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ABSTRACT

We have analyzed the Sound Effects Filter from the one-of-a-kind
RCA Mark II sound synthesizer and modeled it as a Wave Dig-
ital Filter using the Faust language, to make this once exclusive
device widely available. By studying the original schematics and
measurements of the device, we discovered several circuit modifi-
cations. Building on these, we proposed a number of extensions to
the circuit which increase its usefulness in music production.

1. INTRODUCTION

The Mark II synthesizer was the result of an agreement between
Columbia University in New York City and the Radio Corporation
of America (RCA).! RCA began during World War I as a US-
government-backed radio monopoly [1], and was by the 1950s a
large producer of military and consumer electronics and compo-
nents. In 1952, RCA engineers Harry Olson and Herbert Belar
began developing the Mark I synthesizer at the company’s Sarnoff
Research Center in Princeton, NJ [2,3]. After hearing about this
three ton vacuum tube synthesizer, two founders of Columbia Uni-
versity’s new electronic music center—Vladimir Ussachevsky and
Otto Luening—began negotiating for the installation of the second
version of the system into their facility in Prentis Hall at W 125th
Street in Harlem (a former dairy bottling plant that housed the
Heat Transfer Research facility during the Manhattan Project). To-
day, the Mark II remains bolted to the third floor of what is now
Columbia University’s Computer Music Center (CMC).

The acquisition of this system marked the beginning of a pe-
riod of rapid growth and increasing cultural capital for what was
then the Columbia-Princeton Electronic Music Center (CPEMC),
with an early grant from the Rockefeller Foundation [4-7]. While
use of the synthesizer was limited [8], it helped establish the center
as one of the world’s foremost experimental composition spaces.
The Mark II helped place the slowly-institutionalizing east coast
electronic music avant-garde within the larger, politicized, Ameri-
can techno-scientific project of the 20th century [9, 10].

Despite being called “a tour-de-force of circuit design” [3], the
specifics of the Mark II's circuits have not received scholarly at-
tention. Olson, Belar and Timmens’ original discussions are high-
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level [11-14] and do not always detail the sonic consequences of
their choice of specific circuit topologies, components, or interface
designs. The processing of the 312 linear feet of paper records in
the CPEMC archive remains partial, complicating the task of the
scholar [15] who is interested in understanding the synthesizer.
This paper builds on precedents [16—19] mobilizing archival
documents and in situ examination to describe and model the four
Sound Effects Filter (SEF) units present in the RCA Mark II (§2).
Using the schematics, technical documentation, and notes pro-
vided for each module of the synthesizer at the time of its delivery,
along with measurement and inspection of the circuits themselves,
we detail and discuss a modification (§3) made to the SEF units
and determine missing component values for both the original cir-
cuit and the “mod.”>. We recap the principles of constant-k circuit
design (§4), build a Wave Digital Filter (WDF) model of the SEF
(§5), and discuss extensions to the design (§6). §7 concludes.

2. CIRCUIT DESCRIPTION

The original device (Fig. 1, schematic in Fig. 2) comprises a high-
pass (HP) and a lowpass (LP) section terminated on a resistor R;.
Each section is a “T”-type, with the HP T-section including two ca-
pacitors C™ on top of the “T” and one inductor L™ on its “stem”;
and the LP T-section including two inductors L on top of the “T”
and one capacitor C'¥ on its “stem.”

The two stock controls are 11-position, Mallory-brand, rotary
switches: one controlling the highpass cutoff frequency and one
controlling the lowpass cutoff frequency. Each rotary controls si-
multaneously the inductor and capacitor values in its stage. Calling
the knob positions fgp € {1,2,---,11}and f1p € {1,2,--- , 11},
we have CPP = CIP [P Z [P OLP — OLP Tang rIP
L%fp. The way that the rotary switches create variable capacitances
and inductances is shown in Fig. 3. While the capacitors are just
switched in and out (other than a wire, essentially C}¥ = oo and
an open circuit, essentially C}¥ = 0), the designers assembled the
appropriate inductances as series combinations of multiple induc-
tors. Mechanically, each group of 5 inductors is a single winding
around one core, tapped out at appropriate places. Similar to the
capacitors, the HP uses an open circuit (L{F = co) and the LP
uses a short circuit (LY} = 0). The cutoff frequencies in the high-
pass and lowpass sections are almost identical, and are on average
half-octave spaced (6.02 semitones), where the spacing is quite
constant (to within +0.552 semitones), as shown in Tab. 1.

This original circuit schematic by Robert A. Lynn, provided by
RCA to Columbia, is dated March 14th, 1956: its inputs and out-
puts are designed to be used with input—output impedance match-

2CPEMC records, Columbia University, box 64.
3Interestingly, some more high-level descriptions of the circuit actually
show II-type symmetric sections rather than “T”-type [11].
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