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ABSTRACT

An analog signal recorder was designed and built by inter-
facing an audio cassette tape recorder with input frequency
modulators for converting the signal for tape storage and with
output frequency demodulators that reconstruct the signal for data
sampling. The system is inexpensive, portable, and versatile.
Full-scale input ranges are 0 to 50 mV, 0 to 100 mV, 0 to 1 V,
or 0 to 10 V; output is 0 to +10 V. Frequency response is

between 0 and 10 Hz,
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ANALOG SIGNAL RECORDER

INTRODUCTION

The capability to record test signals for later playback is
a frequent requirement in research work. Large data sampling
systems are generally too bulky to be moved around easily and
often will not conveniently fit in areas used for tests. The
Analog Signal Recorder described in this report is portable and
utilizes a small audio cassette tape deck to record and reproduce
the actual analog signal. Appropriate analog interface circuitry
enables the recording and playback of the signal so that recorded
information can be retrieved by a data sampling system as needed
to provide input to data analysis systems.

SIGNAL RECORDER GENERAL DESCRIPTION

The analog signal recorder (ASR) is basically an audio‘tape
recorder with proper electronics to condition both input and out-
put signals (Figure 1). Since audio recorders have low frequency
cutoff in the range of 20 to 30 Hz, recording an analog voltage
with a frequency content of 0 to 10 Hz requires some signal con-
ditioning. Frequency modulation enables these DC and low-frequency
signals to be recorded. The ASR is built around a stereo tape
deck and contains two sets of analog interfacing circuitry, one
for each stereo channel (Figure 2). One channel (designated
"Left") is modified to either accept an external analog input or
to internally insert one of 20 fixed levels for use as an identi-
fication channel. This enables_positive identification of the
tape during playback. This feature can also be used to identify
segments of one tape as needed by a particular experiment. If
voice identification of a tape or segment of a tape is desired,

a microphone is plugged into the tape deck. This provides the
ability to record a running account of an experiment, noting

many parameters by visual interface while recording for analysis

a particular electrical signal. Frequency demodulation of tape
deck output provides a signal that is usable by data sampling
systems. For recording over periods of time longer than those
available on standard cassettes, a reel-to-reel tape deck could be
used. At 1-7/8 inches per second, more than 6 hours of data could
be recorded on a 7-1/2-inch reel of tape.
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CIRCUIT DESCRIPTION

The input to the ASR is a high-impedance instrumentation
amplifier to allow signal pickup without adverse loading effects.
The range selector switch changes the gain-determining resistance
in Amplifier Module A (see Figure 3) to permit input ranges of
0 to S0 mV, 0 to 100 mV, 0 to 1V, and O to 10 V. The output of
this amplifier is 0 to 10 V to provide proper control of the
voltage-controlled oscillator (VCO), which generates the frequency
modulated signal (see Figure 4a).

Because the VCO operates on the basis of decreasing frequency
for increasing voltage (referenced to ground), some manipulation
of the voltage Vj is necessary. An inverting operational amplifier
Module B gives the proper slope (Figure 4b} for the operation curve,
and this same operational amplifier used as a summing amplifier
adds 15 V to produce the correct absolute curve (Figure 4c).

From B the signal Vg goes to the VCO Module C, which, accord-
ing to the actual operating curve (Figure 5), arrives-at an ef-
fective curve (Figure 6) for the frequency modulator (Figure 3).
This effective curve characterizes the frequency applied to the
tape recorder after being buffered by the operationgl amplifier,
Module D, producing frequency Fp. Module D also removes, by the
summing technique, the DC offset at the output of VCO Module C.
The two-channel capability of the tape recorder establishes a
two-channel analog-to-FM converter. In one channel, however, a
switch enables switching from Module A; as an input to the identi-
fication section A;. A, is made of a resistor string for picking
off a constant voltage level. This merely replaces V, as an
input and applies Vy, . 1

The frequency-demodulating section consists of only three
modules (Figure 7). The recorder preamp output is fed directly
to Module X, a frequency-to-voltage converter with transfer
characteristics shown in Figure 8. Vy requires amplification to
duplicate original input Vy. Inverting operational amplifier
Module Y amplifies Vy to provide a full 10 V output range
(Figure 9). Module Y operating as a summing amplifier enables
the frequency demodulator to drive a data system with positive
and negative capability to obtain full input range accuracy by
inserting an appropriate offset to Vy.

The inverting characteristic of Module Y required Module Z
to provide the final buffered output for a system transfer
characteristic shown in Figure 10, The ASR exhibits linear Te-
sponse over its design range and will follow 10 V peak-to-peak
singals up to 10 Hz, as shown in Figure 11.



1 Recorder

Analog Signa

.

FIGURE 1




Vi Freguency
{Right} Modulator
.,YE............_ Frequency
{Left} Modulator

identificotion
Section
FIGURE 2.

Vy

. Frequency

Tape Deck
W

o

Input Range
Selector Switch

inverting
O

High impedance
Ing$rumentation
Differentind
Amplitier

identifier

Az

FIGURE 3,

V= Voltage
F=Freguency

Demodulator

¥V =Voitoge

F =Frequency

I =Input

D, See Figure 3
Z,3ee Figure 7

Frequency

Voltage Controlied

Oseitiotor

C

Demodulator

System Block Diagram of Apalog Signal Recorder

invarting

Fe

YCO DC Otfset

Block Diagram of ASR Frequency Modulator,
Left Channel

Operational




*10 1 +15 1 +HE

£ »

e S

- -

= »

= » =
- +t +}

Vi, voits = Va, volits V;, volts

..;Q e

FIGURE 4. Transfer Characteristics of Modulator Ampliifiers
Aand B

VI = input voltage to amplifier A (see Figures 2 and 3)
VA = putput voltage from amplifier A (see Figure 3)
V = output voltage from inverting operational amp11f1er
B, input to VCO {see Figure 3}
‘ FS = full scale voltage on input range selector sw1tch

(see Figure 3)
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FIGURE 5. Actual Operating Curve for Voltage-Controlled

Dscillator

¢ = frequency of VCO output {see Figure 3)

g output voltage from inverting operational amplifier
B {see Figure 3)
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FIGURE 6. Effective Curve for the Freguency Modulator
F. = frequency of VL0 output {see Figure 3)

V¥ = input voltage to input amplifier (see Figure 3)
FS = full scale on input range selector switch
{see Figure 3) _
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FIGURE 7., Block Diagram of ASR Frequency Demodulator

¥ = output voltage
F = freguency
F& = frequency of tape deck output (see Figure 2)

- 10 -




aw
»
©
-3
=
32 4.5
Fo kMz

FIGURE 8. Transfer Characteristics of Frequency-to-Voltage
Converter
¥X = yplitage output from frequency-to-voltage
converter X {see Figure 7}
Fy = frequency of tape deck output
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FIGURE 9, OQutput Range of Inverting Operational Amplifier Y

Vx = voltage output of frequency-to-voltage converter
X {see Figure 7)

VY = yoltage output of inverting operational amplifier
{see Figure 7)
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FIGURE 10, Overall System Transfer Characteristics

Vz = voltage output from inverting operational
amplifier Z (see Figure 7)
vi = input voltage to input amplifier A (see Figures 2
and 3) ‘
FS = full scale on input range selector switch
{see Figure 3}
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FIGURE 11. ASR Frequency Response





