Homework 3 PY355 — Methods of Theoretical Physics
Due Monday, February 9, 11:59pm Prof Schmaltz

Problem Set 3: Complex Numbers

1. Write each of the following numbers in both Cartesian form z = x+iy and polar form z = re®

by finding the real part z = Re z, imaginary part y = Im z, modulus r = |z| and phase 8:

2
1+
(b) 22 = (1+ V/3i)?
C1+VBi
R P 7

(a) z1 =

1—1
d) 2= —— o
W=7
(e) z5 =cos@ +isinf 6 € [0,2n]
(f) Z6=3i
141
(g) 27—1111_Z.

2. Solve for x and y given
2+ 3 2

— 249
R

3. Find the sum, product and quotient of z; and z3. You may find the result using whichever
form (Cartesian or polar) is more convenient.

4. If you drive any two-terminal circuit built out of linear circuit elements (resistors, capacitors
and inductors) with a (co)sinusoidally varying voltage given by (the real part of)

V(t) = Voe™t (1)
the resulting current oscillates at the same frequency

I(t) = Ipe™t. (2)
The complex impedance Z(w) of the circuit is defined by (generalized Ohm’s law)

Vo =1IZ(w). (3)

(a) For the series RLC circuit we considered in class, show that Z = R + iwL + 1/(iwC).

(b) Suppose the real voltage drive is given by coswt (i.e. with amplitude one volt) at angular
frequency w = 27 x 60/s. Sketch the real current response I(¢) if R =300, L = 1H
and C =1F.

(c) Sketch the real current response I(t) as in part (b) if w = 27/s.



5. Prove algebraically that, for z,w € C,

(a) Rez < |z] and Im z < |z
(b) [zw] = [2]|w]
() |z +wl* = [z + [w]’ + 2Re(zw")

6. Given that e™e'f = ¢(4A+5) derive the trigonometric formulas for cos(A 4 B) and sin(A 4 B)
in terms of sines and cosines of A and B.



