CSE-4303 CSE5365 Computer Graphics
Practice Problems 03

Assuming a right-handed 3-d coordinate system, solve the following problems.

1. Find the parametric equation of a line in a 3-dimensional Cartesian coordinate system which is
passing through points 4 (2,5,—4) and point B (—3,10,1)

by -3
Considering B as reference point we have |by | = B = 10],
b, 1
5 Ay
and BA=A-B = !—5] = [ay]
-5 a,
x(t)=5t—3

Thus, the parametric equation of line passing Aand Bis {y(t) = —5t+ 10
z(t) = -5t+1

x(t)= -5t+2

Or by considering A as the reference point:{ y(t) = 5t+5

zt)=5t—4
x(t)= 3t+9
2. Equation of line AB isgivenas: {y(t)= —4t—6
z(t)= 61

Find the equation of line AB after it has been rotated 90 degrees around the y axis.

0 0 1
90° Rotation around y matrixis R, = 0 1 0]
-1 0 0

Find 2 points on the line before rotation:

9 12
t=0-A4=|-6| & t=1->B=|-10
0 6

Find the points after rotation:

0 0 1] [9] [O
A'=R,xA=[0 1 0] [6= —6]
-1 0 0 -9
6
resoels 3ol
1 0 0 -12

X
y :A’:

Considering A’ as reference point we have |b
b,

0
-6,
-9
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6 ay x(t) = 6t x(t) = —6t+6
and BA'=A'—B' = —4] = [ay S>BA ={y(t)= —4t—60rAB ={y(t) = 4t—10
-3 a, z(t) = -3t—9 z(t) = 3t—12

Given point 4 (3,6, —2) and plane P as: 3x + 6y — 5z — 30 = 0. Find the equation of a line
which is passing through point A and is perpendicular to plane P.

by 3
Considering A as reference point we have |:by“ =A=|6 ],
b, =7
3 Ay
Normaltothe Pis N = | 6 ] = [ay]
-5 a
x(t)=3t+3
Thus, the parametric equation of line passingAand L Pis { y(t) = 6t+6
z(t)= —-5t—2

Point A(3, —4) is given in a two dimensional world coordinate system. Find the coordinates of
the point A on the screen after it is mapped from window to viewport.

Window coordinates:

Xwmin = 1, Ywmin = —6, Xwmax = 10, Ywmax = 15

Normalized device coordinate of the viewport:
Xymin = 0.1, Yvmin = 0.25, Xymax = 0.6, Yvmax = 0.8

The origin of the screen coordinate system is defined in the upper left corner of the screen and
the screen resolution is 1600 by 1200. Use truncation to convert from float to integer.

Xomax~Xomin _ 0601 _ 05 _ 1 _ Yomax—Yumin _ 082025 _ 055 55
= — .5, =

Ywmax—Ywmin 15—(-6) 21 2100

S, = — =
X Xwmax—Xwmin 10-1 9 18

AL = xymin + 5 (Ay = Xymin) = 0.1 + % x(3-1)= g ~ 021111
’ 55
A = Vymin + Sy (Vwmax — 4y) = 0.25 + S105 X (15 = (=4)) = 0.747619

A;Cpixel = 0.21111 X 1600 = 337.77 , A;,pl-xel = 0.747619 x 1200 = 897.14

After truncation: Pixel Coordinate = (337,897)
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5. Find the equation of a plane which is passing through points
A(14,2), B(4,-3,6) ,C (2,8, —4)
Calculate normal to plane:

3
ﬁ:B—A=[—7 andA_’c=C—A=[4]
4
42 — 16 26
N=4ABxAC=|4+18 =[22 (see question 9)
12+ 7 19

Plane equation: 26x + 22y + 19z + D = 0,
Put 4 in the equation: 26 X 1 +22X4+19X2+D =0—- D = —152
Plane equation 26x + 22y + 19z — 152 = 0

6. Equation of plane P is given as 4x — 5y + z + 10 = 0. Find the equation of this plane after it
has been rotated 45 degrees around z axis.
Normal vector to the plane: N = (4,-5,1)
Find a point on the plane: A = (0,0,—10)
Find rotation of points around z-axis

VZ \z
T
R.=|v2 V2
= 7
0 0 1

Rotation of the normal vector:
N =R,xN = <2\/_ +—
A'=R,xA=(00-10),

Plane equation: ix —£y +z+D =0,

22 2\/5—— 1

Put A in the equation - D = 10

Plane equation after rotation %Ex = gy +z+10=0

7. Equation of plane P is given as 4x — 5y + z + 10 = 0. Find the equation of this plane after it
has been translatedbydx =2,dy = =5, dz = 6
Translationx' =x+2,y'=y—-5,z'=z+6 >
x=x'—-2,y=y'+5z=2'-6
Put in plane equation: 4(x' —2) = 5(y' +5)+ (' —6)+10=0->4x' -5y +2z' —29 =0

8. Given point A = (4,2,—1) and plane P as 2x —y — 5z — 7 = 0. Find the distance of point A
from plane P.
Distance of point A = (x¢, Yo, Zo) to plane P: ax + by + cz + d = 0 is defined as:
_axg+byy+czy+d

" VaZ+ b2 + 2
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In this problem,
2B+ ED@D+ (ED)ED+ (=T 4 _ 2430
- J2ZZ+ (D2 + (-5)2 ~ V30 15

9. Find the cross product of two vectors vl = (3 2,—1) and v, = (4,2,3)

bz azb; — asb,
axXb=|— = [a3b1 = a1b3]

a1

by

a; b, — az by
In this problem

2x3)—(—-1x%x2) 8
v Xv, =[(—=1%x4)—-B3x3)|= [—13]
(B3x2)—(2x4) -2
10. Find the equation of a plane which is passing through x axis and point 4 (3,1, —4)
Consider two points on x axis which are also on plane P:
B =(0,0,0) and C = (1,0,0)

—2 1 0
AB=B-A=|-1 andﬁ:C—B=lo > N=A4B xBC = 4]
4 0 1

P:0Xx+4y+z+D =0
PuttingCinP:D =0-> P:4y+z=20



