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VIBRATION 

e TH E VI B R  AT I 0 N MET ER meas
ures the displacement, velocity, or accelera
tion of a vibration in -terms of t.he r-m-s 
value of the wa eform. nl s the wave

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

The general discussion of analysis and the classifica-tion of noises 
contained in Part VI (April Experimenter) applies equally well to 
vibration and need not be repeated here. Vibration, like noise, m.ay be 
classified into two types - Class 1, or pit hed, which con i ts mainly 
of harmonics or subharmonics of a fundamental frequency, all of which 

:r!For sinus idal ihrat.ions, a measure of the frequency may be obtained by taking readings o[ <lieplace-
v 

mcnt and velocity. As shown in Equations (5) and (6), the frequency will he: f = 2,..x· Displacement (x) 
and velocity (v) readings are better for this sort of frequcnr measurement than acceleration readings, 
since they are less aCfccte<l by any harmonics that rnay be pn!scn tin Lhc ' a cform. 

FIGURE 25. The TYPE 762-A Vibration. Analyzer was designed particularly for 
use with the TYPE 761-A Vibration. Meter. 
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GENERAL RADIO EXPERIMENTER 2 

will vary in frequen y by the same per
centage that the machine p ed varie ; 
and Class 2, or unpitched, which are 
ca used by sho k exci ta ti on and occur 
over bands of frequencies. 

Analyzer Characteristics 

The degenerative analyzer circuit as 
u ed in the TYPE 760-A Sound Analyzer 
(see Part VI) is even bett er suited to 
vibration problems, since its circuit is 
naturally a apted for use at very low 
frequencies. This type of analyzer does 
not require any inductances or trans
formers in its construction. Hence it is 
free from the usual difficulties encoun
tere when iron cores are used at low 
frequencies with attendant distortion 
and pi kup. or use in the frequency 
range above 25 c cles, the standard 
TYPE 760-A Sound Analyzer is sati -
factory. For vibration problems in
volving lower frequen ie , a special 
instrument has been developed. 

The Type 762-A Vibration 

Analyzer 

The TYPE 762-A ibration Analyzer33 
covers the frequency range from 2.5 to 

750 cycles per second (150 to 45,000 
rpm), but otherwise is similar to the 
sound analyzer. The meter scale on th 
vibration analyzer is calibra-ted in linear 
units for reading displacement, velocity, 
and acceleration directly in terms of 
micro-inches, mi ro-inches per cond, 
and inches per second per e ond, r -

pectively, rather than decibels, thus 
matching that on the TYPE 761-A ibra
tion M ter. The selectivity characteris
tics are shown in Figure 26. t will be 
noted that the selecti ity curve main
tains the important constant shape in 
terms of percentage of the r onant 
frequency over the entire range, while 
operation of a conventional heterodyne 
analyzer in the low-frequency range 
becomes completely impractical. The 
degenerative circuit, so far a i known 
at the present time, provides the mo t 
satisfactory means for obtaining high 
selectivity at subaudible frequencies. 

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

3S'l'hi8 analyzer was described in .. n nalyzcr for Sub
Audihle Frequencies" by H. H. c tt, Journal of th A ous
tical Societ of America, Vol. III, o. 4, page 360-362, 
April, 1942. 

PART X III 

HOW TO USE THE VIBRATION ANALYZER 

Relative Readings 

All batteries for operating the ibra
tion analyzer are contained within the 
case. Push buttons and a neon lamp on 
the panel indicate when the batteries 
should he replaced. The instructions 
mounted in the co er of the "nstrument 
should he followed. 

Tuning is accompli hed by the large 
knob and the push button range swi-t h. 
The calibration is direct reading in 
cycles per second and may he converted 
to rpm by multiplying by 60. 

cord is provided to connect the 
input of the analyzer to -the output of 
the vibration meter. For relative r ad
ings, the O-to-120 scale is most on
venient:o and the sensitivity control on, 
the vibration analyzer should be set o 
that for the strongest component of -the 
vibration the reading is 100. This should 
he done with the vibration meter so 
adjusted that a normal indi a-ti n i 
obtained on the indi ating meter of -that 
instrument. 

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

During this process the SENSI
TIVITY control on the analyzer should 
be turned down whenever a component 
is found which deflects the meter above 
100, so that -the meter reads 00 ex,actly. 
This sets the sen itivity such that the 
analyzer will read 100% on the strong
est component in the vibration .. Do not 
change the setting of this cont:rol before the 
analysis is completed. 

The analyzer should then be tuned for 
maximum amplitude on each component 
(without resetting the sen itivity con
trol) and the results recorded direcdy in 
terms of frequency and percentage of 
the amplitude of the strongest compo
nent. The procedure is e actly the same 
as for the sound analyzer. Because of 
the na ural slow respon e of highly selec
tive low-frequency circuits, a METER 
RETUR button is provided. When the 
operator has tuned the analyzer away 

FIGURE 26. Selec tivit 
characteristics of the 
TYPE 762-A Vibration 
Analyzer as compared 
with a typical (T PE 
736-A) heterodyne typ 
of wave analyzer. Of ut
most importance is the 
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JULY, 1943 

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

The vacuU1Il-tube voltmeter circuit 
included in the vibration analyzer pro
vides a semilogarithmic scale on the 
indicating meter, so that the entire 
usable range of the instrument may he 
obtained without additional multipliers, 
etc. The controls of the vibration meter 
and the SE SITI ITY control of the 
vibration. analyzer should not he re· 
adjus-ted during the analysis. 

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

Absolute Readings 

For most purposes, relative readings 
are sufficient, but absolute readings may 
al o be made with the vibration analyzer 
if desired. For absolute readings, the 
calibration procedure is as follows: 
Connect the vibration meter to the 60-
cycle line as when adjusting its cali
bration. Connect the analyzer to the 
vibration meter in the normal manner. 
Depress the button marked CALI-

34Becanae of the a- -c eharacteristics of Lhe vacuum-tub 
vohmeter cir uit, i.he outpu·t applied to the phon s is not a 
pure sinusoid. Hence some output ma be beard at very low 
frequencies which wouJcl normally be inaudible. 

I l I 1111 l l l 
-TYPE: 762-A \f18RATION ANALYZER 

I (0�'U•l'lua1n•e) 
--TYPE 736·A WAVE ANALYZER 
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BR TE 1 on th vibration me Ler arn.l 
tune the analyzer to maximu1n re pon · 

at ·the power-line frequency. Adjust th 
analyzer en it1vTt on trol so that ·th 
meter on the analy zer ·ead ·th ame a 
the one on the vibration meter.35 It i 
de irable o mark this calibration pojn t 
on ·th s n itivity dial of the anal z r 
with a pencil so ·that iL an be returned 
to if the control is accident all shift d . 

The control hould be left at this point 
and not r adj u ted during an anaJy js. 

Alter h anal zer en 1t1 1 I el, 
the vibration meter should be di on.
nected from the power lrne and adj us ted 
for normal re ading on the ihration Lo 
be analyzed. The anal zer ma ·then be 
tuned to the variou component of the 
vibration, the meter of the anal zer 
being read in e actl the ame wa as 
the m ter of the vibra tion m ·t r, u ing 
the reading of th e METER CALE 
knob and he multiplier factors of the 
pu h button o ·the ibra t ion rn Ler . 

The METER ALE knob on the i
bration anal z r al o should not b � 

re adj u ted, but should b left at Lh · 

euing which gives a de:fleclion on. d1c 
upper part of the meter s ·al on that 
instrument. 

The red scale on ·the analyzer hou]d 
be u ed when th METER SC LE 
kn b of the ibra tion in t r i et al a 
red point and ·the black scale · h n Lh" 
knob i set at an uncolored point. The 

":io,, rccenl-production vibration analyzers tLe reJ and 
blllck scales track the same as on tlie ibration meter. On 
earlier models the scales are slight! displaceJ. '\1 iLh th i; 
aualyzers t.wo 1>ositions of the sensitivil control shoul.J hC> 
deL nnin d. one for the r cl ale and u for the hJa · k . if 
m.aximu1n possible ac ·uracy is desirable. Otherwise at.t 
average •I.ting i saLi factory. 

FcG RE 27. T pi al anal e of machinery 
bralion, howing (top) di p la ment (c fft r) 

elocity, and (bottom) a el ra·Li n m asur -

men.ts as made on. a sing J e mac · und r ·Lh 
same conditions. The e illu trate the com

plex it of the vibrations hich can be anal zed 
' ith the vibration. aua] zer, also th diff L. nc · 

in ·the importance of the various cornpon.enl · in 
measurem nts of dispJac m_enl, elocit , and 
acceleration. 
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analy ·i5 will then be in Lenn of tl c 
an1e ab oluLe values as Lhe vibration 

1neter reading3 6  and the sam multip]y
ing factor will apply . 

D i s p I a c e m en t , V e I o c i t y, a n d 
Acceleration 

The analysi will be made in term of 
d isplacement, velo ity., or a celeration, 
depending upon the etting of the vibra
lton meter. Choice among the e differ nt 
·hara l ri tics should be ha ed upon th 
am consideration as when measuring 
ibrati n, as d ribed in art I. 

Figure 2 7 shows typi al ma hinery 
vibration anal e as mad with the 

YPE 761-A ibration Met r and th 
TYPE 762- Vibration Ana]yz r for (a) 
di placement, (h) velo ity , and (c) 
ac eleration. The chang in the r Jati e 
ampli tud of the ariou omponents 
for th diffi r nt typ s of mea urement 
will be noted. 

36llcforrin g Lo i'.olc 25a CJ unc issue). which gives general 
equations for Clal!ll 1 (pit b d) ibratiomi, the readingi; of 
Ll1e aualyzcr 011 JiHplaccmenl will corr spond lo 

l 1 l 1 1 
-=.Ai,---::: "•--=A3, cl·., on clocit Lo --W1A1,--=2w1A2, 
,2 2 2 2 2 

I ] l 
--=3w1Aa, etc., anil on acceleration lo --=.w21Ai. -::. 4w2tA2, 
,/2 2 2 

l . 1· J .,_ --:: 9w�1 a, ·Le. The c<>rre pond in g t<Hal I cl m< 1c<1 le n y 
2 

Lite ibc-a Lion m t r ac-e giv n in ole 25L. 111 geucr<1'I, the 
cq11ation11 for laR 2 (un1>it ·hed) vibration will b the 
,;ame, e ept.ing that the co111pone11ts arc not 11cce suril 
harmoui ally r lated. 

JULY , 1943 

Th_. use of th" '1' PE 762-A Viura Ljon 
Analy z r i not limited Lo Lhe an aly is of 
the output of Lhe TYPE 761-A Vibrat ion 
Met r. It an be used with an vibra tion 

meter for mea uring eit h r Jin ar or t r
sional ibration . 

* * * 

This is the end of The Nois, Primer. 
Whether it ha been too long or too short 
too le ·hnical or too popular are rnatters w � 

are not in a position to judge. 1 t i hoped 
at sonie future date to reprint the series 
with whatever rnodification rnay prove de
sirabl ", in the J orm, �/a booklet to succe •d 
Bulletins 20 and 30 ( �The Ti chnique of 
JVoi e l\!leasurement" and ��The Technique 
of oise A nalysi , ' re ;pectively). 

If you have any ugg stions concerning 
such a booklet, plea e write to u . Also. we 
shall be glad to answer any other que tio11 · 

in regard to the m asurenient or analy is 
of noise and vibration, so far a · we are 
able. Wi do not run a consul.tin'' · "rvi e 
neither is it our intention to write a text
book. We are, however, anxious to provide 
the best information po ible to users of 
our equip1nent in order that they may se
cure a maxim,um benefit from it use. Your 
sugge tions, therefore, are ve1y important . 

- II. ll. COTT 

400-CYCLE OPERATION OF 
INSTRUMENTS 

60-CYCLE 

e T H E F L I G H T T E S T I N G of air

plane oft "'n in ol ve a arie t y of ele -

trical m a uremen t , in an of w hi h are 

not ea i]y handled by an automati radio 

re · rding tem. M any Landard labo

ratory measuring instrument designed 

for 60- ycle power upply, an b u ed 

dire Lly on the 400-cycle supply a ail -

able in plan· . In parLi ·ular, in ·trum nl · 

who e oltage r gulating y Lem ar · 
not frequenc en iLi · e, and in whi ·] 

]igb t incr a 'e in bach.ground hum arc 
n er10u , ma give quile sati fa ·Lory 
performa e. 

numb r of G eneral Radio in tru-
1n "nl have r entl been t t�d on the 
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GENERAL RADIO EXPERIMENTER 6 

500-cycle power supply available in our 
laboratories. The re ults of these tests 
are listed below. 

Ty pe 631·8 Strobotac 

he operation of this instrmnent was 
normal in all re pects. However, since 
the reed provided for checking the cali
bration. is tuned to 60 cycles, it could 
not be used at the higher frequency. Thi 
should not be a serious drawback, be
cause the periods of operation at 400 
cycles would presumably he short, and 
the instrument could be standardized 
at.,60...._cy les before and after the test 
flight. 

Ty pe 804-B UHF Signal Generator 

The performance obtained was quite 
satisfactory, although appreciable power 

upply hmn appeared at the r-f output 
terminals. With the generator unmodu
lated, howe er, this hould be of no con
sequence. 

Ty pe 620-A Heterodyne Fre-
quency Meter and Calibr ator 

E cept for a noti able hum in the 
audio-frequency output, operation wa 
quite atisfactory. The only effect of the 
increa ed hum is to reduce the effe ti e 
en itivity so that · ery weak beat tone 

are not as easily detected. 

Ty pe 700-A Beat-Frequency 
Oscillator 

The operation of thi in trument was 
normal, wit a barely audible hum in 
the head telephones connected to the 
output termhial . 

Ty pe 736-A Wave Analyzer 
and Ty pe 834- B 
Electronic Frequency Meter 

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

INSTRUMENTS DISCONTI UED 

SINCE THE PUBLICATIO N OF 

1939 EDITIO N 

CATALOG K-

e S I N C E 1T H E P U B L I C A T I 0 N 0 F 

CAT AL 0 G K, 1939 edition, th items 

in the following Li t have hee discon

tinued in order that we might use our 

facilities more efficiently for the produc

tion of items urgentl needed for the war 

effort. Some of these are mall item .for 

which no appreciable war demand exi t . 

Others have been made obsolete by ad

van s in the art. lso included are 

in trum.ents for which atisfaclory uh
stitutes can he obtained from other 
manufacturers. 

25-
70 

Type 

80 
90-B 
138-A 
138-D 

Description 
Frequency 

ana s 
ariacs 

Variac 
Binding Pot 
Switch Contact 
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Type 

154 
202-A,-B 
202-Y,-Z 
219-L,-N 
246 
247 
274-K,-L 
274-ML 
29g-A 
329-J 
333-A 
334 
335 

358 
410-A 
419-A 

433-A 
434-B 
449-A 
476-A 
480-A, B 
493 

505-T, U. R, X 
509-F , G, K, L 
516-C 

516-P2, P3, P4, 
PS, P6, P7, PIO 

525 
526 

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

578-AR, BR, R, 
AT, BT, CT 

586 
588-AM 
602-

611-

613-B 

613-Pl 
620-AM 

Description 
oltage Dividers 

Switch 
Switch Knob 
Decade Condensers 
Variable Air Condensers 
Variable Air ondens rs 
Binding Post Assembly 
Double Plug 
Uni - ersal Bridge 
Attenuation Bo 
Rheostat Potentiometer 
V ariahle Air Condensers 
V ariahle Air Condensers 
Wa emeter 
Rheostat Potentiom.eters 
Rectifier-Type W avemeter 

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

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

Accessories 
Resistors 
Mounted Rheostat Poten-

tiometers 
Band-Pass Filter 
Rheostat Potenti meter 
V ariahle Air Condenser 
A-C Power Supply, 90 ohs 
W avemeter (repla ed by 

TYPE 566- ) 

Shielded Transform r 
Power-Level Indicators 
Direct-Current Meter 
D cade Resistance Box 

yncro lock 
Beat-Frequency Oscillator 

(replaced by TYPE 913-A) 
A-C Power Supply 
He t e ro d y n e  F r e q u e n c y  

Meter and Calibrator, 
C a b i n e t  M o d e  (t h e  
relay-rack model, TYPE 
620-AR, is still available) 

T pe 

625-A 

625-Pl 

641 

642-D 

64.6-

653 

66 -A 

666-

669-A, R 

670-BW, •W 

672-A 

673-A 

677 

678 

682-B 

684-A 

686-A 

707-A 

707-P 
7 3-BM, BR 

714-A 

716-P2 

721-A 

722-FU 

731-A 

732-B 

733-A 

739-A, B 

74.1 

755-
759-P2 l 
769-A 
774-R , R2 
813-B 

815-C 

JULY, 1943 

Description 
Bridge 

Condenser 

Audio Transformers 

Volume Control 

Logarithmic Resistor 

Volume Controls 

Thermocouple 

Variable Transformer 

Compensated Slide Wire 
Resistor 

Co1npensated Decade Re-
sistor 

Power Supply 

Power Supply 

Coil Forms 

Coil Bases 

Frequency Deviation Meter 

Modulated 0 cillator 

Power Level Indicator 

athode-Ray ull Detector 

Acee ories 

Beat-Frequency Oscillator 
(replaced by TYPE 913-A) 

Amplifier 

Guard Circuit 

Coil Comparator 

Precision Condenser 

Modulation Monitor 

Di tortion and Noise Meter 

Oscillator 

Logarithmic Condenser 

Audio Tran former 

Con.denser 
Extens·on able and Tripod 
Square-Wave Generator 
Patch Cords 
Oscillator, 400 cycles (the 

1000-cycle model is still 
available) 

100-cycle Preci ion Fork 
(still a ailable on special 
order) 

Not included in the ahov are rede -
signed instruments for which only the 
type letter was changed, keeping the 
same type number as, for in tance, the 
replacement of TYPE 716-A Capacitance 
Bridge by TYPE 716-B. 
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G EN ERAL RADIO EXPERIMENTER 8 

REACTANCE CHART 

B:Y2x11 
e A NUM B ER OF "EXPERI-

M E NT E R '' reader hav recenLly r -
que ted opies o( the General Radio re
actancc charl suilabl for laborator 
notebook use .. We are glad to anno unce 
Lhat lhe are n w a aiJable wiLh 
. tandard 3-hole punching for binding in 
an 872, 11-i nch r ing binder. A copy will 
he sent on r qu t. The larg r jze -for 
wall m nn tin� i. al Ro sti 11 availabl . 

NOW AVAILABLE IN 

SIZE 

REACTANCE Cl-IART 

- -- ·� - - -- ... -- - -- - -- ·-- .... ·- ..... - ·- ...... 

e THOUSANDS OF GENERAL 

RA D IO SIGNAL G ENERA TORS 
ar working o ertjme in plants m.anu
facturing m ili tar radio equipmenl. In 
some plants, we are inform d, generator 
ha e b en operating for months without 
being turned off. 

Thi photograph, publi hed t hro ugh 
the courte y of FM Maga zin , howL 
Signal Corp inspector E. P. M ayer 
testing re ei ers wi th a TYPE 605-B 
Standard- igna l Generator in a final in
spection cage at the Hamm.arln nd Man
uf aclnr i ng ompan . .  

• t 

GENERAL RADIO COMPANY 
30 STAT E STREET CAMBRIDGE 39, MASSACHUSETTS 

BRANCH ENGINEERING OFF I CES 

90 W EST STREET, NEW YORK CI TY 6 
1000 NORTH SEWARD STREET, LO S ANGELES 38, CAL IFORNIA 

.. ,::·· 
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