week 10

AC circuits
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An inductor (inductance L)

and a resistor (resistance R)
are connected to a source of
emf as shown. When switch S
Is closed, a current begins to
flow and grows until it
reaches a final value.

The final value of the current

is directly proportional to both R and L

is directly proportional to R and
inversely proportional to L

is inversely proportional to R and
directly proportional to L

is inversely proportional to both R and L

is independent of L




An inductor (inductance L)

and a resistor (resistance R)
are connected to a source of
emf as shown. When switch S
Is closed, a current begins to
flow and grows until it
reaches a final value.

The final value of the current

1. is directly proportional to both R and L

2. is directly proportional to R and
inversely proportional to L

3. is inversely proportional to R and
directly proportional to L

4. is inversely proportional to both Rand L

5. is independent of L




Rank in order, from largest to
smallest, the time constants

T, T,, and T_ of these three

circuits.




Rank in order, from largest to
smallest, the time constants

T, T,, and T_ of these three

circuits.




The switch in the figure has been open for a long time. It is closed at =0 s.
(ai\) Wl';a’r is the current through the battery immediately after the switch is
closed?

(b) What is the current through the battery after the switch has bee closed
for a long time?

(¢) What is meant by a “long time” in (b)?

"

20 ()

+——
10V — 20 ()

10 mH

Ans: (a) 0.50 A (b) 1.0 A (c) a time much longer than 0.5 ms



An inductor (inductance L) and a

capacitor (capacitance C) are
connected as shown.

If the values of both L and C are

doubled, what happens to the time
required for the capacitor charge to
oscillate through a complete cycle?

it becomes 4 times longer
it becomes twice as long
it is unchanged

it becomes 1/2 as long

it becomes 1/4 as long




1. it becomes 4 times longer
An inductor (inductance L) and a

capacitor (capacitance C) are 2. it becomes twice as long
connected as shown.

3. itis unchanged
If the values of both L and C are

doubled, what happens to the time 4.
required for the capacitor charge to
oscillate through a complete cycle? 5.

it becomes 1/2 as long

it becomes 1/4 as long

Recall the angular frequency is o = V(1/LC). +q || —9
The period T satisfies T = 2, so |
T =2 V(LC).

Therefore, doubling both L and C increases
T by the square root of 22




34-76. The switch in the figure has been in position 1 for a long time. It is changed to

position 2 at +=0s.
(a) What is the maximum current through the indictor?
(b) What is the first time at which the current is maximum?

2 ()

2V = —— 2.0 uF 50 mH

Ans: (a) 76 wmA: (b) T=2.0 wms, twax*1/4=0.50 ms



Important Concepts

AC circuits are driven by an emf
E = Eycoswt
that oscillates with angular frequency w = 27f.

Phasors can be used

The length A,
to represent the ofthe o
oscillating emf, phasoris | &,
current, and voltage.  the peak

value &,.

The horizontal projection
1s the instantaneous value &.



Important Concepts

Basic circuit elements

Resistance/
Element i and v reactance ITand V Power
Resistor In phase R 1s fixed V = IR Vimslems
Capacitor i leads v by 90° Xc = llwC V = IXc 0
Inductor i lags v by 90° X, = wL V=IX, 0

For many purposes, especially calculating power, the root-mean-square (rms)
quantities

V.. =ViNG L. =N =8N

are equivalent to the corresponding DC quantities.



Key Skills

Phasor diagrams

» Start with a phasor (v or i)
common to two or more
circuit elements.

e The sum of instantaneous
quantities 1s vector addition.

» Use the Pythagorean theorem For an RC circuit, shown here,

to relate peak quantities.
peakq VR tve =€

Ve = Ns =&



Key Skills

Kirchhoff's laws

Loop law The sum of the potential differences around a
loop 1s zero.

Junction law The sum of currents entering a junction
equals the sum leaving the junction.

Instantaneous and peak quantities

Instantaneous quantities v and i generally obey different
relationships than peak quantities V and /.



Applications

RC filter circuits
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A low-pass filter transmits low frequencies and blocks high
frequencies.
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A high-pass filter transmits high frequencies and blocks low
frequencies.



Applications

Series RLC circuits

R
I = &y/Z where Z is the impedance
£Q . Z=VR*+ (X, — Xo)?
Va=IR V=D « Vo=1IX:
-l-C

When w = wy; = 1/VLC (the resonance frequency), the current
in the circuit is a maximum /,,, = &y/R.

In general, the current i lags behind £ by the phase angle
¢ = tan” (X, — Xc)/R).

The power supplied by the emf is P, ;.. = € ms COS @, Where
cos ¢ is called the power factor.

The power lost in the resistor is Py = I, .\V...e = (I.)°R.



Resonance

I e The maximum
" current is &,/R.




A resistor is connected across
an ac source as shown. Which
graph correctly shows the
instantaneous current through
the resistor and the

instantaneous voltage v=v -v
across the resistor?

b

purple




A resistor is connected across
an ac source as shown. Which
graph correctly shows the
instantaneous current through
the resistor and the

instantaneous voltage v=v -v
across the resistor?

b

purple




This is the current direction
when &£ > 0. A half cycle later
it will be in the opposite direction.

AV, = g@ *l R IAVR = —v,

(b) Voltage phasor, length V The resistor voltage and
v current oscillate in phase.
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Instantaneous
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An inductor is connected
across an ac source as
shown. Which graph correctly
shows the instantaneous
current through the inductor
and the instantaneous voltage

v=v -v, across the inductor?

purple




An inductor is connected
across an ac source as
shown. Which graph correctly
shows the instantaneous
current through the inductor
and the instantaneous voltage

v=v -v, across the inductor?

purple




(b) A

b,
E = E,coswt L v
- , v
(a) i; peaks %T after v, peaks.
v, and i; . We say that the current lags
. # the voltage by 90°.
L] :
(b) N
0
Current i, 4
_IL |
—Yz Voltage v,

“~The current phasor lags
the voltage phasor by 90°.




An capacitor is connected
across an ac source as
shown. Which graph correctly
shows the instantaneous
current through the capacitor
and the instantaneous voltage

v =v -y, across the capacitor?

purple




An capacitor is connected
across an ac source as
shown. Which graph correctly
shows the instantaneous
current through the capacitor
and the instantaneous voltage

v =v -y, across the capacitor?

purple




(b) o

7s

& = E,coswt (Vv — C |V
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(a) i, peaks Aer before v peaks. We say
that the current leads the voltage by 90°.

veand i
I s
(b) ks ...~ The current phasor leads v L~ Voltage v
P b c
O the voltage phasor by 90°.
0 n
5T /
_ VC _
~le ] Current i
- These are the instantaneous
current and voltage.
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1.>1 Q.
The resistor whose voltage and

current phasors are shown here 2.<1Q.
has resistance R

3. It’s not possible to tell.




1.>1 Q.
The resistor whose voltage and

current phasors are shown here 2.<1Q.

has resistance R
3. It’s not possible to tel




A capacitor is connected to a 19 kHz oscillator. The peak current is 65 mA
when the rms voltageis 6.0 V.
What is the value of the capacitance 7

Ans: 81 nF



In the figure, what are Ve and V¢ (the peak potential differences across the resistor
and the capacitor) if the emf frequency is 10 kHz?

150 ()
(10 V)cos wt

80 nF

Ans: Ve=60V Vc=80V



A 500 .t inductor is connected across an AC generator that produces a
peak voltage of 5.0 V.

(a) For what frequency is the peak current 50 mA?

(b) What is the instantaneous value of the emf at the instant when ii=l
(that is, when the instantaneous current equals the peak current)?

Ans: (a) 32 kHz, (b) 0



1. X, = R; X can have any value

An L-R-C series circuit as

shown is operating at its
resonant frequency. At this

2. X, =R; X, can have any value

frequency, how are the values

of the capacitive reactance X,

3. X, =X,; R can have any value

the inductive reactance X,

and the resistance R related to

each other?

4. X.=X, =R

5. none of the above




1. X, = R; X can have any value

An L-R-C series circuit as

shown is operating at its
resonant frequency. At this

2. X, =R; X, can have any value

frequency, how are the values

of the capacitive reactance X,

3. X, =X,; R can have any value

the inductive reactance X,

and the resistance R related to

each other?

4. X.=X, =R

5. none of the above




In an L-R-C series circuit
as shown, the current has
a very small amplitude if
the emf oscillates at a
very high frequency.
Which circuit element
causes this behavior?

the resistor R
the inductor L

the capacitor C

misleading question — the current
actually has a very large amplitude if the
frequency is very high




In an L-R-C series circuit
as shown, the current has
a very small amplitude if
the emf oscillates at a
very high frequency.
Which circuit element
causes this behavior?

1. the resistor R

2. the inductor L

3. the capacitor C

4. misleading question — the current
actually has a very large amplitude if the
frequency is very high




In an L-R-C series circuit as
shown, there is a phase angle
between the instantaneous
current through the circuit and

the instantaneous voltage v_,

across the entire circuit. For
what value of the phase angle is
the greatest power delivered to
the resistor?

Zero

90°

180°

270°

none of the above




In an L-R-C series circuit as
shown, there is a phase angle
between the instantaneous
current through the circuit and

the instantaneous voltage v_,
across the entire circuit. For
what value of the phase angle is

the greatest power delivered to
the resistor?

180°

270°

none of the above




What inductor in series witha 100 Q resistor and a 2.5 uF capacitor
will give a resonance frequency of 1.0 kHz?

Ans: 10 mH



A series RLC circuit consists of a 50 Q resistor, a 3.3 mH inductor, and a
480 wnF capacitor. It is connected to an oscillator with a peak voltage of

5.0 V. Determine the impedance, the peak current, and the phase angle at
frequencies 3000 Hz, 4000 Hz and 5000Hz.

Ans:
F=3000 Hz f=4000 Hz f=15000 Hz
Z(Q) 70 50 62
I(A) 0.072 0.100 0.080

@ —44° 0° 37"




A series RLC circuit has Vc=5.0V, 1. Above the resonance frequency

R=7.0V, and V1. =9.0 V. Is the
2. Below the resonance frequency

frequency above, below or equal to
the resonance frequency? 3. Equal to the resonance frequency




A series RLC circuit has Vc=5.0V,

Vr=7.0V,and V. =9.0 V. Is th
N anc i S the 2. Below the resonance frequency

frequency above, below or equal to
the resonance frequency? 3. Equal to the resonance frequency




Here is a parallel RC circuit with an AC source. What are the peak
currents lg, Iz and 17 What is the phase between the current i and the
applied emf?

Follow-up: problems 36.70 and 36.71 in your texthook (all parallel or
combination of series/parallel LRC circuits)



The emf and the current in a
series RLC circuit oscillate as
shown. Which of the following
would increase the rate at
which energy is supplied to
the circuit?

1. Decrease &

2. Increase L

3. Increase C

4. Decrease L




The emf and the current in a
series RLC circuit oscillate as
shown. Which of the following
would increase the rate at
which energy is supplied to
the circuit?

1. Decrease &

< 2.IncreaseL >

3. Increase C

4. Decrease L

Follow up: Is there another way to increase
the rate at which energy is supplied?




A wmotor attached to a 120 V/60 Hz power line draws an 8.0 A current.
Its average energy dissipationis 800 W.

(a) What is the power factor?

(b) What is the rwms resistor voltage?

(c) What is the motor$ resistance?

(d) How much series capacitance needs to be added to increase the power
factor to 1.07

Ans: (a) 0.833 (b) 100 V(e) 12.9 2 (d) 320 uF



