
Computer Graphics
Assignment 1

Jan Hendrik Dithmar - Matriculation number 2031259
Pascal Gwosdek - Matriculation number 2505221



Assignment 1 Dithmar (2031259), Gwosdek (2505221)

Exercise 1.1

focus = |dir| =
√

dir.x2 + dir.y2 + dir.z2

aspect ratio =
resX

resY

y = focus · tan
(

angle

2

)
· dir × x

|dir × x|

x = (aspect ratio · focus) · tan
(

angle

2

)
·

dir × up

|dir × up|

f = focus · dir

|dir|

Now one has to use the formula from the lecture:

ray.dir = f + 2

(
X + 0.5

resX
− 1

2

)
· x + 2

(
Y + 0.5

resY
− 1

2

)
· y
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Assignment 1 Dithmar (2031259), Gwosdek (2505221)

Exercise 1.2

(a)

We have to put the ray into a plane:

(p− a) · n = 0

⇔ (r(t)− a) · n = 0

⇔ (ox + tdx − ax) · nx + (oy + tdy − ay) · ny + (oz + tdz − az) · nz = 0

Now, there is a case distinction.

1. the ray is parallel to the plane and also the ray is in the plane
⇒ d · n = 0 and (o− a) · n = 0
⇒ for all t, the equation is satisfied X

2. the ray is parallel to the plane and the ray is not in the plane
⇒ d · n = 0, but (o− a) · n 6= 0
⇒ no t satisfies the equation X

3. the ray is not parallel to the plane (and obviously the ray is not in the plane)
⇒ exactly one intersection with

t =
(ax − ox) · nx + (ay − oy) · ny + (az − oz) · nz

dx · nx + dy · ny + dz · nz

=
(a− o) · n

d · n

Since d not perpendicular to n, d · n 6= 0 X

Computer Graphics 1 Page 2 WS 2006/2007



Assignment 1 Dithmar (2031259), Gwosdek (2505221)

(b)

Now we put the ray into a sphere:

(p− C)2 −R2 = 0

⇔ (px − Cx)
2 + (py − Cy)

2 + (pz − Cz)
2 −R2 = 0

⇔ (ox + tdx − Cx)
2 + (oy + tdy − Cy)

2 + (oz + tdz − Cz)
2 −R2 = 0

⇔ (tdx + (ox − Cx))
2 + (tdy + (oy − Cy))

2 + (tdz − (oz − Cz))
2 −R2 = 0

⇔ t2d2
x + 2tdx(ox − Cx) + (ox − Cx)

2

+t2d2
y + 2tdy(oy − Cy) + (oy − Cy)

2

+t2d2
x + 2tdx(ox − Cx) + (ox − Cx)

2 −R2 = 0

⇔ t2(d2
x + d2

y + d2
z) + 2t(dx(ox − Cx) + dy(oy − Cy) + dz(oz − Cz))

+(ox − Cx)
2 + (oy − Cy)

2 + (oz − Cz)
2 −R2 = 0

⇔ t2 · d2 + 2t(d(o− C)) + (o− C)2 −R2 = 0

⇒ t =
−2(d(o− C))±

√
4(d(o− C))2 − 4d2 · (o− C2)−R2

2d2

⇒ t =
−d(o− C)±

√
M

d2
where M = (d(o− C))2 − d2(o− C)2 + R2

There are three possible cases:

1. M = 0 ∧ t1 > 0 ∧ t2 > 0: there exists exactly one solution.
The ray is tangential. X

2. M < 0 ∧ t1 < 0 ∧ t2 < 0: there exists no solution.
The ray is missing the sphere. X

3. M > 0 ∧ t1 > 0 ∧ t2 > 0: there exist two solutions.
The ray hits the sphere. X
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Assignment 1 Dithmar (2031259), Gwosdek (2505221)

Exercise 1.4

(a)

We have a ray R(t) = O + t ·D and a quadric ax2 + by2 + cz2 +dxy + exz +fyz +
gx + hy + iz + j = 0. Now we can start with the following equation:

a(ox + tdx)
2 + b(oy + tdy)

2 + c(oz + tdz)
2 + d(ox + tdx)(oy + tdy)

+e(ox + tdx)(oz + tdz) + f(oy + tdy)(oz + tdz) + g(ox + tdx) + h(oy + tdy)

+i(oz + tdz) + j = 0

⇔ a(o2
x + 2oxtdx + t2d2

x) + b(o2
y + 2oytdy + t2d2

y) + c(o2
z + 2oztdz + t2d2

z)

+doxoy + doxtdy + dtdxoy + dtdxtdy + eoxoz + eoxtdz + etdxoz + etdxtdz

+foyoz + foytdz + ftdyoz + ftdytdz + gox + gtdx + hoy + htdy

+ioz + otdz + j = 0

⇔ t2 · (ad2
x + bd2

y + cd2
z + ddxdy + edxdz + fdydz︸ ︷︷ ︸

α

)

+t · (2aoxdx + 2boydy + 2cozdz + doxdy + ddxoy + eoxdz + edxoz︸ ︷︷ ︸
β

+foydz + fdyoz + gdx + hdy + idz︸ ︷︷ ︸
β

)

+ ao2
x + bo2

y + co2
z + doxoy + eoxoz + foyoz + gox + hoy + ioz + j︸ ︷︷ ︸

γ

= 0

⇔ αt2 + βt + γ = 0

⇒ t1,2 = − β

2α
±

√
β2

4α2
− γ

α
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(b)

We take the formula of the sphere:

(x− Cx)
2 + (y − Cy)

2 + (z − Cz)
2 = R2

⇔ x2 − 2xCx + C2
x + y2 − 2yC2

y + C2
y + z2 − 2zCz + C2

z −R2 = 0

⇔ x2 + y2 + z2 − 2xCx − 2yCy − 2zCz + C2
x + C2

y + C2
z −R2 = 0

Now we represent the equation above by using the quadric formula with

a = 1, b = 1, c = 1, d = 0, e = 0, f = 0,

g = −2Cx, h = −2Cy, i = −2Cz, j = C2
x + C2

y + C2
z −R2

⇒ α = d2
x + d2

y + d2
z = d2

β = 2oxdx + 2oydy + 2ozdz − 2Cxdx − 2Cydy − 2Czdz

= 2((o− C)d)

γ = o2
x + o2

y + o2
z + 2Cxox − 2Cyoy − 2Czoz + C2

x + C2
y + C2

z −R2

= o2
x − 2Cxox + C2

x + o2
y − 2Cyoy + C2

y + o2
z − 2Czoz + C2

z −R2

= (ox − Cx)
2 + (oy − Cy)

2 + (oz − Cz)
2 −R2

= (o− C)2 −R2

Now we can state the values for t:

t1,2 = −2((o− C)d)

2d2
±

√
(2((o− C)d)2

4(d2)2
− (o− C)2 −R2

d2

=
(o− C)d

d2
±

√
((o− C)d)2

(d2)2
− (o− C)2 −R2

d2

=
(o− C)d±

√
((o− C)d)2 − d2(o− C)2 −R2

d2
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