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GENERAL RADIO OPENS 

OFFICE CHICAGO 

e T 0 AS S I ST U SE RS oI General 
Radio equipme:n-t in the Chicago and 
middl western area, the General Radio 
Company is opening a Chicago engineer­
jng office on Dec mb r 1, 1943. The new 
office i located at 920 outh Mi higan 

venue, Chicago 5, and the telephone 
number is Wabash 3820. 

In charge oI this office is Lucius E. Pa kard who for the pa t three 
ear has been in harge of th New York engineering office. Mr. 

Packard is a graduate of the Massachusetts Institute of Technology, 
receiving his Bachelor of Sc ience degree in 1935. Pr viou to hi as ign­
ment to the New York ffice, he wa a member of the fa tory engineer­
ing taff and was engaged in both development and commercial en­
gineering work. 

Cu tom r in and around Chi cago are urged ·to make u e of the 
facilitie of thi ne·w office and to get in touch with Mr. Packard on 
all matters regarding General Radio equip1nent design and procure­
m nt. His exp rien in the appli ation of ur in trument and hi 
dose contact ·with factory production cheduJes hould materially 
1ncreas the efficiency with which we an r e our m.idwestern 
customer . 

NEW YORK OFFICE 
. , 

Succ eding Mr. Packard at the New York offi e i Nl artin A. Gilman 
of the factor engineering staff, a gradua te of Ma achu etts Institute 
of Technolog in 1937 with the degree of Master of Science. Like Mr. 
Pa kard, h has be n en.gag d in botl dev lopm nt and commercial 
engineering '" ork at the factory an<l. :i aJr ad ·wel1 kno\vn in th 
· ew York area. As a reminder, the New York office address is Room 

1504·, 90 W t Str et , w York Ci L_ , and 1.h telephone number is 
Cortlandt 7-0850. 
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GENERAL RADIO EXPERIMENTER 2 

RESONANT VIBRATION IN 

L A R G E ENGINE FOUNDATIO N 

B G. M. DEXTER1 and M. K. NE''\'MA 2 

e VI BR AT I 0 N in a large concrete 
foundation LhaL was in near re onance 
with the gear mesh frequenc of a pinion 
on a Jarge Corliss engine wa analysed 
r cently with the aid of the ihration 
meter and ound an.aly er of the General 
Radjo Company. The problem arose on 
mill engine o. 2 on th grinrung tandem 
of the U. S. Sugar Corp., Clewiston, 
Florida. This grinding tandem consi t of 
a et of re olving knive , a 2-roll crusher, 
and se en 3-roll, 78-inch mills. Thl tan-

lEngineer for Bitting, Inc., ew York, N. Y., Super­
is ry Managers, . S. Sugar Corp. 

•Physic Dept., Columbia University, ew York, . Y. 
Copyright, 1943, General Radio Compan , Cambridge, 
Mass .• U. S. A. 

d mhold the' orld' record for it ize in 

the amount o.f sugar ane crushed in 24 
hours, namel abou-t 7050 ton . 

ngine o. 2 is a 36-inch by 60 -in h 
Corliss engine that operates at 40 to 70 
r.p.m., depending on the amount of ug­
ar cane being crushed and it fiber on.­

tent. Recent exanll.nation bowed that 
its concrete foundation was vibrating 
badly and tha-t ·the amount of ihration 
increased ·with the load on t.he grinding 
tandem and ·with th speed of the engine. 

The engine is one of thr e on a large 
concrete foundation, ah ut 145 ft. long, 
40 ft. wide, and 11 ft. ·thl k for over one­
half its width. This engine dri es three 

FIGURE • The grinding tandem of the U.S. Sugar Corporation 
at Clewiston, Florida. Mill engine No. 2 is the center unit. 
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mills of the grinding tand m through a 
et of fi e large gear and thr p1ru.on . 

The foundation i on ·the t pical muck on 
an on porou rock of ·the E erglades 

where the "\·Vater le el is ab ut hree f et 
below the surface. The unusual nature o:f 
the oil made the problem more difficult. 

l though t ere is a definite fri tion 
again t lateral mo ement of, ater, an ir ­

r gular lateral movement d es take place 
in the oil. 

The first reaction to the vibration 
problem was that the on r te founda­
tion by settling unequally was cau ing 
misalignment of gear that produced vi­
bration. Four deep wells nearby were a 
part of the problem as they drew about 
550 gallons per Ininute and cau ed a cone 

f depress.on in the ground water level 
that extended under the on rete foun­
dation. eekly level readings on variou 

ont1·ol point on the concrete found.a-

NOVEMBER, 1943 

tion and ground ater level were start d 
to det rm.in h ther an settlement 
wa actually taking pla e. analy ·s of 
the load on the soil from the foundation 
and its :machinery howed that the load 
wa :fairly well distributed and wa about 
0.8 ton per square foot. This amount i 
well ithin the limit tha·t experience has 

ho"\ n to b afe for E erglade con­
dition where drainage ditches are in use. 

While the preceding ork was under 
way, a vibration. meter and a oun.d or 
wa e analyser of the General Radio 
Company were brought into use by Mr. 

ewman. H found t at th 
ibration of the mill ngine founda-

tion could brok n down with the 
ound analy er in o eral frequen-

cies, one of ' hich wa identical with 
the frequency o:f the gear mesh of the 
main p1mon. on engine o. 2, the othe1·s 
b ing multiples of this frequency. All 

FIG RE 2. Compound amplitude at engine o. 2 as measured 
on concrete foundation with TYPE 761-A Vibration Me°ter. 
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GENE R AL R ADIO EXPER IM EN T ER 4 

frequ ncies in the foundation aried with 
the p d of engine . 2. The vibration 
meter pennitL d th determination of 
amplitude of vibration, velocities, and 
accelerations due to each frequency. The 
frequ ncy pectrum of the amplitu 
showed that the mo t importan-t effec·t 
wa that due to the ingl -me h fre­
qu nc oft main p1n10n on engine o. 
2. This vibration wa found to exi t 
throughout the fo undation . A complete 
respon e character i tic of the foundation 
' a taken up to the highest engine s peed 
u eel and a definite re onance p ak wa 
found for a con tant vibrating for e at a 
fr qu n y orresponding to an engine 

peed of about 68 r.p.m. 
Th preceding fact immediate! _ ug­

ge t d that the pini mio-ht be at fault. 
a urements were taken that bowed 

the pin ion was ·n poor alignment with 
th two large g ar it dro . Pla ter of 
Pari a t of the teeth of the pinion and 
the t\ o g ar it drove sl owed they 
w re worn. 

calcula tion of the foundat-ion mod­
ulus b mean of a m  th d d elop db 
M. . Biot or an infinite beam on an 
ela ti foundation (Journal of Applied 
Me ·hanic , May, 1937) and ·the u e of 
method outlined b . Timo he ko in 
��Vibration Problems in Engineering" 

howed that the mill- ngine foundation 
had eral natural fr que ie that 
were ver clo e to frequency of the gear 
mesh of the main pinion on engine o. 2. 

he for ed i bration problem a olved 
for ab am on an la ti foundation. The 
run lowest m ode of vibration were 
found to on.tribute appreciabl to the 
r ulting vibration, with th ond har­
m nic in be ding predominant becau e 
in near re onance. The r ulting di tri­
bution f arnpli tu l of vibration showed 
the am typi al f rm tha t wa obtained 

' ith a a e ibrom ter. Th se data 
upported ·th onclu ion r a h d with 

the instrument of the General Radio 
Company that th mill-e gine f unda­
tion was in near re onance with the gear­
m h frequ nc of that pinion. Jn other 
words, the amplitude f th ibration 

f th concr t foundation were greatl 
magnified. 

The le el reading also howed ·that 
t' o or thr e point n ar engine o. 2 
on the foundation settled at high peed 
of -that engine but did not at low peeds. 
This fact is confirmation of th on lu-

ion tha-t ettlement i due to vibration. 
mplitude of ibration wa a little more 

than 0.001 inche at a frequenc f 
ab ut 30 c l p r e nd. 

In addition to th pre din , nu­
merou other tudi wer made uch a 
possible "' ab bl o ( the :fl wheel of engine 

o. 2, po ib] loose f undation bolts in 
the ha e plate of th engine, tr in 
gear teeth due to the hea y load on th 
grinding tandem, tc. de tailed di cu -

ion of all that wa don 1 out of 
pla e h re. 

The meter of th n ral Radi o  
ompan� w re selected onl after a def. 

ini t ar h had b - en made for m ter 
that could be u ed o anal e vibration 

ncountered in I art fro1n an unu ual oil 
condition. Their ucc ful appli a·tion to 
thi prob em p n up a new field of in. 

es·tigatio:n on th b ha i ur of n r t 
foundat·ons under ibrating loads. This 
a count i probabl th fir t d ripti n 
of th appl i ation of ·the meter of th 
Gen ral Radi o  ompan t a prob] min 
the resonant ibration of a on rete 
.foundation. ith tho wa 

possible to analy th f-
init ] that th ·au 
vibration could b g1 en ' ith con id r·· 
able certain ty. 
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MEAS UREMENTS OF THE CHARACTERIS TICS 

OF T RA NS MIS S I ON L I NES 

e T H  E PR 0 BLEM of measuring th 
chat·acteri tics of 1:ran mi ion lines is 
frequend encountered both jn the lab­
oratory ancl in prod u tion testing. These 
m a l.n-em nt can be made con en­
iently on tandard imp clan e-measuring 
equi pment . 

The method in common u e depend 
upon (a) the measur ment of input im­
pedance for various conditions of line 
termination or (b) the ob ervation of 

oltage (or current) amplitude at input 
and ou-tput. 

Input Impedance Methods 

In term of ·the so-called ((teleg­
raphi t' quati n " the beha ior of a 
Lran mi ion line i def ined b the char­
acter· tic impedance (usuall · e ignated 
as Z0) and the compl . propagation con-

tant (-y =a+ j{3). These two param­
ter of the line can be specified com­

plete ! by ·two impedance mea urement 
at the inpu- t to the line, one with the far 
end hor t- ircuited, the other with th 
far nd op n-circuited. De igna·ting the e 
t' o impedan es as Z c and Z0c, respe -
tively, we ·an write -----

Zo = vZ cZoc (1) 

-yl = tanh-1 /z c (2) 
'\Zoe 

where l i the 1 ngth 
convenient unit . 

A con ideration 
input impedance a 

f the line, in an 

f the variation of 
t e line l ngth (or 

the frequen.c ) i vari d r al that Z0 
and -yl can be obtained from certain 
specific (e lectrical) 1 ngths . The e length 
are the quarter wa elen g th �(or it odd 
mul tiples) from measurements on which 
the attenuation constant (a) is readi l 
dedu ed, and ·the eighth wa elength (or 
its odd multiple ) .from which th char­
a teri ti impedan ce i most accurately 
determined. 

If both the :frequen of mea urement 
and th length of the ample are speci­
fied, the hort- and open- ircuit calcu­
lation invol ed, particular! for -yl, are 
somewhat awkward. Mea urem nt at 
specific lengths are more convenient 
and hould be used if either the 1 ngth 
or the frequency can be adju ted. 

Attenuation Measurement 

at Quarter W avelength 

The input imp dance f a lin termi­
na-ted in an imped ance Zr i gi en by 

Zr co h -yZ + Z0 sinh -yl
( ) Zin Zo 3 Zr sinh -y[ + Z0 co h -yl 

�or a line 
short- ircuited 

one-quarter-wa e long 
a L the receiving end 

7r 
(f3l =-·Zr 

2 
0) the input impedance 

lS 
Z c = Zo coth al (4) 

For the same leng th of line with the 
end open-circ u it d, the inpu t  impedance 
l 

. ' Zo = Z0 anh al (5) 
FIG RE 1. In (a) and (b) are hown the method of u ing an auxiliar re istor to as i ·tin locating 
th fr queue of quarter- a e re onance, when the real omponent of the inyut impedance is 
out id the direct-reading range of the TYPE 916-A and 821-A, r specti el ; (c) bo th con-

entional s rie apacitor m thod for ac urate mea u remen t with the TYPE 821- . 

TYP�l<A i�I) UNK£0WN l _ 

� (a) 

o--ffH>------9 
L: _ _J .J,. TYPE. 821A Ca � UNKNOWN . 

(c) 
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G E N ERAL RADIO EXP ERIM E NT E R  6 

f al << 1, the input impedance can 
be written in the approximat fo · 

Zo Zse = -al (6) 

Zoe= Z0al 
The input impedance repre ented by 

(6) will ha e slight reactive component 
from ·th reacti e comp nent of Z0 = 
R0 - jX0• Consequently, it i difficult to 
lo ate experim.entally the true quarter­
wa e ondition. Practi all , howe er, 
no signi:fica:n:t error will be introduced if 
either the c ndition of zero reactance or 
the condition of maximUin input re ist­
ance i determin d. The m t conv nient 
method to use will depend, to a certain 
extent, on the magnitude of the input 
resi tance and upon he in trum.e t used 
for measurement. e glecting the effec s 
of the reactive component, Xo, Equation 
(6) can be rewritten a 

al= Ro 
Rse 

al= Roe 
Ro 

(7) 

Equation (7) ield a curat results for 
attenuation constant, as the quantities 
involved can e det rm.in d within a few 
per cent, and the formulae are valid to 
about the same a curacy for values of 

al a d R: small compa ·ed o unity. 

Example of Attenuation 

Measurement 

A length of co cent ·ic cable (General 
adio TYPE 774), about 117 feet lon g, 

as found to have it quarter-wave reso-
nance at a frequency in the vicinit of 
1.25 megacycles. The input conductance 
for the shorted condition was found to 
be out ide -ihe direct-reading range of 
t e TY E 821-A T · -T I p dan e 
Mea uring Circuit, and " as measured 

by the methods indicated in igure lb. 
Although he t a curacy is obtained by 
the use of an auxiliary 1·i apacitor, 
as indicated in Figure 1 , the use of a 
series re istor implifie th p ·o e of 
finding the re i tance maximUin. 

The resi ta c aximum ( ondu 
tance minim.m:n) wa located at 1.26 m 
and found to be approximately 325 

ohms from -the series resi tanc metho · .  

more nearly ac u1:ate measurement 
using the series capacitor :method1 ga e 
an input resistance of 1370 ohms. 

The character· t"c re istan , Ro, a 
determined from measurem n.-t de­
scribed later, is about 72.5 ohms. Then, 
from Equation (7) we ha e 

72.5 ex.I -
13 70 

neper 

0.05.28 n per 

The attenuation constant a thi 
quency is, therefore, 0.211 n p rs (1.83 

db) per wavelength.2 
The a e cable was mea ured on the 

YPE 916- Radio-Frequency Bridge 
for the short-circuit condition. sub-

titution m thod3 a indi ated in Fiu-o 
ure a was used. The data observed were: 
R1 580 ohms (conn i n a hown) 
R2 = 998 ohms ( able di conn ct d) 

580 x 998 
Rin - -

99
_

5 
_

_
_ 
5

_
8
_
0 

- 1380 ohms 

A mea urement was al o ade for th 
open-cir uit condition on the same 
length of able, us· g he ..,YPE 916- . 

,.. his measurement is particularly o:o­
venien-t, as the input resistan i withln 

lDescribed in detail in instruction hook for TYPE 821. 
20ue neper = 8.686 decibels. 

3The use of a parallel capacitor is normally recom­
mended. The parallel resistor method, however, is somewhat 
more convenient in use, and for this particular measurement 
leads to about the same final accuracy. 
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th dire ·t-r ading rang f th hridg . 
The ohs r d input r i tan e wa 
3.68 ohm 4, from. ' hi h 

3.68 al = -- = 0.0507 nep r 
72.5 

The check b tween th two alu 
al ob ta:i ned by differ nt m. h d 
m.ea urem nt i se n to b within ±2 

om.paring the two in trument , th 
TYPE 916- is {ound to have a definit 
ad antage o er the TYPE 821- for th 
foll wing rea on . 

(a) The initial balance is virtuaHy 
i ndepe ndent of frequency, and the fre­
qu n y of maxim.um. ( r minimum.) re­

i tan e an b lo ated more readi] . 
(b) The resi tance dial calibration i 

independent of frequ nc , ome hat 
. implifying the computation . 

Characteristic Impedance 

Measurement by Open- and 

Short-Circuit Measurements 

Th ptimum length of lin e  on hi h 
to ma e open- and hort - cir ui-t 
impedance m asur ment i an ight h 
wa el ngth . t thi l ngth th magni­
tude of the two impedanc are approxi­
mately equal, ' ith reactive component 
of opposi·te ign. Also, the re istiv om.­
poncnL j small, and ery little error i 
intr duced b on'"idering only the r -
a ti e ·omponen-t. an example, the 
following ob ervations w re made on the 

4Th abeoluteaccurac limitation of the TYPE 9L6- has 
b n set. as 0.1 olirn. The alue of 3.68 is therefore subj ·t to 
an uncertaint.. of the order of 3 %-

BO 

78 
F1t;t. HE 2. PloL. showinO' 
the a1·iat.ion of inpu-L L-e­
a tan<'<' in Lhe vicinity of 
th cigbth wa deno·tl; as 
>bserved wi·th (a 1he 

+I 76 
4J 

" �� 

TYPE 916-A and (b) th 
TYPE 82 L-A. The int r­
:"C ::ion gi s ac uratel 
the real component of the 
characteri Lie i m ped a n e, 

u 
�74 
t-
'J. 72 
w a: 
II) 70 
:t r 068 

66 

" 

�� 7 
/ ,,"' 
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pie ·e of cable pre iou I di u ed at a 
fr 1uenc of 0.63 megac_ le 

Z e - 7 + j 73.0 hms 
Zoe 2.5 - j 71.4 oh1n 

Zo - ZseZoe 
(7 + j 73.0) (2.5 - j -1.4) 

5238 - j 318 

5238Vl - j 0.061 
= 72.3 - j 2.1 ohm 

If the reactance com on nt onl of 
Z e and Zoe ' ere taken, the magnitude 
of-the chara ·teri tic impedance so cal u­
lated would differ h only a few t nth 
ohm from the corre t alue. 

The TYPE 916- i particularly con-
enient for the eighth a elength 

in a urem.ent, inasn1u h a both com­
ponents fall within th dir t-reading 
range of the bridge, for eith r ond ition 
of t rmination. 

The hort- and o pen-cir uit imp d­
an e mea ur ment an equall well b 
made on the TYPE 821-A, wi th the 
ad antage that the reactance compo­
nent i d t rmined fr rn the reading of 
a prec is ion conden er which ha an 
ac ura y of ±0.1 . The TYPE 821-A, 
howe er, ha the di advantage that th 
input reactance cannot b m a ured 
dire tly at Jower frequencie , and an 
e t. rna] ri capa itor mu t b used. 

The ffe ti e i np ut capaci Lan e of th 
eighth-' av line d p nd , of ourse, 
upon the fr quen . The appro imate 

. 

........ ""v .... 
� o / 

v 
,,, 

v 

� 

�176t----t�-"'t-�-t-�-t--�f-T'--t�-i w 
u 
�741-----+�-4-�:iq__�-+-,,r.-.1---+�--t t­
u <721----1�-+��l,IC-'"k-�+--t�-I lo.I 
er cn7Q1------j�---.�-��-+---"'!.---1�-i ::J: r 068t------i-,��-t-�-t-�1--i'�-t 

6 6 .____....___._ __ _._ __ _._ __ ...___.. __ _, 
pro,·id d (a/)2 < < 1. .GO .GI . 62 .63 .64 .6S 

FRE.QUE.NCY I N MC. 
.60 .61 .62 .63 .64 .65 

fRE.OUENCY IN MC. 
<a) (b) 
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GE N E RAL RA DI O EXPE RIM E N T E R  B 

value of the ef-£ ctive input capacitance 
at any frequenc can r adily be ti­
m.ated, a the order of magnitude of the 
characteri tic impedance is u ual ly 
known. We may w ·ite 

1 Xin = 
± 

Zo - - (8) - we 
where C i  the effective input capacitance 
and may be positi e or negativ .5 If the 
typical value of 70 ohms is taken for Z0, 
the effe tive capacitance become ap­
proximately 

,.. 2300 
C=j 

where C i in µµf and f in megac cl 
For any frequency low r than about 

two mega y les, this capacitance is out-
ide the direct range of th 821 (1000 

µµf) and a sub titution m thod must be 
re orted to using a eries apacitor. The 
method is illustrat d in }'igure le, and 
the input rea tance can be expres ed 
directly in ·terms of ob r d data a 6 

= 
± 159,200 

(C _ C) (9) 
fCCa 

a 

In ·thi xpre ion C is the ob er ed 
capacitanc with the conne tion as 
shown in Figure l e, Ca the value ob­
tained when the cable input is horl d, 
and f the frequen y in mega y l 

Examples of Measurement 

The eighth -wa el ngth f:requen' for 
the e tion of cable already di cu cl i 
about 0.63 mega �y le. At ·this frequen y 

5It. is convenient to refer t.o n gati e inpul apacitan as 
the measuring ircuits u e capacitance standarJs. 

6This e pres ion is valid onl iI the reRi t.ive mponenl 
of t.he input impedance is s:m.all con1par d lo the reacti e 
component. This condition is satisfied at t.h ighth wave­
lengt.h. 

the input apac·tance of th open- nded 
lin i about 3500 µµf, from EquaLion (8). 

au� i liary n apacitor of a bout 

700 µµf "'\· a used, and the following data 
obtained 

in -

f = 0.63 me 
c = 588.5 µµf 

Ca = 709.7 µµf 

(159,200) (709. 7 - 588.5) 

(0.63) (588.5) (709. 7) 
- 73.3 ohms 

For the hort-cir uit co 1 "tion , at th 
ame frequ n y, ·the data were 

c = 372.8 µµf 
Ca = 336 .6 µµf 

in = 72.8 ohm 

In Figu1·e 2 i hown a plot of the 
obser ed inpu -t reactan ·e for both hort­
and open- ir uit ondition over a nar­
ro\ range of freque n  1n the nei ghbor -

/\ 
hood of the 8 frequenc . 

The equatj n and computation just 
pre ented ha e negle t d th r al om­
ponen-t of th input impedance .. Taking 
them into account (_following the method 
of computation outlined in the instruc­
tion book for the TYPE 821-A) th re­
sult were 

Z·c = 7.0 + j 72.8 
Z0 , = 2. 8 - j 73.2 

wiLh th da t a it d ror Lhe TYPE 
916, the neglect of the re i tiv ompo­
n nt affect the magnitude of the calcu­
la-ted Z0 by a negligible amount. 

- I N G. EASTON 
(To oo continued) 
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