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Chapter 36. AC Circuits

Today, a “grid” of AC
electrical distribution systems
spans the United States and
other countries. Any device
that plugs into an electric
outlet uses an AC circuit. In
this chapter, you will learn
some of the basic techniques
for analyzing AC circuits.

Chapter Goal: To understand
and apply basic techniques of
AC circuit analysis.




Chapter 36. AC Circuits

Topics:

* AC Sources and Phasors
 Capacitor Circuits

* RC Filter Circuits
 Inductor Circuits

* The Series RLC Circuit

Skip Section 36.6 — Power factor



AC Sources and Phasors

FIGURE 36.1 An oscillating emf can be
represented as a graph or as a phasor
diagram.

(a) The emf oscillates
& Pk as & = &, coswt.
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The oscillation period
s T = 1/f = 27nlw.



(b)
The length of

the phasor is &.+..,.
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AC Sources and Phasors

FIGURE 36.1 An oscillating emf can be
represented as a graph or as a phasor

diagram.

~~The phasor rotates
ccw at angular
frequency w.

e The phase

The tip of ~~ .
the phasor goes
once around the
circle in time 7.

~—

_—

The instantaneous emf
value £,cos wt is the
projection of the phasor
onto the horizontal axis.

v angle 1s wt.

FIGURE 36.1 An oscillating emf can be
represented as a graph or as a phasor

diagram.
(a) The emf oscillates
P K as & = & coswi.
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The oscillation period
isT=1/f =27lw.



AC Circuits - Resistors

FIGURE 36.3 Instantaneous current iy
through a resistor.

In an AC resistor |
o The Instantaneous current

Circuit» Ohm’s in the resistor
law applies to 2 >
both the 4/\/\/\/\,7
instantaneous ) R x
+o o
and peak
currents and - The instantaneous resistor

voltage 18 v, = iR. The
potential decreases in the
direction of the current.

voltages.



AC Circuits - Resistors

ol -l B R &3 = -

N A N7 sk mamsoms sy
4 FIGURE 36.4 An AL resistor circuit.
The resistor voltage vy 1s
given by This is the current direction
when & > 0. A half cycle later

it will be in the opposite direction.
Vg = VRCOSwf :

i |
: S
wher.e Vi 1s the peak or AV = @) 1 § RIAV = —
maximum voltage. The , i

current through the resistor 1s

Vg ViCOswt

—_— = = [, Ccoswt
R R R R

where I, = V/R 1s the peak current.



AC Circuits - Resistors

FIGURE 36.5 Graph and phasor diagram of the resistor current and voltage. The current
and voltage are in phase.

(a)

v, = V,cosowf

g = Igcoswt

Voltage phasor, length V

IR

" Current phasor, length 7,

Vi

The resistor voltage and
current oscillate in phase.

o
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Instantaneous

current and voltage
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AC Circuits - Capacitors

FIGURE 36.7 An AC capacitor circut.

. The instantaneous current

& to and from the capacitor
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The instantaneous capacitor

voltage 1s v. = ¢/C. The potential

decreases from + to —.
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The AC current to and from a
capacitor /eads the capacitor
voltage by /2 rad, or 90°.
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AC Circuits - Capacitors
Capacitive Reactance

The capacitive reactance X 1s defined as

The units of reactance, like those of resistance, are ohmes.
Reactance relates the peak voltage V- and current /-
\Y
I. = X—z or Vo= I-Xc
NOTE: Reactance differs from resistance in that 1t does not
relate the instantaneous capacitor voltage and current
because they are out of phase. That 1s, v #i-X,.



AC Circuits - Capacitors

ASSESS Using reactance 1is just like using Ohm’s law, but don’t
forget it applies to only the peak current and voltage, not the

instantaneous values.

(a) i peaks _ITT before v peaks. We say

that the current leads the voltage by 907,
I

v and i \‘\

fc- Voltage v, <
VA ‘
() i —
37 T
— Ve
~le" Current i

(b) I

= The current phasor leads
the voltage phasor by 90°,

1
i + K

/

Voltage phasor

“ These are the instantaneous
current and voltage.




(a)

AC Circuits - Inductors

The instantaneous current
through the inductor

(b)

& = & coswt

The instantaneous inductor
voltage is v, = L(di,/dt).

VL . VL o
—SINwl = —COS|wl — —

V
AEL = ip = TL Jcoswtdt -

v = Vicoswr = |

wlL wlL

2

aa

= 1 f
Lcos(cu 2)

T’L; l'/)(L =2 XL:L\)L

The AC current through an inductor /ags the inductor
voltage by /2 rad, or 90°.

Want “0Owws Law'



AC Circuits - Inductors
Inductive Reactance

The inductive reactance X; 1s defined as
X; = oL

Reactance relates the peak voltage V; and current /; :
IL == or VL = ]LXL

NOTE: Reactance differs from resistance in that it does not
relate the instantaneous inductor voltage and current
because they are out of phase. Thatis, v #i X].



Inductive Reactance

:]L:/—CLC\nQA’ﬁ-W/y_\ ) VL:/V: &1((,.)‘6\

(a) i; peaks der after v, peaks. (b)
v, and g . We say that the current lags
& the voltage by 90°.

Vi
—Voltage phasor

0

Wl — 37

“The current phasor lags

Volt;
oltage v, the voltage phasor by 90°,




RC Filters — The concept (Fourier analysis)

Any waveform (like voltages driving your speaker when you play music) is a sum of
many sinusoidal waveforms of different amplitudes and frequencies.

The ac voltage generator depicted below for an RC circuit 1s idealized as ONE input
frequency, but in general could be a sum of MANY waveforms (like music) with
many frequencies.

Goal: Analyze the individual voltages across the resistor and capacitor when an input
waveform with any frequency ® and voltage amplitude €0 is applied across both.

-,

@ £ = E,coswmt




RC Filters — Analysis

Analyzing an RC circuit

- 4

1. current is the same at all points 1n circuit at all time. Choose an
arbitrary current vector (time).
2. Phase: Vi in phase with I, I in capacitor leads Ve
Amplitude: For a given I peak value, we know V and Vc peak
3. At any instant in time, we have (Kirchoff’s loop law):

—_ A - A - A N N
\/P\'X‘f YC‘X": E'X = é’\/ﬂ'iv‘{_

Ea{:-ﬁl';“t



RC Filters — Analysis

Analyzing an RC circuit

7 f

Ve

T

0 — VRE + Vﬂl — (I’R}l + {.I'X[*]': = II:.H: -+ x[l}fl
= (R* + lUw*CHI*
Consequently, the peak current in the RC circuit is

_ & £
f - ) gl - T "2 a
VR + X2 VR + lle*C?

Knowing [ gives us the two peak voltages:

&R ER
VH. == "R = - - o 5 2 e
VR + X2 VR + le’C?
£ EJoC
Ve = IXe = oXc o/ @

VR + X2 VR + le’C?



RC Filters — Analysis

Vo = IR = R _ cof Uz
; VR + X2 VR?+ 1/e?C? Q¢ = & cosar _‘Iﬁ
o EXe  __ EJeC ]
C e el avd 3 3
R- + X¢ VR + 1/0C L l[t Rf‘i;tw S“M&J
4o
for =0 (X.™»R) VR -0V, - —?-f
C
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RC Filters — Analysis

Viand V. \/
VL
V. = IR = ER - EoR 59 'L/l/
) VR + X2 VR + 1/0’C P \ V, S
\ B
R S G AN
: VR Xé VR + 1/e*C? \l'/?" \
_Crossover frequency
ﬁ I' I I 1 w
L Resiw Shork J 0 o, 2w, 3w, 4w,
Ljf 1Yy=> O jf }'{.;‘}Q:\ ,l'\ufn_‘jg. ‘\u"l_——'—:} -@‘i
P ~ - v o < ) Tl A A XL i ™ A
Ll Zapacror chorted éﬁ' Vg
— , v
QJ" N=> 0 (Q")')XL\\V(L—??B )\/C.-h;o @E—Eﬁmsmr
I —_C |V
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- — =
re Vet g VTR R

So Ve =V,



RC Filters — Analysis

and V.
(a) Low-pass filter Ve and V.

V,
R g, N
AN ° \ S
~ I \/ﬂ
4 > N
. _ = - N
E @ Frequency w C Vour — Vo \l/
L
Q —
Transmits frequencies w < w_and /.C_DSSDVBI' frequency
blocks frequencies w > w_. 0 r . ; — @
0 o, 2w, 3w, 4w,

(b) High-pass filter

*Capacitor like a short at high frequencies since:

r X, = L —"‘>oa:kl~\'.5,l\w
|

o . W

*Voltage across Capacitor dominates at low frequencies

since:
E@chquencyw gf? Vour — VR XL: ;}"L =) XL>5 R ) W—>D

v *If you input music, voltage across resistor would be like
treble and voltage across capacitor would be like bass. Build
your own speaker cross-over for woofer and tweeter.

Q

' 3 F oy

requencies @ > w_ and

[~
-

blocks frequencies w < w..



LRC filters — Analysis
FIGURE 36.17 A series RLC circuit.

E = & ,coswt




LRC Filters — Analysis

Analyzing an RLC circuit

Vi i ) A AN Vi — Ve
\ v Ir"l_ - Lri'r | - l', y 'E‘ll'.l
I \ f/ ) X a‘:/ ) /

LY ‘( W Yt V Ve

1. current is the same at all points in circuit at all time. Choose an arbitrary current
vector (time).

2. Phase: Resistor VR in phase with I, I in capacitor leads Ve, I in inductor lags VL
Amplitude: For a given I peak value, we know VR, Vc and VL peak

3. Atany instant in time, we have (Kirchoff’s loop law):

. .l- [ + * — -
V{L X VL X V(_ X 6 X

Pownt tmoppise £, Cnwt

e ckiong

A,""Su.)w_ \VL] > ]Vc_\ R
= Np & (M-Il V= €



LRC Filters — Analysis

Analyzing an RLC circuit

_\7\1 + (WL\']V:.‘\ \f}a. = -5

Eo = Vy + (VL. — Vo) = [R*+ (X, — X)° |I° (36.23)

where we wrote each of the peak voltages in terms ol the peak current [ and a resis-
tance or a reactance. Consequently, the peak current in the RLC circuit is

B o B &
VR + (X, — X.)? VR?+ (oL — 1/wC)?

I (30.24)

The three peak voltages, if you need them, are then found from V, = IR, V| = IX|,
and Vi = IX..



Analyzing an RLC circuit

RC Filters — Analysis

&g
V, - o T,
\ , V, — h[ g:u&v'. Ve
R - 'L'i;.c
\ | .~ R | o> /
‘1"-"( W \ et V Ve
||II.--[:
Eo o

VR + (X, — X0)°  VR? + (wL — UwC)?

Want an  * Ohws Law s:wvn} 5o MAA
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LRC Filters — Analysis

Eo &o

| = =
VR + (X, — Xo)? VR?+ (oL — UwC)?

C-mw‘w Voltay. AlNg 4 ree.s{;w'
VTR = ER\\“U( I

W

Vo 15 max Whea WL = M—{_ or W=\
::'3 \/M"F: eu

V(L Llf.crtnse,a ‘Oy ihc:ru‘ma N Aecfhs.:g 2V 4 WA/ Lw'w- ta)c_



LRC Filters — Analysis

ER\ \(I?_+(HL-H¢\

Vary R, choose L=C=1: R_{l] I]l I]I]E I]ﬂ4 I] 1 1, 5}
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Basic circuit elements

Resistance/
Element I and v reactance ITand V Power
Resistor In phase R is fixed V = IR R
Capacitor i leads v by 90° Xc = l/wC V = IXc 0
Inductor i lags v by 90° X; = oL V= 1IX; 0
RC filter circuits
R
AW 5 Vo = EX IV RS £ X2

E@ s

Ve

VC_>gOaSM_>O

S

A low-pass filter transmits low frequencies and blocks high
frequencies.

0
| Ve = ERIVR® + X2
E@ R§ v
VR_>(€OaS(U_> co

A high-pass filter transmits high frequencies and blocks low
frequencies.



Series RLC circuits

R
[ = &)/Z where Z is the impedance
£Q ., Z=VR+ X - X)*
VR = IR VL = IXL VC = IXC
_|_C

When w = w, = 1/VLC (the resonance frequency), the current
in the circuit is a maximum /., = &y/R.

Vary R, choose L=C=1: R={0.01, 0.02, 0.04, 0.1, 1, 5}
LOF ' * ' ™
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