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This document lacks answers for certain questions. Would you like to help us complete them?
If yes, Please send your suggested answers to nus.physoc@gmail.com. Thanks! ©
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Question 1 (a) (ii)
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Question 1 (b)
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Question 2 (a) (1)
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Question 2 (a) (ii)
I L o
S ED i = ) NV (—l\') -
= -
94 readkion vidgdes
CI/\OJVSL, (_OV‘JVéCr‘rLOV‘ . Cp = (‘{ )@_

Question 2 (a) (iii)

Question 2 (a) (iv)
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Question 3 (a)
2
8(1\‘3—:6)2 [E3)y*(1 — yHuDI[a@y, (1 - y5u(2)]
[a(3)y (1 = y>)u@D]t = [utB)yy (1 — yu@]?

= uf (1)1 = y3)Ty#ty°Tu(3)

= ut Dy’ - y)y*Ty°u(3)
= [ +y*)y*u3)]

= [a(Wy*1 - y*>)u@)]
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Hence
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Using 2,u® p)a®(p) = # +me,
> Imp = [8(53—:})2 Triy“(t =y @ +mi)y’ (A =y IsITr]y (1 - )@,
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+my) (1 — ¥°)is]
Tr[(#, + mo)y” (1 =y sy (1 —y®)] = 2Tr[(#1 + mc)y¥ (1 — y*)psv*]
= 2Tr[(# + me)y dsv* — (1 + mo)yVy psv*]
= 2[Tr(py"Psv*) — Tr(By v pay™)]
= 201a03o Tr(Y V" v v*) = 2004036 Tr (Y ¥ v°y °y*)
= 8[pips + pr Py — 9" (B - Bs) — i piapsa,]

Similarly, the second trace is:
8[P2vPay + P3uPav — Guv (B2 * Pa) — i€veuD5 DS

Note that p}ps + pi p% — g*V (P, - P3) is symmetric in 4 © v index whereas eMVor js
antisymmetric in 4 < v, hence their product is zero.
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[pYps + vy — 9" B2 B)|[PavPap + P3ubav — Guv (B2 * o)

= 2(ﬁ1 'ﬁz)(ﬁ3 'ﬁ4) + 2(ﬁ1 'ﬁ4)(ﬁ2 ' ﬁ3) - 2(131 ﬁ3)(ﬁ2 'ﬁ4) - 2(52 'ﬁ4)(ﬁ1 '53) + 4(131 ﬁ3)(52 ' ﬁ4)
= 2(P1 - P2)(P3 " Pa) + 2(P1 - P4) (P2 - P3)

(—i)ZEMJME;cvauPsaP'chZ = 2[(P1  B2) (B3 - Pa) — (D1 " Pa) (P2 - P3)]

Adding both, we have — 4(p; - §,) (P53 * Pa)-
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Z |M|2_4[ ] (P1 - P2) (B3 Ba)
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Now we sum over final e™ spins but average over initial 4~ spins (2 possible spins), hence

factor of %
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Question 3 (b)
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Question 4 (a)
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Question 4 (c)
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Solutions provided by:
Prof. Teo Kien Boon (Questions 3a-b)
Bong Kok Wei (Questions 1, 2a(i),(ii),(iv), 2b, 4c)
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