3. Quantum Mechanics (Fall 2004)

A positron has the same mass m as the electron, but the opposite charge. Consider a set of states
containing one electron and one pesitron. A complete set of these states can be labeled |ry,r_},
where ry and r_ are the positions of the positron and electron, respectively. Normalize these states
so that

4T | 'y, rL} = dg(ry —ry) Sz(r’ —r_)
Then if the system is in any state |¢¥), the wave function is
P(ry,r_}) = (ry, r-[1)
In this problem ignore spin.

(a} In terms of ¥(ry,r_), what is the probability that at least one of the two particles is farther
than a distance b from the origin?

(b) Write down the Hamiltonian for this electron-positron system, including the electrostatic
(Coulomb) interactions between the two particles.

(¢} Letr=ry —r_and R = %{m_ +r_). Write the Hamiltonian in terms of the new coordinates
and their canonically conjugate momenta p and P. :

(d) The bound electron-positron system is called positronium. For states with zero total momen-
tum, write a formula for the possible negative values of the energy!. What is the approximate
numerical value, in electron volts, of the ground state energy?

{e) Define the charge conjugation operator C' on this system by
Clry,ro) = |r_,ry)

Show that €' commutes with the Hamiltonian. What is the eigenvalue of C' on the state of
lowest energy?

0. = 1= SR T[0T 2 er, BN e sindride,do ] sinfoe do.do.
b' H = ,EL + ._E'— - ____g,,f:__

S Y i#_r-?.‘__ —_—
“?.. o 2\ - - 1 B S I -y
S T= o, v = AgRD, Bl sdufl e 0w = i [k 287
R s B o o b
TG R, |~ yme TP - 5
T R 1
o 5 q@pYs 1 €. P¥ . Pl B
HeT+V = m (& +qm(£’) TUMGTE  Ym ¥ 1y SR
T

d, Tola! Mamgnfum Zep = £=0 % H-= %m‘ Lf'lTEa 171

which ¢ Hydﬂ?ﬁﬁh afom witth w =Y %

S m K e , w m,fg:;ﬁ'{f = L(.,,ig,bﬂu): ~6.82eV
Uanter  [n=i ::1‘: L ————
= C_‘?"‘]F‘*,F:} = L LT -7 )lr-t.-r'w" ( f‘zjr-rr"‘?_. B
ol )= ol Y ) =M(:}"ﬁ)|"-i >bf‘-?SCr=—rC
n all states Since /7€ e Tor an ehtire pasis .
.zlimjafwcﬁ ?:?c go’ E‘; S -): )¢ =-pC, CPe C(2mR)L2mB)C=PC
..-C-' i [‘-q-' -ﬁ.ﬁ""& I- ."‘ H(, = LH E]—*G %‘Crf}thi*ﬂ*’& ﬂfﬂH’Egﬁﬁﬁff
Lilke Hyirvyw, im:sf svrte it Sphfnta.“ cymmelii 3 CIVED = YR = 1HR)7 - )= |



