Chapter 31 — Alternating Current

- Phasors and Alternating Currents

- Resistance and Reactance

- Magnetic-Field Energy

- The L-R-C Series Circuit

- Power in Alternating-Current Circuits

- Resonance in Alternating-Current Circuits

- Transformers



. Voltage Voltage Voltage
1. PhaSOI‘S and Alternatlnq Currents positive Zero negative

+ < ) —< >+
Ex. source of ac: coil of wire rotating with | < >

constant w in a magnetic field > sinusoidal M

alternating emtf. v ,

v =V cos at i =1 cosat /\ /
\/ / 4

0
v, I = instantaneous potential difference / current.
V, | = maximum potential difference / current ->
voltage/current amplitude. w = 27f

Length of phasor  Phasor rotates with
equals maximum  frequency f and

Phasor Diagrams

currentl“. angular spe_ed w = 21f.
w\ - Represent sinusoidally varying voltages /
~~~~~~ w1 NS currents through the projection of a vector,
i with length equal to the amplitude, onto a
Phasor |

horizontal axis.

Projection of phasor onto
horizontal axis at time ¢

equals current / at that - Phasor: vector that rotates counterclockwise

/) ~instant: i = [ cos wt. .
\“” ﬂ - with constant w.

o I = [ cos wt



- Diode (rectifier): device that conducts better in
one direction than in the other. If ideal, R =0 in

one direction and R = % in other.

Rectified average current (| ,,): during any whole
number of cycles, the total charge that flows is same
as if current were constant (I ,,).

, 2
ll"(lV - I
T
Rectified current through
average value galvanometer G
of Icos wtl or / | \
Isin wtl /

Area under curve = total charge that
flows through galvanometer in time 1.

full wave rectifier circuit

Source of Alternating
alternating current current

W

and bar indicate the directions in
which current can and cannot pass)



Meaning of the rms value of a sinusoidal

Root-Mean Square (rms) values: quantity (here, ac current with 7 = 3 A):

@ Graph current ¢ versus time.

T 1 V
. 2 _
Lons — (l ) aw — ﬁ Vrms — ﬁ @ Square the instantaneous current i.

@ Take the average (mean) value of i “

@ Take the square root of that average.

2 72 2 i, 17 2
l — I COS a)t 12 — {2 COS2 wt (iz)av — I_

1?2 = 9 A2

cos” ax =0.5-(1+cos2ax)

i*=0.51"+0.5I" cos(2ax) 1=3A\\ /

_1_

. f & Fac 4
i =Icoswt I...=+/( )av—\—ﬁ




2. Resistance and Reactance —®7

Resistor in an ac circuit

—tn
v, =iR=(IR)cosat =V, cosat | (instantaneous a ‘g b
otential L |
p ) 1< Up I
V. = IR| (amplitude —max- of voltage across R)
- Current in phase with voltage - phasors rotate together
i, U
4 7k i = Icos wt |
Current : B {\
et \ | Up = IR cos wt = Vp cos wt
Voltage P ¢ Current and voltage Ve
phasor phasors are in phase: 1 f
they rotate together. i0
| :
| b .
| : Current is in phase
| : ok .
: vith voltage: crests and
O | Instantaneous Instantaneous Amplitudes are in the ;‘;“‘U‘I“E D:;‘:”_L['E:ﬁ:hl":
voltage current same relationship as for ~ ~ B

a dc circuit: Vp = IR.



Inductor in an ac Circuit @
@

- Current varies with time = self-induced emf =

di/dt>0->¢e<0 e JVUD —e—
) a L b
8:—Lé <— |
dt

V,>V, >V, =V,-V, =V, =Ldidt>0

o AN
Lﬁ—L;(Icosa)t) K )/7& \ ;

dt p

v, =—IlwLsin ax = oL cos(a)t + 90°) v

1 T o s
IT,jrad—‘}O

Voltage curve leads current curve by a quarter-

' has 90° 'head start” with respect to l.  cycle (corresponding to ¢ = /2 rad = 90°).



|nductor in an ac Circuit Voltage phasor leads current phasor
by ¢ = /2 rad = 90°.

i =1cosawt i
Voltage | Phase ) '
v, =1 a)L\cos(a)t +90°) phasor | angle ¢
V |J 7 Current
L N L phasor
: U%&:/ f Sf‘” i
v=V cos(at+ @) —

¢ = phase angle = phase of voltage relative to current

Pure resistor: ¢=0
Pure inductor: ¢ = 90°

I vV, High w > low |
Inductive reactance: | X ; = @WL - Wl Low w - high |

Voltage amplitude: |V, =IX, = lwL Inductors used to block high w




Capacitor in an ac circuit

As the capacitor charges and discharges = at each t, ia ' ik
there is “I” in each plate, and equal displacement current I
between the plates, as though charge was conducted c |
through C. ]%L!L-J
. dq
i=—=1JIcosax %J‘dqzjlcosa)tdt C
dt . - q / VC
' 1 = I cos wt
I . ¥ R T
q = —Ss1In o be = —= €S (wt — 90°)
0 | \ ‘f
g I . I . I
v, =—= sin @t = ——cos(at —90") |
C aC wC >
ET, {1—- rad = 90°
. Volt: ";_Ik curve h.'g.s'-c irrent curve by a quarter-
I Pure CapaC|t0r: ¢ = 90° L‘}-'L'!: {L'u;:'lt:ﬂmruiilw; ||:1 :l,:; =L lf,-)‘j 1-;“{1 2 :;.[}-'1 ),
Ve =— |
C v, lags current by 90°.

@




Capacitive reactance: |X,=——

Vc =X c (amplitude of voltage across C)

I[=V.wC  Highw > high

Low w = low | Capagcitor in an ac circuit

Current
phasor

Capacitors used to block low w (or low f)
- high-pass filter

v Ty _
0 N € L.--Voltage phasor lags current

ir - ‘hw I. ;
Voltage Ny | phasorby ¢ = —7/2 rad

4,
phasor | VN _gpel




Comparing ac circuit elements:

- R is independent of w.

- X, and X depend on w.

- If w = 0 (dc circuit) 2> X, = 1/wC > «
2i.,=0

X, =wL=0

fw>eo, X(>o>i =0

R, X

Xc=0 > V=0 - current changes direction so rapidly that no
charge can build up on each plate.

Circuit Element Amplitude Relationship

Resistor Ve = IR
Inductor V, = IX;
Capacitor Ve = IXe

Circuit Quantity

R
X; = wL
X = lloC

Phase of v

In phase with i
Leads i by 90°
Lags i by 90°



Example: amplifier 2 C in tweeter branch blocks low-f components of sound
but passes high-f; L in woofer branch does the opposite.

A crossover network in a loudspeaker system

From
amplifier

Tweeter

Graphs of rms current as functions of
frequency for a given amplifier voltage

The inductor and capacitor feed low
rms frequencies mainly to the woofer and

high frequencies mainly to the tweeter.
> « Tweeter
Crossover
Dot Woofer
Woofer
f
0




3. The L-R-C Series Circuit

- Instantaneous v across L, C, R = v_4,= v source

- Total voltage phasor = vector sum of phasors of

individual voltages.

- C, R, L in series - same current, i = | coswt -
only one phasor () for three circuit elements, amplitude I.

- The projections of | and V phasors onto
horizontal axis at t give rise to instantaneous inductor voltage

| and v.

(amplitudes = maximum
values)

Source voltage phasor is the vector

sum of the Vj, V;, and V- phasors.

phasor leads

phasor

by 90°.

All circuit
: elements have
".
v = J7 the same
4\ current phasor.

Capacitor voltage

phasor lags

= Resistor voltage
phasor is in

A .
current phasor V. = IX-; phase with

by 90°. It is thus always

current !"lhil.‘ﬂ}i'.

antiparallel to the V; phasor.



-The instantaneous potential difference between terminals a,d =
= algebraic sum of vg, v, v (instantaneous voltages) =
= sum of projections of phasors Vg, Vs, V|
= projection of their vector sum (V) that represents the source voltage v and
instantaneous voltage v, across series of elements.

V=yVi+(V,-V,)’ = JUR +(IX, - IX,)* =I|R*+(X, - X,)’

Impedance: |Z = \/RZ +(X,—-X,)’

V=IZ

Z =/R* +[oL—(1/ @C)T

Impedance of R-L-C series circuit Ve = IX,



V, -V, I(XL _ Xc) X, -X, Phase angle of the source
tan @ = = IR R voltage with respect to
Vi current
wL—1/wC
tan @ =
R
1 =1 coswt

v=V cos(a)t + (0)

v._I,
VI"I’I’ZS — II"I’I’ZSZ ,\/E \/E




Example 31.5 U (V)




4. Power in Alternating-Current Circuits

leVI

(a) Pure resistor (b) Pure inductor (c) Pure capacitor (d) Arbitrary ac circuit
For a resistor, p = vi is always positive For an inductor or capacitor, p = vi is alternately For an arbitrary combination of
because v and [ are either both positive positive and negative, and the average power is zero. resistors, inductors, and capacitors,

or both negative at any instant. the average power is positive.

v, L p 0000 v, i, p _"_ U LEp 3

P %W cos ¢

KEY: Instantaneous CUITent, | Instantaneous voltage across device, v s Instantaneous power input to device, pp =

= (_.."-"




P =vi=[V cos(art+ @)][I cos wt]=[V (cos @t cos @—sin awtsin @)][ I cos wt]
=VI cos @cos” ax — VI sin ¢.cos ax sin ot

1
I)CIV — EVI COS ¢ — VT’I’I’lSIT'I’I’lS COS ¢



5. Resonance in Alternating-Current Circuits

1
X, =X, W,L =—— @,
@, C

Reactance, resistance, and impedance as
functions of angular frequency

Impedance Z is least at the angular
frequency at which X~ = Xj.

RXZ | Z=/R+ X, —Xp)?

2
|
Xc :
|
/)
i R
|
X, N
0 wy v logw
X; — Xc Logarithmic
scale

Impedance, current, and phase angle as
functions of angular frequency

Current peaks at the angular frequency
at which impedance is least. This is the
resonance angular frequency .

b 2

0, " / wy e log w
—9(° : / Logarithmic
¢ et scale



6. Transformers

v,_N,
Vi N,
V, R
I, (N,/N,))

The induced emf per turn is the same in both
coils, so we adjust the ratio of terminal voltages
by adjusting the ratio of turns:

Source of alternating
current

Iron core

Primary
winding
g

Secondary
winding



Schematic transformer

\
Primary
. . A
winding

\\

S~

Secondary
winding

[,

Large eddy currents in solid core

S Eddy

currents
Section at AA

Smaller eddy currents in laminated core

Laminated
core

currents

Section at AA



