"Shotgun’ Directional Microphone

Intr ion

The multitube "shotgun" directional microphone, as seen in some movies, may just be one of the
biggest hoaxes of all time. The physics which originally created it for a Popular Electronics article
back in 1964 revolved around one living in an ideal, perfect world. Many of the thousands of people
who ran out to build one of these microphones where often disappointed in its performance. Sorry,
but simple, non-contact audio microphones can't hear through walls or intercept those whispers
from a mile away (well, they can — but that's another story). Shotgun directional microphones only
reduce the "receiving range" in which the microphone is pointed, they don't offer any gain! A fresh
set of ears will often beat many fancy directional microphone designs...

But with today's modern electrical components, it is possible to overcome some of the
performance obstacles inherent in its design. This article will be a detailed overview of the
assembly and construction of a shotgun mic, and then following this article will be the scanned
version of the original 1964 Popular Electronics article. The Poptronics article goes into much more
detail on the actual hardware construction and theory, so you may wish to review that first. Also
included is a scan of a page in the book The Basement Bugger's Bible, one of the best homebrew
surveillance books out there. This particular page has more info on the microphone and a
schematic for a higher—performance audio amplifier than what was used in the original Popular
Electronics article.

Overview

Start with about sixty feet of 1/2—inch O.D. aluminium tubing. The original article used 3/8-inch
diameter tubing, but 1/2—inch seems to be much easier to find at the hardware store. Also pick up
some two-part, fast—drying epoxy, and a good tubing cutter. Copper tubing can be used in a pinch.
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Start cutting the tubing per the Popular Electronics article. Cut one 36-inch piece, one 35-inch
piece, one 34-inch piece, one 33-inch piece, etc. until you get down to 1-inch. You'll need two of
those. Debur the fresh cut ends with a file and clean the tubing with steel wool and denatured
alcohol to prepare the aluminium for the epoxy.

Starting with the 36-inch piece, apply some epoxy and surround this tube with the other pieces,
going down in length (i.e. 35-inch, 34—inch, etc.). The tubing must be very clean for the epoxy to
stick. Aluminium will oxidize quickly after being cleaned.
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Two 1-inch
Pieces

When finished, it will look something like this. The construction doesn't make any sense at first, but
it will work out, provided you cut all the pieces to the right length. Notice how it looks like three rings
around the original 36-inch tube. Remember that it needs two 1-inch pieces to finish off the sides,

also be sure the tubing ends are all properly aligned!
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Another (somewhat) finished view. | cleaned the aluminium tubing with a little bit of lye and hot
water (DANGER! - Doing that can give you an ouchy if you have the I.Q. of a $2600 subscriber)
then | spray painted it with a zinc—chromate primer. Next, | sprayed almost a whole can of black
Plasti-Dip spray-on plastic coating on the outside of the tubing. This was done to hopefully help in
the reduction of accidental noise vibration pick—up while the microphone is in operation — I think it
worked a little bit.
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View of the mounting block. It's just a scrap piece of aluminium, with a 1/4—inch (20 TPI) tapped
hole, epoxied to the approximate middle of the shotgun mic. This can be used for mounting the
microphone tubes to a camera tripod.

Another overall view.
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Full view of the shotgun microphone tubes.
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These are the components which will be needed to make the "funnel” for the audio amplifier which
will attach to the back of the microphone tubes. Clockwise from the the upper left is a PVC 3-inch
to 2-inch reducing coupler, a plug-in thingy to add threads to the reducing coupler, and the
matching threaded coupler for that part. Next, is some rope caulk, and finally, a high—output
piezoelectric microphone element, Mouser (http://www.mouser.com) part number 251.M024. I'm
kinda guessing at this point, so if you can think of something better for your own design, use it.

All the PVC parts are painted with a copper "flake" paint to help in the attenuation of any
electromagnetic interference.

71


http://www.mouser.com

Use the rope caulk to mount the piezoelectric microphone element inside the threaded
plug—in. Secure it from both the front and the back.

Alternate view of the microphone element inside the threaded plug-in.
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Rear view of the microphone element inside the threaded plug-in. The isolated (red) pad is the
microphone's POSITIVE terminal, the other tab is CASE GROUND.
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Then slide the threaded plug-in into the 3-inch to 2—inch reducing coupler. It should look
something like the picture.
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Audio amplifier circuit board. Test setup.
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Closeup picture of the audio amplifier circuit board. A combination of both surface mount and
leaded components are used to reduce space. The red/black leads on the left are for the
microphone element. The white/green/brown wire bundle is for the volume control

potentiometer. The white/black leads out the bottom are for the speaker and the red/black leads are
connected to a 9 Volt battery.

Try to use 1% metal-film resistors, as they offer the lowest noise. Electrolytic capacitors should be
of high quality. Digi—Key carries a good Panasonic line. Low value capacitors should be of
polystyrene or polypropylene dielectric material. Keep the areas around the feedback
resistor/capacitor in the MAX427 clear of any solder flux.
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Picture of the audio amplifier board mounted between the threaded PVC adapters. The PVC end
cap contains the volume control potentiometer with an integrated on/off switch. The audio output is
via a 1/4—inch mono headphone jack. The end cap is taped to the other PVC pieces.

The funnel is fitted to the microphone tubes. You may have to grid the PVC reducing coupler with a
Dremel tool for it to fit the tubing. Then pound the coupler onto the tubes with a rubber mallet. It
should be a tight fit. Seal the funnel with rope caulk.
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Finished microphone. Apply a coat of olive drab paint or some other form of camouflage. It works
pretty well, but don't expect any miracles. The audio is quite "tinny" due to the microphone
element's poor bass response. Use an external equalizer to correct this. Increase the value of the
10k resistor in the MAX427's feedback to increase the overall amplifier gain.

Low Noise Microphone Amplifier PCB P rn

Etch on an approximate 2—inch diameter board. Use good FR-4 laminate. Tin, and wash away
any left over solder flux.
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"Shotgun' Directional Microphone

From Popular Electronics, June 1964

Build the
SHOTGUN
SOUND
SNOOPER

peraling on “organ pipe™

principles. this amazing

tubuwlar microphone

amplifics distant sounnds

By JAMES R. HOLLINGER and

JOHN.

E. MULLIGAMN, ®iTI8

( NE WINDY DAY last fall, the au-

thors hustled a skeptieal friend out
into a field bordering on a wooded area
to test a homemade long-range tubular
microphone. Waiting until the friend had
crossed the field and disappeared com-
pletely. we panned the mike toward the
spot where he had last been seen. At
first only the sounds of birds were heard ;
then, on the last swing, came the sound
of crashing brush and a voice mumbling
“Mary had a little lamb." When we told
him later thai we had enjoved his
nurgery rhyme, he looked at us incredu-
lously. At a range of 250 yvards, under
adverse wind conditions, we had picked
his voice out of the woods!

The tubular migrophone, one of the
less publicized but one of the most spec-
tacular long-range listening devices,
might be described as a bundle of open-
end tubes designed to pick up and am-
plify sounds of different frequencies by
virtue of different tube lengths, The
principles involved are familiar: In re-
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sponse to sounds of various frequencies,
the air eolumns within each tube vi-
brate and, in doing so, amplify the orig-
inal sounds.

Applications of the tubular mike,
which has far greater sensitivity, belter
frequeney response, and superior direc-
tional characteristics than parabolic
tvpes, are many. Bird and animal watch-
ers are delighted with the added dimen-
sion of sound when it is applied to na-
ture studies. Small boat operators may
find the unit of value as a navigational
aid, especially in fog or conditions of
poor wvigibilitv., The tubular mike can
pick up conversations from busy streets,
and under the right conditions, can actu-
ally pick up conversation through closed
windows 40 or more vards away, The
mike desceribed in this article works well
with tape recorders, and has even been
uged with a 100-mw. CB walkie-tallie,

Design and Construction. As vou might
assume, tubes are cut to resonate aver
a specific range of frequencies. To eal-
culate tube length, first find wavelength
by dividing the speed of sound (1100

52

Thirty-seven 1ubes ranging from 17 to 367
imake wp the author's tubular mike; all
construction detsils are given in text
and In diawing al right. Completed unit
is mounted on a camera tripod and panned
like & machine gun to ind sound source

feel per second for practical purposes
by the frequency. For example, the
wavelength of 256 cyeles equals 1100

256, or 4.206 feet. Tube length,
however, is half this, or 2.14 feet, since
tubes open at both ends resonate al a
wavelength twice as long as their length.

In designing a tubular mike, it i8 nee-
essary only to assemble enough tubes to
cover the frequency range of sounds vou
want to hear. The exact number of tubes
iz not critical, but should be the greatest
number that can be efficiently covered
by the microphone element. The gradu-
ated lengths should be stepped evenly
from the shortest to the longesl so fre-
queney nulls are avoided.

The “Shotgan Sound Snooper™ is built
with 37 aluminum tubes, %" 0.D., rang-
ing from 1" to 36" in length, and gradu-
ated in 17 steps . The 3Tth tube is an ex-
tra 1 length added to complete the
hexagonal symmetry of the pickup. The
tubes can be conveniently cut from ten
6’ lengths, using a tubing cutter or fine-
tooth hacksaw. Dress the edges with a
fine file to remove burrs, Assemble the

POPULAR ELECTROMICS
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Easily worked aiuminum is used for fabricating the
pickup. The tubes can be conveniently cut from ten
6" lengths of 34" dismaeter stock, the support brack:

et “BILL OF MATERIALS

[
b 56" length of W01 AY. alwiinonn (wliisg | Fea
- A% Kengtny prefeeable)

¢ I—Crwadal sifcrophose earteidpe, approx, JW™.
i diamotitr { Lajayedte PA-2T or ogquivalent )

I I—Mauwichold fummel, 2R*diametor

I F—"apede, Vo™ -ihick oluveimssn ririppoug  for
: wippart brackets, battery beackel (appray. 2°
i redpuirad |

tubes as shown in the drawing above,
starting with the 36" length and gluing
the 35" tube to it at at lenst three spots.
The authors used fast-drying rubber
base cement, but epoxy glue can be used
for greater stremgth. In any case, be
sure the tubes are flush at one end by
checking ¢ach one against the others as
you glue them in place,

Cut and drill the front and back sup-
port brackets from easily worked 'w"-
thick aluminum as shown in the draw-
inge. The brackets are shaped around
the tubes to form a tight fit; it will help
if you bend each one at the exact conter

dune, 1984

ets from a sheet orf strip of 1,/327 aluminum. The
hovrizontal suppart bar is made from heavier stock.
Angle bracket mounts to standard camera iripod,

FOR MICROPHONE =~~~ - -

T—W"onde, W akick alionfrm strip for bore
sintul inppors bhar (approcimately 15" lenpeh
Fflpuieimd A

IF—Slandard camera trapod

Mive.—dilwe | jast.dvang enbiber bare  cdmtact
cemenl o epoxy plwe), K32 mbdcline jerew) 1
umd wile, rablicr grannnet, wicraphone cible, 0
vilder, gic.

to form a slight V before you shape it.
Make the horizontal support bar from
" aluminum as shown, and cut off a
piece of aluminum angle to form the an-
gle bracket.

Cartridge Mounting. The microphone
cartridge enclosure is made from a 2.
diameter houschold funnel. Hold the
wide end to the tube cluster and mark
the sides to indicate the corners of the
hexagon shape. Place the funnel on a
smooth, solid surface, and make dents
at each of the six corners of the hexagon
with a small ball peen hammer. With the
flat head of the hammer, fatien the areas

5
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Wire amplifiar and other components
as above;, T2, 52, J3 are optional.

AMPLIFIER PARTS LIST ========

Ar, 22, F3—Stawdurd ppen-civewil
plhone jock

R—10,000 -akm  mininture  pofcn-
Hamelar with 3948, switch 57
{ Lajuyetie VE-25 or cqwivalesd )

S]-—Prart of Ri Ji

52-—5.p.d.l. togple noilch

Ti—Transistor dnput transformer;
200 G -odnm  primary,  1000-akm
secondary | Lajayette TR-120 pr
dirwivalent )

T2—Transestor owlpul bransformer -
25-wfom  primary, IT-pfm sec-
andary ¢ Argonne AR-Fid o
eqimivalont )

I afayefle PRK-544 F.tramiistor
audia amplifer or othar figh-gain amplifier

T—W-uolt framiistor bdattevy | Burgeis 206 or
equivalent )

P—Aluminum  box, approximately 2 4* = 3" 2
ST rEMB Z136 or cquivalent)

T—Miniatare kuob (Lajeyeite M5-185)

18" length of single-comduwcior shiclded mi-
crophane cable

I-—8et of headpkorcs, kigh or low fnpedence

Mise—<4-40 & 33% muckine serews ond el
nawts, scrap alwminem, contact cemend or cpoxy
olue, uvire, aplder, et =

between the indentations for about %4” in
from the edge of the funnel, Place it
over the end of the tube cluster and peen
again if necessary. A tight sliding fit is
desirable, but a loose fit can be remedied
with tape.

As shown in the drawing on page 53,
the microphone cartridge is mounted in
the funnel with glue. First connect a
length of mike cable and install a rubber
grommet in the asmall end of the funnel;
apply glue to the rubber rim of the mike
cartridge and to the funnel. Press the
cartridge into the funnel, truing it up
and clamping it into position until the
glue is dry.

Final Assembly. Place the rear support
bracket over the tube cluster 4" forward

54

o
.i@n BATTERY
BLacK

Battery Mounting

TI PK-544

Follow parts placemant indicated (unit is inveried
in this photo) to avoid possible feedback problems.

of the flush end and tighten it onto the
cluster with a 6-32 x %" machine screw
and bolt. Install the front bracket the
same way, and slide the horizontal sup-
port bar between the brackets, aligning
the holes in the bar with the lower onea
in the brackets. Bolt the horizontal bar
in place along with the angle bracket for
mounting the microphone to the pan
head of a camera tripod. Now fit the
microphone enclosure over the tubesg; it
can be taped on if neceasary with a strip
of masking or metalized Mylar tape
around the enclosure and the rear sup-
port bracket, The Mylar tape is not nec-
essary, but looks better,

The Amplifier. Weak or distant sounds
naturally require a high-gain amplifier,
For this purpose, the five-transistor La-
fayette PK-544 is ideal, and the cost is
low. The high-impedance microphone
cartridge is matched to the low-imped-
ance amplifier input with a transformer,
The high-impedance output shown in the

(Continued on page B4 )

POPULAR ELECTROMICS
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Shotgun Sound Snooper
( Continued from page 54)

schematic on page 54 is optional; T2,
82, and J3 may be omitted if low-imped-
ance output will suffice.

The PK-544, BRI, S1 (part of R1) T2,
82, and Ji, J2, and J3 are mounted in
hailf of a 2%” x 3" x 54" aluminum box
(LMB §136). As a matter of conve-
nience, the authors first mounted in-
put transformer T{ to the board of the
PE-544 amplifier. To do this, you
bend off the mounting tabs of the
transformer. Then apply quick-dryving
tement to the bottom of T1 and to an
open area on the amplifier board near
the input leads. Mount transformer 77
in this area.

When the cement is dry, remove the
PK-544 input leads where they fasten to
the board. Referring to the schematic,
trim the low-impedance leads of 77 and
solder them to the board where the orig-
inal input leads were attached. The high-
impedance primary of T1 is later con-
nected to J1I. 1

As shown in the photo on page 54,
the PK-544 is mounted with four -4
x %" machine screws and extra nuts to
the top of the box. Tighten the screws
with nuts, then use eight more nuts, four
above and four below, to mount the
board so it is well away from the metal
box. Mounting holes are already drilled
in the PK-544; disregard the mounting
hardware that comes with it.

Drill holes in the front of the box
for mounting the three jacks, controls
R1-81, and transformer T2. Drill a hole
in the bottom of the box for the battery
mounting bracket which iz made of a
piece of serap aluminum. Referring
again to the photo and schematic on
page 54, mount and wire the remaining
components, cutting any excess leads.
In general, it's a good idea to follow the
arrangement shown to avoeid possible
feedback problems.

The bottom section of the box is fas-
tened to the horizonial support bar of
the tubular pickup unit by means of
two 6-32 %" screws and macthing nuts.
Place the top section of the box with
the mounted amplifier components onto

B4

the bottom section, fastem with the
screws provided, and the completed unit
is ready to use.

Operation. Operation of the “Shotgun
Sound Snooper” is simple—just conneet
a pair of headphones and turn on the
amplifier, adjusting the volume control
carefully to aveid painful sound volume.
The tubular mike must be aimed toward
the location from which sound pickup is
desired—sight along the tops of the
tubes and turn the volume up gradually,
Wind has the effect of carrying sound,
so straight-on reception is not always
possible.

Under windy conditions, the unit
should be panned until the best recep-
tion is achieved as determined by ear,
Naoisy winds can spoil listening—es-
pecially if the tube ends cannot be
sheltered a bit—but moderate wind noise
can be ecut down by draping the mike
with a cloth. Annoying sounds of con-
sistent frequency can often be partially
blocked by simply plugging the tubes
which are carrving them. I

If you enjoy experimenting, vou’ll find
the “Shotgun Bound Snooper” a unique,
faseinating project. Endless variations
are possible, of course—in tube length
and diameter, in the microphone car-
tridge, the amplifier, ete. Just as endless
are the applications you'll find for the
microphone. Construction is easy, and
the coat is reasonable, Don't delay! 8-

“Now what would banana peels be doing in your set?'
POPULAR ELECTROMNICS
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"Shotgun' Directional Microphone

From The Basement Bugger's Bible, 1999

POLYTUBE SHOTGUN

Gross construction details of polytube shotgun mic.
Biggest bugging hoax ever? Build one and see. Gaps
between tubes, and in the funnelto-tube coupling, should
be sealed with caulk. “Then . . .”: Lafayette Radio 5-
transistor amp, circa 1965, redrawn after package insert.
Transformer inside dotted line not part of amp, but
recommended in original Popular Electronics construction
article. Despite complex appearance, device is simple and
consists of three capacitor-coupled common-emitter
amplifiers. Collector load of final preamp transistor is a
transformer winding; its secondary both drives and biases
the bases of a differential pair, whose collector loads each
consist of half the winding of another transformer that also
carries one supply potential. PNP transistors require
inverted supply polarity compared to NPN. If built with

modern high-beta silicon transistors, this circuit would
probably prove unstable, because each stage is configured
for maximum gain; total looks to exceed 120 dB. Low beta
of ‘65-era germanium transistors meant low gain per stage
All five germanium transistors can still be had as
NTET02A. “ . .. Now”: One transistor and a 3862 A
mere 66 dB of gain, enough to leave the old Lafayette in
the dust, and a lot quieter. Coupled to a high-output piezo
mic like the Mouser model specified, this demure piece will
give anyone wishing to try the polytube shotgun a fighting
chance. In fact, bypassing the emitter resistor with 10pF
and placing a 10pF cap on 386 pins 1 and 8 will boost
gain beyond 90 dB—and the device is fully stable if built
on a neat, spacious circuit board. . . .
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