
Project 

Frequency- Counter Adapter 
for Digital Multimeters 

Adapter enables almost any waveform up to 
1 MHz to be read accurately on a DVM or DMM 

By Crady VonPawlak 

Virtually everyone involved in 
electronics today owns a 
digital voltmeter or multi - 

meter. A significant portion of these 
people would also like to, but do not 
yet, have a frequency counter. This 
project can change all this. I will 
show you how to build an inexpen- 
sive, handheld adapter that can pro- 
vide accurate frequency measure- 
ments when plugged into either a 
DMM or DVM. 

The basic adapter is actually a 
voltage -to- frequency converter. It 
enables the user to directly read fre- 
quencies from 1 Hz to 100 kHz on a 
DMM. In addition, if you want to 
accurately measure frequencies up to 
1 MHz, you can add an optional sub- 
assembly that both conditions the in- 
put signal as well as divides it by any 
number from 2 to 10 to bring it with- 
in the range of the converter. 

Our F/V converter is a relatively 
simple device built around a univer- 
sal voltage-to- frequency /frequency- 
to- voltage chip from Teledyne Semi- 
conductor. It is about the size of a 
hand -held DMM and is battery pow- 
ered for portability. Best of all, you 
can build it for a fraction of what 
you would have to pay for a full - 
blown frequency counter. To pro- 
vide maximum reading accuracy, the 
converter accessory should be used 

with a DMM that has a display with 
at least 31/2 digits. Input sensitivity is 
about ± 200 millivolts to ± 15 volts 
rms without modification. 

About the Circuit 
As Fig. 1 illustrates, the frequency 
adapter circuit is really quite simple 
in terms of component count. Al- 
most all of the circuit's complexity 
is contained inside the Teledyne 
9400CJ universal voltage- to- frequen- 

cy (V /F) converter chip, shown here 
as U/. This integrated circuit has a 
guaranteed 0.05- percent linearity, 
which makes it ideal for upgrading a 
DVM (or DMM set to a low dc volt- 
age range) to give the latter a fre- 
quency- counting capability. 

When used as shown in Fig. 1, the 
9400CJ chip will accept virtually any 
waveform shape throughout its 1 -Hz 
to 100 -kHz counting range. The only 
proviso is that a minimum 20 -per- 
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Fig. 1. Schematic diagram of frequency -to- voltage converter, including its split ± 5-volt battery power supply. 

cent duty cycle be maintained for the 
input waveform. Because of this, the 
9400CJ is well suited to measuring 
the outputs from a wide variety of 
oscillators and clock circuits. 

Although the V/F converter can 
function well with a single supply 
voltage, use of a ± 5 -volt split supply 
is much preferred because this ar- 
rangement maintains tight accuracy 
as delivery of the battery supply used 
with the project drops to about 6.5 
volts. Hence, a split supply increases 
overall circuit stability and prolongs 
battery life. Ideally, an 8 -volt or so 
nickel- cadmium battery supply could 
be used with this circuit, along with a 
simple charger circuit to restore the 
charge on the battery as needed. 

In the Fig. 1 circuit, the positive 
rail of the power supply is main- 
tained at + 5 volts with fixed 

+ 5 -volt regulator U3. The negative 
rail of the supply is obtained by feed- 
ing the + 5 -volt output from U3 into 
voltage inverter U2. This arrange- 
ment yields a well -regulated split 
supply from one 9 -volt battery. 

The 9400CJ F/V converter is 

unique in that it generates an input 
voltage that is linearly proportional 
to the input frequency. That is, 
whatever numbers appear in the dis- 
play of the dc voltmeter with which it 
is used will be the absolute numeric 
value of the waveform being count- 
ed, though you will have to mentally 
multiply the reading by some conve- 
nient figure (x 1K on Range 1, 

x 10K on Range 2 or x 100K on 
Range 3 for the arrangement shown 
in Fig. 1). Consequently, if switch S2 
is set to range 1 and the meter dis- 
plays 1.234 volts, the measured fre- 

quency would be 1.234 x 1,000, or 
1,234 Hz. If S2 is set to Range 2 or 
Range 3 and the voltage displayed on 
the meter remained the same, the ac- 
tual frequency would be multiplied 
by 10,000 (Range 2) or 100,000 
(Range 3) to yield 12,340 or 123,400 
Hz, respectively. 

Shown in Fig. 2 are the internal de- 
tails of the 9400CJ chip. In opera- 
tion, each time the waveform applied 
to the input of the chip passes 
through zero at the comparator's 
noninverting ( + ) input, reference 
capacitor Cref charges to the refer- 
ence voltage. This charge is applied 
to integrating resistor Rint to pro- 
duce voltage pulses at the output of 
the amplifier. Integrating capacitor 
Cint across Rint averages these 
pulses into a dc voltage that is linear- 
ly proportional to the input frequen- 
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PARTS LIST (Converter) 
Semiconductors 
CR1- 1N4148 or similar switching di- 

ode 
CR2- Light2emitting diode 
U1- 9400CJ F/V and V/F converter 

(Teledyne) 
U2- ICL7660CPA voltage inverter 

(Intersil) 
U3 -78L05 + 5 -volt regulator (Nation- 

al Semiconductor or Motorola) 
Capacitors 
Cl,C2- 220 -pF, 6 -volt ceramic 
C3 -47 -pF ceramic 
C4- 1,500 -pF polypropylene or poly- 

ester 
C5- 1,000 -pF polypropylene or poly- 

ester 
C6- 160 -pF polypropylene or poly- 

ester 
C7,C8- 100 -µF, 16 -volt electrolytic 
C9-0.1-AF, 25 -volt tantalum 
C10- 1.0 -µF Mylar 
Resistors (1/4-watt, 5% tolerance) 
R4,R5,R8- 100,000 ohms 
R7 -4,700 ohms 
R9 -1,000 ohms 
R10- 51,000 ohms 
R1- 2- megohm, 15 -turn cermet poten- 

tiometer 
R2- 200,000 -ohm, 15 -turn cermet po- 

tentiometer 
R3- 100,000 -ohm, 15 -turn cermet po- 

tentiometer 
R6- 25,000 -ohm, 15 -turn cermet po- 

tentiometer 
Miscellaneous 
BI -9 -volt transistor or 8 -volt Ni -Cd 

battery (see text) 
Sl -Spst slide, toggle or push -on/ 

push -off switch 
S2 -2 -pole, 3- position nonshorting ro- 

tary switch (Radio Shack Cat. No. 
275 -1386 or similar) 
Printed -circuit board; panel -mount 
female BNC socket for input (Radio 
Shack Cat. No. 278 -105 or similar); 
red and black banana jacks for out- 
puts; 14- and 8 -pin IC sockets; 9 -volt 
battery snap; suitable enclosure 
(Pactec No. HP -9VB -002 or similar 
-see text); pointer -type control 
knob for S2; small- diameter coaxial 
cable; LED mounting hardware or 
cement; lettering kit; clear acrylic 
spray; machine hardware; hookup 
wire; solder; etc. 

Fig. 2. Internal details of 9400CJ universal voltage-to-frequency/frequency-to- 
voltage chip that does all the work in this project. 

cy. This can be expressed as: Vow = 
Rint x Cref X Vref x Frequency. 
For our application, the ranges are as 
follows: 

Frequency 
In (Hz) 

Dc Output 
(Volts) 

Range 1 1.0 0.001 
(x 1000) 500 0.500 

1k 1.000 
Range 2 10.0 0.001 
(x 10K) 5k 0.500 

10k 1.000 
Range 3 100 0.001 
(x 100K) 50k 0.500 

100k 1.000 

The F/V converter accessory con- 
nects to the meter with which it is to 
be used via the OUTPUT jacks shown 
at the top -right in Fig. l , with VOUT + 
going to the meter's "hot" input and 
VOUT going to the meter's com- 
mon or ground input. The waveform 
whose frequency is to be measured is 

coupled into the converter via the IN- 

PUT jack shown at top -left in Fig. 1. 

Greater versatility can be achieved 
by adding the Fig. 3 circuit to the ba- 
sic Fig. 1 converter circuit. The Fig. 3 

circuit conditions the input signal 
and gives the basic converter a high 
sensitivity to low -level signals. 

The Fig. 3 circuit precedes the Fig. 
1 circuit. In this circuit, CA3130 
high -speed comparator Ul , with 
hysteresis and adjustable threshold, 
gives the front end of the converter 
accessory a high sensitivity. Added 
insurance is provided by overvoltage 
diodes CR1 and CR2. 

CMOS decade counter /divider 
U3, a CD4017BC integrated circuit, 
has selectable outputs. By setting SI 
to the appropriate position, the input 
frequency can be divided down by a 
factor of 2, 3, 4, 5, 6, 7, 8, 9 or 10 be- 
fore being coupled into the converter 
accessory. This feature greatly en- 
hances the accessory, allowing it to 
measure frequencies to 1 MHz. 

Note that this circuit has two out- 
puts. The lower (DIVIDED) output 
couples the signal to be measured to 
the converter accessory after it has 
gone through the entire condition- 
ing /dividing arrangement. How- 
ever, should only the comparator's 
conditioning and overvoltage pro- 
tection be required, the upper (UN- 

DIVIDED) output can be used instead. 
CMOS hex Schmitt -trigger invert- 

er U2, a CD 14106BC device, serves 
three purposes in the Fig. 3 circuit. 
Firstly, it cleans up the output from 
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Fig. 3. An optional input signal -conditioner /frequency- divider circuit that can be used to increase the performance 
of the basic F/V converter. 

UI to provide a glitch -free square 
wave to the clock input of U3. Sec- 
ondly, three inverters are connected 
in parallel to provide sufficient drive 
current to drive "signal present" 
light- emitting diodes LEDI and 
LED2, which give a visual indication 
of the triggering action of UI. (Prop- 
er triggering is indicated when both 
LEDs are flashing or appear to be 
continuously on.) Finally, the last in- 
verter changes the polarity of the low 
duty -cycle pulses from U3 into the 
higher duty -cycle waveform required 
by the converter accessory. 

Ideally, the Fig. 3 circuit should 
also be powered from a 9 -volt bat- 
tery. The only consideration here is 

that the final output must remain at a 
constant TTL level (switch between 0 

and 5 volts) to insure compatibility 
with a wide array of test equipment. 
This is most easily accomplished 

PARTS LIST (conditioner /divider) 
Semiconductors 
CR1,CR2- 1N4148 switching diode 
CR3,CR4 -4.7 -volt, 1 -watt zener diode 
LEDI,LED2- Light- emitting diode 

(one red, one green) 
U 1- CA3130 high -speed comparator 
U2- CD4106 hex inverter /buffer 
U3- CD4017 decade counter /divider 

with selectable outputs 
Capacitors 
C1- 0.01 -µF disc 
C2- 1.0 -µF Mylar 
Resústors (1/4-watt, 507o tolerance) 
R1- 33,000 ohms 
R2- 22,000 ohms 

R3,R4 -1 megohm 
R5 -4,700 ohms 
R6- 470,000 ohms 
R8,R9 -1,000 ohms 
R10,R11- 100,000 ohms 
R7- 10,000 -ohm linear -taper, panel - 

mount potentiometer 
Miscellaneous 
S1 -10-position, nonshorting rotary 

switch 
Printed -circuit board; suitable enclo- 
sure (see text); sockets for ICs; three 
chassis -mount female BNC connec- 
tors; small- diameter coaxial cable; 
machine hardware; hookup wire; 
solder; etc. 

with the zener diodes that immedi- 
ately precede both outputs. 

Construction 
Though it is possible to assemble the 

basic converter using just about any 
traditional wiring technique, use of a 
printed- circuit board is highly rec- 
ommended to ensure operating sta- 
bility and minimize noise. Fabricate 
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Fig. 4. Actual -size etching- and -drilling guide for F/V 
converter circuit. 

a pc board using the actual -size etch- 
ing- and -drilling guide shown in Fig. 4. 

After etching, drilling and trim- 
ming to size the board, wire it exactly 
as shown in Fig. 5. Begin populating 
the board by installing and soldering 
into place the DIP sockets for Ul 
and U2. If you wish, you can also use 
a transistor socket for U3, though it 
would probably be easier and better 
to simply plug the leads of this IC in- 
to the U3 holes in the board, solder 
them to the copper pads and trim off 
excess length. 

Continue populating the board by 
installing and soldering into place 
first the resistors and 15 -turn trim- 
mer potentiometers. Then proceed 
with the capacitors and diode. Make 
sure C7, C8 and C9 are properly po- 
larized and CR1 is properly oriented 
before soldering their leads to the 
copper pads. 

Install U2 in its socket (make sure 
no pins overhang the socket or fold 
under between IC and socket) and ei- 

ther install U3 directly on the board 
or trim its leads to about 'h " in 
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Fig. S. Wiring guide for F/V converter pc board. 

length and plug them into the transis- 
tor socket. Do not install UI in its 
socket at this time. 

Install and solder into place a 
short wire jumper in the location in- 
dicated by JI in Fig. 5. Use either a 
cut -off resistor or capacitor lead or a 
bare solid hookup wire. 

Now prepare 12 5 " lengths of 
stranded hookup wire by removing 
about 'V4 " of insulation from both 
ends. Tightly twist together the fine 
wires at both ends of all wires and 
sparingly tin with solder. Plug one 
end of these wires into the POS and 
NEG OUTPUT and S1 holes (four 
wires) and solder them to the pads on 
the bottom of the board. Similarly, 
plug the remaining eight wires into 
the holes labeled A through H and 
solder them into place. 

Trim VI " of outer insulation from 
both ends of a 5 " length of small -di- 
ameter shielded cable. Separate or 
peel the shield back to the insulation 
at both ends. Then trim 'Vs " of insu- 
lation from the inner conductor at 
both ends. Tightly twist together the 

fine wires of the inner conductor and 
lightly tin with solder. If your cable 
has a wire -mesh shield, do the same 
for the fine wires that make it up. 
Plug the inner conductor and shield 
at one end of the cable into the holes 
labeled INPUT POS and NEG, respec- 
tively, and solder them into place. 
When you are finished, there should 
be two holes, labeled PLUS 9V and the 
GND near it that are unoccupied. 

If you decide to incorporate the 
optional Fig. 3 conditioner /divider 
circuit in your project, assemble it 
now. As with the F/V converter as- 
sembly, the recommended wiring 
medium for the Fig. 3 circuit is a 
printed- circuit board, the actual -size 
etching- and -drilling guide (the same 
size as that for the basic converter as- 
sembly) for which is shown in Fig. 6. 
Once you have fabricated the board, 
refer to Fig. 7 and mount the three 
DIP IC sockets -not the ICs them - 
selves-in the indicated locations. 
Then install the two switching and 
two zener diodes in their respective 
locations, taking care to properly 
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Fig. 6. Actual -size etching- and -drilling guide for condi - 
tioner/ divider circuit. 

orient them before soldering their 
leads to the copper pads. This done, 
install and solder into place the capa- 
citors and fixed resistors. 

Trim to about 5 "length 17 hookup 
wires and strip from both ends 1/4 " of 
insulation. Install and solder into 
place one end of each of these wires 
in the holes labeled F/2 through F10, 

S1 ROTOR, R7 and LEDI. Then prepare 
three 5 " lengths of small- diameter 
coaxial cable as described above for 
the converter assembly. Plug one end 
of one of these cables into the board 
holes labeled INPUT with the center 
conductor in the + and shield in the 
GND holes and solder into place. Re- 
peat with the other two cables for the 
UN -DIV and DIV and their nearby 
GND holes. 

Note that the Parts List that ac- 
companies Fig. 1 calls for a PacTec 
project box to serve as the enclosure 
for the basic converter accessory. 
This type of box was selected for the 
prototype because it has a battery 
compartment that is large enough to 
accommodate a 9 -volt battery. The 
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Fig. 7. Wiring diagram for conditioner /divider board. 

compartment has its own separate 
slide -off cover that eliminates having 
to remove screws to open the box 
whenever the battery has to be re- 
placed. If you prefer, you can substi- 
tute any other box that is large 
enough to accommodate the circuit - 
board assembly and battery in its 

holder and has enough panel room 
on which to mount the power and 
range selector switches, BNC INPUT 

jack and OUTPUT banana jacks with - 
out interference. 

If you are planning to build the op- 
tional signal- conditioner /divider as- 
sembly into the same enclosure with 
the basic F/V converter, plan on us- 
ing a larger box. Though the two cir- 
cuit -board assemblies are the same 
size and can be stacked to obtain a 
compact project, the extra switches, 
panel -mount potentiometer and two 
LEDs, along with their legends, will 

require much more layout area on 
the panel. 

When building just the basic F/V 
converter, it is a good idea to mount 
the BNC INPUT connector at the top 

of the box, as shown in the lead pho- 
to. You can then mount the rotary 
RANGE switch on the front panel 
with the OUTPUT banana jacks 
spaced well away from it. Machine 
the enclosure as necessary to facili- 
tate circuit -board assembly and com- 
ponent mounting. 

Start final assembly by twisting to- 
gether the fine wires of each of the 
battery snap's conductors and lightly 
tin with solder. Now, assuming you 
are using the specified PacTec box, 
feed the free ends of the battery snap 
connector's conductors through the 
slot in the battery compartment and 
plug them into the two unoccupied 
component holes in the converter 
board, red to the PLUS 9V hole and 
black to the GND hole. Solder both 
connections securely into place. 

If you choose a different type of 
enclosure, one that does not have 
a separate battery compartment, 
mount the battery in a clip inside the 
enclosure proper. (In this event, you 
might want to substitute a nickel - 
cadmium battery in place of the stan- 
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dard non -rechargeable 9 -volt tran- 
sistor battery and incorporate into 
the project a simple recharging cir- 
cuit. If you go this route, be sure to 
include a jack into which the re- 
charging source can plug.) 

Once the circuit -board assembly is 

mounted, mount the BNC connec- 
tor, banana jacks and the rotary and 
toggle or slide switches in their re- 
spective holes. Make the nut on the 
switch only finger tight. Place a knob 
on the shaft of the rotary switch and 
rotate it through each of its three po- 
sitions and note where the knob's 
pointer is aimed for each position. If 
necessary, readjust the orientation 
of the switch so that the knob's 
pointer stops at locations as shown in 
the lead photo. Securely tighten the 
nut, without allowing the switch to 
move as you do so. 

Connect and solder the center con- 
ductor at the free end of the coaxial 
cable to the center contact of the 
BNC connector. Then connect and 
solder the shield to the connector's 
ground lug. Next, connect and solder 
the free end of OUTPUT POS wire to 
the red banana jack and the OUTPUT 

NEG wire to the black banana jack. 
Finally, connect and solder the free 
ends of the remaining wires to the ro- 
tary switch, referring back to Figs. -1 

and 5 for details. 
Snap a 9 -volt battery into its con - 

nector and set the POWER switch to 
ON. Use a meter to measure the volt- 
ages at the pins of U/'s socket. With 
the meter's common lead connected 
to circuit ground (pin 6 of U1), you 

should obtain the following read- 
ings: + 5 volts at pin 14 and -5 volts 
at pins 1, 4, 7 and 11. If everything 
checks out this far, set the POWER 

switch to off. Plug U1 into its socket 
(observe orientation), making sure 
that no pins overhang the socket or 
fold under between IC and socket. 

After assembling the project, label 
its connectors, range switch and 
power switch with appropriate leg- 
ends. The lead photo gives one sug- 
gested way of arranging the legends 
for the basic F/V converter accessory. 

Assuming you have decided to 
build the optional signal- condition- 
er /frequency- divider circuit shown 
in Fig. 3 proceed as follows. First 
prepare a printed- circuit board on 
which to mount its components, us- 
ing the actual -size etching- and -drill- 
ing guide shown in Fig. 6. When the 
board is ready, mount DIP sockets in 
the UI, U2 and U3 locations shown in 
the Fig. 7 wiring diagram. Do not in- 
stall the ICs themselves in the sockets 
at this time. 

Plug into the appropriate holes 
and solder into place the leads of the 
fixed resistors and the two capaci- 
tors. Then do the same for the switch- 
ing and zener diodes, making sure to 
properly orient them before solder- 
ing their leads into place. 

Now strip VI " of insulation from 
both ends of 17 5 " lengths of hookup 
wire. Plug one end of 10 of these 
wires into the holes labeled s1 ROTOR 

and F/2 through F /IO and solder into 
place. Plug one end of three more 
wires into the holes labeled R7 and 

solder them into place. Do the same 
with four more wires and the holes 
labeled LED1 and LED2. 

Prepare both ends of three 5" 
lengths of small- diameter coaxial ca- 
bles by removing 3/4 " of outer insula- 
tion, peeling or separating the shields 
back to the insulation cut -off points 
and stripping I/a " of insulation from 
the inner conductors. Tightly twist 
together the fine wires of the inner 
conductors (and the shield wires if 
they are mesh) and sparingly tin with 
solder. Then plug one end of one of 
these cables into the holes labeled IN- 

PUT + (inner conductor) and nearby 
GND (shield). Repeat with the re- 
maining two cables and the UN -DI- 

VIDED + and DIVIDED + OUTPUT 
holes and their nearby ground holes. 

Tightly twist together the fine 
wires at the free ends of the battery 
snap connector and sparingly tin 
with solder. Plug the free ends of the 
wires into the holes labeled B1 + 
(red -insulated wire) and B1 - (black - 
insulated wire) and solder them into 
place. This assumes you plan to pow- 
er the optional conditioner /divider 
from a separate 9 -volt battery. If you 
plan to use the same battery that 
powers the basic F/V converter, use 
hookup wires to bridge from the 
B1 + and B1 - pads on the optional 
board to the converter board. 

Having wired the conditioner /di- 
vider circuit board, you are ready to 
mount it inside its enclosure. For the 
stand -alone version, use an enclo- 
sure that is large enough to accom- 
modate the circuit -board assembly 
and a 9 -volt battery clip without 
crowding and has enough panel 
space for the POWER and DIVISION 

SELECT switches, two LEDs, THRES- 
HOLD control and whatever INPUT 

and OUTPUT connectors you decide 
to use. All connectors should be fe- 
male BNC types, and all switches, if 
possible, should be miniature types 
to conserve space so that the project 
can be made as compact as possible. 

Machine the box as needed and 
then mount the circuit board assem- 
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bly. Mount the switches, LEDs and 
connectors in their respective loca- 
tions. When you plan your layout, 
make sure the rotary switches in both 
modules do not interfere with each 
other. Also, if you are using a sepa- 
rate 9 -volt transistor (or recharge- 
able Ni -Cd) battery for each circuit 
board, it is more convenient to use a 
dpdt slide or toggle switch to power 
up and down both circuits simultane- 
ously, rather than separate spst 
switches for each. 

Make the DIVISION SELECT Switch 
only finger tight. Place a knob on the 
shaft of this switch. Rotate the knob 
and note where the pointer stops for 
each position. If necessary, adjust 
the orientation of the switch for bal- 
anced positioning and then tighten 
the mounting nut. 

Referring to Figs. 3 and 8, wire the 
free ends of the S1 ROTOR and F/2 
through F/10 wires to the appropriate 
switch lugs. Next, connect and solder 
the free ends of the S2 wires to the 
POWER switch. Then, taking care to 
observe proper polarity, wire the 
LEDs into the circuit, using the free 
ends of the appropriate wires on the 
board to make the connections. Fi- 
nally, connect and solder the free 
ends of the three coaxial cables to the 
INPUT and OUTPUT BNC connectors, 
center conductors to center contacts 
and shields to ground lugs. 

You can simplify operation of the 
combined instrument with an UN -DI- 

VIDED /DIVIDED switch that replaces 
the OUTPUT BNC connectors indi- 
cated in Fig. 3 to let you select only 
signal conditioning (UN- DIVIDED) or 
both conditioning and division 
(DIVIDED). Wire this switch as shown 
in Fig. 8. The original INPUT BNC 
connector now becomes the INPUT 

connector for the conditioner /divid- 
er module and, thus, the entire acces- 
sory. Making this modification elim- 
inates three BNC connectors. It also 
saves your the task of having to plug 
and unplug cables to bridge modules 
and select different outputs. 

Another modification you might 

II,F.:,- Signal conditioner 
and 

frequency driver 

1 

t 1 9V o 
I - POWER L-------J 

f- 

UNDIVIDED 

CONDITIONED 

I DIVIDED 

L 

Output to 
voltmeter 

Fig. 9. By adding yet another switch and separate switched battery supply, you 
can choose between signal conditioning /frequency division and F/V conversion 

or just conditioning /division for other instruments. 

wish to incorporate, illustrated in 
Fig. 9, makes it possible to use the 
signal conditioner /frequency divider 
as a stand -alone unit to condition 
(and divide) waveforms that might 
not otherwise reliably trigger a logic 
probe or other digital instrument. In 
this case, you should use separate 
battery supplies and POWER switches 
for each subassembly and install a fe- 
male BNC connector after the UN -DI- 

VIDED /DIVIDED Switch jUSt discussed 
followed by a second switch that al- 
lows you to route the output of the 

conditioner /divider to either the new 
BNC connector or the input of the 
F/V converter. 

When you want to use only the 
conditioner /divider, you set the just 
installed CONDITION /COUNT Switch 
to CONDITION, select either the UN- 

DIVIDED or UNDIVIDED function 
with the previous switch, and flip on 
only the conditioner /divider's POW- 

ER switch. Now you simply connect 
the signal source to the INPUT con- 

(Continued on page 87) 

Interior view of assembled basic converter project inside PacTec box that has 
separate outside- access battery compartment. 
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Frequency- Counter Adapter (from page 23) 

nector and whatever instrument you 
are using it with to the newly installed 
CONDITIONED BNC connector. If 
you selected DIVIDED, you also have 
to set the DIVISION SELECT switch to 
the appropriate position. 

With the ICs still not plugged into 
the sockets on the conditioner /divid- 
er board, set the POWER switch to on 
(if you are using a separate battery to 
power this board, snap one into its 
connector before turning on the 
power.) Connect a dc voltmeter's 
common lead to the ground lug of 
one of the BNC connectors. Then 
measure the voltage at pin 7 of Ul, 
pin 14 of U2 and pin 16 of U3. The 
measured potential in all three cases 
should be + 9 volts. 

Calibration 
Due to the 9400CJ's linear /propor- 
tional operation, its output voltage 
can be read directly without post - 
scaling. This means that an input fre- 
quency of 1,345 Hz will be displayed 
on a voltmeter as 1.345 volts, provid- 
ing that the F/V converter is set to 
the appropriate range. To perform 
calibration, you need an accurate 
frequency source of 500 Hz, 5 kHz 
and 50 kHz -the center points for 
the basic converter's three ranges. 

Before calibrating the F/V con- 
verter, you must adjust the offset 
null. To do this, power up the instru- 
ment with your DMM (set to read 
low dc volts) across the OUTPUT ter- 
minals in the proper polarity and 
measure the output voltage with 
nothing connected to the INPUT. 

Slowly adjust R6 until the output 
voltage reads as near to zero as possi- 
ble. This done, connect a function 
generator to the INPUT jack and be- 
gin calibrating each of the three 
ranges as follows: 

To calibrate RANGE 1 (1 Hz to 1 

kHz full -scale), you can use a 6 -volt 
rms power transformer directly at 
the converter's INPUT BNC connec- 
tor. Adjust RI for an indicated out- 
put of 0.6 volt, which, in this case, 
corresponds directly to 60 Hz. 

Calibration of RANGE 2 (10 Hz to 

10 kHz full -scale) and RANGE 3 

(100 Hz to 100 kHz full -scale) is iden- 
tical except for a change in input sig- 
nal frequency. Set the switch to 
RANGE 2 and inject a 5 -kHz signal in- 
to the INPUT connector and adjust 
R2 for an indicated 0.5 volt. This 
done, switch to RANGE 3, inject a 
50 -kHz signal into the INPUT and ad- 
just R3 for an indicated 0.5 volt. This 
completes calibration of the F/V 

module. The conditioner /divider 
module needs no calibration. 

Your DMM can now double as an 
accurate portable frequency counter 
that can be used in audio through ul- 
trasonic work and, with the optional 
conditioner /divider, can even be used 
in low- frequency r -f work. Though 
the converter /DMM combination is 
not truly a "counter," its accuracy 
and linearity rivals the real thing. AE 

Now! In America 
For the first time, the AR2002 is 
available in the U.S.A.! Acclaimed 
worldwide for its full spectrum 
coverage, its superior sensitivity, and 
excellent selectivity; it has all the 
features a sophisticated and discerning 
public service band radio user desires. 
Experts in Europe report excellent 
performance in independent lab tests. 
For example: sensitivity across all 
bands will typically exceed .3 microvolts 
in NFM. And now the AR2002 is 
available to you exclusively through 
this offer. 

Performance Above 
and Beyond 
You'll hear signals from 25 through 
550 MHz, plus 800 MHz through 1.3 
GHz. In any mode: narrow band FM, 
wide band FM, or AM. Search through 
entire bands, or enter selected 
frequencies into any of 20 memory 
channels. The sidelighted LCD gives 
full information on status and 
programming. Profession quality 
hinged keys and a digitized front panel 
control knob make tuning easier than 
ever before. There's even a real time 
clock with backup, a signal strength 
meter and a front panel head phone 
jack. Plus, programmable search 
increments, a laboratory quality BNC 
antenna connector with switchable 

attenuator, full memory backup, and 
power cords for AC or DC operation. A 
professional swivel mount telescoping 
antenna is also supplied. 

Yet Convenient to Own 
The AR2002 is available exclusively 
through us - so call us direct, TOLL 
FREE. If you're like thousands of other 
monitor users the world over, we'll be 
shipping you an AR2002 within 48 
hours by surface UPS for only $455. 
Plus we pay all freight and handling 
charges. Remember to ask about our 
custom test and triple extended buyer 
protection warranty plans, our express 
shipping option, plus our Computer 
Interface accessory. If you're not 
satisfied within 25 days, return your 
AR2002. We'll refund your purchase 
and return shipping costs. There are 
no catches, no hidden charges. 

COMMUNICATIONS 
Monitor Division 

10707 East 106th Street, Indianapolis, IN 46256 

Call Toll Free 800- 445 -7717 

=Visa and MasterCard , COD slightly higher 
In IN 317- 842 -7115 Collect 

Warehouse: 22511 Aspan Street, Lake Forest, CA 92630 

(7' /e "D x 55 /ie "W x 31/4'H Wt. 2 lbs., 10 oz.) 

CIRCLE 51 ON FREE INFORMATION CARD 
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nector and whatever instrument you 
are using it with to the newly installed 
CONDITIONED BNC connector. If 
you selected DIVIDED, you also have 
to set the DIVISION SELECT switch to 
the appropriate position. 

With the ICs still not plugged into 
the sockets on the conditioner /divid- 
er board, set the POWER switch to on 
(if you are using a separate battery to 
power this board, snap one into its 
connector before turning on the 
power.) Connect a dc voltmeter's 
common lead to the ground lug of 
one of the BNC connectors. Then 
measure the voltage at pin 7 of Ul, 
pin 14 of U2 and pin 16 of U3. The 
measured potential in all three cases 
should be + 9 volts. 

Calibration 
Due to the 9400CJ's linear /propor- 
tional operation, its output voltage 
can be read directly without post - 
scaling. This means that an input fre- 
quency of 1,345 Hz will be displayed 
on a voltmeter as 1.345 volts, provid- 
ing that the F/V converter is set to 
the appropriate range. To perform 
calibration, you need an accurate 
frequency source of 500 Hz, 5 kHz 
and 50 kHz -the center points for 
the basic converter's three ranges. 

Before calibrating the F/V con- 
verter, you must adjust the offset 
null. To do this, power up the instru- 
ment with your DMM (set to read 
low dc volts) across the OUTPUT ter- 
minals in the proper polarity and 
measure the output voltage with 
nothing connected to the INPUT. 

Slowly adjust R6 until the output 
voltage reads as near to zero as possi- 
ble. This done, connect a function 
generator to the INPUT jack and be- 
gin calibrating each of the three 
ranges as follows: 

To calibrate RANGE 1 (1 Hz to 1 

kHz full -scale), you can use a 6 -volt 
rms power transformer directly at 
the converter's INPUT BNC connec- 
tor. Adjust RI for an indicated out- 
put of 0.6 volt, which, in this case, 
corresponds directly to 60 Hz. 

Calibration of RANGE 2 (10 Hz to 

10 kHz full -scale) and RANGE 3 

(100 Hz to 100 kHz full -scale) is iden- 
tical except for a change in input sig- 
nal frequency. Set the switch to 
RANGE 2 and inject a 5 -kHz signal in- 
to the INPUT connector and adjust 
R2 for an indicated 0.5 volt. This 
done, switch to RANGE 3, inject a 
50 -kHz signal into the INPUT and ad- 
just R3 for an indicated 0.5 volt. This 
completes calibration of the F/V 

module. The conditioner /divider 
module needs no calibration. 

Your DMM can now double as an 
accurate portable frequency counter 
that can be used in audio through ul- 
trasonic work and, with the optional 
conditioner /divider, can even be used 
in low- frequency r -f work. Though 
the converter /DMM combination is 
not truly a "counter," its accuracy 
and linearity rivals the real thing. AE 

Now! In America 
For the first time, the AR2002 is 
available in the U.S.A.! Acclaimed 
worldwide for its full spectrum 
coverage, its superior sensitivity, and 
excellent selectivity; it has all the 
features a sophisticated and discerning 
public service band radio user desires. 
Experts in Europe report excellent 
performance in independent lab tests. 
For example: sensitivity across all 
bands will typically exceed .3 microvolts 
in NFM. And now the AR2002 is 
available to you exclusively through 
this offer. 

Performance Above 
and Beyond 
You'll hear signals from 25 through 
550 MHz, plus 800 MHz through 1.3 
GHz. In any mode: narrow band FM, 
wide band FM, or AM. Search through 
entire bands, or enter selected 
frequencies into any of 20 memory 
channels. The sidelighted LCD gives 
full information on status and 
programming. Profession quality 
hinged keys and a digitized front panel 
control knob make tuning easier than 
ever before. There's even a real time 
clock with backup, a signal strength 
meter and a front panel head phone 
jack. Plus, programmable search 
increments, a laboratory quality BNC 
antenna connector with switchable 

attenuator, full memory backup, and 
power cords for AC or DC operation. A 
professional swivel mount telescoping 
antenna is also supplied. 

Yet Convenient to Own 
The AR2002 is available exclusively 
through us - so call us direct, TOLL 
FREE. If you're like thousands of other 
monitor users the world over, we'll be 
shipping you an AR2002 within 48 
hours by surface UPS for only $455. 
Plus we pay all freight and handling 
charges. Remember to ask about our 
custom test and triple extended buyer 
protection warranty plans, our express 
shipping option, plus our Computer 
Interface accessory. If you're not 
satisfied within 25 days, return your 
AR2002. We'll refund your purchase 
and return shipping costs. There are 
no catches, no hidden charges. 

COMMUNICATIONS 
Monitor Division 

10707 East 106th Street, Indianapolis, IN 46256 

Call Toll Free 800- 445 -7717 

=Visa and MasterCard , COD slightly higher 
In IN 317- 842 -7115 Collect 

Warehouse: 22511 Aspan Street, Lake Forest, CA 92630 

(7' /e "D x 55 /ie "W x 31/4'H Wt. 2 lbs., 10 oz.) 
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