PHYS 1220, Engineering Physics, Chapter 31 — Alternating Current
Instructor: TeYu Chien
Department of Physics and Astronomy
University of Wyoming

Goal of this chapter is to learn how resistor, capacitor and

inductor behaves in a AC circuit

- Transformers are used to convert electric potential from one value to another through
the inductance effect with ac current.
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- Rectified alternating current

Diode is an electronic device that has bipolar Source of Alternating
resistance: very low resistance along one dlternating current current
direction and very large resistance along the >-\
other direction. In other words, current can ",
only flow in one direction through the diode, i T
but not the other.

A set of diodes could be design to rectify an

alternating current into a direct current. //

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



- Basic math for understanding ac circuits with
resistors, capacitors, and inductors
* For convenience, let's use sinusoidal
function for the time dependent current
and voltage.
 I(t)=I,cos(wt)
* Phase: everything inside the “cos” or
“sin” function is called phase, ranging
from 0 to 2.
e Amplitude: the factor in front of “cos” or
“sin” is the amplitude of this function.

- Root-mean-square (rms) and average numbers
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Phasor rotates with
frequency f and

angular speed @ = 2mf.

Pm Jv:r:uou of phasor onto
horizontal axis at time ¢
equals current £ at that
.lnslaml:l i= Icoswt.
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e “rms” refers to a function is first, (1) squared, then, (2) find the mean (average),

and finally, (3) take the square root of the mean:

* For example: if 1(¢)=1,cos(wt)
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» Average is just take the average of a function:

- Resistance and Reactance in AC circuit (with an AC current source:

* For Resistor
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For Inductor

VL(t):Ld{d—Et):—Llou)sin(mt):Lmlocos((»t—i—%) (remember:

cos(A+%)=—sin(A) )
Amplitude of the V (1): V,=Lwl=I,X, ;where X,=Lo
Phase of the V (1) p=wt+2% (90 degrees advanced than current)
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* For Capacitor
d I(t :d—qzlocos wt) ,80 ¢t :%sin wt?
dt
VC(t)=qﬂzisin(wt)zicos(wt—i) (remember: cos(4—Z)=sin(4) )
C oC oC 2 2
. . I, . _1
Amplitude of the V (t): VC:E: I,X,. ;where X el
* Phase of the V (t): q>=oot—% (90 degrees behind the current)
®
@ ®
a | b

]



v
P i = Icoswt
w;,/ ﬁﬁﬁﬁﬁ e’y Sl
L Ue == cos (wt — 90°)
48 wC
VC )_,__.._... __.....,_.._,.,.__‘__-.__.“.;___7.
: . .
O
Lop I = gp°
i 5 2 rad = 90
' Itage > curve Jags current curve by a quatter
cle (corresponding to ¢ = 7n'l‘;fji:fﬁi= =

90°%)

Current "
phasor /"'

!

1

Phase y ,_t,f ,{. :
angle ¢ " l
F !

J

Uc i
Voltage+— .,:‘_k‘{
phasor | Vg

Voltage phasor lags
current phasor by
¢ = --’rrfE rad = —90°

- L-R-C in series in ac circuit (Use phasor diagram to analyze)

e Amplitude of V(1):

V=\V2+

* Phase of V(1):

* Inshort: tang¢=
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2

defined as impedance of this circuit as: Z:x/R2+(XL—XC)2:\/R2+(ooL—ml—C)
VL_VC:](XL_XC): X, —X
Ve IR R
1
L———
RCIA
R ’ ¢

e Then V(t)=Vcos(wt+¢)

by 90°.

Inductor voltage "-.‘

phasor leads i
cument V=X, V=
phasor

Source voltage phasoris the vector
sum of the Vi, Vi, and V- phasors.

All circait
elements have

j7 the same
current phasor.

Capacitar voliage
phasor lags
current phasor Vo = ]XC
by 90°. Itis thus always
antiparallel to the ¥, phasm

- Resistor voltage

phasor is in
phase with
current phasor.

If X; < X, the source voltage phasor lags the
current phasor, X < 0, and ¢ is a negative angle
between 0 and —90°,




Math Preview for Chapter 32:
e closed surface and closed line integral
* derivative
 differential equation (wave function)
* vector cross product

Questions to think about for Chapter 32:

* We know that time-dependent electric field could produce magnetic field
(Ampere's law); and time-dependent magnetic field could produce electric field
(Faraday's law). We always call light as electromagnetic wave, which is a wave
that is essentially the wave of electric field and magnetic field. With the
knowledge you learned about the induced electric (or magnetic) field by the other
counterpart, how the light propagate in terms of electric and magnetic fields?



