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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 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.  16Wrms nominal rating.  Spot-welded aluminium chassis.  
EF86 input amplifier, then 12AX7 long-tailed 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 230/240 Prim;  

325-0-325V 80mA SEC; 6.3V-2ACT; 6.3V-2A; 6.3Vtapped5V-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 1 
 12AX7 Miniwatt code 7B  
 EF86 Miniwatt code 9r1  B6F 
Issues: 
No protective earth or fuse or power switch.  Waxed paper caps leaky. 

 

1.2 Original Preamplifier 
Playmaster project, CONTROL UNIT No 6. 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 

                                                 
1  Appears to be Philips Canada from the ‘r’ code.  And the date code indicates possibly original 1955 parts. 
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1.3 Playmaster amplifier information 
Radio and Hobbies August 1954, page 70. 
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). 
Still to check July 1958 and October 1958 issues: Radio, Television and Hobbies. 
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 Target Amplifier 
In comparison, the 1958-60 Vox AC15 used a normal channel with the same valve config and quite 
close in design.  The 2007 Heritage remake also included ability to switch the EF86 and the EL84 
PP stage between pentode and triode modes.  Fit amp into a combo plywood enclosure with 16Ω 
Celestion Vintage 30, in similar layout as 2007 Heritage.  Traffolite front panel with similar layout, 
and including bass shift; brilliance 3-pos; top cut pot; pentode and triode mode switches; standby-
off-on switch.  Include a Send/Return socket beside the input socket. Possibly have tremolo 2nd 
channel input coming from a reconfigured Control Unit 6. 

2. Modifications so far 
Original electrolytics reformed with simple current limited circuit.  ESR of 24uF 550V cap after 
reforming 45mVrms/360uArms = 120Ω, based on 100Hz rectified ripple from supply through 1k 
resistor.  Datasheet replacement ESR appears to be circa 14Ω, so could add a new smaller valued 
bypass capacitor across each old capacitor if needed.  Primary side Megger is ok.  Replaced waxed 
paper caps.  Using new EL84s, as original pair were too mismatched in bias.  Glued parts and wires 
down where appropriate.  Added high-temp silicon with metal ring to EF86 for dampening 
microphonics – also dampened valve base, and amp wooden base.  Glued up aluminium base which 
had some rattles.  Tried higher EF86 screen resistance, but overdrive distortion too significant, so 
reduced to 1M1.  Still to cover enclosure and add traffolite fascia. 
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3. Measurements 
Voltage rail regulation. 
 
Rail No Load * 

(humdinger) 
VS2 load ** 
10K5 

VS2 load ** 
3K65 

VS2 load *** 
10K5 

Final config 
Idle  
(pentode mode) 

VS1  440V 387V  413V 
VS2  425V 40mA 352V 96mA  396V 
VS3  373V 312V 314V 361V 
VS4  311V 263V 202V 271V 
Heater 1,2 6.9    6.51 
Heater 3 5.8     
Sec HT 366-0-366  360-0-360  351-0-351 
Ripple C1  3.4 7.2  3.4 
Ripple C2  0.03 0.08  0.05 
Ripple C3     0.01 
Ripple C4     0.005 
Note: * no valves.  ** No signal valves.  ***No EL84’s. 
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. 
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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 sam as used by Mullard 5-10 
and provide a compensation zero-pole to assist stability (phase advance prior to 0dB crossover) 
using NFB to cathode – not used in R&H circuit.   
 
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, – 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. 

 
 

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
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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 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 VS3=360V, the plate voltage Vp axis intercept is 360V- for no plate current, and the plate 
current Ip axis intercept is 360V / 200KΩ = 1.8mA.  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 1.8V and 0.75mA.   
 
Voltage drop across tail 48k is 48k x 1.5mA = 72V.  Hence plate-cathode voltage is about 360 – 75 
– 2 – 72 = 210V.  Plate load resistance dissipation is about (360-70-72)2 / 100k = 0.5Wpk.  Plate 
dissipation at idle is about 210V x 0.75mA = 0.16W. [Measured Va=291V & 285V; Vtail=74V] 
 
The nominal operating point levels of Vgk=-1.6V and Vp=170V are used to determine the 
parameter values of rp and gm and µ from the 12AX7 average transfer characteristics graph (note 
that Eb is Vp). 
 
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=-1.6V to Vgk=0V, which is about 3.2Vpp or 
1.1Vrms.  Referring to the loadline, the plate voltage would swing about 245V, from about 55V to 
300V, with a mid point of 170V [170-55=115V; 300-170=130V] which is quite symmetric.  This 
gives a nominal gain of 245/3.2 = 75, but the small signal gain is about x13 with a good headroom. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1. Phase Splitter Analysis Results for 12AX7 

Parameter No signal Notes 
RL 100k  
Vsupply 300V = VRLoad + VP + Vk 
IP 0.65mA From bias position 
Vgk -1.6V From bias position,  = IP x 2 x 1K2Ω 
Vk 62V = 48KΩ x  2 x IP 
VP 170V = 300V – 62V - (100KΩ x IP) 
rp 190kΩ = ΔVpk / ΔIp 
Gm 0.41mS = ΔIp / ΔVgk 
µ ? [78] Graph  [= gm x  rp] 
G ~13 = (u/2) x RL / (RL +  rp ) 
Headroom 14Vpp(rto) = 2x((G x Vgk) – 14Vpk)  
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4.5 Output Stage – EL84/6BQ5 Pentode Push-Pull 
In this Class AB push-pull output stage, one tube is pushed into conduction and the other tube is 
pulled into cutoff (class B), and there is a region of Class A overlap where both tubes conduct 
equivalent levels of current.  The cathodes are raised above ground by a common bypassed cathode 
resistor.  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.   
 
Determining a suitable bias current level is not an empirical design approach, rather it is based on 
the following recommendations: 

• Start with the lowest bias current possible (ie. most negative grid bias voltage), and based on 
listening tests, increase the bias current until the sound character is acceptable, but: 

• use the lowest possible bias current level, as this generally increases the life of the tubes, and 
decreases the chance of operating at excessive plate dissipation; and 

• keep the bias current level below 70% of the recommended design max plate dissipation (ie. 
<0.7x12=8.4W); and  

• assess the dynamic loadline to see if it moves into region of increased plate dissipation. 
 
As the output loading increases, the supply voltage VS2 to the output valve plates sags from about 
400V towards 330V at about 130mA average [tbd].  Plate DC voltage will be lower than VS2 by an 
amount up to ~16Vpk; ie. OPT half resistance of about 120Ω with a peak current of up to about 
0.13Apk.  Cathode voltage has an idle bias of 19V and a peak of 61V under sustained signal, with 
an average of V = √(3.2W x 470Ω) = 39V where I2R = (0.083)2 x 470Ω = 3.2W.  So effective plate-
cathode voltage sags to about 330-39-8=283V. 
 
Screen voltage will also vary from about 400V towards 310V under steady-state heavy load.  
Screen voltage will be lower than VS2 by up to about .02A x 100Ω = 2V.  STC curves for screen 

12AX7 

2K4
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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. 
 
The maximum output valve bias current allowed is dependant on the maximum recommended plate 
dissipation of 12W for the EL84/6BQ5:  Ibias(max) = Pd / Vb = 12W / 400V = 30mA.  With a 
common cathode resistance of 130Ω, and gate-cathode voltage of 11V, the plate idle current is 
42mA, and so needs to be modified for this amps higher supply level. Increasing the common 
cathode resistance to 230Ω, increases gate-cathode voltage to about 14V, for plate idle current of 
30mA. 
 
The gate bias voltage required for this current is significantly influenced by the screen voltage.  
During dynamic conditions, the plate dissipation must continue to remain below 12W, and so the 
load line must on average remain in a region below the constant power curve for 12W shown on the 
plate current/voltage graph.  Each valve has an ‘off’ period for 50% of time, where the average 
plate dissipation is relatively low and expected to be in the range between the upper limit of the bias 
level power dissipation, down to a few watts when most of the period is spent in deep cutoff due to 
very negative grid voltage levels.  As such, the average dissipation during the ‘on’ period can 
extend dynamically above the 12W curve.   
 
The general textbook design process involves choosing a suitable OPT plate-plate impedance to 
position the Vg=0 and maximum plate current point at the ‘knee’ of the Vg=0 curve on the plate 
current-voltage graph.  This knee position has a net minimum level of 2nd and 3rd harmonic levels, 
where moving away –down from the knee - by increasing the load impedance will increase the 3rd 
harmonic level, and decreasing the load impedance – moving above the knee - will increase the 2nd 
and lower the 5th – which is generally perceived as the preferred outcome.  From the plate 
characteristics with screen voltage = 300V, the knee region will drop at heavy loading as screen 
voltage falls below 300V, and so the loadline match should be good. 
 
Assuming the loadline sags to about 300V plate level (from 400V) and a peak plate current of 
130mA is achieved, then the nominal output power of the amplifier (ideal class B2) would be: 
(Ipk)2 x Rpp / 8 = 0.13 x 0.13 x 8k / 8 = 16.9W.  For this maximum signal condition, the rms OPT 
current draw is likely about 2 x 83mA (64% of peak), and the average VS2 power consumed is 
300x0.166 =50W, and the OPT loss is 2x(0.083)2 x 120Ω = 1.7W, and the cathode bias loss is 
3.2W, so the tube plates dissipate 50 – 17 – 2 -3 = 28W, or about 14W each – which is a tad hot.  
The achieved dissipation may be a tad lower than above assessment, but aim to keep idle bias a bit 
lower at about 9W which gives 22mA nominal.  .  [16.6 and 20.2mA cathode currents; 18.4V 
cathode bias; Pdiss=(404-18)*.02=7.7W] 
 
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.  However cathode 
bias voltage is about 10.4V, so a 14Vpk grid swing would take grid into positive region?? 

4.6 Output Stage – EL84/6BQ5 Triode Push-Pull 
Using triode configuration of EL84/6BQ5 limits the peak output current capability to about 90mA, 
based on curves, and hence the output power is reduced to about: (Ipk)2 x Rpp / 8 = 0.09 x 0.09 x 8k 
/ 8 = 8W.  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 270Ω common cathode resistor.   
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The Vox Heritage AC15 series common cathode resistor is 150Ω, which is about 11V bias at 36-
40mA in both modes at 300V.  This amp needs to increase common cathode resistor to about 
19V/.04 = 470Ω (from triode curves), with peak power dissipation of ~ (0.13)2 x 470Ω = 8W, but 
an average about 3-4W. 
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4.7 Power Supplies 
A standard full-wave rectifier circuit is used with 360V 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 
VS2 and ripple on VS2 is quite low.  VS3 and VS4 ares obtained by further RC filtering using 
22kΩ dropper. 
The 5V4G can feed directly into 24uF C1 as secondary winding resistance is >100Ω.  The 5V4 is 
rated to 175mA max, which is equivalent to 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.  The EZ81 in the Heritage is 6.3V heater but otherwise quite close performance. 
 
The ripple voltage across C1 and C2 is mainly 100Hz, at a measured level of 7.2Vrms with a load 
current through the choke of 96mADC.  DC drop across the choke is 37V at 100mA.  Observed sag 
in VS2 is about 80V, indicating transformer regulation and capacitor ESR are significant [tbd].  

5. Protection 
5.1 HV breakdown 
A 0.5A secondary fuse is added to protect for a short-circuit on VS1 or VS2, as the prospective 
current could reach ~ 360V / (150Ω + 100Ω) = 1.4Arms.   

5.2 Output open circuit 
A 470R 3W resistor is added to the 15Ω output tap, to act as a high resistance limit in case the 
speaker load goes open circuit.   

6. Other changes 
6.1 Hum reduction 
Humdinger tuned for lowest hum. 
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