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ELECTRICAL COMMUNICATIONS TECl-INIQUE 

ALLl�D FIELDS AND ITS APPLICATIONS IN 

Tl-tE MICl-IELSON V E LOC ITY 01= LIGHT EXPERIM�NT 

We are indebted to r. E. C. ichols of the Department of InstrUinent Design at the 
Mount Wilson Observatory, Pasadena, for the accompanyi g de cr'ption o the late t experi

ment to determine the velocity of light in a vacuum.-EDITOR. 

fTl 
HE following is a brief de

s ription of the Michelson 
velocity of light experi

r , ment i n  vacuum. This 
experiment, made at the Irvine ranch 
near Santa Ana, California, during the 
period from. May, 1930, to July, 1931, 
by A. A. Michelson of the niversity 
of Chicago, F. G. Pease of the ou.nt 
Wilson Oh ervatory, and F. Pearson of 
the University of Chicago, was an en
deavor to determine more accurately 
the velocity of light. The in estigation 
was carried out jointly by the Mount 
Wilson Observatory of the Carnegie 
Institution of ashington and the 
University of Chicago. 

In this experiment two sys terns of 
measurement were used: the first, t:hat 
of tim ; the second, that of distance. 
In the case of the latter measurement 
it: was felt that the direct m.easuremen 
of a short ha e line without the addi
tional triangulation might yield a 
higher order of accuracy. This was 
accompli hed with a vacuum. tube one 
mile long, the light traver ing ·1 eight 

or t:en times. he base line was mea
sured by Commander Garn.er of the 
United States Coast and Geodetic Sur
vey. The results of this measurement 
have a probable error of ='=0.47 mm .  

or one part: in 3,400,000. 

TIME MEASUREMENT 
Two clocks were used in. the time 

measurement. One was a ship's chro
nometer heating seconds on a relay and 
omitting every 59th second. The rate 
of the chronometer changed frequently, 
rarely remaining the same for 24 hours. 
The other clock was a constant-fre
quency oscillator of General Radio 
make, controlled by an oscillating 
quartz crystal, the period of which was 
increased by two mult ivihrators. The 
seconds relay and the syncro- lo k of 
the constant-frequency oscillator were 
operated on a shaft driven by a uni
polar motor. The unipolar m.ot:or was 
in turn operated by the multivibrators. 

The ra t:e of the constan.t:-frequency 
oscillator was decidedly more constant 
than the ship's hronometer. Compari-

on were made on a ronograph 
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2 THE GENERAL RADIO EXPERIMENTER 

having two ink p ns crated by re-
lays. The chronograph wa driven b 
a synchronou mo or and had a p -
ripheral peed of one in h p r ond. 
Time signals were al o re ord d on ·the 

hronogra ph. The e ignal s were re
ceived from Arlington£ ur Lime a day 
on 1 700 n1eter . 

DESCRIPTION OF APPARATUS 

Th mil -long thr e-foot diameter a -
uum tube on i ted of 60-f oot Jeng th 
of riveted and soldered orrugated 
galvanized pipe o. 14 gauge, j in d 
with rubber baJloon tir inner tube 
and cemented to the pipe nd with 
rubber cement. t ea h nd two teel 
tanks w re in Jud d · n the tube to 
house the mirror a d their controls 
for the optical tem. These tank 
were fabri ated fro1n %-in h teel plate 
and" elded. The re ted on ha e plat 
of the ame material and were al d 
with a lead wire and h dro eal ; no 
boJ ts were ne es ar . II joint ' ere 
painted with e era] coat of Glyptal. 

ot a ingl ma hine urface wa 
nece ar in the entire a uum con
tai er, wh· h had a voJume of 40,000 

hie feet and re i ted a ·total colJap -
ing pre ure of 53 000 ton . 

The mirror mounting and he"r on
trol in th tank ' re upported inde
pendently on parate oncrete pier 
by teel c lumu xt nding up through 
openings in th ha e of the tank . 
'I'hese opening w re ealed off b rub
ber le ll adju tm nt to the 
mit-ror in ide the tube were made with 

mall motors operated b r mote con
trol through a motor genera tor I yn 

y tern operat d fr m the head tation 
at the ou th end f th tub . Two 
Kinn a uum pump ha ino- a total 
capacity of 450 ubic feet of free air 
per minute were u ed to eva uate th 

tube. Ava uum of 0.5 millimet 
obtained. 

THE OPTICAL SYSTEM 

r wa 

Light from an ar:c lamp wa imaged 
by a ond n ing le onto a lit. Th 
light coming through the lit pa 
ab e a mall right-angle pri m and 
onto the upper half of one of th faces 
of the 32- ided rota ting mirror. Thi 
mirror rotated at appro imat l 500 
revolution per e ond. From the r tat
ing mirror the light wa r fleeted 
through a plane-parallel window into 
the tank to a diagonal flat mirror and 
then at right angle to a 50-foot fo u 
conca e mirror, which chang d the 
lighL into a parallel beam. From the 

onca e mirror the Jight pa e over a 
22-inch diam ter flat mirror and fell 
upon another 22-inch flat one mi]e a' ay 
at the north nd of the tube. Thence 
the light was refl ted nine time back 
and forth th length of the tube h -
tween the t"\ o 22-inch mirror , finall 
em rging throuo-h the wi:ndo in th 
tank ov r the ame path but lightly 
lower and triking th lo . er half of the 
rotating mirror on a face adja ent t 

the one from which it was originally 
refle ted. From thi fa the light wa 
refl l d ·nto the small right-angle 
pri m and ·thence onto the ro i e 

and wa ob erved in th e epie e. Th 
ingl rti al cro wir ' a mounted 

in a mi rometer whi 11 had di i ions 
reading to 0.001 in h. 

The rota ting mirror wa dri en by a 
mall compre ed air turbin m unt d 

dire tl on the mirr r pindle. 

SYSTEM. OF MEASUREMENT 

In the null method u d, the ligh1: 
emerged from one fa of the ro-ta ting 
mirror and ' a re ived on th adja-

ent face. the mirror tarted rotat-
ing the imacre graduall pa ed from 
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the :6 f view , later tor appear from 
t he ppo it sid f the :fiel as th 
mirror approached it proper peed . 

The ro t atin g mirror wa bro ught into 
yn. hroni m with a tuning fork w hose 

period of vibra ion had to he mea ured. 
The light angle in whi h the r turn 
beam differed from 1/32 re o l ution wa 
m a ured with the mi ro1neter. Th 
di tan e remain d :6 d. Th time 
interval to b mea ured. ther for wa 
that d uring whi h the rotating mirror 
turn d from one face t Lhe ne t, plu 
or mi.nu a small angle ob r d in th 
e ep1 

The period of th f. rk was then de
termined h trob opi m thod in 
term of fr e-penduJum beat . the 
rotating mfrror a lerated, ]ight from 
a 6- olt lamp wa reflected :from a 

mall min·or on th e tuning fork onto a 
polished fa e of th nu clam ping the 
rotating mi1-ror to it pindJe. s the 
mirror ontinued to accelerate, the 
image from the tuning fork pa ed 
thro ugh a serie of i rat ing and ta
tionar tates to a final tati nary stat 
for which the beat heard between Lhe 
fo ·k and the rotating mirror cea ed. 
At thi poin t a ond observer made a 

etting on the return image formed by 
t:he light traver ing the tube and read 
off th micrometer. rever al of the 
direction of rotation of the mirro1· 
eliminated any ne it for making 
zero reading . 

In h king th t uning fork with the 
p ndulum, light from a mall lam p wa 
focused on a narrow lit and pa ed 
into the pend ulum. a e., when e it ' a 
refle te by a mall m irror on the pen
dulum and fo u d on the edge of the 
t. uning fork. hen the fork vibrat:ed., 
flashes o f  light from t he mirror on t:he 
pendulum illuminated the fork in vari-

us po ition , thu pr du ing a eries 

The st.andard-frequen a sembl used in. -the 
Michelson exp rim n.l was similar 1.o th one 

shown abo e, exc p-t t.hat on of th ulti-
ibrator a r placed by an amplifier for the 

0.1-second pulses from the syncro-clock 

• 
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of saw-tooth rmage . en. the fork 
period wa an exact multi ple of the 
pendulum, the images appeared sta
tionary. When the period differed, 
the -teeth appeared to travel across the 
field of view. The period of the fork in 
1:erm. of -the free pendulum could be 
determined from. the number of flashes 
shown in tra eling from. one too th to 
the next. 

TRUE PERIOD OF FREE PENDULUM 
The determ.ina-i,ion of the peri d of 

the free pendulum. in terms of true time 
was done in t o tep . First a compari
son. as made bet' een the beats of the 
pendulum. and a flash box, o erated by 
the onstant-frequen y o illator or by 
the hi p' chronom.ete.r. The second 

om.pari on was made be tween the 
chronograph records of second-mark s 
from the chronometer and the time 
signal from Arlington. Light from the 
flash box as reflected from. a small 
fixed mirror inside the pendulum case 
and from a small mirror placed on the 
axis of the pendulum.. Th e two re
flections return d to a transparent 

cale in. the flash ho where the t:ime of 
their coincidence could be ob erved. 

ccuracy in determining the pendu
lum period depended upon the precise 
operation of the flash box shutter. The 
superior performance of the General 
Radio Standard-Frequen y ssembl 
in operating the shutter was a ery 
great ad antage. - E. C. 1 HOL • 

THE POSSIBILITY 01= USING A STANDARD-l=REQUENCY 

ASSEMBLY TO MEASURE DISTANCE 

T
HE experimen t described by Mr. 

ichols i n  the foregoing artic e 
should be of parti ular interest to e ery
one who has followed the de elopment 
of preci ion frequency mea urem.ents 
during the past few years. The crystal
co.ntrolled standard-frequency assem
bly was of cour e designed and built 
primarily for measuring frequencies 
an where in the om.mun.i ation-fre
quency spe trum and it dire t applica
tion to a tim.e m asuring problem serves 
to emphasize th identity of time and 
frequency. 

Reduced to its lowest terms the time 
measuring problem. in the Michelson 
e perim.ent · s nothing more than the 
determination of the rotational fre
quency of the rota-ting mirror. The use 
of the standard-frequency assembly to 

measure without intermediate steps 
this rotational frequen y is a possi
bility that will ugge t itself to mo t of 
us who are accustomed to think in 
terms of frequenc rather than in term. 
of time . It be om.es a problem. of mea-

uring a frequency of some 500 cps. 
with the greate t o sible a curacy, 
say, one part in three million. If the 
tuning fork u ed in the Mi hel on 
experim.en ould b rep ac d by a 
frequen y derived from a s andard
freq uency assembl , the question of 
determining this rotational frequ n 
in terms of a standard tlln.e interval 
would be onsiderably impli:fied. 

With this s ·mpli:fication in mind it 
may be of int erest to consid r a sugge -
tion made several years ago by Maj or 
William Bowie of the Un.ted tates 
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Thi is how the �Iichelson experiment migh1:, so to speak, be inverted 1:0 measure di t.anc 
in terms of the velocity of ligh1: and 1:im.e. The ro·ta1:ional frequency of the mirror w ould he 
mea ured by a s1:a:ndard-frequency a em.hly, 1:hus • ieldi:ng the leng1:h of time required for 1:he 

mirror to mo e an adjacent fa e int.o positi n 

Coast and Ge detic Survey: that dis
tance he measured in terms of the 
known velocity of light and time. A 
measuremen of thi k ind would have 
important pra -tical appli ations in 
geode y where the difficulties of laying 
down preci e base lines in mountainous 
countrie an in ar hipelag es are se
rio s hen done by pre ent methods. 

The exper"mental basi for such a 
measurement of distance was laid by 
an earlier experiment of Dr. Michelson 
when he mea ured the velocity of light 
between two stations - one located 
on Mount Wilson and the other on 
Mount San ntonio 22 miles away. 
The distance between these two sta -
tions was measured by the nited 
States Coa t and Geodeti urvey with 
a probable error of one part in 6,800.,000 
and the time wa measured by methods 

omewhat imilar to those just d -
ribed by Mr. ichols. 
In measuring distance the e peri

mental procedure would he reversed, 
and, instead of measuring the time it 
takes light to traverse a known di -
tance, we would measure the time 
taken by light to traver e the unknown 
distance and then work out the di tance 
from the known velocity of light. The 
compactne , portability, and high pre
cision of a standard-frequen y a em
bly would read ·1y adapt it to this use 
sin e the eliminatio of as much bulky 
apparatus as po sibl would be de ir
able from the e perim nter point of 
view. 

Some time we hope to see -the e peri
ment tried. It certain! has many 
interesting po ihilities. 

-Jon D. CR WFORD. 
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TWO NEW POTENTIOMETERS 

A LTHO GII the big re i tance po
� tenLiometer ( ltage dividers) 
used in the control cir uit of acuuni 
tube and ph to -ele tric cells are modi
fied ver ion of the rh o ta ts and 
potentiometers u ed in the early d a  
of radio for the control of filament, 
grid, and p1ate o] Lage , pre ent-day 
need make many impro ement de
sirabl . Sin e many va uum-tube cir
cuh are calihra ted it · , of course, 
imporLant that re i tor for u e with 
them be fairl table and be as free as 
po sible from vagarie due to hanges 
in on t a t re i tance, ipping, and 
other ill . 

For the past e eral years General 
Radio TYPE 214 and TYPE 371 Poten
tiometers have met most all require
ments except in high-qualit , vo1 e
frequency ir uiL where p ial log
arithmi olume ontrol have been 
de igned. It ha been :£ It that some 
improv ment could be made in on
tro] for other circuits and the TYPE 
314 and TYPE 471 Poten1:iometer 
ab u t o be de cribed are -the result of 
work in thi dire Lion. 

The TYPE 314 and T P 4 71 Pot.en-

tiomeLer are similar in many re pect s 
to their predecessor , -th T PE 214 and 
T PE 371 Potentiometer . The general 
method of wind ing th re i tance units 
i similar, er ept 1.hat it has been found 
po sibJe to u e a thinn r wind ing form 
which red uce the ind u tan e ome
what. 

Th total r si tanc f these units 
ha in the pa t been everely limited in 
the high resistance ranges by the 
smallness of th wire. Even with th 
u e of wire of the greates pra ti able 
re istivit , it ha been found a lmost 
impo sible to go to values much grea-ter 
than 50,000 ohm even on the large 

ize form used for the TYPE 371 Pot.en-
tiomet r. The small ize wire cau es 
an appreciable amount of poilage 
during manufactl: re and even the 
finished produ t is liable to damage if 
handl d rough! . The new unit are 
provided ith a bakelite strip whi h 

urround the form carrying the re
i tan e wire . Thi acts a a me bani al 

pro tection and practically lim.inate 
the po ibility of damage to it during 
it in tallation in perimen tal equip
ment. 

T PE 314 Pol •ntiometer . he fin wit·e u d in winding th new pot ntioLn Ler 
from a id nlal tlamaue by a thin slrjp f Jin n bak lit 

proLe L <l 
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The onta t arm, bakelite haft, and large 
knob u din th new TYPE 314 and Tyi>E 471 

Pot.entiom t r 

AnoLher limitation due to the mall 
wire size u ed · n earlier de ign wa the 
possibility of getting imperfect ontact 
with the lider u ed. The new uniLs use 
a new type of slider having four fingers 
which hear lightl y on the wir . The 
pre ure needed t ecure go d on
tact and, therefore, the amount of 
wear whi h results i on iderahly re
duced b thi m Lhod. The four on-

tact member al o erve to redu e the 
onta t resistance and render it more 

nearly constant. Thus the stability of 
circuits containing the e unit I ma
terially improved. 

ince high resi tance unit are likely 
to be u ed in vacuum-tube circuit of 
high impedance, the que t'on of tray 
capaci tance introduced into the 
tem by the opera tor" hand on the con
trol knob i of-ten of importan e. If an 
a ociated amplifier happens to have a 
sub tantial gain, it ma happen t hat 
the oupling to -the hand may be uffi-

ient to introdu e an appreciable 
amount of 60-cycle hum picked up 
from power- uppl wrrmg in the vi-
inity. This effect has been practically 

eliminated in the new design by the 
u e of an insulating ha elite haft. 
This haft is larger than the metal 
haf-t used on earlier models, o that 

nothing ha been sacrificed in the way 
of mechan.i al ruggedne by Lhe 

hange . 

n added feature is the use of a larger 
knob and a non-metalli poi nter . Thi 
knob i mu h easier to handle than the 

maller one and it u is Lherefore 
worLh while. The pointer ha a dull 
white fini h which eliminates the oh-

TYPE 71 Potentiometer . onla t re i t.an , wear, and skipping are redu d b th" new 
four-wip r conta t arm 
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jection. to onfu ing reflections which 
were sometime encountered when 
metal pointers were used in unfavor
able light. 

Most of the e feature can be seen by 
careful e aminati n of the a company
ing photograph . t ill he noti ed, of 
cour e, that the TYPE 314 and T E 
471 Potentiometers are practically 
identical in des"gn. features. The differ
ence is merely a matter of ize of the 
form upon whi h the resistance wire is 
wound. This is the ame difference that 
des ribes the old TYPE 214 and T PE 
371 Potentiome ers. 

The following table Ii t the res1s
tan e, current arrying capacity, code 
word, and price of ea h of the new 
units normally carried in tock. 

TYPE 314 Potentiometers 

Resistance 
200 ohms 
600 ., 

2000 .. 

6000 .. 

20,000 

Curren I: 

165 mi11iamper 

95 

52 

30 

16 

TYPE 471 Potentiometer 

Re i tan Cul'.' rent 

50,000 ohn1s 14-. 7 milliamper s 
100,000 ,, 10.4 ,, 

200.000 .. 7.3 

Cod 
Word 

ERODE 
ERUPT 
ESKER 

Price 

. 4.00 

4.00 

4-.00 

4.00 

4.00 

Price 

. 6.oo 

6.00 

6.00 

TYPE 21 4 POTENTIOMETERS 

TYPE 214 Rh ostats and Potenti-
ometers are now supplied as poten
tiometer onl . In other words, each 
unit ha thre terminals-one con-

nected to the sliding con.tact and the 
other two to either e d of th r i t r. 
Thi change is a simplifi ation that 
will benefit the user, because it will 
make it unneces ary for him to make 
any changes in a unit when the direc
tion of rotation. is "to be reversed. 

Pri es on two size of th e units 
have been redu ed, and all orders 
placed since February 8 ha e had the 
benefit of the reduction. 

The following table show he total 
resistance, ma imum current, and 
prices for all of he TYPE 214 Poten
tiometers regularly carried in stock 
( for TYPE 214-B, Table Mounting as 
well as for TYPE 214- , Panel Mount
ing). Only panel mounting models are 
regularly carried in stock, however. 

Price 
Resistance Current. 

Old ew 

0.75 ohm ampere �l.50 

2 oh:n-.s 2.5 ,, 1.50 

7 ., 1.3 ., 1.50 1.50 

20 .. 0.75 ampere 1.50 1.50 

50 .. 500 milliamperes 1.50 1.50 

100 .. 350 .50 1.50 

200 .. 250 1.50 1.50 

400 .. 175 1.50 1.50 

1000 10 •• 1.75 1.50 

2500 .. 70 2.00 1.50 

TYPE 371 POTENTIOMETERS 

Effective ebruary 8 the prices of 
all stock izes of TYPE 371 Potenti-

ometers were reduced. These are listed 

on. pages 28 and 126 of Catalog F and 
on page 12 o f  Bulletin 933. The linear 

models (TYPE 3 71- ) are reduced to 
4.00 and the tapered model (TYPE 

371-T) is reduced to 5.00. 

�� 
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