Difference Amplifier

	This amplifier uses both inverting and non-inverting inputs with a gain of one to produce an output equal to the difference between the inputs. It is a special case of the differential amplifier. You can also choose the resistances to amplify the difference.

Rules application
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Amplified Difference

	This amplifier uses both inverting and non-inverting inputs with a gain of one to produce an output equal to the difference between the inputs. It is a special case of the differential amplifier. You can choose the resistances to get an amplification of one.

Rules application
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Rule Application:Difference Amplifier

	The behavior of most configurations ofop-amps can be determined by applying the "golden rules". For thedifference amplifier, the voltage at the non-inverting input is [image: image3.png]


 , so by thevoltage rule that voltage also appears at point A.

Applying the current rule, the current into A must be zero, so
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which for equal resistors becomes
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Rule Application:Amplified Difference

	The voltage at 3 is given by
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so by the voltage rulethat voltage appears at A. The current rule at A gives
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Substitution gives the expression at right.
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Rule Application:Difference Amplifier

	The behavior of most configurations ofop-amps can be determined by applying the "golden rules". For thedifference amplifier, the voltage at the non-inverting input is [image: image10.png]


 , so by thevoltage rule that voltage also appears at point A.

Applying the current rule, the current into A must be zero, so
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which for equal resistors becomes
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Rule Application:Amplified Difference

	The voltage at 3 is given by
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so by the voltage rulethat voltage appears at A. The current rule at A gives
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Substitution gives the expression at right.
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Summing Amplifier

	This is an example of an inverting amplifierof gain=1 with multiple inputs. More than two inputs can be used, for example in an audio mixer circuit. The input resistors can be unequal, giving a weighted sum.

Rules application
Applications
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Rule Application:Summing Amplifier

	The behavior of most configurations of op-amps can be determined by applying the "golden rules". For thesumming amplifier by the current rule the non-inverting input is a virtual ground. Then the current into A must be zero. This requires
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Hence
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Applications: Summing Amplifier

The summing amplifier" is a versatile device for combining signals. It can either add signals directly, or scale them to fit some predetermined combination rule.

1. Summing several signals with equal gains is done in an audio mixer.

2. A summing amplifier with different resistors on the inputs gives a weighted sum. This can be used to convert a binary number to a voltage in a digital-to-analog converter.

3. A summing amplifier can be used to apply a DC offset voltage along with an AC signal voltage. This is done in a LED modulation circuit to keep the LED in its linear operating range.

Rule Application:Difference Amplifier

	The behavior of most configurations ofop-amps can be determined by applying the "golden rules". For thedifference amplifier, the voltage at the non-inverting input is [image: image21.png]


 , so by thevoltage rule that voltage also appears at point A.

Applying the current rule, the current into A must be zero, so
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which for equal resistors becomes
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Rule Application:Amplified Difference

	The voltage at 3 is given by

[image: image25.png]



so by the voltage rulethat voltage appears at A. The current rule at A gives
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Substitution gives the expression at right.
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Comparison to Standard Voltage

	One use of a comparator is to compare the input to a standard voltage and switch the output if the input is above that threshold. If [image: image28.png]


 goes more positive than the voltage set by the voltage dividerfor [image: image29.png]


 , then the output switches to [image: image30.png]
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 drops below that value it switches back to[image: image32.png]


 .

Though useful for slow, stable variations like a temperature probe, this circuit has a serious problem with signals which might have noise superimposed. Noise variations can cause rapid switching back and forth at the threshold point. This problem is adressed with negative feedbackin the Schmitt trigger variation of this idea.

Comparator Applications
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Noise Effects on Comparator

	The use of a comparator for level switching by a set reference comparison is complicated by the presence of noise variations which may cause troublesome rapid cycling at the switch threshold. This problem is overcome in the Schmitt trigger circuit by setting a lower threshold for the switching when the voltage is going down. .
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