Project

An Off-Hook Phone Alert

This device warns you when your telephone is off the
hook with an attention-getting external audible signal

By Peter A. Lovelock

n off-the-hook telephone
can cut you off from the
outside world. When the in-

strument is left off the hook for more
than 20 seconds, most telephone ex-
changes replace the normal dialtone
with a recorded message. If there is
still no response after an additional
20 seconds, an attention-getting sig-
nal composed of 1,400-, 2,026-,
2,450-, and 2,600-Hz frequencies,
pulsed at a 5-Hz rate, is placed on the
line for 50 seconds. This irritating
brew is known in the trade as ‘‘the
Howler.”” It’s delivered to the tele-
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Say You Saw It In Modern Electronics

phone instrument’s earpiece at 0
dBm—the loudest signal that phone
company standards permit. If all this
fails to get your attention after a
minute or so, service on the line is
suspended! To restore service, you
must hang up the phone for about 10
seconds before dialing.

As most of us have experienced at
one time or another, the off-the-
hook phone message and subsequent
Howler often play to a person who’s
no longer within hearing range. By
the time one returns to the area
where the phone is located, the alert
signals have likely ceased. To avoid
being unaware of this problem, and

missing an important incoming
& B,
hf?w -
-
B
& . }
4 . -
1
A 5 %
3
i w7
™ P "/f

L

B

phone call, the Howler Alert project
to be described picks up where the
telephone left off. It plugs into the
telephone line and, when a Howler
signal is detected, waits until the
Howler signal from the tiny phone
earpiece ceases. At this point, it takes
over the Howler function by sound-
ing an attention-getting audible sig-
nal of its own.

About the Circuit

Figure 1 is a block diagram of the
Howler Alert. The telephone line is
coupled to two phase-locked-loop
(PLL) tone decoders, one of which is
tuned to 2,026 Hz and the other to
2,600 Hz. These frequencies were se-
lected because 1,400 Hz was just too
close to the 1,477-Hz dial tone the
telephone company puts on the line.
Using two frequencies was a com-
promise between circuit complexity/
cost and reliability. A single decoder
could have been used, of course, but
it is possible that some voice compo-
nent during normal conversation
might match the decoder frequency
and cause the alarm to activate. Twin
decoders reduce the possibility of
this ““falsing’’ to a very small prob-
ability because the choice of the two
frequencies occurring is very unlike-
ly in vocalization.

The telephone line is coupled to
the decoders through a balanced-to-
unbalanced RC network. This net-
work maintains a balanced interface
to the telephone line, provides a
high-pass characteristic that attenu-
ates by 40 dB the 20-Hz ring voltage
to prevent damage to the circuit, and
provides a means for varying the at-
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tenuation to set the project’s tones to
optimum input level.

Pulsed outputs from the decoders
are sent to a pulse gate that has a
pulsed output only when both decod-
ers simultaneously deliver pulses to
the inputs. The output pulses from
the pulse gate then trigger a 2-second
timer. The first pulse starts the tim-
ing cycle. Then each succeeding
pulse resets the timer so that it can-
not time out until the Howler input
from the telephone line ceases.

When input to the Howler Alert
ceases, the timer completes its time-
out sequence and sends a positive
pulse to the ‘““Alert’’ control. Upon
receipt of this pulse, the Alert con-
trol turns on the piezo buzzer and
keeps it on until the telephone is
hung up and the reset button on the
project is pressed and released. This
puts the Howler Alert in standby,
ready for the next occurrence of an
off-hook condition.

Shown in Fig. 2 is the complete
schematic diagram of the Howler
Alert, minus its plug-in d¢ power
supply. Notice that this arrangement
combines both analog and digital cir-
cuits to provide best performance
and minimum complexity.

Tone decoders ICI and IC2 are the
phase-locked loops that are tuned to
exact lock frequencies by 15-turn
trimmer potentiometers R5 and RS,

Fig. 1. Block diagram of Howler Alert.

respectively. When an appropriate
Howler frequency (2,026 or 2,600
Hz) is received the PLLs phase lock
so that the outputs at pin 8 drop from
the normal + 5 volts to near ground
potential. The pin 8 outputs of ICI
and IC2 separately go to the inputs
(at pin 8 for the IC! output and pin 9
for the IC2 output) of one of the four
NOR gates contained inside /C3.

Both inputs to the selected gate of
IC3 must be low (logic 0) to cause the
gate’s pin 10 output to go high (logic
1). Thus, both PLL filters must have
a tone-induced 0 output for the
gate’s output to go high.

A 555 timer (IC4) is used in this
circuit to produce a 2-second time
delay, which is set by the time con-
stant of R11 and CI4. The capacitor
is normally in a fully charged condi-
tion, and the output of JC4 at pin 3 is
low. The first pulse at pin 10 of IC3
sends QI into conduction, causing
the transistor to discharge C/4 and
sending pin 3 of IC4 high. Though
C14 now starts to recharge through
R11, the next pulse from IC3 will dis-
charge the capacitor. Hence, while a
train of pulses is being received from
IC3, IC4 will be repeatedly reset,
preventing it from completing the 2-
second time-out cycle.

When the train of pulses stops (the
phone company removes the signal
from the telephone line), the timer
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circuit can and does complete its
charge cycle to cause pin 3 of IC4 to
be toggled low.

The logic drop at pin 3 of IC4 ap-
plies a short-duration negative-going
pulse to be coupled to one input of a
second gate in /C3 at pin 12. With the
other input (pin 13) of this gate tied
to ground, a positive pulse is generat-
ed at the gate’s output at pin 11. This
pulse toggles a flip-flop made up of
the remaining two gates in IC3 so
that the output of this arrangement
at pin 3 goes high. This turns on Q2.
With Q2 conducting, the power cir-
cuit to the piezoelectric buzzer in the
transistor’s collector circuit is com-
pleted and the buzzer sounds. The
buzzer will continue to sound until
the flip-flop is toggled off by a reset
signal that is applied to it by momen-
tarily closing pushbutton switch S/.

It would have been convenient to
power the Howler Alert from the tel-
ephone line so that only one pair of
wires would have taken care of
everything. However, the 567 PLLs
used for ICI and IC2 and the 555
timer used for IC4 draw approxi-
mately 15 mA at 5 volts. This current
drain is great enough to cause inter-
ference with the phone loop-actuat-
ing current. Therefore, the project is
designed to draw its operating power
from the ac line. This is done with a
common plug-in dc power supply
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whose output goes to the input of
voltage regulator IC5. The power
supply used can have an output be-
tween 9 and 30 volts dc.

Construction

There is nothing critical about com-
ponent layout. Therefore, any tradi-
tional wiring method can be used to
assemble the circuit. Though a print-
ed-circuit board is recommended,
you can substitute for it perforated
board with holes on 0.1"” centers and
suitable soldering or Wire Wrap
hardware. Whichever wiring method
you choose, it is a good idea to use
sockets for ICI through IC4.

You can fabricate your own pc
board from the actual-size etching-
and-drilling guide shown in Fig. 3.
Alternatively, you can purchase a
ready-to-wire board from the source
given in the Note at the end of the
Parts List.

Wire the board exactly as shown in
Fig. 4, starting with the IC sockets—
not the 1Cs themselves. Install and
solder into place the resistors. Most
resistors mount on-end, rather than
flat against the board, to conserve
space. When installing the capaci-
tors, make sure to observe polarity
with the tantalums. Before soldering
their leads and pins to the copper
pads on the bottom of the board,
make sure that the transistors and
voltage regulator IC5 are properly
installed. Finish stuffing the board
by installing and soldering into place
the trimmer potentiometers. Note
that three jumper wires are required.
These must be insulated hookup
wire, since they go on the bottom
(copper side) of the board.

Strip ¥ ” of insulation from both
ends of two 4” hookup wires. Plug
one end of each wire into the holes la-
beled s1 in Fig. 4. Then connect and
solder the other ends of these wires to
the lugs on the miniature pushbutton
switch

Examine your piezoelectric buzz
er. If it doesn’t come with wire leads
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Fig. 3. Actual-size etching-and-drilling guide for pc board.

already attached, you must prepare
hookup wire leads for it. This time,
strip Y ” of insulation from both
ends of two 6 "-long wires, preferably
with different-color insulation. Plug
one end of these wires into the holes
labeled BUZZER(+ ) and BUZZER(—).
The other ends of these wires will be
connected after the buzzer and cir-
cuit-board assembly have been
mounted to the enclosure’s front
panel. If your buzzer comes with
leads already attached, do not wire it
to the board just yet.

A standard 4" x 2% " x 1%" plas-
tic project box with removable alu-
minum plate was used to house the
prototype of this project. You can

substitute any other type of box that
has adequate room to accommodate
the circuit-board assembly inside
and enough panel and/or wall space
on which to mount the RESET switch
(S]) and piezo buzzer.

Now prepare the aluminum panel
of the project box by drilling the
mounting holes for the circuit-board
assembly, pushbutton switch, power
jack and piezo buzzer, as illustrated
in Fig. 5. Locations of the #4 CLR
holes should be exactly as shown to
assure that the board will be centered
in the panel. Other hole locations
and sizes may have to be adjusted to
suit any components you substitute
for those called for in the Parts List

Buzzer () —=—

Telephone
line____
g

Buzzer (+) .

9-30vdc *

Fig. 4. Wiring guide for pc board.
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Fig. 5. Machining details for project’s front panel.

(for example, a larger piezo buzzer)
to avoid interference with the other
components mounted on the panel.

A cutout to accommodate a mod-
ular phone jack with slotted sides is
shown (see “‘Options & Adjust-
ments’’ below for more details). If
you can’t locate this type of jack,
you can substitute any other type of
modular jack and adjust the mount-
ing hole arrangements as needed. Al-
ternatively, you can eliminate the
jack altogether by wiring the phone
cord directly to the appropriate pads
on the pc board. Doing this, all you
need is a single hole through which
the cord can enter the box.

If you drill the entry hole for the
phone cord in the aluminum panel,
line it with a rubber grommet to pre-
vent the cord from becoming frayed
against the sharp edges. Otherwise,
drill the entry hole in one of the box’s
plastic walls, in which case no grom-
met is needed. In either case, pass the
free end of the cord through the hole
and tie a strain-relieving knot about
4" from the free end inside the box.

You can also eliminate the power
jack/plug arrangement by wiring the
plug-in power supply’s cord directly
to the appropriate points on the pc
board. To do this, you need an entry
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hole (grommet-lined if through the
aluminum panel or grommet-less if
through one of the box’s plastic
walls). Once again, tie a strain-reliev-
ing knot in the cord inside the box.

When it comes time to wire the
jack or cord into the circuit, use the
green- and red-insulated conductors.
Some modular phone jacks come
with leads attached. If you get one
with solder leads, connect the wires
to the two center pins. Also, make
sure you connect the plug-in power
supply’s cord or panel jack into the
circuit in the proper polarity.

If you are using the specified Ra-
dio Shack piezoelectric buzzer, pass
its leads through the hole in the cen-
ter of the panel and mount it in place
with machine hardware, including
lockwashers. Mount the pushbutton
switch, power jack (if used) and
modular phone jack (also if used) in
their respective locations on the pan-
el. Then, referring back to Fig. 4,
connect and solder the free ends of
the wires coming from the cir-
cuit-board assembly to the lugs of
the switch, jack and connector. Plug
into the appropriate holes (observe
polarity) the leads of the piezo buzz-
er and solder into place.

Mount the circuit board assembly

tothe front panel with % " or }; " spac-
ers and machine hardware. The cop-
per-trace side of the board should be
facing toward the inside surface of
the aluminum panel. At this point,
IC1 through IC4 should still not be
installed in their sockets. Only regu-
lator ICS5 should be in place.

Checkout and Use

Plug the dc power supply into an ac
outlet. Connect the negative or com-
mon lead of a multimeter, set to read
dc voltage, to circuit ground (nega-
tive side of power jack). Now touch
the meter’s positive probe to the pin
4 contact of the ICI and IC2 sockets,
pin 14 contact of the IC3 socket, pin
8 contact of the IC4 socket and out-
put pin of IC5. In all cases, the read-
ing obtained should be + 5 volts. If
you do not obtain the proper read-
ings, check for a +9- to +30-volt
reading at the input pin of ICS. (If
you’re using a 10-volt dc plug-in
power supply, your reading at the in-
put pin of IC5 should be roughly
+ 10 volts.) If you still don’t obtain
the proper readings, power down the
circuit and check your wiring and
component placement, identifica-
tion and orientation. Carefully
check for poor soldering and solder
bridges, especially between the close-
ly spaced pads for the ICs.

Once you’re sure that the circuit is
properly wired and soldered and that
the correct voltages are present at the
key points in the circuit, power down
the project by disconnecting the
plug-in power supply from the ac
outlet. Plug the ICs into their respec-
tive sockets, taking care to properly
orient each and to prevent any pins
from overhanging the sockets or
folding under between sockets and
1C bodies.

Before hooking up the Howler
Alert to the telephone line, you must
adjust PLL tuning and input level.
Connect an audio signal generator to
the telephone line input of the Howl-
er Alert and a dc voltmeter or logic
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probe to pin 8 of ICI. Plug the proj-
ect into an ac outlet and observe the
meter or logic probe. You should ob-
tain areading of + 5 volts on the me-
ter or a logic 1 on the probe.

Set trimmer control RS to either of
its extremes (a faint ‘‘clicking”’

sound indicates when you have!

reached the end of the pot). Set R3
fully clockwise. Then set the audio
generator for an output frequency of
2,026 Hz and high level. Now slowly
adjust the setting of RS until you
reach a point (hopefully at about
midrange) at which pin 8 of IC!
drops to zero on the meter or logic
probe. This is the point at which the
circuit has phase-locked onto the
2,026-Hz signal.

With a high-level input from the
signal generator, initial adjustment
might be quite broad. Therefore, it is
a good idea to reduce the signal level
entering the project until the poten-
tial at pin 8 of IC1 once again goes to
+ 5 volts (or logic 1) and readjust the
setting of RS until phase-lock occurs.
Repeat this procedure with lower lev-
els of 2,026-Hz input until the ad-
justment effect of RS is quite sharp
to ensure accurate lock tuning.

Repeat the tuning procedure for
IC2, This time, however, connect the
meter or logic probe to pin 3 of IC2
and do your trimming with R8S.

If you don’t have an audio signal
generator, you can inject the “Howl-
er’’ tones from the telephone line at
the telephone line input to the proj-
ect and adjust R3 and RS8 for a
logic-0 at pin 3 of both IC! and IC2.
This is a trial-and-error procedure,
but the values of the R4/R5 and
R7/R8 networks have been selected
so that they trim only a narrow range
of frequencies to simplify your task.

Now test the project with the
Howler tones that the telephone
company puts on the line. If possi-
ble, to avoid over-use of the phone
line for testing, it is a good idea to re-
cord the tones on tape and use their
playback instead of the actual tones
on the line during your tests.

Connect the Howler signal source
—whether from the phone line or a
tape recorder—to the Howler Alert
via the project’s telephone line in-
puts. Plug the project’s power sup-
ply into an ac outlet and turn on the
howler tones. Check the outputs of
the PLLs at pin 8 of ICI and IC2. If
this portion of the circuit is properly
tuned, you should observe on a logic
probe or oscilloscope screen activity
that indicates a series of rapid pulses
at both pins. You should also ob-
serve the same pulse activity at pin 11
of IC3.

With a dc voltmeter connected to
pin 3 of IC4, you should obtain a
reading of +5 volts. Within 2 sec-
onds of disconnecting or turning off
the Howler tones, the potential at
this pin should drop to 0 volt and the
buzzer should sound. If the buzzer
remains silent, check the potential at
pin 10 of IC3, which should be 0 volt.
Connecting and disconnecting or
switching on and off the Howler
tones should cause a short positive
pulse to occur at this pin. If the buzz-
er still Fails to sound, check pin 4 of
IC3, which should normally be at
ground potential, or 0 volt. Within 2
seconds of stopping the Howler in-
put signal, this pin should go to and
remain high (about + 5 volts) to turn
on Q2.

Once you’re satisfied that the
project is working as it should, con-
nect the Howler Alert to the tele-
phone line (if it is not already con-
nected to it). Then connect your volt-
meter to pin 10 of /C3. Now remove
the handset of your telephone from
on-hook and wait for the phone
company-generated Howler signal to
start. When this signal does come
through, adjust input attenuator
control R3 until the pulses at pin 10
of IC3 stop (input signal too low to
phase-lock the PLLs). Back off R3
until the pulses reappear; this is the
threshold input setting. Adjustments
of the project are now complete and
should not require changing.

Leave the Howler Alert perma-
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nently connected to the telephone
line via a modular jack used to con-
nect your telephone instrument(s) to
the telephone company. If your in-
stallation has only one modular re-
ceptacle, plug into it a duplex adapt-
er to provide separate receptacles for
the phone and the Howler Alert.

If no modular jacks are used in
your telephone installation, connect
one end of a green- and red-insulated
wire pair directly to the telephone
line inputs on the project’s circuit-
board assembly and the other end to
the terminals on the wall connector
block to which like-color wires are
connected. The connector block is
usually found directly behind the
wall plate to which the phone’s cord
goes. Simply remove the wall plate
by backing out on the single screw in
the center of it to get at the block.

Options & Adjustments

Modular telephone jacks that mount
into a metal panel may be difficult to
find through normal retail outlets.
Jacks sold by retail stores are usually
attached to plates that mount to wall
boxes. Some of these can be disas-
sembled, though it may take some in-
genuity to mount them into a panel
cutout.

Some electronic parts stores carry
pc-mount versions of these modular
jacks. If you get one of these, use the
center contacts in the upper and low-
er rows on them to make the connec-
tions for a single-line installation. If
all else fails, use any two-wire jack,
though this requires soldering two
end wires of the phone cord to the
matching plug.

Select the power jack to match the
plug at the end of the output cable
from the particular plug-in dc power
supply you are using. The Radio
Shack plug-in dc power supply speci-
fied in the Parts List, for example,
requires a %" subminiature phone
jack. A supply from a different
source might require a different type
of jack or connector.
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You can use any of the plug-in d¢
power supplies sold through mail-or-
der houses and electronic parts stores
aslong as the one selected has an out-
put in the range of from 9 to 30 volts
dc. Any supply in this range will yield

+ 5 volts at the output of the 7805
voltage regulator shown as /C3.

The piezoelectric buzzer specified
in the Parts List is typical of this type
of audible signaling device. The Ra-
dio Shack buzzer was selected for its
low current requirements. However,
you can substitute any other piezo
buzzer that emits a louder alert or
even a two-tone ‘‘warble’’ alert. You
can also substitute a light, with a
suitable amplifier circuit to drive it,
for elderly people whose hearing is
deficient for the buzzer.

The phone company ‘‘Howler’’ is
astandard ‘‘Network Call Progress’’
tone signal used throughout the U.S.
If your local telephone company uses
a single tone, such as 1,600 Hz, in-
stead of the pulsed Howler signal de-
scribed earlier, simply omit /C2 from
the circuit and connect the output
from IC1 to both pins 8 and 9 of /C3.
Whether the off-hook warning sig-
nal delivered over the telephone line
is pulsed or continuous. The time-
out function of /C4 will be inhibited
in either case. The value of R4 will
have to be changed for the frequency
of the single-tone Howler signal,
however. The formula for calculat-
ing the value is: R = (1/Cl1Fg) —
100, where Fy is frequency. For ex-
ample, if Fo = 1,600 Hz, R =
(1/0.0000001 x 1,600) — 1,000 =
5,250. In this example, the ‘-
1,000’ is the 1,000-ohm value of
trimmer potentiometer R5, which
makes up the trimming element of
the resistance in the RC network for
ICIin Fig. 2. A §,250-ohm resistor is
not exactly a ‘‘standard’’ value. In-
stead, you could use a 4,700-ohm re-
sistor that, with the 1,000-ohm value
of RS, can be adjusted to provide the
required §,250-ohm value.

With the Howler Alert feature
built and connected to your phone,
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you’ll never again learn from frus-
trated callers that they’ve been trying
to reach you for hours but always got

local phone companies do not
employ any kind of Howler system.
Our Howler Alert can’t help you in
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