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Exercise 1.1

focus =

aspect ratio =
g =

g_

f =

dir| = dir.x? + dir.y? + dir.z2
2ol =2 ar.y =ol
resX

resY
f ; angle dir X x
ocus - tan :
2 |dir x z|
_ angle dir X up
t ratio - ot . —=
(aspect ratio - focus) - tan ( 5 ) dir x apl
dir
focus - dir]

Now one has to use the formula from the lecture:

ray.dir = f +2 (

X+05 1 e 42 Y +0.5
resX 2/ =

resY
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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
& (0p +tdy — ax) - ng + (o, + tdy — ay) -ny + (0, +td, —a,) -n, =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=0and (0—a)-n=0
= for all ¢, the equation is satisfied v/

2. the ray is parallel to the plane and the ray is not in the plane
=d-n=0,but (0—a)-n#0
= no t satisfies the equation v

3. the ray is not parallel to the plane (and obviously the ray is not in the plane)
= exactly one intersection with
(ay — 0g) -y + (ay —0y) -0y + (@, —0,)-n, (a—o0)-n

t: —
dy -ng+dy-ny+d,-n, d-n

Since d not perpendicular to n, d-n # 0 v/
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(b)

Now we put the ray into a sphere:

(p—C)Y?—-R*=0
(pe — ) + (py —
(

R>=0

A C>+(pz_0z)2_
& (0p+tdy — Cp)? + (0, +tdy — C))? + (0, +td, — C.)* = R* =0
& (tdy + (0, — Co))* + (tdy + (0, — C,))* + (td, — (0. — C.))> = R* =0
& 2+ 2td, (0, — Cp) + (0, — Cy)?
+t2d2 + 2td, (o, — C,) + (0, — C,)*
+t2d2 + 2tdy (0, — Cy) + (0, — Cp)* — R* =0
& t2(d§+d§+d2)+2t(d (0, — Cy) +dy(o, — C,) +d.(0, — C.))
+(0p — Cp)? + (0, — Cy)* + (0, — C,)> = R*=0
& t2-d2+2t(d( )+ (0 — C) R2_0
—2(d ) £ /4(d(o —4d? - (0 — C?) — R?
= t= 2d2
= t= —dlo—C) = VM where M = (d(o — O))* —d*(o — C)* + R?

d2

There are three possible cases:

1. M =0At; >0Aty > 0: there exists exactly one solution.

The ray is tangential. v*

2. M <0At; <0Aty <0: there exists no solution.
The ray is missing the sphere. v/

3. M >0At; >0Aty > 0: there exist two solutions.
The ray hits the sphere. v/
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Exercise 1.4

(a)

We have a ray R(t) = O+t-D and a quadric az? + by? + cz® + daxy + exz + fyz +
gr + hy + iz + 7 = 0. Now we can start with the following equation:

a(o, +td,)* + blo, + td,)* + c(o, + td.)* + d(o, + td,) (o, + td,)
+e(o, + td,) (0, + td,) + f(o, + tdy) (0, + td,) + g(0, + td,) + h(o, + td,)
+i(o, +td,)+j=0

& a(o? + 20,td, + t7d2) + b(oi + 20,td, + thz) + c(0* + 20,td, + t*d?)
+do,0, + doytd, + dtd,o, + dtd,td, + eozo, + eo,td, + etd o0, + etd,td,
+foyo. + foytd, + ftdyo, + ftd,td. + goy + gtd, + ho, + htd,
+i0, +otd, +j =0

& 1. (gdi + bd + cd? + dd,dy, + ed,d. + fdyd.)

+t - (?aoxdx + 2boyd,, + gcozdz + do,d, + ddo, + eo,d, + ed,0,
B
:i—foydz + fdyo, + gd, + hd, + idi)
B
—|—£LO§ + bof/ + coi + doyo, + €00, + foy0. + goy + hoy, + 1o, + jj =0

v~

Y

& at’ +ft+v=0
s .
«

:> tl’gz—%i @—
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(b)
We take the formula of the sphere:
(z—Co)*+ (y—C))*+ (2 — C.)* = R?
& x2—2xC’z+C§—|—y2—2yC’§+Cy2+z2—22‘C’Z—I—Cf—R2:0
& Pyt + 22— 2200, — 290, — 220, +C2+ C2+ C2 - R* =0

Now we represent the equation above by using the quadric formula with
a=1,b=1c=1,d=0,e=0,f=0,

g=—2Cyh=-2C,i=-2C,j=C24C2+C? - R’

=a = E+d+d=d
B = 20,d; + 20yd, + 20.d, — 2C,d, — 2C,d, — 2C.d,
= 2((o—C)d)
v = 05+ 0,40+ 2C.0, — 2Cy0, — 2C.0, + C2 + C; + C2 — R?
= 02 —2C,0, +C? + 03 —2C,0, + C’; + 02 —2C,0, + C? — R?
= (0, —C)* + (0, — C,)* + (0, — C,)> — R?
= (0—- 0 -R?

Now we can state the values for t:

lig = _2lo—C)d) + \/(2((0 —C)d)?2  (0o—0C)?— R?

2d A(dye 7
_ (0—C>di\/(<o—0>d>2 0P R
d? (d?)? p
_ (0=0)d£ /((0o—C)d)? —d*(0—C)? — R?
d2
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