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INTRODUCTION

This book is the result of further experiments and tests carried
out after the publication of my book No. BP42 *50 Simple
LED Circuits” by Bernard Babani (publishing) Ltd. in 1977. As
a result certain ideas have had to be modified.

It was stated in my first book that the longer lead of the
LED is the cathode, this was the case with every LED tested.
‘However, since the publication of that book, LEDs appeared
which have the longer lead connected to the Anode, this is
against the usual convention that the cathode of a
diode is identified, but it seems that at least one major
manufacturer produces LEDs with a longer anode lead.

This means that LEDs must always be checked for polarity
before being soldered into circuit (see Circuit 1),

Red LEDs seem to be much more robust than green or
yellow ones. Several of the original green LEDs used failed
after several months for no apparent reason. LEDs can be
destroyed by excessive current or a relatively low reverse
voltage but the green LEDs failed in circuits where neither
. cause was possible. The reason for this sudden failure remains
unknown. The lifetime of a LED is predicted as many years
with a very gradual reduction in light output over the period.
No red LED has failed in this way. LEDs can be used on low
voltage A C but there is a possibility that the LED could be
destroyed by the reverse voltage, a silicon rectifier should be
connected to protect the LED, as described later.

Many of the circuits are shown as powered by 3 volt or 9 volt
batteries, batteries are expensive, but at least this means that
the circuits are perfectly safe for anyone to experiment with,
However, one or two circuits are clearly marked as being not
suitable for beginners,
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CIRCUIT 1
LED Test Circuit

This is a simple circuit to determine the polarity of a LED,

The longer lead of the LED should always be connected as
shown. At switch position 1, if the LED glows the longer lead
is the ANODE. At switch position 2, if the LED glows the
longer lead is the CATHODE, See Circuit 1.

If the LED does not glow in position | or 2 it is faulty but
check carefully that the two LED leads are not touching and
causing a short circuit.

If you are testing a large number of surplus or “bargain
price” LED’s you may get weird results. One Green LED was
found which glowed brightly in one direction (anode positive)
but also glowed dimly but distinctly in reverse. You might
come across a LED which glows equally brightly in either

Circuit 1
LED
longer lead
3 i : .
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2 19y
1 v bens
[ 470a I i
Switch DPDT slide type
Circuit 1b
Cathode
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direction, this is a “twin’” LED as shown in Circuit 1b, i.e. two
LEDs connected in Inverse Parallel, or a LED which glows Red
in one direction and Green in the other (see later Circuits).
The resistor value shown is 4702 this makes the tester
suitable for any colour LED, if Red LEDs only are tested the
value can be 1k£2 or 2.2k &2 this will still give quite a bright
. glow but will reduce the current drawn from the battery.
The switch is a miniature D P D T slide type details of the
several ways in which the D P D T slide switch can be used are
given later.

CIRCUIT 2
Diode Tester

Power rectifiers can be tested easily with a LED and a 3 volt
battery but signal diodes such as the 0A91 are intended to pass
only a small current and might be damaged. This circuit uses a
low current to test the diode, the test current is amplified by a
transistor and the transistor turns the LED on. The test current .
through the diode is about 1mA. The transistor is a 2N697, this
is a general purpose tvpe available at low cost and is used in
several other circuits in the book. Any transistor which is
described as “‘similar to the 2N697” is perfectly suitable.

If the diode under test is connected as shown the LED will
glow if the diode is functional. The diode should also be
tested in the reverse direction and if the diode is functional the
LED will not glow. A diode which is functional conducts in
one direction, forward bias — anode positive, and does not
conduct in the reverse direction, reverse bias — anode negative.
If the diode conducts in both directions it is short circuit, if it
conducts in neither direction it is open circuit. A short
circuit or open circuit diode is useless,

If the diode appears to be open circuit make certain that it is
actually connected into the circuit properly.

The cathode of a signal diode is usually indicated by a ring
next to the cathode lead.

If you remove diodes from old broken radios you may find
that the cathode end is coloured red.

Germanium signal diodes are numbered 0A91, 0A90,
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0A81 etc. diodes of American or Japanese origin have type
numbers 1N60 ete. For further details on signal diodes and
their uses see Book No. BP36 50 Circuits using Germanium,
Silicon and Zener Diodes, published by Bernard Babani
(publishing) Ltd. Trl the 2N697 is functioning as a current
amplifier,

Germanium diodes are not perfect rectifiers they do pass a
small current in the reverse direction, this reverse current when
amplified may be sufficient to cause the LED to glow very
dimly, this does not mean that the diode is faulty it is quite
normal,

Sometimes the anode and cathode of a diode are indicated
as A and K.

Circuit 2

4 +9V
Anode

Cathode

b

c
9\@?&97 shown from
Tag - underneath




Circuit 3

diode \
under \
tast \

DPDT Switch

Circuit 3b

ON/OFF
oMo+ 9y

12kn

e il

GREEN LED
ol ¢
..z_f'\._._.

o
D~

470n,

2NE97

Switch position (1) Forward bias

{2) Reverse bias

Anode

point contact
wire

9
s

Cathode

ermanium
lice

Germanium point contact diode




CIRCUIT 3
Improved Diode Tester

Circuit 3 is developed from circuit 2,

In this circnit a Green LED is used as an indicator, a higher
value of current limiting resistor is used. The effect is that the
faint glow given by a Red LED, when the diode under test is
reverse biased, is absent. The LED will still glow if the diode
under test is faulty.

A D P D T slide switch reverses the connections to the diode
under test, position (1) is forward bias, (2) is reverse bias. A
SPSTis fitted as ON/OFF switch, see Circuit 3, Circuit 3b
shows the construction of a typical point contact germanium
diode. The point contact wire may sometimes be referred to as
a “whisker”.

CIRCUIT 4
“Heads or Tails” Circuit

This is a circuit based on the multivibrator, the circuit oscillates
between two states on or off as indicated by the 2 LED’s, When
the switch S1 is operated the circuit “sticks” in one position
either LED1 or LED2 will be glowing,

Note the symmetry of the circuit. It is not possible to
predict which LED will light when S1 is operated. The circuit
can be checked by operating S1 a 100 times and noting how
many times LED] is illuminated it will be about 50, if the
circuit is operated 500 times it will be about 250 i.e. in half
the total number, In the actual experiments, the total may
not be exactly 50 or 250, this being due to tolerances in
components,

The circuit can be used for experiments in probability.

CIRCUIT §
Unijunction LED Flasher

This is a simple circuit using a unijunction transistor to turn a
LED on and off.
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R1 and C1 determine the flashing rate. The TIS43 uni-
junction is shown but the “bargain price equivalent” UT46
is also suitable in the circuit.

A normal transistor has two junctions but the unijunction
only has one hence its name. A transistor has connections
emitter, base and collector but the unijunction has connections
emitter base one and base two (e, b1, b2). A lower value for
Cl, e.g. 47 uF 16V will increase the flashing rate. Unlike an
incandescent light the LED can flash at very high speed if the
value of C1 is reduced further the LED will flash so fast that
the eye cannot resolve the individual flashes and the LED will
appear to be glowing continuously. '

Circuit 5
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CIRCUIT 6
Portable Television Battery Monitor

This circuit is designed for use with a portable television
operated from a storage battery. The circuit senses the voltage
and when this drops below a preset level the LED glows. This
can indicate that the battery needs recharging. The drain on a
car battery by a portable black and white set is relatively low
but now that portable colour sets are becoming more popular
the possibility of running the battery flat increases.

The 1MS2 preset controls the point at which the LED
glows,

Circuit 6
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CIRCUIT 7
Car Voltage Probe

This is a very simple circuit for testing points in the car
electrical system. The circuit refers to a car which has the
negative lead of the battery connected to chassis. The circuit
is connected to the electrical system as shown and the probe is
applied to the various test points,

When the probe is not touching any point on the system
ie. unconnected LED1 and LED2 will glow.

If the test probe touches a point near chassis potential LED1
will glow, LED2 extinguished.

If the test probe touches a point near the +12 volt battery
potential LED2 glows, LED1 is extinguished.

Circuit 7

¢ +12V
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wa LED 1

> Test probe
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CIRCUIT 8
Logic Level “1” Detector

This probe obtains its power from the 5 volt I C supply.
When the probe touches a point at logic level 1 the LED

will glow. The transistor 2N2926 is a general purpose NP N
silicon type which is readily available at very low cost. A

transistor such as the BC107, BC108, BC109, BC147, BC148,

BC149 or similar is also suitable,

Circuit 8
+5V
§ RED LED
1kn
Probe 2N2926
ov
2N2926

CIRCUIT 9
Improved Logic Probe

Circuit 9 is an improved probe for testing the logic levels in
T T L circuits (T T L = Transistor Transistor Logic). The
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Circuit 9
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circuit uses a pair of N P N and P N P transistors in this case
the 2N3704 and 2N3702.

Trl and LED1 indicate logic level 1. Tr2 and LED2
indicate logic level 0, The circuit takes its power from the logic
circuit 5 volt supply.

Although the 2N3704/2N3702 pair is specified other similar
N P N/P N P pairs can be used e,g. BC107/BC177

BC108/BC178

CIRCUIT 10
Opto Isolator

This circuit describes the opto isolator, this is a small circuit
which combines a light emitting diode and a photo transistor

:Idenfifying dot

e 1 b
L =1 &
—] =y

Circuit 10

A
K
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-
| 4 y ;
! b@

i N }
: K\ e :

A = Anode
K = Cathode

e = Emitter

LED
b = Base PHOTOTRANSISTOR
¢ = Collector
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inside a light tight enclosure.

The circuit shown is the TEXAS TIL 111 opto isolator.

There is no electrical connection between input the light
emitting diode and the output the photo transistor. The opto
isolator will work at very high frequencies and can, for example,
easily be used to provide an audio output to an external high
fidelity amplifier from a non.isolated chassis television set.

No details can be given as the circuit required would depend
on the set in use.

Such a system should only be built by an experienced
constructor with a knowledge of television circuits. This is
NOT a suitable project for the beginner,

The opto isolator can also enable logic circuits to switch on
mains equipment using SCRs or TRIACs, the opto isolator
couples the circuits but they are completely separate electrically.
It can also be used as a “noiseless’”” volume control,

CIRCUIT 11
Low Voltage Stabiliser

This simple circuit was used to supply 1% volts at up to 125mA.
A Green LED stabilises at 2.2 volts the voltage drop across the
2N697 gives an output voltage of about 1% volts.

The circuit was used to supply equipment which originally
ran on a U2 1% volt cell. The stabiliser functions on a 6 volt
D C input, this could be obtained from a 6.3 volt transformer
and a bridge rectifier using four IN4001 rectifiers.

The 2N697 is fitted with a TOS heat sink which fits onto
the transistor like a crown.

The TOS heat sink is quite tricky to fit the first time you try
it, the heat sink is a very tight fit (it is designed to be, so
that maximum heat transfer takes place).

The stabiliser is a very simple one and it is not short circuit
proof.

As a check a Red LED can be connected across the output,
the Red LED will not glow unless the voltage is 1.6 volts or
above, the output should be about 1.5 volts and the Red LED
should be off,

13



Circuit, 11
2N637
+ 6V % ci...\e output
&9 +15 volts
b
4700
+
1000 uF o2
16V
.'.
220F 2 W GREEN LED
16Y
W & -ve
CIRCUIT 12
Numbers Toy

This is a circuit that could from the basis of a simple
educational toy for use in say an infants school.

It consists of a2 707 Common Anode display, seven SPST
switches and a 3 volt battery.

Certain positions and combinations of switches form the

numbers 09,

i Two or three of these units could be combined in the same
box or case to show numbers up to 99 or 999,
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Circuit 12
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CIRCUIT 13
SCR Tester

This is a simple circuit to test SCRs.

The circuit uses two LEDs one is a normal Red LED, the
other is a high brilliance LED.

The maximum current rating of a standard LED is about
20mA. The maximum current rating of a high brilliance type
can withstand a much higher current.

But what is an SCR?

An SCR is a Silicon Controlled Rectifier. Like a silicon
rectifier it has an anode A and a cathode K plus a control
electrode G the gate. The operation of an SCR, sometimes
called a Thyristor — is that it is normally non-conducting
when forward biased (unlike a normal rectifier) until a small

-
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Circuit 13

ON/OFF
oo +12V
St
Tzszt LED 2
8-2ka 220n
LED 1
SCR

LED 2 High brilliance type
G A

K
Tag >

TO5 SCR

current is applied to the gate which triggers the SCR into
conduction. Once the SCR has switched to the conducting
state it continues to conduct until power is removed, it then
switches back to the non-conducting state. The gate can only
turn the SCR on, removal of power is required to switch the
SCR off again, The SCR can only control current flowing
in one direction, the TRIAC is a combination of two
SCRs connected so that they control the flow of current either
way i.e. the TRIAC can control AC, the SCR is only suitable
for unidirectional currents. To test, switch on and the SCR if
functional is in a non-conducting state, no current flows
through the SCR although it is forward biased (Anode positive)
so LED2 does not glow.

Operate test switch S2, a small gate current flows, the SCR
switches to conduction LED2 glows. Now switch off S2
removing the gate current, if LED2 still glows the SCR has

16



“latched” into conduction and is functional. Switching off S2
confirms that removing the gate current has no effect on the
SCR once it is conducting.

The circuit was devised for testing TOS size SCR's (these
look like 2N697 transistors). Note that the TOS metal casing
may be connected to one of the leads i.e. casing not isolated,

The TOS SCR usually has a maximum one amp current
rating.

Note that the TOS is not a device number it refers to the
size or casing of the device — TOS stands for Transistor
Outline Number 5.

CIRCUIT 14
NPN Transistor Tester

This is a simple tester for small NPN transistors. Several testers
for various semiconductor devices are described in this book but
this is possibly the most useful one, It shows if a transistor is
functional and also identifies the base lead, Transistors are
sometimes sold as e.g. BC109s when they are really BC109
equivalents, absolutely genuine BC109 transistors are
manufactured in the form TO18 with tiny metal cans having
the leads arranged in a triangle emitter, base, collector, BC109
equivalents may be in an epoxy case with leads arranged base,
collector, emitter,

The transistor gives one clue by identifying the base.

The tester uses a 3 pole 4 way switch 2 poles (2 sets) of
contacts are not used. The 4 positions of the switch are OFF
and 1, 2, 3 as indicated on the diagram.

T'ne transistor under test has its three leads connected to the
three leads from the switch as shown in the circuit diagram.
The switch connects the positive pole of the battery to the
three leads in turn, if the transistor is functional in one
position of the switch 1, 2 or 3 all three Red LEDs will glow as
a result of the transistor conducting, In the other two
positions only the LED connected to the switch selector will
glow.

When all 3 LEDs are glowing the transistor lead which is
connected to the positive lead of the 9v battery, is the base,

-
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e.g. if the switch selector is at position 3 and all three LEDs are
glowing the lead connected to 3 is the base of the transistor.

Circuit 14
OFF
®
1 3
Transistor 2 --;t
leads i
L}

i 154

22kn 2:2kn 2:2kn

TR W

CIRCUIT 15
14 Volt Cell Tester

This is a circuit for testing 132 volt cells as used in torches,
radios etc. '

A Red LED will not glow if connected to a 1% volt cell as it
requires about 1.6 volts to begin conduction, This circuit uses a
47 1F 6 volt electrolytic (a 12 volt or 16 volt type will also
work) a DPDT slide switch and a Red LED connected as shown
in Circuit 15.

What the circuit does is in effect to double the voltage. The
1% volt cell under test is applied to the circuit with the

18



DPDT switch in the position as shown below. The switch
is moved to the other position and if the cell is in reasonable
condition the LED will flash once.

When the cell is connected the 47 uF electrolytic charges up
to 1% volts, When the DPDT switch is operated the electrolytic
is connected in series with the 1% volt cell so that the voltage
across the LED is 1% + 1% = 3 volts, the LED conducts and
discharges the capacitor the brief current flow produces the
flash of light. The flash of light is very brief but easily visible.

Circuit 15

+
= 15 Volt
= cell

under test

Switch DPDT slide

CIRCUIT 16
Numeral “1” Display

In counters and clocks the first digit which is displayed may
be only a “1” or blank,

-
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Circuit 16

+5V

74

L4700

7L90 2N697
pin 12

The other digits may use a 7447 display driver ICand a 7
segment LED display because they are required to display O to
9 but a 7447 and a 7 segment display just to display 1
18 expensive. |

The 7447’s take a BCD (Binary Coded Decimal) output from
counters such as the 7490,

This circuit uses the output from pin 12 of 2 7490 as a “1” or
“Blank” display system.

The transistor drives two Red LEDs which can be positioned
behind a piece of black card with two slots cut in it the same
size and style as segments on a 7 segment display to give an
effective ©1”,

The circuit takes its power from the 7490 and 7447 5 volt
supply.

When pin 12 is at logic level 1 the LEDs will glow.

The circuit is designed for use with a 7490 or similar which

20
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is at the end of a divider chain. The 7490 does not count higher
than 1 the next pulse resets the 7490 to 0. This would be the
case with a clock with 12 hours display the tens of hours is
either 1 or O only.

CIRCUIT 17
Matching LEDs for Brilliance

There are some circuits e.g. 2 LED FM tuning aid which require
that LEDs should be closely matched in brilliance i.e., LEDs
having the same current flowing through them should produce
equal amounts of light. The simple circuit shown enables a pair
to be selected from several LEDs,

The LEDs are connected in series so the current is the same
through both of them.

Circuit 17a
100n
+
Y e
. == 4:5Volts
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Circuit 17b
1000
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The current can be from a 4% volf battery.

The circuit tests the LEDs at one current only, Circuit 17b
shows a better test circuit the diode current can be varied,

A 47082 Linear variable resistor can be used as shown.

CIRCUIT 18
Using LEDs on AC

LEDs can be used on AC supplies but the reverse breakdown
voltage of a LED is very low. If the LED is used on AC e.g, as
an indicator, a rectifier such as the 1N4001 can be connected
as shown, this limits the reverse voltage to about 0.7 volts. See
Circuit 18a, !

Where two LEDs are connected in inverse parallel in circuits
where the voltage is reversed to turn on the LEDs according to

Circuit 18a

Q;,- INLOO1T

Circuit 18b

2%x2:°7V
zener

"R
—P4
=X
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the polarity and the voltage exceeds 3 volts, two 2.7v 400mW
zener diodes can be connected as shown, the zener diodes
limit the voltage to about 3.4 volts in either direction. See
Circuit 18b. These protection rectifiers and zener diodes are
in addition to the normal series current limiting resistors.

CIRCUIT 19
The “2—-LED” LED

There are now available two types of “twin’’ LED these consist
of two LEDs in Inverse Parallel i.e. connected in parallel but
the cathode of one LED is connected to the anode of the other
and vice-versa.

The two types are a Red/Red pair and a Red/Green pair,
which is the most interesting. Both the devices are in a single
encapsulation which appears to be a single LED however, if the
current flows in one direction it will glow Green, in the other
direction it will glow Red.

The MV5491 is a Red/Green LED.

Circuit 19

*—

GREEN &, \;A RED

"

=

MV 5491

CIRCUIT 20
*Magic Boxes’”

The *“Magic Boxes” is an old idea which can be updated using
the 2 colour LED.
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There are two small boxes connected by two wires only.

One box is fitted with a switch the other with a light (the
LED).

The switch is a 2 pole 3 way slide switch (or use a DPDT and
a seperate ONJOFF switch),

The LED is OFF, the switch is operated the LED glows but
then the switch is moved to the 3rd position the LED which
was glowing Red, glows Green!

The trick works best with onlookers who have a slight
knowledge of electricity but no knowledge of electronics,

Refer to the LED as a “subminiature light bulb” and ask
your audience to try and explain how it works.

Circuit 20
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CIRCUIT 21
3-Colour LED

If a mains transformer with a 2 volt winding is available, this
intriguing circuit can be built.

A transformer with a 1% volt winding will probably work,
the output at the low current required will be above 14 volts.
A four way rotary switch (2 pole 4 way, the second set of
contacts not used) connects the 2 colour LED to DC of one
polarity, DC of the opposite polarity, and AC, the 4th
position is off. The LED will glow Red or Green but in the
3rd position AC both LEDs glow the Red and Green combined
to give the impression of Yellow.

The LED is 3 colour, Red, Green and Yellow.

Circuit 21
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CIRCUIT 22
.2/3 Colour LED

This circuit is adapted from Circuit 21, a mains transformer
with a 1% volt or 2 volt secondary is an unusual item, but
mains transformers with a 6 volt secondary are standard items.

The two 2.7v 400mW zener diodes protect the LEDs from
reverse voltage without interfering with the circuit action.

This circuit was used with a 3 way slide switch for 2
colours only Red or Green but by using a 4 way switch the 3
colour effect as in Circuit 21 is easily obtained.

The circuit ¢an be used with a 9 volt transformer if the
limiting resistor is increased to 68082,

Circuit 22
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CIRCUIT 23
Super “Magic Boxes”

The circuit of the Magic Boxes in the simplest form uses the
change of polarity to switch on two LEDs connected in “inverse
parallel”. This circuit shows how the idea can be extended by
using a difference in voltage and reversal of polarity.

The rectifiers used are type IN4001 all the LEDs are
standard Red type. The circuit connected to the 3v battery
gives tworoutput voltages, 3 volts or 2.1 volts selected by a
DPDT slide switch. The second DPDT slide switch changes
polarity of the output so that 4 voltages are available 3 volts,
2.1 volts and 3 volts, 2.1 volts reversed polarity.

The magic boxes are connected by only fwo wires.

The secret is that a Red LED with a 1N4001 rectifier in
series cannot glow at a voltage of 2.1 it requires the full
3 volts.

LEDI, LED3 are Red LEDs, LED2, LED4 are Red LEDs
with a IN4001 in series. LED3, LED4 are connected in the
opposite sense to LED1, LED2. The switch positions give the
following combinations,

LED1 on, LED1 and LED2 on, LED3 on, LED3 and LED4
on,

CIRCUIT 24
AND Gate

Circuits can be built using LEDs and switches to demonstrate
the principle of computer logic gates. Circuit 24 shows an AND
gate, the switches are simple SPST ON/OFF types the LED will
not glow unless A AND B are closed.
A LED on is equivalent to logic state “1™ a LED off is
‘equivalent to logic state “0” (zero).
The statement in Boolean Algebra would be:

AB=1

Although logic gates are associated with computers single
logic devices are very common using switches and relays.
The automatic washing machine has built in logic e.g.
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the tub will only fill with water if the machine is switched on
AND the door is closed (closing the door operates a micro-
switch). This safety feature is an AND gate. The gate shown is
the simplest A AND B, a “Two Input AND Gate”. (If three
switches are used A, B, C it would be a 3 input AND gate, if four
a 4 input and so on. The equation for a 4 input AND gate
would be: A.B.C.D = 1),

Circuit 24
1kn A
+ e m e S
] A B
gy
CIRCUIT 25
NAND Gate

The gate in circuit 24 is an AND gate this is described as
positive logic A and B operated turn the LED on.

However practical computer logic circuits tend to use
negative logic, switches turning a circuit off.

Circuit 25 illustrates the function of a NOT AND gate or
NAND gate the circuit is a 2 input NAND gate A AND B
turn the LED off.

The logic IC type 7400 consists of four independent 2
input NAND gates and is known as a “QUAD 2 input NAND”.
Circuit 25 is logically equivalent to a 2 input NAND gate as used
in the 7400, y

7400 IC uses transistors to carry out the switching but this
circuit illustrates the idea.
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For further details of 7400 ICs seg book number BP58
50 Circuits using 7400 series ICs” published by Bernard
Babani (publishing) Ltd. The equation for a 2 input NAND
gate is

AB=1
the line or ‘bar’ indicates the negative function is a NOT AND
gate. i
A, B indicates switches closed therefore A indicates a switch

open. So AB indicates switches A and B open logic level 1.
ie. LED glowing,

Circuit 25
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g
oV j
T B
CIRCUIT 26

OR Gate

This describes another type of logic circuit the OR gate.
Switching on A OR B turns the LED on. This can be
expressed in Boolean Algebra as

A+B=1

This is a 2 input OR gate,

Using further switches a 3 or 4 input OR gate can be
constructed,
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Circuit 26
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CIRCUIT 27
Exclusive OR Gate

In Circuit 26, the OR gate, switching A or B on turns on the
LED. This means that the LED will be on if A ison, B is on
_ or both A and B are on.

However, there is another type of OR gate, known as the
Exclusive OR or XOR that will allow the LED to be on if A is
on, or B is on but not if both A and B are on.:

With reference to Circuit 27, the switches Al and A2 are
ganged together as are the switches for Bl and B2. (Alternatively
two DPDT slide switches could be used one for A and one for
B).

The circuit is really a combination of an OR gate

At+tB=1
and a NAND gate
AB=1

As the pates are connected together the two expressions can
also be combined by the rules of Boolean Algebra to give:

AB+AB=1
which is the equation for a XOR gate,
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Circuit 27
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A1, A2 ganged together

B1,B2 ganged together

B2

Circuit 28
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CIRCUIT 28
NOR Gate

The negative logic equivalent of Circuit 26 is used, this is the
NOT OR gate or NOR gate. Either A or B tumns the LED off,
The function can be expressed

G



A+B=1
This is a 2 input NOR gate,

CIRCUIT 29
Rectifier Tester

This circuit uses two Red LEDs to test a rectifier. LEDI is

placed next to terminal B, LED2 is placed next to terminal A,
The test switch is a SPST ON/OFEF. If the rectifier is

functional LED1 glows this indicates that the rectifier under

Circuit 29a

rectifier under test

240V
AL
Circuit 29b
2 RED LED
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test has the cathode connected to point B, If LED2 glows it
indicates that the cathode is at A.

If both LEDI1 and LED2 glow the rectifier is short circuit
and useless. The 1N4001 rectifiers in series with the LEDs
protect the LEDs from the reverse voltage.

The transformer is a 6v, 100mA type intended for powering
transistor circuits,

CIRCUIT 30
Simple Rectifier Test

This is an ultra simple rectifier test. A two colour Red/Green
LED is used as the indicator,
The circuit is connected so that when the rectifier under test

Circuit 30
rectifier under test
A K
100 2 colour
_ A LE
240V i
6:3V AC.
23 ¥ R
Zeners 2:7V
4L00mW
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is connected as shown the Red LED glows (try the circuit with
a 1N4001 rectifier).

The two terminals can then be marked A (anode) and K
(cathode).

The two zener diodes (2.7 volt 400mW type) protect the
LED from damage due to excessive reverse voltage. If the
rectifier under test is short circuit both the Red and Green
LEDs will glow together and the LED will appear Yellow.

CIRCUIT 31
Simple Changeover Circuit

This circuit uses a simple SPST ON/OFF switch to change from
LED] to LEDZ.

The circuit depends on the property of the voltage drop
across a LED being very constant.

LEDI and LED, are in parallel but LED1 has a IN4001
rectifier in series which produces a further voltage drop across
the combination. With the switch on, LED2 clamps the voltage

Circuit 31

1NL0O1

LED1
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at about 1.6 volts, LED] cannot glow. With the switch in the
off position the current can flow via LED1 and it glows.

Switch closed LED2 lights
Switch open LEDI lights.

CIRCUIT 32
2—Colour Changeover Circuit

This circuit again uses a single ON/OFF switch to changeover
from one LED to another.

In this case a Red and a Green LED are used. The forward
voltage of a Green LED is higher than a Red LED with the swiich
closed the Red and Green are in parallel and the Red LED glows.
With the switch open the current can flow through the Green
LED and it glows.

Switch closed LED2 glows
Switch open LEDI glows,

Gircuit 32 -
L +
LED1 x
x LED 2
o gy
LED1 Green
LED 2 Red
470n
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CIRCUIT 33
ZN414 1C Supply

The popular Ferranti ZN414 TRF radio IC requires a supply
of about 1% volts.

This simple regulated supply is ideal for use in a portable
radio using a ZN414 with a 9 volt audio amplifier,

The voltage is stabilised by the LED at about 1.6 volts for
stability the OA91 produces a slight voltage drop to below 1.6,
as sometimes the ZN414 may be unstable if operated at 1.6v.

The LED is a Red type.

The OA91 is a germanium point contact diode any similar
diode is suitable OA90, OAS8I etc.

Circuit 33
+9V
4-7kn.
DA91

+ 4
To 2N414 Y
Circuit 3

N A -ve

CIRCUIT 34

Simple “Snap” Indicator

This is a simple indicator to show who pressed their button first.
Two Green LEDs are used to give indication.

The two transistors are type 2N697 or similar.

The circuit action is very simple operating switch 81 turns on
the LED1 and this causes the other transistor to be kept off so
LED2 cannot light. Similarly if LED2 lights, LED1 cannot.
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Circuit 35a
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CIRCUIT 35
Stable ImA Current Source

This circuit gives a stable 1mA current source.

The LED acts as a constant voltage reference for the 2N2926
transistor. The current source is between points ¢ and d.

Circuit 35b shows a circuit using a PNP transistor such as the
BC177.

CIRCUIT 36
Simple 3 Digit Display

This is a simple 3 digit capability display using a LED 7 segment
Common Anode display with an FM tuner. A, B,C,D, E, F, G
are the letters which identify the 7 segments, as the display is a
Common Anode (CA) type the 7 segments are cathodes. See
Circuit 36a.

The (DP) is the decimal point cathode, this can be used as
the stereo indicator.

The circuit uses the display to produce 3 numbers 2,3 and 4
to represent the three BBC stations Radio 2, Radio 3 and.
Radio 4.

The switches labelled 2, 3, 4 are SPST types in fact these
were spare poles on a push button bank of switches used with
a varicap FM tuner.

The idea was that the three preset stations were selected by |
3 push buttons and the display would indicate which station
was tuned in Radio 2 Radio 3 or Radio 4.

The mechanical switching is greatly simplif'ed by the use of
a diode network. See Circuit 36b.

The sequence required is

RADIO 2 cathodes ABD E G “on™
RADIO 3 cathodes AB C DG “on”
RADIO 4 cathodes BC F G “on”

“on” means that the cathode is connected to negative and
the segment A B C D E F or G glows.
The (DP) can be used as a stereo beacon by connecting
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Circuit 36a

7 segment CA display
A B (DP)

Circuit 36b
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it as shown in Circuit 36b to pin 6 of the decoder (if it is
MC1310 type),

The diodes type 1N4148 allow current to flow in one
direction only providing isolation.

This is the reason that the mechanical switches required
are simple SPST types the 1N4148 diodes are functioning
as switches. See Circuit 36b.

Circuit action is as follows, consider the digits 2, 3, 4.
Segments required are

ZABRDEY G
v N - o dlb » TG &
- ARG 0 nB NS il e

B is common to 2, 3, 4 and so is not switched i.e. it ison all
the time. 2 and 3 use A and D. 4 does not use A or D so
A and D are linked.

Thus the diagram is worked out. The circuit can be used
with a common cathode display by reversing the polarity of
all the diodes. A common cathode (CC) display which has 7
anode connections will have the common cathode connected
to negative and the switches connect to 9 volts positive.

CIRCUIT 37
Current Flow Indicator

Circuit 37
——t—P—Pt—
+
—_—
Source
¢
To circuit

st being
W powered

Rectifiers 1N 5400
LED Green
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This simple circuit indicates that current is flowing, for
example in a battery charger circuit.

The maximum current through the rectifiers should be
3 amps. The rectifiers are type 1N5400, The LED is a Green
type. Note that the circuit produces a constant voltage drop
of about 3 volts. :

No series resistor is required for the LED as the rectifiers
shunt away nearly all the current,

Circuit 38a
b,

v 16 [

2 15[

13 143

s 13

s 123 1N 4001
16 1

17 1041

8 9]

7447 A 16 pin DIL

Circuit 38b
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CIRCUIT 38
Improved “6" Display for CA 7-Segment Display

Common Anode (CA) 7 segment LED displays can be driven
by a 7447A IC decoder/driver. The digit 6 produced isa _
“tail-less six” by connecting a IN4001 between pins 13 and
11 of the 7447A, a tail can be added as shown.

The diagram shows the connection, the original wiring,
components etc. of the 7447A remain the same. The
diagram also shows the two sixes, This connection does not
affect any of the other digits.

The circuit should only be used with the 7447A device.
If the 7447 is used it may be slightly over run.

The 7447A is an improved ‘more rugged’ version of the
7447,

CIRCUIT 39
Simple Ni-Cad Recharger

AA size Nickel Cadmium (Ni-Cad) rechargeable cells are

Circuit 39
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readily available (the AA size is exactly equivalent to U7,
HP7 etc.) '

This circuit is a simple charger. The mains transformer can
be a 6 volt 100mA type,

The 68082 resistor limits the charging current, the cells
should not be left on charge for more than 12 hours, The
circuit was used to recharge two AA cells.

The LED indicates that a charging current is flowing.

CIRCUIT 40
555 LED Flasher

This uses the 555 timer circuit, now a standard IC available
at low cost, to flash two Red LEDs. The 555 is in an 8 pin
DIL package.

The 4.7 4F capacitor is part of the timing circuit and
determines the flashing rate.

CIRCUIT 41
i Flashing Seconds Display
Digital clocks can be built using 7400 series ICs and 7 segment
displays. For economy a 4 digit hours and minutes display is
used but at the cost of 1 resistor a flashing seconds display can
be obtained. The CA displays have decimal points not used in
a clock display, by connecting the decimal point of the tens
of minutes display to the output from the second 7490 divider a
flashing display is obtained. The display is quite dim but easily
visible because it flashes.

The DP cathode of a CA display is usually pin 6.

The circuit 41a shows a typical clock circuit 7490 ICs are
connected as = 5, = 10, == 10 and = 6 circuits the output from
pin 11 of the second 7490 is one pulse per second. This is for
50Hz mains, on 60Hz mains the 7490’s would be + 6, =10,
= 10, = 6 however the output from pin 11 of the 2nd 7490 will
again be one pulse per second. The practical circuit is shown in
circuit 41b.

In a similar way the DP cathode of the tens of hours digit
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Circuit 40

-ve : +9V
-
L\ o herrm || s
Y L TuF
: \_J oyl 16V
[] 470 P
ikn
{12 7
220k
iP—?--C:3 6 33—
4 503

IC type ‘555  Two RED LEDs

46




Circuit 4la
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display could be used as a PM indicator, when a 12 hour
display is used, this is much more complicated since a < 2 circuit
would have to be added to the clock so that the DP would be
“on” for 12 hours (PM) and off for 12 hours (AM).

An alternative is to use the one per second pulses to feed
circuit 16 and use 2 LEDs as a colon positioned between
the tens of minutes display and the hours display, the colon
will then flash once per second.

CIRCUIT 42
Simple Signalling Device

This is a simple signalling device derived from the “Magic
Boxes” idea. A person can send two signals Red or Green to the
person at the other end of the two wires. The person being
called can acknowledge the message “Red” with a “Green” to
the caller.

The person being called with a “Red” puts the SPST switch in
the “open”” position which puts on the Green LED at the other ',
end.

The SPST switch is normally closed and only opened to
acknowledge. The other switch is a 2 pole 3 way slide switch
with position OFF, signal Green, signal Red.

CIRCUIT 43
Precision Voltage Reference

This circuit produces a very stable reference voltage of 1.60
volts. Two Texas type TIL209 LEDs are used, the transistor is
a BC177 PNP silicon type.

The input voltage can be 6 to 12 volts the output is
stabilised at 1.60 volts.

CIRCUIT 44
Fuse Tester
This is a simple fuse tester with a positive indication if the Green
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Circuit 43
Input 4 ——
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10ka
Output
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LED glows fuse is O.K. if the Red LED glows fuse is blown.
In fact the Green LED indicates a short circuit, the Red LED.
indicates an open circuit.

A short circuit is produced by an intact fuse (very low
resistance) and the open circuit by a blown fuse (infinite
resistance). \

If holders to suit several sizes of fuses can be obtained and
connected as shown, many different fuses can be tested easily.
It is particularly useful for testing the fuses used in 13 amp
mains plugs, these have a ceramic body and it is impossible to
see the fuse wire.

The switch is a push button press to test type.
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Circuit 44
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CIRCUIT 45

Simple Timer

This simple timer uses an LED as time elapsed indicator. The
LED can be set so that it is ON but goes OFF after a certain
time or OFF but comes ON after a certain time.

The time elapsed is controlled by the charging or discharging
of CI an electrolytic capacitor, the value shown is 100 uF but
this can be altered to change the timing period.

The charge/discharge switch is a DPDT slide switch
connected as SPDT switch.



Circuit 45
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CIRCUIT 46
Fluorescent Indicator Device Filament Tester

As the LED 7 segment digital display is now used in current
equipment the earlier fluorescent display devices are
obosolescent and available at low cost as surplus. The device
is as shown in Circuit 46a. The fluorescent indicator is a
thermionic device, it has a filament which emits electrons when
heated, a control grid and 7 anodes which form the segments
(plus an extra one for a decimal point). The anodes glow
green or pale blue when they are at 18 volts positive and the
control grid is also positive.

The simple Circuit 46b shows how to test the filaments
which are rated at about 0.7y to 1% volts depending on the
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Circuit 46a
Fluorescent indicator

Segment
anodes
AtoG

filament filament

Circuit 46b

3V

i

“an

GREEN LED

device,
The Green LED with a 3v battery provides a simple test

when connected in series with the filament, if the LED glows

the filament is intact.

The devices are wire ended and the wires will be control

grid, anodes A, B, C, D, E, F, G and DP, and two filament

connections. The filament wires are sometimes covered in

Red sleeving which helps to identify them.

The devices are quite fragile they are vacuum tubes if the

glass has cracked and air has entered they are useless.

Note that many of the clock radios sold although described
as “LED display” are in fact fitted with fluorescent displays.
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If the display is Red it is a LED, if Green or pale Blue it isa
fluorescent type.

CIRCUIT 47
Magnet Operated LED

Tiny reed switches are now available at low prices and this is a
simple circuit to illustrate their use.

The switch consists of two iron reeds sealed in a small glass
tube. The reeds overlap but do not touch, in a magnetic field
they become magnetised and spring together. The reeds are
gold plated so that a good contact of low resistance is made.
When the magnetic field is removed the reeds spring apart.

In Circuit 47 bringing a small magnet near the reed switch
will turn on the LED.

Circuit 47
reed switch
i _/ \
e
{, RED ' _;].T_3V

CIRCUIT 48
Variable Capacitor Tester

Variable capacitors are one of the more expensivé components
that the hobbyist may have to buy so it is very worthwhile
making use of surplus items or those removed from old broken
radios,

/
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The most common fault with a variable capacitor is a short
circuit at some point, the rotors and stators may touch or there
may be particles of metal or dust in between the moving vanes,

If you are drilling an aluminium chassis or a printed circuit
make sure that tiny flashes of aluminium or copper do not find
their way into the variable capacitor you were intending to use,

The rotors are the moving vanes. The stators are the fixed
plates. The variable capacitor should have infinite resistance to
DC between the stators and rotors at all points.

The variable capacitor is connected into the Circuit 48
as shown. The spindle is rotated slowly several times. This
should be done in a darkened room. In a test a 2.2 MS2 resistor
in series with a LED and a 9v battery gave a tiny but still just
visible gleam in a dark room so that the LED can detect even
a leakage as small as 2.2 M£2,

Take care using the circuit that you do not hold the
capacitor in one hand touching the stators and rotate it with
the other hand touching the rotors the LED might just glow
because a tiny current is passing through you!

If possible fit a plastic knob on the tuning spindle so that the
rotors are insulated from your fingers. The LED should not
glow at any point on the capacitors travel, If it does, there isa
short circuit perhaps one of the rotors is slightly bent and just
touches the stators, it must be very carefully bent away, a tiny
repositioning may be all that is necessary. A small paint brush
is useful for removing any dust or metallic particles stuck in
between the vanes,

Circuit 48
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CIRCUIT 49
1M3909 Flasher

This is a circuit which uses a small IC specially developed for
use with LEDs.

Using the very simple Circuit 49 with a single 1% volt cell
gives a low current flashing display.

The current drawn is less than 0.5mA. Special “flashing” Red
LEDs are now available but they (at the time of writing) are very
expensive in comparison to an ordinary Red LED

Circuit 49
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CIRCUIT 50 |
LED “Line of Light”

This circuit uses 4 LEDs which light in sequence as the applied
voltage increases, the idea can be extended to use 5 or 6 LEDs,
it can be used as a crude voltmeter if miniature preset variable
resistors were used to give a 1 volt increment between the
LED:s.

The circuit functions as a voltage divider the LED with the
highest value resistor in parallel will glow first. In the
circuit 50 as shown the LEDs will glow in sequence LEDI1.,
LED2, LED3, LED4 as the voltage increases.

The ‘line of light” will take a heavy current if used asa
voltmeter,

LED] will glow when the voltage drops across the 1.2k
resistor is 1.6 volts all the LEDs LED1—-LED4 will be glowing
when the voltage drop across the 6802 resistor is 1.6 volts.

The maximum voltage applied should be just high enough
the light LED4,

Circuit 50
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