P580 HW3 Solution, TA:Xin Lu

1 I. Wave Packets
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The equality is satisfied only when (1)AP|®) oc AX|®), (2)(®|[AX, AP];|®) = 0, following is the details:
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2 1II States in a one-Dimensional Oscillator

1. Tt is easy to prove X = 0; P = 0, thus (AX)? = (®|X2|®); (AP)? = (®|P?|®)
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The Inequality becomes equality only when:
~ J— A R— A A 2
()(P = P)[@) = o(X = X)|®), (2)(@|[P, X],]@) =0, (3) G = = (AX)?
let us check each one: ' .
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3. Set AT =T — (T); AV =V — (V), according to Shankar’s, we can get
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Thus ATAV > % and the equality is true when AT|®) oc AV|®), we can check here:
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while, AV|®) = T(IQ —a?)|®);

Thus, AT|®) x AV|®) and it is true that (AT)(AV) = %

3 III Equation of Motion of Operators
1. Set the time evolution operator U(t) = eR _mdt/h;
X(t) =Ut®)XU(t); P(t)=U"{t)PU(t).
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Which is just the equation of motion for the harmonic oscillator with external force.

4 IV Quantum Measurement with Photons
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Similarly, we could prove that Pr = [(R|¢)|> = (| Pgr|v), Pr = [(L|)]? = (4| Pp|y), Actually, based on the
definition of projection operator.

P = el = (0= (g )
3 0 0 0
A= b= (Do = () )
P = IRRI= 500 =5 (L T
Bo= =y =3 (4 1)
2.
P, = Tr(Pl.pA):Tr{ =a

Pr = Tr(Pgp) = %Tr ) ( ¢ ” = %[a—l—b—kz(c* —0)] = %[Hz‘(c* —0)]
P o= TT(PLﬁ):%TT L i) (Z Cb)] :7[a+b+z(cfc*)]:%[1+i(cfc*)]
3. (L.) = Tr(L.p) ;m[(? ‘OZ) (i ‘;)] — (e — o);
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4. Tr(p*) = Tr{ (e_@sinﬂcosﬁ in20 ) cos*0 + 2c0s*0sin0 + sin*d = (cos*0 + sin?6)* =1

Thus this density matrix represents a pure state and we can set |¢0) = alx) + bly) = (a, b);
. A\, 4 14y (02" ab®) cos0 e'® sinfcos
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Therefore,a = cos, b = sinfe™"® and |1)) = cosf|x) + sinfe™®|y)

L. = ih(c* — c) = ih(e™'® — e'®)sinfcost) = 2ihsinfcoshsin® = hsin20sind



