
CMSC,127 Final
Fall 2020

Irnirelsity honor pledge. I pledge on my honor that I have not given nor received any
unauthorized assistance on this assignment/examination.

5uu-,Signature:

Instructions:
. Partial credit will be given, which is easiest when you write clearly, explain your answers, and
shorv the equations you use.
. \'oLr shouldn't need a calculator for calculations - setting up equations will be enough - but
may use one if you wish. lf you use Octave, Wolfram Alpha, or another site to compute note that
- but tlre eram should not require it.
"'fhe cxam is open book and open notes. You may use the internet, but the boundary is that you
may not copy answers from websites or others.
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Section I: Short answer (20 pts)
I . (5 pts) Show that this implicit function
is satisfied by the parametric equations

ZL

(x-a)'+Al-b)2 =12

Px(t)-rcos(Znt)*a
Py(t)=r sin(znt)+b
c 1 rLd u>-f" br'//-k /^4b r*flz,P

7k'

(f -a\' 1\e-h )" = (/* /+) --)'+ (/r //) - o) ,
= ( ,. 1ot Z irt + a -a)'t (rr, n2a t+ b-b)-
= y2 ro?zirt " tL tnz z?t

7z-

2. (5 pts) ln the camera coordinate system calculations you start with at, lookat and up. What
happens if up is parallel to Zc = at - lookAt?

r( UF ll Zc .ft.a-^ uf Y Zc

,^rl Y ct ?z drcno/- k/rnJ.
r'trLda> t( /z"e-

-Jo

Caraf<-

4. (,n-J.

d-r^il f7*
6p/< t+ tf ntt

7.
tr\- /ry/,t "/

{Yc71r ls 7b g lt?--

fAt< rr77fi'n



3. (3 pts) What is the quaternion for a rotation of 180 degrees around the x-axis? Give in vector
fbrrnat q = <w,x,y,z> and in terms of basis elements i, j and k.

5

( r"s 9, n I i>2 w,(TLO=1t,O,o)f,
)

= ( car ?oo, Sra €oo<(,o,o))
= Zo, l, otoT

fz, -rrd /^ o( L/ b7 7 le ?vf J?-

L

4. (7 pts) Use the quaternion from (3) to rotate the vector v = <0,1,(>. Show how you set it up,
shorv the calculations, and give a final answer.

(= jf=c oQ'
q-- D+ L+Q+o/<
l -- o *oi *J' rDk?
1o= o -t |oj -ok

?{7 # L+/ J*

)

I

L

k( (. +ai ) y-L

t< tl t
!goo 1ofuo.-.-
aaow.d

Y,-d-q 3
= -(kj)=-J

{, rtlt/f 19 Zetor-t,o)



4

Section II: Surfaces and shading (10 pts)
1 .(3 pts) Interpolating patch. Assume you have two curves, P(t) and Q(t) that draw curves in
three dimensions. How would you recreate a patch by linear interpolation between the two?

l"np( 1//t), dk)

f lr,/)= (t-r)f /t)r<Qk)
o(r)

6Y

.1. (7 pts) Compute the three vectors of the Frenet frame for the parametric curve
p(t) = < 3,2tn2, cos t > with the tangent, normal and binormal. Don't normalize for this exercise.

f.,g 7
,Vur^J

('/t) v f" /t\ -- i J'14 = Q-tt",ttflflat,

$,norv ^-l
o ,lt 'snY
o + -c'lb

o
D
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Scctiorr III: Parametric curves (15 pts)
I . ( 5 pts) If rve add a tuning parameter o to our equations, that tunes the influence of the tangent
conrponents T0 and Tl, how does it change the curve? Set cr=O and work out the new P(t) as a
polynorlial - what curve do you get? If we make o larger, what happens? Give an informal
staternents of the changes.

p(o=rr. ,, , ,,[i] =rs3 sz, .[-r'ri *tltii]
0 /t) lo = ft7{'/ 2

-32
(
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Po
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€ { 2t3)(Pt-/o) -1' P0z
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2. (10 pts) Llsing the derivation ofthe Hermite cubic curve as done in the lecture materials, apply
that derir ation to create a similar parametric form of a Hermite quadratic curve. Given three
points l)0. l'1. P2. calculate a quadratic form ofthe Hermite curve. Have the curve interpolate
tl.,rough I)0 and Pl, and use P2-Pl as the tangent for the second endpoint. Give as your final
nr.rs"r er lhe nerv (3x3) characteristic matrix for the curve. Unlike the instructor, read the points
( al eiirlir lirr vour derivation.

1Au/'- a-/y rn /hL appnazlzs 6 fte Sq/u/or.
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Section IV: Fmctals (15 pts)
L (5 pts) In an lterated Function System (lFS), self-similarity comes from what part of the
svstenr? 

fk* r'a1{l/n{t a/ a+' 7 g fupLr"k axJ
rfra/// <A,'in'/. 'f*- otfen-// SLf<-, ro
Crta-/-e- let/'s"-' /2r'? '

2.(10 pts) Given this diagram ofrecursive step ofa possible L-system curve, with the initiator on
the leit and the next step on the right, answer the questions below.

-) ?

q

a) Gir,e an L-system with grammar for drawing the shape defined by the curve?

h) Give the fraotal dimension of the curve.

S = ,lt"
F tnrh a'ttt
Fz +f --F--Fnf+4fF-
,ldtt ...-c) n4 s horrz^tJ

J=?0"
F = f-F-(+fufF

'/s
b /i* /-(s lr3

t=tt'z=fr. l'3
lrg
t5 '/'1zr-

L /u< 4
/o5 ttz

(L- l, ?z
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Section V: Meshes and winged edge (15 pts)

'l he DFI('t- representation is given on the right. Given this, answer @
the questions below.
r iir: .h,,rt r'\rrrcssions to give:
lr)e.incirient: the vertex an edge points to

I4, 7-v'/ tn, o fs
n) c.ilc\i()uter: the edge that comes after e if you are traversing
iurc e.ri;,ht irr a clockw'ise direction (ie, the edge out ofe.incident
l,lut i:ll't r-.11ext or e.t*'in)

€, 4w,yt. Prcr, f"rtnoY e , r"zvl, Jw'^. f'n'of
(iir c llgorithn.rs to
c) I-ist ti.r' r crtices ofthe left face of e in clockwise order. o<

.twrn

o

Cc.ff = 4
do {o'+Pt cLnn w3

(urr= e, f ftVJ ,/xf ,l(-c,rrr==<
6'f("1' Curr'as
Curr = e'PrcV'
3

el) I.ist rhc cdges originating from e.org in any order

et oy'
OTV_
haw

Curf ; €od\ e.ors
Cuvrz (.Prt(
wh,Q Cc'rtr !'e'\ {

)

6 a v'erkY, a-l e<z /, ,furbv ruxPc{r 7o

elg<-.*7 A/<r,- 
^4 ,,3-(

< d5'--{ dYg t -L'/<- I r
e. Vz
un\ e, OY5

dai{ und
ro 6.il lmp

Curf = e-

do/
ot-t1t't €t'rf
CUff = €;fwp, fvYf

e. next
e. prev

e

j uh'|1 [ ( curY' == e\
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Section VI: Ray Tracing (20 pts)
l. (5 pts) Refraction. Assuming you have a light ray leaving air and hitting crown glass with an
angle of incidence of 30 degrees, with a refraction index of 1.52 for the glass and I .00 for the air,
rvhat is the transmission angle of the refracted ray?

Ot

^
{tn Q, =L ), -/tn Q, Jrn 4.I t/1

A)n t l,f'|- /'n

{,n 3oo

?,
gi V1 Z

0L

,. A l,,Ls G

(ca1 =
/1
lL o -

a C./YC/Ia7

Z 0,3Jt /'L+ i l?,1 i-Srce-s

7

2. (5 pts) Reflection. With the data from problem l, what is the percentage of light that would be
reflected (you don't need to compute the reflection angle or direction)?

w'*^-or)
ltt-

?o +( t-/,) ( t-r"tO)t
/ 4,-/12\
' nl, in")

z

(, t. t2 - t.o\ 2_t-
t.fZ tt )

/o!:\" g o, aqzrlv,5r)
i , - r, o vz-)( t' o'e66)sR(lo')!oo$2+

i o,o4z -f O, Do oo*2
Z o,aYL s**l /y\
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.1. ( l0 pts) Intersections. One approach to computing ray-cylinder intersection is to translate,
scale and rotate the ray and cylinder so the cylinder is in a normalized position, compute the
irtersection. and then transform the hit point back. Assume you have a normalized cylinder
defined as follows:

Central axis along y-axis, going up, with P0 at the origin and Pl at (0,1,0). Radius l.

.Anti ii rav defined by p(t) = q + vt.

iet up the computation of the hit point for this case, and once you have the hit point, the normal
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4. (5 pts) Challenge question. We have done everything needed to solve this problem, but have
not done specifically this sequence of steps. Assume you have an arbitrarily oriented cylinder in
space defined by two points q0 and q1, and a radius r. How would you translate, rotate and scale
it to a standard position with q0 at (0OO), q I at (0,1 p), and the new radius at I ? You don't have
to worry about degenerate cases (qO=ql, r=0, and so on), and you don't have to give matrices,
just clear versions of each transformation.

( 0 fra-t/+, /t\"-,

P, rt ft- o7(E'ln

fb/=ta-
c?( 6 /.{ 3t'W "fkI

I

.L

3

f/,* argLaY-t3
V-'aY' < '

pZO t tto>w,(h aYtS er-/')
dnd atSQ br {rm a /, r7r4

fbd14 ( {rn aE,rg5 un trara

(hpz kab- Y, z
-.^l ? b7 tft,J

)
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Section VII: Procedural Textures (5 pts)
l. (5 pts) Given the definition of Perlin noise from lecture, give an approach on how you would
pick p to make it follow a Pink noise frequency plot. Then, do the same for White noise. Extra
credit - adapt it to make Brown noise.

Perlin(t) = )rrnoise(z't)
k

i=0

fhe {*r f* ea cL
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