Project

A °C/°F Thermometer

Simple construction project lets you measure

Accessory

temperatures with any voltmeter

By Bill Owen

n accurate electronic ther-

mometer can be a very useful

item, both on your work-
bench and for general use around
your home. It can be used to monitor
heat build-up in and around all types
of powered equipment and to track
down heat-related problems in mal-
functioning circuits and systems.
Around the home, it can be used to
monitor ambient room and outdoor
temperatures; keep tabs on air-con-
ditioning and heating systems; moni-
tor refrigerators and freezers; and
much more. In fact, once you use an
easy-to-read and accurate electronic
thermometer, you are likely to find
all sorts of uses for it you never con-
sidered before.

Our electronic thermometer acces-
sory starts off with the premise that
you have on hand an accurate dc volt-
meter. A garden-variety DMM will
do nicely. Actually, this accessory
can be used with any digital or analog
multimeter, basic voltmeter or panel
meter. The accessory is built around
special solid-state circuitry, includ-
ing the temperature sensor, that pro-
vides a linear 10 mV/degree output.
It is switch-selectable to allow you to
measure temperatures in both °Cand
°F. Furthermore, its active-circuit
design allows the temperature sensor
to be located literally thousands of

feet away without the attendant
problem of noise pickup.

About the Circuit

Though the temperature accessory
circuit (Fig. 1) appears to be very sim-
ple, it is really quite sophisticated in
terms of performance and the tech-
nology it uses. The AD590 tempera-
ture sensor integrated circuit used for
IC2 produces an output current that
is proportional to temperature. The
output current produced when the
device is connected to a voltage
source is equal to 1 gA per degree on
the Kelvin temperature scale. The
Kelvin degree is equal to the Celsius
degree, but the °K temperature scale
hasits zero at —273.2°C, or absolute
zero. The relationship between Kel-

50 / MODERN ELECTRONICS / Ocrober 1985

S %"'\ ™ & "f

vin, Celsius and Fahrenheit tempera-
ture scales is as follows:

°C = °K —273.2
°F = [(9 x °C)/5] + 32
°F = [9(°K —273.2)/5] + 32.

It should also be noted that there is
a little-used Rankine temperature
scale that starts at absolute zero and
has Fahrenheit-scaled degrees. Ran-
kine degrees are offset 459.7 higher
than Fahrenheit degrees. Rankine to
Fahrenheit conversion is as follows:
°F = °R — 459.7.

Connecting the sensor’s output to
a microammeter makes a °K ther-
mometer. The next step, then, is to
remove the 273.2° C or 459.7° F off-
set to obtain the more useful °C and
°F outputs. To achieve this, sensor
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Fig. 2. Fabricate the printed-circuit board for the project using the actual-size
etching-and-drilling guide at left. Install the components on the board exactly as

shown in the placement /orientation diagram shown at right.

box, remove the pc assembly and
clean all exterior surfaces of the met-
al box with fine steel wool. Using a
dry-transfer lettering kit, label (on
the top of the box) the legends PROBE
and METER just above the entry holes
on the left and right sides of the box,
respectively. Then label the two
switches with the legends °C and °F
for the alternate positions of S/ and
oN and OFF for the appropriate posi-
tions of S2. If you wish, you can also
label the legend THERMOMETER AC-
CESSORY on the top of the box for fu-
ture identification.

When all lettering is completed,
spray two or more light coats of clear
acrylic on all exterior surfaces of the
box to give the project a professional
finished appearance and to protect
the lettering. Allow each coat to dry
before spraying on the next.

Referring to Fig. 3, prepare the
probe/cable assembly. Trim the
leads of the AD590 so that they are
just long enough to permit good elec-
trical and mechanical connection of

the coaxial cable. To prepare the ends
of the 4-ft. length of coax, first trim
away % "and ¥ " of outer insulation
from opposite ends. Separate the
shield from the inner conductor at
both ends back to the outer insula-
tion. Then, making sure not to cut
any of the inner-conductor wires,
trim % " of insulation at the 4 " pre-
pared end and ¥ " of insulation from
the % " prepared end. Tightly twist
together the shields and inner con-
ductors and lightly tin with solder.
Connect and solder the conductors at
the % " prepared end of the cable to
the shortened pins of the AD590 sen-
sor as shown in Fig. 3. Use heat and
solder sparingly and make certain
you do not create any solder bridges.
When the solder cools, gently sepa-
rate the connections to obviate any
possibility that the two can short to-
gether. Then apply 5-minute epoxy
cement to the connection, flowing it
over only the skirt of the AD590 and
about Y "beyond the point where the
outer insulation was removed from
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Fig. 3. After tack-soldering a 4-ft.
length of coaxial cable to the short-
ened leads of the AD590 sensor, flow
epoxy cement over connections, sen-
sor and cable as shown and slowly ro-
tate the assembly as the cement sets o
obtain an air-tight, symmetrical seal.

the coax. As the cement sets, slowly
rotate the cable assembly to allow it
to assume a symmetrical form. Then
allow the cement to set solidly for a
couple of hours.

Now prepare the meter cable. For
this, you will need a 3-ft. length of
miniature zip cord and a pair of red
and black color-coded banana jacks.
Split the cord apart for a distance of
about 5 ”at one end and 1" at the oth-
er end. Trim away % " of insulation
from all conductors at both ends,
taking care to avoid cutting through
any fine wires. Tightly twist the wires
into neat bundles and sparingly tin
with solder. Install a banana jack on
each conductor at the long split end.

When the acrylic spray paint on the
box has completely dried, place small
rubber grommets in the holes in the
box’s sides. Then feed the free ends
of the prepared cables into the box
through the grommets and tie a knot
in each cable about 3” from the free
ends on the inside of the box. Con-
nect and solder these to the appropri-
ate pads on the pc board. Do the same
with the battery-connector wires.

Position the pc board assembly in
the box and secure it in place with
four 4-40 x Y% " screws via the
mounting tabs on S/ and S2. Gently
pull on both cables until the knots
touch the rubber grommets. Mount









