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Key concepts, systematic appro practical tips for tac

1. Foundations of Electrical Engineering

Area Core Topics Typical Applications
o Ohm’s Law, Kirchhoff's Voltage & Current Power distribution, signal
Circuit Theory _ _ )
Laws, Thevenin/Norton equivalents routing
. Maxwell's equations, wave propagation, Antennas, RF design, power
Electromagnetics L o
transmission lines transmission
Signal ) ) o Communications, control
. Fourier analysis, Laplace transforms, filtering
Processing systems

) ) Industrial plants, renewable
Power Systems  AC/DC conversion, transformers, motor drives
energy

_ . _ i N _ Consumer electronics,
Electronics Semiconductor devices, amplifiers, digital logic
microcontrollers

Understanding these domains provides the physical intuition needed to set up and solve problems
correctly.

2. General Problem?Solving Workflow

1. Read & Clarify the Statement

o ldentify known quantities, unknowns, and required results.

o Highlight constraints (e.g., “steady?state”, “ideal components”, “frequency range”).
2. Sketch the System

o Draw a clean circuit diagram or block diagram.
o Label all elements (resistors, sources, nodes, reference points).
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3. Choose an Analysis Metlt_l.quoblem SOIVI ng

o Circuit analysis: Nodal, mesh, superposition, source transformation.
o Frequency?domain: Phasor analysis, impedance/admittance.

o Time?domain: Differential equations, state?space, Laplace transform.
o Power analysis: Real/reactive power, power factor, efficiency.

4. Formulate Equations

o Apply the appropriate laws (KVL, KCL, Ohm’s, Faraday’s).
o Write equations in a consistent set of units.

5. Simplify & Solve

o Reduce the network (series/parallel reductions, Thevenin/Norton).
o Use algebraic manipulation, matrix methods, or computational tools (MATLAB, Python,
SPICE).

6. Validate the Result

o Check units, sign conventions, and physical plausibility (e.g., power cannot be
negative in passive circuits).
o Perform a sanity check: limit cases, symmetry, or known special solutions.

7. Document the Process

o Keep a clear record of assumptions, steps, and final answer.
o Include a brief interpretation (e.g., “The voltage drop across R2 is 5?V, indicating ...").

3. Common Analytical Techniques

3.1 Nodal Analysis

e When to use: Circuits with many parallel branches and a clear reference node.
o Steps:

1. Choose a ground node.

2. Assign node voltages (V_1,V_2, ...).
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3. Apply KCL at each non?reference node: (\sum |_{\text{leaving}} = 0).

4. Express each currerIDJFi@ bWWZSﬁWi ‘ﬂjg?_{ij}).

5. Solve the resulting linear system.

3.2 Mesh (Loop) Analysis

e When to use: Planar circuits with many series elements.
o Steps:

1. Define independent mesh currents (I_1,1 2, ...).

2. Apply KVL around each mesh: (\sum V_{\
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