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A NEW STROBOSCOPE FOR SPEED MEASUREMENTS 

[!] HE ability of the strobo­
scope* to slow down or 
stop motion has found 

1 1 many applications in in-
·-------

dustry, and one of these, the measure-
ment of speed, has justified the design 
of a small unit especially adapted to 
it. peed is mea ured with the strob­
o cope by adjusting the flash rate 
until the rotating object appears sta­
tionary, and reading the flash rate off 
a cale which may he calibrated di­
rectly in r.p.m. 

Of the common industrial processes 
none is more dependent on accurate 

peed maintenance than the spinning 
operations in all kinds of textiles. 
Uniformity and high quality in the 

. fi.ni hed product depend directly on 
the' maintenance of uniform spindle 

*Gene1·al Radio Experimenter, December, 1932. 

speed. Policing of spindles has not 
been convenient, owing to the diffi­
culty of making contact to the end of 
the shafts, and to the large :number of 
spindles involved. With the small 
stroboscope ( strobotac) the problem 
disappears. The first spindle on a row 
is set at the proper speed, and the 
operative walks down the frame, leav­
ing the strohotac speed setting un­
changed. As the spot light strikes each 
spindle in turn it will appear to re­
volve slowly either forward or back­
ward. Belts are quickly adjusted to 
make the spindle appear stationary, 
and the operative moves on. In this 
manner constant speed checks can he 
maintained on a large number of 
spindles by a single operative . 

Stroboscopic methods for the mea­
surement of speed of 1·eciprocating or 
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rotating machin ry have numerous 
important advantages. ince no me­
chanical contact is requir d with the 
mechanism being tudied and no 
power whatsoever is absorbed from 
that mechanism, th making of the 
m asurement doe not in any way 
alter the performance of the machine. 
This is frequent y of great impor­
tan e. For in tance, in many types of 
1n achin ry it i difficult or impossible 
to attach a mechanical or dynamom-

ter tachometer to the moving haft. 
In fact, it is frequent! impossib e 

ven to approach the moving parts 
within veral fee and, of cour e, 
ordinary tacho et r cannot be us d 
at all with r ciprocating part . 
Furthermore, in the ca e of many 

ma 1 and delicate me hanisms, any 
of the ordinary types of tachometer 
may cau a reduction in sp ed or 
may actually tall the equipment. 

o such applications, a strob­
o copic tachometer i invaluable. It 
·equire no conta t with he moving 

part of the machine and may, in f act, 
be held some distance away. The 
General Rad"o Company is now an-

FIGURE 1 
pj ndlc peed i quick! 

checked with the strobo­
tac. When it i s t for th 
right pe d properly ad­
ju ted pindl swill appear 

stati nar 

nounc1.ng an instrument designed 
primarily for this type of work. Th 
TYPE 631-A Strobotac ·s small and 
light and all parts are contained in a 

ingle ca e, including the lamp, trig­
g ring o cillator, etc. The strobotac 
is provided with a direct-reading, 
illuminated, revolutions-per-minut 

cale and provision i al o made for 
ontrol at the line frequency or by an 
xternal contactor, o that the instru-

m nt may al o be u ed for the same 
purposes as other stroboscope . 

The TYPE 631-A trobotac has a 
fl.a hing range ext nding from 600 
fl.a hes per minute to over 12,000. The 

alihration is adjusted by means of a 
vibrating reed which i controll d by 
the alternating line voltage. etting 
of the trimmer adju tment o that 
th reed appears to tand t"ll wh n 
the trobotac dial is set at 900 and 
3600 adjusts the whole calibration o 
that the unit is then direct reading. 
Thi check is easily and quickly made 
and compen ates for drift in line 
voltage, aging of tube , and othe fac· 
tors which might otherwi e im�afr 
th calibration. 
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FIGURE 2. TYPE 631-A Lrobotac 

The trobotac may al o be used to 
obtain highly a curate measurements 
of the lip of induction motors. For 
thi purpose, the trobotac is con­
trolled by the power-line frequency 
and the slip of the motor may be 
counted directly. similar method 

an he used to observe hunting and 
tran ients in synchronous motors. 

While the intensity of illumination 
available is, of cour e, much less than 
I obtained from the TYPE 548-A 

t1·oboscope, sufficient light is ob­
tained for the strobo copic observa­
tion of small mechanisms. The light 
is concentrated on the object being 

tudied by means of a parabolic re­
flector. Among the many things 
which can be observed are such phe­
nomena as vibration in valve spring , 
failure of a roller to follow a cam, etc. 

The strobotac is illustrated in Fig­
ure I. When it is held hef ore the 
operative o that the r flector points 
forward, all control are on the right 

ide of the instrument, which results 
in maxi1num conveni n e of opera-

tion. The instrument is equipped with 
a handle and provision i made £01· 
fa t nin.g a tripod socket to the bot­
tom. 

Th strobotac may b trigg r d off 
in thr e different manners. In the fir t 
place, it can be con.trolled by the knob 
on the pan.el which reads directly in 
r.p.m. and which is u ed for sp ed 
1nea u1·ements. In the second plac , 
the quipment can he controlled by 
an external contactor to provide ab-
olute synchroni m with the ob erved 

mechanism. This method of control 
al o adapls the trobo cope for the 
adju tment of clocks, etc. The in tru­
ment may also he controlled by the 
power-line h·equency. The various 
methods of control are made immedi­
ately available by merely snapping 
the toggle switches on the panel of 
the instrument. Only a source of 1 1.5-
volt, 60-cycle alternating current is 
required to operate the strobotac. 

- H. H. SCOTT 

The TYPE 631-A Strobotac is a joint 
development of Harold S. Wilkins, of 
the Engineering Department of the 
General Radio Company, and Dr. 
Harold E. Edgerton and Kenneth 
Germeshausen of the Mas achu ett 
Institute of Technology. 

The price of the strohotac i $92.50 
net, including tube . 

CATALOG DATA 

Speed Range: 600--4000 r.p.m. 
2400- 6,000 r.p.m. 

Accuracy: +2%. 
Weight: 12 pounds. 
Dimensions: 61;2 inche by 9 inche 
by 10 inches. 
Operates: FI·om 1 15-volt 60- y le 
mams. 
Power Required: 25 watts. 
Price: $92.50. 
Code Word: BRAVO. 
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COLOR COMPARATOR 

T
HE problem of color matching has 
been of increasing urgency in in­

du try for a numbei.· of yea ·s. Not 
only ai.·e new correlations between 

olor and other qualities of materials 
being discovered, hut color is being 
more extensively u ed in manufactur­
ing, especially of consumer good , 
and the problems of quantity produc­
tion require accurate maintenance of 
color for large batches of goods and 
between successive batche . The use 
of color as an indication of condition 
in cooking is familiar, hut industrial 
applications of the same sort are 
growing more numerous. These ap­
ply not only to processing, but to 
grading of materials and, even in 

ome instances, to medical diagnosis. 
Increasing use of colored materials 

in industry creates a great need for a 
quantitative method of reproducing 
colors. Under mass-production meth­
ods all of the upholstery of a car may 
not be made from the same lot of ma­
terial. Successive lots, therefore, 
must match closely. Similarly, the 
sleeves and fronts of a lot of shirts 
might be made from different ship­
ments of cloth, and there have been 
instances when the mismatch was nm 
discovered until the shirts had been 
made up. The opportunities for finan­
cial loss and impairment of good will 
between fabricators and suppliers in 
such a situation are obvious. 

Color matching in most industrial 
plants still depends upon the skill and 
the color judgment of an experienced 
operative unassisted by instrumenta­
tion. This method of matching is open 
to rather serious objections. In cases 
of disagreement there is no impartial 

FIGURE 1. TYPE 725-A Color Comparator. 
Color intensity is indicated as a meter read­
ing. Filters are shifted by means of the knob 
at the upper left. The pilot lamp indicates 

which filter is in position 

basis for a decision, and the nature of 
the problem offers many opportuni­
ties for disagreement. The effect of 
the nature of the lighting on apparent 
color is familiar. Differences of weave 
and finish also introduce difficulties 
in matching, even to the trained ob­
server. 

The complexity of the problem r -
suits from the fact that color stimulus 
reaching the eye is a summation of 
many factors which the eye has no 
power to differentiate. There are 
hundreds of widely different stimuli 
which would be described identically 
if seen separately. When samples are 
observed side by side, reasonably 
small differences can be distin­
guished, but the limitations of such 
matching are sufficient to repres nt a 
serious industrial problem. 
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Three factors combine to make up 
the complete psychological impre -
sion of color which the eye perceives. 
Mo t obvious of these i hue, that i , 
th po ition of the predominant re-

ponse in the visible spectrum. Bril­
liance is the eye s estimate of the total 
r fl ction from the object. It is a 
in a ure of th 'darkne s" of th 

olor, and if the obje t r fl ted all 
colors equally-that is, were white­
th al of brilliance would run f rorn 
whit to black. The third factor, satu­
ration, i a mea ur of th inten ity 
of the hue. white object, having no 
predominant color, would have a 
zero saturation. An absolutely pur 
primary color would have ma imum 

aturation. 
The experienced eye unconsciou ly 

evaluate all of th s factors within 
limits, hut an ohjectiv m thod whi h 
would be independent of lighting, 
fatigue, and individuality posse 
obvious advantages. The problem of 
color measurement is in many ways 
analogous to that of wave analysis. 

The color stimulu represent a com­
plex wav form containing many 

components over a wide spectrum. 
he problem con i ts of mea uring 

the relative inten ity of these variou 
component . uch a mea urem n 
takes into consideration all three 

ubjective charact ristics-hue, bril­
liance, and saturation. 

The most complete and scientif­
ically satisfactory method of color 
analysis which has been developed is 
concededly the Hardy Analyzer 
manufactured b the General Electric 
Company. This instrument surveys 
the entire vi ible spectrum with a 
highly selective optical filter, con­
sisting of a prism and an optical lit, 

and measures the intensity of each 
frequency in the complex waveform 
in the same manner as wave analyzer� 
are used at low fr quencies. The con­
struction of the instrument i , of 
course, e sentially different in detail, 
although functionally ·milar. For 

ample, wher , in the examination 
of v ltage, it magn tic effect is used 
Lo d fleet a in t r, in color analyzer 
th inten ity of refl ction is gauged 
by n1eans f a light ens.tive surface. 

The complet analysi of olor, 
whil e s ntial for tandar ization 
and for preci e 111ea urement , suffer 
a di advantag on the score of co t 
and complication of operation when 

on idered a a hop in trum nt. 
The engineering firm of Bar , 

nob & oung have evolved a 
implification of the analyzer prin­
ipl in color iu a urement which 

r t on the fa L, a tte ted by the ma­
jority of color physici ts, that any 
gradation of color can be exactly re­
produced by recombination from 
three prin1ary color -red, g-re n, and 
blue. The application of this prin­
ciple has made colored moving pic­
ture feas.hl , and all color effect 
obtained in mod rn chromo-cinema 
te hniqu a-._· f un d d on thi rin-

ipl . 

In th Bar , Knobel & oung 
Color Con1parator, which the General 
Radio Company i manufacturing, 
reflection is measured in three fre­
quency hand selected from the com­
ple waveform b filter . This result 
in a compact and ea ily operated in-

trument in whi h the sample i 
placed ove1· the viewing aperture and 
the reading of a meter noted as the 
filt rs are succes ively moved into 
place. In e an1ining any color thr e 
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1n.eter readings will be obtained cor­
responding to the red, blue, and gr en 
reg_1ons, respectively. When these 
readings are identical for two am­
ple , the ample are identi al in hue, 

aturation, and brilliance-that is, 
will appear to match under any con­
ditions of lighting when viewed by 
r fleeted light. 

lmportanc of the method of light­
ing a color ample i generally r cog­
nized, and a uniform lighting source 
is an essential beginning for su h an 
in trument. When all samples are 
viewed by the ame light the differ­
ences due to lighting are, of course, 
eliminated. It is al o essential that the 
light int nsity be constant at all 
time . In an alternating-current op­
erated instrument this means that a 
preci e voltage regulator must be in-

luded in the instrument. 
Since light i reflected from mate­

rial in omewhat different ways, 
d pen.ding upon its direction of in­
cidence in relation to the weave di­
rection, la1·ge erro1·s may be incurred 
if this factor i not provided for in 
th de ign of the in trument. In the 
TYPE 725-A Comparator an optical 

y tern ha been devi ed which elimi­
nates this error entirely and makes 
th reading of the instrument sub­

tantially independent of the way in 
hi h the ample is laid on the view­

ing aperture. 
The op tic al y tem has al o been 

laid out o a to avoid errors due to 
glare in the reflection from the 

arnpl . This i accomplished by fo-

cussing the light slightly beyond the 
sample so that it is subjected to a 
diffuse illumination. 

Functionally then, the in trument 
of a light ource, a en f 

SAMPLE 

CELL 

� 
/f'xJ\ 

I V \ 
I 
I I 

I I 

ill 

FILTER_ . ..,,,.,=�·�=· 
I I 
I I 

� LENS I I 
fi 

I I 
I I 
11 

<ff 

• IG RE 2. Ligh1: reflec1:ed from tbe arnple to 
th phot ell i tran form d in to el trical 

energy and indicated on ·them ter 

filter , a light ens1t1ve urf ace, and a 
meter. Th light n itive material 
u ed ha uffi.cient output so that a 
meter can be u ed directly without 
an1plifier . Light i directed through 
a len ystem and the filter to the 

ample, which it trikes as mono­
chromatic light, and i reflected to a 
photocell system so constructed as 
to integrate pr cisely the reflection 
from all directions, making the re-

pon e entirely independent of th 
character of the surf ace. 

In operation, the in trument i set 
up and calibrated with a magne ium­
oxide ample over the viewing aper­
ture. The hunts controlled by the 
knobs at the right are set to give the 

tandard meter deflection for ea h 
filter. The sample is then placed ov r 
the aperture and the meter read with 
each filter successively in position. 
The three meter reading resulting 
compl tely de cribe the color. 

The color comparator has other 
application than the measurement 
of colors. It can he used to measure 
the opacity of paper by mea uring 
the difference in reflection between 
th paper with a white ha kin(T and 
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with a black backing. Brightne s al o 
can be mea ured by the color meter. 
In thi mea urement th de:fin "tio 
and method of the Institute of Paper 
Chemists is followed. 

The complete col r comparator i 
hown in Figure 1. !though no 

amplifier are r quired, a meter of 
relatively low current en itivity and, 
con quently, of con iderable rugged­
nes i u ed. Th met r scale is wid 
and open, permitting easy reading for 
th etermination of small color clif­
f ercnce . A voltage r gulator i built 
into the instrument in uring con­
stancy of the light ource. Rap· d cali­
bration against a tandard is provided 

for. The comparator i entir ly 
op rat d from the alt rnating current 
main . -C. T. Bun E 

CATALOG DATA 

Power upply: 115-volt, 50-60 cycle 
a- line. A voltage regulator is in-

lud d for holding the illumination 
to a constant value. Adequate fuse 
protection is provided. The t tal 
pow r con umption is 75 watts. 
Dimensions: (Length) 16 inches by 
(width) 12 inches by (height) 12 

in he , over-all. 
t Weight: 40 pounds. 

Type 
725-A 

Code Word 
SABER 

Price 
550.00 

1r·s NOT THE HEAT, IT'S THE HUMIDITY 

A T this time of year we receive 
" many letters r counting difficul­
ties -high power factor, low leakage 
re i tance-wh"ch are directly due 
to the prevailing high humidity. 

ince it' the weather, not mu h can 
be done about it, unfortunately. 

Even though direct absorption of 
moi ture is negligible, the f orm.ation 
of a :film on the urf ace lowers the 
in ulation re istance and, when sub­
j cted to alternating potentials, in­
troduce a material loss. mong in­
sulator there are great di::ff erences 
in moisture effect due to surf ace 
characteristics. Roughnes or pores 
at molecular dimen ions are th im­
portant factors. Such ceramics as 
i olantite are coated to r duce ab-

orption. An insulating ma erial 
which water does not wet is usually 
only slightly affected by urface 
moisture because the water collects 
in discrete drops and does not cover 

the whole urface. The yellow hake­
lit , X -262 atural, used in the 
case of our TYPES 505 a d 509 Con­
den ers and in many oth r place 
wher high insulation res· stance and 
low dielectric lo s are desir d, owe 
it r markable freedom. from th ef­
f t of surf a e moi ture to this 
property. 

nf ortunately, some of the b st 
dry materials show the wor t ah orp­
tion characteristics. Mi a and quartz� 
both cry talline and fused, show 
larger d crea e in their in ulation 
r · tance with moi ture than man 
other in ulator having mu h low r 

olume re i tivitie . This character­
i tic serve to decrease the d ·fference 
between these insulators and others 
of lower volume re istivity as the 
humidity of the surrounding air is 
increa ed. In fact, it is quite po ihle, 
under the effect of high humidity, 
for quartz insulation to have a lower 
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resistance and larger power factor 
than many ordinary ceramics. 

Th T PE 222 Precision Condensers 
ar now available with fused quartz 
in ulation. In an almo phere of low 
r lativ I un1i<lity, uch a condenser 
ha a figure of merit, R"'C2, of 0.003 

l0-12 as compared with about 0.04 
x l0-12 for isolantite. Its insulation re­
sistance is about 100 m.egamegohms 
for quartz insulation and about 1 

m.egamegohm. for isolant"te. Undei· 
the action of high humidity, a quartz 
in ulated conden er may become 
poorei· in re pect to both insulation 
r istance and power factor than one 
with isolantite insulation, their in­
sulation re istanc reducing to per­
hap 1000 megohm. , while their :fig-

ures of merit increase to perhaps 
0. x l0-12• There appears to he no 
specific remedy for this effect of hu­
midity on insulation except local 
heating or air conditioning. The ex­
tent to which such a conducting :film 
forms is dependent both upon the 
temperature of the insulator with re­
spect to the ambient temperature and 
upon the characteristics of the sur­
f ace itself. An insulator which is 
maintained only a f w degrees above 
room temperature will he very little 
affected by even a high degree of rel­
ative humidity. On the other hand, 
large amounts of moisture will col­
lect upon insulators which are a few 
degrees lower than the surrounding 
temperature. 

TYPE 107 DIRECT-READING VARIABLE INDUCTORS 

he table below supersedes the 
range given for the YPE 107 Induc­
tors in the January, 1935, Experi-
1nenter'. These inductors are now 

fitted with a dii·ect-reading calibra­
tion on the dial. The accuracy of 
reading i 1 'fo of full cale. 

elf-Inductance Mutual 
Typt! 

107-J 
107-K 
107-L 
107-J\I 

107-

7- 50 µh 
60-500 µh 

0.6- 5 mh 
6- 50 mh 

60-500 mh 

Parallel 
1.7-12.5 µh 
15-125 µh 

0.15-1.25 mh 
1.5-12.5 :rnh 

5-125 mh 

Inductance 
0-10.8 µh 
0-110 µh 
0-J_.l 1r1_h 
0-11 mh 
0- 10 mh 

T
HE GENERAL RADIO COMPANY mails the Experimenter, without charge, 

each -month to engi.neers, scientists, and others interested in co-rnmun­

ication-frequency measurement and control problems. Please send requests 

for subscriptions and address-change notices to the 

GENERAL RADIO COMPANY 
30 State Street Cambridge A, Massachusetts 
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