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ORDEN DE LA PRESENTACION

o Particula libre
@ Mecanica cuantica
@ Black-Scholes

o Integral de trayectoria

o Perspectivas




Finanzas

@ Black-Scholes
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Particula libre y Ecuacién de Black-Scholes

@ Particula libre en una dimension

2
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o Segunda ley de Newton

(*]

F=mx=0. 3)

@ Simetrias
o' =t+p4, X =x,

ot =t x=x+c,

ot =1, X = x4+,

ot =dt X = ax,
/1 /I _ _Xx

SN 417 X = yt+1



Particula libre
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Cantidades conservadas

o P = mx,
— P
o H=45_,

0 G=1tP—mx,
o Ky =tH — IxP,
o Ky =1*H — txP + %xz
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Algebra de Schrodinger

o {P.H} =0,

o {P.Ki}=1iP,
o {P,K»} =G,

o {P,G} =m,

o {H,K|} =H,
o {H,G} =P,

o {H, K>} = 2K,
o {Ki,K;} = Ky,
o {Ki,G} = iG,
o {K»,G}=0




Fundamentos de Mecanica Cuantica

@ Principio de incertidumbre AxAp > %, p = mx
@ cuantizacion p — p = —ih%
o Ecuacién de Schrodinger
]
o (x,t R? 9% (x,t
ot 2m  Ox?
o P = (x, 1) (x, 1)dx
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Heisenberg {A, B} — [A,B] = AB — BA




Integral de Trayectoria I

o Propagador

- 3 %(Z—Zo)
U(Z, t;ZO,tO) = (m) e (r_’O) 5 (7)

o Kolmogorov-Chapman fy < t| <

o
U(z2, 12320, 10) =/ dz1U(z2, 02521, 11)U(z1, 1520, 00)  (8)
—00
@ Ademas, sixg < x1 < xp < X3 Yih <t <ith <13,
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U (x3,13;X0,10) = / dxyU (x3,13;x2,12) U (x2, 123 X0, 1)
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Integral de Trayectoria II

En general, si

Xo <XxXp <X <XN—1 < XN = Xf

<t <fbh - <Iy-1<IN=1I,

entonces se encuentra
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U (xg, 13 X0, t0) = / dxy - - xXn—1

—00

U (xn, tn; xn—1,tN—1) U (xn—1, tn—1;X8—2, tn—2) - - - U (21, t1;

es decir
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Integral de Trayectoria III
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1_IN:()ll( (Zl’l+17 Tnt1; Xn, tn) — HN:I 7
= =0\ 27ih (tyy1 — ta)
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Integral de Trayectoria IV
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U (x7, t7; X0, fo) = / Dx(1)enSt ), (14)

donde

S(x(t)) = /tf dt% (%)2, (15)

fo
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Aty— 2mihAt, (16)







Ecuacién de Schrodinger

°
LY () I PP(x,1)
o = Tam o2 &
°
, ot + B /_ w
LT e YT Tt o o
W (1) = <V7t+5> ey, 1), (1)
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p = —ih(%, (21)
X P?
o -
G = tP— mx, (23)
K, = tH- % (xP + Px) , (24)
Kk, = PH- % (xP + Px) + 22, @s),




Algebra de operadores

° [P,I:I] =0,

o [P.Ky] = P,
° [13, Az] = ihG,
° [A,G] = ihm,
° [Fl,kl] = ihH,
° [A, A] = ihP,
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Niederer, Hagen in 1972, S. Lie, 1882. Ecuacioén de Fick.




Black-Scholes

°
9C(s,1)  o® ,0C(s,1) 0C(s,1)
% - 3% a2 T g +rC(s,t),  (26)
9 s=¢
° 8Ca(;c,t) — _0'762(3;5;6 t) + ( _ ) aca(;,t) + rC(x, t).




o C(x,1) = e["lz(ozz_r)xﬂ;z(f”)zr]lb(x’ 1)
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o Simetria Conforme
at + ,  ax+vt+c
! = = 28
iy L N+ (28)
W (1) = ( i+ 5) 329D (x, 1), (29)
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Grupo de Schrodinger y Black-Scholes

p_otB o (35), (), 31

vt 46

@ Precio
o C'(s,1) =
—2a2'y(%2—r)t+2a(v5—’yc)+2a2(a—6)<%2—r> —’yaz(lns)

(\/m) Ky 2a2 62 (yi+6)
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Hamiltoniano de Black-Scholes
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Grupo de Schrodinger y Black-Scholes

. .0 i [o?
I = —ZS&—F;(?—V), (36)
2
H, = 7112, (37)
G = - Lns, (38)
(o)
K = iy~ (InsfT 4 Tlins) (39)
~ ~ t ~ ~ 1 2
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Grupo de Schrodinger y Black-Scholes




Integral de Trayectoria I

@ Solucién

C(x, 1) = /OO dx'G (x, t;x/,t') c(x,t). 41)
C(S,1) = SN(dy) — Ke "TON(d_). (42)

o Propagador

=ty (60w (F )’

Gx,t;x,1) = ——e¢ 2= ,  (43)
( ) 2o (t — 1)

o Kolmogorov-Chaptman

[e.9]

G(xz,tz;xo,to):/ dx1G(xa,t2;x1,11)G(x1, 113 x0,10)  (44)

—00




Integral de Trayectoria
Sixg<x1 <xp--- <XN_1 <y =Xl <1 <l - <
In—1 <IN =1,

Bl i) = / T TG (1, 13 o ) - (45)
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Integral de Trayectoria

0 Aty = tyr1 — ty, Axy = Xyr1 — Xp
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Integral de Trayectoria

G (xf7 Ir; Xo, tO) = /Dx([)e_SBS(x(t)), (48)

donde
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