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Goal
The student will be able to explain the characteristics of an electrical Inductor and analyze its behavior in DC and AC circuits.

Objective
Learner will be able to:

· Describe the basic structure and characteristics of a inductor
· Formulate and calculate the total value of inductance in series. 
· Formulate and calculate the total value of inductance in parallel. 
· Formulate and calculate the current and voltage  in inductance  DC circuit
· Formulate and calculate the current and voltage in inductance AC circuit
 

Orienting Questions  
· How can one describe the basic structure and characteristics of an inductor?
· How to calculate total inductance in series or parallel circuit?
· How does inductor behave in DC or AC circuit?





Introduction
When a conductor has current through it, it becomes surrounded by an electromagnetic field.  This field leads to a property known as inductance (L), which opposes any change in the current.  Inductors are components that are designed to have this property.
In this module, we will discuss the basic construction of inductors, how they may be combined, and the way that they behave in circuits.
8.1 Inductors
An inductor is an electrical component, formed by a coil of wire, which exhibits the property of inductance.  The amount of inductance a coil exhibits is measured in henries (H).  A henry is defined as a rate of change in current of one ampere per second inducing one volt across the coil.  However, the henry is a rather large unit and inductance is most often measured in millihenries (mH) or microhenries (µH).
8.1.1 basic structure
Figure 8.1-Basic inductor (by inductiveload Public Domain) shows a basic inductor with the magnetic lines of force and current direction.  The amount of current flowing through the coil is proportional to a size of the field; therefore, a changing current will cause a changing magnetic field around the inductor.  This changing field is what causes the induced voltage across the coil.  This voltage is in the opposite direction from the current, and is what opposes the change in current.Figure 8.1 – Basic Inductor (by inductiveload, public domain)

The inductance of a coil is greatly affected by the material that the wire is wrapped around.  The inner material, known as the core, can either be non-magnetic (air, wood, etc.) or magnetic (iron, steel, etc.).  The permeability of the core is a measure of its resistance to magnetic lines of force.  Since the lines of force control to amount of inductance, the permeability of the core (µ) is directly related to the inductance.
Other characteristics of the inductor that control the amount of inductance are the cross-sectional area of the core (A), the number of turns in coil (N), and the length of the coil (l).  The inductance is found using the following formula:

Two other characteristics of inductors are winding resistance and winding capacitance.  The winding resistance is the measure of the DC resistance of the wire making up the coil.  The winding capacitance is a side effect caused by the multiple turns of wire being in close proximity.  These can affect a circuit if the inductor is extremely large or the frequency is extremely high; however, in most circuits, these can be ignored in calculations.
EXAMPLE
Determine the inductance of the coil given the following values:
N = 350, µ = 0.25 × 10-3 H/m, l = 1.5 cm, diameter of core = 0.5 cm
First, find the area of the core; then, substitute the given values into the equation for inductance to find the answer:
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Complete the following activity before proceeding to the next section.
LEARNING OBJECT 
Click on the Hyperlink to Review Learning Objects:  Inductance
Discussion Question: How is the inductance of a coil calculated?

 8.1.1 TEST YOUR SKILLS

How many turns would a coil need to be made of to result in the following values:

L = 157 mH, µ = 0.25 × 10-3 H/m, l = 2 cm, diameter of core = 1 cm

1. N = __________

Answer is at the end of the chapter.

8.2 series inductors
As we have previously discussed, inductors are components designed to resist a change in current.  They can be combined together in a series circuit, which increases the total inductance.
8.2.1 total series inductance
Picture in your head several inductors connected end to end.  If you move them closer and closer together, they would eventually look like on large coil of wire.  This is the way a series inductive circuit works.  Multiple inductors in series simply add up to form a larger inductor.  The formula for finding the total inductance in series looks similar to the total resistance in series.




EXAMPLE
Figure 8.2 – Example Series Inductive Circuit (by Farhad Mohajer – Multisim)

Determine the total inductance in Figure 8.2.
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Complete the following activity before proceeding to the next section.





8.2.1 TEST YOUR SKILLS
Figure 8.3 – Test Series Inductive Circuit (by Farhad Mohajer – Multisim)

Calculate the total inductance in Figure 8.3.

1. LT = __________


Answer is at the end of the chapter.

8.3 parallel inductors
Inductors can also be combined in parallel circuits.  Connecting inductors in series increased the total inductance; so, it stands to reason, connecting inductors in parallel should decrease the total inductance.
8.3.1 total parallel inductance
Just as series inductors act like series resistors, parallel inductors act like parallel resistors.  The formula for finding total inductance in a parallel circuit looks very similar to the one for total resistance in a parallel circuit.




Again, picture several inductors connected together—except, this time, they are in parallel.  In a parallel circuit, the current is divided amongst the branches; so, less current is flowing through each inductor.  This results in less induced voltage, which results in less total inductance.
EXAMPLE
Figure 8.4 – Example Parallel Inductive Circuit (by Farhad Mohajer – Multisim)

Determine the total inductance in Figure 8.4.
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Complete the following activity before proceeding to the next section.




8.3.1 TEST YOUR SKILLS
Figure 8.5 – Test Parallel Inductive Circuit (by Farhad Mohajer – Multisim)



Calculate the total inductance in Figure 8.5.

1. LT = __________




Answer is at the end of the chapter.

8.4 inductors in a dc circuit
The main action of an inductor is to resist a change in current.  However, since the current in a DC circuit is constant, there is no induced voltage developed instantaneously across the inductor.  The inductor does resist the initial inrush of current based on the time constant of the circuit.
8.4.1 rl time constant
Energy is stored in the inductor when current is applied.  The rate at which this energy is stored is dependent upon the time constant (τ) of the circuit.  The time constant is a ratio of the inductance of a circuit to its resistance.


The time constant is in seconds when the inductance and resistance are in henries and ohms, respectively.  Just as in a capacitor, it takes five time constants for the inductor to reach full storage.  It also takes five time constants to return to zero from full storage.

EXAMPLE
If a series RL circuit has a resistance of 1 kΩ and an inductance of 1.0 mH, determine the time constant of the circuit.
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Complete the following activity before proceeding to the next section.


8.4.1 TEST YOUR SKILLS
Figure 8.6 – Test RL Time Constant Circuit (by Farhad Mohajer – Multisim)

Calculate the RL time constant in Figure 8.6.

1. τ = __________

Answer is at the end of the chapter.

8.4.2 increasing and decreasing current
	Number of Time Constants
	Approximate % of Final Current

	1
	63

	2
	86

	3
	95

	4
	98

	5
	99 (considered 100%)



Inductors inherently resist a change in current, so full current cannot pass through it instantaneously.  The current through the inductor increases exponentially with the time constant when voltage is applied.  Table 8.7 shows the approximate percentages of current through the inductor at each time constant value.  After five time constants, the full current of the circuit is passing through the inductor.  At this point, the inductor appears as a short to the DC voltage source.Table 8.7 – Table of Increasing Current Percentages (by F. Mohajer CC-BY-3.0)





	Number of Time Constants
	Approximate % of Initial Current

	1
	37

	2
	14

	3
	5

	4
	2

	5
	1 (considered 0%)



Since the inductor resists a change in current, the current decreases exponentially with the same time constant when voltage is removed.  Table 8.8 shows the approximate percentages of current through the inductor at each time constant value.  After the five time constants have passed, the current through the inductor has returned to zero.
Table 8.8 – Table of Decreasing Current Percentages (by F. Mohajer CC-BY-3.0)




EXAMPLE
Using Figure 8.9, determine the current through L1 after two time constants.Figure 8.9 – Example RL Current Circuit (by Farhad Mohajer – Multisim)

First, we must find the time constant.



Now, calculate the final current (once the inductor has become a short).



Now, simply use the time constant percentage found in Table 8.7 to find the current.
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Complete the following activity before proceeding to the next section.




8.4.2 TEST YOUR SKILLS
Determine the current through L1 in Figure 8.10 after 1 time constant.
Figure 8.10 – Test RL Current Circuit (by Farhad Mohajer – Multisim)


1. I = __________


Answer is at the end of the chapter.

8.5 inductors in an ac circuit
As we have discussed, inductors oppose a change in current.  In an AC circuit, the current is constantly reversing itself; so, inductors have a major impact on the circuit.
8.5.1 inductive reactance
The amount of opposition an inductor creates in an AC circuit is dependent upon the inductance value and the frequency of the voltage source.  The inductive reactance (XL) of a circuit is a measure of this opposition.


 is inductive reactance (Ω), 
f is frequency (Hz) 
L is inductance (F)

Inductive reactance is given in ohms when frequency and inductance are in hertz and henries, respectively.  As you can see from the formula for inductive reactance, it is directly proportional to the frequency of the source and the inductance value of the inductor.
EXAMPLE
Determine the inductive reactance in Figure 8.11.Figure 8.11 – Example Inductive Reactance Circuit (by Farhad Mohajer – Multisim)





When inductors are combined in series or parallel circuits, the total inductive reactance is found in much the same way as the total inductance.  Since the inductive reactance is dependent upon the total inductance, the formula looks the same for the total reactance.  In a series circuit, the individual reactances add up to form the total inductive reactance.

In a parallel circuit, the total inductance is found by finding the reciprocal of the sum of the reciprocals of the individual inductances.  The total inductive reactance is found the same way.

EXAMPLE
Determine the total inductive reactance of the circuit in Figure 8.12.Figure 8.12 – Example Parallel Inductive Reactance Circuit (by Farhad Mohajer – Multisim)

First, we must find the individual reactances.




Now, substitute the individual reactances into the appropriate total reactance formula.




Since inductive reactance is a measure of the opposition to current flow in an inductor, it is similar to a resistance measurement.  You can use the total inductive reactance in a purely inductive circuit to determine the total current using Ohm’s Law.  Simply substitute XL for R, and solve as usual.

In an AC circuit, however, both current and voltage must be expressed either in peak or root-mean-square (rms) values for the formulas to work.
EXAMPLE
Find the rms current in Figure 8.13.Figure 8.13 – Example AC Ohm’s Law Circuit (by Farhad Mohajer – Multisim)

First, find the inductive reactance.



Now, we can substitute the values into Ohm’s Law to find the rms current in the circuit.
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Complete the following activities before proceeding to the next section.
NOTE:	When you see the following movie icon, there is a video to be watched. Click on the movie icon to access the video.
[image: video-icon by Farmeral - a button I made for choosing video download]In this video, the important concept of inductive reactance will be explained. You will see the behavior of a Series RL circuit when it is connected to an AC source.


Series RL (Resistor –Inductor) Circuit
Today let’s talk about a Series RL circuit, the RL stands for resistor inductor, here you see a picture of a series RL circuit, I have got my thirteen milli Henry inductor and I have a two point seven k ohms resistor. The frequency is thirty three kilo hertz and this is all connected to a ten volt source. Now the very first thing I am going to do is calculate X sub L, the formula for X of L is two pie times the frequency times the inductances. Now using my calculator, I will type in two times pie, which I use three point one four, times the frequency which is thirty three thousand herts times the inductance which is thirteen milli Henry’s, and I come up with two thousand six hundred- ninety –four point one two ohm. Next I calculate the impedance of the circuit, the impedance of the circuit, the formula for that is the square root of the resistance squared plus the inductive reactance square, so using my calculator, I will type in the resistance, which is two point seven K ohms, that is twenty-seven hundred ohms then I square it, then I go plus the inductive reactance, which is two thousand-sixty-nine-four point one- two ohms, square that, equals and then I take the square root of that answer and I come up three thousand-eight hundred- fourteen  point twenty- two ohms. Now what we just done in the circuit was the resistance of the circuit was given, that was two point seven K ohms, the inductor opposes the current and the inductor was a thirteen milli Henry inductor, we calculated the inductive reactance and found that X of L, equals twenty-six-ninety-four ohms of resistance, so what we do is we calculate the total opposition of current in the circuit by taking the resistance in the circuit and the inductive reactance in the circuit this gives us the total opposition in the circuit current, which is the impedance, and we use the formula here. After I find the total opposition of current in the circuit, I can then find the total current in the circuit. The formula for current ,is the source voltage divided by the total opposition current which is the impedance. So I take the source voltage, which is ten volts, divided by the impedance, which is three thousand eight hundred and fourteen point twenty-two ohms, and I get two point six- two milliamps of current. After calculating the total current, I can calculate the phase angle of the circuit. The formula for phase angle is the inverse tangent of the inductive reactance divided by the resistance of the circuit. So using my calculator, I will take the inductive reactance, which is two thousand, six hundred- ninety-four point two ohms, I divided it by the resistance, which is two thousand seven ohms, equals, then I will take the inverse tangent and I get forty-four point ninety-four degrees. Next I am going to calculate the voltage drop across the resistor, now the formula for voltage drop is total current times the resistance, so the total current, I found was, two point six two milliamps times the resistance in the circuit, which is two point seven K ohms and I get seven point zero seven volts. Next I will calculate the inductive, the voltage drop, across the inductor in the circuit. Ohms Law for voltage is total current times the inductive reactance. So I will take the total current, which is two point six two milliamps, times the inductive reactance, which is two thousand, six hundred-ninety-four point one two ohms and I get a voltage drop of seven point zero six volts. Now I want to talk about the phaser diagram for just a moment, if I had a purely resist of circuit then the total current phaser the voltage drop across the resistor phaser and the source voltage phaser would all be in phase, this would be for a purely resistive circuit. What we have tho is an inductive circuit, with an inductive circuit the total current and the voltage drop across the resistor are going to be in phase with each other. In fact, the total current and the voltage drop close to the resistance are always in phase with each other, those two phasers will never be out of phase with each other. However, the voltage drop across the inductor will always be in front of the total current and the voltage drop across the resistor by ninety degrees, always. The voltage drop across the inductor always leads the total current and the voltage across by ninety degrees, those three phases never changes, what does change is the source voltage phase and what causes this change is the inductor. The source voltage phaser is going to phase shift, in front of the total current by certain amount, which is phase angle fata. The inductor is what causes this phase shift, if we look back, you remember we calculated a phase angle, fata and we calculated it to be forty-four point ninety-four degrees, so we would say that  the source voltage leads the total current by forty-four point ninety-four degrees. Or you could say the total current lags the source voltage by forty-four point ninety-four degrees, you are saying the same thing just two different ways so remember that an inductor causes the source voltage to phase shift in front of the total current by phase angle fata, and that is what we are working out with these calculations. The next thing we are going to talk about is power and the first thing I am going to mention is the power triangle. This is the power triangle, on the X horizontal we always measure watts, if you remember watts is a logical energy that is converted into heat and light energy , this is actually work that is being done. Vars, which stand for volt amper reactive, this is actually a measure of energy that is stored in an inductor magnetic field during a portion of the sign wave and then returned to the energy source during the other portion of the sign wave. So this is actually measured energy that is being shuffled back and forth between the inductor magnetic field and energy source. So this is wasted energy, this energy does know work, the hypotenuse is called the bolt amps and this is the combination of watts in bars. Now we calculate these values by using the power formula, I square R, the wattage is called True Power, and I am going to use I square R for that. If you remember current, we calculated that to be two thousand point sixty-two milliamps. So I will take two thousand point sixty-two milliamps and square it and multiple it by the resistance, which was two point seven K ohms, and I get eighteen point fifty-three mill watts. Next I am going to calculate the reactive power, remember the reactive power is the energies that is being shuttled back and forth between the inductor magnetic field and the energy source. Same formula, I want to take the I squared, but this time instead of the resistance, since this is dealing with the inductor, I am going to use X of L. The current was six point six two milliamps, I will square it, I will multiple it by X of L, which would be two thousand six hundred ninety-four point one two ohms and I get eighteen point four –nine mili vars. And lastly, were are going to calculate the apparent power, and remember the apparent power measured in volts amps is the combination of the watts and the vars. Same formula, I square but this time the combination of the watts and the volt amp reactives is the volt amp, which is the impedance, so when I take the current and square it , two point six two milli amps times Z, which is three thousand- eight hundred-fourteen point twenty-two ohms, I get twenty- six  point one eight mille volt amps. So what I will do is, I will draw my power triangle with watts being on X horizontal, and we calculated this to be eighteen point fifty-three mille watts, the vars is the Y vertical and this we calculated to be eighteen point forty-nine mille vars, then the hypotenuse is the volts amps which we calculated to be twenty-six point eighteen mille volt amps. And the last thing we need to talk about is power factor, the formula for power factor is the cosign of angle fada. Angle fada was forty-four point nine four degrees so using my calculator I will type in forty four point nine four degrees and then I simply hit the  cosign key  and I come up with point seven one, if I convert that to a percentage by moving the decimal point two places, I get seventy one percent. And the power factor, I believe anything above seventy percent is a pretty decent power factor. So the system is probably running about the best it can. 

LEARNING OBJECT 
Click on the Hyperlink to Review Learning Objects: Inductive Reactance

Discussion question: Explain How the Inductive Reactance is calculated?

8.5.1 TEST YOUR SKILLS
Figure 8.14 – Test Inductive Reactance Circuit (by Farhad Mohajer – Multisim)


Calculate the rms current in Figure 8.14.
1. Irms = __________



Answer is at the end of the chapter.

8.5.2 power in purely inductive ac circuits
When an AC voltage is applied to an inductor, energy is stored in its magnetic field.  In an ideal inductor, this energy is returned to the circuit during another part of the sinusoidal cycle.
The power in a purely inductive circuit can be stated in two ways:  true power and reactive power.
True power (Ptrue) is power found using the winding resistance of the inductor.  An ideal inductor would have zero true power because none of the stored energy would be dissipated as heat.  However, since all inductors have some winding resistance, there is a heat loss.  True power is a measure of this heat loss.  The unit for true power is the watt (w).


Ptrue is True power (w), 
 is rms current (A) 
 is inductance (Ω)

Reactive power (Pr) is the rate at which the inductor can store energy from or return energy to a circuit.  This value can never be zero because the inductor is always either taking energy or returning energy.  The formulas look like the standard power formulas, with inductive reactance substituted for resistance.  Reactive power is measured in VAR (volt-ampere reactive).


Pr is Reactive power (w), 
 is rms current (A) 
 is rms voltage (V) 
 is inductive reactance (Ω), 

EXAMPLE
A 20 Vrms signal with a frequency of 2 kHz is applied to a 20mH inductor that has a winding resistance of 10Ω.  Calculate the true and reactive power of the circuit.
The first step is to find the inductive reactance.

Next, use the inductive reactance to find the rms current of the circuit.

Then, use the rms current, inductive reactance, and winding resistance values to find the true and reactive power.
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Complete the following activity before proceeding to the next section.
8.5.2 TEST YOUR SKILLS
Determine the true and reactive power given the following circuit values.
Vrms = 120 V, f = 100 kHz, L = 500µH, Rw = 5Ω
1. Ptrue = __________

2. Pr = __________

Answer is at the end of the chapter.


Major Concepts 
KEY CONCEPTS
· Coils of wire used to inhibit the change of current flow are called inductors.
· Inductors use the energy stored in their magnetic field to oppose changes in current flow by inducing a voltage in the opposite direction of the current.
· Total inductance in series and parallel combinations is found the same way total resistance is found.
· In DC circuits, inductors oppose the inrush of current for five time constants before appearing as a short.  When voltage is removed, inductors retain some energy for five time constants before returning to zero.
· In AC circuits, the total inductance and frequency of a circuit form an inductive reactance value.  This value is a form of resistance that can be substituted into Ohm’s Law equations in a purely inductive circuit.
· All inductors have some heat loss, known as true power, due to their inherent winding resistance.  Reactive power is a measure of the inductors ability to receive and return energy in the circuit.

KEY TERMS GLOSSARY
Inductance:	an opposition to change in the direction of current flow
Inductor:	a coil of wire that has the property of inductance
Henry:	the unit inductance is measured in
Induced Voltage:	force moving opposite of the direction of current flow; this is what actually opposes the current change
Core:	what the coil of wire in an inductor is wrapped around (air, iron, etc.)
Permeability:	a measure of the resistance to lines of magnetic force of the core
Winding Resistance:	the DC resistance of the wire making up the inductor
Winding Capacitance:	a side effect of inductors caused by multiple wraps of wire being in close proximity
Time Constant:	a ratio of the inductance and resistance in a circuit that determines the rate at which energy is stored in an inductor
Inductive Reactance:	the “AC resistance” caused by an inductor in a circuit with a constantly reversing current flow
True Power:	heat loss in an inductor caused by its winding resistance
Reactive Power:	a measure of an inductor’s ability to receive and return energy in a circuit















KEY TERMS WORD SEARCH
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	CORE
HENRY
INDUCED VOLTAGE
PERMEABILITY
	INDUCTANCE
INDUCTIVE REACTANCE
INDUCTOR
REACTIVE POWER
	TRUE POWER
TIME CONSTANT
WINDING RESISTANCE
WINDING CAPACITANCE








SOLUTION
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Labs
PURELY INDUCTIVE CIRCUITS
Purpose:	The purpose of this lab is to use the skills developed in this module to calculate values in a purely inductive circuit, and confirm these calculations using actual circuit measurements.
Materials:	5.6mH inductor, breadboard, multimeter, function generator, safety glasses
Procedure:
1. Measure and record the actual inductance value of the inductor in Table 8.16.
2. Using the measured value of the inductor, calculate the inductive reactance and current for the circuit.  Record these values in Table 8.16.
3. On the breadboard, connect the positive lead of the function generator to the multimeter (set for AC current).  Connect the other side of the multimeter to the inductor.  Complete the circuit by connecting the other side of the inductor back to the negative lead of the function generator (see Figure 8.15).Figure 8.15 – Lab Inductive Circuit (by Farhad Mohajer – Multisim)

4. Set the function generator for 10 VPk-Pk @ 10kHz.
5. Apply the signal to the circuit and record the value on the multimeter in Table 8.16.  Calculate the inductive reactance in the actual circuit by dividing the rms voltage by the measured rms current.
6. Compare the calculated values with the measured circuit values.  Are these values consistent?  If not, what are some probable causes of the difference?Table 8.16 –  Lab Values Table (by F. Mohajer CC-BY-3.0)






Assessment
MODULE ASSESSMENT

True or False and Multiple Choice:  Read the following questions or statements and select the best answer.


1. A 0.33 mH inductance is smaller than a __________.
a) 33 pH inductance
b) 330 pH inductance
c) 0.05 mH inductance
d) 0.0005 H inductance

2. Which inductor core is most likely to produce the least inductance?
a) iron
b) steel
c) air

3. Inductors in series or parallel combine just like resistors in series or parallel.
a) True
b) False

4. What is the inductance of a 20 mH inductor connected in parallel with a 50 mH inductor?
a) 20 mH
b) 50 mH
c) 70 mH
d) 14.3 mH

5. Connecting a __________ inductor in __________ with a 100 mH inductor produces a 65 mH inductance.
a) 185.7 mH, series
b) 185.7 mH, parallel
c) 35 mH, parallel
d) 35 mH, series

6. What is the total inductance of four 10 mH inductors connected in series?
a) 40 mH
b) 2.5 mH
c) 40 µH
d) 250 mH

7. Connecting a __________ inductor in __________ with a 70 mH inductor produces a 100 mH inductance.
a) 233 mH, series
b) 233 mH, parallel
c) 30 mH, parallel
d) 30 mH, series

8. When a DC voltage is first applied to an inductor, the initial circuit current is zero.
a) True
b) False

9. Inductors __________.
a) pass direct current
b) block direct current
c) have a high reactance to direct current
d) have a high resistance to direct current

10. It takes 4 time constants to completely build or collapse the magnetic field around an inductor.
a) True
b) False

11. What is the time constant for a 10 mH inductor connected in series with a 47 kΩ resistor?
a) 0.213 µs
b) 470 s
c) 213 µs
d) 470 ms

12. Inductive reactance increases as frequency decreases.
a) True
b) False

13. If a 15 µH inductor has 2.2 kΩ of inductive reactance, the frequency of the circuit is __________.
a) 23.4 kHz
b) 23.4 MHz
c) 4.28 MHz
d) 4.28 kHz

14. What is the reactance of a 100 µH inductor operating at 100 kHz?
a) 62.8 kΩ
b) 62.8 Ω
c) 6.28 Ω
d) infinite Ω

15. An inductor passes direct current and opposes alternating current.
a) True
b) False

16. If two inductors are connected in a series AC circuit, which inductor drops more voltage?
a) the larger inductance
b) the smaller inductance
c) it depends upon the frequency
d) it depends upon the source voltage

17. What is the rms current flowing in the circuit in Figure 8.17?Figure 8.17 – Assessment Inductive Circuit (by Farhad Mohajer – Multisim)

a) 30 mA
b) 15.9 mA
c) 18.4 mA
d) 22 mA

18. What is the total inductive reactance in Figure 8.17?
a) 942.5 Ω
b) 750 Ω
c) 1.283 kΩ
d) 489 Ω
Figure 8.18 – Assessment Inductive Power Circuit (by Farhad Mohajer – Multisim)

19. What is the reactive power in Figure 8.18?
a) 400 VAR
b) 525 VAR
c) 358 VAR
d) 279 VAR

20. What is the true power in Figure 8.18 if the winding resistance of L1 is 10 Ω?
a) 5.7 mW
b) 10 mW
c) 8.5 mW
d) 9 mW
MODULE ASSESSMENT ANSWER KEY
	1. d
2. c
3. a
4. d
5. b
6. a
7. d
8. a
9. a
10. b
11. a
12. b
13. b
14. b
15. a
16. a
17. b
18. a
19. c
20. a









TEST YOUR SKILLS ANSWER KEY
	8.1.1
	8.2.1
	8.3.1
	8.4.1

	
1.  400 turns
	
1.  95 mH
	
1.  40.5 mH
	
1.  0.227 µs

	8.4.2
	8.5.1
	8.5.2
	

	
1.  3.15 mA
	
1.  545.7 mA
	
1.  729.6 mW
2.  45.85 VAR
	





Further Study
Click the section on inductors from the free textbook
Textbook Webpage: http://wps.prenhall.com/chet_floyd_electfun_8/118/30460/7797848.cw/index.html
 Free textbooks in electronics can be accessed http://www.ibiblio.org/kuphaldt/electricCircuits/ 
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