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MONOSTABLE multivibrators , 
sometimes called "one-shots ," are 

electronic circuits that, when triggered , 
deliver an output pulse of a predeter­
mined width . 

Although today's IC monostables still 
provide the one-shot function , their use­
fulness has been greatly extended . 
These modern devices feature multiple 
inputs with both positive- and negative­
edge triggering , complementary out ­

puts , retriggerability and resetability. 

They are also very easy to use , lower in 
cost, and available in conventional and 
low-power TTL and CMOS. 

The key features of a number of popu­
lar monostables are summarized in the 
"Catalog." The information is sufficient 
to enable using the mono without re­
course to a data sheet. Summaries of 
the 555 and 558/559 timers (which can 
function as a one-shot) are included 
separately in Figs. 3 and 5. 

!I 
Triggering. All of the monos in the cat-
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alog will trigyer from a high-to-low or 
from a low-to-high transition. For trigger­
ing to actually occur on the transition, all 
inputs must conform to defined logic 
states. These states are shown in the 
"Input Table" for each device. 

The logic tables in the manufacturers 
data sheets include inhibit as well as 
trigger conditions. Only trigger condi­
tions are shown in the Catalog. Any oth­
er state is an inhibit . 

Each line of the table defines a trigger 
mode fo r a "one-shot" output. "A" and 
"B" designators are used in the Input 
Tables . Several monos have multiple A 
and / or B inputs though not all manufac­
turers use this notation. An "A" input is 
defined as a high-to-low transition 
(shown as a down arrow) , while a "B' ' in­
put is defined as a low-to-high transition 
(shown as an up arrow). The CMOS 
40988/4528/14528 are exceptions­
the A and B transitions being reversed . 

The A and B inputs have a defined 
logical relationship to each other, but 

these are not consistent between de­
vices . You should go by the Input Table 
for the mono being used. Triggering oc­
curs at a voltage level independent of 
the transition time, while rise and fall 
times are consistent with the type of log­
ic family. 

The 74121 and the 74LS221 feature 
Schmitt circuitry at their B input. They 
trigger with a 1-volt/s rise time, and 
provide 1 .2 volts of noise immunity. 

All of the monos shown provide com­
plementary outputs. The Q output is nor­
mally low and goes high for the pulse 
duration. The not-Q output is normally 
high and goes low. Pulse width is identi­
cal for both outputs. 

The minimum pulse widths and delay 
times listed are subject to some condi­
tions. They are included to provide a 
generalized picture of limiting condi ­
tions . If nanosecond timing is critical to 
your application, consult the manufac­
turer's data sheet. 

(Continued on p age 74) 
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(Continued from page 69) 

Pulse Timing. A typical timing equa­

tion has the form tw=kRC where tw is 
the pulse width in nanoseconds, k is a 
constant, R is the timing resistance in 
kilohms, and C is the timing capacitance 
in picofarads. 

For example, the pulse width for the 
74121 is given as tw= .693RC. Assume 
that R is 10,000 ohms, and C is 100 pF. 
Then the equation is tw = .693(10) (100) 
= 693 ns or .693 µ.s. 

Retriggering. Some monos are retrig­
gerable. That is, if a second trigger ar­
rives while the output is still high from 
the first pulse, the output will respond to 
the latest trigger and remain high. The 
extension is for one complete cycle and 
a train of input triggers will result in a 
sustained output pulse that will have a 
very long duration. 

Retriggering may be accomplished 

from either the A or B inputs, simply or 
intermixed. This makes for some intrigu­
ing timing possibilities. 

However, there is a time restriction on 
retriggering some monos. As shown in 
the Catalog, the required delay is the 
number in parenthesis following "re-trig­
gerable." Thus, the 74123 cannot be re­
triggered before 0.22 ns after the previ­
ous input. 

Retriggering is useful when you want 
it, but on the other hand, what do you do 
if you don't want it? Suppose, for exam­
ple, you are using a 74123 dual mono 
because you need retrigger for one cir­
cuit, but you cannot live with it in the oth­
er. In this case , connect the B input to 
the not-Q output and trigger with the A 
input (or vice versa). When the mono 
triggers, B is pulled low thus inhibiting 
further triggering until the circuit times 
out. Be sure, however, that the A in­
put(s) are in the inhibit mode at the time 
out, or you will have an oscillator instead 
of a mono. 

Reset. Some monos, but not all, pro­
vide . for reset. This is implemented by 
applying a reset pulse to the CR (clear) 
input. The leading edge of this pulse re­

sets the outputs to the initial state, and 
another trigger is required to obtain an 
output. 

If the CR input is held in the reset 
state, the mono is inhibited and will not 
respond to an input trigger. This feature 
adds flexibility to the controlling logic for 
the mono. 

R and C Limits. All monos have upper 
and lower limits for the range of re­
sistance (R), while some have limits on 
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9600 SINGLE TTL 

Vee --MMNV'-------. 
R 

14 

INPUT TABLE 
A1 A2 B1 B2 

' 1 1 1 

10 ' x 
x 0 
0 x 
x 0 

tw=0.32RC (1 +0.7/R) 

9602DUAL 

vcc 
R 

16 

c 

16 

R 

Vee 0 

Q 

GND CR 

7 

0 10 

FEATURES 
RETRIG GER ABLE (O.JCns) 

NOT RESETTAB LE. 

tmin=45 ns. 

lps=25ns. 

LIMITSON R: 


5k <;; R..; 50k 

(0 <; T° C<;; 75) 


LI MITS ON C: 

NONE 


TTL 


c 
2 
(14) 

R c 

Ve e 0 

0 

GND CR 

7 3 (13) 

8 

6 

INPUT TABLE FEATURES 
A, A, B, B, B, RETRIGGERABLE (0.3Cn s) 

i 1 1 1 1 RESET ON LOWTO 
1 1 EITHER " CR " INPUT 
0 x' 1 tmin= 74 ns 

x 0 1 1 tpct=29 ns 
0 x r 1 LI MIT ON R= 
x 0 t 1 5k ,,;;; R<;; 50k 
0 x 1 r 10 .;;r e ,;;151 

x 0 t LIMITS ON C: 
NONE 

tw=0.32 RC (1 +0.7/ R) 

9601 SINGLE TTL 

vcc 
R 

c 

13 

R 

14 Vee 0 

2 

6 

GND 

7 

Q 

INPUT TABLE FEATURES 
A B RETRIGGER ABLE (O.JCns) 

0 RESET ON LOWTO " CR " 
1 lm;n=72 ns 6 ' 

l pct= 25 ns 
LIMITSON R: 

tw=0.31 RC (1 + 1/ R) 5k ..; R ,;; sok 
m.;; r e ,;; 151 

LIMITS ON C: 
NONE 

( 10) 

7 

(9) 
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74121 SINGLE TIL 

Vee --N<~V----e----. 

INPUT TABLE FEATURES 
NOT RETR IGGERABLE 

0 x NOT RESETTAB LE 
x 0 "B" IS A SCHM ITT INPUT 

A1 A2 

t min= 30 ns 

x J tpd=45 ns 
• x 

9 R;n1=12 kn 
tw=0.693 RC LIMITS ON R: 
TO USE THE INTERNAL 1.4k .;;; R .;; 40k 
TIM ING RESISTOR , m.;; re .;; 70) 

6 CONNECT PIN 9 TO Vee. LIMIT ON C: 
FOR C=O,tw= 30 ns. 0 .;; c.;; 1000 pF 

7 

capacitance (C) . Typical limits for indus­
trial devices are shown in the Catalog. 

In general, try to stay away from max­
imum values of R, especially when using 
electrolytic capacitors for C. 

Conventional electrolytics and alumi­
num electro lytics can be a problem. 
Most high-quality tantalums perform 
well. Inserting a silicon diode between 
the RIC terminal and the RC junction as 
shown in Fig, 1, wil l eliminate any leak­
age problem that may occur with re­
verse voltage across the capacitor. 
However, if you use this diode , the value 
of R must be reduced to less than 60% 
of its maximum value. Some circuits do 
use tanta lums without the diode, but 
with reduced values of R. If your circuit 
has to operate at elevated temperature, 
be cautious. 

A void ing Problems. The greatest 
single source of problems is false trig­
gering , and the second is no triggering 
at all. 

INPUT TABLE 
A1 A2 B1 B2 

0 x t 1 
0 x 1 
x 0 
x 0 

tw=0.32 RC (1-1{).7 /R) 
TO USETHE INTER NA L 
TI MING RESISTOR 
CO NN ECT PIN 9 TO Vcc· 

74123 DUAL 

vcc 
R 

16 

I 
( 9 ) 

TTL 

RIC 

Vee 

CR 

0 

GND 

3 8 
( II) 
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FEATURES 
RETRI GGE RABLE (0.22 ns) 
RESET ON LO WTO " CR " 
tm in=40 ns 
tpd=21 ns 
LI MITS ON R: 

5k .;; R .;; 5ok 
(o .;; re .-101 

LI MITS ON C: 
NONE 

c 

(7 ) 
15 

c 

13 Q 
(~) 

4 
(12) 

74122 SING LE TTL 

Vee 
R 

14 

c 

13 

RI C 

Vee RI 

Q 

Q 

CR GND 

7 

9 

6 

INPUT TABLE FEATURES 
A RETR IGGERABLE (0 .2 2 ns) 
0 RESETSON LOW TO " CR" 
.t- lrni n=40 ns 

tpd=2 1 ns 
tw=0.32 RC (1+0.7/ R) LI MITS ON R: 

5k .;; R < 50k 
(O <; T°C <;; 70l 

LI MITSON C: 
NONE 

IC monostables are very fast, and ac­
cording to " Murphy's Law" if the inputs 
can couple to form a "glitch" generator, 
they will. Therefore, input lines should 
be kept short and isolated from neigh­
boring lines to avoid the unwanted stray 
coupling. 

A 0.1-µ.F or larger capacitor should 

be connected between the Vee and 
ground right at the IC. The upper trace of 
Fig. 2 shows large "spikes" riding on the 
leading edge of each waveform . After in­
stalling the bypass capacitor, the signal 
cleared up as shown in the lower trace. 

Using a scope whose ground lead is 
connected to the power supply ground, 
take a look at the signal ground line to 
make sure that it really is ground. It 
shouldn't be riding a half a volt or so 
above ground, or displaying a lush· 
growth of grass (noise) . 

Always make the foil traces for Vee 
and ground heavier than pin intercon­
nections. This keeps their resistance low 
and current pulses passing through 
them do not develop voltage drops that 
can appear as signals to other devices 
connected to the lines. 

If possible, test your mono outside the 
circuit, using the timing values you re­
quire . Don't forget the minimum retrig- · 
gering time. 

The 555. This timer IC, as well as the 
558/ 559, do not conform to the standard 
monostable format and were not includ­
ed in the Catalog. However, these timer 
ICs can be used as one-shots or as free­
running or gated oscillators . 

75 



They do have limitations, though: they 
are slow when compared to the other 
monos, and pulses narrower than 10 µs 
are best obtained with a TTL device. 
Also, they're not retriggerable; and in the 
free-running mode, they have a duty­

cycle limitation . 
They do, however, have a single out­

put, can operate with a wide range of 
supply voltages, and can sink or source 
200 mA (which can save a driver transis­
tor) . 

The use of a 555 as a one-shot or 
free-running oscillator is shown in Fig. 3. 
The capacitor connected to CV (pin 5) is 
essential to reduce noise. 

In the mono mode, calculations are 

based on tw = 1 .1 RC. For these timers, 
R is shown in ohms, C in farads and t is 
in seconds. 

For any timing circuit, it is best to use 
a standard value of capacitance for C, 
then calculate the required resistance. 
It's always possible to combine different 
standard resistances in series, paralle l 
or combinations, but it is difficult to lo­
cate an odd value of capacitance. 

For the free-running mode , there are 
four defining equations: 

D= Rbl(Ra + 2Rb) = t2/t1 = duty cycle 
t1 = 0 .693(Ra + Rb)C= output high time 
t2 = 0.693RbC= output low time 
T = 0.693(Ra+ 2Rb)C= t1 + t2 

In the equation for D, note that if Ra is 
zero, then D becomes 0 .5. This tells you 
not to try to get a square-wave output as 

you have to tie OS (pin 7) directly to Vee. 

There is no internal current-limiting re­

sistor within the chip, so do not try this . 
Select Das 0.25 or 0 .3 for most cases. 

It's usually best to start by selecting a 
value of C appropriate to the frequency 
and duty cycle . Rb is then computed us­
ing the equation for t2, and this is 
plugged into the D equation to so lve for 
Ra. Then solve for T as a check on the 
values . 

There are several ways to generate a 
square wave. The circuit shown in Fig . 
3E allows a wide se lection of both fre­
quency and duty cycle from a single ca­
pacitor. This is illustrated by the com­
posite scope traces shown in Fig. 4. In 
the circuit , R1 was 2200 ohms, R2 was 
a 10,000-ohm potentiometer and C was 
a 0.01-µF capacitor . The three traces 
represent three settings of R2. Overall 
frequency range was from 5 to 80 kHz. If 

trimmer potentiometers were used for 
both R1 and R2, the frequency and duty 
cycle could be trimmed to the exact re­
quirements. 

MONOSTABLE CATALOG-3 

74LS221 DUAL LSTTL 

R/C 

INPUT TABLE FEATURES 
A NOT RETRI GG ERAB LE 
0 RESETS ON LOWTO " CR" 

lw RA NGE=30 ns to 70 s 

13 t1x1=45 ns 
16 Vee o (O) tw=RC (3.03 RC) LIMITS ON R 

1.4k < R < lOOk 
IO < T°C< 70) 

LIMITS ONC 
0 < C < 1000 Jl f 

SCHM ITT INPUT ON " B" 

4 
(1 2) 

CR GND 

3 
(II) 

74C221 DUAL CMOS 

INPUT TABLE 
A B 
0 
I 

tw=RC 
RE FER ENCE : 
AN -138 " USING THE 
CMOS DU AL MON O. 
MULTI VIBRATOR" 
NATION AL SEM ICONDU CTOR 

FEATURES 
NO T RET RIG GER ABLE 
RE SETS ON LOW TO " CR" 

twmin=50 ns, V cc=5V 
=30 ns, Vcc= IO V 

t1x l =250 ns, Vcc=5V 
=120 ns, Vcc=IOV 

LIM ITS ON R: 
IOk .,.; R ..- 350k 

(V cc=5V 
5k < R ,,;; 350k 

(Vcc=lO V) 
NO LIMITS ON C. 

vcc 
R 

13 
(OJ 

4 
{12) 

3 
(I I) 

8 

4098 B/4528 B/MC14528CP DU AL CMOS 

c 

I 
(91 

16 

(7) 
15 

RIC c 

Vee Q 

Q 

CR GND 

RIC 

16 Vee o 

INPUT TABLE FEATURES 
A B RETR IGGER ABLE (O ns) 
0 RESETS ON HIG H TO " CR " 

twmin=75 ns (5V) } 
4098825 ns( 15V) 

tw =0.2 RC (log Vcc) 240 ns (5V) } r. r.0 	 4o28, 14028(1 0) log e 5=1.6 1 90 ns 115V) 

tpd=300 ns (5V) f!0=2.30 
125 ns (! OV)15=2.7 I 
JOOns I 15V) 

LI MIT ON R t5k < R < I000k 

7 	 (-40 < T°C < 85 ) 
NO LI MI T ON C 

4 (1~ 
(9)5 (1~ ECR GNO 

3 
(13)

* WITH 4528, MCl452 8CP CONNECT 
PINS I ANO 15 TO PIN 8. 
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Fig. 1. Use of a diode prevents 
high inverse leakage currents 
through the timing capacitor. 

The period is linear with respect to C. 
A substitution of a 0.1-µ.F capacitor re­
duced the frequency by a factor of 10 
while preserving the duty cycle . This cir­
cuit allows for a low-cost pulse genera­
tor with lots of flexibility. 

The 558/559 Timers. These are 
quad timers having a range of a few mi­
croseconds to a few hours. Each of the 
four monos are independent, but they 
share a common reset. They are edge­
triggered, and several sections can be 
coupled in tandem to produce an output 
several hours long. 

A function diagram and important fea ­
tures of these timers are shown in Fig . 5. 

The 558 has an open collector output 
(Fig. 50) while the 559 has a Darlington 
fol lower output (Fig. 5E). In all other re­
spects, the two are identical. 

The output pulse width is the RC prod­
uct of the timing components . Two de­
vices may be cross-coupled to operate 
in the free running mode as shown in 
Fig . 5C. The potentiometer connected to 
the CV line allows adjustment of the out­
put pulse width and duty cycle . The CV 
voltage range is from 0.5 V to Vee minus 
1 volt. 

Applications. A simple pulse can be 

A 

B 

Vee RESET (RS) 
8 4 +v 

---------1 
I 
I 
I

CON TROL 0 
VO LTAGE V-t-----1 I 

RS Vee
(C V) I 

THRESHOLD V-t-----1 I TR1 OS 
(TH) 6 uI 3 OU T­

PUT 
OUT 

PUT 
STAGE (0 ) 

CV T H 
7 (OS) .01 

I 
G 0 

TR'?Tr ­ ! f 
Vee 

R 

c 

I 


-

GROUND Y--J_ 

(G) I I-=­
L--~---------- - -- - --J 

(A ) 

+v 

RS Vee 

TH 0 

R 

CV TR 

G 

+v 

tw=l .IRCu:ccn 
I N914 

.QI 

I C II 

+V 

RS Vee 

OS 0 

T 

TH CV 

G 

ontw= l.;;c 
(8) 

Rb 
D = Ra+2Rb 

T= .693(Ra+2Rb)C 

f=+= 1 R~ +~~b)C 

IlJ1 

.01 

I 


created by RC coupling between gates 
or flip-flops . Although this approach will 
work, it is marginal at best. For example, 
take a look at the circuit shown in Fig. 
6A. Operation depends on the over­
shoot at the trailing edge. The system 
malfunctioned because the overshoot 
was marginal. Also , 750 ohms is too 
small a pulldown for TTL, and the circuit 
is susceptible to noise because there 
can be a volt or more of de offset at the 
input. 

If a 74123 dual mono had been used, 
as in the circuit shown in Fig. 68, the 
time delay could have been achieved at 

F ig . 2. A 2-vo lt 
spik e on leading 
edge ofwaveform 
(A) is removed 
(B) by using a 
bypass capacitor 
from V ee 
to ground. 

555 TIMER 
FEATURES: 
4.5-T0-16-VOLT SUPPLY RANGE. 
TIMING RANGE OF MICROSECONDS 
TO HOURS. ONE-SHOT AND ASTABLE 
OPERATION. ADJUSTABLE DUTY 
CYCLE. 200 mA SOURCE OR SINK. 
0.005%/°C TEMP. COEFFICIENT. 
APPLICATIONS: 
PRECISION TIMING 
PULSE GENERATION 
SEQUENTIAL TIMING 
TIME-DELAY GENERATION 
PULSE-WIDTH MODULATION 
PULSE-POSITION MODULATION 
MISSING-PULSE DETECTION 

+ v +v 

RS Vee 

0 

T R2 

T H CV 
c 

I 
G 

(C) - ( 0 ) (E) 

Fig. 3. The 555 timer function diagram (A), positive output with negative 
trigger (B), negative output for positive trigger (C), astable 
operation (D), and as ta ble operation for a 50% duty cycle (E) . 
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c 

A 
Fig. 4. Waveforms 
for various va lues 
or R2 in Fig. 3E.B (A ) is 10 kHz; 
(B) is 20 kHz; 
and (C) is 50 kHz. 

no real increase in cost, but with greatly 
improved reliability. The output pulse 
would have defined and controlled 
width . 

Occasions may arise when you need 
an oscillator having independent control 
of frequency and duty cycle. The 74123 
(TTL) or the 74C221 (CMOS) dual mo­
nos perform this task very well using the 
circuit shown in Fig. 7. 

If you use potentiometers for R1 and 
R2, you can construct a low-cost, wide-

i 
i 
i 

'i 
41!0NTROL 


, -- v~~~~~-----------1 
 +v 

I 	 I ~ 
I VREF 	 ---r.?I VeeI 	 +v 

~l~,'NG I 	 I 
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TRIGGER I 
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PUT 
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 STAGE I co) u 
to 

I I
I I 

I I 

I I 

I I 


12 I I 13 

GNO -t-o 

(G) 	 IRESET

I (RS) 

L-------------------~ 
(A) 

Vee 

RI IOK R2 

T 

I TR r 
CV 0 

nn 

RL 

T 

TR 

CV 0 

CC) 

R c 
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0Vee 

TR 

G 

12 
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558/559 TIMERE--i 
FEATURES: I4.5-T0-16-VOLT SUPPLY RANGE.th 
TIMING RANGE OF MICROSECONDS 

tw• RC 
TO HOURS. ONE-SHOT AND ASTABLE 
OPERATION. EDGE TRIGGERED. 
APPLICATIONS: 
PRECISION TIMING 
SEQUENTIAL TIMING 
TIME-DELAY GENERATION -SECTION QUAD ONE-SHOT 

A a c D 
TRIGGER 3 6 II 14 I 

TIMING 2 7 10 I~ 

OUTPUT I a 9 16 

(8) Vee I 
i 
I 

CE) I 
(0) IFig . 5. Function diagram (A) of 558/559 timer; 

monostable connection (B); 558 as a variable-frequency 
oscillator with fixed duty cyc le (C); 558 open-collector 
output structure (D) and 559 Darlington I 
follower output structure (E). 

I 

+Vee RI +Vee RI 


Cl 


to 

R/C c to ti 


C2 to
J 
to 

a Q _r 

+Vee R2 

C l C2 

R/C c RIC c 

a Q A Q 

A Q +Vee a Q 

1,2 74123 1,2 74123 

(B) 	

I 

R2 CRI IAl 
75011 IN 914 

QAZ ~ I 
74121 

(A) 

Fig . 6. R C coupling (A) used for leading edge delay for the 7404. 

Usin g a 74123 (B) provides precisely timed pulse with improved reliability. 


POPULAR ELECTRONICS 78 



-------------

-------------

I 
~ 


+Vee 
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RI 

C l 

R/C c 

A Q 

'12 
74123 

B ij 

CR 

PERIOD

'I 

I 	 c 

220 ~F 

RIC c 

• 
I 

BJl 
1/2 74123 

I 
A Q 

CR 

+Vee 

range pulse generator with lots of versa­
tility. The capacitors may be switched to 
change the timing parameters. 

I 

Retriggering. This is a feature that 
should not be overlooked . A retriggera­
ble mono will respond to inputs that ar­
rive while the output is still high from the 
preceeding trigger. It then becomes pos­
sible to have a train of inputs that will 
hold the output high until the train stops. 

I 

A telephone toll restrictor was created 
using this effect. The problem was that 
there was only one signal to tell the cir­
cuit that the phone was lifted off the cra­
dle, that the dial was being used, that di­
aling was completed , and that the phone 
was replaced on the cradle. The retrig­

I gering capability of the 7 4123 enabled 
the digits counter for the pulses from the 
dialer; and when the train stopped, there ! 	 was a short delay, then a reset of the 
counter for the next digit. 

j 
Multiple Inputs. Several monos, 
such as the 9600,9602 and 74121 have 

I multiple trigger inputs. These may be 

I 
used as digital summing elements when 
you wish to form a single pulse train as a 
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F ig. 8. A switching 
transistor provides re lay 
driving power and iso la tes 
the mono from higher 
vo ltage required by 
the relay. 

summation of triggers from several 
sources. Be careful here because the 
logic can be tricky. 

Pulse Stretching . A mono can be 
used to stretch a brief pulse so that it 
can be used to drive a relay, among oth­
er applications. The basic circuit is 
shown in Fig. 8. The 555, 558 and 559 
are well suited to this use because of 
their drive capabilities. 

An advantage of this circuit is that the 
load can be powered from a higher volt­
age than the logic. In Fig. 8, the relay is 
powered from the unregulated de sup­
ply, saving the power supply regulator. 
Isolating resistor R2 is important to pro­
tect 01. If heavy load current is required, 
the emitter of 01 should be returned to 
the pqwer supply ground. 

Summary. Because of the edge trig­
gering features of each of the devices 
discussed here , many mono's can be in­
terconnected to create complex digital 
waveforms that can be duplicated only 
with expensive commercial generators. 
Also, edge triggering greatly reduces the 
need for logic gates . <> 
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MAIL TIDS COUPON 
AHD~SEND 
YOU THE BL'ST 
SPEAKER CATALOG 
YOU EVER READ! 
No kidding . Speakerlab's catalog took longer 
to write than some of our competitors have 
been in business. In fact . we created an indust ry 
by "building great kits so you can afford great 
spe a kers." Our catalog is an invaluable 

manual of speaker function 
.. and design. And. it will 

· introduce you to the finest 
speaker kits made 

anywhere.. . with the 
strongest money-back 

guarantee. Find out for 
yourself ... FREE. FREE. 

that is. Mail the coupon now. 

-'Po.!!J!!!~-
Seattle. WA 98103 

ADVANCIN 
TheStateof theArt 

In automatic percussion units 

the 

PRUGRFlmmflBLE IJRUm 5E1 
features: ScoreEditing, Bridges, lntro's, External 
sync. to sequencers or toot controls, Memory 
save switch and much morel 

Enter scores in seconds ­
No Programming Knowledge Required! High 
Fidelity describes the kit as " an easy project 
.. . fun to do and yields delightful results . . . . 
an excellent educational tool and versatile aid 
to the musician who can't afford a live rhythm 
s ection.11 

Progra=able Drum Set Kit . .... . ... $84. 95 
Programmable Drum Set Assembled $149. 95 

( plus $3 shipping) 
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