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1. Consider Euclidean motion (in an inverted potential) of a given energy E < 0,
leading from z; — 5 (71 < 72) in time T. As a potential take V(z) = k(2 — a?)?
with k = 1/8a®. For one instanton-like motion (without turning) it is clear that as
T — oo then 1 — —a, r9 — a and £ — 0. Show that in this limit

E = —8a%e T,

HINT. Use the classical formula for 7. In the limit £ — 0 the integral will contain a
singular part that can be divided into a finite and still singular part by subtracting
and adding ((z — a)? + 2E)~'/2. In the finite part one can immediately set F = 0.
The other part can be calculated exactly for finite, but small E.

2. Zadanie do wyktadu 6 z pierwszego semestru. Czastka o masie m i tadunku e
porusza sie w stalym polu magnetycznym B skierowanym wzdluz osi z. Funkcja
Lagrange’a dla tego przypadku ma postaé¢ (dlaczego?):
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Wyliczy¢ propagator dla ruchu od punktu @ = (x4, Y4, 2,) do punktu b= (b, Yo, 2b)
w czasie T'.

Wsakzowka: Wygodnie jest wprowadzi¢ zmienne x'(t) i y/(t), ktore odpowiadaja
przejsciu do uktadu obracajacego sie ze stata predkoscia katowa a. Nalezy tak do-
bra¢ a aby w tym nowym ukladzie funkcja Lagrange’e rozseparowata sie na trzy
niezalezne funkcje opisujace ruch czastki swobodnej i dwa oscylatory harmoniczne.
Pozwala to na natychmiastowe napisanie propagatora, ktéry nastepnie trzeba prze-
pisa¢ w zmiennych wyjsciowych.

3. Derive the Van Vleck formula
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for the "quantum"part of the propagator

K = F(T)exp %Sd
for one dimensional problem of a particle moving in potential V. Start from the
Schrédinger equation
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ih%K(m, To;t) = + V(z)| K(z,x; ),



write

K:exp(%s—i-lnF—i-..)

and expand K in powers of h. Show that in the first two orders in /& the Schrodinger
equation reduces to

95 + i(@msf V() =0, (1)

and ] ]
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O(InF) + QmﬁxS + m(‘?xS@x(lnF) 0. (2)

Differentiate (1) af;% and show that the equation obtained that way is identical
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to (2) where In F' has been replaced by %ln 2950 UP to a constant that can be fixed
from the normalization condition of the propagator for t — 0:

K(xp, et =0) = 0(xp — ).

. Dla propagatora czastki w polu magnetycznym z zadania 2 sprawdzi¢ uogoélniony
wzor Van Vleck’a wyliczajac

2
F = const. det (_8 SCi) ,
0aob

gdzie F jest czynnikiem normalizujacym propagator ( K = Fe®+).



