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@ (a+bi)(ct+di)=(ac—bd)+ (ad+bc)i (BA249 F)
@ (a+bi)a—bi)=d®+1

@ a+bi _ ac+bd bc—ad (820 Al

ctdi Ftd At
4. 2 a9 442
zy=a+bi ©l3 z,=ct+dizgt A, oW 2z =at+ki® BHHFLTE

Z=a—bizt 3 5A

@ 7=z (2d 2259 J41)

® 2 b=tz (Ad BarY HA2)

® zm=2 - 7 (Bl B2ase JA3)

@ (i_:):% (%, 2, = 0) (Bd Base 4a4)
2

@ 217}' }é'{l“o]g Z1:Z1- 217]' {1::61'{!:0]@ 21:_21

(2) 489 7€ 432
assm #7 2o THAN. ME, WHREdAq BRolA

= HMEHY FgE ARy, e 3 glo] AAE AolH.
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1. e =

(1) WEe] B9 @ 279 BEe 2 ¢

[e]

rr

AZ N7, BE FRo% st ¥HZ ABZ Uit
B @

AB

A

(2) WEle =7 : WME ABY 27

(3) @9EE - =77 191 W

(4) M8 &5

4
z
o
Y
i
N
lii’
N
L
o
%
e
m
o
£
el
5
o
rlr
>
fru
my
i
K
o,
)

(1) H&9 5iA

= WHq b0l td a=AB, b=BCZ Ve ©, ACE e ol

A=

L.

EZ

H c2 T W 0,09 Folg @k
- - -

718 c=atb & A—B)—FB—C)’:A—C)’

(2) WHe Qe W A e h



®
@ 99 : at(—a)=(—a)+a=0

AR

odk

€  at0=0+a=a

MEq boll a5t atr=b S BEAINE 22 oA

fol

EEERRER
(1) A% ol ka

D k>0 : a9 2 BFoli, A7)E kv

ok

©® k<0 : oSt Wof WFolT, AN | k| w)
@ k=0 : ka=0
(2) HES Aol st 712 4
© 2FEA : k(a)=1ka)=()a
BuiEE : (ktla=katla
k(a+b)=ka+kb
5. % WY B3

(1) a=0,b=02

—r

(2) F 989 B =4
Z;éﬁ)j#ﬁ)og uj 2//3 S b=ka (k#0)

(3) Al HA,B,C7F & HA Hell 7] A =4
@ AC=kAB

@ OC=kOA+10B (&, k+i=1)

g <
N%: 2=b-a © OB— OA=AB — 71;-
O —
a

Wela, b7k WFel AL EE 3

(4) FHE7} ofy: Fgo] obd T wE g bol thate
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— - -

ma+nb=0 & m=0, n=0
mg-i-ng: m/g-i-n'g S m=m, n=n
6. MES HEF U
§ 1 BameEy g8
(1) BHEE Y dEEA

Y
A

a= OA= OA,+ OA,

_— —_—  —

A7IA OA=ae,, OAy=ae, P1BEZ  a=a e, taye,

ol W.a, s HMH 49 HECIZ i, 4 = x & 0, T yI 20l 3

o WY ;2 ARe A8 a=(a,,0,)02 JEHIT
(2) B YR A%

—

a=(al,a2), g: (blbe)%'l o,

@ lal= /@ +a
§ 2. FAEY 42

(1) S EY JEREA

_21_
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<& A300,0, a3}

A, a,. aq)
2, A
> >
e 0e, A0, 2,00 ¥
4,00 &
X

a= OA= OA,+ OA,+ OA,

_ — >

0:17]}\-1 OAl:ale—;? OA2:a2627 OA3:a3€3 O]E_i

— — — —

a= a e, ayeytase,

R
ol M.a, ay, e T MHa 9 HEolg 5kl o, SR, o, Ty S E. a3 =2

dEolgta gtk HHeE HJES AHEHT a=(ay,ay,0) 2

(2) FH¥Ee JE&3 a4

@atb= (a, b,,a,tby,a;£by)
®ka=(ka,, kay, ka,) (k& 2S)
@lal= /@l + & +d
§ 3. e WA
(D WH9 %

_22_



g . E: ’ZL)HE‘COSG
(2) 989 WH3} 4%
@© BHY F AH a=(a;,a,), b=(b,b,)°l W35},
Q- b= a,b, +ayb,

@ FY F 49y a:(alaazvag)- b:(bpbzabg)oﬂ o 5}

GHE7} obd T ME a.b 7} ol FE A9 272 0% & W,
a,b, +ayb,
\/af-l—ag \/b?-l—bg

@2:((11,@2), Ez(bl,b2) o] cosh =

a,b, +ayb, +asb,
Vi +ad+ad R84

G) MeY FPH 54

cosf =

G} obd F ME 4 bel vt
D a¥% & a-b==lalb|

_23_



- -

@ alb & a-b=0

< ayb, tayb, +agh; =0

(3) Atd 9 Fg9 71& Fd
agd nEgE AFelA 5% Bass ¥Hg B 442
Mgoz oA dudel wAF Adse 78

o},

§ 1. A9 39
(B9 1) Ard=+9 B9
NDEE g=ato=atbitejtdk A 8 FAADG. (AAA abes
AF). ij ke B Zol ettt
PP =7 =k =—1, ij=ji=kjk=—kj=14, 18] ki =—ik=j.

olml @ =1{1.4,5,k—1,—4,—j,—k}.= FA (operator)dl &3] F& o]
T ol Al S Zolg T
AF7E 091 F& AASE AR Jdo. 42 =
2+43j=240i+3j+0k°) I, 1+7i=1+7i+0j+0kol T}, WA j, k2 A
F7F 0 BFdde A7 a7t Ha, 59 4,5, k9 AF7E 0
A Bl A7 Evh wEA AHLdFY AsFET vEedE drt
A=t 2" FFol 5E5 A9 < (the selection function) & A}
&ato] vetdt A9 e oed 2ol S

Wiq) = Wla+bi+cj+dk)=a

o

o
;
ol
rr
ol
ol
9
N
b1
ol
2

—

(B9 2) A= Fs

_24_



F A95E e 2ol 49 FA
g =a,tv=a,+tbit+cjitdk . ¢ =a +u=a +bitcjtdk .
o g =q < g=a , b=0b , = ¢, d =d °|L

£ 9se A= 29(35)0l 0.

(39 3) Adsd g2 F
A5 g3 FS G 2o Fgun

=]
- —
v

G0 =y ay +vtu=(ay+a)+ B +0)i+ (e +e)j+(dy+d)k (D)
ojuf QiAo AT neAPHF ZAPH = HJHT
Gy = aya; — vutayutav —(2)

ol wvu=o o FHE qq =qq° Hel FBAAT o] Arh,
drH o=
q = (aya, —byb, — o, — dydy ) + (byay, +agb, +cyd, —dye, )i
+ (cya; +age, +dyb, —byd, )i+ (dya, +ayd, +bye; —bycy )k --(3)
ol FAl T AFHHA L HJHUt ndFH S JHHA F =

Z H] 7}&8(non-commutative) ©] T},

(89 4) A9 A9 Ed o] &(trace)

AL+ 9 A (conjugate of a quaternion) = T3 o] &3t}

q= (a+bi+cj+dk)=a—bi—cj—dk -—(4)
T Tlg)=2a T3 Y3t T(g) & ¢ 9 EF o2 FHr},

w2t T(g) = g+ q=2Wg)

(89 5 Adso =271

A4 +9 =7] (norm of a quaternion)+ © &3 o] &9},

_25_



N(g) = Nla+bi+cj+dk)= qq =a*+b+E+d _(5)
Abd e Avle A¥e el dE 59 ¢=1+20+3j+4k &

AP G5 A7 & N =1"+22+32+42 =302 AF o]},

T Nig)=N(goliL Nipg=NpNgs& HZ3e RS 7HAL

A o},

(B9 6) A9 94

FA A ALF9 99A( multiplicative inverse of a quaternion

g )& q'E BIEH ¢ '=ql¢=1 HE AZE BFdE 94

2 AL 99 ¢ lolg o

olw ¢ l=—9_ o 2= JA4 --(6)
q NG 9 (3

(B 1) ij=ji=k jk=kj=1i, ki=—ik=jo]th
(29) ijk=—101B2, (ijkk=—k ijk¥=—k —ij=—Fk A
ij=k.  EI ij=kolA
GG =kGi) @M 1=kji k=Kji 2L k=—ji. w37}
A FPer yma Az FPdArc
(B3 2) < ArdFe I ZEAdFSy §3% F2 A5/ "o
(33) 499 & ALdFE g=a+tbitcjt+dk B 34,
g=a—bi—cj—dk °)B 2 ¢+ ¢=2a,
g q¢=(atbitcj+dk)a—bi—cj—dk)

=@+ ++d*)+ (—ab+ba— cd+ de)i

+(—ac+bd—ca+db)j+ (—ad—bc+cb+da)
— 26 —



=@+ +F+d%)

(88 3) ¢=q. g7 AFo™E g=q °

o
(F9) 2eAFLs9 Fgo s #AE3s] JH

0.

(B3 4 999 F ALds g=atbitcj+dk & p=t+uityj+zk
H

g & o, gSo] HYs)
1) ptg=p+g @ pg=p g 3) (£)=£
q q
(Z29) (B9 3) A5 a3 Fd st AE3) AR L 44

§ 2. A} 4+ 9 A2( quaternion operations )
Gol A BJE AL SO T3 F AL Ao g2 A4
Bz}

o

%o}

T NQ5E poatv—atbitejrdk . g=t+ru=t+azityi+tk @
2}

I. quaternion dot-product : pegq

AFE Y WA S FEEE WAEH 2ol J&HT. S AdTFY Y

A5 4749 429 F9 goz gddG,

Cig

[¢]

o ©«
Hqe F A

-

fH

®7

e

pbe*q

peqg=attvu=at+br+cytdz



Z0) ALEFT. AE Eo] p=1+2i+3j+4k & W, pei=2 & Zo]
AL&Be ko] glolx g FA HEZ YL 3xYdA 1%
doz AAd& AT T F Atk S A LT 9485 IHE 5 UA
o

. quaternion outer-product : Outer(p,q)
of A¥e Wol AGAAL Gtk HAW Bl YA

FE7F Blxstr] wWEol WA @A 2ol dus doh

§2
rr

L

Outer(p’q) = Q

- o

Outer(p,q) = av—tu—vu

Outer(p,q) = (ax — bt —cz+dy)i + (ay + bz — ct — dzx )j+ (az — by + cx — dt )k

. quaternion even-product : FEven(p,q)
o] AT F A& A oy &5 ANFH A &FSA o

3 Fwe Axdd agn 593 sgol Y doh

Fentpa)= 52

- @ a5 o

Fven(p,q) = at+av+tu—vu
Even(p,q) = (at —bx—cy—dz)+ (ax +bt)i + (ay+ct)j+ (az+ dt )k

IV.quaternion cross-product : pXxg
o] At WY 9F A4 T 9T S dith. F HE FEY

& AN q AFE R

_28_



pg—ap
PXq= B

- -

pXqg=vXu
p><q:(cz—dy)i-i—(dx—bz)j-i—(dy—cm)k
& o] AE HAHFTEY ALdTE B9z T 0 AES e A4S
2 AFFES JEHEEY ALdE B2 AL T 9 o A4S WF
I @A AHEstH e sttt
AZE 5o, p=1+2+3j+4k%} ¢=2+6i+2j¥

pXq=(—8)i+ (24—4)j+ (8—18)k=—8i+20j+ 10k} Zo] WY FEu
A 4ko] 7hs ottt

1
q

V.quaternion division-product D
o] A2 vl ZFEQ Atoltt, F srEo] H=A &) o Fo

ﬁb#mﬂﬂq.mﬂﬂ-%ﬂgigxmww1%%w

VI.quaternion scalar : Scalar(p)
Ar e 2ZE BES 9u S dot-productE o] &3] B

o oOed 2o o A4S oA dFT dgFFg 22 guE

23 Bx EdY T 42 B A8FAE Lo ALAE B
=
Lo
Wip) = Scalar(p) =1 « p= %Z@

AZE 5o p=1+2i+3j+4k € o, Scalar(p)=1 o] t}.

_

W .quaternion vector : tor(P)
At ol e FES 9ulstal outer-productE ol &t EF

75 Bk,

_29_



tor(P)= Outer(1,p) = %:Z: bi+cj+dk

_—

oAE 50 p=2+3i+j+5k & W, tor(P)=3i+j+5k ©]t}.

W.quaternion modulus : | p |

s Ao gow 4dY AASRRE A9 PolE A

Ilpl =+p -p:\/ﬁ: V@ 0+ +d
ol ARF ALY Ar%E 27 d2A g Fe AASY
ZolE YegUE A2 Np 2 EIdE 7l535HHh

AZ p=1+2i+3j+4k & @, [pl= 30 ¢ Zo] AT ZHolE
Edso.
IX.quaternion sign : sgn(p)

ALSY FFS guisr BaF sgn=

i

ek gGA] oS3 2o
I 4
sgn =
| p |
X .quaternion argument : arg(p)
AL Fe g 9ueiy 99 27 F, (D2 FH 4-9H ALY
T g ZE Aolt,
Scalar(p)
arg(p) = arccos| ————
99 AXNEEL ol &ty A= A BHEE A}
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p=1+2i+3j+4k%} ¢=24+i+3j+7k o) & 3}A}.
1) peq=2+2+9+28=48
2) Out(p,q)=(1—4—21—12)i+(3+14—6—4)j+(7—6=3—8)k
=—12i+7j— 4k
3) Fven(p,q)=(2—2—9—28)+(1+4)i+(3+6)j+(+8)k
=—37+5i+9j+17k

§ 3. At 43 2 &

].'l_.

L

(39 5) 999 A5

rr
mlo

A F 2

(29) 999 ALdE g=atv—a+bi+cj+dkdt & @, h2=gq 7}
H+e= hE Zod "t
i) ld=0 1", h=0°] Ho A@s T},

i) lg=1 °9, =12 7}82 + At h= ztyitzjtuk & F
H,

B = (x+yi+zj+uk)(x+yi+zj+uk)

= (= =2 —u?) + 2ayi + 2225 + 2zuk o] , o] uj
xQ—y2—22—u2 = a @
2zy = b @
20z = ¢ ©)
200 = d @
a8, [h=1 olB =&
a+ ¥+ S+ &= 1 SRR )

oli, M+ ®ANA 2P=a+1 A7A |g=1 o )BZi+ ¥+ I+ &= 1
oja, <1, 383 q+1>0 GFA  2l=at+l & WEFHE

S ZotA y, 2z, u ol Bt EWH A F Il ot
— 31 —



iii) [g=1 o],

lﬁzl GImz i)l dsel Lo AFEel £AUY 2 AFeL
h B s, %zh’z ANA q=ldh>=VIdn*> 1B =2, ¢ AFZL
2},

(A" 6 QY AQFE o o daed, oF wFA
2* — T(z)r+ N(z)=0°] A H I}

(£3) 39 49 F9 50 &l T@)=z+x °l3, Na)=zz o2
=,

2 —Tx)x+Nz)=2>—(x+z)r+re=2>—2>—zx+z2=0

(B3 6) o gatd, 49 olXAFFA 2°—2=30=0 9 = AF

g AFAE L, BEaF AFANE z=1£v29i7F Ho FH

s
Y, A JFAM e Fote 2 r=atbitetdiE T4

Tx)=2a=2, Nx)=+V+F+d=30 oA, a=1, VP+F+d>=29

7b Ho AdasE BEF 2ol HER RS9 B2 2o EAds &
T AU
Aol AR H&F LS four-square theorem & S9E35=d 9

(A7 7) four-square theorem
Ao I A= v MY BFEY AFY Foez TAE

AT

m )i
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(%) Euler7} 27 o 9
2]

%
ol
1>
rlo
o
E
o
2
=
o
(o
fru
x

olN

oL

n

(x? -I—xg —i—xg -I—xi) (yf -I—yg —i—yg, -I—yi) = (xlyl T Iyyy T I3y, -I—x4y4)2
+ (55193 + 23y Ty, t+ 55294)2
+ (x1y2 + oy, gy, +ay, )2

+ (x1y4 tay txays + 553?!2)2

A9 FsAo gatd, X Y7F 44 vl A B AFY F2
2 3538 "ode 7 XY= 9A Y Y Y Ay FoE £
AE S & & dvh. 29H o9 FAS FEAE AT AAAC
B2 & ol&styq wes F AT

Z, 7 ALFIL g=x fagitagytak o p=y tyityityk 40,

(q)N(p) = |R=i=3

(xf -I—xg —i—xg -I—xi) (yf -I—yg +y§ -I—yi) = (xlyl T Tyyy T LY, -I—x4y4)2
+ (x1y2 + 2oy T 23y, + T4Ys )?
+ (x1y3 + 13y, Ty, T2y, )?
+ (zyyy + 2491 + 2o0y3 + 73y)°
o] "tk 2=124+124+0°4+0% olB=Z, 49 71457 v A FFY
AFe Fo2 FAES S59Y5HH four-square theoremo] F'E AT,
(4) A3 AT

ARee] ofef £E AA5EEL 4G AdolAA q5g P

hy A=

P

A "ot AAZ AL S+ (quaternion group) < B3 22 gi53FQd A

B B o
4g ZE Fxo|th

B 7)) + TS A xA
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1) a'=elex G @Yol 1=m<4 mol tate " =e
o] ot
2) a =0
3) ba=da’b
< WEFse F 92 ob o st A HEGL SHAL ol olF &
a,boll 9t MAEHE= 494 F(quaternion group)olda 3tk
ol
G=<ab=1{at 15=0,1,2,3 ; t=0,1}
={e,a,d®,d®,b,ab,d, b}
ojt}. ol G HIZI&Fol HH HEEHY AdFd Qo F
T

[e)

L

2% o2t

(%) 293 Dol 989 a=e ojth EF, b=c 23T 39 2)o]
gt a=e o]BE 1)o] she] meolTh,
GHA be otk @B D 2ol ot

olth. = bt=e e 4)
F=19 @, 3)¢ BE Agad

ba" =bad" ' = a®bd" ! = a®bad”? = (a®)*bd" % = = (a®)*b = a**b
oltt. & ba=a’b (k=1) —————————- 5)

mn & 499 FFg s

a3H YA A (Division Algorithm)l < s)

m=4q+r, 0=r<4; n=4dp+l, o=1<4

BF ¢ rnop L o] EXAGT. wEA 1)F 4ol o5k

am :a4q+r — (a4)qar: eqar :ear :ar

1;(1_]__

],

o
I
ol
rr
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b =" = (' = et =eb = 1
olt}. = d"=d 0=r<4), - 6)
=0 0=r<4). e 7
metAl 2), 5), 6). 7) o g3ty
Vo =bbd" = bad’d’ =ba’ T2 =" b= b 0<i<4)
g :blar _ b2ar :CLZ(IT :ar+2 =4 +2 :ar+2b0:aib0 (0 §’L<4)
ba" =d*"b=d'b 0=<i<4)
Wa" =ed =de=dt’ ,
dB =dbb=dd*b=da "*b=1db (0<i<4)
e :arbl _ arb2 :CLT(I2 :ar+2 _ar+2 _ r+2b0 :aib (0 < <4)
abd
a’b’ ,
b =b*b=d’b
V' =d’ =d’e=ad’t’
bn:bl: o . é—’
b=eb=2a" =
v =eb’ =d"%°
Via™ = a't 0<i<4 : j=0,1)
Via" = 'ty b=<i<d4 ; j=0,1)
V' =l 0<i<4 : j=0,1)
w} 2} A G=<ab=1{a’b 15=0,1,2,3 ; t=0,1}
:{e,a,a2,a3,b,ab,a2b,a3b}
Ag Ho|A,

oA $19 8/ dLEo] EF BEdHd+=
D 0=k<l<4 A k, 1 Watd d=d & 5™
0<l—k<4 ola d F=e 7} Ho] 1)o] R&Eo|T},
et e=d F g=o.
© 0=k<i<4 A k , I dstd db=db 2 39
d=d" o] Fo] Qo

2 3

, a,a, a L

a

T

1

2ol
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wetA b=d", ab, ’b, ’b & EF TET,
© 0=sk<i<4 Q ko oty v=d" & 54

el gt da=ba=d’b=d’d" J|BZ & =27} Fo]

Dell B&olth, waA 0<k<li<4 A k o] st o =b o]t}
@ 0=k ,1<4 k,lo dHayq o =db 2 34

b=d""" ot} o] W, 0=k—lc o)W k—I<4 o]BZE

©@d EEolt. &, k—1<0 olH

-k _ (asz)ﬂ :a4f(lfk-) ol 1

b=d"'=a
0<4—(—k)<4 o2 TA ©d E<s=o|t},
M 0=k 1<4 9 &k, 1o st o =db ot}
Wt GO 8 YihE BE oo
O S0] ab=ba ©o|H 3)o] 95t ab=ba=d’b 7} HA O =&
of Hot. WA ¢ & 7H&EFol okUt. F H[7ME o] HH

AelA 2 Al 2 HZEEFolH ol¢ 2 FEE AE

odl

HE 823 gz AHRT 5ol HeA dolngich A4
Z¢ 599 d9= mAW uo A4 S AAFE 28
AgEIL GA WP & 5 Y7 AR A5 FE} 5
g Y W Faso

H

—

it

<
T
B
3

il

I. & GL(O) A9 ALLdsF +

GL,(C)¢] 92 A , B Hate] Azts| B3,

A:(_(l) (1)) B:(? é)a} A (% i=y—1)

a#d
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Alz((l) _(1)) Blz(_? _é) olB® A B €GL,(C) o]t}
oAl A, B 9std BPHE GL(O)Y FEZE A

tf ko] A 2 sthat.

s (—1 0 s (0 —1 L1 oL
A_(O—l)’A_(l 0)’ A_(o 1)_12
Bzz(_é _2):142 , BA:(_(Z) Z.O)zA?’B ol o},

4N

1) A'=IL o3 1=m<4 < m o sy A™=]

2) A’=p?

3) BA=A’B

olmg (A , B+ 495 F(quaternion group) ¥ &F ol

A, B={L A, A*,A* B, AB,A’B, A’B} o]t}

OJAIFH a b o gal BHHE G=<a, > FZE A B A
AHE G'=WU, B ¢ YL BolA, a2 ¥ Fd 93
G={ab 15=01,23; t=0,1}=1e, a a d’, b, ab, a’, a’b }
¢'={A"B'1s=01,23;t=01}={L,4,A% A% B, AB A’B A’B }
olth, oA ¥ f & FYstA.

f: G — G"S 999 eq@ 0=s<4, t=0,1 ) o st
o f@b)=AB B F<9 39, & FJH A
ol g9 A& Y, d'b’ G d thstd
1) f@d)=f(a"b)old A°B' = A"B’ o]B2 @A So| T},

2) 999 ABeq N da flab)=A°B'E wZFsEe oV EG
EAGEE AA ot @EtA f & #9835 AGAF ol

v [ € 3 FYe HolAh
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E o, 1 €0 k1 <49 999 F57 A
3 28™E YA Fd 95ty
k 4+ 1= 4g+r , 0

H/\

r <4

S BFIE BF g , r o EAFNER 4AFTFY 2AF A9

fla'd)=fd ") =fla")=A"=A""=A"A"= f(d")f(d)
F((@)(@b)) = f(a"(ba)b) = f(a"a”V?) = f(a"a”a®) = f(a""**?)
= f(a) (k+3l+2=4u+i, 0<i<4 )=A'
= A= ATAY A= A*AYB*= A"BA'B
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Links

B Geometric Tools documentation Includes several papers focusing on computer graphics

applications of quaternions. Covers useful techniques such as spherical linear interpolation.

Geometric Tools source code Includes free C+ + source code for a complete quaternion class

suitable for computer graphics work, under a very liberal license.

B Doing Physics with Quaternions

B Quaternions for Computer Graphics and Mechanics (Gernot Hoffman)

Quaternion Calculator [Javal

The Physical Heritage of Sir W. R. Hamilton (PDF)

B Hamilton's Research on Quaternions

Quaternion Julia Fractals 3D Raytraced Quaternion Julia Fractals by David J. Grossman
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ABSTRACT

Quaternion group and Application

Woo, Sung Sik
Major in Mathematics Education

HanNam University

The study of quaternions goes back to William Rowan Hamilton
at 1843. He tried to expand the concept of 2 dimensional complex
numbers to a certain analog in 3 dimensional space. He finally
reach to the quaternion which is in 4 dimension.

As a non commutative extension of the complex numbers,
recently the quaternion has wide applications in the area of
computer game. The quaternion plays an important role in
expressing the position’'s rotation like the physics and the
three-dimensional computer game character’'s action control and
the artificial satellite’s position control and etc.

The purpose of this thesis is to study about the quaternion, from
the birth to its recent application to computer game. The
organization of this paper is as follow.

In Chapter 2, we begin from background of complex numbers to
the invention of quaternion due to Hamilton.

In Chapter 3, we look around the complex number and the vector
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theory appeared in middle and high school text books. We also
study the advanced concepts of quaternion, such as quaternion
group and quaternion ring.

Chapter 4 is devoted to investigate how to use quaternion in
computer games. We try to indicate the usefulness of quaternions
in the areas.

In final Chapter 5, we suggest some ways to apply the result of
this work to high school mathematics curriculum, in order to

make students feel mathematic more comfortable and friendly.
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