Computer Graphics

1. In computer graphics, we use a homogeneous coordinate system which replaces the
basic (x, y, z) coordinates with (x, y, z, 1). Explain the benefit of this framework and the

reason. (Tip : Translation)

2. Enumerate three basic light sources and describe them in detail by focusing on their

positions and directions.
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4. The following figure shows the artifact of Gouraud shading or per-vertex lighting

method. Describe the artifact.

5. Bounding volume techniques are commonly used to accelerate the ray tracing method.

Explain how the acceleration is achieved.

6. Texture coordinates are generally in the range of 0.0~1.0. What is the benefit of using

this normalized coordinates?

7. Describe how mipmap is created.

8. Ray tracing tree is usually a binary tree. What is the role of each branch?

9. Explain the level of detail (LOD) when rendering 3D models.

10. What is the difference between radiosity and ray tracing methods?
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11. Consider the inner/dot product of two unit vectors V; and V,. Explain what the

following results mean.

A. ViV, <0

B. ViV, =0

C. ViV, > 0

D. V1'V2 = 1

|
1
=

E. Vi-V, =
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12. Calculate the matrices performing the following operation. The answer should be in a
form of matrix multiplication.

A. Clockwise rotation of 60 degrees about an axis parallel to x-axis passing through (0, 2, -1).

B. Reflection to the yz plane

C. Combination of the operation A first and then B.
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13. Draw the result on the right figure by the following source code.

glBegin(GL_LINE_LOOP);
glVertex3f(v5x, v5y, v5z);
glVertex3f(vlx, vly, vl1z);
glVertex3f(v3x, v3y, v3z);
glVertex3f(v2x, v2y, v2z);
glVertex3f(v4x, vay, v4z);
glVertex3f(v6x, vby, v6z);

glEnd();

vb
L ]
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14. The following figure shows an example of specular reflection. Calculate the final light
intensity I by using the trigonometric function values in the table. The shininess factor is 2.
Round off the result.

I,=(200, 180, 230)

A ' 20°| 09 0.3
35¢ | 038 0.6
552 0.6 0.8
90° | 0.0 1.0

Surface
K.=(1.0, 0.6, 0.8)
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15. See the following configuration.
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A. Enumerate the objects in order of being inspected using uniform grid method to find

the object intersected with the ray R.

B. Divide the grid space using quadtree method by drawing solid lines on it. (Condition: at

most two objects are in a cell)
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16. Note the difference between a column vector and a row vector. In 2D, the column vector is represented in (y)

whereas the row vector is represented in (x,y).

16.1 Using column vectors for matrix-vector multiplication, write the translation matrix that translates (x,y) by (dx,dy).

16.2 Using row vectors for matrix-vector multiplication, write the translation matrix that translates (x,y) by (dx,dy).

16.3 Using column vectors for matrix-vector multiplication, write the scaling matrix with the scaling factors sx and sy.

16.4 Using row vectors for matrix-vector multiplication, write the scaling matrix with the scaling factors sx and sy.
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17. We have the standard 3D coordinate system {O, ey, €,, €3}, where 0=(0,0,0), ¢;=(1,0,0), e,=(0,1,0), and e5;=(0,0,1).
Consider another coordinate system named CS, where (5,0,0) is the origin, and (0,1,0), (-1,0,0), and (0,0,1) correspond
to the x-, y-, and z-axes, respectively. Given a vertex defined in the standard coordinate system, | would like to have its

coordinates in CS. Compute the 3x4 matrix that performs the conversion.

10
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18. Suppose a transform is represented in a 4x4 matrix. Also suppose that we follow a column vector convention, not a
row vector convention. The difference between affine and projective transformations lies in the 4™ row of their matrix

representations. Describe the difference, and discuss the results produced by the difference.

11
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19. Consider five fragments(pixels) competing for a pixel position. Their RGBA colors and z -coordinates are given as
follows: (a) {(1,0,0,0.5),0.2}, (b) {(0,1,1,0.5),0.4}, (c) {(0,0,1,1),0.6}, (d) {(1,0,1,0.5),0.8}, (e) {(0,1,0,1),1.0}. The
larger the z-value is, the deeper it is.

19.1 What is the order of five fragments, a through e, that can correctly process the transparency/opacity of the

fragments?

19.2Compute the final RGB values of the pixel.
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20. Euler transform

20.1 Describe what Euler transform is.

20.2 Euler transform is quite intuitive for the purpose of modeling, but also reveals several problems. List the problems

you understand.
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21. Consider the simplest 3D closed mesh, tetrahedron, which is composed of four triangles. Let us name the triangles
at xy-, yz-, and zx-planes by a, b, and c, respectively. The remaining triangle is named d. The vertices are numbered 0, 1,

2, and 3. Assuming the triangle normals should point out of the polyhedron, fill in the index and vertex buffers.

y index buffer vertex buffer

14
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22. Consider three triangles in the viewport. They are all perpendicular to the z-axis. From the back-to-front order, the
triangles are red, blue, and green. In other words, the farthest triangle is red-colored. Suppose that (1,0,0,1), (0,0,1,0.5)

and (0,1,0,0.5) compete for a pixel position, and they are correctly rendered from back-to-front. What is the final color?

23. Shown below is an example mesh data file in XML.
23.1 Describe what <faces count="7813"> and <geometry vertexcount="4311"> mean in the file.

23.2 For <vertex>, we have <position>, <normal>, and <texcoord>. What else can we have? List one or two examples.
<?xml version="1.0" 2>
<mesh>
<submeshes>
<submesh material="bok_lewy" usesharedvertices="false" use32bitindexes="0">
<faces count="7813">
<face vi="3866" v2="54" v3="1851" />
<face vi="1851" v2="3865" v3="3866" />
<face vi="3865" v2="1851" v3="470" />
<face v1i="3865" v2="470" v3="1852" />

< /faces>
<geometry vertexcount="4311">

<vertexbuffer positions="true" normals="true" colours_diffuse="false" texture_coords="1"
texture_coords_dimensions_0="2">

<vertex>

<position x="528.466370" y="641.373657" z="-2189.067139" />
<normal x="0.454671" y="0.887807" z="0.071233" />
<texcoord u="0.507381" v="0.040295" />

< /vertex>

<vertex>

<position x="529.371948" y="658.983032" z="-3179.729402" />
<normal x="0.627129" y="0.775616" 2="-0.071620" />
<texcoord u="0.759615" v="0.027032" />

< /vertex>
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24. Let us develop a transform matrix for scaling along 3 orthonormal vectors, f, f,, and f, not along the standard axes
ey, €y, and e,. The scaling factors are s,, sy, and s, along f,, f,, and f,, respectively. It is observed that f,Xf,=f, where X
denotes the cross product. Devise the scaling transform matrix. (You may list transform matrices, A, B, C, etc. and then

present the scaling matrix as a concatenation or multiplication of them.)

16




Computer Graphics

25. 334 AwATF 7147 ek, A WA A4 W okl g 2ol (34,0) WS W,
oA el 25 Ba, Al dAE 1 gl WEFow goHtt o] 7AE Astete

(3,4,0)

26. 7091 A Pogt Pro] It} Pod] 2hEa= (2,0) 138 P10 2= (5,0)0fk Pooll ME] (=1,2)7F Ad=o] glaL,

Profli= HE (2,5)7F AEO] vk Post P Sl RS whel S HEE AGRgE o, AR 9o A (4,000 F

A WES ARslel

17




Computer Graphics

27. A e 3 BA nRES ok dthes 218 USAIES, 7 7l AR G el diek 9 it

ez viEE Ak

vertex array index array

W Ao -
W B -

e e
ds

N

28. 231 3xk EEE WA 5 7P AR e AP A etrahedron ©TE - & Mdsk= W] 7He] AHo] (0,0,0),

(1,0,0), (0,1,0), (0,0,1)ole}aL 7}4aat. o] AprA|e] A2 e APHA| 9

‘F
il
o
o
rot
au)
o,
>
=
—_>'£,
it
Fd

Fok= A3 gt QlEl widS Holel,

18




Computer Graphics

29. oF) IR9] vAl= 8749] AE o qdEo} vk QIEl Hid §lo] o] wAE deks A,

o] 945 7RI W, Q19 wjd S ARgslo] o] XS Fdehs A, AR wihY} el wid e

O7he] 945 7RI, 25 <k A9zt

30. Pl T4 7K 2 EE MR EEiEel] el fltes d B 10° A os A

Sk o) oAlS] EE W 3 el

19

o




Computer Graphics

31. olel 3t g vAE TS A4 vt Qe ujae Al

HE S ol A Wiy
o[ (000 0
Ll (.00 2
2 |
s w00y I

0

32. 23 A wxelA v, e, 7} 77 mixe] AR, W, o] VS VeIt site w, £ = 2v — 471 |k

T, vet ext WARE oJmgrR

20




Computer Graphics

33. W} MBS Foked] QU o WS AMgShd Gk ohe gl Yatel

(a) lov) 2 ldr.dy) Qs o) 5A)7)= Ee Hojor
(b) (o) & 67 N7 FDE FRIP

(a) Z=43H) oz} [5,55, )0 a8l sjgde Hojolr)

34. 3 BA)2] 0BAE F71 /A2 {wvnt o B8E 3A Fo u=10.0—1) v=11/v2.1/+/2.0)0] ¥¢}

ok o] S| euis WS A

35. o WAL A foll o] ol IS AT Aotk Az} To] A& 717} Aofslel.

]
]
]

L g l
oo O

21




Computer Graphics

36. R}e] 3AY WS (FFo] of) ejo] & FHoR vk A= x4 S el o] AL IAE

T% ‘7f';T % E}L}i tﬂﬁ.;.él"i‘ 1_7:”, l‘ﬂ Hil H}(cross product) od}d”% :_;%HO]: ?_E}

37. the o] FAp= (3.0.412 2407 00° 3)AE Aot} o] 7 oejo] = 24 FAL A o] Mslo g B
Ak (1) 3-0.4)2 207 3 (2) 2% A7 W04, (3) (1) dHsL o] A Wile] FHS 77} A
2L (2 (1) 98 £ 82 Alaspm Aal )

\
| 0 0

R.0)=| 0 cosl —sinf
0 sinf  cos0,

o
( cosl 0 sinf

Rg/(()) - 0 | 0
\—sinf 0 cosl )

22




Computer Graphics

38. T 73] Tk (3.0.4)5 FHow 00°549 Holrk. o] 2 Yele] % F4 3|He Al Ahe] wgtow Hajdry:

(D 304z az0= 3, (2) & FHOZ 903, (3) (1)9] AWk o] A vhAle] Fd< zkzt ARtale). [31E:

=2 171

(1)< slal 18 )2 Ahgaia efalct)

_ | 0 0
£4 (3.4.0) R:A0)=| 0 cosf —sinb
3 . 0 sinf cosf

( cosh —sinf 0

x R.(0) =| sinfl cosf 0
0 0 I

39. T 7o) 2319 vEE A Horthonormal) 714 ta-bre} {e.divzl SRS w, {a.biolx) Aoy wES {e.d oA

Aol el MASHe 2 4 2 S AN,

40. % 749) 32191 BIFFE A THorthonormal) 714 1a-b.cie} {d-e.7 17} Fo10& w, {a.b.crolr] Hojel HEE

N2 =

{dre. 7 Hollr) Aolel Ml ek 3 39S Atslel

41, 7h) AR e 0. b5 V150R She FASE A7) 1AL o biskoRe] S48 Qs 22t o0 5

2 1 B, 0 bF o) E BF 714 Wel(er €29 sk ek Sk ot sk S 9

o A el 27 29ele] o BaAs, Zzte) AUe Azl

23




Computer Graphics

42, A 18] AT HE o b, €2 7IE0R She HASE A28 1A, a. b ¢ Yool Fadh) Ax 227}

8g0 850 8.2 7|3} 3HH a. b ¢F o] AL EFE 7)A] WE](6r €2 €3)9} AR|R= AL Qlan a- b ¢ o=
axb=co| oAk YT Sk PokA SR H2E WP Al o] 3 3ae] Fow AT Az

P4 el

43. 9= 3700 714 welsh 9 ohest ek & = (1,0,0) . =(0,1,0] &, =(0,0,1) 0 =(0.0.0) . 3y,
A F7ke] (5.0.000) 91do] ol 7147} 110.1.0).(—1.0.0).10.0.1) o1 HFAZS Solau Tkl 9= 27k

B 52 sk Ya2 Yol

44, Fhe} sehnEl7} vhea) o] Folxck EYE = (0.0.— v3) | AT =10.0.0)  up=1(0.0-1)
(a) 7hiR} &7ke] 7149k 93 AR

(b) H W&view transform)& o5l o] B0 Holglk F AP AL,

45. 7V} epelr} ok} 7o) Folxrk EYE = (0:0.3) AT =(0.0.-1) Up =(-1.0.0

(a) 7hlie} B1ke] 7149} ARE TS

(b) W8 of5o] o} Fxloz Hojich, T UL ARkl

46. 7tlgt slehE)7} Oga ko] Fojxtk EYE = 1(0.0.3) | AT =10.0.—1)  UP =(=1.0.0), 7hva} 33}

o A& A= Frow Wstehs BB Aelel ol B el o] ohjz} 1 gl §olal)




Computer Graphics

47. L FIA - Ne) 7kt steele] 7 (BYE,AT,UP1} 3} (EYE AT,UP2} 7}k Folaick. 7t 3 thaat 2
tk EYE = (18.8.0) H AT =1(10.2.0) , yp1 =10.8.0) , UyP2 = (—13.2.0) o]E 7oz Aojw F J]l9]

7t ko] A=A ol slssek

48. F 7fe] Fhle) B3k St Sa7) Folplg wl, Si9] A SR washs @ b WL, S0 g WA 4 Fo

= W o] A=

of!

2 e S wgshe Rl

(a) 512 ohga} 22 Fvle} sjehulele] oja) Aeojek EYE = (0.0.3) | AT =1(0.0.—1)  Up =(=1.0.0),
5.9 1o e grrow Walsls HUL Axle)
(b) S gey} 28 Fme} gehujgld)] o8 Heoetk EYE =(0.0.—3) AT =(0.0.0) , yp =1(0.1.0/,

9= T 1S S wasks 992 At

19, 9= Fo] 9 HIAE TN e, o] A= FelA Flelel SulE) B8 o] Folitk EYE
=(0.0.3) AT =10.0.—1) , yp =(—1.0.0),

(@) 7hiel &7k A o= F3Alz Aeleial 7Pkt o] 7hle} 7t 714 E Aktsiel
(b) # Weks Alkslel

25




Computer Graphics

50. oF 18 F TeaEs 250 70 A dolth | TeaHe gHo® fovy, aspect, n R Ao
e}, o] il fovx, fovw, m, 7} FoAriaL FVEIR) o7 fovrs a% o] Aok ofmld. @,
D= 7el2Re o S47112] Agloltt). aspect & fovre} fovy o] g2 HoJs)e)

H

y

/.f__
2

51. g8 T3 (a)old = 14" FEs 24o% 9 S5 i) GPU do]Zalols o]&s) o] 1= A3 A7t

\/°

Aoz Akal AHSA, TlRliE T K] Al ak Qe Sele a3 (b)9) 2 A o

ok

4 9k R, A A Aske 27 (o9 2k &, TR ZeagoR v IS W 7R X9, A
& oAt hle} 31ke] —nFel w3 W) A 7ol BERith L oF ] ARt i TS Blold
o] Ao F7)0 =il off o]dl dAto] wkAlsl =72

(a)

(b) ©




Computer Graphics

52. 8] wEo] o] (10,20.1)3} (100,200.2) 2 Fojgirk HEE Wake: Faho] o) o0 P4

(a) S48 PE& ARrtslet.
(b) ofs L= Allsiet

Lﬂlm

53. GL X&71%0] gViewport(10, 20, 200, 100) ¥} gDepthRange (0, 1) T3tk gViewports= 22+ H-

gDepthRange™= 3711 HES] Zo|2 Hojsh}, HIE Wake: Hashlo] ol o 50w TR,

(a) F4s P25 ARtslet.
(b) ofs L= ALtz

54, TR 19 e 3R REES} Folich HEE WE WAL ARl

" =100

55. 2291 Bl ket e Aol Sk A EeRE: (R .G B)zlolth 54 2t (5:5.3-6)0)4] Az

27




Computer Graphics

5 Akl [F1E: vaspr) 3.691 201 9% W 7 wixplel| o] Azt 2 & gk W] MrzY & Faf AR

3, a9 2RI o @ wle) Aur & Ea) (5.5.3-5l0)e] As} 22 Aaiel ]

--{(240,100,75).0.3}

8 .
= at(5.5.7.5)
2
6
5 == 1(120,100,90),0.4}
4 at(7.5.3.5)
‘ al vy
3
: /
“ Y -~1(60,100,60),0.04
y 1 1 at (2.5,1.5)

=

56. 2171 Flol) Thesl e Apzpdo] Qi) AR o= REGAVY, 2709 &

_1

) 2, 23ER D,
2 A3 (45,3504 Az} 22 Aplelel (A= 137} 3,59 270)elsh Q8% W 7 Aol @ we] A
gk S £o) ofSelRES AR A 2l oA ‘3 wle] Agugr & £ (45.3-5)4¢] of=e]

e AR

1(55,54.25),(0.4,0.4),0.2)

at(7.5.2.5)

. at(2,3.5)
x -
7
¢ 1{37.34.13).0.1.0.7),0.3}
fiseed at(5.7.5)
5
4
3 \k_
2 e 1(27.34.23),(0.6,0.2),0.3)
I

28




Computer Graphics

57. ofefl e 237 §7F AR wkshe 2AERIE WolF=r, 27iEele] basEE 3,500t

() =(0,1)

a(le) - 6 Y (5.0)=(1.0)
Sa L g 2 N al (5.2)
sn=00 | > _* i
a(l2) [T e 2.3 4 5 6
(a) A1 5 Wo] 2701} wafsh= FlollMe] ¥l 2515 ARlelet.
(b) 27}l ol 591 - ejEe) BlA] BES Antete)
58. 4 AZ%nearest point sampling) 02 WERT vl glo] @ 2lo] (o) Fagufory, || B

B2 A1l B IDE ToRe WANS sl @ Bl IDE 9 Bl 9% ofg) mEole] ko]

th o= o), 4 FH3Er}(1.5,3.5)¢ gAle] IDE= (1,3) o[tk

29




Computer Graphics

8 2lo] 8% Salpiie] B Flol FHl) okl 95 Tle] Baeel B, Aaige 1 e w

9 9 9 9 9 700 9 9 § 3
99 9 9 i 9 8 B 6l '8 B B
BB YEEEE 7 2 i B
B OENEE R 1] 6 9213
7 8 N NN B N 3 23 level |
sEBSEENE
@99 9olEMN 3
} 8 9 9 @M
level O level 0

(a) 3] AR Sazol], 0% T Y] 0¥z} 1w B BAE MolFid, S Bl Wl v

Jth o)l e o2 owls) 34 Bl BloE 1

i

=

(b) AP R 7 trilinear interpolation) 7[HoZ WwS- Hejgsta, Mlevel of detail) ARRS 98] Al wiz)=
o] ‘71 W Aol& ARgsltiar 7SR o gpilo] MElx|=ry w3k Zh glo)xe] ey AiE Aklsle)
(c) AR 7oz Fs dejgsla, A ARRS 98 A wixj=ro] ‘g W dols Algsitia 7PgsirL

ofl efllo] ABETY R, 2t eole] Wel AE Atelel

L olR R BollE £ 349 BlAdo] Mes 2 <2 <2apheg e 349 oxE Az,

ol ol gel oA HHE vk R o] Wi & B /e dlE TR R 23 e g s

30




Computer Graphics

62. The TS T AMOR TR U2AR, B aae 0, We B4 Ble 0.8 g AR, FoehE E

5 o] 47]) o] Frhgl T, ol Aol

(a) e RE gl 244 MZH(nearest point sampling) = DEHY 1, 71 A= AR 244 A
29 A, JARHE 32 Ao & gallo] oy 7l EASHRE $1o] £ Q2% 9o vlAlS Melsh), Aol
F Uy A FY7P

SEEEEE

wroll RHEICE ool 5k 9] 415 A8kt

64 F RO ollde] WAk THS A, 22 bl viE] L2 ol el WAk W] 1S ARKsiek gk nat 1] uf

22 0|83 1< Aelale,

31




Computer Graphics

65. the e F mele] 2je] g (marlr - 1,005, Bmeol gk Alolth. 7hed] Qo] g s} sjolet
ES B 4 gl 9IS Wah A Dot T WA e ola, T WA Gt A WA G olefe) olg Bo, shut

A% o] Aolry, 9% ¢ iel 7k §] 4AIE ool

sh=5e )

.\‘

sh=20e °

66. Shtol 21S vl 7o) A7ido] Bt ck olEe: s Sl Aol A2 the 2 ke 7HaL sik Ak

g0l dolo] oAM= e, o] A thel] Pt B e z-1y 227] ko] raE =T

67. shte] S Fal sk Al 7o) AEo] o] A HAjellM Tt 2 RGEA s} 2ghs 7L Slok
{(1.0.0.0.5).0-25 }, {(0,1.0.0-5).0.5 }, {(0.0.1.1).0-75 } A3 Fodie] oo axd 2)a]dnk

Bale] 5 A A,

32




Computer Graphics

68. FE oo Al 7] A7) qlizH|, ol5e ®i 2Fel Ssolr), Wk APl 224 A2k Hol 9l

=4 e Sk 474 Hol Itk TRe) e RGBAANLE 712 Saavle A 7} ahle] Sae it 7

%
Y
_u)
=
=
—
=
=
[
o
-
=
=
o
o
(i
o
s}
=
=

s
vl
KO
i
0
-
N
=
2
AC)
e
)
%‘C‘):d
B
o\
=
0x
o

APkeiet

69. dhtel JAE Fa1 Ak ol 7ol T THET} vt e RGBAN Y} 24ks 7HA AL ek

F£,=101,0,0,0.8),0.2}
F-=1(0,1,1,0.8),0.4 }
Fa=1(0,0,1,1),0.6}

F£,=101,0,1,005),0.8 }

.-FE. = <|:D:1JDJ1:|:1D}

(a) o)% Tl 7} = THES Ajsls SulE 2AE ol

(b) o) A% AL FoAWR

R

33




Computer Graphics

0. 38 Lefgolr= ofe] o] AHzE ol7] Al TF Wlton & ARSRITE QW T 7F 7 e o] &

vk 48 QP dinear fop &, - 2 2E Uil QWN7E 15 FaEehA| whees Aloo A ¥
Hfar plane) 0% Z——_}{\I’% ?1'7H7]- 71%]0121/‘1, ;ﬂ.ﬂc} 33‘?301] %’%i]??_ %jﬂt

R3] Qo] 71 HolA] el sllok Sk oleld 413 ShiE la) thal

e AR 7S ARSI,

c=fe.Tl1—Ffle,

o=

A7l c= Qb B3 HE Agela, fi ARl TE At HeldsS it ol AuE ekl
ez oble] Agolm, & salaviEe] Abgolr), W HWAe) 4

ol83)e] 15 Helale

54 AAe) Nat 3o gl 44 A Fg

71. oldl T o] A2 A A7 AAA ek

(a) A2 A e B wiEER, w22 sleka A2 A A, dnY 20 e

(b) R 23l ofd A7 Sh=7k 22]at o] s dslr] 17k Heke FAP

[o IR EN

34




Computer Graphics

72. oF 2 Al 7 71zEdol FdRel ] TelE Bojgear gl ek s el

key2

&

> Aj2t

I keyl
I

key0

0
Q 2 —
keyframe 1 xay key2

keyframe 2

keyframe 0

ey0 keyl key2
< o— A|ZF

L. L.

73. g (0.1.0)% = v Wy (1.0. 1)3402 00°591)7)%

(a) (1.0.1)53 20°8142 FEIRlon Bdlslel [9= AEfiele] §44 sine T48 71

R
2
it
:

= cosine = 7HAaL Qiek]
(b) 34 el (0.1, 018 Fejyelor F3ske)
(c) as}t P2 27} 9] (a) 9} (b)&e] Feyololgla & o, apa’ = 10,.1.0)8 (1.0, 115407 80°3]-A)7]= A

& 9wz} aps}a’ & ARKSIEL [RIE: =k]

35




Computer Graphics

74, 230 Bk theat 2 A1) itk A S (G B)zlol

L e1(240,100,75),0.3)

8
: b at (5.5.7.5)
.
O
5 --1(120,100.90).0.4}
4 ’," at (75,3*)
. ‘ v
~ .
- / |
- R e —-4(60,100,60),0.0}
y ; at(2.5,1.5)

(a) Al AH v V2 U35 7|E0R, 16:5,3-5lf] 321 FAlo] FAE A (barycentric) 2352 ARaiek

(b) o FAZFH HES o83 (6:5.3.5)9) A} 22 Atele:

AE ko MR AAL Tl
76. % wele] 2wgel Yol WA WEf 2nln - D— 12 RolRck(er)4) ne e, 1l wilolch, i, B

RO WA} ) e = 2n(n - D)2 AelarkelsN 2 134 e aelrh. o) ol Holsk wsh

=712
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77. HEAEe] 20]a AR A o® TR ol el 3 FAE A8l Bak

(a) 17 #419) A2 (10.1.0)0] 5 w3} wlEf= (=1.0.0)o]ck o] B4 te] npfis: Ao wasf)

(b) 7] P57 @ +3+27 — 2 = Doek. o] F<o} YAlo] vphis WAL olg3te] b o] A /)

st

Al A

1‘
Py

o 7}.‘)

(d) WAL ) e I=2nln - D)z Aeleckelr A b= 13 3ae] wgoleh. 1= 2n(n - )& ARtafe)

78. FrEel] ARgek oA FHe) onAE AHFe Sl Haraf Frk 7t ojulXs - Wek) R e
=

(@) oA 7he] oux|E skt M= the i welo] ARE=r)? Bh=A] SefeA] Helal 21 oliE Adrsiel

o

(b) o3 79 olmxlE skt Mz the 74 Hgho] ARSE=7] SheA] Eeler] "elaL L ol= Adwslet

79. 33} wjAlo] 2pde] A& (1) py + 301 =t Fpy + 3871~ thps T tpso)ry, 43 wixlo] 3ae] A< 2l

80. 3} wxjo] Tae] aye (1=t Vg +3t(1 =t Fp, + 37 (1= t)p. T t¥pz0)0). 531 wix|o} Ta1e] 212 AAale).
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81. Al 7] 2244 Ho] Folxck (1.0).10.1). (= 1.0),

(a) o A W8 ALRs 27 W] o] gl (0. 1ejie] upas: = 050]uk of o] 9] AES ¥
Q=g Atk

(b) o] Hxle] 3o t=0-759] He] AL Aptalel,

82. ol Hjxjo] SIA7} ofeleh e AEE EOIE Az Aol of ] Relele] uFke 3 W vHe

Poo Pol Moz (0.0.6) (0,3,3) (0,6.6)
propipiz | =1 (3,0.0) (3,3,0) (3,6.0)
o o 792 (6 U 0) (6. 31 O) (6, 6 U)

(@) () =(1.0)o] )k =0 919) He Fwe TP

(b) W2 RS ALgste] (uwv) = (0.5.0.5)9 o] Jwt 9] o] TS Al

Foo Po1 po2 (0: 0.4) (0.3, 4) (0, 6, 4)
1o P Pz _ (300) (3310) (‘3~6 U)
p2o p21 p2z | | (6,0.0) (6,3,0) (6,6,0)
Pao P31 P32 (5 (] 4) (5 3, 4) (5. 6, 4)

(a) (wo)=(0.1)e] v} =301 9o] 7o) HES AW

(b) (wv) =(05.05) v} It 919] o] S AW
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