseudo code to see how 
the rotation can be created. You do not need Matlab to complete this project.





The Standard 
n Dimensional Unit Cube



Standard 4 Dimensional Unit Cube 
Vertices and Edges



Standard 5 Dimensional Unit Cube 
Vertices and Edges

)



A Convenient View Plane

A convenient view plane in ܴ is one that is generated by the vectors

ݑ ൌ

ݏܿ ߨ ݊⁄
ݏܿ ߨ2 ݊⁄

⋮
ݏܿ ߨ݊ ݊⁄

and ݒ ൌ

݊݅ݏ ߨ ݊⁄
݊݅ݏ ߨ2 ݊⁄

⋮
݊݅ݏ ߨ݊ ݊⁄

It is not difficult to show that ݑ and ݒ are orthogonal, and you will be asked 
to do this in one of the exercises.



Strategy for Visualizing the 
Standard n Dimensional Unit Cube

• Create orthonormal vectors that generate the view plane.
• Create the vertices for the cube.
• Create the coordinates for the projected vertices (in the 

view plane).
• Determine the connections to create edges.
• Sketch the edges by connecting the appropriate 

projected vertices in the view plane.

Note: The sketch created through this process only 
represents the edges of the cube, but it is enough to 
visualize the cube.



4 Dimensional Unit Cube wrt the 
Convenient View Plane



4 Dimensional Unit Cube 
with Rotation

(actually, the view plane is rotating to create the effect)

You will have to play the slide show in Power Point 
to see the rotation.

I have colored 2 of 
the 2 dimensional 
faces in the cube so 
that you can see how 
they move with the 
rotation.



Another View of the Rotating 
4 Dimensional Unit Cube

This one better illustrates changes in plots depending 
upon different view planes.

You will have to play the slide show in Power Point 
to see the rotation.



6 Dimensional Unit Cube wrt the 
Convenient View Plane



Exercises
orthogonal. Find ݑ and ݒ . Are they orthonormal?

If you write a computer program to create the visualizations, then include 
your code.



Exercises Continued

Note: In problem 6, “between” includes the possibility of the 
first value and the last value.



Exercises Continued
8. Note that some of the ݇ dimensional faces of ܥ contain the origin. For each 

݇, give the minimum number ݆, so that there are ݆ distinct faces of 
dimension ݇ containing the origin that only have the origin as a common 
point of intersection. 

9. Suppose ݇ and ݊ are natural numbers. A set of vectors ݒଵ, … , ݒ contained 
in ܴ is said to be linearly independent if and only if the only collection of 
real numbers ߙଵ, … , ߙ for which ߙଵݒଵ  ⋯ ݒߙ ൌ 0 is the trivial collection 
where ߙ ൌ 0 for all ݅. A subset ܵ of ܴ is said to be a ݇ dimensional 
subspace of ܴ if and only if there exists a linearly independent set of 
vectors ݒଵ, … , ݒ so that ܵ is the collection of all vectors of the form 
ଵݒଵߙ  ⋯ ݒߙ where each ߙ is a real number. For each possible ݇, and 
for each natural number ݆, determine whether every collection of j distinct 
subspaces of dimension ݇ in ܴ have a point other than the origin in 
common. Justify your answer.

10.(very important) Create a YouTube video of no more than 5 minutes in 
length where you creatively discuss ݊ dimensional cubes.


