
Constructing the Basic-1 and Basic-2 Radiolocation/communicators from kits
Last updated October 28, 2022

This document describes the construction of the Basic radiolocation units from kits but 
can also be followed by someone who has purchased only a PC board and gathered the parts 
themselves using the parts list.  This is written assuming that a caver in the US has purchased 
the kit (only US measurements are shown), which includes everything except the battery and 
the loop wire and form. I now recommend building only the Basic-2 units, which work 
noticeably better.  The cost of copper wire is now more reasonable.
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LOOP

First the hard part – the loop!  Order 1 lb of #28 enameled wire for each Basic-1 radio 
kit or 2 lbs of #24 enameled wire for each Basic-2 radio kit.  My most recent source was Tech-
Fixx on Ebay.  The loop form must be constructed and, depending on your skills and the 
construction method chosen, may be the hardest part of the project.  

If you are lucky enough to find a pair of used plastic bicycle or wheelchair wheels of 
about the right diameter, let me know the exact diameter of the bottom of the “trough” where 
the tire went.  I can calculate the correct number of turns. NOTE: I have seen plastic hoops 
(like small hula-hoops) for sale at “Dollar” stores that look ideal if they are rugged enough. 

I wanted the lightest most portable loops possible for personal use.  I own a cheap heat 
gun, from Harbor Freight, which can blow air up to 1000 degrees F.  I purchased some gray 
PVC electrical conduit with ½ inch ID and a coupler that is used to join (glue) 2 pieces 
together.  19” diameter is 5.0 ft perimeter, so I cut a 5 ft length and formed it into a 19” circle 
with the heat gun.  This is easier said than done!  First I cut 2 plugs for the ends of the conduit; 
½ inch wood dowel several inches long will do.  I then taped a plug in one end (leaving several 
inches sticking out), filled the conduit with dry sand, then plugged the other end.  This 
prevented kinking or flattening when the heated plastic was bent.  I then duct-taped one plug to 
the rim of a small metal garbage can lid, which acted as a form.  My lid was 17” diameter, a bit 
small. The large beaded rim helped keep the loop straight as it was bent.  Donning oven mitts, 
and with the heat gun on its low heat setting, I then carefully heated the first few inches of the 
conduit, then gently bent it around the lid, continuing around in increments.  It was difficult to 
make a perfect flat circle, but my loops look OK.  It is more important to be flat than perfectly 
round.  Next I emptied out the sand. The coupler was then used to glue the ends together.  I 
then cut a slot around the outer perimeter ~0.1” wide for winding.  I used a table saw with a 
cheap plywood blade, with hundreds of teeth, installed backwards so the teeth would not catch.  
Similar results could be had with a router or a hand saw.  The resulting form weighs only a few 
ounces, gives complete protection to the wire, requires no handle to carry or use, and can be 
carried over a shoulder while walking. Check the internet for other ways to form the loop!

Probably the quickest and easiest (but heaviest) way to construct a loop is to start by 
cutting a 19.0” diameter circle of ½ inch thick rigid foam plus 2 larger circles of thin plywood 
20 or 21 inches diameter.  These are stacked with the 19” foam disk in the middle to form a 
winding slot around the rim.  The loop should be assembled with glue and/or fasteners tightly 
such that windings cannot slip between the layers.  Prior to assembly, the center of the loop can 
be lightened, a recess added to protect a bubble level for the underground loop, etc.  It is a good 
idea to add a flexible handle with cords and a piece of dowel for carrying and to allow the loop 
to hang perfectly vertical while searching on the surface.

Next wind the loop with 332 turns of #28 for a Basic-1 loop or 309 turns of #24 for the 
Basic-2.  Keep some tension on the wire.  I find it best to count to 10, mark, count to 10, mark, 
etc when doing this many turns.  Cut 5 ft of RG-174 coax.  Assemble the RCA phono plug  on 
the coax, soldering the shield.  Use long nose pliers on the shield as a heat sink to prevent 
melting the center dielectric. This shield should be tinned with solder before assembly, which 
may be a bit difficult, but be patient.  Carefully crimp the cable clamp, then slip on the cover. 
Solder the cable to the loop and provide a strain relief with tape around the PVC form, or a 
clamp on the wood form.  If you have a DVM, check the resistance across the phono plug, 



which should be approximately 112 Ohms for the Basic-1 loop and 40 Ohms for the Basic-2.  
Both of your loops should have the same resistance.  This test pretty much assures that the 
loops will work.  Especially on the plastic conduit loops, I would consider adding the copper 
foil “hand ground”.  Simply wrap the foil around the conduit for several inches, gluing or 
taping it down. The foil is kept mostly bare.  A wire  is then soldered between this foil and the 
shield of the RG174 where it is soldered to the loop wire.  In receive mode, this will ground 
your hand, reducing feedback to the headphones.  The open slot in the conduit, or the open rim 
on wood forms can simply be covered with electric or duct tape to protect the wiring.

Repeat everything identically for the second loop if you are building a pair.
Although the 2 loops are electrically identical, the bubble levels make them different.  

The levels are easy to mount on wood forms.  The round level can be screwed directly to the 
plywood, preferably in a recess near the center of one side.  This allows the underground loop 
to be positioned perfectly horizontal on the cave floor.  For the surface loop, the small 
cylindrical level can be glued into holes drilled through the rim, which should stick out beyond 
the winding.  The idea is to have the bubble exactly centered when the loop is precisely 
vertical.  A drill press with a perfectly aligned table is about the only way to do this.  
Otherwise, fabricate 2 small flat pieces to hold the level, making one of them adjustable for 
later alignment.  The accuracy of the radiolocation depends on these levels.

On my PVC conduit forms, I added 1/8” diameter shock cords to the 3 mounting holes 
in the round level, then added 3 hooks formed from #12 house wire.  With care, the level can be 
suspended in the center of the loop for underground leveling.  This is not a perfect solution, but 
is quick and easy.  For the surface loop, I filed a notch across the rim of the form at the center 
of the coupling where there was 4 layers of plastic.  This style of loop will rest or hang 
precisely vertical.  With the loop hanging, I epoxied the cylindrical level in place, then centered 
the bubble before the epoxy hardened.  Be sure to label your loops “Basic-1” or “Basic-2”.



Figure 2 (Original Black Switch)

Figure 2A (Red Switch)



Figure 3

Figure 4

PC BOARD
Mounting the parts on the board is straightforward.  Use  Figure 2 above for parts 

placement. In The Simplest Radiolocator article refer to Appendix A and the schematics of 



Figures 4 and 5 for the part values.  The values are also given on the three PDF parts layout 
sheets that were used to sort the parts. Many part locations are identified on the board.  Color 
codes for the resistor values used are listed at the end of the parts list.  I learned the color codes 
while building Heathkits, and am giving you the same opportunity!  All of the diodes D1 – D14 
are polarized and must be oriented with the ends marked with a band placed into the square 
pads as shown in the layout.  All diodes are identical except for D4.  Note that on the board D4 
is mis-labeled as D5. Capacitors C4 and C8 are now both non-polarized ceramic capacitors.  
Note that C8 has a different value in the Basic-1 than in the Basic-2. The sockets for U1 (and 
U2 if used) have a notch at the top that must be oriented as shown in the layout.  Pin 1 is just 
left of the notch, where the dot is shown in the layout.  This dot also appears on the integrated 
circuits.  Note that C1 is two .027uf capacitors in parallel in the Basic-1, but only a single .
068uf cap in the Basic-2, leaving an empty space.  If building a Basic-1, do not install D6, R15, 
R16, R17, U2 or it's socket.  Install wire jumpers in place of D6 and R15.  Note that the Basic-
1 will work if all of these parts are installed, as long as the correct value of C1 is installed.  
Note that Basic-1 loops will not work properly with a Basic-2 radio or vice versa.
NOTES: 7/4/12 For people who have already purchased kits or built radios prior to this 
date. I have found a minor change that will improve beacon operation of the Basic-2 at 
high temperatures. Especially if just the piezo speaker is used without headphones, the 
units may stop "beeping" and go into continuous ON mode at a temperature of 80-90 
degrees F. The cure is to add a third 1N914 diode, in the same polarity, in series with 
diodes D5 and D6. The schematics and parts lists have been updated, and I will include 
the diode in future kits. The PC board has not been updated. Email me if you can not 
obtain a diode locally and I will send you one. The Basic-1 kits are not affected. 

10/28/2022 Kits shipped with a red mode switch must have the switch wired differently. 
It is a mirror image of the original black switch! See the PC board layout and front panel wiring 
diagram Figure 2A for the Red Switch wiring!!!!!!!

10/28/2022 Adding a fourth diode in series with D5 & D6 may be necessary for the 
"beeping" mode with high battery voltage (new battery) and/or high temperature. The 4-
diode string is shown on the Red Switch diagram mentioned above.

Install 4 inch long wires in all of the holes in the edges of the board except for the 2 loop 
leads, the -9V lead, and the 2 piezo sounder leads (if installed).  Use a different color for each 
of the 2 or 3 wires in a group, ie different colors for pads 1, 2, and 3 of SW1.  #26 stranded 
hookup wire is included.  Solder the remaining short piece of RG-174 coax to the loop pads, 
with the shield going to the square pad marked “S”.  Again, use a heat sink while soldering the 
shield, or you will be sorry!

Now use a magnifying glass to check every solder connection for good bonding and no 
shorts to the ground plane or to each other.
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Figure 6

Figure 7



FRONT PANEL
I elected to mount everything on the front panel (except the optional piezo sounder) to 

make servicing easy, but it is crowded.  The dimensions shown in Figure 7 will work, but there 
is essentially zero clearance between the battery holder and J1.  Note that I am now supplying a 
full-size gain control instead of the now unobtainable miniature unit. Do a trial fit before 
drilling the mounting hole! After drilling the holes, the trick is to mount J1 first, as close to the 
left edge as possible, then install the battery holder hard against the other side and the bottom 
edge with the double-sided tape.  The bottom of the battery holder should be filed flat before 
applying the tape. The pot & knob, mode switch, phone jack, and push button are easy to 
mount.  Only 2 screws and spacers are needed to hold the PC board.  I mounted the optional 
piezo sounder with double-sided tape on the right side of the box to make it easy to hold close 
to my left ear, as I am right handed.

Figure 2 shows the connections to the front panel.  Once again use a heat sink and pre-
tin when connecting the loop coax to J1.  Twist the 2 or 3 wires in each group before soldering 
and shorten as required, leaving some slack for servicing.  They can still be identified by color.  
The 2 wires to R4 and the wires to SW3 can now be connected without regard to polarity, but 
not the remaining wires.  The 9V+ wire goes to one terminal of SW2 (on the back of R4) and 
the red wire from the battery holder goes to the other.  Now twist the -9V lead around the red 
wire and then the 9V+ wire, and solder it in the 9V- hole. The wire labeled “Shell” connects to 
the barrel connection of the ¼ inch phone jack J2, while the other lead connects to the tip.    
The purpose of this arrangement is to allow measurement of the battery voltage from outside 
the case by simply connecting a DVM between J2 and one of the screws holding the PC board, 
with the unit turned ON in CW mode.

Take extreme care when wiring the mode switch SW1.  A rear (solder lug) view of the 
switch is shown both in the layout image and the schematics.   The wires are numbered in order 
on the board except for wire 2, which is directly above the “SW1A” label.  Solder them to the 
like numbered terminals as shown in the switch diagrams.  Terminals 1&4 are soldered together 
and connect to the “1&4” hole on the board.  Some mode switches do not have pin numbers. 
This is not a problem because the switch is symmetrical and will work if installed "upside 
down".   Just wire as shown in figure 2. This completes the construction.

FIRST TEST
Install the LF353 or LF412 in each Basic-1, or two LF412 IC's in each Basic-2.  The dot 

on the IC's (pin 1) goes to the left of the notch in the sockets.  Install a 9V battery in each unit.  
Plug in the antenna and headphones.  In receive mode (switch down towards CW key), inside a 
building with AC power, you should hear power line harmonics and various other noises.  In 
the CW mode (center switch position), pressing the CW push button should produce a loud 
1750 Hz tone in the headphones.  This shows that the transmitter is probably working OK.  In 
the pulse mode (switch up), you should hear the same 1750 Hz tone pulsing 5 times/second.  If 
both units work, you should be able to transmit with one and receive with the other.  If a DVM 
(Digital Volt Meter) is available, check the AC voltage across the loop during CW transmit, 
which should be about 30V rms for the Basic-1 and 60 V rms for the Basic-2.  You can check 
that 2 units are operating close to the same frequency by operating them simultaneously in CW 
mode with the loops separated by several feet and suspended away from metal objects.  Listen 



with one headset near each ear.  You will hear a beat note whose frequency is the difference 
between the 2 units.

TROUBLESHOOTING
If a unit does not work properly, first double check that there are no short circuits on the 

PC board.  It is very helpful to compare it with a working unit.  A visual inspection may reveal 
a short or a part or wire installed incorrectly.  A DVM is required for troubleshooting.  They are 
available for ~$10.00 if you shop around.  Voltages can be compared in receive and CW modes 
and loop and wire continuity can be checked. 

If a working unit is not available, then check that the ICs are not installed backwards in 
their socket(s).  Check the polarity of all diodes.  The ends marked with bands go into the 
square pads. In the Basic-1 check that wire jumpers are installed in place of D6 and R15.  
Check the wiring to SW1, which, as I know only too well, is easy to mess up.  Make certain 
that SW1 actually switches as shown in a note on the schematics.  Check the wiring of J2.  It is 
easy to mess up if your phone jack has a third solder lug for a switch contact.  Make sure that 
all parts, especially the resistors, are the correct values and installed in the correct locations.  
Receive mode tests:
Turn the unit ON in Receive mode, with the loop disconnected, and measure the battery 
voltage.  Next measure from pin 1 of U1A to ground (battery negative) which should be +4.5 
VDC.  Note that neither J1 or J2 should be used for the ground connection. In a Basic-2, Pins 1 
and 7 of U2 should also be 4.5V.  R2 and R3 act as a voltage divider to produce the 4.5 volts.  
Pin 7 of U1B should be about +8V, which reverse biases D1, allowing reception.  Pin 6 is held 
to 0.4V in the Basic-1 and 0.8V in the Basic-2 to force pin 7 of U1B high. 
CW mode tests:
When the mode switch is changed to CW, diode D5 is back biased, dropping pin 7 of U1B to 3 
VDC, which causes D1 to conduct, preventing U1A from transmitting.  The voltage divider 
formed by R9 and the parallel combination of R10  and R11 produces the 3 volts.  Pressing the 
CW key raises pin 7 of U7 back up to 8 VDC, back biasing D1 and allowing U1A to transmit.  
Note that U1A will not oscillate with the loop disconnected, but the DC voltages will still be 
correct.  
Beacon mode tests:
In Beacon mode, U1B generates a 5 Hz square wave.  This is too fast to register on the DVM as 
a DC voltage, and too slow for AC.  On pin 7, you should see an AC voltage jumping around. If 
there is no 5Hz square wave and the beacon puts out a continuous tone in this mode, try 
disconnecting one of the diodes D5, D15, or D6.  If it now "beeps", you can leave it this way, 
but CW will no longer work.  If the unit “sort of” works but sounds funny when receiving a 
signal from the other unit, and the transmitter sound changes when the gain control is turned, 
then there is something wrong with D7-D14.  These diodes limit the voltage across the gain pot 
R4 to 2 volts peak of either polarity.  Either a diode is backwards or defective (open circuit).

If no local help can be found, I am available by email or phone to help with 
troubleshooting.  It would be helpful if you have done the basic troubleshooting described 
above first.

FIELD TEST OF THE BASIC-1
Find an open area some distance from the nearest power lines.  Listen with one unit to 

see that there is not much power line noise.  If a lot of noise is heard, go elsewhere.  Support 



one of the loops vertically against a stick or tree.  Put this unit into pulsing transmit mode, then 
count paces as you walk away along the loops axis, ie you see the full circle of the loop when 
you look back, not the edge.  carry the other unit in receive mode with the loop vertical.  Note 
that the received signal is strongest when your loop is parallel to the transmitter, ie the coaxial 
orientation.  At 67 ft (20 long paces) distance, there should be enough signal to rotate your loop 
until the pulsing signal disappears.  Your loop should be pointed at the transmitter if you are 
exactly on its axis.  At 200 ft (60 paces) range the signal should be weak but audible.  For 
Basic-2 units, these distances are extended to about 100 ft (30 paces) for direction finding and 
300 ft (90 paces).  Now swap units and repeat the test.  If they pass this test they are ready for 
caving.
Note that the battery voltage can be measured without removing the screws and opening the 
box.  Turn the unit on in CW mode, then measure the battery voltage between J2 and one of the 
screws holding the circuit board in place.  The radios will function down to about 6 volts, but 
with reduced transmit output.

8/27/13 This circuit has as much gain as possible without feedback and oscillation 
between the headphones and the loop. It turns out that the 1/4" phone jack must make 
very good connection with the headphone plug (mainly the ground connection) to prevent 
coupling (and oscillation) through the operator's body. I have had it happen to me. Even 
the "hand ground" on the loop is not enough to stop it, but cleaning the contacts works. 

 6/27/15 While testing on the surface, a Basic-2 radio appeared to be operating in 
beacon mode, beeping in its piezo sounder, but was not actually producing any real 
output, even with a separate receiver at 6 inch (15cm) range! I believe the culprit was a 
dirty contact on the 3-position mode switch, but it now works fine and I have not been 
able to duplicate the fault.


