Chapter 32 Alternative-
Current Circuits

Physics Il - Part Il
Wen-Bin Jian
Department of Electrophysics, National Chiao Tung University




Alternative Current Voltage Source

AC Sources

Ref:

The power generator utilizes a changing
magnetic flux where mechanical energy is
converted to a variation of magnetic flux
variation.

by = B-A = BAcos(6)

Note that the flux variation could be activated using a changing
magnetic field, a changing area, or a changing angle between the
magnetic field and the areal normal vector.

The mechanical energy causing a rotational motion may be the easiest
way to vary a magnetic flux.

0 = wt
by = B -A = BA cos(wt)

Consequently, this is the most common way for power plant and it
results in the alternative voltage on the outlet plug in your house.



Alternative Current Voltage Source

The Average of
ACVoltage

Sources

Ref:

The power plug supplies a power of AC

voltage.
ddg d
e=V=- Frale _E(BA cos(wt))

¢ = wBA sin(wt)

It comes a general description of the AC voltage as:
0 = wt+ @ — ¢ = wBAsin(wt + ¢) =V, sin(wt + @)

The calculation average voltage and the root-mean-square voltage are:

1 T
Vavg = Tj Vo sin(wt + @) dt = 0
0

1T ,1 T V,
Vrms=\/fj V0251n2(wt+g0)dt= TVOZE=\/—§
0




Resistors in an AC Circuit R

Giving an AC voltage across a resistor, what 1s the
current in the resistor?

The general form of an AC voltage 1s V, sin(wt + ¢

The current through the resistor is evaluated

: : V(t V
Resistors in AC I(t) = %) = (ﬁ) sin(wt + ¢) = Ip sin(wt + ¢)
Circuits Using the Ohm’s law in AC voltage, it gives
VO — IoR

Note that the current and the voltage of the resistor have the same
phase of +¢.

Ref:



Inductors in an AC Circuit L

Assume the AC voltage across the inductor of
Vo sin(wt + @)

The current in the inductor 1s evaluated:

_a o Vo gt — Vo
The Inductors V= LE_)I —Tjsm(a)t+cp) t = —Ecos(a)t+<p)
in AC Circuits [ = _%Sm(g_wt_go) =%sin(wt+¢—g)
The impedance of the inductor is:
Vo
IO =E—)XL = wlL

The current flowing through the inductor has a negative phase shift of
% compared with the voltage across the inductor.

Ref:



Capacitors in an AC Circuit C

Assume the AC voltage across the capacitor of ||

Vo sin(wt + @)

The current in the capacitor 1s estimated: 4@7
Q dv

_ C=—=->1=C—=wlCV;,cos(wt + @)
The Capacitors v dt ’
In AC Circuits I = wCV;sin (g— wt — cp) = wCV,sin (a)t + @ +g)

The impedance of the capacitor is:
IO = G)CVO - XC = 1/(1)C

The current flowing through the inductor has a positive phase shift of
T . .
> compared with the voltage across the capacitor.

Ref:



Resistors in an AC Circuit

To deploy a phasor scenario, you better know that
the circuits are connected in either serial or parallel.

For a parallel connection, the voltage source is
fixed thus we look into the current.

The Phasor v
ConceptofThe Qs (}) sin(wt + ¢)
RES | stor in AC We draw the current in a two-dimensional map to work on the phasor

. . calculation.
Circuits

10 Sin[2rit+71/12]

Ref:



The RLC Series Circuit

Series RLC

Circuit

Ref:

Find the current of the RLC circuit connected in series and driven by an
AC voltage of V; sin(wt).

The voltage source is V, sin(wt). Wﬁ"m
~)
N7

The circuit 1s connected in series thus giving the
same current in the electronic components.

Through the capacitor, the voltage slower than the current for /2.
Through the inductor, the voltage is faster than the current for /2.

If the voltage across the capacitor is larger than that across the
inductor, the current will be I = I sin(wt + §).

If the voltage across the inductor is larger than that across the
capacitor, the current will be I = I sin(wt — §).



The RLC Series Circuit

Find the current of the RLC circuit connected in series and driven by an
AC voltage of V; sin(wt).

The voltage source is V, sin(wt).
Assume V; > V. & I = I sin(wt — §).

Series RLC Vg = IoR sin(wt — &)
: : o
Circuit V., = IywL sin (a)t -5+ E)
_ Iy s
Ve —Rsm(wt—cﬁ—z)
1 2 IO =
Vo= [IER? + I} (a)L — E)
L—1/wC
tan(d) = v [

R

Ref:



Power Consumption in an AC Circuit

Assume that the AC voltage across the resistor of a resistance R 1s
V(t) =V, sin(wt), the current in the resistor will be I(t) =
(Vo /R) sin(wt) = I, sin(wt).
2
Pt) =I1)V(t) = V—Osinz (wt)
Power R
1 (Tv§

. VZ
_ _ 20 a2 __0
Delivered by Povg = T) R sin“(wt) dt T

Voltage Source

2
Since Vs = VO/\/Ea Pavg = % — IzmsR

The average power delivered by a generator of an AC voltage source

1s
1

P(t) = Vy sin(wt) Iy sin(wt) = Py = EIOVO = LrmsVims

Ref:



Power Consumption in a series RLC Circuit

AN

Sl

The voltage source is V, sin(wt). v 7
0
Ve = IR sin(wt — &) IO:\/ 1 2= 7
2 |R2+ (a)L _ —)
1
Power Wl Vo =10Z = Vims = LrmsZ
: wL —1/wC R

Delivered by tan(8) = ———— - cos(8) =,

VOltag e Source The power delivered from the voltage source is
P(t) =V, sin(wt) I, sin(wt — §)

P(t) =1,V, (sin2 (wt) cos(8) — sin(wt) cos(wt) sin(5))

N4 R
Pavg = TCOS((D = IrmsVrmsE = IzmsR

Ref:

4



Power Consumption in a series RLC Circuit
The voltage source is V, sin(wt) and the current is I sin(wt — §).

2
1
Vo = 1oZ = Vimns = lrmsZ Z = |R*+ <a)L — —)

wC
The power of dissipated on the resistor is
Power IZR Vems )
Dissipated P(t) = I§ sin*(wt — §) R > Py = OT =J? R = ( ’”;‘S) R
|ss_.|pa ed on _VOZR 1 V2R
Resistor favg =572 =3 12
R? + (a)L — R)

The dissipated power on the resistor has a maximum value at wL —

1

= 0. The frequency is named the resonance frequency w, = 1/vVLC.

The full width at half maximum is calculated by wL ——— = R.

Ref:



Power Consumption in a series RLC Circuit

The full width at half maximum occurs at wL — 1 - R.

wC
Let w = wg + Aw and wy > Aw.
L ol S R Y TP
@ wC woC 0 0

Resonance In , ,
w?LC —1 = RwyC - w?/ws —1 = Rw,C
w R

. . _ — — 2 _ — Pav,max_
CIrCUIt 1 + wO 1= R(l)oC - 2Aw = RC(,UO - I Small R,
. ) ) large Q
The full width at half maximum is R/L. °
: - _ @o _ @ol P f5g
The quality factor 1s defined by Q = 20" R b A Large S’
%Pa mmmm A/ Aw

Ref:



The Transformer and Power Transmission

Assume the magnetic flux of a single loop to be ¢. v,

There are N; turns on the side of the voltage source.

d¢ d¢ Vi
V1+N1%—0—)E— —N—l
Tra nsfo rmer There are N, turns on the side of the transformed voltage.
d¢ d$p N,
V2+NZE: O_>V2 = _Nzazﬁlvl

The energy must be conserved thus I, V; = L, V,.

Ref:



Root-Mean Square Values

Find the average voltage and root-mean square voltage for the periodic
saw tooth waveform of V(t) =V, % (0<t<T).

1T V

Examples — v, —leV Lac=v,
P wg ) 't 0tz 2 T 2
The Average

Value of AC ) 1fTV2 ¢ 1, 1T W
Voltage T)y P12 (T°T?3 43

Ref:



Root-Mean Square Values

Find the average voltage and root-mean square voltage for the periodic

2
saw tooth waveform of V(t) =V, % (0<t<T).

Examples —
The Average

Value of AC
Voltage

Ref:

—1fTV tzdt_V 173V,
o T2 %r3 3 T3

1ttt 1 ,1T5
Vims = T-[O Voﬁdt: TVOT‘LS:\/E




Phasor for Evaluation The Current in The RC Circuit

Examples—RC

Circuit

Ref:

A resistor R and a capacitor C are in series connected with a voltage
generator of V cos(wt). Find the current in the circuit. Please find the
maximum potential drop across the capacitor .

The current leads an advanced phase of 7 /2 in
comparison with the voltage across the capacitor.

The current will have a phase of +6: [ =
Iy cos(wt + §).

The current is the same in the series connected
circuit so we work on the addition of voltage | LR wt +6

vectors.
Vo, wt
The voltage on R: I4R cos(wt + &) k

The voltage on C: I ﬁcos(a)t +6—m/2) \1_0 wt+6—m/2
wC’




Phasor for Evaluation The Current in The RC Circuit

A resistor R and a capacitor C are in series connected with a voltage
generator of V cos(wt). Find the current in the circuit. Please find the
potential drop across the capacitor . V' I.R wt + &

12 V,, wt
2 _ 12p2 0 0’
VO —IOR +a)262 % |

Examples—RC Ve <

—,wt+6—m/2

Circuit " R+ 1/w2C? wC
V. 1/wC
I1(t) = 0 cos(wt + ) ,tand = /_a)
JR% + 1/w?C? R
1 A
V-(t) = cos(wt +6 —m/2)
7 wC R+ 1jwC?
Vo
Ve(t) =R cos(wt + 6)

JR? + 1/w?(?

Ref:



Phasor for Evaluation The Current in The RC Circuit

Examples—RC

Circuit

Ref:

A resistor R and a capacitor C are in series connected with a voltage ...

1 Ve
Ve(t) = " \/RZ 1o cos(wt +6 —m/2)

V

Ver(t) =R -

VRZ + 1/w?2C?
w>»1-V:(t) - 0,Vi(t) » Vycos(wt + &)
The RC circuit is used as an RC filter. When the frequency is much
higher, the voltage is mainly dropped on the resistor. The voltage on the
resistor 1s used as a high pass filter.
w<K1->V:(t) > Vycos(wt+6—m/2),Vr(t) >0
In contrast, the voltage on the capacitor is used as a low pass filter.

cos(wt + §)




The right figure shows a parallel RLC circuit. The instantaneous voltages
across each of the three circuit elements are the same. (a) Please calculate the
current delivered from the source. (b) Please calculate the phase angle between
the source voltage and the total current.

Vo cos(wt) C—|
R= " p lc kg AW
Examp|eS [ Vo cos(wt — 1 /2) Iy L, {00,
L= wL I

_ Vycos(wt +m/2) C

I
¢ 1/wC

ANEAA ? 1\° /1 ?




Examples

The right figure shows a parallel RLC circuit. The instantaneous voltages
across each of the three circuit elements are the same. (a) Please calculate the
current delivered from the source. (b) Please calculate the phase angle between
the source voltage and the total current.

R wlL
, 1 1 L {C000000)

— — wC
tan¢=wl‘ =XL Xc _®_

1/R 1/R

1\° (1 ? C
I:(t) =V, (—) + (— — a)C) cos(wt — ¢) R




