
This video focuses on how fundamental theory like Kirchoff's Laws are used to analyze, understand, and design real-
world products. Basic topics include Ohm's Law, KVL, KCL, Nodal Analysis, the ubiquitous voltage divider circuit, and 
more. But the main theme is how these give way to analysis using common subcircuits, leveraging known results. 
While a guitar amp and DSP reverb are used in demos, the topics covered are essential to all analog circuit analysis. 
The design of a voltage amplifier built using an opamp is also discussed.

ECE Topics #3 - Circuit Analysis –
From Theory to Applications

Slides downloaded from: https://ecefiles.org/ece-topics/

Companion video at: https://www.youtube.com/watch?v=8UBXjliIkeU

This material is provided by ecefiles.org for educational use only.
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Topics in ECE   #3
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Circuit Analysis
Theory and Applications



Demo in Lecture Class
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CAUTION !

120 VAC



Typical Undergrad EE Curriculum
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Intro EE    and    Electronics
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• Quick review from Episode 1

• Using Kirchhoff’s Laws

• Analysis using Equivalent Circuits

• Subcircuit recognition and 

understanding
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Today’s Topics



Ohm’s and Kirchhoff’s Laws…
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Ohm’s Law

𝑅 =
𝑉

𝐼

𝑉 = 𝐼𝑅

𝐼 =
𝑉

𝑅
Kirchoff’s Current Law

At a “node”:

Kirchoff’s Voltage Law

Around a loop:

෍𝐼𝑒𝑛𝑡𝑒𝑟𝑖𝑛𝑔 =෍𝐼𝑙𝑒𝑎𝑣𝑖𝑛𝑔 ෍𝑉𝑟𝑖𝑠𝑒𝑠 =෍𝑉𝑑𝑟𝑜𝑝𝑠



A Simple Example with 2 Resistors
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5 V

5

I = ?

+

_

V = ?

5

+

_

V = ?



Generalizing the Problem
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5 V

5

I = ?

+

_

V = ?

5

+

_

V = ?

𝑉2

𝑉1

𝑅2

𝑅1

𝑉𝐵

+

_

I

+

_

+

_



Applying the Laws
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+

_
5 V

5

I = ?

+

_

V = ?

5

+

_

V = ?

𝑉2

𝑉1

𝑅2

𝑅1

𝑉𝐵

+

_

I

+

_

+

_

𝑉𝐵 = 𝑉2 + 𝑉1

𝑉2 = 𝐼2𝑅2

𝑉1 = 𝐼1𝑅1

KVL :

KCL :

Ohm’s 

Law :

𝐼 = 𝐼2 = 𝐼1

𝐼1



Solving the Equations
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+

_
5 V

5

I = ?

+

_

V = ?

5

+

_

V = ?

𝑉2

𝑉1

𝑅2

𝑅1

𝑉𝐵

+

_

I

+

_

+

_

Solve to get : 𝑉1 = 𝑉𝐵
𝑅1

𝑅1 + 𝑅2
𝐼 =

𝑉𝐵
𝑅1 + 𝑅2

𝑉2 = 𝑉𝐵 − 𝑉1
= 0.5 A = 2.5 V = 2.5 V

𝑉𝐵 = 𝑉2 + 𝑉1

𝑉2 = 𝐼2𝑅2

𝑉1 = 𝐼1𝑅1

KVL :

KCL :

Ohm’s 

Law :

𝐼 = 𝐼2 = 𝐼1



Some Useful Results 
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𝑉2

𝑉1

𝑅2

𝑅1

𝑉𝐵

+

_

I

+

_

+

_

𝑉1 𝑉1 = 𝑉𝐵
𝑅1

𝑅1 + 𝑅2

𝐼 =
𝑉𝐵

𝑅1 + 𝑅2

𝑉1 = 𝑉𝐵 − 𝐼 𝑅2

The Series Resistance 

formula

“Voltage Divider” 

equation

The “Voltage Drop” 

concept

Ground (aka  Reference-node)



Potentiometer (Voltage-Divider)
Classic Volume Control
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https://music-electronics-forum.com/filedata/fetch?id=832608

https://en.wikipedia.org/wiki/Potentiometer

AC coupling capacitors (aka  DC blocks)

https://reverb.com/p/fender-

champion-30-2-channel-30-watt-

1x10-guitar-practice-amp-1999-2002

𝑉𝑜 𝑡

t

𝑉𝑖 𝑡

t



Pots Used for Reverb and Tone Adjust Too
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A More Complicated Example
(Loaded voltage-divider)
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𝑉2

𝑉1

𝑅2

𝑅1

𝑉𝑠

+

_

+

_

𝑉1

𝑅𝐿

1

KCL-based “Nodal Analysis” at node 1 :

+
_

0

σ 𝐼𝑙𝑒𝑎𝑣𝑖𝑛𝑔−𝑛𝑜𝑑𝑒−1 = 0

⟹ 𝑽𝟏 = 𝑽𝒔
𝟏

𝟏 +
𝑹𝟐
𝑹𝟏

+
𝑹𝟐
𝑹𝑳

NOTE:  Simulators such as SPICE handle large circuits using “Modified Nodal Analysis” 

and solve simultaneous equations using matrix math

But this isn’t the most human-friendly, or insightful approach …

𝑽𝟏 − 𝑽𝒔
𝟏

𝑹𝟐
+ 𝑽𝟏

𝟏

𝑹𝟏
+
𝟏

𝑹𝑳
= 𝟎

Checks:
𝑅2 → 0 ⇒ 𝑉1 = 𝑉𝑠

𝑅𝐿 → ∞ ⇒ 𝑉1 = 𝑉𝑠
1

1+
𝑅2
𝑅1

= 𝑉𝑠
𝑅1

𝑅1+𝑅2







A “Better”Approach ☺
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𝑅2

𝑅1

𝑉𝑠
𝑉1

𝑅𝐿

Leverage already known V-divider and Parallel-R results…

+
_

These are additional results we can now add to 

our mental circuits catalog !

𝑉1 = 𝑉𝑆
𝑅𝑒𝑞

𝑅𝑒𝑞 + 𝑅2

𝑅𝑒𝑞 = 𝑅1 ∥ 𝑅𝐿 =
1

1
𝑅1

+
1
𝑅𝐿

𝑅𝐿 ≫ 𝑅1

where

NOTE: if 𝑅𝑒𝑞 ≈ 𝑅1then

An important simplification ! 

𝑉1 𝑡

t

𝑉𝑆 𝑡

t



Real-World Circuits
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Example:  Fender “Champion 30” Guitar Amp

https://music-electronics-forum.com/filedata/fetch?id=832608

https://reverb.com/p/fender-champion-30-2-channel-

30-watt-1x10-guitar-practice-amp-1999-2002

𝑉𝑖 𝑡

t

𝑉𝑖2 𝑡

t



Parsing and Understanding Circuits
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Example:  Fender “Champion 30” Guitar Amp

Signal-Summing 

Circuit

Opamp-based

Voltage amplifier
Frequency Response

Shaping

https://reverb.com/p/fender-champion-30-2-channel-

30-watt-1x10-guitar-practice-amp-1999-2002
https://music-electronics-forum.com/filedata/fetch?id=832608



Non-inverting Opamp Voltage Gain Stage
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𝑅2

𝑅1

𝑉𝑠

𝑅𝑠

Use known V-divider,

and near-infinite 

“open-loop” gain 

approximation…

+
_

This is another common circuit, used in the amplifier example, with embellishment…

𝑉𝑖
− = 𝑉𝑜

𝑅1
𝑅1 + 𝑅2

𝑉𝑖
− ≈ 𝑉𝑖

+

⟹ 𝑉𝑜 = 𝑉𝑖
+ 𝑅1 + 𝑅2

𝑅1

𝑉𝑖
−

𝑉𝑖
+

𝑉𝑜

⟹ 𝐴𝑣 =
𝑉𝑜
𝑉𝑖
= 1 +

𝑅2
𝑅1

+12V

-12V

To find output,

and “closed-loop” 

voltage gain:

“Thevenin” 

source model

Non-inverting 

amplifier

𝑉𝑠 𝑡

t

𝑉𝑜 𝑡

t



Designing New Circuits
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Example:  Audio Input Level-Shifter for Arduino

3.3V

𝑉𝑠
+

_ 110 K

−𝑗 𝑋𝑐 𝑋𝑐 =
1

2𝜋𝑓𝐶

𝑓𝑐 =
1

2𝜋𝑅𝐶

= 3 Hz



• More circuit analysis techniques 

(e.g. Thevenin circuits and linearity)

• Opamp circuit catalog

• DC vs midband (AC) circuit analysis

• Complex impedances, frequency 

response, and Fourier analysis

• Power amps

• Power supplies, …
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Possible Future Videos

𝑋𝐶 =
1

2𝜋𝑓𝐶



THANKS FOR WATCHING !
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