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Analog Electronics with Op Amps: A Source Book of Practical Circuits

Analog electronics remains the backbone of modern electronic systems, powering everything from audio

equipment and medical devices to industrial instrumentation and automotive control units. While digital technology
dominates headlines, the real world still relies heavily on continuous signals and the circuits that process them. At
the heart of most analog designs lies the operational amplifier (op amp), a versatile building block that can be
configured for amplification, filtering, signal conditioning, and much more. This article serves as a comprehensive
guide—an analog electronics with op amps a source book of practical circuits—designed to help engineers,
hobbyists, and students turn theory into working prototypes. By exploring fundamental concepts, classic
configurations, and real world applications, you'll gain the confidence to design and troubleshoot op amp circuits
with ease.

Why Focus on Op Amps?

Operational amplifiers are prized for their high gain, low output impedance, and wide bandwidth. They can be wired
in a variety of ways to perform tasks that would otherwise require multiple discrete components. A single op amp
chip can act as a voltage follower, a differential amplifier, a summing amplifier, a filter, or even an integrator or
differentiator. This versatility reduces board space, simplifies schematic design, and improves reliability.

In addition, op amps are available in numerous packages—from tiny 8 pin DIP modules to surface mount SOICs and
high pin TO 220 variants—allowing designers to tailor their choice to the application’s size, cost, and performance
constraints. Modern op amps also come with features like rail to rail input/output, low offset voltage, high slew rate,
and precision temperature coefficients, making them suitable for a wide range of precision analog circuits.

Understanding the Basics: An Overview of Analog Electronics

What Constitutes Analog Electronics?

Analog electronics deals with continuous signals that vary smoothly over time, as opposed to the discrete, binary
signals handled by digital systems. These signals can represent voltage, current, temperature, pressure, or any
measurable physical quantity. The goal of analog circuitry is to manipulate these signals—amplify, filter, convert, or
condition them—so that they can be used by other components or systems.

Key Parameters in Analog Design

¢ Signal Integrity: Maintaining the fidelity of the original signal while minimizing distortion, noise, and unwanted
harmonics.

« Bandwidth: The range of frequencies over which the circuit can operate effectively.

¢ Slew Rate: The maximum rate at which an op amp can change its output voltage, critical for fast signal
transitions.

» Offset Voltage: The small voltage difference at the op amp input that can cause errors in precision
applications.



« Temperature Coefficient: How component values change with temperature, affecting long term stability.

Operational Amplifiers: Fundamentals and Pinouts

Pin Configuration of a Typical Op Amp
A standard 8 pin op amp (e.g., LM741, TL082, or TLO72) is arranged as follows:

. Offset Null (optional)

. Negative Input (Inverting)

. Positive Input (Non inverting)
Output

. V+ (Positive supply)

. Ground (GND)

. V" (Negative supply)

8. Offset Null (optional)
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Understanding the pinout is essential for correct circuit implementation. Many modern op amps have a single
supply pin, which simplifies power management and reduces the number of required supply rails.

Common Op Amp Characteristics

e Open Loop Gain: Typically 100,000 or more; this is the gain without feedback.

 Input Bias Current: The small current that flows into the input terminals; low bias currents are critical for
high impedance circuits.

¢ Input Offset Voltage: The voltage that must be applied to the inputs to produce zero output; precision op amps
have offset voltages in the microvolt range.

e Bandwidth Gain Product: The product of gain and bandwidth; it determines how much bandwidth is available
at a given gain.

Classic Op Amp Configurations

Inverting Amplifier
The inverting amplifier is one of the most frequently used configurations. By connecting a resistor network between
the input and output, you set the closed loop gain as the ratio of two resistors:

Gain =" (R<sub>f</sub>/ R<sub>in</sub>)

Because the output is 180° out of phase with the input, this configuration is ideal for signal inversion, differential
amplification, and summing circuits.

Non Inverting Amplifier

In the non inverting setup, the input signal is applied to the positive input terminal, while a feedback network from
output to negative input sets the gain:

Gain = 1 + (R<sub>f</sub>/ R<sub>g</sub>)

This configuration preserves the phase of the input signal and offers a high input impedance, making it suitable for
buffering and voltage amplification.

Voltage Follower (Buffer)

A voltage follower connects the output directly to the negative input, with the input applied to the positive terminal.
The resulting gain is 1, but the circuit provides a low output impedance, effectively isolating the source from the



load.

Summing Amplifier
By connecting multiple input resistors to the negative input and a feedback resistor to the output, a summing
amplifier adds weighted signals:

V<sub>out</sub> = " (R<sub>f</sub> / R<sub>1</sub>)V<sub>1</sub> " (R<sub>f</sub> / R<sub>2</
sub>)V<sub>2</sub>" ...

This is fundamental in audio mixers, instrumentation amplifiers, and digital audio processing.

Integrator and Differentiator

Replacing a resistor in the feedback loop with a capacitor turns an amplifier into an integrator; swapping a capacitor
at the input with a resistor creates a differentiator. These circuits are essential for waveform shaping, analog
computing, and control systems.

Practical Circuits from the Source Book

Below are selected practical op amp circuits that illustrate how the basic configurations can be adapted to solve
real engineering problems. Each circuit includes a schematic description, component selection tips, and typical use
cases.

1. Audio Pre Amplifier

e Purpose: Boost low level microphone signals to line level while maintaining low noise.

e Configuration: Non inverting amplifier with a gain of 20—30 dB.

« Key Components: Low noise op amp (e.g., OPA2134), precision 100 /k:’ &W6—7F='0, ceramic bypass capacitors.

¢ Notes: Use a resistor ladder to set gain, and include a high pass filter (Chp "H 20 /uF, Rhp "H 100 /k:” FO lock DC
offset.

2. Instrumentation Amplifier

e Purpose: Amplify small differential signals (e.g., from strain gauges or thermocouples) while rejecting
common mode noise.

e Configuration: Three op amp arrangement with two input buffers and a differential stage.

« Key Components: Precision op amps (e.g., INA125), matched resistor networks (0.1 /% tolerance), low offset
voltage.

« Notes: The gain is set by a single resistor RG between the second and third op amps: Gain =1 + (49.4 /k:’ 6 $r'a

3. Low Noise Power Supply Filter

e Purpose: Provide a clean reference voltage for op amp circuits.

¢ Configuration: Voltage follower with a low pass RC filter and a low dropout regulator.

* Key Components: 1 /uF ceramic capacitor, 10 /k:’ &W6—7F+ , LM317 regulator.

¢ Notes: Add a 0.1 /uF ceramic capacitor close to the regulator’s output for high frequency noise suppression.

4. Peak Detector

¢ Purpose: Capture the maximum value of a varying signal.

¢ Configuration: Op amp with a diode and capacitor network.

« Key Components: Schottky diode (fast recovery), 10 /uF electrolytic capacitor, 1 /k:’ £6 B &W6—7F= .

« Notes: The op amp ensures the diode is forward biased only when the input exceeds the stored voltage,
allowing the capacitor to retain the peak.



5. Audio Cross Over Network

¢ Purpose: Split a single audio signal into high frequency and low frequency paths for a two driver speaker
system.

e Configuration: First order RC filters implemented with op amps.

« Key Components: 10 /k:’ &W6—7F=+'0, 10 /nF capacitors, low noise op amps.

« Notes: Adjust the cutoff frequency by tuning the resistor or capacitor values; 1 /kHz is typical for a 2 way
Crossover.

6. Precision Voltage Reference

* Purpose: Provide a stable voltage for analog-to-digital converters (ADCs) or DACs.
e Configuration: Voltage follower with a bandgap reference chip (e.g., REF4050).

¢ Key Components: 1 /uF ceramic capacitor, 100 /:’ 6W ies resistor.

* Notes: Keep the reference isolated from the main supply to avoid noise coupling.

7. PWM to Analog Converter

e Purpose: Convert a pulse width modulated signal to a smooth analog voltage.

e Configuration: Low pass RC filter followed by a non inverting amplifier.

e Key Components: 1 /uF capacitor, 10 /k:’ &W6—7F+, 3.3 /V supply.

« Notes: The filter's cutoff frequency should be lower than the PWM frequency but higher than the desired
output bandwidth.
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