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Understanding how operational amplifiers (op amps) respond to different input voltages is
fundamental in electronics. When specific voltages are applied to the inverting and non-inverting
terminals of an op amp, the resulting output voltage can be predicted based on the principles of op
amp operation, especially the concept of negative feedback and the ideal op amp assumptions. In
this article, we will explore how to determine the output voltage when -20 V is applied to the
inverting terminal of an op amp and +30 V is applied to the non-inverting terminal, providing a
comprehensive analysis suitable for students, engineers, and electronics enthusiasts.

Basics of Op Amp Operation

Ideal Op Amp Assumptions
Operational amplifiers are designed to have certain ideal characteristics, which simplify analysis:

The input impedance is infinitely high, so no current flows into the input terminals.

The open-loop gain (AOL) is extremely large, typically around 105 to 107.

The voltage difference between the inverting (−) and non-inverting (+) terminals is virtually
zero when negative feedback is present (virtual short concept).

Negative Feedback and Virtual Short
Negative feedback is a key concept in op amp circuits, ensuring the output stabilizes to a certain
voltage. When negative feedback exists:

The voltages at the inverting and non-inverting terminals tend to be equal—this is called the
virtual short.

The op amp adjusts its output to maintain this condition, amplifying the difference between
input voltages, which ideally remains zero.



Analyzing the Given Scenario

Input Voltages Applied
In this scenario:

The inverting terminal (−) of the op amp is connected to a voltage of -20 V.

The non-inverting terminal (+) is connected to +30 V.

The goal is to determine the output voltage (Vout) of the op amp under these conditions.

Understanding the Virtual Short Concept
Given the ideal assumptions:

The voltage at the inverting terminal (V−) is approximately equal to the voltage at the non-
inverting terminal (V+), due to the virtual short.

Therefore, V− ≈ V+ = +30 V.

This is a crucial step because it allows us to infer the behavior of the circuit without detailed internal
parameters.

Determining the Output Voltage

Step 1: Confirming the Virtual Short
Since the non-inverting terminal is at +30 V, and the op amp maintains the inverting terminal at
approximately the same voltage:

V− ≈ +30 V

However, the actual inverting terminal is connected to -20 V, which differs from the virtual short
voltage.

Step 2: Analyzing the Circuit's Configuration
Depending on the circuit configuration, the relationship between the input voltages and the output
voltage varies. Let's consider common configurations:



Voltage Follower (Buffer): Not applicable here, since input voltages are different.

Inverting Amplifier: Usually involves a resistor network; in this case, the inverting terminal
is directly connected to -20 V, which suggests an unusual configuration.

Differential Amplifier or Comparator: The scenario resembles a comparator more than a
linear amplifier, especially with volts applied directly to terminals.

Given the direct application of voltages to the terminals without additional resistors, the op amp
behaves more like a comparator, switching its output to saturate at the supply rails depending on
the relative voltages at its inputs.

Step 3: Op Amp as a Comparator
In the comparator mode:

If V+ > V−, the output saturates at the positive supply voltage.

If V+ < V−, the output saturates at the negative supply voltage.

Applying this to our case:

V+ = +30 V

V− = -20 V

Since +30 V > -20 V, the op amp output will saturate at its positive supply voltage.

Considering the Power Supply Limits

Op Amp Supply Voltages
Operational amplifiers have finite power supply voltages, which limit their output swing:

Positive supply voltage: VCC (e.g., +15 V, +12 V, or ±15 V)

Negative supply voltage: VEE (e.g., -15 V, -12 V, or ±15 V)

The output voltage cannot exceed these supply rails; in most practical cases, the output saturates
near these limits, often with some margin depending on the op amp's characteristics.



Output Voltage Saturation
Assuming a typical op amp powered by ±15 V:

The maximum positive output voltage is approximately +15 V, or slightly less.

The maximum negative output voltage is approximately -15 V.

Since the input conditions favor a positive output, the op amp will saturate near +15 V.

Final Determination of the Output Voltage

Conclusion
Given the input voltages:

Inverting terminal: -20 V

Non-inverting terminal: +30 V

and considering the op amp operates as a comparator, the output will saturate at the positive supply
rail:

Output Voltage Result: Approximately +15 V

This is the typical behavior unless specific circuit configurations or additional components modify
the response.

Additional Considerations and Practical Aspects

Real-World Op Amp Limitations
In practical scenarios:

The output may not reach the supply rails exactly due to output swing limitations.

The slew rate affects how quickly the op amp can respond to changing inputs.

Input voltage ranges may be limited by the input common-mode voltage range.



Design Implications
When designing circuits:

Always check the datasheet of the specific op amp for output swing capabilities.

Use voltage dividers or level shifters if input voltages exceed the device's input common-mode
range.

Consider hysteresis or Schmitt trigger configurations for stable switching.

Summary
To summarize:

Applying -20 V to the inverting terminal and +30 V to the non-inverting terminal of an op amp,
with negative feedback or in comparator mode, results in the op amp saturating at its positive
supply voltage.

Assuming typical supply voltages of ±15 V, the output voltage saturates near +15 V.

The actual output depends on the power supply limits, the specific op amp model, and the
circuit configuration.

Understanding these principles allows engineers and students to predict op amp behavior
accurately, which is crucial for designing reliable analog circuits.

In conclusion, when -20 V is applied to the inverting terminal and +30 V to the non-inverting
terminal of an op amp, the output voltage is approximately +15 V, assuming standard supply
voltages and a comparator-like operation. This knowledge is essential for troubleshooting, designing,
and analyzing analog systems involving operational amplifiers.

Frequently Asked Questions

What is the output voltage of an op amp when -20 V is applied
to the inverting terminal and +30 V to the non-inverting
terminal?
The output voltage will be close to the supply voltage limit, typically +Vcc or -Vee, depending on the
op amp's power supply and saturation limits, because the inverting terminal voltage is lower than
the non-inverting terminal.



How does the polarity of input voltages affect the output of an
op amp?
The output voltage of an op amp is proportional to the difference between the non-inverting (+) and
inverting (-) inputs multiplied by the gain. If the inverting input is more negative than the non-
inverting input, the output tends to go positive, and vice versa.

What happens if -20 V is applied to the inverting terminal
while +30 V is applied to the non-inverting terminal of an op
amp?
The op amp's output will saturate towards its positive supply rail because the non-inverting input
voltage (+30 V) exceeds the inverting input voltage (-20 V), causing the output to swing high.

Can an op amp output go beyond its supply voltage limits in
this scenario?
No, the output cannot exceed the supply rails. It saturates near the positive supply voltage (+Vcc),
which limits the maximum output voltage.

How does the differential input voltage influence the output in
this case?
The differential input voltage is approximately +50 V (30 V - (-20 V)), which is large. This results in
the op amp driving its output to saturation at the positive rail.

What is the significance of input voltages in determining the
saturation state of an op amp?
Large differential input voltages cause the op amp to push its output toward saturation limits, as it
tries to amplify the difference but is limited by its power supply voltages.

Is it safe to apply such high voltages (-20 V and +30 V)
directly to an op amp?
Typically, no. Most op amps are designed for lower voltage ranges. Applying such high voltages can
damage the device unless it is specifically designed for high-voltage operation.

How does the open-loop gain of an op amp affect the output in
this scenario?
In an open-loop configuration, the extremely high gain amplifies even tiny differences in input
voltages, leading to the output saturating near the supply voltages when large input differences are
present.



What practical considerations should be taken into account
when applying these voltages to an op amp?
Ensure the voltages are within the op amp's specified input voltage range and power supply limits to
prevent damage and ensure reliable operation. Use appropriate input protection and select an op
amp rated for high voltages if necessary.

Additional Resources
Determine the output voltage when -20 V is applied to the inverting terminal of an op-amp
and +30 V is applied to the non-inverting terminal.

---

Introduction

Operational amplifiers (op-amps) are fundamental components in analog electronics, serving as the
building blocks for a vast array of circuits, including amplifiers, filters, and oscillators. Their
behavior is governed by their configuration, the input voltages applied, and the properties of the
internal circuitry. Understanding how an op-amp responds to specific input voltages is essential for
designing reliable and predictable electronic systems.

In this article, we analyze a particular scenario: applying a voltage of -20 V to the inverting terminal
and +30 V to the non-inverting terminal of an op-amp. The goal is to determine the resulting output
voltage, considering the fundamental principles of op-amp operation, and to explore the factors
influencing this outcome.

---

The Operational Principles of Op-Amps

Before delving into the specific case, it is important to understand the basic operation of op-amps.

Ideal Op-Amp Characteristics

An ideal op-amp possesses the following properties:

- Infinite Open-Loop Gain (A_v): Typically on the order of 10^5 to 10^7.
- Infinite Input Impedance: No current flows into the input terminals.
- Zero Output Impedance: The output can drive any load without voltage drop.
- Zero Input Offset Voltage: No differential voltage is needed for zero output.

Real-World Considerations

In practical applications, op-amps:

- Have very high but finite gain.
- Draw negligible input current.
- Have limited output voltage swing, often slightly less than the supply voltages.



Feedback and Operation Modes

Op-amps are usually configured with feedback—positive or negative—to control their behavior:

- Negative feedback stabilizes the gain and sets the operating point.
- Positive feedback can lead to hysteresis or switching behavior.

In most linear applications, negative feedback is used, which forces the difference between the
inverting and non-inverting inputs to be very close to zero, a principle called virtual short.

---

Analyzing the Given Scenario

Let’s examine the specific case where:

- The voltage at the inverting terminal (V−) is -20 V.
- The voltage at the non-inverting terminal (V+) is +30 V.

The question is: What is the resulting output voltage (V_out)?

---

Step-by-Step Analysis

1. Determining the Input Difference

The differential input voltage (V_diff) is:

V_diff = V+ − V− = 30 V − (−20 V) = 50 V

This is a very large voltage difference, which is not typical in normal op-amp operation, especially in
linear configurations, but for the purpose of analysis, we proceed under the assumption that the op-
amp is ideal and can respond accordingly.

2. Implication of the Virtual Short Concept

In a negative feedback configuration, the op-amp strives to make V+ ≈ V−, effectively reducing
V_diff to nearly zero. However, in this scenario, no feedback is specified, so we consider the op-amp
operating in open-loop mode.

In open-loop mode:

- The output voltage (V_out) is given by:

V_out = A_v × V_diff

- Where A_v is the open-loop gain, typically very high (e.g., 10^5 to 10^7).

Substituting the values:



V_out ≈ A_v × 50 V

Given the enormous gain, the output voltage theoretically approaches the supply rail voltages,
saturating at the positive or negative supply voltage depending on the sign of V_diff.

3. Saturation Limits and Realistic Output Voltage

Since real op-amps cannot produce infinite voltage swing:

- The output voltage saturates at a value close to the positive supply voltage (V+ supply) if the
product A_v × V_diff is positive and large.
- Or, it saturates near the negative supply voltage if the product is negative.

If the supply voltages are not specified, we typically assume the op-amp is powered by symmetric
supplies, such as ±15 V or ±30 V. For this analysis, assume ±30 V supplies.

Thus:

- Because V_diff is positive (50 V), the output will saturate at or near the positive supply voltage,
which is +30 V.

---

Influence of Power Supply Voltages and Saturation

1. The Role of Power Supplies

The power supply voltages set the maximum and minimum output voltages the op-amp can produce.
In practice, the output cannot exceed these limits:

- V_out(max): Slightly less than the positive supply (e.g., +30 V).
- V_out(min): Slightly more than the negative supply (e.g., −30 V).

This limitation causes the op-amp to clip or saturate when the amplified differential voltage exceeds
the output swing capability.

2. Saturation in the Given Scenario

Given a differential input of +50 V and assuming ±30 V supplies:

- The open-loop gain would produce a theoretical output:

V_out ≈ 10^5 × 50 V = 5,000,000 V

which is impossible; thus, the op-amp saturates.

- The actual output saturates at +30 V, the positive supply voltage.

Similarly, if the differential had been negative (e.g., V+ < V−), the output would saturate at −30 V.

---



Practical Considerations and Real-World Implications

While the theoretical analysis suggests saturation at the supply rails, real-world op-amps have
additional factors:

- Input Voltage Range: Some op-amps cannot accept input voltages equal to their supply voltages;
they require headroom.
- Slew Rate: The maximum rate of change of the output voltage limits how quickly the output can
respond.
- Input Bias Currents: Small currents that can affect the input voltage, especially at high voltages.
- Distortion and Nonlinearities: At extreme input voltages, the op-amp may behave non-ideally.

In practical circuit design, applying such large voltages directly to an op-amp's inputs is inadvisable.
Typically, input voltages are limited within a certain range, and external circuitry (such as voltage
dividers or protection diodes) is used to prevent damage.

---

Special Cases and Variations

1. Non-Linear or Clipped Output

If the op-amp is connected in a circuit with feedback, the output voltage is determined by the
feedback network and the input signals, often preventing saturation. But in an open-loop scenario
with the given voltages, saturation is inevitable.

2. Effect of Feedback

Applying negative feedback would dramatically change the output voltage:

- The op-amp would adjust its output to minimize V_diff, aiming to make V+ and V− equal.
- If V− is held at -20 V, and V+ at +30 V, the op-amp would attempt to drive the output to a voltage
that forces the inverting terminal voltage to +30 V, through the feedback network.

In such a case, the output voltage depends on the circuit configuration, but without specific
feedback components, the op-amp cannot maintain linear operation at these voltages.

---

Conclusion

In summary, when -20 V is applied to the inverting terminal and +30 V to the non-inverting terminal
of an ideal op-amp operating in open-loop mode with sufficiently high gain, the output voltage will
saturate at the positive supply voltage, which is assumed to be +30 V in this analysis. This is due to
the enormous differential voltage, which the op-amp cannot amplify linearly, leading it to reach its
maximum output capacity.

This scenario underscores the importance of understanding the limitations of op-amps, particularly
their saturation behavior and the influence of supply voltages. In practical applications, such large
input voltages are typically not directly applied; instead, circuitry is designed to keep voltages within
safe and linear operating ranges. Nonetheless, analyzing these extreme cases provides valuable



insights into the fundamental operation and limitations of operational amplifiers.

---
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Final Remarks

Understanding the behavior of op-amps under various input conditions is crucial for designing stable
and reliable electronic systems. Recognizing the saturation limits and the role of power supplies
helps engineers prevent circuit failures and optimize performance. This analysis highlights that,
under extreme differential voltages, an op-amp's output will saturate at its supply rails, emphasizing
the importance of proper circuit design and input voltage management.
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