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A Half -Meter Tube 
By C. E. FAY 

Vacuum Tube Development 

DEVELOPMENT of radio 
communication at ultra -high 
frequencies has proceeded with 

such rapidity that whereas a few 
years ago the range of frequencies 
from 3o to loo megacycles was prac- 
tically unexplored, today experi- 
mental activity extends to much 
higher frequencies. The 3o4A tube - 
recently described in the RECORD*--- 
is suitable for frequencies up to 300 
megacycles, and considerable experi- 
mentation at these frequencies has 
been carried on, but beyond 30o meg- 
acycles very little has been done. 
Heretofore, the only sources of power 

*RECORD, llugust, 1935, p. 379. 
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at the very high frequencies, corres- 
ponding to wavelengths of less than a 
meter, were tubes of either the elec- 
tron- oscillation or magnetron types. 

Both of these types of tubes are 
under rather severe disadvantages 
compared to the more usual type of 
vacuum tube, since they both require 
critical adjustment, which is hard to 
maintain. The electron -oscillation, or 
Barkhausen tubes, moreover, are 
characterized by rather low efficien- 
cies, and the magnetrons require a 
magnetic field of considerable intens- 
ity, which results in rather large and 
heavy equipment, and additional 
power supply. To avoid these diffi- 
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culties at the high frequencies, a new 
tube of the ordinary negative -grid 
type has recently been developed, 
known as the Western Electric 316A. 
Although of lower power rating than 
the 3o4A, it may be used for frequen- 
cies as high as 600 megacycles, or 
wavelengths of half a meter. 

This new triode, shown in Figure 2, 
is of radically different design com- 
pared to what has heretofore been 
standard practice. The conventional 
base has been completely eliminated, 
and the leads -in the form of tung- 
sten rods -are brought out through a 
molded -glass end plate, which is part 
of the tube envelope. Circuit connec- 
tions are made through brass sleeves 
that slip over the tungsten rods and 
are fastened to them by set screws. 
Soldering is not recommended be- 
cause of the high operating tempera- 
tures. Within the tubes, the elec- 
trodes are mounted directly on the 
tungsten leads and as close to the glass 
as feasible, so as to hold the induc- 
tance and resistance of the leads to 
minimum values. To attain short 
electron- transit time, and also to keep 
the inter -electrode capacitance within 
bounds, the electrodes have been made 
very small. The cylindrical plate is 
only an eighth of an inch in diameter. 

0 -3 VOLTS 

MODULATION 

The necessity for the small size is evi- 
dent when it is realized that at 600 
megacycles, one micro -microfarad has 
a reactance of only about 260 ohms. 
The smaller the size, on the other 
hand, the more difficult it is to dissi- 
pate the heat from the electrodes. 

Fig. 2 -The 3164 vacuum tube 

To avoid heating difficulties arising 
from the very small size of the tube 
elements, the plate is provided with 
three large radial fins, and the ma- 
terial is roughened to assist further in 
heat radiation, with the result that 

thirty watts plus an 
additional seven watts 
used to heat the fila- 
ment may be readily 
radiated. The filament 
is a single strand of 
thoriated- tungsten 
wire passing along the 
axis of the plate cylin- 
der. The grid requires 
an unusual design to 
obtain proper function- 
ing in the restricted 
space available. For ef- 
ficient operation, elec- 

T 4004 VOLTS DC 

Fig. 1- Schematic of an oscillator circuit employing the 3164 
vacuum tube 
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tron emission from the grid must be 
prevented, and this requires that its 
temperature be kept relatively low. 

Instead of employing the conven- 
tional helical winding, the grid is 

TABLE I- CHARACTERISTICS OF THE 
316A VACUUM TUBE 

Filament Potential 2.0 Volts 
Filament Current 3.65 Amperes 

AVERAGE INTERELECTRODE CAPACITIES 
Plate to grid 16 mmf. 
Grid to filament 12 mmf. 
Plate to filament o.8 mmf. 

AT A PLATE POTENTIAL OF 450 VOLTS AND PLATE 
CURRENT OF 67 MILLIAMPERES 

Amplification factor 6.5 
Transconductance 2400 micromhos 
Plate resistance 2700 ohms 

As AN OSCILLATOR OR AMPLIFIER -PLATE MODU- 
LATED 

Maximum direct plate 
potential 400 volts 

Maximum direct plate 
current 8o milliamperes 

Maximum direct grid 
current 12 milliamperes 

Maximum plate dissipation .3o watts 
NOMINAL POWER OUTPUT OBTAINABLE 

Frequency -Mc 
300 
400 
500 
600 

75o 

Power Output - 
Watts 

8.5 
8.o 
6.5 
4.0 

Limit of oscillation 

made of the cage type, with vertical 
rods connecting to collars at each end. 
This construction not only permits 
the heat generated in the rods to be 
readily conducted to the end collars, 
where it can be effectively radiated, 
but provides an electrode of low in- 
ductance and resistance to the flow of 
high- frequency currents. The entire 
grid structure is blackened to improve 
its heat -radiating properties and to 
prevent the emission of electrons from 
it. No solid dielectric is used inside 
the tube envelope except a small piece 
holding the grid in alignment, which 
is nominally at grid potential and 
avoids a closed loop in the grid -sup- 

18o 

porting structure, which might ab- 
sorb high- frequency power. The ar- 
rangement of the elements is indi- 
cated in Figure 3. Nonex glass is used 
for the tube envelope to avoid crack- 
ing at the high temperatures, and be- 
cause of its better dielectric properties. 

It is hoped that this new tube will 
assist materially in the study of radio 
transmission in the ultra- high -fre- 
quency region, and in the utilization 
of this region for general communica- 
tion. Antenna dimensions at these 
short waves are very small; the length 
of a half -wave doublet antenna at 

r 
PLATE 

SUPPORT 

Fig. 3 -The elements of the 31611 
vacuum tube 

500 megacycles is less than a foot. An 
oscillator circuit arranged for plate 
modulation is shown schematically in 
Figure 1, and as actually built, in the 
photograph at the head of this article. 
A power pentode, such as the Western 
Electric 312A, which could be driven 
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by a carbon microphone through a 
transformer, would provide sufficient 
power for modulation. Six watts can 
be radiated from this transmitter. 
Suitable receivers can be made using 
tubes already available, so that many 
uses will undoubtedly be found for 
these ultra- high- frequency channels. 

Because of its low capacitances and 
lead inductances, this new tube is very 

useful for ultra- high- frequency meas- 
uring equipment. It also affords a 
convenient and adequate source of 
power for experiments with antennas 
and radiating systems, which may be 
built at very little cost, and is suitable 
for variable- frequency apparatus at 
frequencies above 300 megacycles. 
The characteristics and ratings of the 
tube are given in Table I. 

s 
,-; Eaal;1 ' ' 

- -- 
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B. Dysart and M. E. Strieby testing an unattended repeater for coaxial cable, in the 
carrier laboratory at Varick Street 
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Stabilized Feedback for Radio Transmitters 
By L. G. YOUNG 
Radio Development 

THE output of a perfect radio 
transmitter, properly rectified 
and adjusted for volume, would 

be found to be an exact copy of the 
speech or signal on its input side. 
For any actual transmitter, however, 
the output is found to differ some- 
what from the input in three respects. 
In the first place, the amplitudes of 
the input and output waves will not 
maintain the same relative values as 
the frequency of the input voltage is 
varied. The second difference is the 
presence of noise in the output that is 
not present in the input signal. This 
noise is principally a hum due to the 
use of alternating current as the 
primary source of power for heating 
the filaments, biasing the grids, and 
energizing the plate circuits. The 
third difference between output and 
input lies in the wave form. When a 

AUDIO 
INPUT 

E9=10 

single- frequency wave is applied to 
the input, the output includes the 
harmonics of this frequency as well as 
the fundamental itself, and thus has a 
different wave form. 

The first of these differences is not 
usually serious, since the frequency 
characteristic of a broadcasting trans- 
mitter can ordinarily be made flat to I 

db over a range from so to Io,000 
cycles by the proper selection of the 
low -power audio -coupling circuits, the 
cost of which is generally less than 
I% as much as that of the trans- 
mitter. The other two differences are 
much more formidable, and before the 
advent of stabilized feedback could be 
satisfactorily reduced only at con- 
siderable expense. 

The greater part of both the noise 
and distortion arises in the final am- 
plifier stages, and for this reason its 

reduction becomes par- 
ticularly expensive for 
the larger transmitters. 
To reduce the hum, 
direct -current genera- 
tors have commonly 
been employed to sup- 
ply the filaments, using 
filters to minimize the 
commutator ripple. 
For a soo -kw trans- 
mitter, however, a cur- 
rent of some s000 am- 
peres at thirty volts is 
required, and the cost 
of these generators, 
which must generally 
be supplied in dupli- 
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RECTIFIER 

Es =.10 

Ed=1.0 
} 

Es Ed,En 

En =0.1 

Fig. i-In the output of a radio transmitter there are certain 
components in addition to the desired signal. These are 
chiefly a distortion component and a noise component 
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cate, plus the expense of their main- 
tenance becomes considerable. The 
harmonic distortion, on the other 
hand, is caused chiefly by the non - 
linearity of the final amplifying stage. 
The input- output characteristics of 
vacuum tubes are not linear up to the 
limits of their power output, and if to 
avoid the distortion the 
tubes were used over 
only the straight part 
of their characteristics, 
considerably greater 
power would have to 
be provided in the final 
stage, and the plate - 
circuit efficiency would 
become extremely low. 

In the past, engineers 
have incorporated 
sufficient tube capacity 
in the final stage to 
keep the distortion 
within tolerable limits, 
but the initial and 
operating cost of the 
transmitter has been 
proportionately in- 
creased. Recent revi- 
sions in the standards of performance 
demanded of radio transmitters have 
set the requirements on permissible 
distortion to so low a value that for 
very large transmitters it becomes 
economically impracticable to secure 
sufficiently low distortion by these 
means. With the increasing size of 
broadcasting transmitters, therefore, 
designers are faced with what has 
seemed the almost impossible task of 
securing low noise or hum and low 
harmonic production at a practicable 
cost. Fortunately, the development 
of stabilized feedback by H. S. Black 
has pointed an easy solution. So ef- 
fective is this new development that 
the filaments of the tubes may be 
heated directly from alternating cur - 

February 1937 

rent, and the final amplifiers need only 
be large enough to carry the modu- 
lating peaks, and yet the hum and 
distortion may be kept well below all 
likely requirements. 

A very much simplified schematic 
of a radio transmitter might be repre- 
sented as shown in Figure i, where a 

E0=90+Eg=100 

fn=o.o9 ro -,-0.9 

fs=-90 

E5=10 

ed=+o.l 
} er= t0.01 

Fig. 2- Feedback returns to the input a portion of the output 
in reverse phase, and in this way cancels part of the output 

noise and distortion 

rectifier is connected to the final 
stage so that a portion of the output 
will be available for comparison with 
the input. For simplicity it may be 
assumed that the input is a single 
frequency, and under these condi- 
tions the input and output voltages 
could be represented as shown in the 
lower part of the illustration -the 
amplitude of the rectifier output being 
adjusted so that the fundamental fre- 
quency has the same value as that of 
the input to the transmitter. This in- 
put voltage is marked Eg, and the 
corresponding output voltage of the 
rectifier, although made equal to it 
by adjustment, is marked ES to indi- 
cate that in general it is different from 
that on the grid of the input stage. 
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Two other voltage vectors are indi- 
cated in the output -one, Ed, repre- 
senting the distortion voltage, and the 
other En, representing the noise 
voltage that is generated within the 
transmitter itself. 

Although Ed and En are actually 
generated within the transmitter, and 
in fact, practically always in the final 
stage of the transmitter, the effect is 
exactly the same as if these voltages 
were produced at the grid of the first 
tube, and the rest of the transmitter 
were free from distortion and noise. 
Thus if equivalent voltages 180° out 
of phase could be introduced into the 
grid circuit of the first tube along with 
the signal voltage, the distortion and 
noise would be cancelled out and the 
transmitter would be perfect. The 
principle of feedback is thus to carry 
back to the input of the transmitter a 
portion of the output in reversed 
phase, so that the distorting elements 
in the output will be cancelled by 
similar but negative voltages. Actu- 
ally, of course, the full value of the 
distortion cannot be completely can- 
celled, for if it were there would be 
none of the distortion remaining in 
the output to be fed back. There must 
always remain a vestige of the distor- 
tion in the output that may be ad- 
justed to the proper value and then 
fed back to the input. 

The various relationships involved 
may be illustrated for the moment by 
considering the harmonic distortion 
alone, and assuming that without 
feedback the distortion was io% of 
the signal in amplitude, and that it is 
desired to reduce it to 1% of the 
signal, or to one -tenth of its former 
value. This ratio of final to initial 
distortion defines the amount of feed- 
back required. The distortion under 
feedback conditions will be equal to 
the original distortion plus the distor- 

184 

tion fed back, which is in phase op- 
position to the original distortion, and 
thus the amount of distortion to be 
fed back will be equal to the difference 
between the original and final distor- 
tion. Thus, if the original distortion 
was I volt and the final distortion is 
to be one -tenth of that amount, or o.i 
volt, the amount of feedback will be 
-0.9 volt, or nine times the final dis- 
tortion and in opposite phase. 

The feedback circuit, however, picks 
up not only the harmonic -distortion 
components but the noise and the 
signal components as well, and all 
will be reversed in phase and equal to 
nine times their final values in the 
output circuits. The purpose of feed- 
back, however, is to reduce the noise 
and distortion without reducing the 
signal, but it is obvious that if a signal 
nine times the original and in opposite 
phase were fed back, the amplitude of 
the input signal would have to be 
changed in order to keep the output 
signal the same. In other words, the 
input signal amplitude must be in- 
creased so that when combined with 
the feedback signal, the sum will just 
equal the original input. Since the 
signal fed back in the example taken 
is minus nine times the output sig- 
nal, the increased input signal must 
be ten times the original signal in 
order that the difference will give 
the same signal amplitude as ex- 
isted before feedback was applied. 
If the original signal was ten volts, the 
signal feedback will be minus 90 volts, 
and the increased input signal must be 
zoo volts so that the net final signal 
will be io volts, or loo minus 9o. 

The amount the input signal must 
be increased under feedback condi- 
tions, or the ratio of input voltage 
without feedback to input voltage 
with feedback is numerically equal to 
the ratio of distortion voltage with 
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feedback to distortion voltage without 
feedback, and for convenience is taken 
as the measure of feedback. The 
amount of feedback in db is thus 
twenty times the logarithm of the 
ratio either of the input voltage with- 
out feedback to that with feedback, or 
of the final to initial distortion. In the 

AUDIO INPUT 

example taken for illustration this 
ratio is ten, and thus there may be 
said to be 20 db of feedback. 

In Figure 2 is shown the same trans- 
mitter as in Figure i, with the addi- 
tion of the feedback circuit, and 
below it are the various voltages 
under feedback conditions. Small let- 

AUDIO 
AMPLIFIER 

FEEDBACK 

AAA 

MODULATING 
AMPLIFIER 

RADIO 
FREQUENCY 
AMPLIFIER 

OUTPUT 

DISTORTION, NO FEEDBACK 

DISTORTION WITH FEEDBACK 

NOISE, NO FEEDBACK 

NOISE WITH FEEDBACK 

Fig. 3 -The effect of feedback on the signal at various points in the transmitter is 
illustrated by the oscillograms shown above. It will be noted that with feedback a definite 
distortion or noise is introduced that is the inverse of that generated in the transmitter. 
This inverse distortion and noise cancels the greater part of that generated in the final 
stage, and thus results in a signal that is nearly free from undesired components 
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ters are used to indicate the reduced 
values of the noise and distortion 
voltages. The noise voltage with feed- 
back, is in the same ratio to the 
original noise voltage as the distortion 
voltage with feedback is to the 
original distortion, all forms of dis- 
tortion being reduced the same rela- 
tive amount. 

In practice, the phase difference be- 
tween the input and feedback volt- 
ages can be made i8o degrees at one 
frequency only and the simple, ideal 
condition just depicted is not realized. 
It is the problem of the transmitter - 
circuit designer to control and manip- 
ulate the phase shifts and gains 
throughout the circuits involved so 
that the feedback and input voltages 
do not become in phase except at fre- 
quencies far removed from the trans- 
mitted band. The gain of the feed- 
back loop at these frequencies where 
the voltages become in phase must be 
reduced to less than unity or singing 
will result. It is not always easy to 
apply feedback to a radio trans- 
mitter, but the results obtained with 
this arrangement cannot be achieved 
by any other known means which is as 
simple and economical. 

The oscillograms of Figure 3 show 
how feedback action deliberately pre - 
distorts the audio signal impressed 
upon the grid of the tube at the point 
of feedback, and how this predis- 
torted wave, which is in a sense the 
inverse of the distortion generated 
within the transmitter, is applied to 
the various stages. In the case of this 

particular transmitter, the distortion 
and noise were purposely made high 
to portray more vividly the action by 
means of oscillograms, and, because 
of the limitations of oscillograms, the 
change in voltage amplitude associ- 
ated with the grid circuit where the 
feedback action occurs has been pur- 
posely omitted. 

Since the frequency characteristics 
of radio transmitters are highly satis- 
factory without feedback, the action 
of feedback in this respect will not be 
discussed other than to mention that 
its application also flattens any ir- 
regularities of this nature that may 
exist in the transmitter. 

The great advantage of feedback 
is obvious once its action is under- 
stood. The improvement it gives as a 
result of the large reduction in noise 
and distortion with a minimum of 
additional apparatus is of value to 
listeners as well as to the broadcaster. 
Of particular importance to the oper- 
ators of the transmitter, however, is 
its extreme simplicity. Stabilized feed- 
back is inherently automatic; regard- 
less of the type of distortion or noise 
generated, the reduction will always 
be the same without any adjustments 
being necessary. With a non -auto- 
matic method of correction, every 
change of condition in the transmitter, 
such as a change in tubes, will require 
a readjustment, while with stabilized 
feedback, once the original adjust- 
ments have been made at the time the 
transmitter is installed, no further 
attention is required. 
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Measuring the Plating on Screw Threads 
By E. C. ERICKSON 

Telephone /Ipparatus- Electromechanical 

N spite of the ever -growing number 
of substitute fastening devices, the 
common screw remains a very vital 

factor in mechanical construction. No 
better illustration of this fact can be 
given than that found in the telephone 
industry, which uses millions of screws 
and threaded parts. The ever- chang- 
ing conditions under which the tele- 
phone must function and the contin- 
uous improvements in design call for 
a set -up of equipment, any single part 
or an entire unit of which may readily 
be removed for repair or replaced by 
some new or improved development. 
Thus many of the individual parts in 

February 1937 

telephone apparatus will be found 
held together by the common machine 
screw. These parts are attached to 
mounting plates which in turn are 
screwed to standard relay racks. The 
whole set -up from the individual piece 
of apparatus to the complete unit of 
assembly is held together by the ma- 
chine screw. It is, therefore, not sur- 
prising that the Bell System gives 
much attention to the improvement 
in quality and the standardization of 
these threaded parts. National Stand- 
ard screw thread sizes and fits have 
been adopted and much has been done 
in the methods of producing and 
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gauging the various 
qualities of dimen- 
sional fit that is re- 
quired in industry. 

There is one phase 
of the work, moreover, 
which has received lit- 
tle attention outside 
the telephone field. It 
involves plated or fin- 
ished screw threads. 
Since telephone appa- 
ratus is subjected to all 
possible climatic con- 
ditions, it must with- 
stand, among other 
things, any probable 
change in temperature 
and humidity. Thus 
iron screws which rep- 
resent the bulk of the threaded prod- 
uct used in telephone apparatus must 
not only be free enough from a dimen- 
sional fit standpoint to be engaged or 
removed readily from their mating 
members and yet close enough to re- 
sist loosening under vibration but 
they must also be protected against 
rust or corrosion by a suitable coating 
or plate. 

The corrosion protecting plate best 
suited to a screw thread from a di- 
mensional fit standpoint is one which 
gives the maximum protection per 
milligram per square inch and is cap- 
able of the closest control of distribu- 

p m=U. m.é.. :... .............. ..N.. a..:ga.. _ '..... ... ...... :. . . ...... 
. . 

sal:: 
`:Bs=:: ..:........:...:....... 
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. .Ñ.::::. 

.. ...... 

MEW' 
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Fig. 2- Shadowgraph of a satisfactorily plated screw 

SOURCE 
OF LIGHT 

VOLTAGE 

tion and thickness over the uneven 
threaded area. The protective quali- 
ties of the various plates available 
have been determined previously in 
connection with other apparatus prob- 
lems so that the work on plated 
threads is reduced to determining the 
thickness and uniformity of distribu- 
tion of such finishes on threads. 

In the absence of any standard 
gauging apparatus which could be 
used to make such determinations ac- 
curately, a special method, which 
employs an optical contour projector, 
was devised. As illustrated in the dia- 
gram, this is essentially one in which 

IRIS 
DIAPHRAGM 

CONDENSER LENSES i 
SAMPLE 

OBJECTIVES 

1 

cirk4b-- 

PHOTOGRAPHIC 
SHADE 

Y. t. 
.'GRAPH 
SCREEN 

Fig. I- Optical contour projector used to determine thickness of finish on screw threads 
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the highly magnified contour of the 
screw without the finish or plate is 

superimposed on a record of the con- 
tour of the screw with the finish. 

The screw, after being carefully 
cleaned of any particles of dirt, is 
rigidly mounted in a jig at the object 

illganuramm 

Eithidtenrildibifil 
: H:: 

disturbing the relative position of the 
screw or the recording paper. A second 
exposure is then made, this time of 
the stripped screw, with the image 
superimposed on the image already 
made of the ,plated screw. 

By observing the thickness and uni- 
formity of distribution 
of the plate in this m an- 
ner, it is possible to de- 
termine not only its 
suitability for screw 
thread use but also the 
adequacy of this pro- 
cess of applying it. This 
is shown in Figures 2 

and 3 where two con - 
tourgraphs represent- 
ing zinc plates of 5o 
milligrams per square 
inch are given. The fin- 
ish can be seen as the 
partially exposed area 
surrounding the screw 
thread. In one case a 
sulfate solution was 
used and in the other 
a cyanide bath. The 

former deposits almost all of the zinc 
on the upper portion of the threads 
with almost no finish or protection 
against corrosion near the minor di- 
ameter. This uneven distribution also 
results in poor thread form and un- 
satisfactory engagement with the 
mating part. The cyanide bath gives a 
more uniform plate over the entire 
thread which not only offers good pro- 
tection but simplifies the undercutting 
of the thread before plating. 

Accurate records can be made by 
this method of samples of various fin- 
ishes and it is possible to select by the 
uniformity of distribution and thick- 
ness, finishes or plates suitable for 
threaded work. This method also pro- 
vides a means of determining the 
variation of the plate thickness. 

. *pm . :111:11"11"" a 
a +i...... ....... ..isao..íi 

iii: aiii.11u:a Di:: 
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Fig. 3 -This shadowgraph shows an unsatisfactory plate, 
since the deposit is almost entirely on the outside of the thread 

position of the projection system which 
is set at a definite magnification. The 
upper side of the screw is adjusted in 
the center of the field for the correct 
helix angle so as to insure a perfect 
outline of both sides of the thread as 
shown in Figure t. A partial exposure 
of the image of the top of the thread 
with the plated finish is then made on 
photograph paper through a graph 
screen which provides graph lines 
along with the contour of the thread 
to aid in analyzing the results.* The 
finish is next removed from the 
threads by a stripping solution which 
is applied to the thread from a dropper 
after which it is carefully washed with 
distilled water and dried by a stream 
of heated air. This is all done without 

*RECORD, March, 1932, p. 255. 
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Remagnetizer for Ringer Magnets 
By O. H. DANIELSON 

Telephone flpparatus Development- Electromechanical 

THE audible signal which noti- 
fies a telephone subscriber of 
an incoming call is produced 

by a "ringer." This is an electric bell 
in which the clapper, as it vibrates, 
strikes alternately a pair of gongs. 
The clapper is driven by the armature 
of a double coil electromagnet. The 
armature itself and the cores of the 
electromagnets are biased by an asso- 
ciated permanent magnet. The ringer 
is operated by a low- frequency alter- 
nating current and the magnet coils 
are wound so that this current alter- 
nately strengthens the pull of one core 
on the armature and then that of the 
other. This makes the armature vi- 
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brate and rings the bells. To prevent 
the armature from operating from 
other currents it is mechanically 
loaded in one direction by a biasing 
spring. For satisfactory operation the 
strength of the permanent magnet 
must be maintained above a definite 
limiting value. 

In the manufacture of ringers the 
permanent magnet is magnetized after 
the assembly. As a result, however, of 
later handling and particularly of 
demagnetizing influences encountered 
during service it sometimes happens 
that the strength of the permanent 
magnet is reduced sufficiently to im- 
pair the operation of the ringer. In the 
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past it has been necessary to return 
the subscriber set to the nearest shop 
of the Western Electric Company 
when remagnetization is needed. 

Recently a simple remagnetizer was 
devised which was operated by dry 
cells and could be used on ringer mag- 
nets without removing the ringers 
from subscriber sets. The experi- 
mental use of this device resulted in 
such general improvement in the cap- 
abilities of ringers that the develop- 
ment of a similar tool was undertaken 
by the Laboratories for use in Tele- 
phone Company storerooms and on 
the subscribers' premises. It was antic- 
ipated that such a tool would reduce 
ringer maintenance costs and would 
result in a general improvement in the 
quality of ringers. Early in the de- 
velopment it was suggested by I. C. 
Pettit that a device using a cobalt 

Fig. i -The remagnetizer can be used on 

ringers assembled in the subscriber sets 

housed in metal and phenol plastic boxes 
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steel magnet would accomplish the 
desired degree of remagnetization 
with a possible saving in weight and 
the elimination of direct current. 

The remagnetizer as constructed 
(coded the No. 481A Tool) consists 

Fig. 2 -The sheet steel carrying case also 
serves as a keeper for the magnet and as a 

magnetic shield 

essentially of a "U" shaped perma- 
nent magnet of cast cobalt steel and a 
pole -piece assembly which are illus- 
trated in Figure 2. The pole -piece as- 
sembly comprises two soft steel pole - 
pieces designed to fit on the ends of 
the ringer magnet and a forked -shape 
phosphor bronze tie bar which is per- 
manently fastened to one of the pole - 
pieces. The forked portion of the tie 
bar slides in grooves in the sides of the 
other pole -piece and the pole -pieces 
are drawn toward each other by means 
of a helical spring. This self -adjusting 
feature insures a snug overlapping as 
well as butting contact between the 
pole -pieces and the ends of the ringer 
magnet. As generally used the pole- 
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piece assembly is fastened permanently 
to the cobalt steel magnet by means of 
a screw which passes through one pole - 
piece and is threaded into one of the 
pole -faces of the permanent magnet. 
A single application of the device to a 
ringer magnet is all that is required to 
accomplish remagnetization. 

Another arrangement of the tool in- 
volves applying the pole -piece as- 
sembly to the ringer magnet before 
the magnetizing magnet is brought 
into contact with the pole -piece. This 
facilitates the use of the remagnetizer 
on ringers in inaccessible locations. 
With this arrangement the screw 
which ordinarily fastens the pole - 
piece assembly to the magnetizing 
magnet is replaced by a threaded dowel 
pin. This serves to locate the magnet 
properly and to prevent it from being 

accidentally reversed with consequent 
changes of the ringer's polarity. The 
pole -piece assembly is first fitted to 
the ringer magnet, after which the 
magnetizing magnet is applied. 

A sheet steel carrying case, which 
also acts as a keeper for the magnet as 
well as a magnetic shield, is provided 
for the tool. The accumulation of 
magnetic materials on the magnet and 
the accidental magnetization of 
watches when the tool is not in use is 
thus avoided. The total weight of the 
tool and the carrying case is about 
712 lbs. of which the magnet accounts 
for approximately 4/ lbs. 

This tool has been tried out by all 
of the associated Telephone Com- 
panies with results which have been 
so promising that it has now been 
made available for general use. 

STOP 
PIN 

1 ® ___ì. 
^' ` PERMANENT 

MAGNET 
STOP 

SCREW 

BIASING 
SPRING 

Fig. 3 -The "ringer" consists of a pair of gongs which are 
struck alternately by a clapper attached to the armature of a 
double coil electromagnet. The armature and cores of this 
electromagnet are biased by a permanent magnet and a spring 
and stop keep the bells from being rung by unwanted currents 
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I 

Preparing to transfer a 
droplet of solution to a 
three- electrode cell where 
it will be electrolyzed 
under the microscope to 

detect minute quantities 
of copper 

II 

March of the repealer 
tubes -a new one lead- 
ing a line of experi- 
mental tubes made dur- 
ing its de :elopment 

111 

Testing new repeater 
tubes for carrier systems 

IV 
Laboratory model of 
equipment used to test 
bias of telegraph signals 
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A Telegraph Signal Biasing Set 
By C. A. DAHLBOM 
Toll Systems Development 

TELETYPEWRITERS used in 
the Bell System operate on a 
7 r z unit code. Five selecting 

pulses, plus a start and a stop pulse, 
comprise the successive groups of sig- 
nals that are converted by the tele- 
typewriter into printed letters. In 
idealized form, the pulses comprising 
the letter Y are shown at "a" of Fig- 
ure I. For all letters the start pulse is 

always a spacing pulse, and the stop 
is always a marking pulse, while the 
combination of the five selecting pulses 
differs for the various letter signals. 
The teletypewriters themselves, and 
other forms of start -stop receivers, 
such as regenerative repeaters, do not 
utilize the entire duration of each 
selecting pulse, but only a short por- 
tion of it at the center, indicated in 
the illustration by the small rec- 
tangles marked "selecting periods." 
This permits the signals to be cor- 
rectly interpreted even though the 
pulses are considerably shortened by 
the distorting influences of the line 
and connected apparatus. 

One of the principal forms of dis- 
tortion is called bias, and may be 
either of two kinds -spacing bias or 
marking bias. Spacing bias lengthens 
the spacing pulses and correspond- 
ingly shortens the marking pulses, 
while marking bias lengthens the 
marking pulses and shortens the spac- 
ing pulses. A properly adjusted tele- 
typewriter will correctly interpret 
signals biased as much as 4o%. This 
amount of bias of the two forms is 
shown in "c" and "d" of Figure 1. As 
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shown at "c," the spacing bias has 
shortened the marking pulses to the 
point where a further shortening 
would result in the failure of the selec- 
tor to receive the marking pulse. The 
marking bias shown at "d" has cor- 
respondingly shortened the spacing 
pulse so that a further shortening 
would cause a marking signal to be 
incorrectly registered instead of a 

spacing signal. 
With a teletypewriter in proper ad- 

justment, the five equally spaced se- 
lecting periods are oriented to the 
centers of the selecting signal pulses, 
and in this position 4o% bias can be 
tolerated. If they were not so oriented, 
less than 40% distortion of one or the 
other forms would result in the regis- 
tering of false signals. It is desirable, 
therefore, to check the bias tolerance 
and the orientation of teletypewriters 
and regenerative repeaters periodi- 
cally to insure that they are in proper 
adjustment. This is most easily ac- 
complished by transmitting signals of 
known bias, and orienting the select- 
ing periods to their position of equal 
margin on each side. To provide sig- 
nals for this and other tests of tele- 
graph circuits and apparatus, a bias - 
producing set has recently been de- 
veloped, which is called the ii9A1 
telegraph signal biasing set. It is cap- 
able of supplying signals with either 
spacing or marking bias of any 
amount up to 6o%, and the type of 
bias may be automatically alternated 
or changed manually as desired. Aux- 
iliary circuits are also provided for 
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measuring the output bias, so that the 
bias -producing set may be kept in 
proper adjustment. 

The complete bias -producing cir- 
cuit, shown schematically in Figure 2, 
includes an input circuit, a bias -pro- 
ducing circuit proper, a bias -switching 
circuit, and an output circuit. Neutral 
telegraph signals open and close the 
input loop, and cause the "receive" 
relay to repeat the signal to the "bias" 
relay. Here the desired bias is applied, 
and the signals are repeated to the out- 
put circuit either as polar or neutral 
signals depending on the requirements 
of the circuit under test. The amount 
of bias, marking or spacing, is set by 
two dials controlling potentiometers. 

The bias relay has four windings. 
The upper two receive current from 
the armature of the "receive" relay, 
and are oppositely poled so that cur- 
rent in one winding tends to operate 
the armature to the marking contact, 
and in the other, to the spacing con- 
tact. The lower two windings are also 
oppositely poled, and the current to 
them is controlled by the bias -control 
potentiometers. One of these windings 
produces marking bias and the other 
spacing bias, and of course only one 
of the windings is energized at a time. 
The armature of the bias relay moves 

(a) LETTER"Y" 

1 
1 

1 

START 

(b) SELECTING I 

1 PERIODS 
1 

1 

1 

(C) SPACING BIAS 

START 

ONE 

to the marking contact when the flux 
in the core is in one direction, and to 
the spacing contact when it is in the 
other -the transition occurring ideally 
at the point of zero flux. 

The effect of the four windings on 
the flux in the core of the bias relay, 
and hence on the action of the arma- 
ture, is indicated by Figure 3. Assume 
spacing current has been flowing, and 
at point "a" the spacing contact of 
the "receive" relay opens. The current 
in the spacing winding begins to de- 
cay, following the upper curve of the 
illustration. At "b," a very short in- 
terval after "a," the armature of the 
receive relay closes on its "M" con- 
tact and current starts to flow in the 
marking winding following the center 
curve of the illustration. Since these 
two windings have opposite effects on 
the flux in the relay core, the two 
fluxes are drawn on opposite sides of 
the axis of zero flux. The effect on the 
flux in the relay is proportional to the 
combination of these two curves - 
indicated by the bottom graph. This 
signal has no bias, since it will be 
noticed that the lengths of the mark- 
ing and spacing pulses, as measured 
along the axis of zero flux, are equal. 

If a steady current is allowed to 
flow in one of the biasing windings, the 

(d) MARKING BIAS 

START i ONE 

ONE TWO r 

THREE 
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rnI, 
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4 fn'I 
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I 
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STOP 

1 

FOUR FIVE 

( FOUR! 

STOP 

FIVE I ! STOP 

Fig. i -fl typical teletypewriter signal is shown at (a). The effect of about 40 per cent 
bias in spacing and marking respectively, is shown at (c) and (d) 
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RECEIVE RELAY 

INPUT 
CIRCUIT 

I(b 
BIAS RELAY 

BIAS -SW ITCRING 
CIRCUIT 

MARK 

AUTOMATIC 
MULTIPLE BIAS- POTENTIOMETERS 

SENDER PRODUCING 
OUTPUT CIRCUIT M 

TELETYPEWRITER CIRCUIT - SPACE 

Qfz 

is connected to the 
output of the bias -pro- 
ducing circuit and the 
dots - transmitted 
through the "receive" 
and "bias" relays - 
operate the measuring 
relay to connect bat- 
tery alternately to op- 
posite terminals of the 
meter. With the relay 
armature operated to 

"M" the meter deflects to one side 
and with the armature operated to 
"S," it deflects to the other. The 
meter is too sluggish in action to fol- 
low the very rapid pulses of the tele- 
graph dots, and as a result takes up a 

position corresponding to the average 
current. If the dots as received by the 
measuring circuit have no bias, that 

INTERRUPTER 
(60 TO 120 PER 

MINUTE) 

Fig. 2- Schematic of the bias producing circuit 

effect will be to raise or lower the 
three curves with respect to the axis 
of zero flux, or -what is relatively the 
same thing -to lower or raise the axis 
of zero flux itself. If this axis, by 
means of a bias current, is raised to 
position "c -c," for example, the mark- 
ing pulse is reduced in length and the 
spacing pulse correspondingly length- 
ened, while if it is low- 
ered to "d -d" the spac- 
ing pulse is shortened, 
and the marking pulse 
lengthened. The first 
condition gives spacing 
bias, and the latter, 
marking bias. In this 
way a bias may be 
produced in the signal _L_ 

merely by passing dif- 

ZERO FLUX 

SPACING 
FLUX 

a 

b 

ferent amounts of cur- 
rent through one or the 
other of the biasing 
windings. The design 
of this circuit is such 
that no appreciable 
characteristic distortion is introduced 
into the output signals, the distortion 
present being only bias. 

The amount of bias produced by 
various positions of the biasing po- 
tentiometers is determined by sending 
a series of dots, supplied by a dis- 
tributor, through the bias -producing 
circuit, and measuring the bias on the 
circuit shown in Figure 4. This circuit 
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MARKING FLUX 

ZERO FLUX 

ZERO FLUX 

Fig. 3- Representation of change of flux in case of bias relay 
during one complete cycle of a marking and spacing pulse 

is, if the marking and spacing pulses 
are of equal length, the average cur- 
rent is zero and the meter needle will 
vibrate about zero, which is the mid- 
point of its scale. If the marking 
pulses are longer than the spacing, 
there will be an average marking cur- 
rent, which will be indicated by the 
meter, the scale of which is graduated 
to indicate bias in per cent. 
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The meter will indicate the output 
bias given by the bias potentiometer 
setting only, of course, if the dots at 
the input of the bias -producing cir- 
cuit have no bias, and if there is no 
uncorrected mechanical bias of the 
"bias" or "measuring" relays. The 
accuracy of the dots themselves is 
first checked by the "test reversal" 
circuit shown in Figure 5. For this 
test, the meter is connected into a 
bridge network, and the dots open and 
close one arm of the bridge, which is 
adjusted so that the meter reads the 
same amount on one side when the 
arm is closed as it does on the other 
when the arm is open. With equal du- 
ration of the open and close pulses of 
the dots, therefore, the meter will in- 
dicate zero bias. Ordinarily, no ap- 

TO OUTPUT 
OR EXTERNAL 

LOOP 
MEASURING RELAY 

M 
METER 

Fig. 4- Schematic of bias -measuring circuit 

preciable bias is found, and if it 
should be greater than 3 %, the source 
of dots should be corrected. 

After this is done, the circuit is 
connected to the input of the bias - 
measuring circuit, and the indicating 
meter read. The bias indicated now 
will be that due to the bias of the dots 
themselves plus any additional bias 
caused by the measuring relay. When 
the measuring circuit is to be used 
with the bias -producing circuit, the 
total amount is corrected by adjusting 
the potentiometer on the resistance 
shunting the meter. If the measuring 
circuit were to be used for determining 
the bias of signals obtained from a 
telegraph circuit, however, the poten- 
196 

tiometer would be adjusted until the 
meter indicated only the bias pre- 
viously found in the dots themselves. 

After adjustment, the measuring 
circuit is connected to the output of 
the bias -producing circuit, and the 
dot source is connected to the input 

NO.6A 
DISTRIBUTOR 

"DOTS" 

Fig. 5- Schematic of test- reversal circuit 

circuit. The potentiometers are ad- 
justed to produce the amount of bias 
desired as measured by the measuring 
circuit. The equipment or circuit to be 
tested is then connected to the output 
loop and, where required, the dot 
source is replaced by a source of tele- 
typewriter signals. The effect of this 
amount of bias on the equipment or 
circuit may now be observed. For cer- 
tain uses it is desirable to give the 
signal marking and spacing bias al- 
ternately, and the bias -switching cir- 
cuit permits this to be done either 
manually or automatically. 

To obtain the greatest possible 
flexibility in operation, the set is ar- 
ranged for operation either as a self - 
contained unit or by patching external 
loop circuits into the output and in- 
put circuits. The output is arranged 
for transmitting polar or neutral sig- 
nals, and optional wiring is provided 
for using the circuit on either ?o 
or 6o milliampere loop circuits. A re- 
mote control circuit is also furnished 
to enable a test board man to pick up 
the output signals at a jack in the 
telegraph test board and simultan- 
eously connect the battery to the bias - 
producing circuit. It is expected that 
this telegraph signal biasing set will 
prove a useful tool in the Bell System. 
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Paper Insulation in Telephone Construction 
By J. M. FINCH 

Chemical Laboratories 

PAPER is used extensively as in- 
sulating material in the con- 
struction of telephone equip- 

ment but it is paper of very different 
quality from the familiar kinds used 
for books, wrappings and newspapers. 
To satisfy telephone requirements it 
is necessary that careful attention be 
given not only to the physical charac- 
teristics of paper such as density, 
toughness and porosity but also to the 
nature of the chemical constituents 
which largely determine its insulating 
properties. 

Paper consists essentially of more 
or less pure cellulose in fibrous form, 
usually obtained from the fibrous 
components of various plants and 
trees. The one important exception is 
cotton which grows in the form of seed 
hairs. The fact that paper is relatively 
cheap and that its physical proper- 
ties can be widely varied makes it 
particularly well fitted for many dif- 
ferent kinds of insulation. Condensers, 
for example, require very thin, high 
density tissue; telephone cables, on 
the other hand, demand an extraordi- 
narily strong, tough, low density 
sheet, while phenol fibre and lami- 
nated insulation need a porous paper 
capable of absorbing adequate 
amounts of impregnating materials. 
High -frequency equipment requires a 
low dielectric loss insulation which is 
obtained by using a very low density 
paper made with a large percentage 
of cork dust or porous material. 

The chemical properties must be of 
the same high degree of excellence for 
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all types of insulating papers since 
they determine its value as insulating 
material under service conditions in 
apparatus. To attain good insulation 
it is necessary to limit closely the 
quantities of soluble salts, the acidity, 
and the presence of particles which 
are conducting or which will produce 
conducting paths. Soluble salts cause 
undesirably high conductance accom- 
panied by electrolytic corrosion; acid- 
ity results in embrittlement under 
elevated temperatures, such as exist 

Fig. i -The ability of paper to withstand 
longitudinal stress is being measured on the 
tensile tester by W. 7. Kiernan. The weight 
required to break a test strip is determined 
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during the drying of cable cores, or in 
the curing of phenol fibre and of 
varnish impregnated papers. 

The exceptionally severe service re- 
quirements imposed on paper in tele- 
phone use have made it necessary to 
develop new types of papers and to 
improve existing methods of testing 

Fig. 2 -The density of paper is determined 
by measuring its porosity, done by finding 
the rate at which air diffuses through it 

them. Both the Western Electric 
Company and Bell Telephone Lab- 
oratories have had a; major part in 
this work which has comprised lab- 
oratory work on the progressive re- 
finement of testing procedures, the 
establishing of suitable specification 
limits and direct coöperation with 
paper makers. 

Experiments on the physical prop- 
erties of paper are carried out at the 
Laboratories in an air -conditioned 
room. This is necessary because these 
characteristics vary greatly with the 
moisture content of the paper. Ten- 
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sile tests are made by determining the 
load required to break a narrow strip 
of the paper. This is measured by the 
amount a heavy pendulum is dis- 
placed from its lowest position by the 
pull of the paper strip at the instant 
when it breaks. The tearing strength 
is found by measuring the difference 
in the height to which a pendulum 
will rise when it swings freely and 
again when it tears a strip of paper. 
The test for porosity consists of noting 
on a manometer the rate at which air 
will pass through paper under a defi- 
nite difference of pressure. 

Improvements which have increased 
the accuracy of testing paper for acid - 
ity by the colorimetric titration method 
are typical of the Laboratories' chemi- 
cal developments in paper testing. In 
this test acid, which has been ex- 
tracted from the paper by water, is 
neutralized by a standard alkali solu- 
tion with the aid of a dye indicator 
which changes color at the point of 
neutralization. Further studies of this 
method are in progress. Another pro- 
cedure developed by the Laboratories, 
is the null point electrometric titration 
method in which the point of neu- 
tralization is indicated on a galvanom- 
eter as a change of electrical potential 
instead of as a color change. This 
method has the advantage that it 
gives accurate results with colored 
water extracts which many papers 
yield and which are difficult to test 
colorimetrically. Recent studies have 
also shown that the conductivity of 
the water extract may be substi- 
tuted for the various chemical tests 
that were formerly made for water 
soluble constituents such as common 
salt and alkaline salts. 

The results of these and other 
studies on paper have been incorpo- 
rated in specification requirements 
which must be met by manufacturers 
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and suppliers to the 
Bell System. The first 
cable paper specifica- 
tion which was adopt- 
ed more than fifteen 
years ago contained re- 
quirements limiting 
acidity, water soluble 
and alcohol soluble 
matter in addition to 
strength and dimen- 
sional limits. These 
qualifications have 
been revised and ex- 
tended on the basis of 
the Laboratories' sub- 
sequent studies. 

Another phase of the 
laboratory work is the 
appraisal of new types 
of papers developed by 
outside suppliers for our needs. The 
study of these products entails a 
knowledge of both physical and chem- 
ical paper making practices. Before a 
new supplier's product is adopted, his 
manufacturing methods are examined 
and the mill water supply is tested. A 

Fig. 4 -The amount of soluble salt in paper is found from the 
electrical conductivity of a water extract of the sample. 

W. G. Guldner is making the test 

Fig. 3 -The toughness of paper is evalu- 
ated by measuring the difference in height 
reached by a pendulum when swinging 
freely and when it tears a strip of paper 
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very brief description of the paper mak- 
ing process will furnish some idea of 
the importance of these factors in the 
production of a good insulating paper. 
Taking the making of condenser paper 
as an example, the raw material con- 
sists of unused linen rag clippings, or 
linen cordage mill waste. This is 
"cooked" in a dilute sodium hydrox- 
ide solution to soften the cementing 
material which holds the paper mak- 
ing fibres together to form the rela- 
tively longer textile fibres. The cooked 
pulp is then diluted with water and 
subjected to a severe mechanical 
maceration for twenty -four hours or 
more. This treatment separates the 
fibre bundles and finally breaks the 
individual fibres into extremely small 
particles, at the same time swelling 
them and producing a surface product 
of gelatine -like consistency on the in- 
dividual fibre particles. During the 
long maceration or "beating" as it is 
called, the water in which the pulp is 
suspended is continuously changed, so 
that the pulp is washed almost corn- 
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pletely free from soluble salts in the 
cooking liquor when the beating is 
completed. After greatly diluting the 
suspended pulp with additions of 
clean water, it is flowed on to a mov- 
ing endless belt of very fine mesh 
wire cloth, where the excess water is 
removed by vacuum. This gives a wet 
"sheet" which is squeezed between 
soft surfaced rolls, then passed over a 
succession of steam heated drying 
rolls, and finally through heavy steel 
rolls at the "dry end" of the paper 
machine. The resulting sheet is about 
.0004" thick, and is exceptionally free 
from holes. Since the quantity of 
water required per pound of paper is 
enormous a practically unlimited sup- 
ply of extraordinarily pure water 
must be available. It is this factor 
which limits the number of mills that 
can produce good insulating papers. 

A discussion of this subject would 

not be complete without reference to 
the development of the pulp insulat- 
ing process for telephone cables* by 
the Western Electric Company. This 
process is an outstanding achievement 
and ranks with the greatest recent in- 
ventions in paper making. By a modi- 
fication of the normal paper making 
process a coating of low density paper 
is made directly on copper con- 
ductors, 6o of which are simultan- 
eously coated at the rate of 13o feet 
per minute on each machine. This 
speed necessitates drying in air heated 
to about 50o degrees F. The process 
has eliminated the necessity of first 
making a highly specialized paper, 
slitting it to widths of about n", and 
winding the slit paper on individual 
conductors and has resulted in ap- 
preciable savings in the cost of tele- 
phone cables. 

*RECORD, llpril, 1932, p. 270. 

the Gold Medal 
of the flmerican Institute of the City of New York for the 
year 1937 has been awarded to Bell Telephone Labora- 
tories `for researches in electrical science which, as ap- 
plied to communication, have promoted understanding, 
security and commerce among peoples by transmitting 
human thought instantly throughout the world." The 
award will be received in the name of the Laboratories by 
Dr. Jewett at a dinner meeting of the Institute to be held 
February 4th. 
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Mercury Switch for Telephone Booths 

When the door of a telephone booth 
closes a lamp in the ceiling lights auto- 
matically and sometimes a ventilating 
fan starts. The lamp and fan are con- 
trolled by a switch, located above the 
ceiling of the booth and connected to 
the door by a rod. A mechanical 
switch has been used in the past but 
this type is not noiseless in operation 
and is expensive to make with the 
ruggedness which is required for long 
service. 

To reduce the cost of construction, 
assembly and wiring and to eliminate 
the noise a mercury switch has been 
developed. This is a small glass tube 

about an inch and a half long contain- 
ing a globule of mercury; into one end 
are fused terminals. When this end 
is tilted down the mercury flows to it 
and closes the circuit. The tube is 
mounted above the ceiling of the 
booth in a metal box attached to the 
lamp; and like the mechanical switch 
is operated by a rod which connects 
it to the door near the upper hinge. 

Thus as the door is opened and 
closed the tube rocks up and down 
and a drop of mercury automatically 
lights the lamp and starts the fan. 
This conserves power by using it only 
when the booth is occupied. 
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A Watch -Rate Recorder 
By F. H. HIBBARD 

Special Products Development 

THE measurement of time, and 
its reciprocal, frequency, plays 
an important part in the daily 

work of Bell Laboratories. As a re- 
sult, the subject has been exhaus- 
tively studied, and many contribu- 
tions have been made both to appa- 
ratus and methods. From the de- 
velopment of tuning forks to very 
high degrees of precision have come 
commercially practical designs of tun- 
ing -fork generators which the Special 
Products Department, in collabora- 
tion with Electrical Research Prod- 
ucts, Inc., has made available to in- 
dustry in the form of two portable 
time -measuring devices. The first of 
these was the Western Electric timing 
system,* which provided a high -speed 
motion picture camera for simultan- 

*RECORD, September, 1932, p. 27. 

eously recording the position of mov- 
ing objects and of a tuning- fork -con- 
trolled clock. Now a new time -meas- 
uring device is available for use in the 
calibration and adj ustment of watches. 

The commercial utility of a method 
of quickly determining the rate of a 
watch was first called to the attention 
of the Electrical Research Products, 
Inc., by H. M. Stoller, who proposed 
a stroboscopic observation of the 
balance wheel of a watch to determine 
its rate. Apparatus embodying this 
principle was developed and success- 
fully used by the Products Company 
in exploring the technical and com- 
mercial fields of watch manufacture 
and watch testing. As a result of this 
study a new device was developed 
which gives a graphic record of a 
watch's rate. 

202 February 1937 
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In brief the method is to "pick -up" 
the watch ticks with an electrical 
phonograph reproducer, to amplify 
these ticks electrically, and to allow 
the amplified current impulses to 
produce dots on a chart moving at an 
accurately constant rate. The chart is 
wrapped around a rotating drum, and 
the marking stylus is supported on a 
carriage driven across the surface of 
the chart at right angles to the direc- 
tion of rotation. Most watches have 
five ticks per second, and the drum is 
therefore made to rotate five times a 
second so that if the watch were keep- 
ing perfect time, the dots would lie in 
a straight line across the chart -one 
dot being made at each rotation of the 
drum. If the watch is not keeping 
perfect time, successive dots will oc- 
cur before or after the correct time, 
and thus make a line crossing the 
chart diagonally. When the watch is 
running fast, the line of dots will 
slope one way from the horizontal and 
the other way when running slow. 
The amount that the watch deviates 
from the horizontal at the end of thirty 
seconds indicates the error in rate. 

The recording drum is driven 
small synchronous 
motor supplied with a 
constant frequency of 
30o cycles per second 
from a tuning -fork 
generator. This gener- 
ator, evident beneath 
the table in the photo- 
graph at the head of 
this article, forms a 
separate unit, which is 
connected to the watch 
rate recorder by flexi- 
ble cords. The stylus 
carriage may be driven 
at either of two speeds 
through a selective 
gear shift. One speed 

February 1937 

by a 

carries it across the chart in five sec- 
onds, and the other in thirty. The 
high speed may be employed for 
rough timing, and gives a readable 
accuracy of fifteen seconds per day, 
while the slower speed is used for 
final checking, and gives a readable 
accuracy of about two seconds per 
day. The drum is stopped automati- 
cally when the stylus reaches the end 
of its travel, and a lever that is placed 
on the front of the base is employed 
to reset the stylus and start the opera- 
tion of the instrument. 

The electrical phonograph repro- 
ducer "picks up" the ticking of the 
watch through a small wire connected 
to the needle holder. This reproducer, 
which is enclosed in a heavy lead 
shield to keep out unwanted vibra- 
tions, is connected to a high -gain 
amplifier arranged to be most sensi- 
tive to those frequencies resulting 
from the ticking of the watch. Since 
the loudness of the ticks of different 
watches varies considerably, a gain 
control is provided, which may be 
seen near the center of Figure i. The 
output of the amplifier is connected 
to a "trigger" -type vacuum tube 

Fig. i -The watch holder on the right may be turned to allow 
the rate of the watch to be determined in various positions 
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which produces a spurt of current for 
each tick. This current flows through a 
magnet controlling the stylus, and 
drives the latter against the chart once 
for each tick. A typewriter ribbon 
placed between the stylus and the 
chart serves as the inking medium. 

A simplified diagram of the mech- 

SYNCHRONOUS 
MOTOR 

( 

front of the machine to permit the 
carriage to be moved back along the 
axis of the cylinder. After a record 
has been made, the carriage rests at 
the right -hand end of the cylinder and 
the motor is stopped. By pressing the 
reset lever in, and turning it to the 
left, the motor is started and the car- 

riage moved to the left - 
hand end of the cyl- 
inder ready to make 
another record. Since 
the synchronous motor 
is not self -starting, a 
small induction motor 
is coupled to the lead 
screw through an 
"over running" clutch. 
This motor is started 
when the reset lever 
is pushed in, and at 
once brings the syn- 
chronous motor up to 
its operating speed. 

Perhaps the most im- 
portant contribution 

to the watch timer is the means of 
converting the tick of the watch into 
motion of the marking stylus. The 
sound energy of a watch tick is very 
small; in some of the very small 
watches the sound is scarcely audible 
even when the watch is held against 
the ear. In the new timer, the very 
faint sounds of the tick are trans- 
mitted to the needle arm of the elec- 
tric reproducer, which is particularly 
sensitive to the frequencies developed 
by the watch ticks. This reproducer is 
housed in a massive container of lead 
which is mounted on rubber to shield 
it both from the air -borne vibrations 
of room noise and from vibrations of 
the bench or building. It also has a 
magnetic shield of perm alloy to pre- 
vent the magnets of the reproducer 
from affecting the action of the watch. 

The reproducer is connected to the 
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INDUCTION 
MOTOR 

Fig. 2 -21 simplified diagram of the watch -rate indicator 

anism is shown in Figure 2. At the 
left is the synchronous motor, which 
receives 300-cycle current from the 
tuning -fork generator. This motor is 
geared to the drum that carries the 
chart on which the rate record of the 
watch is made. The gearing is such 
that the drum makes exactly five rev- 
olutions per second, which is the rate 
of ticking of most watches. Another 
set of gears connects the motor to a 
lead screw, which drives the recording 
magnet axially along the underside of 
the cylinder. A gear change is also 
provided for the lead -screw drive to 
allow the recording magnet to traverse 
the length of the drum in either five 
or thirty seconds. 

The recording magnet is moved 
along by a half -nut that rides on the 
upper side of the lead screw. This nut 
may be lifted by a reset handle on the 
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input of a two -stage amplifier with a 
maximum gain of 95 db, and the 
amplifier -in turn -is connected to a 

grid -glow tube that supplies the cur- 
rent for the recording magnet. To ob- 
tain the proper marking action on the 
rapidly moving paper, the upward 
motion of the stylus should be of short 
duration. This action is obtained by 
using a condenser to operate the mag- 
net. A gas -filled trigger tube is em- 
ployed to close the circuit of the con- 
denser through the magnet as shown 
in the simplified schematic of Figure 3. 

The trigger tube permits a dis- 
charge to pass through it when either 
the grid or the plate reach a definite 
critical potential. In the circuit for the 
watch -rate recorder, the potentials of 
the grid and plate vary with the state 
of charge of the condenser. Immedi- 
ately after a discharge, the large 
charging current of the condenser flow- 
ing through the resistances "R" and 
"r" results in a low plate potential and 
a grid potential that is negative to the 
cathode. As the condenser becomes 
more and more charged, the flow of 
current decreases, with the result that 
the plate potential becomes higher, and 
the grid becomes less negative. The size 
of the condensers and resistances are 
so proportioned to the characteristics 
of the trigger tube, that after about l s 

second the tube breaks down, allow- 
ing the condenser to discharge through 
the magnet. With the 
discharge of the con 
denser, the tube returns 
to the non -conducting 
state, and another 
cycle begins. With no 
watch ticks being 
picked up, therefore, 
the circuit provides a 
pulse to operate the 
magnet approximately 
three times a second. 
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PICKUP 

When watch ticks are being picked 
up, however, current that raises the 
grid potential is produced at each 
tick. In the X second interval be- 
tween ticks the condenser will have 
accumulated sufficient charge to oper- 
ate the magnet, and the increase in 
the grid potential is sufficient to cause 
the trigger tube to break down and 
allow the condenser to discharge 
through the magnet to make a mark 
on the chart. The tube then reassumes 
its non -conducting state and the con- 
denser again starts to charge. The 
circuit thus provides, in advance of 
each watch tick, a condenser charged 
sufficiently to operate the recording 
magnet, and a means of releasing this 
charge to the magnet accurately in 
step with the ticking of the watch 
without the use of moving electrical 
contacts. The time intervals of the 
marks on the chart are thus identical 
with the time intervals of the watch 
ticks. When the watch is removed 
from the holder, the discharges will 
resume their X second rate. 

This change in the rate of discharge 
provides a simple means of checking 
the gain of the amplifier. If, after a 
watch has been put in the holder, the 
magnet continues to operate at the 
second rate, which may easily be de- 
termined by listening to the taps of 
the marker on the chart, the gain of 
the amplifier should be increased. Too 

TRIGGER TUBE 

2 STAGE 
AMPLIFIER 

-. 
PLATE VOLTAGE 

RECORDING 
MAGNET 

Fig. 3- Simplified schematic of the circuit employed to 

operate the recording magnet of the watch -rate recorder 
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much gain results in amplifying ex- 
traneous vibrations which produces 
odd beats readily detected by the ear. 

The arrangement of the watch rate 
indicator may be seen from the photo- 
graph at the head of this article, and 
in more detail in Figure 1. The pick- 
up, amplifying, and trigger circuits 
are under the raised cover at the rear, 
in the middle of which is the amplifier 
gain control. Near the right end of the 
housing is the watch holder, which 
may be rotated ninety degrees to 
allow the watch to be tested in various 
positions. At the left is the chart 
cylinder on which the record of rate 
is made. This entire recording unit is 
mounted on rubber to absorb vibra- 
tions caused by the motor, gears, or 
other parts of the mechanism. A roll 
of record paper is carried inside the 
cylinder; and at the beginning of a 
test, a section of chart is drawn out 
through a slit in the cylinder, wrapped 
around the outside, and secured under 
clips at the sides. At the completion 
of a run, the chart is unwrapped and 
cut off by the cutting edge, shown 
above the cylinder. The reset lever is 
in the front of the base at the left. 

The cylinder has a periphery of six 
inches, so that when rotating at five 
revolutions per second, the chart 
speed is thirty inches per second. Since 
a displacement as small as s4 of an 
inch can be read, it is possible to de- 
termine a time displacement of about 
I /2000 of a second which corresponds 
to a little more than a second a day 
in the rate of the watch. 

The application of this apparatus to 
the instantaneous observation of 
watch rates has shown that important 
information about the condition of a 
watch may be obtained from the 
shape of the record obtained, as well 
as from the total deviation from the 
true rate. In 3o seconds the rate of a 
watch may change slightly, so that 
the line observed on the chart may be 
curved rather than straight; or suc- 
cessive "ticks" or "tocks" may be 
irregularly spaced. The reaction of the 
watch to treatment can, of course, be 
immediately noted by making suc- 
cessive records, and by such observa- 
tions as these, perhaps as much as by 
rate determination alone, the watch- 
maker is assisted in the diagnosis and 
repair of watch irregularities. 

Bound copies of Volume 14 of the RECORD (September, 
1935, to flugust, 1936), are now on sale at $3.5o foreign 
postage 5o cents additional. Remittances for bound copies 
should be addressed to Bell Laboratories Record, 463 West 

Street, New York 
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Contributors to This Issue 

CLIFFORD E. FAY received his B.S. de- 
gree in Electrical Engineering from Wash- 
ington University in 1925, and an M.S. 
degree in 1927. Immediately after he 
joined the Technical Staff of Bell Labora- 
tories. Here, with the Vacuum Tube De- 
velopment group, he has been engaged in 
the development of power tubes for use in 
radio transmitters. More recently he has 
directed his attention to tubes for generat- 
ing power at ultra -high frequencies. 

F. H. HIBBARD received the M.E. de- 
gree from Cornell University in 1914, and 
at once joined the Engineering Depart- 
ment of the Western Electric Company. 
After a year in the student training course 
in Hawthorne and New York, he joined 
the Transmission Department, where he 
engaged in transmission calculations, pat- 
ent examination, and loud speaker testing. 
In 1918 he transferred to the machine - 
switching laboratory, of which he was 
placed in charge in 1921. He remained in 
this position during the next six years 
while the panel system was being incor- 
porated in the Bell System. In 1927 he 
was assigned to special instrument studies 

C. E. Fay 
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and to budget and laboratory cost studies. 
Later he was placed in charge of a group 
developing relays for the panel system. 
In 1929 he was transferred to E.R.P.I. 
where for five years he supervised a group 
engaged in studies of sound recording on 
disc and film. In 1935 he returned to the 
Laboratories to take charge of a group 
engaged in special products development. 

C. A. DAHLBOM joined the Laboratories 
in 1930 and since then has been with the 
telegraph group of the Toll Systems De- 
velopment Department. His work here 
has been chiefly on investigations of polar 
telegraph relays, telegraph transmission 
circuits, teletypewriters, and regenerative 
repeaters. He has also been taking work 
at Brooklyn Polytechnic Institute leading 
to the degree of E.E. 

L. G. YOUNG graduated from Carnegie 
Institute of Technology in 1919 with the 
degree of B.S. in Electrical Engineering 
after serving for a short time in the Signal 
Corps. He joined the Laboratories in the 
following year and for six years worked on 
coil design. In 1926 he transferred to the 
Radio Development Department where 

F. H. Hibbard C. f1. Dahlbom 
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L. G. Young 

he at first was engaged in 
antenna design. Since 1929 
he has been working on the 
design of high -power radio 
transmitters. 

O. H. DANIELSON was 
graduated from Purdue Uni- 
versity in 1912 with the de- 
gree of B.S. in Electrical 
Engineering. During the 
succeeding five years he 
took an important part in 
the development of early 
starting and lighting equip- 
ment for automobiles. In 
1917 he enlisted in the 
army as lieutenant and 
later became captain in the 
motor Transport Corps. These commis- 
sions took him to France where he had 
charge of the magneto department at 
the main overhaul park at Verneuil. After 
the war he returned to starting and 
lighting development work for a time and 
then joined the Apparatus Development 
Department of the Laboratories in 1922. 
Among his early assignments here was the 
mechanical design of the panels for the 
first system for picture transmission over 
wires. Later he was transferred to the 
group which does mechanical design work 
on testing apparatus. He has had charge 
of this group for the past eight years. 

O. H. Danielson 

.7. M. Finch 
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E. C. Erickson 

WITHIN A few months af- 
ter receiving the degree of 
B.S. at Princeton University 
in 1922, E. C. Erickson 
joined the Laboratories' 
Transmission Apparatus 
group. Here he was engaged 
in designing condensers and 
loading coils. Since 1928 he 
has been specializing in pre- 
cision linear measurements 
and it was in this connec- 
tion that the work on screw 
thread finishes which is de- 
scribed in the current issue 
of the RECORD was done. 

J. M. FINCH joined the 
Installation Department of 

the Western Electric Company in 191o. 
A year later he was transferred to the 
Engineering Department at West Street 
where he entered the Chemical Group 
to work on insulating materials includ- 
ing cable and condenser papers. Since 
then he has carried out many develop- 
ment projects in connection with pre- 
paring specifications for insulating papers 
and has made important improvements 
in the methods of testing such papers. 
He was also at one time interested in 
developing methods for testing phenolic 
insulating materials and enamel wire 
insulation. 
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