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1. Summary
R&H 1948 Williamson amp. Peter Stinson July 2023

R&H March 1948. Prices Radio Kit (R&H May 1949)
Possibly made and sold by Ted Huckell (Radio)

As originally transferred, with additional rectifier for preamp/etc supply.

PT RED LINE Stock No0.13 (15403) 400-0-400V 150mA (102+108€2). Com-200-230-240
(12Q); Shield. 2.5V 5A heater not used. 5V 3A. 6V3 3A. Pri: 350M 1kVdc. Sec: 180M 1kVdc. 5V
240M 1kVdc
OPT RED LINE AF15 10k: 15 DCR=255+252
Choke RED LINE TYPE NO 201?1?. DCR=234. 90M 1kVdc. 9200

10Vac: 13.9H 51mAdc; 13.4H 79mAdc.
Choke Rola type 14/60 — replacement, 2 JUL 1959. DCR=520. 350M 1kVdc

807 Philips 874 on mica - loose base
807 Philips 974 on mica

6SN7GT RCA VT-231 H5E
6SN7GT KEN-RAD 8C961A

5U4G RCA 722

Morganite 488 LHNAR 25k. insulated 1kV IR (32K).
200R pot CRL USA (212R) — retrofit
250R large pot — Federal No.24 — wiper shaft live to wiper, with plastic tube cover

Ducon e-caps dated 110, 90, 46, 86
Mustards B4H, 091H, B4H, 091H
47nF mustard 400V couplings 091H.
47nF 630V mustard couplings 84N.

IRC DCEF resistors 713S , 718S
IRC 101Q 5W AB2% (103R) ; 5%AB (102R) — these appear to be retrofitted.
IRC 250R 3W 5%AA (268R)

Notes:

first filter from 2x series 16uF 600VP with 1M 1W balances (not 8uF and 250k)

then choke, then single 16uF 600VP to B+ OPT, then ROLA choke.

5 pin rear panel socket with no wiring, and nearby 16uF 600VP with 1M bleed.

Rola choke appears to be a replacement.

8-pin octal socket on top panel with no wiring.

5k f/b to 500R cathode with 15 ohm config.

OPT with separate anode leads/terminals for top caps and 100R to 500pF screen to gnds made

from 2x 1nF 630V mustards in series (these identify the amp as R&H March 1948).

e R&H April 1948 “Using the new amplifier” shows a photo — the top-chassis OPT is original
Ferguson OP25/15, and choke is Ferguson. Front panel controls etc layout has common elements.
Price’s advert in May 1949 shows first choke in same rotation, and some front panel control
changes. This amp has choke rotated.

Issues:
e Mains AC safety - no fuse, poor cable
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haphazard gnd bus connections

5V heater leaking to chassis — needed insulation.

6V3 heater not grounded.

all 50nF coupling caps (not 250nF from driver to output stage).

Output stage common cathode pot is 250R (not 100) and not wired for fail-safe, and some
corrosion. Balance pot is 200R (not 100R) and scratchy.

e 1k grid stopper suspect.

e 5U4 ST glass almost touches choke bell-end. 5U4 voltage drop is significant.

e R2 of input stage was 330k, not 33k (likely a repair mistake).

Testing:

Mains 240Vac 0.086A idle, no valves, 6.47V heater.

GZ32 fitted — tested for on-voltage balance. B+ increases from 386V with 5U4, to 408V with GZ32
under same conditions. Bridged anode configuration of GZ32 (using ss diodes for steering) increased
B+ to 420V.

Squarewave with 15k feedback R for 11.7dB feedback showed 166kHz ringing, and often unstable
with 5k feedback R for 18.7dB feedback with input pot on max. Comp cap improved squarewave
ringing, with max improvement about 143pF across 5k (230kHz corner), which provided stable
operation for 16R and no load and up to 470pF, but 20R-10nF zobel needed for up to 47nF load, but
then unstable.

No load can cause a very high frequency oscillation at many hundreds of kHz. Not helped by a 10R-C
zobel on output.

A resonance near 180kHz starts up with C loading with primary 1k2-600pF zobels — still stable at 1nF
but not much more. Without the primary zobels the next resonance at 420kHz starts to dominate —
still stable at 1nF but not much more.

Added 2T inductor, and 2" resonance at ~800kHz with 1nF load. Changed to 8T and same resonance
and GP with 1nF, although GP and SqW with 16R load shows slow rolloff from 10kHz.

Disconnected 500pF screen bypasses and get ~1.2MHz low level oscillation with no load. A515
indicates a much lower oscillation frequency was observed without the bypass, but 500pF cleared up
any oscillations.

Replace screen bypass with 1nF 1600Vdc 680Vac FKP and output now stable with up to 100nF.
Lowered inductor to 4T and roll-off now better but unstable for 47nF. Adding 470pF from 807 screen
to cathode slightly lowered gain out past 150kHz by a few dB. Similar GP change when 807 input
grid stopper raised from 1k to 4k9. Increased input stopper to 16k tot, with some further attenuation
above about 300kHz but otherwise no change.

Returned to 1k input stoppers on output stage, and shunted 470k grid leaks on driver stage with 410pF
matched caps — small change above 200kHz, but resonance a titch lower and more severe at 180kHz.
Increased shunt to 1nF — resonance more severe and lower at 140kHz and then quite chaotic through
to 600kHz, although gain was lower but phase was sitting around 180deg. Then shorted 4T output
inductor, and no noticeable change — and similar when 470pF screen-cathode bypass removed.

Added in first stage step 120pF-10k (corner frequencies 30kHz-162kHz) [47k//10k=8k2], rather than
nominal 18kHz to 185kHz, so less attenuation than 8.4dB. Unstable with 10nF load. Same with 4T
in circuit. Same with 1nF screen increased to 1n5. Better with no screen bypass as 180kHz not so
pronounced, but still unstable with no inductor, or 4T or 8T. Removed driver grid leak bypasses.
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Stable with 120pF-10k step, and 150pF comp, and 10T up to 100nF — all other comp removed. But
not stable if step removed. Also stable at 6T, but not at 4T. Squarewave with 16R shows minor
60kHz damped ring. This was then the final setup for HF response and stability. The bypasses on
driver grid leaks, and 807 screens, and any zobels, appeared to introduce local resonances.

LF peaking was significant (+9dB) between 0.25W and 1W into 16Q, with peak frequency increasing
from 4Hz (0.25W) and 5.2Hz (1W), and then peak magnitude falling as frequency increased with
higher power levels. The peaking was related to the two C-R corners at around 7Hz and the OPT
primary inductance changing with signal voltage (power). The PI to driver coupling caps were
increased from 47nF to 500nF, and that lowered both the frequency and magnitude of the peak down
to +2.5dB at 4Hz for 1W, as well as lowering the phase shift below 10Hz and removing any rapid
change associated with the peak.

The distortion profile was flat down to below 20Hz for all power levels, however the frequency
response has a quirky -3dB dip around 2.5kHz at 10W 16R, with a significant increase in distortion
associated with the dip. A 10W 2.5kHz signal indicated that output stage cathode current level drops,
and B+ rises. Output signal waveform shows a significant portion of sinewave becomes modified as
per FR plot. Not influenced by coupling cap size. The modified portion of waveform causes a
noticeable sympathetic deviation in C5 and C8 voltage signal (via the 100:1 dividers). The effect’s
onset occurs earlier with lower mains Vac. The effect relates to output stage entering clipping region,
and larger magnitude swing level, which is not symmetrical due to 807 differences.

The input volume pot introduces a significant low-pass response as wiper is reduced from 100%, with
about -3dB at 15kHz at 80%.

The ac signal balance pot had negligible influence, as did the humdinger.
Cathode bias set for about 50mA and 420V at 240Vac, so about 19W diss.
Testing to do:

e Insulation resistance of valve heater-cathodes,

2. Modifications

O
o
S
@

Added mains IEC fuse switch combo.

Added sheet nomex protection for PT.

Added 10R 0.25W cathode sense to each 807. Failsafe the 250R pot.
Anode protection ss diodes for rectifier valve, and used bridged connection.
Repaired OPT anode lead grommets.

Relocated choke and OV wiring. Replaced e-caps.

Added tuned 200Q humdinger trimpot to 6V3 heater.

8-pin top chassis socket re-purposed for monitoring,

Increased coupling caps from 50nF to 500nF to driver stage.

Added 120pF 10k step network to input stage.

Added 6T inductor to feedback path, and added 150pF comp across 5k.
Removed 500pF screen bypasses.

Changed from 5U4 to GZ32 for higher B+, and slow turn-on.

To do:
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e Elevated humdinger for heater.

s modified photos.
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4. Design
The R&H 1948 amp had the following design changes from original 1947 Williamson (ie. no step
network). Some changes were direct from the A515, but some were from R&H:

e Power supply for B+ used series e-caps with balancing Rs for 4uF then 16uF, and larger 20H

choke (rather than 8uF, 10H, 8uF).

e OQutput stage 500pF screen to gnd bypass.

e Output stage grid-leaks 500k for 807’s, as per A515 (rather than 100k for KT66°s).

e Driver to output stage 50nF coupling caps, as per A515 (rather than 250nF).

O A nominal 7Hz corner was retained as the 807 grid stopper was 500k€Q.
e Heater was grounded on one side (rather than winding CT).

A full-wave centre-tapped rectifier with 400-0-400V windings provides a no-load voltage of circa
560V.

The effective source resistance is comprised of the reflected power transformer primary resistance =
12Q x (400/240)? = 33Q; plus the secondary resistance = 102Q min; which sums to 135Q.

Idle (and max signal) loading is about 140mA, based on 60mA per 807, and 20mA downstream.
PSUD?2 indicates rectifier needs ~1.1A hot peak, and 0.5A cont. pk.
o Default 5U4G rectifier is fine, although it is directly heated and so initial B+ will be circa
550V.
o A5VAG, GZ32 or GZ34 are ok for Vac and lap ratings, but may give higher B+ if needed, and
a delayed turn-on.
e ADBR4-GY is likely ok, but turn-on lappk is marginal.

Voltage rating of filter and coupling caps (modified updated version):

400Vac poly for C9. 350Vac poly for C5. 320Vac poly for C1, C2.

e 2x series 350Vdc caps used for C8 with 110k PRO2 balancing resistor across each.
e (6, C7 are 47nF 630V mustards

e (3, C4 are 47nF 400V mustards.

The main choke drops about 23Vdc at 140mA.
PSUD?2 indicates no resonance response for step dynamic load change.

Bleed resistance is 220k//220k (~3.6mA). Bleed on C8 and C5 (either side of choke), and
incorporates B+/100 remote monitoring.

The continuous fuse current in the CT link is about 240mA nominal, which may be too close to
250mA. For a hot turn-on with 140mA load, the continuous load following data indicates a 0.315A F
5x20 is ok. 500mA T 3AG fitted.

Simulate period in PSUD2 10ms | 20ms | 50ms 150ms 600ms continuous
Simulated RMS current 0.48A 0.43A 0.3A 0.24A
Multiplier (for 0.315A fuse rating) 1.5 14 0.95 0.76

IEC 60127-2 T min limit multiplier 10 4.0 2.75 1
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Simulate period in PSUD2 10ms | 20ms | 50ms 150ms 600ms continuous
Simulated RMS current 0.4A 0.58A 0.24A
Multiplier (for 0.315A fuse rating) | 1.3 1.9 0.76

IEC 60127-2 F min limit multiplier | 4 2.75 1

Monitoring via 8-pin octal socket for 8x meter module. Common cathode voltage is nominally
125mA x (150//150 +250) = 40V, so use 8x meter module with 300VFS common cathode and 4k7
0.6W protection. 10R current sense per cathode. 110k+110k+2k2+68 for 100:1 monitoring of 450V
rail to output stage, and 400V rail to driver/input stages.
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D.C. Rssistance +. 150 ahms. Finish .. v« .. .. Grey Brocade
Muunting .. .. .. .. Yerfical Waight .. .. .. .. ..o b by
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