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CHAPTER 4 : COMPLEX NUMBERS IN “The Mathematics of Quontum Mechanics”
1.0: Introduchion

“Real numbers (R)

1A* What is o complex number?
: Imqgiv\aw unit number (1) : square root of -4

A number is \vv\ag'w\ary if its squave is V\ejcxﬁve-
* Complex er: any ¥ written in form Z=0.+bl, where o § b are veal Hs.
R 1A \V\Ary
Z=0t e Jpart
[ Re(®m):=a
veal _
oy Tm(2)=b
* Complex_plane’ a visulation of complex  numbers us‘\vg the Y-axis +o dencte -the veal part, and the y-axix fo denote +he \mag'\v\av\/
Puv-}.
1.2 : Doin

wmoth with complex  Mumbers
. (‘,ow\‘)\ex 0dditon z+w= Ca+bi) + Cc+di)

SUMMARY OF PROPERTIES
2t w=C(a+e)+ (b+d)L ZrW=W+E
* Complex multiplication® zw= (a* b (et di) 2w = W
2w =o0c+ adi+beil + bdi ZrW=Zr
2w= (dac-bd) ¢ Cad + be) L
Complex Coppgaie’ +he

com plex COV\\')\ISG‘{'C of complex number z=a+bl is z=a-bi
* ModUlUS of O complex wumber z=a+bi ie 2l = daz+b?.

Z-2z
[ FETY a\ways real ond poshve.

=|= |zl
L Distance  from ovis’m to coW\plex number own covv\p\ex plane. [2w) = [2||w)
“ ootk 9 |z|*s 2z . 2 +w| < 12|+ |w|
* Complex dwision: Z 7 ppT @t arrer

2“=$=13?“- 27#040L
1.3 tuwler’s formula and +he polar form

* Ruler’s formula : €°=C0sO + L6NO, where © ic a real number in radians.

0wy complex mumber % =atbi can be writen in e form 3=|xle'®, where © is the angle between the veal axic and complex 4
W +he complex plane. polay fovm

“ o= avctovx(.%%, o= avcsin (1), 3 0= arceos ()

20 ¢ known os +he mgu _
" Periodicity: +he funchion €'° is a periodic funchion of © with q period of 27 ! (e¥2m - &
) u\wajs has o value befween O and 2T
‘The complex conjugate of [2le®® is fele”?
‘Summavy of XvoPevﬁe,s of the polar form: '

eteeu‘b: guerdd zw = (\%le‘g)(\w\(’f@) - H\Mex(e*m

() = e (for any number )

2o = (e)" = g®

ment of +he complex wumber

|eiel = e o T ei0p O o it o
el =gl

since €3¢ = cos(£am)+ Lsin (L27) = 4, then el(8E2W) meiv ot —pin

PAPER * “Why ave Complex wumbers needed i quantum wmechanics?”

* Quawtum mechanics  deals  with complex O\uamﬁ\es of a SPQOIO\ Kind, which cannot loe s‘)\ﬁ info real ?
that can be -veated seperorm

G wave  fynction 3 quantum stade  vectors

> watix: (Cp, 21 = - LR .

S wae  formulation (L‘m%} HY)
* Justficotions for the need of cova\ex numbers

DThe ’\vvxposs'\b\\‘\Jr\{ of hav‘wg wformothon on pos'\ﬁovx when momentum 18 emc—k\ni kwnown
@ The fact +hot appears ex‘;)\icH'I\' m the Shwodinger equohon

@The desoviPﬁOV\s of Sz,,Sn, and S2 in seque,yrha\ Stevn - Gevlach epFev‘wv\evn‘rs
®Tve demand Hor contnuous Hransrhons

\vvxaf)mavj paﬁs
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SECTION A+ COMPLEX NUMBERS IN QUANTUM MECHANICS IN “Ilinois Course Phy 580"
Tl ois everywhere in quavﬂum wmech onics

“ Heisenberg's  commution Jrelation : QP-PQR- 1R

\qsmrbd\nﬁcv‘s equadion * 1 9, ¥= HY
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