
This episode continues our journey through circuit theory and beyond. The goal is to illuminate the key aspects of 
circuit analysis that practicing engineers use to understand circuits. Linearity and Thevenin's theorem are introduced, 
but the main focus is on how these can be used to parse analog schematics into block diagrams that show the 
functions of different parts of the circuit.

ECE Topics #4 and 4A - Circuit Understanding –
From Schematics to Block Diagrams

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

Companion videos at: https://www.youtube.com/watch?v=yn8CaEnt390 (Part 1)

And https://www.youtube.com/watch?v=8oGsBL6CHk4 (Part 2)

This material is provided by ecefiles.org for educational use only.

https://ecefiles.org/
https://www.youtube.com/watch?v=yn8CaEnt390
https://www.youtube.com/watch?v=8oGsBL6CHk4
https://ecefiles.org/
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http://www.guitarnucleus.net/resources/schematics/Ampeg-AX70-Schematic.pdf

Understanding Circuits
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Parsing Schematics into Block Diagrams



• Prior Episode Review / Overview

• Linearity and Thevenin Equivalents

• Voltage Amplifiers (Rin Avo Rout and  Av-loaded)

• Parsing Schematics into Block Diagrams

• Some Common Analog Subcircuits (Waveform 

clipping, RC Circuits, JFET switches, and Tube 

Amplifiers ☺ )
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Today’s Topics



Finding Schematics
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http://www.guitarnucleus.net/index.html

https://reverb.com/p/ampeg-ss-70c-2-

channel-70-watt-2x10-guitar-combo



Today’s Goal:   Understand This One:
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http://www.guitarnucleus.net/resources/schematics/Ampeg-AX70-Schematic.pdf



And This … ?
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http://www.guitarnucleus.net/resources/schematics/Ampeg-AX70-Schematic.pdf



Important Notes
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http://www.guitarnucleus.net/resources/

schematics/Ampeg-AX70-Schematic.pdf

Often, these are reversed



• Prior Episode Review / Overview

• Linearity and Thevenin Equivalents

• Voltage Amplifiers (Rin Avo Rout and  Av-loaded)

• Parsing Schematics into Block Diagrams

• Some Common Analog Subcircuits (Waveform 

clipping, RC Circuits, JFET switches, and Tube 

Amplifiers ☺ )
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Today’s Topics



A Quick Review
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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

𝑉𝑠 𝑡

t

DC blocking / AC coupling

capacitor



Voltage Divider Circuits
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Voltage Divider concept
Loaded Voltage Divider, and using 

engineering approximations in analysis



Parsing into Functional Blocks
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https://reverb.com/p/fender-champion-30-2-channel-

30-watt-1x10-guitar-practice-amp-1999-2002
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• Prior Episode Review / Overview

• Linearity and Thevenin Equivalents

• Voltage Amplifiers (Rin Avo Rout and  Av-loaded)

• Parsing Schematics into Block Diagrams

• Some Common Analog Subcircuits 

(Waveform clipping/limiting, RC Circuits, JFET 

switches, and Tube Amplifiers ☺ )
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Today’s Topics
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Linearity and Thevenin Equivalents

https://en.wikipedia.org/wiki/Th%C3%A9venin%27s_theorem

For “linear circuits”,
Output can be found by … 

• Finding output from each individual source, 

with other source values set to zero

• Adding the individual outputs together

A “Thevenin” equivalent circuit:
• Can replace a complex linear circuit with a 

simpler one, to help in understanding

• Consists of a voltage source in series with a 

source impedance
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Linearity and Thevenin Equivalents
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• Prior Episode Review / Overview

• Linearity and Thevenin Equivalents

• Voltage Amplifiers (Rin Avo Rout and  Av-loaded)

• Parsing Schematics into Block Diagrams

• Some Common Analog Subcircuits 

(Waveform clipping/limiting, RC Circuits, JFET 

switches, and Tube Amplifiers ☺ )
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Today’s Topics



Operational Amplifiers (Opamps)
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NOTE
• Classic, dual-supply devices shown

• Better performance devices exist today
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Amplifier Gain Stage
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Gain Stage Equivalent Circuit

+
_

𝑅𝑜

𝑅𝑖 𝐴𝑣𝑜𝑉𝑖

𝑉𝑖 𝑉𝑜

𝐴𝑣𝑜=
𝑉𝑜
𝑉𝑖
= 1 +

𝑅4
𝑅5

= 6

• In general, Ri, Ro, and Avo depend on amplifier device, circuit configuration, and biasing

• Should use Zi, Zo, and complex Avo(f), but this simplified treatment is sufficient at midband

• We typically want Ri large, and Ro small.  Why ?

Simplified equivalent circuit

at “midband”, based on 

Thevenin’s theorem

𝑅𝑖 = 270𝐾

𝑅𝑜 ≅ 0
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Calculating Loaded Voltage Gain

+
_

𝑅𝑜

𝑅𝑖 𝐴𝑣𝑜𝑉𝑖

𝑉𝑖 𝑉𝑜

𝐴𝑣𝑜 = 6𝑅𝑖 = 270𝐾 𝑅𝑜 ≅ 0

𝑅𝑠

𝑅𝐿
𝑉𝑠

𝑨𝒗𝒍𝒐𝒂𝒅𝒆𝒅 =
𝑽𝒐
𝑽𝒔

=
𝑹𝒊

𝑹𝒊 + 𝑹𝒔
𝐴𝑣𝑜

𝑹𝑳

𝑹𝑳 + 𝑹𝒐
= 𝟎. 𝟗𝟔 (𝟔) 𝟏 = 𝟓. 𝟕𝟕 ≈ 𝟔

1.5 𝐾

11 𝐾



Topics in ECE   #4A
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Understanding Circuits
(Part 2 – Schematics to Block Diagrams)
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Circuits Covered in Part 1

http://www.guitarnucleus.net/resources/schematics/Ampeg-AX70-Schematic.pdf
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Circuits to be Covered Today

• Zener Diode input over-voltage protection

• AC Coupling (DC Blocking) Capacitors

• Frequency dependent V-dividers – the Math

• Highpass and Lowpass corner frequencies

• JFET analog switches

• Opamp-based clipping amp for distortion

• Vacuum Tube amplifiers
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Zener Diode Clipping/Protection Circuit

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

With edits/additions in blue

Thevenin source 

model

𝑅𝑠

𝑉𝑖1

𝑉𝑖2

+0.7

-0.7

𝑉𝑖𝑛 ≅
1

2
𝑉𝑖1 +

1

2
𝑉𝑖2

𝑅𝑠 ≅ 11𝐾

https://en.wikipedia.org/wiki/Zener_diode
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Amplifier Model at “Midband” (from Part 1)
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AC Coupling - The “Complex” Math

𝑅𝑠

𝑉𝑠

𝑉𝑖
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+
_

𝑍𝑐
Full Coupling
(at high frequency)

𝑉𝑖 = 𝑉𝑠
𝑅𝑖

𝑅𝑖 + 𝑅𝑠

No Coupling
(at DC)

𝑉𝑖 = 𝑉𝑠
𝑅𝑖

𝑅𝑖+ −𝑗∞ +𝑅𝑠
= 0

𝑍𝑐 = −𝑗𝑋𝑐

𝑋𝐶 =
1

2𝜋 𝑓 𝐶

“OK” Coupling

(at “corner frequency”

where Xc = Ri + Rs )

𝑓𝑐

𝑉𝑖 = 𝑉𝑠
𝑅𝑖

𝑅𝑖+ −𝑗𝑋𝑐 +𝑅𝑠

= 𝑉𝑠
𝑅𝑖

𝑅𝑖 + 𝑅𝑠

1

1 − 𝑗

= 𝑉𝑠
𝑅𝑖

𝑅𝑖 + 𝑅𝑠
0.7071 ∠ 45𝑜
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More Input Protection

C1 blocks any DC input “offsets” so that 

amplifier IC1 does not saturate, 

while “coupling” audio into amplifier

“High-pass” corner frequency is 

𝑓𝐻 ≅
1

2𝜋 𝑅𝑠 + 𝑅3 𝐶1
= 12 𝐻𝑧

C2 “shorts” radio frequency interference to ground, so 

it doesn’t disturb amplifier IC1. 𝑅𝑠 , 𝐶2 forms a 

frequency-dependent voltage divider.  Here 

low-pass corner is 𝑓𝐿 ≅
1

2𝜋 𝑅𝑠 𝐶2
= 150 𝑘𝐻𝑧

Recall 𝑋𝐶 =
1

2𝜋 𝑓 𝐶

Corner frequencies occur when Xc = R 

𝑅𝑠
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Gain Stage (amplifier)

At “Midband” (audio frequencies here), 

C3 connects R5 to ground, and C4 is 

nearly an open circuit ☺

So circuit reduces to a simple amplifier 

with gain of 

𝐴𝑣=
𝑅4+𝑅5

𝑅5
=

9𝐾

1.5𝐾
= 6 V/V

• C4 reduces gain at high frequencies (above 20 kHz).  

• C3 reduces gain at low frequencies (below 50 Hz).

𝑋𝐶 =
1

2𝜋 𝑓 𝐶
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Frequency-Response Shaping

• R6, C5, R7 create a frequency-dependent 

voltage divider

• At low-frequency (<< 340 Hz), XC5 >> R6, so 

division is approx R7/(R7+R6) = 0.24

• At high-frequency (>> 1 kHz), XC5 << R7, so not 

much voltage division. C5 just couples signal to next 

stage

• Response is 12 dB bass-cut, treble-boost

NOTES :

• Voltage division values shown are approximate.  Complex math is needed for detailed analysis.

• Loading of next stage should always be considered !   (Here, it is > 1 M Ohm – so we’re OK)
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An Interesting YouTube Video …

See also:  https://producerhive.com/ask-the-hive/odd-vs-even-harmonic-distortion/

Darrell Braun Guitar   https://www.youtube.com/watch?v=qRvRZNg8L0w
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JFET Analog Switches

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

https://www.farnell.com/datasheets/3360937.pdf

J112
J176
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Tube Amplifier Subcircuit
DANGER !   HIGH-VOLTAGE !

𝐴𝑣 = −𝑔𝑚 R  = − 1600 𝑥 10−6 62,500 = −100

About -60 when 100 K plate resistor included …

12AX7

Av = 1200
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Producing Even-Order Distortion

V
++vG

vK

vP

vi (t)

vK

t
vGK

t t

vP

t

i P

i P

R

V
++vGK

vi

t

+
_

Vaccuum Tubes

(or “Valves”)

I P

V
GK

V
++

I
P

V
GK

300 V !

+

+



More Circuits to Learn !
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http://www.guitarnucleus.net/resources/schematics/Ampeg-AX70-Schematic.pdf

Power 

Amplifier 
(Giant, Discrete, High 

Power “Opamp” circuit)

Power Supply

Circuits
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Different Ways to Learn 
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Books

Videos and Websites
• This Video / Playlist / Channel ☺
• Other Videos

• ECEfiles.org

• Other Websites

https://www.amazon.com/Microelectronic-

Circuits-Electrical-Computer-

Engineering/dp/0190853549/

https://www.amazon.com/Practical-

Electronics-Inventors-Fourth-Scherz-dp-

1259587541/dp/1259587541/

University Courses



• More Opamp circuits

• Real-world opamp limitations (gain-bandwidth product, bias current, output 

voltage swing, output current limits…)

• Frequency response, complex impedances, and Fourier analysis

• Power amps  (including class AB linear, and class D switching designs)

• Modern power supplies (including linear regulators and switch-mode supplies)

• More “big circuit” walkthroughs  ☺ …

ECEFILES.ORG

Possible Future Videos

37



THANKS FOR WATCHING !
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