|| ATHEFT ALARM FOR HANDHELD CALCULATORS

fo !

EXCLUSIVE

| Buim the

[ISTLE™|

| _' : FOR TELEPHONE-
- TO-DATA SYSTEM COMMUNICATIONS

The Care

X Feeding

of NiCd
Batteries |

| A EE Readmlt TEST REPORTS:

‘ AUDIO: Marantz 5220
| i0 o , Front-Load Cassette Deck
Pgweg‘ Meter OnkyoTX-220
REVEALS POWEKLEVELS AM/Stereo FM Receiver
~ FROM AMPLIFIERS ‘ GB: Midland 13-882B
; Mobile AM Transceiver
| i e PLUS: Heathkit GB-1201
| 35, .m'°33:§N§g§359§§;5§§§j5 | 1-Function Stop Watch
-~ BLAYNW Qth1 SGULOU'U W3) 99806&Y




ANDHELD calculators are a

prime target for thieves because
they can be quickly picked up and
tucked out of sight. Though you could
physically fasten the calculator to your
desk, this defeats the purpose of its
portability. Here’'s another ap-
proach—an audible alarm that sounds
off when the calculator is unplugged
from its charger.

The Alarm Circuit. Simplicity is the
key feature of this alarm. It is inserted
between the charger and the cal-
culator, as shown in Fig. 1, and draws
a nominal amount of power from the
charger. As long as a trickle charging
current (at least 100 pA) flows into the
calculator, silicon diode D7 conducts.
The forward voltage drop across it
keeps germanium transistor Q7
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turned on. Transistor Q2, which can
be almost any pnp device, is cut off,
and the Sonalert alarm is silenced.

However, if the calculator is un-
plugged, Q7 turns off, Q2 turns on,
and the Sonalert starts to howl. Obvi-
ously, if the charger is unplugged, the
alarm will not operate. So, it's impor-
tant either to hide the charger or sec-
ure it in some way so that the thief will
notdisconnectit. To preventthe alarm
from becoming obvious (when it is si-
lenced!), it's a good idea to build the
alarm and the charger into one small
enclosure.

Two variations on the circuit are
shown in Figures 2 and 3. The relay
contacts can be used to trigger a re-
mote signalling device. Install diode
D2 to prevent destruction of Q2 by in-
ductive voltage spikes generated by
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Fig. 1. When trickle current through D1 stops, Sonalert is activated.
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keying the relay. Figure 3 shows a
small transistor oscillator which can
be used in place of the Sonalert. It can
be assembled from junk box parts.
(Note R2 is changed to 2200 ohms.)

Construction. Take care in wiring
jackJ7 and plug P2, observing correct
polarities. Although D7 will prevent
damage to the calculator from reverse
current, the unit's batteries will never
charge! And, of course, be sure that P2
and J1 are the same types as those on
the charger and calculator. Either pc
or perforated board may be used. Both
parts placement and the selection of
semiconductors are not critical. Just
be sure that D1 is rated to handle the
charger's maximum output (in the
event that P2 is accidentally shorted),
and Q7-is a germanium device. @
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Fig. 2. For a remote alarm, use
a relay instead of Sonalert.
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Fig. 8. Audio oscillator can also be
used to provide an audible signal.
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TRANSMIT and/or recefve dig-
ital data—as between two com-
puters, between terminal and com-
puter, etc.—over telephone lines and
other limited-bandwidth channels,
you need a modem (an acronym for
modulator/demodulator). Most such
channels cannot cope with the steep-
sided, flat-topped digital pulse with-
out distorting it, much less pass the
high baud rate (bits per second) used
in computers. The modem translates
the pulses into a usable form.

MARCH 1976

Digital pulses going into a modem at
one end emerge as different fre-
quency audio tones that are fed into

_ the transmitting channel. At the other

end, another modem translates the

‘tones back to the appropriate digital

pulses.

Modems can operate in one direc-
tion only (half duplex) or in both direc-
tions (full duplex). The under-$100
Pennywhistle modem project pre-
sented here offers the user both
modes with the flip of a switch.

Although some modems can oper-
ate at up to 9600 baud over telephone
lines, full-duplex operation usually re-
stricts the maximum speed to 300
baud, or 30 characters/second. Mo-
dems in this speed range generally
operate with frequency-shift keying
(FSK), using four frequencies in two
“bands.” The 1070-to-1270-Hz low
band is used for transmission from a
terminal to a central system, while the
2025-t0-2225-Hz high band is for
transmission in the opposite direc-
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Fig. 1. The modem receiver uses noise-reducing active
filtering before its PLL detector and delivers both

20-mA and ELA-compatible outputs. Transmitler accepts
either EIA or 20-mA current to modulate two-frequency,
two-band oscillator. Also shown here are the power supply
and active hybrid for dirvect telephone-line connection.
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PARTS LIST

Al,A2,A4,A5 AB—MC1458 (dual 741-
type) operational amplifier IC (Motoro-
la)

A3—565V phase-locked loop IC

A6—4N26 optoisolator

AT-—555 timer IC

C1—390-pF, 5% silver-mica capacitor

Cc2,C7,C10,C12,C21,C25—0.1-pF, 10%

~ polyester film capacitor

C3,C4—0.0047-uF, 10% polyester film
capacitor

C5,C14,C15,C22—0.01-yF, 10% polyester
film capacitor s

C6—0.00l-uF, 10% polyester film cap-
acitor

C8—0.033-pF, 10% polyester film cap-
acitor

C9—620-pF, 5% silver-mica capacitor

C11—1800-pF, 5% silver-mica capacitor

C13—22-yF, 25-volt electrolytic capacitor

C16,C19,C20—1-pyF, 25-volt electrolytic
capacitor

C17,C18—470-uF, 25-volt electrolytic
capacitor

C23,C24—270-pF, 5% silver-mica cap-
acitor

D1 to D4,D9,D10,D15 to D24 — IN4148
low-leakage diode

POPULAR ELECTRONICS

D5 to D8 D11 to D14—1N4001 rectifier
diode

F1—3AG, ¥-ampere slow-blow fuse with
pigtails

LED1, LED2—Light-emitting diode (one
red, one amber)

J1,J3—Two-conductor, closed-circuit
miniature phone jack

J2—Two-conductor, open-circuit minia-
ture phone jack

P1—No. DB25S connector plug

Q1,02,Q4,Q05—2N2907 transistor

0Q3,Q6,Q07—2N2222 transistor

Following resistors are Y4-watt, 5% toler-
ance, except as noted:

R1,R51,R80—6800 ohms

R2, R3, R9, R17, R18, R19, R45, R47,
RS54, R55, R59, R60, R61, R63—10,000
ohms

R4,R5—150,000 ohms

R6,R25,R26—330,000 ohms

R7—20,000 ochms

R8,R14—18,000 ohms

R11,R70—2200 ohms

R12,R13,R53—4700 ohms

R15,R16,R22,R57,R64 to R69—1000 ohms

R20,R21—5100 ohms

R23,R24,R33—15,000 ohms

R27,R40,R46,R48 R58—3300 ohms

R28,R41,R42—1000 ohms (Y4-watt)

R29,R30,R31—680 ohms (14-watt)

R32—680 ohms

R34—68,000 ohms

R35,R72,R73—220,000 ohms

R36—4300 ohms

R37—1.5 megohms

R38—24,000 ohms

R39—180,000 ohms

R43—8200 ohms

R44,R56—100,000 ohms

R49,R50—82 ohms (V5-watt)

R52—22,000 ohms

R62—620 ohms

R71—470,000 ohms

R74—47 ohms

R10,R77—5000-ohm trimmer potentiome-
ter (CTS No. 3605502B or similar)

R75—20,000-ohm trimmer potentiometer
(CTS No. 360S203B or similar)

R76,R78—100,000-ohm trimmer poten-
tiometer (CTS No. 360S104B or similar)

R79—1000-ohm trimmer potentiometer
(CTS No. 360S102B or similar)

8$1,82,S3—PC-type dpdt toggle switch

T1—24-volt center-tapped, 600-mA power
transformer

Z1,72—12-volt, 1-watt zener diode
(1N4742 or similar)

Misc.—Printed circuit or perforated board
and solder clips; sockets for IC’s (op-
tional); 214"-diameter, 8-ohm
loudspeakers (2); suitable enclosure;
three-conductor line cord with plug; line
cord strain relief; metal spacers; haokup
wire; machine hardware; solder; &tc,

Note: A complete kit of all Pennywhistle
modem parts, including cabinet, is av-
ailable for $97.50 from M&R Enter-
prises, P.O. Box 1011, Sunnyvale, CA
94088. Add $1.50 if ordering from Cana-
da. California residents, please add 6%
sales tax. Allow 15 days for delivery
after receipt of order. Send SASE to
above address for free copies (8" x 11")
of schematic, etching and drilling guide,
and component layout guide.
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tion. Modems that transmit on the low
and receive on the high band are
termed ‘‘originate-mode'’ devices,
since they are usually used by a local
terminal to call into a remote central
computer.

In either band, digital data is trans-
lated from 1's and 0's (marks and
spaces) to high and low frequencies.
Don’t confuse this with high and low
band terminology. The receiving
modem translates the tones back to
1’s and 0’s. Note that the high and low
frequencies used in FSK are only 200
Hz apart.

Most originate modems, including
the Pennywhistle, employ acoustic
coupling to the telephone line via the
telephone handset. (Some modems
are, however, designed to be directly
wired into the phone line.) Acoustic
couplers obviate the need for the user
to pay installation and rental charges
for the devices the telephone com-
pany requires for direct-line hookups.
The main disadvantage of the acoustic
coupleristhatitcancause anincrease
in distortion problems that can in-
crease the error rate.

Itis important that you bear in mind
that modems do not process the data
passed through them. They merely
accept a stream of serial bits at one
end and deliver the same bit informa-
tion at the other end. The translation
that takes place in between merely
makes it possible to have remote-
point communication. Also, modems
do not generally have UART’s built
into them; they are designed to be
connected to outboard UART’s, such
as those designed into computers.

Circuit Operation. A block diagram
of the modem is shown in Fig. 1, which
we will use to explain system opera-
tion. (The schematic diagram and
etching and drilling and component
placement guides are too large to fit
on these pages. They are available
FREE by sending a stamped, self-
addressed 8" x 11" envelope to the
source given in the Parts List.)

The audio input to the modem is first
applied to a three-stage filter consist-
ing of both parts of ICT and half of /C2.
This prevents most noise and har-
monics from passing through the sys-
tem. The filtered signal is then passed
to the /IC3 phase-locked loop, which
contains a variable-frequency oscil-
lator and comparator. The PLL always
attempts to lock the frequency of its
internal oscillator to the incoming
signal frequency. The correction vol-

tage supplied by the comparatorto the
oscillator provides a measure of how
far off the incoming signal frequency
is from a preset center frequency.

It is difficult for a PLL to discrimi-
nate between an input signal of the
proper frequency and one of its har-
monics or subharmonics. Since the
high-band frequencies are almost
twice those of the low band, this can
present a problem for some modems,
which is the reason for preceding the
PLL with the three-stage active filterin
the Pennywhistle. Potentiometer R710
is used to set the PLL's center fre-
quency. The PLL itself delivers two
outputs: one is a fixed reference volt-
age from the internal voltage divider,
and the other is the actual output of
the stage.

One of the lesser problems as-
sociated with a loop is that voltages
drift with changes in temperature. The
Pennywhistle tackles this problem
with the floating reference circuit
made up of half of IC2 and Q7. This
circuit takes advantage of the fact that
in asynchronous data transmission,
the serial data signal returns to the
“mark’” condition between every
character sent. The floating reference
circuit detects the mark and resets its
voltage accordingly. If the data goes to
and remains at a "space’ condition,
the circuit slowly readjusts itself and,
in about 2 seconds, will claim the new
level as a “mark.” It readjusts much
faster in the opposite direction to cor-
rect such a mistaken impression quite
rapidly.

The floating reference is fed to IC5,
a Schmitt trigger, while the data is fed
to the other input. The output of IC5 is
an EIA data output which, in turn,
drives Q2 to deliver a 20-mA current
output.

The IC4 circuit is used to detect the
presence of an adequate signal level
for reliable loop operation. The output
of IC4 provides a positive ElA-type
“carrier present’’ signal to turn on ex-
ternal terminals and hold the data
output to the terminal at a mark condi-
tion when insufficient carrier is pres-
ent. Indicators LED7 and LED2 are
driven by /C5. A positive output from
the IC turns on LED2, while a negative
output turns on LED1. When no car-
rier is present, the output of /C5 is
normally negative. With a carrier pres-
ent, itis positive. Hence, the LED’s will
alternately light when data is being re-
ceived, providing a useful indication
of modem operation.

The carrier detect signal turns on
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transmitter oscillator (C7 via R59. The
TRANSMIT switch (S7) has a section
that simulates a received carrier to
turn on the oscillator. Data is “looped
back'' from the transmitter to the re-
ceiver when DUPLEX switch S2 is in the
HALF duplex position. This provides an
echo of data originated at the terminal
without requiring that the data travel
to the other end and return. Some
time-share services require half-
duplex operation, which is one reason
for including this feature in the Pen-
nywhistle. Another is that it provides a
self-test capability for the terminal and
modem.

The transmitteris builtaround IC7, a
555 timer chip. The output of [C7 is fed
to the output filter (half of /C8), which
smooths out the waveform to reduce
harmonics and provides enough
power to drive a small speaker or the
telephone line.

The frequency at which /IC7 oper-
ates is determined by Q5, Q6, and Q7,
which form a symmetrical current
source that keeps the ‘on’’ and “off”
periods of the oscillator equal, regard-
less of the operating frequency.
Potentiometers R77 and R75 set the
mark frequency, while R76 and R78
determine the space frequency.

The Q3-Q4 Schmitt trigger circuit
accepts data from either the EIA data
input (positive or negative levels) or
from optoisolator /C6, which can be
tied into a standard 20-mA teleprinter
current loop. Mark data has a negative
voltage level at the EIA input or a cur-
rent of 15 mA or more at the current-
loop input. Space data is a positive
voltage level at the EIA data input or no
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Fig. 2. Direct line connection
between the modem and the
phone-company supplied DAA is
shown at (A). Use of the

active hybrid connection between

the modem and DAA is shown at (B).

current at the current-loop input. With
nothing connected to either input, the
modem “‘sees’’ a space.

TRANSMIT switch S7 is used to select
either the high- or the low-tone band.
Normally left in the Low position, for
tape recording or unit-to-unit trans-
mission, it is switched to HIGH.

Construction. The modem lends it-
self equally well to either printed-
circuit or perforated-board wiring.
Since the design of the system pro-
vides for maximum flexibility, both
current-loop and EIA circuits are pro-
vided. However, you can omit either of
these circuits, depending on the
needs of your system.

Capacitors C2, C7, C8, C10, C12,
and C22 must operate with a relatively
high degree of stability in the circuit.
So, it is important that you use only
Mylar, polystyrene, or other high-
stability capacitors where these are
called out.

Do not use wire-wound poten-
tiometers. They can be difficult to ad-
just with a high enough degree of ac-
curacy. Transistor types are not criti-
cal, but it is good policy to use only
complementary pnp and npn types for
Q5 and Q6. All transistors in the sys-
tem must be good-quality silicon
switching types.

Any 741-type operational amplifier
IC will operate in the modem’s circuit.
The only restriction here is that the op
amp you select must be able to oper-
ate with a short-circuited output indef-
initely with =18 volts dc applied to the
positive and negative pins of the IC.
Not all op amps can meet this re-

quirement; check this out on the IC
specifications sheet before you buy.
Most quad op amps will not meet the
requirement. Type 3900 op amps will
not work in this circuit because of the
radical design changes required.
After wiring the circuit board as-
sembly, mount the two soft-rubber
acoustic "'muffs"” on the cover of the
enclosure. Note that all parts, except
the muffs and J7,J2, and J3, mount on
the pc board. The case supplied with
the kit has a stepped area through
which the toggles of the switches
protrude and holes through which the
LED’s are visible. Connector P71 fits
along the edge of the board and is held
in place by soldering its pins to the foil
pads. The connector is then secured
to the metal base plate that forms the
bottom of the enclosure with machine
hardware through its tabs. Mount J7,
J2, and J3 in holes in the base plate
near P71 and wire them to the board.
Secure the powér cord with a strain
relief after soldering its conductors to
the appropriate points in the circuit.
If you buy your parts locally, you'll
have to fabricate your own acoustic
coupler from a pair of small
loudspeakers (see Parts List) and
some commonly available materials.
To do this, apply a thin bead of
silicone adhesive/sealing compound
around the entire front edge of one of
the speakers. Make sure the bead is no
more than %" (3.2-mm) thick and
doesn’t bleed onto the cone. Place
this speaker, front down, on a square
of wax paper atop a flat, level surface.
Gently press the speaker so that the
silicone cement bead spreads out.
Allow the speaker to remain like this
for at least 24 hours to permit the
silicone cement to cure. At the end of
this time, slowly and gently peel away
the wax paper. Trim the silicone ce-
ment flush with the outside perimeter
of the speaker and check that the sili-
cone provides a tight seal to the
microphone of a telephone handset.
From a piece of resilient
polyurethane foam, cut a ‘“‘donut’” to
fit over the rear of this loudspeaker.
Solder lengths of stranded hookup
wire to the speaker’s lugs. Route the
wires through the hole in the plastic
foam, and cement the latter to the rear
of the speaker with silicone adhesive.
Two 254" (6.7-cm) diameter tin cans
can be used as "‘wells” in which to
mount the speakers to make good
contact with the telephone handset.
The cans should be mounted 534"
(14.6) apart, center to center, and
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should have 3/16" (5-mm) thick
polyurethane foam lining their sides.
Punch a hole in the bottom of each
can to allow wires to pass through for
connecting the speakers into the cir-
cuit. Fashion two circular wedges of
polyurethane foam to fit into the bot-
toms of the cans, where they will hold
the speakers the correct distance
away from and at the proper angle to
assure firm contact with the handset
when the handset is placed in the
cans. You may have to experiment a
bit to get the right wedge shapes.
Punch a hole through each wedge.
Route the speaker wires through the
holes in the wedges and the cans, and
silicone cement the wedges in place.
Then connect the wires from the
speaker with the silicone "“gasket” to
the output and the wires from the
other speaker to the input terminals of
the modem.

If you prefer, you can use an induc-
tive pickup at the receiving side of the
modem. To do so, you'll have to lower
the value of R79, (which determines
the gain of the last stage of the active
filter) to compensate for the lower
gain of the pickup. In this way, you
eliminate the possibility of external
noise pickup.

Test and Adjustment. Set
TRANSMIT switch S7 to LOW and DUP-
LEX switch S2 to FuLL. Temporarily
connect a jumper wire from pin 2 of
the 25-pin connector to a voltage
source of about —12 volts dc. This can
be found at the negative sie of C2.
Connect a frequency counter to test
point TP3 (at /C7) and temporarily
connectajumperacross D16. This will
turn on the transmitter. Now, adjust
R77 for afrequency of 1270 Hz, =5 Hz.
Remove the jumper from pin 2 of the
connector and power supply, and ad-
justR78 for a frequency of 1070 Hz, =5
Hz.

Set the TRANSMIT switch to HIGH and
replace the jumper from pin 2 of the
connector to the negative voltage
supply. Adjust R75 for a frequency of
2225 Hz, =10 Hz. Remove the jufiper
and adjust R76 for a frequency of 2025
Hz ==10EHZ.

The output of the modem must now
be set for —15dBm (0.14 V rms or 0.39
V p-p) on the telephone line when the
handset is in position in the modem’s
acoustic coupler by adjusting R79.
Assuming you don't have a standard
modem testinstrument to perform this
adjustment, carefully follow the pro-
cedure below.
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First, make no measurements of the
voltage on your phone line until you

have dialed and have a party on the

other end. Next, be very careful not to
short the telephone terminals, and use
an ungrounded meter to make all
measurements. If your meter doesn't
have an ouTpPuT jack, place a 0.1-pF
capacitor in series with one of its test
probes.

Set the TRANSMIT and DUPLEX
switches to the Low and FULL posi-
tions, respectively. Turn on the trans-
mitter by jumpering D16. Place the
telephone handset into the acoustic
coupler. (Make sure the handset is
correctly oriented.) Then connect the
meter to the telephone connector
block. (Do not attempt to use a “key-
set” telephone that has lighted
pushbuttons.) Adjust R79 for —15
dBm, 0.14 V rms, or 0.39 V p-p.

Connect a 1000-ohm resistor be-
tween the audio input terminal to the
active filter and ground. With a
100,000-ohm resistor connected in
series with the signal or “hot" output,
connect a signal generator to the
audio input terminal and the
generator’'s ground lead to the mo-
dem’s common ground.

Monitoring the output with a fre-
quency counter, set the generator's
frequency for 1170 Hz. Connect the
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Ig. 3. Ways to connect the modem
to tape recorder, an EIA terminal,
or a Model 33 TTY Teleprinter.

counter between TP3 and ground and
a dc voltmeter between TP7 (floating
reference) and ground. Adjust R70
through its entire range, observing
where the monitored voltage swings
smoothly between positive and nega-
tive. This is the lock range of the PLL.
Adjust R70 so that the meter indicates
zero within the lock range. Perform
this adjustment several times to be
sure you haven't adjusted outside the
lock range; false indications are pos-
sible there.

Direct-Line Hookup. To wire the
modem directly to the telephone line,
the telephone company requires that
you use a DAA (Direct Access Ar-
rangement) to isolate the two. The
lowest-cost system available, gener-
ally renting for $2 to $5 a month, is the
CDT (1001A) coupler. It has a switch
that cuts the telephone out and the
coupler in when turned on. The wiring
diagram for this setup is shown in Fig.
2A.

When the CDT is used, /C8 is wired
as an “‘active hybrid" circuit that can
subtract the output of the transmitter
from the input of the receiver, as
shown in Fig. 2B. Terminal E3 is con-
nected to the output of the modem,
which is also connected to one side of
the phone line. E4 goes to the input
terminal of the modem and the other
side of the phone line. Ideally, R62
should be the same resistance as the
line impedance, specified by the tele-
phone company as 600 ohms, when a
DAA is used. However, this resistor's
value can be trimmed if “balancing
out’ adjustments are needed.

Tape Recorder Connections. The
phone jacks, J7,J2, and J3, permit the
use of the modem with atape recorder
to record data from the terminal or
from the phone line, and to play the
data back to the terminal for the phone
line, or both.

The jacks are wired into the modem
as shown in Fig. 3A. Jack J7 then con-
nects to the transmitting speaker and
serves as the interconnect for the mic-
rophone input to the tape recorder.
Jacks J2 and J3 connect between E1
and E2 and ground. (Make sure you
break the foil between E1 and E2 on
the circuit board if you use this msde.)
JackJ2 goes to E1, which is the output
of the first stage of the filter, and alsec
feeds the microphone input of the
tape recorder whenJ2 is used. JackJ3
breaks the connection between Ef
and E2 and allows the tape recorder to
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feed a signal into the second stage of
the filter.

To record local terminal data, plug
the tape recorder’s microphone input
intoJ71 and set the TRANSMIT switch to
HIGH. Run the recorder and input data
from the terminal.

To record line data, plug the record-
er's microphone or auxiliary inputinto
J2. Run the recorder for the duration
of the desired output. Record a
5-second leader of no-data carrier on
the tape before the data.

To play data back to a local termi-
nal, plug the recorder’'s speaker out-
put into J3. Then play the tape. The
modem will track with any desired
speed variations from the tape. The
first point of failure for speed change
will occur when the timing of the sig-
nal into the terminal goes beyond the
limits of its serial receiver circuit.

To play data back to the line, con-
nect a switch between pins 2 and 3 of
the 25-pin connector on the modem
and pins 2 and 3 of the terminal as
shown in Fig. 3B. Using the terminal,
set up the proper conditions in the sys-
tem to receive the data. Make sure that
you start the tape in the no-data carrier
leader area. Plug the recorder cable

into the tape recorder and throw the
switch to connect pins 2 and 3 of the
connector. Plug the other end of the
recorder cable into J3. Data will now
be feeding into the modem's receiver,
looping back to the transmitter sec-
tion. Simultaneously, the data will ap-
pear on the terminal.

Current-Loop Hookup. Tele-
printers handle data on a current
loop, where 20 mA of current repre-
sents a 1 or “mark’ and no current
represents a 0 or “space.” The wiring
between the modem and a Model 33
Teletype (TTY) are shown in Fig. 3C. If
you have an older teleprinter that has

bare coils, use a reed relay between .

pins 23 and 7 (ground) on the modem.
Connect a diode between pin 23 and
ground, with the cathode going to pin
23. This diode will prevent inductive
“kickback" voltages from damaging
current-source transistor Q2 inside
the modem.

Teleprinter keyboards consist of
switches that open and close accord-
ing to a set pattern to control an exter-
nally supplied current. Pin 11 of the
modem is a source of 18 mA of
maximum current. Connect pin 11 to

pin 12 and the teleprinter keyboard
from pin 13 to pin 7.

ElIA Interface. The EIA standard
relevant to the modem is R§232C. Any
terminal wired according to this
specification will mate with the Pen-
nywhistle modem.

ElA signals in the R5232C standard
are always more than 3 volts in
amplitude and always less than 25
volts open circuit (15 volts when con-
nected). They are positive or negative,
depending on the data. Negative is a
data 1 (mark), positive adata0 (space).
Control lines are active with a positive
signal. EIA signals are not required to
drive a load of less than 3000 ohms,
but they must be protected from
ground and each other.

Final Remark. To communicate
between two Pennywhistle modems,
the TRANSMIT switch must be set to
Low for receiving, HIGH for trans-
mitting. Keep the buPLEX switch in the
FULL position, and your receiver will
come back with what you're transmit-
ting. Bear in mind that communication
can be in only one direction when
using this scheme. @

3 GOOD REASONS
FOR BUYING AN
EMPIRE CARTRIDGE

1- YOUR RECORDS WILL
LAST LONGER. Unlike ordi-
nary magnetic cartridges,
Empire’s variable reluctance
cartridges have a diamond
stylus that floats free of its
magnets. This imposes much
less weight on the record
surface and insures much
longer record life.

2- YOUR RECORDS
WILL SOUND BETTER.
Empire sound is spectacular.
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Distortionat standard groove
velocity does not exceed

.05%. Instruments don’t

waver; channel separation
is razor sharp.
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3- MORE CARTRIDGE
FOR YOUR MONEY. We use
4poles,4coilsandthree mag-
nets in our cartridge (more
than any other brand). Each
cartridge must pass rigid
tests before shipment.

For more good reasons
to buy an Empire cartridge
write for your free catalogue:
EMPIRE SCIENTIFIC
CORP, Dept. Z, Garden
City, N.Y. 11530.
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POPULAR ELECTRONICS

F YOU'RE anxious to hear distant

stations on the AM Broadcast
Band—say, to catch blacked-out
home-town sports events—then the
Broadcast Band Loop is just what you
need! When coupled to a good AM
transistor radio with a built-in ferrite
bar antenna, it will bring in lots of sta-
tions you could never copy before—be
they TA's (transatlantics), rare “lo-
cals,” or clear-channel stations from
distant cities. It is easy to build and
use, fairly small, and inexpensive—
total parts cost is about $15 to $20!

About the Loop. The use of a loop
antenna is not new, but its advantages
are timeless. It has good directivity,
and can be easily rotated. Further, the
loop works only with the magnetic

" A BCBLOOP ANTENNA F
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combination can be tuned to reso-
nance. lts nominal directional pattern
(Fig. 1) is a figure eight, with maximum
response in the plane of the loop.
Turning the antenna broadside to a
station will cause an appreciable drop
in signal strength.

Selectivity is another loop charac-
teristic. The antenna favors signals at
the resonant frequency at the expense
of those nearby. Its response gets
progressively narrower as its Q in-
creases (which varies directly with the
C/L ratio). For our purposes, we'll
want as high a Q as possible.

We have adapted the loop to better
serve our purpose by eliminating the
direct connection between the Loop
and the receiver. Experience indicates
that unwanted signal pickup occurs

out bothering others around you, and
vice versa.

To accomplish this, audio will be
coupled from the earphone jack on
the receiver to jack J3 by a short patch
cord. Make use of the new crop of
high-sensitivity, lightweight (Mylar
transducer) stereo headphones,
which require only a few milliwatts of
drive.

It's also wise to use battery power
ratherthan an ac battery eliminator, as
hum problems can arise. Of course, if
you don’t want to use phones or al-
ready have a mono miniature/stereo
phone jack adapter, the audio circuit
can be ignored.

Physical Construction. The Loop's
frame will be assembled first, using

BY NORMAN FALLON

portion of the radio wave (which con-
tains both electric and magnetic
fields), so it is inherently quieter than
higher-gain long-wire outdoor anten-
nas. The loop contains no fragile
semiconductors and requires no
power supply, unlike the "“amplified

- loops" that some MW DX'ers are now

using.

A simple loop antenna is shown in
Fig. 1. It's an electrically short loop
consisting of turns of wire with a total
length much less than a wavelength.
Medium waves are fairly long, e.g. 500
m (1640 ft) at 600 kHz! Obviously this
loop or an outdoor longwire are the
only real options.

The loop is really an inductor. When
shunted by variable capacitor C, the
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Fig. 1. Loop acts as an
LC parallel circuit.
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when a transmission line is used to
couple signals to the receiver’s an-
tennainput jack (if there is one). In this
design (Fig. 2), signals are coupled in-
ductively, simply by positioning the
built-in ferrite bar close to the loop
base. This offers the advantage of
being able to adjust the degree of
coupling between the coils to suit var-
iations in signal strength. Operating
the loop and ferrite bar in tandem will
yield a cardiod directional pattern due
to interaction between the coils.
Further flexibility is afforded by a
switch which shorts out one turn of
the Loop when closed. This is often
desirable when working the high end
of the MW band, since a decreased L

requires more C for resonance. The

result is a higher Q, and slightly less
gain. In most cases, though, the effect
on signal strength will not be
noticed—but the sharpened tuning
will be greatly appreciated. It's easy to
see thatthe L7 and the ferrite barin the
receiver act as an r-f transformer. The
“audio circuit” has been included as
an operator convenience. To best
work DX, headphones should be used.
They are more sensitive than loud-
speakers, so it will be easier to hear
weak signals. The acoustic isolation
from background noise will also come
in handy—you'’ll be able to listen with-

doweling, two pieces of hardwood,
aluminum tubing and aluminum
U-channel. Refer to Fig. 3.

First, take two pieces of Vz-inch
(1.3-cm) ID seamless aluminum tub-
ing, 34" (86.4 cm) long, and flatten the
center 172" (3.8 cm) in a vise as shown
in step 1. (Steps are shown in Fig. 3.)

Drill a 7/3z-inch (5.6-mm) hole in each

tube at the center point. Then drill two
5/3z-inch (4-mm) holes 6" (15.2 cm)
from the center point on each length
of tubing. Next, drill two Y&-inch (3.2-
mm) holes 16.5" and 15" (41.9 and 38.1
cm) from the center point on each
length of tubing.

Center-drill ¥2-inch (1.3 cm) holes ¥4
inch (6.4 mm) deep on each of three
25%-inch (6.7-cm) lengths of 3-inch
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Fig. 2. Schematic shows how loop and
radio antenna form r-f transformer.
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