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Servicing with a Power Supply
INTRODUCTION

Keith Boese 
Design Engineer

The Field Engineering department has just finished testing one 
of the most remarkable and versatile instruments we have ever 
seen. The UPS164 Universal Power Supply is really a worksaver 
and may very well prove to be your job saver.

We would like to take you with us through our tests, to point 
out some of the many reasons for its design, what has been built 
into the UPS164 for you, and some of its hundreds of different 
applications in servicing, design, and education. We will also 
introduce some new servicing ideas, especially regarding the 
module receivers. We think you will come to share our feelings 
about the UPS164, and we encourage you to try one the first 
chance you get. They are waiting for you now at your Sencore 
distributor.

Norm Pedersen
Chief Field Engineer

NEW UNIVERSAL POWER SUPPLY DOES IT ALL!
The transistor, the FET, and most recently the 
Integrated Circuit have created many changes in 
the electronics field, not only for the designer 
but for the instructor and the service technician as 
well. The use of low voltages, very low biases, and 
the sensitivity of these devices to even minor volt­
age changes, has created some new problems for 
those working with electronics. The design para­
meters must be watched very closely for, unlike a 
vacuum tube which can withstand a wide range of 
operating currents, the transistor must operate 
with a limited range of collector current variations. 
The biasing is more exacting as is the power supply 
regulation and filtering required for reliable op­
eration. And the number of units in use is mount­
ing rapidly.
To emphasize this fact, let us look at some figures 

by the Electronic Industries Association, 
There were over Tl million color television re­
ceivers in use as of Jan. 1, 1972, with an add­
itional 7.5 million increase expected this year. 
Black and white receivers, in use, should reach 
somewhere near 115 million sets by the end of 
1972. The majority of these sets, both black and 
white and color, are now using solid state circuits,

with many of the latest models using the modular 
design concept. Radios in use today have reached 
a level of 322 million units, the greatest majority 
being solid state. There are over 68 million phono­
graphs, and 104 million auto radios, again mostly 
solid state. In just the past three years alone, 24 
million tape recorders, and 35 million tape players 
were sold to American consumers. These units 
were all solid state.
What do all these figures mean? Simply this. The 
majority of the 630 odd million entertainment 
units now in use are using solid state circuitry. As 
part of the total servicing industry, you will be 
called upon to service many of these units. Many 
of them are portable and battery operated, and 
now there are a large number of replaceable panels 
and modules being used. Have you ever considered 

how you will provide the power to work on them?
With this question in mind, and a large number of 
requests for a high quality power supply, we set 
out to do some research to determine if a power 
supply was needed and, if so, what its require­
ments would have to be. We began by looking at 
all the different areas that had need for a DC 
power supply to operate electronic circuits and de­
vices. We found the need existing in every area; 
servicing, field engineering, design engineering, 
industry, maintenance, manufacturing and Voca­
tional schools. The research and testing was now 
centered on determining the requirements of the 
supply. We tested television receivers, radios, 
phonographs, tape recorders, closed circuit cam­
eras and video recorders, tuners, amplifiers and 
many of the new modules to check the need in the 
service area. Control circuits, design breadboards, 
sub-assemblies, components and many other areas 
were tested for engineering and industrial applica­
tions.
Field Engineering tested many products to determine supply needs.

The results pointed to some very definite needs in 
a versatile “universal” power supply. Two areas 
came out on top as being “must” requirements for 
any new power supply. One was that of regulation. 
Solid state devices, especially integrated circuits, 
are quite sensitive to voltage changes, and must be 
powered by an unchanging DC source if reliable 
performance is to be realized. The gain will change, 
output signals will vary, and control functions will 
not be reliable if the voltage varies. This means 
good regulation would have to be used to hold the 
steady output demanded by the solid state cir­
cuits.

Second was the area of filtering. Much of the 
solid state equipment to be serviced is battery 
operated and, therefore, contains very little or no 
filtering. Modules and panels in newer television 
receivers do not have filtering incorporated with­
in the panel. These and most other circuits proved 
to be just as susceptable to ripple in the power 
supply as they were to voltage changes. Thus the 
second requirement of the power supply must be 
excellent filtering which would provide pure DC 
output.

We found a wide variation in the voltage and cur­
rent requirements of the different products and 
circuits tested. Circuits such as a transistor radio 
and simple design breadboards need only a low 
voltage and a few milliamps of current to operate. 
The modules, amplifiers, and tuners needed both 
higher voltage, up to 30 volts, and a higher cur­
rent from the power supply. Car radios and tape 
players, as well as control circuits, usually require 
a lower voltage but have a high current drain, 
sometimes as much as 20 amps. This finding posed 
an even more interesting problem than the re­
gulation and filtering. How do you design a supply 
that will provide the range of output voltages to 
cover all these different items and still have cur­
rent capabilities up to about 20 amps? Obviously 
the engineers would have their hands full design­
ing this supply.

One area that the Field Engineering department 
felt very strongly about was the need to have mon­
itoring capabilities built into the supply. The use 
of external meters to determine output voltage 
and load current is very cumbersome and involves 
a great deal of time, not to mention the fact that 
you must have additional meters on hand to do it. 
We therefore stressed the need for an output meter, 
or preferably two output meters, to allow rapid 
checking of the power supply output and the load 
condition.

Extra meters to measure voltage and current are a costly nuisance.

Another major requirement evolves because of the 
sensitivity of solid state devices to bias changes 
and overloads. We found many troublesome 
situations which could be vastly improved if the 
maximum current output of the power supply 
could be limited. We have been aware for some 
time, and you probably have too, that something 
as simple and common as a test probe slipping or 
improper connections can cause a great deal of 
destruction in solid state circuits. Add to this the 
damage caused when a unit is operated with 
shorted or leaky components and you have a very 
strong case for some means of current limiting. 
Our discussions with engineers and service tech­
nicians bore out our suspicions that many, many 
profit dollars are lost each year, due simply to 
component damage during servicing and testing. 
The power supply, therefore, must have current 
limiting protection for the circuit being powered 
to make it the quality supply that is needed for 
solid state work.

Along with the protection of the circuit is the pro­
tection for the supply itself. A short or incorrect 
connection can destroy most types of power sup­
plies, causing delays in design or servicing, and 
costly repairs. The final area for design considera­
tion should be protection for the power sup­
ply itself.
Armed with this mountain of facts, figures, and 
opinions, we presented our case to the engineering 
department. You can well image what their 
thoughts were when many of our seemingly im­
possible requirements were presented.

We are fortunate in having an engineering force 
with enthusiasm directly proportional to the size 
of the problem. They immediately went to work 
with their slide rules and bread-boards. The result 
of this undertaking is the new UPS 164 Universal 
Power Supply. Here is our answer to your prob­
lems of powering solid state circuits and modules.
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The 3% full scale accuracy of the meters gives you 
the precise measurements you need when working 
on the critical and sensitive solid state circuits. 
The meters provide constant monitoring of the 
Variable Output as well as the high current 6 and 
12 volt outputs. The high current 6 and 12 volt 
outputs are included to make the supply complete 
and universal.

bum up the supply if you do that?” We did say 
short the output leads and that’s exactly the pro­
cedure you follow when adjusting the current 
limiting. The supply is fully protected against 
overloads or short circuits by virtue of the cur­
rent limiting feature. You can short a screwdriver 
across any output of the UPS 164 and no damage 
will result.

USE 2 AMP SUPPLY FIRST, CURRENT LIMITING WILL PREVENT 
DAMAGE. HIGHER CURRENT WILL RE REQUIRED ON 6 AND 12 
VOLTS FOR WET CELL REPLACEMENT ANO BATTERY CHARGING.

The 6 volt supply del­
ivers a maximum of 20 
amps and the 12 volt sup­
ply is capable of a con­
tinuous 10 amp drain. To 
top it all off, the 6 and 
12 volt supplies are re­
gulated and filtered, some­
thing entirely new in high

current supplies. You can work on a small tran­
sistor radio requiring 9 volts at 12 milliamps and 
switch to a tube type car radio operating at 12 
volts and requiring 5 amps. It’s all there in one 
attractive unit when you have the UPS164 on
your service bench.

Would you dare do this with any other supply?

The UPS164 is the ultimate in solid state power 
supplies and incorporates all the features and out­
puts which are needed for solid state design and 
servicing. The output voltage is fully regulated to 
assure a constant, steady DC source. The output is 
also variable from 0 to 30 volts, with 2 amp cur­
rent capability to handle circuit requirements.

Then there is the matter of protection, both for 
the circuit and the power supply itself. The Vari­
able Output of the UPS164 provides fully adjust­
able current limiting from 10 milliamps to 2 amps, 
offering the protection needed for the unit being 
powered.

This unheard of protection for a power supply 
has been provided for you to make sure that you 
will have a power supply that you can rely on for 
years to come.

VARIABLE 2 AMP 
HIGH FILTERED 

REGULATED CONTROLS

VOLTAGE RANGE

The Variable output fea­
tures dual regulation utiliz­
ing a ferroresonate con­
stant voltage power tran­
sformer, and a fast, acc­
urate series regulator.

MAXIMUM CURRENT SET

SHORT OUTPUT LEADS AND SET FOR MAXIMUM 
REQD. CURRENT ON METER FOR FULL PROTECTION

Simply short the leads to­
gether, set for the max­
imum current you wish 
the supply to deliver, and 
hook up. Ho-o-oLD it! 
“Did you say short the 
output leads? Won’t you

Specifications

VOLTAGE ADJUST

CURRENT RANGE

The constant voltage tran­
sformer prevents line volt­
age changes from affect­
ing the output and the 
series regulator serves to 
maintain constant output 
voltage under varying load 
conditions. The Variable 
output boasts extremely 
high filtering to eliminate 
the possibility of ripple 
on the output.

Voltage Output

Current Output

If some of you wish to get into the nuts and bolts 
of the UPS164, we have included a full list of 
specifications for you. Read them over, compare 
them against any power supply on the market and 
you will find no equal. There is only one Un­
iversal Power Supply and its at your distributor 
now; The Sencore UPS164.

UPS164 Output Section

Ripple

No load
One-half load
Full load

Degree of regulation with line voltage
chage from 105 to 130VAC

No load
One-half load
Full load

Degree of regulation with load change 
with constant 115VAC line (shown as 
voltage change vs amp change)

DC output impedance at full load

Current limiting protection

Variable 2 A High Filtered 
Regulated Supply

6V-20A Regulated 
Supply and Charger

12V-10A Regulated 
Supply and Charger

.5-15,.5-30 volts DC Reg­
ulated and continuously 
variable (35 volts available 
at less than 1 amp load)

7.5 volts (no load) 15.0 volts (no load)
UM

0-2 amps continuous with 
adjustable current limiting 
protection

20 amps continuous at 
4.5 volts, 28 amp max 
limit

10 amps continuous 
at 11 5 volts, 14 amp 
max limit

5.4mV p-p or less (less than 
.018%) independent of load

.10 volts p-p or less 
2.5 volts p-p or less 
4.0 volts p-p or less

.20 volts p-p or less
2.0 volts p-p or less
4.0 volts p-p or less

lOOuV or less 
(less than .3%)

.3 volts or less 

.3 volts or less 

.6 volts or less

1 volt or less 
.1 volt or less 
1.5 volts or less

.15V/A .15V/A .35V/A

.15 ohm .15 ohm .35 ohm

Adjustable, with no over­
shoot above set limit. 2 
amp maximum

28 amp maximum 
(Ferro-resonant constant
30 amp fuse)

14 amp maximum 
voltage transformerand

Block Diagram of UPS164

The degree of ripple is less than .018% at full volt­
age and full load and typically is less than 5 milli­
volts peak to peak. The ripple level is so low that 
most scopes are not sensitive enough to even see 
it! This is of paramount importance when dealing 
with circuitry containing integrated circuits.

Battery Charger
Type

Fully charged voltage

Taper charge principle

General

The UPS164 incorporates dual D’Arsonval meters 
to enable you to monitor both the output voltage 
of the UPS164 and the current drawn by the cir­
cuit being powered.

Maximum charge rate 
(charging rate decreases 
as battery charges until 
battery leakage level is 
reached)

7.5 volts (6 volt system)
15 volts (12 volt system)

Determined by battery condi­
tion to maximum of 28 amps 
at 6 volts or 14 amps at 12 
volts

Meters
Voltage and Current

Accuracy

Leads
Power Supply

Battery Charger

Switched for either 0-30 volt 
regulated supply, 6 or 12 volt 
supply 

+ 3%

Banana plug to alligator clip 
48” (2 supplied)
Lug terminal to heavy duty 
clip 48” (2 supplied)

Now that we have covered what the UPS164 is and 
some of the reasons we have designed it, we should 
point out a few of the hundreds of applications 
for it. The UPS164 will power virtually every 
solid state circuit you may be required to design, 
service or explain in the classroom. It will serve 
as a substitute power supply when servicing or de­
signing modules, or plug-in panels, and it does 

so without a trace of ripple to upset the circuit. 
When you are working with battery powered 
items such as radios, tape recorders, portable 
phonographs, car radios, tape players, and port­
able communications equipment the UPS164 is 
at your side and ready to provide the power you 
need. The circuit is fully protected too, as the 
current limiting takes over if an overload exists.
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The UPS164 is as easy to operate as turning on a 
radio, and much faster than searching for the right

o. MODULESSERVICING TOMORROWIl 11
Many years ago, the television receiver was con­
sidered a pipe dream and some technicians failed 
to educate and equip themselves for this new con­
traption. They are no longer with us. Then came 
the transistor and again there were those who 
failed to prepare. They, too, have gradually dis-

appeared from the servicing area. Now we have 
FET’s, Integrated Circuits, and the modular con­
cept in electronic design. Almost inevitably, some 
of you who are reading this article will not take 
the steps necessary to educate yourselves and make 
sure you have the equipment which will be re­
quired to continue in the service business. This is 
unfortunate, but it will undoubtedly prove to be 
true.

Have you really sat down and given serious thought 
to what impact the modular type of television re­
ceiver will have on your servicing business? What 
role will you play? What do you do with a de­
fective panel after you replace it? What kind of 
investment is needed? Can you service the panels 
yourself? These are very important points to con­
sider if you are planning ahead for what is the 
trend in television receiver design.

We would like to take a couple of minutes and 
look over some of these points with you. The 
last two or three years have seen the creation of 
the plug-in module or panel to simplify service and 
eliminate much of the task of bringing the receiver 
into the shop. This is undoubtly the best thing to 
happen in servicing in many years. The replace­
ment of a panel to repair a receiver solves the 
customer’s service problems quickly and makes 
your job easier. Rather than locate and replace 
the defective components, you simply replace the 
entire panel and all of the circuitry contained on 
it.

battery to do the job. In addition, the dual meters 
provide constant monitoring of the output and the 
load, freeing your regular meter for troubleshoot­
ing. It’s just like having two additional meters in 
your shop, and the 3% accuracy is even better 
than most VOM’s.

The list of uses for the UPS164 is literally endless 
but we will give you just a few more ideas. The 
UPS164 is ideal for operating remote controls,

SI

Replaceable panels or modules make in-home servicing easy.

The majority of the set manufacturers either have 
a modular-type receiver on the market or have it 
in their design department. To get the full impact 
of the modular set and its importance to you, we 
should look at a few figures. At the present time, 
with only 3 manufacturers, RCA, Zenith and 
Motorola, using modules or panels, there are over 
65 different panels in use.

The number of modules is increasing rapidly as more manu­
facturers convert to this new design concept.

This concept was not in existence 3 or 4 years ago 
so the change has been very rapid. With 16 dif­
ferent major electronics manufacturers swinging 
over to the module concept, stocking modules for 
replacement purposes could become a very expen­
sive business.

Current sets using the modular concept have from 
3 to as many as 13 panels in their chassis, not 
counting tuner assemblies. If each of the 16 major 
manufacturers were to use an average of only 8 
panels, that would mean a stock for you of 130 
panels. This stock does not give you any backup 
for the panels which you replace on your calls. In 
many cases, you will probably want to stock at 
least two or three each of the panels. By now 
your inventory has jumped to nearly 400 panels. 
Another inventory problem is the changes which 
will surely occur from one model year to the next. 
This will require additional stock to keep up to 
date. It is not unlikely that 2 or 3 new modules 

garage door openers, solid state audio amplifiers, 
tuners, DC control circuits, public address systems, 
portable TV, military, aircraft and marine elec­
electronics, design breadboards, student vocational 
trainers and experimental circuits.

It will even charge the battery in your car, boat, 
snowmobile, fork lift, motorcycle, portable TV, 
or radio receiver. We could go on and on, but you 
should be able to easily see the universal application 
for the UPS164 and recognize the value of having 
it in your shop or lab, ready to work for you.
Read on and follow us through some of our test­
ing of the new UPS164.

will be added each year by the manufacturers, not 
only in television, but other products as well. 
Looking into the future about 5 years, you could 
be faced with an inventory of 1000 or more dif­
ferent panels. At the current average cost price of 
$8.00, you would have an investment of over 
$8000 in panels.

To help complicate matters even more, some manu­
facturers indicate that they plan to offer service 
on out-of-warranty panels. This may look like the 
perfect answer at first, BUT what happens to your 
job if the manufacturers take over the service for 
you?
It is time to decide your future! The new modules 
can open a brand new service opportunity for you 
if you prepare to service them. With modules sell­
ing to the customer for as much as $40, you can 
certainly replace the few parts needed to restore 
operation and make a good profit on the repair. 
You already have an investment of up to $25 in 
the panel based on your original cost price. You 
certainly don’t want to throw this money away or 
reinvest the same amount again to have the panel 
repaired or exchanged. Most panels can be re­
paired quite easily out of the set if you are pro­
perly equipped. The circuitry is no different than 
a conventional set so you should not face many 
troubleshooting problems.
The big problem is providing power for the panel. 
The power source must deliver a regulated voltage, 
since many of the modules contain integrated cir­
cuits requiring constant regulation of the supply. 
In addition, no filtering is provided on the panels 
so the supply must deliver a DC output free of any 
ripple. The current being drawn by the panel is a 
good indication of its condition, therefore meters 
to monitor supply output would speed servicing. 
Since all panels do not operate at the same voltage, 
you will need a supply which can provide all the 
output voltages you will encounter. This is best 
done with a variable supply rather than an inex­
pensive supply with fixed taps. The fixed tap 
supply can be outdated very easily when another 
new voltage is needed. In other words, you would 
need a supply that matches the supply the de­
signer used when building and testing the panel.
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Requirements of a supply to power modules.

Sencore has designed this supply for you and its 
here now. This gives you the opportunity of get­
ting into the module servicing business for a very 
small investment. It is certainly something very 
important for you to consider before this profit­
able business passes you by. The UPS164 will also 
give you additional security by equipping you to 
service all solid state equipment as well as the 
Integrated Circuit electronics which are on the 
way. Never before has a single instrument been 
as important to the servicing field as the UPS164 
is today.
The UPS164 Universal Power Supply was designed 
with the necessary regulation and filtering to 
“mother” the panels or modules outside the set 
for servicing. It is a designers supply, of the same 
type used by engineers who design and build the 
panels. The Variable Output allows you to set 
the voltage to any level needed to power a module. 
The constant regulation provides a steady DC out­
put to insure correct module operation. The high 
degree of filtering designed into the UPS164 makes 
it ideal for solid state module servicing. The pure 
DC output, with ripple level of less than five 
millivolts peak to peak, has been provided with the 
Integrated Circuit in mind. Many set manufact­
urers, including RCA, Motorola, and Zenith are 
currently using IC’s. Others are planning to in­
corporate IC’s into their new set design. It is our 
opinion that the supply you buy should not only 
be able to handle the present solid state sets and 
modules, but also equip you to handle the service

The requirements of a power supply are more exacting when IC's

The dual meters for monitoring the supply output 
and load current have been included specifically 
so you could quickly determine the operating con­
dition of the IC or module. More and more manu­
facturers are adding these current measurements 
to their schematics to aid you in your servicing.
Courtesy of Howard W. Sams & Co. Inc.

Motorola Chassis 16TS-929

Current levels listed on schematics are a big help in solid state 
servicing.

Howard W. Sams, in their Photofact service ub 
lications, have been including this information ror 
some time and have been setting a trend for others 
to follow. The UPS164 will make this valuable in 
formation useful to you and help speed an 
simplify your job of module servicing, in additir i 
to supplying the necessary power. The UPS1C4 
is very inexpensive at $240, compared to the 
thousands of dollars which you can tie up in 
modules.

Schematic of Zenith IF subchassis from 4B25C19 color chassis

Let us look at a couple of typical modules or 
panels and show you how the UPS164 can put you 
in the module servicing business. Our first ex­
ample will be the IF sub-assembly used in the 
Zenith 4B25C19 color chassis. The set had no 
picture or color, and all indicators pointed to the 
IF’s as the problem. The IF assembly was replaced 
and the set was restored to proper operation. Now 
we will set about the task of troubleshooting the 
sub-assembly.
First, we calculate the voltage requirements and 
the normal level of current drawn by the sub­
assembly. We then adjust the UPS164 to deliver 
the required 24 volts, short the output leads, and 
adjust for the maximum current we wish the 
supply to deliver. This will not damage the power 
supply, as current limiting takes over and provides 
supply protection. The current limiting of the 
UPS164 will keep the maximum current below the 
level which will damage circuit components even 
if a short should be present in the sub-assembly.
We determine that the panel will draw about 50 
milliamps, so we set the Maximum Current Set to 
60 milliamps to allow for the normal variations 
caused by signal and component tolerances.

The schematic indicates that the 24 volt B plus is 
applied to two points on the panel so a jumper is 
connected between the two points labels 24V 
W/BRN. Only one other hookup to make and that 
is the AGC bias. We handle that the same as if the 
panel were still in the set by connecting the BE 
156 Bias Supply to the AGC test points. We apply 
power from the UPS164 to the panel and set the 
AGC bias to 8 volts. Snap off the sub-assembly 
cover and we are all set to check out the panel.

The UPS164 meters show 24 volts and a current 
drain of 45 milliamps, indicating that nothing in 
the panel is shorted or causing a low resistance 
path for the B supply. Several methods of isolat­
ing the trouble could be used, but which ever we 

Partial schematic of IF/Sound panel of Quasar receiver. Courtesy of Motorola, Inc.

select the procedure would be the same as if the 
IF were an integral part of the TV receiver. With 
a sweep generator connected to the IF input and 
set for IF sweep, we check for a response curve at 
the video detector test point Cl. No signal here so 
we switch to a detector probe and try the output 
of the 3rd IF. Still nothing so we move to the 2nd 
IF output. Still no signal, so we go to the 1st IF 
stage. The output of the first IF stage shows a re­
sponse and so does the base of the second IF. This 
indicates that the 2nd IF stage is the place to 
look. We grab our FET meter and check the bias 
voltages. The emitter is zero and the base is at 4.9 
volts. This is far above the normal .6 volts usually 
present on the emitter-base junction of silicon 
transistors, so the transistor should be our prob­
lem. After confirming our suspicions with the TF 
151 Transistor Tester, we replace the transistor, 
and now obtain a response at the video detector.

Zenith IF module is easily serviced with normal equipment and 

UPS 164.
The sub-assembly contains the first video amp­
lifier stage as well as the IF’s, so we can just as 
well check it too. We just add a 20mfd capacitor 
and an 820 ohm resistor in series from test point 
Cl to chassis and check the output. The addition 
of the two components is all that is necessary to 
make a complete check of the panel. These com­
ponents are added to simulate the total emitter 
circuit of the video amplifier, much of which is on 
the main chassis. You should begin to see how 
easy most of the modules can be to service.

Our next job was a Motorola Quasar color-set 
with no sound. Replacing the “BA” IF/Sound 
panel corrected the trouble and satisfied the cus­
tomer’s complaint. Now we will try to trouble­
shoot this and see how it works out. According 
to the schematic, the IF’s and the sound IC use 
a 20 volt supply, and the audio output stages use 
21.5 volts. Since these are very close, we should 
be able to get it to work nicely with 20 volts for 
all points. Before connecting the UPS164, we will 
add a couple jumper wires to tie the B plus points 
on the board connectors together. Pins 1 and 5 
are jumpered, and a lead is connected between 
pins 3 and 10. This will complete all B plus con­
nections so the entire panel will be powered.
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The only thing left is to make sure we have a load
for the output stage, and a volume control cir­
cuit, since they are not part of the panel. A 16
ohm resistor is added between connector pin 9
and ground for speaker load and two 27K resistors 
are added to serve in place of the volume control. 
One is connected between pins 11 and 8, the other 
between pin 8 and ground. We set the UPS164 
for 20 volts and adjust the current limiting for 80 
milliamps, the anticipated drain of the panel. 
When the UPS164 was connected to pin 3 and
ground, the Output Voltage meter immediately 
dropped to zero volts and the Load Current meter 
indicated current limiting at 80 milliamps. Since 
our calculations indicated normal current should

Output meters give immediate indication of circuit condition 
■ and current limiting prevents circuit damage.

SERVICING TODAY SOLID STATE
The servicing of solid state equipment such as 
radios, phonographs, remote controls, and port­
able tape recorders is not exactly new to most of 
us. However, many service shops are still not 
actively involved in solid state servicing. As we 
mentioned earlier, many million new units are 

sold each year-, auuing to the service load you now, 
have. There are profits to be made servicing these 
units, and more profits are in the offing with 
the increased number of units in use. You should 
be seriously looking at what this can mean to you 
in actual time and dollars and cents.
In order to increase your income, you may find it 
to your advantage to add some additional equip­
ment to your present stock so you are fully 
equipped to handle all of the units brought to 
you. The lack of equipment to adequately ser­
vice these items, and the problems and frustrations 
resulting, is one of the greatest reasons many shops 
turn away this additional business.

Lack of equipment can cost a shop many service dollars.

The problems which appear to be most frequent 
and the most frustrating are connected with the 
battery powered units. The battery is usually weak 
or completely dead when the unit is brought in for 
service. This means you have to dig up a new set 
of batteries before you can make any tests. If you 
don’t have the correct battery, or batteries, then 
you must make up some battery arrangement or 
power supply to power the unit. This takes time 
which could be better used for actual servicing.

Many times the batteries for shop testing will be 
used batteries, kept specifically for this purpose. 
This may be convenient, but can lead to additional 
problems for you, as a weak battery can give some 
very deceiving results. For example, remember 

be about 60 milliamps, something must be way off
base in the panel
A quick check of the audio output transistors 
shows them both to be shorted. The other tran­
sistors check ok so we replace the outputs and try 
again. The current settles at 65 milliamps now 
with the full 20 volts applied. The UPS164 with 
its full protection and current limiting is a real 
help. The shorted transistor could easily have 
caused other parts to be damaged if the supply 
had been able to deliver unlimited current.

The final check is to inject a 4.5MHz modulated 
signal at the sound detector diode and check for 
output signal. It looks good, with no distortion, 
so our problems should be solved.

Normal servicing procedures like 
signal tracing and injection apply 
to modules as well as full receivers.

As you have already noted, some components may
have to be added to complete circuits which are
not included on the panels. It may also be nec­
essary to provide several different voltages to some 
panels. This can be accomplished with a simple 

B

the time you spent over half an hour trying to 
track down the motorboating in that AM-FM port­
able radio only to find that it was caused by a 
weak battery? Or the tape recorder that seemed 
to have everything wrong that finally turned out 
to be the motor pulling down the battery voltage?

Then there are the portable phonographs and tape 
recorders that are designed with a disappearing 
battery compartment. You know the kind; you 
disassemble the case to get at the thing, and the 
battery holder disassembles right along with it. 
It’s just about impossible to get those “C” and 
“D” cells to work setting end to end on the ser­
vice bench.
Another frustration are those portable phono­
graphs with the top-mounted amplifier and tilt­
down changer. You inevitably end up trying to 
service the amplifier while it is sitting on top of 
the rotating turntable. If this isn’t bad enough, 
some of them also use an additional winding on

Units such as this can sometimes be very frustrating to 
work on.

the changer motor as a power transformer sec­
ondary for powering the amplifier. Now you are 
definitely stuck having the changer connected and 
turned on to do any servicing. It would be far 
simpler if you could take the amplifier out, for­
get the changer ©d motor and work on the amp­
lifier on the bench.
The same holds fcm for tape recorders. The. e 
electro/mechanical monsters always seem to have 
10 pounds of hardware packed into a 5 pound 

voltage divider connected across the UPS 164 if 
you only need one additional source. Regulation 
and current limiting will be provided by the UPS 
164 for both outputs. The combined current will 
be indicated on the Load Current meter. If you 
need more than two voltages, it is suggested that 
you construct a means of providing regulated and 
current limited outputs. The circuit shown here 
will give you a variable, regulated output with cur­
rent limiting at 280mA. You simply parallel as 
many as needed to give you additional outputs.

UPSI64=^ 
+ TERM=^“

IN 4148
(2)

UPSI64 
- TERM.=^

One section of 'Voltage Tripier', a handy accessory item.

A three section “Voltage Tripier” is available as 
part number 39G42 fro.rn the Sencore Service 
Department in Sioux Falls. The price is $20. This 
accessory is a valuable asset when working on 
boards and modules requiring more than one input 
voltage.

box. No matter what you do, you just can’t seem 
to get at the circuit board to check it out.

Tape recorders can be difficult to power and service if you're 
not properly equipped.

The console stereos and home entertainment 
centers can add to your problems too. You check 
the unit in the home and find the AM-FM tuner 
to be defective. It must be taken into the shop, 
but how much do you have to take? Will the lady 
of the house still be able to watch her TV so she 
doesn’t call you every half hour wondering when 
it will be back? In many cases, you find yourself 
removing the tuner, the separate amplifier chassis 
and a power supply just to be sure the danged 
thing will be complete enough to operate when 
you get it to the shop. If the tuner could just be 
powered by itself, you could make your job easier 
and the customer more satisfied. To make matters 
worse, the next customer brings in a battery 
powered television receiver with a totally dead 
battery and you don’t have an AC adapter, or a 
battery charger. How in the world do you fix the 
set and get out of this problem?
What about the special items that are brought to 
you for service, such as portable battery operated 
cameras and video recorders?

These are becoming more popular and many are 
now priced low enough that they will be used more 
in schools, business and industry for training and 
formal presentations. As they become more pop­
ular, they can become an important part of your 
service business if you are equipped to handle them. 
Having worked with battery powered equipment 
for some time, you have probably learned not to 
trust the battery condition when servicing these 
-nits, but really don’t have much choice in the 
matter. You would probably feel much more con­
fident about your diagnosis and final adjustments 
if you had a good, regulated supply to work with.
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These are just a few situations which develop when 
working on solid state equipment and we’re sure 
you could add many of your own. The point is 
you can be spending far more time than necessary 
with any of these problems, and since time is 
money, you are cutting down your profits.
The UPS164 is your profit-maker. It will put an 
end to most of your solid state servicing problems 
by providing the source of power you need to ser­
vice and adjust today’s solid state equipment. The 
constant output voltage provided by the dual re­
gulation of the Variable Supply assures accurate 
test results. No more guessing about battery con­
dition or spending time to find the right battery 
for the job. The UPS164, with its 0 - 30 volt Vari­
able output, will provide the power you need. The 
constant regulation assures you of an unchanging 
voltag« for all your testing. Just connect the UPS 
164, adjust the output voltage to the level re­
quired, and go to work. Whether it is a small 
transistor radio or a battery powered combination 
portable TV and AM/FM radio, the UPS164 will 
handle it with ease and make your work easier as 
well.

The high level of filtering provided in the UP&164 
is a must when working on battery powered equip­
ment. These units do not have provisions for 
filtering, so the power supply has to do the job. 
The UPS164 has less ripple in the output than 
you will find present across most batteries when 
they are operating under normal signal variations. 
This means you will not be mislead by ripple in 
the supply or voltage variations caused by normal 
load conditions. This eliminates the wild goose 
chases you often encounter and saves you valuable
time.

The dual output meters 
are a real timesaver too. 
You have a constant in­
dication of supply voltage 
and current drain without 
the inconvenience and bo­
ther of switching meters 
back and forth, or tieing 
up an additional meter 
for monitoring. The cur­
rent indication can serve 
as a valuable troubleshoot­
ing asset, allowing you to 
make fast and accurate 
current checks, comparing 
results against the value 
which is listed on the 
schematic.

We have stated that the UPS164 will help you with 
your solid state servicing, so let us give you some 
examples of its use. Since it will serve as a battery 
replacement it can be put to work anytime you 
have a transistor radio, tape recorder, or television 
receiver to service. Just open the back, pop out 
the battery and you’re ready to hook up. All that 
is required to ready the UPS164 is to set the level 
of voltage needed and adjust the current limiting 

to provide protection for the unit being operated. 
Hook up and you now have a constant, ripple- 
free voltage for your troubleshooting. The meters 
will indicate any leakage or shorts which may exist 
and lead you right to the problem. After repairs 
are completed, you simply glance at the current 
meter to make sure the current drain is correct.

The problem with the tape recorder that loses its 
battery compartment when disassembled is no 
longer a concern. Just connect the UPS164 and 
you have quickly eliminated your frustrations. If 
the circuit board is difficult to get at to check, 
just remove the head connections, the B plus and 
ground leads, and take the board out. It can be 
serviced easily on the bench with the UPS 164 
supplying the power.

Recorder servicing is easy when board can be removed and power­
ed with UPS 164.

A simple signal generator connected to the input 
will provide the signal necessary. The fact that 
you have greater accessibility to the board and 
components will save you much time and you will 
be able to turn out more units.
The phonograph with the motor/power trans­
former combination is just as easy. Disconnect 
the motor leads, lift the board out and connect the
UPS 164.

Phono servicing 
is greatly simpli­
fied when you 
have a UPS 164 
to provide oper­
ating power.

The UPS164 is a real aid in tying down problems 
associated with the de coupled amplifiers too. In 
most cases, you will find that when one transistor 
fails, it will take a couple more with it. If you 
don’t find them all the first time, and power it up 
at full power, you will just pop more transistors.

This problem can easily be avoided by powering 
the amplifier with a reduced output from the 
UPS 164. Just lower the voltage to about 50% of 
the normal operating potential with the current 
limiting set for the normal value of current drain. 
If a problem still exists in the amplifier, the re­
duced output voltage and the current limiting will 
prevent transistor .damage. If current limiting re­
sults, you have determined that operation is not 
correct without damaging any other parts. A good 
quick-check on most de coupled amplifiers is the 
voltage present between the two output tran­
sistors for each channel. This voltage will normally 
be about 50% of the applied voltage if the amp­
lifier is operating correctly. Any major variation 
from this value indicates problems. DC voltage 
checks made with the unit operating at reduced 
power should point out the problem quickly. 
Just keep in mind that the voltages you measure 
will be proportionately lower than listed on the 
schematic because of the lower applied voltage.

One word of caution: Be sure you have speakers 
or a dummy load connected when working on the 
DC coupled amps. If you don’t have a load, the 
result can be damage to the transistors in the amp­
lifier. The current limiting will save most of 
them, but the presence of a load will be the most 
positive prevention.

The UPS164 makes servicing tuners and amplifiers a snap.

The tuners in AM/FM Stereo consoles or home 
theatres can be serviced as easily as a normal 
radio if you have the UPS164. Just connect the 
UPS 164 in place of its power supply output and 
you’re in business. You can make the normal 
troubleshooting tests without the annoyance of 
the amplifier and power supply chassis in your 
way. The ripple-free output of the UPS164 will 
give you an unchanging source voltage to allow 
accurate testing and rapid diagnosis.

Other solid state equipment is handled just as 
easy. Whether its a camera, video tape recorder, 
radio, TV receiver, or a garage door opener you 
must service, the UPS164 is ready.

4 * PINPOINT YOUR PROBLEMS QUICKLY.
We have mentioned some important uses for the 
UPS164, such as powering modules and solid state 
equipment for servicing. While it will certainly do 
this, and do it well, there are other time and work 
saving features too. Connected with the powering 
of units being serviced is the .need to monitor the 
power drawn by the unit. This can often give 
valuable information on the condition of the unit 
which may otherwise go unnoticed. We are re­
ferring to some of the less noticeable problems 
which may not really affect the operation at the 
time you service the unit, but will return later to 
haunt you.
Most of you have faced the customer who recently 
picked up a radio or tape recorder you had ser­
viced, and has now returned it with the complaint 
that the batteries have run down in a short time.

What do you do now? In most cases, you are 
stuck with a unit to repair on a “no charge” basis.

You certainly cannot expect to make any profit 
when you have this type of recall to deal with.

Then there are the intermittent units which will 
sometimes drive you up the wall trying to locate 
the problem. Since anything which occurs within 
the unit will show up in some way on the amount 
of power being drawn, monitoring the supply volt­
age and current would seem to be a logical means of 
helping to isolate an intermittent.

You also encounter AC operated solid state units 
from time to time with the fuse blown. Several 
different methods can be used to try to track down 
the problem but one of the most common seems 
to be just to put in another fuse and see what 
happens. In some cases the fuse used for replace­
ment ends up many times larger than the original, 
and the result can be instant disaster. A much 
safer way to isolate the source of the problem 
would be to bypass the AC supply (transformer, 
rectifiers, etc.) by connecting a DC supply directly
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to the B-plus line. Now, using a supply that will
limit the maximum current below dangerous and
damaging levels, we can monitor the level of cur­
rent being drawn.
The UPS164 Universal Power Supply has been de­
signed with two high quality, high accuracy D‘Ar- 
sonval meters to allow instant and accurate deter­
mination of load condition. The current being 
supplied by the UPS164 is constantly shown on 
the Load Current meter and the Output Voltage 
meter tells you the exact supply voltage. The 
meters have full scale accuracy of 3%, better than 
many of the VOM’s currently being used to meas­
ure circuit current. The meters serve not only to 
give you additional convenience in solid state ser­
vicing, but provide accurate indications to aid in 
troubleshooting. Just compare the current drain 
to that listed on the schematic and you can isolate 
the problems' quickly.

It’s time we put the meters to use to show you 
how they can help you work out some of your 
solid state problems. The tape recorder or radio 
with the run-down batteries is the first to tackle. 
Open up the battery compartment, take out the 
battery and connect the UPS164. The average 
tape recorder, cassette variety, will draw around 
130 milliamps of current with no signal, so we 
will set the current limiting to 160 mils to afford 
some circuit protection for the tape recorder. 
Set the output voltage and fire it up. The cur­
rent meter goes to the preset current limiting 
level and the voltage swings down from the 6 
volts we had preset. This instantly indicates cur­
rent limiting taking place.

The voltage only dropped down to about 4 volts 
so it would appear that nothing is dead shorted. 
(If a low resistance short were present, the output 
voltage would drop to near zero.) Let’s turn up 
the current limiting and see just how much current 
this thing does draw. We find out that it settles 
at 200 milliamps, about 50% higher than it should 
be. What can be causing the problem? A leaky 
capacitor or incorrect bias on the output tran­
sistors can give this type of indication, but the 
tape recorders and record players have a motor 
which is battery powered. It would be our first 
suspect as dry bearings, defective governor, or ex-

BIG SERVICING BOOM IN AUTOMOTIVE ELECTRONICS.
The introduction of FM stereo and cartridge tape 
players in cars has presented new profit oppor­
tunities for those shops equipped to handle these 
items. AM/FM, AM/FM/FM Stereo radios and 
tape players are available as optional equipment on 
most new cars today. Add-on units which can 
easily be installed are experiencing tremendous 
sales increases. With the greater availability and 
use of these automotive entertainment items, in­
creased need for service of these units exists.

These units are essentially the same as their counter­
parts used in ‘the home, so the same service pro­
cedures would apply. The only item needed to 
work on auto products, in addition to the ordinary 

cessive drag will cause some rather drastic in­
creases in current drain.
The belt is handy to get at so lets take it off and 
see what happens. With the motor running with­
out load, the current drops to 100 mils. This in­
dicates drag or friction of some sort, but where do 
we start looking? Just for the heck of it we put 
the belt back on and try the rewind function. 
Hmmm, current slightly higher, but not the 200ma 
we had on play/record. This means the problem 
must be in the take-up reel drive or capstan.
A little more checking and we find the capstan 
pressure roller is very stiff and difficult to turn. 
A drop of oil, work it into the bearing, and we’re 
back to normal current again. This lesson will 
sure teach me to check the current on these 
things before 1 send them out; all that time 
wasted because somebody didn’t check it out 
thoroughly.

Meters indicate proper operation and help eliminate call-backs.

If the motor checked out OK or it had been a 
radio, we would probably have checked the elec­
trolytics and transistor biases as mentioned before. 
Another point of interest regarding the transistor 
radios - - after checking them out, just connect a 
signal generator and touch up the alignment. Its 
simple and fast with the UPS164 as it will even 
show the minor current changes which occur dur­
ing alignment. Just peak for maximum current 
drain and its done.
Now the unit with the blown fuse. This happens 
to be a solid state AC-DC, AM-FM TV combina­
tion. After taking the back off, we locate the DC 
input connections and set up the UPS164. The set 
is supposed to draw 730 milliamps as indicated on 
the schematic, so we short the UPS164 output 
leads together, with the current range switch set 
to 2000mA, and adjust for 800 milliamps. Next, 
we set the UPS164 output voltage for 12 volts, 
connect the leads to ground and the positive DC 
input terminal, and turn the UPS164 on.

The current immediately goes up to 800 milliamps 
and the voltage drops to 1 volt. Looks like there 
is a good reason for the fuse to blow. At least 
with the current limiting of the UPS164, nothing 
else was damaged. Now to find out where the 
trouble is. With the voltage dropping as low as it 
did there must be something shorted or very low 
resistance.

Many different types of auto units require service.

Output voltage drop indicates current limiting and problems in 
unit being powered.

The most likely suspects are the horizontal output 
transistor, vertical output transistor, or a shorted 
electrolytic. Since we have an AM-FM radio op­
erating off the same supply, let’s see if it works.

Sure does, which means that the main electrolytic 
and power supply diodes are good and the pro­
blem will probably be in one of the output stages. 
The horizontal output stage has the highest pulse 
voltage present and usually fails more frequently 
than the vertical so we will check it first. Using 
the TF151, In or Out of Circuit Transistor Tester, 
we check the horizontal output transistor. It 
checks bad in circuit, so just to be sure we dis­
connect base and collector leads and check it again. 
Now it checks good. Why would it check bad in 
circuit and good out of circuit?

Looking at the schematic 
again, we see a damper 
diode connected directly 
across the output trans­
istor. If that were short­
ed, it would cause the 
in-circuit test to be bad. 
Lift one lead, check it 
and it does test shorted. 
Replace the diode, try 
the set again, and its 
back in working condi­
tion. Only one thing left 
to check and that is the 

power supply regulator in the set to see if the 
short damaged anything here. The power tran­
sformer is supposed to deliver about 17 volts to 
the regulator and the output of the regulator is to 
be 10.5 volts. If we run the UPS164 up to 17 
volts and check the output of the regulator, we 
will find out if it is working right. 10.5 volts out­
put, right on the nose, so everything should be ok. 
Replace the blown fuse and check it on AC. Still 
good. Put the thing back together and we’re done.
Using the UPS164 sure beats blowing fuses or 
running down batteries, and that current limiting 
feature is great. You can connect to a set without 
worry of damaging components, even if a low re­
sistance short is present. Solid state servicing is 
starting to look much easier now.

equipment, is a power supply to provide the power. 
Before you rush out to buy a power supply to 
start capitalizing on auto radio and tape servicing, 
consider carefully the requirements of the power 
supply.

The first consideration is quite obvious, it must 
provide sufficient power output at 6 and 12 volts 
to handle the various radios and tape players you 
may be apt to encounter. This requirement can 
vary from around 1 amp at 12 volts for a small AM 
radio to 6 or 7 amps for the older tube-type radios 
with a vibrator supply. If you are to have a supply 
that will meet all your needs, you must also con­
sider the “Wonder-bar” type of radio with auto­
matic tuning and solenoid return. These types 
can draw as much as 12 to 15 amps during the on 
time of the solenoid. If the current output of the 
supply is not sufficient, the return will not be com­
pleted. Many of you have probably experienced
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this problem in the past. You initiate the dial re­
turn and it starts across the band and hangs up 
two-thirds of the way across. The only way to get 
it to go all the way is to give it a push manually. 
This will accomplish the return, but does not give 
you the chance to check its operation completely 
to know that it will complete its return in the car. 
These car radios are tough enough to get in and 
out without the need to do it a second time just 
to lubricate or adjust the automatic tuning.
There is also the intermittent transistor radio that 
causes you to pull your hair out. It would help if 
you were able to increase or decrease the voltage 
to help make it act up. This is hard to do when all 
you have for power is a big wet-cell battery. The 
wet-cell battery does provide power for radio op­
eration, but you can’t vary the voltage and it also 
seems to have a tendency to discharge while 

Wet-cell batteries are a cumbersome, unreliable source of power.

it is being used. This usually shows up at exactly 
the same time you have a rush job to get out 
and then you are sitting there with a bum radio 
and no way to check it out. The only quick 
answer is to pull the battery out of your car or 
run to the corner gas station and get a fast re­
charge.
A power supply designed to handle car radios 
would be much less trouble and would always be 
ready when you needed it.

As with other solid state units, the condition of a 
car radio, or tape player, can be checked quickly 
by monitoring the current drain. Shorted driver 
or output transistors will show up as an excessive 
current drain, aiding you in troubleshooting the 
unit. As the radios, tape players and combination 
units become more complex, the ability tp mon­
itor the current drain accurately and quickly would 
greatly speed your work.

Model A9MG

+ 14.0V
1.5A (RADIO ONLY)
1 7A (TAPE ONLY)

DIAL LIGHT

LEAD

CAUTION

"A" LEAD MUST BE CONNECTED TO POSITIVE 
( + ) SIDE OF POWER SUPPLY. RADIO WILL 
NOT OPERATE AND DAMAGE TO COMPONENTS 
WILL RESULT IF CONNECTED OTHERWISE.

Model F9SMR

Courtesy of Motorola, Inc.
Power supply needs meters to allow use of schematic current 
information.

The more complex AM/FM/FM Stereo units also 
require a steady source of power to assure proper 
stereo performance. A simple, inexpensive battery 
eliminator or charger may do the job on the small­
er AM units but these can give you fits when you 
are trying to dog out an FM stereo problem. The 
changing voltage can cause the FM stereo decoder 
to do some very strange things. This is true with 
excessive ripple present on the output as well.
Tape recorder repair also demands a steady de 
source, especially if you are to make any mean­
ingfull wow and flutter checks. Wow can be caused 
by a relatively minor change in power supply out­

put as well as by problems connected with the 
tape drive mechanism. The battery eliminator/ 
charger type of supplies do not incorporate suf­
ficient regulation or filtering to give you a steady 
de output. The need for good filtering is a “must” 
and should be considered one of the most im­
portant specs in the power supply you purchase.
The Sencore UPS164 Universal Power Supply 
comes through again to fill your needs. The 
Variable output provides up to two amps to 
handle most car radios and tape players. This 
supply provides constant regulation and very high 
filtering to maintain a pure de output for serv­
icing these units. The 6 and 12 volt regulated 
high current outputs step in to take over on the 
radios and combination units which demand greater 
current then available on the Variable supply.
These outputs are both 
regulated and filtered, 
something entirely new 
in high current supplies. 
The 6 volt output will 
deliver 20 amps contin­
uous with surge capab­
ility up to 28 amps. The 
12V output will main­
tain a steady 10 amp 

12 V - 10A 
REGULATED 

SUPPLY & CHARGER

OUTPUT SELECTOR
6V-20A 

REGULATED 
SUPPLY & CHARGER

VARIABLE

USE 2 AMP SUPPLY FIRST. CURRENT LIMITING WILL PREVENT 
DAMAGE. HIGHER CURRENT WILL BE REQUIRED ON 6 AND I2 
VOLTS FOR WET CELL REPLACEMENT ANO BATTERY CHARGING.

output with surge current capability of over 14 
amps to handle the big loads like the Wonder Bar 
type of radios or mobile communications equip­
ment. Regardless of the output used, the two 
accurate D’Arsonvai meters are constantly moni­
toring the output of the UPS 164 to help guide 
your troubleshooting.
All outputs provide current limiting protection for 
the supply and the load with the Variable supply 
providing adjustable current limiting. The 6 and 
12 volts supplies provide current limiting by 
virtue of the ferroresonant constant voltage tran­
sformer. Additional protection is afforded with 
the 30 amp fuse in circuit when the 6 and 12 volt 
outputs are used. This is provided to give pro­
tection to the high current rectifiers should a bat­
tery be connected in reverse when charging. Yes, 
the UPS164 is also a battery charger. It operates 
on a true taper charge principle to charge a bat­

Universal Power Supply would not be complete without 
battery charging capability.

tery safely and quickly. The UPS164 does it all, 
and at a modest price you can’t afford to pass up.

We gathered some car radios and tape players 
from the people working in our plant to test it 
and give you some examples of its applications.

The first unit is an AM/FM/FM Stereo tape player 
combination from a 1969 Chrysler. One look at 
the mass of mechanics and electronics inside told 
us this may be tough. The problem is no output 
on the tape player function, so lets see what we 
find. We connect the Variable Output of the UPS 
164 with the current limiting set at 2 amps.
The AM and FM portions of the radio work fine, so 
the output amplifiers should also work for the tape. 
Plug in a tape cartridge and no output. In fact, 
the tape player motor doesn’t even startup. The 
UPS164 meters show us that the current drain 
has not reached current limiting as it should to 
start the motor. This tells us that no power is 
being applied to the motor. We check the track

UPS164 simplifies servicing of complex conbination auto units.

change switch and the Load Current meter goes 
immediately to the current limiting set and the 
voltage drops. We have power that far at any race.

A couple of quick checks and we find that the 
governor transistor is open, breaking the circuit to 
the motor. We install a replacement and try again. 
This time the Load Current meter indicates cur­
rent limiting when the cartridge is inserted. We 
switch to the 12 volt high current output so the 
current capabilities are high enough to handle the 
motor. The running current for the tape function 
proves to be 1.2 amps, within the specs which call 
for a 4.5 amp maximum. Track change and cart­
ridge eject functions work fine so we have mas­
tered another one.
The last item we will mention is a two-way citizens 
band radio. This unit, a Johnson Messenger mobile 
job, was supposed to have no transmit but would 
receive ok. We connect the 12 volt high current 
output of the UPS164 and an antenna to the radio.

Communications equipment servicing is no problem when you 
have the UPS164.

Local calls are coming in loud and clear so there 
is no problem with any section common to 
both transmit and receive. We press the transmit 
button on the mike and watch for a current in­
crease to appear on the Load Current meter. 
Nothing changed! This can’t be right since the 
transmit function will draw considerably more 
current than receive. A few quick checks brings 
us to the transmit relay which we find to be open. 
After replacing the relay, we try it again. This 
time things look better. The Load Current meter 
indicates 4 amps on receive and 5 amps on tran­
smit, a more normal situation. We run the routine 
power checks and wrap it up.
In our examples, we found uses for both the 
Variable and Fixed outputs of the UPS164. Re­
gardless of the output required for the load, the 
output is filtered and regulated to maintain steady 
voltages for easier troubleshooting. The problems 
we encountered were not difficult or complex, 
rather very typical of the problems you encounter 
each day. In every case, the UPS164 gave us the 
power we needed and helped to isolate the pro­
blems by giving us the all important current drain 
information. The UPS164 will speed your auto 
radio and tape servicing, or equip you for this 
profitable field if you are not currently servicing 
these units. Pick one up today, try it and prove 
to yourself that the UPS164 is the only supply 
you need for all your servicing.
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Ö DESIGNERS-INCREASE YOUR ENGINEERING EFFICIENCY.
well. The UPS164 is UNIVERSAL to cover all 
your engineering power requirements, and it costs 
you less than the temporary supplies you must 
now build for each project.

The engineering and design time spent on a pro­
ject is an important factor, not only in making sure 
that it is completed on time, but it is also figured 
into the final pricing of the item. Any delays or 
unnecessarT work will definitely serve to raise the 
final cost ol a product. On many occasions, eng­
ineers have bund themselves spinning their wheels 
due to something as simple as a power supply pro­
blem. Let. us point out a couple examples that 
were related to us while discussing our proposed 
power supniy with engineers.

The first situation involved an engineer who was 
working on the design of a mobile single sideband 
transmitter Since the unit would be used in mo­
bile service, the car or truck battery would provide 
the power As a result, our friend started his de­
sign work using a wet cell battery and a battery 
charger/eliminator to power the breadboarded cir­
cuit. The problem he was encountering was that 
of incorrect drive to the RF transistor, which 
would occasionally go into saturation and be des­
troyed. The engineering costs, not including time 
wasted, were soaring because the particular tran­
sistor being used cost in the neighborhood of $15 
each.
He realizec that the greatest reason for his pro­
blem was the fact that he had no way of limit­
ing the current from his supply, other than building 
a complete supply just for this purpose. The total 
for the design time and components involved in 
doing this amounted to just over $650 dollars, 
plus a weeks time lost on the transmitter. The 
power supply served well for this project, but 
will it be usable on the next project to be con­
sidered?
The second case was that of an engineer working

Damaged components can cause engineering costs to soar.

on control circuitry utilizing primarily all digital 
integrated circuits. A power supply was laid out 
on the breadboard along with the circuitry com­
mon to all stages. As each IC was added to the 
circuit, the regulation of the power supply and the 
percent of ripple present would change, causing 
some peculiar behavior in those stages already 
tested. In addition, some of the IC’s required very 
stable voltage and a separate regulator was de­
signed for each of these IC’s. To top it all off, 
the original current requirements were exceeded 
by a substantial amount, necessitating a complete 
redesign of the power supply section.
If we stop for a moment and consider the cost of 
this type of engineering, we would find it to be 
enormously high. Let us consider that the en­
gineer is receiving a salary of $13,000 per year. 
In addition to his salary, the company has other 
engineering expenses such as technicians wages, 
equipment, components, special made parts, and 
overhead for the space and utilities. Conservative 
estimates would place the actual cost for this 
engineering area to be over $25,000 per year. This 
means an expenditure of $12.50 an hour for any 
work done or time spent by the engineering team, 
whether it is directly related to the project or 
not. If time and effort are used to build power 
supplies, other than the supply to be used in final 
design, the project engineering costs can become 
very high. Considering the time that is normally 
involved in designing, building and testing a temp­
orary power supply, we would be talking a min­
imum of at least 30 hours total. This would 

amount to $375 just for time, and most supplies, 
with good filtering and regulation, will involve at 
least $120 worth of parts. This makes the “temp­
orary” supply worth $500.

Temporary lab- 
constructed 
power supplies 
can be very 
costly.

If this is repeated for each of 4 or 5 projects done 
in a year, at least $2000 to $2500 of the engineer­
ingcost is being used just for power supplies. This 
is enough money to buy at least 10 of the Sen- 
core UPS164 Universal Power Supply!

The UPS164 Universal Power Supply is a de­
signers supply, providing the high degree of re­
gulation and ripple free output needed for to­
day’s solid state engineering. The 0 to 30 volt 
variable and regulated output will power virtually 
any engineering project, whether it be a relatively 
simple amplifier circuit or a complex control cir­
cuit using many transistors and integrated circuits. 
The engineer working with these circuits requires 
a ripple free output so the performance of the cir­
cuit will not be degraded.
The UPS164 has been designed to meet this need, 
delivering up to 2 amps of output current with 
less than .018% ripple at full load. The UPS164 
provides current limiting as well, to enable all 
changes and tests to be made without worry 
about component damage due to overloads. This 
is a very important point since many of the trans­
istors and integrated circuits used are very fragile 
and extremely costly. The UPS164 could pay for 
itself just on the cost of parts saved by the current 
limiting feature, not to mention the time and 
money saved by having the engineering supply 
available for any project you are called on to dir­
ect.

The dual meters provide the engineer the important 
information regarding the current drain of the de­
sign being powered. This, too, will increase the 
engineering efficiency, as you can tell immediately 
whether or not the circuit is performing as antici­
pated. The current drain information gained from 
the UPS164 during the circuit testing will give 
you many of the parameters for the final power 
supply design.

To be sure the UPS164 would cover all of the pro­
jects you encounter, high current outputs capable 
of up to 20 amps have been included. The 6 volt 
supply will deliver up to 20 amps and the 12 volts 
supply up to 10 amps, both regulated and filtered 
to provide steady output. The high current sup­
plies are also current limiting protected, to pro­
tect the circuit being powered and the supply as 

We would like to point out some other uses 
and applications for the UPS164 which have 
been brought to our attention during our research. 
The most obvious use would be that of simply pro­
viding the power needed to operate the circuit 
being designed and tested. This is necessary and 
very important, but the UPS164 can be used to aid 
you in other testing as well. The Variable output 
makes it ideal for performance testing circuits 
both above and below the design rating.
Simply set the voltage to the level desired and pro­
ceed with your tests. The dual meters will give

UPS164 is a valuable asset to the engineer working with solid 
state design.

you a constant monitor on the load condition 
during these and any other tests.
The output meters will also serve to give you an 
indication of the on or off state of logic flip-flops 
and similar circuits, saving the time of connecting 
the scope to check the circuit. The steady, ripple 
free output allows you to perform accurate gain 
and distortion tests in amplifiers and other cir­
cuits, even before final design has been completed.
The UPS164 would certainly be a valuable addi­
tion to the assembly line to aid in testing and ad­
justing the various sub-assemblies.

UPS164 powers production line test fixture in large electronics 
manufacturer.

No need to spend hours to design and build a 
power supply for just one application when the 
UPS164 can serve as the power source for any test 
fixture.

Sencore Service Department uses UPS164's to power equipment 
for test, service, and calibration.
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Over and under voltage tests in quality con­
trol couldn’t be easier when you are using the 
Variable, fully regulated output available on the 
Universal Power Supply. The service department 
will find many uses too, for this versatile supply. 
Any operation from troubleshooting and repair of 
sub-assemblies or circuit boards to equipment 
alignment and calibration can be handled by the 
UPS164. The constant current output provided 
by the current limiting of the UPS164, for ex­
ample, can even be used as the constant current 
source for meter calibration. Midwestern firm uses UPS164 to power meter tester in 

incoming inspection.

Whatever phase of electronics you work with, 
whether its consumer products, industrial design 
or communications equipment, the UPS 164 is the 
only supply you need.
Inspection and quality control departments will 
also find many uses for the UPS 164. Over and 
under voltage tests in quality control couldn’t be 
easier when you are using the Variable, fully reg­
ulated output available on the Universal Power 
Supply.

VOCATIONAL SCHOOLS - HELP YOUR ELECTRONICS STUDENTS LEARN FASTER 
. . AND PAMPER YOUR BUDGET TOO.

We, at Sencore, are very interested in Vocational 
education for our young people. Job oriented ed­
ucation will help them to become productive 
members of society. As a result of this interest, 
we have worked with many different Technical- 
Vocational schools throughout the nation to 
learn of the problems facing our Vocational in­
structors and students. One of the areas of great­
est concern for the instructor is the necessity of 
presenting a great deal of technical information to 
the students in a short period of time. In the elec­
tronics area particularly, a wide variety of theorit- 
ical topics are covered, many of them with lab 
activities to support the classroom presentation. 
The lab experiments are a vital part of the learn­
ing process as this activity serves to prove out the 
theory presented. Most instructors feel that many 
of the problems associated with poor understand­
ing of theory or slow learning can be attributed 
to the results of some of the lab experiments. If 
the results calculated in the classroom are not 
realized in the lab, the proof of the theory is 
missing.
Many of the lab problems can be introduced in­
advertently if the power source for these experi­
ments is not accurate, regulated and well filtered.

Ripple present in power supply output cao often mislead 
student.

Variations in output voltage during the testing of 
an amplifier circuit will certainly add confusion 
for the student when the test results are compiled. 
The same confusion can result if the power supply 
is not adequately filtered. High gain solid state 
amplifiers and integrated circuits are very suscept- 
able to even the minor voltage changes introduced 
by ripple in the power source.
The action of the circuit may be entirely different 
than expected or calculated when ripple is present. 
The proof of theory of calculations is in the lab 
exercises, and if they are not accurate, the all im­
portant proof of circuit action and performance is 
missing.
Another area of the lab that may slow the progress 
of some students is the error resulting from in­
correct load voltage and current measurements. 
The students are learning test equipment as well 
as electronics theory and the possibility of a mis­
take in meter reading is relatively high. If the 
power supply used provided accurate voltage and 
current readings as well as the power needed, the 
possibility of error would be greatly reduced.
An area of great concern to the instructor is that 
of maintaining power supplies and other equip­
ment damaged as a result of improper connections 
or overload.
Power supplies are particularly prone to this type

of problem, as it is quite easy for the student to 
connect wrong or accidently short the output of 
the supply. This means either you must have add­
itional supplies on hand to cover the needs of the 
students if a unit should fail, or someone will not 
have a supply for his experiments. This is costly 
both in repair dollars and the valuable time of the 
student.
Also in the area of cost and inventory are the com­
ponents used for the experiments. Because tne 
students are still learning, errors will be made and 
many dollars are spent replacing transistors, inte­
grated circuit, and other components.
A power supply which provided current limiting 
would certainly help reduce the damaged compon­
ents and reduce the amount of money spent for

Components need not be damaged during experiments if 
you have the right supply.

Then there is the problem of having several power 
supplies with different outputs available for the 
various lab experiments needed for thorough 
training. It is often necessary to have one supply 
for the low voltage, high filtered supply require­
ments of integrated circuits, another for the higher 
voltages used in conventional solid state circuits, 
and still another for any high current 6 and 12 volt 
applications.
A single supply which would provide all outputs 
would greatly simplify the training program. All 
in all, the power supply can prove to be a very 
vital part of the vocational lab and the overall 
training program.
The UPS164 Universal Power Supply has been de­
signed to provide the range of voltages and cur­
rents necessary for the vocational electronics lab 
as well as the requirements of the service industry. 
The variable 0 - 30 volt high filtered supply covers 
the requirements of all solid state devices from 
standard junction transistors to field effect tran­
sistors to the latest of the integrated circuits. The 
high degree of regulation incorporated in this 
supply assures constant, steady de output for even 
the most critical of lab experiments. To further 
provide accuracy in experiment results, the ripple 
on the output of the variable supply is held to 

.018% or less. This means you have a more con­
stant output, with less ripple, from the UPS164 
than you can obtain from a battery! The results 
of the tests, whether they be in servicing or ex­
perimentation, will be meaningful and accurate.
An aid to the budget is the total current limiting 
feature of the UPS164. The unit cannot be 
damaged by shorts or overloads caused by im­
proper connections or shorted circuits. The 
current limiting also helps save dollars on the com­
ponents used for the experiments. It will pre­
vent much of the component damage caused by 
incorrect circuit connections or wrong value parts.

6 and 12 volt high current supplies are also avail­
able at the flip of a switch to provide up to 20 
amps of DC current for experiments with power 
devices and control circuits. This is all important 
to the vocational instructor with the tremendous 
number of solid state controls finding their way in­
to industrial applications. 6 and 12 volt supplies 
are regulated and filtered to assure proper and re­
liable circuit operation. These outputs are also 
fused for additional protection of the supply and 
the circuit being powered. Even if a student 
should leave the supply on with the leads shorted 
for an extended period of time, no damage will 
result.

Full protection, simple operation and easy-to-read meters 
make the UPS164 ideal for student use.

One of the single biggest plus features of the 
UPS164 for student use is the ability to con­
stantly monitor both the voltage output and the 
load current of the UPS164. There is no need to 
break the circuit and insert meters, or constantly 
check the power supply output with a separate 
meter to maintain a precise output voltage. You 
and the student can see at a glance the condition 
of the load circuit and quickly determine if the 
operation is correct. The students using a UPS164 
will appreciate the simple operation and reliable 
output, which will give them more time to work 
with their experiment.
When you equip your labs with the UPS164, you 
have just one supply, fully protected, that will do 
it all; and the price will help pamper your budget, 
too. Let us give you an example of just how the 
UPS164 can serve you and your students.
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The example we will use is a two stage, solid state 
audio amplifier which would be constructed in a 
basic circuits lab. We have determined that the 
total current drain should be about 20 milliamps, 
depending on component tolerances. The circuit 
is all set up to go so we will set up the UPS164.

Basic lab experiments must be correctly powered for accurate 
results. .Allowing for circuit tolerances, we will set the 

Maximum Current Set for about 10% higher cur­
rent drain than expected. We set the Current 
Range switch to the 50mA range, short the out­
put leads together and adjust the Maximum Cur­
rent Set control until the Load Current meter 
indicates 22 milliamps.
Hey, this is pretty clever. You can actually short 
the leads and not hurt the supply. Sure is different 
than those old supplies we had. Unshort the out­
put leads, set the Voltage Adjust to read 14 volts 
on the meter and we’re all ready. Connect the 
output leads to the circuit and ..... What the? 

The voltage has dropped to 2 volts and the cur­
rent is up to 22 milliamps, tne setting of the cur­
rent limiting adjustment.
Maybe we had better check to see what went 
wrong. Too much current means we either have 
a short or one or both of the transistors is con­
ducting like mad. Let’s check the wiring against 
the schematic and . . well I’ll be doggone. Winder 
if that resistor disconnected between base and 
emitter of TR2 would have something to do 
with the problem. We reconnect the resistor and 
try again. That’s better, the voltage holds right at 
14 volts and the current is just under the 20 milli­
amps we expected. I sure hate to think what 
would have happened to that poor transistor if 
that UPS164 didn’t have the current limiting 
feature!

The instructor said that the UPS164 would pro­
vide a steady output regardless of line voltage 
changes so let’s see if it does. I’ll plug it into a 
variac and see what happens.
There, we have 105 volts line and the meters still 
read the same. Well, we’ll try the high side then 
and set the variac for 130 volts. Still right where 
it was. I guess he was right after all. Now I know 
that the readings I get will be right. Let’s see 
now. The theory this morning said that an in­
crease in voltage applied to the amplifier would 
cause a corresponding increase in current. So, 
if I turn the supply voltage up to 18 volts, the cur­
rent should go up too. Now just a minute, the

Even severe line changes created by variac do not upset the 
regulation of the UPS164.

voltage will only go up to 16 volts. Yeah, that’s 
right - the current limiting. Guess I had better 
set that up a little higher. That’s better, I can 
get the 18 volts now. The current did go up 
just like the book said. Now what will happen 
if I connect a signal generator and throw a little 
signal into this circuit. Would you look at that. 
The current didn’t change, so the book must be 
right. You know, I just realized I have made all 
these tests and haven’t touched a voltmeter yet. 
This UPS164 is some kind of power supply. It’s 
right on, man.
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