
Methods of Analysis and 

Selected Topics (ac) 
 

17.1  INTRODUCTION 

For networks with two or more sources that are not in series or parallel, methods 

such as mesh analysis or nodal analysis are employed. Only minor variations are 

required to the method already described for dc circuit.  

 

17.2  INDEPENDENT VERSUS DEPENDENT SOURCES 

The term independent specifies that the 

magnitude of the source is independent of 

the network to which it is applied and that 

the source displays its terminal 

characteristics even if completely isolated. 

 

dc: E and I, just a value (real number) 

ac: E and I, phasors (complex number) 
 

 



A dependent or controlled source is one 

whose magnitude is determined (or controlled) 

by a current or voltage of the system in which 

it appears. 
 

dc: just magnitude real number 

ac: phasors (complex number) 

 

 

 
Special notation for controlled or 

dependent sources 

 



17.3  SOURCE CONVERSIONS 
 

  
 

 
 



 

 

 



 
 

 



Dependent Source 

Case 1: Controlling variable is external to the network to be converted, procedure 

identical to the one used for independent source. 

Case 2: Controlling variable is within the network to be converted, procedure will be 

seen later. 

 

 



 

 

 

  



17.4  MESH ANALYSIS (FORMAT APPROACH) 
 
In the formulation used for dc circuit: we replace  

 The resistances by impedances 

 The sources value by phasors 

 The equation become complex number equations 

 

 
 

 

1. Assign a loop current to each independent, closed loop in a clockwise direction. 

2. The 𝑵𝒐of required equations = 𝑵𝒐 of independent, closed loops.  

Column 1  of each equation is formed by summing the impedance values of those 

impedances through which the loop current of interest passes and 

multiplying the result by that loop current. 



3. the mutual terms are always subtracted from the first column. A mutual term is 

simply any impedance element having an additional loop current passing through 

it. It is possible to have more than one mutual term if the loop current of interest 

has an element in common with more than one other loop current. Each term is the 

product of the mutual impedance and the other loop current passing through the 

same element. 

4. The column to the right of the equality sign is the algebraic sum of the voltage 

sources in the loop considered.  

“ + ”for 
 

 
“ - ”for 

 

5. Solve the resulting simultaneous equations for the desired loop currents. 

 

Any current source is first converted to a voltage source (or 

use the supermesh approach) 



 

 

 

 

 



 

Calculators are very helpful in solving these kinds of 

equations!!!!!!!!!!!!!! 



 



 



 

 

 

 





For Dependent Current Sources 
 

The procedure for mesh analysis is modified as follows: 

1. Treat dependent source as independent source when applying Kirchhoff’s 

Voltage Law and Kirchhoff’s Current Law except substitute their current with the 

controlled quantity 
2. Everything else is the same as before 

 

 

 

 

  

  



For Dependent Voltage Sources 
 

The procedure for mesh analysis is modified as follows: 

1. Treat dependent source as independent source when applying Kirchhoff’s voltage 

law except substitute their voltage with the controlled quantity 
2. Everything else is the same as before 

 

 

 

  

  



17.5  NODAL ANALYSIS (FORMAT APPROACH) 

1. Choose a reference node and assign a subscripted voltage label to the (N -1) 

remaining nodes of the network. 

2. The number of equations required for a complete solution is equal to the 

number of subscripted voltages (N-1).  

a. Column 1  of each equation is formed by summing the admittances 

 tied to the node of interest and multiplying the result by that 

subscripted nodal voltage. 

3. the mutual terms, (tying two nodes), are subtracted from the first column. It 

is possible to have more than one mutual term. Each mutual term is the 

product of the mutual admittance and the other nodal voltage tied to that 

admittance. 

4. The column to the right of the equality sign is the algebraic sum of the 

current sources tied to the node of interest. A current source is assigned a 

positive sign if it supplies current to a node and a negative sign if it draws 

current from the node. 

5. Solve the resulting simultaneous equations for the desired voltages. 

 



Any Voltage Source is first converted to a Current Source 

(or use the supernode approach) 

 

 

 

 



 

 

 



 

 

Calculators are very helpful in solving these kinds of 

equations!!!!!!!!!!!!!! 

  



 

 

 

 



 

 



 

 

 



 



Calculators are very helpful in solving these kinds of 

equations!!!!!!!!!!!!!! 

  



Dependent Voltage Sources between Defined Nodes 
 

The procedure for nodal analysis is modified as follows: 

1. Treat dependent source as independent source when applying Kirchhoff’s 

Current Law except substitute their voltage with the controlled quantity 
2. Everything else is the same as before 

 

 

  



Dependent Current Sources 
 

The procedure for nodal analysis is modified as follows: 

1. Treat dependent source as independent source when applying Kirchhoff’s 

Current Law except substitute their current with the controlled quantity 
2. Everything else is the same as before 

 

 

 

 



 

 

 



 

 

 



17.6  BRIDGE NETWORKS (ac) 

 

  



MESH ANALYSIS 

 



 

 



 

 

  



NODAL ANALYSIS 

  

 



 

 



 

 

 

  



BALANCE CRITERIA 

I = 0 and V = 0 

 

 

Thus, 

 

 

 

Identical to the case for dc bridge: 

 

 



17.7  -Y, Y- CONVERSIONS 

 

 
For equal impedances 

 

Identical to the case of dc circuits 

 

 


