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Im{Z(7)}

A

Atr=0:

As time ¢ increases, all
complex vectors rotate
counter-clockwise in the
complex plane with
angular frequency .

Re{Z(7)}

Note that the reason all complex vectors rotate in a counter-clockwise direction in the
complex plane is due to the sign-choice of the ¢" =cos(r)+isin(er)time dependence — it

determines the direction complex vectors rotate in the complex plane. Had we instead chosen the
e =cos(er)—isin(ewt) time dependence, then all complex vectors would have instead rotated

in a clockwise direction in the complex plane.

Throughout this course, note that we will always assume/adopt the convention of positive
e"" =cos(et)+isin(er) time dependence — because it turns out that the {default} way we use

the lock-in amplifiers in the various phase-sensitive experiments that we have in the P406POM

lab implicitly corresponds mathematically to the e** convention — hence it is extremely
important to use the correct mathematical descriptions in order to match experimental realities!

Note also that if we had instead chosen the second amplitude to be Z, (7,) = A(7,¢)e“"™?
then the 2" signal Z, (7,¢) would lead (i.e. be ahead of) the 1% signal Z, (7,¢) = 4" by 90°
degrees in phase. For this situation, the total complex amplitude is:

Z,, (Fit) = Z,(Fot)+ Z, (F,t) = A(F,t) e + A7, 1) ") = A(F 1) e (1+e77?)

= A(F,1)e" | 1+( COs{m/2) +isin(7/2)) | = A(F.1) e (1+i)

with the same magnitude as before:
Z,, (F0) =2, (711) Z,, (Fot) = A(F,0) J(1+) (1=i) = A(F, 1) 1+ N = X +1 =24 (7 1)

We can now also see that a change in the sign of a complex quantity: Z(¢) = —Z(¢)

physically corresponds to a phase change/shift in phase/phase retardation of —180°
(n.b. which is also mathematically equivalent to a phase advance of +180°).

In other words: Z'(7,t)=~Z(7,t)=Z(F,t)e"" because e** = cos(r) iiw =cos(z)=-1.
6

©Professor Steven Errede, Department of Physics, University of Illinois at Urbana-
Champaign, Illinois 2002-2017. All rights reserved.






