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hile a frequency counter is

handy piece of fest equip-
ment to have when working with a
piece of equipment on a bench,
having such an ifem builf info a
radio, for example, would make a
very useful tuning indicator. There
are many examples of modem
equipment that sport the latest digi-
tat display. Some of those displays go
way beyond the simple ability of a
digital-frequency readout. In fact,
some of the features infegrated into
those displays aimost qudlify them as

-ful-featured frequency counters in

thelr own rightt.

i would be wonderful to have one
of those state-of-the-art devices; jusii-
fying it. on the other hand, can be dif-
ficutt. if you have a unit that works well
with ltitle or no trouble or repairs, why
take the risk on a new piece of gear
thaf might end up a “repdirshop
queen” all for the want of a few shiny
buttens and displays?

The solution, then, is to retrofit

digital display onto your exsfing

equipment. By keeping your axist-
ing unit, you don’t have fo learn the
*ins and ouls” of a4 new amange-
ment of controls. One less piece of
otherwise perfectly good piece of
equipment stays out of the landfills,
and the cost of adding new func-
tiondlity instead of buying an entire
new rig has no comparison—espe-
cially where your bank account is
concernedf

The Digital-Frequency Displays
presented here are minicghure fre-

One of these PIC-based displays can be added to almost any
receivey, transmitter, or picce of test equipment.

quency counters with a difference.
They feature an adjustable offset
that can add 1o, or subfract from,
the measured frequency. As such,
they can display the RF frequency
of superheterodyne receivers aond
transmitters. if the offset is set 1o
zero, they can be used with direct-
conversion receivers or as bench-
top frequency counfers.

Rather thon fiy to incomorate all
of the features that would be neces-
sary to moke a universal model, a
“farnily” of displays was created. That
heiped to keep down the size, cost,
and power supply requirements. Al
versions have the same physical size
and shape. as well as many com-
mon circult elements, but differ con-
sidercbly in application and func-
tionality. Of the four fypes of displays,
only two will be described in detaii;
ihe other units are more specialized

-in their applicaiion and atthough

some may find them useful, will be of
limited interest.

Measwring Frequency with A PIC
Microcontroller. All frequency coun-
ters work by counting the number of
input cycles for a specified period of

" time. If the fime period were che

second, the result would be dis-
played as cycles per second.

A PIC microcontroller has a timer
that can be clocked by an external
signal. The internal timer is an 8-bit
register that can handie a frequen-
cy that is no more than one-fourth
of the chip’s oscillator frequency.

NEIL HECKT

g Since all of the
& Digital-Frequency
</ Displays use @ 16-MHz
crystal to drive the PIC
chip, the timer can only handle up
1o a 4-MHz signal. Beyond that limit,
an internal prescaler can be used
to divide down the input freguency
so that it is less than the 4-MHz limit.
Although the PIC software sets the
prescaler fo divide by 256. the max-
imum Input fregquency that ihe
prescaler can handle is 50 MHz; fo

go beyond that, an external

prescaler will need to be added.

A disadvantage of the prescaler
circuit in this application is that the
soffware cannof read s value.
Forfunately, we can “frick” the
prescaler into reveadling its con-
tents. After the measurement peri-
od is over, the software increments
the prescaler until it overflows,
increasing the counter regisfer
some external hardware is needed
and will be discussed later. By
counting the number of fimes
needed to make thaf happen, we
can easlly figure out what ifs vaiue
was af the end of the measure-
ment period. Aciually, the Digital-
Frequency Displays use a 24-bif
counting scheme rather than the
16-bit system formed by the 8-bit
counter and 8&bit prescaler. The
additional 8 bits s a PIC register
that is incremented every fime that
the counter register overilows.

The measurement perlod is sef
by a software loop that is designed
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Fig. 1. A digital-frequency display such as the DFD1 shown here can be easily added to an existing
piece of gear: By using a portion of ICI's phase-detection circuitry, frequencies up io 45 MHz can

be displayed.

fo execute an exact number of
CPU cycles. While the vast mgjority
of instructions in a PIC microcon-
troller are executed In one cycle,
there are some two-cycle instruc-
tions such as conditional jurnps that
must be faken into account,

Most frequency counters have a
“ficker” in the displayed value due
to round-off error, That is caused by
the fact that the input frequency is
usually not an exact whole number.
For exarmple, let’s measure a 10.6-Hz
signat with a sample period of one
second and a resolution of 1 Hz. The
display will be 11 for 60% of the time
and 10 for 40% of the time. The resutf-
ing display will then fiicker befween
10 and 11.A more annoying sttuction
Is with a frequency of 99.6 Hz. In that
case, the display would flicker
petween 99 and 100. All of the

Digital-Frequency Displays (with one-

exception) use a digital-fittering

aigorithm in their sofiware to elimi-
nate that fype of ficker In general,
the technique consists of doubling
fhe sample period, subfracting the
current couni from the previous
count, and only changing the dis-
play if the count change is greater
than one. The pendity is that the dis-
play Is updated at only half the rate
that would normally occur. For a fre-
quency resolution of 10 Hz. the
update rate is approximately 5 times
per second—close enough to real
fime. In thatt cose, the counter has 5
Hz resolufion buf only displays
changes of 10 Hz or tmcre.

A Low-End Display. The first version
that we'll describe is called the
DFD1; its schematic diagram s
shown in Fig. 1.The DFD1 is intended
for single-conversion superhetfero-
dyne receivers and fransmitters. By
setting an offset value into the unit

DM16117A

the camier wave can be read out
by measuring the IF frequency. With
the offset value set fo zero the DFD1
can be used with direct-conversion
radios or ¢s a bench-top frequency
counter usable to 45 MHz.

A signal applied to J2 is condi-
fioned by IC1,a 4046 phase-focked
loop chip, The presence of the 4046
might appear sirange in a frequen-
cy-counting circuit, but it is always
fun to use a chip for something
other that its original purposel The
4046 contains an input amplifier on
pin 14 that converts a low-leve! RF
signal to CMOS vottage levels. The
amplifier is connected to each of
the three on-board phase defec-
tors. One of those phase detectors
is an exclusive-or gate. if the gate’s
other input (pin 3) is held at loglc
high. the output is @ CMOS level
squarewave. Since the oscillator is
not used, pin & is held high so that
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Here's the foil pattern for the component side of
the DFDI. Since it is double-sided, you will
need to provide some way to connect the traces
on both sides of the board.

any possible inferference is elimi-
nated; power consumption is also
reduced, With the addition of cou-
pling capacitor C2 on the input
and decoupling capacitor C3 on
the power supply, the 4046 does an
excellent job of amplifying and
squaring RF signals up to 456 MHz

3-1/4-INCHES

Here's the foil paitern for the solder side of the
DFDI.

The Input is profected from fran-
sients with R1, D1, and D2. The out-
puf of IC1 is fed to the counter
input (pin 3) of IC2 through R2. Note
that that pin on IC2 Is also con-
nected to DISP1 and pin 11 of IC2;
more on that later.

As mentioned above, the Digital-
Frequency Display can add or sub-
tract an offset value from the read
frequency. Both coarse and fine off-
set inputs are used. The actual con-
trols are 15-turn timpofs that are
wired as voltage dividers. When
IC2’s analog-digital converters dig-
itize the voltage, the timpols act
like 128-position switches. in the
DFD1, R3 and R4 create a 14-bit off-
set that is multiplied by a consfant
and used as the offset. The advan-
tages of using frimpots are low
cost, ease of adjustment, high reso-
fution, and the ability fo remember
their setlings without power.

An additional prescale input s
set by R6. That input is meant to
compensate for any external
prescalers that might be between
the signal and the DFD1. The soft-
wdalre reads Ré as a value between
1 and 256 and muitiplies it by the
frequency vaiue. Keep in mind that
that prescale adjustment is done
completely in soffware affer mea-
suring the frequency of the input
signal: it Is not connected with the
prescale register in IC2's hardware.
An exampie of the use of the
prescale adjustment will be given
later in fhis arficle.

A fourth analog Input has no
conirol connected to if; It Is labeled
*mode” on the schematic dia-
gram. The mode input is not neces-
sary for using the DFD1; it is provid-
ed simply for displaying a series of
abbreviations on the display to
indicate what fype of signal is
being measured. The particular
abbreviation is selected by con-
necting a resisfor between the
mode lnput and ground. One
example of its use would be in a

. radio that has a mode switch. By

selecting @ series of resistors that
can be grounded by that switch,

the DFD1 con indicate whai mode

the radio is in. The different mode
abbreviations that can be dis-
played are shown in Table 1 along
with the resistor value needed fo
activate them. if you do not need

that feature, simply leave the input
unconnected, and no mode abla-
reviation will appear on the display.

An “infelligent” liquid-crystal dis-
play (LCD) is used for DISP1. The unif
specified for the Digital-Frequency
Displays is available as either ¢
standard unit or one with a back-
fight for use in low-light conditions.
Additional circuitry wilt be needed
for the backlight option, which is
beyond the scope of this article. i
you are interested in such an
option, you should foliow the infor-
mation provided in the manufac-
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Fig. 2. Like the DFDI, the DFD4 can be used
radios; it can also be used as @ stand-alone unit.
quencies up to 3 GHz can be handled.

turer's data sheet for the display
module. Such displays are called
“Infelligent” because they appear
to a microcomputer system as just
another set of storage registers. The
characters to be displayed are sim-
ply loaded info the display unit,
and its on-board circuitry handles
the compilexities of coniroling a lia-
uld-crystal display panel. These
devices can be operated either
with an 8-bit or a 4-bit inferface. The
A-bit mods is used with the Digital-
Frequency Displays to limit the
number of pins needed fo connect
the microcontrolier fo the LCD unif.
The LCDs are- also bi-directional;
that Is, you can read data from the
unit as well as write data to it. To-
keep the number of pins needed
tor the interface down, the Digital-
Frequency Displays never read
from the LCD; the read/write con-

e
PIC16CT1-20

DisP1
DM16117A

in equipment such as frequency generators and
With the addition of a prescaler on the input, Jre-

trol line is grounded to keep the
LCD in write mode alt of the fime.
Usually, you would read the status
register of the LCD fo see if it is busy
before writing new display data or
a command. The Digital-Frequency
Displays simply walit an appropriate
amount of time before writing 1o
the LCD again, giving it fime to
“digest’ the previous information
that was sent to it. The number of
interface pins needed Is six: four
data lines and two control lines.
There are two versions of 16-
character-by-1-line LCDs available
on the market; they are not soff-
ware compatible. The first fype
stores the 16 characters as d singte
row; that is, the characters are
stored in 16 contfiguous memory
jocations that can be accessed
completely at random. That type of
display hos two ICs on it. The sec-

ond type. with only one chip onthe
back, Is logically organized as two
lines of eight characters. Even
though the display looks like a sin-
gle line of 16 characters, the mem-
ory is sef up as two separate halves.
To access the display data, you
must first send o command select-
ing which “row” you want to write
to. It s that second type of LCD that
is used here.

We noted before that pin 3.of
IC2 is connected to R2, pin 11 of
IC1, and DISP1, While the main use
of pin 11 of IC2is o5 a registerselect
control for DISP1, it can be sef as
eifher an output fine or an input.
line. When IC2 is counting the input
frequency from IC1, pin 11 is set as
a high-impedance input; ICT can
then pass the frequency signal
through R2 to pin 3 of IC2, incre-
menting the prescater and counter
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Here’s the foil pattern for the component side of

the DFD4. While the two versions of the DFD

are based on similar circuitry, the layouts are

very different. Check that you have the correct
patterns before etching your own board.
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registers. When the medasurement
period is over, pin 11 on IC2 is sef to
be an output, clamping pin 3 of
IC2. The result is that IC2°s counter
no longer sees any pulses, freezing
the count. By toggling pin 11, the
prescaler 8 incremented until it
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overflows into the counter register;
that is how the prescaler register is
read as discussed before. Having
C4 in parallel with R2 provides fre-
guency compensation.

Note that all of that activity on
DISP1's register-select line has no
effect on the display; alt data and
control lines are ignored unless
DISP1’s enable line is activated by
pin 10 of IC2. To round out the dis-
cussion of the circuitry surrounding
DISP1, the contrast of the dispiay is
adjusted by R5.

Jumpers JPT and JP2 set two
additional options for the DFD1. The
first one selects whether the display
will have a 10-Hz or 100-Hz resolu-
tion; If a jJumper is installed, shoring
the connection. a 100-Hz resolution
will be in effect. The second jumper

selects whether to add (ho jumper)
or subtract (umper installed) the
offset value from the frequency.
Some might be wondering why
sormeone would “cripple” a high-per-
formance unit such as the DFD1 by
forcing it down to a 100-Hz resolution.
The reqson for that has to do with the
variable-frequency osciliators (VROs)
of some older radios. Those older cir-
cuits many times do not have suffi-
cient shor-term stability. With a 10-Hz
resolution on the DFD1, the last digit
might change continuousty. if that
happens, the 100-Hz option gives @
more stable display. )
The DFD1 regulates and filters the
power supply voltage with 1C3, C8,
and C9. Although a 9-volt battery Is
shown for B, any source of filtered
DC can be used to power the
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DFD1. For example, a convenient
power source in the equipment in
which you will be mounting the
DFD canbe used aslong us itis a
fiiterad DC source between 8 and
18 voits.

A High-End Display. The other
Digital-Frequency Display that will
be discussed is called the DFD4; its
schemcriic diagram s shown in Fg,
2. If you compare the schematic
diagrams of the DFD4 to the DED1,
you'll see that the fwo units are
very similar. The main difference is
the addition of prescaler chip IC1.
With the use of IC1, the DFD4 can
be used in UHF applications that
need to read frequencies up fo 3
GHz. Ahough IC1's specification
shest only guarantees operafion
up fo 2.8 GHz, the manufacturer
claims that 3-GHz operation and
higher is easily achieved. However,
be advised that operation at those
frequencies might become a bit
difficutt, Carefut connection of the
input frequency with sulfable coax-
ial cable becomes mandatory for
proper operation.

Although ICT sporfs a program-
mable divide-ratio feature, it is per-
manently set fo divide by 128 in the
DFDA4 circuit. Also keep in mind that
a socket.is not recommended for
frequencies above 1 GHz, However,
testing of the author's profotype
yielded very reliable operation
when using a socket at frequencies
up to 540 MHz—the fimit of the
available test equipment.

if you do not need the full 3-GHz
capability of the DFD4, IC1 can be
substituted with an alternate
prescaler mentioned in the Parts
List. The circuit will then be limited to
400 MHz—perfectly suitable for VHF
applications. When using the lower-
frequency prescaier, JPT will need
to be installed. The substifuie
prescaler, with ifs higher dividing
ratio, allows for resolutions of 10 Mz
up fo 32-MHz frequencies and 100
Hz at higher frequencies; the dis-
play will be updated af near real-
time rates. It also allows the inclu-
sion of digital filfering o eliminate
round-off flicker—a feature that
cannot be used in the full-biown 3-
GHz model.

Jumper JP2 Is used to connect
the output of IC1 fo the input of

. "B
-

Fig. 3. Here's the parts-placement diagram for the DFDI. Note that some of the components maunt
on the solder side of the board. If you need to have a load resistor on the DFDI1 s input, a location
has been provided just to the left of the input connections from J2.

IC2. Normally, the two circuits would

be connected; without the con-
nection, no input can get to IC3 or
the input would be applied fo IC2,
making the DFD4 a copy of the
DFD1. The purpcse of JP2 is to pro-
vide just that type of access 1o the
input of IC2. That would be done
when using the DFD4 as a bench-
fop frequency counter; more on
how fo do that tater,

Whereas the DFDT used two trim-
pofs for setting the offset value, the
DFD4 uses three—R1, R2, and R3.
The result is a 21-bif nurnber, That
number is multiplied by 1000 {1 kHz)
for an offset range from 0 to
2,097.152.000 Hz. Like the DFD1, the
DFD4's offset can be added to or

subfracted from the measured fre-
quency by setfting JP3. '

A fourth analog input provided
by R4 sets the DFD4 to one of four
operating ranges: the "HF SLOW*
range from 0-32 MHz with a 1-sec-
ond sample petiod and a 1-Hz res-
olution; the “HF FAST” range from
0-32 MHz with a 0.1-second sample
period and a 10-Hz resolution; the
*UHF SLOW" range from 10-3000
MHz with a 1.28-second sample
period and a 100-Hz resolution; and
the “UHF FAST” range frormn 10-3000
MHz with a 0.128-second sample
period and a 1000-Hz resolution.
Whenever the range changes, the
DFD4 displays the new range for a
couple of seconds; that makes it

x
1-——-}

Fig. 4. The DFD4 is similar in construction to the DFDI. Again. note that some of the componenis
mount on the solder side of the board. Those parts need fo be accessible for settings and adjustments

with DISPI in place.
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Fig. 5. The completed DFD4 is a compact unit.
Note how the PC board “piggybacks™ onto
DISPI.

easy to set the range with a trim-
pot.

Construction. Because of the high
frequencies involved, the Digital-
Frequency Displays should be buiit
on a PC board. Double-sided
boards are used for a compact
unit; foil patterns have been includ-
ed for both versions. If you are
going o etch your own board, you
should be sure fo solder connec-
tions on both sides of the board.
Boards that are purchased from
the source given in the Parts List
have plated-through holes.

The parts-placement diagram
for the DFD1 is shown in Fig. 3; follow
Fig. 4 if you are building the DFD4,
since both units are very similar,
construction details apply fo both
units.

Note that some components
mount on the solder side of the
board. Those parts will need to be

. ~ accessed with the unif assembled.

tems such as the jumper bilocks
and DISP1's contrast conirol would
otherwise be inaccessible once
DISPT Is mounfed in place.

Start by mounting XTAL1. It should
pe mounted off of the board so
that its metal can does not touch
the fraces on the topside of the
board. Use either a fiat foothpick or
a piece of insulated wire to space
the crystal off of the board while
soldering it. Once soldered, remove
the spacer; an easy task to perform
as XTAL1 Is the only component on
the board!

The microcontrollers will need o
be programmed befare instaiiing
them. Download the appropriate
code from the Gemsback FIP site
(ftp.gemsback.com/pub/EN). The
names of the files are dfd1.hex and
dfd4.hex for each version, respec-
tively. When programming the PIC,
note that your programmer should
be set to program the PIC for an
HS-XTAL oscillafor, the Watchdog
Timer disabled, and the Power-Up
Timer enabled.

Confinue by mounting the rest of
the topside components, starting
with the smallest physical pack-
ages such as the resistors and
dlodes. Sockets can be used for the
ICs, with the exception of the 3-GHz
version of IC1 on the DFD4 as dis-
cussed before. Note that on the
DFD4, C7 will be tack-soldered on

FAST
SPOT
SWITCH
Ts

C/L SPST
: SWITCH

LOW

20K

10K

B1
-2

Fig. 6. By replacing RO with this simple circuit, the DFD4 can be used as a stand-alone frequency

| _UHF

DFDT !}
SWIT
o M

counter capable of 3 GHz. Battery power means that the unit is portable and easy to use in the field.

the bottom side of the board after
R7 is installed so that both compo-
nents are wired in paraliel
Alternatively, wrap the leads of C7
around R4's leads and solder dll
joints affer installing the R4/C7
combingation In the board.

Once ali of the fopside compo-
nents have been mounted, contin-
ue with the botfom-side compo-
nents: all of their connections are
accessible from the topside of the
board. Finally, the DFD1 needs a
jumper wire tack-soldered to the
indicated points. Mounting J1 onfo
DISP1 completes assembly. With J1
mated fo P1, the completed
Digital-Frequency Display forms a
compact package. After checking
your workrnanship for defective sol-
der joints or incorrect component
placement, look it over again.
Better yet, set it aside for a while
and re-inspect it after you've had a
bit of a rest. Many sesmingly obvi-
ous mistakes can be easily over-
iooked if you are constantly staring
at them.’

A completed DFD4 is shown in
Fig. 5. it Is now ready for installction
in the equipment of your choice.

Installing the DFD. Cbviously we

" ean’t give detalled installation

instructions for each and every pos-
sible piece of equipment, so some
general recommendations will
have to suffice.

For starters, a suitable hole wil
have to be cut in the unit’s case 1o
hold the Digital-Frequency Display.
Detach DiSP1 from the unit and
mount it to your equipment, Once
mounfed, if is easy to plug P1 info
J1 once fthe Digital-Frequency
Display is wired up fo power and
signal inputs,

if you are mounting the DFD ina
radio. for example, the input af J2
(which can be eiiminated in favor
of a direct connection) is connect-
ed to the variable-frequency oscil-
iator (VFO) of the radio. That con-
nection should be made at d low-
impedance point, such as the
unbypassed cathode of a vacu-
um-tube osclilator or the unby-
passed emitter of a transistor oscli-
Iator: use the schematic diagram
of your radio to pinpoint that loca-
tion, it should also be isolated from
the tank cireuit of the oscillator fo
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prevent the input capacitance of
the DFD from affecting the fre-
quency of the osciliator. If an ampli=
fier exists between the oscillator
and the mixer. the connection
should be made at the output of
the amplifier. In general, the best
point is at the input to the mixer.

Because of the amplitude-linit-
ing effect of D1 and D2, the level of
the voltage should be scaled to
prevent clipping the waveform,
Using a potentiometer as a *vol-
ume control” between the signal
and ground can do that. The signal
should be capacitor-coupled o
one side of the pofentiometer with
the ‘other side connected to
ground. The wiper Is connected to
the DFD’s input, The value of the
coupling capacitor should be
about 100 ‘pF for frequencies
above 10 MHz and 1000 pF for fre-
quencies below 10 MHz. The value
of the potentiometer should be
about 1000 ohms. Adjust the poten-
fiometer to the minimum signai
level that provides reliable opera-
flon at the highest frequency that
might exist at that point.

Setting Up a DFD. Setting up @
Digital-Frequency Display is simple.
we'll discuss the DFD1: the DFD4
works in a similar manner. Start by
shorting the input to ground; that
will prevent noise from friggering
the unit. Adjust Ré (prescale) fo dis-
play a minimum frequency. Next,
adjust R3 (coarse) and R4 (fine) 1o
display the desired offsef. If you are
going to be working with a radio
receiver or transmitter, the offset is
usually the radio’s IF frequency. If
the prescale option is fo be used,
first set the coarse and fine offsets
o the IF frequency divided by the
prescale fo be used, then adjust

the prescale control (R6) until ihe
display reads the IF frequency. That
way, we can be sure that that the
prescale setting is propexly set. All of
the himpot adjustments should be
leff holf way between the lower
and upper transition points for best
thermal stability.

Connect the DFD1 to the VFO of
a radio. The display will show the
VFO frequency with the ofisef
either added fo or subtfracted from
it JP2 controls the function. By set-
ting JP2, the DFD1 will display the
correct RF frequency regardless of
fhe relationship between the VFO,
IF, and RE.

if you have a band-imaging
radio, that feature can be very
helpful. By connecting JP2 fo the
band-select switch, the DFD1 can
show the correct display for bofh
bands. If your band-imaging radio

“is set for the 17- and 30-meter

bands with a VFO frequency range
of 14 to 14.168 MHz and an iF of 4
MHz, the readout frequencies will
be 18 to 18.168 MHz (JP2 off) or 10
to 10.168 MHz (JP2 on).

For the 80- and 20-meter bands
with a VFO range from 5.0 o 5.5
MHz and an IF of ¢ MHz, the read-
out frequencies will be 14.0 To 14.5
MHz and 4.0 to 3.5 MHz. In the latter
case. the VFO tunes backward.
Mathematically, VFO - OFFSET will
be a negative number but the
DFD1 Is designed to display the
absolufe value.

The prescale function is useful in
VHE and UHE gpplications where
the VFO is generated by a phase-
iocked loop that includes prescaler
dividers, or by frequency multipliers.
The frequency of the VFC can be
multiplied to counter the effect of
the divider. A good example is the
SWAN 250 six-meter rig. It has a VFO
range of 13.1 fo 14.433 MHz, which
is muitiplied by 3 to yield 39.3 fo
43.3 MHz. The IFIs 10,698 MHz. Adjust
the DED1 to the IF/3, or 3.566 MHz.
Adijust Ré fo display an IF of 10.698
MHz. Remove the jumper from JP2
and connect the DFD1 to the
radio’s VFO. The correct RF frequen-
cy will be displayed.

A Stand-Alone Frequency Counter.
As versatie as the Digifal-Frequency
Displays are when added fo an
existing piece of eguipment. the

DFD4 has also been desighed fo be
used as a stand-alone frequency
counter. Such o high-capacity unit
with its ability to work info the
microwave spectrum will make an
excellent addifion to any fest
pench. As the wiring diagram in Fig.
6 shows, only two resistors, three
switches, and @ pair of suitable
input jacks are needed. Note how
a switched-resistor circuit has
replaced R9. Feel free fo use any
style of connectors that wil make
the stand-calone version of fhe
DED4 easy fo connect to other
equipment.

The Digital-Frequency Displays
make it easy and inexpensive 1o
add a digita-frequency readout fo
almost any kind of radio or fest
equipment, or make an inexpen-
sive bench-top frequency counter,
No longer will guesswork need to
guide you in your radio work—a
simple glance at the display all
that's needed! Q

" THE TRANSDUGER

PROJECT BOOK -

1992T—From TAB Bocks. A
unique collection of practical
transducer davicas that you
can put together simply and
inexpensively. You can build
a seisrmic sensor, a tempera-
ture survey meter, an open-
) door annunciator, a moisture
detector, an automatic night

gght, and more. To order—ask for book 1992T,
and include your check for $6.99 - clearance

{includes s&h) in the US and Canada, and

order from —Electronic Technology Teday

In¢., P.O. Box 240, Massapequa Park, NY

11762-0240. US funds only; use US bank check
or International money order. Allow 6-8 weeks

for delivery. MAGS

ELECTRONIC
SECURITY DEVICES

& great book for project
builders. It is quite cammon 1o
associale the term “Security
Devices™ with burglar alarms of
various fypes. However infact it
can refer to any piece of equip-
ment that helps fo proiect peo-
ple or property: The text is divid-
ed into three basic sections:
Chaplar 1 covers switch-activat-
ed burglar afarms and includes
exit and antry delays. Chapter 2
discusses other types of burglar

alarms and includes Infra-Red, Ultrasonic and Doppler-
Shift Systems. Chapter 3 covers other types of security
devices such as Smoke and Gas Detecors; Water, .

T_emperature and Baby Alarms; Doorphenes, etg. Most
circuits are simpie, and stripboard layouts are pravided.

To order Book BPS56 and sand $5.99 includes shipping
and handling in the U.S. and Canada oniy %0
Efactronics Technology Today inc., P.O. Box 240,
Massapequa Park, NY 11762-0240. Payment in U:S.
funds by Li.S. Bank check or Intermational Meoney Order.
ET09

Pleasa allow 5-8 weeks for delivery.




