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H 'ello again, and welcome 
back to our series on Basic 
Electronics. This month, as 
promised, we get down to 

some practical aspects of electronics 
and build a power supply, which we can 
use in future experiments and projects. 
Elsewhere in this issue we will discuss 
some more on semiconductors, (espe­
cially transistors), which will prime us 
up for next month's project. 

Last month we plunged into the area 
of PN junctions and how their charac­
teristics applied to real devices such as 
diodes, rectifiers, light emitting diodes 
and zeners. In our power supply project 
we will use some of those devices (plus 
a couple you haven't seen yet). The 
power supply is a single supply which 
will provide adjustable output voltage 
from 1.2 volts DC to about 28 volts DC 
and has pretty good regulation (a term 
we'll discuss later). It can source up to 
1.5 amps with minimal ripple. If you are 
following this series and want to do 
some of the activities we are suggesting 
this one is relatively easy to build and 
not too expensive (especially if you can 
scrounge a few of the parts) . 

My goal in this project was to keep it 
simple but useful and buildable without 
a lot of specialized equipment, so in my 
version I did hot use a custom printed 
circUit board. I also left out some fea­
tures which you might want to add later. 
For example, although I included a 
simple analog voltmeter and the com­
ponents necessary to drive and calibrate 
it, I did not include circuitry to switch 
the meter to indicate current. Also, a 
current control adjustment was not in-
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eluded, either. I considered doubling 
the size and making it a dual tracking 
supply with digital readouts and a fixed 
5 volt supply ... but you can see what 
happens. These things tend to get out of 
control. 

I made sure that all of the parts, in­
cluding the box, meter, etc., can be ob­
tained from your local Radio Shack, or 
other electronics part supply houses. 
(Not to give Radio Shack a plug, but 
because they may be the most acces-

some of the practical aspects of how it 
was built and why. 

Figure 1 shows a schematic of the 
supply. You will note that the first part 
of it looks like the example I showed 
you in last month's article. There are 
three main sections to the circuit: the 
unregulated supply which steps down 
the line voltage, rectifies and filters the 
DC; the adjustable reg1,1lator which 
keeps the output voltage constant; a 
light emitting diode used as an 'ON' 

0 0 
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Figure 1. A Variable Regulated Power Supply 

sible for the beginner.) If you were to 
buy all the parts it might cost about fifty 
dollars. If you can scrounge some of the 
hardware and basic parts you could 
reduce that figure significantly. There is 
no need to build the supply in such a 
relatively small box. In fact, if you an­
ticipate adding a few other features or 
doubling the circuit to make a dual 
supply, a larger box would be desirable. 

Enough! Let's look at this critter. 
Let's start with the schematic to see 
how it works. Later we can consider 

indicator; and an analogue meter circuit 
which displays the output voltage. 

How It Works 
One hundred and ten volt AC line 
power is obtained by plugging a three 
prong plug into your standard home 
power outlet. From the plug, power is 0 

supplied via the line power cord to the 
on/o'ff toggle switch. The 'hot' side of 
the AC line voltage is connected to the 
on/off switch of the power supply to 
ensure that, when the switch is off, no 
exposed parts are 'live' and constitute a 
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safety hazard. Even so, caution should 
be taken when power is on as the fuse 
holder has exposed contacts which are 
hazardous. 

Referring to the schematic again, the 
next part in line is the fuse just men­
tioned. Have you ever wondered how to 
determine the correct current rating for 
a fuse on the primary side of a power 
transformer? It's quite simple really. 
We know from magnetics theory that 
the turns ratio (ratio of the number of 
turns of wire on the primary side to the 
number on the secondary side) deter­
mines the factor that the voltage is 
stepped up or down. In this case we are 
using a step down transformer to go 
from 110 volts ACto 25 volts AC so the 
ratio is roughly 4 to 1. We also know 
that if a given current is being drawn 
from the secondary then the current 
being draw from the power line will be 
less by the same factor of 4. (This also 
means that the same power (I x V) is 
supplied to the primary as is dissipated 
by the load on the output of the secon­
dary.) 

Build this D.C. Power Supply 

So, if the maximum current that this 
power supply will put out is going to be 
about 1.5 Amps, (at 25 volts AC from 
the transformer), then the maximum 
input current will be about l/4 as much. 
That means our fuse shOuld be slightly 
higher than 1.5/4 which is about 375 
rnA. I chose to use a 500 rnA fuse which 
allows the supply to exceed its rated 
current slightly but will blow the fuse if 
a serious problem causes significantly 
more current to be drawn. 

one in which the output coil has a con­
nection brought out from its centre. 
This allows you to use the voltage out­
put from the top half, bottom half, or' the 
whole coil. If the transformer is rated at 
25 volts (RMS by the way) then 12.5 
volts will be available across each half. 
In this case we will not use the centre 
lead but centre tapped transformers are 

power switch 

down 
transformer 

transformer. It is called a rectifier be­
cause it is the device which changes AC 
voltage to DC voltage. Even though we 
have a form of DC at the output of the 
bridge it is still pulsating DC. This must 
be smoothed or filtered to obtain the 
stable DC voltage that we require. This 
is done by the filter capacitor, Cl. 

The filter cap is a fairly large 

'-------r--o-ve ~/p 

Wow! All that and we're still at the 
fuse! Let's push on. 

As I said, the power transformer out­
put is 25 volt. In this case we are using 
a 25 volt centre tap transformer, rated 
at a maximum of 2 amps. If you are new 
to this, a centre tapped transformer is 

Figure 2. Basic Schematic of a 
Dual Supply 

often used to obtain dual (plus and 
minus) supply voltages. See Figure 2 
for an example of how this is done. 

The output of the transformer is ap­
r---------------------, plied to BRl, a bridge rec­

Potentiometer / I\""""""" 
Ligh1 Emitting Diode 

PO'I:I!ICT transfonner 

Figure 3. Some of the parts used 
in the power supply 

tifier. It is shown here as 
four discrete rectifier 
diodes but is physically a 
single device with four 
leads exiting it. (See Fig­
ure 3) As we discussed 
last month, the bridge rec­
tifier 'steers' the current 
so that it always flows out 
of the bridge with the 
same polarity, regardless 
of the polarity of the alter­
nating voltage from the 
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electrolytic capacitor (2200 uF) which 
should have a voltage rating which ex­
ceeds the highest voltage which may be 
impressed across it. (If you exceed that 
voltage, or if you connect this capacitor 
in the wrong polarity, the results can be 
spectacular- it tends to physically ex­
plode.) In my power supply I used a cap 
with a 63 volt rating just because I had 
that particular one lying around. Sixty­
three volts is more than enough. In fact 
the minimum voltage rating is about 36 
volts. This is determined by calculating 
the maximum voltage possible across it. 
We said that the output of the trans­
former was 25 volts and that th.e bridge 
converted that to pulsating DC but we 
must remember that the 25 volts we are 
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referring to is given in RMS volts. The 
actual peak voltage is determined by 
multiplying 25 volts by 1.414 which 
gives us 35.35 volts peak. See Figure 
4A. Normally it would be risky to use a 
capacitor rated at 36 volts here. It's bet­
ter to be on the safe side and go to at 
least 40 volts (50 might be better yet). 

There is actually a way of determin­
ing the minimum value of capacitance 
for this part as well. I won't go into it in 
depth here but I will describe the prin­
ciple. The whol~ concept of a filter 
capacitor is based on the charge and 
discharge times involved in the circuit. 
The capacitor smooths out the ripple 
from the output of the bridge by charg­
ing up very quickly when the bridge 
output goes positive and discharging 

InteriorofD.C. Power Supply 

more slowly into the load (the rest of the about 28 volts. In order to limit the ideal source with a low value of resis-
supply and its output) when the bridge current through the resistor and LED to tance in series with it. 
output is lower than the voltage on the about 20 mA the resistor should be 28 The unregulated part of our supply 
cap. The value of capacitance must be volts/20 mA = 14 kohms. Standard EIA (which feeds the regulator) would act 
chosen large enough so that sufficient resistor values are '15 k and 18 k. I chose like a non-ideal voltage source. Charac-
charge can be stored to supply the out- 18 k, (which gives a current of about 15 teristics of the transformer and bridge 
put current required without its voltage rnA) to keep the current well below the rectifier would simulate the internal 
dropping an objectionable amount. See maximum. At this current the bright- resistance mentioned and as the current 
Figure 4B. This can all be calculated, ness of the LED is still acceptable. , · drawn increased the output would 
(and you can attempt it if you happen to The regulator circuit is centred decrease. Furthermore, if the AC line 
enjoy the numbing effect it has on your around a National Semiconductor voltage level were to fluctuate, (and it 
brain), but I'll forego the pleasure here LM317 adjustable 3 terminal positive does), the output voltage would also 
and assure you that a 2200 uF capacitor voltage regulator. If you were following change. 
will give excellent filtering. For your the series on Basic Electricity, several The job of the voltage regulator here 
own construction purposes you r-----------------------, is twofold: First, it compares the 
may find that a few hundred output voltage to an internal ref-
microfarads either way would erence and controls the output 
be acceptable. voltage so that it remains con-

The next section of the supply stant, and, second_, it provides a 
is the 'ON' indicator which con- method for adjusting the output 
sists of a resistor, R1, and light voltage to the level we want by 
emitting diode, Ll. These are using a potentiometer. Internally 
connected in series across the the regulator uses a zener diode 

to provide a fixed reference volt-
'unregulated' supply. At this . 8 msec age of 1.2 volts across the exter-
point in the circuit the voltage, nal resistor R2. Because of this 
rectified and filtered, will be Figure 4A. Full Wave Rectified Waveform the voltage at the output can 
about 30 volts. The LED is con- never decrease below 1.2 volts, 
nected here rather than at the months ago we discussed the charac- but as the potentiometer, P1 in-
output because the output will vary be- teristics of ideal and non-ideal voltage creases in resistance the voltage across 
tween 1.2 and 28 volts, depending how sources. We said that an ideal voltage it, due to current from the regulator plus 
we have set the front panel poten- source would supply an infinite amount current from R2, its voltage increases. 
tiometer, and this would change the cur- of current while maintaining its output This increases the output voltage. 
rent through the LED. The resistor ser- voltage perfectly constant. Of course, Internally a "series-pass" transistor 
ves to limit the current through the LED there is no such thing as an ideal source configuration, (something we may look 
to somewhere in the vicinity of 20 rnA and we discussed how a non-ideal volt- closer at later in this series) does the 
(which is the general range of current an act~al control of the voltage drop from 

age source, like a battery, produced a v· v 
LED usually draws). If the DC voltage 111 to out of the regulator. Essential-

nominal voltage but as you increased 1 · ak 1 30 1 1· d h is about 30 volts, and the forward volt- y, It t es t 1e vo ts supp te to t e 
the current drawn the terminal voltage · f h 1 d dr · age drop across the LED is about 2 mput o t e regu ator an ops tt so 
decreased. The source acted like an h h h 1 · volts, the voltage across the resistor is t at at t e output t e vo tage IS propor-
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8 msec 

at higher frequen­
cies it may be less 
effective. Adding 
this 1 uF capacitor 
should improve 
the response at 
those frequencies. 

Finally, in order 
to see what the 
output voltage of 
the supply is, we 
add an analogue 
meter circuit. The 

fairly close indication of the voltage 
output. Unfortunately this meter move­
ment was slightly non-linear and the 
specs said it was only accurate to about 
2.5% of full scale. This would mean 
that it could be out as much as .025 x 30 
= .75 volts. This is pretty high so the 
meter on the power supply should only 
be used as a guideline. For accurate 
voltage setting you should use a better 
quality voltmeter. 

Construction 
'7----::--------------:-------...:.__J meter movement I 
tional to the voltage of the pot en- obtained had scale markings indicating 

Figure 4B. Filtered Full Wave with Ripple 

In the construction of my power supply 
I elected to use a relatively small box as 
the number of discrete components was 
low. In your case you may want to use 
something you have available, or you 
may want a larger box to accommodate 
more circuitry to implement a negative 
supply as well. If you can obtain a box 
made of soft aluminum it makes con­
struction a lot easier. Not only is drilling 
holes simplified but if you need to en­
large or shape them, (as you do with 
mounting grommets, potentiometers, 
banana jacks and the meter movement), 
this can be done much more easily. 

tiometerplusthe 1.2voltreferencevolt- zero to 15 volts DC full scale reading. 
age. If the input voltage decreases the On the package it said that the internal 
regulator senses a tendency to decrease resistance of the meter movement was 
the output and immediately changes the 85 ohms and that with a 15 k resistor in 
voltage drop across the device to main- series with the meter, it would indicate 

1 ____________ _.:.. ____ ~__, 15 volts full scale. If 
there. were 15 volts 
applied to a circuit 
with 15 k plus 85 
ohms in series the 
full scale current 
would be ap­
proximately 1 rnA. If 
we want it to indicate 
30 volts full scale, 
(the maximum this 
supply will put out) 
we have to limit the 
current to 1 rnA and 
then change the 
markings on the 
scale to read ap-

.._ _________________ _j propriately. At 30 

I scavenged a power cord with a three 
prong plug from another project and 
found a grommet which would provide 
some strain relief for the cord. It is im­
portant that you do connect the green 
ground wire from the cord (which is 
connected to the plug's third prong) to 
the chass~s of the supply. This is a safety 
measure m case the chassis accidentally 
comes in contact with the 110 volts AC. 
The current will flow to ground through 
the cord instead of through you. I also 
scrounged a toggle switch which hap­
pened to have leads instead of terminals 
which was good because I could con­
nect to the line cord using small Marr 
connectors and not have an exposed hot 
wire inside the chassis. I mounted the 
switch on the rear panel of the box so 

tain the output where it was before. 
Also, if additional current is drawn 
fr?m the output of the regulator, this 
wtll tend to decrease the output voltage 
due to the inherent internal resistance of 
the supply. As soon as a decrease in 
output voltage is sensed, again the 
regulat?r adjusts . th~ voltage drop 
across Itself to mamtam the s·ame volt­
age as before. Of course, all this hap­
~?S so quickly and the sensing is sen­
Sthve to very minor changes so virtually 
no change in the output is perceptible. 

There are two capacitors, C2 and C3 
~dded on either side of the regulator. C2 
ts a .1 uF capacitor which is used to 
decouple transient noise which can be 
ind~ce? into the supply by stray mag­
?ehc ftelds. Usually it is only required 
tf the regulator is far from the filter cap. 
I added it anyway, although it may not 
be necessary. C3 improves transient 
response. This means that while the 
regulator may perform perfectly at DC 
and at low frequencies, (regulating the 
voltage regardless of the load current), 

16 • Feb/March 1991 

volts we would re­
quire about 30 k in series with the 
meter,. In order to calibrate the meter as 
closely as possible I used a 27 k resistor 
and a 20 k ten tum potentiometer. (A 5 
k pot might have been better but I 
scrounged this one and it worked fine.) 

When connected across the output of 
the power supply and calibrated using a 
known accurate meter the meter gives a 

view of Circuit Meter + Tr~~~r-:er lFigure 5. Bottoml ~:;"~::~-\\'~ /:. ~~- ~~najack. 
Board Center tap Reg.. Vm 

...__rnmmrn::n=~~c;no~' ;;"'~ed~> ~J.r,J,U,/.,t.;;;:::::-;;;~1Tra;3:;;:::~~ 
: : : : : : : : : : · · ' · · : ' · : · · · : : : · : t- Hole for 
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the· cord instead of through you. I also 
scrounged a toggle switch which hap­
pened to have leads instead of terminals 
which was good because I could con­
nect to the line cord using small Marr 
connectors and not have an exposed hot 
wire inside the chassis. I mounted the 
switch on the rear panel of the box so 
that AC would not have to be run to the 
front and back to the transformer. 
Remember, if you build this project: BE 
CAREFUL. Always unplug the .t\C 
line cord when working inside the chas­
sis. If you are troubleshooting the 
power supply use one hand only when­
ever possible to minimize the pos­
sibility of getting a shock. 

The fuse holder I used was a small 
clip type which was also mounted on 
the rear panel. This type of fuse holder 
is not as safe as I would have liked it to 
be as the contacts are exposed and volt­
age is present if the on/off switch is on. 
The alternative is to use a cylindrical 
fuse holder which allows external ac­
cess from the rear panel and can be 
more easily insulated with heat shrink­
able tubing. The one I used just hap­
pened to be available. (I was also con­
cerned that the other kind might take up 
an objectionable amount of room.) 

After mounting the power trans­
former in the rear of the box using pop 
rivets I proceed to drill all the holes for 
the adjustment pot, LED · and banana 
jacks. The banana jacks should be 2 em 
apart. 

The circuit board is made out of a 
product called Veroboard. Generic ver­
sions are available at parts supply 
houses. This is a phenolic printed cir­
cuit board with copper strips on one 
side. It is predrilled on .25 em centres so 
that you can insert . component leads 
through the board, solder them and have 
them connected to any other component 
soldered to that strip. See Figure 5. If 
you want to isolate one part of a strip 
from another it is a simple procedure to 
cut the copper using a knife or to use a 
drill bit to cut the track around the 
holes. In my version I mounted the 
components on one side of the board so 
that I could add circuitry later if I 
wished. See Figure 6. All the wiring 
from the board to other parts of the 
circuit were connected near the same 
end so that I could fold out the board-for 
access to its underside and other com­
ponents in the box. The 3 terminal 
regulator was mounted on the bottom of 
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Sperry, cont'dfrompage 11 

guidance systems, long-range aircraft 
and submarines. Instead of mounting 
two stabilizers separately, as he had 
earlier, he nested four gyros on a single 
platform. The gyros established a 
stable reference and servos aligned the 
airplane with the reference. 

Sperry used a combination of 
electrical, mechanical and pneumatic 
components to align the airplane auto­
matically with the horizontal stable 
platform. When the airplane went into 
an error state- when it deviated from 
the horizon -the relative movement 
between the stabilized platform and 
.the airplane initiated a command sig­
nal that operated the servomotors, 
which moved the airplane's control 
surfaces. 

The stabilizer also had control sur­
faces so that the airplane would not 
pass beyond the horizontal in its 
response. 

"Sperrys have made aeroplanes 
safe," the New York Times reported in 

the box to make use of the metal box as 
a heatsink. Leads were run from it back 
to the circuit board. It is important to 
know that the metal tab on the regulator 
is connected to the output pin of the 
device so it had to be isolated from the 
metal box using a mica insulator and a 
special isolating washer for the 
machine screw which fastened it to the 
box. White heat sink compound was 
used to maximize the heat transfer from 
the device to the box. 

Because the meter movement was 
something of an afterthought I had to 
cut a notch out of the circuit board to 
accommodate the rear of the meter 
movement. I used a nibbler tool for this 
as well as to cut out the hole in the front 
panel for the meter movement. To 
mount the circuit board I used 2 em 
standoff hardware making sure that the 
metal standoffs did not short out any of 
the copper strips which were being 
used. 

Well, there it is. When you are just 
starting out on a project like this you 
may not have some of the tools and 
possibly you are not aware of a few of 
the tricks. Hopefully, some of the 
details here will have been helpful. In 
future segments we'll use this unit to . 
check out some other interesting cir­
cuits. 0 

June, 1914, after a public demonstra­
tion of the stabilizer in Paris. And al­
though needing refinement, his stabi­
lizer had, indeed, made the skies more 
friendly. 

Increased research and the produc­
tion of dozens of inventions made 
Sperry a corporate head. But one 
suspects most of Sperry's dress shirts 
still carried the odd drop of grease or 
smell of solder. Like most hobbyists, 
Sperry's mind never ceased to whir 
with innovation. New Yorker 
Magazine profiled Sperry shortly 
before his death in 1930. Ill and or­
dered by his doctor to stay away from 
machine shops for health reasons, he 
nevertheless penned gizmos which he 
sent to his engineers. He also added, 
whenever inspiration hit him, to an 
"ever-present notebook" -No. 78 by 
the time of the article. Hours before he 
died after complications from an 
operation on June 16, he was still in­
venting. Sperry placed ice before an 
electric fan to create a cooler breeze 
beside his hospital bed. 0 
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PRODUCTS 
LASERS AND SCIENTIFIC DEVICES 

VRL2K 3mw Vis Red laser Diode System Kit .......... .. . .... $159.50 
LLIS1k laser Beam"Bounce" listener Kit .... ..... .. . ... .. ... .. $199.50 
LHC2K Visible Simulated 3 Color laser Kit . .. ..... ... . .. .. ... ... $44 .50 
LC7 40 Watt Burning Cuning laser Plans .. .. ..... .. ... .. . ... $20.00 
RUB4 Hi Powered Pulsed Drilling laser Plans ... . .... $20.00 
LGU40 1 to 2mw HeNe Vis Red laser Gun Assembled .. .. .. .. $199.00 
llS1 laser lite Show- 3 Methods Plans ....................... $20.00 
SD5K See in the Dart< Kit .. .. .......... $299 .50 
EML1K Electromagnetic Coil Gun Kit .......................... ... $69.50 
MCP1 Hi Velocity Coil Gun Plans .. .. ...... .. ..................... $15.00 
lEV1 levitating Device Plans .. . .. ..... ... .... ... .... ... .. . $10.00 
EH1 Eleclronic Hypnotism Techniques Plans .. . . . . .. $10.00 

HIGH VOLTAGE AND PWMA DISPLAY DEVICES 
HVM7K 75.000 Volt DC Variable Output Lab Souroe Kit ....... $149 .50 
IOG3K ton Ray Gun 'h , project energy without wires .. .. ... ... $69.50 
NIG9K 12V/tt 5 VAC Hi Out Neg I on Generator Kit .............. $34.50 
EMA1K Telekinetic Enhancer/Hectric Man Assembled .......... $99.50 
LG5K lightning Display Globe Kit .. .. ..... $54 .50 
BTC1 K Worlds Smallest Testa Coil Kit . .. . . . .. .. . . .. .. . .. . • .... $49.50 
BTC3K 250KV Table Top Tesla Coil Kit ......................... $149.50 
BTC5 1.5 Million Volts Testa Coil Plans .. . ... ... .. $20.00 
JL3 Jacobs Ladder- 3 Models Plans .......................... $15 .00 
GRA1 Anti Gravity Generator Plans ............... ............... $10.00 
PFS20 Plasma Fire Saber Assembled .. . .......... $69.50 
0Pl20 Dancing Plasma to Music and Sounds Assembled .. . .. $79.50 

SECURITY ANO PROTECTION DEVICES 
ITM10 100,000 Volt lntimillator up to 10' Assembled .. .. ..... St29.50 
IPG70 Invisible Pain Field Blast Wave Gen Assembled ....... $74 .50 
PSP4K Phasor Sonic Blast Wave Pistol Kit .. .. ........... ........ $59.50 
LIST10 Infinity Xmtr. listen in Via Phone Assembled ......... $199.50 
TAT30 Automatic Tel Recording Device Assembled ........... $24 .50 
VWPM7K 3 Mi . FM Auto Tel Transmitter Kit ......................... $49 .50 
FMV1 K 3 Mi. FM Voice Transmitter Kit ............................ $39.50 
HOD1K Homing/Tracking Beeper Transmitter Kit ................ $49.50 

EASY ORDERUIG PROCEDURE TOLL FREE 1·800·221 ·1705 
or 24 HAS ON 1·603-673·4730 or FAX IT TO 1·603·672·5406 

VISA. MC . CHECK . MO lN US FUNDS. INCLUDE 10"/o SHIPPING . ORDERS 
$100.00 & UP ONLY ADD $10.00 . CATALOG $1 .00 OR FREE WITH ORDER 
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P 0 BOX 716, DEPT. ET2. AMHERST. NH 03031 
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