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THE COVER Experts in the field of sound and vibration are face to face with a problem 
peculiar to twentieth-century civilization - NOISE. We hear, from all directions, of the 
effects of noise pollution upon the well-being of the general public. We recognize 
also that noise can be an indicator of trouble, an element of danger, or a mask to cover 
desired information. In order to mitigate noise, we must evaluate its effects by per
forming measurements and studying the efficiency of noise-reduction efforts. Most 
desirable in noise studies is an ability to make instant evaluations through real-time 
measurements. Our cover depicts some areas of concern to the public, to engineers, and 
to the government. GR hopes that its latest contribution, the GR 1 921 Real-Time 
Analyzer, will help establish new standards for allowable noise levels, improve mechani
cal designs, and contribute to the health and safety of all people. 

A recent article in the National Confer
ence of Standards Laboratories NCSL News

letter asked the question "Do specifications 
really specify?" ditors of several trade jour
nals also have been beating the drums to start 
a parade for clear and undeceptive specifica
tions. A most important point raised was re
flected in the comment " ... bad specs 
drive out good ones." 

The subject of specifications is one that is 
very sensitive to the economic feelings of in
strument manufacturers. Specifications are 
the links that form the bond etween pro
ducer and customer. That bond is only as 
strong as the weakest link, which could easily 
be a specification that is not attainable or can 
�met only under controlled (but not speci
fied) circumstances. 

A link can be found weak for other 
reasons, one of which is use of unclear or 
strange language. Lack of definitions for 
special terminology employed in some fields 
of instrumentation technology is, too often, 
the root of the evil of ambiguous wording. 
Another weakness may arise in the choice of 
tolerances; these can be based upon actual 
production test results with a clear under
standing, or expression, of the standard devia
tions of the basic test data. Unfortunately, no 
sta ndardized approach exists with which 
manufacturers may comply and the customer 
is left. too often, to determine how accurate
ly a tolerance has been derived. 

More thought is required, both of custom
er and producer. which wil I lead to a recogni
tion of what is good, what is necessary, and 
what is sufficient in presenting specifications. 
General Radio has pondered the problem of 
s ifications for many years and, in its own 
way, has tried to present to the customer 
what it believes is a true specification for in
strument performance. We wonder some
times whether we might say less, or more, in 
presenting a parameter for instrument per
formance? Perhaps our readers have some 
thoughts on the subject? 

C. E. White 
Editor 
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New-Generation Acoustical Analyzer 
A sound and vibration analyzer, conceived as a third-generation answer to analysis and interpretation 

of an increasingly complex environment on land. under sea. and in the air. This prodigy gives 1 /3-0ctave 
spectrum analysis from 3.15 Hz to 80 kHz and employs a unique digita�detection technique to achieve 
performance unattainable with analog instruments. 

by W. R. Kundert, J. A. Lapointe, and G. R. Partridge 

THE BROAD V IEW 

Long Time or Real Time? 

This hurried world of ours substantiates the maxim that 

"Time is of the essence." The pressures placed upon design 

and development activitie leave little doubt that solving en

gineering problems in real time is a capability most engineer

ing activities must have, in order to remain virile and com

petitive. Con ider the fact that the GR 1921 Real-Time 

Analyzer will measure an unknown noise spectrum and give 

you the corresponding Stevens loudness level, all in 0.5 

MAY/JUNE 1 969 

s e c o n d! Or that acoustic recordings of swiftly-moving 

vehicles, even planes, are accomplished so quickly that in

structions for corrective measures can be transmitted to the 

vehicle, received and effected, and the results recorded while 

vehicle and station are still in a line of ight! This analyzer is a 

major contribution to active and meaningful research, devel

opment, and production. 

Quickly summarizing, we can say that, when an analysis 

must be completed on-line, when large quantities of data are 

to be analyzed, or when a series of contiguous spectra is 
desired (e.g., automobile and airplane pass-by studies), real

time analysi is essential. 

Background 

Analysis of sound and vibration phenomena has passed 

through several stages, the most primitive and still widely 

used system being that of the human auditory senses coupled 

with vision. Sophisticated electronic sy terns in the second 

Type 1 921 Real-Time Analyzer, 
with accessory Type 1 921-Pl 

Storage Display Unit. 
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-----GR 1925 -----<-------GR 1926--------

F igure 1 .  G R  1 92 1  Block diagram. 

stage helped to generate records of tests that were far more 

useful and durable. These systems, still employed, include 

sound-level meters, vibration meters, and swept (or serial) 

analyzers of many types. The advance from primary to sec

ond stage, unfortunately, did not provide a fundamental and 

necessary asset - the ability to analyze rapidly and auto

matically. 

Looking back through the past three decades, we find an 

increased emphasis upon the vital need to cope with noise and 

vibration problems arising from technical advances in propul

sion and other fields. Engineers have been forced to colleGt 

huge amounts of data, often laboriously, in order to analyze 

the complex problems involving various types of machinery, 

vehicles, and the disturbances that contribute so heavily to 

noise pollution of our living environment. 

Some Design Vievvs 

An analysis of a time-varying signal, conducted with a 

conventional 1 /3-octave serial analyzer, can employ a tape 

loop, which allows the test signal to be played back repeated

ly as the analyzer is stepped to, or swept by, each center 

frequency. This method of analysis is quite time consuming 

and is not suitable for "on-line" operation. 
Several methods of making real-time I /3-octave analyses 

are possible. One technique employs conventional 1 (3-octave 

analog filters followed by a set of analog detectors, or signal 

averagers, and a scanner. A dynamic range of no more than 30 

to 40 dB is possible in an analog square-law detector (range 

changing in a real-time analyzer is not possible), and this is 

inadequate for many applications. 

Digital filtering and the discrete Fourier Transform have 

been known for some time, and the science of digital signal 

processing is now rapidly advancing. The Fourier Transform 

is a natural basis for designing a spectrum analyzer; unfortu

nately, though it is easy to apply and to understand for a 

simple periodic signal, it use in analyzing complex or random 

signals is not fully understood and processors are only now 

available with sufficient speed to cover the audio range in 
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real-time. Though a purely digital, real-time, l /3-octave 

analyzer with wide-dynamic range is within the state of the 

art, it would be a very expensive device. So called recursive 

digital filtering must be ruled out because present-day proc

essors are still too slow for full audio range 1 /3-octave proc

essing in real-time. 

Our Design Choices 

In the GR 1921 Real-Time Analyzer, we have chosen 

analog filtering and digital detection, taking advantage of 

both techniques to give us greatest accuracy and dynamic 

range. It is designed for sound and vibration work that often 

involves signals which may be random or totally unspecified. 

As a real-time analyzer it has many filter-detector channels, 

all energized concurrently by the signal to be analyzed. Our 

packaging permits independent use of the two basic units -

the GR 1925 Multifilter1 and the GR 1926 Multichannel 

RMS Detector. (See Figure I.) 

The GR 1925 Multifilter supplies summed and scanned 

outputs, in addition to its parallel output, providing for its 

use in a variety of spectrum-shaping, equalizing, and spec

trum-generating applications. A signal connected to the GR 

1925 drives all attenuator-filter channels simultaneously. 

Gain in each channel is calibrated and adjusted in I-dB steps 

over a 5 0-dB range. The attenuators may be used to com

pensate for over-all measuring-system response errors. They 

also serve to de-emphasize, or pre-whiten, the input spec

trum, thereby increasing the effective dynamic range of the 

GR 1921 system to as much as 95 dB. 

One-third-octave filters, ranging from 3 .15 Hz to 80 kHz 

and complying with current IEC and USA Standards,* are 

available in regular versions of the GR 1921. Octave-band 

filters ranging from 4 Hz to 16 kHz are also standard and 

1 Kundert, W. R., "A Calibrated Sp'ectrum Synthesizer," General 
Radio Experimenter, October 1968. The GR 1925 may be pur
cha.sed as a separate unit. 

•1EC Publication 225·1966 and· USA Standard USAS S J . I I, I 966 
Class 3 (High Attenuation). 
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available; narrow-band filters ranging from one-third to one

tenth octave are available on special order. The multi-filter 

chassis will accommodate up to 30 filters. Peak monitoring 

against overload is a standard feature, as well as mechanical 

key-locking of attenuator ettings. 

The GR 1926 detector can be used independently to 

measure as many as 45 signals simultaneou ly, which may be 

derived from multiple transducers or other sources. It can be 

considered as a 45-channel voltmeter with near-ideal charac

teristics. The detector operates by sam piing each in put chan

nel and feeding these samples to the digital circuits that are 

time shared on all channels. Ct is available in 30- or 45-channel 

versions. 

The detector simultaneously computes the rms level for 

each filter channel in theGR 1925. Up to 1024 samples are 
taken from each channel; the samples are converted to a digit

al binary number and squared. The squared values are accu

mulated in a memory register where spaces are provided for 

all channels. 

Single integration or measurement periods are adjustable 

in nine octave steps ranging from J /8 to 32 seconds. or 

integration periods of 1 second and longer, 1024 samples are 

taken from each channel during the integration period. For 

shorter integration period the number of samples is propor

tionately reduced, with a minimum of 128 samples being 

taken in a 1/8-second integration period. At the end of an 

integration period, the sum-of-squares value is converted to 

decibels for output pre entation. A single answer can be fed 

to a high- peed receiving device in about 15 µs, and all chan

nel levels can be presented at the output in less than l ms. 

Output data are presented simultaneously in digital (BCD 

format) and analog forrns, and on a front-panel visual nu

meric display. Control signals and format are designed to 

permit output interfaces with a digital computer, printer, 

oscilloscope, automatic de step-chart recorder, or X-Y plot

ter. A panel control allows the operator to add a scale factor 

to the digital output. The detector requires an input signal 

level of 1 volt rms for full scale maximum output. The output 

indication corresponding to a 1-volt input signal is adjustable 

from 60 to 159 dB in 1-dB steps. 

Band numbers are presented with each output level and 

are set to correspond to the USA Standard Band Numbers for 

1 /3-octave filters (USAS S 1.6 - J 967) for the particular ver

sion of the GR 1921. The number of channels to be displayed 

is controlled by the LOWEST BA D NUMBER and HIGH

EST BAND NUMBER control settings. 

Two extra internal channels are included, to calibrate zero 

level and full scale on the 1926. They can be measured during 

each integration period to monitor calibration continuously, 

if desired. The calibration channels are also intended to be 

used to set up analog output equipment, uch as a reader or 

oscilloscope. 

DIGITAL DETECTION ADVANTAGES 

Wide Dynamic Range 

There is really no fundamental limitation on dynamic 

range once a signal is converted to digital forrn, as there 

always is in the analog world. In the GR 1921 analyzer, only 

the multiplexer and A/D converter stretch analog techniques, 

MAY/JUNE 1 969 

Figure 2.  Dynamic range capabiility. 

and these circuits have a dynamic range, measured from 

overload to noise level, of more than 80 dB. In the digital 

circuits it is only necessary to carry enough significant 

digits to attain the desired dynamic range. 
The dynamic range situation for the GR 1921 analyzer is 

illustrated in Figure 2. On a per channel basis, the rms noise 

level is more than 80 dB below the peak-overload level. The 

specified dynamic range, the range of instantaneous levels for 

which signal-to-noise ratio is greater than 10 dB, i 70 dB. The 

display range extends from a level at least IO dB above the 

noise floor to a level 10 dB below the peak-overload level. 

W. R. K undert jo i ned GR's Audio Group in  

1 959. between Northeastern University de

grees (BSEE - 1 958 and MSE E  - 196 1 ). He 

was made Gro u p  Leader of the Acoustics/ 

S ignal Analysis G roup in 1 968. He is a mem

ber of the I EE E ,  Audio Engineering Society, 
A c o u st ical Society of America. and E ta 

Kappa N u .  

J.  A .  Lapointe holds degrees from North· 

eastern Univers ity (BSEE-1957 and MSEE-

1 959). At Raytheon Company he performed 

radar system c i rcuit design, was responsi ble 

for systems design and project management 

at Sanders Associates, and acted as consultant 

at Signatron. In 1967 he jo ined GR, special· 

izing in digital signal processing techniques. 

He is a member of IEEE and Eta Kappa Nu. 

G. R. Partridge received his PhD( E E) degree 
from Yale in 1 950 and taught at Purdue Uni
vers ity during 1950-55 (Associate Pro fessor 
EE). He joined Raytheon Company in pulse
commu nication work in 1955, transferring 
to GR in 1962 fo r design work in pulse gen
erators and ampl ifiers. In 1958 he publ ished 
Principles of Electronic Instruments (Prent
ice-Hall) and is author of numerous tech
nical papers. His membersh i ps include IEEE, 
Acoustical Society of America, Tau Beta Pi, 
Eta Kappa Nu, S i g ma Xi, and he is a registered 
Professiona l Engineer in Massachusetts. 
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Figure 4. Block diagram of typical analyzer/computer system. 

Figure 3. Example of analyzer/computer system. 

his ensures a crest-factor capacity, even at full scale, of 10 

dB. Though instantaneous levels (samples) over a range of 

more than 80 dB are taken into account in computing band 

levels, answers in the lowest l 0 dB are considered as noise and 

are therefore suppre sed. Similarly, answers in the top 10 dB 

are displayed as overload, having encroached too closely 

upon the crest factor. 

Computed band levels that exceed the upper limit of the 

display range are identified in the output by adding 800 dB to 

the erroneous digital signal with a resultant amplitude jitter in 

the corresponding analog level. 

Accuracy 

The digital approach used in the GR 1921 circumvents the 

accuracy limitations of analog methods. The computations 

can be performed to any desired resolution and, of course, all 

signals are processed with the same computer, so channel

to-channel uniformity is not a consideration. 

True Integration Characteristics 

The samples taken from each filter channel are squared 

and averaged to determine the band levels. When the "start" 

button is pushed, the detector samples the filter channels 

6 

until the pre-selected integration time has elapsed. Samples 

are taken only during this period, and all samples are weight

ed equally in the result. The integration is thus linear, and the 

time period during which the measurement was made is ac

curately known. It is easy to vary the average rate at which 

arnples are taken to produce any desired integration period. 

The GR 1921 has a choice of nine integration periods, ranging 

from l /8 to 3 2 seconds. 

By comparison, analog systems have several disadvantages. 

Long-time analog integrators in the quantity needed for a 

detector are expensive to the point of being impractical. To 

change integration time requires that a component in each 

detector channel be switched. This, too is expensive, and 

electronically cumbersome. In an analog de ign, one must 

settle for a narrow choice of integration or averaging period . 

Also, the only practical averaging method is simple RC 

smoothing. When presented with a signal, the output from 

this type of averaging circuit tends toward a finite saturation 

level. Events that occur early in the time signal are "forgot

ten" or leak off, and it is impossible to know exactly to what 

degree each event in the time signal has affected the answer. 

everal time constants are needed to bring this detector to 

saturation, the level for which it is calibrated, and this means 

that a longer time signal is needed for a given degree of statis

tical accuracy when the signal is random. 

SYSTEMS AND SO FTWARE 

The GR I 921 can produce data in prodigious quantities in 

a short time posing the problem of data reduction. More 

important, it usually happens that the concern of the engi

neer i with a single number or possibly a suggested course of 

action, and not with the raw spectral information that is the 

product of the analysis process. 

A small digital computer used in conjunction with the GR 

1921 can perform any or all four basic functions: 

• Analyzer Control - the computer can be programmed to 

select automatically all functions that are normally con

trolled manually by front-panel controls. 

• Rapid Data Storage - the computer can ingest the results of 

a rnea urernent in about one millisecond, thus freeing the 

analyzer to make another measurement. The stored results 

of the series of measurements are then typed out from the 

computer. 
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CLEAR 

IOI WRl<8 

LOW BAND 111 14 

HJGH BAND II 43 

JNTEG TIME <SEC>1 4 

II MEASUREMENTSI 6 

TIME BETWEEN MEAS <SEC>& 2 
OUTPUTI OCT• OCT !"AX. TOCT MAX• SONES• PHONS• SONES MAX• SIL 

START 

WRl<S 

OCT Al\ OS 
i"EAS 15 1 8 21 24 27 30 33 

I 66·9 100 •I  107·5 108·0 106·8 107·8 108 .4 

2 64 .. � 99.4 103·9 107·4 105·9 104·4 102·5 

3 62 ·0 87.J 65 ·0 66·3 58·8 55 •I 54,9 

4 61. 6 96·5 94,5 89.t 62·4 55.i 54.9 

5 64·9 102·4 107·9 106·8 96·6 65. 6 54.9 

6 96·3 108·4 1"'6·4 105·3 105·1 103·4 93·0 
!"AX 96·3 106·4 101.9 108·0 106·8 107·8 108·4 

TOCT 

BANDS 
!"AX 

14 72 ·0 89·"' 95 ·2 98·0 102.7 106·2 104·5 

24 103·2 1 iii::>.5 1 0 0·5 102.1 102·2 102.0 103 .2 

34 101 .5 91·0 101 ·0 100.2 69·2 62·2 5 6·5 

SONE:S r-.F; 'IS 
I 2 3 4 5 6 MAX 

OVRLO OVRLD 24·9 44·6 116•7 191 .5 OVRLO 

PHONS MEAS 
l 2 3 4 5 6 

124·2 119· 6 86·4 94·6 108·8 115. 9 

SIL l'!El\S 

I 2 3 4 5 6 

107· 6 104·2 56·2 57,4 72·3 100·4 

• Comparison - the computer can compare the results of a 
measwernent with a stored reference spectrum and make a 

decision depending upon their relation. For example, a 
noisy device can be rejected when its spectrum exceed a 
preset limit. The computer also can be programmed to tell 
what limits have been exceeded, by what amount, and 

probable cause. 

• Data reduction - the computer can be used to reduce the 
spectral information from the analyzer to obtain various 

acoustical ratings. For example, programs can be supplied 
to find loudness level, speech-interference level (SIL), and 

perceived-noise level ( PNL). 

Figures 3 and 4 show an analyzer/computer system and its 
corresp, nding block diagram. Data are fed to the analyzer 

from the GR 1525-A Data Recorder. The analog output from 
the analyzer drives the GR 1921-Pl Storage Display Unit, 

which displays each spectrum as it is transferred to the com

puter. The computer accepts digital data from the analyzer, 
and another link transmits control signals between the ana

lyzer and computer. All communication between the system 

and the operator is via teletype. • 

This system and the operator work together in a "conver

sational" mode. he computer presents a series of questions 

and the operator replies; the questions concern desired fre-

MAY/JUNE 1 969 

3 6  39 42 
103·9 70 ·3 65·8 

96·5 62 ·8 65 .s 

54.9 57,4 65·4 

54.9 57,5 65 .5 

54,9 57·8 65·4 

62. 6 58·0 65 .9 

103·9 70 .3 65·9 

103·2 103·0 103·5 

103·2 102.2 105.1 

57.5 60. 7 63·2 

Figure 5. Data print-out. 

1921'-W 

quency range, integration time, time between mea urements, 

and quantity of measwements. After the operator has sup

plied this et-up information, the computer asks which of a 

series of standard data-reduction operations it should per

form. This information is supplied by the operator and then, 
at the touch of a key, the system performs the required meas

urements and types out answers in a standard format. The 
system is capable of making a rapid series of I /3-octave meas
urements with selectable time delay between measurements. 
It computes octave band levels from 1/3-octave levels, and it 
determines the maxima from corr,esponding band levels in the 

eries of spectra using either octave or 1 /3-octave data. It can 
also define maximum-loudness and maximum-speech-inter

ference ]evels. 

An example of the typed-information output from the 

system is shown in igure 5_ The underlined data are in

structions supplied by the operator; all other data are com

puter-controlled output. 

Ba ic software packages are available to compute octave
band levels SIL, P L, Stevens loudness level, and, if desired, 

the maximum of these in a sequence of different measure
ment intervals. Software packages to control the analyzer 

have been developed for u e in custom systems. Other pro
grams can be made available for custom analyzer/computer 

systems. 
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APPLICATIONS 

The one-third- octave analyzer is the heart of most acoustic 

n o i s e-analyzer systems. This relatively broad, constant

fractional-bandwidth method of analysis is, for a variety of 

reasons, well suited to airborne noise analysis and control 

work. 

On-line operation is made practical by the high speed and 

accuracy of the GR 1921. As mentioned in the introduction, 

measurements of aircraft fly-by and automobile pass-by are 

so rapidly assimilated that corrective measures can be ac

complished during the test period. This approach, which is 

not possible using a tape-loop serial system, can greatly re

duce the cost of testing. 

Time-varying signals are handled by the analyzer so fast as 
to permit liberal application of spectrum analysis. It i pos

sible to produce three-dimensional plots, with suitable dis

play devices, to present spectrum versus time. Or, a computer 

system might be programmed to present long-time average 

spectra in the section of a time-varying ignal, where the 

changes are not significant, while retaining the fine detail in 

other areas. 

Volume-data-reduction work is economically accom

plished through intelligent use of an analyzer/computer 

system. This is especially true when compared to the conven

tional method of employing a swept analyzer and recorder 

and reducing data by means of tables and a desk calculator. A 

comparison table, showing relative times to measure a spec

trum and then to compute the corresponding Stevens loud

ness level, is shown below. 

Cbnventional Means 1921/PDP-BL System 

Time for analysis 20 s Time for analysis and 
computation of loud-
ness level 0.5 s 

Read chart levels and 
look up loudness indices 300 s 

Calculate loudness level 180 s 

Total 500 s Total 0.5 s 

GRl382 

he aving in time is clearly evident; one year's work by 

conventional method is now accomplished in a few hours! 

Even when a general-purpose computer is used to find loud

ness level from spectral information, considerable time is 

required to prepare data for insertion in the computer. In 

addition, waHing for availability of a general-purpose com

puter greatly reduces the attractiveness of this approach. 

Production-line' product testing has seldom employed 

spectrum analysis because of the long time required to obtain 

accurate measurement . The real-time analyzer eliminates 

this objection and potentially makes it a powerful produc

tion-line tool for fault diagnosis. The use of a small computer 

in a production-line system can increase effectiveness even 

further. The computer could be programmed to compare 

measured spectra with reference spectra, sugge ting possible 

faults and repairs to be made to the rejected product. 
Transmission-loss measurements, in which dynamic range 

a n d  s ignal-to-noise-ratio may be critical, are simplified 

through use of the calibrated adjustable channel attenuators 

on the GR 1925 Multifilter. A block diagram of a system for 

transmission-loss testing is shown in Figure 6. The R 1382 

Ra ndom- oi e Generator and the multifilter provide a 

source-side spectrum, shaped to provide a uniform signal-to

noise ratio versus frequency on the receiving side. The multi

filter on the receiving side is et to have a transmission pattern 

that is approximately the inverse of the transmission pattern 

on the sending- ide multffilter, taking into account frequen

cy-re ponse errors of the transducers. This results in a direct

output plot of transmission on the recorder, while minimiz

ing the ource-power requirement and maximizing tolerance 

to interfering signals on the receiving side. 

Radiated power measurements can be made by dividing 

the same integration period among a specific number of 

microphones. A switch closure to ground, at the appropriate 

control line on the GR 1926 Detector, divides the selected 

integration period into 2, 4, 8, or 16 segments, corresponding 

to the number of microphones. Alternatively, the position of 

a moving microphone can be synchronized with the measure

ment interval in order to obtain a space integration. 

0 0 0 0: 
0 

PARTITION 
UNDER 
TEST 

GR 192!1 

GR 192!1 I_,.. ·11 

8 

Figure 6. B lock diagram of 
transmission-loss measurements .. 

•o 
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AFFINITY FOR ACCESSORIES 
The GR 1 921 analyzer has great flexibility in operation 

with accessory equipment. 

1t can be expanded to 45 channels by use of the 45-chan

nel version of the GR I 926 detector and two GR 1925 multi
fil ter uni ts. 

It supplies power to and interfaces with the GR I 560-P40 

Preamplifier, suitable for high-impedance transducer inputs. 

It operates with the GR 1525 Data Recorder and similar 

tape recorder units that have good dynamic and frequency 

ranges and stable characteristics. Of particular interest is use 

of the maximum-level dB control on the analyzer to restore 

the calibration factor lost in the recording process. This con

trol is used to make the analyzer read out in decibels, with the 

reference level the level of the original signal. 

It is compatible with the new GR I 522 DC Recorder* 

(bottom u nit, Figure 7a), an analog recorder much faster than 

c o n v e ntional X-Y plotters. The new recorder operates 

synchronously with the GR 1921. A short dwell period as 

each band level is selected allows the recorder pen to settle, 

producing a neat bar graph with standard scale factor. The 

analyzer/recorder combination and a sample chart record are 

shown in Figure 7. 

It can supply output data at rates up to 3 60 band levels per 

second. The MOS Series 800 Hi-Speed Digital Printer is avail

able on special order from General Radio. The printu should 

be used when most accurate numerical data are required. 

Note that the GR 1921 is capable of driving a printer and 

analog recorder simultaneously. 

•Refer to page 16. 

Figure 7a. Visual/record assembly including, from top to bottom, 

GR 192 1 -P1 Storage Display, GR 1926 Multichannel RMS 

Detector, GR 1 925 Multifilter, and GR 1522 DC Recorder. 
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Figure 7b. T ypical GR 
1 522 graphic recording. 
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F i gure 8. Block diagram 
of digital d etector. 

INPUT 
MULTIPLEXER 

The Houston Instrument Series 6400 (with 024 option) 
Omnigraphic Recorders are available on pecial order from 
General Radio when an X-Y recording format is desired. 
These recorders use fan-fold charts that load automatically, 
thereby taking advantage of the speed of the 1921 units. 
Conventional X-Y recorders are not recommended because of 
slow loading time. 

The GR l 791 Card Punch oupler is available to couple 
the GR 1921 units to an IBM 526 Printing Summary Punch, 
permitting transfer of band numbers and levels to standard 
IBM cards. 

The GR 1921-P l Storage Display Unit (top unit, Figure 
7a) will provide a rapid visual display of spectra from the 
analyzer. It is a slightly modified version of the Tektronix 
Type 601 Storage Display Unit. Three CRT display modes 
can be selected by the GR 1921 - NON-STORE, STORE
ERASE, and STORE-NO ERASE. When any of the three 
scope modes is selected at the GR 1921, data are fed out at a 
rate of one band per millisecond. When X-Y PLOT or DATA 
PRINTER output modes are selected, the scope remains in 
operation but is fed data at the rate set by the DISPLAY 
RATE control. In this manner, the unit continues to monitor 
output when recording devices are used. 

A CLOSER LOOK AT THE DETECTOR 
A unique design deserves some elaboration in order to 

stress its qualities and advantages. This section expands 
upon our previous presentation of design details and refers to 
Figure 8. 

The Multiplexer is an electronic switch with up to 45 in
puts and one output. The input channels are switched on in 
sequence by command from the sy tern control, u ing addres
ses coded in an 8 X 6 matrix. Three extra input channels are 
available; one is left unused, the other two are reserved for 
calibration purposes. Calibration of zero level is achieved by 
addressing a channel with grounded input; the second cal
ibrate channel is supplied with a precision de voltage to pro
duce a full-scale signal level of 60 dB for this channel. 

The Sample-Hold Circuit takes two samples of its input 
simultaneously. One microsecond after the samples are 
taken, a decision is made to select the one ample that is 
within the linear operating range. This deci ion, de ignated 
"coarse-range," is also used by the A/D converter and the 
squarer. Polarity inversion is switched in, if needed, so that a 
positive voltage is always deliver�d to subsequent circuits. 

The AID Converter uses floating-point binary arithmetic 
to achieve a constant-percentage accuracy. After the coarse
range decision (as noted above), fine ranging is performed to 
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F igure 9. Block diagram of computational mode. 

locate the signal in a 2: I amplitude group. ext a 3-bit group 
of digit completes the proce , for a total effective conver
sion range of 15 bits. 

The Squarer accepts binary inputs from the sample-hold 
circuit and the A/D converter to generate the squared value of 
each input sample. Its output i in a floating-point format 
that is consistent with the arithmetic of the computer. 

The computational mode is dominated by the ADDER 

AND MEMORY block of Figure 8, shown in more detail in 
Figure 9. This represents a very simple, but true, digital com
puter. The squared numbers are delivered to the accumulator 
in two parts: a mantissa and an exponent. Simultaneously, 
the number in memory is taken into the memory buffer as a 
mantissa and an exponent; the two exponents are then com
pared. Since only the accumulator has provision for shifting 
digit , the number with the smaller exponent must be in the 
accumulator. If a swap is necessary to get the number with 
the sma!Jer exponent into the accumulator, a logic circuit 
orders the swap made. Next the exponents are made equal. 
The accumulator bits are shifted to the right by one place and 
the accumulator exponent is increased in value by one digit. 

Once the exponents in the accumulator and memory buf
fer are equal, the digits in corresponding stages of the mantis
sas have the same weight and may then be added. 

The output of the adder is returned to the accumulator for 
one last check. If the result of the addition involves a "carry", 
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O/A 

MAX LEVEL 
SWITCHES 

BINARY TO BCD DIGITAL 
OUTPUT 

MEMORY 

EXP• 3 OI 

so that the accumulator contains 16 rather than 1 5 bits, then 
the mantissa must be cut back to size. This is done simply by 
shifting the mantissa one place to the right and increasing the 
exponent again by one digit. Therefore, if there is a carry to 
1 6  places, one more shift and add will be needed . If there is no 

carry, the accumulator is fmished with its work on this partic
ular squared-input number. 

The contents of the accumulator and accumulator ex
ponent are put back into the memory unit. Another squared 
number is presented to the accumulator, and the whole proc
ess repeats. 

The output mode begins when all data gathering is com
pleted. Figure 10 shows the sequence of data flow. In the first 

step, the stored sum-of-the-squares is drawn out of the mem
ory into the memory buffer. This number is fed to a block 

marked OUTPUT CORRECTION. If the time of integration 

was less than 1 second, the sum of squares is a smaller number 
than if the time had been 1 second or longer (as the time is 

reduced below l second, fewer samples are taken). The OUT

PUT CORRECTION block multiplies the sum of the squares 
by 2 ,  4, or 8 if the integration time is 1 /2, I /4, or 1 /8 second, 
respectively. The numbers derived from the mantissa in the 

sum of squares give a contribution of between 0 and 3 dB to 
the final answer. This contribution is determined in the 0 TO 
3 dB block of Figure I 0. The numbers derived from the ex
ponent in the sum of the squares must be multiplied by 3.01. 

The circuits in the MEMORY-BUFFER and the MEM
ORY-BUFFER EXPONENT blocks are clocked JK flip-flops. 
They can accept new data into storage as the previously held 

data are read out. The next ste p in the output sequence takes 
advantage of this fact; the sum of the squares, in binary for
mat, is returned to the memory for future use at the same 
moment that the result of the 0 TO 3 dB determination is fed 

into the memory buffer. Simultaneously, the product of EXP 
X 3.01 is deposited in the accumulator. The accumulator and 
memory buffer are then connected to the adder, which gives 

MAY/JUNE 1969 

Figure 1 0. Block diagram of o utput mode. 

the sum o f  the 0 TO 3 dB and the EXP X 3.01 contributions. 
The adder output is the binary representation, in decibels, of 
the sum of the squares that was just taken from, and returned 
to, memory.* The adder output is t hen t ransferred to the 
accumulator, which now contains the decibels in binary 

form .  This result is converted to a binary-coded dedmal 
(BCD) in 1-2-4-8 format. If the front-panel MA XIMUM 
BA D LEVEL dB control calls for the range of answers to be 
other than 0 to 60 d B  (e.g., 20 to 80 dB), an appropriate 
constant scaling factor in decibels is added at this time. 

The final output consists of 
( I )  BCD representation of the decibels calculated 

from the sum of the squares plus the calibration factor, if any, 
added by the MAXIMUM BAND LEVEL dB control, and 

(2) A n  analog voltage proportional to the number of 
decibels, not including the calibration factor. 

If the exponent in the sum of the squares is too large, the 
instrument concludes that an overload condition existed in 

the input signal. It t hen causes the answer to be reported as 

800-some or 900-some d B's. A nswers up to 6 2 . 7 5  d B  (not 
counting any additional decibels added by the MA XIMUM 
B AND LEVEL dB control) are reported correctly. 

•Note that the square root is never taken explicitly; the conversion is 
directJy from the sum of the squares to decibels. 
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Some Notes on D ig ita l Detect ion 
A digital detector computes rms voltage, starting with the 

sample variance formula 

l 
n 

a2 = - .E v;2 n I 
i = I 

( 1 ) 

where n is the number of samples included in a measurement 
and V; are the input voltages that occur at discrete instants of 

time. To obtain an output in decibels, it is necessary to find 

dB = 1 o log 1 0 (0:)2 (2)  

where a0 is  the desired reference level. 
The input signal to be measured is a continuous function 

of time. It is sam pled only at discrete instants of time when it 
is accepted for digital processi ng. Two questions naturally 
arise. How many samples are needed for a measurement, and 
when should they be taken? To answer these questions, we 
must examine both random and periodic input signals. 

Random Inputs 

First, consider the case of a stationary random input signal 
with a zero mean voltage and a Gaussian am plitude distribu
tion. 

Curves of measurement repeatability versus in dependent 
signal samples are shown in Figure 1 1 . These curves are used 
in pairs and represent the upper and lower limits of expected 
measurement variations. They are com monly known as con
fidence limit curves, where the confidence in percent speci
fies t he probability that a measurement lies within the area 
bounded by the curves. The most efficient sampting scheme 
for purely random inputs is uniform sampting, with a sample 
spacing equal to the correlation time of the input. Samples 
must be statistically independmt to be effective for measure

ment purposes and, hence, must not be taken at intervals 
closer t han the correlation time. 

For example, a white noise limited to the freq uency range 

of 0 to B W hertz has a correlation time of 
2
� W second This 

corresponds to the Nyquist rate, which is the required sam

pling rate for signal reconstruction. A lower sampling rate is 
perfectly acceptable for variance measurement. 

Now consider the measurement of Gaussian noise with the 

GR 1 9 2 1  analyzer. The GR 1 92 5  filter bands have a constant 
fractional bandwidth and hence the correlation time will vary 

with the center frequency. For a ] -second integration time, 
1 0 24 independent sam ples will not be available from all 
bands. The number of independent samples available from a 
particular band will vary depending on the integration period 
selected.  These factors were included, along with the results 
of Figure 1 1 , to generate the com posite confidence limits for 
1 /3-octave-filter center frequency and are shown in Figure 

1 2 . 

Periodic In puts 

For stationary ran dom inputs, we simply require enough 
measurement samples to obtain statistical stability ( repeat-

1 2  

ability ) .  With periodic inputs, however, we shall see that the 

sample rate is also a critical parameter. Consider the case 
where the input V(t) is a sinusoid of unit variance, unknown 
frequency f, and phase </>. 

V(t) = V2° cos ( 27T ft + </>) ( 3 )  

With n samples of t h e  input a n d  a uniform sample spacing o f  li 
seconds, the variance estimate is 

2 
n 

a2 = - k cos2 ( 2-rrf if> + </>) 
n 

i = l 

(4)  

Errors in the variance estimate are primarily due to the num
ber of samples n and the sample spacing {i .  Phase angle </> can 

be regarded as a random variable that is u niformly likely to be 

� � 
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F igure 11. Confidence l imits of measurements ( in  genera l ) .  
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F igure 12.  Composite 99% confidence l imits of 
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Figure 1 5. Measurements comparison at 25 Hz - Tunable 
1 /3-octave filter versus GR 1 92 1 .  
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between O and 360 degrees. Averaging the effects of  cp in 
equation ( 4)  and subtracting the true variance, we have the 
mean-squared error resul t :  

E2 = .!_ {sin2rrnf)2 
2 \nsin2rrf 

( 5 )  

qua t i  o n  ( 5 )  is plotted i n  Figure 1 3  for the case o f  n = l 0 ,  to 
show the effects of input frequency [relative to sample spac
ing o. The largest errors occur in the frequency ranges A and 
B .  The remaining error lobes are relatively small in  magni
tude. 

The large error lobes repeat at input frequencies that are 
multiples of one-half the sample rate. Because these frequen
cies lie within the input-frequency range of the GR 1 9 26 
detector, uniform sampling is unsatisfactory . 

Modulating the sampling rate wm cause the frequencies to 
shift. A shift of the sampling frequency d uring a measure
ment interval will shift the frequencies at which peak errors 
occur, thus distributing the error. This principle is in corpo
rated in the 1 9 26 detector design. The sample rate is swept 
d uring each measurement period, over a 2 :  1 frequency range . 
With I 024 sam pies for measurement, the worst-case error is 
reduced to about 0 .2  d B .  

The measurement repeatability for various values o f  n ,  
assuming a modulated sampling rate, c a n  b e  approximated 
by integrating curves like that of Figure 13. The results are 
plotted in Figure 14, which shows the dependence of repeat
ability upon n, the num ber of  samples por measur \ment. 
These curves represent the 1 a limits of the range of me 3sure
ment repeatability.  

So far we have considered only the special case of a sinu
soidal input signal. Other periodic signals should also be con
sidered. A gated sinusoid ( tone burst), for example, is meas
ured with less than I 024 samples. The sample number reduc
tion is in proportion to the duty factor. The measure ment 
repeatability is determined by the number of effective 
samples and is specified by the curve of Figure 14. 

A Diff icu lt Spectrum 

Consider the output of a 1 /3-octave fil ter se t with a 
square-wave input. At low frequencies there is only one har
monic in the the output of each 1 /3-octave filter. At high 
frequencies, however, the filters' outp uts are periodic sequen
ces consisting of the step-function responses of the filters. 
The results of  analyzing a 2 5-Hz square wave with a tunable 
I /3-octave filter and analog detector are compared with the 
results of  measuring this same signal with a GR 1 9 2 1  Real
Time A nalyzer in Figure 1 5 . A dashed line with a slope of I 0 
dB/decade shows the theoretical spectrum shape. 

At low frequencies there is slight disagreement because of 
a difference in filter shapes. At  a frequency of I O  k Hz,  a 
measurement error o f  about 1 3  d B  is made by the a nalog 
detector because of the high crest factor of  the filter output 
signal, while the expected measurement repeatability from 
the GR 1 9 2 1  (and indeed t he measured variation) is less than 
1 dB.  

-J. A. Lapointe 
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Ray le ig h - D istr ibuted No ise 
A Method for R eproducing a S i ngular  Type of I nterfer ing Backgro u n d  N oise 

Noise tha t a ppears at the output of envelope detect ors 
such as t hose in so me radio or radar y terns ty pically has the 
Ray leigh a m plitude distribu tion rather than the Gaussian. 
The Gaussian d e nsity distri b ution fu nction ( Figure l )  is the 
familiar symmetrical bell-shaped curve; the Rayleigh dis tri b u
tion function ( Figure 2) is q uite nonsy mmetrical, being zero 
for negative values of noise vol tage. I n  e xperiments on signal 
detection or intel l igibility,  it may be i m porta n t  to reproduce 
accura tely the type o f  i n terfering background noise . B ecause 
the Rayleigh d istribution function i very small where the 
noi e vol t age is  near zero, i t  can not be approx imated accu
rately by full-wave rec tification of Gaussian noise. 

One o f  the most common examples of a voltage having 
R a y leigh distri bution is that  seen at the output of a d etector 
w h o s e  input is narrow-band random noise. Generating 
Rayleigh noise i n  this  m a n ner involves am plification, fil ter
ing, detecti ng, a n d  moo thing. This n ecessaril y results in con
siderable red uc tion of the bandwidth of the Rayleigh noise 
com pared to t hat of the original  aussian noi e. 

There is a procedure for starting with Gaussian n oise and 
generating Rayleigh noi e whic h  does not require fil tering 
a nd smoothing and the attendant bandwidth reduction. St art 
with t wo sta tistically-independent Gaussian ran dom noises, 
square each and a d d ,  and t a ke the square ro l of the sum. 

1 4  

F igure 1 .  T he Gaussian 
probabi l ity density 

distr ibution function. 

NOISE 

SOURCE 

NOISE 

SOURCE 

SQUARER 

SOUARER 1-----' 

p { V )  

ROOTER 

F igure 3. System for producing noise having a true 
Rayleigh distribution'. 

NOISE 
SOURCE 

NOISE 

SOURCE 

F igure 4. Simpler system for producing noise having 
approximately the Rayleigh distribution. 

The e analog opera tions are i n d icated in Figure 3. Proof that 
this procedur yiel d t he Rayleigh d istribution is  given below. 
The argu m e n t  is si milar t o  that used in olving the famous 
problem o f  the random walk in two d i mension ( References 
l ,  2). The joint probability distri bution fu nction of two 

Gaussian ra ndom variables x and y having rm value of 
J ( that is, a = l ) , is 1 x2 + y2 

p(x, y )  dx dy= - e 2 dx dy. 
2 rr  

Consider t h e  d istribution o f  the 
r2 = x2 + y2 . I n  term o f  r, 

variable r where r2 
l p(r) r dr d6 = p(x , y) dx dy = 27T e 2 r dr d6 

(where the element of integration dx dy has been replaced by 
its counterpart i n  polar coordinates, r dr d6 ). I n tegrating over 
a l l  a ngles, 

l p(r) dr = - e 
27T 

,2 

2 r (2rr � r dJ0 dfJ 

= re 2 dr, r > o . ( 1 )  

This is the Rayleigh d istrib ution fu nctio n.  The procedure for 
generating r from x a n d  y i precisely that shown in Figure 3. 

> 
!:: 

11 -�  

F igure 2 .  The Rayleigh 
probabi l ity density 

d istribution function. 
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F igure 5. Comparison of amplitude distribution of 
pseudo-Rayleigh noise (suitably adjusted in amplitude) with 

that of true Rayleigh no ise. 
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There is a much simpler proced ure for generating a close 
approxima tion to the Rayleigh distribution. Shown in igure 
4, it avoids the use of the quaring circuits (squarer) and the 

qua re-root circuit ( rooter) . 
To determine the actual amplitude density distribution 

func tion of the output of  this system ( pseudo-Rayleigh 
noise), we start with the Gaussian distribution function for 
each noi e source, x2 

I - -
p(x) dx = r,;-: e 2 

dx, 

v2rr 

where again, for simplicity, a ha been taken equal to 1 .  fter 
full-wave rectification ( mathematically, taking t he absolute 
value) the distribution becomes, for each noi e source, jf - x2 

Pi (x) dx 
= e 2 

dx ' O �x .  

The probability that the sum (x + y )  will have a value between 
Xo and (Xo + dxo )  is

= 

(XO 
PA (xo ) dxo Jo 

P
1
(x) p 1 (x0 - x) dx • dx0 , 

where the integration is taken over all possible value of x 
which could lead to a su m x0 . ( Remember that x > 0 and 
(x0 - x) > 0.)  Substituting for p 1 x , and d ropping dx0 ,  

2 - -

1.xo x2 (xo - ..x)2 

pA (xo ) = ;- e 2 e 2 
dx 

2 

x�lxo 
(x - xo )2 

=-:;r e 
- 4 

0 

e 2 
dx. 

. Xo 

ow, lett111g y  = x -2' 

PA (xo )  = ;  ,- "1 x,o 

' - Y
' 
dy 

= (;. ,-�} ) (,;.['O ,- Y
' 

dy) (2)  

= 
H,C

2

0

) H(�

o

) '  

where H' and H are precisely the func tions tabulated i n  Refer
ence 3. When the values of x0 are mul tiplied by 0 . 8  and the 
values of p A (x0 ) are multiplied b y  I .  25 we find the agree
ment with the true Rayleigh distribution shown in Figure 5 .  
These mul tiplications simply amount to changing the 
amplitude of the pseudo-Rayleigh noise;  the area under the 
probability curve remains equal to u nity. In the figure 
p A (x0 ) is compared with the function p(r) from quation 
1 .  The pseudo-Rayleigh noise has an amplitude d i  tribution 
which is ex tremely close in form to the true Rayleigh 
di tribution. 

E xamination of Equation 2 shows that the behavior o f  
p A (xo ) when Xo i s  very small is t he a m e  a s  for the 
Rayleigh distribution ; however, the approximation behaves 

as exp (- x�) instead of x0 exp (- x; ) for large value of  

x0 . The latter behavior hardly shows on t he linear plot  for 

MAY/J U N E  1969 

GR 
1 382 

GR 
1382 

F igure 6. System for producing pseudo-Rayle igh noise. 
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F igure 7. Comparison of pseudo-Rayleigh 
noise spectrum with the output spectrum of the 

G R  1 382 generator. 

.,,..,. 

Figure 5 .  This difference does result in a detectable change 
in the number of  peaks above a given level . 

A schematic diagram of how pseudo-Rayleigh noise can be 
produced from two GR 1 3 82 Random- oise Generators 1 is 
shown in Figure 6.  High-conductance germanium diodes, 

uch as J 4 5 5  or I 6 9 5 ,  should be used for low forward 
voltage drop. A de amplifier will be needed if it is nece sary to 
reduce the output impedance level or to provide more power. 

The effect on the spectrum of this method is shown in 
Figure 7. This is a com pari on of the measured input and 
output spectra of  the system shown in Figure 6. In Figure 7, 

the spectra are normalized to the sam e  level at low frequen
cies. This method of approximating Rayleigh noise simply 
spreads t he spectrum a little towards higher frequencies. 
Similar spreading probably wil l occur with the true Rayleigh 
ystem shown in Figure 3 .  

T hi e a  i l y  assemb led system for generating pseudo
Rayleigh noi e include only noise generators, d iode , and 
resistors. I t  produces noi e having a close appro ximation to 
the Rayleigh amplitude distribution. 

-1. J. Faran 
A brief biography of Dr. Faran appeared in the March/Apri l ,  1 9 69 

issue of the Experimenter. 
1 

Faran, J. J . ,  " R andom· oise Generators," General R adio Experi
men ter, January 1 9 6 8 .  
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F igure 1 .  Typical recording 
programmed by oontrol marks. 

e xcursions beyond preset tolerance , and of time relation· 
ships between charts made on several recorders simul tane
ously. 

• Reinforced mounting heets (8�" by 1 1 " )  are available 
for GR 1 52 2  charts. Two a dhesive trips are provided on 
the sheets to facilitate the mounting of recorded charts, 
which can then be filed in data notebooks. 

• The Y-axis recording action of the G R  1 5 22 is much 
faster than that of the X-Y recorder-65 inches/second 
as com pared with 20 inches/second for the X-Y recorder. 

• The X-axis of the G R  1 5 2 2  is expand able manually or 
automatically, with local or external program ming; it 
can range from 1 0  to 1 00 inches to permit detailed 
physical and temporal waveform inve tigation. The X-Y 
recorder i l imited to 1 0  to 20 inche . 

• Control of the X-axis motion is by digital rather than 
analog signals. For this reason it is possible to convert 

F igure 2. Servo-motor pen drive. 

MAY/JUNE 1 969 

angle or shaft position to chart position directly , using an 
optical or commutator encoder. 

• Isolated grounding provisions avoid ground loops between 
the GR l 5 2 2  and other i nstruments. 

• External sync signals are available to o perate several re
corders synch ronou ly .  

• he G R  1 5 2 2  i apable of use with small computer.>, 
provided proper interfacing is supplied.  

Some Design Facts 

Backbone of the I 522 is a field-proven dependable servo 
motor,* Figure 2,  consisting of an alu minum-wire coil wound 
on a light-weight plastic form. This coil assembly is supported 
by four miniature ball bearings glid ing in a V-groove formed 
in a longitudinal iron bar. The iron bar is part of the magnetic 
path produced by a large permanent magnet that maintain a 
uniform magnetic field in the gap through which the coil 
assembly moves. When a current is applied through the coil , a 
force is generated perpendicular to the current  path and mag
netic fiel d. This force move the coil assembly to righ t or left, 
depending on the polarity of the c u rre nt, imparting a true 
l inear motion. The ball bearings cause very l ittle bac klash and 
have very lit tle friction, even though the force is off center. 

Force is applied in  t he magnetic gap, not in line with the 
bearings.) The pen and potentiometer wiper arm are mounted 
directly on the motor coil ;  thi technique eliminates backlash 
between pen and wiper arm of the feedback potentiometer. 

The operation of the ervo loop ( Figure 3) tart with the 
introduction of a de signal through input circuitry designed 
for a wide range of voltages and current . The scaled in put is 
compared , within a high-im pedance am plifier, to the feed
back-potentiometer position vol tage. The output of the a m-

• U S  Patent 2 ,58 1 ,  1 33 owned by General Radio Compan y. 
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Figure 1 .  Typica l  recording 
programmed by control marks. 

e xcursions beyond preset tolerances, and of time relation

ships between charts made on several recorders simultane

ously. 

• Reinforced mounting sheets (81/i" b y  1 1  ") are available 
for GR 1 5 22 charts. Two adhesive strips are provided on 
the sheets to facilitate the mounting of recorded charts, 
which can then be filed in data notebooks. 

• The Y-axis recording action of the GR 1 52 2  i much 
faster than that of the X-Y recorder-65 inches/second 

as compared with 20 inches/second for the X-Y recorder. 

• The X-axis of the GR 1 5 2 2  is expandable manuall y  or 
automatically, with local or external program ming; it 
can range from 1 0  to 1 00 inches to p ermit detailed 
phy ical and temporal waveform investigation. The X-Y 

recorder is limited to I 0 to 20 inches. 
• Control of the X-axis motion is by d igital rather than 

analog signals. For this rea on it i po ible to convert 

F igure 2. Servo-motor pen drive. 

MAY/ J U N E  1 969 

angle or shaft position to chart position directly, using an 
optical or com mutator encoder. 

• Isolated grounding provisions avoid gro und loops between 
the G R  1 5 22 and other instruments. 

• E xternal sy nc signals are available to operate several re
corders synchronously.  

• The G R  1 5 22 is capable of use with small  computers, 
provided proper interfacing is su pplied. 

Some Design Facts 

Backbone of the 1 5 22 is a field-proven dependable servo 
motor,* Figure 2, consisting of an alu mi n u m-wire coil wound 
on a light-weight plastic form. hi coil a sembly is supported 

by four miniature ball bearing gliding i n  a V-groove formed 

i n  a longitudinal iron bar. The iron bar is part of the magnetic 

path produced by a large permanent magnet that maintains a 

uniform magnetic field in the gap through which the coil 
assembly moves. When a current i applied through the coil, a 

force is generated perpendicular to the current path and mag
netic field .  This force moves the coil assembly to right or left, 
depending on the polarity of the current, imparting a true 
linear motion. The ball bearings cause very little backlash and 
have very little fri tion, even though the force is off center. 

(Force is applied i n  the magnetic gap, not in line with the 

bearing .) The pen and potentiometer wiper arm are mounted 
directly on the motor coil ; this technique eliminates backlash 
between pen and wiper arm of the feedback potentiometer. 

The operation of the servo loop (Figure 3) start with the 
in troduction of a de signal through input circuitry designed 
for a wide range of voltage and currents. The scaled in put is 
compared, within a h igh-im pedance a m plifier, to the feed
back-potentiometer position voltage. The output of the am-

•us Patent 2 , 5 8 1 , 1 3 3 owned by General Radio Company. 
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F igure 3. B lock diagram of servo system. 

d< INPUT 

plifier is t he position-error voltage and is zero for the n ull 
position. If t he input de signal increa es, a position-error volt
age will be generated, which is fed through a limiter, to be 
com pared with the velocity-feedback voltage. This difference 
is amplified to become the d rive voltage for the pen motor 
assembly. The pen and wiper arm will move u n til the posi
tion-feedback voltage equals the input voltage, and the posi
tion-error voltage again is zero. 

The velocity-feedback-voltage signal permits high feed
back-loop gain at the n ull poi n t  ( no velocity feedback), re
sulting in high static accuracy; dead-band error is Jess than 
0. 1 5%. The loop gain is effectively lowered d uring d y namic 
operations, keeping the position-feedback loop stable at high 
speeds. 

Velocity feedback is derived from an unusual bridge tech
nique (see Figure 4). Note that the output-drive amplifier 
serves both the linear servo motor and another fixed coil 
wound on a similar iron core. These two coils, together with 
two resistors, form a b ridge network that can be balanced for 
ac as well as de signals. When drive current is fed into this 
bridge networ k  and the pen is stationary, the bridge is 
balanced ;  the output from the bridge and d ifferential am
plifier is zero. If the servo motor moves, the servo-m otor coil 
develops a voltage proportional to the velocity ; the fixed coil 
d oes not.  Thu , there is a voltage output from the differential 
amplifier proportional to velocity. 

I ncreasing the velocity feedback can simulate the action of 
a low-pass filter. The open-loop freq uency response o f  thi 
type of servo system is shown in Figure 5. As the velocity 

1 8  

F igure 4 .  Sehematic of 
velocity· feedback derivation. 
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feedback is i ncreased bey ond the amount required for stabili
zation, the loop gain is decreased. The frequency at which the 
open-loop and clo ed-loop responses pass thro ugh 0 dB also is 
decreased. Thus the servo band width is com pressed by an 
amount proportional to any ex tra increase in velocity feed
back. This action filters the effects of noise and undesired 
fluctuations in recording. 

The position-feedback potentiometer is situated directly 
above the motor-drive coil . It is made o f  conductive plastic 
which a sures low main te nance and extremely Jong life, great
er than 20 million cycles, with negligible increase in noi e or 
wear. 

F ull cont rol of the chart d rive, without mechanical 
clutches, is assured by use of three motors. Two induction 
motors, operating in a stalled condition, provide a constant 
holdback for chart supply and take-up and are instantly re
sponsive to forward-or-reverse-direction instructions. The 
third motor, the stepper type referred to earlier, drives the 
sprockets that engage perforations in the chart, imparting a 
dependable motion to th.e chart at all times. Without the use 
of gears in the drive train, the recorder has e ighteen chart 
spee ds, from 0.5 s/in. to 20 h/in. 

Operation o f  the ste pper motor i controlled b y  a multi
vibrator, phase-locked to the ac power frequency, either 50 
or 60 Hz. Its regulation and stability are similar  to those of a 
synchronous motor. The maximum rate at which the motor 
will respond,  without losing a step for instant start-stop 
operation, is 300 pul es per second. This rate corresponds to 
2 inches/second (0.5 s/in .)  chart speed. The actual rate of 
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F i gure 5. Servo-loop response. 

rotation is locally or remotely controlled through integrated
circuit divider chains. 

The output from the divider goes through a gating ciicuit 
to the step per-motor driver ciicuit. This gate is controlled by 
a flip-flop for instant start-stop opera ti on. The input to t he 
flip-flop is capacitively coupled to both the front-panel 
switch and to the external program ming input. Either input 
can be overridden by the other; the last signal determines the 
logic state. Logic memory is important for chart control ; only 
a momentary pulse is necessary to set the state. Thus, when 
the photocell is used to change chart d irection, the memory 
k eeps the direction fixed after the mark is no longer under the 
photocell . 

A forward-reverse flip-flop controls the d irection of the 
s te pper motor. Motor direction can be controlled locally or 
Iemotely 

Output-control information , for use in  system or auto
matic applications, is available from the recorder. As they 
pass over a photocell, the black timing marks on the chart 
( Figure l )  trigger output controls. Two photocells control as 
many as truee output d rives. When two in-line black marks 
pass the photocells at the same time, the paper motion is 
s topped. This method is used to signal the end of the chart 
roll ;  the ending of the roll is also verified by a printed note on 
t he paper. 

A switch is provided that lifts the pen and moves the chart 
at the fastest paper speed for scan operations; pen lift also 
occurs d u ring scanning of the chart . In the A UTO position of 
the pen lift, the pen is d ropped to the paper only in t he 
RECO RD mode and while the chart is moving. 

Maximum and minimum limit switches are adjustable to 
any point along the chart . They provide electronic control for 
external operations such as sorting, inspecting, or sounding 
an alarm. 

Situated next to the feedback potentiometer is a lineaI 
take-off potentiometer that can prO"t'ide an external voltage 
proportional to the position of the pen. This v oltage, a nd 
c o m m erc ially available multiple integrated-circuit com
parators, can establish limit-set positions controllable by an 

MAY/JUN E  1969 

external potentiometer or voltage. T he limit tops can be 
programmed externally, if a control voltage is used. 

Another programming feature is pen blanking; when t he 
servo yst em is turned off, pen motion freezes. The pen can 
be stopped a nywhere on the chart during a scan operation, or 
during any operation that normally would force the pen off
scale during switching. 

System Compatabi I ity 

There are many possibilities for assimilating the GR 1 5 2 2  
into measure ment and control systems. You are already 
aware of t he functions performed by the GR 1 92 1  Real-Time 
Analyzer ( page 3 )  and of t he value attached to permanent 
records of noi e and vibration signals. The GR 1 5 2 2 ,  designed 
as a systems recorder, is a perfect complement to the G R  
I 9 2 1 .  A detailed d escription o f  the close working relation
ship between the recorder and analyzer may t rigger readers' 
thoughts of other useful applications. 

The 1 9 2 6  detector store the level of all the signal-input 
channels. It then feeds this information to the recorder at  

·
a 

rate that is cont rolled by the recorder's ability to accept and 
digest the data. Chart movement is continuous until the 
photocell control tops the recorder and changes chan nels in 
the detector. A fixed time delay of 0 .  1 second in the detector 
allows the pen to reach the signal level of the new channel 
before the detector sends a control signal to the recorder to 
start the chart. The pen then records the level of this ch annel 
at  the fastest paper peed. The resul tant plot has square cor
ners, closely resembling the ac tual scope d isplay . The start
stop-mark sequence repeats until the La t channel selected by 
the analyzer is recorded. The pen automatically lifts, and the 
next chart moves rapidly into position. A t  this time, chart 
motion stops and the recorder does not function until com
manded by the analyzer. It takes approximately 8 seconds to 
com plete one chart and to advance to the next chart. 

Table 1 shows t he t ime required to make such a recording 
on three ty pes of recorders: G R  1 5 2 2 ,  automatic X-Y record
er, and typical X-Y record er. 

24-HOUR RECORDI N G  OF T RA F FIC NOIS E 

G!?� 
NOISE 

SOUNO

L E VEL 

METER 

oc LE V E L  
OUT DETECTOR OUT 

AND LOG 

CONVERTER 

START 
I NPUT 

GR 192 1 
REA L - T I M E 1-----1 
ANALY ZER 

E V E N T  
MARKER 

GR 1522 DC 
RECORDER 

. ,  

G R  1522 DC 
RECORDER 

• 2  

HIGH 
L I MIT 

SWITCH 

,.,,., 

F igure 6. Typical long-ti me recordi ng/ analysis assembly. 
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Table 1 

R ecord i ng New Chan Total 
T i me Advance T i me T i me 

Recorder Type (seconds) (seconds) (seconds) 

GR 1 522 6 1 -2 7-8 

Automatic X-Y 1 5  1 6  

Typical  X-Y 1 5  45 60 

I t  is readily apparent that the 1 5 2 2  takes one-half the time 
for each recorded spectrum, as compared with the automatic 
X-Y recorder, and is far superior to the ty pical X-Y unit.  

Typical Appl ications 

A practical application of the 1 9 2 1 / 1 5 2 2  combination,  
using t wo recorders ( Figure 6),  is the real-time spectrum anal
ysis of band levels above a preset acoustical level . Th.is might 
be a 24-hour study of traffic noise, aircraft fly-over noise, or 
similar patterns. During t his interval we record , on Recorder 
No. 1 ,  the average level of noi e picked u p  and processed 
through a detector and log-converter circuit. Obviou ly, we 
don't want a spect ru m  every eight seconds because we would 

GR 1'22 

have 1 0,000 charts of record·ed data in a 24-hour period. To 
save chart space and to com press accu mulated data, the re
corder is set at a slow chart speed.  The 1 9 2 1  analy zer is 
triggered by a G R  1 5 22 limit switch to ma ke a spectru m 
analysis of signals above a preset threshold level and also to 
identify the occurrence by printing an event mark on t he 
Recorder No. 1 chart . A fter the G R  1 9 2 1  is t riggered, R e
corder o. 2 receives instructions from the 1 92 1 system to 
make the spectru m recording that corresponds to the indi
cated event.  Upon com pletion of the study, a com plete re
cord is available, from Recorder No. I ,  of the average ound 
level, and accumulated spectru m analyses of noise above a 
preset limit are presented by Recorder No. 2. All this can be 
accomplished without personnel in attendance. 

A nother sy tern application involves the tem perature
coefficient ( Figure 7a) of a practicaUy unlimited number of 
com ponents. A scanner and the R 1 6 5 4  I m pedance om
parator can measure 1 00 com ponents consecutively . feed t he 
information to the G R  1 5 2 2 ,  and plot the percent deviation 
from a standard at room tem perature. A second plot can be 
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20 
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F igure 7a. Block diagram for multi-component 
temperature-coefficient measurements. 

F igure 7b. Component test resul ts. C hart 
motion is controlled by externa l  di11ider circuit.  
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M. W. Basch received his  degrees at M IT 

(BS E E  and MS E E-1 958) and j o i ned G R  in  

1 958 as a development engineer i n  the In

d ust ria l  Instru ments G ro u p  and later trans· 

ferred to the Aco ustics/Signal A na l ysis 

G ro u p. He has special ized in design of 

recorders and associated i nstrumentation. 

H is membersh i ps i nclude I E E E ,  Tau Beta Pi , 

and Eta Kappa N u .  

made using a second-color p e n  for a d i fferent tem perature 

( Figure 7 b ). A measuring sequence is started by a switch on 

the scanner control. U pon switching t o  a component, the 

com parator waits for balance and then gives a measurement

com plete command. This time delay allows the pen to move 

to the next component-recording position. The measu re

ment-complete signal from the G R  1 6 54 starts the record

er and paper motion. his particular chart paper has no con

trol marks; the chart m o tion is controlled by external means. 

An ext ernal flip-flop d ivider divides, by 30, a sy nc signal used 

t o  drive the stepper motor .  A fter 30 p ulses, the chart has been 

moved a recording interval o f  0.2  inch .  A t  t h is instan t ,  mo

tion tops and the pen lifts. he sa me measure me nt-complete 

command is fed back into the scanner control, and the entire 

record cycle is repeated after the short d elay period to 

achieve balanc e .  

nately a n d  automatically presented in a continuous sequence 

of 1 I -inch charts. 

Remote programming for proce s con t rol facilitates un

attended recorder o pera tion. A signal level, beyond preset 

limits,  from a control transducer, triggers accelerated chart 

motion for greater d etail, operates the scanner control to 

permit observation of other significant transducers, and then 

stops the process. 

To encourage specific application of t h e  recorder to the 

G R  1 9 2 1  ana]yzer, four different charts t o  cover various 

channel combinations and bandwidths used in the GR 1 9 2 1  
will soon be available from stock.  R ecorder channel wid ths of 

0.208,  0 .250,  and 0 . 5 00 inch are available, dependent u po n  

spacing o f  t h e  photocell control m arks on t h e  chart edge. A n  

unlimited variety o f  charts using various p lacement of the 

marks can be supplied on special order to customers. 

AC K N OW L E DGMENT 
In a nother typical application, we can monitor a zener

diode voltage output. H ere, both long-term drift and short

term noise are important. Photocell-control marks every 1 1  
inches are used to trigger a flip-flop circuit that permits a 

l o n g- term performance recording for 1 1 0 mi nutes ( 1 0 
min/ i n . ) .  This recording is followed by an accelerated record

ing of noise for 55 seconds ( 5  s/i n . ) .  Each recording is alter-

The author gratefu l ly acknowledges the help of M. C.  Ho ltje in 
several cr it ica l  areas and t he support of A .  P. A nderso n for the power
supply design,  of G. E. Neagle fo r the mechanical desig n ,  and of 
P. A. d ' E nt remont for the industrial design.  

The Honorab le Society 
Long-time read ers of the Experi

men ter will note with interest honors 

accorded two of their friends. 

On May I ,  1 9 69 Paul K. McElroy 

was awarded the annual Contribution 

Award of the I E E E  Parts, Materials, and 

Packaging Group, a t  cere monies con

d ucted d uring the Electronics Com

ponents Con ference of the Electronic 

l n d ustrie Association. "PK " ,  now re

tired from G R ,  but hardly less active 

professionally than while he was with 

us, came t o  the attention of our readers 

for the first time in 1 9 26.  It was then he 

published a t wo-part article en ti tied 

" Design and Testing of Plate Supply 

Devices." H e  prepared a stea d y  stream 

o f  written articles for alm ost forty 

years, terminating his o u tput with " A  

1 0 0 -µF Decade Capacitor" in July , 

1 96 5 .  Our d ebonair retiree resides at 5 8 
Gayles Roa d ,  Belmont, Mass. 

MAY/JUNE 1 969 

Compllete specifications for the GR 1 522 are included with th is 
issue as a tear sheet, removable for i nsertion in G R  Catalog T. 

The other recipient of honors was 

Dr. A rnold P. G .  Peterson, GR consult

ant in t he areas of sound and vibration. 

As part o f  ceremonies conducted to 

mark the twentieth anniversary o f  the 

foundling of the A udio Engineering 

Society, Dr. Peterson received the John 

H. Potts Mem orial A ward on October 

23, 1 9 6 8 .  The bronze medallion named 

for the d eceased publisher and editor of 

" Audio Engineering" was given in rec

ogn i tion of outstanding achievement i n  

t h e  fiel d  o f  a u d i o  engineering. The cita

tion noted Dr. Peterson's " m any prom

inent contributions t o  the design of 

audio and acoustic instrumenta tion . "  

Some readers m a y  remember the first 

Experimenter article by A PG P  entitled 

"The Type 7 5 7-A UHF Oscillator" in 

the A ugust 1 94 1  issue ; more may recall 

his latest article, "A Magnetic Tape Re

corder For Acoustical Vibration A n d  

O t h e r  A u d i o - F r e q u e n cy M easure

ments" in October 1 966.  1 t  appears to 

be t ime for another article ! 

P. K. McE l roy 

A .  P. G. Peterson 

2 1  
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Type 1654 I mpedance Comparator with its companion accessory. Type 1 782 A nalog Limit Comparator. 

I M PEDANCE COMPARISON SPRINTS AH EAD 
M o b i l ity i n  measuring i m pedances, coupled with accu racy, wide range, and ab i l ity to co ntrol ! 

The Goal 

Over the years, GR has tried to 

relieve the tedium a nd mon otony of 
passive component inspection and test

ing by introducing fu nctional-designed 

test equipmen t .  For instance ,  we feel 
that technicians are a b le to remain 
alert for longer periods of time when 
t e st data are prese nted in simple 
GO/ 0 GO patterns. Eliminating the 
time normally required t o  read panel
meter indications also resul ts in a av
ing in labor costs. I n  our estimation, 
the design of the new G R  im pedance 
comparator has succe sfully j oined the 

concept of comple x ,  progra mmed test

ing with the concept of simple, indi
vidual component mea urements, at 
no sacrifice i n  accuracy or reliabilit y .  

The first comparison bridge engi
neered by G eneral Radio for produc

tion testing was the manually-operated 
GR 1 6 04 Comparison Bridge. 1 Several 

1 Hol tje, M. C., "A N ew Comparison Bridge 
for the Rapid Testing of Components," 
G e n eral R adio Experimenter, December 
1 9 5 2 .  

22 

years later, it  was followed b y  the G R  

1 6 0 5  I m p e d a n c e  C o m p a r a t o r , 2 

i ncorporating greater precision and 
versatility,  simulta neously indicating 
phase-angle and magnitude differences 

between two external t est impedances 

over an extended freq uency range, and 

requiring no · bridge bal ancing. This 

bridge was semi-automatic in opera

tion. 

I n  1 964 the GR l 6 80-A Automatic 
Capacitance B ridge3 brought with it a 
component test rate better than two 
per second. The i nspection-rate bottle
neck was broken ,  and the unit's ac
ceptance by industry encouraged in
troduction of another digital unit  - the 

2
Holtje, M .  C., and HaU, H. P. "A High- Pre· 

c i sion Impedance Comparator," General 
Radio Experimen ter, April 1 9  56. 

3 Fulks, R .  G. ,  "The Automatic Capacitance 
Bridge," General Radio Experimenter, April 
1 9 6 5 .  

4
Leong, R.  K., "The Autom atic I m pedance 

Comparator," General R adio Experimenter, 
J u ne-July 1 968. 

GR 1 6 8 I Automati c  I m pedance Com

p a r a t o r  S y s t e m .  4 T h e  c u s t o m  er 
received digital readout of phase-angle 
and m agnitude differences, higher ac

curacy a n d  resolution, a n d  greater com
patability with auto matic component

and data-handling equipment. 

M a n y  a nalog-measurement oper

ations and customers still existed. The 
need t o  extend and expand the design 
of analog com parators was the incen
t ive to develop the latest t ype o f  G R  
comparator, which· incorporates auto
matic features. 

The Achievement 

The GR 1 6  54 I m pedance Compar
ator supersedes the G R  l 6 0 5  compar
ator and, with its companion accessory 

the GR 1 7 8 2  A nalog Limit Compara

tor, provides a semi- or fully-aut o matic 
system at about one-third the cost of a 

similar digital system. M easurement 
features include 
• Operating range from I 00 H z  to 

l 00 k H z  in four steps. 

GENERAL RA010 Experimenter 
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MAGNITUDE CHANNEL 

UNBALANCE AMPLIFIER 

l 

• Comparison precision to 30 parts 

per million. 
• I m pedance range from 2 S1 to 20 

Mn at 1 00 Hz. 

• Capacitance range as low as 0 . 1 p F  

direct reading, with a m odified substi

tution method . "'  
• Six deviation ranges from 0. 1 % t o  

30% fu ll  scale. 
• Test voltages from 0.3  to 3 volts, 

for easy voltage-coefficient tests. 
• Operating rate up to 4 units per 

second, in the automatic test mode. 
• Positive indication o f  direction of 

overload. 
• I n dications on large panel meters. 
• Analog out put voltages. 

.. Refer to Circuit Notes at end of article. 

PHASE CHANN E L 

1654-11 

The block diagram of the 1 6  54 
comparator, Figure l ,  illustrates use of 

a tightly-coupled 1 :  1 ratio toroidal 

t ransforme r  as two arms of the bndge; 

the standard and test impedances com

plete the circuit. The unbalanced-out

put signal of the bridge is fed through 

a guarded circuit, which effectively 

reduces cable capacitance by three 

orders of magnitude. This permits 

measuremen t ,  with negligible error, of 

test items as remote as thirty feet. 

From the amplifier system the signal is 

passed to the magnitude and phase 

channels. 
I n pu t  t o  the magnitude-channel 

phase detector is direct. I nput to the 

phase channel first undergoes a 90° 

E 
+ 

F igure 1 .  Block diagram of 
G R  1 654 I mpedance Comparator. 

phase shift, before connection to the 

phase detector, in order to bring the 

test frequency signal in phase with the 

error voltage component due t o  any 

phase difference. The phase detector i 

fundamentally a switch operated in 
synchronism with the test frequency. 

Exact switching is controlled by a 

quare wave derived from the zero 

phase signal of the bridge. 

The rectified voltage i s  that com

ponent of the error voltage which is in 

phase with the cont rolling square-wave 

voltage. The detected output is fed to 

a stable de operational am plifier which 

provides t he required analog .ou tput 

voltage that is interpreted as magni

tude difference or phase-angle di ffer-

R, 

h Ra E + -R_1 _ E t E o • --R1 + R1 R I + Rz 

Ez 
+ 

Rz J�!8 

F igure 2. Block diagram of G R  1 782 Analog L imit Comparator. F igure 3. Schematic of l imit  comparison function.  
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ence between the test item and the 
standard. 

The 1 782 accessory unit ( Figure 2) 
incorporates front-panel lamps to in
dicate GO or NO GO conditions. Each 
NO GO lamp indicates a single test 
limit, established as a preset voltage 
£2 . The input voltage E, derived from 
t he magnitude or phase channels of 
t he 1 6 54, is compared with £2 , as 
shown in the schematic diagram ,  Fig
ure 3. U nbalance voltage E0, if it 
exists, is am plified by an operational 
amplifier with sufficient positive feed
back to cause the am plifier to switch 
off or on. I ts output t riggers the N O  
G O  lamp drivers; if  the comparison is 
out of established tolerance, the N O  
G O  lamps will light .  Within-tolerance 
conditions for all limits will trigger the 

R. K .  Leong holds degrees from Northeastern 

University ( B S E E-1 960 and MSE E - 1 962). 

A fter two years' service i n  the U . S. A rmy as 

1 st Lt . .  coordi nating i nstrumentation for up

per atmosphere research ,  he j o i ned GR i n  
1 9 6 4  a s  a development engineEr i n  the 

Low-F requency I mpedance Group. He has 

special ized in bridge and comparator design. 

He is a member of Tau Beta Pi and Eta Kappa 

Nu.  

GO l amp. Optional relay-equipped 
m o dels operate external automatic 
sorting devices. 

laboratory. Routine operations such as 
sorting, selecting, and adj usting passive 
components ( R ,  L, and C), and any 
com plex assembly of these com pon
ents, are accomplished as q uickly as 
you can make connections to the 
bridge. The GR 1 680-P l Test Fixture 

Appl ications 

On its own, the GR 1 6 54 is a work 
horse on the inspection line or in the 

F igure 4a. Typical i nstruments and devices for 
automatic component-measurement system. 

F igure 4b. Typical sorting system - schematic 
and relay interconnections. 
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