Kirchhoff's Current Law

A junction or node is a point in a circuit where two or more components are
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connected.  In a parallel circuit, these nodes represent a point where currents combine or divide.

In the above figure, I1 and I3 are flowing into the node and  I2,  I4,  I5 and  I6 are flowing out of the node.  Kirchhoff's Current Law (KCL) states that the sum of the currents into a node is equal to the sum of the currents out of the node.  So, applying KCL to the above node yields the following expression.

                            I1+ I3  = I2 + I4+ I5 + I6

In the resistive circuit below, the total current entering the bottom node equals the currents through R1 and R2
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IT = I1 + I2 

I1 = 5 mA

I2 = 10 mA

IT = 15 mA

Example:


What current is flowing in the R2 branch of the circuit of the figure:

Soln:


I1 = V =50V = 5A


       R1  10(
The current flowing into node x is IT and the current flowing away from node x are I1 and I2.

Therefore, 

IT = I1 + I2 or I2 = IT – I1

I2 = 12 –5 = 7A

Kirrchhoff's Voltage Law

      The sum of the voltage drops in a closed loop equals the source voltage.

VS = V1 + V2 + V3 + ... + Vn

         The algebraic sum of all voltage around a closed loop is zero(0). 

VS - V1 - V2 - V3 - ... - Vn = 0
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VS = 5V + 10 V 

= 15 V 
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V3 = VS - V1 - V2

= 50 - 10 - 20 

= 20 
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VS = VR1 + VR2 + VR3 + VR4

VR4 = VS - VR1 - VR2 - VR3

VR1 = I * R1 = (10mA)(1 KW) = 10V

VR2 = I * R2 = (10mA)(200 W) = 2VVR3 = I * R3 = (10mA)(100 W) =1V 

VR4 = 20 - 10 - 2 - 1

VR4 = 7 VR4 = VR4 / I = 7 V / 10mA = 700 W

Example:


What current will flow in a series circuit consisting of 20(, 10( and 30( resistors connected to a 45-v source?

Soln:


E=IR1+IR2+IR3


45=20I+10I+30I=60I


I=45V = .75A

              60(
Thevenin's Theorem

The Thevenin's Theorem is a process by which a complex circuit is reduced to an equivalent series circuit consisting of a single voltage source, VTH, a series resistance, RTH, and a load resistance, RL. After creating the Thevenin Equivalent Circuit, you may then easily determine the load voltage VL or the load current IL. It is the dual of Norton's Theorem. Consider the following circuit. 
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In the circuit on the left, we see a single voltage source driving a series-parallel circuit where RL is the load resistance. While we have the skills to solve for the load voltage or load current without too much difficulty,

we will use Thevenin's Theorem to solve for the circuit parameter.

Example:
[image: image7.jpg]ke




To use Thevenin's Theorem to solve for the load voltage or current in a circuit: 

  1.Remove the load at terminals A and B. If  we look in through the load terminals, we would see VTH, the Open Circuit Voltage. This can be seen in the schematic on the right. In the laboratory, we could place a voltmeter across terminals A and B and measure VTH. Since the circuit is open at terminals A and B, no current flows through R3.  With no current through R3, there is no voltage drop across R3. Therefore, VTH = VR2. 

    The equation for VTH is: 

                           R2

VTH = VS *   -----------

                        R1 + R2

  2.We now have the Thevenin Equivalent Voltage, VTH, and must determine the Open Circuit     Resistance, RTH (Thevenin Equivalent Resistance). To accomplish this we: 

        Remove all source voltages and replace them with a short while retaining any internal source resistance. 

        Remove any current sources and replace them with an open while retaining any internal source resistance. 

        Look in through terminals A and B and calculate RTH. 

    If we look in terminals A and B of the circuit on the right, we see the Thevenin Equivalent Resistance. Let us see what type of resistance connections we have in the circuit. 
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Beginning at node A we pass through resistance R3 and arrive at node C. 

At Node C, we may move to Node B through either R2 or R1. Therefore, R1 and R2 are connected in parallel, and these two parallel resistances are connected in series with resistor R3. We have, therefore, a series-parallel circuit. 

    We could measure this resistance in the laboratory with an ohmmeter by replacing the source with a short and placing the ohmmeter across terminals A and B. 

    The equation for RTH is: 

                        R1 * R2

RTH = R3 +  ------------

                        R1 + R2

  3.Now that we have determined the Thevenin Equivalent Resistance and the Thevenin Equivalent Voltage, we redraw the open circuit as a series circuit consisting of VTH and RTH. Make sure that the polarity of VTH in the series circuit is the same as the polarity of the open circuit voltage. 
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  4.Reconnect the load, RL to terminals A and B. 

  5.Now, calculate the load voltage. 

    The equation for VL is: 

                           RL

VL = VTH *  ---------------

                        RTH + RL

Nodal Analysis Method

In the nodal analysis method, you simply write KCL equations for all non-grounded nodes. You will be able to solve for the node voltages, and with that, you can find the current or voltage drop across any element. 

Example. Find V1 and V2.
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Step 1: Assign a common reference point (ground). It usually makes analysis easier to assign the ground node as the node to which the most elements are connected.

Step 2: Write a nodal equation (KCL) for each node. Express unknown currents in terms of node voltages and resistances (Ohm’s Law).
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 Node A:  
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 Node B:  
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Step 3: Solve the simultaneous equations. (You may also do this with matrices).

Step 4: Calculate V1 and V2 from the node voltages. 

            V1 = VA = 24 

            V2 = VA – VB = 24 – (-4) = 28

Mesh Analysis

A Mesh or Loop is a closed path around a circuit that starts at any node and traces a complete path back to the starting node. 

A mesh is a special case of a loop in that a mesh does not[image: image14.png]VSIT [ 1 R 1p VTvs2




 contain any other loops within it. Consider the circuit on the right. It contain two loops or meshes, I1 and I2. Both terms are correct to define these current paths. However, if a loop current I3 is traced around the outside of the circuit, from VS1, through R1, R2, VS2, and ground back to VS1, we have a loop and not a mesh since this path contains two other loops or meshes. 

Mesh Analysis and Loop Analysis are similar except that for Mesh Currents we must define clockwise meshes, while loop currents allow us to define any closed path we desire (all clockwise, all counterclockwise, or mixed.) 

Use Loop or Mesh Currents when 

 1.The Energy Sources are primarily voltage sources. 

 2.We are solving for currents. 

 3.There are multiple quantities to calculate. 

 4.There are two or more energy sources. 

 5.The number of independent loops is less than the number of independent nodes. 
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currents. When writing the equations, we will be writing Kirchhoff Voltage Law equations. The polarity of the voltage drops is shown based on the direction of current defined for the loop. Notice that R2 has two separate currents, I1 and I2, and has a voltage drop contributation for each current. The polarity on the left side of the

component is the I1 contribution, and the polarity on the right side of the component is the I2 contribution. 

Notice R2 has two mesh currents, I1 and I2. Since these currents flow in opposite directions, the net current, I3 is: 

    I3 = I1 - I2

We are assuming a current direction for I3. If we are incorrect, the current value will be negative, but the magnitude will be correct. The negative sign in the value is merely telling us the current flows in the other direction. The same is true for the other currents int he circuit since we have no way of knowing if those paths are correct. 

If the loops define conventional current flow, the voltage sources are written with a positive polarity in the loop equations if the current leave the positive source terminal and enters the negative source terminal. If the current leaves the positive terminal of the source and enters the negative terminal, the  polarity of the voltage source int he loop equation is negative. Now let us

write the KVL equations for loop 1. 

KVL for Loop or Mesh I1 

    I1R1 + I1R2 - I2R2 - VS1 = 0 

Combining terms and placing constants and variables on different sides of the equation we get: 

  I1(R1 + R2) - I2R2 = VS1 

KVL for Loop or Mesh I2 

    I2R3 + I2R2 - I1R2 + VS2 = 0 

Combining terms and placing constants and variables on different sides of the equation we get: 

    - I1R2 + I2(R2 + R3) = - VS2 

We have two simultaneous linear equations with two unknowns. We can, therefore, solve for the unknowns I1 and I2. The equations are: 

 I1(R1 + R2)  -I2R2  = VS1 

 -I1R2 I2(R2 + R3)   = -VS2 

Let us try a practical example for the circuit on the left. Assume the following values: 

 R1 = 1.2k

             R2 = 1.8k

                          R3 = 2.7k

 VS1 = 10V

             VS2 = 20V

If we substitute these values into the equations, we obtain: 

    I1 = 0.9mA 

    I2 = -4.1mA 

    I3 = 5mA 

Rotate VS2 from the previous example. Write the Mesh equations and solve for the three currents using the same current directions. When you solve for the currents, you should obtain: 

    I1 = 7.9mA 

    I2 = 7.4mA 

    I3 = 0.5mA

Example:


The circuit above has three Meshes (or Loops). Assume the following values for the components: 

     R1 = 12k   

                R3 = 22k   

                           R5 = 33k   

                                      VS1 = 40V   

     R2 = 27k   

                R4 = 18k   

                                      VS2 = 50V   

We will now write the three Mesh equations for the circuit above. The polarity of the voltage drops shown is based on the direction of current defined for the Mesh. When writing the equations, we will be writing Kirchhoff Voltage Law equations. Notice that some resistors have two currents that contribute to the voltage drop. The polarity on the left side of the component is the left mesh current contribution, and the polarity on the right side of the component is the right mesh current contribution. 

KVL for Mesh I1 

    I1R1 + I1R4 - I2R4 - VS1 = 0 

Combining terms and placing constants and variables on different sides of the equation we get: 

    (R1 + R4)I1 - R4I2 + 0I3 = VS1 

KVL for Mesh I2 

    I2R2 + I2R4 + I2R5 - I1R4 - I3R5 = 0 

Combining terms and placing constants and variables on different sides of the equation we get: 

    - R4I1 + (R2 + R3 + R5)I2 - R5I3 = 0 

KVL for Mesh I3 

    I3R3 + I3R4 - I2R5 - (-VS2) = 0 

Combining terms and placing constants and variables on different sides of the equation we get: 

    0I1 - R5I2 + (R3 + R5)I3 = -VS2

Source Conversion

Rint = Einfinite (8-1)


  1sc


Given the constant-voltage source of Fig. 8-5(a), from equation (8-1), Ix for the equivalent constant current source of fig 8-5(b) is the short circuit current and given the constant source of fig 8-5(c), Ex for the equivalent constant voltage source of fig 8-5(d) is the open voltage

Example:

Loop Procedure


In any closed loop the algebraic sum of all voltage rises and voltage drops must equal to zero.



E – V1 – V2 – V3 = 0

To enable us to setup our equaion in a form that is suited to solution by determinants, we rearrange our original statement and say that


In any complete electric circuit (closed loop), the algebraic sum of the voltage drops must equal the algebraic sum of the source voltages.

Example:

V1 = 30V V4 = 40V R1 = 5( R4 = 10(
KVL:


Loop acefdba


-30 – 40 – 80 – 90 + 240 = 0


0 = 0


Loop cefdc


-4 – 80 + 120 = 0


0 = 0


Loop acdba


-30 – 120 – 90 + 240 = 0


0 = 0

KCL:


Pt. C
6-2-4 = 0


0=0


Pt. D
2+4-6 = 0


0=0

Superposition


The current that flows in any branch of a network of resistors resulting from the simultaneous application of a number of voltage sources distributed in any manner throughout the network is the algebraic sum of the component currents in that branch that would be caused by each source acting independently in turn while the others are replaced in the network by their respective internal resistance.

Diagram:
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