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Resistors
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Real Resistor

EPCC

EPRR

idealRESIL

Figure: Real resistor model.

Parasitic resistance, capacitance, and inductance elements

Dependency on temperature, frequency, voltage, current, ...

Limitation on power, voltage, current, temperature, ...
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Resistor Types

Figure: Classification of resistors in terms of application, construction, size, ... .
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Resistor Symbols

Figure: IEEE and IEC symbols of different types of resistors.

Mohammad Hadi Electrical Circuits Lab Spring 2022 6 / 53



Carbon Composition Resistor

Figure: Carbon composition resistors.

1 1 Ω to 25 MΩ, 0.25, 0.5, 1, 2 W
2 Cheap, small size, reliable, available
3 High temperature coefficient, high noise, high tolerance
4 Used in simple circuits
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Carbon composition resistors

Figure: Resistor color code.
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Carbon composition resistors

Figure: A decade of the E12 values with 10% tolerance and E6 values with 20% tolerance.
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Wire Wound Resistors

Figure: Wire wound resistors.

1 0.1 Ω to 200 kΩ, and 2 − 500 W

2 Reliable, available, low noise, high power, high temperature (350◦C)

3 Expensive , low frequency

4 Used in measuring and/or high power devices
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Carbon Thin Film Resistors

Figure: Carbon thin film resistors.

1 0.1 Ω to 10 MΩ, and 0.125, 0.25, 0.5, 1, 2 W

2 Reliable, available, cheap, low noise

3 Low power

4 Used in typical electronic circuits
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Metal Thin Film Resistors

Figure: Metal thin film resistors.

1 0.1 Ω to 10 MΩ, and 0.25 − 4 W

2 Reliable, available, low noise, cheap and low temperature coefficient(
±2 ppm/◦C)

3 Low power

4 Used in low-noise electronic circuits
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Metal Oxide Thick Film Resistors

Figure: Metal oxide thick film resistors.

1 0.1 Ω to 10 MΩ, and 0.25 − 4 W

2 Reliable, available, low noise, high temperature, high voltage

3 High temperature coefficient

4 Used in high endurance circuits
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Cermet Oxide Thick Film Resistors

Figure: Cermet oxide thick film resistors (network resistor).

1 10 Ω to 100 kΩ, and 0.25 − 4 W

2 Reliable, high temperature, cheap, compact

3 Low power

4 Used in compact circuits
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Fusible Resistors

Figure: Fusible resistor.

1 Used in protection circuits
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Potentiometers

Figure: Potentiometer.

1 Used as voltage divider and/or volume control
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Rheostats

Figure: Rheostat.

1 Used as current limiter in power circuits
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Trimmers

Figure: Trimmer.

1 Used for internal tuning of circuits
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Thermistors

Figure: Thermistor.

1 Used as temperature sensor
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VDR

Figure: Voltage dependent resistor (VDR) or varistor.

1 Used for high voltage surge protection
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LDR

Figure: Light dependent resistor (LDR) or photo-resistor.

1 Used as light sensor
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SMD

Figure: Surface-mounted device (SMD) resistor.

1 Used in surface-mounted technology (SMT)
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SMD

Figure: SMD package size.
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SMD

Figure: SMD codes.
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SMD

Figure: SMD codes.
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Capacitors
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Real Capacitor

idealC

EPRR

ESRR ESLL

Figure: Real capacitor model.

Parasitic resistance, capacitance, and inductance elements

Dependency on temperature, frequency, voltage, current, ...

Limitation on power, voltage, current, temperature, ...
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Capacitor Symbols

Figure: Symbols of different types of capacitors.
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Ceramic Capacitors

Figure: Ceramic capacitors. The value of the ceramic capacitors is denoted by a code like 153K ,
which means 15 × 103 ± 10% pF.

1 Stable, unpolarized, low temperature coefficient

2 Low capacitance

3 Used for coupling, decoupling, analog filters, ...
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SMD Capacitors

Figure: Capacitor codes.

Mohammad Hadi Electrical Circuits Lab Spring 2022 30 / 53



Electrolytic Capacitors

Figure: Electrolytic capacitors. The capacitance, voltage polarity, and maximum tolerable voltage
of the electrolytic capacitor are written on its package.

1 Available, cheap, small size, high capacitance

2 Low voltage, voltage polarity, low frequency, low temperature

3 Used for coupling, decoupling, smoothing, storage, ...
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Tantalum Capacitors

Figure: Tantalum capacitors. The capacitance, voltage polarity, and maximum tolerable voltage
of the tantalum capacitor are written on its package.

1 Available, cheap, small size, high capacitance

2 Low voltage, voltage polarity

3 Used for coupling, decoupling, smoothing, ...
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Mica Capacitors

Figure: Mica capacitors.

1 Stable, high frequency

2 Low capacitance

3 Used for high frequency circuits
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Polyester Capacitors

Figure: Polyester capacitors.

1 Stable, unpolarized, high voltage, high temperature

2 Low frequency

3 Used for filtering, DC/AC circuits, audio application
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Super Capacitors

Figure: Super capacitors.

1 Used for storage and rapid charge/discharge applications
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Trimmer Capacitors

Figure: Trimmer capacitors.

1 Used for internal tuning of circuits
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Variable Capacitors

Figure: Variable capacitors.

1 Used in tunable filters, radios, ...
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Varactor

Figure: Varactor or voltage-dependent capacitor.

1 Used in voltage-controlled oscillators, parametric amplifiers, and
frequency multipliers
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SMD Capacitors

Figure: Surface-mounted device (SMD) capacitor.

1 Used in surface-mounted technology (SMT)
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Inductors
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Real Inductor

EPCC

EPRR

ESRR idealL

Figure: Real inductor model.

Parasitic resistance, capacitance, and inductance elements

Dependency on temperature, frequency, voltage, current, ...

Limitation on power, voltage, current, temperature, ...
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Inductor Symbols

Figure: Symbols of different types of inductors.
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Solenoid

Figure: Solenoid.

1 Air core, iron core, ferrite core, hand-wound

2 High interference, large size, weak mechanical strength

3 Used in oscillators, filters, relay, ...
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Toroidal Core Inductor

Figure: Toroidal core inductor.

1 Iron core, ferrite core, hand-wound, low interference, high mechanical
strength

2 Large size, hard winding

3 Used in oscillators, filters, relay, regulators, ...

Mohammad Hadi Electrical Circuits Lab Spring 2022 44 / 53



Bobbin Based Inductor

Figure: Bobbin based inductor.

1 Vertical mounting on PCBs
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Axial Inductor

Figure: Axial inductor.

1 Horizontal mounting on PCBs
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Variable Inductor

Figure: Variable inductor.

1 Used for tuning
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SMD Film Inductor

Figure: SMD film inductor.

1 Used in surface-mounted technology (SMT)
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Shielded SMD Inductor

Figure: Shielded SMD inductor.

1 Used in surface-mounted technology (SMT)
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Coupled Inductor

Figure: Coupled inductor.

1 Used as isolator, DC remover, voltage transformer, ...
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Transformer

Figure: Transformers.

1 Used as voltage transformer, current transformer, ...
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Relay

Figure: Relays.

1 Used as switch
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The End
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