Example 17
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For the circuit which consists of one ideal op amp, we want to find the output voltage of the op amp. Given an op amp circuit, we often use the nodal voltage method to analyze that. In this problem, we can identify 6 nodes in the circuit. We don’t need a variable for the voltage of this node since it is 1V. The bottom node is the reference node. So we need to set up 3 equations to be able to solve for 3 unknowns. Let’s see if it is possible to simplify the circuit first. For ideal op amp, the input terminals have the same voltage. The non inverting terminal is grounded so that it is 0V. The inverting terminal should be 0V. It is just like that it is grounded. The two 10kΩ resistors share the same voltages. So they are in parallel. The parallel resistors can be reduce to one equivalent resistor and the resistance is the product of the 2 resistances divided by the sum of the two resistances. It gives us 
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 is in series with 10kΩ. So they can be combined to a 15kΩ resistor. The two 15kΩ resistors share the same pair of nodes and they are parallel connected. The equivalent resistance of two identical resistors in parallel should be resistance of single resistor divide by 2 that is 7.5kΩ.
The circuit is simplified and it is just an inverting amplifier. the non inverting terminal is grounded and inverting terminal is connected to the input through a resistor. The feed back resistor connects the inverting terminal with the output. The voltage gain should be negative feedback resistance divide by the input resistance, which is negative 7.5. The output should be -7.5V.

Or we can verify it by KCL. 

Write a equation at the inverting node,
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