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ELECTRICAL COMMUNICATIONS TECl-INIQUE 
AND ITS· APPLICATIONS IN ALLIED FIELDS 

SOME USES FOR A PRECISION CHRONOGRAPH [!]- HE term chronograph may 
be applied to an instru
men. t which furnishes a 
record of even.ts with refer-

ence to their time of occurrence. De
vices of this sort have long been known 
and have found wide use in ind us try 
and the arts. 

Several examples of the chronograph 
are to be seen in the recording barom
eter, the recording thermometer, the 
recording wattmeter, etc. In these de
vices a rectangular or circular graph is 
obtained on which one co-ordinate is 
calibrated in. some scale of time, while 
the other co-ordinate is calibrated in 
terms of pressure, temperature, power, 
or whatever quantity is to be measured. 
Records of this sort are obtained by 
moving a strip or disc of paper at a uni
form predetermined rate while a pen. or 
stylus travels across the paper in a 
direction perpendi ular to the motion 
of the latter, the deflection of the pen 
being proportion.al to the quantity 
recorded. 

Another use of the chronograph is 
t:hat of recording time intervals, as 
exemplified by the siphon recorder, 

wherein the to-and-fro motion of a pen 
upon a moving strip of paper traces a 
record indicating "nt:ervals of short and 
long duration (dots and dashes) which 
may be interpreted as Morse Code in 
the transmission. of intelligence. 

Still another a pplica ti on of the chron.o
gra ph has to do with -the measurement 
of time intervals. It is with -this lat:ter 
use that we shall deal in the following. 
There are two separate met:hods which 
may be employed for measuring time 
intervals by means of the chronograph. 

In one of these, means are provided 
to produce a uniform motion of the re
cording paper and to measure the 
time interval directly in terms of the 
linear displacement of the record. The 
drum type of chronograph falls into 
this class. A piece of paper is mounted 
upon a uniformly revolving cylinder 
and records of events are indicated by 
the displacement of a line drawn by a 
pen or by minute holes punctured in 
the paper by means of an electric spark 
at the beginning and end of the inter
val. Obviously, the precision. of such 
measurements depends upon the uni
formity with which the paper is moved. 
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FIGURE 1. The chronograph, on isting of a TYPE 338-L String Oscillograph in which a motor
driv n TYPE 408 Oscillograph Camera replaces the usual rotating-mirror box, and a TYPE 407 

Synchronou Shutter fitted with a special shutter wheel 

The second method, whi h is inher
ently apable of greater preci ion, con-

i t of making two imultaneous and 
adja ent records u pon the paper, the 
motion of which need be only approxi 

mately uniform. One t·ecord i produced 
by the phen m non to be mea ured, 
while the indication of the second rec
ord i produced independentl y  at ta ted 
and ac uratel timed intervals and 
ser e therefore a the timing scale. An 
example of u h a double record is seen 
in Figure 2. 

Thi procedure m ay be e tended to 
the more elaborate triple record shown 
in Figure 3. 1-Iere the time interval be
tween two separate phenomena i 
mea ured again t the time cale which 
i here gi en by the pa ed do ts along 
one ide of the pa per. 

There has recently been developed in 
the labor a torie of the General Radio 
Company a high-precision chronograph 
capable of making time-interval meas-

urements to better than the nearest 
0.00 second�. Such precise mea ure
ments could not reliably be obtained 
with any more-or-Jes ponderou pen or 
stylu . The ibrating strings of the 
TYPE 338-G String Galvanometer, 
which i of the nature of an Einthoven 
galvanometer, because of their small 
mas and hort period of vibration, are 
inh rently more quick and reliable in 
response and more uitable for the pur
pose. These strings are tuned to have an 
undamped natural frequency of the 
order of 2000 cycles per second. Apply
ing the oil-drop da mping to the strings 
renders them essentially aperiodi . This 

hronograph consi ts, therefore, of the 
TYPE 338-G tring Galvanometer, to
gether with the TYPE 408 Oscil1ogra ph 
Camera des ribed in the General Radio 
Experimenter for A pril 1931. For great
er convenience and to obtain higher 
paper speeds than can be realized by 
hand cranking, this camera has been 
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FIGURE 2. A double timing record (full size) obtained by applying ignal voltage to both 
t ring in a TYPE 338-P2 Double String Holder. Time increases from left to right 

provided with a motor drive. paper 
speed of from 80 to I 00 inches per ec
ond is possible, using a highly sensitive 
recording paper (Eastman Kodak Com
pany N . 697). 

The timing cale record shown in 
Figure 2 was obtained as follows: A 
synchronous motor having a shaft 

peed of 10 revolutions per second was 
driven either by the 60-cycle mains or 
by the 1000-cycle frequency obtained 
from the primary standard of the lab
oratory. The shaft of the mot or carried 
a disc having a oncen tric ring of 100 
uniformly spaced holes, the spacing 
between holes appro ima ting their 
diameter. This nphoni " disc, hown 
in Figure 4, was equipped w_ith a mer
curial stabilizer, thereby minimizing 
any chance h unting of the motor. By 
means of a radial slit ,  a light beam 

was alternately project ed through one 
hole at a time and eclip ed. The e light 
impulse , 1000 per second, were pa ed 
into a photocell which was followed by 
an overloaded amplifier. The output 
current wave from this amplifier wa 
applied to one of the two strings of the 
galvanometer, the vibration of which 
produced the sharply peake'd wa es 
0.001 second apart. Mea uremen:ts to 
about 0.00025 se ond ma be made 
again t such a time scale. The accuracy 
depend ob iously upon the accuracy 
of the frequency driving the ynchron
ous mot or. For convenien e, e ery 
twentieth impulse (0.020 second) wa 
omit ted by leaving out the correspond
ing hole in the di c. The -t nth- e ond 
interval (one point on the disc) wa 
specifically marked in the manner 

hown. By thus indicating the multiple 

..... ..  � .. .. ..  -. .. -. -. -. -. .. . .. -1 W W  I 

FrG RE 3. triple record having in addition to the two traces of Figure 2 a third one 
made by a synchonous motor-driven shutter 
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FIGURE 4. A "phonic d isc," uitahle for mount
ing on the shaft of a TYPE 407 Synchronous 
Shutter rotating 10 time s a econd. Each hole 
then represents 1 m.illi-second, the lho-second 
and 20 milli-se cond inte rvals being indicated 

by the spaces hown. 

time intervals, the records are easily 
and quickly read a d the chance of per
sonal error minimized. ·The use of a 
phonic wheel and the photocell is mani
festly superior at these speeds to any 
form of mechanical vibrating contact 
and, in addition., permits the desirable 
multiple unit markings. 

The timing record, shown in Figure 
3., was obtained by a similar 100-hole 
disc driven by a synchronous mo-tor. 
Th"s timing unit, hown in Figure 5, is 
so placed that the disc in ercepts direct
ly the edge of the light beam falling on 
one end of the camera slit and accu
rately prints a series of dots 0.001 second 
a part along one side of the pa per. The 

ame system of multiple interval mark
ings is employed. The latter procedure 
eliminates the photocell and amplifier, 
gives a record readable at least to 
0.0005 second, and, with the double
strin.g element in the galvanometer, 
permits a triple record. 

The complete assembly of the chron
ograph hown. in Figure 1 consists of 
the TYPE 338-G String Galvanometer 
and ha e abinet together with the 

amera and synchronous shutter which 
are moun. ted in pla e of -the rota ting 
mirror viewing ho . 'I'he in trum n. t i , 
of ourse, a photographic recording 
os illograph. Obviously the oscillo
graph assembly shown in the April, 
1931, Experi1nenter may be u ed as a 
chronograph by adding the motor drive 
to the camera for high speed work . 

One of the important uses for which 
this prec1s1on chronometer is well 

adapted is the accurate comparison. of 
two clocks. Separate impulses from the 
clocks may, at stated times, be put in.
div· dually upon the two string and a 
triple record ob-tained showing the time 
interval between these impulses so 
that highly accurate rates of the clocks 
can be measured hour-by-hour or day
by-day. It is wise, when working with 
such precision, not to introduce relays, 
etc., with their variable time lags, be
tween the clocks and the galvanometer 
s·trings. Som.e technique em.ploying 
photocells and eclip ing light slits car
ried by the; primary m.oving mem.ber of 
the clock, that is, the pendulum, is to 
be recommended. 

It i proposed shortly to make an in
teresting use of this chronograph in a 
routine daily measurement in our lab:. 
oratory. The General Rad"o piezo
electric primary frequency standard 
contains a synchro ous clock driven by 
the standard 1000-c cle frequen y. 
This clock is checked daily again t 
Mean Solar Time by means of the U. S. 
Nava Observatory radio time signals. 
The motor shaft driving this clock, and 
turning ten revolution per second, car
ries an electromagnetic generator hich 
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g1 e an electrical impulse of e ceed
ingly short duration. once per revolu
tion. These impulses, spaced 0.100 

econd a part., are recorded on one 
tring of a triple record while t.he other 

string receives the audio note of the 
radio time ignal , the ••nose" of which 
i thus ompared with the ynchronous 
clock. lthough the impul e from the 
clock generator is Jes than one milli
second in duration, the recorded im
pulse on Lhe tring lasts about ten milli-

econds. his i due to the action of the 
energy- toring elemen s of the ampli
fier. The no e of this lock impulse can, 
howe er., he determined with great ac
curacy. heterodyne type of radio re
ceiver is emplo ed with suitable audio 
tone filters which serve to minimize 
extraneou disturbances and to render 
the nose of the time signal more clearly 
defined. By averaging t:he records of 
several successive seconds, a compari
son to about 0.0002 e ond is antici
pated. 

In order to minimize Lhe amount of 
photographic paper required for such a 
series of observations, a cc ampling" 
technique has been perfected. By 
means of an auxiliary synchronous cam 

ontact driven by the standard fre
quency and closed for about 0.2 second 
every e nd., it is po ible to start and 
stop Lhe amera mo tor for a hort pe
riod during each second, thus using 
about 18 inches instead of 100 inches 
of paper for each second recorded. By 
proper adjustment of this cam c�within 
the second," the paper will he traveling 
at ma imum peed at the instant of 
arrival of each no e of the radio time 
signal . 

Many and varied applications of 
uch a precision chronograph will occur 

to our readers. The time of throw of a 

relay armature between back and front 
contacts, and also the time lag be
tween the application of oltage to a 
relay and the make and breakof its con.
tacts are readily measured. Numerous 
problems involving the precise mea -
urement of velocity would offer possi
bilities for thi instrument. The ''pick
up" and speed of an athlete or motor 
vehicle traveling over a race cour e and 
intercepting a uccession of light beams 
passing into photocells may be meas
ured with a precision far exceeding t:hat 
obtained by any stop-watch techn"que. 

An.other application which hould be 
of considerable importance concerns 
the measurement of the speed, the ac
celeration, and the deceleration of any 
form of re ol ing shaft. This merely 
requires some form of phonic disc or its 
equivalent mounted upon the shaft to 
intercept a light beam pa sing into a 

1IGURE 5. TYPE 407 nchronou Shutter, 
fitted with a shutt r wheel like that hown. in 

Figure 4 
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photocell which in turn energizes one of 
the galvanometer strings with a pul
sating current whose increasing or de
creasing frequency may accurately he 
measured against the time scale. If, on 
the other hand, it is me hanicaUy fea
sible, the phonic di on the shaft may 
intercept directly the light passing 
through the camera slit and thereby 
print a photographic record on the re
cording paper. In this manner auto
motive engineer might apply such 
equipment to study the irregularities 
of shaft rotation due to lack of balance 
and to investigate the ��slip and grab" 
action of brake systems. 

In the fields of medicine and psychol
ogy there are many uses for the chrono
graph as, for instance, in -the timing of 
ne1·ve action currents and in measuring 
reflex responses to hock or to isual 

WAGNER GROUNDS • • • There are 
two possible means of a voiding errors 
in bridge measurements due to unbal
ances of the power source to ground. 
One is to isolate the power source from 
the bridge by mean. of a well hielded 
and balanced transformer; the other is 
to employ a Wagner Ground which, 
in effect, shifts the ground point of the 
power source to agree with the ground 
point of the bridge. Unbalances of the 
power source are annoying because they 
introduce hunt impedances on opposite 
sides of the bridge which are not in the 
same ratio as the ratio arms. In some 
cir uits thi is parti ularl troublesome 
and unle s precaution are ta en large 
errors are introduced. 

Where the i· a tio arms are fixed and 
equal, as in the TYPE 216 Capacity 
Bridge, it is possible to design a power-

and aural stimuli. The acoustical en
gineer is interested in -the measurement 
of short time intervals in the study of 
reverberation characteristics o f  en
closed spaces. Here is an instrument 
which should give accurate data of 
this sort. 

The study of radio wave propagation 
and the timing of sky wave echoes re
quires some form of high speed chrono
graph. With these random uggestion 
we lea e it to our readers to expand 
the list of possible applications. 

The price of the chronograph equip
ment., complete with motor-driven 
camera and ynchronous shutter for 
operation from a 110-volt, 60-cps. sup
ply, is $468.50. 11 items hut the 
motor drive for the camera and the 
special "phonic disc" are carried in 
stock. -HORATIO W. LAMSON 

The TYPE 193 Decade Bridg with a TYPE 
193-Pl Wagner Ground attached 
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supply transformer wbi h isolates the 
bridge from the ource and introduces 
shunt capacitance equally on the two 
sides of the bridge. In a bridge with ad
justable ratio arm , uch a the TYPE 
193 Decade Bridge, how ver, it i ob-

iou ly impo ible for a single trans
former to acbieve balan e under alJ 
condition . For this work the General 
Radio Company re ommends the Wag
ner Ground and has developed a unit 
for attaching to the latter instrument. 

The TYPE 193-Pl Wagner Ground 
consi t of a 400-ohm potentiometer 
which i intended to be connected in 
parallel with the power ource. This 
unit, with the ratio arms of the bridge, 
forms an au "liary bridge, balance of 
which inrli cates that the apparent 
ground of the pow r source and the 
ground in the bridge are at the same po
t ntia]. Provision i made for inserting 

an additional 500 ohm on either one 
or both side of the potentiom eter. 

A witch is also incorporated in the 
unit for connecting the phone or 
other balance indicator either to the 
bridge or to the agner Ground. At 
the ame time this switch furn.i hes an 
ea y means for shifting the resistance 
balance arm from one side of the 
bridge to the other. 

The price of the unit is $20.00. 

WA VEMETERS .a. • ... Recent exper i-
mental work by General Radio en
gineers seem to indicate that the 
pr ecision. fr equency meter of th e  
future will be sim ilar to those shown 
in th e accom pany i n g photogr aph. 
These were built for the United States 
Coast Guard and had their counterpart 
in another design and construction. 
order from the United tate avy. 

Calibrating a group of special elf-checking heterodyne wavemeters designed and built by 
General Radio for the United States Coast Guard 
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In general, a self-calibrating hetero
dyne wavemeter consists of a hetero
dyne oscillator fitted with interchange
able coils and a straight-line-frequency 
condenser for covering a wide band of 
frequenci s. A pi zo-electric oscillator 
i also in.eluded, harmonics from which 
serve to furnish points at which the 
calibration of the heterodyne may be 
checked . It is also possible by this 
arrangement to abandon the use of a 
calibration for the heterodyne except 
as a rough one is needed to help 
identify harmonics. By giving suffi
cient attention to the linearity of the 
tuning condenser, it is possible to so 
construct the instrument that inter
polation between adjacent crystal har
monics i carried out by a simple 
graphical process. 

As an example of the possible range 
of such an instrument, the ones shown 
in the photograph covered 150 to 500 
kc. and 2200 to 4280 kc. using two 
piezo-electric oscillator , one at 100 kc. 
and one at 110 kc. 

CAPACITY BRIDGE, TYPE 216 • • • A new 
instruction book for the TYPE 216 
Capacity Bridge has just been com
pleted and copies are available without 
charge to those who own the bridge . 
The book not only gives suggestions for 
the use of th bridge but includeFi a 
detailed discussion of its principle of 
operation. Two charts to aid in com
puting power factor and dielectric con
stant are included. 

Please mention the serial number 
of your bridge when writing for your 
copy of the hook. 

THERMOCOUPLES • • • In add " tion to 
the line of contact-type vacnum
mounted thermocouples described i n  
Part 2 of Catalog F, the General Radio 
Company is about to announce sepa
rate heater thermocouples mounted in 
the same style of ha elite case. An 
article discussing the general principles 
of thermocouple design and describ
ing the General Radio thermocouples 
will appear in the next issue of the 
Experimenter. 

T
HE GENERAL RADIO COMPANY uiails the Experiuienter, without charge, 

each uionth to engineers, scientists, and others interested in couiuiun

ication-frequency uieasureuient and control probleuis. Please send requests 

.for subscriptions and address-change notices to the 

GENERAL RADIO COMPANY 

30 St:ate St:reet Cambridge A, Massachusetts 
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