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21 Questions 
& answers about 
the dynamic 
all newSencore 
LC53 “Z METER” 
. . . andCA55 
Capacitor Analyzer
by Jim Smith, Field Engineer

i Remove opposite page, with actual size i photos, and place in front of you for reference 1 when you read this article.

Answers your component testing 
questions with dynamic, automatic 
direct readout

Introduction

This article covers the questions and answers, asked of 
Sencore Sales Engineers, on the new LC53 “Z METER" 
Capacitor-Inductor Analyzer and the CA55 Capacitor 
Analyzer. The “Z METER” is used for reference 
throughout the questions and answers for simplification 
purposes. However, it should be kept in mind that the 
CA55 Capacitor Analyzer operates just like the “Z 
METER" but does not check coils. The CA55 can be used 
to make many other checks as well. These different uses 
are spelled out on the opposite page. It is a good idea to 
review these applications before beginning this article.

The “Z METER” has been designed to answer more 
questions about more non-active electronic components 
than any instrument designed to date. What’s more, the 
“Z METER" makes all tests automatically with full auto­
ranging. It was designed with your time in mind, auto­
matically placing at your fingertips a two fold test for all 
capacitors and inductors. A direct reading value test is 
backed by a dynamic use test to be sure that the 
component will work in circuit. The “Z METER" has also 
been designed to check SCRs, TRIACs, high voltage 
diodes, transmission lines, transformers, relays, 
defection yokes, flyback transformers, and nearly every 
passive component that you encounter, except resistors. 
The “Z METER” really takes the costly guesswork out of 
testing up to 75 percent of all components that you will run 
into in your lab, production line, incoming inspection, 
quality control, broadcast studio or transmitter, radio-TV 
shop, communication shop, or whatever your specialty 
might be. Specifications are tight enough for the finest 
research lab while the ease of operation insures error free 
testing for even the one man radio-TV repair shop. 
Competition? Sencore won’t have any as one patent has 
already been issued and several more are pending on this 
fabulous time saving, money making instrument. What’s 
it worth to you to know for sure that a suspected faulty 
component is really good or bad before you make that long 
trip to the stockroom, or order from the distributor only to 
find that you purchased an extra component after waiting 
two weeks, or waiting for special components that no one 
carries? Look over the answers that we give technicians 
and engineers at our seminars and see if you aren't 
already paying for this instrument in lost time every 
single day. The "Z METER" costs you only 50 cents a day 
if written off over four years. Can you afford not to have it 
today? These questions and answers should help you 
decide.

The Sencore News is written, edited, and published by the Field 
Engineering Department of Sencore, Inc., 3200 Sencore Drive, Sioux 
Falls, South Dakota 57107. The Sencore News is distributed 
without charge to all individuals or companies who have registered 
the purchase of any Sencore instrument by means of the warranty 
card packed with that instrument. The information herein has been 
taken from one or more sources which we consider reliable. 
Although such information has been carefully prepared, we make no 
representations as to its accuracy or completeness. Prices and 
specifications are subject to change without notice.

1. What really goes wrong 
with capacitors?

A capacitor is nothing more than two metal plates separ­
ated by an insulator called the dielectric. There are really 
five different types of capacitor failures. 1. Excessive 
dielectric leakage, 2. A change in capacity value, 3. An in­
crease in dielectric absorbtion, 4. Leakage between sec­
tions of a multi-section capacitor, and 5. Capacitor 
deforming from sitting on the shelf. Let's look at each of 
these types of failures in more detail to understand their 
cause and the effects on the circuit in which the capacitor 
is used.

Most defects are caused by 
excessive leakage
According to Sencore customer feedback, capacitor 
leakage accounts for up to 90 percent of all types of 
failures.

Leakage in an aluminum electrolytic capacitor is more 
common than in other types. The insulating dielectric in 
an aluminum electrolytic is made up of a very thin layer 
of aluminum oxide on one of the two pure aluminum 
plates. This oxide is maintained by a liquid called the 
“electrolyte”. Heat and age can cause some of this elec­
trolyte to dry out which, in turn, allows some of the oxide 
to dissappear. This causes the amount of leakage to in­
crease, when voltage is applied, often to the point where 
the circuit’s operation is affected.

Leakage can also become excessive in paper, film, and 
ceramic capacitors if the insulating dielectric absorbs 
moisture. The capacitors are sealed in a special "encap­
sulation” material. This material often has small flaws 
that allow moisture to creep in. If the seal is not perfect or 
vibration causes small cracks around the leads, moisture 
can also enter the capacitor around the leads. Any 
moisture inside the dielectric material will reduce the 
insulation resistance and result in increased leakage.

Any type of capacitor may develop excessive leakage if 
the capacitor is subjected to excessive applied voltage or 
high voltage spikes. These types of overloads may actual­
ly puncture the dielectric material and produce a short or 
high resistance leakage path. Leakage often shows up 
only when the capacitor is charged to its normal operating 
voltage and may not show up under a low voltage check 
such as you might make with an ohmmeter. You need to 
be able to test a capacitor at, or close to. its rated voltage 
in order to locate these common leakage troubles. The 
"Z METER" is the only capacitor tester that provides a 
sensitive leakage test with applied test voltages from 3 to 
600 volts. That’s why the “Z METER" finds faulty capaci­
tors that all other testers miss.

Capacitors change in value
Some capacitors change value. The most common 
capacitor to change value is the ceramic disc capacitor. 
These capacitors often have small cracks or fissures in 
the ceramic dielectric material that were created during 
the manufacturing process. The construction of the 
ceramic disc involves the plating of a fine layer of silver 
on each side of the ceramic dielectric. Changes in tem­
perature or excessive vibration may cause these fissures 
to widen and eventually cause the silver coating to 
separate. The result is a sudden and severe loss of 
capacity.

Capacitor 
Plate

“ Crack 
(Fissure)

Lead soldered 
to capacitor 
plate

Fig. 1—The small cracks (fissures) in ceramic 
capacitors can become larger with exposure to heat 
and cold, splitting the dielectric and plates, making 
the capacitor a smaller value.

Outer Coating 
Ceramic 
Dielectric

Ceramic disc capacitors also change value as the ceramic 
dielectric material ages. The capacitors are actually 
made slightly larger in capacity value by the manufac­
turer because up to 16% of the value is lost over a year’s 
time. Up to 10% of this value change happens in the first 40 
days of operation. This aging usually slows after the first 
year’s life and typically only 20% of the value is lost over a 
ten year span. This is especially important to remember 
when the capacitor has been used more than a few years. 
You may also encounter capacitors that age much more 
quickly than the expected aging cycle and others may 
drop more than the predicted amount.

Other types of capacitors may change in value with age, 
or may never have been marked or color coded correctly in 
the first place. A reliable value test is very important 
when you suspect that a capacitor may have changed 
value or is the wrong value when new. The "Z METER" 
provides a totally auto-ranged value test to let you test 
capacitors from 1 pF to 200,000 uF. Many other high 
priced capacitor testers test only to 2.000 uF. never 
beginning to reach values used in computer circuits, etc. 
This is another reason why the "Z METER" finds de­
fective capacitors that other testers miss.

Electrolytics develop dielectric absorption
Modern capacitor theory tells us that the charge of a 
capacitor is not held in the plates but rather in the dielec­
tric material. We are told that the actual charge consists
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of small, randomly arranged electric dipoles inside the
dielectric. These dipoles are oriented along the lines of
force extending between the two plates when a charge is
applied to the plates. These dipoles will remain oriented in
this direction until the capacitor discharges.

These dipoles in the dielectric material are not totally 
mobile. Most of the dipoles will quickly turn from the ran­
dom arrangement to the polarized arrangement and back 
again as the capacitor is charged and discharged. But, 
there are a few dipoles that remain oriented in the wrong 
direction after the capacitor is discharged. If, for ex­
ample, you had a very sensitive voltmeter, you could 
measure a small voltage across the capacitor plates, even 
though the capacitor had been discharged. This effect is 
called “dielectric absorbtion” and is found, to some ex­
tent, in all types of capacitors. The action is sometimes re- 
fered to as “battery action” or “capacitor memory”.

Circuit operation can be affected if the amount of dielec­
tric absorption becomes too high. Excessive dielectric ab­
sorption is most common in aluminum electolytic 
capacitors that have partially “dried out” or deformed. 
These capacitors may not show excessive leakage or a 
loss of capacity value but will not work properly in circuit. 
If, for example, the capacitor is used as a blocking 
capacitor, or emitter bias bypass, the voltage generated 
by the capacitor may change the bias on the stage. This 
may change the operation from class A amplifier to class 
B amplifier with resulting distortion or signal clipping. 
You may suspect a leaky transistor or tube with high grid 
leakage when the actual culprit is the capacitor.

Dielectric absorption will also reduce the filtering effects 
of a lytic used in a power supply. This is especially true on 
equipment that has not been turned on for some time. The 
fact that the capacitor does not completely discharge 
means that its effective capacity, with a DC voltage ap­
plied, may be much lower than when the capacitor is 
tested without this applied voltage. A reliable capacitor 
analyzer must be able to identify excessive dielectric ab­
sorption as well as leakage and capacity value. The “Z 
METER” is the only capacitor tester that provides a 
reliable test for dielectric absorption and is another 
reason why we say that the “Z METER” will find faulty 
capacitors that all other testers miss.

Fig. 2 — Not all dipoles return to a random arrange­
ment in the dielectric of a capacitor with dielectric 
absorption which causes the capacitor to act like a 
small battery.

Multi-section electrolytics may have 
leakage between sections
What a headache this type of capacitor failure can be! 
Each section of a multi-section electrolytic can be perfect­
ly good as far as leakage, value, and dielectric absorbtion, 
but the capacitor may still be the cause of your problem. 
These multi-section capacitors sometimes develop high- 
impedance leakage paths between the individual sections. 
You won’t find this problem by checking capacity because 
each section has the correct value. You won’t even find 
this problem with a leakage test, because each section has 
acceptable leakage. The problem is that the signal from 
one electrolytic section is coupled to the circuit associated 
with another section. In a TV receiver, for example, the 
same capacitor may be used for both the power supply 
and the vertical section. The 60.00 Hz AC line frequency 
signal is then mixed with the 59.94 Hz vertical sweep 
frequency through a common resistance path and you 
can’t really tell one problem from the other without a lot 
of costly guesswork and troubleshooting. A complete 
capacitor analyzer needs to be able to measure leakage 
between sections as well as the leakage of each individual 
section. The “Z METER” is the only capacitor tester that 
has a leakage check between electrolytic sections and is 
another reason that we say that you can find faulty 
capacitors that all other testers miss.

Capacitors go bad sitting on the shelf
It is not bad enough that a capacitor can develop all of 
these different problems when in the circuit. They go bad 
sitting on the shelf as well. Electrolytics dry out and get 
leaky or develop excessive dielectric absorbtion. 
Ceramics change value because of the change in the 
dielectric or because one of the fissures opened up due to 
changes in room temperature over a long period of time. 
Some capacitors may not even have been good when they 
left the factory.

The expected shelf life of a general purpose aluminum 
electrolytic capacitor, for example, is quoted by many 
manufacturers as only one to two years! It’s not bad 
enough that the cap may have been sitting on your shelf 
for that long but you have no way of knowing how long it 
has been sitting in a warehouse waiting to be shipped. We 
are sure that everyone has experienced the replacement 
of a faulty capacitor with one that you thought was good 
only to find that the problem was not cured. Every 
capacitor should really be checked before you install it in­
to the circuit. This means that the test must be very fast 
and easy to perform to avoid wasting a lot of time testing 
good capacitors. A bridge, for example, is just too time 
consuming for most technicians to use on every capacitor 
taken from the shelf.

The Sencore LC53 “Z METER” has simplified capacitor 
analyzing for you with a test that is designed to do one 
thing; identify bad capacitors. It doesn’t matter whether 
the capacitor is already in the circuit or whether you have 
just taken it off the shelf to put into a circuit. The tests are 
fast, reliable, and easy to perform.

2. Can we find these common 
capacitor defects with present 
test equipment?

Let’s talk about capacitor leakage checks first. Most 
technicians attempt to measure capacitor leakage with an 
ohmmeter. This method applies only a few volts to a 
capacitor and, generally speaking, finds only capacitors 
that are shorted. The full rated operating voltage should
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be applied to make sure that the capacitor does not break 
down under load. This requires a power supply that is ad­
justable from 3 volts to several hundred volts and a sen­
sitive current meter to measure less than one microamp 
of leakage. The “Z METER” is the only meter on the 
market that tests capacitor leakage with rated voltage ap­
plied.

Let’s have a look at capacitor value testing. There are 
many competitive units that are designed to measure 
capacity value. These, of course, are already limited 
because they do not have a leakage test but many have 
range restrictions as well. Some testers in the same price 
range of the “Z METER” are limited to value tests of only 
200 uF or 2,000 uF as the highest value capacitor that can 
be read. A comparison chart on page 15 shows how the “Z 
METER” compares to other capacitors testers.

Modern electronic circuits often use “brute-force” power 
supplies with capacitors as large as 20,000 to 180,000 uF. 
These large values are found in audio amplifiers, digital 
circuits, and many other places. These filtering systems 
can cause real problems if the filter capacitors have lost 
some of their rated capacity. You need to be able to 
measure all the way to 200,000 uF in order to test all the 
capacitors you will encounter.

Bridges have been used for years to test capacitors. The 
biggest drawback of a bridge is that it is very time­
consuming. Even an experienced technician can spend 
several minutes nulling out the controls and then inter­
preting the results. Bridges have another limitation in 
that they do not actually measure capacity but rather 
measure capacitive reactance. Capacitive reactance 
varies with the applied frequency. It is common for a 
capacitor to read differently on two different bridges 
because the frequencies of the test signals are different.

Now, let’s look at dielectric absorption. To detect trouble­
some dielectric absorption, one must be able to charge the 
capacitor to its full rated voltage, then discharge the 
capacitor, then test the capacity value again after the 
capacitor is discharged. The capacitor value should not 
change value between value checks. If it does, it has 
dielectric absorption. This means that you need a power 
supply, a discharge circuit, and a test circuit that checks 
for actual capacity value. Testers without all three tests 
will leave you guessing again when it comes to the testing 
of electrolytics. The “Z METER” is the only capacitor 
tester on the market to test dielectric aborption.

Let’s talk about leakage between electrolytic sections. 
Leakage between electrolytic sections is checked by ap­
plying the power supply voltage to one section of a multi­
section lytic, making the leakage test and then shorting 
the other sections to ground to be sure there is no change 
in leakage readings. An ohmmeter may show up problems 
that involve a direct short between sections but this 
leakage path often has a high-resistance. This type of 
leakage will only show up with a full applied voltage test. 
A low test voltage may leave you guessing. The “Z 
METER” is the only capacitor checker on the market to 
test for leakage between electrolytic sections.

3. Show me how the “Z METER” 
can check capacitors over 
such a wide range of values 
and still be so simple and 
easy to use.

Capacity test
The “Z METER” makes use of the true definition of 
capacity by measuring the RC charge curve of capacitors 
under test through precision resistors. This means that 
the “Z METER” measures the true ability of the 
capacitor to conduct electrons in a given time, deter­
mined by the size of the capacitor and the series resistor. 
Advanced digital logic automatically selects the proper 
capacitance range from 10 internal ranges. All you do is 
connect the capacitor to the test leads, press the capacitor 
VALUE button, and read the value on the digital display.

The “Z METER” reads out in the two standard values you 
are used to seeing on schematics, in parts lists, and on the 
capacitor themselves; microfarads (uF) and picofarads 
(pF). Some less sophisticated capacitor testers read out 
in nanofarads and millifarads (both non-standard units) 
simply because it takes less circuitry than it does to con­
vert to the standard values of pF and uF. This means that 
you must go through complicated decimal manipulation 
when you make a capacitor measurement to convert the 
reading to standard multiplier values.

Fig. 3 — The “Z METER” is so simple to operate, 
just connect the capacitor and push the button to 
get the capacity value in pF or uF on the digital 
readout. Its all automatic, no range switches to 
select.

Leakage test
Testing a capacitor for leakage on the “Z METER” is 
simple and fast. Just connect the capacitor, set the AP­
PLIED VOLTAGE switch to the rated voltage or the next 
lower voltage, depress the capacitor LEAKAGE button, 
and read the leakage in microamps on the digital display.

The “Z METER” has a special warning LED that flashes 
any time the APPLIED VOLTAGE switch is set to 50 volts 
or more to warn that a shock hazard may be present when 
testing for leakage at high voltage. This voltage is only 
applied when the LEAKAGE button is pressed. The 
voltages between 50 and 600 volts are also marked in red 
as an additional safety reminder in case the LED should 
ever burn out.

Different types of capacitors have varying amounts of 
leakage before they begin to affect circuit operation. 
Large aluminum lytics, for example, have higher allow­
able leakage than other types. The “Z METER” has two 
leakage ranges that cover the normal leakage for all types 
of capacitors. One range is marked “Large Aluminum 
Electrolytics” because they are the only capacitors that 
have normal leakage values over 100 uA. This range reads 
to 10,000 uA to test even the largest computer-type capa­
citor. The other range is marked “All Other Capacitors” 
and reads from .1 to 100 uA of leakage for critical capaci­
tors like films, micas, and tantalum lytics. The 
LEAKAGE RANGE switch is labeled in this way to make 
it easy for you to remember which range to use for dif­
ferent types of capacitors to save you even more time.

Fig. 4 — The EIA maximum allowable leakage for 
aluminum and tantalum capacitors are shown on the 
handy pull-out chart on the bottom of the unit.

The first question that will usually come to mind is how 
much leakage current is permissible, especially when 
checking electrolytics. The “Z METER” makes thi easy 
for you too as a special leakage guide chart is mounted 
right on the pull out tab on the bottom of the instrument. 
Just pull the chart out, look up the capacity and rated 
voltage as it is labeled on the capacitor and find the 

' maximum allowable leakage for that “lytic” right on the 
chart.

The chart even shows which LEAKAGE RANGE position 
to use. Allowable leakage current figures are derived 
from EIA (Electronic Industries Association), standards 
as determined by the capacitor manufacturers. You don’t 
have to wait for the capacitor to fully charge to see if its 
good or bad. Simply depress the LEAKAGE button and 
watch the digital display until the leakage current reading 
drops below the maximum allowable leakage figure listed 
in the chart.

Dielectric absorption test
Testing for dielectric absorption with any method other 
than the “Z METER” is extremely complicated, time 

consuming and involves expensive test equipment that is 
not found in most engineering labs. Capacitor manufac­
tures recomend that the capacitor under test be charged 
to its full rated working voltage until the charging current 
is below the maximum allowable leakage level. The 
charged capacitor is then discharged for a predetermined 
time and allowed to sit for 30 minutes. After the capacitor 
has sat for 30 minutes, the residual voltage created by the 
dielectric absorption is measured with a laboratory type 
electrostatic voltmeter. The measured voltage is 
compared with the original charging voltage and a 
percentage is computed from the figures.

Excessive dielectric absorption lowers the effective capa­
city because the capacitor cannot totally discharge after a 
DC voltage is applied. The “Z METER” value test will 
show this loss after the capacitor has been fully charged 
with the leakage power supply and then discharged when 
the leakage button is released.

Testing for dielectric absorption is as simple as 1, 2, 3 with 
the “Z METER”. Just push the capacitor VALUE push­
button and read the value of the capacitor. Then push the 
LEAKAGE button to charge the capacitor to its rated 
working voltage. Release the LEAKAGE button to 
discharge the capacitor and depress the capacitor 
VALUE button again. If the value for the capacitor is 
lower than the original value, and slowly increases toward 
the original value, the capacitor has dielectric absorption. 
If there is virtually no difference in the value readings, the 
capacitor has very little or no dielectric absorption.

If the difference in value is less than 15%, the capacitor is 
questionable. If the difference is greater than 15%, the 
capacitor is definitely defective and should be replaced. 
You may not be familiar with dielectric absorption 
problems in electrolytics and think that it doesn’t happen 
often. The “Z METER” has proven to us in Field 
Engineering that it happens more often than any of us 
suspected. Only recently, Sencore Incoming Inspection 
rejected 1,000 brand new capacitors for dielectric absorp­
tion as they would have caused tough dog analyzer 
problems on the production line.

4. Please show me a capacitor 
with each of these defects and 
how the “Z METER” detects 
the trouble.

Leakage problem
Leakage is not only the biggest problem with capacitors, 
it can create a lot of trouble that is hard to find. A good 
example was with the vertical circuit of a General Elec­
tric C-2 chassis. The symptom was poor vertical linearity 
which showed up as a stretched out picture in the top por­
tion of the screen. The problem could be any one of the 
wave shaping components between the vertical oscillator 
output and the control grid of the output stage. DC 
voltages were all within tolerance so the next step was to 
check the values of the resistors. All the resistors checked 
out to be within tolerance also.

Fig. 5 — A leaky capacitor, C214, caused a stretch­
ed out picture at the top of screen, uncorrectable 
with the linearity control.

The next suspect components were the capacitors. The “Z 
METER” was put to use here to check the capacitor 
values and leakage. When we checked out C214, we found 
that the value was very close to the value shown on the 
capacitor but the capacitor showed up as leaky on the 
leakage test at its rated voltage. The leakage of the 
capacitor would definitely upset the wave shaping, 
causing the distortion and non-linearity on the screen. A 
new capacitor cleared up the problem. We checked the 
new capacitor with the “Z METER" before we installed it 
as we had gotten hooked on putting in a defective 
replacement before.
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If we had used a “capacity only” tester here, we would not 
have found the problem. When the capacitor was tested on 
a capacity only tester, sure enough, it showed the proper 
value. The capacity value had not changed, but the 
capacitor was defective because of leakage. An ohmmeter 
didn’t find our trouble either. Only the “Z METER” could 
find the leaky capacitor and save a lot of costly 
guesswork.

Value problem
The fact that capacitors change value was recently 
proven by one of the technicians in our own lab. A circuit 
was constructed for a project that included an oscillator. 
The frequency range of the oscillator was checked out on 
the bench and the data recorded. The circuit was then 
placed in the environmental chamber to test for frequency 
drift at different temperatures. The circuit passed this 
test but failed to operate properly after it was removed 
from the chamber. The circuit became unstable. It would 
oscillate strongly at times and then not oscillate at all at 
other times. This, of course, became quite frustrating to 
the technician when the circuit worked fine, passed the 
temperature tests but then began acting up.

The instability could have been caused by a number of 
things, so first the transistor was checked and found to be 
good. The “Z METER” was then used to test the 
capacitors. When the 20 pF feed back capacitor (that goes 
between the collector and the emitter of the transistor) was 
checked, it measured only 4 pF. Replacing the capacitor

Fig. 6 — Ceramic capacitors that change value due 
to thermal stress can cause real headaches for 
circuit designers. This one changed from 19 pF to 4 
pF during a standard temperature test.

with one that measured 19 pF corrected the instability. In
this case, the change in value was probably due to the
thermal stress put on the part in the testing which opened
a fissure in the dielectric material and reduced the
capacity.

You should be aware that film type capacitors have been 
found to reduce in capacity as well. Generally, the weld or 
physical contact between the foil plate and capacitor lead 
becomes poor and the number of foil plates connected to 
the lead decreases. This reduces the capacity of the 
capacitor. It will be as much as 50% lower in value in 
many cases.

You may find times where the wrong value capacitor has 
been installed in a circuit. This often happens when a 
technician is unable to read the code of the replacement 
capacitor. There are several different types of coding 
used and this is an easy mistake to make. It is often faster 
to check the capacitor than to decode the code to tell the 
capacitor value. The most common capacitor codes are 
shown in the back of the “Z METER” manual but there 
may be a few “odd-ball” codes that are not covered. A 
reliable capacity test makes this type of confusion much 
easier to deal with.

Dielectric absorption problem
Excessive dielectric absorption in a lytic is not directly 
related to either the value or the leakage. Some capacitors 
with excessive dielectric absorption may show higher 
leakage than the limits shown on the pull-out chart while 
other capacitors may show a very small leakage current 
and still be defective. Remember that the main problem 
caused by dielectric absorption is that the effective 
capacity is reduced when a DC voltage is applied. A good 
example of how this affects circuit operation is shown in 
this Sylvania Ell-5 chassis.

The symptom on the TV was distortion and a slight fold­
over at the center of the screen. The yoke and output tran­
sistor proved to be good, and the voltage at the junction of 
the two resistors, R360 and R347 were close to normal. One 
lead of the coupling capacitor, C344, was opened and the 
capacitor tested with the “Z METER”. The value was 
within tolerance as it read 2620 uF compared to the 
marked value of 2500 uF. The leakage test showed some 
excessive leakage as the lowest leakage current was 1600 
uA compared to the maximum allowable leakage of 1200 
uA. We were not sure whether to reject the capacitors for 
this slight excess leakage.

The real cause of the problem, however, was dielectric 
absorption. When the LEAKAGE button on the “Z 
METER” was released, and the capacitor was re-tested 
for value, the first reading was only 1800 uF. The value 
then climbed to the original reading of 2620 uF. The effec­
tive value of the capacitor in the circuit was somewhere 
below the 1800 uF reading which is a sufficiently large 
change to affect the circuit operation.

Another example of excessive absorption was found in a 
power supply circuit. This problem really drove one of our 
Sencore customers crazy. The original symptom was ex­
cessive ripple. He suspected that the filter capacitor was 
bad and replaced it with a new one off the shelf. He tested 
the capacitor with a “capacity-only” tester and found the 
value to be well within the specs. But, when the 
replacement electrolytic was put into the circuit, the rip­
ple became worse instead of better!

He tested the suspected capacitor on the “Z METER” and 
found that the leakage and value were both well within the 
tolerance for the capacitor but the dielectric absorption 
test showed that the capacitor had only one-half of its 
labeled value when it was fully charged.

The complete tests of the “Z METER” would have saved 
this technician a lot of headaches. He could have tested 
the replacement capacitor before it was installed in the 
circuit to make sure that the capacitor was really good. 
Have you run into situations like this one where com­
ponent substitution did not do the job you expected? The 
“Z METER” can save much frustration and eliminate 
this costly guesswork when you are about to install a new 
electrolytic that may have already deformed on the shelf.

Fig. 7 — On this Sylvania chassis E11-5, a distorted 
picture near the center of the screen was caused by 
some leakage and dielectric absorption in C344, the 
vertical yoke coupling capacitor.
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Leakage between sections problem
Leakage between the sections of a multi-section lytic does 
not happen too often, but when it does you will most likely 
see odd and multiple symptoms. DC voltages may be out 
of Une or signals may appear at unexpected places. Let’s 
look at a typical power supply circuit to see an example of 
what we mean.

Fig. 8 — Leakage between sections of a multi-section 
lytic changes voltages, couples signals, and creates 
odd symptoms in the circuit.

This power supply uses four lytics in the same can with 
three voltage dropping resistors to produce four output 
voltages. Internal leakage between section A and D will 
shunt the voltage dropping resistors. This causes the 
voltage at point D to be larger than it should because some 
of the DC voltage from A is feeding through the leakage 
path. There is also an increase in ripple at point D because 
some of the ripple from the A section is fed through the 
leakage path as well.

The problem is reduced, but not corrected, when an ex­
ternal capacitor is paralleled across section D. The added 
capacity may reduce the ripple but the DC voltage will 
still be higher than normal.

It is common for a technician to begin troubleshooting the 
load connected to point D. He reasons that the parallel 
capacitor reduced the ripple but that the voltage is high at 
this point because the load is not drawing enough current. 
This step of the circuit analysis can get quite involved as 

the faulty capacitor “leads you down the garden path”.

You may eventually change the filter capacitor anyway, 
even though you have no real proof that it is the problem. 
Once again, this involves costly guesswork. You may even 
waste more time trying to figure out why changing the 
capacitor corrected the problem in the first place.

The “Z METER” will let you check for inter-section 
leakage anytime you suspect that it might be the problem. 
The test simply involves checking a section for leakage in 
the usual manner. Just set the APPLIED VOLTAGE 
switch to the proper voltage, choose the proper 
LEAKAGE RANGE position and push the LEAKAGE but­
ton. Then, simply connect a short circuit (use a 
screwdriver when you can) across the other sections of 
the cap. The leakage should not increase with the short 
present. If it does increase, you know that there is leakage 
between the sections.

Fig. 9 — Leakage between sections of a multi-section 
lytic shows as an increase in leakage current when 
testing one section and a short is connected across 
another section.

5. How are technicians and 
engineers finding these 
faulty capacitors now?

Most technicians and engineers isolate the problem to a 
functional stage or circuit. After checking enough 
parameters to suspect a defective capacitor, the time is 
taken to hunt up a replacement from stock. The suspected 
capacitor is then unsoldered and the substitute soldered in 
its place. If the new capacitor doesn’t cure the problem, it 
is unsoldered and the old capacitor soldered back in its 
original spot in the circuit. Our technician or engineer is 
still not absolutely sure that the capacitor is not defective 
because he may have replaced it with a defective 
capacitor from his stock.

Substitution is no sure fire method of finding defective 
capacitors. The substitute capacitor often becomes defec­
tive sitting on the shelf and misleads a person into 
believing that they have substituted a known good 
capacitor. Most engineers and technicians are not the best 
stock keepers anyway and often work out of their favorite 
“junk box” for substitutes. Watching a person hunt for a 
replacement part out of a junk box is pretty much like our 
mystic on the front cover of this publication. He is really 
looking for that black magic answer and looks more sur­
prised than confident when the replacement actually 
works. Some don’t know capacitor codes and may wind up 
installing the wrong value.

Some use substitution boxes, such as the Sencore RC167. 
This is indeed a great improvement but has shortcomings, 
too. It is impossible to have exact replacements in a sub­
stitution box and the selected substitute may be as much 
as 50 percent off needed value. Substitute electrolytics 
should be operated near their specified working voltages 
to produce the capacity indicated. If they are not, an ad­
ditional error is generated. Then, too, the substitute may 
not have an adequate voltage rating to use in the circuit. It 
is true that many technicians and engineers substitute in 
these higher voltage circuits for a short period of time. 
But, if that is done, how are we to know that the substitute 
capacitor is not made defective with the excess voltage 
applied to become part of our problem the next time it is 
substituted. Lead capacitance also becomes a problem on 
all capacitors below 100 pF and substitution becomes next 
to impossible.
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Some technicians and engineers use an impedance bridge 
to check capacitors. The bridge is very time-consuming, 
reads only value, and does not make the all important 
leakage or dielectric absorption checks thus finding only 
about 15 percent of the actual circuit problems. Also, the 
bridge checks capacitive reactance and not true capacity 
as is done in the “Z METER”. Reactance changes with 
frequency, making it possible to get different readings on 
different bridges even after going through the time­
consuming balancing act that it takes to set up the bridge.

Some are using digital readout capacitor “value only” 
meters. These meters are much faster and do measure 
true capacity but leave much to be desired as they, too, 
only find a fraction of the defective capacitors. They do 
not make the all important leakage check or the all impor­
tant dielectric absorption check . It should become more 
and more obvious that all three of these checks are impor­
tant if one really wants to find defective capacitors that all 
other testers miss and cut the costly guesswork.

6. Can you check capacitors 
in-circuit?

Everyone would like to be able to say yes to this question, 
but the real answer is no. Further, Sencore engineers 
believe that there never will be a reliable in-circuit 
capacitor tester because the shunt impedences around the 
capacitor in the circuit do not allow a correct or reliable 
value reading. Even if we could discover a way to 
measure capacitor values in-circuit with any reliability, it 
would not help much. As we mentioned earlier, a change 
in value constitutes only 10% to 15% of all the capacitor 
problems, the rest are related to leakage and/or dielectric 
absorption.

We also mentioned that a leakage check must be made 
with applied voltage if it is to be reliable. It is virtually 
impossible to apply a voltage to the capacitor while it is in 
a circuit to test for leakage when you have parallel and 
shunt paths that also show up as leakage. Applying an ex­
ternal test voltage of up to 600 volts will damage other 
components in the circuit such as transistors, FETs, and 
ICs. Sencore engineers have tried for several years to 
develop a way to check capacitors in-circuit, only to find 
that you cannot get a safe and reliable check. Inductors 
are a different story as they can be checked in-circuit with 
high reliability with the all new Sencore patent pending 
inductance circuit because a much lower voltage can be 
used to make the test. This is covered in more detail in the 
inductance testing section of this article.

7. Can I reform an electrolytic 
capacitor that has deformed 
from sitting on the shelf and 
save from buying a new one?

Liquid

Some oxide of 
an uncharged 
lytic disolves 
into solution.

A DC current 
thickens the 
oxide coating 
to reduce 
leakage.

Fig. 10 — The limited current of the LC53 leakage 
power supply may be used to reform the oxide layer 
in a leaky lytic by slowly reforming the oxide 
dielectric.

Yes, the “Z METER” is ideal for reforming electrolytics. 
Electrolytics sometimes deform because some of the 
aluminum oxide dielectric material dissolves back into 
the liquid electrolyte. These capacitors can often be 
reformed by repeating the forming process that was used 
at the factory in the first place to build up the oxide layer. 
This simply involves the application of a DC voltage with 
limited current over a period of time.

The “Z METER” leakage power supply can be used to 
reform a capacitor that has lost some of its oxide 
material. The “Z METER” is supplied with a special 
pushbutton holder rod that fits between the leakage button 

and the “Z METER” handle to keep the LEAKAGE push­
button held down for extended periods of time. This 
arrangement is used, instead of a locking-type push­
button, for safety purposes. The LEAKAGE button is 
spring-returned so that the capacitor under test is always 
automatically discharged as soon as the leakage test is 
completed. Lifting the handle to operate the “Z METER” 
automatically releases the leakage button and discharges 
the capacitors. This reduces the possibility of an electrical 
shock from a charged capacitor or from test leads. It also 
prevents the possibility of applying a charged capacitor to 
the value checking circuit if it were used next.

The “Z METER” monitors the status of the capacitor 
during the reforming process as the leakage current is 
read at all times to determine when the “healing” process 
is complete. The leakage of a deformed lytic will normally 
be higher than the value shown on the pull-out leakage 
chart. This leakage should drop to below the allowable 
level after the reforming process. This process may take 
several hours with a capacitor that has been allowed to 
deform over a long period of time.

Be sure to completely check the capacitor after the 
leakage drops to an allowable level to make sure that you 
have actually reformed the capacitor. Be especially sure 
to test for dielectric absorption. There is usually no cure 
for dielectric absorption and the capacitor will continue to 
get worse as it is used.

8. Are capacitors here to stay? 
Will we be checking more 
capacitors each year?

Yes, capacitors are here to stay. Capacitor usage is in­
creasing each year. According to recent EIA figures, the 
dollar amount of capacitors that have been sold over the 
past four years has increased a staggering $500 million 
dollars. The EIA sales chart shows a steady upswing and 
steady increase of capacitor sales. EIA usage projections 
continue to show this upswing. One might think that the 
use of integrated circuits would decrease capacitor usage. 
Actually, the opposite is true as the IC does not have 
capacitance built-in and capacitor usage increases with 
the increase in IC usage.

The size and nature of the construction of the capacitor 
make it impractical to include in the IC like the resistors 
and transistors. A good example of the increase usage of 
capacitors is the comparison of the older tube operated 
color TV receiver versus a modern day receiver using 
ICs. A typical tube receiver used about 120 capacitors 
while a typical solid-state receiver uses almost 300 
capacitors. Other areas of electronics are showing similar 
growth curves because of the increased usage of ICs. The 
capacitor is here to stay and will increase in usage 
tomorrow. Don’t you think it may be time for you to look 
into a reliable no-nonsense capacitor tester?

9. Can the “Z METER” power 
supply be used to check 
SCRsand TRIACs?

Yes, the “Z METER” tests these components, too. Silicon 
Controlled Rectifiers (SCRs) and TRIACs are used more 
and more to control a DC or AC voltage. They are used in 
many applications, such as light dimmers, motor con­

Fig. 11 — Capacitor sales have increased over $500 million in just the past 4 years.

trols, remote control circuits, and sweep circuits in TV 
sets. They operate much like a solid-state relay. Both the 
SCR and the TRLAC can be tested by simply testing 
whether they will turn on and off with the right set of 
signal conditions.

Open 
Cathode 

or 
Anode

Anode 
Shorted 

to 
Cathode

Open 
Gate

Gate 
Shorted 

to 
Anode 
orMT2

Gate 
Shorted 

to 
Cathode 
orMT1

SCR 000 Flashing 000 Flashing Will not
on 888 on 888 latch on
all on all all on all DC test

tests tests tests tests

TRIAC 000 Flashing 000 Flashing Will not
on 888 on 888 latch on
all on all all on all DC test

tests tests tests tests

Fig. 12 — Common problems of SCRs and TRIACs 
and how they appear when testing on the CA55 or 
LC53.

There are really two tests that need to be made on these 
devices. The first one is to make sure that they are 
properly controlled by the gate signal, and the second is to 
make sure that they do not break down at their rated 
voltage. The “Z METER” supplies test voltages up to 600 
volts for these tests. There are two types of signals sup­
plied by the “Z METER”, one which is filtered DC up 
through 10 volts, and the other is pulsating DC from 15 
volts to 600 volts. The two types of signals are used for two 
different tests when testing the SCR and TRIAC.

SCR LC53LC53
Red Test 

Clip
Black Test 

Clip

Short as Indicated 
in Procedures to Test 

for Proper Turn-On

Fig. 13 — CA55 or LC53 lead connections and jump­
er connections for testing SCRs and TRIACs for turn 
ON and OFF conditions.

Latching test:
The first test is to make sure that the SCR or TRIAC will 
properly latch when a DC potential is applied across the 
device and a trigger voltage of the proper polarity is ap­
plied to the gate lead. The “Z METER” leads are simply 
connected across the input and output terminals as shown 
in Fig. 13, and the APPLIED VOLTAGE switch set to the 
10 volt (filtered) position. Set the LEAKAGE RANGE 
switch to the 10,000 uA position. When the LEAKAGE but­
ton is pressed, there should be a zero reading on the “Z 
METER” digital display, indicating that the device is 
turned off. A “jumper lead” is then connected from the 
anode to the gate lead of the SCR under test. This should 
cause the SCR to turn on. When this happens, the device 
becomes an effective short circuit across the “Z METER” 
test leads and draws a great deal of current. This is in­
dicated on the display as an overrange indication of 
flashing “888” with a stationary zero to the right which in-
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dicates that the “Z METER” is drawing more than 10,000
uA. The display should continue to overrange even when
the “jumper wire” is removed as an SCR should stay turn­
ed on until the anode voltage is interrupted. This indicates
that the device has “latched” into a conducting state.

Removal of the applied voltage by releasing the 
LEAKAGE button and then pressing it again should result 
in a zero reading indicating that the device has again turn­
ed itself off. We have now checked the turn-off and turn-on 
capability of an SCR or TRIAC. Catastrophic failures can 
be found by this simple test method and will catch most 
defective SCRs and TRIACs.

Leakage test:
If you are in design, or working on a tough dog, you may 
want to go further. The next step is to make sure that the 
device does not have leakage when the full rated voltage is 
applied. To do this, connect the test leads the same as you 
did for DC latch check and switch the APPLIED 
VOLTAGE switch to the rated voltage of the device under 
test. The LEAKAGE button is then pressed. There should 
be a zero reading again which indicates there is no 
leakage at the rated voltage.

The final step is to confirm that the device will turn on and 
off at the rated voltage. This is done by again connecting 
the “jumper wire” between the anode and the gate lead. 
Be very careful because you are handling up to 600 volts. 
The display on the “Z METER” should again overrange to 
indicate that the device has turned on. This time, 
however, the signal that is applied is pulsating DC, as all 
voltages above 10 volts are not filtered. This enables us to 
check the device for AC switching capability. This means 
that the device should turn itself off, whether or not the 
LEAKAGE button is released, when you remove the 
jumper wire between the anode and the gate lead. If the 
overranging does not stop in about one to two seconds af­
ter the gate lead is removed, the device is defective. It 
takes a second or two for the overrange to stop because of 
the automatic circuits in the “Z METER” leakage test.

There are a few special conditions that you may encounter 
in extremely high sensitivity or high powered devices. Be 
sure to refer to the “Z METER” instruction manual and 
the special notes that accompany the manual for complete 
details.

SCRs and TRIACs are just two more components that re­
quired component substitution and guesswork before the 
introduction of the “Z METER”. Substitution of these 
components is usually difficult because most technicians 
do not have samples of the hundreds of different types that 
are in use. A replacement part usually has to be ordered in 
order to make the substitution which wastes even more 
time when the SCR or TRIAC is not the cause of the circuit 
defect.

Most SCR and TRIAC applications are in some way 
related to the timing of one or more signals. This requires 
the use of many coils and capacitors in these circuits. The 
pulse generator circuits in a motor control or light dim­
mer, for example, must be referenced to the AC line 
voltage. The trace and retrace circuits of an SCR driven 
horizontal output must be synchronized to the horizontal 
sync pulses. This requires many coils and capacitors. The 
“Z METER” is the only analyzer that lets you check the 
SCR or TRIAC plus all of the other critical timing com­
ponents to tie down problems in these circuits with the 
least amount of costly guesswork.

10. There are many diodes that 
I can’t check with an 
ohmmeter. Will the
“Z METER” help me here?

You bet it can. The variable power supply and microam­
meter of the “Z METER” makes it an ideal instrument 
for the testing of diodes. Diodes can be tested for reverse 
leakage, forward conduction, and the peak inverse 
voltage up to 600 volts. You can also measure the junction 
capacity of silicon diodes for that perfect match in those 
critical high frequency demodulator circuits.

The small signal diodes used in the bridge circuits of 
modulators and demodulators should be balanced and 
have the same reverse leakage. This is to insure that the 
signals are modulated or demodulated equally in both 
directions. To check reverse leakage, connect the diode to 
the test leads, red lead to the cathode and black lead to the 
anode, and set the APPLIED VOLTAGE switch to the 
rated voltage of the diode. If the rated voltage falls be­
tween steps of the switch, use the next lower setting. In the 
case of a 75 volt diode, for example, use the 50 volt setting.

Set the LEAKAGE RANGE switch to the 100 uA ALL 
OTHER CAPACITORS range, depress the LEAKAGE 
button and read the reverse leakage in microamps on the 
digital display. Leave the diode connected as it was for the 
leakage test to check the junction capacity of silicon 
diodes and match the diodes for both reverse leakage and 
capacity for the best balance. Then, simply depress the 
capacitor VALUE button and read the capacity on the 
digital display. NOTE: Germanium diodes can be 
measured for reverse leakage but cannot be measured for 
capacity due to the high reverse leakage of the device.

Testing high voltage diodes:
High voltage and focus type rectifiers have always been a 
problem to test. These diodes are really several diodes 
connected in series. An average of about 200 volts is 
required before a high voltage rectifier will begin to 
conduct current and ohmmeters normally supply a test 
voltage of 2 volts or less. The variable power supply of the 
“Z METER” supplies a high enough voltage to cause the 
diode to conduct. The diode is first connected with the red 
test lead to the anode and the black test lead to the 
cathode. Set the APPLIED VOLTAGE switch to the 50 
volts position, and the LEAKAGE RANGE switch to the 
ALL OTHERS range. Depress the LEAKAGE button and 
observe the digital display. If a zero reading is displayed, 
advance the APPLIED VOLTAGE switch to the next 
position. Keep increasing the APPLIED VOLTAGE one 
step at a time until the digital display shows a current 
reading. Do not advance the switch any further or you 
may damage the diode. Conduction normally should begin 
between 100 and 200 volts. If you get all the way to the 600 
volts position with no leakage reading, the diode is open.

The same rectifier can be checked for reverse leakage by 
simply reversing the test leads, setting the APPLIED 
VOLTAGE switch to the 600 volt position and depressing 
the LEAKAGE button. A good diode will display 00.0. Any 
other reading indicates a leaky diode.

Fig. 14 — With the “Z METER” you can test high 
voltage rectifiers such as the ones shown here used 
in a portable TV receiver.

Testing zener diodes:
The “Z METER” can even give you an idea of the zener 
voltage of a zener diode using the APPLIED VOLTAGE 
power supply, the microammeter, a series resistor, and a 
voltmeter across the diode. If the diode voltage is above 10 
volts, a 20 uF, 100 volt electrolytic capacitor must be 
placed across the output of the “Z METER” to filter the 
voltage to DC. If you don’t, the voltage readings will be 
meaningless because all voltage above 10 volts are 
pulsating DC. The series resistor is chosen to limit the 
maximum current read on the digital display to about 5000 
microamps. A 1000 Ohm, Vz Watt resistor will work for 
most zener diodes in the range of 4 to 12 volts.

20 uF 
1OOV 

(optional, 
see copy)

Fig. 15 — The “Z METER” leakage power supply is 
used to test zener diodes with the use of a limiting 
resistor and a voltmeter. The filter capacitor is only 
needed if voltages above 10 volts are used.

To check the zener diode, connect the negative lead of the 
voltmeter, the black test lead of the “Z METER” and the 
negative lead of the lytic (if used) to the anode end of the 
diode. Connect the series current limiting resistor from 
the red test lead of the “Z METER” to the cathode end of 
the zener diode. Connect the positive lead of the voltmeter 
and the lytic to the cathode of the zener diode. Depress the 
LEAKAGE button and observe the digital display to be 
sure that the current does not go over 5000 microamps. 
The voltage read on the voltmeter is then the zener 
voltage of the diode. If the current is too low, the diode 
may not go into a zener mode and give an incorrect 
voltage. In that case simply increase the APPLIED 
VOLTAGE switch to the next range and check the diode 
again. Be sure to let the capacitor charge up to the new 
voltage before determining the current through the diode.

11. 1 have difficulty matching the 
cartridge to the pre-amp in 
high fidelity systems. Will the 
“Z METER” help me?

Yes, the “Z METER” is ideal for this application. Many 
manufacturers recommend that the tone arm capacity be 
matched to the input capacity of the pre-amp for the best 
frequency response possible. If the load capacity of the 
cartridge is not the same as the input capacity of the pre­
amp and the interconnecting wiring, some of the high 
frequency information is lost and the overall quality of the 
system suffers. The value of input capacitor on the input 
of the pre-amp can be selected to match the cartridge 
capacitive load.

Measure tone arm 
\ cable capacity

Load

Cartridge
Pre-amp 

Mfg. 
input 

"capacity

Add to pre-amp 
input capacity

Subtract total 
of 1 and 2 from 
load capacity

Added 
Capacity

Add difference 
of step 3 to 
pre-amp input

Fig. 16 — Tone arm cartridge can be matched to the 
pre-amp input with the “Z METER”.

The cable capacity is measured just like a normal 
capacitor with the “Z METER”. The tone arm cable must 
be disconnected at both ends so that it is open and not ter­
minated. The “Z METER” will give no capacity reading if 
the cable is terminated or shorted. Measure the tone arm 
capacity, and add this figure to the manufacturer’s stated 
input capacity of the pre-amp and subtract it from the 
capacitive load specified by the cartridge manufacturer. 
This figure is the amount of capacity that must be added 
to the input of the pre-amp to match the cartridge load to 
the pre-amp input capacity.

An example is a tone arm whose cable measures 122 pF. 
The listed input capacity of the pre-amp is 125 pF. The 
total of the two figures (122 pF plus 125 pF) is 247 pF. Sub­
tract this capacity from the cartridge load capacity 
which, in this case, is 400 pF and get a figure of 153 pF. 
This is the amount of capacity that should be added to the 
input of the pre-amp for the best match. Remember to add 
this capacitor to both channels of a stereo system. You 
can use the “Z METER” to measure the capacitor that 
you put in to get one that is as close to the value as 
possible. The capacitor should be within 10% of the 
calculated capacity for best results.

All of the applications we have covered up to this point 
have involved capacitor tests. Every one of these 
applications is covered with the capacitor testing section 
of the LC53 “Z METER” or by the CA55 Capacitor 
Analyzer. Every test on the CA55 is identical to those we 
described for the "Z METER". The CA55 may suit your 
needs if you only have need to test capacitors and do very 
little work with coils. Fill out the Instrument Interest 
Coupon or call toll-free 800-843-3338 if you are interested in 
the CA55.

Most technicians also need a way of eliminating the costly 
guesswork when coils are involved. Coils are one of those 
components that are difficult to substitute because there 
are so many special types used but substitution has been 
the most common method of troubleshooting a coil 
problem. The following sections cover the applications of 
the “Z METER" in coil testing.
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12. In a nutshell, what goes
wrong with coils?

The survey made by the field engineering department in­
dicated that the most common problem with coils, and the 
most difficult to detect, was shorted turns. Shorted turns 
are generally caused by weak insulation that breaks down 
under voltage. The insulation is sometimes “rubbed off” 
allowing the wires to short. In some cases, a bubble might 
have formed in the coating process resulting in a much 
lower voltage breakdown rating at the spot where the 
bubble is located. A circuit malfunction that causes 
excessive voltage across the coil can also lead to shorted 
turns.

The next most common problem is when an entire section 
of a multi-section transformer or coil shorts to the next 
section. This is most common in TV flyback transformers 
but also occurs in other high voltage supplies or anywhere 
a multi-layer coil or transformer is used. This again is 
generally due to insulation breakdown at some point 
where the windings are close to each other. This point is 
often where voltage difference (voltage gradient) 
between the two coils is the greatest.

On very rare occasions, the core of a ferrite type trans­
former can break. This does not actually affect the 
windings or any of the coils on the transformer but does 
change the inductance which, in turn, changes operation 
of the coil or transformer in the circuit. There are some 
television flybacks that use replacement windings that 

are mounted on the old core. The small spacers between 
the two halves of the core may get lost when the assembly is 
put back together. These spacers are critical. The induc­
tance of the transformer will be altered if they are not 
replaced or are replaced with spacers of the wrong 
thickness.

Coils also open up. Occasionally, too much stress is put on 
the coil when it is wound. This may cause the wire to 
break. At other times, the coil is stressed when it is placed 
in the circuit or removed for testing. Coils can also open 
from a screwdriver, or some such object, accidently 
falling or making contact with the windings on unpro­
tected coils. Finally, the coil may open if too much current 
causes a wire to burn open.

Some coils can change inductance. This may be caused by 
overstressing the wire in the winding process. The wire 
may then relax after a period of time which changes its 
position and shape. You may also find coils that have been 
altered in inductance by a previous technician who spread 
or compressed the windings to attempt alignment or 
tuning when some other component was really at fault. 
You will also find some coils that were never the right 
value to begin with, were replaced with the wrong value 
by another technician or engineer, or were mislabeled.

Fig. 17 — The "Z METER" provides an automatic 
inductance value test and Ringing “Q” test to 
locate problems in coils and transformers.

13. Can we find these common 
defects with present 
test equipment?

This has to be a rather qualified yes as many of the 
problems can be found but may take a lot more valuable 
time and may not be as accurate as the “Z METER”.

A bridge will locate most of these common defects but 
many technicians do not have access to a bridge. A 
bridge, of course, is time consuming and often gives ques­
tional results because the inductance reading often 
changes with the amplitude of the signal selected. There 
are also some instruments available that test inductance 
digitally, but these are usually very expensive and not 
found in most service operations.

As we mentioned earlier, the most common coil defect is a 
shorted turn or group of shorted turns. Some technicians 
attempt to test coils with an ohmmeter but a shorted turn 
will typically only change the coil resistance by as little as 
.001 Ohms. There are no ohmmeters than can detect this 
small change even if you knew what to compare it to. The 
only reliable way to test for a shorted turn is to either test 
the inductance value or the effective Q of the coil.

The only failures that can be detected with an ohmmeter 
are coils that are completely shorted or opened. These are 
less common than the other types of failures, however, 
which means that you are left guessing on any type of a 
failure that changes the inductance of the coil but leaves 
the resistance close to the original value.

Cracked cores can often be spotted with a visual inspec­
tion. Some core problems, however, will change the 
inductance of the coil. Again, the resistance will not be 
affected when the core is the cause of the problem.

Most technicians simply analyze all other parameters and 
components in the circuit and then, in desperation, 
suspect the coil and remove it for replacement. An exact 
replacement is often difficult to get, especially if the 
product is an import, and the entire product is tied up 
waiting for the replacement just to make a test. Most coil 
values are called out on manufacturers’ and Howard 
Sams schematics and the check could easily have been 
made with the “Z METER”, avoiding costly guesswork.

Cash in on CRT sales 
with the CR31A 
Super Mack CRT Tester 
and Restorer Only $495

Picture tubes will always go bad and continue to be a 
breadwinner in the TV service business.
The CRT is the one component that is heated up by a filament and will continue to go 
bad. Increased reliability of solid-state circuits will, in no way, affect the CRT replace­
ment business. But you'll need a reliable tester and restorer to make it pay. That's 
the CR31A Super Mack.

Make money on TV trade-ins and rentals.
More service shops are taking trade-ins and renting out trade-ins than ever before. 
A reliable CRT tester and restorer is an absolute must to get the trade-in delivered 
and to "milk along" the rental. That's the CR31A Super Mack.

Tie down the CRT sale by restoring the CRT.
More good service techs are learning that they can restore a questionable CRT for 
the customer, charge for it, and allow the restoration charge on the new CRT when it 
finally goes bad. But, you'll need a reliable CRT tester to prove to the customer that 
the CRT was bad in the first place and that it was okay after restoration. You'll also 
need a good reliable restorer with controlled restoration timing so you don't damage 
the tube. That's the CR31A Super Mack.

And you can do all this automatically and safely with 
the Sencore CR31 A.
Patented automatic color gun tracking, automatic restoration and color coded meter 
scales, to guide you or convince your customer on every test, makes each CRT job 
easy and profitable. The CR31A also has all the sockets you'll need to do the job to 
insure you of a high integrity, profitable CRT service business.

Interested? Fill in your Customer Interest Card and mail it today, or call toll- 
free 800-843-3338 and let's talk about it.
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14. Where can I find coil values
and how many technicians
are equipped to check coil
values? How does the
“Z METER” test coils?

Coil values have been shown on schematics or in the parts 
lists of most electronic equipment for many years. Our 
surveys shows, however, that 9 out of 10 technicians do not 
have any way to measure inductance. The exceptions 
were found in two-way radio shops and engineering labs.

until it dampens out. A special circuit counts the number
of rings to a predetermined damping point. The sensitivity
of the test is adjusted to give 10 or more rings for a good
coil and less than 10 for a bad one.

The Ringing test results are dependent on the Q of the coil. 
Higher Q results in more ringing cycles. You don’t need to 
know the Q of the coil, however. Just push the button and 
look for a reading of 10 or more as an indication of a good 
coil. The Ringing test makes your coil testing faster and 
easier than any other test method to take that costly 
guesswork out of coil testing.

Fig. 18 — Partial schematic of Zenith 19KC48 
chassis showing section of chroma and parts list. 
Note the coil values in parts list.

16. Can I check coils in 
circuit? Some of these 
coils are easily damaged and 
difficult to remove for testing

Most coils can be tested in circuit with either the value 
test or the Ringing test with reliable results. The key point 
to remember is that the “Z METER” will never lie to you 
on an in circuit test. If the coil shows good, you know it is 
good. If it shows bad, the coil is probably bad or is being 
loaded by a parallel circuit with a very low impedance. In 
such cases, remove one lead of the coil and check it out-of­
circuit as a 100 percent back up check.

These two groups often have access to a bridge. Most 
technicians that have a bridge, however, indicate that 
they do not use it often because it is too slow and the 
results are often questionable. The readings on many 
bridges, for example, will change depending on how much 
signal is used. Everyone surveyed wanted a faster and 
more dependable way to test coils.

The “Z METER” provides two reliable tests that are 
designed to analyze coil defects from small RF coils to 
large power transformers. The “Z METER” is so easy to 
use that all you need do is connect the coil and push a 
button. The inductance value test is fully auto-ranging, 
just like the capacitor test section. The “Z METER” auto­
matically selects one of the six internal ranges to use and 
displays the inductance value in either microhenrys or 
millihenrys from less than 1 uH all the way to 10 H. The “Z 
METER” Lead Zero is adjusted to null out the effects of 
the test leads when testing very small value coils.

The heart of the inductance value circuit is a special 
current ramp generator. A ramp with a known current 
change per given time is fed through the coil under test. 
The reverse EMF generated by the coil is detected with a 
sensitive digital voltmeter circuit. The change in voltage, 
for a given change in current, indicates the coil value. The 
inductance value test, just like the capacitor test, checks 
the inductance of the coil, not the inductive reactance 
which is dependent on frequency. The test has special 
circuits that subtracts the effects of the coil resistance for 
most coils. This eliminates the need of resistance/induc- 
tance tables for accurate reading as are needed with some 
other inductance testing systems.

You may wish to identify the loading source to eliminate it 
or for troubleshooting purposes. This can even help you 
find circuit problems that are not caused by the coil you 
are testing. Let’s look in Fig. 19 at a typical flyback trans­
former in a TV set. Notice that there are several different 
coils that feed signals to various circuits. A bad Ringing 
test indicates either that the flyback itself is bad or that 
there is a short in one of the other circuits that is connected 
to the flyback. If your first test shows a bad reading,begin 
by disconnecting the flyback loads one at a time and 
repeating the test. The first loads you should remove are 
the deflection yoke and the damper diode in a solid-state 
chassis. If you still get a bad test, remove one or more of 
the other loads. If the test suddenly changes from bad to 
good after removing one of these loads, you know that 
there is a loading problem in the circuit that was just dis­
connected. If, on the other hand, you have all of the loads 
removed, and still get a bad test, you know for sure that 
the flyback is the problem. You really haven’t wasted any 
time because you have to remove all the loads to replace 
the flyback anyway. You have actually saved time 
because you have confirmed that the flyback is actually 
the problem before putting a new one onorder. This pro­
cedure can save you a lot of troubleshooting time and 
component expense.

The value test also has a high in-circuit accuracy. This 
enables you to measure the value of a coil before you
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to your “Z METER” test leads and used to make contact 
to the foil side of the P.C. board with needle sharp points. 
The 39G85 may be used for either value or Ringing tests. 
The 39G85 test probe is optional at $10.00.

You may find some schematics that do not list coil values. 
This may cause problems when it comes time to order a 
replacement coil. The in-circuit test can save you time 
here, too. The same type of coil, with the same part 
number, is often used in several different circuits, such as 
IF amplifiers. Simply measure the inductance of another 
coil that has the same part number as the one you want to 
replace to determine its value. You then have the data you 
need to locate a suitable replacement.

Fig. 20 — Inductors can be checked right in-circuit 
for value and effective Q with the optional 39G85 
Touch-Tone probe.

17. Will you please show me how 
the “Z METER” detects 
troubles in coils?

Shorted turn problem:
A typical example of a coil with shorted turns came from 
a Zenith chassis, 19DC20. The picture was distorted and 
reduced in height. There was also a curvature from left to 
right across the picture. A scope was used to check the 
vertical waveforms but they all looked good right up to the 
output stage. The next suspect was the yoke. The Ringing 
test on the “Z METER” showed that the vertical yoke was 
good. This indicated the problem was in the series path 
between the vertical output and the yoke.

A check of the schematic showed that the pincushion 
phase coil and transformer were both in series with the 
vertical yoke windings. The pincushion phase coil was

15. What if I don’t know the coil 
value and just want to know 
if the coil is good or bad?

There are times that the inductance value of the coil is not 
on the schematic or listed in the parts list. There are other 
times that you just want to speed up your testing and not 
have to take time to trace down the inductance value of 
the coil. The patented Ringing test checks the coil’s ability 
to work in circuit without knowing the inductance value. 
Just connect the test leads, depress the RINGING TEST 
button, and look for a reading of 10 or more on the digital 
display as you turn the “Impedance Match Switch” for 
the highest reading.

The “Z METER” uses a tried and proven coil ringing test, 
just like the system used in the Sencore YF33 Ringer, to 
check yokes and flybacks but is extended over a wider 
inductance range. The ringing test gives reliable 
good/bad readings for the full range of coils from 10 uH to 
1 H, except for coils or transformers with iron cores. The 
value test should be used on these transformers and 
chokes.

The Ringing test is a dynamic test that applies a sharp 
pulse to the coil. The coil will ring and continue to ring

T*00 T *

To Yoke

roputzof jsoo

Fig. 21 — Defective components such as the Pin­
cushion phase coil, in series or parallel with the 
yoke can also cause deflection problems.
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Fig. 19 — A typical TV flyback system showing the 
many circuits that may load the flyback and give a 
bad indication on the Ringing test.

unsolder it to prevent more time from being wasted. The 
value may be slightly off due to parallel circuit loading 
but is generally within a few percent of the actual coil 
value. Once again, the “Z METER” will never lie to you 
as you can always disconnect the coil and measure it out- 
of-circuit. The “Z METER” instruction manual lists the 
typical testing accuracy for different loading circuits so 
that you know what to expect when testing in circuit.

Sometimes a coil or transformer is soldered to the PC 
board and has no exposed leads to which you can make 
your connections. The optional 39G85 Touch Test Probe is 
the answer to this problem. The 39G85 is simply connected

tested first and it showed only 2 ringing cycles. One end of 
the coil was lifted from the circuit to be sure that nothing 
else was loading the coil but it still read only 2 rings. The 
coil was replaced and the problem corrected.

(Continued on Page 14)
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Sencore Full Line Promotional Distributors
Here's your complete list of Sencore FLPD distributors in your area. Call him today. He has the 
Sencore instrument you want in stock — ready to go. NOTE: Listings preceded with a star (★) have the 
most popular Sencore instruments on display, with 24-hour delivery on other Sencore instruments from their 
full line stocking store.

If you don’t see a local distributor in your town, please call toll-free 800-843-3338 for the distributor nearest you.

ALABAMA
Call toll-free 800-843-3338 for your nearest Sencore 
distributor.

ALASKA
ANCHORAGE

A TO Z COMPANY, 3233-43 Commercial Drive
(907) 276-0516

FAIRBANKS
YUKON RADIO ELECT., 1112 Cushman
(907)452-1011

ARIZONA
SOUTHWEST INSTRUMENT DISTRIBUTING

11804 North 37th Way, Phoenix, AZ 85028
Call (602) 996-2119 with your instrument questions or 
orders on our 24-Hour Instrument Answer Service or 
call toll-free 800-843-3338

ARKANSAS
Call toll-free 800-843-3338 for your nearest 
Sencore distributor.

CALIFORNIA
BAY AREA INSTRUMENT DISTRIBUTING
468 Los Padres Blvd., Santa Clara, CA 95050
Call (408) 247-6499 with your instrument questions or 
orders on our 24-Hour Instrument Answer Service or 
call toll-free 800-843-3338
SOUTHERN CALIFORNIA INSTRUMENT DIST.
1134 Del Mar Ave., Chula Vista, CA 92011
Call (714) 425-9525 with your instrument questions or 
orders on our 24-Hour Instrument Answer Service or 
call toll-free 800-843-3338

COLORADO
MOUNTAIN INSTRUMENT DISTRIBUTING
8650 West 89th Ave., Westminster, CO 80020
Call (303) 425-4920 with your instrument questions or 
orders on our 24-Hour Instrument Answer Service or 
call toll-free 800-843-3338

CONNECTICUT
HARTFORD

HATRY OF HARTFORD, 500 Ledyard, (203) 527-1881
* NEW HAVEN, 610 Boulevard, (203) 787-5921
* STRATFORD, 1145 Honeyspot, (203)375-5866
★ WATERBURY, 480 Watertown, (203) 755-1181

NEW LONDON
AIKINS ELECTRONICS, 531 Broad St., (203) 442-4406
★ NORWICH, 499 N. Main St., (203) 889-8427

WEST HARTFORD
SIGNAL CENTER, 589 New Park Ave., (203) 233-8551

DELAWARE
WILMINGTON

WHOLESALE ELECTRONICS, 1402 Walnut St, 
(302) 656-9988

FLORIDA
CENTRAL FLORIDA INSTRUMENT DISTRIBUTING
2090 E. Church, Bartow, FL 33830
Call (813) 533-3279 with your instrument questions 
or orders on our 24-Hour Instrument Answer Service or 
call toll-free 800-843-3338
SOUTH FLORIDA INSTRUMENT DISTRIBUTING
P.O. Box 1694, Opa-Locka, FL 33055
Call (305) 621-2434 with your instrument questions or 
orders on our 24-Hour Instrument Answer Service or 
call toll-free 800-843-3338

GEORGIA
NORTH GEORGIA INSTRUMENT DISTRIBUTING
144 Timberland Street, Woodstock, GA 30188
Call (404) 926-8220 with your instrument questions 
or orders on our 24-Hour Instrument Answer Service or 
call toll-free 800-843-3338

HAWAII
HONOLULU

ELECTRONIC EQUIPMENT CO., LTD.,
832 South Queen St.. Box 2557, (808) 533-3884
PRECISION RADIO LTD., INC.,
1160 S. King St., (808) 537-5291
R. W. TULLY, INC., 3179 Koapaca, P.O. Box 30445, 
(808) 847-5511
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IDAHO
CALDWELL

A-GEM SUPPLY CO., 715 Albany, (208) 459-0783
IDAHO FALLS

SCHWENDIMAN’S WHOLESALE DIST.,
910 Lincoln Rd., P.O. Box 2047, (208) 522-2492

ILLINOIS
ALTON

EBINGER RADIO, INC., 1155 E Broadway
(618) 462-9783

BELLEVILLE
* DELTRONICS DIST. CO., 3726 Main, (618) 398-2188

CHAMPAIGN
KLAUS RADIO, 905 S. Neil St. (217) 356-1896

CHICAGO
B-B&W, INC., 2137 South Euclid Ave., 
(suburban) (312) 749-1710 (Chicago) (312) 242-1533
HOWARD ELECTRONIC SALES, 4573 S. Archer Ave.
(312) 254-1777
NORTH CENTRAL ELEC. SUPPLY, 3412 W Bryn Mawr, 
(312) 588-6012
U.S. RADIO & TV SUPPLIES, 6343 S Western Ave, 
(312) 925-4111

ELGIN
ALLIED, 1355 McLean Blvd, (312) 697-8200

ELK GROVE VILLAGE
RETCO ALLOY CO., 880 Estes Ave, (312) 593-7770

JACKSONVILLE
BESCO, INC., 419 S. Mauvaisterre, (217) 243-6464
* SPRINGFIELD, 1023 Dorian, (217) 753-0111

LA SALLE
KLAUS RADIO, 227 Bucklin St, (815) 223-7400
★ WARREN RADIO, 518 3rd St, (815) 223-4028

PEORIA
KLAUS RADIO, 8400 N. Pioneer Parkway, 

(309)691-4840
★ WARREN RADIO, 800 SW Jefferson, (309) 674-5998

QUINCY
KLAUS RADIO, 1008 Jersey St, (217) 223-7560

ROCKFORD
JAY-TRON1CS, 124-128 N. Rockton, (815) 965-8786

ROCK ISLAND
★ TEAM NO. 22, 1714 5th Ave, (309) 788-9595

STERLING
★ WARREN RADIO, 110 2nd Ave, (815) 625-6253

INDIANA
EAST CHICAGO

ACRO ELECTRONICS CORP., 1101 W Chicago Ave, 
(219) 397-8681

ELKHART
WARREN RADIO, 742 S. Main, (219) 295-4205

EVANSVILLE
HUTCH & SONS, INC., 300 N. Main St, (812) 425-7201

INDIANAPOLIS
ELECTRONIC SERVICE PARTS, 2901 E Washington, 
(317) 632-8586
WARREN RADIO, 732 N. Capitol St, (317) 634-5566

RICHMOND
RODEFELD CO., INC., 96 W. Main St, P.O Box 1424 
(317) 966-3505
★ INDIANAPOLIS, 8641 E. 30th (317) 898-0670

IOWA
DAVENPORT

KLAUS RADIO, 415 E. Blackhawk Trail, Box C
Eldridge. IA (319) 285-8484
WARREN RADIO, 1205 E. River Dr, (319) 322-5301
★ BURLINGTON, 2500 Mt. Pleasant, (319) 752-1842
★ DUBUQUE, 98 E. 10th St, (319) 582-4300

DES MOINES
MID-STATE DISTRIBUTORS. 2511 Bell. (515) 244 7231
* AMES, 511 S. 3rd St, (515) 232-2104
* CARROLL, 422 E. 7th St, (712) 792-2177
* CEDAR RAPIDS, 1029 3rd SE, (319) 365-9411
★ CRESTON, 605 W. Taylor, (515) 782-8569
★ MARSHALLTOWN, 311 S. Center, (515) 752-0518
★ MASON CITY, 18 7th St. SE. (515) 423-8012
* OTTUMWA, 429 W. 2nd St, (515) 682-5407
* SPENCER, 518 3rd Ave. East, (712) 262-4083
SIDLES, 2205 Bell Ave, (515) 280-1722

SIOUX CITY
MOLSTAD DISTRIBUTING, 1110 Dace St, P 0 Box 1174, 

(712) 255-8023

KANSAS
TOPEKA

ACME RADIO, 135 Kansas Ave, (913) 235-1363
WICHITA

RADIO SUPPLY CO., INC., 131 Laura St,
(316) 267-5216
★ SALINA, 809 S. Broadway. (913) 823-6353

KENTUCKY
ASHLAND

ELECTRONICS SUPPLY, 2800 Green-Up Ave,
(606) 325-1511

LOUISVILLE
P.l. BURKS, INC., 842 S. 7th St, (502) 589-3960
THE COLLINS CO., 829 S. Floyd St, (502) 583-1791
* LEXINGTON, 2551 Regency Rd, (606) 278-9586

MADISONVILLE
* HUTCH & SONS, 212 N. Franklin, (502) 821-4334 

OWENSBORO
HUTCH & SONS, 1421 Tripier, (502) 684-6285 

PADUCAH
WARREN RADIO, 455 S. 31st, P.O. Box 1250
(502) 442-4367

LOUISIANA
Call toll-free 800-843-3338 for your nearest Sencore 
distributor.

MAINE
Call toll-free 800-843-3338 for your nearest Sencore 
distributor.

MARYLAND
CUMBERLAND

ALLEGHENY ELECTRONICS, 1100 E Old Town Rd, 
(301) 734-6460

SALISBURY
STANDARD ELECTRONICS, 701 Snow Hill Rd, 
(301) 749-7593

MASSACHUSETTS
EASTERN MASSACHUSETTS INSTRUMENT DIST.
19 Presidential Road, Bedford, NH 03102
Call (603) 472-5692 with your instrument questions
or orders on our 24-Hour Instrument Answer Service 
or call toll-free 800-843-3338

MICHIGAN
BATTLE CREEK

WARREN RADIO, 93 Bedwell W„ (616) 965-3338
DETROIT

RADIO SUPPLY & ENGINEERING, 85 Selden Ave
(313) 831-3174

GRAND RAPIDS
T & W ELECTRONICS, 1045 So. Divison Ave. 
(616)241-3645
* MUSKEGON, 2100 Henry Street, (616) 759-7666
WARREN RADIO, 320 Michigan N.E, (616) 456-5385

KALAMAZOO
WARREN RADIO, 1710 South Westnedge, (616) 381-4203

LIVONIA
NORWEST ELECTRONICS, 33600 Plymouth Rd.
(313) 261-4551

MADISON HEIGHTS
WARREN RADIO, 32707 John R St, (313) 588-3327

OWOSSO
WARREN RADIO, 311 S. Cedar, (517) 723-5239

PONTIAC
ELECTRONIC SUPPLY CO. OF PONTIAC, INC.,
97 N. Cass Ave, (313) 332-8341

ROYAL OAK
SATULLO CO., 4514 N. Woodward, (313) 549-3910

MINNESOTA
DULUTH

NORTHWEST RADIO, 123 East First St, (218) 727-1565
MANKATO

NORTHLAND ELECTRIC SUPPLY, 115 Byron St,
Box 127, (507) 388-6245

MINNEAPOLIS
STARK ELECTRONICS, 401 Royalston N„ (612) 332-1325
★ DULUTH, 18 North Second Ave, (218) 722-1766
★ ST. PAUL, 154-160 University. (612) 222-4781
TEAM CENTRAL, INC., 720 29th Ave. S.E. (612) 379-3850
★ NO. 1 MNPLS, 2640 Hennepin Ave, (612) 377-9840
★ NO. 4 ST. CLOUD, 110 6th Ave. S„ (612) 251-1335
★ NO. 5 MNPLS, 6413 Lyndale Ave. South, 
(612)869-3288

MISSISSIPPI
Call toll-free 800-843-3338 for your nearest Sencore 
distributor.

MISSOURI
CAPE GIRARDEAU

SUEDEKUM ELECTRONIC SUPPLY,
2215 Broadway. P.O. Box 539, (314) 335-8202

JOPLIN
NORMAN ELECTRONICS, 402 Wall St. (417) 624-0368 
★ SPRINGFIELD, Norman Electronics, 952 E. Trafficway, 
(417) 869-7237

KANSAS CITY
BURSTEIN-APPLEBEE, 3199 Mercier, (800) 821-3686
ELECTRONIC SUPPLY CO., INC., 4100 Main St, 
(816) 931-0250

KIRKSVILLE
★ MID-STATE DIST., 515 North Main, (816) 665-5625

ROLLA
SHOW-ME ELECTRONICS, Hwy. 72 East. P.O. Box 639, 
(314) 364-3896
* COLUMBIA, 107 North 7th St. (314) 449-2944
* FLAT RIVER, 511 East Main St, (314) 431-4816
★ JEFFERSON CITY, 609 Jefferson St, (314) 636-2191
★ JOPLIN, 1610 Main, (417) 623-1608
★ SEDALIA, 825 Thompson Blvd, (816) 826-3044
★ SPRINGFIELD, 805 Boonville, (417) 869-0752

ST. JOHN
TREPCO, 3632 Woodson Road. (314)426-3260

ST. JOSEPH
ST. JOSEPH RADIO, 720 S. 9th Street, (816) 233-3118
★ CHILLICOTHE, 315 Locust St, (816) 646-3825

ST. LOUIS
DELTRONICS DISTRIBUTING CO., 864 Hodiamont Ave 
(314) 725-6060
★ ST. CHARLES, 202 First Capitol Plaza, (314) 946-6766 
* EBINGER ELECT., 4220 Gannet, (314) 353-8818

MONTANA
BILLINGS

ELECT. SUPPLY CO., 250 11th St. West. (406) 252-2197
HAVRE

NORTHERN ELECTRONICS, 218 1st St, Box 1609, 
(406) 265-5568

NEBRASKA
LINCOLN

SCOTT ELECTRONICS, 4040 Adams St, (402) 466-8221
* NORTH PLATTE, P.O. Box 745, (308) 532-9260

OMAHA
OMAHA ELECT., 2222 Leavenworth, (402) 341-3440
RADIO EQUIPMENT, 625 N. 18th St, P.O. Box 3843
(402) 341-7700
SCOn ELECTRONICS, 4895 "F" St, (402) 734-6750

SCOTTS BLUFF
D & H ELECTRONICS, 1913 Broadway. P.O. Box 67, 
(308) 632-2181
* D & H ELECTRONICS, 117 Ash St, Sterling, CO 
(303) 522-3033

NEVADA
SOUTHWEST INSTRUMENT DISTRIBUTING
11804 North 37th Way, Phoenix, AZ 85028
Call (602) 996-2119 with your instrument questions or 
orders on our 24-Hour Instrument Answer Service or 
call toll-free 800-843-3338

NEW HAMPSHIRE
EASTERN MASSACHUSETTS INSTRUMENT DIST.
8 Presidential Road, Bedford. NH 03102
Call (603) 472-5692 with your instrument questions or 
orders on our 24-Hour Instrument Answer Service or 
call toll-free 800-843-3338

NEW JERSEY
CAMDEN

GENERAL RADIO SUPPLY CO., 600 Penn St at
Bridge Plaza (609) 964-8560

HILLSIDE
LEADER ELECTRONICS, 5 Evans Terminal Rd, 
(201)354-4200

MOUNT EPHRAIM
★ ALMO ELECTRONICS, 301 N. Black Horse Pike.

(609) 933-3800
NEWARK

AARON LIPPMAN, 99-107 Newark St, (201) 621-9300
TRENTON

JACKSON DIST., 1900 Genessee St, (609) 392-4141
NIDISCO, INC., 985 Princeton (609) 396-3505

UNION CITY
NIDISCO, INC., 2812 Kennedy Blvd, (201) 863-2111
★ HACKENSACK, 55 State Street. (201) 489-2000
* JERSEY CITY, 713 Newark Street. (201) 653-2360
* PASSAIC, 294 Passaic Street. (201) 779-4962
★ RIDGEFIELD, 484 Bergen Blvd, (201) 943-0510
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NEW MEXICO
MOUNTAIN INSTRUMENT DISTRIBUTING
8650 West 89th Ave., Westminster, CO 80020
Call (303) 425-4920 with your instrument questions or 
orders on our 24-Hour Instrument Answer Service or 
call toll-free 800-843-3338

NEW YORK
BRONX

RIM ELECTRONICS, 2755 Webster Ave., (212) 295-4300
BUFFALO

RADIO EQUIP. CORP., 196 Vulcan St., (716) 874-2690
STANDARD ELECTRONICS, 3519 Union Rd
(716) 685-4330
* OLEAN, 2828 W. State St. (716) 372-1800
★ ROCHESTER, 1800 Lyell Ave., (716) 254-7950

JOHNSON CITY
* GOLDCREST ELECTRONICS, 117 Oakdale Road.
(607) 797-2389

ROCHESTER
GOLDCREST ELECTRONICS, 482 St Paul St,
(716) 546-8464
★ BUFFALO, 1662 Main St. (716) 885-5878
★ SCHENECTADY, 1837 Broadway, (518) 377-6424
* SYRACUSE, 710 Wolf St., (315) 471-7115

SCHENECTADY
GRIMMERS ELECT. PARTS SUPPLY
41 N. Brandywine Ave., (518) 374-8480

NORTH CAROLINA
CAROLINA INSTRUMENT DISTRIBUTING
Route 1, Box 353, Valdese, NC 28690
Call (704) 874-2311 with your instrument questions or 
orders on our 24-Hour Instrument Answer Service or 
call toll-free 800-843-3338

NORTH DAKOTA
GRAND FORKS

★ TEAM NO. 26,1503 11th Ave., North, (701) 746-4474 
MINOT

JOHN IVERSON, 3300 N. Broadway, (701) 852-4466
★ MANDAN, 101 E. Mam St., (701) 663-9526

OHIO
AKRON

WARREN RADIO, 71 S. Broadway, (216) 434-6668
CINCINNATI

HUGHES-PETERS, 4865 Duck Creek Road. (513) 351-2000
CLEVELAND

BRODHEAD GARRETT, 4560 E. 71st St. (216) 341-0248
CIE BOOKSTORE, 1776 E. 17th St., (216) 781-9400
CRAMER ELECTRONICS, 5835 Harper Rd ,
(216) 248-8400
GRAYBAR, 6800 Engle Rd., P.O. Box 81228,
(216) 243-9900

COLUMBUS
WHITEHEAD’S, 164 N. Grant Ave., (614) 224-1186

DAYTON
SREPCO ELECTRONICS, 314 Leo St., (513) 224-0871
★ CANTON, 2705 Fulton Dr., N.W., (216) 455-0271
★ COLUMBUS, 1405 Ridge St., (614) 486-9483
* LORAIN, 3847 Pearl Ave., (216) 277-1228
★ MIDDLETOWN, 2104 Brentwood (513) 423-6551
★ NEWARK, 138 Union St, (614) 344-5741
★ PIQUA, 8927 N. State, Rt. 66. (513) 773-5120
* SANDUSKY, 317 Perry St, (419) 625-1514
* SPRINGFIELD, 1300 St. Paris Rd., (513) 399-8811
THE STOTTS-FRIEDMAN CO., 2600 E River Rd
(513) 298-5555

DOVER
TV SPECIALTIES, INC., 320 W. 3rd St., (216) 364-6678

ELYRIA
EL-A-CO. ELECTRONICS, 87 Lake Ave,
(216) 322-2526 or (216) 323-1805

STEUBENVILLE
LOU’S ELECTRONICS, 408 Washington, (614) 282-7535

TOLEDO
LIFETIME ELECTRONICS, 1501 - 1505 Adams St
(419) 241-5643
WARREN RADIO, 1002 Adams St., (419) 248-3364

YOUNGSTOWN
ROSS RADIO, 325 W. Federal St, (216) 746-8881

WARREN
REM ELECTRONICS, 515 S. Park, (216) 373-1300

OKLAHOMA
OKLAHOMA CITY

DULANEY'S, 100 NW 44th St., (405) 528-0511
MILLER JACKSON CO., 121 E. California, (405) 235-8426
* LAWTON, 1701 "C" Ave., (405) 355-5220
THURMAN MAGBEE, 530 S. Broadway, (405) 236-4351

TULSA
RADIO, INC., 1000 S. Main, (918) 587-9123

OREGON
PORTLAND

AL SMITH CO., 3422 Halsey N.E., (503) 234-7877

PENNSYLVANIA
ALLENTOWN

RESCO, 425 Hanover Ave., (215) 435-6743
* EASTON, Radio Electronic Service Co.

1700 Northampton, (215) 253-3569
★ NORRISTOWN, Philadelphia Electronics. Inc.

624 S. 20th St., (717) 233-5883
READING, Electronic TV & Distributing

201 S. 4th St., (215) 376-4814
★ STATE COLLEGE, University Electronics,

258 E. Beaver, (814) 238-3093
ALTOONA

ALLEGHENY ELECTRONICS, 800 Chestnut Ave, 
(814) 946-0871

* JOHNSTOWN, 46 Valley Pike, (814) 536-3589
AMBRIDGE

CENTRAL RADIO & TV, INC., 1194 Merchant St,
(412) 266-6139

COATESVILLE
COUNTY SUPPLY, 3rd Ave. & Fleetwood St, 
(215) 384-4585

DREXEL HILL
KASS ELECTRONICS, 2505 Township Line Rd, 
(215) 449-2300

ERIE
J. V. DUNCOMBE ELECT. CORP., 721 Parade St,
(814) 454-5278

HARRISBURG
CUMBERLAND ELECTRONICS, INC.
642 S. 20th St, (717) 233-5883

PARKSIDE
COUNTY SUPPLY, 2903 Edgemont, (215) 872-2439

PHILADELPHIA
ALMO ELECT. CORP., 9815 Roosevelt Blvd,
(215) 698-4000
SUNSHINE SCIENTIFIC INSTRUMENTS,
1810 Grant Ave, (215) 673-5600

PITTSBURGH
CRS ELECTRONICS CO.,
818 Brownsville Rd, (412) 431-7700

SCRANTON
CONSOLIDATED DISTRIBUTING,
1150 Capouse Ave, (717) 346-3831
KEY RADIO & TV SUPPLY CO., 340 Phelps St, 
(717) 342-0161

RHODE ISLAND
CRANSTON

BALLOU-JOHNSON & NICHOLS, 1 Wholesale Way, 
(401) 463-6700
JABBOUR ELECTRONICS SUPPLY, 1744 Cranston St
(401) 944-2570

SOUTH CAROLINA
CAROLINA INSTRUMENT DISTRIBUTING
Route 1, Box 353, Valdese, NC 28690
Call (704) 874-2311 with your instrument questions or 
orders on our 24-Hour Instrument Answer Service or 
call toll-free 800-843-3338

SOUTH DAKOTA
MITCHELL

ELECTRONIC SUPPLY, 119 E. 1st St, P.O. Box 126, 
(605) 996-4300)

RAPID CITY
CHRIS SUPPLY CO., 114 East Blvd, P.O. Box 2750, 
(605) 342-5900

SIOUX FALLS
GOURLEY DISTRIBUTING CO., 400 N. Main
(605) 336-1466

WATERTOWN
★ TEAM NO. 19, 223 9th Ave. S.E., (605) 886-4725

TENNESSEE
EAST TENNESSEE INSTRUMENT DISTRIBUTING
2414 Chuckar Road. Knoxville, TN 37919
Call (615) 690-8391 with your instrument questions or 
orders on our 24-Hour Instrument Answer Service or 
call toll-free 800-843-3338

TEXAS
NORTHEAST TEXAS INSTRUMENT DISTRIBUTING
Route 1. Fruitvale, TX 75127
Call (214) 896-4220 with your instrument questions or 
orders on our 24-Hour Instrument Answer Service or 
call toll-free 800-843-3338
WEST TEXAS INSTRUMENT DISTRIBUTING
P. O. Box 64370, Lubbock, TX 79464
Call (806) 797-6159 with your instrument questions or 
orders on our 24-Hour Instrument Answer Service or 
call toll-free 800-843-3338

AUSTIN
WHOLESALE ELECTRONIC SUPPLY,
597 Pressler St, (512) 478-9568

MCALLEN
MCALLEN RADIO ELECT., INC., 401 S Broadway,
(512) 682-2412
* BROWNSVILLE, Brownsville Radio, 311 E. 12th, 
(512) 546-4511

UTAH
SOUTHWEST INSTRUMENT DISTRIBUTING
11804 North 37th Way, Phoenix, AZ 85028
Call (602) 996-2119 with your instrument questions or 
orders on our 24-Hour Instrument Answer Service or 
call toll-free 800-843-3338

VERMONT
RUTLAND

RUTLAND ELECTRONICS, 138 State St, (802) 775-4690

VIRGINIA
ARLINGTON

ARLINGTON ELECTRONIC WHOLESALE,
3636 Lee Highway, (703) 524-2412

HAMPTON
CAIN ELECTRONICS, 408 Aberdeen Rd, (804) 826-5535

NORFOLK
CAIN ELECTRONICS, 1530 Ingleside Rd, (804) 855-3394

RICHMOND
AVEC ELECTRONICS CORP., 2002 Staples Mill Rd,
(804) 359-6071
BLUEFIELD DISTRIBUTING CO., 2400 Magnolia Crt,
(804) 649-7521

ROANOKE
PEOPLES RADIO & TV., 1015 Moorman Rd. NW
(703) 342-8933

WASHINGTON
WASHINGTON INSTRUMENT DISTRIBUTING
37842 38th Avenue South, Auburn, WA 98002
Call (206/952-3224 with your instrument questions or 
orders on our 24-Hour Instrument Answer Service or 
call toll-free 800-843-3338

WEST VIRGINIA
CHARLESTON

ELECTRONIC MATERIALS, 1106 Central, Box 6746
(304) 344-3577

FAIRMONT
STATE ELECTRONICS CO., 503 Virginia, (304) 366-4520
* MORGANTOWN, 341 Chestnut, (304) 292-1641

WISCONSIN
EAU CLAIRE

BUSHLAND RADIO SPECIALTIES, 1728 Loring St,
(715) 832-0425

FOND DU LAC
FEDCO, 184 W. 2nd St, (414) 922-6490

LA CROSSE
* STARK ELECTRONICS, 131 S. 6th, (608) 782-3186 

MADISON
★ TEAM NO. 8, 3365 E. Washington, (608) 244-1339 

MILWAUKEE
ACME RADIO SUPPLY CORP., 511 N Broadway,
(414) 271-0641
MARSH ELECTRONICS, 1563 S. 101st, (414) 475-6000
PARTS MART, 520 W. McKinley Ave. P.O. Box 5926
(414) 276-1212

OSHKOSH
ELECTRONIC INDUSTRIES, INC., 19 E Irving
(414) 235-8930

SHEBOYGAN
J. J. KOEPSELL CO., 1010 S. 9th St. (414) 457-3646

WYOMING
MOUNTAIN INSTRUMENT DISTRIBUTING
8650 West 89th Ave, Westminster, CO 80020
Call (303) 425-4920 with your instrument questions or 
orders on our 24-Hour Instrument Answer Service or 
call toll-free 800-843-3338

PUERTO RICO
ARECIBO

ARECIBO ELECTRONICS, P O BOX 1787,
Gonzalo Marin No. 59, 878-4350

BAYAMON
FOREST HILLS ELECTRONICS, D43 Marginal St,
Ext. Forest Hills

CAGUAS
RADIOTRONICS, No. 65 Georgetti St, (809) 743-2419

CAPARRA TERRACE
TELE IMPORT, INC., 1413 Avenida
783-6735 or 783-6814

HATO REY
ALL TV PARTS, 81 Munoz Rivera Ave, 765-4508

MAYAGUEZ
CARRION RADIO SHOP, 150 Call 11 DeAgosto. Este, 
832-1274

RIO PIEDRAS
ELECTRONIC SALES ASSOCIATES, Calle 203-GO11
Country Club 3rd Ext, (809) 769-2911

PONCE
TELE RADIO PARTS SUPPLIERS, P 0 Box 5540
Catocha 122 Esq. Tricoche 842-0198

SANTURCE
ELECTRONIC CENTER CORP.
1316 Fernadez Juncos Ave.
IMPORT ADORA TELE PARTS, INC.
605 Pedro De Castro St, 724-4450 or 725-7010

VIRGIN ISLANDS, ST. THOMAS
ELECTRONICS UNLIMITED, (809) 774 4742

WIN A FREE 
DVM35
$138.00 DVM35
DIGITAL MULTIMETER

Here are this month's DVM35 winners and the instruments they intend 
purchasing. If your name appears in this column, call Sencore Customer Service 
toll-free 800-843-3338 and ask for your free DVM35.

Simply fill in the Instrument Interest Card, a 
Sencore News renewal form, or any other Sencore 
News coupon and indicate the Sencore 
Instrument(s) that you are considering purchasing 
in the near future. Your name will be placed in a 
fishbowl for the next month's drawing. 20 DVM35's 
are given away each month. Your chances to win 
are very good.

★ WINNERS ADDRESS Instruments 
Purchasing

★ WINNERS ADDRESS Instruments 
Purchasing

• John D. Bozard Orangeburg, SC CR31A • Lower’s TV & Appi. Kingman, KS PS163
• Harry Raplan Clarksmas, OR CR31A.TF46, • Joe Thompson Grayling, Ml TF46

HP200 • Earl K. McNabb Memphis, TN VA48
• Tom Handley Portland, OR VA48, FC51 • Robert Menwood San Diego, CA TF54
• Miles A. Booth Miami, OK VA48, LC53 • William Gariepy Cumberland, RI RC167
• Hi’s Electronics Cedarville, CA DVM38 • Raymond Lyford Dover-Foxcroft, ME CR31A
• Bernard Johnson Longwood, FL VA48 • James D. Amos Philadelphia, PA VA48
• Goodwin's Elect. Albany, GA LC53, FC51 • Smitty’s TV Kennewick, WA TC28
• R. M. Witt Lynchburg, VA CG25 • Spottswood TV Longview, TX CR31A
• S. R. Pierce Chula Vista, CA SG165 • Robert Bader Williston, ND SG165
• J & M Electronics Dearborn Heights.MI RC167, PR50
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(Continued from Page 11)
The old coil was checked with an ohmmeter to see if the 
shorted turns that showed up on the Ringing test could be 
detected. The coil measured 2.28 ohms. The new coil was 
measured and read 2.27 Ohms. This proved once again 
that the ohmmeter could not have picked out the problem 
as this small difference in resistance reading would not 
cause you to reject the coil. The Ringing test on the “Z 
METER” helped us confirm that the coil was our 
problem.
In circuit test:
Open coils can generally be found quite easily with an 
ohmmeter if the coil is tested out-of-circuit. However, 
there are often times resistors inside the coil assembly 
and one doesn’t know they are there. This was pointed out 
by a case where the “Z METER” was taken to a two-way 
radio shop to demonstrate its versatility.

The technician had been working on a CB and had gone 
around in circles. He had traced the signal down to the 
area between the buffer and amplifier stages. This 
indicated an open transformer but he had checked for con­
tinuity with an ohmmeter to be sure and said he had found 
the coil to be “good”. You can see on the schematic in Fig. 
22 that a small value resistor was shunting the coil. The 
value was only 47 Ohms.

of the manufacturer found the choke was not in stock and
on back order. They thought they would have one in about
two weeks. This would mean that a good portion of the
factory would have to be shut down and some employees
layed off until the problem could be solved.

Rather than wait for the part, the Production Engineer 
measured the inductance of an identical filter choke in the 
plus 14 volt supply. It read 30 millihenrys. The current 
drawn from the supply was calculated to be about 3.5 
Amps. Armed with this information, the engineer took a 
trip to a local distributor. He found a substitute that was 
close but did not physically fit in the space occupied by the 
defective choke.

The substitute filter choke was rigged up and the drill was 
put back into operation. The substitute was not the proper 
choke but it allowed the drill to be put back into use until 
the proper choke was received. The production line was 
able to keep running smoothly during the short time the 
drill was down.

18. How are technicians and 
engineers finding these 
faulty coils now?

Most technicians try everything they can do to prove that 
the coil is not the defect. They will trace signals, do 
complete DC voltage analysis, test transistors, substitute 
capacitors, and measure resistors. The coils are usually 

Coming in Ociobor - iho Uliimcife in DVAAs

A DVM for the man who has everything 
... except time to waste

left as the last resort because most technicians do not 
have a large assortment of replacement coils. If all else 
fails, they will order the coil and hope like crazy that the 
new coil corrects the problem. The replacement coil often 
has to be back ordered because there are so many special 
types. Sound familiar?

We had an experience like this a short time ago before we 
had samples of the “Z METER”. We were working in the 
IF stage of a TV receiver. One stage simply refused to 
tune up when we were doing an IF alignment. Voltage 
measurements did not show any problem in the other 
components. We substituted some of the capacitors but 
still could not get the stage to tune properly. Finally, we 
decided to order a replacement transformer, thinking that 
it was the problem.

The transformer took two weeks to arrive. We installed 
the new transformer and, much to our disappointment, 
the problem did not go away. Further testing of the 
circuit, with a proto-type sample of the “Z METER”, 
found the problem. One of the disc capacitors that we had 
installed was defective! Its value was about one-third of 
the marked value. We had not checked it before installing 
it because we were still under the impression that “new 
components are always good”. We now know that this is 
not true.

The “Z METER” would have saved us time in two ways. 
Firstly, it would have let us confirm that the coil was not 

Fig. 22 — Low value resistors across coils can 
sometimes confuse the unsuspecting technician if 
the coil is open and checked in-circuit with an 
ohmmeter.

The “Z METER” was fired up and put to work to see if it 
could help find the problem. Shorted turns in the trans­
former were suspected. When the “Z METER” was 
connected to the secondary of the transformer, however, 
the coil would not ring indicating that it was indeed de­
fective. The inductance value was read to double check 
the Ringing test. The “Z METER” showed a reading of 2.8 
millihenrys because current was flowing through the re­
sistor. The inductance value should have been 2 micro- 
henrys, however, so something was really wrong. The coil 
was removed from the circuit and rechecked. It was found 
to be open.

We asked the technician to show us how he had measured 
the coil with his ohmmeter. We discovered that he was 
using too high of a range to detect the 47 Ohms. The 47 
Ohm resistor looked like a short which lead him to the con­
clusion that the coil was good. The “Z METER” does not 
depend upon range switching and, therefore, showed the 
coil as being the problem right in the circuit on both the 
Ringing and value tests. The technician agreed that the in­
circuit testing ability of the “Z METER” would save him 
quite a lot of time and placed his purchase order for his 
brand new “Z METER”.

Industrial applications:
One defective component can put dozens of people out of 
work in factories, mines, etc. Our own Production Engi­
neering group related an experience they encountered the 
other day. The computer controlled drill for drilling PC 
boards for the entire factory stopped working. After a 
short period of troubleshooting, it was discovered that the 
minus 14 volts to the logic board of the control system was 
missing. The problem was tracked down to an open filter 
choke in the power supply. A call to the parts department

mm

The DVM56 Microranger is the ultimate 
in time-saving design. It virtually thinks 
for you so you can spend your time 
concentrating on the circuit you are test­
ing. The DVM56 makes all standard 
measurements automatically but, in 
addition, provides measurements not 
found on any other DVM at any price.

.075% DC accuracy
Prime standard accuracy of .075% (±5 
counts) on all DC ranges means you'll 
know you are right on every test.
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100% autoranged on volt», current and ohm« 
or push Range Hold button to stay on one range.

15 Megohm or 150 Megohm 
input impedance
15 Megohm impedance, on the 2 KV DC 
voltage range, means one-third less 
circuit loading than other DVMs. Extend 
the range to 150 Megohms by simply 
slipping the 10 KV probe over the stan­
dard probe and flipping the switch to 10 
KV. Special 135 Megohm multiplier 
resistor holds maximum error to .5 
percent. Meter circuit loading capacity 
drops to nearly zero for accurate DC 
measurements in critical oscillator 
circuits, etc.

5 automatic Lo power ohms ranges 
from 0 to 2 Megohms at .3%.

Measurements not found 
on other DVMs

3 automatic peak-to-peak AC voltage 
ranges from 0 to 2 KV, at 1% accu­
racy; from 30 Hz to 100 KHz ± 1 dB. 
Never before found on any DVM but 
badly needed to read peak-to-peak 
values shown on all schematics.

Fig. 23 — The industrial technician must be able to 
locate problems quickly because many people’s 
jobs depend on the operation of a key production 
machine.

Your choice of 3, 4, or 4’/j 
digit meter
There are times when you'll want the 
full .075 percent accuracy with full resol­
ution. Other times, you'll wont rock 
solid, fast action readout. If so. simply 
push a button to convert to a 4 digit or 3 
digit meter. (Accuracy reduced by resol­
ution only to an effective .175% full 
scale even on 3 digits.)

No decimal shift between ranges
The Microranger is designed like DVMs 
should have always been designed with 
no annoying decimal shift ot the end of a 
half digit. It's just like reading a modern 
adding machine.

3 automatic dB AC voltage ranges 
from -43 to + 62 dB. 0 dB is standard 
1 milliwatt into 600 Ohms or .7746 
Volts. 30 Hz to 20 KHz ± 1 dB. A must 
for audio, communications, etc. 20 
dB extender available for super criti­
cal checks.
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Protected to 2 KV and 10 KV 
with probe
Internal DC circuits are protected to 2 
KV, roughly twice that of other meters. 
A IO KV probe, clipped to the back of 
the DVM56, is slipped onto the standard 
input probe to extend input protection to 
10 KV. Multiplier decimal is automati­
cally shifted by switching to the 10 KV 
probe position. A real meter saver when 
measuring questionable voltages or 
voltage transients.

Provides standard volts, ohms, and 
current measurements
• 4 automatic DC voltage ranges from 0 

to 2 KV and 0 to 10 KV with 10 KV 
probe. .075% on 2 KV range and .5% 
on 10 KV range.
2 automatic DC current ranges from 0 
to 2 Amps at .3% accuracy.

• 3 automatic AC RMS voltage ranges 
from 0 to 1 KV at .5% accuracy; 30 Hz 
to 20 KHz ± 1 dB.

• 2 automatic AC current ranges from 0 
to 2 Amps at 1 % accuracy.

• 6 automatic Hi power ohms ranges 
from 0 to 100 Megohms at .3%.

3 automatic true RMS AC voltage 
ranges from 0 to 1 KV at .5%; 30 Hz 
to 20 KHz ± 1 dB. A must for measur­
ing new switching supplies, etc.
Automatic ohms zero for lead resis­
tance. Just push the ohms zero 
button and the microprocessor sub­
tracts the lead resistance from any 
resistance measurements to measure 
low value resistors, heating 
elements, etc.

• Automatic peak and null meter. No 
more need to keep an analog meter 
for adjusting tuned circuits. Two indi­
cating arrows mokes the job easy .

Fill in your Instrument Interest Cord and mail it today, or call toll-free 800-843-3338 and let's talk about it.
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the problem before we put a new one on order. Secondly, 
the replacement capacitors could have been checked, in 
just a few seconds, to make sure that each component we 
installed was actually good. Needless to say, we now use 
our “Z METER” any time we think a coil or capacitor is 
the cause of our problem. We are even learning to check 
coils early in our troubleshooting rather than trying to 
work around them as in the past. Can you see how the “Z 
METER” can save you time too?

19. Are coils here to stay?
Yes, they are. Coil usage is increasing even faster than 
capacitor usage. Recent EIA figures show that the annual 
usage of coils has increased over 54 percent in the last four 
years to over 500 million dollars per year. The reason that 
coil usage is increasing so fast is about the same as with 
capacitors. These are really the only two passive 
components that will not fit inside an IC.

The usage of ICs is rising at a rapid rate because more 
and more functions that were controlled with other 
systems, such as relays, and discrete transistor circuits, 
are now going inside the IC. As the usage of the IC 
increases, the proportionate number of resistors and 
transistors reduce, but coils and capacitors must 
increase.

Another reason for increased coil usage is the increased 
number of two-way radios and other RF control systems. 
The coil and capacitor are tied directly into the use of any 
type of oscillator or tuned circuit. Together with the IC 
usage, we can safely predict that you will be seeing more 
coils and capacitors every year for some time.

20. Since I can measure capacity 
and inductance, can I use the 
“Z METER” to check 
transmission lines?

You will find that the “Z METER” is an ideal instrument 
for checking transmission lines. You can use the “Z 
METER” to determine the length of a coaxial cable or 
pinpoint an open or a short. Each type of coaxial cable has 
a published capacity per foot. A chart of the most common 
cables is included in the “Z METER” manual. All you do 
is measure the capacity of the cable with the “Z METER” 
and divide by the capacity per foot to see how long the 
cable is or find out where a break point is located. It 
doesn’t matter if the break is in the shield or center 
conductor. The “Z METER” reading will still indicate the 
distance to the break or open. You can even use this 
technique with the spool of coaxial cable in your shop or 
lab to see how much cable is left on the spool or how much 
cable you really used on that last job.

Fig. 24 — Coaxial cable has a fixed capacitance and 
inductance per foot. Capacitance is measured to 
find the distance to an open or inductance to find 
the distance to a short.

A short in a coaxial cable can be easily pinpointed by 
measuring the inductance of the cable. Inductance per 
foot is not a published figure. Simply use the "Z METER" 
to measure a known length of the cable to find the 
inductance per foot. Divide the inductance reading by the 
length and find your own inductance per foot. This figure 
can be entered in a special blank column in the “Z 
METER” service manual for that particular cable for 
future reference. To find a short, simply measure the in­
ductance and divide by the inductance per foot. This 
figure will tell you the number of feet from the measuring 
point to the short. A more detailed procedure on testing 
coaxial cable can be found in the service manual of the "Z 
meter-

21 . Who needs the “Z METER”?

The need for the “Z METER” is as broad as electronics 
itself. Sencore has designed the “Z METER” with the 
following industries and people in mind:

Fig. 25 — The sale of inductors has almost doubled in just the past 4 years. The predicted growth of inductors 
for the years to come is a steady increase.

The engineer, the technician, two-way radio mainten­
ance, hospital maintenance, industrial control 
maintenance, incoming inspection, production line 
analyzers, hams, component manufacturers and, in 
general, anybody that has to test, use, or measure 
capacitors and coils. In fact, over half the requests and 
orders for the “Z METER” have come from the engineer­
ing and industrial sections of the electronics field. If you 
have to test capacitors or coils, repair or design electronic 
circuits that use capacitors and coils, you too should 
consider the “Z METER”.

If you only deal with capacitors, then take a look at the 
CA55 Capacitor Analyzer. It has the same capacitor value 
and leakage tests found on the “Z METER” with the same 
accuracy, automatic ranging, and reliable test results. If 
you need more information, would like a free demonstra­
tion in your place of business, or just want to find the 
Sencore distributor nearest you, fill in your Instrument 
Interest form or call toll-free 800-843-3338 and ask for the 
Customer Service Department. Do it today because there 
will be more coils and capacitors in use tomorrow and the 
day after and you should be ready for them.

SPECIFICATIONS
Digital Readout (LC53 & CA55)
Accuracy: Function accuracy ± resolution error.
Resolution: 3 significant digits ± 2 counts on 3rd digit.
Autoranging: Fully automatic decimal placement. One or two 
place holding zeros added as needed (does not affect accuracy).
Range indicators:

Type: LED
Operation: Controlled by the autoranging circuits.

Capacitors (LC53 & CA55)
Dynamic test of capacity value determined by measuring one RC 
time constant when capacitor is charged to +5V through:

10 Megohms for 0 to 9000 pF
10 Kilohms for 9000 pF to 90 uF
100 Ohms for 90 uF to 199,900 uF

Accuracy: ±1% + resolution error (0 to 1000 uF); ±5% + 
resolution error (1000 uF and up).

* nF = nanofarads, non-stondord prefix halfway between uF and pF.
•• mF = millifarads, non-standard prefix larger than uF by 3 decimal places

All information taken from manufacturer's published specifications. No claim is made to their accuracy.

NOTE: None of the above competitor* check SCRs, TRIAC*, stacked diodes, or bridge rectifiers.

MODEL Capacity Auto
Range Ranging

Reads In 
Standard 
Units of 
uF A pF

Leakage 1Input Protected 
from Charged 

Capacitors

Inductance 
Rang«

Good-Bad Test 
on Inductors In­
or out-of-clrcult

Price

SENCORE LCS3 
& CA55

Oto 200,000 Yes
microfarads 10 Ranges

10 Autoranges

Yes, Place­
holding 

zeros add­
ed as 

necessary

2 Ranges 
0-100 uA 
0-1 OK uA
12 Volt­

ages 3 to 
600 VDC

Yes, Fuse & 
voltage sens­

ing relay

6 Autoranges 
0-10 Henrys 
(LC53only)

Yes, Patented 
Sencore Ring­

ing test

LC53 $695
CA55 $495

ESI2S2 (Electro 
Scientific, Ind.)

0-200 micro- No
farad 7 Switch 

Ranges

No, has 
nF*

None No 0-200 Henrys
7 Switch 
Ranges

No $745

ESI253 (Electro 
Scientific, Ind.)

0-2000 micro- Yes
farad 7 Auto­

ranges

No, has 
nF*

None No 0-200 Henrys
7 Autoranges

No $845

B & K 820 0-999,900 micro- No 
farad 10 Switch

Ranges

No, has 
nF* & mF**

None Fuse None No $130

ECD (Doric)
130 A

0-200,000 micro- Yes 
farad 10 Auto­

ranges

No, has 
nF* & mF**

None Yes, possible 
damage if large 

value cap or 
high voltage

None No $325

IET CM-SOO 
(IET Labs, Inc.)

1 pF to 200,000 Yes 
microfarad

10 Autoranges

No, has 
nF*

None Not specified None No $299

Data Precision
938

0-1999 micro- No
farad 8 Switch

Ranges

No, has 
nF*

None Fused None No $149

Ranges: 1.0 pF to 199,900 uF in 10 autoranges.

Leakage (LC53 & CA55)
Accuracy: ±5% + resolution error.
Ranges: 0 to 100 uA and 0 to 10,000 uA in two switch selectable 
ranges.
Voltages: 12 selectable voltage ranges. DC voltages from 3 
VDC to 10 VDC filtered. From 15 VDC to 600 VDC, non-filtered. 
Capacitor under test does the filtering. Available only when 
LEAKAGE pushbutton is depressed. Capacitor automatically 
discharged when LEAKAGE pushbutton is released.

Inductance (LC53 "Z METER" only)
Dynamic test of inductance value determined by measuring the 
emf caused by a constantly varying current through the coil 
under test. Current rates are:

10 mA/usec — 0 to 90 uH
1 mA/usec — 90 to 900 uH
.1 mA/usec — 900 uH to 9 mH
.01 mA/usec — 9 to 90 mH
1 uA/usee — 90 to 900 mH
.1 uA/usec — 900 to 9,990 mH

Accuracy: ±2% + resolution error (except on high resistance 
coils).
Ranges: 1.0 uH to 9,990 mH (9.99 H) in 6 autoranges.

Ringing Test (LC53 "Z METER" only)
Dynamic test of inductor quality determined by counting the 
number of cycles the inductor rings before reaching a preset 
damping point after o given exciting pulse has been applied. 
(U.S. Patent 3,879,749).
Exciting pulse amplitude: Approximately 7 volts peak. 
Accuracy: Minus one count.

General (LC53 "Z METER")
Power: 105-130 VAC, 60 Hz, 25 Watts.
Fuse: Test lead input with in-line 1 Amp 3 AG slo-blo fuse.
Size: 6” x 9” x 11.5" (15.24 cm. x 22.86 cm. x 29.21 cm.)
Weight: 7% lbs. (3.56 Kg.)

General (CA55 Capacitor Analyzer)
Power: 105-130 VAC, 60 Hz, 17 Watts.
Fuse: Test lead input with in-line 1 Amp 3 AG slo-blo fuse.
Size: 4" x 8" x 11.5" (10.16 cm. x 20.32 cm. x 29.21 cm.)
Weight: 6.5 lbs. (2.98 Kg.)

Fig. 26 — Comparison of competitive UC Testers.
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Reach for one universal Frequency Counter 
for every job from 10 Hz to 1000 MHz

And know that you will always be FCC Accurate and Interference Free
That’s the Sencore FC51 1 GHz 
Frequency Counter Only $975
Lowest priced 1 GHz .5 PPM frequency counter on the market

Your FC51 Is FCC accurate with .5 parts 
per million from 0 to 40 degrees 
centigrade: Just what you need to service two­
way radios all the way through the new 800 MHz 
band. A must for documenting studio to trans­
mitter link at broadcast stations, documenting 
radio & TV station frequency accuracy, or when 
working in the 902 to 928 MHz medical band.

Your FC51 is Interference Free: Park your 
FC51 right under your high power transmitter or 
set it right next to a TV high voltage cage and it 
won’t jump a digit. Station operators repeatedly 
call us and tell us that they can’t believe the 
FC51 is quiet as a cucumber when their high 
priced frequency counter is doing the disco. "

Use your FC51 for direct circuit connection 
readings: A special 1 megohm input jack with 
a sensitivity of 25 millivolts provides low 
loading and high sensitivity for digital count 
down circuit measurements, PLL circuit 
testing, etc.

Use your FC51 to measure high power 
output transmitters: Also tripler or doubler 
stages or other high signal level stages where 
excess sensitivity can cause more than one 
signal to be picked up. A 50 ohm input jack, 
with an input sensitivity of 100 millivolts, 
provides just the right sensitivity for maximum 
stability from 10 MHz to 1 GHz.

Use your FC51 where you need super 
sensitivity too: There are many times when 
you’ll want to measure in low level circuits, or 
use the FC51 pick-up loop to “hang back” from 
the circuit so you don’t upset the operating 
frequency. Then, too, you may want to boost 
your communication monitor output so it can 
be read on a frequency counter for accuracy 
checks. If so, the 30 dB WBA52 Wide Band 
Amplifier, optional at $295, swings into action 
to increase the 50 Ohms input sensitivity to the 
most sensitive frequency counter on the market 
of 3 millivolts.

Use your FC51 to measure complex
signals: Two or more simultaneous signals are 
difficult to read if you don’t have a way to pick 
out the signal with the greatest amplitude. The 
built-in sensitivity adjustment on the FC51 
reduces the sensitivity until only the signal with 
the greatest amplitude reads, and thus stabi­
lizes.

----------------------------- Special Offer -------------------------- n
Buy the FC51 at $975 — Buy the WBA52 for only $99 i

If you want to get in on this $196.00 savings, just fill in this coupon and Sencore will authorize your i 
nearest disributor to deliver the FC51 and the WBA52 to you. SPECIAL NOTE: If you own a [ 
Sencore FC45 Frequency Counter and wish to trade up to the FC51, we will give your full purchase i 
price of the FC45 for a limited time, but this does not include the $99 WBA52 deal. Just call toll-free j 
800-843-3338 or fill in this coupon.
Name Address i
City State Zip !

Phone No. (please)  I
□ Yes, I am interested in the Sencore FC51 and $99 WBA52. Please see that I get it.
□ I want to trade in my FC45 frequency counter on the new FC51.

___________________________________________________________________________________________ _ ______ J

Use your FC51 to measure sub-audible 
tones, too: Push the 10 Hz to 500 Hz frequency 
range button and a .01 Hz resolution multiplier 
is switched in to read video tape recorder 
speeds, two-way guard tones, etc., to a fraction 
of a Hertz.

Use your FC51 to check crystals: Crystals 
are used in nearly every communication device 
today and a frequency counter wouldn’t be 
complete without one. Simply insert the crystal 
in the crystal holder, push the crystal push 
button, and read the crystal fundamental 
frequency.

Shipped with everything you’ll need to go 
right to work: Your FC51 is shipped with all 
matched leads (others aren’t), a special 
untuned pick-up loop, an adjustable antenna 
that connects directly to the 50 ohm input jack, 
and a special 12 volt cigar lighter attachment to 
operate your FC51 from any vehicle.

No down time for accuracy documentation: 
A 10 MHz clock is buffered and brought out the 
rear to use as a calibration standard or to check 
accuracy against WWV. This time base is 
removeable and exchangeable with the factory 
on an exclusive 6 month perpetual calibration 
exchange system; if you desire the service. The 
replacement module is sent to you first so there 
is no down time.

Interested? Fill in your Instrument Interest 
Card and mail today, or call 800-843-3338 
toll-free. Want a special deal? Fill in the coupon 
below.
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Introduction
This article explains how the Sencore FC45 and FC51 fre­
quency counters are used to troubleshoot digital IC 
circuits and phase-locked-loops (PLL). Digital circuits 
and phase-locked-loops are being used in more and more 
of today’s new electronic devices. A design engineer from 
a large TV manufacturer, for example, recently told us, 
“You might as well get used to electronic tuners ... there 
won’t be a single mechanical TV tuner available on a new 
TV set in a year or so.”

It is a good idea to start looking into the instruments 
required to efficiently service these new digital circuits. 
The PLL deals primarily in frequency change and fre­
quency stability. Therefore, a high-quality frequency 
counter is the one instrument that can greatly simplify 
your troubleshooting. Beware of low cost “bargain” 
counters, however, because they have only limited useful­
ness in actual servicing. They are usually limited in upper 
frequency limits, limited in low frequency resolution, 
often less accurate than the circuit you are testing, 
subject to instability on noisy signals, and are subject to 
interference from signals entering through the unshielded 
case. Any of these limitations can make the counter 
useless in these low signal level troubleshooting 
applications.

Fig. 1 — The FC45 counting system allows you to 
update your counting capabilities at any time with 
two optional prescalers and a digital noise filter for 
use in PLL troubleshooting.

The two Sencore frequency counters offer high perform­
ance features at an affordable price. Both the FC45 and 
the FC51 frequency counters are double-shielded so that 
you can get dependable readings in strong RF fields. Both 
offer FCC accuracy because they use oven-controlled 
reference crystals. You have a choice of the lower cost 
FC45 counter system or the “accessory free” FC51 
counter. The FC45 measures signals from 10 Hz through 
230 MHz, with the optional PR47 UHF Prescaler ($125) 
extending the counting range to 600 MHz. The FC45 
measures audio and sub-audible signals to .01 Hz resolu­
tion when used with the PR50 Audio Prescaler ($125). 
Noisy signals, which are common in digital work, are 
easily measured by adding the NE206 Noise Eliminator 
($25), with its three steps of filtering and attenuating 
action, in series with the input leads.

The FC51, on the other hand, costs more but has all of 
these options built in and has an upper frequency counting 
limit of 1 GHz (1000 MHz). The input sensitivity of the 
FC51 is designed to give the best balance between sensiti­
vity and noise rejection. The optional WBA52 30 dB 
Wideband Amplifier extends the sensitivity to an 
unbelievable 3 mV over most of the frequency range for 
measuring even the lowest level signals. Either one of the 
Sencore counters is well suited for digital work. The 
choice is yours.

Doesn’t it make sense to buy just one frequency counter to 
do every frequency counting job; a frequency counter that 
is especially designed to measure transmitter outputs to 
FCC standards but sensitive enough for troubleshooting, 
too? The wide range of applications of both Sencore 
counters means that they will be usable for more and 
more applications as the usage of digital circuits 
continues to increase. The so-called “bargain” counters 
may not be a bargain at all when they may not be usable in 
these special applications.

The following article gives you examples of how the FC45 
and FC51 are used in troubleshooting digital and PLL 
circuits. We will cover the different frequency counter 
requirements you should consider when selecting a fre­
quency counter and then show you how these counter 
features are actually used in troubleshooting. We look 
forward to hearing from you after you have finished the 
article. Fill out your Instrument Interest Coupon or 
phone our Customer Service Department (toll-free) at 
800-843-3338 to find out more details about your Sencore 
frequency counter.

The digital phase-locked-loop is used 
in many applications.

The Digitally Controlled Phase-Locked-Loop (PLL) is one 
of the most common digital circuits that requires a 
frequency counter for efficient troubleshooting. The PLL 
is replacing many types of oscillators in a wide variety of 
applications. The PLL offers high stability because all 
output frequencies are referenced to a crystal oscillator 
or some other stable signal source. The PLL is also very 
versatile because stable, adjustable DC voltages are used 
to determine the output frequency. This allows low-cost 
DC switches to be used to select RF frequencies in some 
applications and complete electronic control of the output 
frequency in others. Let’s review some of the most 
common uses of the PLL and some of the extra require­
ments a frequency counter needs for each.

Fig. 2 — Digital phase-locked loops replace stan­
dard oscillators in these applications.

TV tuners:
Most TV receivers that use a calculator type keyboard to 
select channels use a PLL for the tuner local oscillator. 
Some even use a microprocessor to skip unused channels.
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detector. Let’s then see what happens when we apply sync
pulses when we tune in a local TV station.

1. The sync pulses and the signal coming from the VCO
are compared in the phase detector. There is a DC output
voltage produced if they are not the same frequency.

fine tune for cable TV systems, and other programmable 
functions. TV PLL circuits generate frequencies up to 250 
MHz for VHF channels and 850 MHz for UHF channels. 
The frequency counter should be well-shielded because 
the strong field put out by the flyback transformer can 
otherwise cause inaccurate readings when measuring in 
these low level signal circuits.

Digital vertical oscillators:
Digital circuits are used in the new TV receivers that have 
no vertical hold control. A PLL is used to reference both 
the vertical and horizontal signals to the TV station hori­
zontal sync. These digital circuits provide better noise 
immunity, less jitter on a weak signal, and much better 
interlace scanning for better vertical detail. The fre­
quency counter used to troubleshoot this system must 
again be interference-free because of the high voltage 
section, and also should be able to read frequencies down 
to 60 Hz to a fraction of a hertz with good resolution. Most 
direct reading frequency counters do not have this extra 
resolution, and it is a good thing to check before you make 
your purchase.

Two-way radio applications:
Most new CB radios, as well as amateur and commercial 
radios, use PLL circuits to develop the final transmitter 
frequencies and local oscillator frequencies to receive 
these signals. The four main factors in selecting a fre­
quency counter for this work are: 1. Full frequency range, 
2. FCC accuracy, 3. Full RF shielding because you are 
often making frequency measurements around operating 
transmitters, 4. Adjustable sensitivity because you are 
often trying to measure some frequency other than that 
put out by the RF output stage. As far as we know, the 
FC45 and FC51 are the only frequency counters with all 
these features under $1,000.

Police scanners:
Most new scanner radios use PLL circuitry for the RF 
local oscillator. These are often controlled by a micro­
processor which is programmed for the channel 
frequencies the customer wants to receive. An accurate 
frequency counter will assure that the scanner is tuned to 
the proper frequency in order to produce best sensitivity. 
Most scanners now operate to 512 MHz which means that 
your frequency counter must be able to measure to 520 
MHz in order to test the local oscillator. Added sensitivity 
may also be needed for testing in some of the low-level 
circuits.

AM and FM receivers:
Many Hi-Fi and automotive radios with digital readout 
channel indicators are PLL operated. An accurate fre­
quency counter is needed to make sure that the digital 
readout of the receiver is tuned properly so that the 
receiver has best sensitivity.

RF generators:
Most RF generators use PLL circuitry to allow the use of 
simple DC switching to select the desired output 
frequency. The switching may be pre-programmed for 
specific frequencies, such as the CB band, or program­
med with a series of switches into which the desired 
frequency is dialed. Your frequency counter needs to be 
able to measure the total range of frequencies put out by 
the generator being tested and will also need exceptional 
sensitivity in order to measure the low-level signals put 
out by most RF generators.

These are just a few of the applications in which the PLL 
has replaced a conventional RC or LC oscillator. The 
digital PLL will generally be found any place that you 
need a stable signal source that can be changed in output 
frequency. We will need to understand how a PLL 
operates in order to see how the frequency counter simpli­
fies its troubleshooting. We will start with the most basic 
type of PLL which only produces a single output 
frequency referenced to some other signal source. We will 
then look at the differences between this simple PLL and 
the digitally programmable type.

How a basic PLL works

The horizontal oscillator of a TV receiver is the most 
common example of a basic phase-locked-loop. It, like any 
PLL, must have three main operational sections: 1. A 
reference signal source, 2. A Voltage Controlled Oscil­
lator (VCO) whose output frequency is controlled by the 
amount of DC applied to its control input, and 3. A phase 
detector that produces a DC output voltage proportional to 
the difference in frequency of the two signals applied to its 
two inputs. The horizontal sync pulses from the TV station 
provide our reference signal in this case.

The block diagram in Fig. 2 shows how these three 
sections are connected together. The VCO will operate at 
some frequency close to the desired frequency when there 
are no sync pulses present at the sync input of the phase

the output. The difference in these two frequencies indi­
cates the divide-by number of the stage. These divider ICs 
often divide by the wrong number, when defective, result-
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Fig. 5 — A programmable divider IC allows DC 
voltages to be used to select different PLL frequen­
cies. Note that the phase detector input frequency 
must be identical to the reference for the system to 
lock.

Fig. 3 — All PLL systems must have the three basic 
blocks. The output is locked to the reference signal 
through the phase detector.

2. The DC voltage from the phase detector is fed to the 
VCO input which causes it to change frequencies. The 
direction the frequency changes depends on the polarity of 
the correction voltage.

3. When the VCO output is exactly the same frequency 
as the reference input, the correction voltage is zero. The 
PLL is now “locked”.

4. Any frequency drift in the VCO causes a DC output 
from the phase detector which will start the entire process 
over.

All phase-locked-loops operate with this basic feedback 
action. Additional circuits are required to allow the output 
frequency of the PLL to deliver any frequency other than 
the reference frequency. These circuits are covered in the 
next section.

Why you need a frequency counter for 
digital PLLs

The two inputs to the phase detector of any PLL must be the 
same frequency for the PLL to lock. Let’s see what 
happens if we insert a flip-flop (or “divide by two”) stage 
between the VCO output and the phase detector input. The 
frequency at the phase-detector input will be exactly one- 
half of the VCO frequency. The feedback action of the 
phase detector will change the VCO frequency until the 
signal coming from the flip-flop output is exactly the same 
as the reference signal. This can only happen, of course, if 
the VCO operates at twice the reference oscillator fre­
quency because only half the frequency is making its way 
to the phase detector. We are actually using a dividing 
stage to multiply our output frequency. If the divider were 
a divide-by-four stage, the VCO would have to operate at 
four times the reference frequency in order for the PLL to 
lock. Special ICs are available with many flip-flop stages 
inside a single component for use in PLL design. The PLL 
that uses only fixed dividers, however, will only put out a 
single frequency that is a multiple of the reference 
signal’s frequency.

Fig. 4 — The addition of a digital divider produces a 
PLL output frequency that is an exact multiple of the 
reference frequency.

The programmable divider:
A special type of IC called a “programmable divider” 
allows the frequency of the PLL to be changed by use of 
DC control voltages. A programmable divider is similar 
to a fixed divider IC except that it has extra “program­
ming” or “JAM” pins. Tieing these pins to B+ in different 
combinations will cause some of the flip-flop stages to be 
bypassed which results in a different divide-by number. 
One such IC, for example, allows any divide-by number 
from 3 to 15,999 to be selected by applying voltages to the 
correct combination of 16 programming pins. This IC 
allows a PLL to be programmed for up to 15,996 (15,999 
minus 3) different frequencies, all of which are referenced 
to the same master oscillator through the phase detector.

Either a programmable or fixed divider IC is easily tested 
with a frequency counter connected to the input and then

ing in the wrong PLL output frequency. The divide-by 
number of a programmable divider is determined by the 
combination of programming pins tied to B+. The service 
literature for the PLL usually shows which pins are tied to 
B+ for key PLL output frequencies so you can test the IC 
with a frequency counter.

Fig. 6 — The input and output frequencies of a 
divider are measured to assure it is dividing the 
signal properly.

Troubleshooting dividers :
Either fixed or programmable divider ICs may divide by 
the wrong number when defective. A frequency counter 
with the proper input bandwidth allows you to quickly test 
the IC. Simply measure the input and then the output 
frequency to confirm the proper frequency division. You 
will need to compare the measured division to the 
programming instructions on a programmable divider. 
Service literature often provides this information in tables 
that show which programming pins are to be tied to B+ 
for certain divide-by numbers.
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Stability circuits:
Most PLLs have a few additional stages that are included 
to provide extra stability in the output frequency. The 
phase detector operates best with input frequencies in the 
audio range. One kilohertz is a typical operating fre­
quency. The reference oscillator, however, is usually 
crystal controlled for extra stability over a long period of 
time. Crystal oscillators operate best in the frequency 
range of 1 to 10 MHz. Additional IC dividers are simply 
added between the crystal oscillator and the phase detect­

Fig. 7 — Maximum stability requires a crystal oscil­
lator and low frequency phase detector. Fixed divid­
ers are used to match the frequencies.

or so that the best parts of both worlds are built into the 
PLL. A1 MHz oscillator, for example, may be divided by 
1000 to produce a phase detector frequency of 1 KHz. The 
programmable divider between the VCO and phase 
detector must also produce an output frequency of 1 KHz 
when the VCO is operating at the correct frequency. The 
frequency counter that you use to troubleshoot this circuit 
should then provide accurate readings of audio frequen­
cies. The FC51 is ideal for this application because the 
resolution at 1 KHz is .1 Hz. This allows the phase detector 
input frequencies to be accurately tested. The same 
resolution is available with the FC45 when the optional 
PR50 Audio Prescaler is used.
Master oscillator:
The frequency counter is also used to check the output fre­
quency of the master oscillator. All of the PLL output

Fig. 8 — The FC51 measures audio frequencies with 
extra digits of resolution for accurate testing of the 
phase detector input frequencies.

frequencies will be incorrect if this oscillator is not opera­
ting at the proper frequency. This test requires the highest 
frequency counter accuracy. Many competitive counters 
are really no more accurate than the crystal used in many 
PLL systems. Both the Sencore FC51 and FC45 have ovens 
to control the accuracy of the frequency counting system 
to assure high accuracy in every signal that is measured. 
This assures you that the measurements you make are 
accurate and that you are not wasting times guessing 
whether an incorrect frequency is caused by the circuit 
you are testing or by the frequency counter wandering off 
calibration.
Voltage Controlled Oscillator (VCO) problems:
Problems in the VCO itself can also result in an improper 
output frequency. The VCO can only be controlled over a 
certain range of frequencies known as the “VCO lock-in

Fig. 9 — The reference oscillator, which is usually 
crystal-controlled, must operate at the correct 
frequency or every output frequency will be in error.

Fig. 10 — The VCO output frequency should be 
checked to make sure the PLL is operating at the 
correct frequency. The use of the WBA52 30 dB 
Wideband Amplifier allows extremely small signals 
to be measured.

A Frequency Counter that you can really count on...
►to meet FCC standards in communication repair.
►to document radio and TV broadcast frequencies.
►to speed up clock & electronic time analyzing.
►to quickly locate improper counting in new digital 
circuits.
►to tie down defects in PLL feedback circuits.
►to calibrate generators and check oscillators.
►to repair audio equipment such as electronic 
organs and musical instruments.
►to check digital horizontal & vertical oscillators & 
varactor frequency control circuits on new TV sets.
►to check tape speeds on audio or video tape 
recorders.
►and hundreds of new technology circuits coming 
your way.

The frequency counter is being used in nearly every phase of electronics today 
and a shop or lab will become old-fashioned pretty fast without one. You’ll 
want two things when you buy your frequency counter, though; accuracy 
within a reasonable time after you turn the counter on and freedom from inter­
ference. The FC45 is one of the only counters on the market that uses a tem­
perature compensated crystal-controlled oven to stabilized accuracy within a 
short time after turning it on and to maintain that accuracy during use. Sencore 
counters are the only frequency counters that we know of that are interference 
free and will operate right next to a high wattage transmitter or next to a TV 
high voltage cage without the jump of a number. That’s because they are the 
only frequency counters on the market with an all-metal case to act as a 
second shield.

^0^ FC45 230 MHz Frequency Counter $448

► Audio through 230 MHz VHF (and 600 MHz, too, with PR47 Prescaler)

► 1 Part per million accuracy 
► At high millivolt sensitivity

1OO%? 
MADE 
1UGHT>

INTERESTED? Fill in your Instrument Interest Card and mail it today, or call toll-free 800-843-3338 and let's talk about it. Customer Service
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range”. The lock-in range is determined by the VCO
tuning circuit made up of coils, capacitors and varicap
diodes. The varicap diodes receive the DC voltage from
the phase detector to change the operating frequency of
the PLL.

Most VCOs use at least one adjustment that controls the 
upper and lower limits of the lock-in range. This 
adjustment is set to center the lock-in range frequencies 
over the normal operating frequency range of the PLL. 
The VCO may lock in a either the highest or lowest fre­
quency but fail to lock at the other extreme. This usually 
indicates that one of the frequency determining 
components has changed value. The frequency counter 
aids in locating this type of problem.

Fig. 11 — The lock-in adjustment should allow you 
to get stable readings on the highest and lowest 
frequency.

Simply connect your FC51 or FC45 to the VCO output to 
check for proper lock-in range. Then select the highest 
and then the lowest PLL frequncy with the channel 
selector switch or PLL frequency control. The frequency 
counter should show a solid reading at both frequency 
extremes. You should try to adjust the lock-in range 
adjustment if either of the frequencies are either unstable 
or off-frequency. There is a problem in the VCO tuning 
circuits if this adjustment does not allow you to lock both 
the highest and lowest frequency. The use of a capacitance 
and inductance analyzer like the Sencore “Z METER” 
will allow you to isolate problems caused by a defective 
coil or capacitor.

Why a reliable frequency counter is 
necessary and why a scope alone will not 
do thejob.

An oscilloscope can be used to trace a few of the signals in 
a PLL but is limited to only a few sections of the PLL. The 
main limitations are 1. Limited frequency response, 
2. Frequency measurements are very time consuming, 
and 3. The frequency measurement accuracy is not 
adequate for proper PLL testing.

You should be able to measure the VCO output frequency 
to determine if it is correct. This measurement will tell 
you if the PLL is operating at the correct frequency and is 
also necessary when testing a divider stage connected 
directly to the VCO output. Remember that the VCO 
output is often several hundred megahertz for many PLL 
applications. This is well beyond the frequency limits of 
most scopes.

The amount of time required to measure a frequency with 
a scope is much longer compared to the direct frequency 
measurement of a frequency counter. First, you must 
make sure that the horizontal sweep vernier is in the cali­
brated position. It is a common mistake to forget to check 
this control with totally meaningless results. You must 
then determine the amount of time for one cycle of the 
waveform by counting the number of divisions on the CRT 
and multiplying by the setting of the timebase switch. 
Finally, you must convert the time measurement to 
frequency by dividing it into one. The sad thing is that 
after jou have done all of these things, your measure­
ment is only within about 5-10% of the actual frequency. 
This accuracy is inadequate for PLL troubleshooting.

Scope measurement errors come from many places. You 
start with the calibration of the sweep speeds on the scope 
which is typically only 3-5%. Then you must add inter­
pretation errors such as determining exactly where the 
waveform starts and stops, estimating the distance 
between the divisions on the CRT screen and even the 
width of the trace itself. All of these interpretation errors 
are eliminated with a frequency counter like the FC51 or 
FC45 because the counter reads out directly in frequency. 
The accuracy is determined by the accuracy of the 
frequency counter crystal which is oven-controlled in both

Sencore counters for FCC accuracy on every reading. The
FC45 accuracy is 0.0001 percent and the FC51 is 0.00005
percent as a comparison to 5 or 10 percent on the best
oscilloscopes.

Frequency counters simplify trouble­
shooting of digital vertical oscillators in 
TV receivers.

Digital circuits are now used in many applications that 
formerly used discrete circuits. A good example is the 
new digital sweep circuit found in many TV receivers. A 
single IC replaces both the vertical and the horizontal 
oscillator. No vertical or horizontal hold controls are 
needed because of the digital operation.

VCO

H0RIZ „ BURST p-j n VERTICAL — VERTICAL 
SYNC JUL GATE J LJ L sync JUL RETRACE

15 KHz out 15 KHz 60 Hz timing

Fig. 12 — This special IC uses a PLL to replace both 
the vertical and horizontal oscillators in a TV.

The heart of the system is a phase-locked loop that is 
referenced to the horizontal sync pulses. The PLL runs at 
503 KHz which is 32 times the horizontal sync frequency. 
This frequency is much more stable than the horizontal 
frequency because a component called a “ceramic 
resonator” is used to keep the PLL stable between 
horizontal sync pulses. A ceramic resonator is similar to a 
crystal but is much lower cost and only slightly less 
accuracte.

The 503 KHz signal is first divided by 16 with digital 
dividers. This frequency is needed to provide precise 
interlace scanning during vertical trace. The resulting 
31.468 KHz signal is contained inside the IC and cannot be 
measured.

The 31 KHz signal is then divided by two to provide the 
horizontal frequency of 15.734 KHz which is fed to the hori­
zontal output stage. The 31 KHz signal is also divided by 
525 in additional digital counter stages to produce the 
vertical frequency of 59.94 Hz which is fed to the vertical 
output through special shaping circuits. Additional digital 
circuits reset the internal counter stages at the proper 
time to maintain vertical and horizontal sync.

Troubleshooting the vertical oscillator 
circuit with a frequency counter

The main frequency that we must measure is the 503 KHz 
PLL output to make sure that the PLL is working 
properly. Be sure that there are horizontal sync pulses at 
the IC input, either from a TV station or a signal generator 
like the Sencore VA48, or the PLL will not be locked to an 
incoming signal. You will run into problems with many 
frequency counters at this point because of the strong field 
put out by the flyback transformer. The fully shielded 
design of the Sencore FC51 and FC45 will prevent this 
interference.

The 15.734 KHz horizontal output signal should be measur­
ed next. This confirms that the internal digital counting 
stages are dividing the PLL output by the correct number. 
You will find that most frequency counters will not 
measure this signal easily because of interfering signals

(PUTS--------------. f—READ RATE—> <---------FREQUENCY RANGE
Mftn tlW*l I SEC 1 SEC «I* WK M-

Fig. 13 — The FC51 attenuator allows noisy digital 
signals to be measured which will cause most other 
frequency counters to give an incorrect reading.

that ride along with the desired signal. The FC51 takes 
care of this for you with an input attenuator that lets you 
decrease the counter’s sensitivity until the only signal that 
the counter displays is the desired 15 KHz output. The 
FC45 has an optional Noise Eliminator (NE206) that 
provides a similar reduction of noise.

Then measure the vertical output. You will probably 
again need to reduce the noise pickup because this signal 
is shaped into a ramp which may cause some counters to 
give false readings. The frequency should be 59.94 Hz. 
Most frequency counters do not have sufficient resolution 
to read out to two places past the decimal. The FC51 has a 
special circuit that automatically extends the resolution 
to .01 Hz when the 10 Hz to 500 Hz frequency range button 
is pushed. The FC45 has an optional PR50 Audio Prescaler 
that provides this same function.

If either of the output frequencies are incorrect, you know 
that you have a bad IC. There are no other components in 
the circuit that could cause the output frequencies to be 
incorrect.

Fig. 14 — The vertical output of a digital TV sweep 
system should have a frequency of 59.94 Hz when 
receiving a signal from a TV station. The FC51 
provides a direct readout with the necessary resolu­
tion to make this test accurately.

Other frequency counter applications

A frequency counter will help you find other types of 
problems related to oscillator circuits, many of which are 
not digital. An example we ran across recently in the 
Field Engineering lab was an old RCA CTC24 chassis that 
would not give good flesh tones. We used our FC51 to 
measure the color oscillator frequency when the set was 
picking a signal off the air and found that the frequency 
was not 3.579545 MHz as it should be. We then pulled the 
crystal and tested it on the Crystal Check function of the 
FC51 and found that it would not oscillate. Replacing the 
crystal cured the problem.

Video cassette recorders also require the use of an 
accurate frequency counter for setting color converting 
oscillators, FM modulation carriers, and servo circuits. 
You need high accuracy and the ability to measure the 30 
Hz control signal to an accuracy of only .01 Hz. Many 
VCRs also have digital clocks and microprocessors that 
require precise frequencies.

Some audio turntables require frequency counters for 
accurate tests of the motor speed. Many motors are now 
controlled by a crystal oscillator and PLL to maintain 
constant speed. The high resolution of the FC51 helps 
troubleshoot these circuits too.

One frequency counter does it all

The usage of PLL and digital circuits is increasing every 
day. Some technicians have a low-cost frequency counter 
which helps with some troubleshooting but these counters 
are usually limited as to the types of circuits they can test. 
Why buy one counter now and have its usage limited with 
the next new circuit that comes out? The FC51 lets you 
measure all signals from 10.01 Hz all the way to 1000 MHz 
with FCC accuracy all the way. The FC45 takes you from 
10 Hz to 230 MHz direct and is easily updated to .01 Hz 
resolution or 600 MHz upper counting capabilities with two 
low-cost prescalers. Both Sencore counters are FCC accu­
rate and both are double shielded to prevent erratic count­
ing in RF fields.

There is no doubt that buying one frequency counter that 
does the whole job actually saves you money in the long 
run. Why don’t you decide which Sencore frequency 
counter you want right now and fill out your Instrument 
Interest Coupon? If you would rather, simply call the 
Customer Service Department toll-free at 800-843-3338. 
We’U see that your new Sencore frequency counter is on 
its way to you today.
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Check transistors with the miracle Cricket test & analyze 
the transistor or FET too/with the TF46 Super Cricket
in-circuit cricket tester & out-of-circuit parameter tester.

If you want to go further than finding out whether the transistor or FET 
is good or bad, you'll want to step up to the TF46 Super Cricket.

■ Provides the tried and proven Cricket test in- or out-of-circuit.

AUTOMATIC AUTOMATIC AUTOMATIC 
POLARITY 1.0. TYPE 1.0. LEAD I.D.

■ Automatically determines transistor polarity, identifies whether 
it is a transistor or FET and identifies the lead connections, too.

■ Reads transistor beta and FET transconductance directly for design, 
matching push-pull outputs, selecting a replacement, comparing transistors, 
checking for excess gain, incoming inspection, etc.

TF46 PORTABLE

SuperCwcket

■ Tests out-of-circuit leakage between all elements and provides the all 
important IDSS FET leakage test for industrial culling. Back-up gain tests 
so you can be sure before ordering a replacement.

■ No set-up book or reference need at all.

■ Turns itself off after 10 minutes when battery operated should you forget. Auto-off 
circuit bypassed when AC operated with PA208 Power Adaptor.

■ Competition? There isn't any as the Cricket is patented and exclusive with Sencore.
Only 
$248

Walk the troubles out of any CB 
transceiver in minutes - at FCC specs

Deluxe CB42 Automatic CB Analyzer $1095

■ Everything you need to service CB in 
one instrument: Everything you need for 
testing and troubleshooting any AM or SSB 
rig from the antenna through the receiver to 
the speaker, and the transmitter from the 
mike back to the antenna again.

■ Uses only three connecting cables to CB: 
Only three connecting cables do the whole 
job without time-wasting multiple connec­
tions between separate instruments. All 
signals are microvolt-controlled down to .1 
microvolt and up to 100,000 microvolt.

■ Troubleshoots every receiver stage: 
Every RF, IF, audio and alignment signal at 
your fingertips to walk through the receiver 
stages in minutes.

■ Makes receiver sensitivity test a snap: 
Direct-reading microvolt sensitivity control 
coupled with a signal-to-noise pushbutton 
makes (S + N)/N EIA standard receiver 
sensitivity test easy.

■ Simplifies channel checking for channel 
accuracy: Exclusive patented Percent Off 
Channel test reads actual percentage off 
the FCC specified frequency on all 40 chan­
nels in less than one minute. No need to 
look up a frequency again as all 40 channels 
are limited to .005 percent deviation.

■ Direct digital readout of all transmitter 
tests: Fast digital meter reads out RF power, 
channel frequency, percent modulation, 
and modulation distortion for error-free 
FCC performance tests.

■ Checks all single sideband CBs, too: 
Checks all SSB transceivers as easily as 
standard AM to bring in the profits on these 
higher-margin units. Special 400 Hz and 
1000 Hz signal re-establishes carrier.

■ It's a complete service center with extra 
features: Included built-in 50 MHz fre­
quency counter, 12 Watt Dummy Load, 
Speaker Substitute Load, Crystal Checker, 
and Dynamic Mike Tester to keep your 
bench clean from additional test equipment 
and testing cables.

■ Approved by leading CB manufacturers: 
16 leading manufacturers now use or 
approve the CB42 for use in servicing their 
CB transceivers. Many use the CB42 ex­
clusively for their servicing seminars 
because it is complete, accurate, and easy 
to use. The CB42 replaces up to 10 different 
instruments on any CB service bench for 
complete, simplified servicing.

NL204 EIA Noise Pulse Simulator simulates 
ignition noise for testing...............................$45.00

WALK THE TROUBLES OUT OF TRANSMITTER STAGES IN MINUTES ALL THE SIGNALS YOU NEED FOR INJECTING INTO EVERY RECEIVER STAGEJOO
RFS2O5 RF Changeover Switch for simplified 
CB tests without cable changeover .... $35.00

DYNAMIC 
MIKE 
TEST

RF FREQUENCY

PERCENT OFF 
CHANNEL

MODULATION 
DISTORTION 
TEST

POWER (AM,SSB) 

PERCENT 
MODULATION

RESIDUAL 
TRANSMITTER NOISE

AUDIO 
MODULATION 

(AM. SSB)

BUILT IN 
ANTENNA 

— LOAD

ALL CHANNEL
RF GENERATOR

AMP

EIA SENSITIVITY
-TEST r

ADJACENT
— CHANNEL 

TEST

— IGNITION 
NOISE LIMITER 
TEST

375KHz 12MHz 
IF GENERATOR

-*DETECTOI

FREQUENCY 
COUNTER

SYNTHE 
SIZER

CRYSTAL 
CHECK

AUDIO GENERATOR

OUTPUT 
POWER

♦
SQUELCH

AUDIO 
AMP '

MATCHED 
SPEAKER 
SUB

AUDIO

DYNAMIC 
MIKE 
TESTER

SCOPE 
ADAPTER

50 MHz 
COUNTE

SPEAKER 
SUB

CRYSTAL DUMMY
CHECK LOAD

Complete CB service center

Spacial Limited Offen Buy your CB42 at $1095 and get the $168 CB41 Automatic CB Performance Checker FREE.

INTERESTED? Fill in your Instrument Interest Card and mail it today, or call toll-free 800-843-3338 and let's talk about it. Customer Service
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40 things that 
you can do if you own a 
VA48 TV-Video Analyzer 
that you can’t do with 
any other analyzer

CHANNEL 
JC 40 

P oo 7 « so •

VIDEO PATTERN

CROSS 30,5 COICR
HA ICH

SWGU.j 
cor

Sih&U fl
CROSS

ms

BAR SWEEP

Ill'll
CHROMA BAR SWEEP

SECCORE 
MODEL VA48 a bui

vitro »’ 
» um

v»» nus .lue ihsm

Imagine the extra capability you can add to your 
service bench for only a dollar a day — if written 
off over four years. Can you afford to put off 
buying your VA48 any longer?

RF-IF SIGNALS 
3RD If INPUT

9 If INPUT _ «a^AOJ VIDEO
TFBW

DRIVE SIGNALS
HORIZONTAL DUI PUT

HOmOpMAL OUTPUT, 
VERUCAf OUTPUT jì

audio %

BIAS & B+ SUB RF-IF LEVEL
VIDEO ANALYZER

It’s like having a miniature TV 
transmitter at your fingertips. 
Check these 40 big extras and
you decide.

METER 
I000VPP 

am. _• .hi nu,mu

RINGING TEST
IMPE9ANCL MAI CHING

DRIVE LEVEL
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Pinpoint Trouble to 
Specific RF, IF, or 
Video Stage

1. Check all VHF and UHF channels. No 
other analyzer checks them all.

2. Substitute for all tuners. No need to carry 
a separate tuner sub.

3. Check sensitivity of the receiver or 
simulate fringe or rabbit ear conditions. 
The only analyzer that has calibrated RF 
output.

4. Pinpoint troubles to each IF. Has preset 
IF outputs for each IF stage.

5. Set IF traps with crystal accuracy. 1000 
Hz modulated crystal provided for each trap 
so you can set them right on the nose on the 
CRT.

6. Check alignment without a scope. View 
pattern right on CRT.

7. Set traps and coils with built-in peak and 
null meter. No need to keep a second 
analog meter for this purpose.

8. Align IF amplifiers as you troubleshoot 
them. Bar Sweep pattern makes it easy.

9. Check the AGC system dynamically. 
Change signal level and watch affect on 
AGC as actual sync pulses trigger gated 
AGC.

10. Do away with a bias box to tie down AGC 
for alignment. 15,734 Hz sync signal 
produces “station-like” dynamic “true” AGC 
bias.

11. Align new synchronous detectors. Sei 
detector linearity with built-in video step pat­
tern and set frequency response, too, with 
only sweep system that produces the 
needed video carrier.

12. Check video amplifier frequency 
response, closed circuit video response, 
VCR video. Simply switch to video pattern
with no RF or IF.

13. Check out MATV and CATV systems. Has 
both 75 and 300 Ohm matching transformers.

Color Alignment 
and Troubleshooting
Made Easy
14. Substitute for the 3.58 MHz color oscil­

lator and keep colors in sync. All signals 
are phase-locked.

15. Substitute signals before the color 
demodulator and keep colors in sync. 
Phase-locked signals makes the job easy.

ulator right up to the CRT with real 
meaning. Phase-locked signals keep the 
entire system in sync so you can tell what 
you are doing.

17. Align the chroma bandpass amplifiers 
right on the CRT. 3.08 MHz, 3.56 MHz, and 
4.08 MHz chroma bars makes the job a snap.

18. Set the color oscillator on CRT without 
grounding test points. Easier and more 
accurate than procedure described in TV 
manufacturer’s service literature.

19. Check and adjust color killer dynamically 
right on CRT. Faster, easier, and more 
accurate than procedure in TV manufactur­
er’s service literature.

20. Set CRT and drive signals without using 
set-up switches. Easier and more accurate 
as circuits are not upset with service 
switches.

21. Check new comb filters in TV and VTR 
circuits. Signals must be phase-locked to 
make this check.

Dynamically check 
sweep circuits and 
kick those tough 
dogs off your bench

22. Check yokes and flybacks in tube or 
solid-state. Used in or out-of-circuit with 
tried and proven patented ringer test.

23. Check SCR horizontal output stages. 
Provides special signal for SCR outputs. 
Checks SCR, too.

24. Check all keyed stages with adjustable 
keying pulse. Pulses are positive or nega­
tive to catch every tube or solid-state stage.

25. Walk troubles out of vertical stages with 
adjustable and universal drive signals.
Shaped for tube and solid-state separately.

Expand your 
Business to Video 
Cassettes and Video 
Tape Recorder Repair

26. Check with standard VTR test signal. 1
Volt peak-to-peak into 75 Ohms as specified 
by manufacturers.

27. Check frequency response on record 
and playback. Use patented bar sweep pat­
tern to set frequency responses on VTRs.

28.

29.

30.

Service or align VTR tuners and IF 
stages. Works just like it does for color TV.
Inject signals into defective recording 
circuits. Phase-locked signals makes it easy. 
Check chroma response of VCR. Check 
full 1 MHz chroma response with Chroma 
Bar pattern.

Troubleshoot with // I 
More Confidence v 
with Everything Ays 
You’ll Need f

31. Keep TV in sync at all times. Makes no 
difference where you inject a signal as long 
as all stages after that point are okay.

32. Use electronic patterns all the way. No 
need to fuss with mechanical systems.

33. Troubleshoot audio, sound IF, and even 
drive the speaker. Provides signals for 
every test.

34. Substitute signals in every stage from 
antenna to CRT. Only analyzer that has a 
signal for every stage.

35. Check sync stage with true FCC speci­
fied sync pulses. Patterns look just like 
those on schematics with no interpretation.

36. No need to remove a single component 
in any stage for test. VA48 output 
swamps out incoming signals so you can 
inject signals without unsoldering a single 
component.

37. Substitute signals for every input and 
output. All signals are fully adjustable posi­
tive and negative.

38 Monitor your drive signals so you know 
what is going on. Built-in meter monitors 
all signal peak-to-peak values at all times.

39. Substitute bias in AFC, APC, ACC, and
AGC for troubleshooting stage. Provides B 
Plus power for substituting for scan derived 
voltages, too.

40. Signal trace stages if you prefer. The 
built-in meter can be switched to a broad 
band peak-to-peak signal tracer where signal 
tracing is faster.

Be sure to attend a Sencore seminar this Fall 
where these 40 things are demonstrated.

INTERESTED? Fill in your Instrument Interest 
Card and mail it today, or call toll-free 800-843-
3338 and let’s talk about it.
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Test Equipment Join the growing 
Sencore sales teamdoesn’t Cost

Pays

Ever think of selling Sencore Instruments? If you have a good technical background, under­
stand these Sencore Instruments, and realize how they are designed to save time, you may 
want to join the growing Sencore sales team. Sales experience is important but not essential. 
If you can influence others, and think you can sell, you probably can.

What does Sencore give you?
9 A classy Sencore van with a full set of 

Sencore equipment.
9 A full set of demonstrators, video taped 

technical programs and video tape player, 
and all the selling tools you’ll need.

9 A protected territory so your efforts are 
proportionate to your talent and energies.

9 A complete list of Sencore News readers 
and tons of sales leads.

How do you get trained?

Important ideas on the “business” of test equipment
One often thinks of test equipment as an outlay of money and an expenditure. One should 
think of the purchase of test equipment as an investment in greater profits and capability 
for the future. A man is only as good as his tools and tools only as good as the knowledge 
and know how of the man. Test equipment is that tool that enables the knowledgeable to do 
things that he couldn't before and thus expand his capability. It Is this expanded capability 
that insures a bright future.

Technology is moving at a rapid pace. Periodicals, such as the Sencore News, are being read 
by more and more people each month to keep up as we move into microprocessor applica­
tions. One can learn much more about circuit operation by working in that circuit, viewing 
waveforms, studying circuit action or learning to analyze faster and more thoroughly with 
instruments that are designed by "updated" engineers. Sencore engineers are right on top of 
this new technology and now designing instruments with microprocessors in them.

Why instruments “cost” Just pennies
Let us have a realistic look at the cost of instrumentation. Suppose you purchased one of 
every instrument in each category of the Sencore line so you were totally prepared for the 
future. Your total investment would be somewhere around the $6,000 mark, or perhaps 
$8,000 if you chose only the top of the line or selected more than one from some categories. 
What is an $8,000 investment in the entire Sencore line? First it is no more than the cost of 
one popular piece of communication test equipment the cost of the production line calibra­
tion tester that we use to calibrate your DVMs, or a delivery wagon to pick up TV sets.

You don’t write off your test equipment in one year. You normally write this kind of an 
investment off in four years. You don't save up all your pennies to buy a station wagon, do 
you? Why not finance your test equipment the same way you buy your station wagon? Makes 
real good sense (and cents), doesn’t it? What's more, the interest is tax deductible, lowering 
your real cost even further.

Okay, so over a four-year period, your entire shop or lab of Sencore equipment, purchased in 
the middle of the line, costs you approximately $2,000 a year (interest and all). Is that so 
much for all the tools that you really need to do a job? If you get in 300 working days with 
your equipment, you are spending only $6.60 a day or 75 cents an hour. Imagine that, the 
entire line, and the top of the line all the way at that, for only 75 cents an hour, one-fifth the 
cost of a receptionist.

A well-equipped shop adds profit dollars
Most technicians’ labor is billed or calculated out anywhere from $15 to $25 an hour these 
days, including overhead. Just how much would you guess a full line of up-to-date equip­
ment would save you in efficiency? Would you estimate 50 percent? Would you estimate 25 
percent? Well, it is pretty hard to estimate below 10 percent, now isn’t it? Taking the very 
worst case conditions of $15 an hour and only 10 percent increase in efficiency, this comes 
to a savings of $1.50 per hour and you rack up 75 cents an hour in the profit till after 
subtracting 75 cents for the cost of equipment If you normally "knock out" five jobs and a 
full line of equipment could help you get out six, the savings amounts to a 20 percent 
increase, or an added $3 per hour in effective labor with $2.25 per hour going into profits. If 
you happen to be in a position to share this equipment with one other person, you have 
saved an effective $6 per hour in labor. If you should share with three people, the entire cost 
runs only a quarter an hour and the effective labor-saving could run $9 an hour and $8.25 
per hour profit

You’re paying for it, why not own it?
Isn't it pretty obvious that you are already paying for the equipment that you don’t have? If 
you are paying for it every single day, why don’t you own it? Think about it and then think 
about the Sencore line of time-saving test instruments. Get out a sharp pencil and perhaps 
you will see why the progressive technician always seems to be up to date on the latest 
circuit technology and has the latest in test equipment as well. Which do you think came 
first, the knowledge or the instrument?

9 You spend two weeks at the factory, two weeks in the territory, two 
weeks back in the training lab, one week out, and another week back in 
training. This includes both technical and sales training.

9 A sales manager works with you in the field to sharpen your selling 
technique. Duane Shultz, our technical director, travels with you one 
additional week for on-the-job training.

What are my basic requirements for the job?
9 Good technical background with knowledge of new digital logic circuits.
9 Ability to teach at seminars and not put people to sleep.
9 Ability to travel on a limited basis depending on geographical size of 

territory.
9 Ability to relocate if opening is not in your area.

I
How am I compensated?

Th® . be* °! 
atti«* 
offer®-

9 A healthy draw that you don’t have to repay should you fall short.
9 Full company benefits including profit sharing.
9 A weekly expense account.
9 Straight commission after guaranteed draw is met so you have a real 

piece of the action.
9 Prizes and awards for goal making.

What areas are now open?
Presently most openings are in California, southeastern area from Atlanta 
to New Orleans, New England, and New York City.

How do I apply?
9 Just call me, Al Bowden, toll-free at 800-843-3338 and let’s talk about 

the job openings and how you might fit into them.
9 Fill out the short form below and I will get back to you at your 

convenience.

Sales Engineer Application Form
Name__________________________________________________________________
Address _______________________________________________________________
City, State, Zip __________________________________________________________
Phone Number that you want to be contacted at:________ ;________________________
Best hours and days to be contacted here: ___________________________ 1__________  
I think I would like to go into selling because:____________________________________

I have the following background that should help me in selling:

I am presently employed as_________________________________________________
Here are some of my previous jobs and dates I held these positions:
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Be the AM-FM
Stereo Expert
in your area
with the
SG165 AM-FM
Stereo Analyzer

AREA
AM-FM
EXPERT»

• Pinpoint troubles to any stage from 
the antenna to the speakers in 
minutes. Customer after customer 
writes us each month and tells us “we 
don’t know what we would do without 
the SG165, now that we have learned to 
service the easy way”.

Simplify AM-FM troubleshooting 
beyond your fondest dreams: Cut 
servicing time in half and put the profits 
in your pocket.

• Expand your shop to take advantage of
the exploding FM and audio business. 
There are now more FM stations on the air than 
AM and the audio business is just beginning to 
expand.

• Protect your ears or avoid getting a 
screwdriver in the back from your service 
buddy on the next bench: Two 100 Watt 
dummy loads substitute for speakers so you 
can work in silence, avoiding that annoying 
1000 Hz howl.

• Prove to yourself or your customer that 
you have really done a job. Two 10 Watt and 
100 Watt meters monitor your work to show you 
wattage dissipation in both channels and the 
amount of dB separation between them.

• Clean up your bench and reduce con­
necting time: One cable is all that’s needed 
for every signal substitution in every stage of 
any AM-FM or stereo system.

• You will need the 
SG165 to check out 
combination CB-AM- 
FM radios.

All signals delivered 
through a single 
output cable.

Only $695

• Align the receiver too, and add it to the 
service bill: A built-in sweep and marker 
enables you to align in a conventional way. A 
speedy vector alignment method is also ex­
plained in the operating manual.

INTERESTED? Fill in your Instrument Interest 
Card and mail it today, or call toll-free 800-843-3338 
and let’s talk about it. / A

Customer Service

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••

Renew your Sencore News with this coupon
— or use the Instrument Interest Card if included with this Sencore News.

NOTE: 20 DVM35s are given away each month from drawing of all who tell us what they intend purchasing soon, regardless of what form you put it on.

IF IN OOUBT, send your renewal form in again. 
We will simply update you to the date you send 
it in. Your name won't be duplicated.

YOU MUST RENEW YOUR SENCORE NEWS 
EVERY 24 MONTHS. If you have not sent this 
coupon in recently, please do so now. If you tell 
us what you plan on purchasing soon, you will 
qualify for the monthly DVM drawing.

Save $8.00

Save $8.00

Save $8.00

Save $8.00

Save $8.00

Form1927SN

IMPORTANT
Don t miss 

a single issue 
of the 

Sencore News.

Save $8.00

SENCORE NEWS IS SENT FREE OF CHARGE TO OWNERS OF SENCORE INSTRUMENTS OR THOSE WHO INDICATE
THEY ARE GOING TO PURCHASE A SENCORE INSTR UMENT(S) IN THE NEAR FUTURE. All others, except field engineers 
and instructors pay $8.00 to cover the cost of postage and handling. Please fill in the questions below if you wish to continue 
being on the Sencore News mailing list free of charge for the next 24 months. Also, use this form to request being on the Sencore 
News mailing list if you have not been receiving the Sencore News.

□ I am a Sencore customer. I own the following Sencore instruments:

I plan on purchasing the following Sencore instruments soon. (Qualifies for monthly FREE DVM35 drawing if filled in.):

□ I do not now own any Sencore instruments, but am interested in purchasing the following Sencore instruments.(Qualifies for 
monthly FREE 0VM35 drawing if filled in.):________________________________________________________________________

□ I am an electronics instructor or field engineer and am qualified to receive the Sencore News free of charge.
□ I do the following work, which I think qualifies me to receive the Sencore News free of charge:

□ None of the above: Enclosed is $8.00 for payment of mailing and handling the Sencore News for the next two years.

Please indicate your major occupation (check only one).
□ Radio/TV Service □ Communications Repair □ Broadcast □ Audio/Sound Work □ Design
□ School or Teaching (not student) □ Industry Maintenance and Repair □ Hospital or Medical Equipment Maintenance 

□ Other (specify)
My company employs _______ (number) people
Please indicate by a check mark (V) to which address you want the Sencore News sent.

□ NAME_________________________________________ □ COMPANY NAME ______________________________________
HOME ADDRESS_______________________________ ________________________________________________________
CITY__________________________________________ ADDRESS (If different from home address)_________________
STATE______________________ZIP________________ ________________________________________________________
PHONE ________________________________________ PHONE________________________________________________

I wish that Sencore would design and market the following instruments for my use:_______________________________________

Return to: Sencore, Inc., 3200 Sencore Drive, Sioux Falls, SO 57107
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