
THE MEASUREMENT AND ANALYSIS O F  LINEAR 

AND TORSIONAL VIBRATIONS WITH 

ELECTRONIC INSTRUMENTS 

Ai86. 
�-..___ e THE CURRENT DIFFICULTY m 

-;;l>taining instruments and equipment, irre
spective - of _priority rating, has focused 
a tten. tion. on the problem of extending the 
usefulness and applica'tiOJ;! of ins truments 
already on hand. One of the ·:m.� fruitful 
possibilities in this direction. is tha� util
izing sound-measuring an d analyzing. equip-
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mBnt for the study of vi
bration.al phenomena. 

The study of the the
oretical as well as the 
practical aspects of vi
brations in mechanical 
systems has been greatly 
stimulated by the cur
rent emphasis on. the 
mechanical side of war
fare. The development 
of fast fighting planes, 
l o ng-ra nge bombers, 
h ig h-s pe e d  t or pe d o 
boats, and armored ve
hicles depends, in no 
small measure, on the 
ability to measure and 
to control vibrations in 
the machinery and s true-

FIGURE 1. Measuring vibra
t:ion in a punch-press motor 
with the vibration pickup 

and sound-level meter. 
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GENERAL RADIO 2 

ture. The present article will how that, 
if uitable pickup mechanisms are avail
able, -the TYPE 759-B Sound-Level Meter 
and the TYPE 760-A Sound Analyzer (or 
the P • 736- Wave Analyzer) can 
be u ed for satisfactory .... measurement 
and analysis of linear and torsional vi
brations. One or more of these instru
ments will be found in most industrial 
resear h laboratories. 

LINE AR V IBRATIONS 

The TYPE 759-B Sound-Level Meter 
can he readily adapted for vibration 
measurements simply by replacing the 
micropho e with a suitable vibration 
pickup. s· ce this instrument has a high 
input impedan e, for use with a cry ta] 
microphone, a crystal pi kup can be 
substituted directly. 

The reading of th ound-level meter 
will b a measure of the ac eleration1 of 
the ibrating m mber to ' hich the 
pickup is applied, becau e the crystal 
pi kup, as ommonl manufactur d, is 
in rtia-op rated. More frequently, ho" -
e er, an indication of the amplitude of 
the vibration, ind p ndent of :frequen. y, 
is de ired, and occa iona Uy a m asure of 
vibration velocity. Fortunately it is a 

imple matter to con rt the output 
oltag of ·the pi kup to a vol age that is 

proportional to velocity or displacement. 
The voltage a ro the condens r in a 

lThis is equivalent to aying that, for a constant ampli
tude, the responee is proportional to the qnare of the 
frequency. 

series resistance-capacitance circuit is 
proportional to the integral of the im
pressed voltage at all frequ n ies for 
which he reactance of the condenser is 
small compared to the series resistance. 

cceleration integrated once gives ve
locity, and the velocity integrated once 
gi es displacement, so that a slln.pl 
combination of resistors and condensers, 
together with a selector switch, can be 
used to provide any one of the three 
types of response. 

The TYPE 759-P35 Vibration Pickup 
and the YPE 759-P36 Control Box, de
signed particularly for use with the 
TYPE 759-B Sound-Level Meter, have 
been a ailable for some time.2 The de
sign of the control box is such that flat 
response is maintained to a frequency 
very close to the resonant :frequency- of 
the cry tal pickup. Calibration figures 
are upplied, so that the decibel readings 
of the Sound-Level Meter can be con
v rted to ab olute alu s of vibrati n 
displacement, velocity, or a eleration. 
Figure 2 shows the o r-all frequenc re
sponse of a pickup, control box, sound
le el meter combination. h low-fr -
quency response is limit d b the re pon 
of the amplifier in the ound-le Im t r, 
whi h, in its n rmal application i not 
required to amplify frequen i belo' 
20 or 30 cycles p r second. 3 

2Literature describing t.hese units will he sent on request. 

3The Typ..: 761- ibration Meter, an inatru1nent that is 
functionally identi al to the eoJnbination des db d above, 
was annonnced in the June, 1941, RT;perirnenler. Being 
speeificaUy designed for vibratio n w rk, howev r, this in
strument is direct reading in vibration displacement, e
locity, and acceleration, aod can be used at frequencies as 
low as 2 e cles. 

FIG RE 2. veL·-all frequ nc respon e of the vibration pickup, control ho , and ound
level meter. 
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F1G RE 3. View of the TYPE 759-P36 Con.t.rol 
Box. ominal calibration. data are given on t.he 

nameplate. 

ANALYSIS 

In many applications a o ledge of 
the frequency distribution. and the rel
ative amplitudes of the various com
ponents of the vibration.al disturbance 
is important. If the TYPE 760- Sound 
Analyzer is used at the output of the 
sound-level meter, the entire vibration. 
spectrum can be scanned in a few 
minut s, and the .frequency and mag
nitude of the significant components 
noted. In Figure 4 is shown an an.al ysis, 

3 EXPERIMENTER 

made with the quipment describ d 
above, of the vibrations occurring in a 
large surface grinder. 

The TYPE 736-A Wave Analyzer may 
also be used o e alua"t the· frequency 
components of the output voltage of the 
sound-level meter. The selectivity of 
this analyzer,4 however, i so high that 
unless the vibration is very stable, it 
may be difficult to obtain satisfactory 
readings at the higher frequencies. Fur
thermore, at the lo er fr qu ncies, the 
band width of 4 cycles may be too 
broad to obtain a satisfactory separa
tion. of non-harmonic components that 
may fall very clo e together in frequency. 
In addition., the instrument is so e
what bulky as compared to the TYPE 

4The band width is approximatel 4 cycles, and is inde
pendent of frequency. In contrast to this, the TYPE 760 
has

. 
a constant fractional baud width, giving the saJne ef

fecnve separation and tuning stability at all frequencies. 

F�G �E 4. Fr�quency analysis of the vibrations occurring at. t.he exhau t. horn of a vertical 
grmding �achin.e. The large cc;n:i:1ponent at 60 cycles corr spond to the econd harmonic of 
the rotat10nal speed of the dnvmg motor. The 1100-cycle component i caus d by a reso-

nance in th motor housing. 
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760 and requ ires preliminary adjust
ments that are relatively critical com
pared -to the simplicity of operation of 
the TYPE 760. 

TORSIONAL VIBRATION 

Of utmost importance in the design 
and testing of cam shafts, drive shafts� 
propellers, and other rotating mechan
isms that transmit or deliver power is a 
knowledge of the :frequency and ampli
tude of the torsion.al vibrations that 
exist. Only when a means for measuring 
such vibrations is available can an intel
ligent program. be directed toward their 
reduction. or elimination. 

Perhaps the most widely accepted 
method of analyzing tor ional vibra
tions is to make an oscillogram. of the 
vibration, using a torsional pickup, in
tegrating amplifier, and recording oscil
lograph.5 A mechanical harmonic an
alyzer is then u ed to obtain the :mag
nitudes of -the different component of 
the complex wave. lthough this method 
i admittedly the most horough (it 
yields the phase relations as well a the 
amplitudes), it use has been somewhat 
limited by the relatively high cost of the 

5 The sound analyzer has been found exlremely useful 
wilh Lhis •�quipment, sin e it ia often desirable to know, 
while the tests are being run, what the frequencies and rela
tive amplitude a .. e. 
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FIGURE 5. A simple integrating network that 
can be used to convert the output of the No. 
89246 torsional pickup to a oltage proportional 

to angular displacement. 

equipment involved and by the fact that 
onsiderable time i consumed in de

veloping and analyzing the records. For 
production or maintenance tes-ting, in 
particular, the latter objection can be
come sufficiently seriou to rule out 
the method. 

Owing to the speed and convenience 
with which measurements can be made, 
the combination of ound-level meter 
and analyzer offers an attract ive pos
sibility for use in conjunction with a tor
sional pickup. Tests :made with a 
Sperry6 pickup (No. 89246) indicate 
that entirely satisfactory performanc e 
can be obtained from a lower limit of 25 
cycles to an upper limit determined 
solely by the pickup. This type of 
pickup, when mounted against a haft, 
is insensitive to the steady-state angular 

OVihration pickups, ampli6en-, and recorders formerly 
manufactured by the Sperry Gy .. oscope Company are now 
made and sold b Consolidated Enginee<"ing Corp., 1255 
East Green t.reet. Pasadena, California. 

FrG RE 6. Over-all re pons of the torsional pickup, the integrating network of Figure 5, and 
the TYPE 759-B Sound-Level Meter. Data were not taken abov e  90 cycles because of the 
limitation of the mechanica l calibrator used, but an es entially fiat response should be main-

tain d to about 1000 cycl s, the upper frequency limit of the pickup. 
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motion, but produces a oltage propor
tional to the angular elocity of any 
tor ional vibration that is uperimposed. 
To on ert this oltage to a oltage pro
portional to amplitude of angular dis
pla emen-, it is only necessary to in
tegrate once, using a erie re istance
capacitance circu"·t. satisfactory in
tegrating network can he made with a 
0. 1 -megohm resistor and a 0.5 µ.f con
den er, as shown in igure 5. The 
response of the sound-level meter with 
the network of Figure 5 interposed be
tween pickup and amplifier is shown in 
Figure 6. A constant calibration ampli
tude of 2.02 degrees was maintained as 
the frequency of vibration was varied 
Crom 25 cycles to 90 cycles. 7 The min
imum measurable amplitude is limi Led 
by the sen itivity of -the pickup to about 
0.1° at a frequency of 60 cycles, whil 

7Tbjs teal ' as J:nade in the laboraLories of the Ranger 
ngineering orporation, Farmingdale, Long Island, 
ew ork. 

5 EXPERIMENTER 

the maX.llllum amplitude that can he 
measured i e tially li "ted by the 
maximum angular di placement that the 
pickup can safely accommodate. he 
response of ·the pickup i linear up to 
10° doubL amplitude. 

Here again, the use of the TYPE 736-A 
Wave Analyzer (directly across ·the out
put of the integrating network) i fea
sible but, a previously e plained, is not 
generally as satisfactory as the scheme 
outlined above. 

hile of course it can.not be preten.de 
that the various arrangements discussed 
above can completely replace equip
ment specifically designed for vibration 
measurement and anal sis, experience 
ha hown that entirely atisfac ory re-

ults can be had in the study of vibra
tions at frequencies above 20 or 25 
cycles. -Iv G. EA TO 

FIGURE 7. The TYPE 760-A Sound Analyzer se1: up for analyzing tor ional vibration. The 
pickup i shown on -ihe end of th crankshaft at the e -treme left. The sound-level meter 

is no-t shown in this photograph. 
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A 100- WATT OUTPUT PO WER METER 

e THE OUTPUT POWE R ME TE R 

for power-output and internal-im
pedance measurements on radio re
ceivers, amplifiers, and oscillators was 
first introduced by General Radio nearly 
ten years ago.* Over a thousand of these 
instruments have been. sold and, with the 
de elopment of the art, their general 
utility around the comm.un.ications lab
oratory is constantly increasing. 

*"A Power Meter with a Wide Frequency Range," Experimenter, May, 1932. "A Direct-Reading Meter for Power and I mpedance Measurements," Experimenter. ovember, 1932. 

F.rGURE 1. Panel view of the TYPE 783-A Out. 
put Power Meter. 

It has been evident recently that there 
exists a field for an instrument of the 
same type but capable of dissipating 
greater amounts of power, and the new 
TYPE 783-A Output Power Meter has 
been designed to meet this need. 

early as sensitive at low power levels 
as the older TYPE 583, this new instru
ment has a much wider power range ex
tending to a maximum of 100 watts. The 
power scale on the indicating meter 
extends from 0 to 10, and is used in. con
junction with a set of five push-hutton
operated decade multipliers. An auxil
iary decibel scale is provided on the 
meter, e ten.ding from -10 db to +10 
db, referred to a level of 1 milliwatt. 

The impedance range is 2.5 ohms to 
20,000 ohms, covered bv mean of two 
switches, one direct reading in. ohms, 
the other a multiplier. 

The accuracies of both power and 
impedance indications are maintained 
over a con iderably wjder frequency 
range than in the TYPE 583. 

A functional schematic diagram of the 
TYPE 783- Output Power Meter is 
given in Figure 2. s can he seen from 
this diagram, the instrument i equiv
alent to an adjustable load impedance, 
across which is connected a voltmeter 
calibrated directly in. watt di sipated in 
the load. It consists e sentially of a volt
age divider and an autotransformer for 
adjusting the impedance level, and a set 
of resistive pads for adjusting atten
uation. 

The operation. of the output power 
meter is extremely imple. For m asur
ing the power tha a circuit is capable 
of delivering in.to a given impedance, the 
impedance switch and multiplier are et 
to t:he desired value, and the power i 
then indicated by the meter and its 
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multiplier. The internal impedance of 
the source under test can also be de
termined ince it is equal to the im
pedance into which maximUin power is 
delivered. 

The output power meter is extremely 
u eful in experimental work where a 
number of power and impedance meas
urements must be made as the charac
teristics of the circuit under measure
ment are varied. It is a valuable aid in 
the design and testing of amplifiers, os
cillators, filters, transformers, and other 
networks, in making standard tests on 
radio receivers, and in measuring the 
po' er output of vacuUJll tubes. Its im
pedance range is wide enough to simu-

7 EXPE RIME N TER 

late all types of loud p aker , and its 
sensitivity is sufficient to measure di
rectly the output and internal im
pedance of a magnetic phonograph 
pickup. 

An.other u is in the measurement of 
the loss in a transformer working out of 
a given source impedance. The maximum. 
output of the source is determined, after 

hich the transformer is interposed be
tween. the source and the meter, and the 
maximUJll output of the transformer is 
found. The differen e between the two 
readings on the decibel scale giv s the 
transform.er loss directly. 

SPE C IF ICAT IONS 

Power Ra nge : 0.2 rnilliwau to 100 watts in 
fi e ranges (10 and 100 milliwatts, l, 10, and 
100 watt , full cale). n auxiliary decibel scale 
reads from -10 to +so db referred to a level 
of 1 milliwatt. 
I mp e da nce R a n g e : 2 .5 to 20,000 ohms. Forty 
discrete im.pedanc , distributed approximately 
logarithmically,. are obtained by means of a 
ten-s tep OHMS dial and a four-step M- L
TIP I E R . 
I mp e da nce Accuracy : The input impedance 
is within ±2 of the indicated a1ue, except 
at th higher audio frequencie , where t he 

rr r for the higher imp dan e setting may 
ex d thi value. At 15,000 cycle the input 
impedance error i about 5 % for impedances 
from 10,000 to 20,000 ohms. 

Power Ac cu racy : The indicat d power is ac
curate to ±0.25 db at full- cale reading. t the 
lowest impedance multiplier setting (2.5 to 20 
ohm ) "there may be an additional error of 0.2 
db due to switch contact re istance when the 
power multiplier is sel: at 10 (10 to 100 watt 
range ) . 

The over-all fr quen y characteri tic of the 
power indication i flat within ±0.5 db from 20 
cycles to 10,000 cycles; within ±0.75 db to 
15,000 cycles. 
W av e f o rm E r r o r : The indicating in trument 
used is a copper-oxide rectifier meter, calibrated 
in r-m-s alues for a inusoidal applied voltage. 
-when non-sinusoidal oltage are applied an 
error in indi ation may o cur, since the meter i 
not a true r-m-s indicating device. The error 

FIGURE 2. Schematic circuit diagram of the TYPE 783-A Output Power Meter. 
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will dep nd on th magnitude and pha e of the 
harmonics present, but, with wav form nor
mall encounter d in mea urement cir uits at 
communications frequencie , wiU not b serious. 
Temperature and Humidity Effects: Hu
midity conditions have a negligible effect on 
the accuracy of the in trument. 

Th in trum nt i calibrated at 77° Fah
renheit, and if the ambient temperature de
parts widely from thi value, additional errors 

Type 

of indication may be expected. At high t rn
perat:ures (95° Fahrenheit) t.hi additional e1Tor 
may approach the nominal alibration rror. 
particular! at: the higher frequencies. 

The heat di ipated by the in trum nt it If 
ha no effect: on the accuracy. 
Accessories Supplied: On TYPE 274-M 
Plug. 
M o u n ti n g : The instrument is mounted on a 
bakelite panel in a walnut cabin t. 
Dime n s i o n s : 8 x 18 x 7 i:nche , over-all. 
N e t W e i g h t : 1 7 pound 

Code Word Price 

783- j Output-Power eter , , . . . . . . j ABBEY 185.00 

This instrument is .manufactured and sold under United States Patents Nos. 1,901,343 and 1,901,344. 

RU BBER -CO VER ED CABL ES 

• F 0 R T H E P R E S E N T, at least, we 
have sufficient rubber-covered power-

upply ables and concentric- hielded 
cables on hand to supply with new 
equipment. We cannot yet estimate how 
long our supply will last, but as long a 
it doe we wiH continue -to furni h them. 
In the meantime we are searching for 
adequa e substitutes. 

Because of the no' ery limited 
supply, we are sorry that we will not he 

able to furnish rubber-covered cables 
either a spare with new equipment or 
for repla ement . I-though we believe 
that the cables we now supply as stand
ard accessories are the best available, 
there are adequate ubs itute for the 
power cable . Users are urged to on
ser e and repair broken concentric con
ductors, however, hecau e substitute 
for these, not employing rubber, ar 
much more difficult to find. 

T
HE General Radio EXPERIMENTER is mailed without charge each 

month to engineers, scientists, technicians, and others interested in 

communication-frequency measurement and control problems. When 
sending requests for subscriptions and address-change notices, please 

supply the following information: name, cornpany narne, company ad
dress, type of business company is engaged in, and title or position of 
individual. 

GENERAL RADIO COMPANY 

30 STATE STREET CA MBRIDGE A, MASSACHUSETTS 

BRANCH ENGINEERING OFFICES 

90 WEST STREET, NEW YORK CITY 

1000 NORTH SEWARD STREET, LOS ANGELES, CALIFORNIA 
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