
1/02/2020 RTV&H 35W P.A. AMPLIFIER Page 1 of 9 

dalmura.com.au 

1.  Summary 
RTV&H  35W P.A. amplifier.   
Ebay  Nov 2014    
 
Multi-input channel 35W PA amplifier based on RTV&H 1958 articles and Dec 1961 re-run.  3 
MIC and one PU input channels with 3x EF86 MIC gain stages, and an EF86 triode mode mixer 
stage.  Then 12AX7 with 1k common cathode biased 10k long-tail PI stage with 100k anode and 
1M5 grid leak resistors, and 22nF caps.  EL34 cathode biased PP output stage, with 10k grid-
stoppers but no screen stoppers.   
 
Same Ferguson PT and OT as in 1958 RTV&H 35W PA article prototype.  Most likely made from 
a ‘kit of parts’ including transformers, valves, valve bases, pots, jacks, tag strips, resistors, 
capacitors.  Date codes on PT, valves, resistors indicate amp made no earlier than 1966.   
 
Output Transformer Ferguson OPM12: 55W; 3,500Ω PP; Medium fidelity series (40-12k ±2dB) 
 50, 62, 83,125, 250, 500Ω secondaries 
Power Transformer Ferguson PF1335.  12 64 

305-0-305V @ 180mA (YEL,BLU ,YEL); 6V3 CT 4A (GRN,BRN,GRN); 
6V3 4A; 5V 3A (YEL,YEL); ES BLU; 0-230-240V (BLK,GRN,RED); ES 
GRY. 

POTs . 
Resistors IRC 5W  62 49; 63 17 
 IRC 10W  65 5 
Capacitors Mustards 055H, 125H, 085H 
Valves EL34 x2: Xf2  B4J3 (Blackburn Mullard, likely 1964, October) 
 EF86 x4: 1x  8YI  B4I2  ; 3x 8YI B4K5  (likely 1964) marked Miniwatt 
 12AX7 x1: I? 4E 

5AR4 x1:  
 
Fair visual condition; dusty; no modifications.  Chassis is not commercial – no underside panel, and 
no top cover.  General signal wiring is pretty good amateur or service technician.  Chassis 
grounding.  Poor AC mains cable clamping with disintegrated grommet and poor earth lead length 
and termination.  No protection for AC or HV DC wiring through drilled chassis holes which are 
too small – brittle insulation.  Two broken tag boards.  Old electrolytics.  Some corrosion on tag 
strip lugs.  30A mains fuse fitted.  Rectifier 5V heater used for front panel bulb – with one end 
grounded (!?) .  One bad EF86.  All valves quite microphonic. 
 
The PI common cathode bias is 1k, whereas the RTV&H articles use 2k2.  The EF86 mixer anode 
has no 220pF shunt load, and the tone load is a 39nF + 3M pot.  The mixer has no feedback circuit.  
All input volume pot wipers mix to the EF86 grid, with no other grid-leak.  The PU input pot is 1M.  
MIC3 stage has a 47nF screen bypass, otherwise all MIC input circuits are the same, and powered 
from same node.  4n7 instead of 47nF PI coupling caps.  No control unit interface.  RTV&H uses 
GZ34. 
 
As found condition.  
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2. Modifications 
Low input 1st stage: EF86 pentode with Morph and Gain pots.  2nd stage: EF86 pentode with single 
tone pot (Merlin’s active treble boost on one side, and output RC treble cut on other side).   
High input 3rd stage: EF86 triode.  4th stage: EF86 triode mixer of low and high inputs, and pre-PI 
master vol pot. 12AX7 long-tail PI with Martin Manning’s presonance tail circuit (treble feedback 
boost/cut).  Feedback from unloaded winding.  Output stage: EL34 mixed fixed and cathode biased 
PP, but suitable for 6L6GC, KT77, KT88, 6550A (heaters are fine; additional fixed bias to alleviate 
the common cathode bias power dissipation and loss of anode-cathode swing).  
 

• Megger tested Txs – both ok.   
• Added AC mains socket/fuse/switch combo. 
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• Punched larger chassis lead holes for PT and OT wiring, and protected edges.  Added 
heatshrink to all PT leads. 

• Added PT primary MOV. 
• PT secondary fuse.  UF4007 protection diodes on 5AR4. 
• Added CL input filter to power supply: 20uF and 1.6H choke. 
• Two floating switched ¼” jack inputs. 
• Added Speakon speaker socket. 
• Add OT primary half-winding MOVs (2x 330VDC). 
• Output valve heater is half-wave rectified and then switchmode boosted using XL6009 

XTW-SY-8 module.  Positive output of module is grounded.  Negative output of module is 
fixed bias supply.  The heater winding has one end connected to the fixed bias supply, so 
may be negative by up to about 40V.  The cathodes will be positive above 0V by the 
common cathode bias level. 

• PI coupling caps replaced with 5nF 630V (higher than 400V needed) to lower bass response 
from about 50-80Hz, and alleviate blocking distortion. 

• Common cathode bias constrained by 21V Zener and 150Ω, as well as 1N5359 (24V 5W) 
Zener and 68Ω. 

• Electrolytics replaced. 
• Circuit changes, including grid stoppers, and pot wiper loads. 
• Metal screening between OT and preamp stages. 
• 8-pin monitor socket for 8-meter servicing. 
• PI stage 1nF shunt low pass filter added to drop HF gain and tame a 17-22kHz peak from 

Presonance feedback.  Minor load added to feedback winding. 
 
To do: 

• Unused: Two input sockets, and switch and indicator on front panel. 
• Matched 6L6GC’s 
• Measure total screen current (use VS2 1k dropper) when cranked.  Estimate screen loss, 

where screen-cathode voltage ~ 300-28 = 250V; total screen current ~ 10mA; screen loss 
50% x 250 x 0.01 = 1.2W.  

• Road-test.  Drop Lo-in gain (increase 220k).  Drop V1-V3 coupling cap from 68nF to 4N7. 
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3. Measurements 
Voltage rail regulation.  240Vac mains 
Rail Idle: 240Vac 0.44A mains Cranked 
VS1 367V  180mVrms 325 
VS2 350  
VS3 311  
VS4 270  
VS5 255  
Heater 6.6  
Sec HT 305-0-305  
Dc/dc bias supply - 7.4Vin; -15.6Vout  
VS6,7 - 5.5V  
V6/7 cathode +18.8V  
Sec Bias -5.5V + (+19V) = 24.5V 

57mA, 57mA 
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Power transformer resistances: primary 240-0V = 8 Ω ; secondary = 38+40 Ω 
 
12VAC 50Hz nominal applied to output transformer white-black 
OPM12 Winding Voltage rms Turns ratio; Z for 3.5K pri PP; Spec; Turns Ratio 
Pri P-CT-P: BLK-RED-BLK  ; Ω 
Sec: BLU to BLK  ;  Ω;    500Ω;  1000 
Sec: GRN to BLK  ;  Ω;    250Ω;  707 
Sec: YEL to BLK  ;  Ω;    125Ω;  500 
Sec: OR to BLK  ;  Ω;    83Ω;  408 
Sec: RD to BLK  ;  Ω;    62Ω;  352 
Sec: BRN to BLK  ;  Ω;    50Ω;  316 
Output transformer primary DC resistance: 53+59Ω. 
The winding section between 83Ω and 125Ω is effective 4.2Ω, with 9% of secondary turns. 
The winding section between 50Ω and 125Ω is effective 17Ω, with 18% of secondary turns. 
As a 4.6kΩ PP OT (eg. for 6L6GC): 
The winding section between 125Ω and 250Ω is effective 16Ω, with 21% of secondary turns. 
 
Cathode current reaches 115 / 107mA at 19V (23W) and 9% THD with VS1 sagging to 336V and 
Vcath at 25.4V, and scope shows one side clipping and some x/over distortion.  Cathode current 
meters show one EL34 is conducting significantly more than other at full output. 
 
Cathode current reaches 158 / 139mA at 22.5V (32W) and 25% THD with VS1 sagging to 324V 
and Vcath at 28V, and scope shows gross clipping and some x/over distortion.   
 
Lo-in sensitivity of 2.2mV for 23W output (19V) at 500Hz, with Gain at max and MV at max, and 
Morph=max, Tone=min, Presonance=max.  Morph=min has gain of 3.8x.  Tone=max has gain of 
7.8x.  Pres=min has gain of 1.7x. 
 
Hi-in sensitivity of 400mV for 23W output (19V) at 500Hz, with MV at max. 
 
V1 stage gain of 2.12V/0.08V = 26.5x.  Top of Gain pot. Morph=max. 
V2 stage gain of 3.16V/0.572V = 5.5x.  Gain at max.  Top of Gain pot to top of 220k.  Tone at min. 
V3 stage gain of 0.73V/0.03V = 24x.  Top of 220k. 
V4 stage gain of 7.39V/0.73V = 10x.  Top of 220k to top of MV. 
Output stage gain of 10V/1.49V = 6.7x.  Top of MV, MV at max.  Speaker at 15.8 ohm. 
 
See measurements folder for spectrum sweeps with various Morph/Tone/Pres pot settings, as well 
as noise floor spectrums.  Mains earth loop peaks (50Hz, 150Hz) coming in to measurements due to 
separation on chassis between PE location and 0V link, and USB connection of EMU 0404 USB, 
even with amp and PC on same power board. 
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4. Design 
4.1 EF86 pentode stages 
Two EF86 pentode stages, V1, V2:  VS4=250V; Va=125V; Rk=3k9Ω; Vk=2.6V; Ia=0.68mA; 
RLdc=220kΩ. 
 

4.2 EF86 triode stages 
Two EF86 triode stages, V3, V4:  VS4=270V; Va=120V; Rk=3k9Ω; Vk=2.6V; Ia=0.68mA; 
RLdc=220kΩ. 
 

 
 

EF86 

3K9 
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4.3 12AX7 long-tail pair PI stage 
 
12AX7 long tail pair; V5: VS3=309V; Va=230V; Rk=1k2Ω; Vk=1.V; Ia=0.79mA; RLdc=100kΩ.  
Rtail=12.3kΩ.  Vtail=23.5V. 

 
 
 

4.4 PP Output Stage 
 
Class AB push-pull EL34 output stage with cathode bias.  The effective 4.6kΩ impedance plate-to-
plate OPT, presents each tube with 2.3k loading near idle, and 1.2k at heavier loading.   
 
The supply voltage VS1 at idle current of 57+57mA is about 365V.  Plate-cathode idle voltage will 
be lower than VS1 by ~0.057x55+2x0.057x165=22V; ie. an idle current of 57mA per tube, and 
OPT half resistance of about 55Ω, plus 165Ω common cathode. 
 
VS2 is about 350V VS2 (320V screen-cathode) to bring 360V curves down a bit. 
 
The max design output valve bias current allowed is dependent on the maximum recommended 
plate dissipation of 25W for EL34:  Ibias(max) = Pd / Vb = 21W / 345V = 61mA.   
 
The nominal output power of the amplifier will then be: 
(Imax)2 x Rpp / 8 = 0.25 x 0.25 x 4.6k / 8 = 35W 
 

12AX7 

2K4 
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6L6GC 
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4.5 Powering 
 
GZ34 was original design.  5AR4 is almost identical, with small increase in continuous peak 
current, and possibly lower diode drop (which could make up the lower 305-0-305V HT on the PT, 
compared with 325-0-325V). 
 
The indirectly heated 5AR4 has limits on the effective source resistance when feeding a capacitor-
input filter.  The effective source resistance is comprised of the reflected power transformer primary 
resistance = 8Ω x (305/240)2 = 13Ω; plus the secondary resistance = 40Ω; which sums to 53Ω.  The 
effective source resistance should be 85Ω for a secondary supply of 300Vrms, based on 40uF 
capacitor-input filter, where the output DC level will sag from about 450V to 370V at 100mA, with 
load current capability to 250mA.   
 
Idle current of 2x57 + 15 = 135mA, VS1 ~ 365V, and diode peak continuous current is ~0.65A, 
with an initial surge peak of 2.7A – both those conditions are well under 5AR4 max rated levels. 
 
The initial turn-on peak VS1 can almost reach 400V. 
 
The PT 5V heater can handle 3A, although the 5AR4 has a very low on-voltage. 
 
Heater 1 (6.3V 4A): (EL34 x2): 1.5 x 2 ~ 3.0A 
Heater 2 (6.3V 4A CT): (12AX7 x1; EF86 x4): 0.3 x1 + 0.2 x4 ~ 1.1A 
 
Full-wave with 135mA hot load on VS1.  IEC60127-2  250mA Time-delay fuse is lowest 
acceptable rating for HT secondary fuse in CT, as continuous current may exceed 200mA. 
 

Simulate period in PSUD2 20ms 40ms 100ms 500ms continuous 

Simulated RMS current  0.84A 0.97A 0.69A 0.33A 0.19A 

Multiplier (based on 0.250A fuse rating) 3.4 4 2.8 1.3 0.76 

IEC60127-2 Time-delay min limit multiplier 10 ~7 ~4.8 ~2.9 1 
 

4.6 Servicing 
 
Connect the 8 meter servicing rig to the Octal socket, and configure the rig for: 

• common cathode voltage sensing 
• default 30V FS on common cathode.   

 
Nominal idle voltage levels: 

Common cathode ~ 1900   = 19V across 165Ω = 115mA 
V5 cathode current ~  0057   = 57mA  ~ 20W 
V6 cathode current ~  0057   = 57mA  ~ 20W 
VS1/100 ~   0370  = 370V  

 
Caution if probing the Octal socket not to accidently ground pins 2,3,4 as that would partly collapse 
the output stage bias voltage. 
 
Note that the fixed bias supply has been set to -15.8V, and fixed bias to each grid to about -5.5V, so 
total bias is about 19+5.5 = -25V. 
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