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Whg.olo__. we._use imaginary num bers in AC

., Clrcud'anal}j&s? I

~In DC, when having only a resistor:
.......,.......“w..,...m‘r_i_Q.___..._b_e_’r_meen_______V,A__ua‘n_ol,_,VI_,_,‘,stag.sﬂrhems..ame.....,....._
aJranghmeJl:(R=V/I),henceVand

Iare.mphaseSamefhmgoccursm
______A.C.________w_hen__.____w_e_______howe_______o_n_lg_______a__.__res_i_s_’mr.. ]

--------------------------------------------------------------------- ClERFUFor i pioge =it

............ whenusmgsmusondal

B=Sint,. . o s fuhchionssincod gl oo o8
C=1=> i=cost =sin(t+90°)
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NOUU,.....w.e.......can....._applg KCL here, but that
_would be messy.

..................................... VR =Mamaxcos(t) ... f ...

.................................... V= VMimax €OS(E+90°%).
........ Vc=chaxC°5(t’q0°)

—> any 'trig expression can be rewritten as exponen’rial.

........................................................................................................................................................................................................................... ; (459)

Also! see: 1+ i =12 cos(45)+i(JZsin(45%) =12 €

P

----------------------’Fhere--A-i--s---alwagvswa-u-wag--~1'o~--wr-i-’re----complex‘---numberv--in-r--’rhis--formaf.
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_ Where the hell did this come from? ..
...u......._.___.._._|_etfs_______,s_ay,.Vovl,tage,,acm_svs&___a.____.c.omponent.....iS.....ﬂ.....»..u‘.......-k_
.....;v......AVGomPA_.E....A.cos_(t___t__¢comp_),_,,._A_and_..._we......w.a.n.t..to.,fi.nd............,..v.-‘
...the current across it. We can’t just. multiply Veomp
.L..v.........bg__....Q______c_onstqntv____ta._,ge_tVthe_“___equati_on“of......I.comp...,,...surev.,..,..‘.._
.................multiplging_____bg____(:1_)_____can_____p_hase___V_,shi{t_____by______1_8.0.‘_'__,__._b_ut._._w.e._.__“_,.,.,_._,_.ﬁ

......_.._____donf_t._...___eyen.__.._..kn_o_w_____.._.__i£_______._IA__._____is_______s_hiftedu,‘by“___180_‘_’_&_____5_0_.....__..__
,,,,,,,,,,,,,,,,,,, what _do . we do?

observe

o Jet’s  sef ,vthi,s_,___beauty.,_.for.,._aﬁ.__s_econdmtosee_____,i£_____i_t__A,,___,v____

. con_benefit _us.:

e cos@+isin@0

26‘3°°=2cos(30°)+2¢sm(30°)
___________ mul’uplgboth

: e
_______ o8 80" _ 9 0VE0 5 (6 VE0N)

) +2sin(0+ 303

...by_multiplying two_functions, we got a new function . ..
_..that _has _a_magnitude of .and.phase.shifted 30°. . .-
.Surely we can use this in_our_main_problem . -

O‘F Vcomp and Icomn 'l',O Find Icomp across e
a capacitor or an inductor.
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,,,,,,,,,,,,,,,,, V ou...Can. . also. . use. eulers formula 4o Gned
..____..A..__..l-.he,..‘___maih_._...idenH%....Qﬂ:_..._arzﬂm....Si.nuSoicL funchion.
Fav‘exqmple,. ................................................................................. )

e COS LADY 2

Wwe can dvb“

--------------------------------- P\aceﬂq _ﬁrégizco‘S(iQ)-!-[‘S"n(QO) _—

How can_we find i+? we can e ualuaiee;#and
__..._.....ﬁnd____..iJ:S.___,.xea.Q......cQ.rnp.o.n.en:E.,ﬁ.._and.....a‘hat....real.....com.ponen.f.....would
.............. equal o828 ot

............................ 29. o N 2_2
Beer (€°) = (cos® +(sinB)

..\50,...C05.20. = cos*0.-SI"Q.] .

Ao, if we set imaginary components equal to
___one another : [isin20=i2sin6 cosO|




RELIVE THE TOUCH OF PEN HOLDING

Now le’rs apply Jrler’r +o +he capacn’ror
_equation : { = C 1 wich i

_note: to avoid confusion uuan current (t),_lmagmary symbo|

—will beJ ] =4-1 i e

s SIS

_______Iﬂ,iu A cos (wt QP ¢) s and C=1 (fbr Smellcdy) ]
~ So, t=-wCA sin (wt +¢)
e

—

let’s instead say :

R
(e)A J(wtiﬁb) ~—> makes no sense, but

the real componenf |s our

LA~ dl lv‘-

| = A cos (Wt +¢) + j A sin (oot +¢)

5o, b3 the eufd. we will see what the real

LU"lPU”E’JII o

= .J
—du (wt+9) (wt+
e ) ENT o P

==

So, we can say, t=jwC-V

{=jwCx (A cos (wt+@) + jAsin (wt+¢))
= |- wCA sm(wt+cp) +JwLA cos(wt+q>))

I ent
y___fef‘sgi[ﬂﬂ'ﬁs we. got normaUy bH denwn (dtﬁ},

L ' but | Tt + gave us an. equatmmofjbaf e
T eq,wvalen’r but doesn't involve differentiation.

—Ji=jwc e [i=co =




Now we can rearrange {=jwCV to:

3%
] Jw

C =X,  which is just the impedance
of the capacitor to current.

Notice: R=—.—, and X¢=g and the J of the lmagmaly
i I
numbers accounts for

e a phase shift of 90°
_just like cos and sin.

applgmg KVL:
- Uin=Uc+UR

—UCUR iR=C-9k.R=RC- ke
_we know Uc would be of the form Uc = A cos(wt+6),

but instead of substituting that, which wouldn’t be fun,
—we can use the earlier function we came up with.

78 J(wt+9) and M- Jch

,,,,,,,,,, ,‘vandwe fmally get: Uc - 1+J‘1wRC Uin

cont.
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ForSImphc.l’r(tj,w=C=R=1

......................................................................................................................................................

Vo= zVe-giVe

........................................................

SO,i‘FVL=3COS('t+|O°)°
m----'-------------~~----n01-'e-:-»-wh-iIe---upui'ki-ng»--»i-n---mind---.+ha+~---+he---.aciual.....vol.ifage ------- :

QFVt=3eJ(t+‘°°)|s|+srea|component

_______________ V, C=%"Ze"(t_z’s),bu’ro{:courseweonlgcare,
_..about the veal component.

-_--S-i—E'COS(t-?)SO) ............................................................................................

I IV

..................... ‘I'hlsresuli'lshowlmagmarg
_..numbers helpwus. .o
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‘ ,_,_v:..........And...l..no'wu.going__,,bac.k“__.__’ro._._{heoritgina_lwcirc_ui.+ :

....._._,,_______.u_...,_u_s.i_ngm_our____e_a_r_l_i,er,_..__...
~_equation:

.vu...‘...iha’r.....i.s.....verﬂ.....s.imi|ar:...io......Jr.he,.....vo.l..’rage.....d.i.v‘i,der.....eq,.ua.’r.i.on..

S i - Ly Lo, . T 1.
So, we can treat impedance of Capacitor (J_w?)

"""""""""""""""""""""""""" e P E——
like it is a resistance. X¢ = =

.V.A...‘__s_o.“.w‘e“___can____applg....s.er..i.es.....and.“..p.a.mI.I.el.....resis‘rance ________________________
. Theorems, voltage..and current dividers, but

imaginarg

—__the only difference there will be complex numbers
and phase shifts.
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