Prelims Solutions

Problem M10Q2

Valentin Skoutnev

HA=0) = 2 4 Line?X? — hw(ata + 1) with X = (52
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E,(X\) =< 0|H1]|0 >= X < 0| X*|0 >= 4;’;222‘)2 < Olaaa’a’ + aataa® + afaaa’ + aa’a’a + a'aa’a + atalaal0 >
since all other terms of the < 0|(a + a)*|0 > expansion give zero. So using ajn >= /n|n — 1 > and

atln >= /n + 1|n—|— 1>:
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[o(A) >= [1o(0) > +|¢h > where |1y >= Yoo, Imegmlpd oz B2<BRloe o Mt B2 ince

< 1|(a+ a")*|0 > and < 3|(a + a')*|0 > are zero.

< 2|(a+a"*0 >=< 2lafalala+alalaa’ +ataalaf+aatalal|0 >= 0+v2VIVIVI+V2V2V2VT4+V3V3V2V1 = 6/(2)

< 4|(a+ah)?0 >=< 4lafaalat|0 >= /(4!) = 24/(6)
Hence, |1 >= — 12 (3v/2[2 > +‘f|4 >) Now,

< Po(N)| X3 [o(N) >= %(—%? < 4|- yr= h,j ———=3V2 < 2|+ < 0|)(a+a’)*(j0 > — y— 33f\2 > — hj - ‘2[\
Ugh,
< 0|(a+a")?0 >=< 0Jaa’|0 >=1
< 2/(a+a")?0 >=< 2]aa’|0 >= V2
<2l(a+a")?2>=<2ala+ad'|2>=2+3=5
<4|(a+a")?0>=0
<4|(a+ah?2 >=< 4]atat|2 >= V12
<4(a+a") 4 >=<4laTa+ad' |4 >=44+5=9
Finally,
< oW X2 (N) >= i(o- m —5 3 2+1—&£(—l3\/§)f ——3V2%(————=3V2)5———
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To first order in A. Yea, I know, I didn’t realize they asked for first order until too late.
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Scale z as x = fy: H = %%zﬂ + Ayt = Ey. We need % = A\3* to make y dimensionless, so

2 4 1 2 2 mg EY
B = (o)t Now H = (B25) (50 +y') = B so 5z +y' = e = (5574550 = B oAb,




