
What is a Resistor?

A passive two-terminal electronic 
component that opposes the flow of 
electric current.

• Unit of Measurement: Measured in Ohms (Ω)
• Core Law: Operates under Ohm's Law (V = I × R)

Key Functions in a Circuit

1. Current Limiting – Protects sensitive parts

2. Voltage Division – Creates specific 
reference levels

3. Biasing – Sets proper operating points for 
transistors

Solid State Devices:



1. Fixed Resistors
Single, unchangeable resistance value determined during manufacturing.

Carbon Composition
Made from carbon dust mixed with 
ceramic binder. Traditional, inexpensive, 
but noisy and less stable over 
temperature shifts.

Carbon Film
Thin carbon layer spiral-cut onto a 
ceramic rod. Offers enhanced precision 
and stability over composition types.

Metal Film
Metal layer on ceramic substrate. 
Celebrated for high accuracy, extremely 
low noise, and excellent thermal stability.

Metal Oxide Film
Utilizes metal oxide film to survive 
significantly higher temperatures and 
power ratings than standard films.

Wirewound
Constructed by winding specialized alloy 
wire around an insulating core. Built for 
high-power handling and heavy heat 
dissipation.

Thin & Thick Film (SMD)
Compact layers designed directly for 
surface-mount technology (SMD) on 
modern printed circuit boards.



2. Variable Resistors
Allows manual or mechanical resistance adjustments across a defined range.

Potentiometers
Three-terminal device with a sliding mechanical wiper. 
Universally used as voltage dividers, volume controls, and 
dimmers.

Rheostats
Two-terminal variable configuration specifically engineered to 
handle and control high current flows (e.g., motor regulators).

Trimmer Resistors
Miniature preset variable units adjusted precisely during factory 
assembly or calibration using a mini screwdriver.



3. Non-Linear Resistors
Resistance dynamically responds to external physical or environmental shifts.

Thermistors (NTC/PTC)
Temperature-dependent resistors. NTC drops resistance as heat 
rises (sensors); PTC spikes resistance (protection).

Photoresistors (LDR)
Light-dependent components whose resistance plummets when 
exposed to bright light. Common in streetlights.

Varistors (MOV)
Voltage-clamping devices that suddenly drop resistance during 
sudden high voltage spikes, protecting sensitive tech.



What is an Inductor?

Definition: A passive two-terminal electrical component that stores electrical energy in a 
magnetic field when electric current flows through it.

Core Principle: Governed by Faraday's Law of Induction and Lenz's Law. Any variation in 
current induces an electromotive force (voltage) that opposes that change.

Measurement Unit: Inductance is measured and quantified in Henries (H).

Common Names: Also frequently referred to as a coil, choke, or reactor depending on its 
application.



Types of Inductors (Core Material)

• Air Core Inductors: No solid magnetic core. Offers low inductance but excellent high-
frequency response with minimal core losses. Perfect for RF circuits.

• Iron Core Inductors: Utilizes a solid iron core to achieve high inductance. Ideal for high-
power, low-frequency applications like power supplies.

• Ferrite Core Inductors: Uses a magnetic ceramic ferrite material. Combines high 
magnetic permeability with very low energy (eddy current) losses at high frequencies.

• Laminated Core Inductors: Constructed using stacked thin sheets of electrical steel. 
The lamination layers break up electrical paths to dramatically minimize energy-wasting 
eddy currents.



Types of Inductors (Specialized Designs)

• Toroidal Inductors: Wound around a donut-shaped core. The closed-loop geometry 
tightly confines the magnetic field, significantly reducing electromagnetic interference 
(EMI).

• Variable Inductors: Equipped with an adjustable core (like a threaded ferrite slug). 
Shifting the core modifies the inductance value dynamically for tuning purposes.

• SMD / Shielded Inductors: Miniature variants tailored for surface-mount PCBs. Often 
encased in protective shields to reject or prevent external electronic noise.

• Chokes: A specialized class of inductors designed explicitly to block high-frequency 
alternating current (AC) while passing direct current (DC).





What is a Capacitor?

•  Definition: A passive, two-terminal electronic component designed to 
store electrical energy in an electrostatic field.

•  Energy Release: Unlike a battery (which relies on slow chemical 
reactions), a capacitor stores electric charge statically and discharges 
almost instantly.

•  Capacitance (C): The ability to accumulate electric charge, measured in 
Farads (F). Expressed mathematically as: C = Q / V (where Q is charge in 
Coulombs, V is voltage).



Construction & Working Principle

•  Core Structure: Consists of two parallel conducting metal plates 
separated by an insulating layer called the dielectric.

•  Charging Process: When connected to a voltage source, negative 
charges (electrons) migrate to one plate, leaving the opposite plate 
positively charged.

•  Electric Field: This build-up forms an electric field across the dielectric 
material, holding the static charge securely until it is discharged into a 
circuit.



Main Classifications

Capacitors are broadly divided into two structural 
categories:

- Fixed Capacitors: Possess a preset, 
unchangeable value. Divided into Polarized (strict + 
and - terminals; risk of bursting if reversed) and Non-
polarized (can connect either way; ideal for AC 
paths).

- Variable Capacitors: Feature mechanical or 
electronic mechanisms to adjust capacitance 
dynamically. Essential for radio tuning and frequency 
matching.



Common Types of Capacitors

Type Polarized? Key Attributes & Common Uses

Ceramic Non-polarized Compact, cost-effective, high frequency limits. Used for noise filtering, coupling, 
and decoupling signals.

Electrolytic Polarized High capacitance density but lower voltage resilience. Deployed for smoothing 
power supply ripples.

Tantalum Polarized High volumetric efficiency, stable, highly reliable. Favored in space-restricted 
surface-mount circuits.

Film Non-polarized Highly stable, highly accurate, low losses. Heavily used in audio systems and 
precision timing modules.

Variable Non-polarized Overlapping plates rotate to alter value. Critical for tuning transmitters and radio 
receivers.



DIODES: UNDERSTANDING THE ONE-WAY VALVE
A two-terminal electronic component that conducts electric current in only one direction (Anode to Cathode).

OPERATING BIASES

Forward Bias
Anode connected to (+) voltage, Cathode to (-). 
The internal barrier drops, allowing current to 
flow easily.

Reverse Bias
Polarity is reversed. The internal barrier widens, 
blocking almost all current flow up to its specific 
breakdown limit.

6 MAJOR TYPES OF DIODES

P-N Junction / Rectifier

Converts alternating current (AC) into steady direct 
current (DC).

Zener Diode

Operates safely in reverse bias to provide a reliable, 
steady reference voltage.

Light-Emitting Diode (LED)

Converts electrical energy directly into visible or infrared 
light when forward-biased.

Schottky Diode

Features ultra-fast switching speeds and a very low 
forward voltage drop (0.15V-0.45V).

Photodiode

Operates in reverse bias to convert incoming light 
energy (photons) into electrical current.

Varactor Diode

Acts as a voltage-controlled variable capacitor, ideal for 
tuning RF circuits.



TYPES OF DIODES


















































