1

11.02.01 :7IXRN

T12wmnmn 1974 -"910 1nan

TIR-21 2PV 77T (1%
mpw 3 :n1'na mt

JIRAN M2RWi 4 71NN 3 2D 11U
AT T12N2 ®R? 01100 0797007 TR0 NP2 R L0T TIR™1 7280 237 e
JTD NN 0D TR 17219 97 ®'217 1N 7120 IMN 0D 11'Nan e

"TJ1 071410 NINMY ,1%™10N N2°97,117920 *T2 TV N12100N 071071 MNg? 7% 'R M?RW1 731 e
J172pN™ R? 077272 071200 .07 ™1 07102 907 U M2A1WNN 2232 .172p0°

1 172RW

©(X,y) 2Mm™Muni1g NPy "Nw mimni R

2u? +4u® 6-+8u+4u®
uel0..1] nmpun w2 S (u)= -1 S (u)=
(0.1 I 0 (3+2u+2u3J () (7+4u+5u2J

197X "N KkXN .SZ(U) 20 N2NNNN NTIRI? Sl(u) N1PVN 2W 01700 NTIPI IR 12N°7 071771101
JIMIpUa 20 12NN 0TI G nmumRan n19°%1n am C° nunign

V(u) N™0N19 IN1PD 1782 071700 . Py, Py, Pa, Py i (X,y,2) "TNTM-N?N ANTNA TR 4 TN .2
:(11°% NIRT) T'RAN O'X177R0 TIR TINPNI

V(0)=P, .1
V)=P, .2
V'(0)=(P,-P)/2 .3
V'0)=(P,-P,)/2 .4

- V(u) 70 (P*un) N"19N190 1m0 NR 177¥n V(u) Jwxa

PZ./\PB

0P4

'R 191R2 2127V N8R9 VAR 20 IRIT? 01200 1IRN? 1IN V(u) nnipuin "2 11m

V(u): P bl(u)+ P, b, (u)"‘ P b3(u)+ P, b, (u)

. U=0,1 mTp12 10"MI1A1 2701 212701 NP9 370 IR K®X¥N,212701 M*8PNg 20 0717910 210N 877

.i=1..4 mav b,(0), b;(1),b;(0),b/(1) 37w Nx xr¥N M7

. b,(u) .. b, (u) 212701 NPT NR N'MI"R 1% OTIPI 9°D0A TNAWN 97D .

12 11780

(AT MUP1T L) L 11122 "9701°R pNINd NXRINIA INTIRI 071IRN2 (X,y) 110 NR 07180



(0 0 1) opmn XN (x,y) MwN? 21

(MU1"RA MR P ,272 0°w) P=(Py,Py,P;) NTIPIN 1w NR 0'N23N0
09X 01'RW K 121290 17mMa 0Tpn1 Ky "2 19T 77mn 0Tpn 071300 1iw'n?

2V 0172780 1112 110,710 20 NR3NIn (X,y) 17Tpl 1120 R
PN WM (X,y) TP 237 AT R ORN 271172 21720 R 1219900 71700 22712 R1M3amn .2

PN AT TR 20 (X,Y) IR RN 2017782 1712 7177020 IR0 10NN 20 Il 11 .

P
[
\\\{(x,)\/ A L *
\\ ,/’
X . \\.(X’¥ /’/ s
Y
Y

:3 1172X0
(117X IR N'97IN1IR 17802 1 101°T70 *TN™N-N?1 1172 2D ( Z 11121) 17U1N710 091X

T2 01PN IR XXM (R( R,) NTIP12 NNNN W™ 20 1201 1T 099010 20 NXX¥NIN P nTpl - R
Tmmn?naP

. (Q( Q/) NTIPI? N20IMNW 11TIN N9VDN 2D NXR3NIN Q N901 NTIPI N11N1 'R 9007 MN1Ta .2
. Q NTPI? P NTIRIN NXR X271 2127011 N17'3¥N711901700 12 21270 1M1 21270 1'% X3N

OTIPN §'D01 NIRYNW 1127011 20 21200 NN MR /3N .




14 172x0

1mn nnmnn nr 1N w glLookAt 112p o'nRnnm 0TUNI9n NKR 213,710 23 1A R
. O™ 17710 07277PN 0710079 11,011 0718019 N7 117 K7 0020 071pNa

1
ey,
y“
Y
= }
¥
z X -
A B
Z
‘ z
~ Y
g k
N 7
C y ¥ D

GLfloat e[] = {EX, Ey, Ez},
GLfloat c[] = {Cx, Cy, Cz};
GLfloat u[] = {Ux, Uy, Uz};
// viewing transformation
gluLookAt (e[X], e[Y1], e[Z], c[X], c[Y], c[Z], u[X], u[Y], u[ZD);
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void reshape (int w, int h)

{
GLfloat fovy = 35, znear = 1.5f, zfar = 20.0f;

glViewport (0, 0, (GLsizei) w, (GLsizei) h);

glMatrixMode (GL_PROJECTION);

glLoadldentity ();

gluPerspective(fovy, (GLdouble)w/(GLdouble)h, znear, zfar);
glMatrixMode (GL_MODELVIEW);,
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Question 1.
a. (11pt)
2u® +4u® 2 4+24
s,(u)=| "™ , | and therefore S/(u)= AHLUT and s@(u)=| TN
3+2u+2u 2+ 6u? 12u

6+8u+4u’ 2 24u
s, (u)=| 2" H u2 and therefore S} (u)= 8+12U7) nd SP(u)=
7+4u+5u 4+10u 10

From the above equations we have:

sl(1)=@ : S{(1)=(186j ? Sfa(l)z(@

32(0):(3] ;S;(O)z(j] ; Séz)(o):(ﬁ)]

Since S1(1)=S,(0) but S’3(1)£S’,(0), the parametric continuity is C° .

Since $1(1)=S,(0) and S’1(1)=2S"2(0) but $;® (1) #5@,(0), the geometric continuity is G .

b. (11pt)

Since V(u)=P,b,(u)+ P, b,(u)+ P, b, (u)+ P, b,(u) and knowing the constraints we have:

b(0) 0 1 0

b(1) 0 0

b’(0) -0.5 05 0 0

b’(1) 0 0 -0.5 0.5
b. (11 pt.) o)
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Question 2:
a. (11 pt)

P, X
V(X’ y): I:>y -1y

P, 0
b. (11 pt.)

_ Lx
The vector R is a reflection of LaboutZ: R=| - L,
L

z

Since the light source is at infinity, the vector L is constant for each point on the plane, and thus, R is
constant as well.

c. (11 pt)

The light direction L and the normal Z are constant for each point on the plane. Since the diffuse
component is proportional to (LeZ), this component is constant for the entire plane. The specular
component is proportional to (VeR). Since V is not constatnt over the plane, the maximum intensity will
be given from a point whose V is parallel to R:

P, —Xx -L,
ie. V(x,y)=eR = |P,-y|=a|-L,| forsome unknown o
P L

z z

This equation gives:
X P +al, h b /L
= where =

Question 3:
a. (11 pt)

Since the projection is orthographic, the projection coordinates Py and Py are identical to the x,y, world
coordinates. We still have to find P,. The point P is located on the sphere with radius 1. Therefore,

2 2 2 2 2
P2+P2+P?=1 = P,=,1-P2-P

b. (11 pt.)

Similar to a. we have Q, =,1-Q; -Q;

A rotation about an axis R = PxQ with angle 6 =cos™ PeQ , brings P onto Q.
PxQ| P
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c. (11pt)

We build an orthonormal coordinate system (u,v,w), around R from the above section in the following
manner:

0
w=R : s=Rx|0[ v:s/|s| ©VxwW=U
1

The rotation matrix is then:

u, u cos¢ sind O\u, u, u

X y uz y z
V, Vv, Vv, |-sin@ cos@ O|v, v, v,
W, w,ow, 0 0 1w, w, w,
Question 4.
a. (18pt.)

A) E~=(3,2,7) [/l Zisgreaterthan X, and Y is a little higher-than the XZ plane
C~=(0,0,0) /I looking at the origin
U=(0,1,0) // Yisup

B) E~=(1,1,-3) // Zisnegative, and X, Y: small positive
C~=(1,1,0) /I looking at positive-values of X, Y : (1, 1) according to the scale...
U=(0,1,0) // Yisup

C) E~=(-1,3,1) /I Xisnegative, Y: positive & greater than X. Z: a small positive-value, > 0.5
C~=(0,0,0.5) // looking at positive-values of Z, “0.5” because it’s the edge of the cube.
Uu=(0,0,1) [/l Zisup

D) E~=(5, sqrt(0.5), sqrt(0.5)) // Xis positive, Y, Z: Equal, and positive.
C ~= (0, sqrt(0.5), sqrt(0.5)) // looking at positive, Equal-values of Y,Z : sqrt(0.5), since it’s
/I the corner of the cube.
U=(0,1,1) /I “up”isavector on YZ plane, and equal-values of Y & Z.

b. (15 pt.)
2) glViewPort(0, 0, w/2, h);
3) glViewPort(0, 0, w, h/2);
4) gluPerspective(fovy, (GLdouble)w / (GLdouble) (h/2), znear, zfar);
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