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1. Summary 
Playmaster No.11 Amplifier & Control Unit No.6 Preamplifier.   
Commercial project kits – unknown provider.  Preamp joins to amp with 6-pin cable assembly. 

1.1 Original Amplifier 
Appears to be a kit based on Playmaster No. 11 (crystal pickup) amplifier project in Radio 
Television and Hobbies August 1955, but with input connector replacing tone and volume controls 
prior to EF86, and coupling to Control Unit No.6 preamp (RTV&H Nov 1954).  16Wrms nominal 
rating.  Spot-welded aluminium chassis.  EF86 input amplifier, then 12AX7 long-tailed ac phase 
splitter, feeding EL84/6BQ5 cathode biased push-pull. 
 
Components 
Output Transformer Ferguson OP308/15/3.75 
 8000 & 6000 PP primary 12W rated “HiFi for Mullard 5-10 Amplifier” 
Power Transformer Ferguson PF169 220/240/250V Prim;  

325-0-325V 80mA SEC; 6.3V-2A; 6.3V-2A; 5V-2A. 
Choke IRONCORE 1256 (12H at 56mA) 
CAPs Ducon 24uF 525V (x4) 
Tubes 5Y3GT fitted (original spec was 5V4-G) 
 6BQ5/EL84 x2 Miniwatt both with code rX2 and X5G (rX=EL84; 

X=Philips; 5G=1955 July) 
 12AX7 Miniwatt code 7B  
 EF86 Miniwatt code 9r1  B6F (9r=EF86; B=Mullard; 6F=1956 June) 
Issues: 
No protective earth or fuse or power switch.  Waxed paper caps leaky.  EL84’s mismatched. 
 

  

1.2 Original Preamplifier 
Playmaster project, CONTROL UNIT No 6 (RTV&H Nov 1954).  Using 2 x EF86's, high gain unit 
for any PU switched tone controls.  Radio and Hobbies November 1954, page 46.  Umbilical cable 
connection to Amplifier. 
Preamp 
POTs IRC marked. x1 Volume 
Tubes EF36 Miniwatt 

EF36 Miniwatt 
Selector  RIAA, EMI, DEC, 78, RAD 
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1.3 Playmaster amplifier information 
Radio and Hobbies November 1954. 
Original kit of parts from Electronics Parts P/L (Sydney) cost about £45 for the Amplifier No.11 
and the AG2002 record player, and £54 built and tested (R&H advert). 
The amplifier kit is even more exactly the same as the Mullard 5-10, for which the Playmaster 
variation was based on.  The Mullard design was well documented in 1954. 
 

  
 

1.4 Restoration aim 
The 1958-60 Vox AC15 used a normal channel with the same valve config and quite close in 
design, including 8kΩ PP OT.  The 2007 Heritage AC15H1TV remake included switched 
pentode/triode modes for EF86 and EL84 PP stages, along with Bass Shift switch and Brilliance 
switch.  Use 5Y3GT in to 2u2 then choke to lower B+, even though 5Y3 is directly heated cathode - 
use 450V caps after the choke and preferably use standby switch. 
 
Fit amp into a combo plywood enclosure with 16Ω Celestion Vintage 30, in similar layout as 2007 
Heritage.  Traffolyte front panel with similar layout, and including bass shift; brilliance 3-pos; top 
cut pot; pentode and triode mode switches; standby-off-on switch.  Remove feedback.  Include a 
Send/Return socket beside the input socket.  Possibly have tremolo 2nd channel input coming from a 
reconfigured Control Unit 6. 

2. Modifications 
• Replaced electrolytics and waxed paper caps.   
• Replaced EL84s.  Added 16V zener to 6BQ5 common cathode.   
• Dampened microphonics: high-temp silicon with metal ring to EF86; dampened valve base 

with neoprene strip; damped wooden base.  Glued up aluminium base (had some rattles).   
• Changed EF86 to Vox config, but with 1M2 screen dropper, and removed feedback. 
• Added MOV across PT primary. 
• Added VE13 0421K (600VDC, 120pF) MOV protection across each OT half-primary. 
• Original Playmaster 11 amp design used 285VAC PT with 48uF capacitor input filter for PP 

stage and 300VDC.  This amp has CLC HT filter and 325VAC PT (360V measured) and 
gives about 400V. The HT is reduced to 335V at idle by using 2.2uF input poly cap. 

• Added series 1N4007 with each anode of 5Y3GT, and 200mA IEC F fuse in CT. 
• EL84 grid stoppers increased from 1k5 to 10k; screen stoppers increased from 47Ω to 150Ω; 

grid leaks reduced from 820k to 220k; cathode bias now common, with cathode bypass 
increased from 100uF to 220uF; cathode resistor changed to 220Ω 10W to give 9W tube 
dissipation at idle (70% of 12W design max); 1Ω sense resistors added for each cathode. 

• Tone pot changed to 1kHz notch control with series 68nF and 0.2H shunting EF86 anode.   
• Added 2007 Heritage Bass Shift and brilliance switches (Bass Shift positions 1 & 2 

reversed). 
To do: 

• Add switch for the 10V zener clippers on the send output. 
• Elevate heater to about 40V to reduce stress on 12AX7. 
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• Lower AC mains fuse to 800mA delay. 
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3. Measurements 
Primary side Megger is ok.   
 
Rail No Load * 

240Vac mains 
Idle 
240Vac mains 

VS1  357 / 51 
VS2  335 / 0.32 
VS3  323 
VS4  278 
VS5  269 
Heater 1,2 6.33  
Heater 3 5.  
Sec HT 344-0-344  
EL84 
cathode 

 12 (24+29mA) 
(54mA, 9W) 

EF86 
screen 

 87 

EF86  1.9V, 111 
12AX7  62V, 215/215V 
Note: * no 5Y3.   
Power transformer primary DC resistance: 0V black; 14.7Ω, 220V, yellow; 17Ω, 240V, green; 
17.8Ω, 250V, red. 
Power transformer secondary DC resistance: 149 + 156 = 305Ω, yellow/yellow.  0V, black.  Earth 
screen, tan tubing. 
 
IRONCORE 1256 (12H at 56mA) 
16.6H @ 26mAdc: 14.4H @ 45mAdc; 9.5H @ 93mAdc; DCR = 366Ω. 
 
Ferguson OP308/15/3.75.  Secondary as two windings. 
12VAC 50Hz nominal applied to output transformer series connected secondary 
Winding Voltage rms Turns ratio;  Pri Impedance; Spec level; Notes 
Pri P-P: BLU to BRN 275  -;   8,000Ω;    N/A 
Sec: BLK to CT 6.19 44.4;   8,000 Ω;    4Ω; 
Sec: BRN to CT 6.19 44.4;   8,000Ω;    4Ω; 
Sec: BLK to BRN 12.38 22.21:   8,000 Ω;     16.2Ω; 
Output transformer primary DC resistance: 103+135=238Ω plate-to-plate. 
 
PP stage cathode cold-biasing at increasing overload.  12W in overload (16Ω load) – VS2 sags too 
280V – VS3 sag to 268V – common cathode increases to 16.2V (74mA).   
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4. Design Info 
4.1 Input stage – EF86 in Pentode Mode 
Original circuit measurement: VS4=202V; Plate=113V; screen=84V; cathode=1.97V; 
100R=92mV.  Cathode current = 0.9mA.  RC across 100k plate load same as used by Mullard 5-10 
and provided a compensation zero-pole to assist stability (phase advance prior to 0dB crossover) 
using NFB to cathode – not used in R&H circuit.   
 
As an aside, the QUAD 11 runs a 330V supply with anodes at 115V and screens at 110V.  In the 
Mullard 5-10, the supply is quite low at 140V, and the screen and anode are similar around 70V. 
 
Also screen resistor is typ made about 5x anode value to keep screen current at about 20-25% of 
anode.  Screen voltage of about 100V appears to give similar gate voltage range to that of a 12AX7 
between cut-off and 0V.  
 
Assume supply voltage is VS4=330V; load resistance is 220k; and cathode resistor is 2K2.  The 
plate voltage Vp axis intercept is 330V for no plate current, and the plate current Ip axis intercept is 
330V / 222KΩ = 1.5mA.  The Philips datasheet indicates a nominal cathode current of 1.1mA, a 
gain of x188, and distortion rising at a faster rate above about 250mV input (ie. output swing 45V) 
with a screen resistor of 1M.  Databook pentode curves only for screen Vg2=140V, but Valve 
Amplifiers book has curves for 100V.  The AC load line is about 140k, due mainly to the 500k pot 
and 1M gate bleed in parallel with 220k.  Measured levels with 4M4 screen resistor has operating 
point around Ik=0.46mA, Vg1~=1.02V, Vs=40V and Va =225V – measured levels with 2M2 
screen resistor has operating point around Ik=0.7mA, Vg1~=1.54V, Vs=65V, Va =164V, 
VS4=310V (measurements: VS4=309V, Va=162V, Vg1=1.54V; Vs=67V).  Measured levels with 
screen resistor ~1M1: VS4=271V, Va=81V, Vg1=2.1V; Vs=96V (hence Is=0.16mA, Ia=0.86mA). 

 
 

EF86 
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4.2 Input stage – EF86 in Triode Mode 
Assume supply voltage is 300V; load resistance is 220k; and cathode resistor is 2K2.  The plate 
voltage Vp axis intercept is 300V for no plate current, and the plate current Ip axis intercept is 300V 
/ 222KΩ = 1.4mA.  The gate-cathode voltage Vg1 operating point varies with plate current through 
the 2k2Ω gate-cathode resistance with the characteristic shown on the graph as a line passing 
through Ip=0.5mA for Vgk=-1.1V, and through Ip=2mA for Vg1=-4.4V.  The intersection of the 
two lines is the nominal biased operating point at Vg1=2.2Kx0.9mA = 2.0V.   
 
The input voltage swing limit is from the bias point at Vg1=-2.0V to Vgk=0V, which is about 
4.0Vpp or 1.4Vrms.  Referring to the loadline, the plate voltage would swing from about 25V to 
150V [150-85=65V; 85-25=60V; which is fairly symmetric], for a nominal gain of 125/4 = 31. 
 
If the cathode resistance is increased to 3k9, then the nominal biased operating point is at 
Vg1=3.9Kx0.8mA = 3.1V, and plate voltage would swing from about 25V to 200V [200-125=75V; 
125-25=100V; which is less symmetric], for a nominal gain of 175/6 = 29. 
 

EF86 
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4.3 Splitter stage – 12AX7 in long-tail pair config 
Original circuit measurement: VS3=314V; plate 6=166V; plate 1=285V; cathode=113V; common 
cathode resistor = 80k; common cathode current = 1.4mA, plate resistors ~120k.  Possibly leaky 
cap caused unbalance?  Gain is u x Rk / 2(Ra + RL) ~ 110 x 68k / 2(40k + 100k) ~ 25.  Analysis of 
this circuit configuration in Electronic Engineering Feb 1947 by Clare. 
 
The plate current versus plate voltage load line for each triode is given by the equation: 

)(2 KL

p

RR
V

Ip
+

=  

Hence load line resistance of about 100K + 2x80k = 260k.  The plate voltage Vp axis intercept is 
315V- for no plate current, and the plate current Ip axis intercept is 315V / 280KΩ = 1.1mA.  Plate-
cathode voltage is about 220 – 110 ~ 110V.   
 

EF86 

2K2 

3K9 

http://www.freewebs.com/valvewizard2/TwoTriodePI.pdf
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12AX7 
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4.4 Splitter stage – 12AX7 in long tail pair config 
The AC-15 uses an equivalent PI circuit to that starting to be used by Fender in their 5F6 at the 
time.  The ac self-balancing common-cathode PI circuit had been assessed for many years, and was 
in the 1953 edition of Radiotron Handbook.  The plate current versus plate voltage load line for 
each triode is given by the equation: 

)(2 KL

p

RR
V

Ip
+

=  

where Rk = 1K2Ω + 47kΩ = 48kΩ.  Hence a load line resistance of about 100K + 2x48k = 200k.  
With VS4=280V, the plate voltage Vp axis intercept is 280V- for no plate current, and the plate 
current Ip axis intercept is 280V / 200KΩ = 1.4mA.  The gate-cathode voltage (Ec on the graph) 
varies with plate current through the 1K2Ω gate-cathode resistance, but with a 2k4Ω characteristic, 
and this characteristic is shown on the graph as a line passing through Ip=0.5mA for Vgk=-1.2V, 
and through Ip=1mA for Vgk=-2.4V.  The intersection of the two lines is the nominal biased 
operating point of 1.5V and 0.6mA.   
 
Voltage drop across tail 48k is 48k x 1.2mA = 58V.  Hence plate-cathode voltage is about 280 – 58 
– 60 = 160V.  Plate load resistance dissipation is about (160)2 / 100k = 0.3Wpk.   
 
The analysis by Kuehnel shows that the gain of each triode is slightly different, due to a small level 
of common-mode gain adding to the out-of-phase output but subtracting from the in-phase output, 
which could be compensated by lowering the load resistor for the out-of-phase output.  The input 
voltage swing limit is from the bias point at Vgk=-1.5V to Vgk=0V, which is about 3.2Vpp or 
1.1Vrms.  Referring to the loadline, the plate voltage would swing about 230 V, from about 50V to 
280V, with a mid point of 160V [160-50=110V; 280-160=120V] which is quite symmetric.   

 

12AX7 

2K4 
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4.5 Output Stage – EL84/6BQ5 Pentode Push-Pull 
In this cathode biased Class AB push-pull output stage the 8kΩ impedance plate-to-plate OPT 
presents signal currents into each tube with a 4kΩ impedance with both tubes conducting, to 2kΩ 
load impedance at higher levels.   
 
The recommended design max plate dissipation is 70% x 12W = 8.4W.  Idle current at 340V is 
25mA/tube.  Common cathode bias resistor 220Ω at 50mA = 11V (0.5W), increasing to 18V in 
overdrive (82mA, 1.5W). 
 
As the output loading increases, the supply voltage VS2 to the output valve plates sags from about 
340V towards 280V.  Plate DC voltage will be lower than VS2 by an amount up to ~14Vpk; ie. 
OPT half resistance of about 120Ω with a peak current of up to about 0.12Apk.  Cathode voltage 
has an idle bias of 11V and a peak of 18V under sustained signal.  So effective plate-cathode 
voltage sags to about 280-14-18=248V. 
 
Screen supply VS3 will also vary from about 326V towards 270V under steady-state heavy load.  
Screen voltage will be lower than VS3 by up to about .02A x 150Ω = 3V due to stoppers, and up to 
18V due to cathode bias.  STC curves for screen EC2= 300V indicates an 8K P-P (2K line) is quite 
appropriate, and plate dissipation just extends dynamically into high levels, depending on initial 
bias level and VS2 sag to about 250V. 
 
Assuming the loadline sags to about 250V plate level and a peak plate current of 120mA is 
achieved, then the nominal output power of the amplifier (ideal class B2) would be: (Ipk)2 x Rpp / 8 
= 0.12 x 0.12 x 8k / 8 = 14W.  For this maximum signal condition, the rms OPT current draw is 
likely about 2 x 77mA (64% of peak), and the average VS2 power consumed is 250x0.154 =39W, 
and the OPT loss is 2x(0.077)2 x 120Ω = 1.5W, and the cathode bias loss is 1.5W, so the tube plates 
dissipate 39 – 14 – 3 = 22W, or about 11W each – which is fine.  1R sense resistors added to each 
cathode.   
 
The STC performance characteristics for pentode push-pull class AB1 with 130Ω common cathode 
resistor and 40mA idle current, and 300V supply and 8k OPT indicate a grid-to-grid drive voltage 
level of 20Vrms is needed (28Vpk-pk), and that screen current can reach 20mA.   

4.6 Output Stage – EL84/6BQ5 Triode Push-Pull 
Using triode configuration of EL84/6BQ5 limits the peak output current capability to about 80mA, 
based on curves, and hence the output power is reduced to about: (Ipk)2 x Rpp / 8 = 0.08 x 0.08 x 8k 
/ 8 = 6W.  In this mode, the off valve is not pushed deeply into cut-off, and so most operation is 
effectively in class A. 
 
The STC performance characteristics for triode push-pull class AB1 and 300V supply and 10k OPT 
indicate a grid-to-grid drive of 20Vrms is still needed for max output capability.  As distortion is 
much lower, the curves are based on a lower 25mA idle with 220Ω common cathode resistor.   
 
The Vox Heritage AC15 series common cathode resistor is 150Ω, which is about 11V bias at 36-
40mA in both modes at 300V.   
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4.7 Power Supplies 
A standard full-wave rectifier circuit is used with 344V secondary HT windings with centre-tap to 
0V, and a 5V diode heater winding.  A CLC filter is used with 12H 56mA rated choke to generate 
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VS2 and ripple on VS2 is quite low.  VS3, 4 and 5 obtained by further RC filtering using 1k, 25k 
and 10kΩ droppers. 
 
The 5V4G can feed directly into 24uF C1 as secondary winding resistance is >100Ω.   Effective 
series resistance is 17Ω x (325/240)2 +150Ω = 180Ω.  The 5V4 is rated to 175mA max, which 
exceeds the nominal requirement for the output stage plate and 20mA for screen, and a few mA for 
the other valves.  With 100mArms loading the 5V4 plate drop is about 16V. 
 
The 5Y3GT has equivalent performance to the 5V4G for this application, although it is slightly 
lower ratings and is directly heated cathode, and so preferable to use standby switch at power on.  
Diode power on and continuous peak are well below max ratings.  The EZ81 in the Heritage is 6.3V 
heater but otherwise quite close performance. 
 
The ripple voltage across C1 is mainly 100Hz, at a measured level of 51Vrms at idle with a choke 
current of about 56mADC, with a DC drop of about 22V (DCR=366Ω).   

5. Protection 
5.1 Output open circuit 
A 510R 3W resistor is added to the 15Ω output tap, to act as a high resistance limit in case the 
speaker load goes open circuit.   
 

5.2 Secondary side fuse 
CT current has a low level of in-rush due to the choke, with about 115mArms continuous with an 
idle B+ supply current of 60mA.  Given cranked supply current is unlikely to exceed 90mA, where 
CT current is about 150mA, then use a quick-acting F 200mA IEC fuse. 
 

6. Operation 
 
Turn on using Standby first for about 10-15 secs, then switch over to On – this will avoid stressing 
the filter capacitors whilst the EL84 warm up. 
 
Only switch between triode and pentode modes for EL84 when in standby mode. 
 
EF86 is damped for microphonics but this will still happen. 
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