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Lecture 11A – Op Amp Circuit Analysis



Toolbox
KVL:	Voltage	drops	around	a	loop	
sum	to	0
KCL:	All	currents	coming	out	of	a	
node	sum	to	0
𝑉 = 𝐼𝑅
𝑃 = 𝐼𝑉
Vsource(off)	à short
Isource(off)	à open

Measure	V	
with	open

Measure	I	
with	short

𝑅 =
𝜌𝐿
𝐴

RTh = VTh/IN

𝑅! ∥ 𝑅" =
𝑅!𝑅"
𝑅! + 𝑅"

C

𝐶 =
𝜖𝐴
𝑑

𝑄 = 𝐶𝑉

𝐼 = 𝐶
𝑑𝑉
𝑑𝑡



Recap: Op Amps

Simplified model:

𝑆#$%
𝑆&'

=
𝐴

1 + 𝐴𝑓



Recap: Need to Isolate DAC and Speaker!

= 1 kΩ

= 3.3 V 0 - 10 V

8ΩVspeaker
+

-

= 0 V



Recap: An Op Amp with Negative Feedback! 𝑉!"#
𝑉$%

=
𝐴

1 + 𝐴𝑓



Need to Gain and Isolation

8ΩVspkr
+

-
+- VTh

RTh = 1kΩ

Why does this work?

DAC Amplifier, Non-inverting Gain = 3

2kΩ

Speaker

1kΩ



The Golden Rules of (Ideal) Op Amps #1

#1:  𝐼& = 𝐼' = 0

Inputs are open circuits

Rin = ∞



The Golden Rules of (Ideal) Op Amps #2

𝐴 𝑢& − 𝑢' = 𝑈!"#

(𝑢& − 𝑢') =
𝑈!"#
𝐴

(𝑢& − 𝑢') = 0

#2: 𝑢& = 𝑢'
Only in negative feedback and A= ∞

The gain of an ideal op amp is A = ∞



An Extra Attribute of (Ideal) Op Amps

The output resistance of an op-amp is

Rout = 0 Ω



Useful Configurations

Inverting Amplifier Non-inverting Amplifier Trans-resistance Amplifier



Check for Negative Feedback 

Step 1: Turn off all independent sources 
• Voltage source becomes wire; Current source becomes open

Step 2: Check how the feedback loop responds to a change in the ouput
• Negative feedback: Increase output, loop tries to decrease it
• Positive feedback: Increase output, loop tries to increase it further



Example 1: Inverting Amplifier #1: 𝐼& = 𝐼' = 0
#2: 𝑢& = 𝑢'
Only in negative 
feedback and A= ∞



Example 1: Inverting Amplifier #1: 𝐼& = 𝐼' = 0
#2: 𝑢& = 𝑢'
Only in negative 
feedback and A= ∞



Example 2: Trans-resistance Amplifier #1: 𝐼& = 𝐼' = 0
#2: 𝑢& = 𝑢'
Only in negative 
feedback and A= ∞



Example 2: Trans-resistance Amplifier #1: 𝐼& = 𝐼' = 0
#2: 𝑢& = 𝑢'
Only in negative 
feedback and A= ∞



Example 3: Non-Inverting Amplifier #1: 𝐼& = 𝐼' = 0
#2: 𝑢& = 𝑢'
Only in negative 
feedback and A= ∞



Example 3: Non-Inverting Amplifier #1: 𝐼& = 𝐼' = 0
#2: 𝑢& = 𝑢'
Only in negative 
feedback and A= ∞



Need to Gain and Isolation

8ΩVspkr
+

-
+- VTh

RTh = 1kΩ

Why does this work?

DAC Amplifier, Non-inverting Gain = 3

2kΩ

Speaker

1kΩ



Summary of Useful Configurations

Inverting Amplifier Non-inverting Amplifier Trans-resistance Amplifier

𝑣!"# = −𝑅$ % 𝐼%&


