The Heathkit C-3 Condenser Checker.

The Heathkit model C-3 Condenser Checker is a small, handy instrument that can
help the electronic repairman quickly check the values of unknown resistors and
capacitors, and provide a quick and fairly accurate means of checking capacitors for
leakage, and electrolytics for power factor. It can also be used to re-form electrolytic
capacitors.

Although I have always had the greatest of respect for the Heath Company’s design
engineers, there is always something the amateur radio operator can do to “improve”
Heathkit equipment, even if it is simply to “personalize” it for his own particular way of
doing things. Since Heathkit equipment is usually simple, it is usually easy to work on.

This article will discuss the following: 1) some improvements which will overcome the
weaknesses inherent in the design and construction of the Heathkit C-3, 2) the principles
by which it operates, and 3) how to get the most out of the instrument. It is really a follow-
up to Jim Hanlon’s (W8KGI) article on the C-3, which was printed in ER # 135, starting on
page 11. You may wish to peruse that article in conjunction with this one.

Several years ago, I joined several e-mail lists devoted to various military and amateur
radios of the BA persuasion, and one of the things often discussed was the great problem of
old capacitors leaking badly, and the means of finding them before they could cause
damage: capacitor checkers were one of these means.

It is common knowledge amongst the BA (Boat Anchor) and military communications
equipment restoration crowd that leaky capacitors are the primary cause of equipment
failure years after the gear was first built. Most BA gear should not even be turned on until,
at the very least, the electrolytic capacitors in the power supplies have been checked for
leakage or shorts and if necessary, replaced or re-formed. New capacitors are a lot cheaper
and easier to find than un-obtainium original specification transformers!

Although many different manufacturers have built and sold capacitor checkers capable
of performing such checks, the Heathkit C-3 was mentioned favorably as one such
instrument, and since I have always liked Heathkit equipment, I thought that would be a
good one for me to start with.

After asking around, I obtained a C-3 from a ham in Texas, whose call I have since
forgotten. He sent it to me with instructions to pay him what I thought it was worth, and
though I was not able to get to it immediately, I finally dug into it. Although it looked fine
cosmetically, electrically it was in pretty bad shape. The power transformer was completely
burnt out, and the “Main Control”, a 10 K wire-wound pot, was destroyed.

As I got further into it, I discovered that nearly all of the 22 K ohm divider resistors
had drifted well out of tolerance, mostly very low, and some exhibited strong indications of
having been subjected to high-temperatures. When I told the Texas ham about these
problems, he told me to just keep the unit, so I decided to try to restore it for use in my
shop. Later, I bought another working one from a seller on Ebay for $15.00 for use in my
other shop at work.

When doing any restoration, the first order of business is to obtain as complete
documentation as possible, preferably an original manual with a schematic, or a good copy
of both. I obtained a manual for the C-3 from BAMA, the Boat Anchor Manual Archive.



BAMA is found on the Internet at ftp://bama.sbc.edu or http://www.bama.sbc.edu/, or
the mirror http://bama.edebris.com/manuals/.

When I started to study the schematic diagram included in the C-3 manual, I found it
to be poorly laid out and very difficult to understand, despite its being such a simple
instrument. So [ sat down at my computer and redrew the schematic diagram using
GenericCadd, separating each circuit from the others to make it more logical and easy to
read. That schematic diagram is shown below as Fig. 1.

The first problem I encountered was how to replace the power transformer: from its
specifications as shown in the C-3 manual, it looked as though I would not be able to easily
find one exactly like it. A primary input winding of 110 VAC, and three secondary windings
of, 1) 500 VAC for the capacitor leakage test circuit, 2) 55 VAC for the bridge circuit, and 3)
12.6 VAC for filaments for the two tubes was required.

Searching through my junque box, I found a small receiver transformer with a 110
VAC primary winding; 525 VCT at 90 mA, 6.3 VAC, and 5 VAC secondary windings; and
two small Radio Shack transformers which had 110 VAC primaries, and 12.6 VCT
secondary windings at an amp or two each. These I connected as shown in Fig. 2 below.

The 12.6 VCT transformer T-2's secondary winding I connected to the main power
transformer T-1’s 6.3VAC secondary winding so that T-2’s primary winding, acting now as a
secondary winding, provided the 55 VAC needed for the bridge circuit. I then added T-3 to
provide filament voltage for the 1629 eye-tube and the 1626 “rectifier”. Depending on your
line voltage, you may want to connect the 12.6 VAC winding of T-2 to the 5.0 VAC winding
of T-1 instead of to its 6.3 VAC winding as I have done. Measure the 55 VAC. If it is
substantially higher than 55 VAC, do the above. My units have worked fine wired as I have
drawn the schematic, and my bridge voltage measured 60 VAC. See the photo in Fig. 3 to
see how I mounted the transformers. There was actually plenty of room.

Now that I had a reasonably close facsimile of the original power transformer, and
after I replaced the 10 K pot “Main Control” (as it is labeled on the schematic), and the DC
filter capacitors with new ones from Mouser, I fired it up and made some tests.

The results of my tests and calculations are as follows:

1) For the leakage tests, the voltages at the various switch-positions (labeled 25, 150,
250, 350, 450 VDC.) are not very exact, even if the resistors are still within tolerance. The
current through the voltage-divider string SHOULD be about 4.5 mA. (.004545 A). If that is
so, and if all the resistors are within tolerance, then the calculated voltages will be about
45, 145, 245, 345, and 445 VDC. However, those resistors were always WAY out of
tolerance, sometimes by several hundred percent in those units I checked, including this
one. Obviously, the position labeled “25” volts, should have been labeled “50” volts instead.

2) The 47 K resistor shown on the schematic, which is actually across the 1629 eye-
tube, was found to be over 110 K in the units I have checked. This resistor sets a) the
voltage across the 1629, and b) the total current in the string. At 4.5 mA, there should be
about 210 VDC across the 1629 at “idle”. Before I started the restoration, my unit had 330
VDC on the eye tube! This resistor dissipates about 1 watt, so a 2 watt resistor should be
OK here.

3) The filter capacitor closest to the diode only has the voltage across the 1629 on it,



which varies, when you are testing leakage, from a low of about 100 volts, to a high of
about 430 volts (momentarily), so a capacitor with a working-voltage of 475 VDC, or higher,
is not needed here. The other filter capacitor, however, has whatever voltage is left after the
1629’s requirements are met. The 1629 will operate properly with voltages as low as 100
VDC. (Don’t go over 250 VDC though. Doing so for very long will severely shorten the life of
the eye tube.)

4) Calculating the true resistor values that would give the “correct” voltages for the
leakage test resulted in: 11 K, 22K, 22K, 22K, and 22K. I adjusted the true value of the “47
K” resistor at the “top” of the voltage-divider so that the actual current drawn by the string
was 4.5 mA, and the voltages were accurate or slightly high at no load. If you want the
leakage test voltages to be reasonably accurate, make sure that the current through the
voltage-divider string is 4.5 mA., and your resistors are close to what I have listed.

5) The last 22 K resistor between the voltage-divider string and the 450 VDC switch
position connection is only a current limiter, so its true resistance value is not too
important.

6) I replaced all the capacitors, except the filters and the micas, with metalized film
capacitors. The increase in accuracy and repeatability of the instrument was amazing! The
micas were usually OK, but you may want to test yours anyway, and replace those that are
out of tolerance.

7) All resistors in the voltage divider string were replaced with 2-watt wire-wound units
from Mouser of the values I calculated above. The power dropped by each 22 K resistor in
the voltage-divider string will be around 0.45 watt at no load if the current is “set” to 4.5
mA., but can rise much higher when you are testing bad capacitors for leakage. This is
undoubtedly why the 2 watt 22 K ohm resistors were “cooked” in my units. If the unit is
left on, those resistors are dissipating nearly 2 watt continuously, which isn’t good either.

8) Make sure the two resistors associated with the 1629 are within tolerance. If either
one is much lower in resistance than specified, the eye will not open fully, or could overlap
when closed. You may have to experiment with the value of the resistor between pins 3 and
4 in order to get the eye to just close when nothing is being measured. Mine required a
resistor of around 6 megohms rather than the 1 megohm shown. The “+60 volts” specified
on the schematic at pin 3 varies wildly, depending on where the “Main Control” is set
during measurements, so it is not to be taken literally.

9) The maximum voltage that the 1629 should be subjected to is 250 VDC, and less is
better. Cathode current should not be more than about 4 mA. That will be OK, as long as
the grid resistor is close to 1 megohm or larger and the plate voltage is below 250 VDC.

10) I replaced the line cord on my units with a three-wire grounded type, and added a
chassis mounted fuse holder. The repeatability of the instruments was greatly improved,
since that, according to the manual, can depend a lot on which way the plug is inserted in
the wall socket. With a three-prong plug, it always goes in the same way. The fuse, a 1
amp fast-blow is adequate, saves the power transformer if the diode or filter caps short out.

11) I shunted each power-supply filter cap with a 100 K ohm, 5-watt resistor. This
leveled out the power supply variations very noticeably, and made the leakage and other
tests much more stable. This should make the filter caps last a lot longer too.



12)If you have to replace your power transformer as I did, you will have to add a resistor
between the 47 K resistor and the rectifier to absorb any voltage above that for which the
circuit was designed, unless your transformer puts out 460 to 500 VAC. Measure the
voltage at the top and bottom of the filter capacitor string, subtract 660 VDC from that, and
find a 2 watt resistor of the proper value, i.e. (R=(E — 660)/.0045). Move the ungrounded
end of the 47 K 2 watt resistor and the 1629 plate lead from pin 8 of the 1626 socket to an
unused pin on that socket. Then connect your new resistor between pin 8 and the junction
of the 47 K resistor and the 1629 plate lead. You can also adjust the value of this new
resistor to set your leakage test voltages to their exactly correct values if desired.

13) When checking large values of electrolytics for leakage, be sure that the “Main
Control” knob is all the way to the left. When the leakage switch is released, the capacitor
discharges through the “Main Control” pot. If the knob is all the way over to the right, the
sudden discharge of the capacitor can blow the end of the control off, destroying the
control, since the resistance is essentially zero to ground at that point.

Circuit Description.

The measurement circuit of the Heathkit C-3 is a simple AC bridge, powered by 55 VAC,
and used for both resistor and capacitor measurements. The “Main Control” varies the
resistance in TWO arms of the bridge, one of the other arms consists of the standards,
whether resistors or capacitors, while the fourth arm is the unknown.

The resistance standards are two precision resistors, one of 2 K ohms, and the other of
200 K ohms, i.e., 100 times larger than the first. These provide the two ranges for
resistance measurement.

The capacitance standards are three capacitors, a 200 pfd mica, and .02 and 2 mfd
paper. I replaced these paper capacitors with metalized film capacitors in my units, which
have much closer tolerances and lower leakage than the paper ones. The high capacity end
of the dial is extended by a 90 K ohm resistor which is switched into one side of the “Main
Control” resistance when needed.

Since electrolytic capacitors have much lower internal resistance than mica or other
capacitors, in order to balance the bridge, an added variable resistance must be added in
series with the standard capacitors to balance out this resistance. This variable resistance
is the “Power Factor” control on the lower left of the instrument. Since electrolytic
capacitors are usually much higher in capacitance than other capacitors, this control only
comes into play on the high and extended ranges for measurement of capacitors.

Since modern electrolytic capacitors now have much higher internal resistance than
those which existed when the C-3 was designed, the modern user of this instrument will
find that the “Power Factor” control will ordinarily be adjusted near the left-hand end of its
travel, unless there is something wrong with the capacitor undergoing testing.

“Power Factor” as applied to capacitors is a measure of the energy loss in a capacitor as
a result of its internal resistance. A higher “Power Factor” decreases the effective
capacitance of a capacitor. At 20% PF, the effective capacitance is 98% of measured
capacity: at 30% PF, effective capacity is 95 % of measured, and at 50% PF, it is only 87%
of measured capacitance.



The leakage test, which, by the way is extremely sensitive, connects reasonably correct
test voltages to the capacitor under test, and the degree of leakage is indicated by the
degree to which the magic eye tube stays closed; the more closed the eye, the worse the
leakage. After the operator becomes familiar with the instrument, leaky capacitors can be
found very quickly and accurately. The actual voltage being applied can be measured by
connecting a DC voltmeter to the center (+) and right-hand (-) “CAP” test terminals while
testing for leakage.

Using the Instrument.

When measuring unknown resistors or capacitors, connect the unknown to the
appropriate terminals, set the multi-position switch to the approximate range, if known,
and swing the “Main Control”, watching for the eye to open. Don’t swing the knob too
quickly since the opening of the eye at balance can be missed.

For electrolytic capacitors, alternately adjust the “Main Control” and the “Power Factor”
control for maximum opening of the eye. Repeat this action until there is no further
increase in the opening of the eye. The “Power Factor” control should be turned all the way
to the left and switched out for all capacitors other than electrolytics.

According to the manual, a capacitor which, when tested for value (not leakage), will not
allow the operator to balance (eye open to maximum) the instrument on any of the ranges,
yet will allow the eye to open at the low end of the lowest range, is open. Conversely, if it
allows the eye to open only on the high end of the high ranges, the capacitor is shorted.
However, I have found that this is not necessarily the case, and depends on whether or not
ALL the components in the bridge circuit are up to spec. One instrument I have shows the
eye opening to full open at the high end of the ranges with nothing connected to the
instrument at all.

When testing capacitors, there should be no resistor left connected to the “RES” test
terminals, and vice-versa, or the instrument will not read properly.

Remember that the center terminal of the three test connections is positive (+) as far as
voltage is concerned. This is important when testing electrolytic capacitors, doing leakage
testing, or re-forming.

When the “Normal/Leakage” switch is moved to the “Leakage” position, the voltage
chosen by the setting of the multi-position rotary switch in the upper right corner is applied
to the capacitor through the series resistors, which limit the maximum current. A fully
discharged capacitor will cause the eye to close all the way as soon as the switch is moved
to the “Leakage” position and held there (it is spring-loaded), and as the capacitor charges
up, the eye will open at a speed determined by the capacitance. The smaller the
capacitance, the faster the eye will open. If the eye does not open to the exact point it was
open before the leakage test was started, then it is leaky. Extremely leaky capacitors can
make the eye tube “oscillate”, or blink rapidly. Large values of capacitance may take quite
some time to charge up, so the operator shouldn’t get impatient. Also, if the operator has a
strong set of fingers, he can hold the switch over in the “Leakage” position until the eye
opens as far as it can. This procedure can be used to re-form old electrolytics. The
“Leakage” test does NOT work properly unless the “Power Factor” switch is in the
“Electrolytic” position when testing electrolytics.



Also, when testing high-value electrolytics for leakage, make certain that the “Main
Control” pointer is all the way to the left of its scale. Large electrolytics can discharge
enough energy into the “Main Control” resistor to burn it out if the pointer is too close to
the ground end of the circuit, which is at the right-hand end of the scale.

When I use the instrument to re-form a capacitor or two, I use a set of vise-grips pointed
out to the right to grip the knob and hold it in position by the weight of the pliers. When
the “Leakage” switch is released, it shorts out the capacitor under test, so the operator
doesn’t get shocked by a charged capacitor.

The 1629 eye-tube can be hard to see in bright light. I have made a shade for one of my
instruments out of two differing sizes of PVC pipe, glued together, cut off at an angle,
painted flat black, and fastened to the front panel with two small sheet-metal screws. This
helps a lot. Fig. 4 shows this modification on my second instrument.

Other Possible Mods and Uses.

Since the 1626 “half-wave rectifier” is actually a power triode in which the grid and plate
are tied together, it can be easily replaced by a 1N4007 diode. In fact, one could replace it
with a full-wave bridge made of 4 each 1N4007 diodes if desired, and then use the 1626 in
his ARC-5 transmitter since that was its original function.

It is possible that the C-3 could be used to quickly check unknown diodes for an open or
shorted condition, although I have not yet tried this.

Other Instruments.

As mentioned above, “Condenser Checkers” have been made by a large number of
manufacturers and are still available from sources such as E-bay. I recently did a search
for “capacitor checker*” there and came up with units made by Knight, Allied, Solar,
Sprague, and B & K. Heathkit sold several different models, the latest being the IT-28, and
IT-11. These last appear to differ only in their color scheme and include a function
purposely designed for re-forming electrolytic capacitors.

Conclusion.

In my opinion, there are only a couple of instruments that the radio restorer should not
be without: a good signal generator, such as the AN/URM-25 or the H.P.-8640B, or even a
pair of good BC-221s, an accurate frequency counter, the best oscilloscope he can afford, a
decent multimeter, and lastly the nearly indispensable capacitor checker. The Heathkit C-3
certainly fills the bill.



