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CHAPTER 

INTRODUCTION 

Vibration is the term used to describe continu ­
ing or steady-state periodic motion. The motion 
may be simple h ~1rmnni c motion like tlut of a 
pendulum, or it may be very complex like a rid e 
in the "whip" at an ;unuscment park. The motion 
may involve tiny air particles which produce 
sound when the rate of vibration is in the audible 
frequency range ( 20 to 20,000 cps ), or it may 
involve, wholly or in part, structures found in 
vacuum tubes, bridges, or battleships . Usually 
the word vibration is used to describe: motions 
of these latter types and is classed as solid-borne, 
or mechanical, vibration. 

Most of the important mechanica l Yibrations 
lie in the frequency range of I or 2 cps tn 2,000 
cps (60 to 120,000 rpm). In some specialized 
fields , however, both lower and higher frequen­
cies arc important. For example, in seismological 
work, vibration studies may extend down to a 
small fraction of a cycle per second, while in 
loud speaker cone design and studic:s of sub­
miniature vacuum tube elements, vibrations .1l 
frequencies up to 20,000 cps must be studied. 

There are several important effects of unwanted 
vibration in mechanical systems that make it 
desirable for us to study it and, if possible, to 
reduce it. 

(I) Noise is crc-~tted by the transmission of 
solid-borne audio rrcclucncy vibrations to air. 
Hence, the proces' ot ~]uict.ng a machine: or de­
vice includes a study of the mechanical vihr;l­
tions involved. 

(2) Human discomfort and fatigue result when 
vehicles subject the passenger and opcr.ttor to 
excessive 1·ihration. Hence, vibration studies arc 
an essential part of the development· pro,t.:r.llll 
for streetcars, trains, busses, boats , airplanes, .111d 
autorpobiles. 

()) Serious 1·ihrat ion c.1n cwse <ICtu;ll failure 
of structural m.ttcr1als 11·hilh, in the cases of 
he,\\)' machinery or aiq'l.1nes for instance, L<lll 
h.ti'C fatal comeyuenccs. 

Vibration, then. is not only a sour(c of noise. 
annoyance. and discomfort hut often a soun c 
of real danger. The present perfecti(ln of high ­
speed planes , ships. and .1utomobilcs could ncYcr 
have been achic:Yed 11·ithout thorough measure­
ment .1 nd study of mechanical vibration. 

There arc. on the other hand, many important 
applicatiOns of controlled vibration. Tiny vibrat­
ors attached to instrument panels arc being used 
to 0\Trcomc pivot f rirtion of i nd icati ng meters. 
Elcctrit"al and pneumatic 1·ibrators nf numerous 
shapes and sizes arc heing used as hopper shakers 
In matcnal-handl i ng appl il ,I( ions. Elcctro-dy­
n.unlc shake-rs or 1·ihration exciters arc made in 
a number of 'iizes r.tnt:in.t: from small units for 
ulihrating ~null Yihr.llion J' id:up.-. and cx,iting 
lighl\,-cight specimens such as sub-miniature 
vacuum tubes to giant units \\'Cighing >ix tons 
and more used to test lart:e assembled mechanisms 
and heavy components. These Yibration exciters 
serve to test lOmpnnents ~tnd structures under 
controlled conditiono;. 

In the de,ipn and .td justment of these vibrat­
ing systems. it is ·lll'CCS'i .ll'}' to make the same type.-; 
of mcts11rement 'i .t> in the study of un\\'antcd 
vi brat ions. 

lt is the J'UI'J'O'c of this hooklet to int roducc 
the reader to the common Yihration terms. to 
describe a gcner.tl purpose ,. ihral ion mc;l'uring 
instrument with <I nurnhcr of useful .lrcco;so rJe .~ . 
and (o outline how this e<Juipmcnt '' used Ill 

tyric,tl mc<lsuring applications. 



CHAPTER II 

VIBRATION TERMS-THEIR MEANINGS AND USES 

Di.rplacement, V e!ocity. and Acceleralion 
Vibration can he in terms of displacement, 

velocity, and acceleration. The easiest measure­
ment to understand is that of displacement, or 
the magnitude of motion of the body being 
studied. Where the rate of motion, (frequency 
of vibration) is low .enough, the displacement 
can be measured directly with a dial-gage mi­
crometer. When the motion of the hody is great 
enough, its displacement can be measured with 
a common scale. 

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

x=Asinwt (1) 

where A is a constant, w is 27T times the fre­
quenc}l and t is the tim71as shown in Fig. 1. 
The maximum peak-to-peak displacement (the 
quantity indicated by a dial gage) is 2A, and 
the r-m-s 1 displacement is A!J2. (=.707A). 
J root-mean-square 

Figure 1. Sinusoidal Function. 
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The average (full-wave rectified average) value 
of the displacement is 2A/7T (=.636A) while 
the "average double amplitude" (a term occasion­
ally encountered) would be 4A/7T (=1. 272A). 
Displacement measurements arc significant when 
deformation and bending of structures are 
studied. 

In many other practical problems, however, 
displacement is not the important property of 
the vibration. A vibrating mechanical part will 
radiate sound in much the same way as docs a 
loudspeaker. In general the velocities of the 
radiating part (which corresponds to the cone 
of the loudspeaker) and the air next to it will 
be the same, and, if 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 in air will be proportional 
to the velocity of the vibration. The sound energy· 
radiated by the vibrating surface is the product of 
the velocity squared and the resistive component 
of the air load. Under these conditions, particu­
larly where noise is important, it is the velocity 
of the vibrating part and not its displacement 
which is of greatest importance. 

Velocity is the time rate of change of dis­
placement, or the first derivative of displace­
ment with respect to time, so that for the sin­
usoidal vibration in . equation ( l) the vclocitv is 

dx 
v = - = wA cos wt 

dt 
(2) 

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

In many cases of mechanical vibration, and 
particularly where mechanical failure is a con-



sideration, the actual forces set up in the vibrat­
ing parts are important factors. Newton's laws 
of motion state that the acceleration of a given 
mass is proportional -to the applied force, and 
that this force produces a resulting reacting 
force which is equal but opposite in direction. 
Members of a vibrating structure, therefore, exert 
forces on the total structure that are a function 
of the masses and the accelerations of the vibrat­
ing members. 

Acceleration measurements are important where 
vibrations are sufficientiy severe to cause actual 
mechanical failure. Acceleration is the second 
derivative of the displacement with respect to 
time or the first derivative of velocity with respect 
to time. 

dv d2x 
a = - = - = - w2A sin wt 

dt dt2 
(3) 

of the parts is important. This would include 
those lases where the dynamic loading due to 
the operating machinery in a factory may cause 
unsafe deflections in flooring and walls or where 
large amplitude of motion might actually cause 
parts to strike together, thus causing damage or 
serious rattle. The deflections obs~rved at the 
center of a wall panel or a beam, for example, 
can give useful information about the stresses 
acting in these members. The displacement is 
not directly a measure of surface strain of the 
member but is rather an integrated indication of 
the strain . The strain measured by the usual strain 
gage is a minute elongation or compression of 
material between points an inch or so apart; in 
contrast, the displacement measurement referred 
to above is the bending of material over a dis­
tance of several feet. 

Velority measurements are generally used in 
noise problems where the radiating surfaces are 

The acceleration, therefore, is proportional to comparatively large with respect to the wave-
the displacement and to the square of the fre- length of the sound. 

A cceleration measurements are the most prac-
qu~~J~e is another use for acceleration measure- tical where actual mechanical failure of the .parts 
ments. The analogy cited above concerning the involved is of importance, .and i~ many noise 
loudspeaker covers the usual case where the cone pr?blems, particularly those Involvmg small rna-
or baffle is large compared to the wavelength of 1J2chmeru.A general-purpose VIbratiOn meter, the.re­
the sound involved. In most machin.es this re- 1~re, must be able to measure all three vibration 
latiOnship does riot hold, smce relatively small c aractemtics. 
parts are vibrating at relatively low frequencies. NON-SINUSOIDAL VIBRATIONS 
This may be compared to a small loudspeaker The above equations, (1), (2), and. (3), rep-
without a baffle. At low frequencies the air may reseQt only sinusoidal vibrations, but, as in the 
be "pumped" back and forth from one side of case of the other complex waves, complex periodic 
the cone to the other with a very high velocity vibrations can also be represented as a Fourier 
but without building up much of a pressure or series of sinusoidal vibrations. These simple 
radiating m~h sound energy, because of the very equations may, therefore, be expanded to include 
low air loa:d, which has a reactive mechanical im- as many terms as desirable in order to express . 
pedance. Under these conditions the acceleration any particular type of vibration. It will be noted 
measurement provides a better measure of the that, since velocity is proportional to frequency, 
amount of noise radiated than does a Yelocity and acceleration is proportional to the square of 
measurement. the frequency, the higher frequency components 

SUMMARY in a vibration are progressively more important 
Dis placement measurements arc used only in in velocity and acceleration measurements than 

instances where the actual amplitude of motion in displacement readings. 

3 



CHAPTER Ill 

DESCRIPTION OF GENERAL RADIO 
VIBRATION MEASURING INSTRUMENTS 

Complete Catalog Specifications of all Gen­
eral Radio Company instruments described on 
the following pages are listed in Apptndix II. 

TYPE 761-A VIBRATION METER 
The Type 761-A Vibration Meter fills the need 

for an instrument that can be used for measure­
ments of low-frequency vibrations, or where a 
large number of accurate observations must be 

made with a maximum degree of convenience. 
It is mounted in a conveniently carried case, op­
erates from an internal battery, and is simple and 
convenient to use. This vibration meter takes full 
advantage of the maximum frequency range of 
the piezo-electric type of pickup, which extenJs 
smoothly from 2 to 1000 cycles per second. The 
meter is calibrated directly in terms of the r-m-s 
displacement, velocity, anJ acceleration and in-

Figure 2. The Type 761-A Vibration ,V,eter covers the frequency range from 2 to 1000 
cycles per second (120 to 60,000 rpm). 

4 
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Figure 3. Electrical frequency response of the Type 761-A Vibration Meter 

showing effects of integrating circuit. 

dicates these, respectively, in micro-inches, micro­
inches per second, and inches per second per 
second. 2 

Since the vibration pickup used with this 
meter is of the acceleration3 type, two stages of 
electrical integration are necessary to provide the 
various types of response. The integrating cir­
cuits are built in as part of the amplifier. This 
allows more freedom of choice in the design and 
better performance is possible than with the 
control box attachment, used with the sound­
level meter, which is described in a following 
parag~aph. 

2The Type 761-A Vibration Meter is completely 
described in "A General-Purpose Vibration Meter" 
by H. H. Scott, Journal of the Acoustical Society of 
America, Vol. XIII, No. 1, pp. 46-50, July, 1941. A 
brief description is also included in the General Radio 
EXPERIMENTER, Vol. XVI, No. 1, pp. 1-8, June, 
1941. 

Figure 3 shows the electrical frequency char­
acteristics of the vibration meter, excluding the 
pickup. Figure 4 shows the overall character­
istics in terms of response for a constant-dis­
placement vibration as a function of frequency. 
The peak in response above 1000 cycles is caused 
by the natural resonance in the pickup. It will be 
noted that the response is useful for direct read­
ing purposes to about 1200 cycles per second, 
but can be used for relative indications up to 
2000 cycles per second. These curves show 
graphically how the integration process attenuates 
the higher frequencies with respect to the lower 
frequencies. 

3In this type of pickup the crystal is deflected by its 
own inertia when the pickup is subjected to vibration. 
The voltage generated is prop<;>rtional to the actual 
force exerted on the crystal, which is proportional to 
the acceleration. 

5 
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Figure 5. Oscillogroms illustrating the operation of the integrating circuits in the 
vibration meter. In (a) a square wove is shown as transmitted by the amplifier when 
set for acceleration measurements; (b) shows the wove after one stage of electrical 
integration for velocity measurements; and (c) shows the result of two stages of 

integration as used for displacement meosurements.4 

Figure 5 shows the effect of the electrical 
integration on ·a particular waveform. The square 
waveform. of Figure 5a has strong harmonics. 
After two steps of integration the result in 
Figure 5c is approaching sinu~oidal waveform.• 

VIBRATION PICKUP WITH THE SOUND­
LEVEL METER 

Vibration measurements can be made with a 
sound-level meter when a pickup, which responds 
to mechanical vibrations, is substituted for the 

•The waveforms shown in Figure 5 may be represented by the following Fourier series: 

w 1
2A w1

2A 
(a) a = -w1

2A sill w1t --
3
- sin 3w1t --

5
- sin 5w1t- · 

J w1A w1A 
(b) v = adt = w1A cos w1t + 32 cos 3w1t +52 cos 5w1t + · · · 

(c) x = Jvdt = Jfadt = A sin w1t + ~ sin 3w1t + ~ sin 5w1t + · · · 
3• s• 

Note that for this particular waveform, the acceleration equation gives 33% third harmonic, and the displace­

ment one gives only 3.7%. 

The Type 759-P35 

Vibration Pickup and 

Type 759-P36 Control 
Box connected to the 
Type 1551-A Sound­
Level Meter in place 
of the microphone. 
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Figure 7. Over-all frequency response characteristic of the vibration 
pickup, control box, and sound- I eve I meter for constant applied accel­

eration, velocity, and displacement, respectively. 

microphone. With the Type 15 51-A Sound-Level 
Meter, the Type 759-P35 Vibration Pickup and 
the Type 759-P36 Control Box are used . The 
pickup itself is of the inertia-operated piezo­
electric type, 3 which is also used with the Type 
761-A Vibration Meter. The control box, which 
connects between the meter and the pickup, pro­
viJes electrical integrating circuits. The · integrat­
ing circuits allow the conversion of this response 
for reading velocity or displacement. This com­
bination of pickup, control box, and sound-level 
meter provides a convenient and inexpensive way 
for owners of sound-level meters to make vibra­
tion measurements within the audio-frequency 
range. However, it should be remembered that 
the sound-level meter circuits were intended only 
to respond down to 20 cycles, and consequently 
this combination is not suitable for measuring 
lower-frequency vibrations. The Type 761-A 
Vibration Meter must be used where low fre­
quencies are important.· 

Also, the sound-level meter reads in terms of 
decibels, which must be converted to vibration 
amplitude, velocity, or acceleration. A calibration 
chart is provided with each control box giving 
the proper conversion factors for that pickup and 
control box when used with a particular sound­
level meter. By means of these data plus the 
decibel table in Appendix I (also supplied in the 
instruction book for the pickup and control box), 
the readings may be converted readily to inches, 
inches per second, or inches per second per 
second. 
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ANALYZERS 
The vibration meter measures the displacement, 

velocity, or acceleration of a vibration in terms 
of the r-m-s value of the waveform. Unless the 
waveform is substantially sinusoidal, however, 
the vibration meter by itself gives little informa­
tion about the frequencies of the individual vibra­
tion components. 5 An analyzer, therefore, is de­
sirable and in many cases a necessity. As with 
noise, the analysis of vibration provides clues 
to the sources of the various components and in­
formation necessary in the suppression of the 
vibration. 

Vibration, like noise, may be classified into 
two types-pitched, which consists mainly of 
harmonics or subharmonics of a fundamental 
frequency, all of which will vary in frequency by 
the same percentage that the machine speed 
varies; and unpitched, which is caused by shock 
excitation and occurs over bands of frequencies. 

A number of analyzers are available which can 
be used with the Vibration Meter or with the 
Sound-Level Meter, Control Box and Vibration 
Pickup combination to extend the range of use­
fulness of these instruments. These analyzers vary 
in complexity and ease of operation. The relative 
usefulness of each analyzer depends on the vibra­
tion problem to be solved as will become evident 

5for .rinusoidal Yihrations, th-e frequency can be cal­
culated from readings of displacement and velocity. As 
shown in Equations (I) and ( 2), the frequency will he: 
f=v/ 27TX Where the displacement (x) is in inches 
and the velocity ( v ) is in inches per sec. 



Figure 8. The Type 762-8 Vibration Analyzer. 

Figure 9. Functional block diagram showing 
the operation of the Type 762-B Sound Ana­
lyzer. It consists of a high-gain amplifier and 
a frequency-selective feedback network, so 
designed that the feedback is degenerative at 
all frequencies except that to which the net-

work is tuned. 

WIDE RANGE 
AMPLIFIER 

VARIABLE FEED-BACK 
NETWORK 

LOG. V.T.V.M. 

as the instruments are described. One of the 
analyzers (the Type 762-B Vibration Analyzer) 
was designed specifically for use with the Type 
761-A Vibration Meter to make vibration analysis 
a convenient process. 

TYPE 762-B VIBRATION ANALYZER 
The Type 762-B Vibration Analyzer is a con­

tinuous-spectrum instrument. It is small, portable, 
lightweight, and battery operated. It includes a 
three-stage direct-coupled amplifier which is made 
selective by means of a tunable null circuit in a 
negative-feedback loop. Operation is simple and 
easy, and the entire frequency range of the in­
strument can be conveniently scanned. Any one 
of five push-button-controlled ranges can be se­
lected at will, and the frequency is read from a 
single dial, which can be rotated continuously in 
either direction. The circuit elements consist only 
of resistors and capacitors, and the case is elec­
trostatically shielded, so that this instrument is 
unaffected by ordinary electromagnetic? and elec­
trostatic fields. 

The Type 762-B Vibration Analyzer covers 
the frequency range from 2.5 to 750 cycles per 

9 



second ( 150 to 45,000 rpm). The meter scale 
is calibrated in linear units for reading displace­
ment, velocity, and acceleration directly in terms 
of micro-inches, micro-inches per second, and 
inches per second per second, respectively. Thus, 
in combination with the Type 761-A Vibration 
Meter, this analyzer provides a conven ient means 
for measuring not only the overall vibration level 
but~ the relative amplitudes of the component 
f requencies. 

The selectivity characteristics are shown in 
Figure 11. It will be noted that the selectivity 
curve maintains a constant shape in terms of 
percentage of the resonant frequency over the 
entire range. The negative feedback circuit, so 

Figure 10. The Type 762-B 
Vibration Analyzer was de­
signed particularly for use 
with the Type 761-A Vibra-

tion Meter. 

far as is known at the present time, provides the 
most satisfactory means for obtaining high selec­
tivity at sub-audible frequencies . 

Two band widths are provided, selection being 
made by means of a panel switch. -The BROAD 
SELECTIVITY position is extremely helpful in 
locating components quickly in a fast sweep over 
the spectrum, the final determination of fre­
quency and amplitude being made with the 
SELECTIVITY switch in the SHARP position. 
It is also used in making the final determination 
of frequency and amplitude when the frequency 
of the component under measurement is drifting 
rapidly or is fluctuating about a mean frequency 
by several percent. 
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tance is the selectivity curve ~f the vibration analyzer which maintains a satisfactory 

width and shape at both low and high vibration frequencies. 



Figure 12. 
The Type 760-B 
Sound Analyzer. 

OTHER USEFUL ANALYZERS 

TYPE 760-B SOUND ANALYZER 
The Type 760-B Sound Analyzer is similar to 

the Type 762-B Vibration Analyzer. The general 

Figure 13. 
The Type 736-A Wave Analyzer. 

design features of the two analyzers are alike . 
The frequency range of the Sound Analyzer is 
25 to 7500 cycles per second, and, since the 
analyzer was designed to operate with the Sound­
Level Meter, its meter has both a db scale and 
a percent scale. This instrument lacks the broad­
sharp selectivity feature of the low frequency 
model, but it is extremely useful for frequency 
analysis of vibrations above 25 cycles per second. 

TYPE 736-A WAVE ANALYZER . 
The Type 736-A is an a-c operated, hetero­

dyne-type, vacuum-tube voltmeter. The intermed­
iate-frequency amplifier includes a highly selec­
tive quartz-crystal filter. The use of a heterodyne 
method makes it possible to vary the response 
frequency while using a fixed frequency filter. 
This is a fairly complex instrument, better suited 
to laboratory use than to portable or field use. 
However, it can provide a great deal of informa­
tion about the frequency spectrum. It operates 
over a very wide range of input voltages ( 300 
microvolts to 300 volts full scale). It has a fixed 
band with a four-cycle flat top and high rejection 
outside the pass band. For vibration measurements 
above approximately 200 cycles per second the 
fixed band width is narrower than the band width 
of the Type 762-B Analyzer so that unless com­
ponents in the upper spectrum are stable in fre­
quency this analyzer becomes difficult to use. At 
low frequencies, as is indicated in Figure 11, the 
fixed band width of heterodyne type analyzer is 
too wide to be usable. For these reasons the Type 
762-B Vibration Analyzer is much better suited 
for vibration measurements even though its re­
jection outside the pass band does not approach 
that of the Type 736-A Wave Analyzer. 

11 



Figure 14. 
The Type 1550-A Octave-

8qnd Noise Analyzer. 

TYPE 1550-A OCTAVE-BAND ANALYZER 
This analyzer was designed to make possible 

the simple and rapid analysis of noises having 
complex spectra. It operates directly from the out­
put of the Vibration Meter or Sound-Level Meter 
and is more convenient to use than the narrow­
band analyzers. Although it does not operate 
down to the low frequencies desired for many 
vibration measurements, it should prove useful 
for those v1bration measurements that are being 
made in connection with noise reduction prob-
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!ems. It can be used when detailed knowledge of 
the individual frequency components is not re­
quired. 

This analyzer consists of a set of eight band­
pass filters, one ·octave wide, with selection by 
mear.s of a rotary switch, followed by an attenu­
ator and an amplifier, which drives both an indi­
cating meter and a monitoring output. These 
bands are 20 c to 75 c, 75 c to 150 c, 150 c to 
300 c, 300 c to 600 c, 600 c to 1200 c, 1200 c to 
2400 c, 2400 c to 4800 c and 4800 c to 10,000 c. 
Only the first five bands, however, are within the 
useful range of the Type 761-A Vibration Meter. 

The power is supplied by means or a self­
contained battery block, and an a-c power pack 
that fits the battery compartment is available sep­
arately. 

For convenience and flexibility, circuits and 
panel jacks are arranged so that the li Iter <>('ct ion 
or the amplifier can be used alone. 

ADDITIONAL EQUIPMENT THAT CAN BE 
USEFUL IN VIBRATION MEASUREMENT: 

STROBOSCOPES 
Although it cannot measure directly the mag­

nitude of vibration in ·rotating or moving parts, 
the stroboscope is valuable in many vibration 
studies because it permits rotating or reciprocat­
ing objects to be viewed intermittently and pro­
duces the optical effect of slowing down or stop-

Figure 15. The Type 631-BL Strobotac~ 



Figure 16. The Type 648-A Strobolux® 
shown with the Type 631-BL Strobotac. 

ping motion. For instance an electric fan revolv­
ing at 1800 rpm will apparently be standing still 
if viewed under a light that fl ~shes uniformly 
1800 times per minute. At 1799 flashes per min­
ute, the fan will appear to revolt~~~t 1 rpm, and 
at 1801 flashes per minute, it will rotate backward 
at 1 rpm. Because the eye retains images for an 
appreciable fraction of a second, no flicker is seen 
except at very low speeds. The appa.rent slow 
motion is an exact replica of the original higher­
speed motion, so that the motion of a high speed 
machine can be analyzed with the stroboscope 
under normal operating conditions. This type of 
instrument can be used to measure the critical 
speeds where vibrations occur in all types of ro­
tating or reciprocating machinery. Displacements 
in vibrating parts can often be measured accu­
rately with the aid of a microscope if a fine refer­
ence line is scribed on the part. We have used 
this technique to confirm the ca libration of an 
electrodynamic Vibration Calibrator and auto­
motive engineers have used it in measuring crank­
shaft whip and vibration .'' 

The high speed performance of fans and pro­
pellers and other rotating devices can be studied 
while in operation, by means of the slow motion 
effect of the stroboscope, and sources cif vibration 
and noise due to misadjustments, misalignment, 
or wear can readily be detected. 

TYPE 631-BL STROI30T AC ® 
(STROBOSCOPIC TACHOMETER) 

The Strobotac is a small portable stroboscope 
calibrated to read speed directly in revolutions 
per minute. The light source is a neon strobotron 
lamp mounted in a parabolic reflector. The f re­
quency of an internal electronic pulse generator 
determines the flashing speed, which can be ad-

"M. M. Roensch, "Measurements of Crankshaft 
Whip and Vibration ", ln.rlrllmenl.r, April,. 1933. 

Figure 17. The Type 1532-B Strobolurne~ 

justed by means of a direct reading diaL Normal 
range is from 600 rpm to 14400 rpm ( 10 cps to 
240 cps) with an additional low range of 60 rpm 
to 1440 rpm (1 cps to 24 cps). Speeds above and 
below the normal range can be measured by using 
flashing rates that are simple multiples or sub­
multiples of the speed to be measured. As the 
flashing rate of the Strobotac is decreased below 
600 per minute, the flicker becomes pronounced 
due to the low average level of illumination and 
to the inability of the human eye to retain succes­
sive images long er;ough to give the illusion of 
continuous motion. The illumination level can be 
increased by the use of either the Type 64H-A 
Strobolux or the Type 1532-B Strobolume. 

TYPE 648-A STROBOLUX ® 
The Strobolux is an auxiliary white light source 

designed for use with the Strobotac where greater 
light intensity is required or where areas to be 
illuminated are larger than the Strobotac can 
cover. The Strobolux uses the Strobotac as the 
triggering source and furnishes a white light about 
100 times as powerful as the Strobotac~ The 
Strobolux is made up of a power supply and lamp 
(filled with rare gas) capable of producing the 
brilliant light flashes at rates up to 6000 per min­
ute. 

TYPE 1532-B STROBOLUME 
The Strobolume produces brilliant, high intens­

ity, white flashes continuously at rates up to 60 
per minute or for short periods at rates up to 
1200 per minute. It will also produce flashes of 
shorter duration (about 1 / 20th as much light) 
at rates up to 3000 per minute continuously. The 
Strobolume is designed to be flashed from an ex­
ternal source such as the Type 631-BL Strobotac. 
Its intense white flash is especially well suited for 
studying the motions or vibrations of machines 
operating at relatively low speeds where the light 
from the Strobotac is inadequate. 

0 uk-'t • ~ (, '3 I e \... 
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CHAPTER IV 

ADDITIONAL EQUIPMENT OF 
OTHER MANUFACTURE 

In addition to extended information gained by 
use of analyzers at the output of the Vibration 
Meter, the range of usefulness of the instrument 
cad be expanded by the use of a· number of other 
pieces of associated equipment. In general the 
Type 761-A Vibration Meter performs as an 
accurately calibrated ·preamplifier, amplifier, and 
indicating meter for the accelerometer (Type 
761-P1 Piezo-Electric Vibration Pickup). It also 
provides a low-distortion, hum-free output for 
the operation of such auxiliary equipment as a 
cathode-ray oscillograph, magnetic tape recorder, 
or recording oscillograph. 

CATHODE-RAY OSCILLOGRAPH 
A cathode-ray oscillograph is standard equip­

ment in almost any laboratory. It is a useful means 
for observing the waveform of a vibration signal 
from the vibration meter. It can be used to meas­
ure the peak amplitude of a wave, and after some 
experience the observer can, by adjusting the 
sweep frequency, tell something about frequency 
components by looking at the waveform. In addi­
tion the cathode-ray oscillograph makes possible 
the study of the instantaneous values of a vibra­
tory motion. In contrast with the vibration ana­
lyzer and other wave analyzers that present in­
formation in terms of frequency, the cathode-ray 
oscillograph, and recording galvanometers de­
scribed below, present information as a function 
of time. This time representation is often of great 
assistance in the solution of vibration problems. 
The cathode-~ay oscillograph, because it presents 
mformatwn mstantly and continuously, and be­
cause its frequency response is not a limiting fac­
tor, is useful in the study of any vibration wave- · 
form. 

For vibration measurements a cathode-ray os-
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cillograph with slow sweep rates, a long persis­
tence screen and a d-e a~plilier is preferable. 
Many oscillographs have provision for the addi­
tion of a camera which makes possible a perma­
nent record of the vibration wave shape being 
studied. 

MAGNETIC TAPE RECORDER 
The magnetic tape recorder has become a very 

u~eful tool for the research and development cn­
gmeer. As a tool for vibration measurements, for 
example, it is being used to perform the follow­
ing functions: 

1. The preservation of a vibration signal for 
l~ter ~nalysis and display or for comparison with 
vibration measurements after adjustments or 
changes have been made in the equipment or 
machine being measured. 

2. The storage of a sample, low frequency 
v~bration signal which can be played back at 
higher tape speeds to make analysis possible with 
conventional audio-frequency analyzers. 
. 3. ~he storage of shock- or impact-type vibra­

tion signals for reverse playback to determine 
peak amplitudes. (Conventional meters can then 
be used to follow the decay slope in reverse even 
though the response time is much too slow to 
indic~te peak values when the signal is played 
back m the forward or correct direction.) 

4. Recorders using a special FM carrier tech­
nique which will record with flat response from 
d~ to ?OOO cps h~ve .been used for low frequency 
vibratiOns and seismic exploration work. 1 

• 7Kenneth P. Booth, "Tape Recording for Telemeter­
mg and Data Analysis" , TELETECH, May & June 
1952. • 



The recorder selected must be a high quality 
instrument if accurate analyses are desired. This 
means a flat frequency characteristic, low hum 
and noise level, low non-linear distortion, wide 
dynamic range, and constant speed. 

RECORDING GALVANOMETER 
The recording galvanometer is a teo! that is 

widely used in vibration measurement and analy­
sis. It is very useful in applications where the 
vibration to be measured is transient in nature, 
including the cases where the vibration is essen­
tially at a constant frequency but its amplitude 
varies widely with time. 

Many models are available and most of them 
can be used to record the waveforms appearing 
at the output jack of the Type 761-A Vibration 
Meter. 

Direct-writing types using a pen motor may 
write with ink on paper, with special styli on 
heat-sensitive paper or voltage-sensitive paper, or 
with a pointed stylus on waxed paper. The pen 
motors usually have relatively low resonant fre­
quencies and require d-e amplifiers to be used 
with the vibration meter. Most companies that 
manufacture the pen motor manufacture the 
corresponding d-e amplifier. In some cases com­
pensation is added to extend the flat response 
range of the pen moter. Pen motors with com­
pensating amplifiers are useful from d-e up to 
about 100 cycles per second. 

A more versatile recorder is the type in which 
the galvanometer moves a tiny mirror which re­
flects a light beam onto a photographic paper or 
film. Here sensitivity and resonant frequency can 
be increased, because the mirror can be tiny and 
very light, and the light path from mirror to 
recording surface can easily be made relatively 
long. Flexibility is increased, because galvano­
meter units varying widely in sensitivity and fre­
quency range can be readily interchanged. Many 
of these galvanometers can be operated from the 
output of the vibration meter with the use of a 
resistive pad and no extra amplification. Units 
with resonant frequencies as high as 3000 cycles 
are available. Since the record is produced on a 
photograp~ic . film or paper and is not immedi­
ately available, this type of recording galvano­
meter is not so convenient to use as the direct 
writing type. To reduce the time lag between 
test and viewing or interpretation of data at least 
two companies" have recently announced com­
pact photo-record processors for paper oscillo­
grams and other rolled paper photo-records. The 
units require no dark room for operation and can 
be used at the testing site without connection to 
external source of water. 

. 8 Consolidated Type 23-109, Consolidated Engineer­
mg Corporation, 300 North Sierra Madre Villa, Pasa­
dena, 1 S, California. 

General Electric Catalogue No. 9894820--General 
Electric Company, Schenectady, New York. 
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CHAPTER Y 

APPLICATIONS FOR GENERAL RADIO 

VIBRATION MEASURING EQUIPMENT 

All designers of airplanes, ships , and other 
expensive or ebborate structures, particularly 
where Yibr,ttion may be dangerous, carefully cal­
culate the Yibratory conditions · as a part of the 
design work. Such calculations generally i1wolve 
assumptions which cannot always be rigidly justi­
fied, and measuremen~ are usually r:ecessary on 
the completed structure to check the calculations 
and make minor readjustments. 

With small machinery it is sometimes more 
economical to build a sample and measure the 
vibration than to spend too much time on Ltbori­
ous calculations. The vibration meter, therefore, 
is not a substitute for thorough theoretical analy­
ses, but should be used to supplement and check 
such analyses. In many cases its use will greatlr 
simplify the calculations and reduce the number 
that are necessary. 

Figure 18. The vibration meter and analyzer are used here to determine the amount of 

vibration absorbed by a new Gates tire. The tire is taking extreme punishment from a 

cleat on the large wheel, which is traveling so fast that the cleat cannot be seen. 
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The vibration meter is also an invaluable tool 
in checking finished equipment for vibration .and, 
indirectly, for noise. 0 This last application allpws 
noise tests to be carried on under unfavorable 
conditions of ambient noise level, after correlat­
ing noise meter and vibration tests on a few 
sample machines. 

Engineers faced with the problem of dealing 
with vibration in some piece of equipment have 
often. approached the solution, sometimes satis­
factorily, by the wasteful procedure of " cut and 
try" or intuitive experiments. This procedure is 
not necessary or recommended and is often com­
pletely unsuccessful. Vibration measuring equip­
ment and techniques are available which make 
possible the analysis and evaluation of any vibra­
tion .problem. The analysis usually will provide 
the information necessary to solve the problerfl. 

The General Radio Type 761-A Vibratior;. 
Meter with the associated equipment described in 
Chapter IV and other equipment described here 
has been a very useful tool for many research and 
development engineers faced with a vibration 
problem. Noise levels from fans and large room 
air circulators have been reduced to acceptable 
levels by using information gained by vibration 

OPeterson, Arnold, P. G., and Beranek, .Leo L., Hand­
book of Noi.re Mea.rurement, General Radio Company, 
(see Section 6.9, "A Noise Problem"). · 

measurements on fan blades and circulator hous­
ings. Similar techniques have been used in the 
development of the increasingly popular room 
air-conditioners. Ball bearing manufacturers use 
the vibration meter as a tool to test assembled 
ball bearings as they come off the production line. 
Analysis of waveforms produced permits the op­
erator to determine which component is respons­
ible for a defective unit so corrective measures 
can be taken at the high speed automatic machines 
shaping or forming the part. 

The vibration meter is widely used in the test­
ing and evaluation of resilient mountings used 
for shock and vibration isolation. A manufacturer 
of rubber products uses the Type 761-A Vibra­
tion Meter and the Type 762-B Vibration Ana­
lyzer to aid in the development of products they 
are designing to have superior shock-absorbing 
qualities. For example, they use the equipment to 
measure the amount of vibration absorbed by 
their automobile tire (Fig. 18) 10 and to measure 
the shock absorbing qualities of special shock­
absorbing power transmission belts (Fig. 19) 10 

or power take-off wheels. 
The engineering department of a company 

manufacturing Diesel engines uses the Type 761-

lO"Bumps Take a Beating," Research in Action sec­
tion of Gates Employees Progress Neu·s, August, 19~3, 
p. 9, The Gates Rubber Company, Denver, Colorado. 

Figure 19. Shock-absorbing qualities of the Gates Super Rope are measured with the 
equipment shown here. Readings are taken at both the motor and the driven machine 

to determine how much vibration is absorbed by the belt. 
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A Vibration Meter and the Type 762-B Vibra­
tion Analyzer in a measuring system developed 
to measure, in the field, the torsional vibration 
characteristics of marine and stationary engine 
installations.U In these installations it is essential 
that no criticals (excessive torsional vibrations) 
occur within the operating range. 

The examples listed above are cit~d to illus­
trate the wide range of activities in which the 
General Radio Vibration Measuring equipment 
has proved useful. Although the list is by no 
means complete, these examples indicate the ver­
satility of the measuring instruments. 

11White, Trescott S., "Taking the My;tery Out of 
Torsional Vibration" , Bulletilz No. EM-87, Enterprise 
Engine and Machir.c Company, 18th and Florida Streets, 
San Francisco 10, California. 

Figure 20. Trescott S. White{ Engineer, 

Enterprise Engine and Machine Company, 

using vibration-measuring equipment to meas­

ure transverse motion of a large engine. The 

pickup shown here is replaced by a torsional 

pickup mounted o~ the engine shaft when tor-

sional vibration is measured. 



CHAPTER VI 

HOW TO USE GENERAL RADIO 

VIBRATION MEASURING EQUIPMENT 

TYPE 761-A VIBRATION METER: 
Operating Imtructious 

The instruction sheet fastened in the cover of 
the vibration meter outlines the actual operations 
involved in adjusting and reading the .instrument. 
A knob marked METER SCALE provides, in 
effect, a multiplier for the indicating instrument. 
The red meter scale is used with the red positions 
of the knob and the black scale with the uncol­
ored positions. The reading of the METER 
SCALE control in all cases represents the full­
scale deflection of the meter, so that it is merely 
necessary to read the meter and locate the decimal 
point. 

In addition, there is a row of five push buttons 
to select acceleration, velocity, and displacement 
response. For each of the latter two characteristics 
two buttons 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 cycles, which 
however, allows an increase in sensitivity of the 
meter by a factor of 10:1. This is a great advant­
age for measuring low-amplitude vibrations such 
as occur, for instance, in clocks,· speedometers, 
and other small mechanisms. Such vibrations ·sel­
dom have any important components below 10 
cycles. Below each button is engraved a multiply­
ing factor (always a multiple of 10) which 
should be applied to all readings when that par­
ticular button is used. 

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

How to read the Vibration Meter can be de­
scribed most easily by using an example. Let us 
assume that you want to measure the displace-

ment of a vibrating object and that after you have 
followed the instructions on MAKING VIBRA­
TION MEASUREMENTS printed on the oper­
ating instruction sheet, fastened in the cover of 
the instrument, you have the following settings 
and reading: 

1. the METER READS and MULTIPLIER 
button labeled "DISPLACEMENT" is depressed. 

pin. x 10 
2. the METER SCALE switch is set at 10 K. 
3. the panel meter reads 40 on the upper or 

black scale. 
The indicated rms displacement is 4K x 10 

pin.= 4000 x lO.)lin. = 40,000 pin.= .040 in. 
If the vibration is sinusoidal: 

the peak displacement is .040 x 1.414=.057 in. 
the peak to peak displacement is .040 x 2.828 
=.113 in. 

Meter reading when vibration is non-sinusoidal: 
The meter on the Type 761-A Vibration Meter 

is a special copper oxide rectifier type meter. The 
rectifiers are operated at low current density, so 
they are approaching square-law operation. The 
meter is calibrated to read the r-m-s value of a 
sine wave and will pass the test for root-mean­
square addition specified in Appendix B of the 
ASA American Standard for Sound-Level Meters 
fo·r the Measuremmt of Noise and Other Sounds, 
(Z24.3-1944). This does not mean that the meter 
indicates the true r-m-s value of all vibration 
waveforms. On complex waves the meter indi­
cates a value that approaches the full-wave-rec­
tified average (which we shall call average) 
rather than the r-m-s value of the wave. This 
meter indication closely approximates, too, an 
r-m-s indication for a number of common wave-
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forms. For example: (a) on square waves, where 
peak, r-m-s, and average values are alike, the 
meter indicates true r-m-s, (b) on triangular 
waves the meter indication will be above r-m-s by 
something less than 3% and (c) 011 broad-band 
noise signals (white noise) the meter indication 
will be below r-m-s by approximately 10/'o. 

On repetitive impulse-type waveforms such as 
may be encountered when measuring vibrations 
on punch presses or drop-hammers the meter on 
the Type 761-A Vibration Meter can indicate 
values that are below the r-m-s value of the wave 
by a factor of 3 or more. It is impossible to pre­
dict what the error in reading will be unless the 
wave-form of such a vibration is known. In gen­
eral it is the peak value of such a vibration that 
is of interest so that, for impact-induced vibra­
tions, the readings taken with the Type 761-A 
are useful for comparison purposes qnly. 

Howeve:, much useful information can be ob­
tained if the Type 761-A is used as a pre-ampli­
fier for a peak-reading voltmeter, a cathode ray 
oscillograph, or a recording galvanometer. When 
one of these additional indicators is calibrated to 
read the peak values of displacement, velocity, 
or acceleration by means of the 60-cycle line cali­
bration system in the Type 761-A the calibra­
tion procedure is as follows: 

1. Connect the vibration meter to the 60-cycle 
line as when adjusting its calibration. 

2. Connect the auxiliary indicator to the output 
terminals of the vibration meter. 

3. Depress the button marked CALIBRATE 1 
on the vibration meter. The panel meter of the 
vibration meter will read approximately 160 on 
the red or lower scale or approximately 50 on the 
black or upper scale. 

4. A vacuum-tube voltmeter, such as the Gen­
eral Radio Type 1800-A or Type 1803-B, con­
nected across the output terminals of the vibration 
meter will read approximately 2·.5 volts. Since 
both the Type 1800-A and the Type 1803-B 
are peak reading voltmeters calibrated to read 
r-m-s on a sine wave signal we can relate this 
voltage reading to fhe peak value of the 60 cycle 
sinusoidal signal that is causing the reading. We 
can ·say that the 2.5 volt reading corresponds to 
a peak reading of 1.4 x 160=224 on the red 
scale and 1.4 x 50=70 on the black scale. There­
fore, in this example, the auxiliary voltmeter 
reading should be multiplied by 

224 = 89. 6 
2.5 

when the red scale of the vibratwn meter is used, 
and it should be multiplied by 

..1Q.=28 when the 
2.5 

black scale is used . Once we have established 
these relations, we can use the vibration meter to 
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measure the peak values of vibration quantities 
by reading the auxiliary voltmeter and applying 
the multiplying factors obtained as aboYe in addi­
tion to those indicated by the METER SCALE 
switch and METER READS-MULTIPLIER 
buttons on the vibration meter. 

When a cathode· ray oscillograph or recording 
galvanometer is used as an auxiliary indicator, 
the calibration technique is much the same. 1"he 
peak deflection caused by the known 60-cyc!e 
calibration signal can be compared directly with 
the meter reading of the Type 761-A. 

When measurements on impulse- or impact-type 
vibrations are made, it is desirable to set the 
meter scale switch on the vibration meter so that 
the panel meter reads below mid-scale. Since the 
meter tends to read low on such waveforms, this 
setting will help to eliminate overloading or clip­
ping in the output amplifier· of the vibration 
meter. 

Sensitivity of Vibration Meter 
The Type 761-A Vibration Meter will measure, 

and read directly, r-m-s displacements as low as 
16 micro-inches, velocities as low as 160 micro­
inchesf'lf'l~ sgp~d, and accelerations as low as 
0.160 inc es" p"'er second. 12 The direct reading 
ranges of the Type 761-A are shown in charts of 
Figures 22, 23, 24 and are tabulated in Figure 25. 

At freguencies above 25 cycles per second. 
sinusoidal displacements of 1 micro-inch and 
lower can be determined, if the frequency is 
known, by converting velocity readings to dis­
placement values using the charts in Figure 21 
or 24. For example, if the velocity is measured 
to be .001 inches/ sec ( 1000 )linchesj sec) and 
the frequency is known to be 200 cps, the dis­
placement as read from the chart in Figure 21 
would be 0.8 microinch. 

Similarly, smaller displacements at higher fre­
guencies can be determined from the acceleration 
measurements, but, unless the frequency is accu­
rately known and the waveform a good sinusoid, 
this conversion is not reliable. 

Maximum Readings of Vibration Meter 
As indicated in Figures 22, 23, 24, and 25 the 

maximum values of displacement or velocity that 
should be applied to the pickup of the Type 761-
A Vibration Meter vary with frequency, while 
between 2 cps and 1000 cps the maximum value 
of acceleration is essentially independent of fre­
quency. In each case the maximum is that value 
which corresponds to an acceleration of 3900 
inches per second per second or 10 times the ac­
celeration due to gravity (10 g). Accelerations 
above lOg may damage the Rochell_e salt crystal 

12The displacement and velocity figures are for a low 
frequency cut-off at 10 cycles. These limits are mul­
tiplied by 10 when the full range down to 2 cycles is 
used. 
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Figure 21. Conversion chart for vibration parameters. 
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Figure 22. Chart showing the direct-reading displacement ranges 
of the Type 761-A Vibration Meter. 
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Figure 24. Direct-reading acceleration ranges of the Type 761-A Vibration Meter. 
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Figure 25. Range of vibration quantities that can be measured directly with the 

Type 761-A Vibration Meter, giving meter readings and corresponding values when 

frequency characteristics of instrument and pickup are applied. 

FREQUENCY- CYCLES/SEC. 2 10 100 1000 
<.:) <.:) <.:) <.:) 

METER READS ~ w ~ w z w z w 
0 -

0 ::J 0 ::J ::J 0 ::J 
Switch < _J < _J < _J < _J 

w < w < w < w < Position et: > et: > et: > et: > 

ACCEL. Max. in./sec2 3700 3900 3900 3900 3900 3900 4800 3900 
in./sec2 Min. in./sec2 .16 .17 .16 .16 .16 .16 .16 .13 

X Q.Q1 

VELOCITY Max. in./sec 32* 39 6.2 6.2 .76 .62 
,uin./sec Min. ,uin./sec 160 195 160 160 160 130 

X 1Q 

VELOCITY Max. in./sec 220 310 61 62 6.2 6.2 .76 .62 
,uin./sec Min. ,uin./ sec 1600 2300 1600 1630 1600 1600 1600 1300 

X 1QQ 

DISPLACEMENT Max. in. 0.8 1.0 .01 .01 .00012 .0001 
,u in. Min. ,uin. 16 20 16 16 16 13 

X 1 

DISPLACEMENT Max. in. 12.5 25 .95 1.0 .01 .01 .00012 .0001 
,u in. Min. ,uin. 160 320 160 170 160 160 . 160 130 
X 10 

*Maximum meter reading. All other maxima determined by lOg I imit on crystal pickup. 

Figur~ 26. Comparison of maximum meter readings of the Type 761-A 

Vibration Meter with the lOg I imit of acceleration. 

METER READS Cut-Off 
Switch Frequency Meter Range lOg at f

0 
Position fo 

ACCEL. 
.16 to 32000 in. / sec2 3900 in./ sec2 in./sec2 2 

X Q.Q1 

VELOCITY 
,uin./sec 10 .00016 to 32 in. / sec 62 in. / sec 

X 1Q 

VELOCITY 
,uin./sec 2 .016 to 320 in./sec 310 in. / sec 

x100 

DISPLACEMENT 
,u in. 10 .000016 to 3.2 in. 1 in. 

X ] 

DISPLACEMENT 
,u in. 2 . 00016 to 32 in. 25 in . 
X ]Q 
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Figure 27. 
Frequency charac­
teristics of a typical 
Type 761-Pl Vibra-

tion Pickup. 
FREQUENCY IN CYCLES PER SECOND 

in the vibration pickup . As shown in the table of 
Figure 26 the maximum possible meter readings 
of the Type 76 1-A Vibration Meter exceed the 
safe readings for all positions of the METER 
READS switch except the VELOCITY x 10 posi­
tion. This actually does not limit the velocity 
readings, since any value of velocity which falls 
above this meter reading can be read on the 
VELOCITY x 100 switch position. 

CharacteriJtics of Pick11p 
The Type 761-P1 Vibration Pickup supplied 

with the Type 761-A Vibration Meter is an in­
ertia operated Rochelle salt crystal and it per­
forms as an accelerometer. The frequency charac­
teristic of this pickup is shown in Figure 27. As 
with all Rochelle salt devices, the maximum safe 
operating temperature for the vibration pickup is 
115 oF. Temperatures of 130° F and over result 
in permanent damage to the pickup . Measure­
ments can be made on hotter machinery provid­
ing they are made quickly enough so that the 
pickup does not become heated. The long probe 

supplied as an accessory with the pickup will pro­
vide some heat isolation if the pickup must be 
used on equipment running at high temperatures 
so long as the ambient temperature is not above 
100 °F. 

At lower temperatures the temperature charac­
teristics of the pickup are similar to Rochelle-salt 
Piezo-electric microphones. Although the capaci­
tance of the pickup varies widely as a function 
of temperature (see Figure 28), the sensitivity 
or output signal of the pickup varies in a more 
moderate fashion as indicated in the dotted curve 
of Figure 29. The solid curve of Figure 29 shows 
the performance of the pickup as a function of 
temperature when· it is connected to the high im­
pedance input of Type 761-A Vibration meter. 
The usual short cable supplied on the pickup does 
not require additional temperature correction, but, 
if a long extension cable is used, the added 
capacitance of the cable in parallel with the 
widely varying capacitance of the pickup causes 
a cable loss that is a function of temperature. The 

20,000 

26 

Figure 28. 
Capacitance of the Type 
761-Pl Vibration Pickup 

versus temperature. 
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correction factor for the cable can be computed 
from the following equation: 

r 
'-L 

S=M(l--1- -,) 
c~ 

where S=signal level (output of pickup) 
M=meter reading (Type 761-A) 
C,=Capacitance of pickup at the par­

ticular temperature (measured 
or from Figure 28). 

Cc=Capacitance of the cable + 
325 uuf' J 

" ' Input Capacitance of Type 761-A Vibration Meter. 

Figure 30. 
For pre I imi nary or survey measurements, the 

vibration pickup can be held in the hand. 
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For low-frequency measurements at high temp­
erature, there is an additional undesirable change 
in the characteristics of the Rochelle Salt Vibra­
tion Pickup. The internal leakage resistance of 
the Rochelle Salt Crystal decreases as the tempera­
ture is increased. Above 100 oF the leakage re­
sistance may be reduced to just a few megohms. 
The loading effect of the resistance across the 
lowered capacitance of the pickup produces a 
large loss in low-frequency output from the pick­
up. This effect is illustrated by the lower dashed 
line curve of Figure 29. 

Pickup Pf,,cement 
The pickup responds most strongly to vibra­

tions perpendicular to its front surface (the sur­
face with the nameplate). A threaded socket (1;4-
28 thread) is provided on this surface so that the 
pickup may be bolted or clamped in any desired 
fashion. A conical and a rounded tip are also 
provided, as is a long metal probe, all of which 
fit the threaded socket. The tips may be fastened 
directly 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, so 
that it will pick up the vibration satisfactorily. 
Sufficient pressure should be used on the pickup 
so that it follows the vibration accurately without 
chattering, but care shou ld be taken not to push 
so hard as to affect materially the vibration itself. 
Hand-hc:ld operation is usually satisfactory for 
exploratory or preliminary work, but where a 
series of measurements is planned, or highest 
accuracy of results required, it is recommended 
that the pickup be bolted or clamped in place or 
in the places determined to be critical or import­
ant by preliminary hand-held measurements. Fig­
ure 30 shows how the pickup is normally used 
with the probe in making preliminary or survey 
type me:~surements. 

It is very difficult to make hand-held direct 
reading measurements of small displacements, 
because the involuntary motions of the hand tend 
to swamp out the low dispbcement signals. Usu­
ally one is interested in very sm:~ ll displacemenb 
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when the frequencies involved are fairly high. In 
such cases it is much easier to get consistent read­
ings if the acceleration of the moving part is 
measured. Then the signals produced by the rela­
tively slow motions of the hand have little or no 
effect on the results. The effect of hand motions 
is more severe when the long probe is used. 

In vibration measurements where the accelera­
tion is below lg, it is often conve·nient just to 
place the pickup on its back. So long as the pickup 
does not rock or slip, it will measure the vibration 
that is perpendicular to its front surface. This 
technique is very useful in the measurement of 
vibrations of table or bench tops or of dynamic 
deflections in floors or decks of ships. 

Another device, introduced to facilitate the ap­
plication of the pickup is a small powerful perm­
anent-magnet-type clamp (MAP-2-S1), Figure 
31, that attaches to the pickup in place of the 
probe or tip. This magnetic clamp is especially 
useful when making vibration measurements on 
machinery where hand-held operation o( the pick­
up is not too satisfactory, and where it is not al­
ways possible to clamp or to bolt the pickup in 
place. In places where a flat area the size of the 
magnet can be found, the MAP-2-S1 magnetic 
clamp will hold the pickup satisfactorily for both 
vertical and horizontal vibrations with accelera­
tions up to lOg. 

Choice of Characteristic 
The choice of displacement, velocity, or accel­

eration depends upon the use for which the data 
are needed and the considerations mentioned in 

Figure 31. The vibration pickup held in 
place simply by means of a per·manent­

magnet clamp which replaces the probe or tip. 
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Chapter 11. Typical examples of applications for 
the different types of measurements are as follows: 
Displacement measurements are widely used in 
measuring ship vibrations and vibrations in heavy 
machinery. Velocity measurements are used for 
measuring sound transmission through walls, or 
the sound radiated by large surfaces such as power 
transformer shells, etc. Acceleration measurements 
are used in most machinery noise problems or 
where parts are liable to fail as a result of the 
vibrations. 

In all cases it should be remembered that ac­
celeration measurements give the greatest empha­
sis to the high frequency components, and dis­
placement measurements give equal emphasis to 
all components within the normal frequency 
range of the measuring equipment. 

HOW TO USE THE VIBRATION 
ANALYZER 

Relative Readings 
All batteries for operating the vibration ana­

lyzer 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 cable is provided to connect the input of the 
analyzer to the output of the vibration meter. For 
relative readings, the 0-to-120 scale is most con­
venient, and the sensitivity control on the vibra­
tion analyzer should be set so that for the strong­
est component of the vibration the reading is 100. 
This should be done with the vibration meter so 
adjusted that a normal indication is obtained on 
the indicating meter of that instrument. 

The best procedure for setting the sensitivity 
control of the analyzer is as follows: 

(1) Press range button A (2.5 to 7.5 cycles) 
and turn the main analyzer dial slowly, noting 
the deflections of the meter or the analyzer. 

(2) Repeat, covering the entire range of the 
instrument by successively pressing buttons B, C, 
D, and E, and turning the dial around. The dial 
may be rotated continuously in one direction. 

( 3) During this process the SENSITIVITY 
control on the analyzer should be turned down 
whenever a component is found that deflects the 
meter above 100, so that the meter reads 100 
exactly. This sets the sensitivity such that the 
analyzer will read 1007r on the strongest com­
ponent in the vibration. Do not change tbe setting 
of this control before completing the analysis as 
outlined in step 4. 



(4) The analyzer should then be tuned for 
maximum amplitude on each successive compon­
ent (without resetting the sensitivity control) 
and the resuLts recorded directly in terms of fre­
quency and percentage of the amplitude of the 
strongest component. The procedure is exactly 
the same as for the Type 760-B Sound Analyzer. 
Because of the inherently slow response of highly 
selective low-frequency circuits, a METER RE­
TURN button is provided. When the operator 
has tuned the analyzer away from a component, 
pressing this button will return the meter reading 
quickly to ze}o. 

The vacuum-tube voltmeter circuit included in 
the vibration analyzer provides a semilogarithmic 
scale on the indicating meter, so tl>lat the entire 
usable range of the instrument may be obtained 
without additional multipliers, etc. The controls 
of the vibration meter and the SENSITIVITY 
contro'l of the vibration analyzer shou ld not be 
readjusted during the analysis. 

The analyzer is equipped with an output jack 
for operating ear phones, which may be used for 
listening to the compocent being measured , if it 
is of audible frequency.'' 

Absd11te Readings 
For most purposes, relative readings are suffi­

cient, but absolute readings• may also be made 
with the vibration analyzer if des ired. For abso­
lute readings, the calibration procedure is as 
follows: 

( 1) Connect the vibration meter to the 60-cycle 
line as when adjusting its calibration . 

(2) Connect the analyzer to the vibration 
meter in the normal manner. 

( 3) Depress the button marked CALIBRATE 
1 on the vibration meter and tune the analyzer 

14Because of the a-v-c characteristics of the vacuum· 
tube voltmeter circuit, the output app lied to the phones 
is not a pure sinusoid. Hence some output may be 
heard at very low frequencies which would normally be 
inaudible. 

Figure 32. 
Typical analyses of machinery vibration, 
showing (top) acceleration, (center) veloc­
ity, and (bottom) displacement measure­
ments as made on a single machine under 
the same conditions. These illustrate the 
complexity of the vibrations which can be 
analyzed with the vibration analyzer, also 
the differences in the importance of the 
various components in measurements of 
displacement, velocity, and acceleration. 

100 1-

0 

0 

' 

2 

I 

I I 

I I I 

' oOO 

I 

0 I 

0 
- '• 

I 

HC: ·.j: ~-;--~~ 

'I I I •j 
' 

' ' j ,, -

ll 
- +-- ~+-

·- t- -

·-
i I I I li 

:! I I ' I 
P'' 'fl.- . 

ill 
"r-

2Ft I .,, 
I 

I 

I 
I 

' 

. 1-
,. ,, 1-

,, 
t 

·r 
""' FREQUENC'f IN CYCLES PER SECOND 

:; 

I I 
I .. ' I ' 

II 
I I 
2F3 ft 

·----+--

-~ 

I 

-T 
II I lilt 

1000 

I 
, I 

I ! 
,, ~-

-_.t-t-t ......;-i-F:s +., I 
I 

;--
~:2 F 

II "• I I 
5 ~4F1 ----+- +---+---

II ! I' II '' I-; H - t I 1- ··j:::j=-: ~ . J .1.!!~1 l = :;__ -4--- 'tH-;. 5 

1 I + ; i 

I '!I I l I 
2 

I i I T 
It I I 

I 
10 100 1000 

FREQUENCY IN CYCLES PER SECOND 

-· 
- +- , -'-I-'--! 

f-t--' f--

! ' : 
I 

I ,, ,, ,, I i I 
100 

_ ,, ,, 
1--

"• 
0 ~- .~, I 

' "' 
"• 13Ft 

2F, ,, : -· -= 10 

- ' F r- 4F ;-

'• 

: 1-

1-- I 

I 
I 

10 KlO 1000 

FREQUENCY IN CYCLES PER SECOND 



to maximum response at the power-line fre­
quency. 

( 4) Adjust the analyzer sensitivity control so 
that the meter on the analyzer reads the same as 
the one on the vibration meter. 15 It is desirable 
to mark this calibration point -on the sensitivity 
dial of the analyzer with a pencil so that it can be 

~., r..tum~ if the control is accidentally shifted. 
The control should be left at this point and not 
readjusted during an analysis. 

(5) After the analyzer sensitivity is set, the 
vibration meter should be disconnected 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 same way as the meter of the vibration 
meter, using the readings of the METER SCALE 
knob and the multiplier factors of the push but­
tons oa the vibration meter. The SENSITIVITY 
control on the vibration analyzer should not be re­
adjusted, but should be left at the setting that gave 
a deflection of the meter equal to that of the 
vibration meter during the calibration as outlined 
in ( 4) above. 

The red scale on the analyzer should be used 
when the METER SCALE 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 
analysis will then be in terms of the same abso­
lute values as the vibration meter reading, and 
the same multiplying factors will apply. 

Displacement, Velocity, and Acceleration 
The analysis will be made in terms of displace­

ment, velocity, or acceleration, depending upon 
the setting of the vibration meter. Choice among 
these different characteristics should be based 
upon the same considerations as when measuring 
the overall vibration as described in Chapter II 
and in the foregoing section outlining the use of 
the vibration meter. _ 

Figure 32 shows typical machinery analyses as 
made with the Type 761-A Vibration Meter, and 
the Type 762-B Vibration Analyzer for (a) dis­
placement, (b) velocity. and (c) acceleration. 

150n currently produced vibration analyzers the red 
and black scales track the same as on the vibration 
meter. On very early models the scales are slightly dis­
placed. With these latter analyzers .two positions of the 
sensitivity control should be determined, one for the 
red and one for the black, if maximum possible ac­
curacv is desirable. Otherwise an average setting is 
satisfactory. 
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The changes in relative amplitudes of the various 
components for the different types of measure­
ments are clearly shown. 

When the Type 762-B Vibration Analyzer is 
used at the output of the Type 761-A Vibration 
Meter to indicate absolute values of displace­
ment, velocity, or ·acceleration, the accuracy of con­
verting from velocity or acceleration readings to 
displacement values as outlined in Chapter VI, can 
be increased since a single component of a com­
plex wave is selected, and the frequency of that 
component can be read from the analyzer fre­
quency dial. 

The use of the Type 762-B Vibration Analyzer 
is not limited to the analysis of the output of the 
Type 761-A Vibration Meter. It can be used with 
practically any vibration meter for analyzing 
either linear or torsional vibrations. 

In addition, the Type 762-B Vibration Ana­
lyzer can be operated directly from a number of 
velocity pickups. For example, at velocities of 
1 inch/ sec and higher the output from the fol­
lowing self-generating velocity pickups will pro­
duce full scale reading on the Vibration Ana­
lyzer: CONSOLIDATED8 Types 4-102A, 4-103, 
4-106V, 4-106H, 4-118 and MB16 Types 120, 
122, 123, 124, 125, 126, 127, 128, 132, 133, 
134 and 13~. 

Type 1.5.51-A Smmd-Level Meter with 
7.59-P35 and 759-P36 Vibration 

Pickup and C(}ntrol Box 
Operation of the Sound Level Meter with a 

vibration pickup and control box is very much 
the same as operation of the Type 761-A Vibra­
tion Meter. The readings obtained are, however, 
in terms of decibels and one must u:e the decibel 
conversion tables supplied with the pickup and 
control box, or in Appendix 1., to convert the 
decibel readings to the useful vibration terms of 
inches or pinches for displacement, inches per 
second for velocity, or inches per second per 
second for acceleration. The same vibration pick­
up is used in each case, but the amplifiers in the 
Sound Level Meter limit the useful low-frequency 
response to 20 cycles per second. The upper fre­
quency limit of measurement which is determined 
by the pickup is 1200 cycles per second (see Fig­
ure 7, Chapter III). The maximum vibration level 
safely measured, again determined by the pickup, 
corresponds to an acceleration of lOg. 

16MB Manufacturing Co ., Inc., New Haven, Connecti­
cut. 



CHAPTER VII 

EXAMPLES OF TYPICAL VIBRATION 

MEASUREMENTS 

The following accounts of vibration measure­
ments are reports made to General Radio by 
engineers who have used General Radio Vibra­
tion-Measuring Equipment to help them in solv­
ing vibration problems with which they have been 
confror:ted. It is hoped that the information in­
cluded in this part of the booklet will help the 
reader to see how the readings and measurements 
taken with the vibration-measuring equipment can 
be used ami evaluated in the process of analyzing 
and solving typical vibration problems as they 
occur in practice. The examples. cited here do 
not illustrate all possible uses of the equipment 
described in the earlier parts of the booklet. 
Neither do they illustrate unique solutions to the 
problems presented. The imagination, ingenuity, 
and skill of the engineer faced with a particular 
vibration problem are still as important as the 
tools used to arrive at a satisfactory solution. 

RESONANT VIBRATION IN 
LARGE ENGINE FOUNDATION 

By G. M. DEX:TER17 and M. K. NEWMAN 18 

Vibration in a large concrete foundation that 
was in near resonanc.e with the gear mesh fre­
quency of a pinion on a large Corliss engine was 
analyzed successfully with the aid of the vibration 
meter and sound analyzer of the General Radio 
Company. The problem arose on mill engine No. 
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-roll 
crusher, and seven 3-roll, 78-inch mills. 

"Engineer for Bitting, Inc., New York, N.Y., Super­
visory Managers, U. S. Sugar Corp. 

18Physics Dept., Columbia University, New York, 
N . Y. 

Engine No. 2 is a 36-inch by 60-inch Corliss 
engine that operates at 40 to 70 r.p.m., depending 
on the amount of sugar cane being crushed and 
its fiber content. 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 
of the 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 en­
gine drives three mills of the grinding tandem 
through a set of five large gears and three pin­
ions. The foundation is on the typical muck on 
sand on porous rock of the Everglades where the 
water level is about three feet below the surface. 
The unusual nature of the soil made the problem 
more difficult. Although there is a definite fric­
tion against lateral movement of water, an irregu­
lar lateral movement does take place in the soil. 

The first reaction to the vibration problem was 
that the concrete foundation by settling unequally 
was causing misalignment of gears that produced 
vibration. 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 con­
crete foundation. Weekly level readings on vari­
ous control points on the concrete foundation and 
ground water level 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 
!gad was fairly well distributed and was about 0.8 
tons per square foot. This amount is well within 
the limit that experience has shown to be safe for 
Everglades conditions where drainage ditches are 
m use. 
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While the preceding work was under way, a 
vibration meter and a sound or wave analyzer of 
the Ger.eral Radio Company were brought into 
use by Mr. M. K . Newman. He found that the 
vibration of the mill engine foundation could be 
broken down with the sound analyzer into several 
frequencies , one of which was identical with the 
frequency of the gear mesh of the main pinion 
on engine No. 2, the others being multiples of 
this frequency. All frequencies in the foundation 
varied with the speed of engine No. 2. The vibra­
tion meter permitted the determination of ampli­
tudes of vibration, velocities, 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 frequency 
of the main pinion on engine No. 2. This vibra­
tion was found to exist throughout the founda­
tion. 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 fre­
tluency corresponding to an engine speed of about 
6H rp.m. 

The preceding fact immediately suggested that 
the pini<;m might be at fault. Measurements were 
taken that showed the pinion was in poor align­
ment with the two large gears it drove. Plaster 
of Paris casts of the teeth of the pinion and the 
two gears it drove showed they were worn. 

A calculation of the foundation modulus by 
means of a method developed by M. A. Biot for 
an infinite beam on an tlastic foundation (Jour­
nal 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 nat­
ural f retluuJCies that were very close to frequency 
of the gear mesh of the main pinion on engine 
No. 2. The forced vibration problem was solved 
for a beam on an elastic foundation. The nine 
lowest modes of vibration were found to con­
tribute appreciably to the resulting vibration, with 
the second harmonic in bending predominant 
because of near resonance. The resulting distri­
bution of amplituJe of vibration showed the same 
typical form that was obtained with a Da"ey 
Vibrometer. These Jata supported the conclusion 

Figure 33. The grinding tandem of the U.S. Sugar Corporation at 
Clewiston, Florida. Mill engine No.2 is the center unit. 
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Figure 34. Compound amp I itudes at engine No. 2 as measured on 

concrete foundation with the Type 761-A Vibration Meter. 

reached with the instruments of the General 
Radio Company that the mill-engine foundation 
was in near resonance with the gear-mesh fre­
guency of that pinion. In other words, the amp­
litudes of the vibration of the concrete foundation 
were greatly magnified. 

The levd readings also showed that two or 
three points near engine No. 2 on the foundation 
s<:ttlc:d at high speeds of that engine but did not 
at low speed:;. This fact is confirmation of the 
conclusion that settlement is due to vibration. 
Amplitude of vibration was a little more than 
0 .001 inches at a frequency of about 30 cycles 
per stcond. 

In addition to the preceding, numerous other 
studies were made such as possible wabble of the 
flywheel of engine No. 2, possible loose founda­
tion bolts in the base plate of the engine, stresses 
in gear teeth due to the heavy load on the grind­
ing tandem, etc. A detailed discussion of all that 
was done is out of place here. 

The meters of the General Radio Company 
were sdected only after a definite search had been 
mad<: for met<:rs that could be used to analyze 
vibrations encountered in part from an unusual 
soil condition. Their successful application to this 
problc:m opens up a new field of investigation on 
the behaviour of concrete foundations under vi­
brating loads . This account is probably the first 

description of the application of the meters of 
the General Radio Company to a problem in the 
resonant vibration of a concrete founJation. With 
those meters, it was possible to analyze the prob­
lem so definitely that the cause and cure of the 
vibration could be given with considerable cer­
tainty. 

ANALYSIS OF VIURATION PROBLEM IN 
POWER PLANT BUILDING 

This report presents the measurements made 
and the conclusions arrived at in an investigation 
of a vibration problem in connection with the 
power plant of a New England institution. Briefly, 
the problem can be summarized as follows: Two 
n<:w steam-driven reciprocating a-c power gener­
ating machines had recently been installed in the 
power plant building. When the new steam en­
gines were in operation, excessive vibration was 
noticeable throughout the entire building in 
which they were located. These two electric power 
generators were to be used in connection with a 
new building to be constructed at a distance of 
about 200 feet from the power house. In addition 
to analyzing the local vibration problem in the 
power plant proper, it was necessary to investi­
gate the anticipated vibration conditions in the 
r:ew building owing to operation of the steam 
engines in the power plant. 



The power house contained four large power· 
generating steam engines, two large boilers and 
many smaller engines on the ground floor. Other 
facilities of the institution occupied the second 
ad third floors of the building. The power house 
was of pre-1900 construction, and the flooring 
in the area above the steam engines was of wood 
construction. The building sat on a foundation 
of sand and water with the water level approxi­
mately 10 feet below the surface. The basement 
floor of the proposed new building will be about 
five feet below the water level. 

The four reciprocating steam engines in the · 
power plant consisted of ( 1) a four-valve, o~e­
cylinder engine running at 180 rpm, generatmg 
250 kilowatts of d-e power; (2) a piston valve, 
one-cylinder engine operating at 270 rpm and de­
veloping 100 kilowatts of d-e power; (3) two re­
cently installed, two-cylinder, vertical-type engines 
direct coupled to a 600-kilowatt a-c generator 
operating at 327 rpm. 

Each of the new engines was on a separate 
concrete slab 12 ft. x 18 ft. x 7 ft. deep and 6ft. 
in the ground. This slab formation was isolated 
from the main floor slab by a one inch, mastic 
filled gap. The two-cylinder engine had a piston 
diameter of 18Y2 inches and a stroke of 16". It 
operated with a steam pressure of 175 lbsjsq. in. 
on the intake and exhausted into a line set at 
5 lbsjsq. in. Each engine had a separate steam 
line from the boiler. This feed line was eight 
inches in diameter and made several 90° bends 
over a distance of approximately 50 feet between 
the boilers and the engine. The exhaust pipe for 
each new engine was 12 inches in diameter and 
split into two 12 inch branches immediately af~er 
leaving the engine. One branch from each engme 
went directly to the roof of the power house and 
operated as a bleeder. The other exhaust branches 
made about three 90° bends before going under 
the floor between the two engines. Immediately 
under the floor the two exhausts joined together 
and traveled for a distance of 75 to 100 feet to 
a pump room at the other end of the building. 
The pipe then rose vertically about 15 feet to an 
oil separator tank and to the radiator supply for 
the main building of the institution. An atmos­
pheric bleeder, mounted on the roof of the power 
house, immediately followed the oil separator 
tank. Most of the steam lines in the power house 
were mounted on hangars attached rigidly to the 
ceiling of the first floor. 

Measurements and Results: 
A series of vibration measurements was taken 

at and around the power plant to determine the 
source of the disturbing vibrations and to deter­
mine the vibration levels that could be expected 
in the proposed new building. These measure­
ments were taken with the following General 
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Radio vibration measuring equipment: 
Type 761-A Vibration Meter 

Type 762-B Vibration Analyzer 
Vibration measurements were made on the 

foundation of one of the new engines while it 
. was operating to determine its amplitude of vibra­
tion. Because the two cylinders in the steam en­
gine are operated 180° out of phase and double 
acting, it was expected that a considerable amount 
of rotational vibration (see Chapter IX) might 
exist in the slab on which the engine rested. 
However, measurements indic1ted t]:}at there was 
almost no rotational vibration and that all the 
vibration was translational. The vertical transla­
tional vibration of the slab under this engine?. 
showed a peak to peak displacement of only 1.5 
mils (0.0015 inches). This maximum displace­
ment of 1.5 mils occurred at frequencies of both 
5 and 10 cps, depending on the location with 
respect to the engine. The vertical displacement 
of the isolated floor slab right next to the engine 
foundation had a displacement of approximately 
1 mil. A 12" x 12" building stanchion was 
erected between the two new engines at the time 
the engines were installed to reinforce the floor 
above. This vertical stanchion was found to have 
a maximum displacement of 1.5 mils in the hori­
zontal direction. The wooden floor directly above 
this stanchion had a vertical displacement of 3 
mils. The floor vibration was in the 6 to 10 cycle 
region. A check on the acceleration showed that 
this floor had an r-m-s acceleration of 1 ftjsec 2 

(.031 g). Personnel working in an office on the 
southeast corner of the third floor had complained 
about vibration when the two new steam engines 
were in operation. It was. interesting to note that 
the vibrations on the floor in this office were sub­
stantially the same most of the time (about 3 
mils) whether or not the two new engines were 
operating. However, when the phasing of the two 
new engines became just right, the displacement 
of the floor in this office got as high as 10 mils. 
It was further determined that the bleeder or 
exhaust pipes for the new engines were tied to 
the building structure immediately under this 
third floor office. 

Near the top ot the engines, where the supply 
and exhaust pipes connected with the engine, the 
engine rocked back and forth with a maximum 
displacement of 6 mils. The 8" steam supply line 
for each of the engines was hung on rigid hangers 
from the wooden floor above. At one of these 
hangers ahout a third of the way back to the 
boiler it was found that the rigid hanger had a 
vertical displacement of 12 mils. On the 12" 
exhaust pipe there were horizontal displacements 
of 8 mils, just 6' from the engine. As stated be­
fore, the exhaust pipe from the two engines 
traveled in a pit underground along the long axis 
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of the building, practically to the other end of the 
building (a distance of 75 to 100 feet) where­
upon it made a bend into a vertical run. At this 
bend, which occutred in the pump room, the pipe 
was found to b(! elongating through a horizontal 
displacement of 30 mils. Also in the pump room 
a small turbine pump fed into the common ex­
haust lir:e. The small pipe connected with the 
pump was set into sympathetic vibration, with 
a displacement of over 100 mils, by the 10-cycle 
pulses in the steam line from the new engines. 

Measurements were made on soil conditions 
and in the ground at various distances from the 
new engines. As stated earlier, it was found that 
the foundation of one engine had a vibration 
amplitude of 1.5 mils. This value decreased to an 
amplitude of .18 to 0.3 mils at points 300' from 
the power house at the position of the nearest 
wing of the proposed new building. From studies 
of the engine and soil conditions it was deter­
mined that the engine should produce an ampli­
tude of vibration in the soil of about 1 mil. It 
was also found, from calculations based upon the 
size and weight of the foundation and upon meas­
ured characteristics of the soil, that the natural 
frequency of each new engine with its foundation 
in combination with the soil was between 8.5 and 
11.2 cps (operating frequency 10 cps). 

The vibration measurements made on the walls 
and floors of the building and upon the piping 
system indicated that the piping was responsible 
for the excessive vibration experienced in the 
power plant building itself. On the other hand, 
the measurements indicated that the residual vi­
bration levels at 300' were coming from the base 
of the engine. 

It was concluded that there was little chance 
of the vibrations being objectionable in the new 
main building unless a direct concrete or masonry 
tie was made between the two buildings. It was 
recommended that steam tunnels between the 
power plant and the new buildings should have 
mastic vibration breaks at several points along 
their lengths and that st~m and water pipes 
should be rigidly clamped at some point in the 
tunnel in order that vibrations would not be 
transmitted to the new buildings from the power 
house. 

Possible modification of the engine foundations 
was prepared ir: case it was felt necessary, at a 
later date, to move the resonant frequency of 
engine, slab, and soil combination away from the 
10 cps. operating frequency. The proposal would 
increase the mass of the engine foundations and 
would tie the two foundations together so they 
would act as a single ur:it. Calculations on the 
proposed modification indicated that the resonant 
frequency would be lowered by a factor of 1.4 
and that the amplitude of vibration transmitted 

to the ground might be decreased by as much as 
. 6 to 1. 

To confirm that the vibrations in the walls and 
the upper floors of the power house were in­
duced by the vibrations of the pipes and not by 
vibrations traveling through the foundations of 
the engines the following experiment was per­
formed. A vibration-isolating sleeve was installed 
in the steam intake pipe and a second vibration­
isolating sleeve was installed in the steam exhaust 
pipe. The two new engines were decoupled from 
the wall of the power house by removing expan­
sion joints between the piping and the blow off 
valve mounted on the wall. The piping in the 
long steam tunnel was securely anchored so that 
it could not move. 

Vibration measurements at once revealed a 
very bad resonance condition in the piping im­
mediately following the exhaust port on the en­
gine but preceding the newlf added vibration 
isolator. Since the piping had been decoupled 
from the walls, the vibration from this resonance 
condition did not get into the walls of the build­
ing so that the annoying and dangerous condi­
tions existing prior to this time were eliminated. 

The vibration isolator had been added just 
beyond a large valve in the exhaust piping. From 
the exhaust port of the engine to this valve the 
piping was acting as a cantilevered beam loaded 
with the heavy mass of the valve. This beam had 
its natural resonance frequency at almost exactly 
11 cps. It was found, for example, that by chang­
ir;g the speed of the new engine from 300 rpm 
to 350 rpm, the vibration of the piping at the 
valve went from 8 mils to a maximum of 30 mils 
and then down to 8 mils. 

The isolation of the piping from the wall re­
duced the measured vibration at the base of the 
engine from 1.5 mils to 0.35 mils. In other words, 
the vibrations measured at first at the engine base 
did not originate in the foundation and soil com­
bination but originated in the piping that was 
connected to the side wall and were thence trans­
mitted down to the foundation of the machine. 

Measurements made or: the wooden floor above 
the engines after isolation of the piping from the 
power plant walls showed that the displacement 
was about 1 .. 3 mils compared with the previous 
measurements of 3 mils. Further tests showed 
that the new engines were accounting for no 
more of the vibration than was the old equipment 
which was in operation at the same time. 

The complete solution of this vibration prob­
lem involveJ installation of vibration-isolating 
sleeves in the intake steam pipes to the new en­
gines, installation of vibration isolating sleeves 
in the exhaust Jines immediately following the 
exhaust ports of the engines, and installation of 
snrge tanks or mufflc:rs in the exhaust lines fol-
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lowing the vibration isolators. The mufflers were 
added to remove the steam pulses which were 
causing excessive vibration of the piping in the 
pump room located at the far end of the steam 
tunnel. 

LOCATION OF FAULTY STEAM TRAPS 
WITH A VIBRATION PICKUP 

Efficient steam trapping is necessary for the 
economic use of steam and the use of traps en­
ables the plant engineer to get the most practical 
use from each pound of steam. The traps used at 
General Radio Co. are of the balanced-pressure 
thermostatic type illustrated in Figure 35.19 

Five hundred of these traps In various sizes 
and makes are used throughout the plant. 
To maintain efficient operation of these traps, the 
ma1~ufacturers recommend that they be replaced 
every five years. In order to heat our plant satis­
factorily during the winter before these traps 
were all changed some five years ago it was found 
necessary to fire up a stand-by boiler as well as 
the two regular working boilers. In addition, on 
very cold nights, it was necessary for the fireman 
to open up the fires as early as 1 or 2 o'clock in 
the morning in order to have the buildings warm 
hy R: 30 or 9:00 a.m. After the traps had been 
replaced, the two regular boilers took c-are of the 
heating load with case. Even on the coldest nights 
the fireman had no trouble getting the buildings 

19Kcnm:th G. Oliver, ''STEAM TRAPPING,"' In­
struments & Automation, V.ol. 27, No. 3, March 19H, 
pp. 470-473. 
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warm at the start of working hours if he opened 
up his fires by S :00 a.m. 

Replacing traps in a wholesale manner, whether 
or not they arc defective, is an effective, but waste­
ful method of solving the problem. Open-air 
listening tests without instrumentation are useless 
in the presence of ordinary factory noises. Fortu­
nately, a vibration pickup plus a sound-level 
meter"" and earphones offers a particularly effec­
tive means of spotting defective traps. The vibra­
tion pickup serves to transmit to the sound-level 
meter or vibration meter the sounds produced by 
steam and water in the pipes and trap. With a 
little practice, the hearing mechanism of the op­
erator becomes a reliable, calibrated analyzer and 
can readily pick out the traps that arc not func-
tioning properly. · 

fhis mstrumentation is particularly useful in 
testing the traps located in mains where the 
steam cannot be shut off during the normal work­
ing day. Faulty tr:tps can be located and then 
when the steam is off for other reasons or when 
it is convenie1~t to shut the steam off for this pur­
pose the trap can be replaced. 

During the past year, the listening tests on the 
steam traps have found some ·sixty defective traps. 
The cost of these traps and the man-hours needed 
to replace them were much less than would be 
needed to replace all 'iOO traps as was the previ­
ous practice. It was felt that, while it improved 
efficiency of the steam system to change the traps 
every S years, many traps were being changed 
before their useful life was ended and this was 
needlessly expensive both in dollars and man­
hours. Also, traps which became defective in less 
than five years were reducing efficiency of the 
system. The results obtained to-date have justified 
this feeling. By this relatively low cost instrumen­
tation much time and money has been saved. The 
steam plant has been kept at maximum efficiency, 
and the full useful life of the steam trap is at­
tained. Not only has the instrumentation been 
used in routine checks on the steam traps but it 
has been useful in locating the source and loca­
tion of water-hammer. 

We recently heard of a new plant in which by 
the end of one year's operation G or H steam traps 
m qtuet locatiOns were defective. On the basis 
of this finding all steam traps in the plant were 
exchanged. Here, much time and money could 
have been saved had the plant engineer been 
aware of the available instrumentation. 

zoA Type 761-A Vibration Meter can be used just as 
effectively. 

Figure 35. Cross section of a balanced­
pressure thermostatic steam trap. 



Calibralioll tllld l'vleaJllriu g T echniq11e: 
To make useful measurements, the over-all 

measuring system including the operator first had 
to be calibrated. The vibration pickup, with its 
long probe and conical tip attached, was held" on 
the cap of a steam trap located at the end of a 
radiator that could be shut off. The long probe 
and tip was used to keep the Ro::hclle Salt Crystal 
unit away from the hot steam pipes. Calibration 
procedure was then as follows: 

1. Shut off ratliator anti allow time for the 
Vacuum pump to evacuate the radiator. 

2. With pick-up probe at top of steam trap, 
adjust attenuator on Sounti-Level Meter until 
panel meter reads on scale. 

3. Plug phones into output jack of Sound­
Level Meter and listen to signal being picked up. 
(This is the backgrounJ r:oise in the piping sys­
tem with theoretically nothing passing through 
the trap.) 

4. Turn radiator on and listen for: 
a. The swish of air rushing through the 

pipes. 
b. The gurgle of water being pushed 

along fhe pipes. 
c. The steam trap to close. If the trap is 

working C()rrectly, the sound will return 
to that heart! in 3 above. If trap is not 
working correctly, the hiss of steam 
leaking through the trap can be heard 
above the level heart! in 3. 

DIRECT WRITING RECORDER USED WITH 
VIBRATION METER TO MAKE 

VIBRATION ANALYZER 
As mentioned in Chapter IV, the recording gal­

vonometer is a tool widely used in vibration 
measurement and analysis. Presented here to show 
the nature of the results one can obtain are photo­
graphs of four records taken with a popular re­
corder which uses a direct writing pen motor. 
This recorder produces an inked record. These 
records are only a few of many taken during the 
course of a vibration study made in a large indus­
trial plant. The instrumentation used for this 
vibration study as shown in the block diagram 
of Figure 3 7 was one General Radio Co. Type 
:761-A Vibration Meter with a Type 761-P1 Vi­
bration Pickup, one Brush"' Model BL-201 single 
channel oscillograph, and one Brush Model BL-
905 amplifier. 

Figure 37. 

Figure 36. Checking a steam trap with 
vibration-measuring equipment. 

For all measurements the Type 761-A Vibra­
tion Meter was set to read displacement and the 
attenuator set for a full scale reading of .003 
inches rms. The Brush Amplifier settings were: 
Voltage calibration control=5, attenuato=l, and 
gain adjusted to give lmmjvolt deflection on the 
recorder at 60 cps. With the amplifier connected 
to the output of the vibration meter and the vi­
bration pickup placed on a Syntron Vibrator the 
following overall calibration was obtained by 
varying the 60 cycle Voltage applied to the 
Syntron Vibrator: 
Reading of Vihration Meter 
rms. inches 

.001 

.002 

.003 

DcAection of Recorder 
m.m. r.:ither side of center 

3 
6 
9 

2 1Brush Electronics Company, Cleveland, Ohio. 

G. R. 
Block diagram of instru­
mentation used to obtain 

Figures 38 to 41. 

TYPE 761-A 

VIBRATION METER 

BRUSH 

AMPLIFIER 

BRUSH 

DIRECT-INKING 

RECORDER 
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16mm 
='3.2 sec 

I f = 
3

_
2 
= 0.313 cps or 18.8 rpm 

Figure 38. Record of vibration displacement on pressroom floor (all presses running) 
made with a direct-writing recorder -chart speed 5 millimeters per second (see text). 

k- 125 mm = I sec f = 14 cps or 

k- 0.64 sec f = 1.5 7 cps or 94 rpm ---1 
840 rpm 

I J _~ ' l 

Figure 39. Record taken under the same conditions as Figure 38 except 

with a chart speed of 125 millimeters per second. 

The four records reproduced here were taken 
in one location. The vibration pickup was placed 
on the floor of a room housing a number of high 
speed metal forming presses. Figures 38 and 39 
are records made with all presses running while 
Figures 40 and 41 are records made with all the 
presses stopped . 

The two records shown above are for the same 
vibrat ion , but the information that can be derived 
from the records is not the same. The record in 
Figure 38 was taken at a chart speed of 5 mmjsec. 
\Y/ e can see quite clearly that it was a distinct 
advantage to have the different chart speeds avail­
able. From the two records we can get a reason­
ably complete analysis of the complex vibration 
wave-form while neither record by itself can tell 
us the whole story. From Figure 38 we can de­
termine that the vibration wave-form looks like 
a carrier frequency modulated by two lower fre-
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quencies. The lowest frequency is readily com­
puted as .313 cps or 18.8 rpm. The other modu­
lating frequency is five times the lowest frequency 
making 1.57 cps or 94 rpm. The frequency of the 
carrier cannot be determined from Figure 38. 
Figure 39, which is stretched out by a factor of 
25 to 1, yields the carrier frequency at 14 cps or 
8-!0 rpm and verifies the higher modulating fre­
quency as being 1.51 cps. The lowest modulating 
frequency is not recognized in Figure 39. 

Figures 40 and 41 srww the residual vibration 
of the factory floor after all of the presses had 
been shut down. Figures 40 and 41 should be 
compared respectively with Figures 38 and. 39. 
The vibration amplitude is now well below .001 
inch and no periodic modulating frequency is 
easiJy recognized. The record in Figure 41 indi­
cates that the residual vibration is not sinusoidal 
and that it is 60 cps (3600 rpm) or higher. 



(Left) Figure 40. (Right) Figure 41. Residual vibration recorded on pressroom floor with 
all presses stopped - chart speeds 5 and 125 millimeters per second respectivel y. 

Records reproduced by courtesy of United Carr Fastener. 
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CHAPTER VIII 

HUMAN RESPONSE TO 
MECHANICAL 

The question has often been asked, "Are 
curves available that relate man's response to 
mechanical vibrations as a function of amplitude 
and frequency in the same way that the Fletcher­
Munson22 curves relate man 's response to pure 
tone sounds as ~ function of pressure level and. 
.frequency?" This question is important to those 
who are concerned with passenger or operator 
comfort' in automobiles, planes, boats, trains, or 
other vehicles. Vibration levels that are structur­
ally safe for a vehicle are often uncomfortable, 
annoying, or even dangerous for the occupant. In 
military vehicles it may not be all important that 
the occupant be comfortable but it is certainly 
important that excessive vibration does not cause 
fatigue and reduce sharply the efficiency of per­
sonnel. 

There are no curves which present as com­
pletely the human responses to vibration as do the 
Fletcher-Munson curves for human responses to 
pure tones of sound. Several news releases~ 3 indi­
cate that the U. S. Navy plans lo study the effects 
of mechanical vibration on man. A "Large Dis­
placement-Amplitude Vibration Machine" has 
been developed and built at the Naval Medical 
Center, Bethesda, Md. This two-ton machine is 
designed for a maximum load of 200 lbs. at any 
combination of displacement (0 to 4 inches) and 
frequencies (2 to 50 cps) not exceeding 15g 
peak acceleration. In the words of one reporter 
"the engineerin,g principle involved likens this 
project to a number of units currently being op­
erated in New York City. In New York they call 
them subways." 

Some information of this type has already been 
published. A complc:te story neatly, summing up 
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all the desired information is not available. Gold­
man~• has surveyed and attempted to corr~late the 
data of a large number of investigators. From 
this data he derived the three solid curves I, II, 
and III shown in figure 42 which represent re­
spectively the threshold of perception, the thresh­
old of discomfort, and the threshold of tolerance 
or the level of intensity at which the subject for 
any of numerous reasons was unwilling to toler­
ate the stimulus further. All workers did not 
make their measurements over the same frequency 
range or over the same intensity range. Also each 
worker used his own apparatus and his own 
method of exposing his subjects. In many cases 
duration of exposure was not clear. The data were 
grouped without reference to the direction of the 
vibration, since examination of the data showed 
that differences due to the direction of application 
of the vibration were smaller than differences due 
to statistical variations. Each point on the curves 
is the average of from four to nine values based 
on measurements reported by the various workers. 
The subject was standing, sitting, or lying on a 
support which was vibrated vertically or hori­
zontally. 

22H. Fletcher and W. A. Munson, "Loudness, Its 
Definition, Measurement, and Calculation," Journal of 
the Acoustical Society of America, Vol. 5, (Oct. 1933) 
pp. 82-108. 

23Science News-SCIENCE VOL. 119 NO. 3081, 
January 15, 1954, p. 85. 

How Much Jiggling Can a Man Take-DESIGN 
NEWS, March 1, 1954. 

21Goldman, D. E., A Review of Subjective Rt:sponses 
to Vibratory Motion of the Human Body in the Fre· 
quency Range 1 to 70 Cycles per Second, Report No . I, 
Project NM 004001, Naval Medical Research Instituk, 
March 16, 1948. 
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In addition to the Goldman curves McFarland 25 

shows curves prepared by Lippert"n covering the 
frequency range of 1 to 200 cps and curves . pre-
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Figure 42. Subjective response of 
the human body to vibratory motion 

as a function of frequency. 

pared by McFarland~• covering the frequency 
range of 10 to 70 cps. The three sets of curves 
are shown in the same chart and seem to agree 
within reasonable tolerances. 

· Using only data collected by Meister"" and 
Reiker and Meister2

", Janeway"" has prepared a 
chart giving recommended limits of vertical vi­
bration for passenger comfort in automobiles. 
The data he used also made up a good part of the 
data used by Goldman but Janeway limited his 
analysis to data obtained for vertical sinusoidal 
vibration at a single frequency with subjects 
standing or sitting on a hard seat. As shown in 
the dotted curve of Figure 42, the recommended 
characteristic consists of three simple relation­
ships, each of which covers a portion of the 
frequency range. In the low frequency range from 
1 to 6 cps the recommended limit is a function of 
the rate of change of acceleration with time (jerk, 
also called jolt) .:n Mathematically the law is 
written af"=2 so the maximum comfortable dis­
placement (a) at any frequency between 1 and 6 
cps would be 2 divided by the frequency cubed 
(f3

). Over the frequency range of 6 to 20 cps the 
recommended 1imit is a function of the accelera­
tion to which the passenger is subjected. This law 
is written af"=l/3. From 20 to 60 cps the recom­
mended limit is a function of velocity and the 
rule is written af=1/60. 

While it is recognized that more work needs 
to be done and is in fact being planned by the 
Navy, as stated earlier, this brief summary has 
been presented to show that some serious work 
has been dof!e to determine the response of 
human beings to vibratory stimuli. 

25McFarland, Ross A., Human Body Size and Capa­
bilities in the Design and Operation of Vehicular 
Equipment, HARVARD SCHOOL OF PUBLIC 
HEALTH. 

"OLippert, S., Human Response to Vertical Vibration, 
read at S.A.E. National Aeronautical Meeting, October, 
1946. 

"'McFarland, Ross A., "Human Factors in Air Trans­
portation," OCCUPATIONAL HEALTH AND SAFE­
TY, New York, McGraw-Hill Book Co. 

" 8Meister, F. J., "Sensitivity of Human Beings to 
Vibration;· Furschong (V .· D. I. Berlin), May-June, 
1935. 

" 0 Reiker, H. and Meister, f . )., "Sensitivity of Human 
Beings to Vibration, " Forschong (V. D. I. Berlin), 
February, 193 I. 

3°Janeway, R. N., Vertical Vibration Limited for 
Passenger Comfort in "RIDE AND VIBRATION 
DATA" a set of reference charts. Society of Automatic 
Engineers, Inc., Special Publications Dep.trtment 
(SP-6). 

3IA proposed definition would make jerk the time 
rate of change of acceleration . Its unit of measure would 
be the jolt. 1 jolt equalling lg per s~wnd or 3S6 inches 
per second per second per second. 

41 



CHAPTER IX 

A SIMPLE TWO PICKUP METHOD 

FOR DETERMINING THE ROTATIONAL 
VIBRATION OF ROT A TING 

MACHINERY 32 

This measurement technique has been found 
very useful when vibration analysis must be made 
on an existing installation of rotating machinery. 
Two Type 76l·Pl vibration pickups and a sum­
ming network are required in addition to the Type 
761-A Vibration Meter. It is necessary to assume 
that the engine will behave as a rigid mass and 
that its center of gravity is equidistant from all 
four mounting posts. 

A simple summing circuit is shown in Figure 
4 3 below. The voltages e 1 and e" represent the 
output signals of the two vibration pickups and 
the voltage e, represents the signal that would be 
fed into the input of the vibration meter. If the 
three resistors R are equal then e0 will be 1/~ of 

""This method suggested by Mr. George Kamperman 
of Bolt. Beranek & Newman, Inc., Cambridge. He has 
used this technique on numerous occasions with gratify­
ing result s. 

(e 1 +ee). A convenient embodiment of this cir­
cuit is sketched in Figure 44. Here only two re­
sistors are shown since the third resistor is in the 
input circuit of the Type 761-A Vibration Meter. 
One pickup is connected to input No. 1 and the 
other pickup is connected to input No. 2. The 
output of the summing circuit is connected to the 
input of the Vibration Meter. When S-1 is at 1, 
1/3 the output of pickup No. 1 is applied to the 
input of the vibration meter. When S-1 is set at 
2, 1/3 the output of pickup No. 2 is applied to 
the input of the Vibration Meter and when S-1 
is at 3, 1/ 3 the sum of the outputs from the two 
pickups is applied to the input of the vibration 
meter. 

Figure 44. A convenient arrangement of a 

summing circuit for use at the input of the 

Type 761-A Vibration Meter. 

I 
I 
I 

Figure 43. A simple resistive 

.summing circuit. 
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The top view of a typical engine and its mount­
ing is sketched in outline form in Figure 45. A 
and B represent the forward engine mounts while 
C and D represent the rear engine mounts. With 
the two pickups (oriented for vertical displace­
ment measurement) mounted on the two forward 
engine mounting brackets, the translational or 
vertical amplitude is indicated on the vibration 
meter when the output signals of the two pickups 
arc summed. The rotational mode of vibration is 
cancelled out. When the outputs of the two pick­
ups are summed 180 ° out of phase or subtracted, 
the rotational amplitude of vibration is indicated 
on the vibration meter and the translational mode 
of vibration is cancelled out. The output from one 
pickup ,can be shifted 180° to perform the sub­
traction of outputs by mounting the pickup upside 
down. If desired, the pickup can be left in its 
normal mounting position and the 180° shift in 
the phase of its output can be achieved with an 
electronic phase inventer. By making the set of 
measurements outlined above on all pairs of 

b 
QD QA 

I 
__ o' !!___ + 

I 

Figure 45. Outline of engine and 

mounting (top view). 

mounting brackets (A,B-C,D- A,D-B,C) the 
amplitude of any rotational or rocking motion 
about the axes a-a ' or b-b' can easily be sorted out 
from the direct vertical or translational motion 
of the engine. 
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APPENDIX 

The decibel tables in this booklet offer a convenient means of 
converting decibel vibration readings obtained with the sound-level 
meter and vibration pickup into displacement in inches, velocity in 
inches per second, and acceleration in inches per second per second. 

Each control box nameplate is inscribed with a conversion table 
which applies to that control box when used with the particular pickup 
and sound-level meter indicated on the nameplate. The conversion 
figures appearing on the nameplate of the control box are: 

Displacement 
Velocity 
Acceleration 

120 db = 1 in. rms 
90 db = 1 in. per second 
40 db = 1 in. per second per second rms 

N.B. For Type 759-P36 Control Boxes manufactured before 1955, the 
actual conversion figures for a given control box when used with a 
specific vibration pickup and sound-level meter will probably differ 
slightly from the above. When this is true, substitute actual conver­
sion figures for the values used below to obtain correct conversion. 

TO CONVERT DB SOUND- LEVEL METER READINGS 
INTO RMS AMPLITUDE IN INCHES 

1. Note decibelreadings of sound-level meter when vibration pick­
up is in contact with vibrating surface and control box switch is set 
at DISPLACEMENT. 

2. If reading for Step 1 is below 120 db: Subtract +20 db succes­
sively from (120 minus db reading) until the remainder falls within the 
range of Table I of decibel tables. RMS amplitude in inches is then 
found by multiplying the voltage ratio (left-hand column) correspond­
ing to the db remainder by 0.1 for each time you subtracted 20 db. 
Figures obtained are expressed directly in inches RMS amplitude. 

If reading for Step 1 is above 120 db (maximum 140 db): Sub­
tract +20 db successively from (db reading minus 120 db) until there­
mainder falls within the range of Table I. The RMS amplitude in inches 
is then found by multiplying the voltage ratio (right-hand voltage ratio 
column) corresponding to the db remainder by 10 for each time you 
subtracted 20 db. Figures obtained are expressed directly in inches 
RMS amplitude. 

TO CONVERT DB SOUND-LEVEL METER R.EADINGS 
INTO RMS VELOCITY IN INCHES PER SECOND 

1. Note db reading of sound-level meter with vibration pickup in 
contact with vibrating surface and control box switch set atVELOC­
ITY. 

2. If reading for Step 1 i s below 90 db: Si.lbtract +20 db succes­
sively from (90 minus db reading) until the remainder falls within the 
range of Table I of decibel tables. RMS velocity in inches per second 
is the n found by multiplying the voltage ratio (left-hand voltage ratio 
column) corresponding to the db remainder by 0.1 for each time you 



subtracted 20 db. Figures obtained are directly RMS velocity in in­
ches per second. 

If readin for Ste 1 is above 90 db: Subtract +20 db succes­
sively from db reading minus 90) until the remainder falls within the 
range of Table I. The RMS velocity in inches per second is then found 
by multiplying the voltage ratio (right-hand voltage ratio column) cor­
responding to db remainder by 10 for each time you subtracted 20 db. 
Figures obtained will be directly the RMS velocity in inches per sec­
ond. 

TO CONVERT DB SOUND-LEVEL METER READINGS 
INTO RMS ACCELERATION IN INCHES PER SECOND PER SECOND 

1. Note db reading of sound-level meter with vibration pickup in 
contact with vibrating surface and control box switch set at ACCEL­
ERATION. 

2. If reading of Step 1 is below 40 db: Subtract +20 db successive­
ly from (40 minus db reading) until the remainder falls within the range 
of Table I. The RMS acceleration in inches per second per second is 
then obtained by mulitplying the voltage ratio (left-hand ratio column) 
correspondingto the db remainderby 0.1 for each time you subtracted 
20 db. Figures obtained are then directly the RMS acceleration ex­
pressed in inches per second per second. 

If readin for Step 1 is above 40 db maximum 140 db : Subtract 
+20 db successively from db reading minus 40) until the remainder 
falls within the range of Table I. The RMS acceleration in inches per 
sP.cond per second is then found by multiplying the voltage ratio (right­
hand voltage ratio column) corresponding to the db remainder by 10 
for each time you subtracted 20 db. Figures obtained are then RMS 
acceleration expressed in inches per second per second. 

EXAMPLE 
With·the vibration pickup placed in contact with some vibrating 

surface and the control box switch, let us say, on DISPLACEMENT, a 
reading of 54 ab is obtamed. Then, following outlined procedure: 

1. Db reading = 54 db. 
2. 120 - 54= 66 db. 

66 - (+20) - (+20) - (+20) = 6 db remainder. 

Voltage ratios corresponding to 6 db (left-hand column) equal 
0.5012; 20 db was subtracted from 66 db three times, so that 0.5012 
should be multiplied by 0.1 three times. 

Result= 0.0005012 or (to 2 significant figures) 0.00050 inches 
RMS amplitude. 

Like procedure should be followed for the calculation of velocity 
or acceleration. 
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DECIBEL CONVERSION TABLES 

It is convenient in measurements and cal­
culations on communications systems to 
express the ratio between any two amounts of 
electric or acoustic power in units on a 
logarithmic scale. The decibel (1 / 10th of the 
bel) on the briggsian or base-10 scale and 
the neper on the napierian or base-e scale are 
in almost universal use for this purpose. 

Since voltage and current are related to 
power by impedance, both the decibel and 
the neper can be used to express voltage and 
current ratios, if care is taken to account for 

Decibel - The number of decibels N db corre­
sponding to the ratio bet\\·een t\\"o amounts 
of power Pt and P2 is 

N 
pl 

db = 10 logto p
2 

(1) 

When two voltages Et and E2 or t\\"o cur­
rents It and I2 operate in identical impedances, 

and 

Et 
N db = 20 log10 E (2) 

'2 

It 
Ndb = 20 log10 h. (3) 

If Et and E2 or It and I2 operate in unequal 
impedances, 

Et z2 
N db = 20 log10 E

2 
+ 10 log10 Zt 

kt + 10 log10 ~ (4) 

and N 2 l It Zt 
db = 0 Ogto T;_ + 10 log10 z

2 

1 kl + 10 og10 ~ (5) 

where Zt and Z2 are the absolute magnitudes 
of the corresponding impedances and kt and k2 
are the values of power factor for the im­
pedances. E1, E2, It, and I2 are also the 
absolute magnitudes of the corresponding 
quantities. Note that Table I and Table II 
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the impedances associated with them. In a 
similar manner the corresponding acoustical 
quantities can be compared. 

Table I and Table II on the following pages 
have been prepared to facilitate making con­
versions in either direction between the 
number of decibels and the corresponding 
power, voltage, and current ratios. Both 
tables can also be used for nepers and the 
mile of standard cable by applying the con­
version factors from the table on the opposite 
page. 

can be used to evaluate the impedance and 
po,,·er factor terms, since both are similar to 
the expression for power ratio, equation (1). 

N eper -The number of nepers N,..P corre-

d
. . P1. 

spon mg to a power rat10 p
2 

1s 

1 Pt 
Nnep = 2log. p

2 
(6) 

F 1 . Et . It 
or vo tage ratws - or current ratws -

}1}2 I2 

working in identical impedances, 

and 

Et 
N n•v = log. E

2 

It 
N nep = log. I

2 

(7) 

When Et and E2 or It and I2 operate m 
unequal impedances, 

Et 1 z2 1 kt 
N nev = log. E

2 
+ 2 log. Zt + 2 log. ~ (8) 

and 

It 1 Zt 1 kt 
N,..v = log. y;_ + 2 log. z

2 
+ 2 log. ~ (9) 

where Zt and z2 and kt and k2 are as in equa­
tions (4) and (5). 



DECIBEL CONVERSION TABLES 

RELATIONS BETWEEN DECIBELS, NEPERS, AND MILES OF STANDARD CABLE 

.l!lliliply Uy To Find ---
cler·ihcls . . . . . II t>l nepcr~ 
dc<'ihcls . . . . . . I . O;ili miles of standard r·ahl<' 

miles of 'tarHlard cable . !l.J 7 dm·ihels 
miles of standard cable . IO!l nepers 

nepers . . . . . . x . liXIi de<'ihels 
ncpcrs . . . . . . . !l. I i;i mil"' of "t.andarcl r·ahlr• 

TO FIND VALUES OUTSIDE THE RANGE OF CONVERSION TABLES 

Values outside the range of either Table I 
or Table II on the following pagex ran be 

readily found with the help of the following 
simple rules: 

TABLE 1: DECIBELS TO VOLTAGE AND POWER RATIOS 

Number of decibels positive ( +): Subtract 
+20 decibels successively from the given 
number of decibels until the remainder falls 
within range of Table I. To find the voltage 
ratio, multiply the corresponding value from 
the right-hand voltage-ratio column by 10 
for each time you subtracted 20 db. To find 
the power ratio, multiply the corresponding 
value from the right-hand power-ratio column 
by 100 for each time you subtracted 20 db. 

Example -Given: 49.2 db. 
49.2 db - 20 db - 20 db = 9.2 db 

Voltage ratio: 9.2 db - 2.884 
2.884 X 10 X 10 = 288.4- 49.2 db 

Power ratio: 9.2 db- 8.318 
8.318 X 100 X 100 = 83180- 49.2 db 

Number of decibels negative (-):Add +20 
decibels successively to the given number of 
decibels until the sum falls within the range 
of Table I. For the voltage ratio, divide the 
value from the left-hand voltage-ratio column 
by 10 for each time you added 20 db. For the 
power ratio, divide the value from the left­
hand power-ratio column by 100 for each time 
you added 20 db. 

Example- Given: -49.2 db 
-49.2 db+ 20 db+ 20 db = -9.2 db 
Voltage ratio: -9.2 db- .3467 

.3467 X 1/ 10 X 1/ 10 = .003467 -
-49.2 db 

Power ratio: -9.2 db- .1202 
.1202 X 1/ 100 X 1/100 = .00001202-
-49.2 db 

TABLE II: VOLTAGE RATIOS TO DECIBELS 

For ratios smaller than those in table-Mul­
tiply the given ratio by 10 successively until 
the product can be found in the table. From 
the number of decibels thus found, subtract 
+20 decibels for each time you multiplied 
by 10. 

Example-Given: Voltage ratio = .0131 
.0131 X 10 X 10 = 1.31 

From Table II, 1.31-2.345 db 
2.345 db- 20 db - 20 db = -37.655 db 

For ratios greater than those in table­
Divide the given ratio by 10 successively 
until the remainder can be found in the table. 
To the number of decibels thus found, add 
+20 db for each time you divided by 10. 

Example-Given: Voltage ratio = 712 
712 X 1/ 10 X 1/ 10 = 7.12 

From Table II, 7.12- 17.050 db 
17.050 db+ 20 db+ 20 db = 57.050 db 
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APPENDIX 

TABLE I 
GIVEN: Decibels TO FIND: Power and {Vcoltagte} Ratios 

urren 

TO ACCOUNT FOR THE SIGN OF THE DECIBEL 

For positive C+) values af the decibel-Both voltage 
.tnd power ratios are greater than unity. Use the two 
right-hand columns. 

Voltage 
Ratw 

1.0000 
.9886 
.9772 
.9661 
.9550 

.9441 

.9888 

.9226 

.9120 

.9016 

.8913 

.8810 

.8710 

.8610 

.8511 

.8414 

.8818 

.8222 

.8128 

.8085 

.7943 

.7852 

.7762 

.7674 

.7586 

.7499 

.7418 

.7828 

.7244 

.7161 

.7079 

.6998 

:~~~g 
.6761 

.6688 

.6607 

.6581 

.6457 

.6888 

.6310 

.6287 

.6166 

.6095 

.6026 

.5957 
,5888 
.5821 
.5754 
.5689 
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Exam'ple--Given: ± 9.1 db. Find: 

-db+ 
+ + 

Power 
db 

Voltage 
Ratio Ratw 

1.0000 0 1.000 
.9772 .1 1.012 
.9550 .2 1.028 
.9888 .8 1.085 
.9120 .4 1.047 

.8918 .5 1.059 

.8710 .6 1.072 

.8511 .7 1.084 

.8818 .8 1.096 

.8128 .9 1.109 

.7943 1.0 1.122 

.7762 1.1 1.185 

.7586 1.2 1.148 

.7418 1.8 1.161 

.7244 1.4 1.175 

.7079 1.5 1.189 

.6918 1.6 1.202 

.6761 1.7 1.216 

.6607 1.8 1.280 

.6457 1.9 1.245 

.6310 2.0 1.259 

.6166 ' 2.1 1.274 

.6026 2.2 1.288 

.5888 2.S 1.808 

.5754 2.4 1.818 

.5628 2.5 1.884 

.5495 2.6 1.849 

.5870 2.7 1.865 

.5248 2.8 1.880 

.5129 2.9 1.896 

.5012 3.0 1.413 

.4898 8.1 1.429 

.4786 8.2 1.445 

.4677 8.8 1.462 

.4571 8.4 1.479 . 

.4467 8.5 1.496 

.4865 3.6 1.514 

.4266 8.7 1.581 

.4169 8.8 1.549 

.4074 8.9 1.567 

.3981 4.0 1.585 

.8890 4.1 1.608 

.8802 4.2 1.622 

.8715 4.8 1.641 

.8681 4.4 1.660 

.8548 4.5 1.679 

.8467 4.6 1.698 

.8888 4.7 1.718 

.8811 4.8 1.788 

.8286 4.9 1.758 

Power 
Ratio 

1.000 
1.028 
1.047 
1.072 
1.096 

1.122 
1.148 
1.175 
1.202 
1.280 

1.259 
1.288 
1.818 
1.849 
1.880 

1.418 
1.445 
1.479 
1.514 
1.549 

1.585 
1.622 
1.660 
1.698 
1.788 

1.778 
1.820 
1.862 
1.905 
1.950 

1.995 
2.042 
2.089 
2.188 
2.188 

2.289 
2.291 
2.844 
2.899 
2.455 

2.512 
2.570 
2.680 
2.692 
2.754 

2.818 
2.884 
2.951 
8.020 
8.090 

For negative (-) values of the decibel-Both voltage 
and power ratios are less than unity. Use the two left­
hand columns. 

+9.1 db 
-9.1 db 

Voltage 
Ratw 

.5623 

.5559 

.5495 

.5488 

.5870 

.5809 

.5248 

.5188 

.5129 

.5070 

.5012 

.4955 

.4898 

.4842 

.4786 

.4782 

.4677 

.4624 

.4571 

.4519 

.4467 

.4416 

.4865 

.4815 

.4266 

.4217 

.4169 

.4121 

.4074 

.4027 

.3981 

.8986 

.8890 

.8846 

.8802 

.8758 

.8715 

.8678 

.8681 

.8589 

.3548 

.8508 

.8467 

.8428 

.8888 

.8850 

.8811 

.8278 

.8286 

.8199 

Power VoUage 
Ratio Ratio 

8.128 2.851 
0.1230 0.3508 

-db+ 
+ + 

Power 
db 

Voltage 
Ratio Ratw 

.3162 5.0 1.778 

.8090 5.1 1.799 

.8020 5.2 1.820 

.2951 5.8 1.841 

.2884 5.4 1.862 

.2818 5.5 1.884 

.2754 5.6 1.905 

.2692 5.7 1.928 

.2680 5.8 1.950 

.2570 5.9 1.972 

.2512 6.0 1.995 

.2455 6.1 2.018 

.2899 6.2 2.042 

.2844 6.8 2.065 

.2291 6.4 2.089 

.2289 6.5 2.118 

.2188 6.6 2.188 

.2188 6.7 2.168 

.2089 6.8 2.188 

.2042 6.9 2.218 

.1995 7.0 2.239 

.1950 7.1 2.265 

.1905 7.2 2.291 

.1862 7.8 2.817 

.1820 7.4 2.844 

.1778 7.5 2.871 

.1788 7.6 2.899 

.1698 7.7 2.427 

.1660 7.8 2.455 

.1622 7.9 2.488 

.1585 8.0 2.512 

.1549 8.1 2.541 

.1514 8,2 2.570 

.1479 8.8 2.600 

.1445 8.4 2.680 

.1418 8.5 2.661 

.1880 8.6 2.692 

.1849 8.7 2.728 

.1818 8.8 2.754 

.1288 8.9 2.786 

.1259 9.0 2.818 

.1280 9.1 2.851 

.1202 9.2 2.884 

.1175 9.8 2.917 

.1148 9.4 2.951 

.1122 9.5 2.985 

.1096 9.6 8.020 

.1072 9.7 8.055 

.1047 9:8 8.090 

.1028 9.9 8.126 

Power 
Ratio 

3.162 
8.286 
8.811 
8.888 
8.467 

8.548 
8.681 
8.715 
8.802 
8.890 

3.981 
4.074 
4.169 
4.266 
4.865 

4.467 
4.571 
4.677 
4.786 
4.898 

5.012 
5.129 
5.248 
5.870 
5.495 

5.628 
5.754 
5.888 
6.026 
6.166 

6.310 
6.457 
6.607 
6.761 
6.918 

7.079 
7.244 
7.418 
7.586 
7.762 

7.943 
8.128 
8.818 
8.511 
8.710 

8.918 
9.120 
9.888 
9.550 
9.772 



Voltage 
Ratio 

.3162 

.311!6 

.30!!0 

.3055 

.3020 

.~985 

.~!151 

.~!117 

.~8H4 

.~851 

.2818 

.2786 

.~754 

.272!1 

.2692 

.2661 

.21i!IO 

.2600 

.2570 

.~541 

.2512 

.~4H!I 

.~4:i5 

.2427 

.239!! 

.2371 

.2344 

.2!11 7 

.22!11 

.~~65 

.2239 

.221!1 

.218R 

.~W:I 

.213H 

.~113 

.~()89 

.2065 

.~()42 

.~01H 

.1995 

.1972 

.1950 

.19~8 

.19()5 

.18!!4 

.1H6t 

.1841 

.182() 

.1799 

.1778 

.1758 

.1738 

.1718 

.1698 

.1679 

.1660 

.1641 

.162~ 

.1603 

DECIBEL CONVERSION TABLES 

TABLE I (continued) 

- db+ ...... 
Power 

db 
Volluye 

Ratio Ratio 

.1000 10.0 3.162 

.0977'l 10.1 3.199 

.09550 10.2 3.236 

.09333 10.3 3.273 

.091~0 10.4 3.311 

.08913 10.5 3.350 

.08710 10.6 3.38!1 

.08511 10.7 3 .428 

.08318 IO .!l 3.467 

.08128 10.9 3 .508 

.07943 11.0 3.548 

.0771i2 I I. I 3.58!) 

.0758U IU 3.6:ll 

.0741!1 11.!1 3.67!1 

.07244 I 1.4 3.715 

.07079 11.5 3.758 

.06918 11.6 3.802 

.1Hi761 11.7 !~.84U 

.IHHi07 ll.H !I.H!!O 

.06457 11.9 :1. !!:W 

.06310 12.0 3.981 

.OiiliHi 12.1 4.027 

.1Hi026 I 2 . ~ 4.074 

.058S!l 12.:1 4 . 1~1 

.05754 Jt.4 4.169 

.0.5623 12.5 4.~17 

.054!15 lt.6 4.21i6 

.O:i!l70 12.7 4. !11 !i 

.05!t4H lt.8 4.!165 

.0512!1 12.!! 4.416 

.05012 13.0 4.467 

.IJ48!!8 I !1.1 4.519 

.IJ478U 1!3.2 4 .571 

.04(i77 1!1.3 4 .624 

.04571 13.4 4.677 

.04467 18.5 4.73~ 

.IJ4!1(i5 13.6 4.7H6 

.042<i6 1!1.7 4 . 84~ 

.IJ41fi!! 1!1.8 4.898 

.04074 13.9 4.955 

.03981 14.0 5.012 

.IJ:IH90 14.1 5.070 

.IJ3802 14.2 5 . 1~9 

.IJ!I715 14.!1 ~.188 

.IJ3631 14.4 5 . ~48 

.03548 14.5 5.309 

.0!1467 14.6 5.370 

.IJ!I!I88 14.7 5.433 
. . 0!1!11 I 14.8 5.4!!5 

.032:16 14.9 5.559 

.03162 15.0 5.623 

.O!UJ!JO I.U 5.(i89 

.IJ30!W Li.2 5.754 

.1Jt!I.S1 I :i .3 5.821 

.Ot884 15.4 5.888 

.IJ~H18 15.~j 5.957 

.O!t754 15 .6 6.026 

.Otli!Jt 1:i.7 6.0!15 

.Otli:IO 15.8 6. lli6 

.02570 15.9 6.237 

Power 
Ratio 

10.000 
10.23 
10.47 
10.7~ 
10.96 

11.~~ 
11.48 
11.75 
1VI~ 
1~ . 30 

12.59 
12.88 
1!1. 18 
1:1.49 
13.80 

14.13 
14.45 
14.79 
l ;i . 14 
15.49 

15.85 
lli.22 
Hi .UO 
lli.!l8 
17.38 

17.78 
18.20 
18.U2 
1!1.05 
19.50 

19.95 
~o.u 
20.89 
tl.38 
tl.88 

22.39 
22 .!l1 
2!1.44 
2!1 .!!9 
24.55 

25.12 
25.70 
tli .30 
26.!12 
27.54 

~8.18 
1!8.84 
2!1 .51 
!IO.'lO 
!l<J.!IO 

31.62 
!l'l.!l6 
:1:1.11 
!l!l.S8 
!14.G7 

35.48 
36.31 
37.15 
38.0t 
38.!!0 

-db+ ... ... 
Voltuye Power 

db 
V olluye Power 

Ratio 

.1585 

.1567 

.1549 

.1531 

.1514 

.1496 

.1479 

.1462 

. 1445 

.141!9 

.1413 

. 13!!6 

.13fl(J 

.131i5 

.134!! 

.1334 

.1 !118 

.1303 

.12!18 

.1274 

.1259 

.1245 

.11!30 

.l!tlfi 

.I tot 

.1189 

.1175 

.11HI 

.1148 

.I I !l:i 

.1122 

.110!1 

.IO!Jfi 

. 101:!4 

. 107'l 

.10.59 

.1047 

.1035 

.1023 

.1012 

.1000 

J"ullay•· 
/latio 

3.t62 X to-t 
J0- 1 

3 . 16~X 10- 2 
J0-2 

S.162X lo-s 
w-s 

3.162X Io-• 
J0-4 

3.162XI0-5 

1o-s 

Ratio Ratio Ratio 

.02512 16.0 6.310 39.81 

.024.55 16.1 6.383 40.74 

.01!399 16.2 6 .457 41.69 

.O!t:l44 16.3 6.531 4~ . 66 

.02291 16.4 6.607 43.65 

.02239 16.5 6.683 44.67 

.IJ21H8 lli .6 6.71i1 45 .71 

.021!1!! 16.7 6.8!1!1 46.77 

.OtiJ!l!! IH.H 6.!!1H 47.86 

. 0~042 16.9 6 .!!!!8 48.98 

.01995 17.0 7.079 50.12 
,()1950 17.1 7 . I fit :i l . t9 
.0 1!!05 17.2 7.'!44 :i'l .48 
.0181it 17.!1 7.!1'l8 5!1.70 
.01820 17.4 7 .41!1 54.!!5 

.0177fl 17.5 7.4!!!1 51i.l!3 

.017!~8 17.6 7.5Hfi .57 .54 

.OIIi!!8 I 7 .7 7.1iH 5H.H8 

.OIIifiiJ 17 .!1 7.7fit 6C! .26 

.01621! 17.!! 7 .8;it Gl.66 

.01585 18.0 7.943 6.UO 

.OI :i4!1 IH .1 8.0:15 li4 .. 57 

.0Lil4 l8 .t H. It!! 6fi.07 

.0147!1 18.:1 8.2-tt fi7 .1il 

.01445 1!1.4 8.318 6!! . 18 

.01413 1H .• 5 8.414 70.79 

.01 !1!10 l8.1i 8.5 I I 7t.H 

.IJI!I4!1 1!1.7 H.liiO 74.13 

.01 !ll!l IH.H !1 .710 75.86 

.Oit!l!l 18.9 8.!111 77.6~ 

.01259 19.0 8.913 79.43 

.Oit!IO 1!1.1 9.1J16 81 .28 

.OJ tOt 1!!.1! !! . 120 8:1. 18 

.OJ 175 1!1.!1 !U~2fi 85. 11 

.IJ] 14!l 1!!.4 9.3!13 87.10 

.0112~ 19.5 9.441 89.18 

.010!!6 19.6 9.550 91.~0 

.01072 19.7 9.6fil 93.33 

.01()47 19.8 9.77t 95.50 

.01023 19.9 9.8HG 97.72 

.01000 20.0 10.000 100.00 

-db+ ...... 
!'ower 

db 
,.,,,,!/'' 

Ratio /(alio 

10-1 10 3 .162 
10-2 20 10 
J0- 3 30 3.16~X 10 
w-• 40 102 

](]5 50 3.162X102 
w-8 60 J03 
10 7 70 3.162X J(JS 
w-s 8() J04 
w-9 90 !1 . 162 X J04 

t0-10 100 lOS 

!'ower 
llatio 

10 
102 
JOS 
10' 

]05 
10' 
107 

108 
1()9 

1010 

To find decibel values outside the range of thi s table, see page 47 
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APPENDIX 

TABLE II 

GIVEN: {Voltage} Ratio 
Current TO FIND: Decibels 

POWER RATIOS 

To find the number of decibels corresponding to a given 
power ratio-Assume the given power ratio to be a 
voltage ratio and find the corresponding number of 
decibels from the table. The desired result is exactly 
one-half of the number of decibels thus found. 

Voltage 
.00 .01 .02 .08 Roiio 

1.0 .000 .086 .172 .257 
1.1 .828 .906 ,984 1.062 
1.2 1.584 1.656 1.727 1.798 
1.8 2.279 2.345 2.411 2.477 
1.4 2.928 2.984 8.046 8.107 

1.5 8.522 8.580 8.687 8.694 
1.6 4.082 4.187 4.190 4.244 
1.7 4.609 4.660 4.711 4.761 
1.8 5.105 5.154 5.201 5.249 
1.9 5.575 5.6U 5.666 5.711 

2.0 6.021 6.064 6.107 6.150 
2.1 6.444 6.486 6.527 6.568 
~.2 6.848 6.888 6.927 6.966 
2.8 7.285 7.272 7.810 7.847 
2.4 7.604 7.640 7.676 7.7U 

~.5 7.959 7.998 8.0~8 8.062 
2.6 8.299 8.888 8.866 8.899 
2.7 8.627 8.659 8.691 8.728 
2.8 8.948 8.974 9.005 9.086 
2.9 9.248 9.278 9.808 9.887 

3.0 9.542 9.571 9.600 9.629 
8.1 9.827 9.855 9.888 9.911 
8.2 10.108 10.180 10.157 10.184 
8.8 10.870 10.897 10.428 10.449 
8.4 10.680 10.655 10.681 10.706 

8.5 10.881 10.906 10.981 10.955 
8.6 11.126 11.150 11.174 11.198 
8.7 11.864 11.887 11.411 11.484 
8.8 11.596 11.618 11.641 11.664 
8.9 11.821 11.844 11.866 11.888 

4.0 12.041 12.063 12.085 12.106 
4.1 12.266 12.277 12.298 U.819 
4.2 12.465 12.486 12.506 12.527 
4.8 12.669 U.690 12.710 12.780 
4.4 12.869 12.889 12.908 12.928 

4.5 18.064 18.084 18.108 18.122 
4.6 18.255 18.274 18.298 18.812 
4.7 18.442 18.460 18.479 18.497 
4.8 18.625 18.648 18.661 18.679 
4.9 18.804 18.822 18.889 18.857 

Example...,...Given: a power ratio of 3.41. 
Find: 3.41 in the table: 

3.41->10.655 db (voltage) 
10.655 db X 72 = 5.328 db (power) 

.04 .05 .06 .07 .08 

.341 .424 .506 .588 .668 
1.188 1.214 1.289 1.864 1.488 
1.868 1.938 2.007 2.076 2.144 
2.542 2.607 2.671 2.784 2.798 
8.167 8.227 8.287 8.846 8.405 

8.750 8.807 8.862 8.918 8.978 
4.297 4.850 4.402 4.454 4.50.6 
4.811 4.861 4.910 4.959 5.008 
5.296 5.848 5.890 5.437 5.488 
5.756 5.801 5.845 5.889 5.988 

6.193 6.235 6.277 6.319 6.361 
6.608 6.649 6.689 6.729 6.769 
7.008 7.044 7.082 7.121 7.159 
7.884 7.421 7.458 7.495 7.58! 
7.748 7.788 7.819 7.854 7.889 

8.097 8.181 8.165 8.199 8.282 
8.482 8.465 8.498 8.580 8.568 
8.755 8.787 8.818 8.850 8.881 
9.066 9.097 9.127 9.158 9.188 
9.867 9.896 9.426 9.455 9.484 

9.657 9.686 9.714 9.743 9.771 
9.989 9.966 9.994 10.0U 10.049 

10.211 10.288 10.264 10.291 10.817 
10.475 10.501 10.527 10.558 10.578 
10.781 10.756 10.782 10.807 10.882 

10.980 11.005 11.029 11.058 11.078 
11.222 11.246 11.270 11.298 11.817 
11.457 11.481 11.504 11.527 11.550 
11.687 11.709 11.782 11.764 11.777 
11.910 11.982 11.954 11.976 11.998 

12.128 12.149 12.171 12.192 12.213 
12.840 12.861 · 12.882 12.408 12.424 
12.547 12.568 12.588 12.609 12.629 
12.760 li.770 12.790 12.810 12.829 
12.948 li.967 12.987 18.006 18.026 

18.141 18.160 18.179 18.198 18.217 
18.880 18.849 18.868 18.886 18.406 
18.616 18.584 18.552 18.670 18.589 
18.697 18.715 18.788 18.751 18.768 
18.875 18.892 18.910 18.927 18.945 

5.0 13.979 13.997 14.014 14.031 14.049 14.066 14.083 14.100 14.117 
5.1 14.161 14.168 14.185 14.202 14.219 14.286 14.258 14.270 14.~87 
5.2 14.820 14.887 14.858 14.870 14.887 14.408 14.420 14.486 14.458 
6.8 14.486 14.502 . 14.518 14.585 14.551 14.567 14.588 14.699 14.616 
5.4 14.648 . 14.664 14.680 14.696 14.7U 14.728 14.744 14.760 14.776 

6.5 14.807 14.828 14.889 14.855 14.870 14.886 14.902 14.917 14.988 
5.6 14.964 14.979 14.995 15.010 15.026 15.041 15.056 15.072 15.087 
5.7 15.117 16.183 15.148 15.168 15.178 16.198 15.208 15.224 15.289 
5.8 16.269 15.284 15.298 15.818 15.828 15.848 15.858 15.878 15.888 
6.9 15.417 15.482 15.446 15.461 15.476 15.490 15.505 15.519 15.584 

50 

.09 

.749 
1.511 
2.U~ 
2.860 
8.464 

4.028 
4.558 
5.057 
5.529 
5.977 

6.403 
6.809 
7.197 
7.568 
7.9241 

8.266 
8.595 
8.912 
9.218 
9.518 

9.799 
10.076 
10.844 
10.604 
10.857 

11.10~ 
11.841 
11.678 
11.799 
12.019 

12.234 
li.444 
li.649 
12.849 
18.045 

18.286 
18.428 
18.607 
18.786 
18.96~ 

14.134 
14.808 
14.469 
14.68~ 
14.791 

14.948 
15.10~ 
15.254 
15.402 
15.549 



DECIBEL CONVERSION TABLES 

TABLE II (continued) 

Vo~tage 
Ratio .00 .01 .02 .OS .04 .05 .06 .07 .08 .09 

6.0 15.563 15.577 15.592 15.606 15.621 15.635 15.649 15.664 15.678 15.692 
6.1 15.707 15.721 15.735 15.749 15.763 15.778 15.792 15.806 15.820 15.884 
6.2 15.848 15.862 15.876 15.890 15.904 15.918 15.931 15.945 15.959 1Q.,973 
6.8 15.987 1:6.001 16.014 16.028 16.042 16.055 16.069 16.083 16.096 16.110 
6.4 16.124 16.187 16.151 16.164 16.178 16.191 16.205 16.218 16.282 16.245 

6.5 16.258 16.272 16.285 16.298 16.812 16.825 16.838 16.851 16.865 16.878 
6.6 16.891 16.404 16.417 16.480 16.443 16.456 16.469 16.488 16.496 16.509 
6.7 16.521 16.534 16./947 16.560 16.578 16.586 16.599 16.612 16.625 16.687 
6.8 16.650 16.663 16.676 16.688 16.701 16.714 16.726 16.789 16.752 16.764 
6.9 16.777 16.790 16.802 16.815 16.82'7 16.840 16.852 16.865 16.877 16.890 

7.0 16.902 16.914 16.927 16.939 16.951 16.964 16.976 16.988 17.001 17.013 
7.1 17.025 17.037 17.050 17.062 17.074 17.086 17.098 17.110 17.122 17.185 
7.2 17.147 17.159 17.171 17.183 17.195 17.207 17.219 17.231 17.243 17.255 
7.8 17.266 17.278 17.290 17.802 17.314 17.826 17.888 17.349 17.861 

I 
17.378 

7.4 17.885 17.896 17.408 17.420 17.481 17 .• 448 17.455 17.466 17.478 17.490 

7.5 17.501 17.518 17.524 17.536 17.547 17.559 17.570 17.582 17.593 17.605 
7.6 17.616 17.628 17.639 17.650 17.662 17.678 17'.685 17.696 17.707 17.719 
7.7 17.780 17.741 17.752 17.764 17.775 17.786 17.797 17.808 17.820 17.831 
7.8 17.842 17.853 17.864 17.875 17.886 17.897 17.908 17.919 17.931 17.942 
7.9 17.958 17.964 17.975 17.985 17.996 18.007 18.018 18.029 l8.040 18.051 

8.0 18.062 18.073 18.083 18.094 18.105 18.116 18.127 18.137 18.148 18.159 
8.1 18.170 18.180 18.191 18.202 18.2U 18.228 18.284 18.244 18.255 18.266 
8.2 18.276 18.287 18.297 18.808 18.819 18.829 18.840 18.850 18.861 18.871 
8.8 18.882 18.892 18.402 · 18.418 18.428 18.484 18.444 18.455 18.465 18.475 
8.4 18.486 18.496 18.506 18.517 18.527 18.587 18.547 18.558 18.568 18.578 

8.5 18.588 18.599 18.609 18.619 18.629 18.689 18.649 18.660 18.670 18.680 
8.6 18.690 18.700 18.710 18.720 18.730 18.740 18.750 18.760 18.770 18.780 
8.7 18.790 18.800, 18.810 18.820 18.830 18.840 18.850 18.860 18.870 18.880 
8.8 18.890 18.900 18.909 18.919 18.929 18.989 1.8.949 18.958 18.968 18.978 
8.9 18.988 18.998 19.007 19.017 19.027 19.086 19.046 19.056 19.066 19.075 

9.0 19.085 19.094 19.104 19.114 19.123 19.133 19.143 19.152 19.162 19.171 
9.1 19.181 19.190 19.200 19.209 19.219 19.228 19.238 19.247 19.257 19.266 
9.2 19.276 19.285 19.295 19.804 19.818 19,328 19.832 19.842 19.851 19.860 
9.8 19.370 19.879 19.888 19.398 19.407 19.416 19.426 19.485 19.444 19.458 
9.4 19.468 19.472 19.481 19.490 19.499 19.509 19.518 19.527 19.586 19.545 

9.5 19.554 19.564 19.578 19.582 19.591 19.600 19.609 19.618 19.627 19.686 
9.6 19.645 19.654 19.664 19.678 19.682 19.691 19.700 19.709 19.718 19.726 
9.7 19.785 19.744 19.758 19.762 19.771 19.780 19.789 19.798 19.807 19.816 
9.8 19.825 19.888 19.842 19':851 19.860 19.869 19.878 19.886 19.895 19.904 
9.9 19.918 19.921 19.980 19,989 19.948 19.95tl 19.965 19.974 19.988 19.991 

Voltage 
0 Ratio 1 2 g 4 5 6 7 8 9 

10 20.000 20.828 21.584 22.279 22.923 23.522 24.082 24.609 25.105 25.575 
20 26.021 26.444 26.848 27.285 27.604 27.959 28.299 28.627 28.948 29.248 
so 29.542 29.827 80.103 80.870 80.680 80.881 SI.l26 81.864 81.596 81.821 
40 82.041 82.256 82.465 82.669 82.869 88.064 88.255 88.442 Si.625 88.804 

50 88.979 84.151 84.820 84.486 84.648 84.807 84.964 85.117 85.269 85.417 
60 85.568 85.707 s5.848 85.987 86.124 86.258 86.891 86.521 86.650 86.777 
70 86.902 87.025 87.147 87.266 87.885 87.501 87.616 37.780 87.842 87.958 
80 88.062 88.170 88.276 88.882 88.486 88.588 88 . .690 88.790 88.890 88.988 
90 89.085 89.181 89.276 89.870 8'l.468 89.554 89.645 89.785 89.825 89.918 

100 40.000 - - - - - - - - -

To find ratios outside the range of this table, see page 47 
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APPENDIX II 

TYPE 761-A VIBRATION METER 

USES: Vibrations in machines and structures 
can be measured quickly and easily with this 
instrument. For the manufacturer of machin­
ery and equipment, the TYPE 761-A Vibration 
Meter is extremely useful in research, design, 
and production testing. Maintenance engi­
neers will find it useful for checking the oper­
ating condition of bearings, gear trains, and 
other mechanisms. Excessive vibrations due 
to improper adjustment or to structural 
resonances can be located and measured. 

Its excellent low-frequency response per­
mits the study of the operation of belt drives 
and of the effectiveness of mountings designed 
to reduce vibrations in adjacent structures. 

A frequency analysis of the measured 
vibration can be made with the TYPE 762-B 
Vibration Analyze!. 

DESCRIPTION: The TYPE 761-A Vibration 
Meter consists essentially of a vibration 
pickup, adjustable attenuator, an amplifier, 
and a direct-reading indicating meter. The 
pickup is of the inertia-operated crystal type, 

52 

which delivers a voltage proportional to the 
acceleration of the vibratory motion. An 
integrating netw.ork converts this output, 
when desired, to a voltage proportional to 
velocity or to displacement. The type of 
response is selected by push-button switches. 

The basic units in which the instrument is 
calibrated are inches and seconds, and cali­
brations are in root-mean-s9.uare values. 

FEATURES: ~ Portable and self-contained. 
~ Simple to operate. 
~ Direct reading. 
~ Reads three response characteristics, accel­
eration, velocity, and displacement. 
~ Low-frequency response down to 2 cycles 
per second (120 per minute). 
~Independent output system for panel meter 
and output terminals. 
~ Semi-logarithmic meter scale permits wide 
range of measurement with a single multiplier 
setting. 
~ Particularly well adapted to the measure­
ment of machinery vibrations. 



SOUND AND VIBRATION 

SPECIFICATIONS 
RANGES: The vibration meter is direct-reading in the units shown in the range table below. 

Vt"bration 
Quantity Range 

16 micro-inches to 30 inches, rms. Displacement 
Velocity 
Acceleration 

160 micro-inches per second to 300 inches per second, rms. 
0.160 inch per second per second to 3900 inches per second per second, rms. 

RESPONSE CHARACTERISTICS: The response follows theoretical curves of the quantity measured, 
vs. frequency within the following tolerances. 

Quantity 

Acceleration 
Velocity 
Velocity 
Displacement 
Displacement 

Range 

0.160 in./sec/ sec to 3900 in. / sec/sec 
1600 p.in. / sec to 300 in./ sec 
Below 1600 p.in./sec 
160 p.in. to 30 in. 
Below 160 l'in. 

Tolerance 

±10% 
±10% 
±15% 
±10% 
±15% 

Frequency Range 

4 to 500 cps 
5 to 500 cps 

20 to 500 cps 
10 to 500 cps 
20 to 500 cps 

Down 25% at 2 cps 
Down 40% at 2 cps 
Down 25% at 10 cp~ 
Down 50% at 2 cps 
Down 25% at 10 cps 

Above 500 cps the error increases and may reach ±30% at 1000 cps. This is caused by the differences in response of individual pickups 
near resonance. 

Pickup Unit: Inertia-operated, Rochelle-salt-crystal 
type. N on-Iineari ty occurs at 10 g or 3900 inches per 
second per second. Point and ball tips and an 8-inch 
extension rod are supplied. 
Meter: Scale reads directly in the quantity being meas­
ured- root-mean-square micro-inches for displacement, 
root-mean-square micro-inches per second for velocity, 
and root-mean-square inches per second per second for 
acceleration. 

Attenuators: A 10-step attenuator changes the meter 
scale calibration over a range of 30,000 to 1. Additional 
multipliers indicate the correct units of measurement and 
multiplying factors for each response characteristic. 

Calibration: Connection to any a-c power line makes it 
possible to check the over-all calibration excluding 
pickup. 
Term ina Is: A jack is provided on the panel for plugging 

Measurement of automobile-engine vibration with the 
TYPE 761-A Vibration Meter. 

Type 

in a pair of head telephones in order to listen to the vibra­
tions being measured, for connecting the TYPE 762-B 
Vibration Analyzer, or for connecting a cathode-ray 
oscillograph. 
Tubes: One CK533AX, two 1N5-GT tubes and one 
1D8-GT tube are required. A complete set of tubes is 
supplied. 
Battery: A single self-contained battery unit, BA48, 
Burgess 6T A60, which supplies the necessary plate and 
filament voltages, is included. 
Accessories Supplied: Power cable for calibration 
check, spare pilot lamp, and plug for output jack. 
Case: Shielded carrying case of airplane-luggage con­
struction. 
Dimensions: (Height) 12Yz inches x (length) 13Yz 
inches x (width) 9Yz inches. 
Net·Weight: 22%; pounds with battery; 17:J,i pounds 
without battery. 

Over-all frequency characteristics of the TYPE 761-A 
Vibration Meter. 

, Code Wor~ Price 

761-A I Vibration Meter .................. . 
761-P1 Replacement Pickup . ............. . 

VIRUS 

NOSEY 
VIRUSADBAT 

$490.00 
40.00 

6.·25 Replacement Battery for above . .................... . 
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TYPE 1551-A SOUND-LEVEL METER 

USES: The TYPE 1551-A Sound-Level Meter 
is a compact, accurate instrument designed 
for the general measurement of sound fields. 
It is ideally suited to the sound-measuring 
problems of commerce and industry. Manu­
facturers of machines and appliances use it for 
measuring product noise both in the develop­
ment laboratory and in production. For such 
plants, it provides a means of establishing 
noise standards, of accepting or rejecting 
products on the basis of noise tests, and of 
analyzing and correcting trouble in the re­
jected units. 

Acoustical engineers also use the sound­
level meter for determining noise levels from 
engines, machinery, and other equipment, and 
for investigating the acoustical properties of 
buildings, structures, and materials. 

Industrial hygienists and psychologists use 
it in surveys of the psychological and physio­
logical effects of noise, for the establishment 
of acceptable noise levels, and the deter­
mination of satisfactory noise environments 
in factories and offices. 

Accessory equipment, such as frequency 
analyzers, graphic-level recorders, and mag­
netic-tape recorders can be operated from the 
output of the Sound-Level Meter . 
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It is also suitable for use as a portable am­
plifier for laboratory standard microphones, 
and, with a high-fidelity microphone, for 
measurements on high-fidelity sound systems. 

Although the low-cost crystal microphone 
supplied with the TYPE 1551-A Sound-Level 
:vieter is satisfactory for the majority of appli­
cations, special microphones can be used to 
full advantage. Among these are the TYPE 
1551-P1 Condenser Microphone System for 
high-fidelity work, the Western Electric 
640-AA where a reproducible standard is de­
sired, and the TYPE 759-P25 Dynamic Micro­
phone Assembly for use with a lo.ng cable or 
wpere extreme temperature variations are met. 

DESCRIPTION: The TYPE 1551-A Sound-Level 
Meter is an accurate, portable, low-priced 
meter: for reading, in terms of a standard 
reference level, the sound level at its micro­
phone. 

It consists of a non-directional microphone, 
an amplifier, a calibrated attenuator, and an 
in<;licating meter. 

The complete instrument, including batter­
ies, is mounted in an aluminum case with an 
easily removed cover over the panel. The 
microphone is mounted on a bracket and folds 
down ihto a panel recess when not in use. In 
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this storage position of the microphone, bat­
teries are automatically turned off. An a-c 
power supply unit is available. 

FEATURES:~ Small, compact, and easily port­
able- weighs only 11 pounds with batteries. 
~ Simple to operate. 
~ Meets all standards of the American Stand­
ards Association, the American Institute of 
Electrical Engineers, and the Acoustical 
Society of ARlerica. 
~ Separate output systems for panel meter 
and output terminals. When a sound analyzer 

is used, meter can he used for monitoring. 
~ Two-speed meter movement permits meas­
urement of either r:;teady or fluctuating; Hounds. 
~ Wide range - from 2-± to 1-!0 db. 
~ Sub-miniature tubes in negative feedhack 
amplifier circuits provide excellent stability. 
~ Batteries are readily availahle. 
~ Amplifiers and panel meter have wide fre­
quency response, 20 cycles to 20 kilocycles. 
~ Low internal noise level. 
~ Internal calibration system for standard­
izing amplifier gain. 

SPECIFICATIONS 
Sound-Level Range: From 24 db to 140 db above the 
standard sound pressure reference level of 0.0002 micro­
bar (a pressure of 0.0002 dyne per square centimeter) at 
1000 cycles. 
Frequency Characteristics: Any one of 4 response 
characteristics can be selected by means of a panel switch. 
The first and second of these are, respectively, the 40 and 
70 db equal-loudness contours in accordance with the 
current standard specified by the American Standards 
Association. The third frequency response characteristic 
gives a substantially equal response to all frequencies 
within the range of the instrument and its microphone. 
This characteristic is used when measuring extremely 
high sound levels, when measuring sound pressures, or 
when using the instrument with the T YPE 760-B Sound 
Analyzer, the TYPE 736-A Wave Analyzer, or the TYPE 
1550-A Octave-Band Noise Analyzer. The fourth fre­
quency response characteristic provides an amplifier 
which has essentially flat response from 20 cycles to 20 
kilocycles, so that full use can be made o( extremely wide 
range microphones such as the W.E. 640-AA or the TYPE 
1551-P1 Condenser Microphone System. 
Microphone: The microphone is of the Rochelle-salt, 
crystal-diaphragm type with an essentially non-direc­
tional response characteristic. Condenser and dynamic 
microphones are available as accessories. 
Sound-Level Indication: The sound level is indicated 
by the sum of the readings of the meter and an attenu­
ator . The meter has a range of 16 db, and the attenuator 
has a range of 100 db in 10 db steps. 
Output Terminals: A jack is provided, wh ich supplies 
an output of 1 volt across 20,0()0 ohms when the panel 
meter reads full scale. This output is suitable for use with 
the TYPE 760-B Sound Analyzer, the TYPE 736-A Wave 
Analyzer, the T YPE 1550-A Octave-Band Noise Analyzer, 
a graphic level recorder, or a magnetic tape recorder. 

A SLOW-FAST switch makes available two meter 
speeds. With the control switch in the FAST poo;ition the 
ballistic characteristics of the meter simulate those of 
the human ear and agree with the current standards of 
the American Standards Association. In the SLOW posi­
tion, the meter is heavily damped for observing the 
average level of rapidly fluctuating sounds. 
Calibration: A means is provided for standardizing the 
sensitivity of the instrument in terms of any a-c power 
line of approximately 115 volts. 

The absolute level of all microphones is checked at 
several freq uencies against a standard microphone, whose 
calibration is periodically checked by the National 
Bureau of Standards. 

Type 

TYPE 1552-A Sound-Level Calibrator (page 15) is 
available for making periodic checks on the over-all 
calibration, including microphone. 
Accuracy: The frequency response curves .-\., B, and C 
of the TYPE 1551-.-\. Sound-Level :Vleter fall within the 
tolerances specified hy the current A:-JA standards. When 
the amplifier sensiLivity is standardized, the absolute 
accuracy of sound-level measure111ents is within ± l 
decibel for average machinery noi.'e" in accordance with 
the ASA standards. 
Temperature and Humidity Effects: Readi11gs are in­
dependent (within 1 db) of temperature and humidity 
over the ranges of room condition" nonnall.1· encountered. 
Batteries: Two 17"2-volt size-D flashlight cells (Eveready 
950 or equivalent); one Eveready 467 B batter_,. or equiva­
lent. Batteries are supplied. The TYPE 1262-.-\. A-C 
Power Supply is available if a-c operation is desired. (See 
price table below.) 
Tubes: Four CK-512-.-\.X and three CK-53:~-.-\.X a re re­
quired. A complete set is supplied with the instrument. 
Accessories Supplied: Power Cord (for calibration 
check), telephone plug. 
Other Accessories Available: See pages 12 to 15. 
Cabinet: Shielded aluminum and plastic cabinet that 
also serves as a carrying case. 
Dimensions: The over-all dimensions are approximately 
(height) 6% x (length) 101Vt6 x (width) SYs inches. 
Net Weight: 11 pounds, with batteries. 

TYPE 1262-A POWER SUPPLY 

The sound-level meter is supplied with batteries. For a-c 
operation the TYPE 12G2-k Power Supply attaches to the 
sound-level meter cabinet, as shown a hove. Input is 105 to 
125 volts, 50 to 60 cycles, 2 watts. 

Code Word Price 

155 1-A Sound.:.level Meter .... ............ . MIMIC $360.00 
3.25 

75.00 
Set of Replacement Batteries ..... .. . 

1262-A Power Supply .................... . 
(Licenaed under patenta or the American Telf'Phone and Telegraph Company) 

MIMI CAD BAT 

MANLY 
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VIBRATION PICKUP AND CONTROL BOX 

The vibration pickup and control box plug into the sound­
leYel meter in place of the microphone, as shown in the 

photograph abm·e. 

SPECIFICATIONS 
Calibration: The db readings of the sound-level meLer 
can be converted into absolute values of di"placement, 
velocity, or acceleration b.1· means of calibration data. 
Range: The range of measurement of the pickup and 
control box when Utied 11·ith the TYPE 1.5.51-A or the TYPE 
759-B Sound-Level ~Ieter is approximately a;; follows: 

R-m-s Displacement- 30 micro-inches (minimum). 
H-m-s Velocity- 1000 micro-inchc" per tiecond (nlini­
murri). The upper limit of velocit.v and <!isplacement 
measurements is dependent on the frequenc.v and is 
determined b.1· the maximum acceleration permissible 
before non-linearity occurs (I 0 g). 
R-m-s Acceleration- 0.3 to 3900 i11. /sec 1sec (10 g). 

Frequency Characteristic: See plot. Fo•· frequencies 
below 20 cycles the TYPE 761-A Vibration Meter should 
be used. 
Mounting: Both control box and pickup are houscclin 
metal <;.ontainer~. finbhecl in black lacquer . 
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The TYPE 750-P35 Pickup and TYPE 759-P36 Con­
trol Box have been designed for usc 11·ith General 
Radio f-:ound-LevPl :\[ctPrs. 

The TYPE 750-P35 \'ibration Pickup is an inertia­
operated crystal device which gcn~ratcs a voltage 
proportional to the acceleration of the vibrating body. 
By means of integrating net works in the control box, 
voltages proportional to velocity and displacement 
can also be delivered to the sound-lPYel metPr. The de­
sired response is selPeted by means of a three-point 
switch on the control box. 

The low-frequency res.ponse of the sound-level 
meter is sufficiently good to permit vibration measure­
ments at frequencies down to 20 cycles. Such measure­
ments indude the fundamental and harmonic fre­
quency vibrations of machines rotating at 1200 rpm 
or higher, as well as many structural resonances. 

Over-all frequency response characteristic of the vihration 
pickup, control box, and sound-level meter for con­
stant applied acceleration, velocity and displacement, 

respectively. 

Net Weight: TYPE 759-P35 Vibration Pickup, 8 ounces 
(pick® only); pickup plus 7-foot cable and tips, 1 pound; 
TYPE 759-P36 Control Box, 1 pound, 13 ounces. 

Type Code W QTd Price 

759-P35 1 Vibration Pickup I NOSEY 1$40.00 
759-P36 Control Box ..... NANNY 50.00 
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TYPE 762-8 VIBRATION ANALYZER 

USES: The TYPE 762-B Vibration Analyzer 
makes possible the analysis of vibration phe­
nomena having fundamental frequencies as 
low as 2.5 cycles per second. It is intended 
primarily for use with the TYPE 761-A Vibra­
tion Meter but can also be used for general 
harmonic analysis of very-low-frequency volt­
ages in the laboratory. 

Its range includes practically all frequencies 
normally encountered in vibration studies, 
from the fundamental vibrations of ships and 
other large structures to the unbalance 
vibrations of high-speed centrifuges. 

DESCRIPTION: The analyzer is similar in all 
essential characteristics of performance, con­
struction, operation, and appearance to the 
TYPE 760-B Sound Analyzer (page 17) except 
that the frequency has been lowered by a 
factor of 10, the output meter has a single 
logarithmic range, and provision has been 
made for operation with broad selectivity if 
desired. The latter arrangement is particu­
larly useful in identifying components in the 
two lowest frequency ranges (2.5 to 25 cycles 
per second) and in making analyses involving 
components that vary slightly about a mean 
frequency. 

SPECIFICATIONS 

Frequency Range: 2.5 to 750 cycles, covered in ·five 
ranges as follows: 2.5 to 7.5, 7.5 to 25, 25 to 75, 75 to 250, 
250 to 750. 
Band Width: For the sharp selectivity position, the rela­
tive attenuation is approximately 30% (3 db) at a fre­
quency differing by 1% from that to which the analyzer 
is tuned. For the broad selectivity position, the attenua­
tion is at· least 30% for a frequency difference of 5%. At 
one octave from the peak, the relative attenuations are 
at least 98% (35 db) and 90% (20 db), respectively. 
Frequency Calibration: Sharp selectivity network, 
±172% or ±172 cycles, whichever is the larger, over the 
three highest ranges (25 to 750 cycles); on the two lower 

ranges (2.5 to 25 cycles), the accuracy is ±5% or ±0.2 
cycle, whichever is the larger. The frequency as deter­
mined with the broad selectivity network deviates on 
the average by less than ±2% from that determined with 
the sharp selectivity network. 
Frequency Response: The response of the sharp selec­
tivity network is flat within ±2 db over the entire range. 
At points where two ranges overlap, the sensitivity is 
the same on either range within ±1 db. The sensitivity 
of the broad selectivity network is the same as that of 
the sharp selectivity network within ±2 db. 
Net Weight: 34>i pounds, with batteries; 2772 pounds, 
without batteries. 

For other specifications see TYPE 760-B 

Type Code Word Price 

762-B Vibration Analyzer . ............... 1 AWARD $565.00 
U.S. Patent No. 2,173.426. 
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TYPE 1550-A OCTAVE-BAND NOISE ANALYZER 

USES: The Octave-Band Noise Analyzer 
makes possible the simple and rapid analysis 
of noises having complex spectra. Operating 
from the output of a sound-level meter 
(page 9), it is more convenient than the 
Sound Analyzer for those applications where 
a knowledge of the individual frequency 
components is not required, and, in addition, 
is particularly suited for noise measurements 
on: aircraft, vehicles, and machinery, for 
the analysis of office noise, where speech inter­
ference level is the significant factor and for 
determination of the possible dama:ging effects 
of noise on hearing. Another important ap­
plication is in determining the acoustical 
characteristics of rooms. It is particularly 
valuable in production testing and for noise­
level acceptance tests. 

DESCRIPTION: The analyzer consists of a set 
of band-pass filters with selection by means of 
a rotary switch, followed by an attenuator and 

an amplifier, which drives both an indicating 
meter and a monitoring output. 

The filter is isolated by a resistance pad, 
which makes the filter. characteristics inde­
pendent of the source, provided the source 
impedance either is small compared to the 
20,000-ohm analyzer impedance or is constant 
over the audio-frequency range. 

FEATURES: ~ Small, compact, lightweight. 
~ Excellent attenuation characteristics. 
~ Monitoring output is provided. 
~ Meets A.S.A. standards. 
~ Operates from output of the TYPE 1551-A 
or the TYPE 759-B Sound-Level Meter as well 
as other sound-level meters with outputs 
adequately free from noise a~d distortion. 
~Can be used directly with "microphone for 
high sound levels. 
~ Amplifier input jack permits amplifier to 
be used alone. 
~ A-C power supply can be substituted for 
batteries for laboratory use. 

SPECIFICATIONS 
Range: 20 cycles to 10,000 cycles in 8 bands, 

20 c to 75 c (low pass) 600 c to 1200 c 
75 c to 150 c 1200 c to 2400 c 

150 c to 300 c 2400 c to 4800 c 
300 c to 600 c 4800 c to 10,000 (high pass) 

In addition, a band with a flat characteristic from 20 c 
to 10 kc is available at two switch positions for con-
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venienr.e in calibration against the sound-level meter. 
In put Level: Between 1 and 10 volts for normal range. 
Levels below one volt reduce the range of reading; those 
higher than 10 volts overload the filters. 
Input Impedance: 20,000 ohms. Input is isolated by a 
resistance pad, so that performance is independent of 
source if source impedance is constant over audio range 
or is small compared to 20,000 ohms. 
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Source: Sound-level meter supply ing analyzer input 
must have low hum, low internal noise, and low distor­
tion. T he TYPE 1551-A or the TYPE 75!1-B Sound-Level 
Meter is recommended. 
Direct Use with Microphone: The T YPE 1551-P1 
Condenser Mic1·ophone f:l.,·stem or the TYPE 759-P25 
Dynamic Microphone A"'embl~· can be used if the band 
levels exceed 70 db (re 0.0002 !-'bar). A TYPE 1550-P 1 

licrophone Adaptor P lug is required with the T YPE 
759-P25 D~·namic Microphone 1bsembly. 
Level Ind ication : :\.I eter calibrated in decibels from 
-6 to + 10 db; attenuator co,·ers 50 db in 10 db steps. 
Level is sum of meter and attenuator readings. 
Attenuation : Except for the lowest and highest bands, 
at least 30-db attenuation is obtained at one-half the 
lower nominal cut-off frequency and twice the upper 
nominal cut-off frequency; at least 50-db attenuation is 
obtained at one-fourth the lower nominal cut-off fre­
quency and at four times the upper nominal cut-off 
frequenc~· · The 75-cycle low-pass fi lter has at least 30-db 
attenuation at 200 c and 50 db at 400 cycles. T he 4800-
cycle high-pass filter has at least 30-db attenuation at 
2400 cycles and 50 db at 1200 cycles. 
Tubes: Three 1U4 and one 1T4, all furn ished. 
Power Supply: Battery, Burgess 6TA60. Battery is 
included in price. For a-c operation, TYPE 1261-A Power 

T ype 
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Supply (page 121) fits battery compar tment. 
Accessories Supplied: Shielded cable and plug assem­
bly for connecting analyzer to sound-level meter. 
Dimensions: (Width) 11% x (height) 12!'16 x (depth ) 9 
inches, over-all. 
Net Weight: 27 pounds includ ing battery. 

Code TVord P rice 

1550-A Octave-Band Noise Analyzer .... . . . ABEA~I 

.-\ BEA~fADBAT 

MATOH 

XUTTY 

$535.00 
6.25 
4.00 

128.00 
1550-P1 
1261-A 

Replacement Battery for above . . ... . 
Microphone Adaptor Plug . .. . ... ... . 
Power Supply . .. ... . . ...... . . .... . 

TYPE 760-8 SOUND ANALYZER 

USES: This instrument has been designed 
particularly for analyzing the noises produced 
by electrical and mechanical equipment , such 

as airplane and automobile engines, indus­
trial machinery, and household appliances. It 
operates from t he output of the Sound-Level 
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Meter and measures the amplitude of each 
individual frequency component, or pitch, in 
the noise. This information is valuable in 
tracing and locating the sources of noise. 

In the electrical laboratory, the Sound 
Analyzer can be used as a harmonic analyzer 
and as a selective bridge balance indicator. 

DESCRIPTION: The circuit is that of a three­
stage degenerative selective amplifier having 
a bandwidth that is a constant percentage of 
the operating frequency, followed by a volt­
meter. The frequency to which the amplifier 

is tuned is indicated by a single dial and push­
button multiplier. The amplitude of the 
selected component is indicated directly on 
the meter scale. 

FEA lURES: ~ External magnetic fields do not 
affect readings. 
~Constant-percentage bandwidth is an ad­
vantage for measurements on machines whose 
speeds fluctuate. 
~ Dial can be rotated continuously in either . 
direction, so that the analyzer can be adapted i 
for automatic recording. 

SPECIFICATIONS 
Frequency Range: From 25 to 7500 cycles per second, 
direct reading. This total range is covered in five complete 
turns of the tuning knob, the ranges on the various dial 
rotations being 25 to 7.5, 75 to 250, 250 to 750; 750 to 
2500, and 2500 to 7500 cycles. A push-button switch 
allows immediate change of the main control to any one 
of these ranges. • 
Frequency Calibration Accuracy: ±1.5% of the fre­
quency to which the dial is set or ± 1.5 cycles per second, 
whichever is the larger. 
Input Voltage Range: 1 millivolt to 10 volts for usable 
indications. The meter scale is calibrated for reading 
directly component tones down to 1% of the sound pres­
sure (or voltage) of the fundamental or loudest compo­
nent. Hence the input voltage at the loudest component 
or fundamental should be 0.1 volt or higher. 
In put Impedance: Between 20,000 and 30,000 ohms, 
depending upon the setting of the sensit ivity control. A 
blocking capacitor is in series with 'the input. 
Frequency Response: Flat within ±2 db over the 
entire range. At points where two ranges overlap, the 
sensitivity is the same on either range, within ±1 db. 
Band Width: Relative attenuation is 3 db at 1% off the 
peak to which the analyzer is tuned. 
Direct Use with Microphone: The TYPE 1551-P1 
Condenser Microphone System or the TYPE 759-P25 

Typical norinalized response curve for the TYPE 760-B. 

Type 

Dynamic Microphone Assembly can be used if the 
component levels exceed 7'0 db (re 0.0002 !'bar). A TYPE 
1550-P1 Microphone Adaptor Plug is requir!ld with the 
dynamic microphone. 
Temperature and Humidity Effects: Under very 
severe conditions of temperature and humidity slight 
shifts in calibration, sensitivity, and bandwidth may 
occur. 
Meter: The indicating meter is calibrated in two ranges. 
For convenience in use the meter scale is calibrated with 
the 0 located 2 db below full scale on the meter, so that 
actual meter scales are +2 to -30 db and -12 to -40 
db. Auxiliary percentage ranges of 0 to 120% and 0 to 
24% are provided. 
Output: A jack is provided on the panel for plugging in 
a pair of head telephones, in order to listen to the actual 
component of the sound to which the instrument is tuned. 
This is also useful when the analyzer is used as a bridge­
balance indicator. 
Tul;les: Three 1L4-type and one 1U4-type are used, to­
gether with a neon pilot light (NE-48). All are supplied. 
Batteries: The batteries required are four Burges• 
No. 2FBP 1.5-volt batteries, or the equivalent, and three 
Burgess No. Z30NX 45-volt batteries, or the equivalent. 
A battery compartment is provided in the case of the 
analyzer. Batteries are supplied with instrument. 
Accessories Sup pi ied: A shielded cable-and-plug assem­
bly for connecting the analyzer to the sound-level meter. 
Case: Shielded carrying case of airplane-luggage con­
Htruction. 
Dimensions: (Length) 18 x (width) 10 x (height) ll}1 
inches, over-all. 
Net Weight: 36}1 pounds, with batteries. 

Code Word Price 

760-B I Sound An~ly:z:er . ...... · · · · · · · · · · · ·I 
Set of Replacement ~atteries for above . ... .... ...... . 

1 

ATTAR 
ATTARADBAT 
MATOR 

$520.00 
13.10 
4.00 1550-P1 I M1crophone Adaptor Plug ......... . 

U. e. l'atent No. 2,173,4~6. 

HANDBOOK OF NOISE MEASUREMENT 

The Handbook of Noise Measurement is a 
manual recently published by General Radio 
Company covering thoroughly the measure­
ment of noise and other airborne sounds. 
Authors are Dr. A. P. G. Peterson of the Gen­
eral Radio Engineering Staff and Dr. Leo L. 
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Beranek, Director of the Acoustic Laboratory 
at Massachusetts Institute of Teclmology. 

Copies of this handbook are available from 
the General Radio Company at a price of 
$1.00 each, postpaid, in the United States, 
and Canada. 
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