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	Reflecting the source to the secondary side

	Transformer circuit
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	Circuit equivalent (load voltage is the same)
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	Reflecting the load to the primary side

	Transformer circuit
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	Circuit equivalent (source current is the same)
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                            Transformer-based impedance matching
                          

	Exact matching with real impedances

	Transformer circuit
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	Circuit equivalent with \( {N}_{ 1}:{N}_2=\sqrt{R_S/{R}_L} \)


                            [image: ]
                          

	Approximate matching for maximum power transfer from source to load

	Transformer circuit
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                            \( {N}_{ 1}:{N}_2=\sqrt[4]{\left({R}_S^2+{X}_S^2\right)/{R}_L^2} \)
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                            Non-ideal low-frequency transformer model (Steinmetz model)
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                            Primary winding and magnetic core:
                          
Magnetizing inductance L

                              m
                             (\( {X}_m=\omega {L}_m \));
Core loss equivalent resistanceR

                              c
                            ;
Leakage inductance L

l1 (\( {X}_{l1}=\omega {L}_{l1} \));
Ohmic resistanceR
1;

                                                        Secondary winding:
Leakage inductance L

l2 (\( {X}_{l2}=\omega {L}_{l2} \));
Ohmic resistance R
1


	
                            Model of coupled inductors
                          

	Circuit symbol

                            [image: ]
                          
	Physical counterpart
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	Reduction to ideal-transformer model
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	Ideal-transformer model
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	Phasor form
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	Constitutive relations:

                            \( \begin{array}{l}{\mathbf{V}}_1=j\omega {L}_1{\mathbf{I}}_1+j\omega M{\mathbf{I}}_2\\ {}{\mathbf{V}}_2=j\omega M{\mathbf{I}}_1+j\omega {L}_2{\mathbf{I}}_2\end{array} \)
                          
Mutual inductance:

                            \( M=k\sqrt{L_1{L}_2} \)
                          
Dimensionless coupling coefficient:

                            \( 0\le k\le 1 \)
                          

	Simple circuit
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	To solve the circuit use the constitutive relations and KVL for each loop. Solution:

                            \( \begin{array}{l}{\mathbf{I}}_2=\frac{{\mathbf{V}}_S}{j\omega \frac{M^2-{L}_1{L}_2}{M}-\frac{L_1{R}_L}{M}} \left[\mathrm{A}\right]\\ {}{\mathbf{I}}_1=-\left(\frac{L_2}{M}+\frac{R_L}{j\omega M}\right) {\mathbf{I}}_2 \left[\mathrm{A}\right]\end{array} \)
                          

	Conversion to a T-network without coupling
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	Equivalent T-network of uncoupled inductances
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	Mutual inductance for two short ceramic coaxial coils
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                            \( M\approx \frac{N_1{N}_2\pi {\mu}_0}{2}\frac{r_1^2{r}_2^2}{d^3} \)
                          

                                                        r
1, r
2 are the coil radii;

                                                        \( d>>{r}_1,{r}_2 \) is the coil separation distance

	Coupling between two nearby near-field magnetic radiators

                            [image: ]
                          
	Mutual coupling between two radiators generally reduces the amplitude of the source current in every radiator: \( {\mathbf{I}}_S=\frac{{\mathbf{V}}_S}{R_S+j\left({X}_1+{X}_M\right)} \)

and the associated magnetic field for both of them






              Problems
2.1 12.1 Ideal Transformer as a Linear Passive Circuit Element

                  12.1.2
                  
                    Ideal Open-Circuited Transformer
                    
                    
                  
                  : Faraday’s Law of Induction
                

                  Problem 12.1

                  The following figure shows two open-circuited coils subject to a time-varying flux, Φ(t), in the core.
[image: figure f]






                  Faraday’s law does not explicitly say anything about the polarity of the induced voltage in the coils. Nevertheless, the induced voltage does have a preferred polarity determined by Lenz’s law (Heinrich Friedrich Emil Lenz (1804–1865), a Russian physicist of German ethnicity, taught at the University of St. Petersburg). Lenz’s Law
 states that the circuit current due to induced voltage υ produces a flux in such a direction as to oppose the change of the flux. In other words, the induced current always seeks to maintain the status duo of the magnetic field. To find the direction of the anticipated circuit current, you may imagine a resistance connected across the coil terminals. Now, assume that the magnetic flux in the core, Φ, is increasing in time. Label the polarity of the induced voltages for coils #1 and #2, respectively, by ± and show the direction of the anticipated circuit current.


                
                  Problem 12.2

                  Are the following figures correct?
[image: figure g]






                
                  Problem 12.3

                  For the circuit shown in the following figure, determine voltage υ
2(t) if \( \upsilon (t)=100 \cos \omega t \left[\mathrm{V}\right] \) using Faraday’s law of induction. Count the number of turns. Assume no flux leakage.
[image: figure h]






                
                  Problem 12.4

                  For the circuit shown in the figure below, determine voltage υ
2(t) if\( \upsilon (t)=70 \cos \omega t \left[\mathrm{V}\right] \) using Faraday’s law of induction. Count the number 

of turns. Assume no flux leakage.
[image: figure i]






                
                  Problem 12.5

                  Explain the meaning of the ideal magnetic core. What is the inductance value for an inductor which uses the closed-loop ideal magnetic core?

                
                  Problem 12.6

                  You are given the source voltage in the form \( {\upsilon}_{\mathrm{S}}(t)=340 \cos \left(2\pi 60t\right) \left[\mathrm{V}\right] \)
, the number of turns of primary winding \( {N}_1=250 \), the finite relative permeability of the magnetic core, \( {\mu}_{\mathrm{r}}=7000 \), the coil length of the primary winding of 9 cm, and the core cross section of \( A=0.0015 {\mathrm{m}}^2 \).
	
                      A.
                      
                        Find the exciting current i
Φ(t) (no-load current) in the primary winding of this nonideal transformer.

                      
                    
	
                      B.
                      
                        Reduce N
1 by the

 factor of 10 and repeat the solution.

                      
                    



                
                  12.1.4
                  
                    Ampere’s Law
                    
                  
                

                  12.1.5
                  
                    Ideal Loaded Transformer
                    
                  
                

                  12.1.6 Ideal Transformer
                  
                    Versus
                    
                    
                  
                  Realistic Transformer: Transformer Terminology
                

                  Problem 12.7

                  For the circuit shown in the following figure, establish the relation between currents i
1(t) and i
2(t). Assume the ideal magnetic core. Count the number of turns.
[image: figure j]






                
                  Problem 12.8

                  For the circuit shown in the following figure, establish the relation between currents i
1(t), i
2(t), and i
3(t). Assume an

 ideal magnetic core. Count the number of turns.
[image: figure k]






                
                  Problem 12.9

                  For the circuit shown in the figure below, determine current i
2(t) given that \( {i}_1(t)=1 \cos \omega t \left[\mathrm{A}\right] \). Count the number of turns.
[image: figure l]






                
                  Problem 12.10

                  For the circuit shown in the figure below, establish the relation between currents i
1(t), i
2(t), and i
3(t). Assume an ideal magnetic core. Count the number of turns. Hint: Ampere’s law for the ideal core applies to every closed path.
[image: figure m]






                
                  Problem 12.11

                  In Problem 12.6, determine the instantaneous stored energy of a nonideal transformer given a core centerline length of 30 cm.


                
                  Problem 12.12

                  In the circuit 

shown in the figure below, \( {\upsilon}_{\mathrm{S}}(t)=170 \cos \left(2\pi 60t\right) \left[\mathrm{V}\right] \). For a 100 Ω resistive load, determine:
	
                      Source current i
S(t)

                    
	
                      Load voltage υ
R(t)

                    
	
                      Load current i
R(t)

                    
	
                      Average power delivered to the load P


                    



                  when the turns ratio is equal to 10:1, 1:1, and 1:10.
[image: figure n]






                
                  Problem 12.13

                  
In the circuit shown in the figure below, \( {\upsilon}_{\mathrm{S}}(t)=325 \cos \left(2\pi \omega t\right) \left[\mathrm{V}\right] \). The ideal transformer model is used. Determine source current i
S(t), load voltage υ
R(t), and load current i
R(t) when:
	
                      A.
                      
                        The switch is open.

                      
                    
	
                      B.
                      
                        The switch is closed.

                      
                    
	
                      C.
                      
                        The switch is closed and \( \omega \to 0 \).
[image: figure o]






                      
                    



                
                  Problem. 12.14

                  In the 

circuit shown in the figure below, the current through resistance is given by \( {i}_{\mathrm{R}}(t)=50 \cos \left(2\pi 60t\right) \left[\mathrm{A}\right] \). Determine:
	
                      Source voltage υ
S(t)

                    
	
                      Source current i
S(t)
[image: figure p]






                    



                
                  Problem 12.15

                  A power transformer is rated as 100 kVA, 11,000:2200 V, 60 Hz. Determine:
	
                      Transformer type

                    
	
                      Turns ratio

                    
	
                      The rated current on the 



                            
                          low-voltage side


                    



                
                  Problem 12.16

                  Repeat the previous problem for a transformer rated as 10 kVA, 2300:230 V, 60 Hz.

                
                  Problem 12.17

                  Repeat Problem 12.15 for a transformer rated as 2 kVA, 230:115 V, 50 Hz.

                2.2 12.2 Analysis of Ideal-Transformer Circuits

                  12.2.1 Circuit with a Transformer in the
                  
                    Phasor
                    
                    
                  
                  Form
                

                  12.2.2 Referred (or Reflected)
                  
                    Source
                    
                    
                  
                  Network in the Secondary Side
                

                  12.2.3 Referred (or Reflected)
                  
                    Load
                    
                    
                  
                  Impedance in the Primary Side
                

                  Problem 12.18

                  The load impedance is \( 12.5-j2.5 \Omega \). Find the equivalent impedance of the load Z
T combined with a 2:1 step-down transformer in the primary side.


                
                  Problem 12.19

                  Source voltage is given by\( {\upsilon}_{\mathrm{S}}(t)=2.5 \cos \omega t+45{}^{\circ} \left[\mathrm{V}\right] \) and the source impedance is \( 5-j0.5 \Omega \). Find the equivalent circuit of the source (find V
T and Z
T) combined with a 1:4 step-up transformer in the secondary side. Express your result both in frequency domain and in time domain.


                
                  Problem 12.20

                  A large capacitance value of 1.6 mF is required. The available physical component is a 100-μF capacitor. You are given an ideal transformer with an arbitrary turns ratio. Design the equivalent circuit for the 1.6 mF capacitance, 
                      
                      
                    specify the transformer turns ratio, and draw the corresponding circuit diagram.


                
                  Problem 12.21

                  For the circuit shown in the figure below, determine transformer’s turns ratio.
[image: figure q]






                
                  Problem 12.22

                  For the circuit shown in the following figure, \( {\mathbf{V}}_{\mathrm{S}}=10\angle 45{}^{\circ} \left[\mathrm{V}\right] \), \( {\mathbf{Z}}_{\mathrm{S}}=5+j5 \Omega \), \( {\mathbf{Z}}_{\mathrm{L}}=5+j5 \Omega \), and \( {N}_1:{N}_2=1:2 \). Find phasor voltage across the load, V
L. Express your result in polar form. Assume the ideal 

transformer.
[image: figure r]






                
                  Problem 12.23

                  In the circuit shown in the figure below, \( {\upsilon}_{\mathrm{S}}(t)=2.5 \cos \left(\omega t+45{}^{\circ}\right) \left[\mathrm{V}\right] \) where \( \omega =1000\mathrm{rad}/\mathrm{s} \), \( C=10 \upmu \mathrm{F} \), \( {R}_1=25 \Omega \), \( {R}_{\mathrm{L}}=200 \Omega \). Furthermore, \( {N}_1:{N}_2=1:2 \). Find voltage across the load υ
L(t) in time domain. Assume the ideal transformer.
[image: figure s]






                
                  Problem 12.24

                  For the circuit shown in the following figure, \( {\mathbf{V}}_{\mathrm{S}}=10\angle 45{}^{\circ} \left[\mathrm{V}\right] \), \( {\mathbf{Z}}_{\mathrm{S}}=5+j5 \Omega \), \( {\mathbf{Z}}_{\mathrm{L}}=5+j5 \Omega \), and \( {N}_1:{N}_2=1:2 \). Find phasor current of the 

source, I
S. Express your result in polar form. Assume the ideal transformer.
[image: figure t]






                
                  Problem 12.25

                  In the circuit shown in the following figure, \( {\upsilon}_{\mathrm{S}}(t)=2.5 \cos \left(\omega t+45{}^{\circ}\right) \left[\mathrm{V}\right] \) where \( \omega =2000 \mathrm{rad}/\mathrm{s} \), \( C=10 \upmu \mathrm{F} \), \( {R}_1=50 \Omega \), \( {R}_{\mathrm{L}}=20 \Omega \). Furthermore, \( {N}_1:{N}_2=2:1 \). Find source current i
S(t) in time domain. Assume the ideal transformer.
[image: figure u]






                
                  12.2.4
                  
                    Transformer
                    
                    
                  
                  as a Matching Circuit
                

                  Problem 12.26

                  A 16-Ω load is connected to an AC voltage source with a voltage amplitude of 10 V and series resistance of 1 Ω. A matching 

transformer is used with the turns ratio N
1 : N
2. Determine the average power delivered to the load when

	
                      A.
                      
                        
                            
$$ {N}_1:{N}_2=1:1 $$



                          
                      
                    
	
                      B.
                      
                        
                            
$$ {N}_1:{N}_2=1:2 $$



                          
                      
                    
	
                      C.
                      
                        
                            
$$  {N}_1:{N}_2=1:4 $$



                          
                      
                    
	
                      D.
                      
                        
                            
$$  {N}_1:{N}_2=1:5 $$



                          
                      
                    



                
                  Problem 12.27

                  A passive RFID tag circuit measuring temperature is modeled by a load resistance of 16 Ω. The tag is wirelessly powered; it is augmented with a small collecting antenna, which has the radiation resistance of \( 1-j2 \Omega \). The negative antenna reactance is an inherent part of the small dipole antenna design. Find the ratio of the average received powers from the antenna with and without the matching transformer. Assume the load matching condition for the real part of the impedances.
[image: figure v]






                
                  Problem 12.28

                  The previous problem may be generalized as follows. An antenna operates as an energy-harvesting source. The antenna is modeled as an impedance \( {\mathbf{Z}}_{\mathrm{S}}={R}_{\mathrm{S}}+j{X}_{\mathrm{S}} \) in series with a fixed ideal voltage source. The nonzero antenna reactance is an inherent part of the small antenna design. The load is modeled as a resistance R
L. Express the turns ratio of a matching transformer, which is necessary for maximum average power transfer from the 

antenna to the load, in terms of three given problem parameters. Note that this problem has an elegant analytical solution.

                
                  12.2.5
                  
                    Application
                    
                    
                  
                  Example: Electric Power Transfer via Transformers
                

                  Problem 12.29

                  The performance of a transmission line circuit in the following figure is to be analyzed, with and without 1:10 step-up transformer and 10:1 step-down transformer, respectively. All phasors are given in terms of the rms values. Solve the circuit with and without transformers and fill out the table that follows including active load power \( {P}_{\mathrm{L}}=\mathrm{R}\mathrm{e}\left({\mathbf{V}}_{\mathrm{L}}\cdot {{\mathbf{I}}_{\mathrm{L}}}^{*}\right) \), active source power, \( {P}_{\mathrm{S}}=\mathrm{R}\mathrm{e}\left({\mathbf{V}}_{\mathrm{S}}\cdot {{\mathbf{I}}_{\mathrm{S}}}^{*}\right) \), and the line power loss \( {P}_{\mathrm{loss}}=R{\left|{\mathbf{I}}_{\mathrm{line}}\right|}^2 \). All powers are to be reported in watts. You are given \( {\mathbf{Z}}_{\mathrm{L}}=4+j2 \Omega \).
[image: figure w]





	Param.
	
                                V
                                S
                              
	
                                I
                                S
                              
	
                                P
                                S
                              
	
                                I
                                line
                              

	No tr.
	
                                \( 240\angle 0{}^{\circ} \)
                              
	 	 	 
	W tr.
	
                                \( 240\angle 0{}^{\circ} \)
                              
	 	 	 
	Param.
	
                                P
                                loss
                              
	
                                V
                                L
                              
	
                                I
                                L
                              
	
                                P
                                L
                              

	No tr.
	 	 	 	 
	W tr.
	 	 	 	 






                
                  Problem 12.30

                  
Repeat the previous

 problem when the transformer setup changes to a 1:5 step-up transformer and a 5:1 step-down transformer.


                
                  Problem 12.31

                  An AC-direct micro-hydropower system is illustrated in the following figure.
[image: figure x]

Reprinted from Micro-Hydropower Systems Canada 2004, ISBN 0-662-35880-5





                  The system uses a single phase induction generator with the rms voltage of 240 V. The system serves four small houses, each connected to the generator via a separate transmission line with the same length of 3000 m. Each line uses AWG#10 solid aluminum wire 

with a diameter of 2.59 mm. The house load in every house is an electric range with the resistance of 20 Ω. Determine total active power delivered by the generator, P
S, total power loss in the transmission lines, P
loss, and total active useful power, P
L:
	
                      1.
                      
                        When no transformers are used;

                      
                    
	
                      2.
                      
                        When a 1:5 step-up transformer is used in powerhouse and a 5:1 step-down transformer is used at home.

                      
                    



                
                  Problem 12.32

                  Solve the previous problem when the distributed line inductance is additionally taken into account. The inductance per unit length of a two-wire line is given by \( \frac{\mu_0}{\pi}\left( \ln \frac{d}{a}+\frac{1}{4}\right) \) where a is the wire radius and d is the separation distance. Assume the separation distance of 1 m. The operation frequency is 50 Hz.

                2.3 12.3 Some useful transformers

                  12.3.1
                  
                    Autotransformer
                    
                  
                

                  Problem 12.33

                  A voltage source connected to the primary winding of an ideal step-up autotransformer shown in the following figure has the form \( {\upsilon}_{\mathrm{S}}(t)=5 \cos \omega t \left[\mathrm{V}\right] \). The 
source current into the 
dotted terminal is \( {i}_{\mathrm{S}}(t)=10 \cos \omega t \left[\mathrm{A}\right] \). You are given \( {N}_1=200 \), \( {N}_2=50 \). Determine voltage υ
2(t) and current i
2(t) in the secondary.
[image: figure y]






                
                  Problem 12.34

                  Solve the previous problem for the circuit shown in the following figure.
[image: figure z]






                
                  Problem 12.35

                  For the circuit shown in the following figure, \( {\mathbf{V}}_{\mathrm{S}}=100\angle 45{}^{\circ} \left[\mathrm{V}\right] \), \( {\mathbf{Z}}_{\mathrm{S}}=5+j5 \Omega \), \( {\mathbf{Z}}_{\mathrm{L}}=5+j5 \Omega \), and \( {N}_1:{N}_2=4:1 \). Find phasor current of the source, I
S. Express your result in polar form. Assume the ideal autotransformer.
[image: figure aa]






                
                  Problem 12.36

                  Find the equivalent input impedance, Z
in, for two autotransformer circuits shown in 
the following figure.
[image: figure ab]






                
                  12.3.2
                  
                    Multiwinding Transformer
                    
                  
                

                  12.3.
                  
                    3
                    
                    
                  
                  Center-Tapped Transformer: Single-Ended to Differential Transformation
                

                  Problem 12.37

                  In the circuit shown in the following figure, \( {N}_1=2{N}_2={N}_3 \)
. How is the instantaneous power partitioned between the two secondary windings if both of them are terminated into the same load resistances? To answer this question, express both p
2(t) and p
3(t) in terms of p
1(t).
[image: figure ca]






                
                  Problem 12.38

                  In the circuit of the previous problem, \( {N}_1=2{N}_2=2{N}_3 \). How is the instantaneous power partitioned between the two secondary windings if winding #2 is terminated into resistance R and winding #3 is terminated into resistance 3R?


                
                  Problem 12.39

                  Determine the 

turns ratio for the center-tapped transformer in Fig. 12.13.


                
                  Problem 12.40

                  A household is using an ideal center-tapped distribution transformer shown in the following figure. All voltage values are the rms values. The resistive loads include a TV, a microwave, and a kitchen range. The powers for every individual load are shown in the figure. Determine:
	
                      A.
                      
                        Turns ratio, N
1 : N
2 of the transformer

                      
                    
	
                      B.
                      
                        rms value of input current i
1

[image: figure ad]






                      
                    



                
                  Problem 12.41

                  Determine phasor currents I
R1, I
R2, and I
R0 for the center-tapped balanced transformer circuit shown in the following figure. You are given the source phasor voltage \( {\mathbf{V}}_{\mathrm{S}}=10\angle 0{}^{\circ} \left[\mathrm{V}\right] \), resistance values \( R=50 \Omega \), and turns ratio \( {N}_1:{N}_2=1 \).

[image: figure ae]






                
                  Problem 12.42

                  Solve the previous problem in a general form, i.e., express phasor currents I
R1, I
R2, and I
R0 in the (generally unbalanced) circuit shown in the following figure in terms of given circuit parameters V
S, Z
1, Z
2, 
                      
                      
                    and turns ratio \( a={N}_1:{N}_2 \).
[image: figure af]






                
                  12.3.4
                  
                    Current
                    
                    
                  
                  Transformer
                

                  Problem 12.43

                  Determine current i
2(t) in an ideal current transformer shown in the figure given that \( {i}_1(t)=10 \cos \omega t\left[\mathrm{A}\right] \). Count the number of turns.
[image: figure ag]






                2.4 12.4 Real-Transformer Model

                  12.4.1 Model of a
                  
                    Nonideal Low-Frequency Transformer
                    
                  
                

                  12.4.2 Model Parameters and Their Extraction
                

                  12.4.3 Analysis of Nonideal Transformer Model
                

                  12.4.4 Voltage Regulation and Transformer Efficiency
                

                  Problem 12.44

                  
                    	
                        A.
                        
                          
Name



                              
                              
                             all seven components of the low-frequency nonideal transformer model.

                        
                      
	
                        B.
                        
                          Draw the corresponding circuit diagram.

                        
                      


                  
                
                  Problem 12.45

                  A practical power transformer is characterized by the following nameplate information: 20 kVA 2400:240 V 60 Hz.

	
                      A.
                      
                        Determine rated-load phasor voltage V
L (show units and assign phase zero).

                      
                    
	
                      B.
                      
                        Determine rated-load phasor current I
L for power factor of 0.8 lagging (show units).

                      
                    
	
                      C.
                      
                        Determine rated-load active power P
L (show units).

                      
                    



                
                  Problem 12.46

                  Repeat the



                      
                      
                     previous problem for the power transformer characterized by

                  
                    2 kVA 230:115 V 50 Hz.
                  

                
                  Problem 12.47

                  A practical power transformer is characterized by the following information:
	Element nameplate
	
                                20 kVA 2400:240 V
                              

                                60 Hz
                              

	
                                                                Magnetizing reactance
 \( {X}_{\mathrm{m}}=\omega {L}_{\mathrm{m}} \), Ω
	15,000

	Core loss resistance, R
c, Ω
	100,000

	
                                                                Primary leakage reactance

 \( {X}_{\mathrm{l}1}=\omega {L}_{\mathrm{l}1} \), Ω
	6.5

	
                                                                Secondary leakage reactance

, \( {X}_{\mathrm{l}12}=\omega {L}_{\mathrm{l}12} \), Ω
	0.07

	
                                                                Primary ohmic resistance

 R
1, Ω
	3.0

	Secondary ohmic resistance R
2, Ω
	0.03







                  Check whether or not equalities (12.38) for the well-designed transformer are satisfied.


                
                  Problem 12.48

                  In a well-designed transformer, the number of turns of both primary and secondary windings is usually quite large. Why is



                      
                      
                     it so? Can we just design a 10:1 transformer with 10 and 1 turns, respectively?


                
                  Problem 12.49

                  
The nonideal transformer model is shown in the following figure in frequency domain. Given the rated load with a power factor of 0.8 lagging, determine the source phasor voltage V
S and the source phasor current I
S for transformer #1 model from Table 12.2.
[image: figure ah]






                
                  Problem 12.50

                  Repeat the 



                      
                      
                    previous problem for transformer #2 model from Table 12.2.


                
                  Problem 12.51

                  
Repeat Problem 12.49 for transformer #3 model from Table 12.2.


                
                  Problem 12.52

                  The nonideal transformer model is shown in the following figure in frequency domain. Given the rated load with a power factor of 0.7 lagging, determine:
	
                      A.
                      
                        Percentage regulation

                      
                    
	
                      B.
                      
                        Percentage efficiency

                      
                    



                  for transformer #1 model from Table 12.2

[image: figure ai]






                
                  Problem 12.53

                  Repeat the previous problem for transformer #2 model from Table 12.2.


                
                  Problem 12.54

                  Repeat Problem 12.52 for transformer #3 model from Table 12.2.

                2.5 12.5 Model of Coupled Inductors

                  12.5.1 Model of
                  
                    Two Coupled Inductors
                    
                    
                  
                

                  12.5.2 Analysis of Circuits with Coupled Inductors
                

                  12.5.3 Coupling Coefficient
                

                  Problem 12.55

                  Solve a circuit with two coupled inductors in the figure below in frequency domain:
	
                      A.
                      
                        Determine the load phasor current and the source phasor current.

                      
                    
	
                      B.
                      
                        Determine phasor voltages V
1 and V
2


                      
                    



                  given that \( {\mathbf{V}}_{\mathrm{S}}=10\angle 0{}^{\circ} \left[\mathrm{V}\right] \) and \( {R}_{\mathrm{L}}=10 \Omega \).
[image: figure aj]






                
                  Problem 12.56

                  Solve the previous problem when the mutual inductance is exactly zero.

                
                  Problem 12.57

                  Solve Problem 12.55 when the mutual reactance is equal to 3 Ω.


                
                  Problem 12.58

                  In the circuit shown in the following figure, determine source phasor current I
S given that \( {R}_{\mathrm{L}}=1 \Omega \), \( {R}_{\mathrm{S}}=2 \Omega \), and \( {\mathbf{V}}_{\mathrm{S}}=15\angle 0{}^{\circ} \left[\mathrm{V}\right] \).
[image: figure ak]






                
                  12.5.4 Application Example:
                  
                    
                    
                  
                  Wireless Inductive Power Transfer
                

                  12.5.5
                  
                    Application
                    
                    
                  
                  Example: Coupling of Nearby Magnetic Radiators
                

                  Problem 12.59

                  
Two small coaxial ceramic-core coils with \( {r}_1={r}_2=2.0 \mathrm{cm} \) and with \( {N}_1={N}_2=100 \) are separated by 1 m. What is the voltage signal induced in the second coil (RX) if the current in the first coil (TX) is given by \( {i}_1=100 \mathrm{m}\mathrm{A}\times \sin \left(\omega t\right) \)? The operation frequency is 1 MHz.


                
                  Problem 12.60

                  Repeat the previous problem when the operation frequency changes to 10 MHz.

                
                  Problem 12.61

                  In the circuit shown in the following figure, find source phasor current I
S 
                      
                      
                    in time domain i
S(t) given that \( {\upsilon}_{\mathrm{S}}(t)=10 \cos \omega t \left[\mathrm{V}\right] \).
[image: figure al]
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