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A Solid State Transient Test Signal Generator*

GLEN R. SouTHwo_ri_

Colorado Video, Inc., Boulder, Colorado

The "Tone Burst" commonly used for transient testing is not necessarily comparable to wave-
forms actually found in speech and music. A new test instrument is described which generates

asymmetric and symmetric pulses as well as damped wave trains. Implications and test results
are described for amplifiers, loudspeakers, and acoustic environments.

LTHOUGH papers °n audi° transient-resp°nse testing -_5 _-_
techniques began to appear in this country shortly

.. after the end of World War II, enthusiasm for this type
of measurement does not appear to be particularly wide

A. B. C.

spread. Reasons for this might be found in nonstandardized
test procedures, difficulty in interpreting test results, and,
until recently, the lack of commercially available test

equipment. In addition, numerical distortion values are _ _jq_ _

more difficult to arrive at than in the case with the more
conventional harmonic and intermodulation distortion
measurements.

The mostwidelyused formof transient test signal is the D. E. F.
"tone burst" in which a number of cycles are gated from Fro. 1. Transientwaveforms.
a continuous sine wave of fixed frequency to form an inter-

mittent wave train. Somewhat differing results may be shaped by coupling it to a highly damped resonant circuit;
obtained depending upon whether the original continuous and, third, the damped oscillatory pattern of a lightly loaded
wave is interrupted in a synchronous manner, as in the resonance are shown. The final trace indicates the effect
General Radio 1396-A, or asynchronously, in which case of coupling one resonant circuit to a second identically
turn-on and turn-off deformation of the signal may be tuned one. In this instance there is both a gradual rise
produced. In either in,tan_ce, _nonaturally occurring sound and decay of the harmonic components, and the trace re-
comes to mind which is comparable in waveform to this sembles that of a simple modulated carrier with a funda-
type of test signal, and it seems reasonable to explore the mental frequency and an upper and lower sideband.
use of transients easier to generate and more closely related Means of generating the above waveforms are shown in
to those found in nature. Fig. 2, the block diagram of the transient test signal gen-

In general it is assumed that a large category of sounds erator. A free running multivibrator is used to provide
found in speech, music, and noise are a consequence of master timing of transient repetition rate, or alternately
impulses which are subsequently modified by the acoustic an external signal source may be employed. In either in-
environment to produce sounds of both increased duration stance, fast rise time pulses are produced which then trigger
and altered spectral content. The variations possible are a delay multivibrator to create a second chain of pulses
quite complex, and only a number of simple relationships with accurately controllable widths. An inverter is incor-
are explored in the equipment to be described. Figure 1 porated so that pulses of either positive or negative polarity
illustrates a number of artificially generated waveforms, are available at the equipment output.
First, pulses, with fast rise and fall times, simulate initial In the second half of the system, the narrow leading
acoustic shock disturbances; secondly, the original pulse edge of the pulse from the delay multivibrator is used to

* Presented October 13, 1965 at the Seventeenth Annual Fall Con- actuate a transistor switch, shock exciting a resonant ele-
vention of the Audio Engineering Society, New York. ment that may be varied in frequency and apparent "Q."
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__ Figure4 showsthe pulseshapingor ringingportionof
_¢_T--_ _'d; _--_ the generator. The transistor switch connectedto the first

·T,_ ,_ 1__ resonant circuit is normally nonconducting, thus producing· zero voltage drop across the RLC elements. Incoming
pulses from the timing section are differentiated in the base
circuit, and the leading edge of the pulse, being negative
going, causes the transistor to conduct heavily with a re-
sultant drop of nearly 6 volts across the RLC configuration.
The switching transistor rapidly returns to its nonconduct-

· · · · lng state and the LC circuit is then free to oscillateat its
natural frequency. As "Q" multiplication is not used in
this circuit, it is desirable to minimize loading of the reso-

,., ,_soRA,cE nant elements in order to achieve reasonably long damped
wave trains, and, as a consequence, the resonant circuit
is "tapped down" by means of the two capacitors, the top
one being approximately one fourth the value of the lower
one. This signal is then fed into two cascaded emitter

Fro. 2. Transient generator simplified block diagram, followers which serve to provide a relatively high impedance

The output of this circuit may be used directly for tests transformation ratio.
or fed into a second resonant circuit which may be tuned
to the same or a different frequency.

Circuitry of the master timing section of the generator _. _ _c _,_oK ,oo_
is shown in Fig. 3. The master timing multivibrator is H'
tunable·in four rangesfrom approximatelyone pulseper =o-,.

_, second to 100 pulses per second, with fine tuning being _oo_ _5>_ __ ...... , ..... [/_ ..

accomplished by varying the value of the base resistors. -,, f _ / _,_'_O,o_Alternate timing from an external source is achieved by _,'_ ...... _....
using a Schmitt trigger circuit to produce pulses with fast
rise and fall times. As only the positive transition in the
output is subsequently used, lack of symmetry in either -'=
the Schmitt or multivibrator signal is not of consequence.

The master timing transition is coupled to a delay multi- _n:. ,_ ._

vibrator in which the output pulse width is controlled by o=-I-+-_ .....

means of various values of capacitance between the collec-
tor of the first transistor, and the base of the second. Again,
if fine adjustment is required it may be made by altering --
the value of the resistance in the base of the second tran- Fro. 4. Transient generator ringing section.
sistor. As the output of the delay multivibrator is a negative
going pulse, a DC coupled inverter is used for generation
of positive pulses, and either may be switched to the input The output of the first ringing circuit may be used di-
or an emitter follower which provides an AC coupled signal rectly, or coupled to a second ringing circuit as shown.
for external use. In this instancea onemegohmresistoris usedas a coupling

device and the resultant low level signal is amplified by
'_* , ;E,o meansof a fieldeffecttransistor whichprovidesminimumINPUT _ '680 680 680 1OK '

i " circuit loadingby virtue of its high input impedance
2.7K _ los 500

II characteristics.
,ou_ Possibly the most unique portion of the system circuitry

-_*_ '_--_ 1 is the clamptransistorshownin the lowerleft hand corner.1 ' ] t 'vv_-t - The reason for this circuit element is the fact that the

[_ :? _.... __ L-_ool_-J method of shock exciting the first resonant circuit leads:2= _ to deformation on the first half cycle of oscillation with

_8o.- o_-_ I ._ ,p- a very steep initial wavefront being produced. This sort, ,.... of effect can also happen in real life, but it was considered

,_ '_ ,_ desirable to be able to eliminate it at the operator's option

IK lOUFO

- 12_o in order to prevent possible confusing secondary effects in
o tests. As the deformed first half cycle is positive going in the

:-_. , 4}----_ ' circuitry employed, an NPN transistor gate is used toALL TRANSISTORS 2N3638

=_ clampthe oscillatorysignalto groundfor a perioddeter-

Fro. 3. Timing section of transient generator, mined by the width of the delay multivibrator pulse. The
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' Thedampedwavetrainmaybeusedas a reasonablygood
simulator of voice waveforms for the test and adjustment
of speech-amplifying equipment. Typically, the RMS value
of these signals will be from 10 to 20 db lower than a
sinusoidal waveform of equivalent peak-to-peak value, and
they can be of particular use in the evaluation of limiting
or compressing devices.

A quick look at another form of compression or overload
may be taken by using a slowly damped wavetrain to

Fro. 5. Secondary deformation.

pulse width-must be accurately adjusted to correspond with
the oscillatory period of the LC circuit or a secondary
deformation will occur as shown in Fig. 5. Proper adjust-
ment of clamp pulse width results in a clean waveform as
shown in Fig. 6.

Additional examples of signals produced by the tran-
sient pulse generator are the highly damped wavetrain
shown in Fig. 7 and the modulated waveforms having
moderate rise and decay times which produced the coupling
of the two resonant elements as shown in Fig. 8. Figure 9
shows the effect of repeating this setup with the second FIc,. 8. Moderate rise and decay times--two coupled resonant elements.

examine the performance of tape recorders or electro-
mechanical devices in which gradual nonlinearity, but not
abrupt clipping, may occur. The fortunate possessor of
such equipment used to be able to make louder TV com-
mercials because of the resultant increase in average energy
content of program material.

Both slowly and rapidly damped wavetrains may be used
to test loudspeakers or other transducers, and as mentioned
earlier, they probably much more closely resemble the
signals actually handled than does the conventional tone

Fro. 6. C}ean waveform, burst.

element detuned by approximately 100 Hz with resulting "
envelope change and introduction of a slight beat.

The uses of the various test signals and the interpretation
of results is a fairly complex subject, but a number of
applications will be touched upon. First, the asymmetric
pulses may be used to determine the effects of instantaneous
amplifier overload which may result in the production of
a spurious low-frequency waveform directly following the
transient. Similarly, combining the pulse with a low-
amplitude sine wave will indicate whether a change in am-
plifier gain occurs after instantaneous overload. Both
polarities of pulse should be used in testing. Fro. 9. Waveform when second resonant element is detuned by

approximately 100 Hz.
I

The damped wavetrain and the modulated output of the
second resonant circuit may also presumably be used in a
variation of difference tone testing through use of a low-pass
filter at the output of the equipment under test, and com-
parison of the amplitude of the original signal to that of
low-frequency demodulation products passed by the filter.

A miscellaneous collection of experimental data has been
accumulated related to transient reproduction, though results
have not extensively verified. First, it might be noted that
a number of musical instruments appear to be essentially

Fro. 7. Highly damped wavetrain, pulse generators, and some, such as the trombone, seem
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to produce relatively narrow, asymmetric, pulse waveforms may perceive a deeper and more powerful tone due to
due to the relatively low "Q" of the resonant elements, acoustic synthesis of fundamental frequencies.
Reproduction of such instruments is complicated not only Finally, though it is hoped that the use of damped wave
by the very poor ratio of peak to average energy, but also trains of various spectral characteristics will be a useful
by the fact that nearly any reactive element in the audio tool in the examination of architectural acoustics, a test
chain will act to substantially reduce the amplitude of conducted in a medium size living room might be mentioned.
the initial half cycle of the reproduced waveform. Obser- In this instance the output of the test loudspeaker was a
vation of the outputs of probably the most important three thousand Hz sine wave modulated 100 per cent by a
reactive element in a reproducing system, the loudspeaker, 60 Hz envelope. At the far end of the living room, approxi-
have frequently indicated an initial half cycle amplitude mately 20 feet from the loudspeaker, wall reflections had
reduction of 6 to 10 dB. caused modulation depth to decrease to approximately 7

On the other hand, the asymmetric pulse may be strongly per cent. In listening environments such as this, the assess-
influenced by the acoustic environment in which it is propa- ment of the consequences of both transient and intermodu-
gated, and a series of reflections from differing path lengths lation distortions originating in reproducing equipment
may cause pulse "stretching" with the result that a listener, becomes somewhat more difficult, and more sophisticated
or microphone, located at some distance from the sound, analytic approaches seem desirable.
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