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Section A: Core Topics - Definitions,
Examples, and Analogies

1. Power System Analysis and Matrix Formulations
Definition: The mathematical modeling of an electrical network’s components (generators, lines,
transformers, and loads) to calculate voltages, currents, and power flows under steady-state operating
conditions.

Example: An engineer utilizes the Newton-Raphson numerical method to solve complex, non-linear load
flow equations across a city's high-voltage bus admittance matrix (Y

bus
), verifying that no transmission

lines will overheat during peak summer afternoon demands.

Analogy: Think of this as a GPS traffic routing algorithm for an entire country. The cities are the buses
(nodes), the highways are the transmission lines, and the traffic laws represent Kirchhoff’s Laws. The
matrix equations calculate exactly how many vehicles (megawatts) can flow through each highway without
causing a traffic jam (grid overload).

2. Renewable Energy Integration and Microgrids
Definition: The process of connecting decentralized, variable energy sources (like solar and wind) into
the macrogrid, alongside localized grid networks (microgrids) capable of operating either in tandem with or
independent of the main utility.

Example: A university campus microgrid generates its own electricity using rooftop solar arrays and local
battery banks. When a severe storm knocks out the main municipal utility, a static switch cleanly
disconnects the campus into 'islanded mode,' keeping the classrooms powered.

Analogy: A conventional power plant is like a massive, centrally managed metropolitan water reservoir.
Integrating renewable microgrids is like adding thousands of individual rainwater harvesting tanks on
residential roofs. While eco-friendly, managing them requires local plumbing systems (microgrids) to
ensure water flows smoothly even if the main city reservoir goes dry.

3. Power System Stability and Dynamics
Definition: The ability of an interconnected power system to maintain its equilibrium, acceptable voltage
levels, and synchronous speed (50 Hz or 60 Hz) after experiencing sudden physical disturbances.

Example: When a massive 500 MW coal generator abruptly trips offline due to a mechanical failure, the
rest of the grid's generators must dynamically ramp up their rotor outputs instantly to prevent the system
frequency from dropping dangerously low and triggering widespread blackouts.
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Analogy: Picture a fleet of tandem bicycle riders all pedaling together at the exact same speed,
connected by a rigid chain. If one rider suddenly stops pedaling entirely, the remaining riders must
instantaneously push harder on their pedals to keep the collective bike from losing balance, wobbling, and
crashing.

4. Power System Protection and Relay Coordination
Definition: The science of utilizing sensing devices (relays) and high-power switches (circuit breakers) to
rapidly detect electrical faults and isolate damaged sections of the grid to protect personnel and hardware.

Example: A tree branch falls onto a 132 kV line, causing a short circuit. Within milliseconds, a directional
overcurrent relay detects the spike in current and sends a trip signal to the adjacent circuit breakers,
isolating just that specific line segment while keeping neighboring suburbs powered.

Analogy: Relays and circuit breakers act as the electrical system's immune system or digital surge fuses.
Just like a localized biological reflex instantly pulls your hand away from a hot stove before your whole arm
is burned, protective relays isolate a local hazard before it triggers a cascading, multi-state failure.

5. High-Voltage Direct Current (HVDC) and FACTS
Definition: Advanced power electronics systems used to enhance AC grid control (FACTS) or convert
power to Direct Current (HVDC) for highly efficient, bulk electricity transport over extreme distances.

Example: Constructing an undersea HVDC cable link to transport 2,000 MW of clean offshore wind
energy across 500 km of ocean directly to an onshore grid, avoiding the massive line drop losses that
would plague standard AC transmission cables over that distance.

Analogy: Alternating Current (AC) is like a standard multi-stop suburban road with stoplights—fine for
local traffic but inefficient for moving across states. HVDC is a non-stop, multi-lane superhighway
designed purely to zip freight trucks from one side of the country to another at maximum speed without
interruptions.

6. Power Market Economics and Optimization
Definition: The financial and mathematical optimization of scheduling generating units (Unit Commitment)
and dispatching electricity output (Economic Dispatch) to meet consumer load at the lowest possible
financial cost.

Example: An independent system operator (ISO) utilizes computational algorithms to determine which
hydro, nuclear, and natural gas plants should be fired up 24 hours in advance, calculating the Locational
Marginal Pricing (LMP) for each node on the network.
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Analogy: Imagine running a large commercial airline fleet. You must calculate exactly which planes to fly
(Unit Commitment) and how many seats to fill on every flight leg to minimize fuel consumption and labor
costs while ensuring passengers (the electrical load) reach their destinations safely on time.

7. Smart Grid Technologies and Wide Area Monitoring
Definition: Incorporating advanced two-way digital communication, smart meters, and high-speed grid
sensors (Phasor Measurement Units) to monitor, predict, and respond to grid changes in real time.

Example: Operators in a control room utilize Phasor Measurement Units (PMUs) sampling data 30 times
per second to spot tiny, invisible voltage oscillations across thousands of kilometers, correcting them
before they grow into full-scale stability crises.

Analogy: The traditional power grid is a 'dumb' car with simple dashboard warning lights that only turn on
after the engine overheats. A Smart Grid turns that vehicle into a modern telemetry-driven racecar,
continuously streaming hundreds of real-time sensor metrics to a pit crew so they can fix issues before a
breakdown occurs.

8. Energy Storage Systems (ESS)
Definition: Devices or facilities that capture electrical energy during periods of low demand or high
generation and store it for conversion back into electricity when needed.

Example: A utility grid utilizes a 100 MW lithium-ion battery facility to soak up excess solar energy
generated during the sunny midday peak, releasing that power back into the grid between 6:00 PM and
9:00 PM when residential cooking and lighting demands surge.

Analogy: Energy storage functions exactly like a financial savings account. When you have an
abundance of income (midday solar energy), you don't throw it away—you deposit it into savings so you
can withdraw and spend it later when cash flow is tight (nighttime).

9. Power Quality and Harmonics
Definition: The study of maintaining clean, smooth, sinusoidal voltage and current waveforms, free of
distortions, frequency fluctuations, or electrical noise that can degrade equipment performance.

Example: A microchip manufacturing facility installs active harmonic filters because the non-linear power
supplies of its precision robots introduce high-frequency electrical distortions (harmonics) that overheat
transformers and ruin delicate silicon wafers.

Analogy: Power quality is like the purity of the tap water supply coming into your home. Clean power is
pure water. 'Harmonics' and 'voltage sags' are like mud, debris, or pressure drops in the pipes; while a
robust boiler might survive dirty water, delicate coffee machines or drinking filtration units will break down
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immediately.

10. Modern Power Electronics and Electric Drives
Definition: Solid-state semiconductor devices (like IGBTs and MOSFETs) used to switch, control, and
convert electrical power efficiently between different forms (AC to DC, DC to AC) for grid control and
motorized loads.

Example: A modern electric vehicle (EV) fast-charging station utilizes high-power Silicon Carbon (SiC)
rectifiers to convert 400 V AC grid power into high-voltage DC, regulating the exact current entering the
vehicle's lithium-ion battery package safely.

Analogy: Power electronics act as an ultra-precise, digital transmission box. Instead of using heavy
mechanical gears or wasteful resistors to slow down or speed up power, these semiconductor switches
turn electricity 'on' and 'off' millions of times per second to deliver the exact amount of energy required with
zero friction.
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Section B: Detailed Technical Glossary (100
Key Terms)

Topic 1: Power System Analysis and Matrix Formulations

1. Bus Admittance Matrix (Y
bus

): A sparse matrix that mathematically represents the nodal admittances
of a power system network, mapping bus voltages to injected nodal currents via the equation I = Y

bus
V.

2. Bus Impedance Matrix (Z
bus

): The full, non-sparse inverse of the bus admittance matrix (Z
bus

 =
Y

bus
-1), where each diagonal element represents the driving-point impedance of a bus and off-diagonal

elements represent transfer impedances; it is highly critical for short-circuit fault analysis.

3. Slack Bus (Swing Bus): A reference node in load flow studies assigned an arbitrary voltage magnitude
and phase angle (typically 1.0 ∠ 0° p.u.) to balance the real (P) and reactive (Q) power losses across the
network that cannot be calculated in advance.

4. PQ Bus (Load Bus): A net-consumption bus where real power (P) and reactive power (Q) are
specified, while the voltage magnitude (V) and phase angle (δ) are the unknown variables solved for
during load flow analysis.

5. PV Bus (Generator Bus): A voltage-controlled net-generation bus where the real power output (P) and
the voltage magnitude (V) are held constant using excitation systems, while the reactive power output (Q)
and phase angle (δ) are the unknown variables.

6. Per-Unit (p.u.) System: A dimensionless normalization technique that expresses system parameters
(voltages, currents, impedances) as a fraction of defined base values, simplifying calculations across
networks with multiple transformer voltage levels.

7. Newton-Raphson Method: An iterative numerical technique used to solve systems of non-linear
algebraic equations; it is widely preferred in load flow software for its quadratic convergence
characteristics.

8. Jacobian Matrix: A matrix of partial derivatives updated at every iteration of the Newton-Raphson load
flow method, mapping small changes in voltage magnitudes and angles to small variations in real and
reactive power injections.

9. Fast Decoupled Load Flow (FDLF): A computationally simplified version of the Newton-Raphson
method that exploits the physical decoupling in transmission networks between real power/voltage angle
(P-δ) and reactive power/voltage magnitude (Q-V) to significantly reduce calculation times.

10. State Estimation: A digital filtering algorithm (typically using Weighted Least Squares) that processes
redundant, noisy meter readings from the field to calculate the most statistically probable voltage
magnitudes and angles at every grid node.
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Topic 2: Renewable Energy Integration and Microgrids

11. Intermittency: The non-continuous, variable, and uncontrollable nature of renewable energy sources
like wind and solar, which fluctuate based on immediate meteorological conditions rather than human grid
demand.

12. Islanded Mode: An operational state wherein a microgrid completely disconnects from the main utility
grid (macrogrid) and independently sustains its local electrical loads using its own generation and storage
resources.

13. Grid-Forming Inverter: A power electronics inverter controlled to behave as a virtual synchronous
generator, establishing its own local voltage magnitude and frequency reference to support weak or
islanded grids.

14. Grid-Following Inverter: A standard inverter that locks onto an already existing grid voltage and
frequency signal (usually via a Phase-Locked Loop) to inject real and reactive power into the network.

15. Distributed Energy Resources (DERs): Small-scale, decentralized electricity generation or storage
technologies (e.g., rooftop solar, small wind turbines, backup diesel generators) located close to the load
they serve, typically on the distribution grid.

16. Curtailment: The forced reduction of electricity output from a generator below what it is capable of
producing, mandated by grid operators during periods of oversupply or transmission bottlenecks to
maintain grid stability.

17. Duck Curve: A graph of power demand over the course of a day that shows a deep drop in net load
during midday hours (due to high solar generation) followed by a steep upward ramp in the evening as
solar fades and residential demand surges.

18. Point of Common Coupling (PCC): The exact physical and electrical interface point where a
microgrid or localized generation asset connects to the public utility distribution network.

19. Virtual Power Plant (VPP): A cloud-based central control system that aggregates a network of
thousands of independent DERs and batteries, operating them collectively as a single, dispatchable
utility-scale power plant.

20. Capacity Credit: The measure of a generator's reliability, defined as the fraction of its total rated
capacity that can be dependably counted on to meet peak demand compared to a conventional thermal
unit.

Topic 3: Power System Stability and Dynamics
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21. Transient Stability: The ability of an interconnected power system to maintain synchronism when
subjected to a sudden, severe disturbance, such as a short-circuit fault, line tripping, or immediate loss of
a major generator.

22. Swing Equation: A fundamental non-linear differential equation that governs the electro-mechanical
rotor dynamics of a synchronous machine, relating its rotational inertia to the mismatch between
mechanical input power and electrical output power.

23. Equal Area Criterion: A direct, graphical method derived from the swing equation used to determine
the transient stability limits of a simple machine-to-infinite-bus system without executing complex
time-domain simulations.

24. Critical Clearing Time (CCT): The maximum allowable time duration that a short-circuit fault can
persist before its isolation by circuit breakers occurs too late to prevent the system's generators from
losing synchronism.

25. Rotor Angle Stability: The ability of interconnected synchronous machines on a grid to remain in step
with one another, directly tied to the balance of electromagnetic torque and mechanical torque on each
rotor.

26. Voltage Stability: The ability of a power system to maintain acceptable, steady voltage magnitudes at
all buses under normal operating conditions and after being subjected to a disturbance or a continuous
increase in load.

27. Frequency Stability: The ability of a power system to maintain a stable operational frequency
(typically 50 Hz or 60 Hz) following a severe system upset resulting in a significant imbalance between
total generation and total load.

28. Automatic Generation Control (AGC): A centralized system that automatically adjusts the power
output of multiple generators across a balancing authority area every few seconds to restore system
frequency and tie-line power flows to their target values.

29. Subsynchronous Resonance (SSR): An adverse electrical phenomenon where the electrical
resonant circuits of series-compensated transmission lines interact with the mechanical torsional natural
frequencies of turbine-generator shafts, potentially causing catastrophic mechanical shaft failure.

30. Power System Stabilizer (PSS): An electronic control system added to a generator's automatic
voltage regulator (AVR) that injects a supplementary signal to damp out low-frequency electro-mechanical
oscillations in the grid.

Topic 4: Power System Protection and Relay Coordination

31. Symmetrical Components: A mathematical transformation method (invented by Charles Fortescue)
that breaks down an unbalanced three-phase power system into three independent, balanced
components: positive-sequence, negative-sequence, and zero-sequence vectors.
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32. Symmetrical Fault: A balanced electrical short-circuit involving all three phases equally (e.g., a
three-phase short circuit), resulting in equal current magnitudes and 120° phase shifts across all lines.

33. Asymmetrical Fault: An unbalanced electrical fault that shifts phase currents unequally, categorized
into Line-to-Ground (LG), Line-to-Line (LL), and Double Line-to-Ground (LLG) faults.

34. Overcurrent Relay: A protective relay device that operates and initiates a circuit breaker trip signal
when the measured current passing through it exceeds a predefined threshold (pickup current) for a
specified duration.

35. Distance Relay (Impedance Relay): A protective device that measures the ratio of voltage to current
at its location to calculate the operational electrical impedance of the line; if the impedance drops below a
set threshold, it indicates a fault within its protected zone.

36. Differential Relay: A highly sensitive protective relay that operates on the principle of comparing the
current entering a protected zone (e.g., inside a transformer) to the current leaving it; any difference
indicates an internal fault requiring immediate isolation.

37. Instrument Transformers: Specialized high-precision transformers, sub-classified into Current
Transformers (CTs) and Voltage/Potential Transformers (PTs), used to step down lethal grid parameters
to safe, measurable levels for protection relays.

38. Selectivity (Coordination): The design practice of configuring protection relays such that only the
protective device closest to the fault operates to isolate the failure, minimizing the extent of the resulting
blackout.

39. Arc Flash: A dangerous, high-temperature electrical explosion and air-conduction event resulting from
a low-impedance connection to ground or another phase in an electrical system, releasing intense heat,
light, and pressure.

40. Circuit Breaker: A heavy-duty mechanical switching device capable of making, carrying, and breaking
electrical currents under normal conditions, as well as safely interrupting massive short-circuit currents
under fault conditions.

Topic 5: High-Voltage Direct Current (HVDC) and FACTS

41. Line-Commutated Converter (LCC): A traditional type of HVDC converter that utilizes high-power
Thyristors to convert AC to DC, relying strictly on the external AC grid voltage to turn off the
semiconductor devices.

42. Voltage Source Converter (VSC): A modern HVDC converter utilizing Insulated Gate Bipolar
Transistors (IGBTs) that can self-turn-on and self-turn-off independently of the AC grid, allowing full,
independent control of both real and reactive power.
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43. Monopolar Link: An HVDC transmission configuration that utilizes a single high-voltage conductor
(usually of negative polarity) and uses the earth or a sea return path to complete the electrical circuit.

44. Bipolar Link: An HVDC configuration that utilizes two high-voltage conductors of opposite polarities
(one positive, one negative) relative to ground, providing double the power capacity and partial
redundancy if one line fails.

45. STATCOM (Static Synchronous Compensator): A power-electronics FACTS device connected in
parallel (shunt) with a transmission line that can dynamically generate or absorb reactive power to
regulate local bus voltage magnitudes.

46. SVC (Static Var Compensator): An older-generation shunt FACTS device using thyristor-controlled
reactors and thyristor-switched capacitors to provide rapid, stepped reactive power compensation on
high-voltage lines.

47. TCSC (Thyristor-Controlled Series Capacitor): A series-connected FACTS device consisting of a
capacitor bank in parallel with a thyristor-controlled inductor, allowing operators to dynamically adjust the
overall inductive impedance of a transmission line to boost power transfer capacity.

48. UPFC (Unified Power Flow Controller): The most versatile FACTS device, combining both shunt
(STATCOM) and series converters connected via a common DC link, allowing simultaneous, independent
control of line voltage, impedance, and phase angle.

49. Commutation Failure: An operational malfunction in LCC HVDC systems where a thyristor valve fails
to turn off before the forward voltage reverses, often triggered by a sudden AC voltage drop, causing a
temporary disruption in DC power transfer.

50. Reactive Power Compensation: The deliberate injection or absorption of reactive power (vars) into a
grid network to modify its voltage profile, reduce transmission line losses, and optimize overall system
efficiency.

Topic 6: Power Market Economics and Optimization

51. Economic Load Dispatch (ELD): The mathematical optimization problem of allocating required load
demand among online generating units in a way that minimizes total operating and fuel costs while
satisfying system constraints and line losses.

52. Unit Commitment (UC): A complex, mixed-integer optimization problem used to determine the
least-cost schedule of turning specific power generation units on (start-up) or off (shut-down) over a
multi-day horizon, accounting for operational constraints like minimum up/down times.

53. Locational Marginal Pricing (LMP): A market pricing mechanism where the wholesale price of
electricity is calculated independently for individual nodes on a grid, reflecting the cost of energy,
transmission losses, and physical congestion at that specific location.
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54. Congestion: A condition that occurs on a transmission network when the lowest-cost generation
cannot be fully delivered to consumers because doing so would violate the safe thermal or stability limits
of one or more transmission lines.

55. Ancillary Services: Specialty services necessary to support the continuous transmission of electric
power from generators to consumers while maintaining reliable operation, including frequency response,
spinning reserves, and black-start capabilities.

56. Spinning Reserve: Unused power generation capacity that is already synchronized to the grid
network and can be fully mobilized within 10 minutes to cover sudden generator failures or load spikes.

57. Day-Ahead Market: A forward electricity market where buyers and sellers submit bids and offers for
energy deliveries for each hour of the upcoming day, establishing a baseline operating plan.

58. Real-Time Market (Spot Market): A balancing market that operates continually throughout the
operating day to resolve instantaneous mismatches between scheduled day-ahead energy and actual
real-time electricity consumption.

59. Capacity Market: A market structure where generators receive financial payments simply for proving
they are operational and available to produce power during future peak demand periods, ensuring
long-term grid adequacy.

60. Incremental Fuel Cost: The additional financial cost incurred by a thermal power plant to produce
one additional unit of electrical output (e.g., dollars per megawatt-hour), represented mathematically as
the derivative of the total fuel cost curve.

Topic 7: Smart Grid Technologies and Wide Area Monitoring

61. Phasor Measurement Unit (PMU): A high-speed monitoring device that measures voltage and
current waveforms across a grid and adds a highly precise, GPS-synchronized time stamp, producing
accurate 'synchrophasor' data.

62. Wide Area Monitoring Systems (WAMS): An integrated network of PMUs, communication links, and
data concentrators that provides grid operators with a real-time, dynamic view of the stability and angular
behavior of an entire continental power grid.

63. Advanced Metering Infrastructure (AMI): An integrated system of smart meters, communication
networks, and data management systems that enables continuous, two-way digital communication
between utilities and customer end-points.

64. Demand Response (DR): Programs that incentivize end-use customers to temporarily reduce or shift
their electricity usage during peak periods in response to time-based prices or financial incentive
payments.
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65. Supervisory Control and Data Acquisition (SCADA): A foundational system of software and
hardware elements that allows industrial organizations to monitor field devices, gather real-time data, and
send operational commands to substation hardware.

66. Distribution Management System (DMS): A software platform capable of collecting, organizing,
displaying, and optimizing real-time distribution network data, assisting operators with local voltage
regulation and outage restorations.

67. FLISR (Fault Location, Isolation, and Service Restoration): An automated smart grid application
that detects a distribution line fault, pinpoints its location, opens switches to isolate the problem area, and
reroutes power to surrounding unaffected customers within seconds.

68. Home Energy Management System (HEMS): A hardware and software platform that allows
residential consumers to monitor, optimize, and automatically control the energy consumption of smart
household appliances, EVs, and local batteries.

69. Inter-Control Center Communications Protocol (ICCP): A standardized international
communication protocol used to securely transmit real-time data, schedules, and control commands
between different utility control rooms and balancing authorities.

70. Time-of-Use (TOU) Pricing:: A utility billing method where the price of electricity per kilowatt-hour
varies depending on the specific hour of the day, with higher rates charged during peak demand hours to
encourage conservation.

Topic 8: Energy Storage Systems (ESS)

71. Pumped Hydro Storage (PHS): A large-scale utility energy storage method that pumps water from a
lower reservoir to an upper reservoir during periods of low demand (storing potential energy) and releases
it through hydro turbines to generate electricity during peak hours.

72. Lithium-Ion Battery Storage: An electrochemical energy storage technology utilizing lithium ions
moving between anodes and cathodes; dominant in modern grid applications due to its high energy
density, fast response times, and declining costs.

73. Flow Battery: An electrochemical storage system where energy is stored directly in liquid electrolyte
solutions contained in external tanks; long-duration storage can be scaled up simply by building larger
liquid tanks.

74. Depth of Discharge (DoD): The percentage of a battery's total capacity that has been discharged
relative to its overall maximum rated capacity; deeply discharging a battery frequently can reduce its
operational lifespan.

75. State of Charge (SoC): The instantaneous level of charge remaining in an energy storage device,
expressed as a percentage of its maximum total capacity (analogous to a fuel gauge).
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76. Round-Trip Efficiency (RTE): The percentage of electrical energy that can be retrieved from an
energy storage system relative to the total amount of energy that was initially used to charge it, accounting
for losses.

77. Peak Shaving: The practice of discharging energy storage systems during peak periods of grid
demand to lower the maximum load seen by the utility, avoiding expensive peak energy charges and
infrastructure strain.

78. Green Hydrogen: Hydrogen gas produced via water electrolysis utilizing purely renewable energy
sources (like solar or wind), serving as a clean chemical medium for long-duration energy storage.

79. Flywheel Energy Storage: A mechanical storage system that stores energy kinetically by
accelerating a rotor to extreme speeds inside a vacuum chamber; used primarily for short-duration
frequency regulation due to its near-instantaneous response.

80. Battery Energy Management System (BEMS): The internal monitoring and control system of an
electrochemical storage unit that manages safety boundaries, balances cell voltages, monitors
temperature, and tracks state-of-health (SoH).

Topic 9: Power Quality and Harmonics

81. Total Harmonic Distortion (THD): A mathematical ratio that quantifies the degree of thermal and
wave distortion in a voltage or current signal, calculated as the root-mean-square (RMS) value of all
harmonic frequencies relative to the fundamental frequency (50 Hz or 60 Hz).

82. Harmonic Order: Integer multiples of the fundamental power frequency; for a 60 Hz system, the 3rd
harmonic is 180 Hz, the 5th is 300 Hz, etc. Triplen harmonics (odd multiples of 3) are particularly
problematic as they accumulate in neutral conductors.

83. Voltage Sag: A temporary reduction in the root-mean-square (RMS) voltage magnitude between 10%
and 90% of the nominal value, lasting from half a cycle up to one minute, typically triggered by short
circuits or motor start-ups.

84. Voltage Swell: A temporary increase in the RMS voltage magnitude between 110% and 180% of
nominal value lasting from half a cycle to one minute, often caused by shutting off large loads or switching
on capacitor banks.

85. Non-Linear Load: An electrical load (e.g., computers, variable speed drives, LED lighting) that draws
current in short, abrupt pulses rather than a smooth, continuous sine wave, creating harmonic distortion in
the network.

86. Passive Harmonic Filter: A tuned combination of inductors, capacitors, and resistors configured to
present a low-impedance path to a specific harmonic frequency, trapping and diverting unwanted
harmonic currents to ground.
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87. Active Power Filter (APF): An advanced power-electronics device that monitors line current
distortions in real time and actively injects equal-and-opposite cancellation currents to eliminate harmonic
distortion and restore a clean sine wave.

88. Flicker: Rapid, repetitive fluctuations in voltage magnitudes that cause visible variations in the light
output of lamps, which can cause human eye strain and disrupt sensitive industrial instrumentation.

89. Transient Overvoltage: A sudden, catastrophic, sub-millisecond spike in voltage (e.g., caused by a
lightning strike or insulation breakdown) that can instantly destroy electronic insulation barriers.

90. Crest Factor: The ratio of the peak value of an AC waveform to its true effective RMS value; for a
pure, perfect sine wave, the crest factor is exactly √2 ≈ 1.414.

Topic 10: Modern Power Electronics and Electric Drives

91. Inverter: A power electronics topology using switching semiconductors (like IGBTs) configured to
convert Direct Current (DC) input power into a controlled Alternating Current (AC) output waveform.

92. Rectifier: A circuit component configured to convert alternating current (AC) input electricity into direct
current (DC) output power, commonly using diodes or controlled thyristors.

93. IGBT (Insulated Gate Bipolar Transistor): A three-terminal power semiconductor switch that
combines the high efficiency of a bipolar transistor with the simple voltage-driven gate control of a
MOSFET, serving as the core switch in modern grid inverters.

94. Silicon Carbide (SiC) Semiconductors: A wide-bandgap semiconductor material increasingly
replacing standard silicon in high-power applications due to its ability to operate at higher voltages, higher
switching frequencies, and elevated temperatures with fewer losses.

95. Pulse Width Modulation (PWM): A modulation technique used to synthesize artificial AC waveforms
out of a DC source by turning high-speed semiconductor switches on and off at varying duration widths.

96. Vehicle-to-Grid (V2G): A technology configuration enabling plug-in electric vehicles (EVs) to engage
in bi-directional power flow, allowing them to return stored energy from their onboard batteries back to the
grid during peak hours.

97. Variable Frequency Drive (VFD): A system used to control the rotational speed and torque of an AC
induction motor by dynamically varying the frequency and voltage of the electrical power supplied to it.

98. Buck-Boost Converter: A non-isolated DC-to-DC power converter that can produce an output
voltage magnitude that is either greater than or less than the entering input voltage magnitude.

99. Four-Quadrant Drive: An advanced electric drive motor system capable of operating both clockwise
and counter-clockwise as a motor (driving power), as well as operating in reverse as a generator (braking
and regenerating power back to the grid).
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100. Synchronous Frame Control (d-q Transformation): A mathematical control technique (Park’s
Transformation) that rotates standard alternating three-phase AC variables (abc) into a two-axis
direct-quadrature (dq) reference frame rotating in sync with the grid frequency, converting complex
sinusoidal control loops into simple, steady DC control parameters.
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