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31.m Tue Nov 05 14:35:18 2013 1

S$Assumptions=$Assumptions && {a>0}
f[x_]1=1/Coshl[a x]
ke=Integrate[f’ [x]"2, {x, - Infinity, Infinity}]
2 a
Cut([3]= ———
3

pe=Integrate([x*2 f£[x]"2, {x,-Infinity, Infinity}]
2
Pi
Out[4]= —-
3
6 a

n=Integrate[f[x]"2, {%x,-Infinity,Infinity}]
2
Qut[5]= -
a

ke=Integrate[f’ [x]1"2, {x, - Infinity, Infinity}]
8 a
Sgrtfal] (1 - 16 a + E } Bgrkl2 Pi]

pe=-2 (1+Exp[-a 4"2])
direct=0, exchange=—Exp[-a 472], self=-1
n=Integrate[f[x]"2, {®x,~Infinity,Infinity}]
8 a
(1 + E ) Sgrt[2 Pi]

Sgrt[a]l E

(ke/2+pe) /n

Plot[%, {a,.1,2}]

FindMinimum[%%, {a, .5} ] WA
out[12]= {-0.340238, {a —> 0.490313}} QJ'WJ

flx_]=Exp[-a (x-2)"2]-Exp[-a (x+2)"2]
ke=Integrate[f’ [x]"2, {x,-Infinity, Infinity}]
8 a
Sgrtlal (-1 + 16 a + E ) Sgrt[2 Pi]
Ont [I5]= ————————————r T
8 a
E

pe=-2 (1-Exp[—-a 472])
direct=0, exchange=+Exp[-a 4"2], self=-1
n=Integrate[f[x]"2, {x,-Infinity, Infinity}]

8 a

(-1 + E ) Sgrt(2 Pi]

out[l7]= —————————————————————
8 a
Sgrt[a] E

(ke/2+pe) /n
Plot (%, {a,.1,2}]
FindMinimum[%%, {a, .75} ]
Out[20]= (-0.306583, {(a —-> 0.766212}}

exact: -0.480369 & -0.517251
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Pliysics 346: QM EXAM 3 2008 November 24

Complete no more than 5 of the following problems

1. (R-R) Consider the problem of two attractive delta function potentials symmetrically
located abont the origin at 2 = -ta, with dimensionless Hamiltonian:

, 18
H o= — ;é é}‘é‘ + V('.’L‘)
where
Viz) = —[3(x - a)+ d{z + a)]

(a) Calenlate: (fIV{2)if)
(b} Caleulate {f|f} (You may find the integrals on the cheat sheet helpful.)

{¢) The below plot shows {H) plotied as a function of b € {0,.2] {or a = 2. Use this
grapli to make as precise statement as you can about the exact eigenenergies of
this system.

() Suggest a trial wavefunction to approximate the ground state of this system,

0.10 -

(.05 -

(.05 0.10 020

~0.05 - ' S

2. (R-R) The ground state energy of a system is estimated both by the Rayleigh-Ritz
method and by a second-order perturhation theory calenlation. The Rayleigh-Rits
result is —27.1 eV; the perturbation theory result is —26.0 eV. Which lies closer to
the true ground state energy? Why? What is required for the R-Rmethod to give an
accurate bound for an excited state?

3. (WKB+) Consider the potential
Viz) = Az

where A is a positive constant. Provide rough sketches the three lowest energy eigen-
functions. Label the ground state 4y, the first excited state 1y, ete. Consider the
symmetry of these three states: record which state{s) are even, odd, or of no definite
symmetry. Some integrals must zero simply because of symmetry. Which (il any)
of the following integrals are zero because of symmetry: (alia), (Unfn), (falelyr),
{iale)the), and (fz,m]d%h;fg). Sketch a Iarge n wavelunction {40}, being careful to show
wavefunction behavior (o variation ol amplitude and wavelength) as required hy WKB.
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