Answer to Quantum Physics Classwork 1 February 22" 2008
Why Represent Wave with Complex Numbers?

Real Version

1. wir t) = oyoos(ke — @i+ @) + ag cos(kr — wf + ¢a)
= ay [cos(kr — wi) cosdy — sin(kz — wi) sin ¢y
+ g [CDS[F;::E — wi)eosde — sin(kr — wit) sin ¢53]
= (@080 + g cO8 ) cos(kr — wi)
— (@ 8in ¢y + azsinde) sinfler — wi)
= ccoslhr — wit) — dein(kr — wi) |

where
o= 1y COB ) + @9 COS iy and d = sin gy + assin gg
as required.

2. From the right-angled trisngle

&
we see that ¢ = acosd and d = asin g, where
o=V +d and ¢ =tan"Yd/e) .

Henee

wr, 1) coos(kr —wt) — dein(kr — wi)
= afcos ¢ eos(kr — wt) — singsn(kr — wt)]

as required.



3.

Using the identity cos 8y cos #a — sin#y sin dy = cos(#y) + ), the above
expression for i becomes

wir, t) = acos(br — wit + ) .

From the triangle that defines @ we have a® = ¢* + d®. Combining this
with the expressions for ¢ and d in terms of ay, as, &y and o, gives

at = (11 COS ¢y + @3 COS q.'lg:IE + (@ singy + ag sn q.fig:lz

= ﬂ%(‘—”ﬂsz dy + sin” i) + ﬂ%[msg g + sin’ ey
+ 2@y as(c08 ¢ cOS Qg + 81N ¢y BN g

= a]+ a3 + 2aq00 cos(dy — da) |

where the last step used the result cos(dy — de) = cosdy 008 b +
81N ¢ 8in g given in the classwork. Hence

a = ya} + a3 + 2a1a cos(dy — ¢a) ,

as required.

The triangle also shows that tan¢ = d/c. Combining this with the
expressions for ¢ and d in terms of ap, as, o and do gives

J— ( a1y 8in gy 4 ag sin g )

ity COS v + g COS iy

as required.

Complex Version

4.

Bla,t) = agelbrrta) 4 g pir-urida

ity gt Bz.[i:x—uz] + &Eeiﬁei[kr—mzj

_ [1:118"“ +&EE-E¢E:|E{[F:I—W¢]
492[!:1—;.13]

q

where A = ae'™ + a36"* as required.



5. Binee a =/ A*A, we have

a® = (1€7" 4 age™™) (01" 4 ape'?)

= fﬁ + ﬂ% + ay 0 [:E‘ff.t.i"l—t_l":] + e—'ﬂ[l:l'l]_—-:::-z])
= aj + a3+ 2agaz cos(1 — ) |

where the last step used the result cosf = %(e“’ + &) given in the

classwaorlg.

Since ¢ = tan~'(Re(A)/Im(A4)), we have
Refaye' + &ge“‘?j)

4 = tan~!
¢ (Im[ale‘“-"l + agettz)

R {iy 810 gy + g SN ¢y
ay e8¢y + ag sings /7

where the last step used the result €% = cos# + {sin# given in the
classwork.

Ref 4!kt

= Re [:ne""'"e"'-"""“"“)

— Re (acr-urrd)

= qoeos(kr —wt + ¢,

6. Wz, f)

where the last step used the result €% = cos# + i{sin# given in the
classworl.



