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CONSTRUCTION 

AnLED-Readout 
Audio Power 
~~eter 

BY TIM HENRY 

M•~asures amplifier output, 
indicates speaker balance, 
compares speaker efficiencies, 
and doubles as a VU meter 
with easy-to-read displays. 
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HOW MUCH power does your audio 
amplifier really put out? How is 

your stereo channel balance? Which 
is the more efficient speaker in your 
unmatched set? These are just a few, 
among many, questions that are dif­
ficult to answer unless you have some 
very specialized test equipment. 

With the audio power meter de­
scribed here , however, you can get the 
answers to many questions about your 
audio system-at a reasonable cost. 
The meter has an easy-to-read LED 
display and can also be used as a VU 
meter. The 11 LED 's (light emitting 
diodes) are arranged in a row and are 
identified from 1/16 to 64 watts , with 
each succeeding LED indicating a 
doubling of audio output power. This 
means that the lights come on in 
sequence at 3-dB intervals. (A 3-dB in­
crease means a doubling of power.) 
Since the human ear has a logarithmic 
sensitivity , 3 dB is about the minimum 
change that can be detected . 

The meter is capable of operating 
with 4- , 8- , or 16-ohm speakers simply 
by changing the values of two resis­
tors. The 0-dB point , or reference , was 
arbitrarily set at 1 watt. 

System Operation. The meter (Fig . 
1) is a form of analog-to-digital con­
verter in that it takes the instantane­
ous voltage across the speaker (an 
analog signal) and converts it to digi­
tal indication to light the LED's. The 
only difference between this system 
and conventional A/D conversion is 
that here there is a nonlinear 
(logarithmic) relationship between the 
input and output . The 11 levels are 
used to create a 2048 :1 change , rather 
than a 11 : 1 range if the system were 
linear. 

The voltage measured across the 
speaker terminals is converted to pow­
er by using the nonlinear equation P = 
E"R, where E is the measured voltage 
and R is the speaker resistance . Then 
the 11 stages are designed to turn on 
their respective LED's at the desired 
power level. Table 1 shows the related 
values of voltage and power for the 11 
steps used in this meter and for three 
difference speaker resistances. Note 
that, as the impedance doubles, the 
voltage values shift up one line. This 
means that a specific va lue of voltage , 
say 2.00, corresponds to a power level 
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BP I to BP4-Five-way binding post (two 
red, two black) 

Cl-100-µF , 25-Y electrolytic capaci tor 
C2-0. 1-µF , 100-V ceramic capacitor 
C3-!0-µF, 15-Y e lectrolytic capacitor 
DI to D4--Diode (IN400 1 or similar) 
D5-Diode ( IN9 14 or similar) 
F 1-1/ 16-A fu se and holder 
IC ! to IC3--Quad comparator (Motorola 

MC3302P) 
IC4--5-volt reg ul ator (Motoro la 

MC7805CP) 
LED i to LEDi 1-MLED650(orsimilar) 
Q I to Q I I-Transistor (2N3906 or 

HEP715) 

PARTS LIST 
Following resistors are \12-W, 5% unless 

otherwise specified : 
R1-600 ohms (see text) 
R2 ,R28-- l 100 ohms 
R3-220 ohms 
R4--910 ohm s 
R5-33 ohms 
R6--620 ohms 
R7-43 ohms 
RS--470 ohms 
R9-330 ohms 
R 10-240 ohms 
RI 1-1 10 ohms 
Rl2,R l5-56 ohms 
R13-120 ohms 
Rl4--82 ohms 

Rl6-- IO ohms 
Rl7 to R27-47 ohms 
R29- I60 ohms 
R30,R32-See schematic 
R31 ,R33--100 ohms 
S 1-Spst switch 
T 1-6. 3-V filament transformer (Stancor 

P-6465 or si milar) 
Misc .-Suitable cabinet, line cord , 

grommets for LED's, press-on type, 
mounting hardware, etc. 

Note-The fo llowing are available from 
MITS , Inc ., 6328 Linn , N.E., Albu­
querque, NM 87 108: printed circui t 
board only, $6.50; complete kit of parts 
including pc board but not case, $38. 

Fig. 1. As signal input voltage donbles, 11 comparntol's tum on tlzei1· associated LED's. 

of 1 W across 4 ohms, V2 W across 8 
ohms, and 1/4 W across 16 ohms. Thus 
the same circuitry can be used for any 
of the three impedances simply by 
changing the values of the input resis­
tors (R30 and R32). 

About the Circuit. The input circuit 
consists of resistors R30 through R33 , 
diode 05, and an RC filter consisting 
of R28, R29, and C3 . The filter has a 
time constant of about 80 Hz. Resis­

tors R31 and R33 , in the common( - ) 
inputs , allow the circuit to be used 
with amplifiers that do not have a 
common ground for both channels. 
They provide a low-impedance refer­
ence for the circuit but have no effect 
on the bias of the amplifier . 

Resistors R30 and R32 reflect a high 
impedance to the program source be­
cause their values are insignificant in 
paral lel with the few milliohms of out­
put impedance of most amplifiers. 

These resistors take the algebraic av­
erage of the voltage across each of the 
speakers, which causes the power 
meter to indicate the average power 
being delivered by the amplifier. This 
could be extended to use on a four­
channel system by adding two more 
resistors, with al l four at 20,000 ohms 
to maintain a 5:1 rat io. 

Diode 05 prevents the negative half 
of the audio signal from bringing the 
comparator inputs below ground and 
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causing possible damage. The diode 
also rectifies the signal so that the 
meter can indicate a somewhat aver­
age 	power rather than peak power, 
which the 80-Hz (low-pass) filter pro­
vides. The fil ter was selected to give 
good LED response and stil l provide a 
reasonably slow LED switching time 
for the eye to follow. 

The eleven differential comparators 
in IC1 to /C3 deliver logic outputs 
based on the states of their inputs. If a 
noni nverti ng ( +) input is higher than 
the associated inverting(-) input, the 
comparator output is high, and vice 
versa. 

The invert ing inputs of all com­
parators are connected together and 
driven by the input signal. The nonin­
verting inputs are threshold voltages 
determined by the voltage divider 
made up of R1 through R16 . The di­
vider values are based on the desired 
power-level increments. Since the in­
puts to the comparators should not be 
higher or lower than the supply volt ­
age, the input circuit forms a 5:1 ratio 
and the corresponding thresholds are 
simi larly reduced . As the output of 
each comparator switches from high 
to low, its associated transistor is 
turned on, causing the LED to glow. 

Each LED requires about 20 to 40 
mA, 	while the comparators can sink 
only 2 mA. Thus the transistors must 
be used , with series resistors (R17 to 
R27) to limit the LED current. If more 
brightness is required , the series re­
sistors can be reduced to 22 ohms. 

The power supply is a conventional 
transformer-di ode-filter com bi nation 
with 	a voltage regulator (/C4) to pro­
vide 5 volts. Capacitor C2 is used for 
transient suppression . 

Construction. Th e meter circuit can 
be assembled on perforated board or 
a pc board (Fig. 2) can be used . Note 
that the 11 LED 's are not mounted on 
the board . They are connected to the 
appropriate pads on the board by 
lengths of insu lated wire. 

Before installing the comparators 
(IC1 to /C3) , build and test the power 
supply. (The transformer is not on the 
board .) Instal l /C3 , and the 1/16-watt 
LED (LED11). Connect the positive 
lead of one of the meter inputs (BP1 or 
BP3) to the 5-volt de Ii ne and tie the 
other input leads to ground. When 
power is supplied ,LED11 should light. 
If it does not, it may be connected 
backwards. Remove power from the 
circuit and install the other two IC's 
and the remainder of the LED 's. The 
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leads for the LED 's should be long light. This test indicates whether or 
enough for them to be mounted on the not the circuit is operating properly. If 
front of the chass is se lected . desired, the thresho ld voltages can be 

With one of the positive inputs to the checked with Tab le II , which gives the 
meter connected to the 5-vo lt supply, ideal va lues-though a 5% tolerance 
the 	lowest four LED 's should glow. is permitted . 
With both pos itive in puts connected The basic accuracy of the system is 
to 5 volts , the lowest si x LED 's should directly related to the input divider 
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P.O. Box 
Newton . 

(617) 449-3142 

$5995 

TABLE 1--VOLTAGES 
FOR SELECTEO POWER LEVELS 

Power Voltage Voltage Voltage 

(watts) 
(across 
4 ohms) 

(across 
8 ohms) 

(across 
16 ohms) 

1/16 0.5 0 .707 1.00 

1/8 0.707 1. 00 1. 4 1 

1/4 1. 00 1.41 2.00 
1/2 1.41 2.00 2.83 
I 2.00 2.83 4.00 
2 2.83 4.00 5.66 
4 4.00 5.66 8.00 

8 5.66 8.00 11 .3 
16 8.00 11 .3 16.0 

32 I 1.3 16.0 22.6 
64 16.0 22.6 32.0 

ratio and the voltage leve ls of the re­
spective thresho lds. With 5% resis­
tors , the system has an absolute accu­
racy of 5%. A potentiometer can be 
used for R1 for calibration adjustment. 
This all ows correction for the input di ­
vider adjustment of the power supply 
threshold reference vo ltage, and set­

. ting any particular threshold to its 
exact value. To calibrate the meter 
with a potentiometer at R1 , adjust the 

pot until the voltage at pin 7 of IC2 is 
precisely 0.436 volt. All of the other 
thresholds should then have an accu­
racy of 2.5% or better. 

If 5% (or even 2.5%) accuracy does 
not sound good enough , keep in mind 
that this is a power meter which indi­
cates the continuously changing out­
put of an audio system . It is not a 
laboratory-grade instrument. 

Using the Meter. Besides being 
used to indicate the instantaneous 
output of an amplifier , the meter can 
also indicate channel balance, and re­
sponse of bass and treble contro ls. It 
will also serve as a VU meter for re­
cording and for comparing speaker ef­
ficiencies. 

Connect the input leads across the 
amplifier outputs , noting the 
polarities . If one set of leads is re­
versed , the LED's will indicate the dif­
ference in power being supplied to 
each channel. This can be used as an 
ind icator of channel balance and/or 
channe l separation . 

In bass response testing , the meter 
will indicate the amount of boost or 

TABLE II-IDEAL THRESHOLD VOLTAGES 

IC Pin Voltage 

I 7 0 .011 

I 5 0.070 
I 11 0.1 53 
I 9 0.270 

2 7 0.436 
2 5 0.670 

2 11 1.001 

2 9 1.470 

3 7 2.133 
3 5 3.070 
3 11 4.395 

cut provided by the bass control. For 
treble control testing , a single fre­
quency should be applied to the am­
p lifier. This is because most of the 
power is in the lower freque ncies, and 
the presence of higher frequencies in 
the bass test is insignificant. 

Relative efficiencies of speakers 
can be checked by connecting the 
meter across the amplifier output and 
measuring the output power required 
to deliver a certain " standard " listen­
ing level. ~ 

$348 

FOR FASTER, MORE 
RELIABLE MEASUREMENTS 
A NEW STANDARD IS BORN HI and LO ohms and a 50KVOC range 
High accuracy you "Can trust with accessory Hv probe. 
Versatile measuring capabilities A NEW STANDARD IN SPEED 
An efficient , easy to operate meter . .. AND EASE OF OPERATION
All at an affordable price Large pushbuttons and callouts - no
That's the OVM 38 . . . The comp lete 

need to hunt and peck . Large .4"
OVM that sets new performance stan · 

L.E .O.'s with direct readout , down to
dards in 4 key areas. V and mV indicato" . SINGLE STEP
A NEW ACCURACY STAN OARD AUTO·RANGING for ma xi mum resolu· 
The 3Y, digit, .1% accuracy is backed by tion and eff iciency. 2KV OC protection 
a 15 meg n input impedance, compared min imizes downtime. 
to 10 meg l1 input of conventional 
OVM 's, which guarantees up lo 50% THE AFFORDAB,l.E STANDARD 
greater accuracy with 1 /3 less circuit There are few .1% OVM 's less expensive­
loading on every measurement for high there are none as complete in this price 
accuracy you can trust. range, plus backed by a LIFETIME guar· 

antee agains t factory workmansh ip errors.A STANDARD IN CAPABILITIES 
The OVM38 is more accu rate in MORE 

THE DVM38 . . . .. . A NEWcircuits with these ve rsatile ranges: 
STANDARD IN DVM 's FDR SPEED,lOOµV to2000VOC , 1KV AC ; .01 n 
VERSATILITY ANO ACCURACY .to 20 meg n ; 0.1µ A to 2A . . Plus 

• BACKED BY SENCORE'S 100% 
e MADE RIGHT LIFETIME GUARANTEE 

CIRCLE NO. 50 ON FREE INFORMATION CARO 

A. E. CORP. 
63 
MA 02161 

FUNCTION GENERATOR-Simu ltaneous sine, 
square and triangle wave outputs from 1 Hz 
to 1 MHz ± 5% accuracy, stability ± 200 PPM 
and sinewave distortion 2%. TTL compatib le 
square wave output with rise and fall times 
100 nsec. Adjustable output O to 20 Vpp. 
105-125 VAC 5 Watts. 

FACTORY WIRED AND CALIBRATED $89.95 

s499s 

PULSE GENERATOR-Pulse width continous ly 
adjustable from .1 sec to 100 nsec. (5 Hz to 
5 MHz Frequency Range) with 20 nsec rise 
and fall times, 0 to + 5 volts output {10 TTL 
fanouts) . Input power 105-125 VAC 60 Hz at 
5 watts. Size 6" x 4" x 3" and weight 1 lb . 

FACTORY WIRED AND CALIBRATED $79.95 
-15 DAY FREE TRIAL PERIODS­

• MASTER CHARGE HONORED 

CIRCLE NO. I ON FREE INFORMATION CARO 
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