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For low-noise measurements, this unit adds three decades of measure-

ment to the bottom end of any high-performance AC voltmeter . . . and

also features an A-weighting filter.

PHOTO 1: FRONT VIEW OF NOISE METER AMPLIFIER.

8kHz, respectively.
The parts list cost in
Table 1 is less than
$70.
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main power source is

or making noise measurements in

low-noise audio systems, it is desir-

able to be able to measure micro-

volts of noise. This noise meter am-
plifier (NMA) is designed specifically for
the HP 3400A true-RMS voltmeter, but it
works just as well (but with more limited
bandwidth) with my HP 339A distortion
test set and my Fluke 8050A true-RMS
digital multimeter (DMM). All three me-
ters have a low-end resolution limit of
1mV fullscale (F'S).

Another useful feature I added is an
“A-weighting” filter, which is a special
filter used in sound level and audio
noise meters. It is a selective bandpass
filter designed to complement the sub-
jective way we hear, because the ear’s
sensitivity versus frequency is not flat.

The ANSI A-weighting curve uses a
wide bandpass filter centered at 2.5kHz,
with 20dB attenuation at 100Hz, and
10dB attenuation at 20kHz. It provides a
steep rolloff for the low end and a more
gradual rolloff at higher frequencies. It
is the inverse of the 30-phon, or 30dB-
sound pressure level (SPL), equalloud-
ness Fletcher-Munson curve. By con-
trast, the ANSI C-weighting curve is flat-
ter, with —-3dB corners of 31.5Hz and
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two 9V Dbatteries,
which must be used in the highest gain
ranges if very low noise measurements
are going to be successful. S1 is a DPDT
center-off switch that can select either
the battery power or a supply that recti-
fies the 12V AC input from a plug-in AC
adapter at J5.

When you select battery power, C1
and C2, in conjunction with ferrite
beads FB1 and FB2, low-pass filter any
HF noise, while C3 and C4 are the main
reservoir caps. C5-C10 provide local
supply bypass for the three op amps.
LED1, R28, and R29 function as the
power-on indicator. In order to mini-
mize power drain on the batteries, I
chose an LED that has noticeable
brightness at
only 0.3mA.

When you
select AC
power, CR1 and
CR2 half-wave
rectify the 12V
AC into rough-
ly £18V DC. C28
and C29 pro-
vide the prima-
ry ripple filter-
ing, which is

state e tubes o speakers ¢ solic

Back [

then applied to reservoir caps C3 and
C4 through R25 and R26, forming a low-
pass filter. R25 and R26 utilize the qui-
escent current of the three op amps to
drop the supply to £15V DC at the op
amp rails. I did not use series IC regula-
tors because they did not improve noise
over this simple r filter.

The noise amplifier circuit consists
of series gain stages Ul and U2. In
order to make measurements conve-
nient, the overall gain at the most sensi-
tive range is Av = 1000 (60dB). This al-
lows me to read 1uV FS on the 1mV FS
range of the AC voltmeter. S2 allows me
to select three gain ranges: 30dB (Av =
31.62), 40dB (Av = 100), and 60dB (Av =
1000). This makes the noise amplifier
useful for other types of measurement
and amplifying applications.

The noise amplifier circuitry will
generate noise of its own through the
input noise voltage and current of the
op amps (e, and i) and the thermal
Johnson noise from all its resistors, so
be careful when selecting components.
I used two low-noise AD745JN op amps
that Walt Jung graciously provided
from his sample stock. The 8-pin DIP
version is available from Rochester
Electronics, a source of obsolescent
semiconductors (www.rocelec.com).
However, you can also use the
AD745JR 16-lead SOIC version. Alterna-
tively, you could use the OP-37 low-
noise op amp, but there will be a bit

PHOTO 2: REAR VIEW OF NOISE METER AMPLIFIER.
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higher noise, especially at the higher
Rin setting, where the low 6.9fA/VHz
current noise of the AD745 outperforms
the OP-37 at 0.4pA/\VHz.

The AC signal at gain input J2 is cou-
pled by C11 and R3 to Ul, making it
possible to measure AC noise in the
presence of a DC voltage. I used this
NMA to measure the AC noise of DC
audio supplies in my “DacT CT 102
Power Supply Product Review,” aX Oct.
2003, p. 56. S5 selects between two Rin
input impedances: 600Q or 8k5. The LF
-3dB point for each setting is 56Hz or
4Hz, respectively. The HF bandwidth is
225kHz. I added R1 to discharge C11
when the NMA is not in use.

Since the AD745 is only stable for
gains >5, Walt suggested placing C12
and C13 (a value four times that of C14)
across the inputs. These capacitors, in
conjunction with C14, force the noise
gain to 5, and provide stability over the
entire operating range. I divided the gain
equally between the two AD745 stages.
During testing, I found that R10 needed
to be a bit higher than R5 for exactly
60dB gain, probably due to the variations
in the 1% tolerance of all the resistors.

The output of U2 goes through R23 to
gain out jack J3 and also to S3. This
switch selects between the gain stages
of U1, U2, and a unity gain buffer U3B.
The common pole of S3 delivers the se-
lected signal to a passive “A-weighting”
filter network!.

I chose this particular filter circuit
instead of others published earlier® 3
because SPICE simulations showed it
to be more accurate to the A-weighting
curve?, U3A adds the necessary gain to
recover the losses through the passive
network and provide unity gain at
1kHz. S4 selects either the flat response
from S3 or the A-weighted response
from U3A and drives J4 via R20.

CHASSIS ASSEMBLY

I built the NMA into a painted steel
Radio Shack enclosure. The front view
is shown in Photo 1 and the rear view is
Photo 2. The two 9V batteries are exter-
nal to the unit to make replacement
easier. Photo 3 is the interior view. The
shells of the two input jacks are
grounded to the enclosure along with
the circuit board ground plane. This re-
quires that you remove the paint from
the enclosure at the points of contact.

“Mana makes an important
difference to the performance
of a turntable but makes an
equally big improvement to
any component. The Mana

“The Mana stands are less an improve-
ment in a system than a whole new system...
I cannot recommend the Mana Acoustics
Equipment Supports more strongly. They're
a great investment themselves and a sure
way to increase the value of the investment
you've already made.” -Steve Sullivan, FI

Upyrade every component in your system without replacing any!

Make equipment you already own sound better! MANA ACOUSTICS Equipment Supports are revered for
making dramatic improvements to turntables, CD players, tuners, tape decks, preamps, power amps, power
supplies, speakers, DVD players, VCRs, even TVs! Just think... one multi-tier rack effectively upgrades
each component you put on it. And it doesn't end there - MANA Supports are upgradable; each new level
adds to the “MANA Effect.” So stack ’em up, and believe your ears... the sound just gets better and better.
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“I don't know of anything priced close
to the [Mana Acoustics] Reference Table
that could have improved my system so
much.” -Rob Doorack, LISTENER

BEST BUY Award -HI-FI CHOICE
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Equipment table is not just

good, it's fundamentally necessary
for good sound... if you don't put
Mana at the head of your shopping
list you will never hear the true
potential of your hi-fi system.”
—Alan Sircom, HI-FI CHOICE
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In addition, every signal wire that
goes to a switch or jack uses shielded
cable grounded only at one end to pre-
vent ground loop noise from being
picked up on the signal conductor. The
output jacks are isolated from the chas-
sis, again to prevent ground loops. The
LED and power supply wires are twisted
to minimize pickup or noise radiation.

CIRCUIT BOARD LAYOUT

I built the circuit on a ground plane PC
board. This is absolutely necessary at
these high gains to ensure the mini-
mum input-to-output noise. Photo 3
shows the view of the PC board, and
Fig. 2 shows the parts placement. I
used low-profile gold-plated DIP sock-
ets for the three op amps.

The PC board itself was a fairly sim-
ple layout, so I routed it with a 0.046”
router bit in my Dremel tool rather than
use an etched PC board. This maxi-
mized the ground plane area. I drilled
the board for standard T-49 vector pins
so I could tweak any part values later.

Wherever the pins are not to be
grounded, I used a Vector P138A pad
cutter to cut an electrically isolated cir-
cular pad on the copper side around
each 0.042” (#58 drill) hole. (The pad
cutter is available from Mouser as p/n
574-P138A.) Some parts, such as the
power-supply components and de-cou-
pling caps, are soldered directly in
place since they would not require
changing during testing.

FRONT PANEL

Figure 3 shows the panel lettering desig-
nations for the front panel. I made a full-
size copy of this lettering on drafting ap-
pliqué film, which is an adhesive-backed
transparent plastic. The light color base
paint on the RS enclosure works well
with the black photocopy lettering.

All circuit board mounting holes
have clearance for a 4-40 screw with a
flat washer. I used four tapped alu-
minum spacers to mount the board to
the chassis.

MEASUREMENTS

I calculated the ideal noise level for the
U1 and U2 gain stages using an Excel
spreadsheetS. The total output noise
voltage was 12.92uV/VHz, or 91.4nV
RMS over the audio bandwidth. This
would be 91.4pV RMS noise referred to
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PHOTO 3: INTERIOR VIEW AND
.
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CIRCUIT BOARD.

SYMBOL VALUE
B1, B2 v
C1, C2 100n 100V 10%
C3, C4 2200pF 35V
€5-C10 100nF 50V
C11,C15 Au7 250V
C12,C16 1n8 100V 10%
€13, C17 180pF 50V 5%
C14, €18, C24 470pF 50V 5%
c19 220nF 100V 10%
C20 33nF 100V 10%
c21 330n 100V 10%
€22 2n2 100V 10%
C23 47n 100V 10%
€25 270pF 50V 5%
C26 1uF 250V 10%
c27 A47pF 50V 5%
28, C29 2200pF 35V
CR1, CR2
FB1, FB2
J1-J2
J3-J4
J5
J6, J7
LED1
R1, R17, R22 100k 1%
R2, R20, R23 604 1%
R3 1k00 1%
R4, R9 324 1%
R5, R19 1k50 1%
R6, R11 348 1%
R7, R12 57R6 1%
R8 8k45 1%
R10 1k62 1%
R13, R21 301 1%
R14, R15 1k82 1%
R16 10k0 1%
R18 1k47 1%
R24 7k87 1%
R25, R26 150 5% 1W
R27 40k2 1%
R28, R29 27k 5%
S1 DPDT
S2 DP ON-OFF-ON
S3, 84, S5 SPDT
U1, U2 AD745, 0P-37
U3

12V AC 0.4A

TABLE 1

NMA Parts List
DESCRIPTION
Battery
Polyester
Aluminum
Ceramic X7R
Polyester
Polyester
Ceramic NPO
Ceramic NPO
Polyester
Polyester
Polyester
Polyester
Polyester
Ceramic NPO
Polyester
Ceramic NPO
Aluminum
1N4148
Ferrite Bead
BNC, Panel Mount
BNC, Panel Mount, Ins.
Jack 5.5mm male
Battery Snap, 9V
Red, High Efficiency
Metal Film
Metal Film
Metal Film
Metal Film
Metal Film
Metal Film
Metal Film
Metal Film
Metal Film
Metal Film
Metal Film
Metal Film
Metal Film
Metal Film
Metal Oxide
Metal Film
Carbon Film
Mini Toggle
Mini Toggle
Mini Toggle
Op Amp
Op Amp
Batt snaps, 9V
Blank 4x6 pch
Enclosure, 8x3x6
AC adapter

VENDOR
RS
Mouser
DK
Mouser
Mouser
Mouser
Mouser
Mouser
Mouser
Mouser
Mouser
Mouser
Mouser
Mouser
Mouser
Mouser
Mouser
Mouser
DK
Mouser
Mouser
Mouser
Mouser

Mouser
Mouser
Mouser
Mouser
Mouser
Mouser
Mouser
Mouser
Mouser
Mouser
Mouser
Mouser
Mouser
Mouser
Mouser
Mouser
Mouser
Mouser
Mouser
Mouser
Newark
Newark
RS

ALL

RS
Mouser

PART NO.

140-PF2A104K
P5170 ND
21RX310
146-250V4.7K
140-PF2A182K
80-C315C181J1G
80-C315C471J1G
140-PF2A224K
140-PF2A333K
140-PF2A684K
140-PF2A222K
140-PF2A473F
140-50N5-271
146-250V1.0K
140-50N5-470J
140-XRL35V2200
78-1N4148
M2310-ND
523-31-221-RFX
523-31-10-RFX
163-6006
121-2224

271-100K
271-604
271-1.00K
2711-324
271-1.5K
271-348
271-67.6
271-8.45K
271-1.62K
271-301
271-1.82K
271-10.0K
271-1.47K
271-1.87K
281-150
271-40.2K
291-27K
10TC260
108-MS550H
108-MS550A
See text
AD712JN
270-326
PCB-46
270-274
41AC412
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the input (RTI) at 60dB gain. have 3.4mV RMS residual output noise | with the input open (using the HP
At 60dB gain, the NMA proved to | with the input shorted, and 4.7mV RMS | 3400A). The noise floor referred to the

FIGURE 1: NOISE METER AMPLIFIER SCHEMATIC.
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turntable. It's anything but.
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construction, massive
aluminum platter, mounting,
motor, bearings, belts, arm,
and power supply make a line

of turntables that outperforms

all that have come before it.
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input (RTI) is 3.4uV RMS and 4.7V
RMS, respectively. This is the output
noise divided by the noise gain of the
amplifying circuit (quite a bit higher in
the real world than the ideal calcula-
tions predict). Table 2 summarizes the
measured broadband and A-weighted
output residual noise relative to 2V
RMS, and the noise referred to the
input (RTI), using battery power alone.

Table 3 shows the same data points
using the AC adapter supply, which
raises the noise floor.

Figure 4 shows the NMA frequency
response relative to 2V RMS output.
The unity gain input and the gain stage
at 8k5 Rin curve are essentially flat. The
gain stage with 600Q Rin has more
droop at the low end reflecting the inter-
action of the lower input resistance with

FIGURE 2: CIRCUIT BOARD PARTS PLACEMENT.
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R20 ON S4/J4
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PHOTO 5: ATTENUATOR SWITCH WITH DUST.
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the 47 input coupling cap. Note that the
gain stage curves have been normalized
at 0dB for clarity (the dB gain has been
subtracted out). The A-weighting filter
response is shown, along with the pub-
lished curve (dashed line).

Figure 5 shows the THD+N versus fre-
quency for each of the gain settings, and
for the unity gain input with and with-
out the A-weighting filter. The input sig-
nal was adjusted in each case for 2V
RMS output into a 10k load at 1kHz.

Figure 6 shows the THD+N versus
output voltage into a 10k load at 1kHz.
The solid lines represent battery power
for all gain settings and unity gain with
and without the A-weighting filter. The
two dashed lines show the THD+N at
40dB gain and unity gain, using the AC
power adapter as a source.

USING THE NOISE
METER AMPLIFIER

You can use the NMA with any standard
X1 oscilloscope probe. The output is con-
nected to any broadband AC true-RMS
voltmeter with a 1mV RMS full scale.
The reading on the meter is then multi-

PHOTO 7: BOARD SLIDES WITH
e e

) i
L]
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plied by the gain used in the NMA.

For low impedance sources such as
power-supply noise measurements or
for standard 600Q2 pro audio loads, use
the 6002 Rin position. To measure the
noise of higher impedance sources
such as preamp line outputs, use the

FIGURE 3: FRONT PANEL LETTERING.

8k5 Rin position to avoid overloading
them; or you can use the unity gain
buffer input for driving the A-weighting
filter directly without any overall gain.
T've listed a few more sources of noise
measurement information in the Refer-
ences list(6-11),

‘ 8.000

POWER

UNITY (Rin 100k)
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FIGURE 5: NMA THD+N VS. FREQUENCY.
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The battery power mode with its £9V
rails has less headroom than the AC
adapter mode with £15V rails. Tables 1
and 2 and Fig. 6 show the noise and dis-
tortion headroom penalty for using the
AC adapter.

THE DESIGN

A block diagram of the HP 3400A is
shown in Fig. 7. The meter uses the
highly accurate thermocouple method
of RMS measurement. The AC input
signal is applied to a 10MQ input atten-
uator, which feeds the nuvistor cathode
follower impedance converter. The con-

FIGURE 6: NMA THD+N VS. OUTPUT
VOLTAGE.

THD4N (% OF OUTPUT LEVEL) vs MEASURED OUTPUT VOLTS (v) 1 kiz INTO 10k, B kHz LP FILTER
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verter drives a second 600(2 attenuator
assembly that is switched in conjunc-

tion with the input attenuator to keep
the nuvistor output voltage between
zero and 100mV full-scale on all ranges.

The second attenuator drives a video
amplifier, whose AC output is used to
operate the heating element of one sec-
tion of a sealed dual-thermocouple
module. This thermcouple output is

RANGE SW

IMPEDANCE
CONVERTER

SECOND
ATTEN

input to a modulator and chopper am-
plifier. The chopper output is demodu-
lated, current amplified by an emitter
follower, and drives the front panel ana-
log meter.

Feedback is taken from the emitter
follower back to the heating element of
the second thermocouple in the mod-
ule. The two thermocouple outputs are
connected in reverse polarity and the

FIGURE 7: HP 3400A VOLTMETER BLOCK DIAGRAM.
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v
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PHOTO 8: REPLACING FOAM IN BOARD SLIDES.

PHOTO 10: REMOVING REAR PANEL PLATE.
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closed loop meter circuit nulls the com-
bined series thermocouple output to
provide an accurate reading of the AC
input signal regardless of its waveform
or crest factor. The HP-3400A is accu-
rate to 1% from 50Hz to 1MHz, and has
5% accuracy from 10Hz to 10MHz.

If you are selecting a 3400A, try to find
one that is not “decorated” with the pre-
vious owner’s lab sticker (other than cal-
ibration stickers). Ex-government
agency and military units are especially
likely to have painted stencils and large
hard-to-remove stickers on them.

You may be able to renovate a 3400A
using just my description and the ac-
companying photos, but troubleshoot-
ing and repairs will require the Operat-
ing and Service Manual. There have
been a number of running changes to
the 3400A throughout its production
life. Appendix C in the latest manual
covers these changes.

Units with serial number prefix 806-
are the newest. Earlier prefixes were

TABLE 2

Broadband and A-weighted Output Residual
Noise Relative to 2V RMS, and the Noise Re-
ferred to the Input (RTI), using Battery Power.

NMA (BATTERY) DBR OUT DBR RTI
60dB 600Q2 -52.6 -112.6
60dB 8k5 —44.5 —104.5
60dB flat out —44.5 —104.5
60dB "A" wtg —61.9 -121.9
40dB 600Q2 —68.8 —108.8
40dB 8k5 —61.0 —-101.0
40dB flat out -61.0 -101.0
40dB "A" wtg -81.9 -121.9
30dB 600Q2 —75.4 —105.4
30dB 8k5 —69.0 -99.0
30dB flat out —75.1 —105.1
30dB "A” wtg -92.0 -122.0
Unity Gain In —-100.0 —-100.0
UG via A-wtg —100.0 —100.0

TABLE 3
Broadband and A-weighted Output Residual
Noise Relative to 2V RMS, and the Noise Re-
ferred to the Input (RTI), using AC Adapter
Power.

88NMA (AC POWER) dBr OUT  dBr RTI
60dB 600Q2 —38.6 —-98.6
60dB 8k5 —40.1 —100.1
60dB flat out —40.1 —-100.1
60dB “A" wtg -524 -1124
40dB 600Q2 —60.7 —-100.7
40dB 8k5 —59.6 -99.6
40dB flat out —59.5 -99.5
40dB “A" wtg —-76.2 -116.2
30dB 600Q2 -72.2 —-102.2
30dB 8k5 —68.2 -98.2
30dB flat out —68.2 —98.2
30dB “A” wtg —89.1 -119.1
UGB open —100.0 —100.0
“A" wtg open —100.0 -100.0

322, 401, 528, and 714. Most of the
changes pertained to the chopper am-
plifier A6 board, the A5 photochopper,
and the thermocouple pair on A4. I find
that even the older units can have very
good performance.

One thing I can guarantee is that
when you first remove the meter cov-
ers, it will be filled with the powdery
residue of the deteriorated foam rubber
used to shock-mount the A2 nuvistor
board. The second most likely problem
is lack of a power cord.

All-vacuum tube gear such as the HP

RENOVATING THE HP 3400A
RMS VOLTMETER

The output of the noise meter amplifier must be
fed to a wide-bandwidth true-RMS reading AC
voltmeter. One such meter that is readily avail-
able on eBay and from surplus test equipment
vendors is the Hewlett-Packard 3400A. It cost
about $750 new in the 1960s, but clean work-
ing units are available on eBay for under $100.

The 3400A is all solid-state except for one RCA
7586 nuvistor triode, used as the impedance con-
verter from the 10MQ input attenuator network to
the 600Q output attenuator. (The later HP 400E
AC voltmeter, not a true-RMS meter, was a de-
scendant of the original HP 400 vacuum tube
voltmeter, and uses a JFET impedance converter.)
The HP 3400A can read from TmV RMS to 300V
RMS full-scale. The HP 3400A Operating and Ser-
vice Manual and nuvistor tubes are also still readi-
ly available.
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400D VTVM had attached power cords.
The HP 3400A uses an old-style remov-
able power cord based on the Switch-
craft AC3G receptacle. These power
cords are very hard to find because HP
used them for only a few years in the
mid-60s before the removable IEC cord
became standard.

After a fruitless search for an HP
power cord, my solution was to convert
the meter to a standard IEC power re-
ceptacle. I have since renovated a num-
ber of 3400As the same way (this power

PHOTO 12: REMUVING THE LINE VOLTAGE SELECTOR SWITCH.

receptacle modification also works for
the earliest HP 400E AC voltmeters).
The final step in my standard renova-
tion was to replace the meter output
signal phone jack with a more useful
BNC jack.

GETTING TO WORK

Photo 4 shows the HP 3400A with the
top, bottom, and side covers removed.
There is a shield that covers the attenu-
ator area in the bottom of the chassis
and the nuvistor A2 board. While it

looks complicated, it is held in place
with one hex nut near the tube cutout
and a second hex nut on a captured
stud that fits in a slot in the plate with
the power transformer mounted to it.
Photo 5 shows the attenuator switch
area filled with the powdered foam
from the A2 board card mounts. The
first order of business is to remove the
two plastic PC board holders. The A2
board and the two holders slide out of
the chassis from the side (Photo 6). Be
sure to guide the top of the nuvistor

PHOTO 15: INSTALLING PARTS AND BNC CONNECTOR.
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tube below the bottom left rail as you
remove the A2 board to avoid damage.

Once the two slides are fully extend-
ed, you can remove them from the sides
of the A2 board. All that will remain of
the shock-absorbing foam will be the
sticky back tape (Photo 7). Scrape the
tape and the foam residue from out of
each PC board holder.

Next you are going to replace the
erstwhile foam with some %" wide %s6”
thick self-stick high-density weather-
proofing foam such as Frost King R338.
Cut the replacement foam to length and
use a razor knife to slit it down the mid-
dle, to within %" of each end (not full
length, see Photo 8). The slits will cen-
ter the A2 board when you reassemble
the unit. In order to properly hold the
A2 board in position, you will need two
layers of foam in the right holder to
equal the total original foam thickness.

Next, use a soft paintbrush to clean all
the foam dust out of the unit. It will have
worked its way into every nook and
cranny. Use a can of computer dust re-
mover air spray if needed. You may even
need to remove the plug-in PC boards to
clean their chassis connectors.

Inspect the electrolytic caps on the
A2 board. You may choose to re-cap it if
they are deteriorated, as I did on one
meter (Photo 9). You can easily remove
the board by disengaging the push-on
terminal wires from their pins. Be sure
to make a drawing of the wires and
their colors—I recommend you have
the manual in hand for this.

REPLACEMENTS

The parts list in Table 4 gives the
Mouser part numbers for suitable re-
placements for all the aluminum caps.
The level of capacitor technology in the
1960s was not what it is today. Most of
those old aluminum caps had a toler-
ance of +100%/-10% or worse. Today
+20% is fairly standard. Replacing every
aluminum cap is fairly cheap (about
$15) but very labor intensive.

For the two large can caps (C1 and
C2), you can connect replacement radial
lead caps right across the old terminals
and leave the original caps in place on
the chassis. CE Manufacturing is also
making replacement can capacitors for
vintage audio gear (info@cedist.com).

If you don’t have the HP power cord,
you can easily enlarge the cutout for

the original Switchcraft AC3G connec-
tor to accept a modern IEC receptacle.
Remove the four flathead screws that
hold the rear panel connector plate,
making sure not to lose the cone-
shaped lock washers. Slip the plate out
of the chassis (Photo 10). Before remov-
ing anything, make a list of the wire col-
ors for each of the following wires
(Photo 11).

Unsolder the white/green/gray wire
to the phone jack and remove the jack.
Unsolder the white/brown/gray harness
wire to the fuse holder (no need to re-
move the one to the power socket). Un-
solder and remove the 3-wire ceramic
capacitor on the back of the power
socket. Finally, unsolder the three
wires from the socket (white/brown/
gray, white/gray, and black).

The line voltage selector switch is
riveted to the back plate and must be
drilled out so you can remove the
switch from the plate without having to
remove all its wires. I used a %" drill
(Photo 12). It turned out to be easier to
also remove the fuse holder for better
access. Be very careful and support the
rear plate with care. The wiring used in

Electronic Crossovers
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Line level
Speaker level
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Tube Output
Toroidal transformers for tube
output applications. Plus
related products.

Standard Series (push-pull)
Single-ended

Specialist Range

Special Designs

Power Transformers
Chokes

Chassis for Tube Amplifiers
PCB for 70W & 100W Amps
Book by Vanderveen
Electrostatic

Step-up toroidal transformers
for Electrostatic loudspeaker
applications.

Solid State Power
Low noise, low inrush
500 to 2000VA fully
encapsulated power
transformers.
Standard Power
A broad range of high
quality, approved,
toroidal transformers.
Designed for general
purpose applications.
From 15 to 1500VA.
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(1-800-754-8766)
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the 3400A is fragile #24 and #26 and
can easily be broken.

Once the switch is removed, the plate
is free from the chassis. Now drill out
the two rivets holding the AC socket,
and the plate will be clean of all compo-
nents (Photo 13).

Now you must enlarge the AC socket
hole to accept the IEC power recepta-
cle. Scribe an accurate horizontal line
on the inside of the rear plate exactly
Y6” up from the bottom of the plate.
This will be the bottom of the new open-
ing for the IEC receptacle. Next lay out
scribe lines for the IEC socket outline,
using the outside mounting hole to lo-
cate its horizontal position. I used a
Radio Shack 64-823A nibbler tool to
quickly enlarge the opening in the thin
aluminum (Photo 14). Be careful not to
bend or damage the thin %¢” web that is
left on the bottom of the opening.

PHOTO 18: HP 3400A ON CALIBRATOR.

-

RMS VOLTMETER

3400A

I used 6-32 screws to mount the new
IEC receptacle. You will need to en-
large the old outside rivet hole and drill
a new hole for the inside screw. Use flat
washers under the heads of the screws
and lock washers inside, and install the
IEC receptacle with its center ground
pin at the bottom of the rear plate. Next
install the line voltage switch with 4-40
screws, flat washers, and lock washers.
Finally, replace the fuse holder and in-
stall the BNC connector in place of the
phone jack (Photo 15).

Now you need to install the 3-lead ce-
ramic cap onto the IEC receptacle ter-
minals, without soldering the leads yet.
The cap should point upward from the
bottom of the chassis. It must fit be-
tween the receptacle and the green con-
nector for the A7 board at the back of
the unit. If this cap is damaged, you can
replace it with two individual 10nF
250V AC ceramic disc caps.

Next solder the wires you re-
moved earlier back onto the
IEC receptacle, the fuse holder,
and the BNC jack. Carefully
route the wires so they are not
pinched between the green con-
nector and the 3-lead capacitor
(Photo 16). Replace the four
screws that hold the rear panel
in place.

Before replacing the attenua-
tor shield (Photo 17), coat the
rotary switch contacts with Caig
deoxiT or other good contact
cleaner. Photo 18 shows the
3400A alive and well on the cali-
brator. Calibration is fairly

HP3400A Renovation Parts List
SYMBOL ORIG. VALUE DESCRIPTION NEW VALUE MOUSER PART NO.QTY
C1 40+40p 200V Alum can 47u 160V 647-UVZ2C470MHH 2
C2 890u 15V Alum can 1000u 16V 647-UVZ1C102MPH 1
C612 880w 1v Alum 1000w 10V 140-XAL10V1000 1
€205, C412, €609, C613 100w 12V Alum 100p 16V 140-XAL16V100 1 each
C207 100p 15V Alum 100 16V 140-XAL16V100 1
€204, C702, C704 10w 150V Alum 10w 160V 140-XAL160V10 1 each
C411, C606 10u 10V Alum 10n 16V 140-XAL16V10 1 each
€602 10w 12V Alum 10w 16V 140-XAL16V10 1
C610 u 25V Alum T 100V 140-XAL100V1.0 1
C203, c407 200 3V Alum 220u 16V 140-XAL16V220 1 each
C427 200y 15V Alum 220 16V 140-XAL16V220 1
C413, C415 20u 25V Alum 22u 25V 140-XAL25V22 1 each
C605 2u 25V Alum 2u2 50V 140-XAL50V2.2 1
€712 35u 250V Alum 33u 250V 140-XAL250V33 1
€402 500 3V Alum 470u 10V 140-XAL10V470 1
€708, C709 50u 25V Alum 47u 25V 140-XAL25V47 1 each
C706, C707 40 50V Alum 47u 50V 140-XAL50V47 1 each
J2 4" phone jack BNC 523-31-221-RFX 1
J3 AC3G AC receptacle IEC 161-0707-1 1

TABLE 4
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straightforward, but you will need the
manual to perform all the steps. De-
pending on the IEC receptacle you se- 2 ; !
lect, you may need to use the nibbler to I : udio CO”JH-“
notch some clearance in the bottom
cover where it wraps around and sits

against the receptacle flange. aX

GLASPERLENSPIEL Single ended DULCET 98 dB/w /m efficient

3008 stereo amplifier featuring Emotion Two driver loudspeaker
‘in
‘Sound

SMPS and 4 Silver Rock transformers system by Mantra Sound
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Drafting appliqué film (Letraset Letracopy Cre-
ative or Chartpak DAF8) is available at art or
drafting supply houses. Other options are Clear
Laser Labels by Avery (various sizes, four-digit
part numbers start with #566_), BEL Inc. ink-
jet decals (beldecal@ bellsouth.net), or Worth
Poly™ polyester laser labels from Worth Data
(barcodehg.com).

All Electronics Corp.
1-800-826-5432
www.allcorp.com

Digi-Key Corp.

701 Brooks Ave. South

Thief River Falls, MN 56701-0677
1-800-344-4539
www.digikey.com

Mouser Electronics

958 N. Main

Mansfield, TX 76063-4827
1-800-346-6873
WWW.mouser.com

Newark Electronics
4801 N. Ravenswood Ave
Chicago, IL 60640-4496
1-800-463-9275
www.newark.com

Radio Shack

Local Stores, or

Radio Shack Unlimited (RSU)
1-800-THE-SHACK
www.tandy.com
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