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COYER PIIOTOGRAPII

.\tcasuring Vibration on a Di sci Trawler with the SOlllul-Level [eter and Vibration Pickup.

THE NOISE PRIMER
.IN THESE DAYS OF SECRET
D EVE lOP MEN T S there is much
technical information \\ hich cannot be
published and many new developments
\\ hich cannot be adverti ed for general
ale. Tills is a good time, therefore, to

provide addi tional informa tion co ering
in trument and techniques' hich were
developed and known before the war.

With this issue, we begin a short
series of articles dealing with the
measuremen t and analysi of acoustic
noise and mechanical vibration. To
many it \\ ill be an old story, but for a
number or industrial users of General
Radio SOtmd and vibration measUl·inO"
equipment it may provide the answers
to many of their questions.

Bulletins 20 and 30 ("The Technique
of Noise Measurement" and "The
Teclmique of oise Analysis," respec
tively) have been in print for several
years, and the General Radio Company

has also published several other bulletins
and Experimenter article covering the
general subject. However, most manu
facturers of sound and vibration meas
uring equipment (and General Radio
is no exception) are inclined to overlook
as obviou many small detail of theory
and procedure which balTie the unin.
itiated. These articles are, therefore,
both an apology for this "everybody
ought-to-know-that" attitude and a
real attempt to help the many who in
the past have had no more reason to
know about sOtmd measurements than
the communication engineer has had
to know about blower or turbines.

10st manufacturers are convinced
that customers never bother to read
instruction books. ot to defeat their
purpose, then, these articles must of
necessi ty be brief, and we only hope
that we haven't left out anything of
real importance to you.

PART I-TO BUY OR NOT TO BUY
(If you don't Iwee a high priority rating, reading this part may be a waste of time.)

Treatise 011 sound and vibration
meaflurements generally start with a
long-winded discussion a to their im
portance, but this is now so well known
that we hall assume that you wouldn't
be reading this at all if you weren't
convinced. We shall therefore dispense
\\ith all unnecessary formalitie .

The aura or mystery which sur
rounded early sound measurements has
gradually been dis ipated. The long-

haired scientist who waved the nllcro
phone, gazed at the meter, went into
a trance and came out with a lot of
mysterious numbers has gone, along
with the notion that ability to tolerate
noise is a mark of giant brain power.
There i still plenty of work for the
consultant n problems of a tempo
rary or unu ually difficult character,
bu t all measurements connected wi til
the normal developmen t or manufac-

Copyright, 19 ~3. General Radio ompany, Cambridge, .Mass.. U.S.A.
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ture of a product are now generally
carried out by the manufacturer's own
engineering or production staff.

If, in the design, manufacture, or
sale of your products you have regu
larly to measure or to analyze noise
or vibration, you or others in your
organization should be able to make the
measurements quickly and accmately.
For shorter jobs, you must balance the
cost of the equipment (which is now
surprisingly low) and the time against
the possible consultant's fee. One impor
tant thing to remember is that, once the
equipment is pmchased, you have it,
and it will also be very useful, perhaps
invaluable, on future problems. The

demand for quietness and freedom from
vibration is becoming more insistent.
Do not, therefore, assume that your
present problems are only temporary,
or that you will never have any more
like them. Do not deny yom organiza
tion the advantages now of something
you will probably need even more as
time goes on. Noise and vibration are
not merely a1IDoyances which may
affect the sale of a product or lower
the efficiency of a worker. They are
often evidences of defects in design and
manufactme which seriously affect the
life of the equipment and in many cases
the safety of the user.

PAR T ll- THE SOU ND-l EVE l MET ER

FIGURE 1.

Similarity to Ear

Equal-loudness contours for tbe average ear. l

sponse perfectly and, even if it were, the
necessary equipment would be com
plicated, bulky, and expensive. Further
more, for many engineering problems the
conventionalized response of the sound
level meter is more nsefnl than an exact
ear response would be, since the ear
response, by its complicated nalnre, is
not subject to simple mathematical or
physical analysis. As long as we realize
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The sound·level meter or, as it is
often called, the noise meter, is essen
tially a device for measming the ampli
tude of rapid alternations in the air
pressure. It does not measure the fre
quency, or pitch, at which such alter
nations take place. When these alterna
tions occm within a certain range of
frequencies they affect the ear and are
known as "sound" or
"noise." The sound-level
meter is intended, there
fore, to provide a simple
means of obtaining ob
jective measnrements
which can be correlated
with the response of the
average ear.

Don't think that the
sound-level meter is per
fect in this respect. Not
enough is now known
about the ear to enable
us to du plicate its re-

20 100 500 1000 5000 10000
FREQUENCY IN CYCLES PER SECOND
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its limitations the sound-level meter is a
most useful device, and certainly the
best thing for its pnrpose which can be
devised at the present time.

As an example of the many compli
cated characteristics of the ear, Figure 1
shows the familiar Fletcher·Munson
curves, which are constant-loudness con
tours of the average ear in terms of
frequency and loudness level. These indio
cate that the frequency-response charac
teristics of the ear are not constant. but
vary with the loudness of the sound. For
instance, at low sound levels the ear is
relatively insensitive to low frequencies,
but at high sound levels it hear!" them
almost as well as the higher frequencies.

The best known makes of sonnfl-1evel
meters are more or less alike. are
aU intended to follow the stal s as
set forth by the American ~tandards

Association,2 and with the passing of

time all leading manufacturers have
adopted similar mechanical and operat
ing features. For most purposes they
may be considered interchangeable, but
in some few cases their readings will
not be identical, although the meters
may aU meet the standards.

Microphone Limitations
A glance at Figure 2 wiII show one

reason why this is so. The tolerances,
which may seem excessively wide to
those previously unacquainted with
acoustical measurements, are made
necessary by the limitations in avail·
able microphones. Most microphones
were originally designed for use in the
reproduction of music and speech and
are not for purposes of quantitative
measurement. There are many factors
entering into the reproduction of speech
and music (such as the ear, room acous
tics, and the properties of the instru-

ments and voice) which make
it useless to maintain an abso
lutely flat or smooth frequency
amplitude characteristic in the
microphone, particularly if it
must be obtained at the ex
pense of sensitivity or other
desirable properties. Hence the

,
+'°I--+-'-!H+H-t-1--+--j--j-~+f+~I---+-+-++++++J

.,ot---+-t-t-H+tt--+-t-l-+-++++Cf--+-+-++H--H--I

.zot---+-,i,!-/+-t-H-t-t--t--++H+tH....--l-+--HH-+-++J

FIGURE 2. Design objective fre·
quency-response curves between 60
and 8000 cycles for sound-level
meters as specified by the American
Standards Association (Bulletin
Z24.3-1936). These standards do
not specify the response below 60
cycles. The extended curves repre
sent present practice as followed by
the General Radio Company in the
TYPE 759-B Sound-Level Meter.

---- - +
'-
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OVERALL FREE FIELD FREQUENCY RESPONSES
AND TOLERANCES FOR SOUND LEVEL METERS

AS ""[CI'I[O 'N THE TENTATIVE STANDARD$
or THl AM[fUCAN ,STANDARDS ASSOCIATION



A. S. A. Fr eque ncy
Response Curves

ow that we know the worst that can
occur, we can forget it for a while and go
on to more practical and important as
pects of the sound-level meter. It should
be noted that the curves in Figure 2
bear a close re emblance to tho e in Fig
ure 1 and were actually derived there
from. Since the A.S.A. committee real
ized that it was neither desirable nor

Of cour e, there will always be some
ounds with strong components above

3000 cycles or at very low frequencies,
and it is on this type of sound that the
greatest error will generally occur. The
most serious di crepancies among dif
ferent meter types generally happen
when a strong component is at a fre
quency where one microphone has a
valley in its response curve while the
other has a peak. As an e treme, at
8000 cycles a possible di fference of
15 decibels could result from this cause
alone with meters meeting the standards
in every way. In actual practice, how
ever, differences even a fraction as large
as this are uncommon, and occur only
in exceptional cases. Also, errors from
this cause may be almost entirely elimi
nated through the use of an analyzer and
a calibrated microphone, a will be
described later.

characteristics of standard microphone
types var J considerably from a straight,
flat line, particularly in the extreme
upper and lower parts of the audible
range. While, in many cases, the micro
phones used for sound measurement are
improved in this respect over those
commonly used for broadcasting and reo
cording, the perfect microphone is yet
to be developed, and present types all
represent a compromise in order to get
the best pos ible combination of good
frequency response, stability, rugged.
ness, and sen itivity. The tolerance
curves of Figure 2 represent the maxi
mum deviations from a given design
objective to be expected with the best of
present microphone types. So far as the
electrical circuits in the sound -level
meter are concerned, it is po sible to
make these follow any particular charac
teristic with a high degree of accuracy.

The microphone, then, is the weakest
link in the ound-Ievel meter, but the
ituation is actually much better than

the tolerance curves would eem to
indicate. Figure 3 shows, in column 2,
the relative sotmd pressure in average
noise for the various frequency bands
tabulated in column 1. It will be noted
that the high frequencie become pro
gressively less important, so that for
most purposes components above 3000
cycle may be omitted altogether with
out serious error. Since a sound-level
meter, in order to meet the tandard,
must have a certain amount of response
up as far as 8000 cycles, it follows that,
for sounds of general character, it will
read quite accurately, providing it has
a good low-frequency response, which
is much more important.

FIG HE 3. Chart of the relative contrihution
to total noise level made by lOO-cycle bands
over the frequency spectrum, as obtained from
analyses of noises of a general character. (From

A.S.A. Bulletin Z24.3 - 1936.)
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practical to duplicate the ear response
exactly, the curves for two representa
tive levels (40 and 70 db) were taken
from Figure 1, modjfied for random free
field response and smoothed.3 The flat
response (C) was added for use where
measurements of actual physical sOlUld
pressures were desired and at very high
sound levels, where the ear response is
fairly constant.

In addition, the A.S.A. standards
(224.3) define various terms and units,
specify other tolerances, and how the
microphone is to be caljbrated. Many of

these points will be discussed in later
articles. The standards are the result of
some years' experience in the design,
manufacture, and use of sound-level
metet"S, and are /lOW in the process of
revision in some minor details. These
revisions are not of the nature that will
make preseot types of meters obsolete,
however, but rather bring the standards
more in line with what can be accom
plished in the present state of the art by
the leading manufacturers. Complete
information regarding the modified
standards will be supplied as soon as it
is available. - H. II. SCOTT

(To be continued)

REFERENCES
IThcsc curves arc now incorporated in the American Standard for Noise Measurement, Bulletin Z2.it2-1942. pubHshed

hy the American Standards Association, 29 \Vest 39th Street, ew York, N. Y. (Inice 25 cents). They were originally pub
(iEhed in a Ilupcr by Han'CY Fletcher and 'V. A. :Mullson of the Dell Telephone Laboratories entitled "Loudness, Its Def
inition. Measurement. and Calculation" and published in the Journal of the Acoustical Society of America, Vol. VI, No.2.
I>P. 82-108, OCl., 1933. Curves of a similar nature, but based on earlier data, were published by B. A. Kingsbury, uA Direct
Comparison of the Loudness of Pure Tones," Physical H.evicw. Vol. XXIX, p. 588, 1927.

The Fletcher-Mullson curves were based on a group of individuals whom later experience has shown to have somewhat
better than average hearing. ~1ore recent tesls, aEo reponed by Dr. Fletcher, have indicated that for the average person the
threshold of hearing is sOJnewhere bctween 10 and 20 pholls.

2AIIlcrican Tcntative Standards for Sound-Level Meters for the Measurement of Noise and Other Sounds (A.S.A. Bulletin
Z21.3 -1936).

:~The curves in Figure 1 represent measurements made on one ear at a time (monaural) with a plane wave - tbat is,
a wave striking the car at a single given angle. The irregularities above 1000 cycles are due in large part to diffraction
cffects caused by the shape of the head or the outcr ear. The curves in Figure 2 have been modified to duplicate as nearly
as practical the rcsponse of the ear LO SOU lids arriving equally from all directions. The emootning allows the curves to be
morc easily duplicatcd by simple eleclric:t1 circuits and is ju~tified by the fact thal binaural bearing eliminates many of
1he irregularities present in the curves of Figure J.

SUBSTITUTE BATTERIES FOR BATTERY· OPERATED
EQUIPMENT

• THE PRESENT DIFFICULTY
in obtaining new batteries above the re
quiremell ts for current instrument pro
duction has necessitated a curtailment
of our regular policy of maintaining a
stock of replacements, and users should
try to buy them locally.

The standard batteries recommended
for General Radio instruments may not
be available in some localities. Substitu·
tions of differen t types or combinations

of different types are quite permissible if
certain precautions are observed. The
substitutes must have the same voltage
as the standard types and be capable of
delivering as much current. When these
are mounted externally the leads used
must be at least as large as the connect
ing leads in the instruments. In some
ca~es, smelding is necei"sary. The follow
ing table should be helpful if the stand
ard batteries are not readily available.
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SUBSTITUTE BATTERIES FOR BATTERY-OPERATED EQUIPMENT

727-A Vacuum-Tube 3 Burgess 21" (J.5-volt) }Voltmetcr 2 Burgess \X'20Pl (30 v)
I Burgess ,,'58P (7,5 v)

729-,\ Megohmmeter I Burgess 21"21I (3 v) }2 Burr s \X'30BP (2272,
4 v)

759-A Sound-Le\'el Meter 2 Burgc s 4FA (1.5 v) }2 Burges Z30. (45 v)
I Burge s I~2BP (3 v)

759-B Sound-Level Meter I Burge s 61' 60

Type

419-A \\'averneter

5.J.-t-B Megohm Bridge

613-B Beat-Frequency
Oscillator

625-A Bridge

650-A Impedance Bridge

723-A Vacuum-Tube Fork

724-A \Vavemeter

Batteries

1 0,6 Dry Cell

2 0, 6 Dry Cells
3 Burgess 5308

2 0, 6 Dry Cclls
3 Burgess 5308

2 Burges 2370

4 0, 6 Dry Cells

1 Burgess 4FA

2 Burgess Z30N

1 Burgess 4FA

Passible Substitutes

Shortage unlikely.

Sbortage unlikely.
1 90-volt block and 1 45

volt block, mounted ex
ternally.

Shortage unlikely.
ny 135-volt combination,
mounted externally, if
necessary.

Any 4.5-volt combination;
dry cclls arc satisfactory.

Shortage unlikely.

1 No. 6 dry cell, mounted
externally.

Any combination supplying
90 volts; Icads must be
short.

ot "ecommcndcd; any
chanl?e in dimensions or
locatIon wi II affcct the
calibration.

External battcric giving thc
samc voltagcs can be
uscd, but leads must be
short.

See TYPE 727-A.

If external baueries are
used, battery box must be
hielded and leads must

be short. Battery box
shield must be connected
to instrument shield.

Ie external batteries are
used, ee TYPE 759-A,
above. One user ba re
ported that two small 45
volt batteries and one
] .5-volt unit, which will
fit in the battery compart
ment, can be obtained at
Scar -Roebuck retail
stores.

760-A Sound Analyzer 3 Burgess Z30 }4 Burgess F2BP

76I-A Vibration Meter 1 Burgess 6TA60

814-A1\1 Amplifier 2 No, 6 Dry Cells
3 Burgess 5308
1 Eveready 950

8Il-AH Arnplifier 2 Burgess 41"A }3 Burgess Z30 T

I Burge s 2370

Sec TYPE 759-A.

See TYPE 759-B.

Shortage unlikely.
Any 135-volt combination.
Any 115-volt Oashlight cell.

arne as TYPE 8Ici-A,
above.
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ADDRESS CHANGES AND
"EXPERIMENTER"

ADDITIONS TO
MAILING LIST

THE

• WE H AVERE CEI VED a num
ber of complaints lately from Experi
menter readers who have not received
the last few issues of the Experimenter.
We regret the delay in making address
changes and in adding new names to
our mailing list, but the cause. is entirely
beyond our control. Owing to the press
of other war work, the company that
cuts our mailing list stencils is unable to
give us deliveries better than 60 days.

In some cases, Experimenters are
delayed where no address change is in
volved. This is usually caused by a dam-

aged stencil, which nece sitates the
cutting of a new one.

We can only ask your induJgence,
and we will do our best to make the
delay as short as possible. When your
new stencil is received, back issues that
you have missed will be mailed to you
automatically.

A number of readerr, whose addresses
are continually changing because of war
conditions are now having the Experi
menter sent to their homes to be for
warded. This is an excellent way to be
sure of receiving all issues.

DISCONTINUED INSTRUMENTS

In order to conserve materials and facilities necessary for the production of more
urgently needed equipment, the following items have been discontinued:

TYPE 449-A Adjustable Attenuator

TYPE 7l3-BR Beat-Frequency Oscillator (Relay Rack Model)

The TYPE 7l3-BM (Cabinet Model) is still in regular production.

THE General Radio EXPERIMENTER is mailed without charge each
month to engineers, scientists, technicians, and others interested in

communication-frequency measurement and control problems. When
sending requests for subscriptions and address-change notices, please
supply the following information: name, company name, company ad
dress, type of business company is engaged in, and title or position of
individual.

GENERAL RADIO COMPANY
30 STATE STREET CAMBRIDGE A, MASSACHUSETTS

BRANCH ENGINEERING OFFICES

90 WEST STREET, NEW YORK CITY

1000 NORTH SEWARD STREET, LOS ANGELES, CALIFORNIA
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'This is the same formula that is
used in electrical communications
to compare two 'Voltages operating
a t the same impedance levels.

PART III
THE DECIBEL-WHAT IS IT?

.IN SOUND MEASUREMENTS
the results are expressed in decibels. The
higher the number of decibels, the louder
the sound. Zero decibels represent
roughly the weakest sound which can be
heard by a person with very good hearing.
In practical noise measurements anytmng

below 24 decibels can generally be considered so nearly inaudible as to
be of no importance. In fact, except in Wlusually quiet locations, noises
below 40 decibels may generally be disregarded.

From the strictly technical standpoint, a given number of decibels
represents a ratio, since the decibel is a logari thmic unit. In terms of
sound pressure the for
mula is

Eo
db = 20 loglo -"

E1

where E 1 and E 2 repre
sent the two sound
pressures being com
pared. 4 This applies
only under conditions
where the power is
strictly proportional to
the square of the pres
sure, wmch is generally

FIGURE 4. Calibrating a
TYPE 759-B Sound-Level
Meter in the General Radio
standardizing laboratory.
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(2)

DecibelsDo Not Add

true for sound measurements in aIr.
In sound measurements decibels rep

resent not merely ratios, but absolute
levels, since a standard reference level
has been agreed upon. This level is 0.002
dynes per square centimeter at 1000
cycles. 5 This reference level is approx
imately 16 db below the average thresh
old of hearing. 6

add two sound levels together by ordi
nary addition. Sounds of a general and
complex nature add approximately as
the relative sowld power involved. That
is, two sounds of equal power, when
added together, produce twice the power,
which is 0 times (not twice) the sound
presslU·e.

The Equation (1) for decibels ex
pressed in terms of sound pressure rep
resents a special case which is valid only
because, under conditions generally en
cOlmtered, the air has a constant im-

Since the decibel is essentially a log-
pedance. The more fundamental equa

arithm, addition of decibels produces
tion is expressed directly in terms of

multiplication of sound pressures. For
power and is

instance, increasing any sound level by P
2

6 decibels is equivalent to doubling the db 10 loglo -
sound pressure. Do not try, therefore, to PI

'Sound-level meter microphones re.pond to sound pres- where PI and P2 are the sound powers
sure. 0.0002 dynes per square centimeter is the practical 6See Steinberg, Montgomery, and Gardiner, "Results of
equivalent of 10-16 walts per square centimeter. 3S specified the World's Fair Headng Tests," Journal of the ACou8ticai
in the American Standards Association BuJIetin Z24.3- Society of America, Vol. XII, No.2, pages 291-301, October,
1936. 1940.

Copyright, 1943, General Radio Company, Cambridge, Mass., U.S.A.

FIGURE 5. Error introduced in sound measurements by background noise (from.L. E. Packard,
"Background Noise Corrections in the :Measnrement of ~1achine Noise," General Radio Exper

imenter, Vol. XII, pp. 6, 7, Dec., 1937).
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3 EXPERIMENTER
involved. 7 The standard zero reference
level in term of power is approximately
10-16 watts per square centimeter at
1000 cycle.

A slide rule, logarithm table, or, more
conveniently, a decibel table (obtainable
on request to the General Radio Com
pany) i accordingly necessary for
adding together sound levels expressed
in decibel.

A an example, assume a sound of 50
decibels is to be added to one of 53
decibels. Looking in the decibel table,
we find that the first represents a rel
ative power ratio of 105, while the sec
ond represents a relative power ratio of
2 X 105• Adding these together, we get
a total of 3 X lOS, which is equivalent
to 54.8 decibels.

A simple relation to remember is that
doubling the sound power is about equal
to an increase of 3 decibels, so that when
equal sound levels are added together,
regardless of their actual value, the re
sulting level is 3 decibels higher than
that of the originals. Thus, 40 db +
40 db = 43 db, etc. If you add to a first
sound a second which is 10 db lower in
level (1/10 power) the resulting level is
0.4 db higher than the first sound alone,
\\ hich is a negligible increa e for mo t
purposes.

for background noise. Ordinarily, of
course, sound measurements should be
made under conditions where the back
ground noise level is negligible - that is,
at least 10 db below the level being
measured. However, this is not always
possible, and the curve shown in Figure
5 is convenient in those cases. The hori
zontal scale of this chart represents the
difference in sound-meter reading with
and without the machine under test in
operation. The vertical cale represents
the number of db to be ubtracted from
the total reading (machine plus back
ground noise) to obtain the noise level
generated by the machine alone.

Loudness
It is generally assumed that the re

sponse of the ear to variations in sound
intensity is logarithmic, but this is not
strictly true. Figure 6 represents the ac
tual relationship between the loudness
as estimated by a large number of ob
servers and loudne s level. This curve
shows loudness in L. U. (Loudness

nits) plotted versus loudness level in
phons.9 Loudness level in phons is equiv
alent for most practical purpo es to
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m('nl," Amcriean Standard AFRoeiaLion B,d-
I('Lin Z24.2-1912.
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sound level as measured by a sound
level meter, assuming that the meter has
exactly the correct frequency response
for the particular level being measured.

'A complete table of tbe function ploned in Figure 6 is
given in the American Standards for oisc feasurernent,
A..A. Bulletin Z24.2-19l2. This information is based upon
the paper by Fletcher and J\lunson in the October, 1933, issue

oC the Journal of the Acoustical Society, tcCerred to last
month in Note 1.

In the strictest interpretation, loudness level in phons is
measured by adjusting a lOOO-cycie tone to exactly the same
loudness 8S heard by tbe ear a8 the noise heing measured,
and tben measuring the intensity of the lOOO-eyc1e tone a8

witb a sound-level meter. Loudness level and sound level
correspond exactly, therelore, only for lOOO-cycle tones.

As a practical maller, a 8ound·level meter, when the net·
work corre8ponding most closely to the level being measured
is used, provides readings clo8Cly approximating loudne8s
level in phons. Phons and loudnel!s units are seldom used in
machinery noise problems, but do have Bome application in
physiological and peychological work.

PART IV

HOW TO USE A SOUND-LEVEL METER

Operating Instructions
Manufacturers have tried to make

sound-level meters as simple to operate
as possible. The instruction sheets cov
ering the actual mechanics of operating
General Radio Company's TYPE 759-A
and TYPE 759-B instruments are
mounted in the covers. ]<'or those who

may be unacquainted with the instru
ments, however, the following may be
of interest.

A standard sOIDld-level meter has,
aside from various minor controls, three
main controls and indicators wlllch are
used in taking the readings. The first of
these is a knob generally marked
"Weighting" and providing choice oJ

any of three frequency char
acteristics shown in Figure 2
of last month's article. The
second i a knob generally
marked "Decibels," which
shifts the en itivity of the
instrument 111 teps of 10 db.
The third is an indica ting
meter calibrated over a range
of approximately 16 db, which
in effect interpolates between
the readings of the decibels
control. In operation the read
ing of the meter is added to
that of the decibels control.

Other controls are generally
provided for checking the cal
ibration, changing the meter
speed, etc.

Test Code
The American Institute of

Electrical Engineers has formu·

FIG RE 7. Panel View of the
General Radio TYPE 759·B Sound·

Level Meter.
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lated a test code covering certain stand
ard methods of procedure particularly
well adapted to the measurement of
noises made by electrical machinery. The
code is by no mean complete and conse·
quently does not apply in all cases,
but it does form a basis for more
specialized codes applying to individual
application .10 In particular, it specifies
standard test distances which can gen
erally be followed in almost all case .
The tandard test distances are 6 inches,
1 foot, and 3 feet. The distance should
be measured between the nearest major
surface of the machine under test and
the microphone. When the microphone
is mOlmted close to or on the sound
level meter case, that end of the case
should face the sOlmd source.

Microphone Placement
Remember that the sound-level meter

measures ound pressure at the micro
phone, and that the sound pres ure va·
ries throughout a normal room and
around a machine or other sound source.
1icrophone placement is probably the

most important operation in the noise
measurement procedure and about the
only "trick" that has to be mastered by
the beginner.

lOA I.E.E. Test Code fo~ Apparatus oist: Measurement,
A.I.E.£. Bulletin o. 520. March. 1939. puhlished by
the American Institute ofEleculcalEnginecut 33 West 39th
Street, New York, . Y., price 30 0001.8. The tcsl code is now
being revised by the American Standards Association in
colJaboration with the A..I.E.E. [nformation on the revised
code will be supplied 8S 800n 8S it is available.

To measure with great accuracy the
total noise output from a machine, it
would be necessary to take an infinite
nwnber of measurements all around the
machine and integrate the re ults. In
actual practice measurements are made
at equal interval around a machine and
at a fixed distance from it, the actual
number of such measurement depend
ing upon the complexity of the sound
pattern and the importance of the re
sults. Where extreme accuracy is not re
quired, and particularly when the read
ings to be averaged are within a range of
10 decibels or so, a simple arithmetic
average of the decibel readings is gen
erally sufficient.

A more exact me thod involves
converting the decibel readings to their
corresponding relative power values, av
eraging these, and converting back to
decibels. The procedure is similar to
and involves the same equation as that
previously described for the addition of
sound levels, except that in this case the
sum of the corresponding powers is
divided by the number of readings to
obtain an average, as shown in Table
I, below.

This is the fairest way of comparing
machines of different types or charac
teristics, but a simpler procedure can
generally be used when comparing sim
ilar machines, as in production te ting.

Microphone
Position

TABLE I
Decibels

Sound Level
Relative Sound Power

(Antilog 1/10 Sound Level)

I
II

III
IV

50
55
70
55

100,000
316,200

1,000,000
316,200

4)1,732,400 total

433,100 average
10 10gIO 433,100 = 56.4 decibels.
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Sound-Level Range

24- 55 db
55- 85 db
85-140 db

A test posItIOn can be elected which
gives a single reading that varies clo ely
with the average noise a determined by
the above method. This ingle test po
sition is not necessarily one giving the
same reading as the average. sually it
will be the position providing the
highest reading.

This procedure may be modified in in
dividual cases. For machines having a
very pronounced noi e pattern, two or
more test positions providing fairly high
readings might be u ed. On such ma
chines, it is sometimes desirable, in order
to get a better check on the total noise,
to measure the level at these several
maxima in the noise pattern and average
the results, either arithmetically or ac
cording to relative power levels. This, of
course, yields an average higher than the
general average, and usually a more sen
sitive one. It provides a fair compari on
only between similar machines. In com·
paring dissimilar machine , only a gen
eral average, taken with as many micro
phone positions as necessary, will be
fair.

Choice of Weighting Curve
Aside from microphone placement, se

lection of the correct weighting curve is
the next important factor in making
noise mea urements. Changing the
weighting curve can produce varia
tions in the results ranging from neg
ligible differences in the medium and
upper frequency range to variations of20
or 30 decibel at low frequencies.

When all that is desired is knowledge
of the ound level at the microphone, the
problem is relatively simple. The follow
ing table shows the sound·level ranges
and the weighting curve recommended:

Weighting Curve
(40 db)

B (70 db)
C (Equal response
over entire range)

Strict use of this table will sometimes
be impossible. For instance, a sound
may read 54 decibels on the A charac
teristic and 56 decibels on the B, due to
the greater weight given to low fre
quencies on the B curve. imilarly, al
though not so likely, a sound with a
large amount of energy in the region of
2000 cycles might possibly read 56 db
on the A curve and 54 db on the B.
There is still, therefore, some judgment
required in choosing the best curve to
use under these conditions, but the fol.
lowing procedure is generally satisfac
tory. If the measurement is one of a
series, most of which fall well within the
range of a particular curve, this setting
should be used for all measurements.
If no such clear-cut distinction exi ts,
it is desirable to record measurements
made wi th both curves, noting, of
course, the curve designation as well a
the level. Where actual loudness is im
portant, rather than mere changes in
loudness or physical values, it is some
times desirable to make measurement
on both curve and average the result .

Always record the weighting curve
designation as well as the decibel values.

Noise at Distance
It is not always the sound level at the

microphone which is important, but
rather the annoyance which the noise
will produce at some distance. Under
these conditions the choice oIthe weight
ing curve should be ba ed upon the
level at the point where the annoyance
exists, although measurement may ac
tually be made close to the machine as a
matter of convenience.
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For instance, assume the problem is to

quiet an airplane motor test chamber so
that, with an engine running llilder test
at full speed, neighbors some distance
away will not be disturbed by the noise.
Assume that at the neighbors' homes the
sound has a level below 55 decibels.
Measurements made on the test cham
bel', therefore, even though they may be
made close by as a matter of convenience
and at a level considerably above 55
decibels, should be made on the A (40
db) characteristic. The measurements
then will be a much better indication of
the value of any quieting procedure than
if they were made with the B or the C
characteristic, since the meter will be

operating with a frequency response
more nearly duplicating that of the ears
of the neighbors under the actual lis
tening conditions.

Physical Measurements
Wherever actual physical measure

ments of sound pressure are desired, or
where the sound meter is to be u ed with
an analyzer, it is generally desirable to
use the C characteristic, which provides
sub tantially equal response over the
audio-frequency range. Reason for this
will be discussed in a later article.

-H. H. SCOTT

IF YOU MUST TELEPHONE
.WHEN YOU COMMUNICATE
with us on busine s or technical matters,
letlers are by far the most satisfactory
method. They make a permanent record
and allow time to prepare a well or
ganized and complete reply. The next
best method is to telegraph. This method
still gives the permanent record, but it is
usually less complete than a letter canbe.

If, however, the requirement is too
urgent to permit the use of slower
methods, and telephoning i essential, it
i highly desirable to have your call
routed to the proper person with a min
imum of delay. aturally, with the
hundred of active orders handled evel'Y
day, no one person in our organization
can know all the answers, but the follow
ing list indicates those who are likely to
be best informed on the various sub-

ject . When in doubt, ask our operators.
To determine the delivery status of
orders already placed:

Mr. H. P. Hokanson Extension 25
To check matters of credit:

Mr. C. E. Hills, Jr. Extension 50
To inquire about probable delivery and
prices of equipment under consideration,
but not ordered:

Mr. M. T. Smith Exten ion 30
Mr. 1. G. Easton Exten ion 94

To inquire about matters pertaining to
maintenance and repair:

_\fr. H. H. Dawes E tension 24
\lr. K. Adams Extension 79
It must be emphasized that it takes

time to check up on the myriad details
that may be associated with an order 
with luck, it may be only a few minutes,
but it often takes much longer.

USE OUR DISTRICT OFFICES
.MANY OF OUR CUSTOMERS
know that the General Radio Company
maintains branch engineering offices in

ew York City and Los Angeles, Cali-

forma. Thi fact may have been over
looked by others recently tran ferred to
these areas.

These offices have been established



GENERAL RADIO 8

primarily for the convenience of our cus
tomers in the regions served. Each
office is in the charge of a member of our
Cambridge engineering staff, who is pre
pared to furnish technical data regard
ing tbe instruments wbich we manufac
ture and to recommend uses and
applications. Much information which
ordinarily would be transmitted to the
customer in letter form is available by
telephone in the New York City and
Los Angeles areas.

Every effort is made to keep the Dis·
trict Office engineers fully informed of
the current delivery situation of all of the
many catalog items which we manufac
ture. It is often possible for these offices
to suggest satisfactory alternative ar
rangements of test equipment on which
the shortest delivery can be realized.

A limited stock of general catalogs
and bulletins relating to special instru
ments is maintained at these offices and
will be forwarded upon request.

Under present conditions it is diffi
cult to keep the District Office engineers
fully informed of the status of tbe many
orders placed with us. The delivery in
formation on file at these offices is suf-

ficient so that a valid estimate of the de·
livery on a new inquiry can be made on
the basis of a high priority rating. If,
however, you wish specific delivery in
formation on an order which has been
placed with us for some time, our Dis
trict Offices will obtain tbe data you reo
quire from our factory, and will see that
the report reaches you in tbe minimum
possible time.

Service difficulties cannot usually be
handled in the field or at the District
Offices. However, our District Office en
gineer will be glad to consult with you
regarding any trouble which might
occur. He may be able to suggest minor
adjustments and repairs that you can
make in your own plant with tbe help of
our Service and Maintenance Notes, and
will make arrangements for service work
to be done at our factory when required.

Tbe engineer in charge of our New
York Office, at 90 West Street, is Mr.
L. E. Packard. Mr. Packard may be
reached by telepbone at COllrtlandt
7-0850. Mr. Frederick Ireland of our
engineering staff is located a t our office
at 1000 orth Seward Street, Los
Angeles, California. He may be reached
at Hollywood 6321.

GENERAL
30 STATE STREET

SERVICE DEPARTMENT NOTES
ERRATA

• THE F0 LL 0 WIN G ERR 0 RS TYPE 2173, page 8, should have been
have been ]loted in service information 2713.
published in recent issues of the Ex- January, 194,3:
perimenter. In the list of sllbsti Lute batteries for
November, 1942: TYPE 814-AM Amplifier, page 7, for

In tbe article entitled "Orders for Re- "any ll5-volt flashlight cell," read "any
placement Parts," the plug listed as 1.5-volt flashligbt cell."

RADIO COMPANY
CAMBRIDGE A, MASSACHUSETTS

BRANCH ENGINEERING OFFICES

90 WEST STREET, NEW YORK CITY

1000 NORTH SEWARD STREET, LOS ANGELES, CALIFORNIA
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GENERAL RADIO COMPANY WINS ARMY-NAVY "E"

ISS UEIN TH IS

Left to right: Mayor Corcoran, Captain Hyland, Governor
SaltonstalI, Mr. Riemer, Mr. Eastham, Colonel Van Horn

• THE ARMY·NAVY HE" AWARD
for outstanding production of war mate
rials was presented to the General Radio
Company at exercises in Cambridge on
February 16, 1943. The ceremony was
attended by all employees of the Com-
pany, and by representatives of the Army

and Navy, of local and state governments, and of local industry.
Speakers were introduced by Mayor John H. Corcoran of Cambridge.

Governor Leverett Saltonstall of Massachusetts spoke briefly.
The "E" banner was presented to Melville Eastham, President of

the General Radio Company, by Captain John J. Hyland, U.S.N.
(Ret.), Inspector of Naval Material for the Boston district, and was
accepted by Harold B. Richmond, Treasurer of the Company.

Colonel James H. Van Horn, U.S.A., Signal Officer for the First
Service Command, presented "E" pins to a group headed by Charles
H. Riemer, President ofthe General Radio Mutual Benefit Association.
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(Right) CAPTAIN HYLAND: "Without these in
struments, vitally necessary in the calibration
of all types of radio apparatus both at sea and
on shore; without the instruments produced by
your firm so necessary in the measurement of
noises, of vibration on board ships and for
many other uses, the efficiency of the fighting
ships would be greatly reduced and the machin·
ery, guns and fire control apparatus would not
operate at the maximum efficiency for which

they were designed."

(BeLow) COLO EL VAN HORN: "And let me
point out that, without such equipment, effec
tive joint action of the Army and avy would
be impracticable. This equipment is of utmost
importance in establishing communications
throughout our armed forces where tactical
co-ordination is the essence ofcombat success."

(Left) MR. RICHMOND: "We have taken for
our task the manufacture, and in many cases
the desi~n, of electronic equipment not gener
ally avaIlable to our Government from other
sources, and in many cases in quantities too
small, and too difficult in technological desi~n,

to interest most manufacturing companies. '

(Above) MR. RIEMER: "We are tremendously
proud of the part our Company and apparatus
are playing in this war. That pride, however, is
tempered in the cooling waters of re ponsibility
and obligation, for we conceive it an obligation
to supply in quality and quantity - on time 
sufficient instruments to shorten the war."

Copyright. 1943. General Radio Company.
Cambridge. Ma.... U.S.A.
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THE NOISE PRIMER
PART V-PRACTICAL APPLICATION OF THE

SOUND-LEVEL METER

• MAN Y DETA I L S of the operation flat, black walls the only light reaching
of sound-level meters are ordinarily over- the exposure meter will be direct from
looked in both instruction books and the lamp. With any other kind of walls
theoretical discussions. This chapter is the actual reading of the exposure meter
an attempt to answer some of the will depend upon the reflection from
questions most frequently asked in the walls as well as the brightness of the
correspondence and which have not lamp.
already been mentioned in previous

"Dead" Room Measurementschapters.

Acoustic Conditions for
Measurements

Part III described the procedure
for correcting sound measurements for
background noise level. In Part IV
microphone placement was discussed.
Jlnother important factor that should
not be overlooked is the acoustic condi
tion of the room or space in which the
measurements are made. Sound, like
light, is reflected by some surfaces and
absorbed by others. A porous, soft mao
terial or heavy fabric will absorb sound
much as a black surface absorbs light.
Similarly, a hard surface reflects sound
as a white surface reflects light. A source
of sound in a room may be likened to a
source of light. The sound meter meas
ures the sound pressure at any point just
as a photoelectric exposure meter meas
ures the light.

To complete the analogy, since sound
level meters have non-directional micro
phones, it should be assumed that the
photoelectric cell of the exposure meter
responds equally to light coming from
all directions.

The reading of the exposure meter at
any point in the room will depend not
merely upon the intensity of the light
source, but also upon the absorbing ca
pacity of the walls. With completely

Exactly the same is true in sound
measurements. Hence such measure
ments, so far as possible, are generally
made under conditions of high acoustic
absorption in order to avoid additional
errors resulting from reflections. Reflec
tions are entirely absent only when
measurements are made outdoors at
some distance from all buildings or other
obstructions, or in a room, all interior
surfaces of which are 100% absorbent.
As a practical matter, such ideal loca
tions are seldom available. For some
types of measurements they are not ab
solutely necessary, and in others it is
possible to minimize the effects of those
reflections which cannot be avoided.

Radiation of Sound

Sound radiated from a small source
varies in pressure inversely as the dis
tance from the source. Hence, each time
the distance between the sound meter
and the sound source is doubled, the
reading of the meter will decrease 6 db
if no reflections are present. As a prac
tical matter, the sound pressure around
an average machine will pass through
several minima and maxima as the sound
meter is moved away, and then approach
the inverse characteristic - that is, will
decrease 6 db each time the distance is
doubled, providing reflections are not
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present. This provides a convenient
check on whether or not the surround
ings are sufficiently non-reflective. Care
should he taken in making this test that
the background noise does not introduce
serious error. This can be checked by
turning off the machine under test and
noting the reading of the sound meter
on background noise alone. If the back
ground noise is louder than 10 db below
the machine noise, correction should be
made for it.ll

It is not always possible., particu
larly with large machines and small
rooms, to obtain high absorption, or
even to check absorption by tht' inverse
law, as mentioned above. However, the
effects of reflection can be minimized
by making measurements fairly close to
the machine, so that the ratio of direct
sound to reflected sound is high. It
is quite general, therefore, in checking
large machinery to make an appreciable
number of measurements at a relatively
small distance and average them.

USee Figure 5 (February, 1943, Experimenter)a

FIGURE8. Both the TYPE 759-P50 PowerSupply
Unit and the Burgess type 6TA60 battery
may be used interchangeably in the TypE 759-B

Sound-Level Meter, as shown here.

"Live" Room Measurements
In any room the average sound level

will build up to an intensity such that
the sound energy absorbed equals the
sound energy radiated by the source.
Hence in a "live" room - that is, one
with high reflecting interior surfaces
the sound will build up to a very high
level. This is obviously undesirable for
ordinary measurements, but in certain
applications it is a real advantage. If
such a room has irregular or non
parallel wall surfaces, the level at any
point is the result of multiple reflections
of sound which originated from all sides
of the machine under test. Hence the
reading represents, in effect, an integra
tion of the total sound radiated by the
machine. The "live" room, therefore,
rnay be very useful for comparative
measurements, as when quieting a par
ticular machine, since a single sound
meter reading taken at a distance from
the machine may be used instead of the
average of a large number of readings.

Production Testing
As a practical matter, in the produc

tion testing of equipment for noise level,
it is seldom possible to obtain ideal
acoustic conditions. Tests must generally
be made under normal plant conditions
of noise and acoustic reflection, and, as a
matter of economy, must generally be
limited to a few simple measurements.

If the machine under test is fairly
noisy and the background noise level at
least 10 db lower, it is usually satisfac
tory to make one or two measurements
on each machine at points near the
machine which experience has shown
provide good indications of the general
noise radiated by the machine. This
means that, in general, the measure
ments will be made at the points of
maximum noise around the machine
and these measurements correlated with



FIGURE 9. TYPE 759-B Sound-Level Meter
used with microphone on a tripod.

field somewhat and cause reflections
which will affect the meter readings.
As a practical matter, however, on the
TYPE 759-A and -B ound-Level 1eters
the placement of the microphone above
the main body of the instrument is such
that the reflection of sounds arriving
in a horizontal direction is quite negli
gible, particularly in the ordinary fre
quency range of machinery noises. The
meter should be used, of course, with
the microphone end facing the sound
source. The effect of reflection is fur
ther reduced in the TYPE 759-B Sound
Level Meter by the microphone de ign.

The practicability of mounting the
microphone directly on the sound-level
meter is shown by the widespread
adoption of this method of mounting
by various other manufacturers.

An extension cable for the microphone
is sometimes a convenience. For these
applications special cables having good
shielding and low losses have been de
veloped. Since a crystal microphone is
essentially a generator with a capacitive
impedance, use of a long cable which is

data taken on a few similar machines
under more nearly ideal conditions.

A·C Power Supply

Where sound-measuring equipment is
operating continuously, as in production
testing, portability is not necessary, and
batteries are undesirable because of the
need for frequent replacement. Under
these conditions use of a TYPE 759·P50
Power Supply Unit is recommended
with either the TYPE 759-A or -B
Sound-Level Meter.12

Vibration Pickup

When measuring fairly quiet devices,
such as, for instance, electric clocks or
speedometers, ordinary plant noise often
makes acoustic measurements imprac
tical unless special soundproof booths,
etc., are constructed. In many such cases
a vibration pickup may be used in place
of the microphone. Sound measurements
made under satisfactory acoustic con
ditions can be correlated with the vi·
bration measurements on any particular
type of machine and the vibration
measurements then used in actual pro
duction testing under plant conditions.
In this application the vibration pickup
is merely used as a comparison device.
Vibration pickups will be di cussed in
more detail in a later chapter.

Extension Cable

When the TYPE 759-A Sound·Level
Meter was first announced in 1936, theo
rists suggested that the microphone
mounting on the instrument would be a
source of serious error. Previously, most
sound-level meters had had the micro
phones on long cables. Theoretically,
the presence of any object in the field
around the microphone will distort the

12Tbis power supply unit aHowl' operation of the TypB
759-B Sound-Level Meter over ita entire rangc9 or the
TYPE 759-A Sound-Level Meter over the range down to
34 decibels. The power 8upply unit fit8 into the battery
compartment of the BOund-level meter. The power 8upply
unit is completely described in the January. 1942, iS8ue of
the General Radio &perimenter. 5 EXPER I MEN·T ER
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in effect a capacitive load on the micro
phone results in a slight reduction in
output. A cable correction is accordingly
supplied, which should be added to
sound-meter readings. The correction is
not affected by frequency.13

Temperature and Humidity

Most sound measurements are made
at normal room temperatures - that is,
in the range from 60° to 80°F., but there
are some instances where measurements
must be made at abnormally high or low
temperatures. Definite information re
garding the temperature characteristics
of microphones is generally lacking,
since, as previously pointed out, the
microphones were intended primarily
for broadcast recording and sim- ~s,

and variations which would be s in
noise measurements are of IittL '~l'Jr

tance in such work.
The microphone used on the TYPE

759-B Sound-Level Meter is of the
piezo-electric type, utilizing a "bimorph"
crystal, which is really two crystals
cemented together in such a way that
most of the temperature characteristics
cancel out. Over the range from 24° to
U5° Fahrenheit, cartridges of this type
generate a substantially constant volt
age at all frequencies up to 2000 cycles.
Above this frequency there is some
variation amounting to a maximum of
±0.5 db at 3000 cycles and ±1.5 db
at 8000 cycles. These variations are well
within the normal tolerances on micro
phones and are unimportant over the
frequency range generally encountered
in noise measurements.

The characteristic of a crystal micro
phone which changes most with tem
perature is its capacitance. The curve
shown in Figure lOa shows the average

"With the TYPE 759-B Sound-Level Met.. and the
TTPE 759-P21 Cable the correction at average temperature.
i. 2.5 db. Witb tbe TYPE 759-A Sound-Level Met.. and the
TYPE 759-PI Cable the correction is l.8 db.

capacitance of a microphone as used on
the TYPE 759-B Sound-Level Meter as a
function of temperature.

Cable Correction

So long as the microphone operates
into a high impedance, this change in ca
pacitance with temperature has little
effect upon the output but, as the load
on the microphone decreases in imped
ance, variations due to the internal
capacitance of the microphone become
more important. The TYPE 759-P2l
Cable14 is normally supplied with an at
tached celluloid tag, as shown in Fig
urelOb, giving proper corrections for dif
ferent operating temperatures. This
cable is 25 feet long and has a capaci
tance of 675 micromicrofarads. The cor
rection for operating into other capaci
tances can be figured from the following
formula:

Cl
db = 20 log (1 + C) (3)

where CI is the capacitance of the cable
and C2 is the capacitance of the micro
phone at the particular temperature.
For most practical purposes this can be
read directly from Figure lOa. The correc
tion does not change with frequency so
long as any shunting resistance remains
relatively high. The input resistance of
the TYPE 759-B Sound-Level Meter is
approximately 7 megohms.

The crystal units used in these micro
phones are coated with a moisture-proof
compound, and consequently are unaf
fected by humidity. As with all Rochelle
salt devices, the microphone should
not be subjected to temperatures higher
than 130° Fahrenheit, or permanent
damage to the crystal may result.

Variable Sounds

The panel meter on standard sound
level meters such as the TYPE 759-B

U'Owing to the shortage of critical materials, thilt cable ill
temporarily not available. The correction {or any other eable
can be computed (rom Equation (3).



7 EXPERIMENTER
(and TYPE 759.A) has definite balli tic
characteristics, a specified by the
American Standards Association. These
standards presumably represent an at
tempt to obtain a reasonable compromise
between the response of the ear to vary.
ing or transient sounds and what can
be obtained in a practical indicating in·
strument. It is often desirable, however,
to obtain a single reading representing
an average sound level by means of a
heavily damped meter, and for this rea
son the TYPE 759-B Sound·Level Meter
(and some of the later TYPE 759-A's) is
equipped with a low·fast meter. This
is controlled by a switch directly below
the meter. The fast position gives the
normal A.S.A. characteristic. The slow
position provides a heavily damped
meter response for averaging varying
sounds. On steady sounds the meter will
read the same on either po ition of the
witch.

Why Use a Sound-Level Meter
Anyway?

This and the preceding chapters have
been mainly concerned with the actual
practical side of sound·level measure
ments with no attempt to gloss over the
difficulties or possible errors. An instru
ment can be used most intelligently
only when its limitations as well as its
advantages are known. It should be
realized, however, that the limitations

FIGURE 10 (a). Capacitance variation of micro
phone of TYPE 759-B ound-Level Meter a a

function of temperature.

are inherent in the pre ent tate of the
art and are not caused by cutting cor
ners in the design of the instrument.
The TYPE 759-B Sound-Level Meter, in
particular, represents the best compro·
mi e among accuracy, convenience,
ruggedness and portability which has
been devised to date and its low price
is an indication of clean·cut design and
efficient manufacturing methods rather
than of skimping.

Experts all agree that readings of a
sound·level meter do not always check
with a sound jury's estimate of loud·
ness, for many reasons which seem in·
superable by practical means in the pres
ent state of the art. This does not, how
ever, mean that a sound·level meter is
useless - quite the contrary. In fact,
for many purposes the meter's character
istics are more useful than if they fol
lowed the ear exactly.

1. The meter gives a definite numeri
cal reading which can be duplicated
quickly, and which can be kept as a
permanent record.

2. The meter can distinguish slight
changes in level imperceptible to the ear.
Several small changes, each one unim·
portant by itself, can add up to a very
definite improvement.

3. The meter's readings are unaffected
by the many human variables which
enter into any ort of loudnes estimate .

FIG RE 10 (b). Temperature correction for
TYPE 759-B ound·Level Meter when useu

with TYPE 759-Pll Cable.
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4. The meter's frequency characteris
tic can be adjusted independently of the
level.

5. The meter can, for purposes of
physical analysis, etc., provide un
weighted reading in terms of actual
sound pressures.

6. The meter is unprejudiced hy likes
or dislikes for particular types of sounds.

These are by no means all the advan
tages of the sound-level meter, hut they
are most of the important ones. Only
through actual use of the meter can an
engineer become fully acquainted with
its convenience, accuracy, and useful
ness. To one who has used a sound-level
meter, it is indispensable.

-H. H. SCOTT
(To be continued)

ERRATA

.THE FOLLOWING ERRORS
have heen noted in the February install
ment of The Noise Primer.

Page 2, 1st column, line 5: for 0.002,
read 0.0002.

The caption for Figure 6 should read:
"Relation between loudness and loud
ness level. ..."

FIG BE 11. Scale of sound levels for typical
noise sources.
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Why Analysis?
The sound-level meter measures only

weighted or unweighted sound pressure.
For a more complete description of the
sound, measurements involving pitch and

quality are also needed. The usual mathematical concept of a complex
sound or vibration is based upon the Fourier system of analysis, which
divides any complex waveform into a series of sinusoidal,or pure, wave
forms of different pitch or frequency and of definite amplitude and
phase relationship. Each of these sinusoidal waveforms contributes to
both the loudness and the quality of the sound.

In general, what the ear recognizes as pitch is the frequency of the
lowest-frequency sinusoidal component in the complex waveform. The
higher-frequency components are generally, but not always, harmonics
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(that is, integral multiples) of this fre
quency, and determine the quality or
timbre of the sound.

For instance, steady-state notes of the
same pitch, but played upon different
musical instruments, have the same fun
damental frequency and differ only in
their harmonic structure or overtones.
Similarly, two noises of the same inten
sity and the same pitch may vary appre
ciably in the annoyance they cause be
cause of different harmonic makeup or
"quality."

A sound analyzer measures the ampli
tude of each individual frequency com
ponent. IS For steady-state sounds, there
fore, measurement of level with the
sound-level meter and analysis of har
monic structure with the sound analyzer
give a substantially complete description
of the sound itself. There are other char
acteristics which may affect slightly the
quality of a sound, but for general pur
poses it may be said that two steady
state noises of the same level and
harmonic structure will sound alike.

The analyzer shows clearly why dif
ferent kinds of musical instruments play
ing the same note do not sound alike.
Each has its characteristic timbre, which
depends upon the resonances of the in
strument itself.

Similarly, the noise generated by any
mechanical device depends upon its own
resonances. The sound produced by a
machine includes not only a fundamental
frequency, depending generally upon the
machine's speed, but also many other
components of higher frequencies, usu
ally determined by the various resonant
frequencies of the machine parts and
structural elements. Many of these
resonances are calculableI6 or measur
able by various methods. Hence an

lliExcept under unusual conditions the pbase of the com
ponents docs not afTect the car and hence is unimportant
for purposes of noise measorement.

analysis of the noise will provide many
clues to the source of the various com
ponents. When the source of the noise
is found, the problem is half solved.
Often relatively simple modifications
will entirely eliminate the noise.

Therefore a sound analysis is useful
for two important reasons. In the first
place, it provides definite information,
which can be recorded for later reference,
as to the makeup of the sound. In the
second place, the sources of the sound
can be identified through their corre
sponding frequency components, so that
definite steps can be taken to reduce the
sound through proper redesign of the
mechanism.

Classification of Noises
Machinery noises may be divided

roughly into two classes. The first in
cludes the fundamental frequency at
which the machine is operating and va
rious harmonics thereof, as well as any
other components which vary in fre
quency proportionally with the funda
mentaL Sounds of this class are generally
characterized by the harmonic relation
ship between the various components
and are characteristic of most types of
rotating or reciprocating mechanisms,
particularly those operating at high
speeds. These are the noises commonly
referred to as "pitched."

The second class of noises contains
those components which are not defi
nitely related in frequency to the funda
mental speed of the machine. These vi
brations are generally caused by shock
excitation at the machine fundamental
speed or some harmonic of it. They pro
duce a series of damped waves whose
components correspond to the natural
frequency or harmonics of the vibrating

111For instance, sce J. P. Den Hartog, "Mechanical Vi
brations," published by McGraw-Rill, 1940; S. Timoshenko,
"Vibration Problems in Engineering," Van Nostrand, 1937;
I. B. Crandall, "Theory of Vibrating Systems and Sound,"
Van Nostrand, 1926.

Copyright, 1943. General Radio Company, Cambridge, Mass., U. S. A.
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WIDE RANGE
AMPLIFIER

17From the mathematical standpoint, frequency madu
la tion produces side bands, just 8S amplitude modulation
does. In frequency modulation strong side bands cover 8

band width equal La the total frequency s .....ing. These side
bands, however, are spaced apart in the frequency spectrum
by intervals equal to the modulation frequency, which in
machinery sound and vihration problems is gcucrally very
low, 80 that the side bands cannot he measured separately
with any p['actical analyze[' now available.

pends upon the steadiness of pitch of
that component. Fluctuation, or fre
quency modulation, of the pitch beyond
the hand width of the selective circuit
produces an attenuation of the response
dependent upon the type and extent of
the frequency modulation and upon the
characteristics of the selective circuitY

Most users of sound-measuring and
-analyzing equipment are in agreement
that in the ideal noise analyzer the
band width of the selectivity curve
should he proportional to the frequency
to which the device is tuned. For Class 1
sounds this will provide the minimum
error, since any attenuation caused by
frequency modulation of the sound will
be eqnal for all components, and they
will then be measured in their true rela
tive proportions.

For Class 2 sounds it is ohviously
more difficult to determine the ideal
selectivity characteristic, hut the con
stant-percentage type, which widens out
in hand width proportionally as the fre
quency is increa ed, is far more suitable
for measuring the nnpitched components
than an analyzer with razor-sharp selec
tivity in the high-frequency region. The
degenerative type of sound analyzer
which has inherently a constant-percen-

LOG. V.T.V.M.

"",
\/; /

B

Analyzer Characteristics
It is well known that the ease with

which a frequency-selective electric cir
cuit can be adjusted to resonance with
any particular signal component de-

FIGURE 13. Functional block diagram
showing the operation of the TypE 760-A
Sound Analyzer. It consists of a high
gain amplifier and a frequency-selective
feedback network, so designed that the
feedback is degenerative at all frequen
cies except that to which the network is

tuned.

parts, rather than to the machine speed
or its harmonics.

The actual frequencies involved in
such sounds are seldom clearly defined,
since the effect of shock excitation, the
natural damping of mechanical parts,
the movement of the parts, and the vari
ation of forces impressed upon them
cause appreciahle frequency variations.
Such sounds are commonly referred to as
"unpitched" and include rattles, buzzes,
and similar noises. Their sound energy
is generally spread over bands of fre
quencies rather than being confined to
discrete frequencies.

The noise of most machines contains
both pitched and unpitched components,
hut usually most of tbe important sound
energy falls into one class or tbe other.
For example, the whine of a dynamo is
almost entirely a pitched sound in
Class 1. A typewriter, on the other
hand, produces noise almost entirely
through shock excitation, and hence this
noise is an unpitched sound, falling into
Class 2.

npitched sounds, except in those few
cases such as the typewriter, are charac
teristic mainly of machines which are
poorly designed or in poor repair. The
presence of strong Class 2 components in
the noise produced by a machine to
which they are not characteristic is gen
erally an indication of trouble.

VARIABLE FEED-BACK
NETWORK



GENERAL RADIO 4

tage band width characteristic,18 has
been developed for noise analysis and is
generally better adapted for that pur
pose than the many modifications of
heterodyne and other types of analyzers
which are also in use. Figure 13 shows
the principle of operation of the degen
erative-type analyzer.

The General Radio TYPE 760-A
Sound Analyzer l9 is of the degenerative
type and, because of its unusual circuit,
it is both inexpensive and easily port
able. Because of the absence of induct-

l'The theory of this circuit was described in "A Tew
Type of Selective Circuit and Some Application!-," by B. B.
Scott, Proc. I.R.E., Vol. 26, 0.2, February, 1938.

lPThis analyzer was described in "The Degenerative
Sound Analyzertt by H. H. Scott. The Journal of the Acous·
tical Society of America, Vol. 11, No.2, October, 1939; al80
"An Analyzer for Noise Measurement," General Radio Ex
perimenter, February, ]939.

ances in the design of this instrument
and the complete electrostatic shielding
of the case, this instrument is quite
unaffected by ordinary electromagnetic
and electrostatic fields.

Where a heterodyne-type analyzer,
such as the General Radio TYPE 736-A
is available, it also can be used for noise
analysis of sounds where the pitch is
constant and no important unpitched
components are present. Where new
equipment is to be purchased, however,
the TYPE 760-A oise Analyzer is
recommended because of its greater
general usefulness and the lesser possi
bility of error.

The following instructions apply to
the TYPE 760-A Noise Analyzer.

PART VII-HOW TO USE THE SOUND ANALYZER

Relative Readings
The TYPE 760-A oise Analyzer is

completely self-contained and operated
from dry batteries. 0 battery adjust
ments are required. Push buttons and a
neon lamp on the panel indicate whether
or not the batteries have sufficient volt·
age for satisfactory operation. Complete
instructions covering testing and replace
ment of the batteries wil1 be found in
the cover of the instrument.

The analyzer is tuned by means of
the large knob and the row of push
buttons beneath it. The buttons select
the particular frequency range and the
knob provides tuning over that range.
The calibration is direct reading in cycles
per second and may be converted to rpm
by multiplying by 60.

To analyze a sound, connect the input
of the analyzer to the output of the
sound-level meter by means of the cord

• 1111
m\

--';TYPe 16Ch\ SOJNO ANALYZER
(Otgenerotl•• '

-,. I \ --TYPE ~6.~t1=,~E ANALYZER

1/
-. ~

/ 1\\ / 1\

-'" \ I

V 11\ 1/ 1/
\ 1\ ; J I J-<0

\ V I i'--
-!lO

\ It

- /,\I. ,.. ,- 1000O

COMPARISON OF SELECTIVITY CURVES OF DEGENERATIVE AND TYPICAL
HETERODYNE ANALYZERS

FIGURE 14. Comparison of
the selectivity curves of a de
generative and a heterodyne
analyzer. The degenerative
analyzer, because of its con
stant percentage selectivity,
is to be preferred for noist'

analysis.



5 EXPERIMENTER
provided. Both instruments should be
turned on. The level of the sound which
strikes the microphone will be indicated
directly on the meter on the panel of the
sound-level meter. This reading is the
total sound pressure. Press Button A
on the sound analyzer, which selects the
25-to-75-cycle range, and turn the main
dial slowly from 25 to 75 cycles, noting
the deflections of the meter on the sound
analyzer. Repeat this process, covering
the entire range of the instrument by
successively depressing Buttons B, C,
D, and E and turning the dial around.
The instrument is so constructed that
the dial may be rotated continuously in
one direction, thus facilitating rapid
scanning of the entire frequency range.

During this process the sensitivity
control of the analyzer should be turned
down whenever a component is found
which deflects the meter above the 100%
(0 db) point, so that the meter reads
exactly at this point. This sets the sensi
tivity such that the analyzer will read
100% on the loudest component in the
sound. Do not change the setting of this
control before the analysis is completed.
The analyzer should then be carefully
tuned for maximum amplitude on each
component (without touching the sensi·
tivity control) and the results recorded.
This provides an analysis directly in
terms of the loudest component, which
is generally, but not always, the funda·
mental.

The sensitivity control on the analyzer
is intended only for use in making the
initial setting and it should not be used
as a multiplier for the meter or to ex
tend the scale of the meter

The vacuum-tube voltmeter circuit is
so arranged as to provide a semi-Iogarith.
mic scale characteristic, in order that
components varying in amplitude over a
range exceeding 40 db may be read di
rectly from the scale, and with an ac-

curacy proportional to the importance
of the components. That is, the strong
est components are read with the highest
degree of accuracy. The meter is
equipped with two scales, one in deci
bels and one in percentage of full scale,
so that measurements may be made in
whatever units are most convenient to
the operator. The accuracy of the volt·
meter calibration is maintained by
means of a neon ballast tube.

The analyzer is equipped with an out
put jack for operating a pair of phones,
thus allowing the user to listen directly
to the particular component being meas·
ured. The semi-logarithmic characteristic
of the tube voltmeter circuit provides an
automatic volume control effect at the
phones output jack, thus avoiding the
possibility of acoustic shock to the
operator.20

Absolute Readings
Relative readings are generally suffi

cientforpractical analyses, but if it is de·
sired to have the readings in terms of
the absolute sound level rather than
referred to the strongest component,
proceed as follows:

Plug the sound·level meter into an
alternating-current power line and ad
just all controls as when calibrating. This
will provide a deflection on the indicat·
ing meter of approximately +5.

Connect the analyzer to the sound
level meter, tune the analyzer to the
power-line frequency and adjust the
SENSITIVITY control so that the in·
dicating meter on the analyzer reads 10
db lower than that on the sound-level
meter. For instance, if the sound meter
reads +5 the analyzer meter should
read -5. Do not readjust the SENSI
TIVITY control further. The dial may

~OBecauseof these ave charactecil!lice, the output at the
phones jack is not a pure sine wave, but it is adequate for
allliatening purposes.
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be marked wi th a pencil to show the
proper setting, if desired.

Disconnect the sound-level meter from
the power line and adjust the DECI
BELS control of the sound-level meter
for normal measurement of the sound
with the indicating meter showing a
deflection between 0 and 10 (except, of
course, for levels below 30 db). The
analyzer may then be tuned to each
individual component in the normal
manner. Do not change the setting of
the sensitivity control on the analyzer.
The absolute level of each component
will be indicated directly by the alge
braic sum of the setting of the DECI·
BELS switch on the sound-level meter
and the decibels reading of the indicat
ing meter on the analyzer, plus 10 db.
The DECIBELS switch on the sound
level meter should not be used to in-

crease the deflection of the meter on
the analyzer on low amplitude compo
nents since this wouldoverload the output
circuits of the sound-level meter and
cause distortion.

Choice of Network

Before making an analysis one deci
sion must be made. W'.aich is desired
a meaSill'ement of the amount which
each component contributes to the
sound as heard by the ear, or a dirert
physical measurement of the relative
intensity of each component? If the first
is desired, the same weighting curve
should be used as when measuring the
noise with the meter alone. If a direct
physical measurement is desired, how
ever, the C curve (flat) should always be
used. -H. H. SCOTT

(To be continued)

METHODS
AT

OF OBTAINING LOW
HIGH MODULATION

DISTORTIONS
LEVELS

• UNDIS TOR TED SI GNAL S at
high modulation levels are sometimes
quite useful in the laboratory for testing
purposes, but distortionless output is
not easily obtained from low-powered
testing equipment. In general, these de·
vices tend to produce appreciable dis
tortion when operated at high modula
tion levels.

With standard-signal generators, there
are two convenient methods by meal).s
of which low distortion at high modula
tion levels can be obtained. These are
described below, together with their ap
plication to the TYPE 805-A Standard·
Signal Generator.

(a) Car r i erA mplit udeRe duct ion
If a modulated r-f voltage be combined

in the proper manner with an unmodu
lated r-f voltage of the same carrier fre
quency but of opposite phase, the reo

sultant output will have a higher
percentage modulation and lower am
plitude than the original. Thus it may
be seen that, starting with a source of
modulated carrier-frequency voltage of
relatively low modulation distortion,
and reducing the amplitude of the car
rier component, it is possible to increase
the percentage modulation with no in
crease in modulation distortion.

When the TYPE 805·A Standard·
Signal Generator is operated at 50%
modulation, the modulation distortion
is very small. Using this instrument as
a source of modulated carrier frequency,
it is merely necessary to provide two
linear r-f amplifiers and to operate their
output circuits in parallel and 180 de·
grees out of phase. Since it is necessary
to obtain unmodulated r-f voltage from
the signal generator, one of the linear
r-f amplifiers must be directly coupled
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to the r·f oscillator in the TYPE 80S.A,
but through an isolating impedance
(ZJ) in order to avoid reaction on the
oscillator frequency. The second r-f am
plifier may be connected directly to the
output terminals of the signal generator.
This system is shown in schematic form
at the lower right of Figure l.

There are several precautions to be
observed if satisfactory results are to be
obtained with this system. The two r-f
amplifiers should be identical in con
struction and have very nearly the same
phase shift. Becau e exact pha e balance
cannot be convenien tly obtained unless a
variable element is introduced into one
of the r-f amplifiers, some such means of
adjustment should be provided. Con·
trol of the amplitude of either or both
amplifiers provides a means of adjusting
the percentage modulation at the output
of the system. It is also quite important
to i olate the two r-f amplifiers to pre
vent cross-modulation between them,
which would tend to introduce distortion
and, under certain conditions, would pre
vent a symmetrically modulated wave
from being obtained. The inability to
adjust the modulation to 100 c, without
clipping negative modulation peaks, is
another indication of trouble of this sort.

Further circuit precautions involve
the use of a voltage-regulated upply,
especially on those units which do not
have internally regulated power upplies.
This has been found neces ary in order
that the vol tage and phase balance of
the system be maintained within the
degree of accuracy required.

A suitable means for determining the
exact percentage modulation level when
operating in the vicinity of 100% is de
sirable. Any of the conventional methods
employing a cathode-ray 0 ciLlograph
could be used. It is quite difficult to
determine, with any degree of accuracy,
the exact point at which 100 0 modula·
tion is reached, however, and some form
of an indicati fig meter seems more useful.
The TYPE 726-A Vacuum-Tube Volt
meter has proved to be quite conven
ient for this purpose. When used in
low impedance circuits at voltage levels
above IS volts, the peak-respon e char
acteristics of this instrument are excel
lent-I

A TYPE 80S-A Standard-Signal Gen
erator, used as a source of modulated

IThe TYPE 726-A Vacuum-Tube Voltmeter will inclicate
peak amplitudes or repetitive transjents, provided the peak
amplitude is maintained Cor at least .OOL of the period. The
scale readings should be multiplied by 1.4 to obtain_true
peak valuce.

FIGURE I. Schematic diagram showing both methods of reducing distortion as appljed
to the TYPE 805-A Standard-Signal Generator. The signal gencrator is shown at the top
of the diagram. Below, at the right, is the carrie~ reduction system; at the left., the audio-

frcquency degeneratIOn system.

AUDIO AMP. MODULATOR
V-3 V-4

R-'OSC.
V-I

R-F AMP.
V-2

CARRIER
VTVM

'-------0
OUTPUT

-------<0
METHOD(b)-AUDIO FRED. DEGENERATION METHOD~) - CARRI ER REDUCT ION
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carrier frequency to drive the two am
plifiers, has resulted in measurements
as low as :J/z% modulation distortion
at 100% modulation. The tests were
made at carrier frequencies between
500 and 2000 kc and at modula
tion frequencies of 50 to 7500 cycles.
The instrument was externally modu
lated, using a TYPE 608-A Oscillator as
a source of audio frequencies of very low
distortion.

(b) Audi o· Fr eque ncy Degenera t ion

If distortion of the order of 1:J/z% can
be tolerated, a considerably simpler
method than that described above can
be used. This system, which is used in
broadcast transmitters, is based on in
verse feedback of the modulating fre
quency as it appears in the envelope
of the output voltage. The modulated
output of the generator is rectified in
a linear detector and the audio-fre·
quency components are then amplified
and degeneratively coupled to the in
ternal modulating amplifier of the sig
nal generator. This results in a reduction
of both the amplitude and the distortion
of the modulation or side-band com
ponents. Loss in amplitude may be
compensated for by increasing the out
put from the modulating oscillator.

The arrangement at the lower left of
the schematic diagram of Figure 1
shows how this system can be used with
the TYPE 80S-A Standard-Signal Gen
erator. In this circuit it is desirable to
operate the diode at the maximum volt
age obtainable from the instrument.
Connecting the diode to the output sys
tem,directly ahead of the output control,
will work satisfactorily with little or
no reaction upon the internal r-f am
plifier. Sufficient voltage to operate the
diode on the linear portion of its char
acteristic will be obtained on all but the
highest frequency range of the instru
ment. A suitable non-distorting audio
frequency amplifier should be coupled
to the diode and used to provide the
necessary feedback voltage. This, for
convenience, may consist of a single
duo-triode tube. The output of this
linear amplifier should be coupled into
the cathode circuit of V-3 in the TYPE
80S-A. For proper operation, the linear
audio-frequency amplifier should be pro
vided with means of controlling the out
put amplitude, and the amount of local
degeneration, which should be adjusted
for minimum distortion. Best results are
obtained by modulating the TYPE 80S-A
from an external audio oscillator of good
waveform, such as the TYPE 608-A.

-C. A. CADY
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ing Order M -293 went in to effect. This
Order covers a broad field of "hat are
known as "critical common components"
"Iuch include many things from jewel
bearings to fire extingui hers.

General Radio equipment comes under
a general heading of "Test Equi pment."

Tins includes nearlr all General Radio instruments except Variacs,
rheo tats, knobs, and dials, and similar parts. The list of material as
described in the Order is gi \ en on page 2.

"Cnder the terms of the Order the WPB will chedule the deliveries
of all of these matel·ials. As a general rule, it is ex"pected that the regular
priority system will guide the organization of the shipping schedule.
llo\\ever, the WPB may change it arolll1d suhstantially in order to
acconunodate the most urgent requirements first.

After ~Tay 1 all orders for test equipment as defined by the Order
must be accompanied by an approved Form PD-SS6. This is in effect
another version of the old PD-1A. It is an application form which
the prospective buyer sends to Radio and Radal' Division of WPB
for approval. One copy of the form is sent to the supplier with the order.
We are prolubited from accepting ordeJ's after May 1 that do not have
the PO-SS6 form allached.
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GENERAL RADIO 2

This added complication" ill have at
least one very use(ul re ult. It will be
possible to schedule orders so thai Ihe
most urgent war needs will be served
first. and it does away with the necessity
I'or any kind of priority certification. An

approved PD·556 form supplements and
replaces every other kind 01' priority
cCI·tification that has been heretofore
required.

Copies 01' Order M ·2'93 and of Form
PD·556 can oe obtained (rom your
local War Production Board.

T EST EQUI PMEN T (E lEe T RON I c)
AS SPECIFIED 1 OHDEH 1\<1-293

a. Generators of Audio and Radio
Frequency Signals, except Rotary Type.

Radio frequency signal genera tors.
Radio frequency oscillators.
Audio frequency signal generators.
Audio frequency oscillators.

b. Frequency Measuring Equipment,
including Standards.

Primary and secondary standards, and
associated measuring equipmen t.

Interpolation oscillators.
Heterodyne detectors.
Audio frequency meters.
Electronic frequency meters.
I:<:lectronic deviation meters.
Wavemeters. Wave Analyzers.

c. Waveform Measuring Equipment.
Harmonic analyzers.
Cathode Ray Oscilloscopes.

d. Power Supplies (eleclronic) and
Voltage Regulators. *

e. Impedance, inductance, capaci.
tance, voltage, amperage, and resistance

*This does not include Variacs.

measurement equipment (except instru
ments controlled by Limitation Order
L.203).

Impedance bridges.
Wheatstone Bridges.
Capacitance Bridges.
Precision Condensers.
Vacuum-tube Bridges.
Inductance Bridges.
Megohm Bridges and Megohmmeters.
Vacuum tube voltmeters.
Electronic tube-testers.
Output meters.
Q-Meters.
Electronic Volt Ohmmeters.
Volt Ohm Milliampere Analyzers.
Noise and Field Strength Meters.

f. Precision Standards of items in (e).

g. Electronic Speed Regulating Meas
uring Equipment.

Electronic Stroboscopic Devices.

h. Electronic Recording Devices,
Graphical and Visual.

Oscillograph Recorders.

TYPE 200-8 VARIAC
TYPE 200-B Variac are now shipped assembled for
panel mounting, as shown at the left. At present,
TYPE 200-B Variacs are available in small quan tities on
prompt delivery. Priority rating of orders should be
AA-3 or better.

Copyrigbt, 1943, General Radio Company, Cambridge, Ma••., U. S. A.
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PART VIII

MAXIMUM ACCURACY IN NOISE MEASUREMENTS

21 JanU8l"Y, 1943, Experimefller.
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level meters meeting the A.S.A. stand
ards will generally read alike within a db
or so, which is about all that can be ex
pected in the present stage of micro
phone development. The degree to
which the theoretical response curves
must be approximated to meet the
A.S.A. requirements was shown by the
tolerances in Figure 2.21 The so-called
"noise of general character" for which a
sound meter is corrected was shown
diagrammatically in Figure 3.

There are, unfortunately, certain in
dividual applications where the sound
being measured differs greatly from the
general noise of the A.S.A. standards,

FIG UR E 2. Design objective frequency-response
curves between 60 and 8000 cycles for sound
level meters as specified by the American Stand
ards Association (Bulletin Z24.3-1936). These
standards do not specify the response below
60 cycles. The extended curves represent pres
ent practice as followed by the General Radio
Company in the TYPE 759-B Sound-Level
Meter. (As originalJy printed in Part J, the
scale between 30 and 60 cycles was incorrectly

drawn. The corrected plot is shown here.)

• PRE VIOU S CHAP T ERShave cov
ered the theoretical and practical con
siderations involved in making ordinary
sound level measurements and analyses.
The instruments used, the TYPE 759-B
Sound-Level Meter and the TYPE 760-A
Sound Analyzer, have been designed in
accordance with accepted standards and
are direct reading. For the most part,
therefore, no auxiliary calibration or cor
rection data are required.

In general, the accuracy of direct
reading measuring equipment can be im
proved by the use of individual calibra
tion data, and this is particularly true in
the case of sound-measuring equipment
where, as has been previously pointed
out, the microphone characteristic may
deviate appreciably from theoretical
perfection. This chapter, therefore, is
devoted to information which the aver
age user may not need and which is sel
dom available from manufacturers in
published form. The necessary space is
being devoted to it here on the theory
that the user of instruments should
know not only their limitations, but how
these limitations may be minimized or
overcome in those few cases where it
may be necessary.

On average sounds, involving mainly
frequencies between 60 and 3000 cycles,
different makes and models of sound-



GENERAL RADIO 4

and different types of ound·levcl mctcrs
may not rcad exactly alike. In Hch
cases thc question of which mctcr is
most nearly accurate is mainly aca·
demic and is liable to lead to unwar
ran ted conclusions since the actual error
will depend upon the characteristics of
the sound. All microphones of the types
commonly used with sound-level meters
exhibit marked irregularities in the
response curve above 3000 cydes, and
some types are also irregular in the low·
frequency region. The best procedure,
therefore, is to correct for these irregu
larities, 0 that the reading will be the
same as that which would be obtained
by a theoretically perfect, but practi
cally unattainable, sound-level meter 
that is, one which followed the design
objective curves exactly. This can be
done , hen the respon e of the equip
ment at each frequency and the analy is
of the otmd are definitely known. This
requires the use of a calibrated sound
level meter and an analyzer.

microphone can of course be cali
brated with respect to frequency, thus
providing a curve showing the re ponse
at any frequency throughout its range.

complete calibration covering the
whole sound-level meter, including the
microphone, can be obtained from the

sound·levcl meter maHufacturcr22 or th
Bureau of tandards. This providcs thc
u er with an exact knowledge of thc scn
sitivity of his meter under a givcn set of
conditions and at definite frequencies. III

order to make use of the calibration it
is necessary to know also the frequencies
of the component wllich comprise the
noise being measured. These may hc
determined with the sOtmd analyzer.
Analyzers, like sound-level meters, do
not have perfectly smooth fl'equency
characteristics, but the variations arc
generally small compared to those of the
sound-level meter. However, for use with
a calibrated sound·level meter, the
analyzer should al 0 be calibrated. This
can be done by the manufacturer, or
by the user, if he has a good audio
frequency oscillator available.

SOUND·LEVEL METER
CALIBRATION

Figure 15 shows a typical sound·level
meter calibration as supplied by the
General Radio Company. The uppcr
curve represents the over-all acoustical
free-field response of the sound-Iev('1
meter as determined in accordance with
the A.S.A. standards, with the weight
ing switch et at the C position. The
relatively smooth frequency "esponse
throughout the mcdium- and low-fre-
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FIGURE 16. Typical curves showing the rC
sponse of average TYPE 759-"8 Sound-Levcl
J\1.eters to sounds reaching thc microphone at
various angles. Thc random response which
corresponds with the A.S.A. Standards repre
s('nts thc over-all charactcristic, assuming that
thc tiound an'ivcs equally at all angles ill. a

vertical planc.

FIGURE 17. According to the A.S.A. Standards,
a sound-level meter is calibrated for random
response. Under conditions where all of thc
sound reaches the microphone {rom the hori
zontal (90°) dircction the above corrections
may be applied to tbe random microphonc cali
bration in order to obtain better accuracy at

high frcqucncic .

quency rcgIOns JS characteristic of thc
piezo-electric type of microphone. Tbe
lower curves represent the electrical
characteristics of the meter, exclusive of
the microphone, for the three different
weighting curves. These are sinlilar to
the Clll'ves shown in Figure 2 except for
the modifications which are made to
compensate for the microphone charac
teristics. Obviously, additional acousti
cal curves for the A and B weightings
similar to that shown for the C can be
ploued from these data, if desired, by
merely applying the differences between
the three curves for the electrical char
acteristics to the acoustical C curve.23

With all microphone calibrations it
should be remembered that the response
of the microphone varies somewhat with
direction, particularly in a vertical plane.
The acoustical curve shown in Figure 15
rcpresents the random response obtained
by averaging the characteristics meas
ured at diffcrent angles, as specified by
the A.S.A. Bureau of Standards calibra
tions, unless the customer specifics other-

23 Bureau of Standar<lp. calibrations arc ploued in Lerms or
('orreclion ruther than actual sensitivity. Hence a Bureau
('alihratioll corresponding to the upper curve C in Figure 15
will be inverted. The Bureau docs not measure the electrical
rre9uency characteristics 8S e.hown in Figure 15, but the
differences between these eleclrical curves can generally he
oblained sufficicnLly accuralely by laking Ihe (UlTcrenccs
belween the dcsign objcclive curves in Figure 2.

wisc, arc generally made at the so-called
90° angle of incidence (zero degree is
straight down toward the top of the
microphone), which corresponds to a
sound arriving at the microphone in a
horizontal direction. The microphones
are normally used in tills position, but
under practical conditions, as a resul t
ei ther of the size of the sOlll1d source or
the presence of considerable reflected
sound, much of the sOlUlCl reaches the
microphone at angles other than 90°.
This is the reason for thc A.S.A.'s aver
aging procedure.

Figure 16 shows the response of a
typical TYPE 759-13 Sound-Level Meter
to sound. reaching the microphone from
different directions. All sound-level me
ters using so-called non-directional micro
phones will have this general type of
characteristic. Tbe respon e of such
microphones is generally symmetrical
around a vertical axis. In order to make
best use of a calibration curve, thereforc,
the angle at which the calibration was
made should be known. Figure 17 shows
the 90° response of a TYPE 759-B Sound
Level Meter microphone in terms of the
random response. This curve is typical
of this particular type of meter and may

5 EXPERIMENTER
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be u;;ed for an additional correction
where the user i certain that the sound
is all reaching the microphone in a hori
zontal direction. This applies only when
the microphone is placed at the same
horizon tal level as the sound source and
the surroundings are substantially non·
reflecting, so that only direct sound is
reaching the meter.

Caution: It is obvious from Figure
16 that so-called non-directional mi
crophones have unusual sensitivity to
high frequencies at the zero degree
angle. When measuring sounds involving
strong high-frequency components,
therefore, care should be taken that the
sound strikes the microphone at an angle
of 45° or greater, in order to avoid
undue influence of these high-frequency
components on the total reading. This
is ordinarily taken care of automatically,
since the microphone is normally used
at or near the 90° angle - that is, side
on toward the source.

Sounds reaching the microphone by
reflection from surrounding objects will
arrive at angles other than 90°. So long
as this represents a random distribution,
the process of averaging used in calibrat
ing the microphone will tend to Gancel
t'rrors. However, if by any chance some
hard surface directly above the micro
phone reflects or focuses the high fre
quencies downward onto the micro
phone, serious errors may result. This
possibility of error can be eliminated by
covering such surfaces, if present, with
felt, carpeting, or other absorbent ma
terial. Since only high frequencies are
involved, it is a relatively imple matter
to absorb them.

It is also possible, in specialized appli
cations where strong lngh-frequency
components are pre ent and where

equality of response in all directions in a
horizontal plane is not nece sary, to use
the microphone at the zero degree angle
- that i , aimed at the sound source
and thu obtain a certain amount of
directivity. A special calibration is nece 
sary for this work, however, since the
variations in microphone response as the
zero-degree angle is approached are suf·
ficiently large to make prediction of the
zero-degree response on the ba is of the
random or 90° response of doubtful
value. Figure 16 represents the average
of a number of microphones. In any
individual microphone the spread be
tween the zero-degree and random re
ponse curves will vary enough so that th
errors involved in applying these av
erage curves would probably be as large
as that caused by high-frequency reflec
tions when using the microphone in the
usual 90° position.

USING THE CALIBRATED
SOUND·LEVEL METER

When the calibrated sound-level meter
is used with an analyzer, correction for
the microphone characteristic is rela
tively simple. The noise measurement
and analysis should be made in the usual
manner. If any of the important sound
components occur at frequencies at
which the sound meter deviates appre
ciably from the design objective curve
(that is, the acoustical curve C in Figure
15 deviates substantially from a traight
line), suitable corrections can be made.

For instance, assume a sound consists
almost entirely of a strong component
at 7000 cycles. From Figure 15 we find
that the meter is 3 db too sensitive at
this frequenc , and from Figure 18 we
find that the analyzer is 72 db low in
sensitivity at this frequency. Thus we
know that our reading i 2.5 db too high.
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FIGURE 18. Typical response curve of TYPE 760-A Sound Analyzer. A calibration of this type may
be made easily by anyone having a satisfactory audio-frequency oscillator and vacuum-tube
voltmeter or other indicating device. All that is necessary is to maintain a constant voltage at the
input of the analyzer, tune the 0 ciJlator to various frequencies throughout the range and at each

frequency tune the analyzer to exact resouance and read the indicating meter.

For complex sounds the procedure is
omewhat longer, but not complicated.

Each component falling at a frequency
where the meter calibration show an
appreciable irregularity should then be
corrected as de cribed above. Correction
will then be

where 2is the sum of the squares of the
relative sound pressures of the compo
nents, including those corrected, and 5\
i the sum of the squares of the relative
ound pressure of the components before

correction.
In general, all components lower than

10% of the loudest may be neglected in
computing 52 and 51. However, it is
important that the same componen t be
used in computing both 2 and \.

Relative sound pressure may be read
directly from the percentage scale of the
TYPE 760-A Analyzer. When 52 is
smaller than 51 the correction will be

dh
5.,]°10gJO -=-
• I

(4)

negative, since the actual ound level
will be lower than the measured sound
level. This correction should be applied
to the sound-level meter reading on the
particular sound only.24

It is also possible, of course, by mean
of the analyzer to measure the absolute
amplitude of each component individu
ally in terms of decibels, convert aU of
these figures to relative power ratios, add
them together and convert the sum bad..
to decibel ; and the answer honld be
the same. The first procedure outlined
above i generally more accurate, ho\ 
ever, since it automatically includes
many low-amplitude components or
random noise which may not show up in
an analysis, but which, when added to
gether, may constitute a mea urable part
of the total ound energy. It i al 0

omewhat impler, requiring Ie s calcu-
lation. -H. H. SCOTT

(To be continued)

2. This may be read directly {rom the General Radio
S.,

TaLle 1 by con8iderings~a8a power ratjo.

SHIPMENT OVERDUE?
when shipment ha been made some time
earlier, and investigation shows that the
material has already been received. Both
of these things happen, and more Ire-

The high (or low) point in efficient
expediting is reached when the customer
calls to chide us about late delivery
before we receive the order. A close
second is the complaint about delivery

7 EXPERIMENTER



GENERAL RADIO 8

quently than seems reasonable, even in
war time.

Transportation systems are overtaxed,
but they are doing a fine job, and delays
are usually negligible. Personnel and
facilities in every plant are carrying a
much heavier load than in normal times.
Errors and mix-ups are bound to occur.
But we'll all have less trouble if we make
sme that we're right before we squawk.

An inquiry about a shipment that
has already been received wastes not
only your time and ours but that of the
transportation company as well, be
cause they trace the thing from shipper
to consignee, only to find that it was
delivered some days earlier.

At the risk of being caught by Ollt'
own suppliers in the same practices ~~c

deplore in others, we'd like to suggest a
l'ouple of rules for the harassed expediter.

1. Be sure the Sluff has actually been
ordered and the order accepted. As a
corollary to this, if it's a repair job you're
chasing, be sure yOIl sent liS the damaged
instrument.

2. If shipment is overdue, check with
your receivillg department and with the
ultimate user in your plant to be sure
that the shipmen t has not been received.

Following these rules will save a lot of
telephone calls and alot of time. Both
are valuable in war time.

-H. n. DAWES

617-C
667-A
676-A
690-C
691-C
692-B
693-B
694.-C
698-A
7l4-A
7l6-A & B

GENERAL
30 STATE STREET

SERVICE AND MAINTENANCE NOTES
• IN THE PAS T FEW M 0 NTH S, 723-A, B, C & D VacllLUn-Tube Fork
Service and Maintenance Notes, not 727-A Vacuum-Tube Voltmeter
previously available, have been prepa;'ed 729-A Megohmmeter
for the following instruments: 757-A U -H-F Oscillator

Type Description 769-A Square-Wave Generator
561-D Vacuum-Tube Bridge 805-A Standard-Signal Generator
583-A Output Power Meter 913-A Beat-Frequency Oscillator
614-C Selective Amplifier Customers who requested the Service
616-C & D Heterodyne Frequency and Maintenance Notes for these instru-

Meter ments in previous applications have al.
Interpolation Oscillator ready received copies. However, if equip-
Inductance Bridge ment in this list and in OUT latest cata-
50-Kc Quartz Plate log has been purchased since January,
Piezo·Electric Oscillator 1942,and the Notes are not in your files,
Temperature-Control Unit copies will be mailed upon receipt of
Multivibrators the type and serial numbers.
Syncronometer If the binder originally supplied will
Control Panel not accommodate the additional pages,
Duplex Muhivibrator another will be selat upon request to the
Amplifier Service Department.
Capacitance Bridge

RADIO COMPANY
CAMBRIDGE .A, MASSACHUSETTS

BRANCH ENGINEERING OFFICES

90 WEST STREET, NEW YORK CITY

1000 NORTH SEWARD STREET, LOS ANGELES, CALIFORNIA
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VIBRATION AND SOUND
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• T HAT SOU N D and mechanical vibra·
tion are related is such a simple concept as
to seem hardly worth mentioning. How-
ever, the relationship between these two

phenomena and, in particular, their effects upon human beings are
very complicated indeed.

\10st of us u e the term sound and vibration in broad and over
lapping senses, but for the purposes of this discussion it is best to keep
to rather narrow meanings. Sound, therefore, will be considered as air·
borne vibrations of an audihle frequency. The term vibration will be
used to mean mechanical vibrations or vibrations occurring in
solids. The frequency ranges for sound and vibration as thus

defmed are roughly the same, FIGURE 19. For most measurements lhe vi.

excepting that important vi- bration pickup ean be held in the hand.
brations may also be present
l'onsiderably below the lower
frequency limit of hearing,
and satisfactory vibration.
measuring equipment must
operate at frequencies as low
as 2 01' 3 cycles per second,

The reasons for measuring
or reducing vibration are
generally l"o. Tn the fir~t

place, as is generally realized,
audio-frequenc. vibrations of
solids transmit sound vibra·
tions to the air. thus creating
noise. The process of quieting
a machine 01' device generally
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includes, therefore, a study of the me
chanical vibrations involved.

In the second place, serious vibration
may cause actual failure which, in the
cases of heavy machinery or airplanes,
for instance, may have fatal conse
quences. Vibration, then, is not only a
source of noise, bu t often a source of real
danger. The present perfection of high
speed planes, ships, and automobiles
could never have been achieved without
a thorough study of vibration, its cause,
measurement, and cure.

Displacement, Velocity, and
Acceleration

Vibration, like linear and angular mo
tion, can be measw'ed in terms of dis
placement, velocity, and acceleration.
The easiest measurement to understand
is that of displacement. In some cases
where the displacement is large it can be
measured directly with a ruler.

In its simplest case the displacement
may be considered as simple harmonic
motion, that is, a sinusoidal function hav-

FIGURE 20. The control box and vibration
pickup connect to the sound-level meter in place

of the microphone.

ing the form
x = A sin wt (5)

where A is a constant, w is 27r times the
frequency, and t is the time. The max
imum peak-to-peak displacement will be
2A, and the r-m-s (sometimes loosely
spoken of as the average) displacement
will be~ A. The "average double am-

y'2
plitude" (r-m-s) will be y'2A.

Displacement, however, is not always
the property of the vibration that is re
quired in practical problems. A me
chanical part radiating sound may be
compared to a loudspeaker. In general
the velocities of the radiating part (which
corresponds to the cone of the speaker)
and the air directly next to it will be the
same, and, so long as the distance from
the front of the part to the back is large
compared to one-half of the wavelength
of sound in air, the actual sound pressure
generated in the air will be proportional
to the velocity of the vibration. The
sound energy radiated is the product of
the velocity squared times the resistive
component of the air load. Under these
conditions, particularly where noise is
important, it is the velocity of the vi
brating part and not the displacement
which is of greatest importance.

The velocity is the frrst derivative of
the displacement, so that for the simple
harmonic vibration in Equation (5) the
velocity is

dx
v = - = wA cos wt (6)

dt
Thus the velocity is proportional not
only to the displacement but also to the
frequency of the vibration.

In many cases of mechanical vibra
tion, and particularly where mechanical
failure is a consideration, the actual
forces set up in the vibrating parts are
important factors. Newton's laws of mo-

Copyright, 1943. General Radio Company,
Cambridge. M..... U. S. A.
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tion state that the acceleration of a
given mass is proportional to the ap
plied force, and that tm force produce
a re ulting reacting force wmch i equal
but oppo ite in direction. Any stresse
and strains set up in a vibrating mem
ber, therefore, will be proportional to the
acceleration of the vibration, which i
the econd derivative of the displace
ment. Acceleration measurements are
important where vibrations are suffi
ciently severe to cause actual mechanical
failure. Therefore,

dv d 2x
a = - = - = - w2A sin wt (7)

dt dt 2

The acceleration, therefore, is propor
tional to the di placement and to the
square of the frequency.

There is another use for acceleration
measurements. The analogy cited above
concerning the loudspeaker covers the
usual case where the cone or baffle is
large compared to the wavelength of the
ound involved. In mo t machines tm

relationsmp doe not hold, since rel
atively small parts are vibrating at rela
tively low frequencies. This may be
compared to a mall loudspeaker with
out a baffle. At low frequencie the air
may be "pumped" back and forth from
one side of the cone to the other with a
very high velocity, but without building
up much of a pressure or radiating much
sound energy because of the very low air
load, which has a reactive mechanical
impedance. Under these conditions the
acceleration measurement provides a

JUNE,1943

better measure of the amount of noise
radiated than does a veloci ty meas
urement.

To summarize, therefore, displace
ment mea urements are used only ill
those few instances where the actual
amplitude of motion of the parts is im
portant. This would include, in partic
ular, those ca e where large amplitude
of motion might actually cause parts to
strike together, thus causing damage or
serious rattle. Velocity measurements
are generally used in noi e problems
where the radiating surfaces are com
paratively large with respect to the
wavelength of the sound. Acceleration
measurements are the most practical
where actual mechanical failure of the
part involved is of importance, and in
mo t noi e problems, particularly those
in 01 ing small machinery. A vibration
meter, therefore, should be able to meas
ure all three vihration characteristics.

The above equations, (5), (6), and
(7), represent only sinusoidal vibrations,
bu t, as in the ca e of complex sound
waves, complex periodic vibrations can
also be represented as a Fourier eries of
sinusoidal vibrations. These imple equa
tions may, therefore, be expanded to in
clude as many terms as desirable in order
to express any particular type of vibra
tion. 25a It will be noted that, since ve
locit is proportional to frequency, and
acceleration is proportional to the quare
of the frequency, the higher frequency
component in a vibration are progres-

25'General equations corresponding to (5), (6), and (7) are, respectively:
x = A, sin (w,t + al) + A. sin (2w,t + a.) + A 3 in (3wlt + a3) + . . . (Sa)

dx
v = - = w,A l cos (w,t + al) + 2w,A. cos (2w,t + a.) + 3w,A 3 cos (3wlt + a3) + . . . (6a)

elt
elv d'x

a =...,.. =- = -w,'A I sin (w,t + al) - 4w,'A. sin (2w,t + a.)
dt lit'

- 9w,'A 3 sin (3wlt + a3) - . . . (7a)
where a" a., a3, etc., are the relative phase angle of arious harmonics and w, = 211" times the
fundamental frequency.
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VIBRATION

sively more important in velocity and
acceleration measurements than in dis
placement readings. The effective read
ing of the vibration meter on a complex

"5bThe vibration meter reading of displace.
ment corresponding to (Sa) would be

(5b)

PART X-THE

Vibration Pickup with
the Sound· Level Meter

For some years a vibration pickup has
been available as an accessory for the
General Radio Sound-Level Meter. The
pickup, which responds to mechanical
vibrations, is merely substituted for the
microphone, and the sound-level meter
used otherwise in a normal fashion. With
the TYPE 759-B Sound-Level Meter the
TYPE 759-P35 Vibration Pickup and the

wave is equal to the square root of the
sum of the squares of the components
which gives further emphasis to the
h· h Ii d °5bIg er amp tu e components.-

The velocity and acceleration readings would
be, respectively

------------
Ivl = ~~~A,2 + 4A22 + 9A,2 + ...

(6b)

tal = Wl~ _ IA ,2 + 16A22 + B1A," + ...
-yl2"\J

(6c)

MET ER

TYPE 759-P36 Control Box are used. The
pickup itself is of the inertia-operated
piezo-electric type, which responds to
acceleration. 26 The control box, which
connects between the meter and the
pickup, provides electrical integrating
circuits. The integrating circuits allow
the conversion of this response for read·

2610 this type oC pickup the crystal i8 deflected by its own
inertia when the pickup i.s subjected to vibration. The volt
age generated is propo['lional to the actual force exerted on
the crystal which is proportional to the acceleration.

FIGURE 21. TYPE 761-A Vibration Meter, designed particularly for machinery vibration problems,
covers the frequency range from 2 to 1000 cps (120-60,000 rpm).
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ing velocity or displacement. This com
bination of pickup, control bo , and
sound-level meter provide a convenient
and inexpensive way for owners of sound
level meters to make vibration mea ure
ments within the audio-frequency range.
However, it hould be remembered that
the ound-Ievel meter circuit were in
tended only to respond down to 25
cycle, and consequently this combina
tion i not suitable for measuring lower
frequency vibrations.

Al 0, the sound-level meter reads in
term of decibels, which must be con
verted to other units if the readings are
to mean anything in terms of vibration
amplitude, velocity, or acceleration. A
calibration chart is provided with each
control box giving the proper correction
figure for that pickup and control box
when used with a particular sound-level
meter. By mean of these data plus a
decibel table (supplied in the instruction
book), the readings may be converted
readily to the more logical units of micro
inches, micro·inches per second, or
inche per second per second.

The TYPE 761·A Vibration Meter

For low-frequency vibrations, or
where a large number of accurate ob-

FIGURE 22. Electrical frequency respon e of the
TYPE 761-A Vibration Meter showing effects of

integrating circuit.

JUNE,1943

servation must be made with a max
imum degree of convenience, an instru
ment designed particularly for vibration
measurements i desirable. The TYPE
761-A Vibration eter i similar in
many respect to the TYPE 759-B ound
Level eter. It is mounted in a case of
nearly the ame ize, operates from the
same size battery, and has a similar
mechanical con truction, including the
free-floating tube heU. However, the
vibration meter, a intended to take full
advantage of the maximum frequency
range of the piezo-electric type of
pickup, which e tends smoothly from
2 to 1000 cycles per econd. Also, the
meter is calibrated directly in terms of
the r-m-s displacement, velocity, and
acceleration and indicates these, re-
pectively, in micro-inches, micro-inches

per second, and inche per econd per
second. 27

IDce the vibration pickup used with
this meter is of the acceleration type,
two stages of electrical integration are
necessary to provide the various types of
re ponse. Because the integrating cir-

21Tbe TYPE 761~A ibration :Meter is completely
described in n A General~Purpo8e Vibration Aleter" by H. H.
Scott, Journal of the Acou8tical SOclety of America, Vol.
,Ill. 0.1. pp. 46-50, July, 1941. A brier deocription '" .100
included in tbe General Radio Experimenter. Vol. X vr,

TO. 1, pp. 1-8, June, 1941.

FIG BE 23. Over.all response of the TYPE 761-A
Vibration Meter including the vibration pickup.

~
ill .
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~ 5
II!

fltEOUENC'l' IN evo..ES PEA SECOND FREOUEHCY IN CYClfS ~ SECOND
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a b c
FIGURE 24. Illustrating the operation of the integrating circuits in the vibration meter (a) shows
a square wave as transmitted by the amplifier when set for acceleration measurements, (b) shows
the wave after one stage of elcctrical integration for velocity measurements, (c) shows the result

of two stages of integration as used for displacement measurements.'8

cuits are built in as part of the amplifier,
better performance is possible than with
a coutrol box attachment. Figure 22
shows the electrical frequency charac
teristics of the vibration meter exclud
ing the pickup. Figure 23 shows the
over-all characteristic in terms of relative
respouse for a constant.displacement vi·
bration in terms of frequency. The ir
regularities above 1000 cyrIes are due to
natural resonances in the pickup, but it
will be noted that the average response

is actually quite useful to 2000 cycles or
higher. These figures show graphically
how the integration process attenuates
the higher frequencies with respect to
the lower frequencies.

Figure 24 shows the actual effect of
the electrical integration on a particular
waveform. The square waveform of
Figure 24a has strong harmonics. After
two steps of integration the result in
Figure 24c is substantially a sinusoidal
waveform. 28

PART XI-HOW TO USE THE VIBRATION METER

Operating Instructions
Like the sound-level meter, the vi

bration meter has an instruction sheet
fastened in the cover which covers the
actual operations involved in adjusting
and reading the instrument. A knob
marked METER SCALE provides in
effect a multiplier for the indicating in.
strument. The red meter scale should be
used with the red posi tions of the knob

and the black scale with the uncolored
posi tions. The reading of the control in
all cases represents the full-scale de
flection of the meter, so that it is merely
necessary to add decimal places to the
meter reading.

In addi tion, there is a row of five push
buttons to select acceleration, velocity,
and displacement response. For each of
the latter two characteristics two but.

'8The waveforms shown in Fignre 24 may be represented by the following Fonrier series:
wI'A w,2A

(a) a = -w,'A sin Wit --- sin 3w,t --- sin 5wlt - ...
3 5

f
w,A w,A

(b) v = adt = w,A cos Wit + - cos 3Wlt +-- cos 5wlt + ...
3' 52

(c) X = fVdt = ffadt = A sin Wit + ~ sin 3wlt + ~ sin 5wlt + ...
33 53

These correspond, respectively, to Equations 7,6, and 5, and to Equations 7a, 6a, and 5a in Note
25. Notc that for this particular waveform, while the acceleration equation gives 33% third
harmonic, the displacement one gives only 3.7%.
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ton are provided. The normal buttons
are those which provide a low-frequency
limit of 2 cycles. The extra buttons,
which are so marked, provide a low
frequency limit of 10 cycle, which, how
ever, allows an increase in sensitivity of
the meter by a factor of 10 : 1. Thi i a
great advantage for mea uring low
amplitude vibrations such a occur, for
instance, in clocks, speedometers, and
other small mechanisms. Such vibrations
seldom have any important components
below 10 cycle . Below each button i
engraved a mol tiplying factor (alwa
a multiple of 10) which should be ap
plied to all readings when that partic
ular button is used.

Push buttons are also provided for
checking the battery and the calibration.

Sensitivity of Vibration Meter

The TYPE 761-A Vibration Meter will
measure displacement as low as 16
micro-inches, velocities as low as 160
micro·inches per second, and accelera
tions a low as 0.160 inches per second
per econd. 29

Pickup Placement

The pickup responds most strongly to
vibrations perpendicular to its :Cront
urface (the surface with the name

plate). A threaded socket O·f' - 28th)
is provided on this surface 0 that the
pickup may be bolted or clamped in an
desired fashion. A conical and a rounded
tip are also provided, and a long metal
probe, all of which fit the threaded
socket. The tips may be fastened di
rectly to the pickup or to the end of the
probe. By these means it is generally
possible to hold the pickup against a
vibrating surface or part 0 that it will
pick up the vibration satisfactorily. Suf-

21lThe displacement and velocity figures are {or a low rre~

Quency cut-off at lQ cycles. These limits arc multiplied by
10 when the Cull range down to 2 cycles is u edt

JUNE. 1943

ficient pre lIre should be used on the
pickup so that it follows the vibratiQn
accurately without chattering, but care
should be taken not to push so hard as
to affect materially the vibration itself.
Figure 19 show how the pickup is nor
mally used with the probe. For accurate
reading the pickup hoold always be
held or mounted so that its front surface
is perpendicular to the direction of vi
bration.

Characteristics of Pickup

Like all piezo-electric microphone
and pickups, the vibration pickup
should not be allowed to reach temper
atures above 1300 F. or permanent dam
age may result. Measurements can be
made 011 hoLter machinery providing
they are made quickl enough so that
the pickup does not become heated.

At lower temperatures the tempera
ture characteristics of the pickup are
similar to the piezo-electric microphones
(see Part V). The actual capacitance of
the pickup is approximately 0.005
microfarad. The usual short cable up
plied on the pickup does not require a
temperature correction, but if a long
cable is used the Equation (3) in Part V
may be used.30

The pickup should not be subjected to
accelerations greater than 10 time that
of gravity (10g).31

Choice of Characteristic

The field of vibration measurement is
not as well standardized as that of sound
mea urement . The choice among dis-

JOFor this purpose the capacity values in Figure 10(a) may
be multiplied by two. F;gure lO(b) wHI 0180 apply if a cable
of approximately 1350 #JJJl i.e used. These figures are in
Parl V.

31011 the caLi.bration of the vibration meter this is equiva
lent to an acceleration of 3900 inches pcr second per second.
a velocily of 6.3 X ]O~ micro-inchcs, or a displacement of

--f--

!f; microMincbcs, where J is the frequency in cyclcs per

ec;(,X)l1d.
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placement, velocity, and acceleration
generally depend upon the use for
which the data are needed and the con
sideration mentioned in Part I . Typ.
ical examples of applications for the dif
ferent types of measurements are as
follows: Displacement measurement
are widely used in measuring hip vibra
tions and vibrations in heavy machin
ery. Velocity measurements are used for
measuring ound transmission through
walls, the ound radiated by large sur·
faces such as power transformer shells,
etc. cceleration measurements are used
in most machinery noise problems or
where parts are liable to fail as a result
of the vibration.

In all cases it should be remembered
the acceleration measurements give the
greatest emphasis to the high frequencies
and displacement measurements to the
low frequencies.

Applications of the Vibration
Met er

All designers of airplanes, ships, and
other expensive or elaborate structures,
particularly where vibration may b
dangerou, carefully calculate the vi-

bratory condition as a part of the de
sign work. J6 Such calculations, however,
generally involve as umption which
cannot always be rigidly justified, and
measurement are neces ary on the com
pleted structure to check the calcula
tions and make minor readjustments.

In the case of mall machinery, it is
sometimes more economical to build a
ample and measure the vibration than

to spend too much time on laboriou cal·
culations. The vibration meter, there
fore, is not a substitute for thorough
theoretical analyses, but hould be used
to supplement and check such analyses.
In many cases its use will greatly sim
plify the calculations and reduce the
number which are necessary.

The vibration meter is also an inval
uable tool in checking fmished equip
ment for vibration and, indirectly, for
noise, as previously pointed out in Part
V. This last application allows noise
tests to be carried on under unfavorable
conditions of ambient noi e level, after
correlating noise meter and vibration
tests on a few sampIe machines.

-H. H. COTT

16 ole 16 was included in Part VI.

INDEX TO VOLUME XVI AND VOLUME XVII

11 index for Volumes XVI and VII of the EXPERIME TER has been pre
pared and will be mailed to any reader upon request.

GENERAL RADIO COMPANY
30 STATE STREET CAMBRIDGE A, MASSACHUSETTS

BRANCH ENGINEERING OFFICES

90 WEST STREET, NEW YORK CITY

1000 NORTH SEWARD STREET, LOS ANGELES, CALIFORNIA
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PART XII

ANALYSIS OF VIBRATION

THE

5

,4&
THIS ISSUEIN

Page
400-CYCLE OPERA

TION OF 60-CYCLE
INSTRUME 'TS. .

INSTRUMENTS DIs-
CONTINUED. •. 6

REACTANCE CUART 8

FIGURE 25. The TYPE 762.A Vibration Analyzer was designed particularly for
use with the TYPE 761·A Vibration Meter.

3!For sinusoidal vibrations, a measure of the frequency may be obtained by taking readings of dieplace

ment and velocity. As shown in Equations (5) and (6), the frequency will be: J = 2:.t:" Displacement (.;\)

and velocity (I.') readings are better for this sort of frequenry measurement than acceleration reading;;,
since they are less a[feclctl h} any harmonic@ that may be present in the \\3vefoclll.

• THE VI BRA T ION MET ER meas
ures the displacement, velocity, or accelera
tion of a vibration in terms of the r-m-s
value of the waveform. nless the wave

form is substantially sinusoidal, however, the vibration meter by itself
gives little information about the frequencies involved.32 An analyzer,
therefore, is desirable and in many cases a necessity. As with noise, the
analysis of vibration provides clues to the sources of the various com
ponents and information necessary in the suppression of the vibration.

The general discussion of analysis and the classification of noises
contained in Part VI (April Experimenter) applies equally well to
vibration and need not be repeated here. Vibration, like noise, may be
classified into two types - Class 1, or pitched, which consists mainly
of harmonics or subharmonics of a fundamental frequency, all of which

VOLUME XVIII No.2

...........~..c. PEBIMENTER
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will vary in frequency by the same per
centage that the machine speed varies;
and Class 2, or unpitched, which are
caused by shock excitation and occur
over bands of frequencies.

Analyzer Characteristics
The degenerative analyzer circuit as

used in the TYPE 760-A Sound Analyzer
(see Part VI) is even better suited to
vibration problems, since its circuit is
naturally adapted for use at very low
frequencies. This type of analyzer does
not require any inductances or trans
formers in its construction. Hence it is
free from the usual difficulties encoun·
tered when iron cores are used at low
frequencies with attendant distortion
and pickup. For. use in the frequency
range ahove 25 cycles, the standard
TYPE 760-A Sound Analyzer is satis
factory. For vibration problems in
volving lower frequencies, a special
instrument has been developed.

The Type 762-A Vibration
Analyzer

The TYPE 762.A Vibration Analyzer33

covers the frequency range from 2.5 to

750 cycles per second (150 to 45,000
rpm), but otherwise is similar to the
sound analyzer. The meter scale on the
vibration analyzer is calibrated in linear
units for reading displacement, velocity,
and acceleration directly in terms of
micro-inches, micro-inches per second,
and inches per second per second, re
spectively, rather than decibels, thus
matching that on the TYPE 761-A Vibra
tion Meter. The selectivity characteris·
tics are shown in Figure 26. It will be
noted that the selectivity curve main
tains the important constant shape in
terms of percentage of the resonant
frequency over the entire range, while
operation of a conventional heterodyne
analyzer in the low-frequency range
becomes completely impractical. The
degenerative circuit, so far as is known
at the present time, provides the most
satisfactory means for obtaining high
selectivity at subaudible frequencies.

The general design features of the
vibration analyzer are the same as for
the sound analyzer.

S3Thia analyzer was dOBCl'ibed in !fAn Analyzer lor Sub
Audible Frequencies" by H. H. Scott, Journal of the ACOU6

tical Society of America, Vol. XIII, No.4, pages 360-362,
April, 1942.

PART XIII

HOW TO USE THE VIBRATION ANALYZER

Relative Readings

All batteries for operating the vibra
tion analyzer are contained within the
case. Push buttons and a neon lamp on
the panel indicate when the batteries
should be replaced. The instructions
mounted in the cover of the instrument
should be followed.

Tuning is accomplished by the large
knob and the push button range switch.
The calibration is direct reading in
cycles per second and may be converted
to rpm by multiplying by 60.

A cord is provided to connect the
input of the analyzer to the output of
the vibration meter. For relative read
ings, the 0-to-120 scale is most con
venient, and the sensitivity control on
the vibration analyzer should be set so
that for the strongest component of the
vibration the reading is 100. This should
be done with the vibration meter so
adjusted that a normal indication is
obtained 011 the indicating meter of that
instrument.

Copyright, 1943, General Radio Company, Cambridge, Mass., U. S. A.
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The best procedure for setting the
sensitivity control of the analyzer i as
follows: Press range button (2.5 to 7.5
cycles) and turn the main analyzer dial
slowly, noting the deflections of the
meter on the analyzer. Repeat, covering
the entire range of the instrument by
successively pres ing buttons B, C, D,
and E, and turning the dial around. The
dial may be rotated continuously in one
direction.

During this process the SE SI
TIVITY control on the analyzer should
be turned down whenever a component
is found which deflects the meter above
100, so that the meter reads 100 ex,actly.
This sets the sensitivity such that the
analyzer will read 100% on the strong
est component in the vibration. Do not
change the setting of this control before the
analysis is completed.

The analyzer should then be tuned for
maximum amplitude on each component
(without resetting the sensitivity con
trol) and the results recorded directly in
terms of frequency and percentage of
the amplitude of the stronge t compo
nent. The procedure is exact!y the same
as for the sound analyzer. Because of
the natural slow response of higWy selec
tive low-frequency circuits, a METER
RETURN button is provided. When the
operator has tuned the analyzer a\ ay

from a component, pressing this button
will return the meter reading quickly to
zero.

The vacuum-tube voltmeter circuit
included in the vibration analyzer pro
vides a semilogarithmic scale on the
indicating meter, 0 that the entire
usable range of the instrument may be
obtained without additional multipliers,
etc. The controls of the vibration meter
and the SE SITIVITY control of the
vibration analyzer should not be re
adjusted during the analysis.

The analyzer is equipped with an out
put jack for operating a pair of phones
which may be used for listening to the
component being measured, if it is of
audible frequency.34

Absolute Readings

For most purpo es, relative reading
are sufficient, but absolute readings may
also be made with the vibration analyzer
if desired. For absolute readings, the
calibration procedure is as follows:
Connect the vibration meter to the 60
cycle line as when adjusting its cali~

bration. Connect the analyzer to the
vibration meter in the normal manner.
Depress the button marked CALI-

34Becau8c of the a-v-c characterislics of the vaclium-lube
voltmeter circuit, the output applied to the phones is not a
pure sinusoid. Bence eorne output may be beard at very low
frequencies which would normally be inaudible.
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FIGURE 26. Selectivity
characteristics of the
TYPE 762-A Vibration
Analyzer as compared
with a typical (TypE
736-A) heterodyne type
of wave analyzer. Of ut
most importance is the
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maintains a satisfactory
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FIG RE 27. Typical analy e of machincry vi
bration, showing (top) displaccmcnt, (center)
velocity, and (bollom) acceleration mcaSure
ments as made Oll a single machine undcr thc
same conditions. These illustrate the com
plexity of the vibrations wbich can be analyzed
with tbe vibration analyzer, also the diITercnccs
in thc importancc of tbc varion ·ornpollcnts in
mcasurcmerllS of displacemcnt, velocity, "nd
acceleration.

BRATE 1 on the vibration rueter ami
tune the analyzer to mlLximum respon'c
at the power-line frequency. djust thc
analyzer sensitivity control so that the
meter on the analyzer read the same as
the one on the vibration meter.35 It is
desirable to mark this calibration poin t
on the sensitivity dial of the analyzer
with a pencil so that it can be retLU'ncd
to if the control is accidentally shifted.
The control should be left at this point
and not readjusted during an analysis.

AIter the analyzer sensitivi ty is sct,
the vibration meter should be discon
nected from the power line and adjusted
for normal reading on the vibration to
be analyzed. The analyzer may then be
tuned to the various components of the
vibration, the meter of the analyzer
being read in exactly the ame way as
the meter of the vibration meter, using
the reading of the METER SC. LE
knob and the multiplier factors of the
push buttons on the vibration mcter.
The METER SCALE knob on the vi
bration analyzer also should not be
readjusted, but should be left at th·
setting which gives a deflection on the
upper part of the meter scale on that
instnunent.

The red scale on the analyzer should
be used when the METER CALE
knob of the vibration meter is set at a
red point and the black scale when the
knob is set at an uncolored point. The

3~1l recent-production vibration an.d) ?crs the reo allll
black Bcales track the same ae on the vibration meler. On
earlier Inollels the Bcales <.tre slightly displaccJ. With t1ICtiC
analyzers two positions of the sensitivity cOlllrol ti)lOuld be
deterlllined~ one for the red Ecale anti oue for the black, if
maxirnuul l)o8sible accuracy is dcsirable. Othcrwise ,III
~t\'crage sclling is sutisfaclory.
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The use of the TnG 762-A Vibration
Analyzer is not limited to the analysis of
the output of the TYPE 761-A Vibration

eter. It can be used ,\ ilh any vibra tion
meter for measuring either liuear or tor
sional vibrations.

This is the end of The oise Primer.
Whether it ha been too long or too sllOrl,
too lechnical or too popular are malleI'S we
are not in a posilion to judge. it is hoped
at some fUlure date to reprint the series,
with whatever modifications may prove de
sirable, in lhe form of a booklet to succeed
Bulletins 20 and 30 ("The Technique of
Noise Measuremenl" and "The Technique
of Noise Analysis," respectively).

11 you have any suggestions concerning
such a booklet, please wrile to us. Also, we
shall be glad to answer allY other questions
in regard to lhe measurement or analysis
of noise and vibration, so far as we are
able. We do not run a consulling service,
neither is it our illlenlion to write a texl
book. I'Ve are, however, anxious to provide
the best informulion po'sible to users of
our equipmenl in order lhat they may se
cure a maximum benefit from its use. Your
suggestions, therefore, are very importanl.

- II. ll. SCOTT

analysis will thcll bc in tcrms of the
samc absolute values as the vihration
meter reading36 and the same multiply
ing factors will apply.

Dis pI ace men t, Vel 0 cit y, and
Acceleration

The analysis will be made in terms of
displacement, velocity, or acceleration,
depending upon the setting of the ibra
tion meter. Choice among these different
characteristics should be based upon the
same con iderations as when measuring
vibration, as de cribed in Part I.

}i'igure 27 shows typical machinery
vibration analyses as made with the
TYPE 761-A Vibration Meter and the
TYPE 762-A Vibration Analyzer for (a)
displacement, (b) velocity, and (c)
acceleration. The change in the relative
amplitudes of the various components
for the different types of measurements
will be noted.

36H.efcrrillg to i\OlC 253 (June i68ue)~ whjcl, gi~'e8 gencrul
c1lualions for ChltSl'I l (pitched) vibrations, the readings of
the analyzer on diMplaccrncnl wiU correspond to

I 1 1 1 1
-=..tl,---=.':!.--=A~ ClC., 011 velocity LO --£oJIAI,---=2wIA2,
,2 v'2 ,2 v'2 V2
L 1 I

--=3wlI-h. elc., alltl on acceleration LO --:'~IAI. -=. 4W21A:!.
,2 v'2 v'2

~ 9w21."h, cleo The corresponding lotallcvcls illdicatet.1 hy
,,2
the '\ ibralion mete[' art" given in ~o'e 25b. (II general, the
equations for Class 2 (ullpilched) vibrations will be the
!'lame. excepting thal the cOIllJ>onenlB are not nccc&8urily
Iwrlllonically relaled.

* * *

400·CYCLE OPERATION OF
INSTRUMENTS

GO·CYCLE

• THE F II GH T T EST I NG of air
planes oftcn involves a variety of elcc
trical measurements, many of which are
not easily handled by an automatic radio
recordjng s stem. Many standard labo
ratory measuring instruments, designed
for 60-cycle power supply, can be used
directly on the 400-cycle supply avail-

ahle in planes. In particular, instrulllcnts
whose voltage regulating systems al'e
not frequency sensitive, and in which
slight increases in background hum arc
not serious, may give quite sati factory
performance.

number of General Radio instru
ments have recentl becn testcd on the
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500-cycle power supply available in our
laboratories. The results of these tests
are listed below.

Type 631-B Strobotac

The operation of this instrument was
normal in aU respects. However, since
the reed provided for checking the cali
bration is tuned to 60 cycles, it could
not be used at the higher frequency. This
should not be a serious drawback, be
cause the periods of operation at 400
cycles would presumably be short, and
the instrument could be standardized
at 60 cycles before and after the test
flight.

Type 804-B UHF Signal Generator

The performance obtained was quite
satisfactory, although appreciable power
supply hum appeared at the r-f output
terminals. With the generator unmodu
lated, however, this should be of no con
sequence.

Type 620-A Heterodyne Fre-
quency Meter and Calibrator

Except for a noticeable hum in the
audio-frequency output, operation was
quite satisfactory. The only effect of the
increased hum is to reduce the effective
sensitivity so that very weak beat tones
are not as easily detected.

Type 700-A Beat-Frequency
Oscillator

The operation of this in trument was
normal, with a barely audible hum in
the head telephones connected to the
output termi,p.als.

Type 736-A Wave Analyzer
and Type 834-B
Electronic Frequency Meter

either of these instruments could be
made to operate properly. They cannot
be used at frequencies of the order of 400
or 500 cycles with their present power
supply.

INSTRUMENTS DISCONTINUED
SINCE THE PUBLICATION OF CATALOG K-

1939 EDITION
instruments for which atisfactory sub
stitutes can be obtained from other
manufacturers.

• SINCE THE PUBLICATION OF
CAT ALOG K I 1939 edition, the items
in the following list have been discon
tinued in order that we might use our
facilities more efficiently for the produc
tion of items urgently needed for the war
effort. Some of these are mall items for
which no appreciable war demand exists.
Others have been made obsolete by ad
vances in the art. Also included are

Type

25-A
70
80
90-B
138-A
138-D

Descriptio/L

Frequency Monilor
Variac8
Variac8
Variac
Binding Post
Switch Contact
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Description

Bridge
Condenser
Audio Transformers
Volume Control
Logarithmic Resistor
Volume Controls
Thermocouple
Variable Transformer
Compensated Slide Wire

Resistor
Compensated Decade Re-

sistor
Power Supply
Power Supply
Coil Forms
Coil Bases
Frequency Deviation Meter
Modulated Oscillator
Power Level Indicator
Cathode.Ray Null Detector
Accessories
Beat.Frequency Oscillator

(replaced by TYPE 9I3-A)
Amplifier
Guard Circuit
Coil Comparator
Precision Condenser
Modulation Monitor
Distortion and oise Meter
Oscillator
Logarithmic Condenser
Audio Transformers
Condenser
Extension Cable and Tripod
Square-Wave Generator
Patch Cords
Oscillator, 400 cycles (the

IOOO-cycle model is still
available)

IOO-cycle Precision Fork
(still available on special
order)

Not included in the above are rede
signed instruments for which only the
type letter was changed, keeping the
same type number as, for instance, the
replacement of TYPE 716-A Capacitance
Bridge by TYPE 716-B.

670-BW,FW

815-C

714-A
716-P2
721-A
722-FD
731-A
732-B
733-A
739-A, B
741
755-A
759-P21
769-A
774.R1, R2
813-B

672·A
673-A
677
678
682-B
684-A
686·A
707-A
707-P
713-BM, BR

Type

625-A
625-P1
641
642-D
646-A
653
664-A
666-A
669-A, R

Shielded Transformer
Power-Level Indicators
Direct-Current Meter
Decade Resistance Box
Syncro Clock
Beat-Frequency Oscillator

(replaced by TYPE 9I3-A)
A-C Power Supply
Heterodyne Freqnency

Meter and Calibrator,
Cabinet Model (the
relay.rack model, TYPE
620-AR, is still available)

Accessories
Resistors
Mounted Rheostat Poten.

tiometers
Band·Pass Filter
Rheostat Potentiometer
Variable Air Condenser
A-C Power Supply, 90 volts
\Vavemeter (replaced by

TypE 566-A)

Description

Voltage Dividers
Switch
Switch Knob
Decade Condensers
Variable Air Condensers
Variable Air Condensers
Binding Post Assembly
Double Plug
D niversal Bridge
Attenuation Box
nheostat Potentiometer
Variable Air Condensers
Variable Air Condensers
Wavemeter
Rheostat Potentiometers
Rectifier-Type Wavemeter

(replaced by TYPE 758.A)
Rheostat.Potentiometer
Audio Frequency Meter
Adjustable Attenuator
Quartz Bar
Relay nacks
Thermocouples
Mica Condensers
Standard Condensers
Radio-Frequency Bridge

(replaced by TypE 916-A
and TYPE 821-A)

433-A
434-B
449-A
476·A
480-A, B
493
505-T, D, R, X
509-F, G, K, L
516-C

530-C
533-A
539-P, X
544-P2
574

Type

516-P2, P3, P4,
P5, P6, P7, P10

525
526

6I3-PI
620-AM

578.AR, BR, cn,
AT, BT,CT

586
588-AM
602-E
611.C
613·B

154
202-A,-B
202-Y,-Z
219-I.,-N
246
247
274-K,-L
274-ML
293-A
329-J
333·A
334
335
358
410-A
419-A
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REACTANCE CHART
8V2 x11

NOW AVAILABLE
SI ZE

I N

.A NUMBER OF "EXPERI·
MEN T ER" readers have recently reo
quested copies o[ the General Radio reo
actance chart suitable [or labora tory
notebook use. We are glad to announce
that these are now available with
standard 3·hole punching for binding in
an 8~ x ll·inch ring binder. A copy will
he sent on request. The larger size [or
wall mounting if; alf;o till available.
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are working overtime in plants manu·
facturing military radio equipment. In
some plants, we are informed, generators
have been operating for months without
being turned off.

This photograph, published through
the courtesy of FM Magazine, shows
Signal Corps in pector E. P. Mayer
testing receivers with a TYPE 605·B
Standard·Signal Generator in a final in·
spection cage at the Hammarlunil Man
ufacluring Company.

.THOUSANDS
RADIO SIGNAL

OF GENERAL
GENERATORS

GENERAL
30 STATE STREET

RADIO COMPANY
CAMBRIDGE 39, MASSACHUSETTS

BRANCH ENGINEERING OFFICES

90 WEST STREET, NEW YORK CITY 6

1000 NORTH SEWARD STREET, lOS ANGELES 38, CALIFORNIA
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THE EFFECT OF
HUMIDITY ON ELECTRI

CAL MEASUREMENTS

,4Uo.
THIS ISSUEIN

Page
ERRATA IN TnE TYPE

716·B INSTRUCTION
BOOK 4

CHECKING THE Accu·
RACY 0],' AIRCRAFT
TACHOMETER ..... 5

TORSIONAL VIBRATIO
A ALYSIS WITH THE
TYPE 736-A WAVE
ANALYZER. . ..• ... 7

• ITIS AT THIS TIM E of year that
complaints come in regarding the erratic
behavior of electrical measuring equjp
ment, particularly precision impedance
bridges. The various stories conflict. Some
times the bridge seems to read high, some
times low; the balance may drift badly

or suddenly jump to a new value; it may show increasing errors as the
frequency is lowered, or the balance may shift with applied voltage. At
first glance it seems that there must be as many causes as kinds of error.
ActuaUy, there is just one cause, high relative hum.idity. Testing labora
tories and research workers in the northern latitudes are experiencing
for a few months what their brothers to the South contend with for half
the year and what the few in the tropics fight the year around.

High relative humidity affects insulation in two ways. If the insula
tion is porous, moisture will be absorbed into the volume of the ma
terial while, if moisture wets the surface, a thin film of watet· is formed

The new Rohm
and Haas physics
laboratory is one
of the most com
plete plastics test
ing laboratories
in the country.
This photograph

hows two General
Radio bridges set
up to measure the
dielectric proper
ties of discs of

Plexiglass.
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covering the whole surface. Water dis
tributed throughout the interior of an
insulator produces interfacial polariza
tion which causes an increase in capaci
tance, dissipation factor, and volume
conductivity. The amounts of these in
creases vary with the relative humidity
and inversely with the frequency.l At
100% relative humidity and a frequency
of 60 cycles, increases of as much as 50%
in capacitance, of a million-fold in con
ductivity, and up to a dissipation factor
of 1.0, are quite possible for such porous
materials as filled and laminated thermo
setting plastics, many thermoplastics
and natural fibers like cotton, wool, and
silk. The rate at which a porous material
absorbs water and the tenacity with
which it holds it depend greatly on the
cross section of the pores. When these
approach molecular dimensions, as in
silica gel, which is a silicate having mi.
croscopic pores produced by suitable
heat treatment, the material acts as a
desiccant, and the absorbed water can
be removed only by heating above the
boiling point. Mica and some ceramics
act in this manner. Only quartz and
most glasses, some steatites, poly
styrene, and a few other polymers are
free from volume absorption and the
accompanying deterioration of dielectric
properties.

The formation of a surface film of
water on an insulator is determinedbythe
ease with which water wets the surface,
which in turn is measured by the con
tact lYlgle between the surface and a drop
of water on the surface.2 :Most of the
porous materials that show large vol
ume absorption also wet very easily. A

lR. F. Field, tfFrequency CbaracteristiCfl of Decade Con
denscre." General Radio Experimenter, Vol. XVll, TO. 5,
OCI., 1942, pp. 1-7.

2Qn the well waxed 8ur'face of an automobile during a
rain, large drope 8land with a small re-entrant angle, the
area of contact being smaller than the maximum section
of the drop.

microscopic roughnes of the urface
helps film formation. Quartz, glass, and
steatite also wet easily. Only wax,
polystyrene, and some other polymers
successfully prevent the formation of a
continuous film. The condition of the
surface is also important. Dust and par
ticularly acid perspiration from han·
dling greatly aid wetting. The conduc
tivity of even a thin film is enormous.
Merely breathing on the surface of a
good insulator like quartz will lower the
insulation resi tance between terminals
spaced %' inch apart from above
10 MM n to below 1 M n. A film so
formed will vanish rapidly if the surface
is chemically clean and the relative hu
midity low. Qn a dirty surface, however,
the film persists and can be removed only
by thorough cleaning or by heating.

Because there are no rigid stable in
sulators which are unaffected by mois
ture, it is customary to impregnate them
or at least to coat their surfaces with one
of the water-repellent substances such as
wax, polystyrene, or the newer silicon
resins. Any of these materials operates
successfully on the non-porous insu
lators, such a glass and steatite, so long
as perfect adhesion is maintained. Large
changes in temperature, particularly
toward freezing, will produce cracking
and chipping of the surface material be
cause of the differences in temperature
coefficients of linear expansion, and be
cause most coatings, the waxes in par
ticular, become brittle at the lower
temperatures. Any moisture film which
then forms between the insulation and
the coating persists and can be removed
only by complete cleaning of the surface
or by heating.

On porous materials a thin protective
coating is of no value because even the
waxes are themselves somewhat porous.

Copyright, 1943, General Radio Company, Cambridge, Mass., U. S. A.
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Such a coating decreases the rate at
which moisture penetrates to the inner
material, but continued exposure to high
relative humidity will eventually result
in the same equilibrium conditions. For
reasonable success, wax coatings must be
heavy, the result of multiple dippings,
and of the order of 0.1 inch.

In all General Radio instruments
great care has been taken to provide
adequate protection against high relative
humidity. All solid dielectric condensers
are hermetically sealed or heavily waxed.
All high-valued resistors are waxed or
similarly protected. All steatite insula
tion is protected by a surface coating by
the manufacturer. Mica-filled phenolic
or polystyrene is used as insulation for
mounting all high impedances. All wires
for cables are rubber covered with an
identifying braid wax - impregnated.
These precautions are sufficient to allow
normal operation under 90% relative
humidity at 90° F. of all instruments ex
cept the 0.1% impedance bridges. An
even more severe test occurs when, at
90% relative humidity, the temperature
fluctuates sufficiently to reach the dew
point and cause direct moisture con
densation. Under these conditions the
operation of an instrument may not
meet catalog specifications. If power is
dissipated inside the instrument, the
heat generated will quickly evaporate
the conducting moisture films. Other
wise some time must elapse to allow
natural evaporation. A 40-watt lamp or
other resistive load maintained inside
the case will usually prevent condensa
tion. It will have, however, little effect
on moisture absorption.

The TYPE 7l6-B Capacitance Bridge
i probably as greatly affected by mois
ture as any of our instruments. All
steatite insulated terminals are wax

AUGUST,1943

coated, the input transformer is wax
sealed, and the bridge wiring is open
bus. Only the TYPE 722 Precision Con
denser, used on the capacitance standard,
is affected by moisture, and that only in
its dielectric losses, not in its capaci
tance. Its own dissipation factor is de
fined by its figure of merit F = DC =

0.04 JJ.JJ.f, corresponding to a dissipation
factor of the steatite stator support of
0.004. At about 60% relative humidity,
moisture absorption through the wax
coating on these bars causes their dissi
pation factor to rise. A tenfold increase
at 90% relative humidity must be ex
pected. This will produce a negative
error in the direct reading of dissipation
factor exactly equal .to the increase in
dissipation factor of the precision con
denser. 0 error will appear in parallel
substitution measurements.

Another dielectric loss occurs in
aluminum-plate air condensers under
high humidity conditions from the ab
sorption of moisture by the aluminum
oxide on the surface of all the plates. In
its dry state aluminum oxide has a small
dissipation factor and imparts to the
whole condenser a dissipation factor of
only 0.0000001, since its contribution is
proportional to the ratio of the thickness
of the oxide film, about 10 millionths of
an inch, to the plate spacing of 30 mils.
When exposed to moisture the dissipa
tion factor of the oxide is an exponential
function of the relative humidity,3 in
creasing a decade of dissipation factor
for every 15% rise in relative humidity.
At 90% the air condenser has a dissipa
tion factor of about 0.01. Since the die
lectric loss occurs on the surfaces of all
the plates, the air condenser behaves like
a variable solid dielectric condenser, and

lIA. V. Astin, U ature of Energy Los8es in Air Capacitors
at Low Frequencie8," Journal of Research of the National
Bureau of Standard•• Vol. 22. No.6, Juo<,1939, pp. 673-695.
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its dissipation factor does not cancel out
even in parallel substitution measure·
ments. As before, the error in the bridge
reading is negative.

Both of these kinds of moisture ab
sorption in teatite and in aluminum
oxide are troublesome when the relative
humidity stays at 60% throughout the
day, ince at this level only a half day is
requil'ed to attain equilibrium. A rela
tive humidity of 40 0 causes no appre
ciable error, and even a rise to 60 0 fol
lowed by a drop back to 40% within six
hours will cause little trouble. The time
needed to a ttain equilibrium increases
with the relative humidity and is at least
three days at 90%.

Every laboratory should be equipped
with some type of hygrometer in ordel'
that the possibility of enors in bridge
measurements may be anticipated. The
ordinary hail' hygrometer is very useful
in spite of it large errors because it is of
the indicating type. A wet and dry bulb
hygrometer should be available as a
check under extreme conditions. Reg
ular readings of relative humidity dur
ing the summer months are fully as im
portant as are tho e of temperature, for
the units being measured are in many
cases more liable to be affected by high
humidity than the measuring equipment
itself. This fact indicates that the bridge

readings of dissipation factor may appeal'
to be high or low dependent upon the
relative rates at which the unknown
condenser and the standard condenser
in the bridge change their dis ipation fac
tOl'S with humidity. Without a hygrom
eter this situation cannot be definitely
recognized except as the reading of dissi
pation factor becomes ridiculously low
or actually negative. A certain insta
bility of bridge balance will appear at
relative humidities above perhaps 70%,
as indicated by a more or less steady
drift of both capacitance and dissipa
tion factor balance points.

There is little that can be done witb
existing measuring instruments to elim
inate this type of error, short of ail' con
ditioning. This should preferably apply
to the entil'e l'Oom containing measuring
equipment. Then the unknown unit i
measured under standard conditions. It
is also possible to dry out the measuring
instrument by placing a desiccant, such
as silica gel, inside its case. However, the
amount of moisture which can seep
through the joint between panel and
case and around the control shaft is
amazing. nless unusual care is taken,
it will be necessary to rene, the desic
cant each working day whenever the
relative humidity is above 70 o.

- ROBERT F. FIELD

ERRATA IN THE TYPE 716-B INSTRUCTION BOOK

Two errol'S in the Operating Instl'llC
tions for TYPE 716-B Capacitance
Bridge have recently been discovered.

Jn Equation 9, page 5, the expression
fol' Cxp should be

1 + D(D' - t:.D t:.CC)
C - t:.C .

XP - 1 + D2

The latter correction has been made in
books currently being shipped.

and in Equation 10, page 6, the expres
sion fOt' Cxp should read

C
1 - (t:.D)2

t:.C
= t:.C 1 + (t:.D)2CXP
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ACCURACY
TACHOMETERS

CHECKING THE
OF AIRCRAFT

• THE CUR RENT PRO BL EM in
checking aircraft engine tachometer is
one of handling the increased number of
tachometer and of making sure that the
individual tachometer takes advantage
of the full tolerance allowed by the ac
ceptance specification.

If the tachometer tolerance is ±25
rpm and if the checking standard ha an
error of ±10 rpm, the tachometers must
each read within ±15 rpm to be ac
cepted. If the checking standard ac
curacy can be improved to ±2 rpm,
the tachometers need only read within
±23 rpm to be accepted. With the in
creased accuracy more tachometers are
accepted at no increase in testing time.
The extra time required for handling re
jections is eliminated.

The General Radio TYPE 631-B
Strobotac bears the approval of the
Civil Aeronautics Administration for the
checking of aircraft tachometer . This
certificate is earned by the rated ac
curacy of the Strobotac, which measure
speeds between 900 and 14,400 rpm
with an error of less than ±1 0 of the
measured value. This statement assumes
that the supply from which the Strob
otac is operated is a power line tied in
with one of the main frequency-regulated
power systems of the country. The in
stantaneous error in the frequency of a
regulated 60-cycle power line seldom ex
ceeds ±0.2%, and is usually much less
than this figure. A telephone call to the
local power company's Dispatcher's
Office will give a check on the frequency
accuracy to be expected of the local
power ystem.

Engine tachometers are driven :from
the engine cam shaft which turns at one-

FIGURE 1. Tachometer test disc for trohotac.
Copies are available 011 request.

balf the crankshaft peed. In the in
strument laboratory, therefore, the
tachometer is checked by comparing it
reading with twice tbe mea ured speed
of the test-stand drive haft.

There are usuaIJy three steps in the
tachometer-testing procedure.

(a) The Strobotac calibration is ad
justed against the line-controlled syn
chronous vibrating reed mounted within
the instrument reflector, and tbe Strob
otac scale is then set to one-half the
desired tachometer te t speed.

(b) The speed of the test-stand drive
motor is adjusted until the drive shaft
appears to stand still.

(c) The scale reading of the tachom
e ter is recorded.

Steps (a) and (b) may be combined,
and the possible calibration error of
Step (a) may be eliminated by using a
stroboscopic (li c and by flashing the
Strobotac at the power-line frequency
under LI E control. This method per
mits reduction of po sible errors from the
±1 0 rated trobotac maximum error
to the power-line frequency error of
usually less than ±0.2 o.

The stroboscopic disc of Figure 1 may
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appears to stand still.
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and the pos ible calibration errors of
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under LINE control. This method per
mits reduction of possible errors from the
± 1 0 rated Strobotac maximum error
to the power-line frequency error of
usually less than ±0.2%.

The stroboscopic disc of Figure 1 may
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TORSIONAL VIBRATION ANALYSIS
WITH THE TYPE 736-A WAVE ANALYZER

FIGURE 1. Test setup for measuring torsional vibration at tbe Lycoming laboratories.

• ALTHO UGH the TYPE 760-A Sound
Analyzer and the TYPE 762-A Vibration
Analyzer are recommended for general
purpose sound and vibration analysis,
there are specific applications where the
use of the TYPE 736-A Wave Analyzer
leads to certain operating conveniences
and somewhat better accuracy. In Fig-

ure 1 is shown a test setup in the lab
oratories of the Lycoming Division, the
Aviation Corporation, using the wave
analyzer for the analysis of torsional
vibrations in aircraft power plants.

At the lowest frequencies, the resolv
ing power of the wave analyzer is not
adequate for satisfactory separation of

FIGURE 2. Plots showing the amplitudes of various orders of vibration as meas
ured with the wave analyzer.
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tude of arious order of vibration, as
the driving peed is aried over a wide
r~nge, is shown.

FIGURE 3. Maximum amplitudes of the reo
ultant recorded vibration wave measured from

oscillogram .

closely spaced non-harmonic compo
nents, but for vibration frequencie di
rectly related to the fundamental engine
speed, the selectivity is adequate. For
instance, at a fundamental (fu'st-order)
vibration of 20 cycles (per second), the
>1 order and 1>1 order components fall
at 10 and 30 cycles, respectively. The
di crimination of approximately 30 db
between such components is adequate
for most tor ional vibration analy is.

At extremely high frequencies the
TYPE 736-A suffers somewhat in com
parison to the TYPE 760- ,because the
relatively sharper response curve makes
tuning difficult when the frequencie
under observation are not stable. For
the range of frequencies normally en
countered (fundamental speeds in the
range 1000-3000 rpm) in torsional
studies on aircraft engines, however, the
electivit characteristics of the wave

analyzer are atisfactory.
series of plots typical of the ampli-
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IDENTIFICATION OF

IN A HARMONIC

HARMONICS

SERIES

2

• I NUS I N G frequency standards,
the useful output of which consi ts of
one or more series of harmonics, the
ready identification of certain or all of
the harmonics in a given frequency range
is one of the first problems encountered
in calibrating equipment against the
standard. Basically the problem is always
the same: (1) The identification of a key
point, or of widely separated key points;
(2) dividing the interval between such
points, or the frequency range about one
such point, into smaller frequency inter
vals, and (3) subdividing such intervals
into successively smaller intervals. De
pending on the method used, the identi
fication and subdividing steps mayor
may not be combined into a single oper
ation.

I. Using Calibrated Oscillator
or Receiver

Within certain ranges, the implest
method depends on the calibration of an
oscillator or a receiver, or both. These
calibrations must be sufficiently accu
rate and stable 0 that the errors are
substantially Ie s than one half of the
fundamental frequency of the harmonic
serie , that is, ub tantially les than
one half of the frequency interval be
tween succes ive harmonic.

If a fine calibration of a piece of equip
ment is required, it is obvious that as
harmonic series having lower and lower
fundamental frequencie (to obtain cali
brating point nearer and nearer to
gether) are used, a point will be reached
where any given oscillator or receiver
calibration is not sufficiently precise to
identify positively the frequency of any
given harmonic.

A---+--------'~-

B __....L....1....JL.-L.-'-~....L.........._'___

FIGURE 1. lOO-kc harmonics identified by cali
bration of 0 cillating recaiver are hown at A.
Knowing!, and !., points at lO-kc intervals are
filled in as at B and the frequencie are known.

II. Using Calibrated Oscillator
or Receiver and Successive Har
monic Series

By use of different harmonic serie , ill
turn, however, this situation can be over
come. For example, suppo e the recei er
calibration in the frequency range of
interestto be good to ± 5 kc. It is obvious
that this calibration would not serve to
identify 10-kc harmonics, but it , ould
be entirely adequate to identify 50-kc or
100-kc harmonic .

By first spotting the identifiable 50-kc
or 100-kc points on the scale of the equip
ment being calibrated, such "key"points
serve for positive checking when calibra
tion points at, say, 10 kc, or maller in
tervals, are filled in a hown in Figure 1.

III. Ide nt i f yin g H arm 0 n i csSe pa
rated by a Desired Interval

When the frequency range or pan of
an oscillator is to be che«ked as Gove.ring
certain limits, it is convenient to be able
to identify two harmonics of a series
which are not adjacent harmonics. This
span should be checked before detailed
calibration is started.

H an auxiliary oscillator is set at a
fundamental freqpency equal to tbe de-

Copyright. 1943. General Radio Company, Cambridge, Mas••• U. S. A.
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FIGURE 3. Showing how two standard harmonics marking a particnlar frequency span are identi
fied using an auxiliary oscillator.

ired span, one of its harmonic then falls
at the bottom and one at the top of the
desired range. If the span is not a multi
ple of the fundamental of the harmonic
series of the standard, a test span can be
chosen which is such a multiple.

If this is done, the auxiliary oscillator
is preferably not set in exact zero beat
with the standard. If the oscillator is
offset slightly, then the top and bottom
points of the test span will be identified
by two harmonic frequencies of the
standard marked by a characteristic
double beat tone when picked up in a
non-oscillating receiver, while all other
standard frequency harmonic points will
be marked by single beat tones, as the
oscillator frequency is varied through its
range. A block diagram of the system is
shown in Figure 2a. An oscillating re
ceiver, or one with a heterodyning oscil
lator, can also be calibrated by this
method, as shown in Figure 2b.

As an example, let us assume that one
range of a multi-range frequency meter
to be calibrated covers a span from 1460
to 2090 kc. If the auxiliary oscillator is

set at 500 kc, a test pan of 1500 to 2000
kc is marked off by the third and fourth
harmonics. If this oscillator is et off
from 500 kc by 30 cycles or so, then a
characteristic double beat will be heard
when the test oscillator is set at 1500 or
2000 kc. When these two points have
been checked as falling within normal
limits on the frequency meter scale, the
auxiliary oscillator is turned off and final
calibration started in terms of the
standard alone.

This same procedure provides for
setting up, in effect, a harmonic series
of higher fundamental frequency than
the highest available from a given fre
quency standard. For example, if the
highe t frequency harmonic series is 50
kc, an auxiliary oscillator set at 500 kc,
and slightly offset from the standard,
identifies every 10th 50-kc harmonic by
the characteristic double beat tone,
which is equivalent to a standard
harmonic series of 500 kc. This series
extends over the range covered by har
monics of the auxiliary oscillator. Final
calibrations at any such points should

FIGURE 2. (a) Block diagram showing the process of calibrating an oscillator by means of an
auxiliary oscillator set to the desired frequency span. (b) A similar system for calibrating a receiver.

AUX ILIARY
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bc taken directly against the 50-kc
harmonics, with the auxiliary oscillator
effectively disconnected from the de
tector.

Finally, if several series of standard
frequency harmonics are available, iden
tification of any desired harmonic of the
low frequency series can be made by
counting, provided only that harmonics
of the highest frequency series can be
identified. For example, if a receiver
calibration identifies any harmonic of a
LOO-kc series, and is set to one such
harmonic, we can, on substi tu ting a 10
ke series, count the number of 10-kc
points passed over in tuning the receiver
to either lower or higher frequcncies. By
counting not more than five 10-kc
harmonics, we can se t the receiver to
any requiredlO-kc multiple.

For example, if 1670 kc is to be identi
fied, se t the receiver at 1700 kc, as
chccked against 100-kc harmonics. Leav.
ing the receiver at this setting, substitute
the 10-kc harmonic series. Tuning tbe
reeei vel' toward lower fl·equeneies, the
first 10-kc harmonic reacbed is 1690 kc,
thc second 1680, and the thi~rd is the
desired point of 1670 kc.

IV. Ide ntit yin g H arm 0 n i cson Un·
calibrated Equipment

It is feasible, and, in many cases, very
convenient to have a system of identi-

IOO~<' 400KC

3700K

37(100)000) ....

\

DIFFERE.NCE. FR:['~UE.1olC",(

IN c."(.\..E.S

fying any standard frequency harmonic,
without the nece sity of having any cali
brated radio-./i·equency equipment. To
do this it is necessary to have means of
measuring audio frequencies with pre
cision but, since such equipment is
usually available with the ./ioequency
standard, this is generally no new
problem.

If it is desired, for example, to know
which 100-kc standard harmonic has
been tuned in on an uncalibraled re
ceiver, an auxiliary setup or "id.entifier,"
consisting of a crystal oscillator and
100-kc multivibrator, is needed. This
crystal oscillator need not be of elaborate
design. If the crystal has a low temper
ature coefficient and the circuit is pro
vided with ajine frequency adjustment,
for pm-poses of accLU-ately adjusting the
difference in ./i·equency, or "offset,"
between the standard and identifier fre
quencies, occasional readjustment is all
tbat is required.

The use of an "offset" frequency
standard as a means of avoiding very
low beat frequency differences when
measm-ing radio frequencies is well
known. The particular featul·e of using
a specific offset for identification pur
poses ~was proposed by the writer's co
worker, Mr. H. II. Hollis.

This auxiliary crystal oscillator is
adjusted to a frequency tha t is a defini te
number of cycles below 100 kc and the
multivihra tor is controlled from it. For
example, if the crystal is set 6. cycles low
on the 100-kc fundamental, the fre
quency of any identifier harmonic is
111; = n (js - 6.) = nl. - n6. cycles,
where f; is the identifier fundamen tal
frequency and fs is the standard 1i:e
quency.

ow, if the uncalibrated non-oscillat
ing receiver is tuned. to some harmonic

FIG RE 4. Showing operation of identifier_
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of the standard, its frequency is 1If•. If,
then, the standard and identifier outputs
are both connected to the receiver input,
a beat output from the receiver is ob
tained equal to

Jb nJ. - (nJ. - n~)

= nJ. - nJ. + n~

= 11 J. cycles
which i the beat frequency measured
with the audio-frequenc measm-ing
equipment.

Tn general, wc are not intere ted in
the lIumber of the harmonic n; we wish
to know its Jrequency. By choo ing ~

appropriately, the beat n~, in cycles, can
be made equal numerically to the fre
quency IIJ. of the standard harmonic, in
I,' ilocycles.

For example, take ~ as 100 cycles, as
shown in Figw'e 4. If the receiver is
tuned to the 37th harmonic of the 100-kc
standard, the beat output of the receiver
will be 100 x 37 = 3700 cycles. The
frequency of the harmonic to , hich the
ullcaLibrated rcceiver is tuned i 3700 kc.
The next higher harmonic (38th) would
give a beat output of 3800 cycle.

From this we can see that the fre
quency of the identifier cry tal oscillator
hould be et carefully just 100 cycle

helow the tandard, which is mo t easily
done by tuning in a known high.fre
quency harmonic and adjusting the
crystal 0 cillator to obtain the correct
beat fTequency. \Ve also can see that,
(or a given ~ and a given audio-fre
quency measuring range, there is an
upper limit to the nwnber of standard
harmonics which can be identified. For
example, if the audio-:/i'equenc mea ur
ing equipment covers a range up to 5000
cycles, the highest standard frequency
harmonic which can be identified is 5000
kc or 5 Mc.

With ome care in adju ting the
identifier crystal oscillator frequency,

SEPTEMBER,1943

and in operating the auctio-frequency
measuring equipment, a ~ of 10 cycles
can be u ed, which give beat frequencies
one tenth of those given above. The fre
quency of the harmonic in kc is then 10
times the audio-beat frequency. The
upper frequency limit i also ten time
higher - 50,000 kc or 50 M c.

From the preceding de criptions we
can see that, to obtain decimal multi
pliers for converting the observed beat
:/i'equency to the frequcncy ofthe stand
ard harmonic, we should choo e a ~

, hich is a decimal fraction of the stand
anI :/i·equency. For example, if the
standard frequency is 50 kc, a ~ of 50
cycles gives beat frequencies in cycle
which are numerically equal to the Jre
quencies of the standard harmonics in
kilocycles.

If the identifier i set up as described
above for identification of standard
harmonic on the direct-reading basis,
then the addition of a lower frequency
muhivibrator to the identifier will pro-

ide for identifying the harmonics of
thi lower standard frequenc . If a 10-kc
lUultivibrator be added to the identifier
of the preceding paragraph, the effective
~ is 50 divided by 5, becoming 10 cycles.
Therefore the audio beat obtained be
tween a standard 10-kc harmonic serie
and the 10·kc eries :/i'om the identi fier
is again, in cycles, equal to the frequency
of the 10-kc harmonic, in kilocycles.

A fm-ther limi ta tion on the number
of harmonics which can be identified by
thi method comes about when the beat
frequency T1~ reaches or exceeds one
half the fundamental frequency of the
harmonic series. With ~ taken as 10
cycles, as de cribed in the last para
graph, with a 10-kc harmonic series,
n~ becomes equal to J.2 when the beat
i 5000 cycles, corresponding to the
SOOth harmonic. While it is possible to
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FIe RE 5. howing use of identifier in avoiding
very low beat frequencies in measuring a radio

frequency very near a standard harmonic.

interpret the results when the beat fre
quency effectively exceeds this value,
it is generally simpler and much more
convenient to choose a value for t1 which
avoids this situation in the frequency
range of interest.

Summarizing, a value for t1 can be
chosen which will identify practically
all useful harmonics of a high frequency
series, within the limits of a given audio
frequency measuring range. This same
value of t1 will identify harmonics of a
lower frequency series up to the limit
of the audio-frequency measuring range
or j./2, whichever occurs at the lower
frequency, where j. is the fundamental
of the low frequency harmonic series.

In many cases this method of identi
fication need be applied only to the high
est frequency harmonic series of the
frequency standard. In any given fre
quency range a large number of identi
fied key frequencies are then available.
The intervals between these known key
frequencies can then be subdivided by
one of the other methods described,

6

without the nece sity of u ing a lower
frequency identifier eries.

The use of a definite value of off~et

from standard for the identifier crystal
oscillator frequency in no way impairs
the use of the system in avoiding low
beat frequencies when measuring a radio
f,·equency. If a broadca t station fre
quency is being mea ured, the beat ob
tained between a 10-kc standard har
monic and the station frequency would
only be a few cycles. If the audio bea I

between the standard and identifier
series, at the harmonic corresponding to
the station frequency, is first measured
and then the beat between the identifier
series and the station frequency, the
difference of these beat frequencies is
the number of cycles that the station is
off frequency.

For example, suppose a station at
1590 kc is being checked, as illustrated
in Figure 5. If the identifier is set ex
actly, the beat difference between the
identifier and standard at this harmonic
would be 1590 cycle. uppose the iden
tifier is slightly off frequency, giving a
beat of 1588 cycle . If the beat between
the identifier and tation frequencies is
1596 cycles, the station is 1596 - 1588
= +8 cycles (high); if the beat were
1583 cycles, the station would be 1583
- 1588 = - 5 cycle , or the station
would be 5 cycles low. The error in
setting the identifier does not appear in
the final result. - J. K. CLAPP

SERVICE DEPARTMENT NOTES
Tell Us What Is Wrong

In writing about erratic operation of
an instrument, please describe in detail
the type of service, hours of usage, opel"
ating conditions, power source, and reo
uIts obtained from following directions

given in InstructiQIl Books, and Service
and Maintenance otes. It will often be
possible for us to analyze the trouble and
to send directions for its correction by
return mail.
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aging the coils. Occaional inspection
and cleaning of your ariac will prevent
delays cau ed by return to the factory
(or repair. Orders for replacement
brushes are shipped promptly. Please
pecify type of Variac ou your order.

SERVICf AOO ffiAInHnAnCf
nons

Replacement Parts
While an effort is made to maintain a

reasonable stock of parts, such a supply
must necessarily be limi ted, because of
general shortages. In placing a requisi
tion (or replacement pal·ts, please order
only the amount sufficient for your im
mediate needs. Orders for larger quan
tities may deprive auother customer
from getting parts needed in an emer
gency.

Whenever possible, repair minor dam
age in your own plant. If you cannot
make repairs to part of General Radio
manufacture, why not return them to u
for repair rather than order a replace
ment? Prompt service can be given and
strategic ma terials will be conserved.

-H. H. DAwE

If it is necessary that an instrument
be returned for reconditioning, this de
tailed information will prevent delay in
doing the work.

Service and Maintenance Notes
This information is mailed wi thout

charge to all u ers of General Radio
equipment. The otes will help you in
making adjustments and repairs, thus
avoiding time lost in having recon
ditioning doue at the factory. If you do
not have a et of Service and - !fain
lenance otes, seud us a list of your
General Radio instruments, giving type
and serial numhers, and your copy II ill
he mailed promptly.

VARIACS
Most of the ariacs returned for re

pairs have damaged winding. Defective
brushes or poor contact of the brushes
on a corroded or blackened winding
surface result in arcing, eventually dam-

Check Your Equipment Now
Constant usage of Geueral Radio

equipment will eventually result in the
wearing of moving components, deteri
oration of tubes and hatteries, chauges
in the values of resistors aud capacitors,
and the collectiug of dust and grit
throughout the as emhly. These con
dition occur very gradually and the
effects are not noticed until errors be
come serious or poor operation develops.

Why not check your equipment now
to see if it conforms to the specifications
in the catalog? The information given
in the Instruction Book and in the erv
ice and Maintenauce otes will help
you in determining if operation i nor
mal and in malcing readju tment . Keep
your iustruments in first-cla s operating
coudition in order to get accurate results
from your measurement .
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holding the "E" banner.

A STAR FOR OUR "E" BANNER
The men and women of the General Radio Company are proud that their efforts

have merited a renewal of the Army-Navy "R" award. To OUT suppliers and our
subcontractors we express our thanks for their help in adding this star to our "E"
hanner.

The Navy's letler of awal·d.

DEPARTMENT OF THE NAVY

OffICE or nlE UNDER SECRETARY

9 July 1943

Mr. Melville Eastham. President
General Radio Co_pan),
Cambridge, Massachusetts

Dear Mr. Eastham:

At the last meeting of the Navy Board for Pro
duction Awards the question was taken up whether your cOlQpany
would be granted a renewal of the Arlll;y-Navy 'EI Award for an
additional period of six months dating from June 15. 1943.

It is with great pleasure that I inform you that
affirmative action 11'88 t&ken in the case of the General Radio
Company at Cambridge. Accordingly. there is being forwarded to
you a new pennant with ODe star affixed, .hleh you should receive
in the near future. The Navy Department desires that no cere
mony be held in connection with the star award.

The men and women of the General Radio Company
have achieved a signal honor by continuing their splendid pro
duction in such volume as to justify this renewal of their
alfllrd. In the first instance it WIlS difficult to win the
Army-Navy IE' and by meriting a renewal, the management and
employees have indicated their solid determination and ability
to support our fighting forces by supplying the equipment ..hicn
is necessary for ultilll8.te victory.

The Navy Department extends to each and every
man and woman of your company 1ts hearty congratula tions on
their accompl1shl1ent and des1res to express a fervent hope
that future production w111 be even more outstanding.

S1nl·t.Y~
C. C. BLOCH

Admiral, USN (Ret.)
Chairman, Navy Board for Production

Awards

GENERAL RADIO COMPANY
30 STATE STREET CAMBRIDGE 39, MASSACHUSETTS

BRANCH ENGINEERING OFFICES

90 WEST STREET, NEW YORK CITY 6

1000 NORTH SEWARD STREET, LOS ANGELES 38, CALIFORNIA
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CALIBRATION OF EQUIPMENT IN THE lOW AND
MEDIUM RADIO· FREQUENCY RANGES, IN SMAll

STEPS OF FREQUENCY

J\IAl"iTEN \ 'CE WITIJ
TIl E STRonOTAc ... 8

FIGURE 1. Measuring frequencies in the General Hadio laboratories.

Til E ,"rAR nAS

BROUGHT ITS GRr EFS
TO GENER","L RADIO 6

• THE PRO BLEM o( calibrating an os
cillator or receiver, at well separated points,
in terms of harmonics from a frequency
standard is well understood, and is easily
solved. Referring to Figure 2a, i( the har
monics from the standard are multiples of 10
kc, or of a higher frequency, a calibrated re
ceiver serves to identiC) the individual har
monic frequencies "ithout ambiguity. The
combined selectivity or the tuning of the re

ceiver. the limited pa band of the audio frequency part of the receiver,
the telephones, and the operator's ear serve to lIppress very largely the
"extraneous" beat. Lf the receiver can be made to oscillate, or if any
noise or hum is pre ent, then the oscillator can be set, with high precision,

VOLUME XVIII NO.5

-~~ PEBIMENTEB
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Copyright, 1943, General Radio Company,
Cambridge, Mll88., U. S. A.

FIG RE 3. U1ustrating thc formation of beat
frequencies as the oscillator frequency is varied.

This situation i illustrated in Figure
3. As the oscillaLor frequency is in
creased, beats are heard in the receiver
output which increa e in frequency for
tandard harmonics below the 0 cillator

frequency; beat are al 0 heard which
decrea e in frequency for tandard har
monic above the oscillator frequency.
The upper extent of the diagram is
limited by the over-all receiver pass
band, as mentioned above.

For a particular oscillator setting,
such as represented by fo, Figure 3, the
receiver output contains the various
beat frequencies 1, 2, 3 ... up to the
limit passed by the receiver. These are
een to be the de ired beat frequency

represented by 1 and other beats which
consist of multiples of the standard
frequency (1 kc) plus or minus the
desired beat frequency, repre ented by
2-3, 4-5, etc.

If the receiver output is deliberately
given a sharp cut-off at a frequency
slightly greater than one half the stand
ard frequency, repre ented by the line

-Y, Figure 3, then the confusing beats
are entirely eliminated except for a very
small region halfway between standard
frequency harmonics. In this small reo
gion both beats are very nearly one half
the standard frequency. If the oscillator
is set very nearly halfway between two
standard harmonics, the receiver output
consists of two frequencie , one very
slightly more than one half the standard
frequency and one very slightly less.
These two frequencies combine to give
the effect of a single frequency waxing

TUNf.O
RE.CE.I vE.R

FIGURE 2. Block diagrams showing the method
of calibratiuIY an osciUator in terms of a har
monic freqlH~'ncy standard; (a) with tuncd rc·

ceiver, (b) with au untuncd detector.

LO zero bcat wiLh the standard harmonic
frequencies by adjusting it so that the
"fluLLer" heard on the audio beat tone,
or background noise, is brought to a very
low frcquency.

If now it is necessary to calibrate Lhe
oscitla tor in smaller steps of frequency
than 10 kc, and harmonics of a lower
fundamental frequency, such as 1 kc,
are u ed, a very confusing series of beat
Loncs is heard in the telephones. This is
brought about because the principal
receiver output no longer consists of the
beaL beLwcen the oscillator and a ingle
standard frequency harmonic. When
using a 1-kc harmonic series, and with
the oscillator et near zero beat again t
one harmonic, beats between the oscil
lator and standard are pas ed by the
receiver for several harmonics both
above and below the one to which the
o cillaLor is adjusted.
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and waning in intensity at a rate equal
to the difference in' frequency. If the
oscillator is set so that the waxing and
waning takes place very slowly, or the
"flutter" is brought to a very low fre
quency, then the oscillator is adju ted
with considerable precision to a fre
quency just halfway between two
standard harmonic frequencies.

For many purposes it is de irable to
avoid the need of tuning a receiver to
succes ive standard frequency harmon
ics, when an oscillator is being cali
brated. An untuned detector can be
used, as shown in Figure 2b, if separate
means are used for identifying key
points on the oscillator calibration. To
avoid confusing beats, a low-pass filter,
with a cut-off frequency slightly over
one half the standard frequency, should
be used.

Because no radio frequency selectiv
ity is provided, a new series of extra
neous beat frequencies will be heard in
the detector output, if the oscillator
output contains harmonics. These beats
are formed as follows: while fundamen
tal frequency of the osciUator being
calibrated i changed from one tandard
frequency harmonic, n, to the next
higher, n + 1, the second harmonic of

the oscillator is changed from twice the
first standard frequency, 2n, to twice
the second, 2(n + 1) or 2n + 2. In other
words, the second harmonic of the oscil.
lator has moved over two harmonic
intervals. If the oscillator is et half·
way between the two harmonics nand
n + 1, the frequency is n + 72. The
frequency of the second harmonic is
twice this, 2 (n + 72) or 2n + 1, which
is a standard harmonic point. .

As judged by the fWldamental fre
quency of the 0 cillator, this simply
means that if the oscillator is set half·
way between two standard harmonics a
zero beat is heard, due to the second
harmonic. The second harmonic divides
the fundamental interval in half. Simi·
larly, the third harmonic divides the
interval into three parts; the fourth
harmonic divides it into four parts,
and 0 on.

lt is important to realize that this pat.
tern of subdi ision of the interval be
tween two uccessive standard harmon
ics is ah ays the same regardless of the
numbers of the harmonics and regard
less of the value of the tandard funda·
mental frequency. The pattern is illus-

]i'IG IlE 4. Pattern of harmonic beats which
subdivide the standard-frequency interval.
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FRE.QUE.NCY
STANDARD

FIG RE 5. Block diagram showing bow sland
ard and unknown frequencies arc connected lo
a calhode-ray oscillograph for oblaining Lis a-

jous figures.

trated in Figure 4. which gives the values
of all of the frequencies cone ponding
to zero beat points in one harmonic in
terval, for harmonics up to the sixth.
The e points are easily identified and in
some cases are a very useful means of
subdividing a given standard frequency
interval into smaller parts.

cathode-ray oscillograph is a very
useful and versatile device for use in
makingfrequel1cycompari OIlS andmeas
urements. The simplest application is
illu trated in Figure 5, where a standard
Jrequel1cy is applied to the horizontal
deflection plates and an 0 cillator to be
alibrated is connected to the vertical

deflection plates. The familiar Li ajou
pallern will only be briefly de cribed
here.* In Figure 6 is shown the type of
pallern obtained when the oscillator
frequenc is three times the standard
frequency. When the pallern stands
till, the oscillator is exactly three times

the standard frequency; the form of the
palleru depends on the phase d.irrerence
of the standard and oscillator voltages.

*For dClniled descriplions or I)UllCrnS scc, lor example
M~rwyn J3ly~ "A Guide lo CaLLJocle-Ray J:)~lllern8." Jol,,;
\\ lley & SOIlF, 111('., 1943.

If the oscillator frequency differs very
slightly from the standard, the pattern
changes progre ively through the form
shown and back again. The ratio be
tween oscillator and standard frequen
cies is found, for any pattern, by count
ing the tangent points along a horizon
tal side, such as d, e, f, and d.ividing b)
the numher of tangent points along a
vertical side, such as "a. '

Theoretically fractional ratios, in
volving other than mall integers, such
as 27/19, could be identified, but wi til
complicated figure checking is very
time-consllIll.ing. AJso, the principal in·
terest is generally attached to integral
ratios.

If the functions of identifying thc
frequency ratio and etting for exact
frequency ratio are eparated, then the
effective range can be very greatly ex
tended. For example, if patterns of thc
type shown in Figure 6 for integral fre
quency multiple are used, with a large
horizontal deflection oltage (from the
standard), the osciJlator can easily be
set at multiple of 1000, or more, to
one. By using higher standard fre
quencies, identification of key points
on the 0 cillator calibration can be
made with simple pattern. Point can
then be filled in for every kilocycle or
even every half-kilocycle, using a l-kc
standard. The arrangement is illuslrated
in Figure 8.

When the horizontal deflection volt
age is increased, the central section of
the pattern only is observed. This pat
tern appears a a few cycles of two

FIGURE 6. Li sajou pallcrn for a 3:1 frequency ratio.
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.FlGUHE 7. Block diagram.of a,~dio.beat systcm
for obtaining small cahbratlOn II1tervals.

waves, one progressing fTom leJt to
right, the other fTom right to leJt, due
to the forward and return traces caused
by the sinusoidal sweep voltage. When
stationary, the oscitlator frequency is
an exact integral multiple of the stand
ard frequency. The (n + ~):1 patlems
appear a two chains, one moving to the
ri".ht and one to the left. Higher ratio

'"patlern are recognizable and can be
used if desired.* A typical pattern i
shown in Figure 9.

In some cases, the use of very high
multiple of a given standard frequency
will not extend the calibration to suffi
ciently high frequencies because o( the
difficulty of opening out the pattern for
ea y identification of the multiples of
the tandard frequency. By using a de
tector or receiver as in Figure 7, with
comparatively high frequency standard
harmonic, the very small frequenc
inter als can be et using the cathode
ray oscillograph in the audio, instead
o( radio, frequency range.

*1<"'. H. lansel, Journal of tbe Inl:!lillilion of Elcelrical
Engineers (Britir,h), JUIlC, 19-t3. p. 73.

FIGURE 9. ppearanceof pattern when o. cillator
heing calibrated is set very nearly to a high mul
tiple of a standard freque~cy. One trace appear
to move slowly to the right; the other slowly

to the left, as indicated by the arrows.

FIGUHE 8. Block diagranl or systcm for spread
ino- out pattern to ohtain small calibration

C inler als.

STANDARD

The oscillator under calibration, the
tandard frequency OlUCC, and the

detector sy tem are, in effect, a beat
frequency oscillator, which in turn is
calibrated by the audio-frequency check
ing ystem. In the interval between the
radio-frequency harmonic of the tand
ard, the oscillator can be set to any
multiple o( the standard audio fre
quencies, and, with the cathode-ray
oscillograph, just as readily to multiples
of one half or these (requencies.' In
terms of the tandarcl frequency valnes
given in Figlue 7, thi means that the
oscillator could be calibrated easily
to every 50 cycle ini I radio-frequency

-]. K. CLAPP
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THE WAR HAS BROUGHT ITS GRIEFS
TO GENERAL RADIO

6

• THROUGHOUT THE AGES
history has recorded the courageous
deeds of women in warfare and in the
relie f of suffering on the battle fron t. In
the coming decades historians "ill no
doubt expound upon the contributions
of women to the present world-wide con
flict and will rightfully empha ize the
important hare in the final victory \ on
by our women, both in the armed serv
ices and in industry.

Abou t a year ago so many of the
younger members of the General Radio
organization had left us to join the
armed force that a serious shortage of
persOlmel arose in our testing, inspec
tion, and certain manufacturing depart
ments. Breaking a lifelong custom with
some slight trepidation, it was happily
decided to build up a corps of women
employee for this work-a decision
which ha met with gratifying success.

The Army has its WACS, the avy
its W YES, the Coast Guard its P RS,
so it was but natural that General
Radio should have its GRIEFS. The
lall.er i a most inappropriate title in its
literal meaning but, with a poetic license
in spelling, i the inevitable contraction
of General Radio Emergency Inspection
Force.

A group of about a dozen girls were
recruited for the initial GRIEF platoon
1.0 which were added two feminine mem
bers of our drafting department, one of
whom is now on our Honor Roll as a
Marine. The work which these young
women were to do required some real
knowledge of the theory and operation
of our products, so that it became the
happy privilege of the writer to have
the c young ladies in charge for a six-

weeks' instruction period. The majority
of the group had obtained more or Ie s
of a background of science and mathe
matics in high school, college, and
E MWT c1asse . Several of the girl
held collegiate degrees but, what was
far more important, aU were anxious to
stand behind hu bands, weethearts, and
brothers in Bataan, ill Africa, and on the
high seas.

Guided by previous experience in
teaching, the GRIEF class program
started with a study of the fundamental
principles of electrical science, first in
doc and then in a-c systems, and subse
quently led into the manifold practical
applications of this basic theory in the
operation and te ting of General Radio
equipment. Several members of the
engineering staff contributed valuable
discussions concerning their specialized
fields-lectures which served as material
for a "graduation thesis" from each of
the girls.

Morning sessions with ohms, farads,
kilocycles, and rainbow-colored circuit
diagrams in the c1as room were followed
by afternoons of graduated practice
work in the inspection department. At
the com pie tion of the course the
GRIEFS were ready to go into the test
ing and calibrating laboratory and really
to hold their own in friendly competition
with the masculine engineering assist
ants in this department. This training
program clearly demon trated th~ abili
ties of these enthusiastic young women
to do this important work, and proved
that some real knowledge of the subject
matter considerably enhanced these
abilities and heightened the personal
atisfaction of the GRIEF in their
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work and accomplishment. Several or
the girls had the ambition to upplement
a full day in the laboratory with further
evening course in mathematics and
radio.

most happy esprit de corps has
developed between the GRIEFS and
the heretofore 10rdJy males, as demon
strated in lunchtime poker games, in
certain activities of that legendary
fellow "ith a bow and arrow, and in
numerou other ways.

Since the fU"St group or GRIEFS
added pulchritude to precision in the
General Radio laboratories, Uncle Sam
ha made further demand upon our

masculine staff and to date rour platoons
of GRIEFS have uccessively joined
our personnel to compen ate for our
expanding lIonor Roll. Certain of these
young ladies ha e found their talents
and inclination more adapted to manu
facturing than to testing and inspection
activities, so that they are now doing a
grand job in the construction of pre
cision mica capacitors and a multitude
of other component parts.

War brings its suffering and sorrow to
a nation, but to General Radio it has
introduced a very special and enjoyable
form of GRIEF.

-HORATIO W. LAMsoc<

MAINTENANCE WITH THE STROBOTAC
Mauufactmers and 11 ers of radio communication equipment arc finding in

creasing use for trobotacs in design and
maintenance work. This photograph,
taken in the radio shop of the Eastern
Air Lines at Miami, Florida, shows a
vibrator power suppl being studied
with a General Radio trobotac. 'Ie
ehanical action of the reed and contacts
is observed under actual operating con
ditions. Trouble is diagnosed by corre
lation ofmeehanical data supplied by the
use of the Strobotac with electrical da ta
supplied by a cathode-ray oscillograph.

THE General Radio EXPERIMENTER is mailed without charge each
month to engineers, scientists, technicians, and others interested in

communication-frequency measurem.ent and control problenls. When
sending requests for subscriptions and address-change notices, please
supply the following information: name, company name, compa.nr ad
dress, type of business company is engaged in, and title or position of
individual.

GENERAL RADIO COMPANY
30 STATE STREET CAMBRIDGE 39, MASSACHUSETTS

BRANCH ENGINEERING OFFICES
90 WEST STREET, NEW YORK CITY 6

1000 NORTH SEWARD STREET, LOS ANGELES 38, CALIFORNIA
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NEW YORK OFFICE

• TO ASS 1ST USE RS of General
Radio equipment in the Chicago and
middle western area, the General Radio
Company is opening a Chicago engineer
ing office on December 1, 1943. The new
office is located at 920 South Michigan
Avenue, Chicago 5, and the telephone
number is Wabash 3820.

In charge of this office is Lucius E. Packard who for the past three
years has been in charge of the New York engineering office. Ml'.
Packard is a graduate of the Massachusetts Institute of Technology,
receiving his Bachelor of Science degree in 1935. Previous to his assign
ment to the New York office, he was a member of the factory engineer
ing staff and was engaged in both development and commercial en
gineering work.

Customers in and around Chicago are urged to make use of the
facilities of this new office and to get in touch with Ml'. Packard on
all matters regarding General Radio equipment design and procure
ment. His experience in the application of our instruments and his
close contact with factory production schedules should materially
increase the efficiency with which we can serve OUT midwestern
customers.

Succeeding Ml'. Packard at the New York office is Martin A. Gilman
of the factory engineering staff, a graduate of Massachusetts Institute
of Technology in 1937 with the degree of Master of Science. Like Ml'.
Packard, he has been engaged in both development and commercial
engineering work at the factory and is already well known in the
New York area. As a reminder, the New York office address is Room
1504, 90 West Street, New York. City, and the telephone number is
Cortland t 7-0850.
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RESONANT VIBRATION IN
LARGE ENGINE FOUNDATION

By G. M. DEXTER1 and M. K. NEWMAN2

2

• VI BRA T ION in a large concre le
founda tion that was in near resonance
with the gear mesh frequency of a pinion
on a large Corliss engine was analysed
recently with the aid of the vibration
meter and sound analyser of the General
Radio Company. The problem arose on
mill engine o. 2 on the grinding tandem
of the U. S. Sugar Corp., Clewiston,
Florida. This grinding tandem consists of
a set of revolving knives, a 2-ro11 crusher,
and seven 3-roB, 78-inch mills. This tan-

lEngineer for Bitting, Inc., New York, N. Y., Super
Vll!lOry Managers, U. S. Sugar Corp.

2Phyeics Dept., Columbia University, New York, N. Y.

Copyright, 1943, General Radio Company, Cambridge,
M•••.• U. S. A.

dem holds the world's record for i tssize in
the amount of sugar cane crushed in 24
bours, namely about 7050 tons.

Engine No.2 is a 36-inch by 60·inch
Corliss engine that operates at 4.0 to 70
r.p.m., depending on the amount of sug
ar cane being crushed and its fiber con
tent. Recent examination showed that
its concrete foundation was vibrating
badly and that the amount of vibration
increased with the load on the grinding
tandem and with the speed ofthe engine.

The engine is one of three on a large
concrete foundation, about 145 ft. long,
40 ft. wide, and 11 ft. thick for over one
half its width. This engine drives three

FIGURE 1. The grinding tandem of the U. S. Sugar Corporation
at Clewiston, Florida. Mill engine No.2 is the center unit.
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mills of the grinding tandem through a
et of five large gears and three pinions.

The founda tion is on the typical muck on
and on porous rock of the Everglade

where the water level is about three feet
below the surface. The unu ual nature of
the oil made the problem more difficult.
Although there is a definite friction
against laleral movement of water, an ir
regular lateral movement does take place
in the soil.

The first reaction to the vibration
problem was that the concrete founda·
tion by settling unequally was cau ing
misalignment of gears that produced vi·
bration. Four deep wells nearby were a
part of the problem as they drew about
550 gallons per minute and caused a cone
of depression in the ground water level
that extended under the concrete foun
dation. Weekly level readings on various
control point on the concrete founda-

tion and ground water Ie el were started
to determine whether any settlement
was actually taking place. An analysis of
the load on the soil from the foundation
and its machinery showed that the load
wa fairly well distributed and, as about
0.8 tons per square foot. This amount is
well within the limit that experience ha
shown to be safe for Everglade con·
ditions where drainage ditche are in use.

While the preceding work was under
way, a vibration meter and a sound or
wave analyser of the General Radio
Company were brought into use by Mr.
M. K. ewman. He found that the
vibration of the mill engine founda
tion could be broken down with the
sound analyser into several frequen.
cies, one of which was identical with
the frequency of the gear mesh of the
main pinion on engine o. 2, the others
being multiples of this frequency. All

FIGURE 2. Compound amplitude at engine 0.2 as measured
on concrete foundation with TYPE 761.A Vibration Meter.
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frequencies in the foundation varied with
the peed of engine No.2. The vibration
meter permitted the determination of
amplitudes of vibration, velocitirs, and
accelerations due to each frequency. The
frequency spectrum of the amplitudes
showed that the most important effect
was that due to the single-mesh fre
quency ofthe main pinion on engine No.
2. This vibration was found to exist
throughout the foundation. A complete
response characteristic of the foundation
was taken up to the highest engine speeds
used and a definite resonance peak was
found for a constant vibrating force at a
frequency corresponding to an engine
speed of about 68 r. p.m.

The preceding fact immediately sug
gested that the pinion might be at fault.
Measurements were taken that showed
the pinion was in poor alignment with
the two large gears it drove. Plaster of
Paris ca ts of the teeth of the pinion and
the two gear it drove showed they
were worn.

A calculation of the foundation mod
ulus by means of a method developed by
M. A. Biot for an infinite beam on an
elastic foundation (Journal of Applied
Mechanics, May, 1937) and the use of
methods outlined by S. Timoshenko in
"Vibration Problems in Engineering"
showed that the mill-engine foundation
had several natural frequencies that
were very do e to frequency of the gear
mesh of the main pinion on engine o. 2.
The forced vibration problem wa solved
for a beam on an elastic foundation. The
nine lowest modes of vibration were
found to contribute appreciably to the
resulting vibration, with the second har
monic in bending predominant because
in near re onance. The resulting distri
bution of amplitude of vibration showed
the ame typical form that was ohtained

with a Davey ibrometer. These data
supported the conclusion reached with
the instrument of the General Radio
Company that the mill-engine founda
tion was in near resonance with the gear
mesh frequency of that pinion. Tn other
words, the amplitudes of the vibration
of the concrete foundation were greatly
magnified.

The level readings also howed that
two or three point near engine o. 2
on the foundation settled at high speeds
of that engine but did not at low speeds.
This fact is confirmation of the conclu
sion that settlement is due to vibration.
Amplitude of vibration was a little more
than 0.001 inches at a fTequency of
about 30 cycles per second.

]n addition to the preceding, nu
merous other studies were made such as
po sible wabble of the flywheel of engine

o. 2, possible loose foundation bolts in
the ba e plate of the engine, tl'esses in
gear teeth due to the hea y load on the
grinding tandem, etc. detailed discus
sion of all that was done is out of
place here.

The meters of the General Radio
Company were selected only aJLer a def
ini te search had been made for meters
that could be used to analyse vibrations
encountered in part from an unu ual soil
condition. Their successful application to
this problem open up a new field of in
vestigation on the behaviour of coucrete
fouudations under vibrating load. This
account is probably the first de cription
of the application of the meters of the
General Radio Company to a problem in
the resonant vibration of a concrete
foundation. With those meters, it was
possible to analy e the problem 0 def
initely that the cause and cure of the
vibration could be given with consider ..
able certainty.



5 NOVEMBER,1943

MEASUREMENTS OF THE CHARACTERISTICS
OF TRANSMISSION LINES

• THE PRO Bl EM of measuring the
characteris tics of transmission lines is
frequently encountered both in the lab
oratory and in production testing. These
measurements can be made conven
ientlyon tandard impedance.measming
equipment.

The method in common u e depend
upon (a) the measurement of input im
pedance for various conditions of line
termination or (b) the observation of
voltage (or current) amplitude at input
and output.

Input Impedance Methods
In terms of the so-called "teleg

raphist's equations" the behavior of a
transmission line is defined by the char
acteristic impedance (usuall designated
as 20 ) and the complex propagation con-
tant (y = a + j(3). These two param

eters of the line can be specified com
pletely by two impedance measurements
at the input to the line, one with the far
end short-circuited, the other' ith the
far end open-circuited. Designating these
two impedance as Zse and Zoe, respec
tively, we can write----

Zo = --/Zse Zoe (1)

"II = tanh-I /z e (2)
'Zoe

where I is the length of the line, in any
convenient units.

A consideration of the variation of
input impedance as the line length (or

the frequency) is varied reveal that Zo
and "II can be obtained from certain
specific (electrical) length. These lengths
are the quarter wavelength (or its odd
multiples) from mea urements on which
the attenuation constant (a) i readily
deduced, and the eighth wavelength (or
its odd multiples), from which the char
acteristic impedance is most accmately
determined.

If both the frequency of measmement
and the length of the sample are speci
fied, the short- and open-circuit calcu
lations invol ed, particularly for 'Yl, are
somewhat awkward. Measurements at
specific length are more convenient
and should be used if either the length
or the frequency can be adjusted.

Attenuation Measurement
at Quarter Wavelength

The input impedance of a line termi-
nated in an impedance ZT is given by

Z
o = Z Zr cosh "II + Zo sinh 'Y I( )
'" 0 Z °nh l Z h I 3T Sl "I + 0 cos "I

For a line one-quarter-wa e long
short-circuited at the receiving end

7r
(f31 =-, Zr = 0) the input impedance

2
IS

Zse = Zo coth al (4)
For the same length of line with the

end open-circuited, the input inlpedance
IS

Zoe = Zo tanh al (5)

FIGURE 1. In (a) and (b) are sbown the metbods of using an alL\:iliary resistor to assist in locating
the frequency of quarter-wave re onance, when the real component of the inyut impedance is
outside the direct-reading range of the TypES 916-A and 821-A, re pectively; (c) show the con-

ventional serie capacitor method for accurate measurement with the TYPE 821- .

Ra
Typ~f'F::.=::....:..:c:...:.;...:.:.-;l.D
UNKNOWN -

(b)

O---inM"'-}---~9
TYPE 821A ~cJa J,.
UNKNOWN 0

(c.)
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(6)

(7)

If Oil « 1, the input impedances can
be written in the approximate form

Zo
Zse =

Oil

Zoe = ZOOiI
The input impedances represented by

(6) will have slight reactive components
from the reactive component of Zo =

Ro - jXo. Consequently, it is difficult to
locate experimentally the true quarter
wave condition. Practically, however,
no significant error will be introduced if
either the condition of zero reactance or
the condition of maximum input resist
ance is determined. The most convenient
method to use will depend, to a certain
extent, on the magnitude of the input
resistance and upon the instrument used
for measurement. eglecting the effects
of the reactive component, Xo, Equation
(6) can be rewritten as

RoOil =-
Rse

Oil = Roc
Ro

Equation (7) yields accurate results for
attenuation constant, as the quantities
involved can be determined within a few
per cent, and the formulae are valid to
about the same accuracy for values of

Xo
Oil and R

o
small compared to unity.

Example of Attenuation
Measurement

A length of concentric cable (General
Radio TYPE 774), about 117 feet long,
was fowld to have its quarter-wave reso
nance at a frequency in the vicinity of
1.25 megacycles. The input conductance
for the shorted condition was fOlmd to
be outside the direct-reading range of
the TYPE 821-A Twin-T Impedance
Measuring Circuit, and was measured

by the methods indicated in Figure lb.
Although best accuracy is obtained by
the use of an auxiliary series capacitor,
as indicated in Figure lc, the use of a
series resistor simplifies the process of
finding the resistance maximum.

The resistance maximum (conduc
tance minimum) was located at 1.26 mc
and found to be approximately 1325
ohms from the series resistance method.
A more nearly accw'ate measw'ement
using the series capacitor method! gave
an input resistance of 1370 ohms.

The characteristic resistance, Ro, as
determined from measurements de
scribed later, is about 72.5 ohms. Then,
from Equation (7) we have

72.5
Oil = 1370 nepers

= 0.0528 nepers

The attenuation constant at this fre
quency is, therefore, 0.211 nepers (1.83
db) per wavelength.2

The same cable was measured on the
TYPE 916-A Radio-Frequency Bridge
for the short-circuit condition. A sub
stitution method3 as indicated in Fig
ure la was used. The data observed were;
R1 = 580 ohms (connection as shown)
R2 = 998 ohms (cable disconnected)

R- = 580 X 998
m 995 - 580

= 1380 ohms

A measurement was also made for the
open-circuit condition on the same
length of cable, using the TYPE 916-A.
This measurement is particularly con
venient, as the input resistance is witbIn

IDcscribed in detail in instruction book for TYPE 821.

20no neper = 8.686 decibels.

3The usc of a parallel capacitor i~ normally recom
mended. The parallel resistor method, however, is somewhat
more convenient in usc. and Cor tbis particular measurement
leads to about the same final accuracy.
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the direct-reading range of the bridge.
The observed input resistance was
3.68 ohms4, from which

3.68
exl = -- = 0.0507 nepers

72.5
The check between the two values of

exl obtained by different methods of
measurement is seen to be within ±2

Comparing the two instruments, the
TYPE 916-A is found to have a definite
advantage over the TYPE 821-A for the
following reasons.

(a) The initial balance is virtually
independent of frequency, and the fre
quency of maximum (or minimum) re
sistance can be located more readily.

(b) The resistance dial calibration is
independent of frequency, somewhat
simpljfying the computations.

Characteristic Impedance
Measurement by Open- and
Short-Circuit Measurements

The optimum length of line on which
to make open- and short-circuit
impedance measurements is an eighth
wavelength. At this length the magni
tudes of the two impedances are approxi
mately equal, with reactive components
or opposite sign. Also, the resistive com
ponent is small, and very little error is
introduced by considering onJy the re
active component. As an example, the
following observations were made on the

4Theabl!olutcaccuracy limitation of the TYPE 9L6-A has
heell Scl as 0.1 ohm. The value of 3.68 is tberefore subject to
an uncertainty of the order of 3 %.
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piece of cable previously discussed, at a
frequency of 0.63 megacycles.

Zse = 7 + j 73.0 ohms
Zoe = 2.5 - j 71.4 ohms

Zo=V~

=V(7 + j 73.0)(~.5 - j 71.'1.)

=V5238 - j 318

=V5238V1 - j 0.061

= 72.3 - j 2.1 ohms

If the reactance components only of
Zse and Zoe were taken, the magnitude
of the characteristic impedance so calcu
lated would differ by only a few tenths
ohm from the correct value.

The TYPE 916-A is particularly con
venient for the eighth wavelength
measurement, inasmuch as both com
ponents fall within the direct-reading
range of the bridge, for either condition
of termination.

The short- and open-circuit imped
ance measurements can equally well be
made on the TYPE 821-A, with the
advantage that the reactance compo
nent is determined from the reaclings of
a precision condenser which has an
accuracy of ±0.1%. The TYPE 821-A,
however, has the disadvantage that the
input reactance cannot be measured
directly at lower frequencies, and an
external series capacitor must be used.

The effective input capacitance of the
eighth-wave line depends, of co~'se,

upon the frequency. The approximate

80

Fll;UHE 2. Plots showing
the variation of input re
actance in the vicinilY of
the eighth wavden~tfl as
ohserved with (a) 1 he
TVPE 916-A and (lJ) the
TVPE 821-A. The intel'
sec·~ion gives aecuralely
the real component of the
characteristic impedance,

provided (a/)2 < < 1.
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value of the effective input capacitance
at any frequency can readily be esti
mated, as the order of magnitude of the
characteristic impedance is usually
known. We may write

1
X. = ± Zo = --" (8)

m wC
where Cis the effective input capacitance
and may be positive or negative. 5 If the
typical value of 70 ohms is taken for Zo,
the effective capacitance becomes ap
proximately

~ 2300
C=j

where Cis in J.l.J.l.f and f in megacycles.
For any frequency lower than about

two megacycles, this capacitance is out
side the direct range of the 821 (1000
J.l.J.l.f) and a substitution method must be
resorted to using a series capacitor. The
method is illustrated in Figure lc, and
the input reactance can be expressed
directly in terms of observed data as 6

X = ± 159,200 (C - C) (9)
fCCa a

In this expression C is the observed
capacitance with the connection as
shown in Figure lc, Ca the value ob
tained when the cable input is shorted,
and f the frequency in megacycles.

Examples of Measurement
The eighth-wavelength frequency for

the section of cable already discussed is
about 0.63 megacycle. At this frequency

51t is convenicnllO refer to negative input capacitance as
the measuring circuits use capacitance standards.

6This expression is valid only iI the resistive component
of the input impedance is small compared to the reactive
component. This condition is satisfied at the eighth wave
length.

the input capacitance of the open-ended
line is about 3500 J.l.J.l.f, fTom Equation (8).
An auxiliary series capacitor of about
700 J.l.J.lf was used, and the following data
obtained

f = 0.63 mc
C = 588.5 J.lJ.lf

Ca = 709.7 J.lJ.lf

X. = (159,200) (709.7 - 588.5)
tn (0.63)(588.5)(709.7)

= 73.3 ohms

For the short-ciTcuit condition, at the
same frequency, the data were

C = 372.8 J.l.J.l.f
Ca = 336.6 J.lJ.l.[

X in = 72.8 ohms

In Figure 2 is shown a plot of the
observed input reactance for both short
and open-circuit conditions over a nar
row range of fTequency in the neighbor-

/-
hood of the 8" frequency.

The equations and computations just
presented have neglected the real com
ponents ofthe input impedances. Taking
them into account (following the method
of computation outlined in the instruc
tion book for the TYPE 821-A) the re
sults were

Zsc = 7.0 + j 72.8
Zoe = 2.8 - j 73.2

As with the data cited Jor the TYP8
916, the neglect of the resistive compo
nent affects the magnitude of the calcu
lated Zo by a negligible amount.

- IVAN G. EASTOI

(To be continued)
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MEASUREMENTS OF THE
CHARACTERISTICS OF
TRANSMISSION LINES

PART II

IMPEDANCE MEASUREMENT ON
TERMINATED LINE

IJUo.
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• PO S SIB LY THE S IMP LEST MET HOD of determining the
characteristic impedance is to termjnate a quartet'-\\ave ection of
line in a variable resistance, to measure the input resi tance wi th
the TYPE 916-A Radio-Frequency Bridge, and to adjust the termi
nating resistance until the inpnt and terminating resistances are
equal. The value of resistance at which the two are equal is ex
actly the characteristic impedance, in the ideal case of a loss-frce
line terminated in a pure resistance. Attenuation in the line and
,'eactance in the termination modify the behavior slightly, in ac
cordance with the following approximate expre sion:

[ (
Xo + T)2JRin ::::: Ro 1 - R

in

in which 0 and T T are the reactive components ot' the characteristic
impedance and the terminating impedance, reo peetivel), For the

.\.. (Xo + XT)2 )·E . (10) 1 .COll( Ilion R
o

< < , 'qua LIon Htar Ie \H[ LLell as

[
1 (Xo + XT)2JRo = Hin 1 + "2 R

in
(11)

The effect of 07 on Equation (11) is negligible for line having reason
ably low-loss in ulation, at frequencies of the order of a megacycle.
The effect of X T7, however, may ea ily make the correction term
of (11) become a few per cent.

The reactive component of a decade resistance box, such as might
7 \'0 is capacitive in nature bllt Equation (ll) is so written that the positive

numerical value is to be used. The sign of XT hould be positive for inductive
reactance in the termination and negative for capacitive reactance.
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(12)

(13)

be u ed for the variable termination, is
almost in ariably inducti e in natw'e,
at the value o( resistance required for
thi type of measurement. It is there
fore a relatively imple matter to reduce
the net reactance of the termination to a
negligible value by connecting in eries
a fixed capacitor of appropriate size.

Example of Measurement

The 117-foot length o( TYPE 77.t
Cable was terminated in a TYPE 602
Decade-Resi tance Box. The input re-
istance was measured on the TYPE

916-A Radio-Frequency Bridge, at 1.26
megacycles, the previously de termined
quarter-wave frequency. The input and
terminating resistances were found to be
Cll ual (or a 71.2 ohm setting of the dec
ade box. This value, to a first approxi
mation, corresponds to the character
istic impedance of the line.

The eries reactance ( T) o( the
decade box was measured directly on the
bridge and found to be 10.3 ohm. Xo,

the reactive component of Zo, wa known
from previou measurements to be abou t
2.1 ohms. In erting these values in
Equation (11), the characteri tic re-
istance i

Ro = 71.2 [1 + (2.1 +:0.3)2J
71.~

= 71.2 [1 + 0.0152]
= 72.3 ohms

The value o( Xo will, o( course, not be
known unles independent measurements
are made. If it is neglected in Equation
(11), the indicated value o( R o .is
72.0 ohms.

A a check on the method and on thc
validity o( Equation (11), a capacitor
having approximately 10 oluns reactance
wa connected in serie with R T , to re
dllc(' to a negligible value the cf(ective

value of T. The input and terminating
resistances were then found to be equal
for a setting of 72.2 ohms. The agree
ment with the corrected value obtained
from the first mea urement is excellent.

The direct-reading accuracy of the re
sistance'dial of the TYPE 916- is 1 c.
If measurement to an accuracy beller
than 1 0 are required, a correction factor
for the dial reading must be determined.
The correetion factor may be obtained
by measuring known resistors, whose
values lie reasonably near the unknown
value to be measured.

The data given for the two measure
ments just de cribed were corrected by
checking the bridge against TYPE 500
Resistors, whose resistance values are
known to within a few tenths per cent at
the frequency of measurement. The cor
rection was wi thin the nominal 1 0 ac
curacy and amounted to only a few
tenths ohm.

Attenuation Measurement from
Standing-Wave Ratio

The ratio of input voltage to output
voltage on au open-circuited transmi 
ion line is given by

Vin .V = co h al cos {3l
out

+ j iuh al sin {3l

] ( the length of line, l, corresponds to an
odd multiple of a quarter-wavelength, we
have cos {3l = 0, in {3/ = ±1 and Equa
tion (12) reduce to

Vin l-.- = ±j inh a
Vout

Considering magnitude only and a um
ing that al is small compared to unity,
Equa tion (13) can in turn be written as

(14)

Copyright, 1913, Ceneral Radio Company, Camuridge, \Iass., LT. S. A.
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The true condition of quarter-wave res
onance is difficult to establish experi
mentally, but with low-loss lines no
significant error is introduced if the con
dition of maximum voltage rise is used
instead.

The condition of maximum voltage
rise can be determined experimentally
with a variable frequency oscillator, or
signal generator, and a vacuum-tube
voltmeter. Both the input and output
voltages on the line will vary with fre
quency and the ratio of the two voltages
must theoretically be taken at several
frequencies to determine the maximum
value. Practically, the correct frequency
can be located quite accurately by ad
justing for the minimum value of input
voltage since the line input impedance
goes through a minimum at this fre
quency.

Effect of Harmonics

The experimental difficulty with the
voltmeter method lies in the possible
serious errors that may be encountered
from harmonic distortion in the voltage
source. This type of error depends on the
impedance of the source, as well as on
the harmonic content of the voltage. At
the frequency corresponding to quarter
wave resonance, the cable input im
pedance is extremely low so that Vo at
this frequency is small. At the second
harmonic frequency, however, the input
impedance is high, as the line is in ap
proximate half-wave resonance at the
double frequency. Conseqnently, the ap
plied fundamental voltage is lower than
on open-circuit while the econd
harmonic voltage is about the same as on
open-circuit_ The lowered ftmdamental
voltage is stepped up to the cable output
by the resonant rise in the line and the
second-harmonic voltage at the line ont-
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put is essentially equal to the second
harmonic voltage at the line input.
Under these circumstances the harmonic
content of the input and output volt
ages will differ and the observed voltage
ratio may be seriously in error.8 The
magnitude of the error introduced de
pends upon the ratio of the generator im
pedance to the characteristic impedance
of the line, and upon the type of re
sponse of the voltmeter, that i , peak
reading, r-m-s, or average.

Difficulties :/i'om harmonic distortion
can, of course, be avoided by the use of a
tuned oltmeter. A radio receiver may
also be used, if means are available for
calibrating its sensitivity.

Effect of Voltmeter Loading

The finite input resistance of the
vacuum-tube voltmeter may, of com'se,
reduce the resonant rise, and the input
capacitance may shift the frequency of
quarter-wave resonance. The latter ef
fect is negligible at low :/i·equencies. For
example, the input capacitance of the
TYPE 726-A Vacuum-Tube Voltmeter is
approximately 6 J.l.J.l.f, while the total
capacitance of a quarter-wave section of
line at one megacycle may be several
thousand micromicrofarads.

The effect of the resistive loading of
the line by the voltmeter depends upon
the ratio of the voltmeter resistance to
the output resistance at the open end of
the line. At a frequency of one megacycle
the input resistance of the TYPE 726-A
VaCllum-Tube Voltmeter is greater than
one megohm. The output resistance of a
typical line in quarter-wave resonance
at this frequency will be very much less

SAn experimental obscrvation with a 1500
ohm gencrator fecding a 75-ohm cablc yicldcd

. . Vout f 4 h Ia resonance nsc ratlO Via 0 , w c,'cas t lC

known correct valuc was 20.
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(18)

(17)

(16)

~ = Ad
v. 300

In Equation (18) Al is the wave
length in meter on the line at a fre
quency f megacycle .

where f is
meters.

From (17) and (16) we may write the
rati09 of velocity on the line to velocity
in pace as

locity of pha e propagation. The rela
tionship is given by

w 271"
{3 = ~ = --:;: (15)

The velocity of propagation can be
deduced from observations on the res
onant lengths of the line, using the fol
lowing relation hips. The ratio of the
velocity on the line (VI) to the free-space
velocity (v.) is equal to the correspond
ing ratio of wa elengths (AI and A.), at
any given frequency.

VI Al
-=-
V. A.

But A., the free-space wavelength, can be
expressed in term of frequency as

300
A. = T

in megacycles and A. in

Velocity of Propagation

The imaginary component ({3) of the
complex propagation constant is fre-

f h tv is usually specified ae a percentage or fraction of Cree
quently specified in terms 0 V, t e e- apace velocity. ralher than an abaolule value.

FIGURE 3. Plot of the variation with temperature of the observed ratio of input volt·
age to output voltage on the open-circuited section of a line in quarter-wave resonance.

than one megohm, and the voltmeter
loading can be neglected.

Examples of Measurement

The resonant rise in the quarter
wavelength of TYPE 774-A Cable wa
mea ured, u ing a TYPE 805- Standard-

ignal Generator as the voltage source,
and a TYPE 726-A Vacuum-Tube Volt
meter as the voltage indicator. The min
imumratio of Vin to Vout wa found to be
0.0464 and occurred at a frequency of
1.26 megacycles. The indicated value of
al is almost 20% lower than that ob
tained from the quarter-wave input
resistance measurement previously de
scribed. A part of this discrepancy was
traced to the effects of temperature ou
the a ttenuation constant (the voltage
rise measurement was made at an am
bient temperature nearly 20° F. lower
than the input-resistance measurement)
and the re t is assumed to be due to the
effect of harmonics on the voltage-rise
luea urement.
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where I is the length in meters, f the
frequency in megacycle ,and n the ratio
of line length to wavelength. For the
quarter-wave line, we have

Summary

In the table following are slllnmarized
the results obtained by the various
methods of measuremell t de cribed.

From Equation (22a) the charactcr
i tic impedance can be determined if the
velocity of propagation and the capaci
tance per unit length are known. The
capaci tance can be measUTed directly on
the TYPE 821- Twin-T Impedance·.
Measuring Circuit, provided a suffi
ciently short length is used so that res
onance effect are insignificant. The
length used should not exceed about 1/10
of a quarter·wavelength, if accurate re
sults are desired. ( t a line angle of 10°,
the effective input capaci tance differs by
1 0 from the static value.)

The characteristic impedance can be
expressed directly in terms of the fre·
quency of quarter-wave resonance and
tota1 line capaci tance as

1
Zo = 4C

o
! (23)

Example of Measurements

The capacitance of approximately IX

feet of the TYPE 774·A Cable was meas
ured at 1.26 Me (the previously de
termined quarter-wave resonant fre
quency for the 117-foot length) and
found to be 134.0 J.l.J.l.f. At 1000 cycles the
capacitance was measUTed as 143.4 J.l.J.l.f.

The total capacitance of the 117-foot
length at 1000 cycles was 2954 J.l.J.l.f. Con-
eq uently, the total capacitance of 117

feet at 1.26 Mc can be computed as

134.0
Co = 2954 X -- = 2760 J.l.J.l.f

143.4

Inserting these value in Equation (23)
we have

106

Zo = 4 X 1.26 X 2760 = 71.9 ohm
(22)

(21)

(19)

(20)

(22a)

~ = if
v. 75

1
v=-

CZo

1
v= VLC

\\ hich can be written as

Illce it will usually be more con
venient to determine the quarter
wavelength (or some odd multiple
thereof) rather than the full wavelength,
AI, let us rewri te (18) as

VI I
;;: = 300n!

Characteristic Impedance from
Resonant Frequency and
Capacitance

The velocity is related to the induc
tance and capacitance (L and C) per
unit length of line by the approximate
expression

or if l is in feet

~ _ JL
v. - 246

The condition of quarter-wave res
onance reqnired for the above equations
may be determined by bridge meaSUTe
ment or from voltage-rise observations.
(A reaction method is frequently recom
mended for indicating resonance, but
has the disad antage that most commer
cially available oscillators or signal gen
erators have a buffer amplifier between
oscillator and output, so that no reaction
on oscillator plate or grid CUTrent can
be obtained.)
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TABLE [
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Method Instrument Zo

Open. and short·circuit impedance TYPE 821·A Twin·T Impedance.
Measuring Circuit 73.0 - j2.1 ohms

Open. and short-circuit impedance TYPE 916-A Radio-Frequency
Bridge 72.3 - j2.1 ohms

Resistance-Termination TYPE 916-A Radio-Frequency 72.3 ohms (corrected
Bridge for reactance of tcr-

minating resistancc)

Resistance-Termination with ca- TYPE 916-A Radio-Frequency
pacito~ in series with terminat- Bridge 72.2 ohm
lUg resIstance

Capacitance and Resonant Fre- TypE 821-A Twin-T Impedance-
qncncy Measuring Circuit, TYPE 7l6-A 7:1.9 ohms

Caf.acitance Bridge, TYPE
80 ·A Standard-Signal Gener-
alor, TYPE 726-A Vacuum-
Tubc Voltmeter

It should be noted that in all the
methods described for the determination
of characteristic impedance, with the ex
ception of the resistance-termination
method, the frequency of measurement
enters directly into the calculations. H
the maximum accuracy of the measur
ing instruments is to be realized, the
frequency must accordingly be known
accurately, preferably to within 0.1%.

The measurements described in this
article were made using oscillators and
signal generators whose standard accu·
racy of frequency calibration is ± 1%.
More accurate frequency measurements
were not made as it was desired to de
termine the consistency of results that
would be obtained with standard labo
ratoryequipment. The results obtained

hy the four different methods of meas
urement are seen to agree with a spread
of less than 2%.

Uniformity

If the transmission line is not uniform
in its characteristics or has discontinu
ities in construct.ion, the observed value
of Zo may depend upon the direction of
propagation. For the particular section
of cable on which observations were
made, a difference of 1.2 ohms was
noted, when the measurement was lnade
by the open- and short-circuit im
pedance method. By the resistanc.e
termination method, the same value was
obtained for either direction of prop
agation.

- IVAN G. EASTON

This is the second of aseries of two articles by Mr. Easton
dealing with transmission line measurements. The first
appeared in the November issue of the EXPERIMENTER.
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SERVICE AND MAINTENANCE NOTES

• LIS TED BEL 0 Ware the General Radio instruments for which Service and

~1aintenance Jotes are now available. If you have recently acquired any of these

instrument, and service notes are not in your files, write for a copy today. When

reque ting service notes, please give type number and serial number of instrument

and approximate date o( pureha c. Il correspondence regarding Service and

\lainlenance otes should be addressed to our Service Department.

25-\ Broadcast Frequency MOllitor 714-A Amplificr

25-AB Broadcast Frequency 1\foni tor 7J5-A Direct-Current AlI1plifier

516-C Hadio-Frequeney Bridge 716-1\ Capacitance Bridge

5411-B Megohm Bridge 716-B Capacitance Bridge

544-P3 A-C Power Supply 723-A,-B,-C,-D Vacuum-Tubc Fork

561-D Vacuum-Tube Bridge 726-A Vacullm-Tllbc Voltmetcr

605-A,-B Standard-Signal Generator 727-A Vacuum-Tube Voltmcter

608-A o cilJator 729-A 1\'legohmmeter

614-C Selective Amplifier 731-A .l\lodulation Monitor

616-0 Heterodyne Frequency ]\feter 73J-B Modulation Monitor

617- Jnterpolation 0 cilia tor 732-A Distortion and Noise Meter

620-1\ Heterodyne Frequency 1\1 et('r and 732-B Distortion and oise 1\Teter

Calibrator 733-A Oscillator

625-\ Bridge 736-A "-ave nalyzcr

631-A,-B trobotac 7·10-13 Capacitance Test Bridgc

636- \ ".ave Analyzer 7·10-BG apacitance Test Bridgc

6-18- \ Strobolux 757-A U-lI-F Oscillator

650-.\ [mpedance Bridge 75CJ- ,. Sound-Level Meter

667-1\ Inductance Bridge 759-B Sound-Lcvel Metcr

684- Iodlllated Oscillator 760-1\ Sound A nalyzcr

690-C f'iezo-Electric Oscillator 761-A Vibration Meter

691-C Temperature-Control Hox 769-A Square-\~'ave Generator

692-B Mlliti vi b.-ators 775-A Freq lIency-Limit Monitor

693-13 Synerollometer 804-A U-H-F Signal Generator

694-C Control Panel 804-13 U.] l-F Signal Generator

698-1\ Duplex Mullivihrator 805·1\ Stallda"d-Signal Generator

700-1\ \\ ide-Range Bpat-1"requency Os- 82J -"- Twin-T Impedancc-M.eas-

cillator uring Circuit

707-"- Catbode-Ray Null Detector 83-1--13 ElectrooicFrequency Meter

713-1\ Beat-Frequency Oscillator 913-A Beat-Frcquency Oscillator

713-13 Heat-Frequency 0 cillator ariacs (all types)
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