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ELECTRICAL COMMUNICATIONS TECHNIQUE 
AND ITS APPLICATI O NS IN ALLIED FIELDS 

THE STROBOSCOPE 

T fundamentally of a device [ i, ,r ",oboooope con,;," 

which permits intermitteDt 
observations, either visual 

rno\'ement is not apparen t in anyone. 
The fi lm can then he projected at nor· 
mal speed with resu lts Ihal are in­
structive, or even backwa rd with reo 
suits that may be amusing. T he fu nc· or photographic. oC a moving object in 

such a manner a8 to 
reduce the speed of, 
or stop. the motion. T"8 quickneM of the hand 

deceiVeR the eye. But the eye 
know. a trick or two, and. 
aided by ingenious meehan­
ilml. it i. not deceived by the 
gyrationa of machinery at far 
higher _peed. than t be t rillk· 
ster'l hand Illhievea. Hence 
tbe 1lrobollcove. wbich is not 
new.IDd the EdgertQo'ttrob. 
o.oope, which il. 

Strohot!oopee Rod their ap. 
plic:ltiona are detlilribed here. 
wi th. The Edgerton alrooo· 
1IOOp!: on page 5. 

t ion of the shutter is 
to exclude light from 
the film except for 
brief fl ashes. It seems 
reasonable that the 
same resu lt can be ob· 
tained by shutting ofT 
the light from the ob­
ject. except for brief 
Rasbes. Tb is is the na­
ture of the seeond 
style of st roboscope, 
of which the Edgerton 
type is the outstand· 
ing exam pie. Obv iously 
this type of strobo-

The slow-motion 
picture is a familiar 
example of the inter­
esting and pro6table 
information which 
may be derived from a 
leisurely study of 
events which neces­
sarily take place at a 
high rate of speed. The 
tennis player cannot 
slow the champion­
ship stroke to accom· 
modate the laggard 
eye of the novice, bui. the camera can, 
and the motion picture camera is a 
stroboscope. hut not all stroboscopes 
are cameras. 

The camera shutler, operating at 
high speed, chops up the action into B 

numbt:r of small elements, 60 short that 

scope is well adapted 
for visual observations. P hotography 
must still be used. if a nO'Hepeated 
event is viewed, to store Ule elemen­
tary views and to release them later at a 
rate that the eye and mind can follow. 

Consider. however. an indefatigahle 
tennis player who repeats his stroke. 
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2 THE GENERAL RADIO EXPERIMENTER 

C-"Nf"' . ... pIu w,.._ 00I0I0 0.. 

TUE mOBOSCOPiII STops Monu:'l 
An ;n, ,,lltion winder ope .... ting at normal 
.peed. The carriage carryiug the _I,oole was 
revolving 180 r. p. m., the Ipoois ,,'e re .lto 
turning. A lower carri.,e turn. in the 0PI,osile 
direction. The picture convey, I n imperlt:el 
idea or the di,tioClneu with .. -hieb lin: "Ilenl. 
liDO of luch machioe.an be observed vilua lly. 
The tbread. and feedin! ou:c"a ni.m. can be 
rollowed ~rrectly. The upOI"re luted about 
one teCOnd, yet there i.e no Murrin!. tell;ering 

to tbeolccu",cy of fialbing (uoretouched) 

identica lly, one lhOllsa nd times a min· 
ute in a darkened room . If Ihe light 
be flashed 011 him at a COllst ant rate, 
exactly e<Jual to hi!! stroking rale, he 
will appear as though lIIotionle88 under 
continuoul illumination. If the Rash 
speed be elightly slower than his strok· 
ing rate. bis arm will be illuminated a 
lillie {art her along in the stroke each 
time the light flashes and, as the eye 
retains the image between flashelS, the 
madly stroking player will toeelll lei· 
surely, and a single stroke can be spread 
over a minute i{ desired. 

Humans, tennis playi.ng Of" other· 
~ise, cannot repeat unirorm cycJe at 
any such speed . Machines call , Hnd 
wherever complica ted machines are de· 
aigned. built. or used. the ability to 
watch tbeir operation in slow motion 
without photography is a boon. 

The strobo800pe perm its stopping 
the motion or tJle machine (visuall y) 
{or enmination o( machine or prod uct 
at any part of i ts operating cycle while 

the grommets flow into the hoppers at 
und iminis.hed speed. Or. perhaps, II 

sq ueaking clutch. a "ibra tin; shaft . or 
a chattering valve s.pring lIa nds be­
tween a new model and II wllit ing pub. 
lil- " hich "i ll not wait long. A slow 
motion study" ill show the trouble. or 
the primary 1II0tion lII ay be stopped 
aud the vihrating member made as 
cOllspicuous a8 a mosquito.hrushing 
hand a t (orilla I guard 1Il0unt. 

Sometimes the transient movem('nt 
or vibration takes place at too high a 
speed {or the eye even with the pri. 
mary motion stopped. lIere photog­
raph} is resorted to (or a second 810" ' 
ing down o( the transient. 

A lillie consideration o( whal is be· 
ing done by the stroboM.'Ope is suffi· 
cient to set up the requirements or a 
~a I iHraolory Olle. 

An accurate mea ns o( timing the 
fl ash ami a prompt and accurate reo 
aponse to the flash control are essen· 
tial, otherwise the object "ill he 
viewed at irregular intervals. and vi. 
brations not present in the object 
viewed will be introduced. 

The flash lIIust be o( extremely short 
duration. Otherwise appreciable mo· 
tion "ill take vlaee during illumina· 
tion. and blurring o{ detail "ill result . 

The ligbt musl be brilliant. Other. 
wise the room lIlust be made entirely 
dark, and deta ils will not be seen 
clearl) . 

Stroboscope Arithmetic 
Suppose that the object to be obllened iA 

uecuting Ilniformly R complete cycle!! of mo· 
tion in unit timl!. SuppotSe further that the ob. 
ject iA either I'iewed through a , huller open· 
ing for F brief. uniformly limed inler l'a l .. 
or i. ilJuminalt(1 by F' uuirorm instantaneous 
Au hel of light in unit time. Theo, il 

R _ nF (I ) 

where n il I n in tegral number. it will be flvi. 
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dent that each point of t hl: object will he ;0 
euetly the ••• ne 1>OiI;l;un in ita cycle of mot ion 
I' eacb oIJ!lerva,ion, fellulling in what we ,b,,11 
detien.le ... contlition of "('<'rlecl" .,.n· 
chrooism. Acoonllllsly, ,II ' l'I,.~nt mOlion of 
tbe I.utly .. ill he .'resLt'd. M) that it .. ill appear 
1.0 be Ita'iooMry 81 ~ ... e plrtk"lar Ilh .. e in iu 
cycle (If mOli", •• ,'f'(lvided thll the opening of 
tbe 6hullcr or the nuh of II~ lamp i. of 1:)1:. 

tremely .hort duralion. H thia in~r"l0 l or ob. 
tervatiQlI ~ of ,ufficienl dUrI'lioli. the muviDI!; 
objf:'Ct. even wben viewed urobo&c:oric.Il~·. 

will' I'lleU 111",....,.1 in ou tl ine, ",jnce ea",h (>Oint 
of the body "-:I'e'Cu le!l • IJoen:elllihle amount of 
motion durio!! the interval or obow:r ... tion. 

It ;. (urlher evident thaI the Jlha&e of tbe 
ohserved poIIi lion of the olljec::1 in ita cycle of 
motion may he oonlrolled .L will merely by 
IIh;fling Ihe phillie of Ihe lIynehronooa IIIH1lte r 
or liglu n Ullh with retlpeet to the 1II0lion. 

The IIpeci. 1 case of pt'rf .... ct lyncll roll ;8m. 
in .. hid. the freqoene), of motioll and of 
ololle:rvation are idenliclI1. ill known lie " funda _ 
mental" lynehmlli8111. 

H" i8!;rea lCt" than I. the object will be oh. 
llerYed o"ly at eVf:.)' luh .. }c1 .. of n'(l lion, IiO 

thai the inl~graled mun,ination il redoced 
to Ihe fractional .">!>unt I /n times Ibeillum. 
ina lion at fllndlment.1 Iynehn: ... i!m. 

Although a"y o:mditHm 01 !,erfecl llyn. 
ch....,.illm wi ll completely anCAt Inc motion. il 
ill ob ... iously duinhle to ,,·or"'.1 theoondilion 
"111I,,d.menllll Iyncbrollilm. 

Ir. on the o lber hilld. 
F - ItH (2) 

where It U Iny inlegral number ,reatet> than I, 
theo eacb pooint o/lbe obj«1 .. -ill he viaihle I.: 
t;mea per cydeof motiOn Ind will.llc<:or,jingly, 
be obser .. ed l uooet3ively at It IJOinla equllily 
apat.<w.1n time. througholll the cycle o r n'o­
tion. Such. condition, which i. known all 
"partia'" aynC/lronianl .... hile a llilarently ar· 
rtlliing Ihe motion ohheohject , ill not, in gen­
eral, la lisfllc tory for villoal IIl roh ...... :opic vb-
8ervuilln •. FOI'" e-.amjlle • • lOtltling dille hav. 
;nl one radi.1 liuc i. r.cen 1111 • dille wi th Ie 
radi.l IinCII, 

A n'OI'"II dietinct imlge i.obtained II partial 
.ynchroni, m if tbe body il oompo@ed of ",k 
identic.1 pilla llfJuIUy .p.ced. in time, 
throughout Ihe cycle of motion. t, fl" by II 
wheel having P _ ",I.: ' IJOktll, Furl her, it 
CIO N'!.dily ·be abowo tb'l luch • wbeel will 
appear ••• at.tion.ry wbeel having P .poktll 

whcnever PR _ nF (3) 
O n the o ther hand, the " 'heel hlvin, P 

ftpoktllwill . 1' 1>e.r .a a 11I.lion.ry wheel h.v_ 
inS nP ~po"ee whenever 

nPR _ f ' (' 1 
Reference to ccloation (3) ~bow, Ih.t thet>e 

lire, IhCOf'etieally • .li n infinile numl.cr of valnCA 
of R or 01 F for which . .. ·hed of I' .pokCIII will 
he ~n ae a ~tatjon.ry " 'heel of P I,JOkCA, The 
larger the .... Iue of P, Ihe ,;re. t r.r will be the 
num],er or Ihe6e IJarti . 1 Iynchroniem. which 
OCcnr within a s iven .. n!!le of .... IOCA of R or " '. 
Theile f.cta are 01 importance in u~ing Ihe 
. tr0b0800pe 10 dete rmine Ihe frequeney 01'" 

speed 01 cyclic mOlionl. 
We have so rlr . nalyzed lhe fun damental 

lawl of Ihe IllOboac0lW: fo r condition. of /llI.. 

IIct lyocbro"i5m. either pllti,,1 or l>erfect. 
Conlider now t he cllAe .. ·he re the cycl ic Ire_ 
qucuey or inotion ia lllightly g rea le r Ihan an 
intcgral m ultiple of t he frequency o/ obser­
v. lion-

H _ nF + S (5) 
" 'bere S is Im l ll COmplreU 10 R. Thi. meanft 
tbat the moving obje(: t will eJr;ecule slightly 
,nore th.n n cyciCA of motion duriu/; Ihe in­
lerv.1 bet ween obaervation. '" Ihl t the phllle 
a t " 'hieh it U IICen I troboicolJ ica lly .. ·m con· 
tinually .d .... nee. The object ... iII therdo", a]>­
l>ear to mo,'e at a &low cyclic frllfJueney o f 

S _ R _ nF (Sa) 

eycla in unit time amllo travel in the .. nle 
direction U Ihe object ;1 .ctulilly movirlf:. 

CoDve-rsely. if the cyclic Ireqoency i, 
81i;btly I,... Ibao an inte;n.l muhillJe of the 
fre-queocy of ob.ervation tbe pba&e . t which 
thc object i. &een I trohotcopicaUy will am· 
tino.lly recede so ,h.t the object will '!'Iw:.r 
to move III • II10w cyclic frequency in I direc· 
tion o l' poaite 10 tbe true mOl ion: 

S - nF- R (6 ) 
The . Iow urohOllCOp,c mol;on whiel . elln be 

obt.ined in thi. manner, and " 'hieb r.n I,e . d . 
j ueted to become. vcry I mlll fr.ction oiliot 
true Ipeed, makee Ihe Mrobot,cope eJr;tremeiy 
valuahle ill walCbing Ihe eycle of 1II01l0n of 
machinery running at spceda too high 10 he 
lo llowed wilh the onailled eye. 

The {requeney 01 8troiJoeoo" ic motion. S, 
may be made •• .dow ... dHired. On Ihe other 
hand if S i. iocrea&ed above a « rta in limil the 
oo&en 'ed mOlion heeomea inlermittenl and 
I,... .at ia£actory for putpOll'!l of "ieuai l i udy. 
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SOME STROBOSCOPE APPLICATIONS 
DEVELOPMENT 

An automobile mAllufactu rer was 
Iroublcfl by a slighll·ra llk·sha ft "j im,· 
lion in a ne", model, far 100 "lUall 10 be 
obsen'cd in the rapidl) re\'olving shaft. 
The f!lrob05.cope slopped the shaft mo­
tion and lell the vibration ",hich ''''til 

seen and measured, although arnourll· 
iug to LuI 0.001 inch. 

Automobile radio illslallalioll8 use a 
vibrating reed interruplor to obtain 
high voh age from the storage batter). 
The efficiency of these devices hall 
bun grea d y increa sed by s troboscopic 
studies, revea ling bending of the reed, 
chattering of the contaCIS, etc. 

Other development applications: 
8t udy o(hun ling in machinery. IOrl!.ion 
in shafts, shaft '" hip, clutch slip. en­
gagement of sprooket i'. cam action. be· 
havior of loudspea kers. 

PRODUCT CONTROL 

The artistic effect of Andy Cump 
may be seriou sl) impaired if Uncle 
Bim's necktie trespasse8 011 bis collar 
or on hi8 chin. The proper color register 
... itb higb·speed presse for in 1lI0d· 
ern plants the paper speed Illay ap· 
proach a mile a lIlioute--is a trouble~ 
some task. At present the register ca n· 
Dot be ex.ami ned until tilt: paper comes 
off the press, and much paper is ... asted 
in the process of correcting the register. 
With the strobosc0J>f", the sheet may be 
examined a8 though sta tionary while the 
paper rushes past. When the operator 
adjusts his register Uncle Dim's neck · 
tie slides gently into place and much 
paper and lime are 88."ed. Similarly 
the product of other high·speed rna · 
ch ines ca n be examined aud imperfec· 
tion 8 quickly spotted, aod perhaps cor· 
rected, without stopping the machine , 

PLANT MAINTENANCE 

When mach inery fails, operatives 
are thro .... n oul of employment, cus­
lomers ",'ait, or trade else .... here. Ob­
en ed ... ith the stroboscope, the 

machine can lH: follo .... ed through ilS 

cycle and the faltering element (Iuickl) 
sl)Qtted. Typical applicatiolls: slipping 
belt drives, clutches, chattering gear", 
hUllting motors. cha ltering relay ... , 

SALES 

Vacuum cleaners, au tomobile tires. 
sewing machines- many consumer and 
industrial products operate at too lIigh 
speeds for the unaided eye to judge 
their performance. The stroboscope is 
an impressive sa les tool. Used at sho" I!. 
exhibitions. salesmen's meeti.ngs it com· 
mands attention - drives horne sales 
l)Oints dramatically. 

POWER ENGINEERING 

The behavior of machines and gov, 
ernors under sudden nucl uatiollS ill 
load cao be observed. The stroboscope 
yields informat ion a8 to hunting, speed 
of governor resl)Onse, vibration, and 
8larting charaoteristics. The phase of 
tbe light does not shift even with .... ide 
changes in frequency or voltage, ami 
the supply line voltage can be used as a 
phase reference in making such studies 
on alternating-current machines. 

EDUCATION 

Modern education, particularly mod ­
ern engineering education, explores ill 
some degree all of the applications men· 
tioned above, but the application of the 
stroboscope in the educational field 
only begins with them. Principles can 
be illustrated , phenomena observed, ill 
tbe fields of mechanics. elect ricity, 
&Quud, and light. 
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THE EDGERTON STROBOSCOPE 

(GENERAL RADIO TYPE 54S.A) 

~ - ~ 

". " Ii'·;" 

( • . ... \ 
ft\ " ":' 
i!j i!I 

'I'm: i:JIGt:RTUI' STHOBos<::ort; 
SIlHce is l>fov;ded ill the CO\"Cr (or the lamp 

TilE essential stroLoscope require­
ment of a short a nd brilliant light 

Ilash is met ill the EdgerlOIl81rohoscope 
by a high.intensity mercury arc laSling 
but five microseconds--sufficient lime 
for an object traveling a mile per min­
ute to move only 0.005 inch. The fla sh 
speed ca n he controlled accural.ely over 
the entire range ordinarily required and 
fundamental synchronism can be ob· 
tained up to speeds of 10,000 r.p.lIl. 

Tbis short, brilliant f1t1 sh is obtained 
by discharging a ca pacitor across a 
1lI6rcury-arc tube which ha s the form of 
a n inverted "U" with internal e lec ­
trodes of mercury, anooe and ca thode, 
at its 100.oer extremities. 

Provision is made in the Edgerton 
stroboscope for fl asbillg the light in 
exact synchronism whh the closillg of a 
pair of electrical contacts, by the 60-
cycle supply mains (60 fla shes per sec­
ond), or by any ex ternal source of alter­
nating current. The maximum speed of 
operation of the present equipment, 

\I hich is limited hy the regulation of 
the rectifier unit, is in excess of 150 
flashes per second . so that fundamental 
synchronism lIIay he obtained at all 
speeds frolll zero up to at least 10,000 
r.p.m., while perfect sY llchronism of 
the second or third order \I'ill double or 
treble this limit. 

All parts of the stroboscope equip. 
ment , except the lamp and the tripping 
contacts, are built into a metal cabinet 
v.'hich constitutes the Typt:: 548·A 
PO\ler Suppl),. This is energized di. 
rectly from 1l0.volt. 60 -cycle mains 
and consumes a maximum power of 
about 0.25 kilowatt. On I}' three adjust­
able controls are required: the size of 
the lamp capacitor, a rheostat for con­
trolling the intensity of the flashing 
voltage. and an adjustable speed con­
tactor (if used). The cover of the ca b­
inet is designed to store tbe detachable 
mercury·arc lamp, which ib mounted in 
a suitable bakelite housing, and a syn­
chronou s-motor friction-driven vari-
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Tuu/'(G TlI& FLASH 

Precise aDd controllable timing of the nu h ;. 
the thence of the ItroooSCOpe. The eOlilac tor 
M:cn eon,i,1I of a conl"n ! ' Ilced .,.o<:hrollou, 
mo tor driv ing a revolving commutalOr which 
makel I oool.cl once caell revolution. The 
ft .. b .p~d i . ,-.ried by l lid ing the driven 
wheel_IO'lg lilt rack. Thi. limer ;. generall y 
u-.ed for viewins machiutry in .1010' mol on, 
studying v,bnotion, hUll lin!!. relay action., elc. 
The Ilotilion in the cycle of motion a' which 
the IInh occur, is adju81td by revolvi ng Ihf' 
conlilctor bud. Effeclh-c dClIlonstration - M 
ntWIII"pcr clipping 011 the cud of" shaft can 
be Ilopped by tht light and turned to the 
prOj.er po,i lion for relding by the phate •. 
"'tWlp.;n! i, cuily ~.d while .c,'ol--jllll 1800 

turn •• minute 

able-speed contactor, TYPE 5~9·A, 

which is optional and sold sepa rately. 
This contaclor has a continuously ad· 
justable range of operation from 5 to 30 
flashes per second. While this gives 
fundamental synchronism for 300 to 
1800 r.p.m., it may, of course, be used at 
perfcct synchronisms for higher speeds. 
For any adjustment, the timing of this 
contaclor is very precise and depend· 
ent only upon tbe frequency precision 

of the supply mains. The phase of the 
contacts llIay be adjusted at will by roo 
tating the head of the contactor. Jf de­
sired. the contaclor mechanism may be 
detached from the motor dri" e aud 
lI!!Cd, in the manner of a tachometer, 
against any centered, rotating shaft. 
This insu res, of course, that the con­
tacts will be opera ted in exact syn· 
chronism wi th the rotation of tbe 
shaft. 

The method by "hieh the short, bril_ 
liant flasb is obtained in the Edgerton 
stroboscope may be analyzed with ref· 
erence to Ihe schematic wiring diagram. 

FOil 5" l::lto M"ASUHOI£ I"T 

The dille .... u Ilholograllhed under strooo8COilic 
light at l800 r.p.ID.(fundarnen laI8yncluonisrn). 
AI Ih i8 speed, all of tile ring. of equarel II"(! 
flollped. h .... ill be <lbler;ed thai each ring b .. 
a differenl "umber o r eqUafes. AI Ihe IIIOlor 
fpeed changes (fluh !\peed conallnl) different 
ro .... s of equDres .... iIl be sloPlled. A reillion 
e"i811 between Ihe f1 u h . peed and motor Bpeed 
which is lignified by Ihe number of .quare. 
in the Ita liOllary row (lee I troOOIlCOPC .rilb. 

melic, JIIIge 3) 
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USING THE EDGERTON STROBOSCOPE IN AUTOMOTIVE 
RESEARCH 

7 

Chrysler engineers measure cra nksha ft whip and vibration with the Edgerton 
Stroboscope. For an interesting descript ion of tbe method , see page 75 of 
Instruments for April, 1933. Reprints ca n be had from General Radio Compan y 

without charge 

Wiring diagram of TypF, 548-A Edgerton Strobo!lcope 
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TYPE 5~8.A EDGERTON STROBOSCOPE 
The m ain operating limit s of the 

marized below. 
stroboscope and its accessories are Bum-

Length of flash : 5. 10 miC n>fIe<:()nd&. 

Maximum flashingspee<i : lao f1aJ!het per 
IIeCOml. ( Permitting £undamelltalsynchronialll 
lip to 10,000 .,p.m.). Maximum photographic 
epee«, with 'fyPK408 carner., 60 t'ltpo<!uretl per 
second. 

Power supply required: 50.60 cycle. 110· 
115 volt, 250 wall. 

Dimensions: 8~ II 15~ x 24 inehee. 

Weight: Without coDtactor-$.61bs. 
With contacta. -66 Ill.. 

Performance of Typg 549·A Syncbronous Motor Contactor: 

Maximum flashing speed: 30 Huhee per 
second. (Corresponding to fundamental syn. 
chroni!m$ lit 1800 r.p.m. ). 

Typ< 

Minimum flashinllSpeed: 5 l1 ashe8 p-er 
eeoond. 

('.Me Word Price 

548·A 
519-A 
549- PI 

. Edgerton S troboscope (including lamp)1 
! Synchronous Motor Contactor .... . 

Contactor . .. . 

MAGIC $290.00 
M,l.CAW 55.00 
..... ADAM l5.00 

NEW 
FOR 

SIZE STROBOSCOPE LARGE 
GREATER ILL U MIN A T I ON 

The TYPE 521-A Edgerton Stroboscope for service requiring greater illumi· 
nation than the smaller etantlartl mode l can deliver . Data and prices on re­
quest. 

GENERAL RADIO COMPANY 

, . 
w 
u 

30 Stat. Street Cambridge A, Mauochuseth ... ::~ . .. . 
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