NODAL  ANALYSIS
NODAL analysis may be used when there are more circuit loops than nodes.
A “node” is a point in a network where two or more circuit elements join. If three or more elements join at a node then the node is said to be a “principle node”.
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)[image: ]In the diagram below, A and B are nodes and nodes 1, 2 and 3 are principle nodes. A node voltage is the voltage of a given node with respect to one particular node called the “reference node”.
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Using Kirchhoff’s Current Law we can assume all currents leave the node,
i.e.    I1 + I2 + I3  = 0,  and  I4 + I5 + I6  = 0
Therefore for node 1 we can say;
V1 – Vx      +    V1 - V2    +   V1    =  0		.................(1)
     Ra                   Rb            Rd
And for node 2 we can say:
V2 – V1      +      V2 - Vy    +   V2    =  0		.................(2)
     Rb                    Rc             Re
From equations (1) and (2) group together and solve the simultaneous equations for V1 and V2, assuming we know Vx and Vy.
Example, for the circuit above, assume the following;
Vx = 10V, Vy = 20V, Ra =Rb = Rc = 1Ω , and Rd = Re = 2Ω.
Hence determine V1, V2, and all resistor currents.
From equation (1)
V1 – Vx      +    V1 - V2    +   V1    =  0		
     Ra                   Rb            Rd
Therefore:
V1 – 10       +   V1 - V2    +   V1    =  0		
      1                    1                2
Hence :
V1 -10 + V1 – V2 +0.5 V1 = 0
Hence 2.5 V1  –  V2  =  10			................ (3)
And from equation (2)
V2 – V1      +      V2 - Vy    +   V2    =  0		
     Rb                    Rc             Re
Hence:
V2 – V1      +    V2 - Vy    +   V2    =  0		
     1                      1               2
Therefore
V2  -  V1  +  V2   -   20  + 0.5 V2  = 0
-V1  +  2.5 V2  =  20				..................(4)
Solving simultaneously for equations (3) and (4)
Multiply eqn (3)  by 2.5
6.25  V1   -    2.5 V2  =  25			...................(5)
      -  V1  +   2.5 V2  =   20                             ....................(4)
Add to eliminate V2
5.25V1 = 45,               hence   V1 = 60/7  = 8.57 volts approx.
Substitute for V1 into eqn. (4)
-(60/7) + 2.5V2  = 20     
Hence  2.5 V2 = 20 +60/7

Therefore  V2 = (20 + 60/7) /2.5
Therefore V2 = 11.43 approx. and V1 = 8.57 approx.

Current in Ra =  (V1 – Vx) / Ra
Current in Ra = (8.58 -10)/1 = - 1.42 , i.e. 1.42 (approx.) from Vx towards V1 
Current in Rb = (V1 – V2)/Rb = (8.56 – 11.43)/1 = - 2.86 A 
Current in Rb = 2.86 A (approx.) from V2 towards V1 
Current in Rc = ( V2 – Vy)/Rc = (11.43 – 20)/1 = - 8.57 A 
Current in Rc = 8.57 A (approx.) from Vy towards V2 
Current in Rd = V1 / Rd = 8.57/2  =  4.29 A from V1 to ground (approx.)
Current in Re = V2/Re = 11.43/ 2 = 5.7A from V2 to ground (approx.)
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Example 2
Determine the unknown currents and voltages in the following circuit.
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