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HARALD BODE

Frequency Shifters
For Professionals

Integrated into electronic synthesizers, frequency shifters
increase the possibilities of tone interplay and innovation.

N CONTRAST to transposing devices, frequency shift-
ers change the harmonic structure of any natural
or synthesized sound received at the input, thus
creating new sounds for the innovative user. Among
the different types of frequency shifters known, the
model 735 Bode Frequency Shifter and its counterpart,

made by Moog Music, Inc. are the most versatile. In

these devices, the amount of frequency shift is voltage-
controlled according to one of two control modes.

In the linear mode, the amount of shift is continuously
variable from +5 kHz, through zero, to —5 kHz. In this
mode of operation, an alternating control voltage intro-
duces additional sidebands into the shifted outputs with-
out actually changing the average amount of shift. In
the exponential mode, the amount of frequency shift
doubles for each one-volt increase in control voltage,
thereby producing changes in the amount of frequency
shift that run parallel to the frequencies of synthesizer
oscillators and filters that are being controlled from the
same voltage. The resulting effects and some interesting
applications will be described in this article.

Frequency shifters have been built for a number of
purposes, such as the reduction of acoustical feedback
(howl) in sound reinforcement systems and, in a multi-
ple single sideband configuration, for the simulation of
a choral tone effect. Whereas instruments of this kind
use small frequency changes to achieve the desired re-
sults, there is an apparatus used for substantial changes
of musical frequencies. This is known in the German
broadcasting system under the name Klangumwandler,
which, directly translated, means sound converter. This
device operates through double heterodyning and single
sideband production through the use of a single side-
band filter.

Harald Bode is a well-known inventor of devices
used in electronic music. He heads Bode Sound
Company in North Tonawanda, N.Y.

The techniques employed for frequency shifting are
basically the same as known for single sideband produc-
tion—heterodyning and the use of the phase shifting
principle. I used a combination of both principles in a
special frequency shifter built for the Electronic Music
Centers of Columbia and Princeton universities in 1963.

Since the introduction of this rather specialized in-
strument, I have developed a number of different mod-
els. Among these is a carrier injection model of 1964,
which subsequently was manufactured by Moog. In a
more recent joint effort by Moog and myself, a versatile
frequency shifter was developed and presented at the AES
Spring convention in Los Angeles in 1972.7 This model
has, among other features, a built-in beat frequency
quadrature oscillator (patented in 1974), which is volt-
age controllable, including a linear-to-exponential inter-
face, making this frequency shifter compatible with volt-
age controlled synthesizer modules and functions.

BEAT FREQUENCY QUADRATURE OSCILLATOR

A basic (simplified) block schematic diagram of this
frequency shifter is shown in FIGURE 1. Through the
input terminal, the program signal is entered into two
phase shifting networks, g, and ¢g,, which produce two
output signals with a 90 degree phase difference relative
to each other®. These phase-shifted signals are then fed
to the first inputs of two four quadrant multipliers. The
second inputs of the same multipliers reecive two 90 de-
gree out-of-phase signals from a beat frequency oscilla-
tor, which is composed of a fixed (20 kHz) and a vari-
able (15-25 kHz) oscillator. The fixed oscillator is fol-
lowed by a gate, a low-pass filter (or resonance circuit)
to secure pure sine waves, and by two phase shifters g,
and ¢,, which produce two 90 degree out-of-phase out-
puts (sine/cosine relationship). After mixing these two
components of the fixed frequency with the variable fre-
quency, two beat frequencies are obtained at the outputs
of mixers 1 and 2, which again are in sine/cosine rela-
tionship. At the mixer outputs, the 10 kHz low pass fil-









INVERTER

OUTPUT
VOLTAGE AMP |

FOLL.

MULTIPLIER | OUTPUT |
SIGNAL l—‘ * I >< I~
INPUT
o— I__ 9‘0° MULTIPLIER 2 e © QUTPUT 2
oUTPUT
AMP/RECT ¢, >< AMP 2
VOLTAGE
FOLL.

+ T
= ‘—"_

S

o— GATE r so°
CARRIER L ;
INPUT $a

In the center position, the output A + B equals the per-
formance of a ring modulator.

The inputs of the frequency shifter include one input
jack for the program signal, signal in, and three input
jacks for control voltages, control inputs. The outputs
feed into two jacks each for one of the sidebands, Out A4,
two jacks each for the other sideband, Our B, and two
jacks each for the mixture of both sidebands.

On the right hand side, the line switch and the pilot
light is shown on this particular model, which is equipped
with a built-in power supply.

FIGURE 4 shows the Moog version of the Bode fre-
quency shifter, which fits into the modular assembly of
the Moog synthesizers. All of the controls just explained
(with the exception of the power switch and pilot light)
can be found on the 1630 Moog model in a different
geometric arrangement. Electrically both models are
identical.

A limited size custom synthesizer is shown in FIGURE
5. Here the model 735 frequency shifter is in a case on
the left hand side directly above the case with the Moog
modules.

OTHER TYPES OF FREQUENCY SHIFTERS

Other types of frequency shifters include the hetero-
dyning model, the carrier injection model, and models
with a built-in quadrature oscillator. Of these, the latter
two will be described briefly.

A block schematic diagram for the carrier injection
model (Bode model 750) is shown in FIGURE 6. Here the
incoming signal is fed to two phase-shifting networks,
¢, and g,, the output signals of which are 90 degrees out
of phase relative to each other over the audio range (35
Hz to 16 kHz). The outputs of these networks are con-
nected to the first inputs of multipliers 1 and 2, the sec-
ond inputs of which receive their signals from two phase
shifting networks, ¢, and g,, the basic circuit of which is
identical to that of ¢, and ¢, with the exception that they
cover a frequency range from 8 Hz to 4 kHz. This lat-
ter range is more meaningful for frequency shifting car-
rier frequencies.

The phase filters @, and g, receive the carrier (usually
a sine wave) through a gate, which is opened at a preset
level of the program signal, so that there is no carrier
feedthrough in the quiescent state.

Figure 6. A block schematic diagram of the carrier
injection type frequency shifter.

The output signals of multipliers 1 and 2 are summed
at the voltage follower outputs to produce a frequency-
shifted signal at output 2 in much the same way as it was
described for the system in FIGURE 1. A signal of opposite
shift direction is produced at output 1 by summing the
inverted signal of multiplier 1 with the non-inverted sig-
nal of ‘multiplier 2.

FiGurRe 7 shows the front panel layout of the Bode
model 750 carrier injection frequency shifter. The con-
trols are, from left to right, the squelch threshold con-
trol with the l.e.d. above the control knob, the sideband
switch, which facilitates sideband reversal, and the mix-
ture control for mixing of the up-detuned and the down-
detuned signal in any desired proportion. If the propor-
tions are equal, the signal at the A + B output equals
the performance of a ring modulator.

The inputs of this frequency shifter include one input
jack each for the program signal (audio in) and for the
carrier signal (sine wave, + 2 dBm nominal level). The
outputs feed into two jacks each for the upper sideband
(A Out, up-shifted signal), two jacks for the lower side-
band (B Out, down-shifted signal), and two jacks for
a mixture of both (4 + B). :

In the installation of FIGURE 5, this frequency shifter
can be recognized on top of the instruments on the left
hand side.

The block schematic diagram of a further frequency
shifter type with a quadrature oscillator for producing
the frequency shifting sine/cosine signals is shown in
FiGURE 8. From the preceding descriptions, this schema-
tic should be self-explanatory. The Bode model 741 fre-
quency shifter uses this system for feedback suppression
in sound reinforcement systems. In this application, the
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Figure 7. The front panel layout of the carrier
injection-type Bode frequency shifter.
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