Solutions to Midterm
No.1
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Conservation of mass-energy requires K + 2mc? = 2F where K is the electron’s kinetic energy,
m is the electron’s mass, and E is the gamma ray’s energy.

E =§+ch =(0.500 +0.511) MeV =1.011 MeV .

Conservation of momentum requires that P, =2pcos@ where p,_ is the initial momentum of
the electron and p is the gamma ray’s momentum, L 1.011 MeV/c. Using
c

Ef_ = pf_c2 +(mc? )2 where E__ is the electron’s total energy, E, =K+ mc?, yields

2
b - 1 KT 12K - N(L.00) +2(1.00)0.511) MeV ~ 1422 eV,
c c

Finally, cos 8= ’;e =0.703; #=45.3°,
p
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The probability density for this case is |y/q x)*=Cge™ withCy = P and a= 5 For the

calculation of the average position (x) = leylo(x)lzdx we note that the integrand is an odd

function, so that the integral over the negatlve half-axis x <0 exactly cancels that over the
positive half-axis (x > 0), leaving (x) = 0. For the calculation of < ) however, the integrand

x2|wo|? is symmetric, and the two half-axes contribute equally, giving

(- D3

12
Substituting for C, and a gives (xz) = %: Zr:w and Ax =(<x2> _(x)z)l/z =(2r:a)) :




b)
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a particle would spend equal time moving left as moving right, suggesting (p,) =0

To find (pf) we express the average energy as the sum of its kinetic and potential

energy contributions: (E) =< > ()= ( ) +—L +(U). But energy is sharp in the

oscillator ground state, so that (E)=E; = —;—h(a. Furthermore, remembering that

U(x)= %ma)zx2 for the quantum oscillator, and using <x2> = from Problem 6-32,
ma
. 1 1 hw\_mho
gives (U) = Ema)2 (xz) = Zha). Then (pi) =2m(E, —({U)) = 2m(—4—) ==

s, =)~ ) =22
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we have Ax =(-L) and Ap, =(m) . Thus,
2mw 2
h V2 (mro\V? _h
AxAp, =) —— —— | == for the oscillator ground state. This is the minimum
* \2me 2 2

uncertainty product permitted by the uncertainty principle, and is realized only for the
ground state of the quantum oscillator.




