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Paul Adrian Maurice Dirac, 1902-1984

o EFH 100 FZ2IRDIRBICHT=>T,
IAREO—AN, T4 7y IOEHICEB LT-L.

o HIFEFRDEHLWVS&DH, ZNICE|EFH<
EFEWNF (QED, 1927) LHEXHMEFH (T T v I HER,
1928) B DFE4LZ LVLWEIHEII>TWVS.

o LHL, NTEURILIDITIINZEZAITTHILLIZIEEEFL (IE
AR 1F, THRAZICBSTHELERLTHD, TE55HF
BEINA3RETATHS.

e EFMDTFRAMZEEICH->THEILICE, TDBEIETEAS
N7 >4y bEdiE FTILZBERICHEB LWL

o EFHOER, BREIZZIRITTEILET A I v I/DEBO—IHEIR
DR > THTLY.
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Proc. Roy. Soc. A 109, 642 (1925)

o NTEURILY DITHIDER/NE(LD TR (HF)
[A,B] := AB— BA
DN B e 2BE, HRAZFDORT Y EN & ORKRBELUE
ICRoWke. HEEEOTIEYV—F
o R=7 VY UI—T I FOEFEHELNBFEEZAWVT, KBFOD
HEWERZE V.
2T~ ~, HEMER 0AO0B 0AJB
E[Av Bl —  {A Blpgi= 9qdp  p g
RITDOFBITER: [h] = [pq]
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EOoLME-OTVWDI CBWVWELELE [...] ELTOHATBE»L<BE»
ICHZFETNTLES T, TICKRT Y UEIMRICOVWTEHS OE % B
FEIRITNUI VWS KIFBICE 27D TY .

(THFRICIIRTY > OIENRICE T 3ERDMEFE Lb o 1)

[ZNIZARORE >7-DT, HEEILMEE >THD, bI-LICZM
HTEELRATLE. [...] BEb-Lid, REEHR < BIC2LTH
LT LTy

(2L T, D 1 Dh5 Whittaker O TEIFH¥1 %5|o5RDH L)

— = - e =

JL7L 77—X0, SH=HMY (RR): TEF0B, 71 5vI0FRK (BRIEE) 15
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The Principles of Quantum Mechanics

e 1930 1st edition (L F'h* 27K r———
/\‘\7 F )L% 'lp' ﬁﬁﬁz&a h )L% ¢ QUANTUM MECHANICS

1935 2nd edition

Math. Proc. Cambridge Phil. Soc. 35, 416 (1939)
“A new notation for quantum mechanics”

1947 3rd edition 754w FECIEZ IR
V=), ¢ — (Y

1958 4th edition

e 1967 Revised 4th edition

AZAEERRISE 2 hRH 5.
RIS, BXIR—ES, IWMEE, EARE (RR): TEFHF) (BKEIE, 1936)
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Ist ed. (1930) — 7547 v bLAHE]

10. Conjugate Complex Observables 25

Now let o be any observable and consider the equation
s, = ¢, B, (17)

where v, and v, are any two ¢’s and ¢, and ¢, are their conjugate imaginaries.
We can consider this equation as defining a new observable j, since we can
assume (17) holds for a complete set of independent ,’s and for a complete set of
independent /s, and since, as is easily verified, if (17) holds for two values of ¥,
it must hold also for any linear combination of them, and similarly for ;. In fact
if (17) holds for ¥, = v and for ¥, = 1, we have the equations

Gsathy = ¢1 81, Dsathy = Gy,

from which we can deduce

Osa(crth + eathe) = T1 G50ty + T dsatdy
= 10185 + C2021s
= (Ci¢1 + @22) B1bs,

which shows that (17) holds also for v, = ¢1¢1 + catbo.

https://archive.org/details/principlesquantummechanicsistdirac1930/
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3rd ed. (1947) — 737 v FDEA

22 II. DYNAMICAL VARIABLES AND OBSERVABLES

defined depends linearly on (B|, so we may look upon it as the result of some linear
operator applied to (B|. This linear operator is uniquely determined by the original
linear operator o and may reasonably be called the same linear operator operating
on a bra. In this way our linear operators are made capable of operating on
bra vectors.

A suitable notation to use for the resulting bra when a operates on the bra (B|
is (B| a, as in this notation the equation which defines (B|« is

{{Bla}|4) = (Bl{a|A)} 3)

for any |A), which simply expresses the associative axiom of multiplication for
the triple product of (B|, a and |A). We therefore make the general rule that
i a product of a bra and a linear operator, the bra must always be put on
the left. We can now write the triple product of (B|, a and |A) simply as
(B|a|A) without brackets. It may easily be verified that the distributive axiom
of multiplication holds for products of bras and linear operators just as well as for
products of linear operators and kets.

https://archive.org/details/PrinciplesQuantumMechanics3rdedDirac1947/
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o EEANRY MILDIFEDEBNRY MILOEREIRZMSF
('|lz) =6(z' —z) of BEOBE: (i) =
§(x) IXMERDBSHEBEK f(2) I2OWVWT

/ " f(@)8(x)dz = £(0),

EBLTEROLSBHD — B o 1251 BBICIRBHEDE L,
o 1T, BB £ ICH T BB L LTHEEMICERE (Schwartz)

0, (f) = (0, ) = f(2)

L. >aPILY: YBEFDOHE (BiK, 1966)
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o FILEBEED n BEWMS 6 ABTHMITES!

| r@s@ar = o),
o« FELANT
x0'(z) = —0(x) (*)
o [ERZREG [7.5] = il 15
@ (5D — DAl = (&' —2)(@'|Ple) = ih{a’|) = ihS(a’ — )
o CN&DEHE p DITHERIE
(@' lple) = 25/’ —a)

BEDLE (x) IFEIRUBEEZTWS. 2aTJILYOHEBZICIZHTWVWS.
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Dirac @754 v bEEiE (9| Aly)
o EFRICHITRIZHESE
o BEICHKTE LB VGERHEIRE (5 & D =)
. EEENEE, BHEY 5 50BAbH—MICRZ S

c, = (nlY), Y(x) = (z|V), P,(x)=(n,z¢))
« ROBBELAE S, HENESEICES
c1D5R 1= Zn:|ei)(ei|
EEAIHETE 5 [0
i (A, = AV e o [0

) (Pl
e Bargmann rEE v = arg(yy [tha) (Vo [Y3) (V3]11) = T1 p1paps
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Dirac <

In mathematical thoeries the question of notation, while not of
primary importance, is yet worthy of careful consideration, since a
good notation can be of great value in helping the development
of a theory, by making it easy to write down those quantities
or combination of quantities that are important, and difficult or
impossible to write down those that are unimportant.

P.A.M. Dirac: “A new notation for quantum mechanics,” Math. Proc.

Cambridge Phil. Soc. 35, 416 (1939)
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Dirac <

In mathematical thoeries the question of notation, while not of
primary importance, is yet worthy of careful consideration, since a
good notation can be of great value in helping the development
of a theory, by making it easy to write down those quantities
or combination of quantities that are important, and difficult or
impossible to write down those that are unimportant.

P.A.M. Dirac: “A new notation for quantum mechanics,” Math. Proc.
Cambridge Phil. Soc. 35, 416 (1939)
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s EFFROXBMDEZIIT 57 v FLEZRA
> BICEFEREFRTIIRAR

o LOL, BEFROABET, T 57 v bMEEZREMICHAL, EA

LTWBHDIZESICHAEL.
» BZBADOMED EREOEKIS+HEEINTULARW)
o TSy MEDEREIFS M8
> W (¢, ) ZREFOITTEVTVARRIS, LWSEBHNAE.
» R DITRECE (0| Ay) DERE
(G| AY) = (Atoly) AFIE (S[{Al)} = {(¢|A}])
o HIFBEFOEADLDICIHRITEAEDNS

FRIZ Aly) o (P Al
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Dirac & dual ZEl> TUL\/: |

e Whenever we have a set of vectors in any mathematical theoy, we can

always set up a second set of vectors, which mathematicians call the
dual vectors.

The Priciples of Quantum Mechanics 3rd ed., Sec. 6
o EFRMOEICRAARTH D e ZeBmL TW . TEL DI

o TS0y METEIE TREE] S0b THHE) ISBEETEES
FHLUENTWS.
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X0 ZE ] D 5 B 7 PR 52

o W (NT RIL) ISBIRZER] (ERRT) LORERE LT, ZDEE
MIRLISERBIND &L SICH o7 (F. Riesz, 1909).

Alf) = / £(2) dpia(2)

o AEBN L THREZHMOBAYE (cg EEH = 2IRVEHRDRA
E#)

o LHL, BRXITTIE, “.. before 1930 nobody had a correct
conception of duality between finite dimensional vector spaces;” (by
Dieudonne in History of Functional Analysis)

o X3t (dual) & WS FEEIL Bourbaki IC&k3  (~ 1938).

REFED HFEAZ TWDO EIFSh3E=3Da0. TYEE) THHE
HEENBLZ E LTI RHTULAEL.
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WA FILDA A=
« TSy IR IR

vector
(function) covector scalar
— (functional) -
v ¢ o(@)

o TR - FER

o BRI LI
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EFRICH TS IOTZER

o REBZRM # OBERTHBZT v b ) ICHLT, ERE 6(|v) 218
FEBICEID HTHRAE o( ) — #RFZABIEK

()l e = o)) el

o BRAZABBOESH WIS ZER 7
e ¢( )% (9| ERDOT LT, ¢(|v) = (¢ly) ERFEEI BDH' Dirac
DTFALTTTHB.

o (BE)WHE (|9), [v) 37y FEDEETH D, MHZEEIFETHENG L.
(5 ):leh ) eI = (l9),1h) eC
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X+ Hi% = 5HE (R|R)

o EBE, STABERIE B3RTI—2Y Y REME) 2 TFHREICLTER
5N3DT, BIHS (RNHERE) .

o ZOEHNHEENBERINBEETADHRL,

o YIETIRBE ONF TIHSENAEN LB EELTVS.
(B) BFH, EFYIE B0, SHS, BO% .

o LAL, WHHRICHAEWT FIO—FH e Shts WHEL).
(B) FREDE, T, SHBTVVIL, RT RIL - RAS—ITE, ..
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737y FEEEDOF R IFHEER

o (p|AB|¢) ICHET B EIT 3SR
($|(AB|9)) = (6| A)(Ble) = (| AB)|¢)
ZITREETRENICRT &,
(¢|ABo) = (At¢|Bg) = (Bt AT¢|¢)
EHo>T, RIROFHABLARMDI-HREBELIEL LS.

IRECEICIIBV, 2T a TEGR BT S7 v FEEEONT—DR
E—2EWoT&LN
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o ¥R (object): A, B, C, D, ... (6DEZICHES)
o 4% (morphism, arrow): f, g, h, ... (R ZDHE<CEKELL)
Al B
calip B L owrnLT, amst ALl o psTEET S,
« TRTOMNE A ICIESH A A BEE (HTEEBINSC
HZL)
o B idgyof=f=foidy,
5@ ho(gof)=(hog)of

gof
/\
A f>B ‘0" D
\/
hog
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754y MTEOERIER
(e - H QA

o WR: {C,H}
e H:C—-C (RHT7—), H —-H (HET)
C—oH (Urvyb),H—-C (72)
CH5 H DEFTEIRE 7 OBEDRICIE 13 1 0.
o 735y MIKBELVWRRIZ, COBICHITZEMRETHICHET 3.

(dlv)a, Bly)(d|A, ...

737y bRIRAEDSEICHT.
C. Heunen and J. Vicary: Categories for Quantum Theory (Oxford,2019)
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jigsaw for bracket
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TAIVIER h— FEHITKZAT
« ISVUDEERK L (fERORT Js)

E=hv TAY2a841»OBEFER
p=h/x F-701DRFKN

o T4 ZVIUIRRBWVEHEINS h DR DIC h:=h/(27)
— TATYVIE, BE (reduced) T VI EH

F =hw
p = hk
o [FEXHEIREERIC
[3.p] = ikl

BEICHIDRTE LB L, h OBNE Js/rad (BEBEBDRT)
MK: BEDRTTE T3V EH, KEOYIEHE 31, 63 (2025).
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