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For circuits operating in sinusoidal-steady-state, Kirchhoff’s current law (KCL) and voltage law (KVL) apply to phasor currents and voltages. Thus, the sum of all phasor currents entering any node is zero and the sum of the phasor-voltage drops around any closed path is zero. Network analysis techniques based on Kirchhoff’s laws, including nodal analysis, mesh or loop analysis, superposition, source transformations, and Thévenin’s theorem or Norton’s theorem, are useful for analyzing such circuits.
Various computer solutions of power system problems are formulated from nodal equations, which can be systematically applied to circuits. The circuit shown in Figure below, which is used here to review nodal analysis, is assumed to be operating in sinusoidal-steady-state; Source voltages are represented by phasors Es1, Es2 and Es3; Circuit impedances are speciﬁed in Ohms. Nodal equations are written in the following three steps:

STEP 1: For a circuit with N+1 nodes (also called buses), one bus is selected as the reference bus and therefore the voltages at the remaining buses are defined with respect to that bus.

STEP 2: Each voltage source in series with an impedance is to be transformed to an equivalent current source in parallel with the equivalent admittance of the corresponding impedance. Note that each current source is equal to the voltage source divided by the source impedance.
STEP 3 Write nodal equations in matrix format as follows:
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Questions
1. Give some terms (three to five), or keywords to describe the above text.  
………………………………………………………………………………………………………………………………………………………
2. Propose a title for this paragraph
………………………………………………………………………………………………………….
3. What are the basic theorems or laws in electrical engineering?
………………………………………………………………………………………………………………………………………………………..
………………………………………………………………………………………………………………………………………………………
4. Among these theorems or laws, choose one and describe its basic meaning in three to four sentences
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………   
5. What is the main purpose of the nodal and mesh analysis?
……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………..
……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………..
6. What is the main purpose of network equations?
...........................................................................................................................................................................................................................................................................................................
7. According to the explanations given in the text, give the equivalent circuit and formulate to network equations for the circuit above
...........................................................................................................................................................................................................................................................................................................
...........................................................................................................................................................................................................................................................................................................
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