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FEEDBACK AND SUPPRESSORS

tem (no feedback) with unity 
gain (0dB) and 2ms of delay. 
The red curve is the same 
system after the feedback 
loop is closed. The closed-
loop system has peaks that 
correspond with zero-degree 
phase locations shown in the 
lower half of the diagram. 

The closed-loop valleys 
correspond with the 180-
degree phase locations. 
Feedback is a function of 
both magnitude and phase. 
Even though the open-loop 
gain is the same at all fre-
quencies, only frequencies 
that are reinforced as they 
traverse the loop (near zero 
degrees of phase shift) will 
run away as feedback. 

Figure 2 shows the ef-
fects of reducing the gain 
by 3dB, and increasing the 
delay to 10ms. Notice that 
the closed-loop gain reduc-
es significantly—more than 
the 3dB of open-loop attenu-
ation that was applied—and 
that the potential feedback 
frequencies (areas of zero 
degrees phase shift) get 
much closer together. The 
zero-degree phase locations 
repeat every 360 degrees of 
phase change. For a linear 
phase transfer function, you 
can calculate the frequency 
spacing of potential feed-
back locations as a function 
of delay time. 

The equation for calculating the delay 
time is: 

Delay Time (sec) = -∆Phase /
(∆Frequency x 360)

When ∆Phase = 360 degrees (the 
phase difference between two zero degree 
phase locations), this leaves:

∆Frequency = 1 / Delay Time (sec) 
when ∆Phase is 360 degrees

This means that the potential feed-
back frequency spacing = 1 / delay time 
(in seconds).

The following shows the potential feed-
back frequency spacing for various delays.

1/0.002 sec. = 500Hz spacing (for 
2ms of delay)
1/0.010 sec. = 100Hz spacing (for 
10ms of delay, shown below)
1/0.1 sec. = 10Hz spacing (for 100ms 
of delay)

This implies that adding delay makes 
the potential for feedback worse—i.e. there 
are more potential feedback frequencies 
because they are closer together.

Practical experience will tell you other-
wise. This is because delay also affects 
the rate at which feedback grows and 
decays. If you have 10ms of delay be-
tween the microphone and loudspeaker 
and +0.5dB of transfer function gain at a 
potential feedback frequency, then feed-
back will grow at a rate of 0.5dB/10ms or 
+50dB/second. If you increase the delay 
to 100ms, then the growth rate slows to 
+5dB/second.

Here is another observation regarding 
gain and its relationship to feedback. For 
a fixed delay, you can calculate the growth 
rate of a feedback component if you know 
how far above unity gain the open-loop sys-
tem is at a particular feedback frequency. 

This means that if you are 
at a venue and can hear 
feedback growing, and can 
estimate its growth rate, 
you can calculate roughly 
how far above unity gain the 
system is. (This also means 
your kids probably call you 
a nerd.)

For example, if you esti-
mate that feedback is grow-
ing at a rate of 6dB/second 
and you know that the dis-
tance from the loudspeaker 
to microphone is 15ft., then 
you know that the gain is 
only roughly (6x0.015) or 
0.09dB above unity gain.

Thus, you only need to 
pull back the gain by that 
amount to bring things back 
into stability. Of course, the 
rate of change also applies 
to feedback as it decays. 
If you pull the gain back by 
0.09dB, the feedback will 
stop growing. If you pull 
back the gain by 0.2dB, then 
the feedback frequency will 
decay at close to the same 
rate that it was growing.

If you reduce the gain 
by 3dB (below the stability 
point of unity), it will decay 
at a rate of 200dB/second. 
Note also that anything that 
changes phase will affect 
the feedback frequency lo-
cations. This includes tem-
perature changes, as well 

as any filtering and delay changes. If you 
analyze how temperature changes affect 
the speed of sound and look at the cor-
responding effective delay change that a 
temperature shift yields, you end up with 
an interesting graph. 

Figure 3 shows the shift of a feedback 
frequency based solely on how tempera-
ture affects the speed of sound. The inter-
esting points are that feedback frequency 
shifts are larger at higher frequencies, and 
the potential for feedback frequency shifts 
could be significant, depending on your 
method of control—more on this later. 

 
To summarize:

• Feedback is both a magnitude and 
 phase issue.
• Increasing system delay increases 
 the number and reduces the spacing 
 of potential feedback frequencies.

Figure 2. Open (flat)/Close (peaked) Loop Responses, 
Delay = 10ms, Gain= -3dB

Figure 3. Feedback Frequency Shift vs Frequency 
(for six temperature changes)


