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HWt - Solutons
50 here .
4a%\ ¢ 3w 3e* 3
2 = — T 2 .
(%) wirky =2 =222, (57.178)
EE%[%\B 5= dz = 42 WP_J n-x (87.179)
B |8H ¢ S a” \2/  4at )
The best value of the parameter satisfies ’
dE 3 15
OI%IMIM&M (87.180)
or a® = 5. The energy estimate is
E= m% = 3.847 (87.181)
This too is greater than the true value, by about 1 %.
,\muo_u_mg 7.15 WKB Estimate for a Quartic Potential
The phase integral in equation (7.252) is
T4 T4
P = \. V2m(E - Azt)dzr = w.\ V2m(E — Az)dz (57.182)
x_ 1}
where the turning points . are solutions to F = Az*:
EVE
Ty =+ AHV (S7.183)
With a simple change of integration variable ¢ becomes
2y %
=2 A%v EI (S7.184)
where
1
I= \ (1 - ) dt ~ 0.8740196081 (S7.185)
o
Then from equation (7.255)
_/ a\¢
where
_ 7y 1\ # 1\ #
E= mm.mv T + mv ~ 2.1850678891 T + mv (S7.187)
The lowest values are
. Ep = 0.8671447665
Ey = 3.7519175005 {S7.188)

E, = 7.4139834646

The fractional errors are about 18.2%, 1.3%, and 0.56%, respectively. As expected, the WKB approximation

improves rapidly for the higher states.
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terms and correspooding higher order excired states.
The initial state is |0>, so from (5.6.17), we have
O ) = 6, <P = (-1mpTe Eo ) el (x| 00" ()

Next we note that

<l @0 0> = a7 Tajz?(0> @
and from (2.3.24), we have x2|0> = (k/ow) (avaN) (a+al}|0>. Since a|0> = O,
atjos = |15, afl> = |0>, &'[1> =Z|2>, chms 210> = (K/2m)[|0> +Z]2>), and
therefore Q_Nn_ovn Q..‘Nﬁeummvoaqﬁmu. e see that if n# 0ot b # 2, n_m_.vnnv
of (1) vanishes because <aix’|0> vanishes in (2). Only the following coeffi-
©, {0, eV - (-3 7K/ 2m)

hnln.:mn. = .mhp»ﬂanln\a.. 1)1 (which for t/tr >>1, gives nwd 5 —fAt/2mu), OMS =

cients are relevant to our discussion: ¢

?inhsl.h m...ﬁi#ﬁoumuvn.\&rnnn.\ Tae' = =i/3a/2ou(lit - 2wi).

aAfter a long time duraticu of perturbatriomn, the state pecomes [see (5.5.4)

and (5.6.1)}
. ~iwt/2 ivZA ~i5wt/f2
[> = [1 - iAt/2male we/2)g, Y LI 7y /25 €))
(Remark: higheT order temms like PN. b.u. ...... are ignored.) So the probabilirty

for the system to be transmitted to the second excited state is

2 2.2 2
[al [FAIs 1 _lal
P, = [1+ + = 1. (&)
2 NBMBNAH\AN}NV kUNBN 2 .!.NBN?..EN.—.H\ANU
There is no probability for rramsitiecn to otber states suck as [12,[3>5.0c00es

(o3 Acosut
| nﬁm @] = %" v(t)
Acosat Mm

(a) Let us write |1> = ﬂwv and (2> = AU. A geperal state is
lant> = & (exp{-EL /] 1> + oy(e)expl= ey |2
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