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B USEFUL piece of test equipment
] Afor acoustical and electronic
work is a sinewave generator
apable of automatically performing a
\-«swcep of the Ugntlreugudw spectrum.
Such a sweep oscillator will -reveal
resonances and standing waves more
quickly than the method of hand
plotting data point-by-point: one need
“only listen for intensity peaks or watch
a voltmeter needle to pinpoint frequency
response problems. If a chart recorder
is available, frequency response curves
can be plotted automatically. The con-
ventional Wien. bridge oscillator, al-
though capable of producing sine waves
viith very low distortion, does not
maintain a precisely constant amplitude
when swept, nor is its frequency eleg
tronically variable. The usual function
generdor circuits [1] provide accurate
control of amplitude and frequency, but
lack sufficient frequency range to span
the entire audio spectrum without
switching. This article will describe a
simple sweeg, oscillator, suited for home
(or laboratoryt) construction, which will
permit rapid tésting and measurement
of amplifiers, loudspeakcrs and room
acoustics.
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The circuit to be described is based
on the triangle wave generator shown
in Fig. 1. In this circuit, two integrated-
circuit operational amplifiers are cas-
caded. One of these has negative feed-
back applied. to it by way of the
capacitor C; it is an integrator whose
input is cither +V .or -V depending
upon the position of the switch. The
other operational amplifier is supplied
with positive feedback and functions
1s a sensitive voltage detector: when its
input (point Y) becomes even a frac-
tion of a millivolt necgative, its output
switches rapidly from the positive supply
voltage to the negative supply voltage.
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Fig. 1—Basic triangle generator circuit. The switch at left is controiled by the limiter.
Triangle waves are available at point X and square waves at point Z.
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and the limiter swings from + 10 volts
to -10 volts. To complete the feedback
loop we stipulate that when the limiter

output is positive, the switch will con-.

tact the +V input, and conversely a
negative limiter output will cause the
switch to move to the -V position.- To
follow 1ts operation, suppose that point
Y is indeed positive and Z is at +10
volts. A positive current flows into the
integrator through resistor R, and volt-
age X moves negatively at a rate dX/dt
= -V/RC. When X reaches -10 volts.
Y rcaches zero. whereupon the second
amplifier. the limiter, and the switch
change state. Since this reverses the
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drive to the integrator, point X'ilow.
moves positively at a_rate dX/dt =
+V/RC. This “state persists - until X
reaches # 10 volts, where againY =0
and a new cycle begins. The resulting
triangle wave at point X has an ampli-
tude of 20 volts peak to peak and a
frequency [ = V/40RC: for the values
shown in the figure. { =412 kHz X V.
The wide t"rcquency range of this oscil-
lator is made possible by the extreme

Y
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voltage. accuracy of modern 1€ opera-

tional amp lifiers: an error of "} millivolt

is scen with this formula to correspond
to a frequency uncertainty of 2 Hz, At
the same time a full scale control voltage
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AN I volesy corresponds to o mast

nun hegueney ol 2 K20 The ratio
of these freguencres, aboat 10000 ]
lustrates thewide dyvnamie range ol
the  baswe ’lri;m;'lc vonerator et

Fhis geperiator s then a hincar voltage-
to-frequencv converter whose sutput is
a fixed amphitude trmangle wave. The
complete destgn shown i Fig. 2 consists
of this converter plus the additional
crircuitey neceded to define the control
\'nll;\gc- + V. to pertorm rapud and
accurate  electronic switching of the
integrator’s input, to accurately  limit

the feedback voltage tor unplitier Ad,
and to convert the ln;ln;*l\' Warve tifoan
wivelorne.
voltage s

approxmmately smuasordid

The frequency  contrl
mitiafly - established by the dual cas-
vaded potentiometer, VR, when the
frequency mode switchos i the posttion
marked ser. The zener diode across
VR pernits good voltage stabiliy at
this potnt e spite off possibie power
supply varations. Both sections of VR
should have an audio taper to spread
out the first O volt (200 Hz) aver the
first S0% of dial rotation. A large dial

Q1 2N 3504

is destrable Tor VR o permnt accarate
frequencey calibrationund casy reading.
Amplificr Al solates the integritor
losd current Trom the potentiometer
cicutt. Amphlicr A2 s connected as
Wouny gainomverter to genernidc the
regutred negative voltapge -V, Note that
the Larpge value capacitor C1 s held
charged at +V by the potentiometer
circutt as long as the mode switeh re-
mains o the ser position. When
switched to the swree position C1 s
slowly discharged  towards  ground
through the HOK  resistor R This
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: F\lg.: 2-—-Schematic diagram
' ot the sweep gencrator.

1

H

G0 -

L et s ‘9\14.15.16.17'_{3%13 Ll 1[1167A |
L15VAC 3' - — 1S TOPINS 7] 010 b—if. 33"‘ 1

25v
c3

discharge will be accurately exponential
if-Clis free of leakage and dielectric
nonlinearity  (a . high  quality  solid
tantalum type is recommended). The
vilues shown give a factor of two decay
in voltage in 7 scconds, which cor-
responds to a frequency sweep rate of
7 seconds per octave or 23 seconds per
decade. The network can of course be
casily modified for other sweep rates.
At any point, the sweep can be inter-
rupted by moving thc mode switch to
the nownp position; this feature is use-
ful for sitting on a resonance identitied
during a sweep.

In order to achicve an exponential
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frequency sweep accurate down 1o a few
Hz, the voltage sweep must be accurately
exponential down to a few millivolts,
both at the +V and the -V points. For
this reason both amplifiers Al and A2
are shown connected o the optional
and otherwise unnecessary trimmer
potentiometers. The trimmer VRS at
Al should be set for an end-of-sweep

frequency of about | Hz. The trimmer -

VR6 at A2 should be set for best triangle
wave symmetry at frequencics below
10 Hz. These adjustments witl interact
somewhat, but need be made only once
for a given pair of amplifiers. They
should be set before the frequency dial

<

at VR1iscalibrated since they do slightly
affect the low end frequency calibra-
tion. For Al a low bias current op amp
is clearly desirable owing to the rather
high impedance of the sweep netwaork:
the Motorola MC1456CG is recom-
mended. For A2 any popular op amp
will serve.

Transistors Q! and Q2 form a pair of
saturating switches employed in the
inverted (common collector) configura-
tion. Used in this way, they permit d.c.
offset ecrrors less than one millivolt
to be achicved, as opposed to the 10
to 100 millivolts typical of the normal
(common cmitter) configuration.
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ADC’s brand new 450A is a "high
transparency” speaker system for the
perfectionist who wants to own the best
bookshelf system money can buy.

This two-way system avoids the use of
complex crossover networks and the
resultant phase distortion. By enabling
the majority of the audio spectrum to be
radiated by the high frequency unit, we
achieve essentially a “single point
source”. The low frequency driver is
*hein left to do the demanding but un-

~~complicated job of reproducing the fow
and basically non-directional portion of
the audio spectrum.

The result is an extremely transparent
true-to-life bookshelf speaker system
you must hear to appreciate.
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ADC 450A SPECIFICATIONS

Type ... Full-sized bookshelf.
Cabinet . .. Qiled Walnut.
Dimensions. .. 25" Hx 14" W
%x12%” D, T
Weight . .. 50 Ibs. each. )
Frequency Response . .25 Hz to 30
kHz + 3 dB (measured in average
listening room).

Speakers (2)... 3" “point source”
wide range tweeter and 12° high
compliance woofer.

Nominal Impedance . . . 6 ohms (for
optimum performance from
transistorized ampl[fiers). ) ;
Power Required . . . 10 watts RMS
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;: minimum. . }
3 Price... $165 (suggested resalel. i
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Chack No. 32 on Reader Service Card

The triangle wave generator consist-
ing of A3 and A4 operates just as de-
scribed previously. An important con-
sideration in choosing an IC type for
use as A3 is slew rate, i.e. the maxi-
mum speed with which A3's output
voltage must change. For a 20 kHz,
20 volt p-p triangle wave, a slew rate
of 0.8 volt/microsecond is required.
This 1s well within the capabilities of
the MCI1456CG which will typically
slew at rates as fast as 2.5 volt/micro-
second. Although this same op amp type
could also have been used for A4, better
switching performance is obtained from
an uncompensated IC such as the
MC1439G. Its feedback voltage is
symmetrically limited to +10 volts
by the IN757A zener diode - and
associated rectifier bridge.

The triangle wave generated by this
oscillator is converted into an approxi-
mately sinusoidal waveform by the
nonlinear attenuator made up of the
IN747A and IN750A zener diodes and
their associated components. As the
triangle wave rises past 4 volts, the
IN747A conducts through R13, which
diminishes the rate of rise of the net-
work’s output voltage. Above 5.5 volts,
the IN750A conducts through RIl4,

Fig. 3—Three simultaneous waveforms
at 500 Hz, 1 volt/div. vertical, 1 milli-
second/div. horizontal. Square-wave
rise time is 0.2 u sec.

which of course introduces further
attenuation. Just beyond 6 volts the
IN750A directly clamps the waveform
by way of the diode shunting R14. This
nonlinear attenuation techniquc gives
rather nicely rounded sine waves rather
than sharp cornered polygons due to
the gradual onset of conduction in low
voltage zener diodes. Zeners are nor-
mally manufactured with a +5%
tolerance, and it may prove necessary
to trim the circuit to achieve minimum

(Continued on page 59)

" Parts List

Controi"_s ‘

Diodes
VRI1 Dnal pot., audio taper, D1,D2,D3, IN914A
: 10k + 10k D4,D5,D6,
VR2,VR3, Audio taper, 10k D7,D8,D9
VR4 D10 Zener IN750A
VRS,VR6 Trimpots, 13k linear D11 Zenier IN747A
D12 Zenier  IN757A
Resistors D13 IN758A
R1 100k, % watt D14,D15, '
R2,R3, 1000 ohms, » watt Dl6,D17 Silicon rectifiers,
R4,RS 109 P.1.V.
R6.R7, 20k ohms, A watt i
R8.R9 Transformer
RI0.RI11. 10k ohms. 4 watt 115V, 60 Hz, 24V CT output
R12 ’ (Triad F-45X)
R13 2200 ohms, 4 watt
RI4 330 ohms. 'A watt Op Amps
RI15 5i.6k ohms. 12 watt Al A2,A3. A5 MCIl1456CG
A4 MC1439G
Capacitors
Cl 100 #F, 10 V. Tantalum, Transistors .
Sprague Ql 2ZN3904
: Q2 2N3906
Cc2 0012 uF
C3.C4 1000 uF 25V Miscellaneous Lo
One 3-position. single-pole switch
Three sockets
32
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(Continued from page 32)

total harnmdnic distortion for applica-
tims where this is important. An
oscilloscape is usetul here. The essential
requirement is to have the peak clipping
voltage ‘of the nonlinear network
(measureds with R13 and RI4 dis-
connected) equal to 64% of the peak
triangle voltage (measured ahead of the
1K attenuator resistor). If it is not, the
triangle itself must be adjusted in
amplitude at R6. With this set, accept-
ablc waves will be generated with a
total harmonic distortion (THD)} of
about 1%. Further improvement in the
THD can be achieved by trimming
R13 and R14 for minimum THD as
read on a distortion meter; in this way
a distortion of 0.7 to 0.8% can be
reached. Although this is inadequate for
amplifier THD measurements, the wave-
form is sufficiently sinusoidal for
intermodulation and frequency re-
sponse  measurements,  particularly
when the extreme amplitude stability
of the waveform is taken into account.

The remaining circuit details are
given in Fig. 2. Separate level controls
and outputs are shown for the square
wave and the triangle wave inherently
preduced by the oscillator. These are
useful for transient testing and risetime
measurements, and for checking the
linearity of wideband amplifiers. The

simultaneous output feature is desirable -

for such tasks as oscilloscope triggering
and frequency counting while making
low level sinewave amplifier measure-
ments. The required + 15 volt d.c.

gpower is obtained from a conventional -

unregulated transformer rectifier supply.

.Many modifications and adaptations

of this design are possible. For example,

the oscillator’s frequency range may be

compressed to 1 kHz or txtended to

50 kHz by the simple expegient of sub-"

stituting a different integrating capaci-
tor. Another possible use for this circuit
(which is, in essence, a highly linear
voltage-to-frequency converter) is to

permit digital voltage measurements tQ.

be made with an ordinary frequency
counter. The unknown 0 to + 10 volt
d.c. signal is applied to Al’s input, and
the resulting oscillator frequency is
digitally counted. Larger input signals
can be accommodated with an atten-
uator. In conclusion, the present design
is an inexpensive and versatile instru-
- ment which can simplify many kinds of
audio measurements. L3
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the bible

revised monthly

It takes frequent revision to keep up with the many new releases in
records and tapes, That's why the bible for the devotee of recorded
music is the Schwann Record & Tape Guide, which is revised monthly.

Each issue is nearly 300 pages crammed with valuable information
about ip records, 8 track cartridge and cassette tapes. Schwann lists
composer, perfcrmers, manufacturers record label and number ond
list price. When a tape version is available, it is indicated and all
needec ordering information provided.

The monthly Schwann currently lists about 45,000 stereo Ip records
and tases in clussical, popular, jazz, rock and other categories. The
new listing section in an issue often runs 1,000 or more records and
tapes—an indicator of the many worthwhile works that you might
never know abcut were it not for Schwann.

Keep ¢ copy at home for reference and to help you decide on addi-
tions to your record and tape library. Consider-

_— ing its modest 75¢ cost, Schwann is a real
/ ¢ " bargain in record and tape information. Get a
\ gﬁg«% \ copy each month from your record or tape shop.

Schwann Record
& Tape Guide

Published Monthiy 79¢

OTHER SCHWANN PUBLICATIONS:

SCHWANN SUPPLEMENTARY RECORD GUIDE—contains older popular
music, imported, mono, spoken and religious records. An invaluable companion
to the monthly Schwann. Issued twice a year. 60¢ :

SCHWANN COUNTRY & WESTERN TAPE & RECORD GUIDE—1970-71 -
edition lists available Country & Western music on more than 60 labels. Includes
titles of selections on the recordings. Cassette tape and 8-track cartridge numbers
as well 4s Ip record numbers given. 75¢

SCHWANN ARTIST ISSUE—Currently available classical records listed by
performing artist: orchestras, quartets, instrumental soloists, etc. 320 pages.
Needed by music lovers and record collectors. 1970 edition. $1.75

A T o o e Y
SAMPLE OFFER

If your dealer does not have the Schwann publication you want, we will
help you to become acquainted.

[0 Latest monthly Schwann Record & Tape Guide Pdstpaid $1.00

[0 Latest semi-annual Schwann Supplementary Record Guide =~ Ppd. 75¢

[0 SCHWANN SAMPLER consisting of one each of above. SPECIAL PRICE
Postpaid $1.25

[1 Schwann Artist Issue—1970 Edition Postpaid $2.25

[0 Schwann Courtry & Western Tape & Record Guide—1970-71 Edition
Postpaid $1.00

Amountenclosed$________ for items checked above.

Name

Address

City : State Zip

Dealers Name & Address

Schwann Record &Tape Guide

137 Ngwbury Street, Boston, Mass. 02116 AU
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