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1.

Solution 7

(a) Consider thér; in spherical coordinates, and tti&r, in cylindrical coordi-
nates. Alignr,’s cylindrical coordinate system alomg so the cylindrical coordinate
~ becomes| and the cylindrical coordinatebecomes , leaving only the cylindri-
cal coordinate.

So:
d3I'1 d3I'2 = (rfSinHldrldﬁldqﬁl)(rLerdgbng”)

and since the expectation value integrals have no exphgiteadependence, we can
integrate away all the angles, giving

d’ry d’ry = (4rridry)(2mr  dr o dry)

(b) From the picture on page 2, it is clear:

ra =i+l

rig = [ry = o = |ry — vy —ro | = [P = [y |) — Aol = \/T%+Tﬁ = 2ryr 41

T =1

With these formulas for the lengths ff,, 15, 71 } interms of the length§ry, v, 7}
we can now compute the Jacobian.
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And so
roriodridradriy = Tlmdmdmdrn

Now, remember, is the length of a vector, and as such, it cannot be negatig®, A
from the definition ofry,, it is clear it cannot be greater than+ 5. If you consider

all differentr; andry lengths, they can be broken into two regimes. One where
r1 > 79 (in which caseminri, = r; — r3) and the other where, > r; (in which
caseminrig = rg — Tl).

And so
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But since the function is symmetric with respect to interchag 1 and 2, these last
2 integrals are really the same. So,

/d3r1 Pry f(-) =

87r2/ derl/ rldm/ dri f(--+) =
0 0 0

00 ) ro+r]1
1672 / ry dr / o de/ rigdrig f(---)
0 r1 r2—r1

(c) First note{rio, 71, 72} is convenient shorthand for

r2 = /(21— 22)% + (11 — 12)? + (21 — 22)?
= VAT

Which imply
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with this in mind,

V% (1 + erg) G_Z(TH_TQ) = ﬁl . V_)l (1 + WTQ) €_Z(r1+r2)

= V1 . (W v_)ﬂ"lg 67Z(r1+r2) + (1 + W’f’lg) ﬁl 67Z (r1+r2)>

=W (V3ria) e 20047 £ 2W (Virgp) - (Vi e 200 ) o (14 W) (V3 2 0tr2)
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T12

(1+Wra) <€7Z(“+r2) (iﬁ) : <iﬁ> + e’Z(””?)(—Zl))
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— o= Z(ritr2) (M _ 2ZW (rf—t1Ty) + (1 4 Wrm) (ZZ _ g))

T12 riri2 T1

Now noter? — r2 +ri, = 2r# — 27, - ¥, and so this simplifies to,

Vi =e 7ntr)

+ (1 +Wrp)(Z2? - =5)
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Thus, . .
S R

(—2W+ZW <r%—r%+r%2+r%—r%+7“%2) (4 W) (§+§_Z2))
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(d) Nothing to show...

© OE(Z,0) 22 11
Y 6" T 6
This corresponds to an energy-ef2 = —.472656, just above—3.

() Minimum is reached a¥/ = .825726 andW = .493351, which makes an
energy ofE = —.50878.

(e) AWE!



