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s BEERAL 1, 7 =1

- hEHAILS) . V-1
e B8 :z=a+bi ab€eR

e SCER i Rez=a €R

s EER :Imz=b ER
- B H  MERZHESICAC
o« XEHARPRE R ENAYSEED
v FRE R EAY REED
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« B8z, =a, + by, z, =a, + byi

e %L 2z, +2, =(a; +a,) + (by + by)i
_3}\2*5 . 212 = (@103 — byby) + (ayb; + byay)i
$48 1 Z; = 2] = a; — by

o 1R |Z1|_\/lel \/a%+b2

« 3 z? _W’ Z{ zy =2z12{ =1
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cz=a+bi =re'
* 7 =|z|
_1b
*§ =tan"1-

a
e BRI /AT e =cosf +isinb
ea=rcosf, b=rsind

¢« 2,7, = 1y1,e01%%2)  REKAEFE MR AARN

o 7N — yNpind
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*EX CBFERNEEFEERENTRENREY, BVIINAH
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1. x+y=y+x

2. x+(y+z2)=(kx+y)+z

3. FHEE—MNFREBOEFSYNTERXx, x+0=x

4. NWEEx, FEE—MNERE—xFSHx+(—x) =0

1FexFEFx

(c162)x = c1(c2X)
cx+y)=cx+cy
(Cl + Cz)x = (11X + Cr X
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A S S AR T LR BIE S SE, REELEX
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CMEX  EEBAZ, 2, RAMTE LY B Y FRz, +

¥ CnZn = ORBEfC, = = ¢y = 0
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E%u (quantum\stgate)  BETRGRE TE%\HT?'JE’J lk,u_fu

lm

=E (=E) NEE|d)iEr, FE#
,uﬂﬁﬂ)???ﬁ HERE N, mE |A)M|B)EE T, ﬁfé/AcllA) +
GIBYERETR, HPaHoR2ERRTEEL
o |AYIUH K (ket, ket vector)
s —RETFRENNMNEMT(EELRER, BREMEHINRITIE—
A BRAEM L F = (8]
e P. A. M. Dirac, the principles of quantum mechanics, pp16

\\'.. NOW Assumn H;n! cach stale u( ¢l «ft/r.un.u'u} sysem al a }U'.'-" wiar
4 '.( ."“‘l A T "‘ ‘l“J.. '-" .,

lime corresponds to a bel veclor the correspondenc
state resulls from the superpontion of certain other states, s correspond
ing ket vector ia expreanble lincarly in lermas of the corresponding ket

veclors nj the other sales, and conversely. Thus the state X resuits from




NFRF AN FRZ g

s CHRERTR [ mEBuMviIRIR dutv = Y1 4o, + -+ Uy,
s —REZMTEVEIATR(Uv) VXV > C
« HIE (wv) =(v,u)
* WEZANTELM | (wov) =c(u,v), (wv+w)=(1wv)+(uw)
e FTEM (wu)=>0, FESHIYENYu=0
AR NE—NTEAZHENELNE, MEZ—ITEHIE
 {(au + bv,w) = (w,au + bv) = a{w,u) + b{w,v) = a(w,u) + b{w,v) =
a{u,w) + b(v,w)

* EX 7 AT (8] I TR = 8]




NFRF AN FRZ g

s R"FERTR | mBuflviIAR Abu’v =Y, wyyv, + -+ u, vy,
« —IESEZ MR EVAINER (W, v) VXV - R
* XX . (w,v) =(v,u)
* WEZNTELM | (u,cv) =c(u,v), (Wv+w)={(uv)+ (uw)
c FEM :(uu)>0, ZEEHTEENYu=0
FE  NEZNTENEEINIRE D UHFEENE T EL M
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s REMTEVIIRIR (W, v) | VXV - C
. %%ﬁiﬁﬂ]ﬂﬁ?%%ﬂﬁﬁ%ﬂﬂ MAREL T LB L EEEEZEH
[
/\
* vy, VR ESMTEV EN—AHE, 1E§i§l<vi:vj> = Gijo *E?EEXQU =
gji
VYuweV, u=xv,+-+x"w,, w=ylv,+-+y",
s (u,w) = (xMvg + o+ XM,y o+ Y ) = 3T By g




AR B A XS B = (8]

%‘f':VE’JXﬂE'% S[EV", V'HRRNITTREMAVECHZL LR %L
BT NAR T PUESZ YV - VR ——BREY

VYveV, g,V-C g,(w)=(vw)
EEEHGORVHOTE (0,0 RE-METROER REAS
B
s N ZBIXSFV*_EE RS TEREAR A A ER

« (v,w) = viw




B o C"HIRRAERER

s CHRERTR  MEBuFIvEIRIR Jutv = Y1 Gv, + -+ U,y
« C"AIXS B = 8] (CM)”

° @nJ:E/‘]*/j—:}E% . e = [O,"’,O,l,O,"',O]T

* FIARRBEIXNKAC) FHTE © ge,(W) = w;

s R | ge,(€)) = 6ij. BAIER g, FhEZ BT
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s EFSITENSZEEEZRNTRE 8]
e £ (bra, bravector) : (A]

(A|5FIJ,L,\_—|:I\EHEPﬁ%H)E’J?@%EEIMIIEﬂJ:E'JIj\ﬁ/\/%m
- RIEEX 1 (AIBYFLZ |A)F0 |BYRARFR

* P. A. M. Dirac, the principles of quantum mechanics, pp18-19

lm

We shall call the new vectors bra vectors, or simply bras, and denote
a general one of them by the symbol (|, the mirror image of the
symbol for a ket vector. If we want to specify a particular one of
them by a label, B say, we write it in the middle, thus (B|. The
scalar product of a bra vector (B| and a ket vector |4) will be
written (B|A4), Le. as a juxtaposition of the symbols for the bra
and ket vectors, that for the bra vector being on the left, and the
two vertical lines being contractod to one for brevity,
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« mxnfI BB FAT 2IEMITnI EHEE—iE
s FEFERIEFECRM Z 51—, RE2H FIEE
s SEFARYHEE EAT = A = AT
* (A7), =4
. (AB)T= BTAT
« FTIPEARYIEXERE
e ATTA = AA" = ]

* FrB R REERXNRNET T AR H 2 E R




|45 —(1) Nl z=(l.’ NP _01]

(1)_ ] (i) _l] _[(i) _l] [o —1] _[o —1]
11710 —i1 _

O"-'i1 O(]) [Oo_%z

ol- [o —:_]:i[1 0.

01[0 L0 i

—11L1 0
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E%E SjE]. NRRFE 5B
« B KEEPEF 4 IESEBE




JE K (Hermitian)%E f&

* WFRFEFEST = SHYHE

* BAKIEREHT = H
+ BKAEMER T

+ BIB | BKEMHT =H, WTEBMzeC", zTHZE23HK
« FAR : (erHz)Jr =zTH'z = zTHz

lnn
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esErE o=y ) e=[] ] o= _01]
T _ _
[(1) (1)] 22 é] -? | _[? l] [0 —1] _[o ~1

* JBAEEE R KR



B AE R 5

« B | BEAREFENFIHEEE S
* UEAA
e Hz=1z, zTHz=1z'z, zTHzE3¥ zizthE2ELHK
* FTIAZSEEL
R BRI R EE R R R
* UEAA
¢ HZ]_ — Alzl, HZZ — /12Z2
;
» Mz3z, = ZYHz, = (z]H'z,) = (21Hz,) = (N,212,) = 1,2z,

. ZIZZ =0

I

lnn
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= o[l 2= v= [
J?}ﬂm%ﬁﬁﬂ%ﬁﬁ%
e 1l=1 v=lﬂo A=-1, vzl—li]"
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Bl . =T HF

- TMNE - SNTNNENT—NEXREG (60F) . BHRIER
RATER AR T XA TN B AT T BT B4

| XWERAELH, FTIUFTEFEE ASBE KB
* P. A. M. Dirac, pp36

We can infer that, with the dynamical system in any state, any
result of a measurement of a real dynamical variable is one of ils esgen-
values. Conversely, every eigenvalue s a possible result of a measwre-
ment of the dynamical variable for some slale of the system, sinoce it is
certainly the result if the state is an eigenstate belonging to this
sigonvalue. This gives us the physical signifioance of eigenvalues,
The set of cigenvalues of a real dynamical variable are just the
possible results of measurements of that dynamioal variable and the
caloulation of eigenvalues is for this reason an important problem.
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B Eenxn]e KFEEHNFIEEEHMC —H AL

]:izl —11”(1) —01]}[1 —11]

"1 _i]:iz_l _l”o —1] 1 _zl]
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A EE  SOTUNENR—NEXEH (EK) . EX
s PR E M BRSSP — A F T e & .

*F

s BRI HNEEE/REN, ETHFENSZTB—RELTIRAMN,
BEEPR EFAT— ﬂxl_h/l:\ M ERENF=E, FMzaiRNREE
EE’E/AT TREZEHEEHNFIRNNEA.

AR T AR S T KB T M B A S
°%Tz%ﬁﬁ%%7uﬂﬁﬁ%%m i 55 B4 I K 4B T Lo B 5 £ A
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YRR R BB KB H AV (R 1), -, In) AR A 28 8
—AETRER, B 7 HERABR L BN
EE—AMEET SRR E X AL A S

V) =1 [1) + - + ¢y n)
BIR [o)th IR —LE, (wlv) = 1
CHEEE | WIS WEYIEEH | BAVEREEL, HE
VB IR RN S T R D). I BSRIMABEERZ c|?, o
EWMEE D2 (BiR v). [MEEEA1)
IR | HIEN BT AvIIEYEEHI R E
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2T 1F

. .10 1 _[0 =i 0
FER o =) | o= ], [O o
o F ﬁﬁ%ff‘zj—- . Sy :%O'l, Sy =%O'2, S, = 0'3 TEEIJT ﬁEE/‘J
==
. % :{EEE?xHﬁ HiE A1/ 209 ARES
.%'1' W[O]+ [O] STz A E RN AES & A
« FRIAXT T B FxFa BEeAL/ 20 AR EZSNzF 1 BEe, 50%Y 0] g5 211/2,

50%AY o] BE 5 & -1/2



4 IF4EF%E (unitary matrix)

« IFAX5EME  QTQ =0QQ" =1
« LIE5EPE - UTU =1
« URmxnfy, UTU =1<=>URNF|EEELERF—HK
c UR A UTU=UUT =1
« Z EFERFEFIE =R
« C": MEuMvBHRTR A uTv =YX v + - + Uyv,
* |Qz|* = 21QTQz = z'Iz = |2/
s ZAFTHRFEREHNRNTFRAE
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Z\ ‘%3 Bf':

« ZIRUZFHME, UTU =1
« URyTTSl T det U

e detUT = detUT = detU

- RETIEXMAE, HERERA, detUTJUERUFHIITTERIRIRA
KA, MU NTERURTTERE LT, FriddetU = detU

e detUTU =detUTdetU =detl =1, Prl|detU|?> =1
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« 52: H = H*%Jﬁﬂé_’ﬁﬁﬁi, AU = eHENAL]]
« NRxZENLE, e"HIE A1
e H = QAQT
ol
-U=ei”=Q[ ]Q*, FRIAUTU =1
o idn

i3 2
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» BFSHERT ERL %?@Z’zﬁﬁiﬁﬁﬂﬂ? HRL TN B R E TS ST 1R
iho-1A(t)) = H|A(D))
- HERGWREWME (BE) MRWEXER ()

MBHREH AN, FHAIAQ) = e 0 1A), hiE
AR RORAL FB— 1 4 EAERE A
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