Inductance



Mutual Inductance

Mutual inductance: If the
o If the current in coil 1 current in coil 1 is changing,
.y the changing flux through coil 2
Changes’ the flux through coil induces an emf in coil 2.
2 changes. Coill
o According to Faraday’s law,  Nitums/

this induces an emf in coil 2.

Bl = d,, oci

or @ ,, =(constant)i,

or ., = MZTIZ'I.

Mutual inductance S —




Mutual Inductance

Mutual inductance: If the

(I) — M 1 current in coil 1 is changing,
B2 211 the changing flux through coil 2

— B2 —_ \f 1 Coil 1 e

dl induces an emf 1n coil 2.

21 - o
dt dt \‘E\Vl turns If'f R \“: Coil 2
L8 ~_/ N,turns
S i

_——"_'F_FF-}

dD

B2
? dt
di
=—M. —L.
21 dt

Mutual inductance M,, depends onlyon ~ % i
geometry of coils (size, shape, numberof
turns, orientation, and separation).




Mutual Inductance
Mutual inductance: If the

O Opposite case: a changing current current in coil 1 is changing.

in coil 2 causes a changing flux and the Chf'.illgiﬂg flux ThI't’)ngh coil 2
induces an emf in coil 2.

an emf in coil 1. di,
g , = M 1 E Coil 1 e
\f\V  turns l,f" p ) Coil 2

O It can be shown using some
integral tricks that M, is always

equal to M,,.

o Call this common value simply the
mutual inductance M.

di di
g,=-ML, g =-M=2,
dt dt
where M = CD.BZ = q).Bl.
I i

1H=1Wb/A=1V-s/A
=1Q-s=1J/A%



Example 30.1
Calculating mutual inductance

O A long solenoid with length L and cross-sectional
area A is closely wound with N, turns of wire. A coil
with N, turns surrounds it at its center. Find the
mutual inductance M.

Cross-sectional area A

N, turns N, turns

G 2072 Pearson Sducaion, Ing



Example 30.1
Calculating mutual inductance

B

cI)BZ

M =

| = ML

- B A.

NZCI)BZ

,uONz
)

_N,(BA)

4

N [(”0

l

1
N1’1 VAT

_M AN N,

i [

1

N, turns N, turns

_ (47 <107 Wb/A-m)(1.0x10~ m*)(1000)(10)

0.50 m
=25x10"° Wb/A=25x10"° H=25 uH.



Example 30.2
Emf due to mutual inductance
O Suppose i, = (2.0 x 10° A/s)t. (a) At t = 3.0 us, what is the
average magnetic flux through each turn of the solenoid

(coil 1) due to the current in the outer coil? (b) What is the
induced emf in the solenoid?

Mi, (25x10° H)(6.0 A)

o(a) & = 2
(a) B1 N1 1000
—=1.5x10"" Wh.
ds,
b E =—M-—=
< ) 1 dt N, turns N, turns

= —(25x10™° H)(2.0x10° A/s) = —50 V.



Self-induction and Inductors
) ) ) Self-inductance: If the current { in the coil is
Typlcally: a solenoid with N turns changing, the changing flux through the coil

Varying current — varying B field — induced emf
This 1s called self-induction
Assuming vacuum, or in a magnetic material with constant
K,, and M « B, then total flux through the coil
N®g x i

Define the inductance of the coil
L= N(_DB

[

L depends on the geometry of the coil

SI unit: Tm?/A = H (henry) AHisa large unit, typically mH or pH

From Faraday’s law

ddy di _
E=—N = —L— self-induced emf
v dt dt




Inductors As Circuit Elements

Direction of £ determined by Lenz’s law

(c) Inductor with increasing current i flowing (d) Inductor with decreasing current i flowing
[rom a o b: potential drops [rom a o b. from a to b: potential increases from a to b.
i increasing: di/dt > 0 i decreasing: di/dt < (
a E b di a ? b di
—a——L 000 ——— V=L = D —e——(000 —V,=L—<0
e P - dt i a B df
& &

Can be considered as a circuit element 1n, e.g., Kirchhoff’s law where i from a — b,

di
Vab:Va_Vb :LE

& no need to worry whether i is increasing/decreasing. The sign of di/dt will take care of the

direction of €



Magnetic Field Energy

As [ increases, induced emf resists it, therefore external source must supply energy. Can consider
the energy used in building up the magnetic field, or magnetic flux, c./. charging of a capacitor
Assume inductor has no resistance, all energy stored in the magnetic field inside the inductor

External power delivered to inductor

p au 1 di i increasing: di/dt > 0
T — abl = ] — i — b .
dt dt —— T ——e— ¥, = LL > o
I T + = - dt
.y E
= U:szdt =5 | ==L J>
0 2

I 1s the final steady current

. o 5 1
& c.f energy stored in a capacitor is S Ccv?

A for a comparison between inductor and capacitor, see Summary I attached.



Inductor - application

Contealbor
contralling the
trathic signals

Vehicle passing
thraough the loop,
makinga contact with
the magnetic field

Many traffic lights
change when a car roll

'

A Inductive corl

n ) | loop under
. . | | ground
up to the intersection. OO
Lﬂﬂﬂ connocted 1o - —:_-'_, -
How does the light detectar using cables o (% g
sense the presence of =
the car?

11



Magnetic Energy Density

Suppose the inductor 1s a thin toroidal solenoid whose Number of turns = N A
(only a few are shown)

thickness « r, cross sectional area A, and has N turns
Magnetic field inside 1s uniform

_ HoNi
~ 2mr
Its inductance 1s
N, pu,N?A
L= [ - 21T

Total energy stored 1n inductor after the current settles to a constant value [ 1s
1 1 uoN?A
U==L? ="

2 2 2mr

Magnetic energy density (total energy per unit volume) 1s

u 1 ( NI )2 B?
— — i — — —

“ 2nrA 2 Ho 27y "

12




: .1
A c.f electric energy density is > Enl”

& For a magnetic material with constant permeability u = K,,io, u = B%/2u
& Just like the electric energy density, this result not only true for an ideal solenoid. It is true in
general for any magnetic field provided pu 1s constant



Example
A thin toroidal solenoid has N = 200 turns, cross sectional area A = 5.0 cm?. andr = 0.10 m

! (4w x 1077 Wb/Am)(200)2(5.0 x 10™* m?)
B 27(0.10 m)
With a final current I = 200 A, the total magnetic energy stored 1s

= 40 uH

1
U = (40 X 1075 H)(200 A)% = 0.8]

Not practical as an energy storage!



The R-L Circuit

Current Growth (building up flux inside inductor, c.f. charging in a R-C circuit)

Kirchhoft’s loop rule:

E—IiR Ldi—O
: dt

For a summary of voltage change across a circuit
element, see Summary II attached
Qualitatively:
1. Att=0,i=0,di/dt = E/L amaximum
2. Asi grows, di/dt decreases, eventually to zero
3. Therefore i increases from 0 to [ = £/R (max when
no emf is induced 1n L, must be of the form
i(t) =1(1—-e~%7)
Quantitatively:
di €& R
dt L L
With initial condition i(0) = 0

E B
i(t) ==[1- L/R)
(0 =2(1-e
Detine time constant T = L /R

i(0) = %(1 —e~t/T)

Switch § is closed atr = 0.
&

¥

+|y Si
A4

R —> L

T T —
I_R
"
(1-1)
e
o, ] _L
R



Power delivery and dissipation

Instantaneous power _ . ' di
(multiply i to Kirchhoff’s rule) L{E)E —TLLR — I(E) (L E) =0

—— 1 . )

Delivered by € Stored in L, = — (l Liz)
dt \2

Dissipated in R



Current Decay (draining flux inside inductor, c.f. discharging in a R-C circuit)
After the current reaches the constant value [, in the previus case, then remove £
Qualitatively:
[ must decrease from initial value I, to zero (when all

energy stored in L 1s drained), therefore must be of the

form
i(t) = Ie " .
o () ¢ Switch S, i1s closed at ¢t = 0
Quantitatively: Iy
Put £ = 0 in loop rule
iR —.L & 0
_L CER— —
dt T\
= i(t) = IOe_r/T k
0
Instantaneous power e
@) L

;‘t)R+i(t)(L;—£):O TR

Dissipated in R < 0, energy stored in L decreasing



Question

In the circuit, before the current settles to a constant value
a) when §; 1s closed and S, 1s open,

Vop (>/<)0and V. (>/<)0
b) when S; 1s open and S, 1s closed, and current 1s

flowing 1n the direction shown,
Vap (>/<)0and V. (>/<)0

E “";_
S
J g
a b e
— \N\—e— 0000 —o—9
R T)' T




The L-C Circuit — analogy of a harmonic oscillator

An electrical oscillation, energy transfer between electric and magnetic energy
c.f- a mechanical oscillation (spring and mass), energy transfer between PE and KE

T

r Capacitor polarity reverses.

Capacitor fully charged;

Zero current

.

Id e =

+O [—F ~Cn
; Capacitor
+—E discharging;
b+ I increasing
_+\______,_/_—_ I—::
k JDLD
&
2

Circuit’s energy all

stored in electric field

(@t=0andt =T
(close switch atr = 0)

Capacitor fully
discharged;
current maximal

m
=]
E=Uy+ Ug

Circuit’s energy all

stored in magnetic field

(b)r = %T

P

Capacitor
charging;

I decreasing

=

Zero current

=V

m

= :/""‘“-\;I 0.

il
El'll e

-

0127

E=Up+ Ug
Circuit’s energy all
stored in electric field

(c)rz%T

Capacitor
discharging;
[ increasing

t

\l Current direction reverses. —w

Capacitor fully charged;

Capacitor fully
discharged;
current maximal

== =

By
=00

N
2
=]

E= U+ Uy

Circuit’s energy all
stored in magnetic field

(d)r=%1r

=\
i

Vi

Capacitor charging; / decreasing

L



+q || 4
|
Quantitatively: from loop rule

di q

(L dzq 1 _
—0000—¢ = o te1=0

q = Q cos(wt + ¢)

[ = —wQ sin(wt + @)
|

W= |—

LC

Amplitude Q and phase ¢ determined by initial
conditions, e.g,

If g(0) =Q and i(0) =0,then¢p =0

If g(0) =0, then ¢p = +m/2

Y Equilibrium position
(spring relaxed)

\ v
YAAYAANYIAANAAN 0

{ VRVRVELVALYRVAVRVAVAVRVEY e jL A
- e | L
. F y.

c.f- in a mass and spring system with
spring constant k

solution 1s x = A cos(wt + @), w =

Sikjm = 2af



Analogy between the mass-spring and inductor-capacitor system

Mass-Spring System Inductor-Capacitor Circuit
Kinetic energy = smv > Magnetic energy = %Li2
Potential energy = %kx2 Electrical energy = ¢°/2C
ymug + zke? = 3kA? i Li* + ¢2/2C = Q*/2C
v, = = Vik/mVA2 — x2 i= = VILCVQ — ¢
v, = dx/dt i = dg/dt
L [E e I

m LG
x = Acos(wt + ¢) q = Qcos(wt + ¢)

A total energy in a L-C circuit is conserved, just like a harmonic oscillator



The L-R-C Circuit — analogy of a damped harmonic oscillator

'R Ldi q—O

1 dt C

d- Rd 1
_q_|___q_|__q:0

dt? Ldt LC

1 R?
g(t) = AeBI2L)t gog J

LC_4L2t+(’b




Oscillation frequency 1s no longer w = 1/+/LC, but

1 R? 1 R? () Overdamped circuit (very large resistance R)
LC 42 LC 4L? .
= R< 2JL/C 0 R > 2,/L/C,slow
exponential decay

(a) Underdamped circuit (small resistance R)

q

0 Oscillate with angular 0
frequency w’
(b) Critically damped circuit (larger resistance R)
q
/\ /\ o5 0 R = 2JLJC,w' =0, g o e~ RIALE
o \/ L e .
. no oscillation, quickly damped to zero

) = I

A TFor an analogy of forced harmonic oscillator, need an AC emf



Clicker Questions

Q30.2
A current i flows through an inductor L in é
the direction from point b toward point a. —e—0000 —e—
There is zero resistance in the wires of the a T. b

inductor. If the current is decreasing,

A. the potential 1s greater at point ¢ than at point b.
B. the potential is less at point @ than at point b.

C. the answer depends on the magnitude of di/dt compared
to the magnitude ofi.

D. the answer depends on the value of the inductance L.

E. both C and D are correct.



A30.2

A current i flows through an inductor L in (_‘
the direction from point b toward point a. —e—"0000 ‘—e—
There is zero resistance in the wires of the a T b

inductor. If the current is decreasing,

V A. the potential 1s greater at point a than at point b.
B. the potential is less at point a than at point b.

C. the answer depends on the magnitude of di/df compared
to the magnitude of 7.

D. the answer depends on the value of the inductance L.

E. both C and D are correct.

© 2016 Pearson Education, Inc.



Q30.6

Closing switch §; connects the R-L combination
An inductance L and a I'E:SiStﬂl’lC@ R in series with a source of emf £.
are connected to a source of emf as &

shown. Initially, switch S, is 4) o —
closed, switch S, 1s open, and |
current flows through L and R. a ¢
When S, is opened and S, is R —> L
simultaneously closed, the rate at

which this current decreases "

.':‘ SZ
A. remains constant. :

Closing switch S, while opening switch S,
disconnnects the combination from the source.

B. increases with time.
C. decreases with time.
D. Any of A, B, or C is possible.

E. Misleading question — the current does not decrease.

© 2016 Pearson Education, Inc.



A30.6

Closing switch §; connects the R-L combination
An il‘ldUCtﬁI’lCﬁ L and a I'E:SiSt&l’lC@ R in series with a source of emf £.
are connected to a source of emf as &

shown. Initially, switch S, is 4) o —
closed, switch S, 1s open, and |
current flows through L and R. a ¢
When S, 1s opened and S, 1s R —> L
simultaneously closed, the rate at

which this current decreases "

.':‘ SZ
A. remains constant. :

Closing switch S, u'hi]clnpun]i]g switch S,
B. increases with time disconnnects the combination from the source.
“ C. decreases with time.
D. Any of A, B, or C is possible.

E. Misleading question — the current does not decrease.

© 2016 Pearson Education, Inc.



Q-RT30.1

Rank the following inductors 1n order of
the potential difference V,, =V, -V, a — b
from most positive to most negative. In = ———0) \—o—
each case the inductor has zero resistance

and the current flows from point a

through the inductor to point 5.

A. The current through a 4.0-puH inductor increases from
30At04.0Ain 2.0 s.

Inductor

B. The current through a 1.0-pH inductor remains constant
at 4.0 A.

C. The current through a 4.0-uH inductor decreases from
3.0Ato01mn2.0s.

D. The current through a 2.0-puH inductor increases from
1.0At02.0 Ain 0.50s.

© 2016 Pearson Education, Inc.



A-RT30.1

Rank the following inductors 1n order of
the potential difference V,, =V, -V, a — b
from most positive to most negative. In = ———0) \—o—
each case the inductor has zero resistance

and the current flows from point a

through the inductor to point 5.

A. The current through a 4.0-puH inductor increases from
30At04.0Ain 2.0 s.

Inductor

B. The current through a 1.0-pH inductor remains constant
at 4.0 A.

C. The current through a 4.0-uH inductor decreases from
30Ato0in2.0s.

D. The current through a 2.0-puH inductor increases from
1.OAt0o2.0 Ain 0.50 s. V Answer: DABC

© 2016 Pearson Education, Inc.



Alternating current



- . . . Voltage Voltage Voltage
An alternatmg current (?IC) source pl’OVIdGS a sinusoidal positive Zero negative

voltage -o—@—v o—@—v a—@—o
v =V cos wt M
Convention: lower case (v) 1s the instantaneous value, while _

upper case (V) 1s the maximum value /\ I
In HK and most of the world, f = 50 Hz, 1.e., w = 2nf = /

4
314 /s, whereas in North America, f = 60 Hz ¢ \/

Period of the signal isT = 1/f = 2n/w



Length of phasor  Phasor rotates with

Phasor diagram — represent a sinusoidal signal (e.g. i = Sljuals makinam - equency fand _
_ _ ] ) current /. angular speed w = 27f.
[ cos wt) as a rotating vector in a 2D plane. The projection on k =

the x axis gives the signal @ g
-.."-} ] : : s

Advantage:

A while adding multiple signals, use vector addition and

|

I
Phasor :
Projection of phasor onto
horizontal axis at time {
equals current i at that

~instant: i = Tcoswt.
|

!

then project to x axis to get the final answer.
A Avoid drawing multiple sinusoidal graphs.

0 i = lcoswt



Question: For the phasor diagram for a sinusoidal current:
(A/B/C/D)is a+ve current that 1s becoming more +ve

(A/B/C/D)is a+ve current that 1s decreasing
(A/B/C/D)i1s a—ve current that 1s becoming more -ve




Meaning of the rms value of a sinusoidal

ikttt Dhiers, s civrent with F = 30 Average a simusoidal signal over period T 1s zero and

(1) Graph current i versus time, makes no sense
\ T A S —. 21
@ Square the instantaneous current i. 1 T - wl (o
@ Take the average (mean) value of iZ. Iav == I dt=— coswtdt =0
T Js 2T

@ Take the square root of that average.

i, 52

2

|

A meaningful way — root-mean-square value defined as

= ! cos? wi J" -

(3]

I’ = 942 T
rmS = (Iz)av
i
T 2 2
/ (i%),, = lf *di = wl @ cos? wt dt = i
TJ, o ), 2

I=3A'\ L J

2T

w1 s
0 w \ f — (1 + cos2wt)dt = —
g 2 w

I rms

[
i = [coswl L. = \/(1 = \/5 \/E




Relationship between the (AC) voltage and (AC) current in a circuit



Resistor in an ac Circuit

Take the current i = I cos wt as the reference in drawing phasor diagram. i counterclockwise in

the following circuit 1s +ve

——i s potential drop
after tranversing
along i

‘Current is in phase
with voltage: crests and
troughs occur together.

Amplitudes are in the
same relationship as for
a dc circuit: Vp = IR.

v =V, =V, =IR = IR cos wt = Vi cos wt

/

Maximum of vg 1s |V = IR

i and v are in phase, 1.e. they have the

same phase wt, their phasors are

collinear

Current

Voltage
phasor \

wl

Current and voltage
phasors are in phase:
they rotate together.

O | Instantaneous
voltage

Instantaneous
current



Inductor in an ac Circuit

(~O) di |
A4 v, = L— = —IwL sin wt = (IwL) cos(wt + 90°)
; dt . .
—e— (000 —e—
a L b VL
k—v,— | Voltage phasor leads current phasor
by ¢ = /2 rad = 90°.
i, U v; leads i by 90° :
gl b = eosdr Geometric meaning:
7 X . . . Voltage
v; = IwLcos(wt + 90°) v, reaches its min. (or

phasor
Vo= “““yﬁ \ max.) % of a period

earlier than i

|
o\ \/ \X N\
! | X,

| | =

| | O

| |

a <— : .
S p R Define the inductive reactance | X; = wlL
gL, = rad = 90
Voltage curve leads current curve by a quarter- SI unit: )

cycle (corresponding to ¢ = /2 rad = 90°). V., =1X;




Capacitor in an ac Circuit

() Ve —

c

T
T, - rad = 90°
Voltage curve lags current curve by a quarter-

cycle (corresponding to ¢ = —ar/2 rad = —90°).

wC

ve lags 1 by 90°

Geometric meaning:
v, reaches 1ts min. (or

max.) ¥4 of a period \

later than i

Define the capacitive reactance

ST unit: Q

o
Ve

Voltage

o

phasor

Ve =1/wC

q [ I I
= — [ coswt dt = —sin wt = — cos(wt — 90°)
C wC

Current
phasor

|
|
|
I
|
|
|
|
|
|
I
|

-
c ‘_.}----\?oltage phasor lags

N4 | current phasor by

¥ o = —g/drad = —90°

Xc=1/wC




Summary:

Circuit Element Amplitude Relationship Circuit Quantity Phase of v
Resistor Vg = IR R In phase with i
Inductor Vi =IX; X; = wL Leads i by 90°
Capacitor Ve = IXe Xe = 1/oC Lags i by 90°
R, X For a fixed applied V
\X(; 7 A For an inductor, higher f means larger X; and
» smaller I — low-pass filter

A Tor a capacitor, lower f means larger X and
smaller I — high-pass filter
See Simulation of Resistor, Inductor, and Capacitor

5 w in an ac Circuit




Question:

An ac voltage of fixed amplitude 1s applied across a circuit element. The frequency f of the
voltage 1s increase. The amplitude of the current will:

(increase / decrease / remain the same) if the circuit element 1s a resistor

(increase / decrease / remain the same) if the circuit element 1s a inductor

(increase / decrease / remain the same) if the circuit element 1s a capacitor




The L-R-C Series Circuit

<« a0\ From Kirchhoff’s loop rule, the external emf source v 1s
a Ny 9 d
A4 V=V +v,+ V¢

2 B - Use phasor diagram to perform this addition.

g Purpose: use i = I cos wt as reference, find the external emf in

the form v = V cos(wt + ¢), 1.e., to find the amplitude V and
b —
i phase angle ¢




(b) Phasor diagram for the case X; > X

Source voltage phasor is the vector
sum of the Vy, V;, and V- phasors.

Inductor voltage
phasor leads

current ¥, =IX:
phasor .

All circuit

clements have  jmpedance of the ac circuit

>
v = JZ the same

Capacitor voltage
phasor lags

\, " Resistor voltage
phasor is in

A :
current phasor V., = IX- ; phase with
by 90°. It is thus always .~  current phasor.
antiparallel to the V; phasor.

Amplitude:

v = (Vi + W=Vt = REF O, = Xy
L

/ | |

<A\ current phasor.

zZ = \/R2 + (X, — Xc)?| = \/Rz + [wL — (1/wC)]?

Phase angle:
X, — X¢
t — —
an ¢ R
Therefore
X —X
v = 1Z cos (wt + tan~?! LTC)

If X; > X, more inductive than capacity, ¢ > 0,

1.e., v leads i



(c) Phasor diagram for the case X; < X
If X; < X, the source voltage phasor lags the
current phasor, X < 0, and ¢ is a negative angle IfXL < X, more capacitive than inductive.
between 0 and —90°. . ]
¢ <0,1.e.,1leads v
Xc — XL)

v = IZ cos (mt — tan~?! =




Power in an ac Circuit
Average power delivered to inductor and capacitor are zero

sk R T - s D=
. 3. K3 ‘.

1 1
Pp = Vgi = VI cos? at p = vi = VI cos wt cos(wt + 90°)

(Pr)av = VI(cos? wt),y = %VI cos(2wt + 90°)
1
= EVI = Vrmslrms (p)av — O



For an arbitrary ac circuit p = vi = VI cos wt cos(wt + ¢)
= %VI[COS(ZOUI? + ¢) + cos @]
\ J

average out to zero : 3 :
g Like a projection

(P)ay = %Vf cos ¢ of V along I

= Vrmsfrms Cos (ab
H_J
power factor

X, — X¢ R
_— = cosgb:E




Resonance

lE 3 When w 1s tuned to wy = 1/+V/LC. X; = X, and the
power factor cos ¢ = 1 1s a maximum

The smaller R, the sharper the resonance
I(A)

sl 200 0

The lower a circuit’s

0.4 1 resistance, the higher

0 / w, . log w f |  and sharper is the
d)// 03L | | resonance peak in the
g w F it 5p0\() current near the
L ® o 021 A\ resonance angular
d[ )\ scale | frequency w.
Y Y 0.1F

more inductive  more capacitive

1 | 1 dlw
1000 1500 2000 © /9

.
7 —
VR + (X — X¢)?

0 500




Tuning a radio (Example 31.8)

At resonance @
fos . 800 kH
= e = 7
" 21 27,/(0.4 x 10-3H)(10-° F) @ ?

X, = X = woL = 2000 Q
Z=R=5000Q

Vips 1.0V
II'IUS = t;ls = 500 Q = 2'0 mA

(Vo) s = LR = (0.0020 A)(5000Q) = 1.0V
(VL)rms — [rmsXL — IrmstL = (00020 A)(ZOOO Q) =40V
(Ve)is = X = (0.0020 A)(2000.0) = 40V

R=5000 L=040mH




Clicker Questions
Q314

An oscillating voltage of fixed amplitude is applied across a
circuit element. If the frequency of this voltage is increased, the
amplitude of the current will

A. increase if the circuit element is either an inductor or a
capacitor.

B. decrease if the circuit element is either an inductor or a
capacitor.

C. increase if the circuit element is an inductor, but decrease
if the circuit element is a capacitor.

D. decrease if the circuit element 1s an inductor, but increase
if the circuit element is a capacitor.

E. More than one of the above is possible, depending on
circumstances.

© 2016 Pearson Education, Inc.



A3l 4

An oscillating voltage of fixed amplitude is applied across a
circuit element. If the frequency of this voltage 1s increased, the
amplitude of the current will

A. 1increase if the circuit element is either an inductor or a
capacitor.

B. decrease if the circuit element is either an inductor or a
capacitor.

C. increase if the circuit element is an inductor, but decrease
if the circuit element is a capacitor.

V D. decrease if the circuit element is an inductor, but increase
if the circuit element is a capacitor.

E. More than one of the above is possible, depending on
circumstances.
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Q31.6

; y . L-R-C series circuit
In an L-R-C series circuit as shown,

the current has a very small
amplitude if the ac source oscillates
at a very high frequency. Which
circuit element causes this behavior?

the resistor R
the inductor L
the capacitor C

Two of these elements acting together are necessary.

m o 0O w >

Misleading question—the current actually has a very large
amplitude 1f the frequency 1s very high.
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A31.6

; y . L-R-C series circuit
In an L-R-C series circuit as shown,

the current has a very small
amplitude if the ac source oscillates
at a very high frequency. Which
circuit element causes this behavior?

A. the resistor R
¢/ B. the inductor L

C. the capacitor C

D. Two of these elements acting together are necessary.

E. Misleading question—the current actually has a very large
amplitude 1f the frequency 1s very high.
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Q31.8

; y . L-R-C series circuit
In an L-R-C series circuit as shown,

suppose that the angular frequency of
the ac source equals the resonance
angular frequency. In this case, the
circuit impedance

1S maximum.

1S minimum, but not zero.

A

B

C. 1s zero.
D. 1s neither a maximum nor a mmimum.
E.

could be anything; not enough information 1s given to decide.
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A31.8

; y . L-R-C series circuit
In an L-R-C series circuit as shown,

suppose that the angular frequency of
the ac source equals the resonance
angular frequency. In this case, the
circuit impedance

A. 1S maximum.

“ B. 18 minimum, but not zero.
C. 1s zero.
D. 1s neither a maximum nor a mmimum.

E. could be anything; not enough information 1s given to decide.
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