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Queshen : how do e gef Gorn the, ma%@/\naﬁaal p r‘a@ soluhons
to the real physic, solutons ! j do we reed 1ma3fna/3
sdubons o all ¥~ what do ﬂ\@j mean, a/quouﬂ

Arser: T e no;’}j solubons are. o use Rl cemputahonal  too),
which ¢ amahcell J reduce the, Nnumbes &£ oo el olgebfa

to sole o problem, Rutr Hheu're an Inferméd gie,
Step behoeen the real stat cmg/vt jthc cal p@b!@m arch

Hre ral eoluhon o Hhe phtjslca‘ pfbb e onl
6@%@hv@ W we knoo how ‘f‘%e, internizcliote
tMaﬁmonj step back. to Hne raal solubons at the end.

Note: T cont rp,a l\/e, lcal m‘h,uhO/\ Re Hhe lma N
seluhong locaa ej jJ\?b M W\a nasy re, Jusfag
computational ’fbol Al T can say 5 ar\ :
sduton "t does arras fo’a real soluhon osjl%ﬁn
Lot anquilar Qaiu@ w. BuiL e do need to undesstand
Hhe, détalls of whaﬁ T mean bj ‘corresponds’

Example : Lety ol pack at Your homework  problem :

.f;wjo
You could hove wortten down @ 6Xb < matvix, and dicgenalized
t b frd the mohon. This b a horrilde algebraic mess, insteaol

N=6 beads on springs

ou Ll doon He T\:y matrix S, wothout o much ok,
A the N=( @1 ﬁza[ue@
oZn

én‘@” 1%‘ nzl... 6

ord the corresponcling N6 eigenvechrs -
bw n
JEan
() 6- T
b = Gb%-,;/) % Nn= ... é
bz’ﬂ’r Nn

&

e krow (becavse K ad S commute, te. KS=5K) fhat these N=6
V'S must dso ke a@uvadvs & our K pabrix.

Bu the pbler osked Rr the ceal egenvectsrs of dhe < motrin.
And these. (b 7S oe pod‘arrfb r/vﬁgmazzj

S what do we do?

Fracneal answﬂ Toke the real and imagi/\ouy ports of cur B

T’M& s al 50u r@a‘llj need 10 remember.

Bt 1 oleviate some more corflsion, lefs ook i more defail
Tt see 0% this pachicd strateqy torks

Fetr: b7s ae @}Sanw,cn)@ Ff real K matrix with zal @3@\/&}(4&5 3
Lets poe 2 simpe ard relvant  fheorems

Thv: TF 7 is an dgenecthr of a rea patix M with a red
eigvalue ¢ Mm U (Complex conugate oF ) 5 also
e@envemr M with the some elgenalie. <.
Pocf © Mu* = (Mu)
N—
Puj[ M inside. the

= (C&CU’*

con pull ¢ oudtside

complex cor\J ate operndor the complex oor\\)uga-r-e, operafor
b,c»&us& M S (w, ]Q&C&USL c s r‘eol)

so M*= M 50 c*=




Mu*=cu* = U* 5 an clgewechr P M
corth &Be/\vapua c

Consequeces £ s theoem > o ma55—5pm‘énj preblem -

TP ™ s an Ceﬁmwv F K, then b muest ake be
on 6?36/\/@(;1‘0/ K.

But we 0““’/5@‘3 ko oll N=G aﬁgﬁmm F k.

So & cach )™
Some of

) b must also be an elgenvecior.
e 7% must be complex conjugptes oF each othes!

Nole that for n=N2=3 and n=N-=¢ the V"5 o
dready real, so they o trvially theic own camdex con S
J J Y Qugate:
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For ofher values of N we have,
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So in gerecsl, B < b

Te B how complex cigenvaues of patrix S zo the Gboe
theorem dloes nof opply. Bt the 7' have red coprvalwes oF
matix K (because Y these, ae the real Requércies
the systenn), ° te dbow, thevem dozs aply.

So b = ogd these, 2 a)gww’rb@ share the same.
@8@/\\/&]% K with wlue  Y-a?.

Teorem . TP 2 tgevects Uy ad 1o of matix M shae

an eaenvalue. &, then oy lnear combinahon of vy and U
5 dss an digenvechr ofF VM with the some cicevalue c.

(Note.: this s theorem dees net rzzlj on Madc b@inﬁ @al)

Procf : Mav +bvi) = oMy, +bMuz = acuy + beve = c(auirbvy)
S avi+bUe s an @3@‘\1% of M coith 62?2/\\/61/1}@ c.

(Note is Hhis true. £ any genera! eigenectors v ord vz of M7
No, Ui and v, must

shore fhe &Beﬂ\lalue c.)
Corsequentces of s theoem T owr mass—ﬁpr}ﬁ prblem -

(e already knows Fom the B theoremn Hat B ad b7 are. both
ciﬁm)ec S o the red K SW;f\ﬁ fhe some. real eigenvaue. -tor

> mj brear conbo o b and b7 15 also an ebenuachr of I
50 b, BB g BB
2 U
Cre d@@n\/&db@ &£ Kk

S e g bock to cur original pracheal anscoer:
foke the e ond ports F each b

Mathematicoly, what facts did we bove o cely on o ger to this port?
Oﬁ!y: K iﬁ real ard -ton® B real

> Quite eresaly, R any ceal Lorld pblem n wWhich come up
With 2ome. set” o «/mﬁvgay &5@\/@&0@1 Y con Juet the,
Re opg Im ports
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