



































































































































ComplexNumbersy Q of ShankarChs

Turns out to simplify much math physics to

generalize real numbers by adding
i F1 unit

imaginary numbers

and asserting that
2 x t c'y X y C IRrearpart imaginarypart

behaves just Like other numbers except it 1

z xtiyl x yer is a number field
Ed XZ 1 1 0

No roots over 112 But over Q

u X k 742 T
Z

X Yz Iz i

Checki XI fyztfsz.IT 14 Ei Z
Xp Yz Iz i

t 1
0

can add subtract multiply divide negate just Like R s

Can also conjugate negate imaginary past
z tiy x iy Goree times written I

Just replace i everywhere luau expression

Exe 2 z Cxtiy x iy x y 1212 0
E realpositive

s s 3747 35447 E Isi






































































































































Thecomplex Plane
1mz y Can view numbers

Z 2 i yreior
as points on 2b plane wI Rez _x
Cartesian coordinates Cay

z
or poker coordinates Cr Q

pythonINompy

i FI i Ij
Re 2 ZtZ real past realte or 2 real

y her2 imaginarypast imagoes or aimag

r 1zl fzz no m ocodalus

Magnitude

abscz

aigz tan argumentlphasel
angle

anglecz

z Cxtcy x iy complexconjugate conjcz

Complex roots of 22 2 1 0

2 to 2 Izzi eti 243

Bz 20
243

f lz f 14 24 1x x
Ye
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fu JYYes
If a real function has convergent power series

fCx Eaux

can extend to a complex function

f z Eanz

which agrees on the real Lene E x

EI The Complex Exponential function
ez ZI

n

Converges for any Z check lates

Note eiO GOI
n

It ie Ef ios 10 t

C E 10 life E
iee cos Q c sin 0 Eulerfoveola

underlies polar form of 2

2 Xtiy r It if rfcoso i csuaoJ re.io

Exe The unit circle 121 1

4deith 2 z eiO

Q e
3T

j Eeio
i ei.suz Periodicity e 2 2ti ezez.to ez



Application to Linear circuits

why introduce Q numbers on physics

quantum mechanics takes place in complex Hilbert space

conserved particles associated with complexfields

simplifies analysis of linear systems
Let's expand on this

current Goal fuel ICE
I

inductees

L given applied Ct vocoswt

TTT Q chargeL on
c cap why cos we AC generators

V capacitor anyfunction can be written as

voltage superpositionof sinusoidalfunctions
source Lunn

R step 1 Note d_Q I
dt

resistor and work with QCES

Kirchhoff's Law Ldf Rd Oz Kt

Linear ordinary differential equation more lates

single relates Q and its derivatives
independent
Variablet

f Qft solves egn with V Ct

and Qact Lt

then AQ Ct bQzCt solves equationfor au Ct bye



Solve by ausatz guess with parameters

Warm up with only inductor L

L Vo cos WE

Need function whose 2nd derivative is cosines Cosine

Aersatz Qocoswt

Plugin LQowfcofswt Vocoswft three dependence dropsout

Algebrakeg Qo I
WZ

Soi QLE 1 cos wt
2

ICE VI sur wt
w

Ansatg still works with C but what about Roi

Want function that goes back to itself after 1 derivative

Exponential

But et et blow up or go too expectperiodic eiwt

Approach 0 Generalize drive V Voeiwt

Ansatg Q Qeiwt
Since Kirchhoff's law is real and ahead if we have

L R Q c Voeiwt

Then take the real part of both sides

ReEoitRQtQ1cJ LRe8l RT QJtICReQJ
VocoswtThus.REQ solves our original problem



Plugging on Q ausatz

Q Qoeiwt

Q QCiweiwt

Q Q

ciwjeiwt.inLQow2e tRQocwe t Qo k VoeXt

So Q
Walt iwR t le

QQ eiwt
w Lt IOR 14C

The current ICES VoeiwtiwLR t iwC

Ict Voe.int Complex Ohm's Law
2

A
complex impedance Z ow Lt Rt Yiwc

Actual current Retces Re eiwt

Now write 2 121 e in polar form
REICH Re zY ewt Y Reeowt

if

YET cos Cwt Ipo
T phaseshiftamplitude

Here 121 VR2 1 WL Ywcy tan WL

YWC.ircurrent lagsvoltage
R


