Chapter 22 -
Alternating Current



reading quiz

m which of the following is the correct relationship
between peak voltage(V) and rms voltage(V, )
- A.V — ‘/I‘IIIS\/i

B BV — erms/\/i

- CV = V 2‘/1‘1118
- DV — V ‘/rms/2

m The reactance of a capacitor is
— A. proportional to the ac frequency
— B. inversely proportional to the ac frequency
— (. independent of the ac frequency
— D. always zero




alternating current

m thus far we've mainly dealt with circuits under direct current conditions -
that is where the supplied voltage or current does not change with time

® another common situation is where the voltage and current varies with time
in a sinusoidal way

Current and Current and Current and
voltage positive voltage zero voltage negative

1 (,urrent amplitude / —
14 = V cos wt
I A = I cos w% < I 1 >
v, i

0 A

~K[ ne period T 0 \/ / -t
w = 27f = 2w[T 7
(a) Graphs of sinusoidal current and voltage

versus time. The relative heights of the two
curves are not significant. (b) The graphs related to a schematic ac source.

(! \'('()Hw'/

Voltage amplitude V

. V= peak voltage
/ [ cOS Wi
I=peak current




producing alternating current

® Wwe saw one way last time

Loop (seen end on)

e T

(@) (b)




phasors

® one way to visualise sinusoidal behaviour (if you don’t like graphs) is to use
a ‘phasor’

m this is a vector that rotates at a fixed angular velocity

Voltage amplitude V /\ /\
v‘ Current amphtude I
v < = V cos wt

I i = I cos wt
Length of phasor Phasor rotates with
0 equals maximum frequency f and
—JL current /. angular speed w = 27f.
_ A
%[ ne period T

w = 27uf = 2x[T

(a) Graphs of sinusoidal current and voltage
versus time. The relative heights of the two
curves are not significant.

Phasor / |

[ — \ CCOS (W f Projection of phasor onto
horizontal axis at time ¢
. 7 equals current i at that
l - / COS W f wf instant:i =T cos wt.

>

) i = 1 cos wt
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. V- f
alternating current w 27

®m the current in a circuit behaves like /' E— / COS W [ , With a

frequency f= 1 Hz. At =0, the current is measured to be 1.0 A. What is the
current 0.5 s later?

- A. 1OA
- B.-1.0A
- C.00A4
- D.06A

®m what is the current at =0.75 s ?
- A 1OA
- B.-1.0A
- C.00A
- D.0O5A




root-mean-square

Voltage amplitude V

Ui i /Current amplitude 7

B notice that the simple average current is zero

| % v = Vcos wt
m over a full cycle i is negative as much as I i =1 cos ot
positive 5 -t
_I L
VT Jne period T
m 3 more useful average is the o = 2mf = 27T
root-mea n-square, or rms (a) Graphs of sinusoidal current and voltage
9

versus time. The relative heights of the two
curves are not significant.

= defined to be the square root of the average of the squared current

) = 2.12

o

|




root-mean-square

® rms current and voltage is what is usually quoted as the current and voltage
of an ac system

m e.g. the 120V household supply inthe USis V., =
m thepeakis V=120V */2=170V

m good ‘average description’ 2'\_ _ﬁ\ /L\ /[

=120V




alternating current circuits

®m how do simple circuits behave if we put
alternating current through them?

m circuit with a resistor, Ohm'’s law describes
the voltage drop across the resistor
in terms of the current

Ve = 1R

vr = 1 R coswt

®m time-dependence of voltage is the same as
the current

“phasors stay in-step”

3

b

a R
<O

(a) Circuit with ac source and resistor

i, v
4 i = I cos wt
I S T T /'\’

Up = IR cos wt = Vj cos wt

AW

o \
‘Current is in phase

s . with voltage: Crests and
Amplitudes are in the )

: i troughs occur together.
same relation as for a

dc circuit: V, = IR.

(b) Graphs of current and voltage versus time

A

Current _
hasor\ . .
P \ Current and voltage
phasors are in phase:

\VR \ They rotate together.
wl
Tog .

i | 1 l
0 Instantaneous Instantaneous
voltage current

Voltage
phasor

(¢) Phasor diagram



)

inductor ‘ ) \

m circuit with an inductor, recall the version of a L b
Faraday’s law for self-inductance A _- o
— / (a) Circuit with ac source and inductor
{ / — / , -
A / 4 i = I cos wt
v, = IL<L cos (wt + 90°)
m so the voltage is proportional to the slope of the "'L\ m \
. = [
current-time graph oN\_ \x
— current slope is biggest when /=0 and smallest |
. Ly =
when =1 P g rad = 90°
— Voltage peaks one quarter Of a CyC].e earlier than \"nl:u;(,'c curve lcal({s c1:rrt;nt cm/'\'c h_\l' a (|;I(;l‘l;t(‘l'
cycle (corresponding to ¢ = 7/2 rad = 90°).
the current (b) Graphs of current and voltage versus time

“voltage leads current by 90° = n/2 rads”

v, = —1lwl sin(wt)

Voltage phasor leads current phasor
by ¢ = w/2 rad = 90°.

A

/
Voltage | Phase

‘ 7 ‘ . | ‘ - .) ) phasor | angle ¢ |
( [ y - / A/ / y ( ( )R ( A/ / + /\ i | ’ \Currcnt

AN w phasor
N
= = -

o

* inductive reactance X; = wk ”

(¢) Phasor diagram




inductor ‘ © |
* inductive reactance X; = wkL ” « L b

S vy '

(a) Circuit with ac source and inductor

so the peak (or rms) voltage across the inductor can be written
V,=1X,

which looks like Ohm’s law with reactance in place of resistance

* high frequency current signals will have a higher reactance and
hence cause smaller voltages across the inductor

 inductors “choke” off high frequency signals



capacitor - \

iy
m circuit with an capacitor, recall that the charge P c J
on a capacitor is related to the voltage across it
(a) Circuit with ac source and capacitor
( C ( / ( i,‘v

i = Icos a)t

®m the rate at which the voltage changes then is
related to the rate at which the charge changes, ‘¢ -
i.e. the current 7

Av. 1Aq 1@

S— n%-

.A / ( A / ( 1 1 T — rad = 90°

\()ll]"k curve Iu"s current curve by a quarter

Ve =p— cos wt - 90°)

- wC ~ /

. o s cycle (corresponding to ¢» = 7/2 rad = 90
= the Only Wa’y thls can hO]'d true 1S lf ) Graphs( of curll'ent and voltage versus time )
l .
/. ‘ ¥ — Y H l 1 l u(_/‘ / A Current
(' ), ( phasor 1,/
\/

1 , ¢ \ Phase

(1(  — T ( 'OS ( u,v‘/ Tl 2 ) angle"d’,_

- “VOltauge ].a:gs current bY 900 = Tl:/z rads” 0 ‘¢ \'oltauc;llz]s()r;(lf'.S' current
Voltage———x" phasor by ¢ = —7/2 rad
phasor | V¢ = —9(0°,

(¢) Phasor diagram

“ capacitive reactance X, = 1/(w()”




)

capacitor ‘ - \

“ capacitive reactance X, = 1/(wG)” <

U(-

(a) Circuit with ac source and capacitor

so the peak (or rms) voltage across the capacitor can be written
V,=1X,

which looks like Ohm’s law with reactance in place of resistance

e low frequency current signals will have a higher reactance and
hence cause smaller voltages across the capacitor

 capacitors block low frequency currents



reactance & current X; = 1/(w0)

o; X, =wkL
A V=IX
&7
Circuit 1
0000

L .
Lightbulb

keeping the source voltage constant we reduce the angular
frequency w,

what happens to the brightness of the bulb:

A. gets dimmer

B. gets brighter

C. stays the same




reactance & current X; = 1/(w0)

o, X, =wkL
A V=IX
&7
Circuit 2
T (0)
| oy
C Lightbulb

keeping the source voltage constant we reduce the angular
frequency w,

what happens to the brightness of the bulb:

A. gets dimmer

B. gets brighter

C. stays the same




The light bulb has a resistance R, and the emf drives
the circuit with a frequency w The light bulb glows

most brightly at
7 ) ? L
C

1. very low frequencies.
2. very high frequencies.
3. the frequency w= 1/VLC .

X, =1/(wC)
X, =wkL
V=IX



power in ac circuits

m circuit with a resistor

®m the instantaneous power supplied by the
voltage source p =vi
For a resistor, p = vi is always positive
because v and i are either both positive
or both negative at any instant.

4

Y
~

(a) Pure resistor

m averagepower P=VI/2=V_ I .=(I )R

A 4
S SN

a R b
<— g

(a) Circuit with ac source and resistor

/W

io
‘Current is in phase

= . with voltage: Crests and
Amplitudes are in the _ R .
: i troughs occur together.
same relation as for a

dc circuit: Vi = IR.

(b) Graphs of current and voltage versus time



power in ac circuits

m circuit with an inductor

®m the instantaneous power supplied by the
voltage source p =vi

0,6, p ;0000

e

(b) Pure inductor

m voltage leads by a quarter cycle
m average power P=0/

)

LWJ T
a L b
k—v—]
(a) Circuit with ac source and inductor

i, v
4 i = I cos wt

I~
v; = loL cos 61\ 90°)
AN
-1
o, <\

L

1
b

KL
/ 2
Voltage curve leads current curve by a quarter
cycle (corresponding to ¢ = m/2 rad = 90°).

rad = 90°

(b) Graphs of current and voltage versus time



power in ac circuits

® circuit with a capacitor

®m the instantaneous power supplied by the
voltage source p =vi

v,{,p I+
A

(¢) Pure capacitor

m voltage lags by a quarter cycle
m average power P=0/

A0
@
_i I i

a b
C
U

(a) Circuit with ac source and capacitor

i = I cos wt

ve =— cos (ot — 90°)

|
|
|
|
|
|
e 4 —_—

[ ,
1 T, — rad = 90°
; 2
Voltage curve lags current curve by a quarter
cycle (corresponding to ¢» = 7/2 rad = 90°).

(b) Graphs of current and voltage versus time



series RLC

B VSV +V,+ T,
®m these are time-varying voltages
we should add the phasors -

just like adding vectors

wi -
. / >
1 = [ coswt




series RLC

B VSV +V,+ T,
®m these are time-varying voltages
we should add the phasors
just like adding vectors




series RLC

B VSV +V,+ T,
®m these are time-varying voltages
we should add the phasors
just like adding vectors

VR = IR




series RLC

B VSV +V,+ T,
®m these are time-varying voltages
we should add the phasors
just like adding vectors

VR = IR




series RLC

B VSV +V,+ T,
®m these are time-varying voltages
we should add the phasors
just like adding vectors

Ve = 1X1

\ | adding v; and v, is easy
V

[

VR




series RLC

wVEVRIV T _ ~
= these are time-varying voltages I |
we should add the phasors Ao
just like adding vectors N O

4 Vi, =1Xp

adding v;+v, to v,is
just adding vectors




series RLC

we define the impedance of the circuit to be Z=V/I

by pythagoras VV = \/ ‘ﬁ) i (IL o 1( ')2

the phase lag is given by

1

| 1 \¢ wL——F=

R




resonant RLC circuit

Z=\R+ (WL -

)2

takes its smallest possible value (Z7=F) if

l
wC'

wl =

Impedance Z is least at the angular

frequency at which X, = X,.

o log w

Logarithmic
scale

Wo —

1
VLC

Y

for a fixed V, the peak current is
maximised when Z is minimised

I(A)

0.5

0.4

0.3

0.2

0.1

A

A

200 Q)

The lower a circuit’s
resistance, the higher
and sharper is the
resonance peak in the
current near the
resonance angular
frequency w,.

500 Q)

2000 O

> (rad/s)

| | |
500 1000 1500 2000



