Modified 5E3-Type Guitar Amplifier

By William Terry Newton (wtn90125@yahoo.com)
This document was last modified November 28, 2025

The Fender Tweed Deluxe instrument amplifiers were manufactured from 1948 to 1960 and included the 5A3, 5B3,
5C3, 5D3 and 5E3 (not counting the later non-tweed Deluxe and Deluxe Reverb amps). The circuitry of these varied,
in particular the phase inverter design, but they all had two channels each with their own volume control, a tone
control that affected both channels, and used two dual-triode preamp tubes (originally octal 6SC7/6SL7 then later
12AY7/12AX?7), a pair of 6V6 power tubes and a 5Y3 rectifier tube to deliver about 15 watts into a 12" speaker.

The most popular version was the 1955 5E3 with a "cathodyne" phase inverter and a particularly aggressive tone.

Kits for making a 5E3 replica are widely available, I got mine from Weber Speakers. The cabinet is built to order, I
chose pretty much the stock options with a Weber 12A125A alnico speaker. Here are the contents of the kit...

The cabinet, speaker and chassis are custom-made in the USA but to keep the cost down some of the electronic
components are imported. I don't care, was planning on using my filter caps and upgrading the other parts as needed.
The kit came with a Weber WY3GT "Copper Cap" solid state rectifier but otherwise does not include tubes. I already
had everything I needed but if buying new figure about $100-$150 over the cost of the kit for tubes and other parts.

I chose the 5E3 design because it was simple and lightweight enough to carry, but still had adequate output power for
most situations. I had already planned on adding a master volume and an internal channel couple to avoid needing a
patch cord to strap the channels, the rest of the mods came out of need and to experiment. The original preamp design
didn't do so well under heavy overdrive with the master down, it had too much low-end gain causing "blocking"
distortion, and the controls came on too fast making it hard to blend the channels. To fix those things I used a
capacitor to couple the channels together so that a low-cut was applied to channel two, and added a "mod" switch to
improve the taper and further control the lows by adding a load resistor to the output of the volume/tone controls.



Warning! Potentially lethal voltages! Do not attempt these mods unless you know how to safely work on tube amps.

The 5E3 design makes it fairly easy to add a master volume between the V2A gain stage and the V2B phase splitter.

It can be done without adding a capacitor, just replace the 1M resistor with a 1M control pot with the wiper going to
the grid, however wiring it this way causes the volume to increase rapidly as positive feedback from the phase inverter
drastically increases the effective resistance of the bottom half of the control. Instead I wired the master volume
control conventionally - added a 0.1uF capacitor from the plate of V2A to the hot terminal of the control, grounded the
cold terminal, and connected the wiper to the existing 0.022uF phase inverter input capacitor. All I had handy was a
250K control, this reduces the maximum gain but that is not a problem with this amp and the lower impedance
reduces noise pickup. Originally the master volume control was underneath the chassis using the extension speaker
hole but moved it to the top panel where the fuse holder was, moving the fuse to an internal in-line fuse holder.

The 5E3 uses 0.1uF coupling caps between the first stage plates and the wipers of the volume controls (which is
backwards from how volume controls are usually wired), as a result the volume controls "came on" rapidly, couldn't
get the volumes much past 2 without overloading the preamp. Also, at higher settings the 0.1uF coupling capacitors
were operating into a fairly high impedance causing excessive low frequency response and blocking distortion. To fix
these issues I put a 1000pF capacitor between the normal channel's #1 jack and the switch contact of the bright
channel's #1 jack (rather than grounding it), so that plugging into the normal channel with nothing plugged into the
bright channel would put both channels in parallel and cutting the lows to the bright channel, about 6db down at
160hz and 6db per octave below that. To improve the control taper I added a switch (placed between the preamp tubes
on the bottom of the chassis) that switches a 100K resistor from the grid of V2A to ground to load the output of the
volume/tone control network. Besides making it much easier to get cleaner tones and mix the channels, this helps to
further cut subsonic frequencies by limiting the maximum impedance seen by the 0.1uF coupling caps. Between the
master volume and the mod switch I could now get useful overdrive and go back to the stock behavior by switching
out the "load" mod.

This was close but there were still a couple of issues. When playing live with drums the amp would feel like it was
losing power when taking leads, this was a result of the cathodyne phase inverter which tended to clip heavily only on
one side with significant duty-cycle shift. To fix that I increased the values of the 6V6 grid stopper resistors so they
wouldn't load down the phase inverter (especially on the cathode side), and decreased the value of the phase inverter's
cathode resistor to provide a bit more headroom in that circuit. Lowering the master volume slightly also solved this
problem but it was a fine line between lowering it enough to avoid the issue and actually lowering the volume, with
this mod I could simply turn the master volume all the way up and the duty cycle would remain relatively balanced
without losing power. I also ended up replacing the provided 6600CT:8 output transformer with a Hammond 1751M
8000CT:4/8/16 which provides better matching. At least with a resistive load, no idea what the impedance curve of the
Weber speaker looks like so I make no claims as to whether or not it's a better match to the provided speaker.

Another sort of issue I had was at high gain settings with the volumes above 10 or so (on a 1-12 scale) it would still
get too funky for my tastes so I did something possibly controversial - I added solid state components. The funky
sound happens because when the 2nd stage V2A is overdriven the grid conducts on the positive peaks, negatively
charging the coupling caps and driving the stage into starvation, shifting the duty cycle and producing a waveform
that looked similar to tombstones in a graveyard - see the simulation section for preamp distortion in the stock
position. It was a bit better in the load mod position but it still happened at high gain settings. The fix for this was a
string of three 1N914 diodes and a 6.8K resistor in series, placed parallel with the 100K resistor for the load mod
switch setting, with the diode cathodes pointing at the grid. The diodes conduct away the excess negative charge,
eliminating blocking distortion. The resistor value was chosen to produce a waveform similar to the grid conduction
side of the waveform, and the number of diodes was chosen so that there was minimal impact on the clean tone with
the master volume all the way up. With this mod to the load mod I can now crank all the controls to 12 and the
overdrive remains tight and usable with no blocking distortion, even with overdrive and delay pedals before the amp.

Eventually I added a negative feedback position to the mod switch to get cleaner tones, I implemented negative
feedback by connecting the feedback resistor to the negative end of the 25uF bypass cap so it can be switched from
stock to NF by grounding or lifting the connection. The remaining mods were mostly for safety and reliability with
little effect on the tone - better filter and 6V6 bypass caps, bleeder resistors, screen grid resistors, protection diodes for
the rectifier, etc. I'm very pleased with how this amp turned out.



Here's a schematic of my modified 5E3 amplifier...
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This schematic does not show the impedance selector switch. On my amp I used a dual 6-position wafer-type rotary
switch, wired so that both poles were in parallel. The first three positions were wired to the 4, 8 and 16 ohm output

transformer taps with the remaining three positions all wired 8 ohms to avoid an open load.

Here is what the output looks like on the scope, power amp clipping and preamp clipping...
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The diodes only act on the "cold" side of the waveform (the positive side of V2A's output but the bottom of the
speaker output as the power section is inverting). The 6.8K resistor value was chosen to produce a waveform shape
which was similar to the grid-limited "hot" side. I prefer the creamier sound with the diodes but it was pretty good
without the diodes, just more touchy at high gain settings. If the negative feedback mod isn't used then the mod switch
can be wired so that center off position is stock and the two outer positions are for load with and without the diodes.



Here are some pictures of the build...
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Simulating the Modified 5E3 Circuit
The LTspice program was used to simulate the modified 5E3 circuit...

Modified 5E3 Circuit Simulation with Tube Rectifier WTN 10/3/25

This is a simulation of the classic SE3 guitar amp circuit with a few meds... The output transformer model is approximate, based on estimated values.
* AT0 ohm screen grids have been added to the 6VE's for better reliability Measurements made at 117.7V line: supA=359.5, supB=309.5 supC=237 8, 34K=19.43,
* Protection diedes have been added to the rectifier socket to avoid sparking ViaP=159.8, VibP=160.2, VIK=1.2T3, V2aP=161.3, V2aK=1.166, V2bP=185.4, and V2bK=52 3.
* Filter caps increased from 16uF to 22uF for (slightly) better supply filtering The 12AXTSMP model was derived by measuring the actual JJ ECCB3S tube for V2a inmy
* Mermal channel #1 jack is connected to the bright chan #1 jack switch amp and hits these numbers fairly closely but the other sections show nermal variation. This
through a 1000pF so that higher frequencies of channel 1 couple to maodel draws less current than the published JJ curves (Vg -1 150V = 0.9ma verses 1.2ma).
channel 2 when channel 2 isn't used The grid parameters were derived from my measured data and other published data.
* Added a master volume between V2a and V2b with extra coupling cap The 12AX7JDA model uses parameters from the article "Modeling on Mondays: Monlinear
* Added a DPDT center off gain mod switch to provide stock, negative SPICE Models of Vacuum-Tube Triodes (Part 2)" and clesely matches published tube curves.
feedback and preamp load (similar to increasing an unused volume) Advanced grid parameters copied from the 12AXTSMP model.
*V2b cathode resistor decreased from 1.5k to 1k for better headroom The 6VEGT and 5Y3GT models are from Duncan, edited as needed.
*6VE grid resistors increased from 1.5k to 33k and 47k for better clipping
* Added a diodefresistor network to improve overdrive (only in load mode) R24
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The schematic is set up to simulate the input plugged into the normal channel #1 jack. The simulated potentiometers
have a 20% audio taper and have a range of 0 to 10 for all the way down to all the way up. Several components are
just for the simulation, these parts have designations like Rsource, Rextral, Cavg etc. The simulation can be set up for
transient response with signals plotted on a timeline similar to a scope, or AC analysis which plots the frequency
response (but does not take into account distortion). The power supply can be a full power transformer and rectifier
simulation or a fixed voltage supply which provides much faster results when doing stepped analysis.

LTspice simulations rely on models to describe the components, the program includes a huge number of models but
for tubes, so these are supplied in the illegible text on the bottom left, plain text listings of the models are included in
this document along with an encoded zip containing the simulation files. LTspice includes symbols for a triode and a
tetrode, so these are used for the tubes (the 5Y3 model uses the triode symbol), I used the urc2 delay line symbol for
the potentiometers.



Transient response with 150mV input at 420hz, volumes 10%, tone 70%, MV 100%, "load" setting...
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Simulated output power is about 11.9 watts, slightly into clipping once the supply has sagged. The plots track several
signals in the amp from the moment the standby is effectively flipped on (tube warmup is not simulated, the tubes are
assumed to be warm when the simulation starts). The top red trace shows the main supply and ripple with the blue
trace through it showing the average. The light purple trace under it shows the screen supply and the gold trace under
that shows the preamp supply. The light blue and gray traces show the plates of V1a and V1b, the green trace is the
plate of V2a, the dark purple trace is the plate of V2b (eventually driving 6V6 V3) and the dark red trace is the
cathode of V2b (eventually driving 6V6 V4). The light green trace shows the 6V6 cathodes, and the blue trace at the
bottom shows the speaker output. The first pane shows the full 10 second simulation, the second and third panes show
details at the start and near the end of the tone burst, and the final panel shows the speaker output waveform.

The simulation was ran with my 12AX7SMP model which was derived from measurements of the JJ ECC83S
installed as V2 in my amp, the simulated voltages closely match the measured voltages. This particular tube draws
less current than specified for a 12AX7, so the plate voltages are a bit higher than normal.



Transient response with the volumes increased to 30%, rest of the settings the same...
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This shows the output when into fairly heavy clipping, output power is about 13.8 watts. It still retains a bit of
asymmetrical clipping. The downward slope on the clipped peaks is because of the limited low frequency of the
output transformer, and is approximate as the transformer model does not take into account DC imbalance saturation
effects. The specified inductance for the 1751M was way off (seems to be a theme with transformer makers) so
estimated the inductance by using a low level sine wave with a series resistor. With a 122K series resistor and an input
voltage of 2.367V at 422hz, I measured 1.336V across the resistor and 1.455V across the transformer primary.
Capacitance was difficult to measure due to the inductance interfering with the readings but measured about 500pF
from each outer and about 1100pF from the from the center tap to the secondary and frame. To estimate the
inductance I made a mockup simulation of the test setup with two coupled inductors and by trial and error found
values for primary inductance, parallel resistance and parallel capacitance (series resistance was directly measured)
found values that closely replicated my voltage readings and was in the ballpark for capacitance. The figures that
matched the best for each leg were 11.5H, Rpar=153K, Cpar=1050p (Rser is 200 for one leg and 213 for the other),
for a total primary inductance of 11.5*4 = 46H. Another per-leg match with somewhat wider frequency response is
12H, 153K, 800p, or 48H total primary inductance. The 11.5H figures produced plots similar to that observed on the
scope and the frequency response was similar to the specifications so went with that.



Preamp distortion with 150mV/420hz input, volumes 5, tone 7, MV 5...
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With the volumes both increased to 90%...
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This is very similar to what is observed on the oscilloscope, eases into distortion and the clipped waveform is nice and

smooth. As pushed further the bottom side of the waveform (top "cold" side for the V2aP green trace) flattens out

some, but not the harsh one-sided clipping produced without the diode/resistor network in place. The resistor in series
with the diode is 6.98K in the simulation, which was the measured value of the old 6.8K carbon comp resistor I used,
selected so that at most settings the diode side resembled the grid side. The source impedance of the driving signal

determines the shape of both the grid conduction and conduction through the diodes, but for this design for most

control settings the impedance is about 70K-80K, capped by the 100K load resistor and dropping only as the volumes
approach their maximum settings which causes the conduction curve to become flatter.



Same control settings with the mod switch in the "stock" position...

— e N .
| L
R FFW oy vy J) \ {( \\
IR . ———
| oY o
\/
RN /]
[ L_,/“\/“\f—‘ I - .,

7.900s

=

9025

7.904s

The preamp distortion in the load position but without the diode/resistor network connected was similar to this.
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Stepped response with normal volume 7, bright volume 9, tone 7, MV 5, "load" position, with and without diodes...
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The input signal was stepped from 35mV to 600 mV in 8 steps. It still flattens out a bit with the diodes but the
response is much smoother. I'm on the fence a bit as to adding a switch to enable or disable the diodes, as can be seen
in this stepped response plot they do affect the cold side of the waveform before it would naturally clip. With the
master all the way up there is only a very slight effect on the clean. When overdriving the preamp it definitely sounds
better with the diode/resistor network in place, so for now it will stay like it is. At least until I can check out the
negative feedback mod in a live situation, without the negative feedback option the mod switch could be wired to be
100K load, stock and 100K load with diodes. Diodes are temperature sensitive - forward voltage decreases with
increasing temperature - so they have more effect on the clean when they are hot. The simulations were ran at 60C, the
estimated internal temperature inside the amp where the diodes are. On my amp I measured 50C with 29C ambient,
would have to be a really hot day to reach 60C inside the amp.




Simulation Models
These are listings for the SPICE models used in the simulation.

1N4007SM - a simple diode model as older versions of LTspice do not include a 1N4007.

.MODEL 1N4007SM D (IS=2.55N RS=42M N=1.75 BV=1000 IBV=106U
+ CJ0=42.4P VJ=.75 M=.333 TT=5.04U)
* 600 Volt 1 Amp 3.5 us Si Diode 04-01-2004

(the comment at the end is wrong, manually edited a 600V 1A rectifier model for BV=1000)

AUD20 - a 20% audio taper potentiometer model I hacked together from bits of other potentiometers. Use the "urc2"
symbol then rotate twice to get the normal left to right flow with going up increasing the setting. To use right-click the
placed urc2 symbol and change the prefix field to X, InstName to component designation (P4 etc), SpiceModel to
aud20, Value to r=250K or whatever value is needed, and p=5 or whatever position 0 to 10 is desired. Make these
visible on the schematic to show the values and allow direct editing.

.subckt aud20 1 2 3 ; modified for 20% audio taper, p=0-10 (fixed)
.params r p x=(25**1imit(.000001,p/10,.999999)/25)-((1/25)*(1-(p/10)))
Ra 1 3 {x*r}

Rb 3 2 {(1-x)*r}

.ends

12AX7SMP = This is a 12AX7 model I made using the Model Paint program, adjusted to line up with the
measurements I took from section A of the actual JJ ECC83S tube installed as V2 in my amp. This tube is likely aged
as the plate current for a typical grid voltage is about 25% less than typical 12AX?7 specifications, however this model
closely matches the actual voltage readings from my amp. When it was new it was closer to normal specs, thought I
had mis-measured but after reexamining the old voltage measurements it appears that it really did age.

**** TEST ** Advanced Grid Current ****

Created on 09/20/2025 13:04 using paint_kit.jar 3.1
www.dmitrynizh.com/tubeparams_image.htm

Parameters chosen to model the actual V2A JJ ECC83S in my amp
which may or may not be bad (less current than published curves)
This version has improved grid parms and slightly tweaked main parms
.SUBCKT 12AX7SMP 1 2 3 ; Plate Grid Cathode

+ PARAMS: CCG=3P CGP=1.4P CCP=1.9P

+ MU=106.83 KG1=1458.78 KP=632.37 KVB=513.3 VCT=0.3511 EX=1.523
+ VGOFF=-0.5786 IGA=1.563E-7 IGB=0.5073 IGC=76.03 IGEX=2.828

E1l 7 O VALUE={V(1,3)/KP*LOG(1+EXP(KP*(1/MU+(VCT+V(2,3))/

+ SQRT(KVB+V(1,3)*V(1,3)))))}

RE1 7 @ 1G ; TO AVOID FLOATING NODES

G1 1 3 VALUE={(PWR(V(7),EX)+PWRS(V(7),EX))/KG1}

RCP 1 3 1G ; TO AVOID FLOATING NODES

C1 2 3 {CCG} ; CATHODE-GRID

C2 2 1 {CGP} ; GRID=PLATE

C3 1 3 {CCP} ; CATHODE-PLATE

RE2 2 0 1G

EGC 8 O VALUE={V(2,3)-VGOFF} ; POSITIVE GRID THRESHOLD

GG 2 3 VALUE={(IGA+IGB/(IGC+V(1,3)))*(MU/KG1)*

+ (PWR(V(8), IGEX)+PWRS(V(8), IGEX))}

.ENDS

E



12AX7JDA - This is another 12AX7 model I made with Model Paint, but using parameters from an ElectronicDesign
article by "Jack" Dyer, title is in the comments. I reused the grid parameters from the 12AX7SMP models as they
seemed to work well. This model lines up closely with published 12AX?7 specs.

*¥*** TEST ** Advanced Grid Current ****

* Created on 09/20/2025 13:38 using paint_kit.jar 3.1

* www.dmitrynizh.com/tubeparams_image.htm

* Parameters taken from "Modeling on Mondays: Nonlinear
* SPICE Models of Vacuum-Tube Triodes (Part 3)"

* This version has improved grid parms

*

.SUBCKT 12AX7JDA 1 2 3 ; Plate Grid Cathode

+ PARAMS: CCG=3P CGP=1.4P CCP=1.9P

+ MU=102 KG1=1770 KP=766 KVB=78.75 VCT=0.588 EX=1.399

+ VGOFF=-0.5786 IGA=1.563E-7 IGB=0.5073 IGC=76.03 IGEX=2.828
E1l 7 © VALUE={V(1,3)/KP*LOG(1+EXP(KP*(1/MU+(VCT+V(2,3))/
+ SQRT(KVB+V(1,3)*V(1,3)))))}

RE1 7 @ 1G ; TO AVOID FLOATING NODES

G1 1 3 VALUE={(PWR(V(7),EX)+PWRS(V(7),EX))/KG1}

RCP 1 3 1G ; TO AVOID FLOATING NODES

Cc1 2 3 {CCG} ; CATHODE-GRID

C2 2 1 {CGP} ; GRID=PLATE

C3 1 3 {CCP} ; CATHODE-PLATE

RE2 2 0 1G

EGC 8 O VALUE={V(2,3)-VGOFF} ; POSITIVE GRID THRESHOLD
GG 2 3 VALUE={(IGA+IGB/(IGC+V(1,3)))*(MU/KG1)*

+ (PWR(V(8), IGEX)+PWRS(V(8), IGEX))}

.ENDS

6V6GT - This model is from Duncan Amps, seems to work fairly well although as noted in the comments the grid
current is approximated. But it seems pretty close. Screen grid current at idle was a bit lower than what I was seeing
with 6V6EH tubes so for the simulation added a bit of extra resistance to ground to compensate.

Simulator: PSpice

Device type: Power beam tetrode

Device model: 6V6GT

Author: Duncan Munro

Date: 4/5/97

Copyright: (C)1997-2000 Duncan Amplification

V2 [12/16/97]: Screen current limited to prevent screen current
draw at Vs = 0.

The following parameters are not modelled:
(1) Heater
(2) Grid current is an approximation

Please note that this model is provided "as is" and

no warranty is provided in respect of its suitability

for any application.

This model is provided for educational and non-profit use.

Email queries to postmaster@duncanamps.com

[6/19/25] WTN - replaced spurious {} with ()

.SUBCKT 6V6GT A S G K

* Calculate contribution to cathode current

Eat at  © VALUE={0.636*ATAN(V(A,K)/10)}

Eme me O VALUE={PWR(LIMIT(V(A,K),0,2000),1.5)/1300}

Egs gs O  VALUES{LIMIT(V(A,K)/600+V(S,K)/14+V(G,K)*0.65,0,1E6)}

Egs2 gs2 O VALUE={PWRS(V(gs),1.5)*1.45E-3}

Ecath cc O  VALUE={LIMIT(V(gs2)*V(at),0,V(me))}

* Calculate anode current

Ga A K  VALUE={V(cc)}

* Calculate screen current

Escrn sc 0  VALUE={0.7*V(gs2)*(1.1-V(at))}

R T T T T R R I

Gs S K VALUE={V(sCc)*LIMIT(V(S,K),0,10)/10}
* Grid current
Gy G K VALUE={PWR(LIMIT(V(G,K)+1,0,1E6),1.5)*(1.25-V(at))*650E-6}

* Capacitances

Cgl G K 7.5p
Cak A K 9p
Cgla G A 0.7p
.ENDS



5Y3GT - This is another model from Duncan Amps, it was slightly modified to use a triode symbol.

Filename: 5y3gt.inc 17/5/97
Simulator: PSpice
Device type: Valve rectifier
Device model: 5Y3GT
Author: Duncan Munro
Date: 25/4/97
Copyright: (C)1997-2000 Duncan Amplification
The following parameters are not modelled:
(1) Heater

(2) Reverse voltage breakdown
(3) Saturation
(4) Interelectrode capacitance
Please note that this model is provided "as is" and
no warranty is provided in respect of its suitability
for any application.
This model is provided for educational and non-profit use.
Email queries to postmaster@duncanamps.com
.SUBCKT 5Y3GT A G K ;modified to use triode symbol
GP A K VALUE={2.69E-4*(PWR(V(A,K),1.5)+PWRS(V(A,K),1.5))/2}
.ENDS 5Y3GT

o T T T I R

Finally, this subcircuit model is a simple 2-pole 4th order lowpass filter set to attenuate frequencies over 7Khz to
roughly simulate a speaker so that when doing wavefile simulation it doesn't sound like mosquitoes in heat. It is
designed to use the urc symbol rotated twice, set Prefix to X, InstName as needed, SpiceModel to RECFILT, and
Value (for this simulation) to Rattn=800 and make visible. Rattn sets the initial attenuation resistor value operating
into a 100 ohm input load and 100 ohm output load. Select so that the output voltage remains under 1V to avoid
digital clipping.. For Rattn=800 the maximum input voltage is (800+50)/50 = 17 volts.

7khz recording filter

params: Rattn - series resistance
typ 500 to 1200, less = more output
use something like URC symbol
.subckt RECFILT O in out

R1 in 1 {Rattn}

R2 1 0 100

L1 12 1.74m

Cl 2 0 0.042u

L2 2 out 4.2m

C2 out 0 0.17u

R3 out 0 100

.ends

* Ok ¥ F

If I wanted to get fancy with it I could add a frequency parameter then scale the L. and C values in proportion to
frequency/7000 to make an adjustable filter, but 7Khz sounds about right to my ear. This model was made to reduce
the clutter on the schematic, previously was just using drawn resistors inductors and capacitors. Similar techniques
can be used to encapsulate other circuits needed for simulation. One such subcircuit I'd like to make is to combine the
filter with a more accurate model of a speaker, in the present simulation the speaker is simply an 8 ohm resistor.



LTspice Simulation Files

The following is a base64-encoded version of a zip file containing the 5E3mod_X12.asc and 5E3mod_X12.plt files, to
recover copy the following block of data to a temp.txt file then use a base64 utility, typically using a command like
base64 -d < temp.txt > temp.zip then unzip the temp.zip file to recover the simulation files.

UESDBBQAAAATIAJIxzQ1v/zI2WwxwAAKt FAAAOABWANUUZbWIOkX1gxMi5hc2NVVAKAA/gj4Gj8I+BodXgLAAEE6AMAAATOAWAASDX tU+NGk9/zKya5uopNFgqHRU5Ki6 ThgywaBUOB1
8tTDUO8IWWSKtuST5GX3Uvnv193zotFIJske347awLhnprun33skZ57XTVGVLHD4Vzc/np70GGe+GOeMu2kYffXL2+tT5vsR2w8B50ViIMCXAqt5CU4CAY57YM5DT8L1AgN3Ir le
r5ATgZvICbVETKR6R5AkVYNE LIRNRfOecSto8jtwhcYBZNATVQTB+CC8ZMCs04ISiNZiI00hGYKLIKknuwWUIUSAdwXKo9c4DsADDxOAxop/ JGaUEvVMowWJO1o3IRAAZEIVBbg/SBie
GweGKAIu9Qn7DDV3YCBRIKGCBCeAqAPzMBIfYYSC6YZIUZQRjWhZTPRRiRPZqDU7MBBsgXxD6/AtNIVYO9IRHAUSMXFANOKZoQohOT/heoibkEmWrngQtrNaYCBUqtcRQvwICOUHg
e1L9gBENhOEEO/Tw150XYFQigWG/AUbzEeDIXC14Rr jFPWOGChjORXUCAHLUGWCBECAWahKgWN4XZerKDTyhE2n8qR/ JCbXEMDcO/r5dye0AGOeEEwWq LKWHPtURJIBopgZamG8aB0o
XxcDXVkgyA7j lvsL2aEKM/GgwofYqU4hBMh5ELDHGTMBMOAVCSEZg006rRYL2UTow6PQnF20Y6Q+BSpE2mHVGag+NVq/WYFIBgpVSTGOLLGHVILFGr6TQsQ1aMHGTASFQDBJITPQhW
ejJt1wuU5+n15gSGCRiZ8YMMVCQxVSom+goiw6IIMVL5TXgWTYjRyITaK+WJvo6/0EZ/GEg]jk59YQCwOMAVeBKSIbIHDHpIIc55ercGpJ8EPN1dz11XwtA8PI8miWqGUEYrelRI1
aZKvmwwkLaSAE@0eJImOUgU2D LEYTSN3KFfBMNNF3BZHcaIKSFoxMk6MJtcRMVDRBIY0SaK50ZEx4gZrwTIshCwVCcpB2voju4tKemVuBd5tNe LiOKup5buxKsBjEZhIFsBikpsuk
1g3uGWYCOL45KCiFs9SsatTStJeal5WZ017+TaPOkQbwIDGWQzZ1+1htOKCTCEfsGp50f3bVejFvGkaivFyfOYAj9aSX]j/XypJeNESWMk14uT lwObx4IyyF5MroaSCwBugKo9Cah
1PISNSt1SEULQJIBHHTCVSOWkKbogsUSECQEMTKQvbpaHXJbcXdUgoXKLUTOopTrNYXAAIBUMCKhCcAVBYJ40tYRghmZYSW]rapNudz+0fJEkjCTLAGQs15dZGwiMw5CcEB1DZ1Sdz3
+jIgPfme+0t22pLK40axR4Gy+RAMOWFdx4LYy5DIFWhMAKPGODKkReIO7Yh9BaI95FKqJ2xuvGngbrtahrBOJfLQIFFDU6OIFhQFiphAFrEtaZzMUIMhTGRQFUKtDtXwDUdESR1FgRD
jzJIDN1GLDFLK/X0A+UaQ4N9Qfmrpk4d+pIGpmZEJYz8ZaDAR1IfwRe31JyQ7qX3qHr2eXhUsEHx1mkWgqTUFi0Jzodgltaz44QLYYwidXkdw@88RiH876/A60I14dkG2FVNWO6T le
OhcURakg60tdJEur@qD8DVDPRKACOUhEZGX/05UtBQ7frFFAkVhpyZV8ekKoJjUFiJScgdS1VB/cyKAPW1St6SAKmaEkm/qpBWQVJIZaqtNAz9hOTQBYsuS2UxOWb/TXNaMx LXTc
XEt6IDAN9GOUGOFpoMFoIaLENGWAeqNQFpFmOsFg4Ka/sclvIvglanqwRt1ZdDcAsQEL1qlkgL/qT2AQ]j+9Qt+eLmRpOjFFcOVLCYzYy83ukjQf4pvUTmWg/CBHWXmNK71jCSi6le
MDpG7E9d116NSESDLbCpRB+LNCUGOppgyujA00zi0Q1IMA72aFqG391cTkiDR2Ay+CSWPOCTCVQ7Cc3SXECNTCY7ADi20mEOyqf TCKAJOOEESXFMFKApNWhmC5zUTiJTbY59J5FHGS
ZFRQAgy/DDC4mwAHporReAQYztX1wmg8BEbj6cAoffIbGNBTSHT 11pdgB8ZEHrmGgMTNHQ46MKYMsOWIgW6k/S5JEgFGkhOYrxgEODFX04QoTNBAgw 1 IMSBNJIDU46ZFMFMMkRzJJ
9LxSGtYaGFiwAI49U5cCLOaVVIFNAVSQOAXWIFfLeUMNBA49EZzZeGIAEOTSSR4kTOG4cncP+UxC4Gg]j7fhNKPbNXOCrpoAi+Me84twGLewI1lshi4JuS5E3Rgi+M350ZmOPTKjasLE
J5135CcVWeVHFVP 1R33]jY3w09KzqteRH1SoUHZUKk1GTdGyuAShfqs8oTmLFRw+r96r JWAXRPrTdwC4G6xWi2myMDQqYK9 loyr23gAHUUXYyMZizrMrKR116zjndxKkr+HmnlrVXfLN
VTsNk+0dgN4JkL5guwp+1IvOXQ0sOpPSV1lchgP9MnVndFVbb1sA1lmo50rNSi+8E7BVJIXr3P/zAQhUBGZWSZ6usYjY776rKxefVZxpBOkNkeNQvgmKX/padnHe8m/LCPVH1UC6g0q
kmrOHztDoxODXN6ZzCSJoULVUOABFXV6ACHC35ggFNYBUCAVKVWS5ZXRVZziX61qJUZik90zRTPKDMX3t6nS8QePOPi9c/n70P1larN7nNR6ADJa/Tpy50f f8GIWEgIATVPP7TMUXN+
yrDDJKBeDekuhg5NLQXSR7PZNZtnq23usaNjxjXsbdmO19k6B1H217Gbt5enE6zZ3DULGPMQiVY2cqeK3zpv5D1CYVBKURrox911cf9g8grAFIKyrycGXFw31bZe5BYr3HOOSVKz
BfSGu+0z8Iv83tzJqbFgl6nBLIWMtP+6attqbfLgezQxqzajjFpiBUt7tClhtHgJUV6TKkIpPEML/miUELOhDUFLa1QFCDkjmyLa0jFfyZBMVFLpw/Noj1DgBpWccdEgv//GAYS1+E
VrSbi1ilLbkBnvSzsebD4e2JXruhul/aJoFre3bV1iUy1z0KRieOn9AoYcYeyx LUARPVFE3BR86+]jW+ubga89S7naQT1yKMtuGPUfbRaL6AdMZqiG6vIQ600MNSYUO815S4L9rHCYHb
HHnh1gSLeZKeDo8SToba6tkVhtbdu9NndiPf4qGhz3s2QMY9Gyd2ePax7dmuw7dDWskgYnORMdulTWLCKCDOY0o4kYhdGNMHSA1NT40M7C1IIjDsSzeZwIMIc2b5UH/K1iDEEVKrz
D8UN9(qsG3GYyKRX4BBr512Xbz2ZDFMkUKm2nIjmNMhzEUUN+LadseX4DpQD6k6EMVt e LoXNK7UvrmMB5h2rauv8HEOfuTvrdilUdF5qi720E8NMK]j3rOruBzbod 11XDeILduuQuU48
W4UyaAwTFH/PRDL1/tRe8VGTXHPXXUCEPfenBxPDGUKLPNKOkFaUiynKRbtqnZGk10ONUPLNEMVIFWLW]IujI88bCREKeUQ7MGqpSux7BR28pSwZFLda68TNhZUQeV3Z4qw+9UA]k
77koS16IbkdyuuaDfGkUST1r1Y/8d5rr3V8wV/FkORpHcc1tJ+ePg807q2VhZGFkbvavc41vH3h91LM/2Z0Pi+AvMsCBY9q5UpBLX4ia7VwWmNZKNR/16sks2dkzzvH4NIVbVNrFB
aDD2SXPL25psTLyOxseD63zQPMyjs91zmNIdiGxj6SESLY83ru8vang4XcX5/u0Q21DdX0bMDMOBPCS2M2d4tm1C4012ZkiXjuOmejyIJ1YWkO/hDCvOL2tbbcMOYNdIjY76ELTS
sxnNUhM91iYbArxROPgpuRcmg7vUshQgNRKAVQfwwbX3wrdVA/GbRs+zZokWDIOfD+rSeYKGSRPYyYZumh/RjLDo/UtDh+BDM19qR7 swwVOZ+BFucThtEBZmS1LD594DWXJIXSyt5zuv
CcC4HtQMUUR0OO+7zJkWo/FZ8XJd7/5JC3geT1JoNyNTfQf2TGN3LCrKA2G8VK2zzDMDPMF1jp5j t1BQvOb7LruX2A3iVU11r+mAQkH4YDjEOXh9y3Z+bBvdIPoLzPsOrEwP21sqefq
6t5wIA7/DX1DaQ5qs87WVIW2tNhL+k5Ljy/7tLA4TAeUApP/F/BmXtQsQKzyIt2xeqFW305FZEAgNY/OhCwIDhnS2YTCC6DC4fONO07iFc3can50M6r1jC5+BkRCS60GIGCOeDVrw
n2HM1njqOsEulmLvL3BGlaXlEQmgHeUsSnZzZhdcz3I27ivmFbx4vm5rM8ZKfCS+QGLZHIyyYdMzvIvvX9iP9ATWOeQ1POR By +v+5fv1F+Eu+qSVZ4920ZONt6NOEBOr1r3Y3py
1UX07sQpvaf8TEydhod2e/APf1B5GuTpQq5PPooh1SRj50113uhz8q+fI78UdOmtDgx7PbohWNrgghnclYufu2E+GeS8y8BloZsboU1lW3z+rzyEMD6hiewzFzHNKB7nLIkt2gu9Z
v1QxkX9q62xQvvCwX7/gk1t8KvCcSFPHB4060W5TY8qsPo3XkcD8KTKVKjkfDIGK17+JI8hHZBfYeAbGvwI6eXczE5wh+eePbxpfVR+eD7Ic+Ud3ZYtm+86S13f1f7YodOP30CcGESU
v6Dx20nNtx8y4YvkeMc/yi+hsKO+6VouHcL 1la®@zWY9S/H5Jt6QZeOuM2ki+X9woafOV+WNCErESTISqwu/406vQowof4rpzv9dL7ZKNNiIP9CTXMyMJIVLVLRBHT36wt uAHKbNUXr 4
4uhueo0yxqRHV70B06QWx0oh3hFOIXpE84xV2yRY5aWKJIk153GySeXiloPGLSFY7D4w2u4szj6StSoIfVAKNdYqgZoH1vR47rrG3LQ3yTR8GTu8u8Pj1+8/289tXs9NcZvgqAh3/QR
Nse+fgfVC/yDEs9OnXCxCdvCCXtg/+9pptneLx1bcikI3BcIgP7B1tSw+FPmSfahq5rn/idNFxdpsk9ev20bQxaZwAmz ly+1t6UAX LKObVrMN+3Q48cKOVVWXLtqJI4+IPf7U5404r
JBWFBYEXTvCNE45/9yZ8f4Kz0ynguc7wi7Xs90979R/w6Q6vhtnvsOTT LCBOX1i4bcQx68bE7gANBOSR3EdC1PXcrFokv LAAHY L3AfrhQ5wpPfXZc1IttObKbYr1dzS1i+w/epaB/Y
bHUHgWTR4tKasVOm14D4wAeGBV6SFKFUUWOR+2FW1bmYEt+IiDO99bgmomVereQCrDS76cugXmerbjqrRI1xq/iJrWuCh2+6KtkOpb@9XX9XFM/q5Iv04LffYSF4RRqyFopfmrgon
QHWXZ2smLWGNVWU®J1XGN304cbRtHZRW+DnZ1gsQ8swW2rCvamLV5N8tYcBAepDHOHFebz3RsOTO5NVIOj fcOVIVEC7TerEC+C5I7bpp77J3/cAIMAIP/6nt0s6jwv2WIb13nZMrIn
OFtbsU2dfORQO1UBKBhb1tkTy@DCDTUELI/A2UMOVrxaVU9Fec/IUnMQac0yomdl1YqTr/L19wLFhE/ZjzmcrZafvsSk7q4ulZgWAr SXLNpu6+1SsNFOXUTAZhBFE/gA8tA+wkpDj
F1j9sVjCCb7JGvj8DeBY4rayYk9zDdbbfu4tKOgMkRUuwQlZOYEXbSAZSNbsrVkX7GTeizZz2b1Z2RkJcUozztKFpfny61YCBYH5IF2uQ8LPoAPbJucdp+us2LF/nublwVEaJR21bRr
MsL/WpLmsvWmcRbVG1f/MzrgKbjFv8hHI0H]j zSpbALVMs4Vifouw3/8QPjwWzMtiw/zI/tyVzbt6/Pn43E9bK]jtgNO2PvyPay1QL9IWelLqoS0425LjgongaM/YBbQBNMKSoIf+u3C
f/0j8/enh7+7TuRHe0ezo8vITHLO6tOUWXNENIMI1/BDv431V79cT87 fXrydydWv3Fdo59NX3Alhg++6uPe+wh3029hr7juAtui7+eSGCAYWOOPRHJATAkZ+GkOFGO/QeDYLN4D1
VhFE97gThKf7Pm7AQz02WIzTBUTTvfkka5Hr+WSdT5GKKcSs7InsLCOHPsJf7zp8881iYe+03fMUACUDSC3teE8YMUEO3yduENCcZSQwUa5NgFtMOdYAbIXBQECiJGDBAFZDCESIZ
C4mpMxTzd1zKWMgPGPFCyc leFLgn+5E83CZbgBOWi7y5LY/veQ937IQbgGaPPQm1G1qZqZU4AWCGqHNGeXJjIGUJK9ADEeXCOFg5RVBSYjPCVLObYD+KXjMBBL7UupiZ+4huKLaRrs
yTQjLIM12NdgE/tPgUTiivffFZweXP50ciQ3URPQVRQVE+V77E2xyiHi6DWTFvbvWecowYharPPNX@+BUGNIZPEOT JHbx/If3Rx8SF7zwoPg/5IAXy JRXUNGrCELqa7or s6zx2X1
VMo1/pTdz0221kQBFkyhHAUs+QrEQo8GF52d/z/NbCImwipPkVWB859hUPhB19fABVDH5M1Y8319V60gal1RNHin45XnRONpTrA3wcA10wxGquIk5NCAKK7 /kJFFXoF1Lhp28UVw
MOHJOUhPZSNBrijhTaPacLfamlMYEPRUXfbaDO9X5T/cCF1fOw504JzTo57qYQ2x89yjBynygy8eUqiP/AA6 lmzVVOwh+wgWSMOXyCHA+1fs+LZEFdPzZFWA67FpW+/jFnzDgOpulL
ne90z/UNGTthk7c3h54Thpfs+uYw8C7Y5SF34pCInh9S1/CWBuU9vy+/Y8U8/wwonuGLznw5xzcWh40PbPZsdho4bvJ+S8+BNIpTmMUEBWIGTGFCCEhULWKtgJyZW5wh7LOFEDg8ug
k5G+wBMyx0+C+J3gv34HQ4jqITuPVAdH3+M2tXke4IMB1B4ILzyES5KMMOONOrmGo1lIP/Hx0jF4irFeluy9+2TQtx57bEj3d5i11HtoBEMi0+v70tMFf6ASML1IF6JvkmjpadRBZwOO
EU1IG91XyaV4sNhom94gZQhYGKmaLXj785TEQ1LDKgFLdo9n3wcHYQGPbsur/RmPQ35xWO5Eda7MWXx LRm+DTmMODPMogSdbJue/E4G7HODAAB+3EKCJix9WWEIogAevW4SO9whIn
OLDYCXyEpaASBUUdgAPM446VYDG4K+71vA5fD0ajErQrvk6s+8BqyWegk L48ELtXVQMMA9NWiOcouxvIUy@7EMCPXb4BGPgKGzZQgEOWOUb3GZj12XmVLbs9FC1fS5ra/feucomg
hnpfG611ahghBwWdsjQylowpbyGqLVdYOxYKa7nuM9aB28BapXdEgZOxD/oTRvaED7uHLA218qo68h7quoYAALgmfs+VSXEBKAGXQtwOzLBeSWWFk IKsacteCWKKboJ2IdGXAGhBt
31I8+1gV2NFk9SM5CFU1SATSIBY5BP4gPUIeqqs1lyG/7Bjd5HvxFhibNCguBleep4k1YOvtASCRGeQ2weM]jKEKLcT3D2WwaqgBX1CF1MCUx2Ld+JCAZTqdQ1ZBrRFDJIbULfYe5Umv
rb+Bg4ik/QDbgPqHO0CcCcWC4WMKOHSY0ocCGO3KOhFFaFRCIBIPWAVrz8WTfkt JVXK8UckvIyJPIoetV2jXNsnFO3cy8i+5t6dUDIFHEEJaxwQoInk50pkx0S1Amsf2HOGPQJIYhDye
6POP6bMGLT8VK/N7MDTMECDYhzxf3qEOKOQGLAImho+nQQXFuliBOQECqSEKDVLb lngQyfZU3ELC6UYRgPQCCNVsmfd17ISPiIs/mib3kGfLuhJ9MdgjGaxGMbQTicP3Bb9B3EO2
WBWbjbQNIR6Y3APNVALCrmpCUgxRLImD/+p 1DfIgk60EEWPXxkQCwZpoaSdq4X5pQVbfPIMEfQCYH9d5ieUZVpGD1FNXQQDhudXx+nn3bTLumBa+7dNOPP2x2ejNje8]jORywf L6If
05ZXJ71E6uUMa69Y 1LA3900wPPhX9eCPnhez8BOXL1b16G2/34sWuc3UJzvcNz29PTKLNdFW38ui/95wFLtoN3e5eL28d/FGoP5Q0sau0rK5zZ7BFskqX9Dt6aIHyhfVOXyfou5tuZE
kSj8vr+iNe8akXARIZniwWGIcYw]jq4TkIVVbgOxqRUXKNC13Kv99v30amzupvVR15218EWj6dmi+/s7XzYkP2QVevg2uJTHz6Gkw8HzB9/ELESXZz/T5tsyYYbiV4NAKan8zmSc 1K
n/MIgUuiwPJpLOQIQO0I1LWX03yTXBb+WCnfBuyBS9PLWUycJuhNeqPphfC8vmuCYnr9APWHFMfz60A8EHTX6AYCYBDDVUSixtXEMACN6IphONG1HWICkReCr11lwH/07ZDPPzz1f
1B9fXrptpNhOVwz6PaRZXdNv2zj5SDk028Shh+JUjY6QHbwFfPJ/Mo+vC1to1XCgK2bzbBicXo/7Db313wUNNDTOSOFNG4FOtaKGgTuaZz9Sh6S+TSIE+t2S2U/ THv1cOd5IXrcol
/yDCsehF48EncXk970WDL33xBcxzCh6vs56dNyAn73ZT8e9K517POKy+zgV7AWehgv+uZE8+6a94 1K+4z+uFVOho9ye4F6kgeijmKx4wpdJVN7juhT61mVJjxz0v5yySJz71527B
gH1POHULkn3a/KApbzCeDsJBSHMFIrya+NOr8fUn9LVPrSv6jbHQwhA4w4HXKgx52hjdUK+bp2Tu3DZOU6FhUVQNOG++Hsk IXKHfG3mOzvsjz3z5mCWsPUqv labveL7bk+BvOMTn
28L3PMecE1CnB+JEXNdyhckujQ8CKE9/xIiBPjOaytZJ 1pVKOI44wNN+t 151y4RVr+cka/5bU0JI5p2AnAjM2cBIZBU263w20pqPg/UCrqzqmxK20BaRyCLG6pqGaNgOXBYpv5uhl
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